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PROGRESS REPORT

TASK A1 AND RMCHEP PROJECTS

I{ere we describe the research activities included in tasks A1 aild [)1 i1_clu(lill,,e",

the I'-'ermilab Kaon Program (E799 and I'(TeV), the SLD Progranl, and tile Sl)(.:

_luon R.&I) Program. The activi "stta. of the Rocky Mountairl Collsortiun_ for lligl_

Ellergy Physics are also described.

I:ernlilab Experiment 799 collected data between October 1!)91 all(l Jall,l_,r\

1!)9'2. This was l,he first phase of a two-part experimenl desiglled to sear('ll t'_l'

}, II/III'I])CI" Of I'_'11'('l<aoll decays, particularly KL + rr,°c+_-. 'l'l,(' l'l,i\'(,rsil\' ¢,f

(:¢_lora(lo is oz_(' of eigl,t inslituiio_s in I]lo E799 Collal)oralioll. rel)r_>_,l_lt,_l I_\

l)rof '. :\lllllcmy Barker. wllo is ('urreIltly partiCil)ating i1, tile a11al\'sis of l.],c,._' _li,l;i.

'llle tirst reslllt, fron_ ET(t{), a 11ew lneasllrelnent of t l_e 1)ranc'tlillg ralio [',,I' 11,_' ,;,,¢'

¢'l(,clrolllaglletic decay ;r,(j _ ¢+¢- I_ased o11 rr,II _(.,sol_s lag]g('(l il_ 1\'1 ---' -",,7:,_'-_',,

({('clt\'s. l,;_s I)('('_)acc(,l)t(,_l for I)ul.,li('atioll irl l>])\'sic_tl ]{('\'i<.w ],(ql('rs.

'1'1_('I('F¢'k' Pro.iecl is a _;*.i_)_"new i_liliali\'_, al l:'_'r_il_,l,. 1_ i,ll(l.,lll]);-i._>(.s I\V¢,'

ll_'\v ti×('(l-larg(,l (,×l)erinle_ls d_'\'ol(,(] to I]_(, sl_ld\" of 1]1_._,t_ll'al I<i,_,llsx'sl¢,_ll. 1,,,I I,

_lili×i,,,,_ a ll_'w (t('l('Clol" t'a('ililv wl_icll is c_ll'l'('I_llv, l_ciI_g d('sigl,_'(l. '1:1_('tirsl _'×l_'l-

illl_'l_t will 1)(, a ('ol_li_uat,io_, of l:_-q'

l<'.iccli()ll Cal>al_ilili,,s: 1]1_,s(,col_rt <,xl)eri_l_ent. E83_2. will t_(, ¢lc,\'(,l¢,(l t¢_a Ii(,\x' ii_(,;_-

s_ll_.l_l(,l_l o[' 11_(,i_l)orla_l (".t) \'iolatio_ ])ara_('l(,r. e'/(. [_.,1}_¢'xl)(,l'ill_,'l_ls 1_1_ 1,,

,,,lie,ct ¢lala (lt_ril,g Iverl_ilal)'s l_e×l fi×¢:,d-larg¢,l r_I_. c_rr(.,_ll\" s_'l_t.,l_llt.,I lt, I,,'ei_

._.),_.

l'l_eI('l'e\"('ollaboration consists of _irle nslit_lioI_s, incl_(li_Vll_, l;l,i,,,,_'si_\

,,f ('ol_)ia_t(_. "I1__ l_'ad lWrSOll oI_ lllis cfForl al Bo_ld_:r is ]_rof...\_lll_)_\ II;,_l<_i

I_(, is .i()i_cd il_ 111<,l('l'e\' l)ro.i('cl 1)\ l)roi '. Uriel Nauenl._erg. \k'_, (,×1_,_'I 1<, 11_\_. '2

,gl'a¢l_lale st Ild(.'_lls jc,,ill tlle exl_erilnent d_lril_g t l_e su_lli_ler (_['15)!):$.

_l'tt¢' (i'olor;_¢lo gro_lp llas [llll)Ol'lalll reSl_olisibilili_.., i_ l l_, C_,ll.Sllll¢l[_ll (,[ t 1,

l('l'¢'X' i,l_/)alallls, wl_]cl_ arC' _lis¢'_lss¢,¢l.iii (lc'fail I,,,l¢_w. l_ri¢,llv, w,. _,l,' ,l,'-.i,,l,il,,,__ ,, ,

\rill I)llil,I a s\'sl¢'l_l ¢_t't'ollr large' l¢'a,:l/scii,till_lor ¢'alori_ll,,t¢,r., wl_i, I1 will I,,, _,,,,
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to detect photons that miss lqTeV's primary elecironlaglletic caloriIll_,_er: t l_',_c,

dete, ct.ors will allow us to ideiltif\" such pllotolls, wllicll WolllcI olll_'rwis(' I_lt,_lll__'

sizeable backgrounds. We are responsible for the design and operatioll of l.ll_, I:_lll<

of l';TeX:'s trigger electronics, including a major upgrade to ttle Le\'el '2 _l'rigj4_'l

wllich will digitize drift chanlber hits in real time.

The SI.l) has made major strides towards increasillg botll tlic. l)(_l;_riz,ti_,l_ (,t

tile electron 1)can1 and the number of Z's acquired on tape. Botl_ tl,e l_la('l_il,_' ;,,_,1

t l_e d :.tc ctor aree , working well and improving steadily, l_ast year Sl:l) aC_lllil'_,<l_)v_,r

10I,_ l_olarizcd Z's witl, ali a\'(:rag_, I),_larizatioll <)t'22_/¢.. 'l']lis \'('ar I1_,, l,_l,riz;_l i,,l.

llas i_l_ro\'_'d wi_l_ tile ,Is_' of a new strai_l_,d (;alli_l_n ,;\rsclli_l_' s(,_ll'c_, wl_i_l, I,;_,

l_ro\'id_d ]o_loit_Idilla].., (,]ect l'oi_ polarization._ of _ore l lla_l 70_7_. wl_i_'l, I,o_'oi_.., (ill

ltl_niI_¢,sili_'s of :t0-:?,5 Z.'s/l_otlr. SLI) l_as alr_,ad\" coll,,cle_l o\'c,r 211 1< Z's. ;,l_l 11,.

_xI)_l'i_e_t is well on its way lo reacl_illg ils g()al of (;() I'_ Z's for I},_, l)l_.s_,i_l r,_t,.

,_-- • . .

s}_<>_ll,Iil_,'r_'as,. _1_' l_ll_illosilx" t,x"a factc,r ¢,f t'¢,_r ¢,v_,r ],rc._¢,l_l I,.\,,Is. I[,.1_,,, w,, _'x

l,<'<_ I_, <'_)l],",.'t,l])war_ls of 11)0 I'( Z's d_lrillg ll_' lt)fit r_lll. ]3<.ca_ls,. _,1'IIi<. ;,,l,i,.\,.,I

l_i,_,.._l_l_larizali<_ x'al_l_,._al_,l l_igl, l_lil_i_<,sit\" finis sal,ll,l_' _,t'_t;_1;_will I,';,,I 1,, ;i,_._il-

"1"},_..";I)('_t,'l<.cl<,l"_"tf'<_r_is c<,l_lil_li_lg. '1'1_¢'('.l'..'51)(' ._l_,,i_ (;r,,,,I, ,;,-. ,;,,_ i,.,I

_.l<_l.x"iI_' to I)t, tls<.,I it_ l li_' lll,lc,l_ tubes. \\:<. I_ave <l<'\elol><,cla (_l]ll>,lt_'l <<,i,l r,,ll,',l

t,'l_,-i_,l,iI_g <l,-'\ic_' tidal call tel_s<' t]_c s_']lse wire to ll_(, ,l_'sir,',l \alli_, ill a l,,',i,,,I

<,t' 10 sccollrls. \Ve I la\'<' also tak<,n on tt_c task of <l_"vel<>l>il_ga ('<,,lqr,,fl.\\;_l!,,l_

l)}_otol_tlltil,li_,r 1,a,_(,a_d t t_(,associated a_l_l)li[i(,r a_,d (lis_:l'il_il,;_l,,l ,,l_,_Ir,,,,i, - I ,

I1,_. l l_,,'lq\ .'xl(_lll_l;_i_(',,l_s,,rtillln for ltigl_ l'il_,'rgs t'1_5":<i,.(1I._I('It1I', i. ,,,
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sitv of Colorado. Colorado State University has begun its progrelill _i lligll CJ_¢'l'g.\'

physics; it has two outst.a.nding }ligh energy physicists as facull, v illczlll_ers in \\';_l-

ter Toki and Robert. Wilson. Prof. Neville W. Reay and tlle oilier lne111t_el's _,f

llis group ft'ore Ohio State will move to Kansas State University tllis stlln_l_¢,l I_

start a new program in High Energy Physics with the support of tile 1-{MC.III"I'

The University of Kansas has acquired two excellent junior la.tully, David B<,¢,s¢_ii

and Alice Bean. The University of Nebraska should be able Io sl;-_l'l its lligll I'wt-

ergy Physics program soon with the appointment of a senior faclllt\' l,Cl's<_l_. ll_c.

l'l_i\'c.rsilv of Arizona plalls to aplmint a junior t'acllll\' lnelnl)c,i l liis v<';_l.

Olll' grOUl_ i,_-IsCOllt.ril)lll.ect greatly 1o l],c COll_l_l_lllil.\"

1. 1'I'i('1 X/_tlerlbc'rg is a l_lc_nl)cr of SI...\(:'s I).-\C; is on ll_(' :\¢l\'is_'y 1_,,;_,',1i_l,,

1.}_el)h\'sics ('.on_nlillce of the SLI) collal-_oi'atio_" 11<'is I]1(' cl_il_;_l_ _,t' I1_(

lloi_illal i_g coI_l_il lee for 11_;<:]ecl ioll of l tie .Xle_nl)crs of 111_,l".x_,_'_lli\'_' ]_,i__,

of tl_¢' l)i\'isioll of Particle's al_d l:'i_-'lds: 1,(' is also (,I_ 11,¢' l{_,;,l,l ¢,t' (;_,\¢'1 i,,,l>

o[" l]_e I1SS(:, wl_e_'e ]_(-.,is lhc (:llair_._ of I I_e E(I_c;_li()_, ('(,_l_ill(,(. i_,,I ;,

xw. will hosl al)l)rOXilnalel\" (;0 llig]l sc]_ool sll_¢l_,l_Is It_ ]t,ltl'll _l_t,lll l l_. SN('

as a l_('l_il_e ;-tll(l 1o I('arll abollt I}1_' l)llysics wc l_t_ 1<_ca_'l\' (_llI \vil }1 ii.

II_' is also til(' cllair ¢_t'1]_(' I{._ICIIEI ). Tllis \'('ar 1_.'g_,x'<,;_Ii il_x"l_'d 1_.,'I_11, _,_

ltl_' \\'gts]l]llglOII /\])S lllt'elillg l'el_l'('S¢'lllilig 111_' .ql.l) c(_]l,_l,_,li_li_l,.

l ligli Ellel,,\'_. l)llvsi<'s..gl'otll_ al ld t]_(' l'ilix'c_sil\'of('ol()_;_,l,,. ]_1i,,I,]ili,,l_ _,

is IIle 5l_-_i_;-igerof 1]_(, 'l'ligger a_!d l)ala ..\c(l_lisiliol_ (;l¢,_ll_ (_l ii,,. I,_1, \

C.Xl)('rin_('lal and is ;_ nlel_l]_c_"of the K'I'(:\' Collal)oralioll (:(,_l_(il as II,(. l,'l,-

l'c'S(?lll_ili\'¢,.' of' tl_e I'_iv_,rsity of (.:olorado. II(:, t_as l,(,cl_ i_\'il(.,] lt, -i\_' i_

x',,\i¢,\\' tall< oli]_r,'cisiol_ l'2xl_eri_a,'_lts wit II SI ra_tg_, ])arl icl,,s ;tl l 1,,, .'qI lit I,



1. The Study of the Properties of the Z" with the SLD Detector

G'7'cgoW BaraT_ko, Eric Erdos, C/zeT_g GaTig Fan, Ncty A'rishTza, ,,_lark ('/tT"i,_'lolJ/I,

UT'iel NauenbcT'g, Gerhard Schmaltz, Victor Slonim; in collaboratioi_ with tl,e l_¢',ll-

bets of the SLD group.

Tile SLD experiment observed its first Z0 eve1_ts in June, 1991..%illc(. t]lc,ll 1]1(,

polarization of the electrolls and the machine luminosity have inc'1"¢,_s¢.dI)l_l'k(,,[l\.

TI_e SLD is now in its second Ilia jot plkysics run. We are rull_lillg wit.li ali _'lc:'_ll_,I,

]ongit/ldinal polarization, at tl_e interaction I)oi111. of (";0-(i.lCXal l(] a ]lllll]ll_,sil\

a\'evagillg 30 Z's/llour (i_ax. of 50 Z's/llour) wllcll rllllllillg all,I 2.(1{)() Z'._/\v_'(']<

a\'_'vage. Tllese, wllen conli>ared witl_ tile l_olal'izali<)_ ot"o_1' il_ili;_l l_l_. 2'._)7(. ;_,,,I

11_(.illl(.gl'atc(] ntl_]]])cr of Z's f()r tl_e run. l1.000, i__di('al(. 11_(,I(,\(,I (,t' illll_,,,\(,_.,,'l_l

l}lal }laS }las ()('('tll'l'('(l (luvi,,g t],c lasl six )no_lllis. \V(, }{a\'c all'('i,(l\ ('(,l}(,_l('(I "2'2.()()()

_.'S irl l]li,"; t'_ll'lv ({_'1t(? ill Ill(' CIII'I'f?lll I'Ull. "l'l,is ,_('XX']_l_il_osil\' will _,ll_,w ,,.., 1,, ,,._,, t

tilt g;oal of(;0.f)()0 Z's 1>\"l]_(._._l(l oft]l_, rui_ ii, t]_(' fall. :\11 _l(,l(.('I,,l(,l(.l_,_.l.l,.,,_,

,,l)(.l'alio_l;_l: w(, avf slill i_nl)rox'i_g ll_('ir sign,_l (:tl:-_r_('Ica'i._lics ;_1(1 (,1_1\' _ t'_.w a,l,

sl iii I,(,i_le dcl>_),,,,(,(1
,._ "(") ,"D I.

'I'1_" ll_;_i(,r ir_!l)rOV('n_(:llt i_ l l_(, ]lll_)il_()siI\' was 11_('l'(,s_l]l o["_lsil_,, II;_l 1,('_111:.(().7• ,%

/zllt ill \ 1,\' 2.5 I_1 il_ XI..NOl O111\"(li(1 tills l'tll_l_il_g II1(),1_'i_('l(',,s(' li,,' 1,1l,i_,,',il\.

])_11als(,, i_lst as iT_al)Orlai_l (l_,cv(,as(,([ lhc I>a('l<gl'_,,ll,,l i_ 11,_,(l(,I<.cl_,l ,l,l(, 1,, ,.,_ll, " " v

i,l_'II_s.'<lrltllllll,g,. '1')1(' I_a('l<gI'oll_,(l l'cdll('tio)l ]_,s ]('_1It>a ):l;_i(,I'. i)lll,l',,x(.iI_, I,l 11,,

\v]_('l(' ii IlO lollo'oI' COIllril)tll('s io l]l(' s\'stoi11alic (,l'lor ill 111(' ;tIlal\'s s.,'75 "

"l'l)(' _la.ior i))}l)r(,x'(:'ln('lll il) tile l)olavizatio}} is li)(: )'(.sl]ll of II,(, (li.,<<,\(,iv I I._l

,_ l,_,.(ll_l_i(';_llv sll'aii_(,,l (;:,lli_l_l ..\r._(,_id(' so_l_('<, ('_1_ iii l)Vil,,il)l( , (,,_11_,,1(., I,,,i,,

wil 1_alll_(,st l()(}()_ loIl e;i_ldills_l l)olarizatiol_. Tl_e I_l<.<'ll_i,ic;,I _ll_)il, is ;_(l.i(.\(.(I ))\

(l('l_<>._ilii!g1]_(' (;_lli_lll .-\Is(,l_i¢l(, oil a s_ll)slr,_t<' of (;_]lit_Ii_ :\t'.'<('lli(l(' l'l_(,...I)l_i(I,'

1'11_' ,litI'(')('))l ];_lli((' .'<]z('s t,f' I]_(' l\vo l_lal(,_ia]s I('_<ls I<, tills sll;_il_. 1 l,(,,(, ,_,',,.

,',,,llv(:('s w('l'(' l_,<('<l ii) 1]1_' )l('w lal'g_'l i))slal]_ili(-)i), "1'1_(,ll('w II_,llli-_-,,)_)('('-\>,1,'1)1
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was installed in the target area at tlm start, of tile ruli. lt COl_laill<_<l;_ \';_,'i<'t\ t,l

cathodes of wllich two were of the strained lattice variety. Tllcsc str;-_izicd catl_,,,l,,s

were shown to produce very higll (> 80%) polarization. In the l,llick l argels i1_;,1

we are using presently this value is reduced because the electrolls l_ecolllc, ¢l¢,l_<_l_l

ized by scattering while they are coming out of the target. At the starl oi" l li(, I_

the polarization at the interaction point, measured witli tll¢" Colal])loll l_olaril_¢.1_,_.

was already higher than our goal of 40%. This value improved slowl\" as w<' l<,;_l'lJ<,<l

to steer the beam in the arcs. The polarizatioll reaclled 52%. _l'llis polarizali,,l_

¢l(,l>eIlds oll IIi(, wa\'elellglll of l.]le laser l,tla( i111l>i)lg('soll l.ll(' c;.ll])<,(t(, ((;/_ljilltl_

:\rs¢'_i¢le) surface. ]{eCel-iii\' \v¢, il_creas<:d the wa\'el<'l_gt]l of I],(' l;_s(,l \villi ;_ i,,...lll-

Ik_lll[ increase il_ l}_e eleclrol_ lol_giludi_al polarizatiol_, al lilt i_ll_'laclit_ll 1_ i_l. It,

(;0-(;.t!:;_wllich rcf]ecls ¢_ur l)n:.'se_l r_ln_i_g colldiliol_. \\'¢, ¢'xl)_,cl 1]1;_1l_\_ \,.It,l_

il_gall_in_,,r, larger area straiue¢l (',allitl_l,A_'s_,_i¢l¢,s__ll'c,,ll_isl_,,I;_i×;_li_ ,,,_11,1

ilI('I'CIISC l() ;,t])OllI 72_.

a{c_llal,, l_l_'aslll'{'_l_el_l of 111_'\alll¢' of tile" (;lasl_w-\X'_'iI_l_'l'g al_l,, I,\' lll_';_ll, ,, ;_

<,1"_l_is as\'lllIllel l'\ _lsillg lasl \'_,,r's ¢1;_1/t[_l'I']l¢'. \'a]l_¢'o[' I]_, ( ;l;_sl_¢,xx-\\,,i_l,¢,_._ _i.,,l,,_.

.,,i_["O\v = 0.237?, -Jr-(}.0(}57(.slc_1.) 9= O.()O(15(.,q._l. )



is due mainly to our imprecise knowledge of tile laser polarizaliorl beillg lls(,d iTi I1_(.

Compton polarimeter. Tills polarimeter measures tile electroll l)olarizaliol_ l_'_r

the interaction point. This work is going on now and wc expect tllis sx'stt'll_atic

error to be reduced by a factor of 2.

1. The End Cap Drift Chambers.

The University of Colorado group built t,lle End-Cap Drift ('llanll,crs. 'l']l(,s('

w¢'re installed ill 1990 and we tlax'e been debugging them witll tlt_. associalc¢l _'l<'¢'-

trolli_'s siilcc tllat tiI_lc,. The Iracl< resollltioxl ol_laillcd wil]l cosl_lic' l'_t\'s is sll_,xx'l_

ill Fig. 1 as a t'unctioll of t.l_(' drifl dislallcc. :\ lloIllinal rcsoltlli_ll ot" :20{I t_ll_ is

ot_s_'rve_l. (-?osmoticra\' rcsolulio_ls arc expccled to t)e worse l[lal t'(_r l'_'al l l'_l<s I,,.-

ca,Is<' of tile poor trigger resol_io_. Ile_lc'c lhc, belier lil_il_g of r{'al _,\'_,llls sl_,_l,l

lead t_s t.o exl)ecl a ].)citer track resolutioI_. Tl_e rccoxlstr_ctiol_ _'fli,'i_,_'\ ,,1 11,,'

cosl_lic ra\' tracks was foulld 1o 1)_'])(,ll_'r l]la_ !t(J_,);.

"1'1_' reco_str_cliOl_ eflicicl_c\' il_ t1_' 1!)!)2 (lala was gr<'all\ aff_'_l_'<[ ],\' I I1_'I_iul.

I_acl<gro_ll_d ]7\" at_o_lt 30_?_. :l']_is r,.<l_l<'lio_l l_as sigl_ili_ai_ll\' ill_l_o\'_,,I Ill_, 1_i,_1<

wil]_ I1_, sig_lals l_rorl_lc(,(l i_l 111_'c_l_l-cal_ calol'illl_,l_,rs. I11 l"i<,,.... '_-I w_.-.I,_,w _1_,,

<'l_(:<,sil_ 11_, fillc<l <tircclioi_s t_t' I,a<'kgro_ll_l iracl,:s a_<l of Ira('l<s ;tss<_ciitl_,¢l \vii li

Z's. 'I'11_,I,acl<gr_lIl_t l l'a('kS (l ]lt,._,' l l'_lCkS l ll_-tl al_,' l'(,Ct)llSl rll('l_,¢[ wild,li l ll_' ¢'\'('111 i.,,

;_ Z---, e+_- il_to 1]_(' I,arrel r_'gi_,l_)pc, iili i_ ali ,liI'('c_i_s w],ilc ll_. _c_,l 1rg,cl<s I,,,i_l

• ,"2,

l l';_'t<s al'¢' dll_'_'1o acci(l,'Ii_al co_,cirleI_'es of lra_'k S;_'"llll"lll.'-; 'l}_i-, ,,],..,,,_\i,l _,_1will
' _ . ,

i, ll_,w _ls Io ft_rll_er r_:_l¢)x'¢'tile I,ackglo_l_l t'rolll 11_, real si,,l,al' ,% .



fx'oxn Nlonte Carlo. The _greemeilt is good. In tlic Sotltl_ <filler l'_l_l ('_I' w<, _,l,.,,,,i.\<,

on the avex'age 2.4 -2:0.2 real tr,lcks added t.o a backgroulid of 0.!) -t- 0.1 wliil,, ii,<,

Monte Carlo predicts 2.7 real tracks. Similarly in the Soul li ()ul.cr I;hl(1 ('_ll._ w(,

observe 4.0 + 0.3 added to a backgroui_d of 2.2 -I- 0.3 backgroun(l Iralcl<s wllitc, xx'_,

expect 3.8 good tracks.

\Ve are now <li the process of deternaining the besl. <lrift ('OllSl_llllS to iis_, l}lilt

will lead to the best resolutioll and track reconslruclioll eft<cia,li<'\.

In tile present x'un ali four Elid-Cal) (two oIl eac}l clitl) 1)ritk ('liallll,<,r.,, w,,i<,

oil<'i'at iolial. ]gaol< End (';-ii:) colisisls of tllr(-.'(' SUl)l'll/iyors ([ "-X-\) l li/li <]_'l<'l'liiill<'

_l l)articlo's <]ircclioti. Silicc Iii<,ii ()ii<' of Iii<' sul)l'l'i_-l\'ClS iii Iii<, N<>lili ()lil<.r I]ll<l

('ii i) })<'g_-lii lo di'_w excessive clirr(,ill (indicl-tlivc of lii_-t\'l>c ii I)I<>l<_,li ',vii_.) ;ili,l t_,,I

Io }_c luril<'d ofF. \Vc ar_' \v_illiiig for _lll _i('C(;S."; l(J li"," Io fix li<is l>i'<>l>ll'ill. 11_<.,,l I,, I

ilii_,<, l)rl['l ('}laliii:l<,rs ali<.l iii<' lw<, rcili;-liliiiig SUllerli-I\'<,i's _li<' \v<Ji'l.:ili,_, w,,ll.

2. Physics Analysis EtToi't.

"l'}lc" sl li<lr (-Jt'Z ii (]c('_lx's ('oli('<'llll'_/l(,s Oil Ill(' (l<'l('rlil]lllil i<Jli cii' l lit, lJlisi( i_/il-llil

<'lt'rs of Ill<, Slali(l;lrd Xlodcl. Tile collisioils l)ro{lli<'(,+l ]iv Iii,, SI.(' iillli i<'<<,l,l,',l

li\ !li(-, SI,I) d('l(,clor }la\'(' ]l,ql'liclilar (;'hal_lcl(,rislics I101 _-Isso<'illl<'<l will< _.lllV ,,1 t_'1'

ii<'<'_"]t'i';-ilOl'.'l't,<'s,' _-II'('iii<' ili"ll,_ l<_iiglltidililll polarizal loll of IIi<, <,1,,,I <<,<is.l li,. .,.li ;,11

Si;:(' <,*t' iii<' ],,';illl, _-/li{{ lilt' tiili({il_,' V('l'ICX (l('l('("itJl'..'ks _-I I't'sll 1 ,,1 1I_<,-<,w,, <,l_, ,,, ix

tJlll ._tJllll' llll](tlll' i-llll] V(iI'V _-l('('lll'}ll(' lll('_lSIll'('lll('lllS.

"l'li(' lilosl illil_Oil_iill iliilial ili('gislir('ili('lil \\(, ,:ii<> <'_ll'r\' I1,, (Jill is lii_, I,.tl ri,_,l_lt'%

i-is\'illIli('lr\ wlli<'}l \v<, (liscllss<'(l iii Iii(' l)r('\'iotis plig<,s. Iii _l,l<lili,,li \w, }i_i\'<. iii<<] will

('<>Ill<iii<(, to ('g.iri'\ ()ill _i s('rl('s of lii(';-islir('liiC'lils of illi])<Jrl;.ili('l, lc> I1_, ti<,1<1<,t'IIi,,1__

l']ll<,rgy }lli\si<'s.

()iii' Ix','<, gl'_l<lllell{' stli<l_,llls iii Iii<' SI.I) _,[['orl .l_lli I ;,,ll,,,r _i,, ¢'1_<,I_,, {;,,i,,,

]"fill. }l_l\'_' lJ,,_,li \vorkilig Oil Sl.I) t'_,r sc,\'cral 5"_._li's. "l'll_.\" ll,_\<' _'iirri,,<l Jill ii >,.ri_,> ,,I

sli<<_,sst'llll (!('1) iil<'i_slir_'lll<,ills ',vilti l_sl \'_'_l's <l_ll+_. "!}_is \v, Jl]< \vii I,,. I,,ll,li-I_,,l

7



.]ali Laubercon/pletcdtlistllt'sisillt:ll(,SpringSci_lesterofl!)9:_. ll¢'isl,,¢'sc'w,IIx

a CERN fellow working al LI:;IL Tlie lopic of llis work was lilt. ¢l¢'t<,rlllill;_ti,,,, _,I

the QCD tout)ling cl_!21Tills is obtained froln a t_leasureil"l(:llt of t.ll(" lllill_l,_.r t,l

r_lultil)lcjets as a functioll of particle pair ma.ss, a cut used to d(.l.crlllillc, xvlli(l_

I)articles belonged to a given jet. In Fig. 5 we sliow llow tile colll_liilg coilst;,lll

depends on the scale factor at which we calculate ii.. Tills is (lll_' Io lllc' fact l lL;_t

tlie theoretical calculation of til(, depeildellc(' of tile nuillbt:.r of j(.ts o,i tile' ('(_,li;lil,j_t,;

constant has beeli calculated to only a few orders iii tile coupli,,g ('olLstaltI. '1 I,¢'

\'al,,(' of c_._xv_'oi,rained was:

c_,_(,A/Z,,) = ().131 .°._117 : ,-o.[Io(i "/ ((2 = 3/2,)

('l ioIl,,-(,aIig,:.., [:ali llt<'sis l(,l)ic is lit(, (1,:'t,.,rilliIl,li()ll ,.,f tl_(, x(.(t_,l ,1_;_,,, I,,_ ,,I

tl_(, gl_l(,l_ "llli,..;is accon_l)lisl_',l I,v I_l,'as_ll'il_,, I1,_._lisl l'i],_l i,,_ll,,t I 1,,. ;,ll,,I,, I,,.I xv,.,,l,

.i,'l:; a;l(1 I1,,, oil_,_.gy _lislril,llli_ii _t' ll_' .iols [q "l't_is w,.,rk sl_,l_l,I I,,. t.,,_l.l,l,.1,.,I II i-.

s,,_,sl,,r, ll_' ,,;'iii 11_'_1lr\ ol_s(,r\o \'ari_ls al_g_l;_ (._ri_,i_l;llic.,_ls,._f.i_,l_ 111;_ ,,,_ ,I

I,_. l_.l;_l_.,l I,, 1t_, l_lt.,-,_,i_c_, of l_,llgil_l_lil_all\' l_oli_iz,.,t _,l,._Ii_,ii:-.. 1'1_,>._';,l,. (2(I)

_,lt_,_ls. I,_,1]_ l_aril\'-('ol_s_,rvil_g al_,l l_aril\'-\"iol_li_,.,?...;. '11,_' (;{I.{111{}Z'> l,l,,,l_l,,',l

_lt_ll_' illl\'\V}l{'l'_' {'l";l'.

[li_\_,r ill_l_,l)C._l,,llt "l't_is w(,rl<, i_ ('()ttlit_litt,, ill _.,r,l_,r t,._ l,:'<l__. I1_. _t_t,_._l;_il,l,,.° . ,%

.-NI l,,l{'s_'_t \\'_' }l;t','_'_l_'l_'_'l_il_'_t I1_,:_Ilt_' l'/-tlit_ (._t'I]_' sll_l_,.:, il_l,'_;.t_li_,I_ _,.,1 I il_,._'.

,'_,l_sl;,l_ ;tss,,_'i;_l_',l x\'il}_ b _l_latt<.-l()lll;tl f(ll' l]l_' /,l]l,'l' II/t\',,I..,. ;_,. ,,\','li ;,-- ii,, _ ,ii,,

<,f11_,:'slI_,lig ('(,_l_li_,'_ ('()ll:;lillll ft,l' 111(' li.d. nl_,l .', ,:l_;tll,:s t_., l]_;_l [,,t 11.,' , ,1,,i /.,

(illgtl.]<S ' [.t}

(_,! t,)
-- 1.1}5_ .s_().{)7s(.-t,/l. i -a-{).{Il:/_.-.,/,t.

(i,t _.(/ .... :i



a.,(u, d,
= 0.9_3_'± O.CkO(.,_Stat.) i 0.022(,_!/,,t. )

a (c, t,)

\Ve have als() detei'mined the branching ratio for Z --+ bi_ qtlarl<s. \\'(' i_r('

continuing to improve on the uI_certainty of this measurenlent. '1'Ills zn('astare_(,_l

is important because it is quite sensitive to the mass of the to I) qllark aloll(.. 'l'l_i.s

is due to the fact. that the brallclling ratio has verlex correct.lolls l]lal are larg(, atl(I

depend on the nlass of the top quark. In Fig. 6 we s]low t}le del)elldellc_' ()l 11,,'

brall(:lliTlg ratio oI1 l.}letop quark mass. \.\'e llnl\(' ('arri(,(l out tills ;l}('aslll_'lll('lll _lsitl,z

glol,al c]laract(,rislics of lnesolls alld t)ar\'olls 1]1;11 al'(' II1;1_1('11l) ()t' ]_ (lll;irl,:s. 'llli-

is (lit[(,reIll fro111 l)asl melhods llsed al I.I'_1) l]lat nlake /lse of 111(']_ig]_ lralis\,,I.,.

lllolliellttl_l of file lel)tO_lS ['roan s(,mi-](,l)l()_ic decays of [_ _ll(,s()l_s. 'l]_(,s(, gl,,I,_l

ctlal'alerisl i('s ar(,:

1. l_articles with ]'_ quarks ]_ax'e a larger nt_Inl)(,r of so,_l_,l_l'v l)arli_'l,,s xx'i_1,

]arg(' ill_pacl l)aralnel(,rs 1]lal ol]ler part icl,. ¢l(','a\'s.

2. l)arlic'l(,s l]lal ('01110 fl'()lll ]{{ IlI('SOll 01' ],al'VOll illl(l I]1(),_,( ' [1'()111S('('t_ll,lal'\' [,', /_\..

l'()rlll a l/tle,(.r lll_i_l])(,_of s('('t,l_(lal'v \'('rl i((,s I]_;,1_ );,rr i,l,'., ,,,_lil,,, Il_,_ I,,u(.I

IIII-ISS III('S()ll ()1' })1t1'\'011 (l('t'il\'._.,,

\\:e b('li('\'(' l[lal tll(-'se .glottal _('ll_o<ls ar(' l(,ss slls('( l)lil,l( , I,, s\'._l,.l_l i( _'1i,,l,

ll_;_l oli_('r l_('ti,ods us,'_l a_ld will allow _s It) l'(,a,]_ l]_(, l,(,st l('\,'].. ,;f i,,,_l,, \ a,l,,l

l_(.l_',, :_I1(,\\' _ls 1o i_lal<(,a S('l_/-ii'al(' (l('ler_lliI_alit)l_ t_t"l]_(, I(_1_(llll,rk IIi/,',..,.

[q
\\'il}_ lasl \'('ats dala we [ta\'e (lel(,rt_itw¢l tl_t. I)l'at_clti_tg rail(, I_, I,,,:

1. l:si_g tl_e l_i_l)a('l l)al'aIl_('l('r 5letl_od'

t_'t, = ().'21.1+ 0.(}1()(._I.t.) ± ().()2:_(,_!1,_I.

'2. t:si_g tl_," S<,<',_<lav\" \'_,rl('x Xl<'llt<,,l

lit, = ().U()I _ (J.(Jll .,1,_1.)-k ().(l:/IJ_.,.,/.,/.



\\:ehave begun to measure lhc lifetimeof t}ler ICl)tOil.l_ccalls_,,_f'tl_'ll_i,._'

dimensional tracking cllaracteristic and high resolutioTi of our \'(,rl¢,x (t¢'I(,_1_,1 \x'¢,

are capable of measuring the decay length of this particle all(1 of otllc,l' l)al'lit'l¢,s

containing heavy quark with lligll accuracy. Tllis should lca(l to a xll¢'.astll'('l_l,'lll

wit.li low systematic errors and sllould improve on the results frolll I,El'. 'l'llis _v<,ll<

will increase markedly in t,he present year.

\Ve will begin to study tile forward backward asymlnelry <_t'l ll_' Ilca\\ {ltl_ll<s

and in particular of tile b qtlark. Tllis is anolller rcsull 111_-tlis us_,t'lll ill _l,'l_'llllil,

irlg 1lie (',las]low-XVeillb<'rg a11gl,'. ]gccnuse of lll_' lollgilll,lil_,l I>_,li,_i/;_i,,_ ,,t t I,,.

elcclrons we caT_ also _neas_r_, tile "l_o<lific_l': t'ovwnr, l l,;_cl<w;_l,I i_svl_,_v\. 'I ,i..

_11,' diwcliol_ al_<l a_ld il Io 1]1_,l,ackward forwavtl as\'l_l_l_,Ir\ \v]l,'l_ I1_,' _'1,.,_,,1_,.

aft, l,)laviz_._l iI_ i]_. olll_,r diI'cct ioil. 'l']lis _l_laT_lif\' _]_,l_,llds o_lv _,1_1]_. ;_s\llll_l_,l I\

l )itl:_tlll('t_:'l" :\t"I] OI lllo fi_lal Sial(' particle, al_d l]_<' lllagllilll_.l(' _._['III(' IoIl,,il_,li_,;_l,_

l_ol;_l'izatioI_. _.1']_<'Colora(lo gl'o_t_ il_l_'I_ls t_ work oi_ l]_is _,t['t,l'l iii t,,ll;_l,t,i;,li_,_

wit 1_1'1ot'. ]{_ln'rl \Vilsoll t'T't,_II('_,l_l'a,t¢_ Slal_, l'l_iv,,lsil\.

3. Cornputing.

_lsillg l_(,sll\' lll_' ('_,lorad_ \'..\X-SSO(). lT_e_'a_ls_._,t"11_. l;_l'g_,ill,'l_';_s,' iii I1.,. l,_li,_l,,.i

_,t"Z's I,_'illg Iogg_'_l llow 1t1," \':NX-S800 ]_s t,_'c'o_l_<' _lll;_l,l<.l<_l,l<,\i,l,' ,._1_,,1:_1,(']'1'

l_tl'_'l_,sc AI.Pll.\s, llw lalesl \'XI.'; \vol'kslaliolls l_,illg 1,1't,_lalc,,_l I,\ l)l'_.'. II,,'

l_tlillg o1' III{' \':\X-8S(}(I. l[<:ll<_' file acq_lisilioll <_f2 ..\l,l>ll:\N. t,lll" 1>1",'._,'1_I>1;_1_.

l_';t_ts to a ['i-t(;lt)l' of lvr illCl'(';ls_' iii I1_<'co_l)Util_g C;_l);_cil\"t'¢_r_nll _'tl'_,ll. 'l'l_i_..',1,,_l_l

I){,s_f[ici{'lll ['c_r1lie lwar f_tl_tT_,.

"111_'disk .vlol'a.,,,_,Cal_itcity wl_i_'}lwill I,_'_',,Ii_, ;_x;til+_t,l_,il_ l!)!):/ i._ l_t,l -,,_lli, i,. 1

I_ 1'_'1,];_\" "'l;,:v'" ,lala s/_lll_l_'s i_ t}_, _'aI_,,_'e,'_[' 1() ]_. ,'\'_'l_l.... l},,':,',ti,l/t ..i,ll,l,l,'- ,,l,'
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xlecessarv to calibrate the t.ilne to distance relation in tllc Iglk_t('al_ l)rifl ('lk_llll,,'t.,.

An average SLD eveiit is 1 bill of data, so 1 (-]B of disk is re¢l,lil¢'¢t lo sitars. 1 1,i

events.



2. Fixed-Target K-Decay Experiments
The KTeV Project

Antl_oTzy Barker, Bruce Broomer, Eric Erdos, Mark dOhT_SOlt. I'l'icl .\'_lt_, _1,_i'g.

Pctcr Mikclsons, and Gerhard Sch_ :z; in Collal)oratioll wit I_l l_c k: l_i\'(,v.sil \' tri' ( '_,lit,,_

nia, Los Angeles, the University of California, San l)iego, Tile [illi\'crsit\" of (.']lit'_,;,_>.

, N ational Accelerator Laboratory, Osaka U iii \'cvsil \'. l{lcc,Elrnllurst College the Fermi T.

Ulliversity, and Rutgers University.

Last year the high-energy group at the University of Colorado at Botlld(,l' I)_'gall

work on a. new resea.rch effort in experimental higtl-enex'gy pllysics. NN'(:'al'e coll_ll)-

ovaliIlg in a series of fixed-targ('( eXl-)erirnenls at ii,c, ]"erillilal)'l','\'i_ll'())) \v],i('))il)(,

I)eri'orming ]ligll-I)recision, ]_igll-s('llsil, ivity sl lldies of ).II(' ll("tlll'a] I<-)l)('s,,)) s\'.-1,')I_.

..\)lt llolly Barker, wllo .ioille(I (ll_' ('.olorado t'a(,_lltv as all ,.\ssisl;)_)l l)l'(,t_,ss,)) ' i)).1,)1\.

1!)()') has collaborated il_ lltl'('(' cxpevime_lts w)licll w(,v(, i)al'l (>1"(Ills i)l'<)/l_lll. _)_,1

\vl_i('l_ have alvcadS" rt_n al l:;_'r_ilal): F.731. E773. al_(l I,_7!)!)-1.

/ i/ I']'li(, first of (]lese was d(,sig))<'_l to meas_lrc II)(:' (.'1> x'i()l+_liol) l>aI'a)I)(,l(,l ' , ,. ;)11(

'R , !('ollc('tcd data i)l 1987-_<.. "l;t_(:second E?7:-}, I'a)_ t'mnl .]_ll\ 1()H(,I)t(,)lll)<,l_)l' I )!)1.

_l_l was <lesig)lcd lo _n('asul'e ;_1)o1]1('1'l)az'al_l(:l(,I' _)t' ('1) \iolali_)l_ il_ 11,_, 1\'_) ..,\s_,.ll).

tll_' diffcr(,n('c i_ til(' l)]las('s of l]_c (/l)-violali_)g _l(,('_5 all_l)lil)l(l('s. O()i) - <.',a..... I l)_'

is II)(" fivsl l)avt of a lw()-l)l)as(, (,×i>(,l'i)_)e)ll d(,clical(,¢l to 1])(, sl 11,]\' _,1'l';_)(' I\'1 '](";)\'>'.

_',<t_('ci_tll\"1\'1. _ 7,()_+_- ..\l_alxsis_)t']:_777) all(] ET!)!)-I (]_I;_ is ul,,l,.l\v;_\.;,).,I ]_,11<,.i

wilt 1,(. ac'_iv(, ill finis ('[['O1'). t)_lli<'lllav]\ ' i)l file s(:aI'(']) for I'al'(' (]('(';_\.,.

;l']le tillal vesull t'vol_l ET?,l o)) c'/c was t)ul,lis]_(<l ill ])l_xsi('+_l l{('\'i('w I.('11('1.., ii)

l"cl))_avv of 199:1: the x'al_e l'(.'])orl('(l [e,l was l;{e(('/() = (7.,1 -1-5.2 [St ;,_.] ::k2.!) [._.\st .}) •

1(}-4, sliglitlv n_ox'c tlla_l oI_(' sta,_<lard (]<'viatio_l al)oy<: zero. 'l']_is is i)l <.(,,,_),,>l

Io Ill(' rt:'s_llt ()f the c)tl)(,r lli,,t_ -l>r('cisioI_ C×l>(:rixla(')_t. N..\:gl al ('I';IIN. xx'l,i(l, I,s,-,

l'(?l)Ol'((xtIrl a l-_z'cli_i)lal'v v(.,s_l! ))ased o:_ tl_v('_, \'('al's' l_ii_i_il),,',.,..... 1{(,(_'/<) = ('>:_-_

? [('olnbil_(,d]) >: 1(7)-4 Ii) ()l(l('v Io l'(_.solve l]_e (l_(,sliol_ <,t'wl)(,l]l(,l <' is I_,,l, /.('l,,. _,_.

I1_<'.Sla_d_'(I .'kl<)<l('lI)r<'di('ls. _ l_('w, tligh('.r-l)r(-,cisiol_ (,Xl)(,l'i))l(,l)l Ii;,s I,,,(,l)i)l(,i),,.,<.,I.

l]lis ('×l)crilllel_t. E832. will z'_ll_ just after 11_('s('('()l)(]. ))iL,;l_('l-s(')).,ili\il\ i)].;,>(, ,,t
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the rare decay experinaent, E799-II. Botll exl)eriments ai(' apl>r()x'c<l al l"('rlllil_l,.

aIlct both will utilise a new beamline and detector facility. Tile llcw l)roj(,('l. \',tlic'll

eilcompasses both E799-II and ESa2, is called KTe\: (Kaons al. tll(, T(,\:alroll). '['11('

l'_Te\: experiments plan to collect data during the nexl Fermilal) [ixe(l-l, arg(.l l'tlll.

which is currently scheduled to begin in early 199.'.5.

The University of Colorado is part of the I{Te\: collaboratioll, wllicll cllrl'(,i,IIx

includes nine institutions and about 40 physicists. Tile Collaboralioll tl_s i>r¢,l)_,z_'_l

a Technical Design Ret>ort I_l (TI)I_) which describes the physics illolivali_ll _)t' 1,¢)111

experiments. It discusses the expected precision of the E832 c'/_ _ll(i'asur('l)/('lll ;._i1(I

eslimat.es the seIlsitix'i(\' of \'ariolls E799-II rare d(,<':,v s(,ar:'ll(,s. 'I'll(, l<'l'(,\' l'l)l{,.

also includes a tairlv delail¢,d d¢'scrip(ioll of til<: I)rOl>OS(.,¢l¢l<,l(,('lt,r. il_(l_l,lil,e (,,,1

(.'sl iIllal('s.

'1"11¢'alllic'ipatcd activities of' lll_, [!i_ix'ersil\" ()t' ('()lt)ra,]_ glt_ll I) ilt lll(' i,ll; Iv>i>

of dala t'ronl 111(, 1!191-1{)!)'_ (,×l)Critl_(,llls are dis<'llss(,¢l iii file)r(, ,l(,li_i] iii I]1_' Ii,'Xl

slll_S('Ctio11 of l]_is l_rogress r('t)orl. 'I'1_¢' followi_lg s_ll)s('cliol_ _l_'._('lil)('s ('<)l,,li,,I,,'_

l'CSl>O_sit>ilitics i_ l li(.' (:()llSl I'_1('I i(,l_ al_(] Ol)('ral iol_ _)[' l]_e I<1'(,\' t'i_cil il v.

1. Analysis of Rare Decay Data from E799-I.

\\'ittl slarl_l]_ t'tl_l_ls l)rox'i_l(,,l t_)l)rof. Ilark(,r I)v tl_(, _l_i\'('rsilv. xr(, Ii;_x,, _,, ,i,)i)_,,I

a l)l';(' .'.')()()0/240 worl,:slali(_l_ wil]_ vi_l'it>_s l>¢,ril_ll(._;_l,,(l_il,))_,,_l. wl_i(l_ i> I,(,il_:_,_,.,.,I

Io _i_alys<, l'a:'_, _l(,cav <lala ('oll(,('l_,(l _l_lxiIlg: I'17!)!)-I. \\'(, will 1,(, i,;,__i,._l;,ll\ il,v,,lx,.,l

il_ )ilo' sc,arcl_ for t'o_r-cl_arg_,d l)arli(l( , decays of II,(, Ix'/. \\'t, ]_;_x't:(,vi,l,.l_((. itll(.,,,l,, I,,i

ll_(' d<,cav lX'l.--+ _+=-e+e; -, wl_i("ll tlas _ot previ(_lsl 5' ),('¢'11¢)l,s(,r\'(,,l. li i> (,:<1,,,(t,,,!

I]lat t liere will l>(-_('])-x'iolati)lg asvln)n.ot)'ies i_l l.]l(, al_g;_llar ,lisli'il,_)li_,i_s _t I1_,, lil,_,l-

slalc l_arli('lcs i)l tl_is <l_-,cav. \\']_il(, ll_' l_lI_l))(,r of (,x'(,l_ls r(,_'(_sl_ll(:l_,(] i_ l l_i, li_.-,I

(_l,scrvatio_l will t)e Io() s_all t() _)_('asur_, t]_,se asvlil_l).:Iri(,s, ollr _(,;_slll(,l_(,ii1 _)ll _,,

l_ra_lcllillg ratio t't)r tills mo¢l(, will lllal<e il cl_'ar )_ow ll_tzcl_illll_r(_v(,lll(,_,l i_l s(._silix ix

will 1)(, r(.(l_il'(,(1 il_ or(lcr t'()r 111(' l<'l'_,\' rare (l(:,('av _,Xl)(,l'i)ll_,)ll. 1,'.7!)!)-I1. _(, _1,,I_.(I 1 _,.

_SVIIIIII('I I'V.



The _r+rr-e+e - decay mode is also sensitive Io tile K ° CII;'lIl'g(' r;,cli_ls, t llt,,tzgl,

t}le radiative transition K2 --_ A'l')'*, where "?.*is a loxlgituclillal x'irlllal l)llolo11. 'l'lli._

l)rocess is exl)ected to contribute only about 1% of tile total KI. --+ rr,+_-c+r - ,1_','_\

rate, but the experimental accel)tance for this component of til(: decay is ¢eI111,,I,¢'<'cl

because it tends to result in large e+c - invariant nlasses due to I11_,SUl)r¢'ssi,,iJ o1'

amplitudes involving a longitudinal photon at small q2. Witll the gr¢,allv i1111),'¢,\'<,¢1

sensitivity expected in E799-II, a measurement of the ra,diali\'c I\'.-: - I\'1 trallsili_l_

rate may yield a value for the K ° charge radius with an accuracy collll)ctili\'c wil IL11_'

existing measureInent based on electron-K ° scattering, alld witl, difFcrc.llt s3"sl<,_,_ tic

uIlcertainties.

Other t'ollr-tracl< decays we will searcIi for ill('l,lcl<' flit, ('t(,('Ir_,,,lilgil_,li( _1_',,\>

!\'1. ---+e+c-c+c - a_lct lx'l. --+ (+_-y+y- Tllelirsl ofll_,s_,, KI l)t,l_l_l,. I),,lil:..,,.t,_\.

l:as I_een ol_served recenlly l_v l}rool<llavc_ I"777 (six c\',,i,ls)s,l,,l ('I.il{.X .x,..\:ll VI\V,,

c\'('I_ls). \Vc ha\'(, cx'ide_ce t'o" (Ills d(,cav t'ro)n '"

rccol_sl.rucl al_oul 20 eve:_ls. "I'1_¢,al_gtllar correlation,s it_ finis _t_,_;,x a__, .,,,_,sili\,,

to Ill(:, preseI_r,' of (.'P-violal;:,_; coI_l)O_lenis i_l 111_'<l(,ca\" al_l)lil,_l(. I'(,r I\'1. -" "."

I'11(' (+(-y+l _- _odc has _,oI t_ecn s_,cn' ii is exl)('clcd lo l_(: S_ll_l,_'(,ss_,,lI,\ ;,t',,,1_ _

of al_out 30 rclali\'c 1o l.]_e _+_-¢+_- (l_,('av. Al finis lc\'<,l, il \x't,_l],l I,_, .il_:,l ,,I11,'

li_llil of scl_silix'il\" i_ ];'79!t-I. Ilmw-.\'(,r, I]1(: l>_(,s(,ll('(' t)t' (?l)-\'i(_li,lil_g __,ll,lii,-s ,,,_l_l

co_c('i\'at)]y <'nl_a_l<'c ll_t' talc for finis dr'car COllSi¢[('r;il)ly r('li_li\'(' 1_, I]_i_l t't,l I\1 •

( +( -C+t-

I:'iIlally. wc'cxpccl Io r(,_'ollslrtl(l pcrl_al,S N()t)_,x;,Ii_l_l(..,_,l'll,_,,, 1)_,,11,1_,I)_,lil/

(l(,cax'. wllicti was tlsed by .qat_lio: 31) years eig<_I(, _t(.i(,r_,_iI,<, 11,(. i);tril\ • ,,t' ii,,. -t'

\\'c l)lat_ 1o do tl_is I)\' _lsi_,,, tile COl_iot_s A'I, + =()=°;r() 111o(1<'1(, taK "_ ,l('_';,\'s

]:2T!)!)-Iwill likely 1)e lilt firsl ('Xl_eri_(,Iil Io sul_slaiiliallv (,×i_i,l_<l111(,\x'_ll_l s;_ll,l,l_ ,,I

,'r(_--, e+_.-e:+_ :- _"\'eI_Is l_'\ol_d II,(, 1(;'2exal_ll_l('s t',,,_(1 I_\' .qall_i(,s il, 1,,_1,1,1,,,1,;,t,_ ,,'l

l)l_(_logral)lls. :\ l)r_'c'is(' _('_lsllr('ll_<'Ill. ot'l.}_e lllalrix _.lcil_:_l for l lli:,l,.__,\ i> i,,.,.,I,.,t

1o ilnl)i'o\'c ii)t. l>r(,dic'tion for 11_(,rat(, of t]_(, illl(:l'(,siillg (lee;iv _() ---,r-t-_-

ll_d('('(l. Ill(' firsl r(,s_lll 1¢>t)_' l>_l>lisl_('d fl'<>l_ l!;T!){)-I \\'iii I)(, a )l,,\x. l)l(._s_l_.(.lll,.))l

()1, i) --_ (+(- ])_lS('(l (III _II ] l l('>( )l lS 1¢1_)_'r'rl iii A'l. _ 77,1)7 ()_ I)
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= :S ,_..1.1 O-Sresult, BR(Tr ° _ e+e -) _'"-._.,a + 0.5) x 1 , has been aCCel_l_,_l for l_lll,li,';,li_,lJ

in Physical Review Letters t.his spring. It, represents ali ilnprow,l_cl_t ov_,l' 11_. ,lt_-
Ii01

per limit previously reported bytlle SINDRUM C ollat)orati<_ll ,lll(l ],cll_sl_, l','s_l\','

controversy regarding previous reports I_'_21of an anomalously llig}, vat<, t'¢)I"l]_is (It,¢il\.

2. KTeV Facility Design and Construction.

The Colorado group is comlnitted to three major projects ill l]J_. ('OllSll'll{'l i_,lt _,['

the I<TeV detector: first, we will desig11, a.ssemble, a.lld tesi a 200()-_'1_i_i_¢'1sx'st¢._T_,_t'

special-purpose TDC's which will be au integral part. of tt,¢. Level '2 'l'riggcr ['o_'I,_'1'_'\"

s,.,cond, we will COl_Sl.l'llclfour large lead/sci_l illal o_' I)1_olo1_del ¢.cI¢_s. 111¢,"'SI),'¢'1I',,lll-

cl.c'r Veto Svsten_"' a_¢l tllird, xx'_,will be ,'espoilsil,le f_l' 1]1¢'_l_'sigl,. il_s_;_ll:,li_,_. ;,_,1

coinmissioni_g of ll_e I_evcl 0 a_l¢l l_evel 1 Triggc_' sxsleiIis t'¢,_'1<'I_.\ ".

l_t_t't of' tile Level '>....q','i,,,,emmr svsl_.i_l fo_ E77;_ _1,1 l'_7!t!)-1 c¢_,.,ist¢,¢l _,1 ;, 1,1¢,, ,.>,, ,

\vt,ictl counlcd hils i_l each of Ixx_ views in 111c t'o_lr dri['l cl_l_l_.i.- ii_ _l_l,'l I_, _.:li

lll_:|l(' l]le ct_arg¢.cl l_lllliplicily t'_' I]_' Irigg_'l'. ;-,i1{1._lsi_lg lllis i11t'¢_Ii_i,li_l_. i,l,'l l iii,.,]

I_i* lOl)Ologi_,s _']l,tl',tcteristic of l\" --, n+_ - d_'_';t\'s. '1'}1{'t'lI'_','ti\'_'_,',> _,t' t l,is >.>l,.,.,

['('(tllil'(?]'l'l('[/IS t'_,_l' _tll (?V('lll, ('\'('I1 ll|(}/lgll ll!_tllV of llt('s(' l_ils \v_'l'_' I,l_lll('_'_[ ,\' ,,i_l-

_,t'-lill_¢' ll'/:tclqs, lllal is. ll';lc],;s ll_l S\'llC]ll'OllOlls _._,'il}l I]1(' s,'illli]]/_l,,l-.i,21_;_]_, I-.,',] I,,

ti_'/tll\' I'_'¢ttlce¢t ii" xw' c'_)_ll_ti_l_'lllit'\" al_¢l _'_'i_'_l.t'_1"l_'i.,,_'l'_ l,,l_'l,_,s,'_ I_il'. wl_i,'l, \r_.l,.

l)l'o,]_('('d I)\' r)tll-(_t'-lilll(' lr,_c'lqs. \V(, l->l_,l)lo d<) finis 1)\" l'('(l_lil'ill.g I]1i)I I]1(' .',igll/,] l iii,('>

fl'Olll i\','(_ _dj;tcCl_t Wires ill 1]10 .\'..\" or }", }"' l_lanes of, c}lal_l}_('_'1_, ('()llSiSl¢'lll \V}I ],

_l_' ]lypol]l_"sis _}l.t bo_]_ ]_ils w_.r,', pl'od_c{,d by l]_e imssag_ , _I' .i_ il_-'_ill,_. _],;,_e,,,l

l_,l'ti_'l_,. Ill effect, l]lis is a digital _ean-ti_i_g scl_ei_..

..NI ('olox'a,to. ',',_' _)<' d_'si_I)i)_,,.._ci_'cuil b(,,I_ls \rl,ic]_ \viii _(,l_l/,it, :__' (I,,,,,,),'1-

()t" ('oll_llloIl-.qtot) Tl)("s. l';_,cl_ TI)(' c]_a)lI)('l will ,(,I_si>l >ill,l>ly (,f i, ._\I,(l)l,,I,,,,)-
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counts from each pair of adjacenl wires will address lool<-tll) table melilotic's. \vlJicll

will be loaded in advance will. patterns indicating wllal pairs of l illl¢'s corr¢,sl,<,l_¢l

to in-time track hits. With tllis design, a timing cut can be' iilll,Os¢,d ol, i]l,. <lril'I

ctlamber hits with essentially no increase in the dead t illle imposed I:iy t,llc l,cv¢,l "2

Trigger. The use of look-up tables not only makes the systeln very lasl. l)lll ;lls¢_

gives us great flexibility to compensate for differences in cabl(" l<'llgllls, c]l;_iig_'., iii

drift speed, and non-linearities in the time-to-distance relalionsl_il_, l)rof, l_;_ll<,.r

alld an undergraduate student, Hans Rikhof, are currellllv workil_g oi1 Nlol_Ic, ('i,tl<,

simulations of the Trigger TDC system in order to study eft iciellci_,s, rc.i¢'clioll i,<,\w,I.

-s • {'-balld other cllaracteristics of the _]llgg_r TDC's for various desigl_ olJiioils.

]';qliil:ilnent costs for Iii<' Trigg_"r TI)C svsl, el]_ will be Slll_l_li<,,l l l_<,_J<ll I"_,rlllil;_l,.

as paI'l oi" lll_' I<'l'e\' Pro i_'ct. Ilowr'ver. to giv<: ali i<lca ot" Iii<' scal_, oi' Iii<, illt,l_,ll ;lki ii,.,.

l]le cllrrt,ilt Trigger TI)C blldg_,t is sliown t_elow. A slll_slalll i;_l_l_,si._Iii_ll,I _,Ii.,,,il_,,,.ii_,_,

ct['orl will ]_,' rcquirocl 1o (lex'clol_ alld tc'sl ltlis sx'sl_'lll al Iii<. llli\_,rsil\ <_[('_Jlt,lit, ,.

l)tirillg ttic pasl sevcl'al lllOlll]lS, wc liax'e collll)lcl(,(l lll'gtJl ial i()liS wil li Iii,' ._],'IIl_l

(;ral>liics ('Ol'p(_ral loll for l l_c (l_,li;ll ioli 1_\, ._IC,(' of l".l_,clr_>lii_s ('..\l) ..,_,['I\v;ll,, vii] ,1,,,1

at solll(,whni Iris)r(, tlian .5;380.00() to Iii(, Iligll l';ll('rgs" (;1_))_1) irl ('<,l_,i/,,l_>. 1 I_i> ,_,.Il

will gix(, tis Iii(' Cal)al)ilit\" It)(lo s('lir'lllalic (t('sigli, logic all(l lll('rlll_ll sillllll;_li_,)l. ;,),I

l)liysical ]a\'olll and rollliilg of c_nll>lcx prilited ('ir('llil 1,o;lr(l (l(,siglis. Ill ;_<l,lili<,)), ii

will illll)t'_)\'(, ()iii' al)ilitv 1o sllar(' iilt'orillalioli willi (>iii"<()llal,_Ji;_!_>r.-iii "['ii(' I')lix('), I,,

of ('lli('ago, xx'l_icli ]las a silililar sysl('ll_. ..\ ll('wl,'li-l';,,l<_,r,l 7:21) \x,,r[<>li,ii,,l..'.,,-

l>llrcllas('(1 t'_)r _ls(, witli lliis (':\l) s\'sl(,lil witli l'lii\'_,rbil\'....lll)l>li,.,l tliii,li)lv _,! ;,I,,,,II .':

11.()()0 l(,g(,l]i(,r willi a $ I().(){11)colllri})lllioli fr()lll 1]1(, l¢,><lqx._l_J)iill;tiil ('(,)l..,,Ilillll,

ti,r lligl_-l';l)_,lgx l'll\'sics.

l)l'Ot". l_ark('r worl<(',.l clos<.lv wil tl Ill'lice I)lroolil<.r. _,lir g rolll)'s 1';I,.,'Iri,/l] ]'il_,_,il,,.,.).

k_'\ rol¢' iii ilia, collCCl)t_lal d¢'sigll alid t)]arlnillg for circllit i._r¢,l_Jl.\'l,ili,Awl,i_l_ ii, ,_lr-

refit Ix' ill progross at ('.!7. ]_}<,calls,, l'(Tc\' is illal<illg sigiii/i<;,l,1 _l,.llli,i,,l> <,_ Itl,,<,l,,,.l">

liill(', wllich are o×l-i(,cl o(t I(i {llcr_,as_,. iii llle colllill¢,,_ ll/olil ]is. \\'_, ;lr_, r,,<lli_,sl ill,,_ I lla,l Ill,,

l)c'l_;lrl ili_"lll (:lt" i']ll¢'rRy Sill>l>orl .D(}',;,_{_f ]/lOOlii_,r's .<:;li;li\'. wl_i,l_ i., _lllr,'llt 1\ t_il_,l,',! ,'l_

li;



tirelv by tile Texas National Laboratory Research C:onlrnission (TNI,I{(')t, llrt,tlglz I 1_<,

Itockv Mountain Consortiuna for High-Energy Physics, wllicll supl)orl.s S. (-dir,,, t_,cl

research.

It is import arlt ill both the e'/e and Rare Decay experiments to be able to i_1<,iIii'\

events in which one or more particles are produced at large engles to t.lle b_,all_ _11_1

so miss the drift chambers and electromagnetic calorimeter. III E8:32, ptlotolls ll_iss<'cl

in this way result in a background from /X'L -+ rr0a'°r, ° decays cc_litalnii_atillg lll_,

KL,S + rr0_ ° samples. In E799-II, escaping particles cail lead t,o a wid,' x'aIi_,Ix' of

backgrounds to rare deca 3, processes. For example, KL --+ _+rr,-_l_(rc II + _+,-'l)

is the so_lrce of the dominant backgro, lnd to a searc]_ for h'l. ---, rr.+=-*-t-(-. '1'1,_,

lmcl<ground arises t'rol-n <-'\'ellis iii wllicll iii,>:l>lloton l_l'ocl_lc_'<lill l l_,. 7,_' 1)_1il/ ,I,,,i,v

is llol, detected aild carries Iii.Ilo lrailsverse ino_entul_. "l'l_is call 1_1_I_'_ it'_l_' 1,1,,,1,,_

is SOft and is e_l_illc<l ai a relaliv('l\' large angl(, 1.o ll_(' l)ealll, so 111;_I il _liss_'_, 111_. ( '.,,1

II1 order Io (lol('('l sllc]l parlicles, a syslelll of l<'ad/scil_till_ll_)l' \'(,l(_ _l(,lt,<l_,_,, }iii.,,

I_eeI_designed for I,_Te\'. Tilers, will I_e all,ogclller _,i_' oi' lll_,s_, <l,,l_,_'l,,_s. s_'_,,_i,,lil_

..."'3'

_lir_'clioll. '1']_' Iii'sl tix'e llillg ('o_ll_lers will l_, locale(1 il_si_l_, II1_. \'i_cl_,_ll ,l_',,t\

cll_tIl_l)el's all,l ll_e ("si calorilll_'l_'r ilsclf. Tile Colol;_lo gl'_,_l_ is r,.>l,,,_sil,I,. I,,1 I1_,.

_'OllStl'tl('li()ll of" lllCsc Sl)o(:ll'Olll_,lof \'_,Ioos allrt llas 1,_'_'Ii w_,rki_,,, _,_ _1_' ,I,-.iu_, ,,1

l ll('s_, device's.

I!;actl Veto will l_e a larg_, (al_l_roxi_lal_,i\" 2.5 IIi I,x" 2.5 III)I'_,,'_;_ll;_r ;-_ll;,\ ,,I

lead/scilllillator sa_ld\viclles willl a rccla_lgular _ol_, il_ lll_, ('_,ill_,_'iIl;_l_l_il_,, 11.¢,i,,l ix,.' ,%

id('lllify l_]lolol_s wlloso ciicrgi,,s inay I-,e as low as 10() lo 2{10 NI_.\'. l l,_' s;,I.,Iwi_l,_.,

will col_sisl of :1:2 la\'ers of xit_l(,l sci_.lillator separal_,d I_\' :_:_ l/,\_.rs _,t I_';_t/<I,,_

al_s<_lt_crlaI'_liI_ai_,.cacli lave/'l,eillgol_e-lialfofa l'i_,liali_ l_'llgIIi l liltl<, l.ij,_;l_twill ,,

('×ll'a('l('(t [rolll Ill(' scinlillalor via t_lue ol_li-al file,.rs, allyl l',vo-il_l_ 1,11_ll,lll_llIil>l _,r

Itri,t..., \i_.wiI_,, 11_. li,gill ,,_i,l_,.,, _,r til,_,rs will g_'l_ :_,t,. fa..l si,,_,_l> 1,, I,,. _ls,.,I ii, t,,.
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r|-, •I'(Te\: Level 1 .rigger, and later ill otTtine analysis. Eacll of tile, t'olll' X"vlt_,'_ will

consist of '2.8 to 36 modules, each weighing between 250 a11d 700 l_OUil<ls. Nlt,,llll¢'

edges will be beveled at an angle of 13.4 ° so thal l)llotolls callll_l ¢"SCal_etl_lo¢_gl_

inter-module cracks, t_epresentative engineerillg drawillgs of l.ll_, ,%l_CCll'oil_,l_,l' ..\l_ti

design are shown in Figures 7 and 8.

As these details and the drawings indicate, the design of tllese detectors is w,,ll

along already. Indeed, the scintillator sheets and scintillating fil)ers for tt,¢' ¢,l_lil'_,

SA system have already been ordered by Fermilal). Tile' dct eclor ¢lesigIl, Ii_ls I,¢'_.1,

presented to the I'(TeV Collaboration and has been showll to Ferillilal_ lnallagclll<'lll

and the FNAL PAC. Details of tl_e geometry of the detectors, l]l¢'it" dc,sigl_ atl_l 111,,

budget have b¢'¢,ll described in a l'('l'e\: inen loralldllIll

_Iost of ll_e detailed desigll work o_ lhe SA dcl¢,ClolS }l_.ls ]_{.{.I1 _:lOI1¢'I,V t,lll'

_le<'l_anical Engi_¢,<,r, Gerhard Sc}ltlllz. His work llas 1,¢,el_cal'_'ic¢l {,,11 ii, <>_,_,,,¢,.1,11\

ac¢luit'ed AutoCAI-) design, hard\v_tr¢.. This ef[ort is ¢'¢,l_r<,s¢,_l¢,_lil_ a t'¢'\\' ,,t' I1_. 1\ ,i,;_l

_lraxvi_lgs sllow_l il_ Vigures 7 a_,l S.

'l'll¢, ll_ird Colorado respollsil_ilit\', l]_c d_,sig_, i_sl_lla, i¢,l_, itl_l _,,l_ll_i,<,i_,i_il ,_,_,1

ll_" I_¢_\'cl0 al_d l,_,\'<,l 1%'igg¢'x' s3'slelns for I,_'1'¢.\', is ali illlt_t_l'la-tlil il¢'lll. ],,li l,,,t i,I,

¢'×l_¢'nsi\'¢' o1_'. "l'lies¢' systelllS will I,e colisll'_lcl_,(l f'l'_lll _'oll_lil¢,l¢i;tl ¢,1,.¢tl_,l_i¢s 1_, I,¢.

SUl_l>li,,d b\' Fcrt_ilab. Tile el<,clt'<_i¢'s will be it_stalle¢l al+l_lt<,st_,d i_ Ill<' <'×l_<'ti_l_'t_t;,I



3. The R&D Program for tile Muon System
The SDC Detector.

GT"cgBaT'aT_ko, B r'uce Broomer, Mark ChT'istoplt, ]llo_lrad D(io,,li, (.;l'(g i)(,61,..,

Eric Erdos, Justin Lee., Uriel Nauenberg, GeT"hard Schullz, Viclo_" Slolzim, (_)_l_iIl_ _t

l/al_ Egeren; in collaboration with the SDC Muon (',fOUl).

Our group has carried out tllree major efforts in tile SI)C collal_oralio11:

1. We have continued our effoi'ts to study the constructiol} of 11_('lllll()ll l_ll)('s. \\'_'

have finished a detailed study of the sense wire l)rOl)crti('s _)1'II1(, Ill_lc_l, l,jl,,'.,

We have constru "_ed a tensioning device that is reliable alld sillll)l(' 10 Ils('.

2. \V(' lla\'(' ('olil inued our ct]'orl if, 111(,(71('('1rol,ics. \\'c ]lav(" tillislJ(,(I l li(' ('_t(I (l_.>iel

for 1lie ('ockrofl-\Valloll l)]lololllllllil)li('r base. \V<, ll_z\'(' tit,isll,,(I Iii(, <l_'siv,J r,,r

llle alnplifi(,r discrilninalor car(l }_,ot]; tll(.'s(, lavotlls lia\'(' g_)_(, <_I lo i_l_l_lslr\

for cons! rucl ion.

:al. \V(, ]lax'(" collli_ued o_lr efforl i_ 111('sc)flwar(,. "l'llis _,[['¢_1'I(',,. -_isls i_l Iii(, ii ,l(.-

lllClllalioll of tilt paltCl'll r('cog_liti()_ soflwar(, alg()l'itl_ls ;_t(l ll_, ,1_](1\ , ii,

efticie_lcv i_l t]_(' l)rcs('l_('( ' o[" iii(' I)acl<gr_lll_(l l(,\'('ls (,Xl)_'('It,,l i,l i, I_l_lli_l_,.-,i ,,1

al,otll 10 :_:_cnt-2s(,c -1. \\'_, also coI_l)ar(,(l ('AI,OI{ i_1(I (;l'ilNll..\ t_r I,(,,_l_,,_,

all_l l_llolol_ 1,ackglo_lll_ls i_t'l(,r a l)i_.('(, of ]_al(.li_l. ll_ _(l(lili_,l_ w(. wtr,l,. _ _,.

s(,t'twar(' l}lal a(l(ls l}_(, l)ackgro_l)_(l (,x('llls t'r()]ll I,(.i))), ('r_,s> I,ei', ._('l);,)i_l('(I ,\

il_l(,r\'als _)f 1(; _s(,(" t'roll_ 11)(')lo_liIlal ('\'('Ill iii1]('.

1. "Wire Studies

11_(_'ol(,rad,, w(, l_a\'(, a {l_,vi('(, lltat ca_ l_.¢,as_lr(, tl_(, i)t,silit,_ )t' a_ ll_;_il<(,r ,,_, i,

wirt, t_) ±12.:5t_, ll_('ac(llracvo['_)_I ii_(,as_rii_g(l(.\'i('_,. \\,, ,1.,_.(1l],i_, l,,,l(.I,,rl_lill,._ _,.

<:,li_sti('l)_Ol)(,rli(,s of lh(. gol(I l)lal('<t ll_steI_ wit(' t(_ I_(' il_:,all('_l _s ll_(' ._,,_,s(, wit,' _,

Iii(' l_lll()_l (lrifl tl_l_(,s.

\\'(.' l]_('as_r(e(t 11_('clol_gali(_ll of 1 _n('tcr of wire ii_l(.r a I_;-,_,,i_g_llli,_,s, t llltl \\i,>

\ari_'(l ill _tXaCl illcl'elll('_lal steps of 10() gill ill 111_" r(%i(_l_ wt_(,l'(, I},(, wil,, \t';_, I<l,,,x',ll

1,, 1,(, (']itsli(" (lili('ar)a_l,l (,t' 1()_,_}_ il_ Iii(' I_(,_ cl;,:-_i_ l(.ei(,l_. \\l,il,. _},,. (.I,,_,,_.,,_i,,I,

1!_



of tile wire ill tile linear region was quite consta_ll over tile v_lriolls wit's' i_i_',,'._ w_'

tested, the value of the hangillg mass at which tile wire l)ega1_ Io sllow _ lloll-lilt,'/tl

t,ehavior was quite varied; allywllere from 960 to lal0 gl_l .t_*l\\" _'at'l'i_'_l Olll 1Ii,'.',,'

llieasurements for about 14 samples of wires. Some typical resulls _l'c sllowll iii i"i_-.

9.

\Ve also determilled whether tile range of the linear regioll cotll_l be cxl¢'n_t_,_t I,3'

stretching the wire initially past its l)reliminary rnaximunl x'tlltle, lilt,li r_'le_tsil_g l l_,

tension and then carrying out the measurement. '1'tie resillts of tilts study _i"_' sl_,,wl_

in Fig. 10. It clearly shows that lhe linear region ca_ be c,.<te_dcd t'r<,_l _ l_ln×ii_ltll_

of 980 g_n to 12(';0 gin. This will likely be the proce(ttlre t]l;_l will t,_, I'(_11ow¢.¢1wl_,,_,

t l_e wire is to be installed il_ t]_(, _olI l_bes.

,:l_icl<Iv _:t easily ill a t'ail-s_fc _lal_'_'. Tilts is _ec_'ss_l'v It, i_\_i¢[ II_,l<il_g __li.-1;l[q,'> ii,

li 1_,' COllSl l'l,l('t iOll Of O\'1:'I" (i0 l'_ 11111_,_II I/li)CS. 'l'l_e dcx'it,, col_sisl s t,f _, ;, l,'l_.,i,,l_il_,, \v I,,._,1,"3

s,'_.,,ol'. 'l'lle desired tel_siol_ is st,,l,',l i_l 111_'_'oiltl'_ll_'_ I_\' _1_';_.'- t,f i, _,iiIil,I,. 1,,,_,l,

t_;-tll,'l 'l']_is _l_'\'ic,' is sllowI_ iI_ Fig 11 'l'll_' co_lll'oll_,l_'I_,,,',_ II1_, ,l_l,l_ itl_,l _l.,'...... , <_, •

\\'(' ]ta\'(, set tl_(' t('I}sio]_ ill _l 1..B _I],'I('v s,_I_ll,l,' _,t' Til'(' ,,\','1 :2tl ti_ ,,',, 1,, ,l('l,'l. , I,,'

tit,' I'('li_l,ililv _,r t]_(, s\.sl{._zl, l_ irl] c_ls(,s til(. lll(,_lslll.,,,I t_.,,(l_,._,.x, xx.i_.,xvill,il_ _).1' ' ,,l

t]t(, _,Xl)(.,(.l_,,t\.;.tllle w}_ic]_ ill_l,li,,s a ,(,t_si,,ll \'_ll'i;lli_)ll _,_["(}.2_]q/ ;ll \V_,I'SI.



2. The Design of Electronics

\'Ve have taken on the respoilsibility of ctesigLllillg; a ll_'xx"('<)<'l,:t't_t't-\\'_lt<_wtl)lt,,l,,-

lnultiplier base and an a nlplificr-discriminator circuit l]_;tt will e_1_ll_lit\, slJ;_l,,' ,,_t,I

discriminate the photo.multiplier pulse.

The standard photomulliplier base is construcled witt_ resislors al_d Zcll_'v _li_cl_,s

dissipating approximately 2 walls. Ap. external high roll age Inusl tw apl_li_,_l It, 11_,

Imse for dynode biasing. Tttis ltigll voltage sui_ply is expensive an_l creal<,s a l,tJlclll ia_l

safety problenl.

The Cockrofl-\'Vallon base being designed aild coIistrucled at lilt l'lli\'t,lsil\ c,t'

('olor_do _itI_,oul_tcv consisls of _ laigll fr_,¢lll_"llc\' oscill_Jl_,t' tllivil_,a ;_ .',1_'1_-_I, Ivi_l_..

t'<,rl_<'r. 'l'l_c lligll t'rC_lUency l_owcv is _scd Io drive _ f_ll xx'_,x'_,('ockv_tl-\\'i,]l_,l_ cil,,_il.

lt co_sisls of _ <'l_ai_ of recli(icvs al_l capacitors wl_ic',_ l_r_,_l_c_, I1_' _l_,sil'_',t \,,11 a,_, t,,_

tlt_' di[l'cret_t <t\'t_<l<,._of tl_c l_l_t<+It_ultil>lier ttll,t,. Sil+<'_,tilt, \'olt+_,,t,_.¢'1_;,i_ t't,l_.i_.l,, t,f

{';tlJ_citol's att¢l diode's tlt_'t'e is v<'vv little, e_<'t'g.v l_ss. "l'll_' ,_lll},tlt x't>lt++gt'i> 1',',1 I,/_tk

to 11_' i_l_tlt to vegt_l_it_' lit{' ]tigl_ \'olt_tg,c. 'I'1_' <llltl_llt \'{,[lil_&t' is l','lll_,lt'[', _t,[.ill'-l+,l,I,'

_\'_'I" _ lilllil,'_t l',llig_' lo _ll_t×il_liz_' I]1_' l_]lot_l_llil_li_'t ' In'l'['_:_t'll_itll__'.

"1"11_'Ilsu_l I_V_'.',,'_ll,tar ('o,'l,:l'_d'l-\\'_t]l_li _t_'x'i_'_'sal,' t_lll\' }li_lt'-\vi,\',' <i___il,.. I I_,'\

])_ls¢'s.

• ,-, . .

.t. "l'ltvv t_ax'_' Iloise l_ick_l_ t'_'_I_ ll_c lligtl t'rc<tl_,'llcv si e,l_l ltla,1 i.,, a_l,l_li,'_l 1,, 11,,.

_tio¢1¢'¢'_tl)_.tcil¢,l"circ_tit.

,"3

1. Ill,. _,'.,1,<,_,' lii_,, t,, ,']_;t_,,.,i_ I(,_ls is l_.(l_t,_.,l I_x' i, t';t(l,,l ,21,'i,1,'I lltill,

'21



2. The higher ripple content is reduced by at lcasl a f_:_ctor o[' 11.

3. The response time in charging the lasl stages of capacitors is 1'¢'¢1t1¢'_'_1l)\' a t'i,,'t_,l'

greater than 3.

4. The noise pickup from the lligh frequency signals is redLLce¢l I_\"at Iwl tcv sl_i¢,l_lilL._

and ground layout.

The photomultiplier we will be using to test tills circuit is a l_lrlc 8.,378 12-sI_g_.

tube. The high frequency power consists of a square wave witll a t'reqtlellcy ¢_1'1(}0

khz. The transformer is driven by a push-pull circuit. Tile circuit is sllowll iii l"ig. !).

The itlplll signal to tile amplifier discrilninator is tile oljll)lll _,t'tll_, al_,,l_' _,tlt_,

l)]lolomllllil)lier ltll_c. Tile sigllal is a llegali\'e 1)llls_' Ilax'ilig a lis,' fillip' ,,f '2 I,s_., ,,l_,l

_)lll])/ll ()f -- '2 Veils. Tile l)uls,, I]IC.II (]{'C_I\'S CXl,_'l_liall\" i_l al_,_l 1(; _.,,'_. ll_'

sigIlal is l¢'r_nil_aled il_lo 50 o]lll_s. Tl_is sig_al is a_lll,lili,',l I,\' _ vi,i,',, _ll_l,liti,'l ;_l_,l

t'_'_lilllo a l-:('l, co_nl)aralor axid l,_lfl'_,_('il'('llil. Til(' Ollt])lll sig_;_l is slilll_l;_'_l l{)]'_ I'i( 'l.

logic. A test circuit will lw used to lesl tile and calil,ral_' I}_' _ttlll_liti_'_'-_lisc_'il_lill;_l_l

_tllsi_le voltage, sotlrce. "l']_c c]ccll'_llics diagl'a_l is sl_(,wll il_ ]"ig.. l(I

3. Software Development

1,acl<_gcs (;EISII.-\ a_l C:\I.()I{. \\'_' stridulated I_,ll_)l_ i_i_l,'_t t,_, 1(I _,lt,I 1"2iltl,'l,_-

w;_s _lt_il_' _lifF,'_'cIll. "l'l_' e_lcrgy _t tile lle_tro_ls iii ('..\1.()1{ is _>_11\ i_l_ I,,u_.i.

.\I_,I_'<)\'_._t]_, I'I-II_'s Of ll_esc I)a_'t], :, were _iifFercI_l. For _'xal_ll_]_'. it_ l]t,. _;_,_. _,t I,._,,I.

_gl','_' }_¢'II¢'I'. "Ill<' ('AI,OI{ si_ll_tiol_ se'_'_t_slo give' I_'s,_l_s I_1<,i_'i_, i,,_,l,,_,_,,,_,l wil I_

l>nC]<it,_' iI_lo NI)('SI.\I fox' t'ul'l}_'l' I_sag_'.

,,,,)



At tile sa111etime we have written a sinllllatiorl of tftr' l_ilCl<gr_,_lll,l CIIz<'I,, ,,ll-

tinle events with t]le punc]l-throLlgh included. This is a delailc_l r¢,iJre._cllt_ti_,ii _,I'

tile l.)ackground from Inini111um-l)ias events offset ill til]le I_5' a 1_1_lltil_l_'o1' I(; lJ'_',

to represent interact.ions thal occurred in different t,irne l)uckets, l_tll st ill wit l_i_ t l_,,

drift time of the nluon tubes. Tllis program will l)e incorporat.e¢l illlo ._I)( '_IXl.

\_'e have done a detailed pattern recognition efiicieilcy sltldy ill tlI_' l't_r\x'ilr,l _li-

rectioll for muolls in t,he presence of l_ackgroulld. Tile I_ackgroull¢l co_sid_,r_,_l w_,s

bremsst.rahlung (EM) from the n_uons traversing l]le calorimeter al_¢l t l_e lllagll(,I iz('_l

t,oroids; puncl_-througla background from off-time evenl,s (MI:I) a_(l r_t_do_t l_ils _Itl¢,

to low e_ergy neutrons (RN). In Talkie,I l)e]ow we s]low tl_' r('s_l]l illg _'fli<'i_,i,_\ ,,_,,I

_oI_(,l, t t_ r(,sol_tioll, lt is (:l_it( , (,]ear l]_al, iii l_igl_ _(-_a_,_l_ t l_, ,,lli_i,,_, _ ,_,,

s(,l ,,I' _o<I_l(,s I)(,_w(,ci_ tl_' t_,__,i_Is. "I;I_' rt'sIl]I (_[' I]i(' StIl_I\ sll¢,\vs l]lltl i_,,',,.:,_,i_,_,

ll_(, st(,rt,_ al_gI(, does llot ]_,]I _ l,l_t til(, i_tt'od_cti,,_ _)I"_ s_,t ,,I' ,l_'i['t _I,_,_I,_,_-_I,,,.

lwe('_ 11_('two toroids reduc('s i_arl<edly tl_e _l_l)(,I" t)t" l_oorl\ • lll('_s_lr,,,l I1;,,1<._;,1 I,,\','

lllOlll('lltllIll \\'lit'r(' iii(' eff('cl of ];_l'g(' s('allt,rs is I]t(, _l'(,;it(,._i .



TABLE 1

TRACK RECONSTRUCTION EFFICIENCY

-. 2 "-- 2.'F---+_._ / 22_

PT,j{.,, TYPE RN N,cc_:pt CPU(s) Nlost Nt,,,,l N:jho._r EFF(%) PT,,,(%)

100 NII 0 400 35 0 '2'2 0 !}S l'l.!)

2.50 N li 0 ,100 37 0 1-1 0 !li) 1-I.(;

' {{ ,S.'2500 N B 0 ,100 3 7 0 1 ,t 0 .},) 1

100 ENI 0 ,100 117 12 1,_} T !)T 1 1.1

250 E,NI 0 400 2:11 30 ,11 1{} (.}_" 1,5.!}

.:)(}{1 I:2,_1 0 600 756 50 58 l-I 5!} _(}.[,

.')()(} 1:251 0 1000 1'21'2 .1:_ (;I Is ,'_!} 2(}. 7

2.5(} 1'2,\I+l(N 1(} 10{}{} -1777 :{(; :/.'_ !} !)_ I(;.2

.',(}(} I';._I+IIN 1 10{)() 1.)21) .13 .9:1 1'2 N(i 2(I.',

",(}1} I'_XI.li N 5 10{)0 2.1:/7 .12 1{)7 "2"2 s.5 2()._

.')t}q) K._I+ I(.N 17 1111)() 15.1.")(; .1.") 1:¢() 2.1 ,',2 21.1

lt)t) 1,_._I.Nllt (} 1()()1) .121 11 :/(} .I !)(; I I. 1

",(){) HXI+.XIIt (} 1{}{){) 1:l{},_ -11 !}1 1,_ _(; Jt}.T
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TABLE 2

TRACK RECONSTRUCTION EFFICIENCY

The stereo angle is 15 degrees

PT:j,,,, TYPE RN N._.cc_,t CPU(s) Nlost Nl,,j Ngt, o_t EFF(%) P'l',,.(_;/o)

50111 E_| 0 1000 1"217 41 57 lT 90 2_)..I

_Ihe intertoroidal chalribor Fx,V3 is included

l:_'l'_r,, TY'PE RN N,,,.,...,, CPU(s) Ntr,,,t Nt,,,,I Ngl,(,,,t EFF(%) PT,,.(cZ.)

It)(} l:_._l+ NIII () I0()0 -17(; li 13 :$ !)7 1:/.I

",_)_)l.i._l+hli_ () I(-)01) l.l:lS .13 7(i 13 ,xS ?II.'2
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I. Overview

The experimentalists in this group participate in photoproduction experiment

E687 at Fermilab and the preparation of its successor E831, in CLEO II at Cor-

nell/CESR, its planned major upgrade, and a proposal to build a B-Factory at

Cornell, and in the SDC collaboration embarking on construction of a very large

detector to run at SSCL.

There are four faculty participants in this group: John Cumalat, Bill Ford,

Tricia Rankin, and Jim Smith.

Postdoctoral Research Associates are Vicki Greene (working o11E687 and the

SDC tracking system), Doug Johnson (CLEO, SDC t,'acking), Mourad Daoudi

(CLEO, SSC muon system), Karen Lingel (CLEO), Itarry Cheung and John Ginkel

(E687).

We have preseatly eight graduate studellts. Derrell Durrett received his PhD

this spring, t_a,ving completed a thesis witil data li'ore the ,_1ark 1I detector at PEP.

Russell Balest, Kihyeon Cho, Steve Culy, Carlo Dallapiccola, \Viii Johns, Martill

Lohner, Matt Nehring and Clara Canlpbell are continuing in their thesis research.

David Craig is contributing to the SI)C tracking system R&D and constructio1_.

Another Colorado student, Xian-Piilg Lu, is working at Fermilab in accelerator

related research; his funding is not covered by tllis grailt.

Among individual external respoilsibilities and recognition of note: John Cumalal

is the co-spokesman of E687 and E831 and presented Fermilab's fixed target heavy

flavor program to DOE review panels. William Ford serves on the SDC Technical

Board as chair of the steering committee for tracking; he is institutional represen-

tative to the Rocky Mountain Consortium steering committee. Patricia Rankin is

a Sloan Fellow and a DOE Outstanding Junior Investigator. Vicki Greene is an

SSC Fellow.



II. High Energy Photoproduction

of States Containing Heavy Quarks

A. E-687

Harry Cheung, Steve Culy, John Cumalat, Carlo Dallapiccola, Eric Erdos,

John Ginkel, Vicki Greene, William Johns, Matt Nehring, and Gerhardt Schultz

in collaboration with the University of Illinois at Urbana-Champaign; Fermilab;

Northwestern University; Notre Dame University; University of California at Davis;

University of Northern Kentucky; University of Puerto Rico; University of South

Carolina; University of Tennessee; Vanderbilt University; Korea University; Dipar-

timento di Fisica and Istituto Nazionale di Fisica Nucleare, Universita di Bologna;

Dipartmento di Fisica, Universita di Milano; Istituto Nationale di Fisica Nucleare,

Milano; and Dipartimento di Fisica Nucleare e Teorica, Universita di Pavia.

Experiment E687 is an experiment studying the production and decay of charm

in perhaps the most highly segmented and instrumented fixed target experiment

to date. The spectrometer has 300 threshold Cerenkov cells, a 10 meter neutral

Vee deca,,, volume, excellent gamma and pizero identification, electron and muon

identification, a large charged particle acceptance covering the entire forward hemi-

sl)here, and most importantly, 12 microstrip planes with a total of 8256 pulse height

analyzed strips.

The E687 Collaboration has had 3 data-taking periods. The first occurred from

December 1987- February 1988. During this period a total of 60 million triggers

were written on tape. The second running period was from March 1990 until

August 1990. During this period 300 million events were acummulated. We had

expected to resume running in November, 1990, but the startup schedule slipped

continuously making plani_ing near impossible. The tt,ird running period began

in June 1991 and lasted until January 1992. During this third running period

we accul;,_lated another 200 million triggers giving the experiment a total of 510

3



million triggers for the 1990-1991 running period. From March 1990 until January'

1992 our group ran shifts and maintained the spectrometer. The Colorado group

was extremely active in upgrading the beam, the spectrometer, and in participating

in the analysis. The analysis work will be described later in this section. The

Colorado group moved all personnel back to Boulder in February, 1992.

The major hardware effort at Colorado for the E687 spectrometer was to

build and install an electromagnetic calorimeter. The design was based on a then

new fiber optics technology and consists of 100 alternating layers of scintillator

fiber sheets and lead. The highly compact size of this calorimeter significantly

reduces the hadronic background, and gives cleaner pattern recognition, higher

hadron rejection, better spatial resolution and better rr° identification than a solid

scintillator-lead sandwich design. Harry Cheung, Carlo Dallapiccola, Will Johns,

and John Ginkel worked full-time oil this project. The detector was delivered to

Fermilab in November, 1989, fully cabled by February, and readout by March,

1990.

The calorimeter consists of 100 sheets of lead 54"x 90"x .055" with 0.75 mn_

diameter scintillating fibers sandwiched between each sheet of lead. Fermilab sup-

plied the scintillator and Colorado did ali the assembly. Tile total number of tubes

used was 716 for the calorimeter and 156 for ttle tiebrcakers. The detector is

divided (longitudinally) into three modules. The most upstreanl (front) module

consists of 20 layers of lead, (10 layers of scintillating fibers in each of two views).

The middle and back modules each have 40 layers of lead. This gives a total of

25 radiation lengths and 1.0 interaction lengths, (5 radiation lengths in the front

module and 10 radiation lengths in each of the other two modules).

The modules have one layer of scintillating fiber sandwiched between each sheet

of lead, and the layers of scintillating fibers are arranged horizontally or vertically

in an alternating order. The width (tranverse to the beanl) of each strip is 25.4

mm for ali strips in the front and middle modules and 50.Smm in the back module.

There are also two tie-breaker modules, the front tie-breaker is sandwiched betweell
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the front and middle calorimeter modules and tile back tie-breaker is between the

middle and back calorimeter modules. The tie-breakers consist of scintillators of

width 50 mm and thickness 10 mm. The two tie-breakers contain 156 PM tubes

and light guides.

A major effort in the project has been to develop the software necessary to

reconstruct 7r°'s and gammas. To accomplish this goal several steps were neces-

sary. Carlo Dallapiccola and John Ginkel monitored changes in the pedestals of the

ADC's. Carlo Dallapiccola used straight-thru muons to determine the attenuation

values for each counter. Will Johns has worked on measuring the non-linearity

of the ADC-phototube-base systern for each counter and the hardware and soft-

ware associated with the laser calibration system. John Ginkel has created the

parameter files necessary to perform the energy and pattern recognition. Finally,

Harry Cheung has written the pattern recognition for photon identification and

performed the electron energy calibration.

The University of Colorado has been a leader in the collaboration in analysis

of the E687 data. The analysis effort (after data taking) involves several steps.

These steps include initial reconstruction of all the data, skimming at Fermilab

into three data streams, sub-skimming at home institutions, and physics analysis.

Colorado's contribution will be described for each step.

The initial reconstruction of the data, is called PASS1. In this reconstruction

the particles are traced through the silicon microstrip, magnets, and proportional

wire chambers. The momentum, particle type, and energy deposition for each

charged particle is recorded. Neutral \'ees, =-'s and fl-'s are reconstructed and

from results of the tracking, g's are found. Also included is the formation of neu-

tral showers using calorimetry information and the rr° analysis. Colorado played

a major role in PASS1. John Cumalat contributed heavily to the particle track-

ing routine. Carlo Dallapiccola worked on A, =-, and f_- reconstruction. Itarry

Cheung wrote the inner electromagnetic shower finder and rr,° reconstruction rou-

tine. John Ginkel was instrumental in modifying aIl(1 bril_gillg to fruition ttle outer
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electromagnetic calorimeter shower finder and it's rr° recoIlstruction routine.

The PASS1 reconstruction was performed at Fermilab using the Unix farms.

The Unix Farms include four farms of IBM nodes and 3 farms of SGI nodes. Tlle

farms have to be continually monitored and physicists are required to carry' pagers

and be on call 24 hours per cia3', From Colorado, graduate student Matt Nellring

was one of the 6 PASS1 inanagers.

The first stage skimming was also performed at Fermilab. The University

of Colorado participated in writing aild debugging this skim program, but the

skimming was performed by Fermilab physicists aIld data aids.

Second Stage skirntnilig is performed at home iIlstitutions. Fermilab does not

have the resources to allow us to accolnplistl these skims. At Colorado we have

managed to build up a small, but very tJowerful Llnix systeIJl. While we need merc

computing power, tape drives, and disk, we ]lave nlanaged to acconlplisll IVIalIV

skims. As part of these skims we tlav(, allowed otllergroups ill our collaboration

to copy' our tapes.

The University of Colorado tlas been illvolx'ed in several analysis efforts. The

efforts involve studies of decays containiilg rr,°s and kaolls (I tarry Ctleung), A+

decays to pK-rr + (Harry Cheuilg), se,nil(:t)to,lic decays (Steve Culy, Will Johzls,

and Matt Nehring), charm decays to K ° (,JollII GiIlkel), aIld ctiarln baryon decays to

A°'s, =-'s, and _-'s(Carlo Dallapiccola). Vicki (;r('ene is exarlliiling the possibilit 5"

of using rr°'s and "_'s from D +* axld D o" to isolate D+ and I) ° decays, willie John

Cumalat is pursuing the fully leptonic decays of tilt Charm mesoils.

Harry Cheung has studied the decay of the A+ --+ pK-rr + The goals of tlis

analysis are to better determine tlle A+ lifetime, identify tl_e P ++ and v0- ""C IIIaSSeS

and t)re)duction rate, and to searctl for new charm bars'ell states. Ills A+ sigilals ar(:

presented in figure 1. These results ['1 have recently beeIl published and represent

the best measurelnent of the .Xc+ lifetii_lc.

\Viii ,Johi_s }_as beeI_ st_a(tx'i_g tt_e sen_il('l)to_ic decays of tt_(.' l) (' --, h'-l+v,

using the small Q valine i_l the I) +* _ DIl_r + decay. I_1 figure '2 is t)r(:se_t.('(1 tt_(._
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D O ---+K-l+u decay. The semileptonic decay channel can be used to isolate the

[Vcsl CKM matrix element and to determine the form factor of the decay. Will

Johns first results were presented at the 1992 APS Division of Particles and Fields

Meeting held at Fermilab. Also shown in figure 2 is D O+ K-rr + decay which is

used for normalization. Will Johns has further observed the Cabibbo supressed

channel D O -+ 7r-l+u and he is studying the possibility of isolating Do --+ p-l+u,

D + _ w°l+u, D + _ p°l+v,, and D + ---+71°l+u. As part of this analysis he can also

measure the D o + A'*- l+ u branching fraction. With the above branching fractions

measured it will be possible to compare these rates with the total rate semileptonic

rate calculated from the lifetime. Will Johns is concentrating on the muon decays,

while Matt Nehring will stud,,' the electron decays. The first preliminary results

from the electron channel D O _ K-e+u were presented by Matt Nehring at the

Washington, DC APS meeting in April, 1993. Tile signal based on 40% of the data

is shown in figure 3. The results are already competitive with the best available

results.

Carlo Dallapiccola has studied Charm Baryon States decaying to =-'s and

_-'s. Figure 4 displays the =- and _- mass plots used in the analysis. Carlo has

=+ _ =-Tr+rr+ (I._igul,e=0 _+ E-rr+ (Figure 5), -cmanaged to observe signals in -c

6), and f_0c --+ 9/-rr+(Fig ure 7). He ]las further measured the lifetimes of the

-eV°_+ _--rr+ and ,_=+ _ =-rr+_+. Both the E+ results l_l' and the _--°_resultsl_l

have recently been published. The first observation I'l _0 _+ _-rr+ has also been

published. Unfortunately we were unable to measure a lifetime for the state.

The E687 has made the most accurate measurements for the lifetimes for the

charmed baryons. There are two main competing theoretical models for the life-

times. Guberina el al!"1 predict r(fic°) _ r(--°) < r(A +) < r( =+-c ), whereas

-°Voloshin and Shifman 191predict r(f_c°) < r(.-c) < r ) (each inequality

represents a factor of about 1.5). Both predictions use the c-quark decay spectator

n_odel with W-exchange and QCD light quark interference effects. Theory can now

use the E6,, _ measurements to extract the contributions from eactl of tt_ese effects.
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John Ginkel has studied states involving A"° particles, lte has also made a

measurement placing a limit on Direct CP violation for the decay D o + K-Tr +., . 11

His results have been presented at ttle Washington DC APS meeting and are being

readied for publication. Figures 8 and 9 display John Ginkel's signals of the D o

channels -0 -0 -0 -0I_s A , , K o ,o ,ohsR s, and l(_Tr+rr -. The h_h s decay' channel is important

to measure accurately' as the channel is only occurs via final state interactions.

Vicki Greene has investigated D *+ + D+rr ° and D *+ ---+D+rr ° decay's. The

main purposes of the project are to identify better techniques for isolating signals

and to better understand the electromagnetic calorimeters. Figure 10 presents

Vicki's signals of D* - D mass differences, lt turns out that E687 has close to

the best measurements of these nlass differences just from this study. As a result

of this study \'icki llas been able to accurately det,erlnine the geometry of tlle

electromagnetic calorimeters.

The Colorado Group has also been instrumental in initiating new projects

within our collaboration. First, Gary (;rin_, a graduate student from UC Davis is

working on an effort to identify D°'s decayiI_g to states witll one neutral particle

missing. The missing particle could be a zr,°, K°, 7/, or a u. The technique uses

the small D*+-D ° mass difference aIld tl_e well lneasured secolldary and primary

vertex positions. The project grew out of the semileptonic analysis and looks

extremely promising. The first results were presented at tlle 1993 Washington DC',

APS meeting. Secolld, Dr. Barbara Caccianiga, a postdoc from INFN ill Milan, is

investigating the semileptonic decays of the A+ decaying into pK-p+u and A°# + u.

Thus far the skimming and tlle analysis of tllese decay channels have been done at

Colorado. Again, tllis project grew out of Colorado's semileptonic analysis. Third,

Byung Gu Cheon from Korea University has been working with Harry Ctleung

and John Cumalat on the analysis of the decay A+ + _+Tr,+Tr-. Together, ,JohI,

('umalat and IIarry Cheung wrote inost of the recoilstructioil (:o,!,:' for the E +

decays. This E+ collaborative effort llas been beneficial ,s a cooperative science,

agreeme_lt I)etweeil t lie l'xliversity of Colorado- Korea l'lliversity tlas beeIl iliitiated

thrll the National Sciellce I:'outldation. In additioxl tile 1)2087gro111_subIllitted '2
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abstracts to tile Korean Physical Society. Byung Gu CheoIl also presented our

results at the Washington APS meeting.

B. P-831

Harry' Cheung, John Cumalat, Eric Erdos, John Ginkel, Vicki Greene, and Ger-

hardt Schultz irl collaboration with the University of Illinois at Urbana-Champaign;

Fermilab; Notre Dame U'niversity; UIlivei'sity of California at, Davis; University of

Northern I(entucky; Uiliversitv of Puerto Rico; I)ipartimexlto di Fisica and Istituto

Nazionale di Fisica Nucleare, Urliversita di Bologna; I)ilmrtmeilto di Fisica, Uni-

versita di Milano" Istituto Natioilale di Fisica Nucleare, _lilallo; and Dipartilne_,_,,_

di Fisica Nucleare e Teorica, U11iversita di Pavia.

The E687 broadband plloton group ]las particilmted in submitting a ilew pro-

posal to further increase the sample of charln particles. Colorado is actively in-

volved in both tlledesig_l of tile beaIllliilealld tile spectronleter. A study of the

feasibility of the experiment was conducted al tile Srlownlass 1990 meeting. Jolln

Cumalat made the presentation for tile gx'oup to the Ferinilab PAC. A second pre-

seIltation was presented at ttle January I:'erzllilab PAC alJd tl_e experiment received

approval. In the April, 1993 PA(' llleetiilg tile experinleilt was recoIlliilended second

st age approval. Final negotiat ions ell tile l"ei'Inilab lllenlo,'anctll_ of u_dersta_di_g

are now being completed.

The new expe,'iment will run at 5 tithes tl_e present pl_oton flux. This increase

in flux will be attained by reducing tl_e secondary electroxl (positron) energy fro,n

350 Ge\: to 250 Ge\ z. running botli positroxi and electron beams sin_ultaneously,

and by" increasing the iricide_lt I)roto,l inteiisity. Anotlier factor of two i,ici'ease i,i

ox'exits to tape will co_ne fro_l_ a reduction in t tie experi_e_lt's deadtin_e arid fro_

improved sl)ectrometer ef[iciency.

The spectro_n(,ter requires several ut)grades to t_an<tl(' tl_e i_l(:,'(.ased ,'al('. 'I'll(:

l>rOl)OI'tional tub(,s in lhc eXlm,'i_,_e,,l ,_ee(l to be ct,aI,g(x{ to sci,atillato,'s. "l'l_e
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larocci tubes used for the calorimeter will also be chaIiged to scintillator. 'l'llt,

Proportional Wire Chambers will be changed to have lower gain and less noise and

the amplifiers in the silicon microstrip system will be speeded up. The greatest

change will be in the upstairs electronics. New ADC's and TDC's will be required.

Ttle University of Colorado is involved in several of these detector upgrades.

The memorandun_ of understanding calls for the University of Colorado to install

scintillating tiles in the inner electromagnetic calorimeter and to aid in improving

the target tracking.
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C. Electron-positron physics with the Mark II detector at SLC

\Villiaxn Ford, Derrell Durrett, Patricia Rankin, and Jalnes Smith, in collaboration

with Caltech, U. C. Santa Cruz, Hawaii, Indiana, Johns Hopkins, LBL, Michigan
and SLAC.

Our measurement of the charged multiplicity of bb events ft'ore Z ° decays ap-

peared in Phys. Rev. D!TM Derrell Durrett (:omplcted his Phi) thesisl TMa study of

D.s' and D + meson production and de('ay into final states <'()_ltaiIliIlgh'* or ¢. Tills

included measurements of ttle fraction of c quarks that fragmmlt to D + and to l)s,

and a limit on tile ¢(u to err ratio of branching fractiolls for Ds.



III. Electron-positron physics with

the CLEO II detector at CESR

Russ Balest, Clara Campbell, h:ihyeon Cho, Mourad Daoudi, William Ford, Doug

Johnson, Karen Lingel, Martin Lohner, Patricia Rankin, and James Smith in

collaboration with Caltech, Carleton, U. C. San Diego, U. C. Santa Barbara,

Carnegie Mellon, Cornell, Florida, Ilarvard, Illinois, Ithaca College, Kansas, Min-

nesota, McGill, SUNY Albany, Ohio State, Oklahoma, Purdue, Rocllester, South-

ern Methodist, Syracuse, and Vanderbilt.

Tile CLEO II experiment at the Cornell accelerator CESR principally studies

tile decays of B znesons, cllarmed particles, and taus. \Ve are currently usitlg an

allalysis data sample of about '2.1fb -l taken at and around the T(,1S) and are

continuing to accrue data fairly steadily, Over the last year we have l)ublished

over fifteexl papers on topics izlclu(lixlg precise tau branclling ratio measurenlents,

sllal_e studies of quark jets, isosi)ill I_lass sl)littings, and T(3S) decays. We exl)ect

to contiIlue this level of l)roductivity or eveil exce(,d it; about tllirty results were

I)Iesellted ill parall(.'l sessioils at til(, receIlt \Vaslli_lgtoll .,\I)S cotlferetlce. \Vo ]laVe

just axlnoullc(,d tile first obsorvatioxl of tile decay /3 _ h'*'_, a)l electromagnetic

penguixl decay, and we hOl)_' tllat oilier rare decays will sooll follow. The Colorado

group is very active iii tll¢' current CI.EO physics progi'ai_l; we are also involved

in the future plalls of the collaboratioil. Ttle most significant improvenlellt in

tile ('LEO II detector compared to CI.EO I was tile iilstallation of a (',si electro-

magtletic calorimeter. SiIl(:e we i_lt('_d to ke('p this, a_ld tile changes needed to

tlle _naclli_le configuration ar(' incompatible witli tile curre_lt tracking devices, our

I)la_s for an iinproved, higll lunlinositv detector are focused oil the inner detector.

\Ve are ain_ing to improve Ul)O_ tl_e current particle identificatiox_ without loss of

track x_lomentum xc, olutio_l• 2_s .

One of the Colorado grouI)'S n_ain physics efforts has beeti ill tile area of cl_arni-

less, non-leptonic B decays. \Ve ]lave worked with a group fro_l Cornell led by Jinl

..\lexait(t(,r. Fig. 11 sliow.., t}lat tile de('avs f30 -, rr+= - axid t30 _ h'+rr - (:a_l

l,rO(:(.(.(1 eitlier via a lr('(' diagra_ll witll a b--, l, tra_lsitio_t, i_lx'(,lvi_lg ttie ('.al,il_l)o-

I'((,ba:,'asl_i-Maskawa _atrix el(:,_n(:'_t i;,/,, or via pengui_ diagra_s i_\'olving b --, d
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and b ---, s transitions. Tile branching ratio for /3° --, Tr+rr- is predicted to be

1.'2 x l0 -5 for Vub/Vcb = 0.07 t_j and recent estimates for B ° ---, h'+Tr - are close to

10_ 5.[_21

u rr,K

r,_,p _ w _,_-b rr,K

o B °
B rr

71"
d d d d

(a) (b)

Fig. 11. ,_.ql)eCt_ator (a) alld l)ellguill (b) diagrams for tile decay. )nodes melltioIled
ii_ tlle text.

Our aIlalvsis of the decays H ° --_ rr+_ - and B ° --+ h'+_ - is now nearly

coInt)lote aIld sllould be put)lislled tllis sulnmer. \\:e rel_orted flew results at tills

years Xloriond meeting aild at the \Vashillgton APS nleeting. \Ve have ilnproved

our seIlsitivity by a factor of two witll a nlaxilnuln likelihood fit involviilg tile i)il_Ut

variablos" 7,_1.,, 1":1":,a'/.', dli'/dxl axld d],'/,l.r.:, wllere IIi(, subscril)ts 1 a11<t '2 refer

t(_ the candidate tracks aild x/." is a variable iilcorl)oratiilg tlle sllal-)e iilfornlation

of tile e','el)t ilito a "Fisher discriminallt" \Ve begaIl by using neural lietwork

tectl_liques to reject backgrouxlds on the basis of shape inforination, lt turned out

tllat tile Fisher approach of using linear combinations of shape inputs perfor_i_ed

just as well a_ld was mucli simpler and faster.

']'lie result of the analysis is su_ll_narized i_l F'ig. 1'2. There is a 2.8o" excess

i_l tile A'rr t_ode and a 2.3o" excess ixi tl_e rrrr Io_ode. A fit to tile total number

of rr,= and A'= ov(,_lts is able to oxclud(, zero at nlore tlla_l 40 after i_lclt_sio_l of

>,v.-,te111atic errors. \V<, fi_<l at til<' !)0r_ confi(lexlce l('v('l, ul>p(.r li_llits of 3 x 10-5

for tt_e t>ra)_clli_g fractio)l of bot]_ x_odes.
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Fig. 12. Plot of likelihood contours for the fit. tc) N,rTcalld NI;,_. The solid lilies
represent 1, 2, 3 and 4 sigI_la colltours wllile tile dotted lille is for 1.28a.

We recently expallded tile analysis to iIlclude quasi-two body decays sucll as

I3 _ l,,'*rr, B _ Kp, B _ 7rp. Because of the helicities of the particles involved,

eacll decay involves a low n mmenttlm track or rr° wllich gives additional conll,itta-

torte backgrouIld. Tilts background is solllewhat reduced I)y llelicity and resonance

inass cuts. Further reductioll has beeil acllieved witll ex'eIlt sllal>e cuts via tile

Fisher discriminant as in the A'+rr - and =+rr- modes described above. The low

lllOIllentum tracks also present problelns of particle II) ill nlomeldum regions where

there is crossover in the dE/da" sigIlals alld }lence no A'/rr separation. Tlmre is so

far no evidence for any sigIlals, and we exl_ect to have useful ilew limits on many

of tllese nlodes before the sunlmer.

Our group also has a considerable involvement in tau l_hysics. \Vilh tl_e latest

l_rccise lll(,astlrelllellls of flIP tau lllass at BES alld tile elt'ctI'ollic })ranclliI-lg ratio

at ('I,F(), a 17_ nl<'asuremei_t of tl_e ta_ lifetin_e is _e(,ded i_ order to resolve

tl_e tau d{,cay l_t_zzle. \Vittl tile large data sa_nple availa},l,' at (:I,EO (,-_ 2fb -_)
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such a measurernent is feasible. We have chosen a method using tile 1-1 topology

and extracting the tau lifetime from the correlation between the impact parameter

difference of the two charged tracks and their acoplanarity. This "impact parameter

difference method" offers several advantages over other methods" it is independent

of the knowledge oi the tau direction, and is less sensitive to tracking resolution and

uncertainties in the beam size depend on and be,,.m po<tion. However, although

uncertainties in the beam size are less significant the overall beam size is important;

the large CLEO beam, size contributes doubly in the statistical error.

\\'e are also measuring the branching fraction for the decay r + 37r:l:'l/r using

events in which both taus decay to three charged tracks. With the use of tile Fisher-
,,

discriminant techniques discussed above, we have reduced hadronic backgrounds to

less than 100_.. \V_ expect to be able to measure the branching ratio for r -_ 37r+Ur

at a level of about 2%, about four times better than has been achieved previously.

This benefits from a factor of two redu ':on in errors since the number of events

in the 3-3 sample,, is proportional to the square of the above branching ratio. With

t}le recently published CLEO II precise measurement of tile branching ratio for

r _ 7r+Tr°_r°Ur, the expected equivalence of the two 37r c_arge states would be

tested preci'se]y for the first time. This equivalence is expected since both states

arise frorn the decay of the al.

\Ve also plan to iIleasui'e the tdu lifetime using the 3-3 sample. In contrast

with the method mentioned above, this method is totally independent of beam

size since one simply measures the distance between the two 3-prong vertices.

With the data samples expected by the end of 199,1, we should be able to measure

the tau lifetime with this techr!ique with a precision of-_ 2%. Though this willi

likely be less plecise than other measurements from LEP and even CLEO, it would

be the first rneasurement using the vertex separation of 3-,'_ :vents arid would have

son_ewl_at different systematics from otller measurenlei_ts.

On(, of lt_(, otl_er plJysics l(,t_ics which we have 10(:(:xl_ort<irlg (>li is the use of

I)" ._ Dr:, d(,cavs 1o sl_ldv It_e decays of D pariicl(,s 1o CI ) eigenstates. Tl_(.,se

15



decay modes include K+K -, Ksrr ° and K¢. The large number of charm decays

recorded by the CLEO detector means that we can significantly improve upon

existing limits on the amount of CP violation in the charm system, and our neutral

particle detection capability allows us to add new modes. Although the amount

of CP violation is expected to be small, it is possible that it could be increased

substantially by the contributions of "new physics". Preliminary measurements

of the asymmetries between the Do and /)0 deca), modes were announced at the

recent Washington APS meeting. Our results are tabulated below; tile lowest

90% confidence level upper limit attained was for the Ksrr ° decay mode where the

upper limit is 0.066. This is the first, measurement made of the asymmetry for

this channel. We will continue to work on these limits and we plan to consider in

addition the decay modes rr+rr-, K*°rr °, Ksp ° and Ksco. We also plan to measure

the absolute h'h" branching fraction both for the charged and the neutral decay

modes.

Channel N in D o ft,; in/)0 Asyrnmetry UL (90%CL)

CKs 95.53+10.12 95.08-t-10.16 0.002 + 0.075 0.125

rr°K s 385.43-t-21.04 389.92-t-21.07 0.006 + 0.038 0.066

K+K - 167.99-t-16.33 165.64-t-16.17 0.007 + 0.069 0.118

Our group has also been involved iri the stud)' of charmed baryons for the past

9 months. The main emphasis of this work has been in the search for the tic. The

decay modes of current interest are those where the tic decays to an ft- plus some

number of rr's. The fl-'s are detected by their deca)' to AK- where the A then

decays to ptr. Detection of this deca), chain is complicated by the fact that both

the ft- and the A travel finite distances in the CLEO detector and therefore two

detached vertices must be reconstructed. Also, we have found that the A baryon

finding efficiency is low in general. We have identified a potential problem in the

area of track finding which may be responsible for this and which, if we can fix

it, will greatly improve our ability to reconstruct these modes and many others.
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In spite of these complications, it is expected that with CLEO's large data set

and neutral particle detection capabilities the f_+ should be observable in both the

f/-Tr + and the _2-Tr+rr° modes.

A longer term study is focused on developing a set of criteria which would

enable us to use KL decays in addition to Ks decays. This would enhance both

the CLEO physics program and any B-factory program, since weak interactions

result in the K ° becoming a rift.y-fifty mixture of Ks, which live for a short-time

and usually decay in the drift-chamber, and KL which have a long lifetime and

are usually described as undetectable. In an attempt to develop such a set of

criteria we have begun a study of the use of kinematic constraints to predict the

direction taken by KL particles in the decay chain D* -+ Drf where the D decays

to KLd). This decay chain can be selected by looking at the invariant mass of the

dr, combination and it seems clean enough for us to be able to isolate a usable event

sample. We have shown that the KL particles are constrained to lie on a cone in the

lab frame and are using this constraint to select calorimeter showers which could

indicate a KL interaction. We are in the process of studying the characteristics

of this sample and its purity. Related to this work is a studs' of whether we can

identify decays of the type B --+ _,KL, and how big the background to this channel

could be. If such decays can be used they will enable important cross checks to

be made on the decay channel B--+ _,Ks and also reduce the statistics needed to

observe CP violation at a B-factory.

The CLEO Inner Detector Task Force (IDTF)is responsible for designing an

upgrade to the CLEO detector, which will serve the needs of both the CESR

Phase III upgrade design, and the proposed asymmetric B factory design. The

IDTF is designing both a tracking system and a particle ID system. The goal

for the tracking device(s) is to maintain or improve upon tile excellent resolution

properties of tile current CLEO II detector, ttowever, since we will require particle

identification on tracks up to 4.5 GeV in an asymmetric B factory, we have had to

sacrifice some space inside the CsI crystals for an advanced particle ID device. The

reduced lever arm in the tracking device will degrade the molnentum resolutio11.
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To compensate for this, we are planning to reduce the amount of material in

the tracking device (thus reducing multiple Coulomb scattering). We have also

included a silicon microstrip device, with excellent resolution in both r and q5

generally enhancing our physics abilities. The current design includes 4 layers of

double-sided silicon-microstrip detectors inside 20 cm, and a drift chamber from

20 cm to 80 cre.

As members of this group we have been particularly involved in computer

studies of the new detector, performing simulations of various physics processes

to make sure that the tracking devices work together as envisioned to give mass

resolutions, et cetera, as good as or better than the current CLEO II detector. We

also have worked on track finding and fitting techniques more suitable for tracking

systems with silicon devices. As an example; if there are only 4 layers inside 20 cm,

one must optimize the number of hits required for a track to be fit so as to optimize

the efficiency for low momentum tracks. In addition there are fitting techniques

(Kalman Filter, which is also termed Billoir Fitting) which better take into account

the uncertainty due to multiple scattering than the fitting method currently in use

by CLEO II. These techniques become especially important where there are hard

scatterers such as Si layers in the tracking volume.

In the area of service work, we have a variety of responsibilities. We are

iIlvolved in software maintenance, tracking, particle identification (dE/dz), and in

developing the data acquisition system for the vertex detector. We are also active

participants in the experiment in general, serving on many committees and being

a site for large scale Monte Carlo generation.

In order to take advantage of the large CLEO II data samples, it is necessary

to generate huge (by' e+e - standards) Monte Carlo samples. We have generated a

sample of 2 million tau-pair Monte Carlo events using our farm of DECstations at

Colorado. \Ve also have generated large samples of 4S resonance and continuum

XIonte Carlo as well as signal Monte Carloes for the rare B decay analysis and our

charm studies.

18



During the past year, Colorado has begun to have a significant involvement in

the silicon vertex detector being built for CLEO II. This device will be installed

at a radius of 2 cm from the beam in the Spring of 1994. Our group has taken

responsibility for the construction and testing of a few of the readout boards needed

in this system. In addition, we have taken on a major share of the responsibility

for the data acquisition code for the readout of the silicon.

Particle identification is very important for much of the physics we are inter-

ested in and for most of the CLEO physics program. We have a com.mitment to

working on the analysis of data from the current dE/dx system in order to opti-

mize the resolution over the full momentum range. We expect to expand our role

in this work.
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IV. Outstanding Junior Investigator (P. Rankin) - Task J

This is only a brief report on my activities, the work done under this task

has now transferred over to tasks A2 and D2 and more details can be found in

those sections. My research activities this year have ranged from searches for CP

violation in charm decays using data from the current CLEO detector, through

studies of the uses of neural nets in particle physics, to investigations of how to do

physics at a higher luminosity symmetric 10 GeV machine and at a B-factory.

One of tile physics topics that 1 have been working on recently is tile use of

D* --, DTr decays to study the decays of D particles to CP eigenstates. These

deca,,, modes include K+K -, Ks;r ° and KCb. The large number of charm decays

recorded by the CLEO detector means that we carl significantly improve upon ex-

ist.ing limits on the amount of CP violation in the charm system, and our neutral

particle detection capability allows us to add new modes. Although the amount

of CP violation is expected to be small, ii is possible tllat it could be increased

substantially by the contributions of "flew pllysics". Preliminary measuremellts

of the asymmetries between ttle D O aIld j)0 decay' modes were announced at the

recent Washington APS meeting by I,[illyeon Clio. The results are tabulated be-

low; the lowest 90(2_,confideilce level upper limit attained was for the Kstr ° decay

mode where the upper limit is 0.066. Tills is the first measurement made of the

asymmetry for this channel. We will contiIlue to work on these limits and we plan

to consider in addition the decay modes ;r+Tr-, h'*°Tr°, Ksp ° and Ksw. We also

plan to measure the absolute KI( branching fraction botll for the charged and the

neutral decay modes.

Chanllel N in D O :_r irl 1)0 Asymmetry UL (90c2[:_CL)
ii

,..I(s 95.53+10.12 95.08+10.16 0.002 + 0.075 0.125

7r°h's 385.,13+21.04 389.92+21.07 0.006 + 0.038 0.066

l_'+h - 167.99+16.33 1(;5.6.1+16.17 0.007 -4-0.069 0.118
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The long term project in high energy physics is the SSC to which I have made

a 20% time commitment for the next few years. I worked with Brenda Corliss

an undergraduate honors student on building a test facility' to evaluate the pulse

shaper cards which will be used in the straw chamber readout. We also worked on

the analysis of noise pickup problems with the cards using the analysis program

PSPICE. She showed that the problems seen were consistent with the hypothesis

that the broadcasts of a local radio station were causing interference.

I anl also pursuing studies in the field of neural networks, as they promise to be

an important future teel for use in high energy physics ill general. The comment

which best sums up the field of neural nets for me is that "neural nets may not

be the best way of doing anything but they are the second best solution for just

about anything"(Denker). Supervised networks hold prolnise for event classifica-

tion problems since unlike code optimised for a specific pattern recognition problern

(which may well be better at that specific task), once a network has been set-up in

software it can be used to sort any group of events out from any background. It is

unsupervised networks which have the greatest potential however. Unsupervised

networks do not require a learning set. Instead they are used to extract features

from data sets, that is they organise the data into groups or patterns. Essentially

the net is supplied with a set of constraints and a functioll to minimize while

obeying these constraints. A COIIln-lOIlapplication of sucli networks is to solve the

"travelling salesman probleIn". The constraints iri this case are the number of cities

to visit and the number of visits; the aim is to minimize the distance travelled.

The equations governing the net are mathematically equivalent to those arising in

the Ising model of spin systems arid are often termed energy functions.

Last summer I worked with a summer student on a study to determine if an

unsupervised neural net could be used to organise the hits from a set of tracking

detectors into particle tracks. This is a computer-tinle intensive problem if more

traditional techniques are used. There is a good possibility that tile computer

time needed to fully reconstruct events can be reduced 1ovthe use of neural net

algorithms. In this case the constraints applied are the characterislics which defiI_c
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a track, such as uniform curvatures. The initial re_,:lts were promising and I am

coatinuing to pursue this approach with an undergraduate student this sunanaer.

We are working on an 'elastic arms' algorithm approach which uses Hough trans-

forms and which has been pioneered by Carsten Peterson. Also, although this

work is centered on the SDC detector, if a working neural net track finder can be

implemented in software it may also be possible to implement such a network as a

hardware processor. Such dedicated processing devices will be a very efficient way

of dealing with the large amounts of data we expect to get from both the SSC and

from a B-factory detector.

Finally, I am working on two projects associated with future B physics work,

both at a symmetric machine and, longer term at a B-factory. Karen Lingel and I

are members of the CLEO Inner Detector Task Force (IDTF) which is responsible

for designing an upgrade to the CLEO detector, which will serve tile needs of both

the CESR Phase III upgrade design, and the proposed asymmetric B factory design.

The IDTF is designing both a tracking system and a particle lD system. The goal

for the tracking device(s) is to maintain oi" improve upon tile excellent resolution

properties of the current CLEO II detector so we can continue our current physics

program. However, since we will require particle identification on tracks up to 4.5

GeV in an asymmetric B factory, we have had to sacrifice soIne space inside the

CsI crystals for an advanced particle ID device. The reduced lever arm in the

tracking device will degrade the momentuin resolution. To compensate for this,

we are planning to reduce the amount of material in the tracking devices (thus

reducing multiple Coulomb scattering). \Ve have also included a silicon microstrip

device, with excellent resolution in both r and ¢ generally' enhancing our physics

abilities. The curreIlt design includes 4 layers of double-sided silicon-microstrip

detectors inside 20 cre, and a drift chamber from 20 cm to 80 cm. Karen has

been particularly involved in computer studies of the new detector, performing

simulations of various t)tlysics processes to make sure tllat the tracking devices

work together as envisioned to give nlass resolutions, etc., as good as or better than

the current C,LI'_O II detector. She has also worked on track finding and fitting

22



techniques more suitable for tracking systems with silicon devices. As an example,

where there are only 4 layers inside 20 cre, one must optimize the number of hits

required for a track to be fit so as to optimize the efficiency for low momentum

tracks. In addition, there are fitting techniques (Kalman Filter, also known as

Billoir Fitting) which better take into account the uncertainty due to multiple

scattering than the fitting method currently in use by CLEO II. These are more

important in situations where there are hard scatterers (as in the Si layers).

I aln also very involved in studies aimed at determining how well CP violation

in the B system can be measured at a B-factory. As part of this work, I am working

on developing a set of criteria which would enable us to use KL decays in addition

to h's decays. This would enhance both the CLEO physics program and any B-

factory program, since weak interactions result in the K ° becoming a fifty-fifty

mixture of K_ which live for a short-time and usually decay in the drift-chamber,

and KL which have a long lifetime and arc usually described as undetectable. I11

an attempt to develop such a set of criteria we have begun a study into the use of

kinematic constraints to predict the direction taken by A'L particles in tile decay

chain D" ---+Dr, where the D decays to KL¢. This deca)" cllain can be selected by

looking at tlle invariant mass of the _ combination and it seexns cleall enough for

us to be able to isolate a usable event sample. We have showll that the KL particles

are constrained to lie on a cone in the lab frame and are using this constraint to

select calorinleter showers which could iildicate a KL interaction. We are in tl_e

process of studying the characteristics of tllis sample aIld its purity. Related to

ttlis work is a study of whether we can identify decays of the type B _ OKL, and

tlow big tile background to this channel could be, If sucli decay's can be used they

will enable important cross checks to be made on the decay channel t3 --+ _,/.'Ks

and also reduce lhc statistics needed to observe CP violation at a B-factory.
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V. SDC at SSC, Central Tracking

Bruce Broomer, t_renda Corliss, ])avid Craig, Eric Erdos, William T. Ford, Senta
V. Greene, Douglas R. Johnson, Will Kinney, Patricia Rankin, Gerhard Schultz,
James G. Smith, Andrew Winningham, and Charles Zuelchner, in collaboration
with approximately 900 physicists and engineers from 100 institutions worldwide.

The Solenoidal Detector Collaboration (SDC) is constructing a general pur-

pose detector to study electroweak symmetry breaking, t.Ol)quark properties, gauge

boson production, possible supersymmetry, compositeness, etc. in proton-proton

collisions at 40 Te\"! TM The detector consists of a large magnetic spectronleter

surrounded by calorimeters and muon tracking detectors. It is optimized to be

sellsitive to unexpected pllysics as well as to make the crucial tests of tl_e standard

model symmetry breaking mechanism. The charged particle tracking system pro-

vides a complete view of the event structure, accurate x_omeI_tuI_ measurement

and charge sign determination for charged hadrons, electrons and muons. 'l'lle

calorimeters measure hadron jet directions and energies aild identify electrons.

The extcrlial tracking devices, linked witll tlle central trackiilg, identify muons and

provide a confirming morneIltum measurement by bendiilg of tile tracks in toroids.

Ali of these systems play an importaIlt role in the formatioIl of the exl)erimellt

trigger, and will be robust enougll to oi)el'atc iii the l)res('ll('e of ttle expected lligh

backgrouIlds.

Our group is working on the ceiltral cllarge(l particle trackixlg systeln, insid('

the solenoid, shown iii Fig. 13. It consists of silicon strip detectors near the in-

teraction I)oint, surrounded by arrays of cylindrical tube (straw) wire chamlmrs.

Gas microstrip detectors cover the intermediate angle region. Our effort is de-

voted to develot:,meilt , design, and fabrication of the straw tube subsystem, and to

coordination and evaluation of the tracking system.

The straw tracker contains five cylilJdrical superlayers of averag(_ radii between

SOaxl(t 160 (:1liarrarlged iii two ,1xnlong sections placed ell(l to e'l(l, l!;acll Sl_l_erlayer

is (;-8 detector la\'ers thick, and is asscmbl(,d from Ir_odules (]"ig. 1.1). A _no(lt_l_,

c't)l_taiI_S 1(i0-200 st_'aws taax'ix_ga total (:ross se(:tit_I_of _tl_(_tlt12 t_v :l <:ian, l:i_(l_

24



module is a complete working unit contained in a low mass rigid structural shell.

This subsystem is the responsibility of our group, in close collaboration with with

physicists from Colorado State, Duke, and Indiana Universities, the Universities

of Michigan and Pennsylvania, and tile KEK Laboratory, and with engineers from

Oak Ridge National Laboratory and Westinghouse Corporation.

We have made progress during tile last year in building our first, prototype

straw modules, preparing for making long modules for a beam test, refining end-

plate designs toward a suitable production version, building and testing front end

electronics boards, designing and testing connections to the readout electronics,

measuring position and time resolution of prototype detectors operated wilh the

custom electrozlics, and in modellillg tile detector systelll perforznance.

1. Front End Electronics Design, Fabrication, and Testing

\Ve dcsiglied a_l(l built 2:5 l(;-chaIlIlel froIlt cll(l boards (A-S-I)S/T,1) tc) read out

prototype straw I_lo(lulcs. Tl_is versioll iil('orI)orates eigl_t-cllalln('l ('ustonl IC cllips

designed by our collaborators at tlm l.'i_iversity of Peilllsx'lvania aIl(l t)roduced by

tile Tektronix SllPi lligl_ sI)('ed l)il_olar l)rocess. Ttlis is irnl)lemellt(,d as surface-

nlount packaged chiI)s. Til(' froilt ¢'ii(l i)oards are connected to the i)rototype mod-

ules via micro-coaxial cables built illto routing boar(ts tllat attacll t)erlnanexltly

to the gas cap endplate. Tllese have the decoul)ling capacitors mounted ill-lille

perpendicular to tl_e board on the sa_ne lattice as the wires. We have designed

and built these in versions for 15q ct_annel (stereo) and 212 channel (trigger) mod-

ules. \Ve also designed and produced 16 ECL level trax_slalor boards for use in

conjunctio_ witt_ the A-S-D8 boards to drive our FAS'FBUS TI)Cs.

\\'e succeeded iri establishing clean operation of the c_sto_n A-S-I)8 boards at

i]hreshol d "- 0.G \' (2.,5 f(.' ct_arg(, se_sitivity). This e_tailed building a I:'araday

('ag(' lo co_taili lh(' prototyl)(, 1-foot straw chai_lb(.r a_(1 fro_t e_ld (,l(,('troliics,

a_ld pow('ri_lg lt,(,x_ wit}_ balt(,x'i(,s i_lsid(, t}_e shie](]. Sul_s(.'(l_l<'_llv w(' aclli(:v(,d
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the same operating conditions with low-noise power supl_lies and an AC; isolation

transfornmr.

The Penn group have designed and fabricated a higlmr density version of the

A-S-D board, containing 160 channels in smaller EPIC packages. Besides achiev-

ing approximately' tile compact configuration needed to fit in SDC, these boards

permit connections that avoid tile cables believed to cause noise and crosstalk in

the earlier prototypes. At Colorado we attached the Ilk" supply board and block-

ing capacitor array and have performed tests on a 1 m prototype chamber. We

find clean operation with I tt, reshold -" 0.6 V, observing Fe55pulses fronl a single

channel oxl tile oscilloscope. Nlore extensive multi-channel operation will require a

transitiolJ board to interface via our ECI_ level traIlslator boards to tile FASTBUS

TDC's. We have completed the schematic and wirelist and are doing the layout.

Tlm data aquisition software, including an online evellt display, llas been updated

to accomnlodate tl_e new readout systexl_. \Ve will begill tests of tile full systeln

using coslnic rays uI)oll completion of the trallsition board.

\Ve prepared (lrawizlgs and specifications for feasibility quotes on hybrid pack-

aging of A-S-I) ctlips ill :]2- or 6,t- chailnel units. These were sent to a number

of vendors, wliose resl)ozlses so far do not sllow great proillise for tills option. \Ve

tlave done some work Oil a concept for a ]ligh density frollt-end board Is'''m TI• le

substrate is kai,toil, allowing for flexible lillks betweeIl raw sigilals and tile ASI),

a11(t between these and tl_e digital circuitry.

2. Development of a Removable HV/Signal Connection Board

\Ve have d(..,igIled a new iIlterface to the front-end electronics that will allow

I)lug-aIld-socket like reilloval of the active component substrate, lt is a custoril

x'ersiozl (.,f a ('inel1 t)r(,(lllct (('IN::APSE tecl_nology) _nea_t for _l_aking intercox_-

I_¢,ctio_lsb(.tw(.¢.Iiparall(,l joi_le(1 boards. I)ecoupli_g cal,a(,itors ar(_e_cased in tl_e

(.'iI_cla i_liIl(, block wittl sl_ri_lg loaded conlacts. A sei)arat(, circuit l_oard carries
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the protection resistors and traces for HV supply to tile wires. The capacitor block

will be clamped between tile HV board and ASD readout board. A double pogo

stick connector bridges from the taper pins on the module to the HV board. Thus

all components are readly removable from the module for servicing and testing.

Wc made the sample boards in two options: with and without ground-cathode

connections. This will permit us to evaluate the effectiveness of the ground connec-

tions for minimizing crosstalk and noise, and will provide some insurance in case

the version with grounds leads to high voltage breakdown problems. One of the

options is a kapton rigid/flexible board to permit, folding to fit into the available

space in SDC. We now have ali parts needed for tt\I supply and FEB connection

to our 1 m prototype modules, and are awaiting a slightly modified version of the

160-chanIlel FEB from Penn.

We ....,xnplcted a report t_l of a measurement of the radiation length of sample

blocking capacitors, based upon an undergraduate project conducted earlier. The

measurenaents confirm that the capacitors contain high-Z material, an undesirable

property for the tracking system, althougl_ other sources contribute significantly

to material as well. We prepared a specification for Ii\" capacitors that includes a

figure of Inerit for the radiation length contribution, to aid in evaluating options

fl'olll the vendors. To date we have not identified any dielectrics with significantly

lower radiatioli leIlgtll.

3. Prototype Design and Fabrication

\Ve designed and have procured injection-molded plastic double vee wire sup-

ports to locate ttle wire in each straw at 80 cm intervals, for use in the various

prototypes being built here and at collaborating institutions, l_leasuring tile vee

locatioils ill a clamped array of straws with wire supl)orts, wc, find at)out 30-35

nlicroIls ¢.actl for error co_ltribulions of wire placemeIlt ill tilt' vee aIl¢l ,,'ce l_lace-

Illent rt.latixe lt, Ill(' lalticc} TMTllis is accc't)tat)le but larger ttlan we want. \Vc are
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investigating modifications to tighten the vee aperture for future orders! 6_1

We have worked with our colleagues at Colorado State University (CSU) to

produce a pair of 1 meter prototype 159-cell straw modules. For this version we

redesigned the Indiana University endplate and designed and fabricated new solder

clips. Indiana and Duke collaborators provided the 1 In graphite epoxy module

shells, straws, some of the tooling, and wire. We made the straw bundle with

double vee wire supports, encased it irl the shell and endplates, and have placed a

fraction of the wires. The second prototype is being assembled at CSU, and will

feature individual cathode connections to clusters of four cells. We plan to test

noise and crosstalk comparing tile two prototypes to establish the feasibility and

need for the cathode connections.

In preparation for 4 meter module assembly we cleared out and partitioned tile

lab space and installed long optical tables. We plan to set up fox" tile large scale

production of straw modules in space in the recently refurbished Nuclear Physics

Lab lligh bay. We have a layout fox"the clean roonl and are seeking verldor quotes.

In collaboration witll groups from I;ldiana and Duke, we have l_een very active

in planning module assembly procedures. (liven the large number of modules

required for tile complete tracking system, it is necessary to develop coxlstructioxl

methods that will ensure a uniforxn and tligtl performaxlce of tile individual modules

wllile keeping to the stringent production schedule.

4. Endplate Design

We have worked with Duke, CSU, and Indiana on a new endplate designed for

better handling of the gas flow and wire alichoring fui_ctions. A single G10 part

now serves for bottl. Tile parts are being machined in ollr stlop. Variations remaixl

alnoilg tile illstit_ltioxls in schexlies for wire ,tnchoring, but seexn to be col_verging

oli a taper l)ixJal)t>roacli, witll several Ol,tioIls for tile electrical cotltacts.
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6. Pattern Recognition and Simulation

We have continued our effort oI_ dmulation of straw tracker performance and

segment reconstruction, including a measurement of the false rate, improved oc-

cupancy calculation, incorporation of straw 'nefficiency in the model, yields of low

[85],'2_ergy photons, and an updated measurement of the segment finding efficiency {_63

\Ve started a program to investigate the use of neural net strategies for track

pattern recognition. We coded one of these in detail 1_21and found good performance

for tlle high resolution silicon detec'or. More work is needed to provide enough

constraints to cope with the less precise straw layers.

\Ve made stand-alone calculations of occupan-y, segment reconstruction effi-

c;ency, and trigger efficiency in th _"3DC straws as function of particle rate, which

\'erify the full simulation (SDCSIM) results! TM.

\\;e tlave adapted the U1fiversity of Michigan trigger simulation code to SDC-

SI._I format, so that studies can be made combining information ft'ore the tracking,

calorimeter, and muon systems to establish rates and efficiencies for the full SDC

trigger.

7. Organization and Management

\Ve mention here a number of activities related to collaboration, project, and

workshop organization. We co-hosted a sessien on Tracking for Advanced Colliders

at the Boulder Rocky Mountain Consortium for High Energy Physics (t:_MCHEP)

summer workstlops, and contributed talks on SDC Tracking I_l and Neural Net

Algorithln at the High Luminosity and Tracking sessions of the workshop.

\Ve contributed to planning and preparation for DOE Review of SDC (Novem-

ber, 199'2), including a presentation there on the scope of the straw tracker. \Ve
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Our current design for wire attachment and connections allows for conductive

plating of the full endplate surface, for grounding and shielding. We are getting

parts made in preparation for building modules for the summer be.xn, test.

5. Detector Prototype Testing

With cosmic rays we have studied point measurcmcnt resolution in the one foot

prototype equipped with our custom A-S-D8/T4 front end boards. We collected

cosmic ra3' data with several HV settings and two gas mixtures. A measurement

of the distance-time relation, resolution and residuals as a function of high voltage

(at I._hreshol d = 0.6 V) is described in Ref. 60. With CF4-isobutane (80-20), our

best observed resolution is about 160 microns (140 micron residual), at 1800 volts.

This compares with 100 microns for the slower Ar - CeH5 (50 - 50) gas mixture.

We observe apparent crosstalk at higher voltage. These results are in reasonable

agreement with observations by other members of the collaboration.

From a number of tests to measure crosstalk in the front end and intercon-

nections to the prototype detectors we measure about 1.5-1.8% crosstalk between

neighboring straws. We find consistency between values ineasured with Fe55signals

from the straws and those involving tlle interconnections alone. This level is still

higtl enough to limit operation below tile streamer onset voltage of the chamber.

We anticipate improvement with the more compact connections to the readout

that we are developing.

We also have measured the A-S-D8 output pulse width as function of input
[o81

pulse charge. This information is important for assessing dead time losses at high

rate. With a combination of Fe55 and cosmic ray data we find values between about

15 and 50 ns over a wide range of input charge. The growth is slow for large pulse

heigllts. Tl_ese results confirm tile 40 ns deadtime used in tile simulations, allowing

for the variation with pulse height over the full dynamic range anticipated.
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helped plan the construction schedule and budget of the straw tracking system,

prepared a Memorandum of Understanding with SSCL, and set up accounting and

reporting procedures for the project. We developed plans for a joint production

line with Colorado State University, and are coordinating the endplate develop-

ment and a test beam run for summer, 1993. We also helped with organization of

the SDC review by the Technical Board selection of the outer tracker technologies,

and contributed to the preparation of a report for this process! 673We hosted meet-

ings of the module assembly committee and the endplate design committee for the

SDC straw detector group and are currently organizing two meetings to prepare

for the test beam run at BNL.
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((:LEO II Collaboration), Phys. Rev. D 45 (1999) 397(;-3985.

32



17. Observation of the decay =0 __, fl-K + S. Henderson et al. (CLEO II

Collaboration), Phys. Letters B283 (1992) 161-164.

18. The CLEO-II Detector, Y. Kubota et al. (CLEO II Collaboration),

Nuclear Instr. and Methods A320 (1992) 66-113.

19. A Measurement of the tau lepton lifetime, M. Battle et al. (CLEO II

Collaboration), Phys. Letters B291 (1992) 488-495.

20. Measurement of the D*(2010) Branching Fractions, F. Butler et al.

(CLEO II Collaboration), Phys. Rev. Letters 69 (1992) 2041-2045.

21. Isospin Mass Splittings from Precision Measurements of D*-D

Mass Differences, D. Bortoletto et al. (CLEO II Collaboration), Phys.

Rev. Letters 69 (1992) 20,t6-2049.

22. Exclusive x(2P) Production in T(3S) Decay, G. Crawford et al.

(CLEO II Collaboration), Phys. Letters B294 (1992) 139-144.

23. Shape Studies of Quark Jets vs. Gluon Jets at v G = 10 GeV,

M. S. Alara et al. (CLEO II Collaboration), Phys. Rev. D 46 (1992) 4822-

4827.

24. Measurement of Tau Decays Involving Eta Mesons, M. Artuso ct al.

(CLEO II Collaboration), Phys. Rev. Letters 69 (1992) 3278-3281.

25. Measurement of the Tau Lepton Electronic Branching Fraction,

D. S. Akerib el al. (CLEO II Collaboration), Phys. Rev. Letters 69 (1992)

3610-3614.

26. A Search for r- _ "//1-: A Test of Lepton Number Conservation,

A. Bean et al. (CLEO II Collaboration), Phys. Rev. Letters 70 (1993)

138-141.

27. Tau Decays with One Charged Particle plus Multiple r°'s, M. Pro-

carlo et al. (('.LEO II Collaboration), Phys. Rev. Letters 70 (1993) 1207-1211.
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28. Lepton Asymmetry Measurements in B _ D*ll/t and Implications

for V-A and the Form Factors, S. Sanghera el al. (CLEO II Collabora-

tion), Phys. Rev. D 47 (1993) 791-798.

29. Search for Exclusive b _ u Semileptonic Decays of B Mesons, A.

Bean et al. (CLEO II Collaboration), Phys. Rev. Letters 70 (1993) 2681-5.

30. Study of D O decays into /_-0 and /_-.0 M. Procario et al. (CLEO II

Collaboration), submitted to Phys. Rev. D.

31. A Search for r- _ 7#-: A Test of Lepton Number Conserva-

tion, D. Cinabro et al. (CLEO II Collaboration), contributed to the XXVI

International Conference on High Energy Physics, Dallas, TX (1992).

:32. Measure,nent of One-prong Tau Decays to Final States Containing

Multiple 7r°'s, P. Avery ct al. (CLEO II Collaboration), contributed to tile

XX\'I International Conference on ttigh Energy Pllysics, Dallas, TX (1992).

33. Measurement of the Electronic Branching Fraction of the Tau

Lepton, M. Procario ct al. (CLEO II Collaboration), contributed to the

XXVI International Conference on Itigh Energy Physics, Dallas, TX (1992).

3,1. Measurement of the Tau Lepton Mass, M. Daoudi et al. (CLEO II

Collaboration), contributed to the XXVI International Conference on Itigh

Energy Pl lysics, Dallas, TX (199'2).

35. Measurement of the Branching Fraction B(r _ h+rr°Ur), J. P. Alexan-

der et al. (CLEO II Collaboration), contributed to the XXVI International

Conference on ttigh Energy Physics, Dallas, TX (1992).

36. Measurement of the Mass Spectrum in )'l _ Pl-),R. Ammar ct al.

(CLEO II Collaboration), contributed to the XXVI International Conference

on ttigh Energy Physics, Dallas, TX (1992).

37. Study of D o decays into /_,0 and /_-,0 y. I,_ubota, ct al. (CLEO II

Collaboration), contributed to the XXVI International Conference on Itigll

Energy Physics, Dallas, TX (1992).
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38. Studies of annihilation in charmed meson decays, M. S. Alara eZ al.

(CLEO II Collaboration), contributed to the XXVI International Conference

on High Energy Physics, Dallas, TX (1992).

39. Observation of the Charmed Baryon 2 + A Bean et al. (CLEO IIC _

Collaboration), contributed to the XXVI International Conference on High

Energy Physics, Dallas, TX (1992).

40. Study of the Decays Ac _ -oK+ and Ac _ 2+K+K -, M. Daoudi et al.

(CLEO II Collaboration), contributed to the XX\:I International ConfereIlce

on High Energy Physics, Dallas, T\ (1992).

41 Determination of B°/? ° mixing from dilepton and tagged measure-

ments, D. Acosta eZ al. (CLEO II Collaboration), contributed to the XX\:I

International Conference on High Energy Physics, l)allas, TX (1992).

-12 Search for Exclusive Charmless Semileptonic Decays of B Mesons,

F. Butler et al. (CLEO II Collaboration), contributed to tlle XXVI lntcrna-

tioilal Conference on Itigll Energy Physics, Dallas, TX (1992).

43 Decay Rates and Polarization in Inclusive and Exclusive B _ _',

Decays, A. Bean et al. (CLEO II Collaboration), contributed to the XXVI

International Conference on Higll Energy Physics, I)allas, TX (1992)..

44 A Search for B- _ r-i'r, M. Artuso ct al. (CI_EO II Collaboration),

contributed to the XXVI International Conference on tligh Energy Physics,

Dallas, TX (1992).

45 A Measurement of the Charged and Neutral B Meson Lifetime

Ratio, D. S. Akerib ct al. (CLEO II Collaboration), contributed to tlle

XXVI International Conference on tligh Energy Pt_ysics, Dallas, TX (1992).

46 Search for Color Suppressed B Meson Decays, h. V. Barrlc's ct. al.

(CLEO II Collaboration), contributed to tlle XXVI International Conference

on High Energy Physics, Dallas, TX (1992).
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47. Tests of Factorization with Hadronic B Meson Decays, D. Acosta

et al. (CLEO II Collaboration), contributed to tlle XXVI International

Conference on High Energy Physics, Dallas, TX (1992).

48. Observation of Inclusive B Decays to the Charmed Baryons Z++

and w0 M. Procario et al. (CLEO II Collaboration) contributed to the

XXVI International Conference on High Energy Physics, Dallas, TX (1992).

49. "Recent B Physics Results from CLEO II", invited talk presented at the

XX\;Ilttl Rencontres de Moriond, Savoie, France, _Iarch 15-22, 1992, COLO-

ITEP-281.

50. Bull. Anl. Phys. Soc., \"ol. 37, No.2, April 1992.

51. _I. Bauer, B. Stech, and _I. Wirbel, Z. Phys. C34 (19S7) 103.

52. N. G. Deshpande and J. Trampctic, Phys. Rev. D 41 (1990) 895; L. L. Chau

ct al.. Phys. Rev. D 43 (lit91) 2176.

.5:3. "Recent B Physics Results fronl CLEO II", invited talk presented at the

XX\'Ilth Rencontres de ._Ioriond, Savoic, France, Marctl 15-22, 1992, COLO-

HEP-2Si.

5-t. Bull. Am. Phys. Soc., Vol. 37, No. 2, April 1992.

55. Solenoidal Detector Collaboration, Technical Design Report, SDC Report

SDC-92-201 (1992).

56. Eric Erdos and Mitch newcomer, Sixteen Channel Amplifier/Shaper

and Discriminator Board, U. of Colorado/Pennsylvania internal report

57. W. T. Ford, R& D Progress from Colorado, in Proceedings of the SDC

Collaboration Meeting at KEK (Ii. Iwasaki, Ed.), 1992.

5S. E. Frdos and \V. T. Ford, Concept for High Density Pront-End Board

Layout for Straw Tubes, U. of Colorado intcrl_al report (1992).
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59. W. T. Ford and G. Schultz, Measurements on the Colorado Wire

Supports, U. of Colorado internal report (1992).

60. W. T. Ford and S. V. Greene, Resolution and Crosstalk measurements,

U. of Colorado internal report (1992).

61. W. T. Ford SDC Tracking, talk at the Rocky _Iountain Consortium

Summer Workshop, Session 1 (1992).

6:2. W. Kinney A Neural network algorithm for pattern recognition

in the SDC Tracker, talk at tlm Rocky Mountaizl Consortium Sure,her

\Vorkshop, Session 2 (1992).

63. \\'. T. Ford, R. ttonke, and C. Barrett, Determination of the Radiation

Length of HV Capacitors for the SDC Straw Tracker, SDC-92-360

(COLO-HEP-305) (1992).

6.1. G. Schultz, Status Report on _Vire Holders, illternalreport (1993).

65. \V. T. Ford, A Look at Low Energy Photons in the SDC Outer

Tracker, internal report (1992).

66. W. T. Ford, Track Segment tteconstruction in Straw Superlayers,

SDC-93-406 (COLO-HEP-306) (1993).

67. \V. T. Ford, Materials in the Straw Tracker Superlayers, SDCIleport;

summary in Review o: the SDC Outer tracking Options, SDC,-93-415.

68. D. Craig, W. T. Ford, and S. V. Greene, Deadtime of SDC Straw

Detectors, SDC-93-428 (COLO-IIEP-307) (1993).

69. W. T. Ford, Straw Occupancy, Segment and Trigger Efficiency vs

Luminosity, SDC Note SDC-93-479 (COLO-IIEP-312) (1993).
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FIGURE CAPTIONS

1) Ac+ signals for various cuts on CLD(confidence level of tile Pff,"r vertex),

CL1 and CL2 (isolation cuts), and lie.

2) l_Iass difference plots for D *+ - DOfor D o --4 h'-Tr + and D ° --_ ft-/l +u.

3) _Iass difference plots for D *+ - Do for D o _ h'-t+l/.

4) ,A.°_- and A°h "- invariant mass distribution,_ fronl E(;ST.

5) =t) --,'r + invariant mass distribtltiolj

6) -+ --, --_'+r, + invariant mass distribution

7) _'_!---, f_-r, + invariant mass distribution

8) ff_lh'° invariant mass distribulioll

9) h'°l_'°h"°_ invaria_,t mass distrilJutioll

10) I) °lJ- D O nlass distributions for various cuts of l/cr.

1:._)Tile central part of tile SI)(-_'detector, sllowing tile caloril_lcters, solenoid coil,

at_d tracking systeln, includiI_g silicox_ strip, straw tube, and gas xnicrostrip

detectors.

1.I) End view of a portion of an axial straw superlayer, silo)wing tllree modultrs.
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1. Theoretical Particle Physics- Task B

The theoretical high energy physics group consists of three faculty members,

S. P. de Alwis, T. DeGrand and K. T. Mahanthappa; two postdoctoral research

associates, C. Baillie and P. K. Mohapatra, and three students, M. \¥ingate,

H-S. Li, and W. Kinney. Li has just defended his Ph. D. thesis and will re-

main with us until June 1993. He will be replaced by K. Sato. Mohapatra and

Baillie will be leaving in August 1993 and will be replaced by S. Balakrishna

(presently supported on A. Hasenfratz's contract through Arizona) and Doug

Macintyre (University of California, Santa Cruz). Finally, Ben Svetitsky, a the-

oretical physicist from Tel Aviv University on sabbatical leave, will visit us for a

year starting in September 1993.

1.1 MOSTLY LATTICE QCD (T. DEGRAND)

"Grand Challen_;e" Spectroscopy I am a member of the High Energy Monte

Carlo Grand Challenge (HEMCGC). Members of this collaboration include I(tlalil

M. Bitar, R. Edwards, U. M. Hellcr, A. D. Kennedy, (SCRI, Florida State Univer-

sity), Thomas A. DeGrand (University of Colorado), Steven Gottlieb, A. t(rasnitz

(Indiana University), J. B. Kogut (University of Illinois), Weiqiang Liu (Thinking

Machines, Inc.), R. L. Renken (University of Central Florida), Michael C. Ogilvie,

(Washington University), D. I(. Sinclair, K. C. Wang (Argonne National Lab),

R. L. Sugar (University of California, Santa Barbara), Michael Teper (Oxford

University), D. Toussaint (University of Arizona). We have been carrying out

simulations of full QCD on the Connection Machine CM-II a.t the Supereomputa-

tions Research Institute at Florida State University. The goal of the collaboration

is to study spectroscopy and sin:ple matrix elements of full QCD on the largest

lattice sizes and smallest masses practicable. This year I completed a paper on

simple matrix elements using valence Wilson quarks and two flavors of staggered

sea quarks, which shows that the presence of sea quarks is a small effect compared

to other lattice systematics, at the parameter values we studied. We are presently



working on nn analysis of spectroscopy and matrix elements with two flavors of

dynamical _Vilson fermions at 6/92 = 5.3, which will hopefully be finished before

the end of the year.

1. HEMCGC collaboration, Simple Hadronic Matrix Elements with Wilson

Valence Quarks and Dynamical Staggered Fermions at 6/g '2= 5.6, COLO-

HEP-304, submitted to Phys. Rev. D.

2. HEMCGC collaboration, Hadron spectroscopy with dynamical Wilson fermions

mt/3 = 5.3, to appear in the proceedings of Lattice '92.

Multiple Instruction Lattice Collaboration Projects This collaboration includes

Claude Bernard (Washington University, St. Louis), Thomas A. DeGrand (Uni-

versity of Colorado), Carleton DeTar (University of Utah), Steven Gottlieb (In-

diana University), R.L. Sugar (University of California, Santa Barbara), and D.

Toussaint (University of Arizona). We are carrying out, QCD sinmlations on

MIMD supercomputers, mainly arrays of Intel i860's at the San Diego Super-

computer Center, with additional running at the Pittsburgh Supercomputing

Center, and the National Center for Supercomputer Applications. We are also

members of a computational Grand Challenge project by the DOE's component

of the Presidential Initiative in High Performance Computing and Communica-

tions (HPCC) at Oak Ridge National Laboratory.

We have worked on several topics in the past year:

Our first project on the iPSC/860 was to extend and complete the studies of

the thermodynamics of Kogut-Susskind quarks on lattices with six time slices.

We completed a study of the high temperature crossover with a quark mass arrzq =

0.025, and extended this to quark mass amq = 0.0125. In agreement with other

recent simulations, our results are consistent with a rapid crossover, as opposed to

a true phase transition. When coupled with the spectrum calculations described

below, this study enabled us to significantly improve our previous estimate of the

crossover temperature for this lattice spacing in physical units.

2



While studying the location and nature of the phase transition we have also

measured quantities which shed light on the nature of the high temperature

plasma. Of particular interest to phenomenology is knowledge of the large-scale

organization of the plasma. Studies of the energy density, baryon number sus-

ceptibility and hadron screening lengths yield results which are consistent with

a plasma of weakly interacting quarks and gluons. We used the iPSC/860 to ex-

plore the spatial structure of the screening of color singlet sources. We found that

even in the high temperature regime the positions of the quark and antiquark

in the meson propagators were strongly correlated, as were the positions of the

quarks in the nucleon propagators. These results are very different from what

one would expect from a free or weakly interacting quark plasma. To further

explore the properties of the plasma we have recently measured the distribution

of quarks in the vicinity of a fixed test quark at temperatures above, below and

near the crossover temperature, Tc. At low temperature one expects that the

test charge will be screened at short distances by a dynamical antiquark or by

two quarks. We find that to be tile case, with a significant baryonic component

already at a temperature of 0.75Tc. The screening decreases dramatically as one

approaches the crossover teml)erature , and at 1.25Tc the total induced charge is

two orders of magnitude less than at 0.75Tc. These results are consistent with a

weakly correlated high temperature plasma,and give no support to the hypothe-

sis of small color singlet clusters in the plasma. It is clear that further detailed

studies are needed to fully determine the structure of the plasma.

In addition to our work with Kogut-Susskind quarks, we have been investi-

gating high temperature QCD with Wilson quarks. We have recently completed

a study on 12a x 6 lattices with two flavors of Wilson quarks using hopping

parameters cf _=0.16, 0.17 and 0.18. We have determined the location of the

crossover between the high and low temperature states for these hopping parame-

ters, and have carried out spectrum calculations for the same hopping parameters

on 12a x 24 lattices in order to determine the critical value of the gauge coupling,

that is, the value for which the pion aim quark masses vanish. For n = 0.16 we

3



found a smooth crossover between the low and high temperature regimes similar

to that found for Kogut-Susskind quarks. However, at the two largest values of

we found coexistence between low and high temperature regimes indicative of a

possible first order phase transition. In work still in progress, we have extended

our study to _ = 0.19 and 0.20 finding similar results. The discontinuity in the

plaquette and the chiral order parameter between the two regimes grows with

increasing n. Recently, in collaboration with A. Hasenfratz, we have begun a

study of the quark mass, as measured by means of the axial vector current Ward

identity, on finite temperature lattices with both four and six time slices. We

have identified three regimes: low and high temperature ones in which the quark

mass is positive, and a high temperature "unphysical" regime in which the quark

mass is negative. For Nt = 4 we find smooth crossovers between these regimes.

Tile possible first order transition observed for large values of n at Nt = 6 is

between the low temperature regime and the "unphysical" negative quark mass

one. \Ve hope that this project will help to clarify the phase structure of QCD

with Wilson quarks. However, to separate out the affects of lattice artifacts from

continuum physics requires work at smaller lattice spacings.

\Ve have carried out a series of high statistics spectrum calculations with

two flavors of Kogut-Susskind quarks on lattices ranging in size from 83 x 24

to 163 × 24. These studies were made with quark masses arnq = 0.025 and

0.0125 at gauge couplings corresponding to the finite temperature crossover for

P,'t = 6. These calculations allowed us to set an energy scale for the Ni = 6

Kogut-Susskind thermodynanfics calculations described above, and therefore to

make an estimate of the transition temperature. However, our primary objective

was to study the effects of finite box size on spectrum calculations. Ia has long

been recognized that such effects can be substantial if the spatial volume of the

simulation is small. By working at relatively large lattice spacings we were able

to encompass a wider range of lattice sizes than in previous studies, and also work

at relatively small values of 7n_/Tnp. Our hope is to set tile limits for the physical

size of the lattice for calculatioIls at weaker coupli:.s for wtfich such experiments
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would be very costly. Using the p meson to set the scale our lattices had box

sizes ranging from 1.8 to 3.6 fin, and we found significant effectson the spectrum

only on the lower half of that range.

For the future we are planning several projects.

First, we are planning a large scale study of the decay constants of heavy-

light mesons at a very small value of the lattice spacing, 1/a = 3 GeV. This

is quite a bit smaller than present day simulations. The apparent disagreement

observed at stronger coupling between static (Mheavy -4 oo) and conventional

(propagating heavy quarks, with extrapolation up in mass) results seems to be

considerably reduced in the new calculations. However, the signal-to-noise ratio

on our present data set is not good enough to make the comparison in a definitive

way. \Ve therefore plan to increase the statistics by a large factor. We plan to

make a still more definitive test by going to weaker coupling and checking that

the size of the discrepancy continues to decrease. This project is expected to be

carried out Lt Oak Ridge as part of our DoE Grand Challenge.

Second, we will use the SDSC Paragon to carry out a set of quenched spec-

trum calculations Lt a gauge coupling of 6/92 = 6.0 on 163 x 48 and 243 x 72

lattices. We have several objectives in this project. First, with the very inter-

esting recent work of \Veingarten and collaborators on the quenched spectrum

with Wilson quarks, quenched spectrum calculations with Kogut-Susskind quarks

now lag significantly behind those with Wilson quarks. We therefore propose to

carry out a series of quenched Kogut-Susskind calculations on these lattices with

quark masses in the range .0005 _<amq < 0.025. We are particularly interested

in understanding the differences that have been previously observed in quenched

spectrum calculations using Kogut-Susskind and Wilson quarks. We also plan

to investigate the effects of lattice volume, and quark mass on the masses of the

lightest hadrons. A high statistics calculation at this lattice spacing would be a

significant contribution to the study of the Kogut-Susskind spectrum.

In addition to calculating the masses of the lightest hadrons, we t)lan to use
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the lattices to begin a program of computing masses of orbitally excited states

and simple matrix elements using Wilson valence quarks. Our aim in some of

these calculations is to obtain quantitative results that can be compared with

experiment, and in others to obtain a qualitative understanding of QCD bound

states.

A number of groups have carried out calculations of the masses of P-wave

states in the quenched approximation. We propose to extend the program begun

by me to use sophisticated interpolating fields for this purpose. The experimen-

tal situation for orbitally excited mesons made up of light quarks is particularly

confusing, and even a modest improvement in spectrum calculations might elu-

cidate the data. A significant amount of data on orbital excitations of charmed

mesons has recently appeared. Some lattice calculations have been done on these

states, but more work is certainly called for. The prototypical matrix element of

a P-wave system is the decay constant of the al meson, f_, defined by

- 2 l,u(o = fo,,, o,g

Tlzis matrix element is measured izl the decay r + alz/, and is known experi-

mentally to about eight per cent accuracy. It is a difficult quantity to compute

in the quark model since it vazlislles in the nonrelativistic limit. However, the

calculation is accessible on the lattice, the technology being identical to that used

to obtain f,_, fK, and lD. hl addition, it will apparently be possible to extract

decay constants of strange mesons from r decay data in the next few years. The

relevant lattice calculations will be no harder than for the al.

On a more qualitative level, we would like to investigate the properties of

the wave functions of the quarks within hadrons. In particular, we would like

to determine whether there is evidence within lattice calculations for a pion

cloud around hadrons which is well separated from the valence quark degrees

of freedom. The main qualitative feature of quark wave flmctions is that the

size of the wave function is n mch sznaller than the size indicated by form factor

6



measurements. This suggests that if there is a quark model which these lattice

results reproduce, it is not a conventional quark model but the "little bag model"

of Brown and co-workers in which the confinement region of the quarks is small,

and the outer regions of the hadron are occupied by a pion cloud. In this model

the hadron charge radius has little direct connection with the size of the bound

state. About half the pion or proton charge radius comes from vector dominance

and the remainder from the intrinsic size of the valence quark wave function.

These ideas can be tested by measuring qum_tities such as

y)= + y)q( + z),
T

where q and q create a valence quark and antiquark, and XX is the pion con-

densate. There is a similar expression for baryons. This can also be viewed as

a study of the effect of the valence quarks on the local QCD vacuum--can we

see them confined inside a bag? It would extremely interesting if lattice Monte

Carlo calculations could identify a specific quark model for QCD.

1. MILC collaboration, QCD thermodynamics with two flavors at Art = 6,

Phys. Rev. D45, 3854, 1992.

2. MILC collaboration. Finite-Size Effects and Tc for /} = 5.445 with Two

Staggered Flavors, Nuclear Phys. B (Proc. Sui)pl.), 26,262, 1992.

3. MILC collaboration, QCD Thermodynamics with Two Flavors of Quarks,

Nuclear Phys. B (Proc. Suppl.), 26, 305, 1992.

4. MILC collaboration, QCD thermodynamics with two flavors of Wilson

quarks at Nt = 6, Phys. Rev. D46, 4741, 1992.

5. MILC collaboration, Finite Size Effects on the QCD Spectrum Revisited,

Nucl. Phys., B [Proc. Suppl.] 30, 369, 1993.

6. MILC collaboration, Baryon Density Correlations in the Quark Plasma,

Nucl. Phys., B [Proc. Suppl.] 30,319, 1993.
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Heavy Dynamical Fermions in Lattice QCD It is expected that the only effect

of heavy dynamical ferinions in QCD is to renormalize the gauge coupling. A.

Hasenfratz (Colorado) and I derived a simple expression for the shift in the gauge

coupling induced by N I flavors of heavy fermions. We compared this formula to

the shift in the gauge coupling at which the confinement-deconfinement phase

transition occurs (at fixed lattice size) from numerical simulations as a function

of quark mass and N I. We found remarkable agreement with our expression down

to a fairly light quark mass. However, simulations with eight heavy flavors and

two light flavors showed that the eight flavors do more than just shift the gauge

coupling. We also observed confinement-deconfinement transitions at 3 = 0

induced by a large number of heavy quarks.

1. A. Hasenfratz and T. D(:Grand, Heavy Dynamical Fermions in Lattice

QCD, COLO-HEP-311, submitted to Phys. Rc4,1'D, April 1993.

]..2 SUMMAIt.Y OF RECENT I/ESEAI1CII AND FUTUI/E I'LANS - S. P. DE ALWlS

Matrix models, and black holc_'s In a paper published about a year and a half

ago, (paper 49 in my C. V.) my collaborator (R. Brustein) and I constructed

a generally covariant version of the collectiye field theory coming from matrix ,

models. In particular it was shown that there must be an additional target space

curvature term in the effectivc' action. This action is the natural setting for

discussing (at low energies) the I)roperties of two dimensional black holes coming

from string theory. Work on this project is continuing and we have been able

to relate the black hole metric to a matrix model potential. We point out that

general covariance is needed to resolve an ambiguity in the identification of the

potential.

1. R. Brustein and S. P. de Alwis, Matrix models for black holes, paper in

preparation.

Quantum Black Holes Most of iny research in the past 3,car [1,2,3,4] has been

on quantum black holes in two di::l_:,nsional dilaton-gravity . In [i] I have show:l
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that general covariance requires that the theory be a (quantum) conformal field

theory, and that therefore the classical Lagrangian (proposed in [5]) needs modifi-

cation. Furthermore it turns out that these modified Lagrangians can be written

as Liouville-like theories and are exactly solvable even at the semi-classical level.

In the second paper [2] these solutions and their implications for Hawking radi-

ation are discussed. In the third paper it is shown that regardless of the number

of matter fields the quantum theory can be defined. This gives us, in two dimen-

sions, a non-trivial solvable theory of quantum gravity (with black holes at the

classical level). The taming of classical singularities by quantum effects can also

be explicitly demonstrated and Hawking radiation can be calculated with back

reaction taken into account. In [4] I have shown that the expression for tile ADM

and Bondi masses that have been used in the literature need to be modified, and

that the new expression satisfies a positive energy theorem.

1. S. P. de Alwis, Quantization of a Theory of Dilaton Gravity, Phys. Lett.

B289 (1992) 278.

2. S. P. de Alwis, Black Hole Pt_ysics and Liouville Theory, Phys. Lett.B300

(1993) 330.

3. S. P. de Alwis, Quantum Black holes in Two Dimensions, Phys. Rev. D

46 (1992) 5429.

4. S. P. de Alwis, Two dimensional quantum dilaton gravity and the positivity

of energy, COLO-HEP-309, February i993.

5. C.G. Callan, S.B. Giddings, J.A. Harvey, and A. Strominger, Phys. Rev.

D 45 R1005 (1992).

Future plans My future research plans include the continuation of the above

investigations in string theory, quantum gravity and black hole physics. In par-

ticular since one now has a non-trivial theory of quantum gravity which is solvable

at the quantum level in two dimensions, one can hope to clarify some puzzling

issues, such as the origin of tiiile, without having to deal with the technical
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complications of four dimensional gravity. This investigation is being actively

pursued now. Also I would like to understand the implications for four dimen-

sional physics (for instance in spherically symmetric situations) that follow from

the theory of quantum dilaton gravity discussed above. In addition I hope to pur-

sue some ideas, which are still in the formative stages, in cosmological structure

formation.

1. S. P. de Alwis, The problem of time in two dimensional quantum dilaton

gravity, paper in preparation.

1.3 RESEARCtf \VORK OF I_:. T. MAItANTItAPPA AND COLLABORATORS

During the past year K. T. Mahanthappa has been investigating (i) ultravi-

olet behavior of supersymmetric nonlinear sigma models in 1/N expansion, (ii)

one- and two-loop corrections to the gauge coupling constant function in string

effective field theories and its holomorphicity property and (iii) induced gauge

non-linear sigma models.

K. T. Mahanthappa was invited to talk oi1 the earlier work on renormalizabil-

it,,' of (2+ 1)-dimensional supersymmetric nolinear sigma at the Annual Meeting

of the Physical Society of Japan at Sendai, March 29-April 1, 1993. He also gave

an invited review talk at the Fifth Asia Pacific Physics conference, August 10-15,

1992, Kuala Lumpur, Malaysia.

Ultraviolet Behavior of Supersymmetric Nonlinear Sigma in 1/N Expansion

Our earlier work has shown that the (2+1)-dimensional N(Q) = 1 super-

symmetric non-linear sigma model (SSNSM) is renormalizable in 1/N expansion.

We are continuing our investigation of the ultraviolet behavior of SSNSM with

N(Q) > 1. In particular we are interested in proving in 1/N expansion the

analogues of some of the results gotten in perturbative coupling constant expan-

sion. For example, N(Q) = 2 perturbation theory implies finiteness of N(Q) =

4 models on hyper-I,:alller st)aces; the demonstration of tiffs result involves the
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use of Yau's theorem for hyper-Kahler manifolds. We have preliminary results

indicating similar behavior in 1/N expansion. We are also exploring theories in

higher than (2+ 1)-dimensions.

1. K.T. Mahanthappa, "Dynamical Mass Generation and Renormalization in

a Supersymmetric Sigma Model," invited Plenary talk in the Proceedings of

the Second International Symposium on Particles, Strings and Cosmology,

March 25-30, 1991 Boston (World Scientific, Singapore, 1992) p. 263-283.

2. K.T. Mahanthappa, "I/N Expansion and Renormalizability of a Super-

symmetric Nonlinear Sigma Model," invited Plenary talk in the Proceedings

of the 1991 Summer Workshop on High Energy Physics and Cosmology held

at the International Center for Theoretical Physics, Trieste (Italy), (World

Scientific, Singapore 1992), p. 601-622.

3. V. G. Koures and K. T. Mahanttmptm, "I/N Expansion and Renormaliz-

ability of a (2+1)-Dimensional Supersymmetric Nonlinear Sigma Model,"

invited talk in the Proceedings of the Meeting of Division of Particles and

Fields of the American Physical Society, August 18-22, 1991, Vancouver,

Canada (World Scientific, 1992) p. 825-82S.

Holomorphicity of the Gauge Coupling Function in String Effective Theories

This work is done with the doctoral student Hesheng Li.

During the past eighteen months we have been investigating the holomorphic

property of corrections to the gauge coupling constant function f in supergauge.

(Earlier we have studied one-loop corrections to the coupling of the antisymmetrie

tensor field and the Chern-Simons terms in string theory, and the results have

been published in Physical Review D.)

Earlier investigators have claimed that one, loop corrections to gauge coupling

constant function f = 1/g _ + (-)/8r, 2 in supersymmetric gauge theories are non-

holomorphic because of infrared divergence. We have investigated both one-loop

and two-loop corrections with an emphasis on the dependence of corrections on
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the mass matrix. We find that the holomorphic property of f very much depends

on the allowed representations of the mass matrix subje ' to the constraint of

gauge invariance. We have three distinct cases depending on the property of

the mass matrix: (i) massive mass matrix which has all eigenvalues nonzero;

(ii) pseudo massive mass matrix which can have zero eigenvalues but still could

be used as an infrared regulator without violating gauge invariance and (iii)

intrinsically massless mass matrix which has zero eigenvalues and cannot be used

as an infrared regulator. We have shown that at one- and two-loop levels both

massive and pseudo-massive cases yield holomorphic f, whereas the intinsically

massless case gives non-holomorphic f. These results form the thesis of Hesheng

Li, and we are preparing manuscripts for publication.

Even though the above results are shown to be true at one- and two-loop

levels, it is likely they are true at higher loops also. We are at present investigating

the possibilty of showing the validity of these results to all loops using Slavnov-

Taylor identities.

!. H. S. Li and tl. T. Mat:anthai_pa, "One-loop Threshold Correction to the

Coupling of Antisymmetric Tensor Field and the Chern-Simons Term in

String Theory", Phys. Rev. D46. 3663 (1992).

Induced Gauge Fields from Grassma:mian This work is being done in collabo-

ration with postdoctoral research associate Dr. S. Balakrishna.

It is well known that CP: models have a U(1)-gauge field in their excitations.

But what is not so well known is that these models could be extended to Grass-

mannians (or Grasmann manifolds) wherein non-abelian gauge fields arise as

excitations. Field theories based on these extensions naturally lead to extentions

of nonlinear sigma models; the gauge fields arc essentially composites of scalar

fields. Such induced gauge theories are worth studying from two points of view:

(i) they could be candidates for a more fundamental theory and (ii) they could

provide a solution for symmetry breaking which leads to massive gauge bosons.

At prese::t we are pursuing the latter aspect. There are many phases in such a
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model wherein there are both massless and massive gauge fields. We are trying to

understand the nature of symmetry breaking in these phases. Renormalizability

of such a class of models is another aspect we are interested in exploring.

1.4 SPIN MODELS AND DYNAMICALLY TRIANGULATED RANDOM SURFACES

(C. BAILLIE)

Over the past year I have been working on the three topics outlined below.

Dynamically Triangulated Random Surfaces with Novel Actions

There has been considerable recent interest in the theory and simulation of

random surfaces, inspired both by string theory and the study of membranes in

solid state physics. The Polyakov partition function for a string embedded in

euclidean space with a fixed intrinsic area worldsheet discretizes to

N- 1/.

/ II dX_ exp(- $9), (1.1)
Z

7' J z=l

where _]T is a sum over different triangulations of tile worldsheet with the same

number of nodes N wtfich is the discrete analog of the path integration over the

intrinsic metric in the continuum. The discretized action, Sg, is just a simple

Gaussian

1 ,-_,)2 (1.2)
<i3>

where the variables X, live on the nodes of the triangulation and the sum < ij >

runs over its edges. To a solid state physicist this would be the action for a fluid

(because of the sum over triangulations) membrane with Gaussian interactions

and no self-avoidance. The difficulties encountered in analytical calculations for

string theories in physical dimensions are mirrored in sinmlations of Eqn. ((1.1))

wtlich generate very crumpled surfaces from wtfich it is impossible to take a

continuum limit.
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Tile addition of an extrinsic curvature term, or "stiffness", to the Gaussian

action which originally arose in the context of biological membranes and QCD

has been mooted as a possible resolution of these problems. One discretizatio,l

of this has shown particular promise,

Se = _ (1 -ni. na ) , (1.3)
A, ,A_

where the normals ni, nj are on adjacent triangles Ai, Aj. The strategy is to ex-

amine the phase structure of the Gaussian plus extrinsic curvature action Sg +,_Se

(henceforward GPEC) as the coupling I is varied to see if any continuous transi-

tions arc present at which one might define a non-trivial continuum theory. The

case of fixed, or "tethered", surfaces where there is no sum over triangulations of-

fers some hope because there does appear to be a second order transition between

a low ,_ crumpled phase and a large ,_ smooth phase. Initial work on dynamical

surfaces with modestly sized meshes tended to support a similar picture, with a

peak in the specific heat that grew with mesh size. More rece,_t simulations witll

higher statistics and larger meshes have cast doubt on this because the increase in

the peak height tails off with increasi,lg mesh size. This is not in itself worrying

since it is possible that the string tension and mass gap may still scale in such a

way as to give a non trivial continuum limit, even at a higher order transition.

This rather confused picture for GPEC actions naturally prompts the ques-

tion of whether discrete models witt_ ,note clearly cut phase transitions exist.

Ambartzumian et al suggested that an action b_used oi_ the modified Steiner

functional might be a suitable alter_ative candidate ats it possessed the nice ge-

ometrical property of being subdivision invariant _ well as retaining a desirable

stiffening effect on the surfaces. The action was

1

= E Ix[' - x," o( ), (1.4)
<ij>

where 0(aij) = I_-oijI and ai) is tt_,: angl(' betw(_'(:i, the (_1_l)e(ld(.'d ,_eiglfl)ouring
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triangles with common link < ij >. We performed the first numerical sinmlation

of this.

Later Durhuus and Jonsson observed that an action of this form ran into

problems with the entropy of vertices in smooth configurations and failed to give

a well-defined grand canonical partition function. Our microcanonical simulation

of this action had shown that it produced smooth surfaces but in this case of

course it is not clear how to obtain the continuum limit, where the problems

would presumably resurface.

We had observed that varying the coupling _ in an action of the form

1

s, = ; _ Ix:'- X}'l+_Z IXt'- x_o(o,,,) (_.5)
<ij> <i/>

would allow one to employ the apt_roach used in our earlier simulations of GPEC

actions, namely hunting for contint_ous transitions at which to define the conti1>

uum theory. We chose the first, edge-:length, term in S_ because of its simplicity

and similarity to the second Steiner term. Durhuus a11d Jonsson pointed out that

a subdivision invariant action of tile form

&= _1_1+ ix_ xl'-x_'lo(.,;), (16)
A <U>

where IAI is the area of a triangle, Inight cure the entropy problems of Satci,,c_

by virtue of the first term being coercive enough to compete with the entropy

of smooth surfaces. If we do not, insist on subdivision invariance we could also

envisage combining a Gaussian ternl with S_t_i,,_

1 )_ "" - xJ' o(_ ). (17)s_= _ _ (x,- .v, +_ Z I.x, ,, .
<i3> <i)>

Therefore we llave also simulatod tl,, novel actioIls Sl, E2, $3.
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Finally, we investigated a further possibility for a random surface action

which, like the Steiner term, is a natural object to consider from a geometrical

point of view. For a curve C embedded in three dimensions it was shown by

Fenchel that

1
[ I_lds > 2 (1.8)

71"J
C

where _ is the curvature and the equality holds when C is a plane convex curve.

For a surface M imbedded in three dimensions the Gauss-Bonnet theorem tells

us that

2_
/ ICdS = X(_I) (1.9)2rr q,J

M

where K is now the Gaussian curvature of the surface and X is the Euler character-

istic. As this is a topological invariant it tells us nothing about the configuration

of the surface. To get the equivalent of Fenchel's Eqn. ((1.8)) we take a modulus

sign ii1 Eqn. ((1.9)) and find

2_ IICldS> 4- X(M) (1.10)
bl

with the equality holding when the surface is imbedded as a convex surface in

three dimensional space. This term discretizes to

s,,,,,,= 2=- o,,I (1.11,.)
i a(i)

where the outer sum is over all the vertices of the triangulation and the inner

sum is round the neighbors j of a node i. ¢'a is the angle subtended by the j th

triangle at the ith vertex.

1. C. F. Baillie and D. A. Jolliest,on, A Modified Steiner Functional String

Action, Phys. Rex'. D45, 3326 (1992)
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2. C. F. Baillie, D. Espriu and D. A. Johnston, Stciner Variations on Random

Surfaces, Submitted to Plays. Left. B (1993)

3. C. F. Baillie and D. A. Johnston, Smooth Random Surfaces from Tight

Immersions?, Submitted to Phys. Rev. D (1993)

Dynamically Triangulated Random Surfaces with Self-Avoidance Dynamically

triangulated random surfaces provide convenient discretizations of bosonic strings

that can be simulated numerically using Monte Carlo techniques. In addition

they provide a simple model of a fluid membrane. This is because the varying

triangulation means that there is no fixed reference frame, which is precisely

what one would expect of a fluid where the molecules at two different points

could interchange and still leave the membrane intact. However, in order to

describe a realistic fluid membrane which does not pass through itself, or self-

intersect, one must add some form of "self-avoidance" to the simulations. It

turns out that there are two ways to do this - "weak" and "strong" - and we

have simulated both. For the case of weak self-avoidance we found essentially no

difference from the simulatioi_s without any self-avoidance. However, for strong

self-avoidance the results were dramatic: the nature of the crumpling transition

changes completely - the "crumpled phase" is actually, larger than the "smooth

phase" due to the fact that the surface be.comes a branched polymer whictl is

extended in one direction. \Ve have completed this work by investigating the

cross-over between weak and strong self-avoidance.

1. C. F. Baillie and D. A. Johnston, Crossover Between Weakly and Strongly

Self-avoiding Random Surfaces, Phys. Left. B295, 249 (1992)

Spin Models coupled to Quantum Gravity Simulations of dynamically triangu-

lated random surface models of bosonic strings yield very crumpled surfaces un-

less an extrinsic curvature term is added. The reason for this is that the central

chari_,e of these models, c = d, the embedding dimension, is greater than 1. For

c <_ 1 things are well-behaved and ttmre are analytic expressions for quantities

like critical exponents. An alternative' way to cure the pathological nature of the
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surfaces is to put spin models on thein. The result of this is in fact a simulation

of matter coupled to quantum gravity in two dirnensions. Following our inves-

tigations of Ports models, we looked at the XY model. In two-dimensions this

displays a "Kosterlitz-Thouless" (KT) phase transition. We found that coupling

it to quantum gravity gives results consistent with the persistence of this I(T

type phase transition.

1. C. F. Baillie and D. A. Johnston, The XY Model Coupled to Two- Dimen-

sional Quantum Gravity, Phys. Left. B291, 233 (1992)

1.,.5 PtESEARCII OF P. _'IOItAPATItA

The Solar Neutrino Puz::le I have investigated the possibility of spin(-flavor)

precession combined witl_ short wavelength vacuum oscillation as a solution for

the solar neutrino puzzle. A large frozen-in magnetic field inside the sun with a

neutrino magnetic momellt of the order of 10-1° Bohr magI_eton can completely

depolarize the l'eL resulting iii a factor of half of the eI_:itted number. With a short.

wavelength vacuum oscillation and maximal mixing, the immber of Z"eL'Sreaching

the earth is reduced by another factor of half; this explains the Homestake chlo-

rine experiment. The differenc(, between the Homestake and the Kamio "'kande-II

experiments can be attributed to the contribution to the Cherenkov radiation

in the latter through the neutral current and electromagnetic interactions of the

components which are i11ert in the former.

This in combination with MS\V can explain tt_e present exprimental data

on solar neutrinos but with a different region of the parameter space than the

regular MSW alone. In this scenario there is a larger region of parameter space

allowed. There is a large strip of parameter space corresponding to adiabatic

solution and no solution for large mixing angle region. The non-adiabatic region

still remains a_sa solution but shifted and larger relative to the regular MS\V.

1. Spin(-Flavor) Precession And Short Wavelength Vacuum Oscillation As A

Solution For The Solar Neutrino Puzzle, Mod. Phys. Lett. A6, 3467, 1991,
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Presented at the workshop on The Many Aspects of Neutrino Physics, Fer-

milab, Nov 14-17, 1991(unpublished); Presented at the Beyond the Stan-

dard Model III, June 22-24, 1992, Ottawa (to be published in the proceed-

ings).

2. How unique are the MSW parameters?, submitted to Phys. Lett. B for

publication.

Flavor tagging in Future Colliders: I have proposed a way to differentiate be-

tween various extra U(1) models using flavor tagging in the decay modes Z' --_ qq

once the extra Z' is observed at future colliders in tile lepton channel. A gen-

eralization of the R parameter, namely, one for charge 1/3 and one for charge

2/3 quark, gives a two parameter test for the various models. Flavor tagging

eliminates the uncertainty because of extra fermions and can reduce the QCD

background at SSC/LHC dramatically. For EG and SO(10) based models tile

forn_er is always 3. This seenls to be a v¢,ry good way to eliminate certain mod-

els.

Using Pythia5.6 I have been able to show that the flavor tagging and use of

suitable cuts in the parameters can reduce the background to noise ratio from

a number of the order of 10 5 to something like 8. That is in fact a tremendous

improvement and is very useful not only in extra Z physics but also has far

reactling implications at future hadron colliders for an)' kind of jet-jet events. In

the SSC Physics Symposium at Madison this was very well received and is the

main theme of the working group on "New Phenomena" of which I am an active

participant. I plan to work in this general direction in the future.

1. Flavor Tagging as a Way of Differentiating Various Extra Z"s at t:'uture

Colliders, Presented at the Beyond the Standard Model III, June 22-24,

1992, Ottawa (to be published in the proceedings); To be published in

Mod. Phys. Lett. A; Presented at the SSC Physics Symposium, Mar 29-

31. 1993 .Madison; To present at the Workshop on Physics and Experiments

at Linear e+e - Colliders, Apr 26-30,1993, Waikoloa.
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1.6 RESEARCH ACTIVITIES OF DOUG MACINTYRE

I have been studying discrete symmetries, and in particular, discrete gauge

anomalies in string theory mode,s. Discrete symmetries are vital to model build-

ing, and discrete gauge symmetries have some interesting and powerful features.

In general, in string theory models, these discrete gauge symmetries are anoma-

lous, but in all the string theory models checked to date, there is a mechanism

that can cancel these anomalies. Whether or not it is always possible to cancel

discrete gauge anomalies in all string theory models is a question I have been

studying. If it is true, then this would indicate some new, deeper consistency

in string theory. If there exists string theory models for which this is not the

case, then the cancellability of discrete gauge anomalies may provide us with

a criterion for selecting realistic models among the multitude of string theory

models. I have searched through two types of models- or bifold compactifications

of the heterotic string, and Type II models- and plan to check other types of

models: Calabi-Yau and covariant lattice formulations in particular. In addition

to searching through models, I plan to spend some time searching for proofs of

the cancellability of these discrete gauge anomalies.

I also plan to begin working on the two-dimensional black hole and topics in

quantum gravity, collaborating with Prof. de Alwis. The two-dimensional black

hole has generated much excitment in the last two years. It has provided a simple

model that has been used to study some difficult problems in four-dimensional

black-hole physics, in particular the question of information loss in Hawking

radiation. This issue has not yet been resolved and I plan to help continue this

research.
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1.7 RESEARCH OF S. BALAKRISIINA

Double scalin_ limit of scalar theories on the lattice An important but highly

nontrivial problem is to know what theories arise in the continuum from a lattice

regularization. One does not know even for simple scalar models on the lattice

what these theories are. In this work, a scalar model with a potential is studied

on the lattice in a certain limit. The limit involved here is called double scaling

that first arose in the context of matrix models. Here, a coupling in the model is

taken to its critical value in a suitable way as a parameter N is taken to infinity.

It is found that the model goes to the continuum in t,lis limit for a class of

critical behaviors labeled by an integer m > 2. The theory one reaches is that

of a massless scalar with only a m + 1 point interaction, but in the presence of

a constant source. It is of interest to sec whether this method of going to the

continuum limit is applicable to some other lattice models.

1. Double scaling limit of scalar theories on the lattice, preprint COLO-

HEP/295, AZPH-TH/92-43, submitted for publication.

Dimculties in inducin$ a gauge theory at large N Recently, there was an at-

tempt to induce large N QCD by V. Kazakov and A. Migdal. They constructed

a lattice gauge model based on SU(N) involving an adjoint scalar in the absence

of any kinetic term for the gauge variables. They hoped that the induced gauge

theory obtained by integrating away the scalars may be nontrivial and may agree

with QCD. They soh'ed the model exactly at large N and claimed that to be the

long-sought exact solution of large N QCD. Subsequently, various problems we,'e

discovered in this approach. In this work, it is found that the model can not be

a solution of large N QCD, for it is trivial as an induced gauge theory at least in

the strong coupling regime of interest. It remains _o see whether there are any

extensions of the mode! that are realistic.

1. Difficulties in inducing a gauge theory at large N, preprint COLO-HEP/303,

AZPH-TH/93-01, submitted for publicatioil.
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Anomaly matching; for the QCD string lt is a long held belief that QCD has

a string formulation. It is thus important to look for any common threads in

tile two pictures. Because of asymptotic freedom, this is easier to handle in the

ultraviolet regime. We know that QCD stress tensor has a trace anomaly. Any

string formulation if extendible to the ultraviolet regime is required to exhibit

this anomaly. In this work, it is found that the well known trace anomaly of

the string is related to this anomaly. It is further found that the two anomalies

agree both in magnitude and sign for pure SU(2) QCD. The agreement in sign

is a pleasant surprise since the QCD trace anomaly is sensitive to asymptotic

freedom. There are lots of things that need to be clarified in this field. The

success for SU(2) suggests that a suitable extension of this approach might give

agreement for tile relevant case of SU(3) as well.

1. Anomaly matching for the QCD string, preprint COLO-HEP/313, AZPH-

TH/93-10, subn_.itted for publication.

2. TASK T

2.1 TtlEORETICAL ADVANCED STUDY INSTITUTE (TASI) iN ELEMENTARY

PAR'FICLE PItYSICS-TASK T

K. T. Mahanthappa of the Universitvj)f Colorado at Boulder, and Stuart

Raby and Terrence \Valker of the Ohio State University are the co.-directors of

TASI-93 (June 7 - July 2, 1993). There will be 60 students and 70 lectures by 17

lecturers plus theoretical and experimental seIninars to be arranged. The theme

of TASI-93 is "THE BUILDING BLOCKS OF CREATION - from Ivlicrofermis

to Megaparsecs". Particle physics with emphasis on energies in TeV range and

astroparticle physics are being covered.

A list of names of the lecturers and topics is given below. The lecture notes

will be published by the World Scientific in the carl)' winter of 1994.

COURSE TITLES AND LECTURERS
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Particle Physics

• Standard Model (SM)- W. Marciano (Brookhaven National Lab)

• Effective Field Theory in SM - A. Cohen (Boston University)

• Quark Masses and Mixing Angles - J. F. Donoghue (University of Mas-

sachusetts) and M. Neubert (SLAC)

• Theories of Fermion Masses - L. Hall (Berkeley)

• Introduction to SUSY- D.R.T. Jop.es (Liverpool)

• Minimal SUSY SM and GUTs - P. Nilles (Munich)

• Technicolor and Extended Technicolor- I,:. Lane (BostoIl University)

• Lattice Gauge Ttleor,," - P. Lepage (Cornell)

Astroparticle Physics:

• Standard Cosmological Model - J. A. Freinlan (FNAL)

• Phase Transitions iii the Earl)" UIlivcrs(, - N. Turok (Imperial College and

Princeton)

• Galaxy Formation/LSS - R. J. Scllcrr(:'r (()SU)

• Theory of Ncutri,lo Oscillations- S. P. Rosen (UT, Arlington)

• Big Bang Nucleosyntesis: Tt_eory/Abulldailces,- D. N. Schramm (Chicago)

• Observational Cosmology- Ii. I,:irshIl('r (tlarvard)

• Underground Detectors - Beier (Univ. of Pennsylvania)
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