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"l'Izis l)rol_(>'s_-_;]'l'(:'..(:IZZ(:3_i,s(::oi_i,iil Izi))g 8iZl)l)()vl,.for i,li(: l,)z(:,orol,i(::'Idlli<,..4,1z(:'izorg,y l)li,',':<i('s,ttz'()tZl>_ 1.

, t I i, q_t-_,_,) _r t'_)_1,1)o lllliv(:,r_it.y ot, Arizoil_'t,, tltl_.lol' (.,r_l.lai, I)L,-,_ t.,tl,.,-_..,)_!.,l._,1021:], 'I'll(, :,_r())ll) (:(.)ll,_isl.,'-;c)l'

l:)rofo_sor_ R(;)l)(,i'i, I.,, ']'li(:,..w:_, Mi(,llci,:,l 13, Sc._i,(lr())l, ;\([i'i_:itl l)_lil'_i,<._('i(.)ill,_l)l(l l)("i.("i'

(,_'ti'r)zt,ller,:', ,,\_so(:'i_-li(,I:)rol"o_s(;._t'_l)()tig [.()_zssi_i,ivi(, _-_..zi(:.l,,\filial, lliis(")il'F;i.t,z, :\ssisi_l.))i, I)z'()l'(,s,_()r

[ ,l)ia, Sarc, ovio, l)(isl,(locs Al('l<s_.iti(l;.i,rlqc-)('i('a)i(.l lla.j (Tla)i(:ll)i, _-i.))_l,gr;l(ll)_-)l,(_sl,li¢l(,i)l,s l,;i'_,,'i)i

Sitcil)t,o, 13il] I{yali, ,I, l(, ](iii), l'_(>))el'l,]_.).rls(:)l, ;.I,)l(tNiI,("sI_Sht z,ll,

l-_l;_.last'or eXl)_:l,)_sioll iii lligh li_llet'gy !>laysics la_wo r(..,._'t.('.la(,(:l__,1,(:t,,ll>()r__.l'yl>l_,t,(mil, wl_il(:, ,,v(,

::_.(,l,or_!l}l,l,o I)ving oltr oxl,er|l_l t'tlil(lillg Ul_ 1;o_:t,level (-'.ol_r_e_sllr_l,t, ,,vil,l_ (,,_lr _t('l.i\,i(,it,s, \\.'(,

ll;'tvo just, o0rial')loi.0_l olir t'ir,_i, rl.('tl(lenai(: y(mr wit,la i,lie t'/lll (,(:)llll)l(_ill(,ll(,()1'_ovoli t'_'t(:'lllly__)i(l

I_ril_g rzll-_,liy_l_oi'(,- _./.rt(llotig-i,t,rlIT visil,()rs 1,o 'l"tl(.',soli_.'_1,]il,l 1(, ()i' ii(.) (,×l}Ol_s(:,1,(.)l,I)(:,gl'_'llll,,

S _ I a "Il)llri)),, i,lie 1)_si, y(<mr olir visil,ors il)c'.lll(lo.(l ,] ,.),ciri ((.l,_l,lN) (., C'l(,llio)_l. (l'_aris) _'1)

l."(,l;r(_v(l_,olail_,,r__.cl)E, Seller (Nlltliic.li)S, (..,()i,i,lieb(lll(li_I_a)" li ,.,"-;_li,z (('.El{N)II, 1!;1>',(.,0 '1 '_ s ' - '_

(l:ra.nl<furt,), _,Fl(l (3, N;t.rl (Clttell>la). The SiZl.>l)lyof hi_h-gzz_-_iil,y sl.xz<l(,iii.sh_l,_ iiz('l'(,us__'.(l

(lra.ta_a,Li(;+_,lly:_',it-z(:(;+a,few yo_-'l,I',.q _g(.), clue irt zao strra.II t-rtoeasttt'(_t.()(Jilt' _i'+iiil. I'l'(Jiii t,li(__

lT)oi)t;t.rt,tllorll, of l!](lti(:'.;/+l,iorlfor t'ollow,_hil)+ t,o _upl)orl+ (:lll,orili_ ,,41.1i(l(:,lll.,<.4,()ii(, (>t' i.I)(;<_t,

1 (, ( ,_l,tictonl,s, Mr, Nil, o+h S'lla,h, h_:w-4,joii/o+:l Ollr roso+t,i'ohgroil I) 1,0 w(Jrl,; iii l;/.i,t,i('+.__i-/ti_(' l.li(,()i'\',

\.Vo 1}(:il(.'.t'il,froi-ri l;l+lo[ollo'¢v+llil:) l)l'(;)gl'_-i,i]+iii+ l,lli_ c'.+_+o,+irlc'o oilly Silllllii/!l' _lll>l)Ot't, i_,¢,<1,_t.() I)(,

l+X).'ovi¢tedfrc)In t,he gr_-t..rll,. Otir ,p4roul) is t_l,]+obetlol'il, ii_g 1.+y ilil,oi'+l.(.'l,i()ll,_wit, Ii. ol,li(,t'

tliaivei'_il;y-,kit.ll;)pori,o(l _c,t,ivil, ie_, iiloltl(:lirig r_;_o_:l,rch iri (:oric[(..,.li_o(ii-l/_ll.;l,oi't,ht,()r$' _l.ll(.li_.l)l)li<'<l
i

• -( i (_ t 'ril_l.i,herrl_'t,i,i(.'.sLllrollgh i,lle (.,Clll, .r l'Of i,h(.:! S(,cidy of Corial)lex S,').',<'4(,('lilS,wlli(ql w_-lsiilil, i:l.l,(_(l

l,wo ye_l,l'si:lgo ulT(:tor1,h__;f4_ii(;ta,il('.o of l::)rof, (.,a,rru(;lici',.',
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+()ttt' hiL_;,Itc.,st,l_t'iot'lt,y l'ot' t,ltc_ttl_>C_'C>Itlit1,_yO+g.t'is I,<+)t'oac'll a, lovol oi"oxtc+rtt+t.l l'tttl<liH_ ',',.'l_i<'l_̀",'ill

+lll¢_',v{'t+)t+l,it+Itt.it_ stil_l}C+)t't,for c_tlr c_xist,it1_ l'+_t.c',ttli.v,l_O,_t,cl<_cs, +-l._lsl,tide,ill,s, \_,'<, l+_l',+'t,l_<'+<'v+ .

C)l,C+,l'+ifili_++t.t,a..Iti_ll(+l' l¢:.vc:+lul' d:i.c't,i',,:it,y i+li+:i,i>our c_',tiri'c,tit,:tlli>l)ott, ,,,vt)tllcl t_c)i't+l_.l]3,+tilt>,,,,+',

I;,<-'c'+.l_ls+'t>l'Sl>c+c'i+_,lc:il'c.,tli+lst,+t.lic:c,siii +tcltl+itlisi,t"a.i,iv,.+tt,nclt'+:l.('.tilt.y,_t,_l.t't,tll> l'titicls a.v+_il_:_l+l_,Ic_Ii:

,. . • "I, +`i,l+_C+t'_ot1-t_ic>_ttl_:c>I'c+li +t tc,tt_l>C)t'+:t,t'>' l>+tsis, ]'q'+(m)t' c'x+t+Vt;l++Jc+, t+l+_isgra.l-tt +,.>lilyl_>lC)+l_(:(l tilt+

l'+tc"+ttlt,ystil1tttic+'t' ,,..;a.li+u'yl'of ottt' scg,c>ti ra.c't.tlt,y titoti_bot,s lasl, ,,,c,.a,t', Ali of t,l;c, c'cJI_t.itltiitt_

. ?t'adtt_+tt.o +_,t,tt<:lc.+r_l,sl_+ulottc>-l_t,li' of t,ltoit" Sttl)l)ot't, dc't'ivod t't'om .dOl.;?_t'l,lt'lellt,+:tlt,c'+l+cJiit+,_

_s++,isi,a,tti,shil)s. Otlt' l)ttcl_c,t,,, t'c'+Cltt(.,,_t,t'ol'lect,s t,l+c+',a.c,.t,ua,l cost, of t,ll(3 t'ese+:_,rc+'l+,gl'++)l.II) _tc'.t,i',,,'it,i(+s

t")t' a, ()ll(_-+'()_/+t ` l)C+t'i<>_l,a+++cl':,'(+tl+_+st,+_l)l)rcm.cht,hi,_ l+>velof st.tl)p¢)t't,l>efot!_::a.l_y_/.(lclit,i(+tls ('_.tll
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R.15IORI. ANI) ItOPOSI,I) IUsSI!,ARGIt._ k.J ,k,.,1

" Pr()f, M, D. Sca,dro_l: So fa,r itl 19!)0 Sca.dr"()n has publislled six l)nl)ers. \,Vil,ll,,k 131'azl_)l_

her showe(1 l,ha.t iii Sl.I(3) breaking is ta,ken int,o a.c,(',ountin i.tl() h.)w ellergy se(:l,!)r via, i,ll('

sl,ra,nge 1,0 nonst,/'ange consi,ituent quark mass ratio approxilna.tely 1,.5, l,l_eu l,]le 'q- q'

psetldoscala, r (P) nlixing a,_lgleis -14 • 2 degrees, T'his is I)a.sod on a.ll a,va,ila.I)le (la t.n.t'()r
,,

l,ensor (T)deca, ys 'F---,1)I), vector (V.)deca, y,qV-, P 7, a,nd even pselldos_ a.la.r (leca,ys P-, __.
, ,

The, s(-_cond,p_g)er, l)ublisl_ed wil,h V'. Mira.risky,,, c.oncerfis dynalnic.a.l svll_mel,i'y,. breakil_,_,:

and the sc_la.r sigma. (o) nla.ss, bliI'ansky's ult,raviole.t fixed-l)oinl, :ideas we.re, exl,o_(le¢l

¢t¢)wnl;o the higll e.n(t of t,lle llOnl)(,.rl,url)_t.i,ive region where In(_ is a.I)¢)ul,t,wic(i l,l_e ¢lll_l.rl<

, rt_ (_ I t . ....ma,ss tri:. la,tter ._ mass a.lsofollows from Nambu-Jona.-I, asinio (N,JI_) Sca,dm_ a]_d I_is

stl.ldenl; 'I' lla,kic)_l_l sl_owed how t,l_e lil_ea.r c_modelin ol-_e-lool:)order also lea.(ls l,()l,l_e

N,II, resulI; as well. as recovering the Na._l_bt_-Goldst,one 1)i¢_11ill tile c,l_ira.llil-i_it,, S¢,_lilI'()ll

• . C_ S l) ,.level,tired on the la.',,ter topic al; tlm Prol, vitio rneet.ing in t,lle [;,-_,._x(July 9-13) a.l_da.t,t,l_e

Int,erna,l iona.l Iligh Energy (..,ont(.re.l_ceaA,Sin ga.pore (:\ug 2-8),

Along with S, /\, C.',oon,S(.adron's lasl; sl,,'ong inl,era,ct,iol_ Pa,l)er revie.\v(:d l,lie _rNN l'()_'tl_

r -_, "z' "_ rfact;ors and tile Goldberger'l re]ma,n (GI-') cliscrel)a.ncy in a._(l a.way ['t();n l,he (.',I,. Aw;_y

['i'o__the (7.1,l,l_ey recovered the l)rese.r_tly n_ea,sured ..,=uz/,,C,T (liscrel)a.l_cy, l_,lll,i_l tile (:l,
=

l,l_isdiscrel)a,l_c.yva.nishe.s as il, should. '

Scadron's rema,ini_g a,c,tivil, y so fa,r in i990 is. on no_lepl.o_ic weak deca.ys, llis I'iftl_

lmblished pa,per in 19!)0 is on the ka,on _\I =.1/2 rule (wil,h V, Elia,s and R. Mel_lel)an(I

,.lxl,h paper (wil,h Elias an_l Mc.l(eon), ol.)er_,t,_r.the eft'etl; of t,he ctua,rk condensa, l,e, In his s' ' -

g regulariza,t, ion is used to renorma, lize l;he s-d t,r_msition so l,ha.l, 1,110 l&l;l,i_l' iS 1101, l()l,ale_l

! a.wa,yand sl,ill explains the ka,on AI = 1/2 rule. With his sl,_dent, II.. l'(arlsen, Sca.(ll'oll is

|
a.lso lna,pping oul; nonleplx)nic meson deca_ I( _ aa-, 13--, I'(_-, I) - I(I,( 7171a.n(l D8 alld B

, . _ . i i .i, i ii i ii irl |
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de('ays. Also Scadroi_ aid Ka.rl,_en a,re working on t,he baryon (le('avs B --, I!l',"r, (le('otlplt't, 1)• L - " t, v

-, Ba" deca.ys, radiative B _ B'a, P, --,I-7:1'7 decays aid on (:llarn3e(l bar'_,oll d(,.ca,vs.
,,

Prof,' R. I.,, 'Ilmw,.,"' _' _l't_is researcll l)rogram is concerlled wil,h v_l,riolls at(ms of

i)henolnenologic•a,l sl,u(lies, covering a sl)eCl;s of qllark-glllon nTo(:lels for l_adi'(!l_ic

inl;o.ra,cLions, doca.ys, a,nd sLruc,lsul'e, Mucl_ oi' Lhc reconl, work ha,s fOCLlSO{I_.)lla,l_l)lica.l,ioIls t.o

uovel et'foc.t,s itT rola.l;ivisl,ic.' lma.vy-ion collisions, driven 1)y flow eXl•)(',rimc!lll,a,I l'estlll,s t'l'{)ll'l

the C.I:.2I{.Nprogratll a,nd l)l.'OSl:}e{:'.lsf{._!'{;he I{HIC collider. Work wil,h gra,(.lila,l,e Sl,ll(I(}lll.

l!_t'\vin SllCil)l,O ()1l i'a.(lia,l,ive (l¢:,cays V 1"7 h',q. , . ---, a,_ led i,o the rea, lizat, iOl_of l_exv (.'OllSl,l'a,illf,S (}I/

nlixin,g a.ngles bel,w¢.,en qua.rk flavors imposed by t'a.cl,orizal, ion iii gltlr.)n imllillil_l.{.ioll

clla.nnels (lr/), AI, pre.sell_, w(:, a.re reexamining t.],, implications of new (-'•:.XlclilneIltal'_' ' {.l_tl,a.,

bol, h for l,he original rea,c't,io__s considered a,nd al o t'o;' l,l{e baryon nlag_lel, i(: _:'l¢)l_len.l,Swllic:ll

piace (!OllSl,ra,illl-,,qoll ;i,ilO[ila.lOtlS{'{._nl)<)_et_tsoi" q_a, rk lllOlllol-ll,s, ()111't.)v("r;_l]l('oll(']llsir)ll,_ ;/1'(,

(,oi_v(_re;ing l,()ward the viewpoil_t, t,ha.l, SOl-he c:omll)OIlonl, of l,l{(.,radial.i\'(, (lecay I_(,(,l__t_isl_/

_sI, I)(, sel_sit,ivc t.o iiO_ll)_._rl,v!rbal,iv(._et'i't_cl,s which mo(lii'y i_ a._ ess(,lil, i_.t.l_,',,'_}'I]l(_ si_l)l<'

l)i{'t,tzz't, o!' sit_g;le--q_zaz'k l,ra nsil, ion a_nl)lil, lldes. The long-ra&ge collabor_t, ivo i)_'(),_I'_tll_wit, li

l'r()t', ,I. Cleyma.l_s of C',al)et,own is conl, imling, Ollr init, ia.l (:les('ril)lio_l ()f l_l(:l(!c)l_ Sl,l'l.l(:l.lll'l.!

- f'lln('l, ions as & gas oi7 (lua,rks and gltloils has a t;l.ra,cled sot_e il_l,{,r(,sl, i_l ('ir:'l_,S ('ol_c_.,l'l_(,(l

Wil,]l sl;rll(tl;l!ro t'lll_c.l,i¢._ITof nuclei, An a,pl}lical, ion 1,o llucloi and I,he EM(', et't'(,('.l., i_lili_ll,v

:- 1)resenl, ed a,t, l,lte Kyolo P.,\NI(', col_fere,nc.e, awa,it,_ t'llril_er (levelol_l_•_(,_l, as n i)ossil)lc,

st,tlEl(,,tlt; disserl, a.t,ion t,opic, Mr. Stlcipl;o is ma.king l)rogr('ss ()_ l}ossil)lc, t,l'l'ccls oi'

I.m+cl._gt'o_tndgltlon disl, ribt_tioI_ in I_a,drons on sl,ruct, ure t'!.lncl;.iotl evol_t, iotl {;qual,i(}l_s ,,vl_i('l_
. ,

del)end on gluon ra.dial, ion processes.......... This work ma.y have sul)sl;-tlllit/,] ]l lll,ltl,>"' {)11

l)wdicl, ions for cross secl;io_s in l,he SSC', c;.,er._,y ra_ge. 'l'l_e mosl, rec.ent w()rl,: is ()_

I_ndersta,nding oi' l,he observed ,I/g, supln'ession for even l,s wil,h la'ge l,ra,n, vcl,.c nergv i_

l,t_.e C,EI{N heavy, ion collision experimel_l,s (NAaS), We l_ave ilol,ed 1,]_al, ;_1,(R)I'I'(,(.I.'

,| '



quant, um-,inec'hl_-:micail descril)l, ion of t,llc qua, rk-a.l,ll, iqliarkovolul, ion in l,J1_t_ il_volx,l,s

('a.lcula,t;ioi} of l,tm overla,1) ot' wa,ve t"tlnct,ions With la,rgo rt_lat,ivisl, ic (:{)il-ll)(.)llt_lllj,q,'l'llis
•

modifies in a,n esaeni, i_-d wa.y the l<iT_enlal,ic <lel:)(".l_dellceof l.lie observc, d Slil)l.irt,ssi(_ll.

[)reseiti, worl< is cion¢:erned wil, h (;:Olnl)illillg l,llis effect, wil, ll i,ll(2 t'illil,t.; Slm:l,ia.l l)lastlla

I:)oll.ll(:lary I,o ,,,-,_ . ('" '¢1¢,iit,\'\:illinll:o,:, gm overall l)i¢:lure oi' t,he crucial l)aramet, er_ .:,ra.dt.lat,(:_Sl,li

l;_ya,n is l)rel_)a.ring & lltlI,l_erical calc:tlla.l,iotlal scl_c'lne whicl_ t'a.l,l be ilsecl I,o sil_rlll;alt, l.lJ_'

Iii

lea.el t,o a. ctisserl, a,t,ioI_ t,Ol)iC:in the area, of QCl)-I)a, sed c:a.lcllla,l,ions il_ a I)acl,:<roilil¢l c)t'¢l¢,t_s_,
,,

tl-ll 'L{._ t,l`llIiClea, l ' I"ll_-ll,l,O.l', 1 111,' l,l,l_,l,V &].S'O ]lit.ve ,q()lll() ii,l)l)a,ci, on a.ll,t)l'll}l.l, iv(, expla, lial, io_s ])a,'-:{.!(l {I]l I

al)soI'l)l, ion iu dense l_a.dron I,l_a.l,t,¢_rwhich have I)cel_ l)roposed recenl, ly, Prof, "l'llt,,,v,,.;

l),l'e:_en_,e.dl,he ]a,l:esl, result, s of i,his work _,l,I,l,hc QI1,.'l,rkMa,l,l,or l,l_.e(:q.ii_gil,l _lel_l,()ll il_ Nl;ly,

and l,l_e (;}(:I)90 l_leel,i_g il_ Mol_.!,l)dlieril_ ,July, lle also l)rt:,,_t"lll,txl ;_.seri¢> _)I' lI,c'l.l_rt..,.qill

(:a.l)el;o',,.vl_iit ,la._t_a.ry al, a. n_et:_l,ingo,i_ i,il(2 l)ha.se 81,l'_.lCl, ll,l'(" ()r Sl, l'Oll,_ly illl(!l'/:l.(.:{,illg lll_-,ll l.(!l' ,

(:O_ll,il_lling sl, u(lies (.li'Sl)ill sl l'_l(.:l,_re ot' dil(::pl,ol,l t'orl_la.t,iol_ iii ¢'()lli(lc,r (:Xl)eri_,l_(,lll,s i,,.;I)(,ill(..L'

clriv(_,n by new (_Xl:)(:'ri__el_t,al (.la.i,;'t.['r(.)nt (.:I'31:{Na.n(l 1;'(:,rn,lilab. ,'\ possible a.l)l)li(:al.i()It will I)(,

li,le exl, ra.ci,i(.)l_of 1,11(2l)Ola.rized glt_ota coi_i,ellt, ot' l,l_e l)rol,ol,l, l)re¢licl.e.tl I,t) bf, la]'g_ IG' s{)l_(,

l_o¢lc,ls wh/icl_ l,ry I,o exl)la, in l,l_o anomalous EMC.' tla,l,a on l)¢)la.ri;,',c¢lsl.ru(.'l,tlr¢! ['llil(.'l.it_l_,q.

l:'rof. Adrian l_a,tra, scioiu ' A lnul{,i-yoa, r progra.m is ¢,ont,il_llil_R wlli¢'ll sl,,l_¢lit,s ¢:(.:,l'l,a.il_

l)VOl)orl;ios c)f some of l,he mc)sl, funda.lneltl;a,l rnodels el t_l,loyed 1)y col_(lt,nsetl llla.l,l,(.,r all(]

l,ligh energy physicist, s Tlm ,models range from I leisenbe.rR t'errol_a.gl_el,s !,_ ( (.)_11{1_1) e_;:l.,'-:¢':-;

a.l_d Ya,I_g-:',,;lills ,,a,lor-', l,heo,l'ies Tlm quesl, ior{s a.sked l)(:'rt,ail_ I,o t,l_t, l,rue role (.._l'.... . ,_ .... ,_1......

t)e|'t,l|rl)a,t, ioI| t,h(:_ory in sl l(::hmodels, to t,heir pha,se dia,gra, ms a._¢.ll,o l,]_o possil)lc. ¢:ol_l,il_lllla,l

lilnil,s which co,l_|ld be construcl, od, In l)a.rl,icular in a, series of l)a.l)ers, l::'a.l,rascioitl l)oi_l,(:'¢l

(.)til, thai, l,here a,re good rea,sons 1;o SUSl.)ect, l,ha,t, t,lm use of I)()rt,url;)a,l,ion t,lmory i_,l s_(:l_

I_ ..... I,,I .................... I_ ' ,_ ....... I...... II ..... li," 'F' I1'



mo(lels c',,:ul lead t,o 'false coliclusiot_s, stl¢'l_ a,s l,he exisl;¢_11ceof tl_e ('_.'l¢_,l)t'_t_,¢.las,,'t _l_t,¢)t,¢'

froedotll in Q,CI)4, \,V'ii,h rega, v(li,o tile l)llase st,rllc,i,tlre of such llicxtels, I_altas_:i¢)itl _1r,,411¢,¢1

t,lt_d, prol)a,I)l$' t,ll_,t"t,,is Ho dit'l'eretlce bel, ween the a,l)elia,ti and tile lll)llHl_,li_l,n IJio_l:,ls,

cotll;rary t,o collitlloii beliefs I)a,se¢l on I,Ile, so called I,Ol)ological order, whicll exi:-¢Is iii tile
i

:_ abelia,n lllo(le.ls_,i,sl1_,llcouplillgl_ii_not,in,l,he nolla.l)elialloI_es,llisllulirist.iI'i¢l'_,a.sw¢,i'_

1)ascii oli eliergv--<-,Ill,rol)y esl, imat, os of l.lie type Peierls tl,qed I,{)l)rove file exisl,(,llcc' t)t' IonL;"
;

i ra.nge order ill the Ising model a.l, low l.elnpera, t;ures, Tl_ese ideas were I'llrl,l_¢,r (levc,ltH_e¢t il_

colla, lx)ra,l,ion wil, li 1)rs, l,,, Sel ler-']' ' a.ild' l,O,,.,ql,a,m.al,r,;scu a.n(l iiv_.,sli_a.lx'_li lltlnlerically iii _t
|

'. va,riel,y of modols, In evory iilsl,a.nc!:e, .liumerica, l evidence was t'l)ulld ill¢lica.tive _)I' 1,11¢,

• exist;ell(:e of a. pha.se l.ralisil, i(m l)rocisely in l;he region sllggesl,ed I)$, l,l_e e,_org,,'_Hit.rol_y

I.m.la,rl(:e, In l)aml,i(:ula,r ii, wa.s co,l(!llided l,l:la,t coritraa'y i,o everybo(ty els(.,'s claill_s, l,her(:, is n
:ii

_)dec.'.onJ'iv_illgl;ransii, ion in QCI 4 at, zero l,o.lnl)era,ture,

l)_lring l,l_e last, ?:,(-,.a.r,i,liis rose,ar('.li !)rogratn ha,s progressod in t,lli'ee llia.ic_r way,q:

I) llnl)rtJvc"(IMonl,o Carlo Ul)¢lai,itlg:,,\iu_-_.jorlilrlil;aI,iolloi'tltillieri¢'alslildit,swas dlleI._)

I,lieocctlri'etlceoi ('ril,i¢'H.lslt_wii_g(It_;,,'i_ii_Iota.flylipda,i,ille;aI,_l'iihlils.'I'I_islinlil,e¢ll,llo

llullleri('.s i,o corrolal, itJll lerlgl, ll i1o largor i,lla.l_ 90 lal, l,ice tlliil,s, 'l'xv¢)_,'t,i:l.l'sago l',l.tl<l.s(iol,l

l)rOlx)Sed a. new l,yl)e of Iilxta.l,ilig which elnploys l,he l,'orl,tiiil.--l,{asle}eytl rl'l),'e,<.:t!rll.a.l,i{_llof

I,lie Isill,K n_odol a.sa l)ercola,l,ioll l)rocoss (it. similar pro('etlure was {lt_x.'_._lt)l)_tlI)y Ii' \,\,;_)1t'1'),

\,Vil,li l,llis iloillocal tilxla.l, iilg crii, ica,l slowili,g down is rosl,ricl, e(l ;:til(l COl'i'olal.iol/ ll,rigLlis ()t'

100 la,i,l,ic,e, iil-lit,s bee.oi-tieoa,sily a,ccessible i,o i,he.ntiril(.;,ri('.s.Tl_is i(lea was a.l)l_lie(l wii, li gr(ml.

S/ICCOS,'g' 'i,O ii_vosl, iggi.te a,va,riei,y 0f Inodols stlc..'ll as l,he C)('2),()(:I),E(N)illl(l (l()(le('alledi't)ll

Sl:)i_',nio¢lels iii l,wo dimensiolis. '1;'Ii{) (la,l,a, sl,reilgl,helled l,llo evidt,ncl:' l.lial,, c()lll.rilry I,()

C()lllill()ll l)o,liet's, l,he 0(3) (nol_a,I)olia.n) model does l)OSSessl-i, llla.,qslo,qsl)llase a.l, wenl<

COlll)lilig _-/,ndis rl()l, a,synll)l;ol,ically li'me.A ll-l&j()r cha,llerigo for l,lios0 c,a.lt:tllal,ili,g illliliori('n.I

sl,tidies is I,o exl,end l,llis l,ypo of nonloca.l upda,l,ing 1,ogailge l,heories, Several a.l,l,eilll)lS

ha.ve been purstied bui, so ['&r a Sll(COssfiil solul;ion has nol, beeii t'oiili(l,

l'voorfor the exisl;enc.e,of a. rna,sslessl)ha,se iii l;he dotleca,hedron spin _nodel' I1,has 1)t'{;i_

I

, , ,, ,,i , i,ul| ii
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quit.e common _o a,sst.tme t,l_at otle can relHace (,fie i,tle ()(N)Sl)irl t_lo(l(,I I)y (_z_eof ils

clis(Tetc_stll)groul)s a.n(l ii' t,lle latt,(,r is stllTicieIlt,ly large, it, sllollld exhil>it t ll_, s_llJ_(,l)ll_sc'
J .

st,rUc'.t,tlr(_ at, s_tJ'fic'_e_lt.lylarg(, I)eta. For O(3), the laI'gt.,st, disc'ret.(, slll),t'.,l'c)lll)is tll_'
,

i(:()sa,liodral Y wit,li .60 ('lelllCHlt,S,It, iS t,lle iliva.rianc'e gt'(Hlp ()f t.lle clc_clc"c'alleclrc_l_,till, I_:ll',_c,st

regtlla, r l)olyhedrotl enll._c:idd(:,cliri $2, Irl c,'ollabora,t,ioll wit,l_ l)rs,,l.-l_,,l_i(:ll_:tr(l_l_(l IC,S(,il(,r,

, P;_,l,rasc'ioi!l derived ;_ t'i,gorot.t',-_in(:,(llla.lit.yrela.t,ing (,lie clo(lec.'a.liedr()t_sl_it_I_(HI(,It,(>t,l_(,Z(I())

one. As i,l_e la,l,l,or is known to l)ossess a.n it_t;e;'ttmdiat,c, rnassl(_ss IH_a.se, t,l_, il_(.,(lllHlit,y

,_l_,,+,,,_f,(:_da, sirnilar l)ropert, y for t,t_edod(,c'a,l_edrol_,This fa('t, was est,ablisl_(,(l ll_llt,n'i(:HIIv

etnplovin,,,,o t.he new t,_,,l)(.;,.ot'. _/()l_t,e (",arlo Upcla,ting descril_e(l at'._ovr_,lA, sl,t_ws 1

l_c)lin.I)eli_u_spin l__o(leliri t,wo (lin_ensiolls call exl_ibit, a.l,_el_t'aictit,clayof its c()rrc,la,1i()vls,

3) l_roof of t,he exist,euc,e of a, inassless pha,se in ()(N) i_l()(lels ii/ 21): '1'1_,',

I_'orttlir_-I'_ast,eleyn _,l'_],l]S['Orll]_l]l, iOl] LlS()d ['()r implernentiug itonloc;a.I _l(_vit,e('_trlo ,ll._(t_t,ivx.,,._

(:_ul also I)e tlsecl for a.l_a.lyg,i(: work. Iu (:'olla,t)orat,ic)li wit,h I)r,l_,,Seiler, l)at,ras(,ic)itl hn.s

cc._l)let,ed t,lie,ba.ckl)one of a. ri_,c)rolls pro()f for t,he exisl,(,r_ceo1'H.massless pl inse iii ali ()(N)

1-_lo(lelsat, wc'&k COtlp]il)_. 'l"lte It_a.ir_tc)()l tlscd is a lna.pping o1'I,lie ol'i_i!lnl spil_.It_()dellilt()_t

l_erc.'c)ln.t,ior_ Inode.1 a.botlt, wl_ic,lti_t_.u(,l_lnore is known. 'l"lxis lTc)vela.1)l)roa('h l,() t.llis 2()-yt,Hr

olcl prol)leln was cles(-t'il)ed i_ a. lmper writ,l,en in colla.bora,l,icm wit.lt .l)r. lC,S_,ilc,r,st_bttJii,t.('(l

for l)ul)lic'.at,ion il_.t,he Pl_ysic'a.l I{eviow I,etl,eL's, Many of the del.dills ll(,cess_try 1,or()l_ll)l('t,+"

a t'iKorotts l)rc)of l_ave l)eett worked out;. A Hurneric.al verifi('.atiot+ of st)+++e(+I't.l_(,st,el)s Itas

I)(.+(+l| l)erfort:_ed /:I,111(It'eport;ed.

l;'+[]t, lltr(+ l)lans: P+tt,r+scioiu_ '+,v_lla.t,t,e.tnpt, t,o (:otnplet,e a. ri+++r¢.tts+.... J [)t'o()f t,I_at, HII O(N)

+_ot+linea,r o'-models in 21) l)OSso,ss a,tnassless plrose a,t, sul'i'ir,it,t_t.lv wenk (:Ottl)Ii,_,........ t+ " /"_ '

I)iscussions wit,h tnat+_yl)hysicisi, s during t,he sutnmer ha,ve ('ottvitt(,e(l l_it_ t,]tat, t,]lo ttJ<+)r(,

iml)()rt,a,rtt issue (:ott(.:errts t,lte iml)lica,l,iotts of t,his result, for ,_+-t.lll,_(."t,l_e()ries, II, a.l)l)(;ars

a,lmost, (:erl,a,in now tha,t, t,he st,ring t;e.t_siotlin qua,rktess QCD,,I is zer(), ,,.virile i_lst,(:Hdt.)l'

being a,syrnl)t,ol,ica.lly free, t;he L]loory ha.,(.+a, vaJriishing C,allen-Syr_ar_zik /_-ful_('l,iot_. '1'11(,

i)hettolrtel+ologica.l impli(.a.l,iol+s ot' this unexl)ect, ed condltsiort will be analyze(l.
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F'rot',Pot,ct Ca,rrutller,_: Mll!til)liclLy Monleul,8 _.I1(:1t,l_eIi_l,erulit.t,en(,yl:'l:_rl()llWl_()ll'

In l,lle pa.st few yea,r_ there ha_ been grea,t il_l,orosl, in l,)le bellavior of lnllltil)li('.iLy iJ_(_l_('nl,s

as t,he resolut,ion ot' pl_a,,_e,_pa('.el:_innillg is cha,nged, 'l'yl)i('.ally olle illv(:sti,_al.os 1,1_,

de.pendexlceof the I)ill _vera,,_edta,('l,(rlal l_lolneul,s _s a I'llncl,ioll oi' the rapi(lil,y I)in si/,e_v,

Our recenl, wl,rk Ila,s sharl'x,ne(I a,l_(l('laril'ied our di,_eovery last year l,l_a.l,tile exisl,ill,_ dai,a

(".a.llI)e quautii, a,tiw:ly expla,i_eil t6' svsl,e_a,I,ic removal of !)a(.'k:4r_)uI_ilc,orrela.l,io_s a.l_(l_:_

su,._gest,ive a.nsa.tz,the linked pair a,l_l_roxilua,l,ior_ (I_P,,\) wl_erel)y l,l_e lli,_l_er (:tl_ll_l_ll,.

momeni,s a,re,expre,:__s(xlin i,erms of i,l_etwo p_Lrl,icle eorrelal,io_ t'_lll(:i,iol_..'I'l_a.i,ls, _ivel_ the

t,wo pa,t i,lt..,c (,,orre.la,t,iol_ t'ul_ct,ion, i,l_e n_olnenl, (la,ta are expla, ine_t by l,llis' ,simple I'ra.n_ework

',.vii,l_()tlt, i,I_eri(:e(l ['or I_e,,.vl)llysi('al ('()l_(,el)l,s. Ii, is o1' il_t,ere,_t,l,[_a.l,i,[_e()lily a,_ljtlsl.al)le

(:()llSt,a,lll,s iii t,llis a_lalysis t,tlrn _)ttt, t,o a.,Kree,,vit,h glol)al l_e_l,iv_, I._i_o__ia.l_uttltil)li(:it,y

dist,riblll, iot_s. '1'11(,ilst_al I)i.l_a',,,era,,.i,ed,t'a,('.i,oria.l _ol__el_i.,_al'(, _i\:el_ I)y i_t,e._ra.lsov_,r

suit,al)le dor_a,ir_s il_ ral)iclil,y sl)a,(:eof tl_e der_sit,y ('.orrelatio_ fi_ll(,t,i()lls. '.l'))ese('()rr(,I;_l.i()l),_

i_lclude rna.r_vI)a.(...k_roul)d('olll,ril_lll,io_s, ,,vi)icl) ('au I)e eXl)OS("_lI)y expa_(li_._ ill i,el__s (_1'

('lll_)ula,nt correla.l,ious. l'ly _lsiIl_ 'lveri, i('a,l a,veragiu,__ i.e. _orl__aliziu_ ea(.'l_I)iu I.() t,l_('

a.vera._ebin lnult,il)lii:il,': _,,'(_derived a, set,c,t'e,xa.(,.i,ii_onle_l, l'or_H_la.s,,vl_i/'l_allow a very

sin_l)le a.na,lysis ot' da,l,a, wil,l_()lll, a._y a.s,surnl)t,ioll a.I.)ollt,l,l'a_slal,iol_ i_va.ria,_('(:,()l' 1.1_(,

- correla,l,iou t:unci:ions,(:.liven 1,het,Xl)erilnel_l,a.lse(:(ill(lm()lll('l_l, 1;"2,we can evall.ta.l,ei,I1(_l.l_ir_l

cumula,nl, rnolnenl, I,:3, a._d tesi, tile I_P,,\, Tl_eu l,he eXl)erin_el_t,al _olne.r_l;I;'3 a.ll()ws1.1_;

eva.lua.tion of l,l_efourl,l_ (:un_l.llaut I,;.,'1,el.c. This te('hui(lue has I)eeu al)l)lie(1 ivil, l_ _.;,'r_,al,

s_l(:(:essI;o NA22, UA.t, UAS, NA9 and ol,l_ercia,ta,, Ai, en(,rgi(:,ssll('l_a,sN,,\_'2,a_(l N,,\!)11_(,

_()_enl,s am t,ol,a.lly (:louisiana.tedI)y _l,rivia,l_ (:ont,rit)ulio_s ot' l_hese('()_(l _()n_{,nl,, i;_1,:(,_

t'ron_ experiment. The hi_her {'.u_nula,nt correla,tions only (:o_l)rise a. t'ew per {:e_l, {_t'1,1_:

l,ol,a,l. However a.l,(:ollider ener_;y I:2 is larger, a.llowiu,_one l,o l.esl,l,l_eI,I),,\ _ore l)reciselv,

,.Sondekey conclusions are:

1. The higher ctlmt_la,nt morner_tsare well de_c._li)cd I)y l,he I,I:'A.
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2, q_?hefii,i,e,dconsl,anl,s ot',l,lle DPA a,_'eclose l,o i,llose _ivin_ i_o_ai,ive Ijil_ol_ials, all,li(>l_l_
b

iu sortie ca,ses i,h<',fil't,lt [ll<_zll(iill,exlJel'iinelll,_tl ooet'fi(',te.nl,t,_sillall_,l' i,llau NBI)

:l,' Ali lllolueul,s a.nrl ('orre,la,i,ioll t'uu(_tiol_ssa,l,tll'ai,e ral, ller l,haii s('_ll(:,,,II, i_ v(,l'y (lil'l'i('llll,1(.)

,,el good ['il,s i,()i)¢)wel' l_.v I.)ella,vi()r ex(:(,pl,over very snla.II il_l,(,rva.ls,0 ' _ .

,'[, li' t,h(_llloulelll,s wore i,()s(:ale, i,lle I_I:),,\iiiiplies _t liomog(,ileotls l'r;i,,'l,a,lI'{_r1,ll_:,ral)i(liI,,v

(lisl,ril)lli,ion,

Sovera.l ol,hor resuli, s of i,liese il_vesl,iga,l,i()i_sa,re 1)eing wril,l,ell tlp a.l,l)reselll,, 'l'l_(:,s(,i_('ltl(l(,:





_tl(',h 'as ) _' ' _ . -s' , ,_,

Sul_erc,olnpl.lt,er C(-)'II[I(-H', ""' (> " ' ..,.tri.; t'ilst, sllch ma,chines will be a,?)9l)roc.e,_a)rIlll, el lna.cllille _.llcla

6,1 l)rOCeS,_orNC!ul->(__na,c.hille, We esl,ima, e, (,ha,l; l,his l_ll,c.,.l1¢ '. _u:l,c l_ine will a('.l_ievea, sllst.a,tnc,cl

l)ert'or.mance,o[' ])ol,(,er l,ha,ll 600 Mega.flopSon otlr. l:)robletns, Pla.usc,a,ll for a. :25(; l_ocle
p

N(..lllbell_a,chine I;o l}e iIlsi,a,lled la,l,erl, llis yea,r, ttl_(levelTl,lla,l _l)gra,de.sof (,he lnl,el __._¢.'1_i_1_,

l,o a.s_na,ny a,s2048 l)roees,_ors, Pl.'ogra.rnmingl,l_esema.('hinesrectuires sigl_ific::a_l,(;t'l'!)rl,,

a,llc.[cocle (levelol)merlL is )_cle,rwa,v, At'irsl, version of a, q(',l) siI_t_l_l,ion ('.odeis _l..lrea.'dy

l'lillllillffo 011 f_,silulllat,or a,nd on a, ctevc_lol)mel_t,rna,chine,a,l, Lhc. Int,e.l Ofl'ic:_'il_ ()regol_,

l::)rograrx_deve,lol)n_e,ul: ['or l,hese _na,c,lxi._c_s"' ":' _' ".. _a,_a,ssevera,l cha,ller_ging is,,uc:,sin ii,self, Lov

exa.._nplc._,il, is by no u_ear_sobvious liow Lc-)divide up (,he ¢ompuf,at,icm a,inorl,g rn_lt,ii_lc._

pro(:essoL',_,a,nd ciuil,e_likely (,ha..(;(,he mef,l_ods (,h_(,work for 1' "-,a,t,t,_c.cgal,,e l,heory ,.,',,,iiii)e

_set'_l i_ oi,lwr cornl_L_l,a,f,lol_a.ll_rolilems,

To_(,t.l_e.rwil,h ,,\1_1_IIa.senfra, z I aIn c.oni,inuing ,_(,u(iiosof Q(',I) _.d,finii.e do.l_sil,y, 'l'l)is is a

_i_c'.l_harder prol)lem l.ha.u t,he c'ol3velli,[ont_[Q,(.".DSil_lllla,l, ioIls sill(:e al, ['il_it,ecl(_usil,y I,lle

Cllla,rk ['ac"l,orii_ t,l-leinl,egra,lid of l,he parl, it,ion fulic'.l,ion beco_les complex a._d can no lcroger

be tlse.d a,s & l)roba.I)ilil;y weigli(., for genera.l,ing c'ont'igura,t,ions, ()III' c:urrenl,,/)rojc,c:(, t_se,s a

l_rol)a.bilil,y weight, wt_ich can I)e Lhol_ght,of as Lhe ['erlniol_ic:.clel,c_rl_il-_a,l_Lt'c)rfotlr flavors ot'.

,_..,,_(._(:c.qlla,rk exc:ept, t,ha,I, t,llis wi_ighl,is a,vera ged over l,he 1,1_reel)ossible Z'3 oric;l_l,a,l,ic)_ls

,, ,_ . ,' (,_of l,he (Illa,rl<s, We l,hen reconst, r tic,l, (:he I)eliavior a,(, t'i)lit,e cte_lsil,v t'rol_ l,l_ec__iKeux,al_l....c)t'

t,lie fermion "propaga, l,or ma,l,rix" on l,hese c,onfig)lra,l,iolis, li, seelns l)ossible (.ha.t, (,Ills

Iv_e,l,hod _nay produc,e (.'.onvil_cir_gresuLl,s on a 44 l_L(;ice, wl_icl; rc'[)l't',_.;(!llLSl'("i/] [)I_()_I'(.'SSOil

: l,l_isditTiculi, prot)lem,
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Prof. Ina Sarcevic:

"1 ,q1. The Hadronic Structtlre of the Photon: Recent cosmic-ray data, [M. Samon,.l_iand W.

Stature. Ap. J. LI-7, 268 ( (_l,)_s3),'B. L. Dingus, et. al. Phys. Rev. l_ett. 61, 190(i (1988),'

Sillha et al., Tara .Inslitute preprint, OG 4.6-23; T. C,. \Veekes, Phys. Rex'. Lett. (ii, 27,5

(1989) a,nd reference therein] showing muon excessesin air showers ,t-,,_c,rated1)yneutral

sial)le particles from point sou t'(tes (e.g. Cyg X-3, Ilc,r X,I, C,ral) Nebttla,) hint all new

physics at h!gh energies, presently inaccessible with existing colliders. '['he only candida.re

. I C)W 'v'_ ', COIl ., :for such particle in the S}all(.lard Model are photons, t o c,l ventiona.llv _,

I)l_ot,on-initial,ed shower is electromagnetic and, therefore muon-poor. The number of

muons produced in an electron_agnetic cascade is more than an crder-of-n_agnit_lde

smaller than in a hadronic shower. Only if there is a threshold effect for phc_topro(ltlcl,ioll

at ve/'y high energies, the conventional ext)ectations for the muon yield in photon-il_il, ia,l,ed

shower would I)e altered. (The numl)er of pro(luced mllons is proportional to the ra,tie of

the photonuclear cross section and tl_e pair-i)roduction cross section, which is 500 nrl) il_

the air.) Sin.ce at high energies the l)hol,on can interact t_adronically by Prodtlcil_g virtual

(tuarl<-alltiquark pairs a.n(l brelnsstrahlung gluons which ca,li irlt,era ct, witll atmospll(_ric

nuclei, we have calculated thes_ unconventional photon-air cross seclions usiT_g the

lea(ling-order l)ei'turbative c.alcl_lation and the eikonal ino,l,hods to include the

' nOn-l)ei'turbative part a,s well a.s to preserve unitarity. We find l,hal, the cross sectiol_s are

of the order of magnitude large than the ones previously used in the shower calculations for

the observed muons [R. Gandhi, I. Sa,rcevic, A. Burrows, R. Dura,nd and Q. Pi, Pt6's. l{ev.

1)42, 26:3 (1990); I. Sarcevic, University of Arizona preI)rint ,\ZI_H-TH/!)O-15, tall<

presented at the Annual Meeting of the Division of Particles and Fields of the American

Physical Society (DPF '90), Houston, Texas, January 3--6, 1990.]. We have sl udied the

ii 'implications of the intrinsic theoretical uncertainties (such as parton struclure functions at

-i low x and pT rain to the number of muons produced. By analyzing available iow_,,nergy

ii data we ha,ve minimized the uncertainty in pT rain However, we find that the

I,i , , , ,
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photonuclear cross sect, ion is very sensitive to the choice of the phot, on sl, rtict:ure f't_nction ai

low x, For example, at ultra-high energies, the cross section obta, ined using 1.)uke and

Owens photon strt'_cture function is 600 mb, while using I)rees and Crassie sl;rucl, t_r(,

functior_ if, is 90 mb. The la,ter one is proba,bly too consorva, t,ive, since the l)rocodllro

, employed to obt, a,in Lhese l)hoi;on struci, ure functions, if used t,ooi)Lain t,im gltloli st,ruct, ure
.,

t'uncl,ion of the proton, considerably underestimates it. Even wit, h i;}_is i,h'?orolical

I uncerta, ini,y we empl_a,size that the hadronic st,ruct,ure of the phot, on dra, matically cha,ngos

t,he conventional l)ic(;ure of l)hot,on-alr inceracl_ions in i,he UHB regin_e, The si,a_clar<l

_/--a,ir cross section is _ 1.,5 mb, and is expect;ed to be roughly consl,a, nt; (or loga, rit,hlnicnlly

rising) with energy. The cross sections we ob),a,ined increase much mo:'e wit,h eneru;y a_)rl,.. _.

a,re much ,larger l;l_an the old st,fmda,rd ca,lculat, ion. For inst;ante, our illOSl; collserval;i\,'c_

est,imal;eslead to a, va,lue _ '20 iTll) a.i,lal) energies of I()(_ ,_1o_,:. 'frj obt,_-till a, bet,i,er i(lea, of

i,he dit'foronce t,his ma,kes t,o c,osnlic-ra,y oxperilTlel_l,s, we have a.ppliod thorn 1,ol,he case of a.

II[tl)] plicJt,orl iril|)ingiiig on l,he ai,mOsl)here. ]-'lie probal)ilit,$_ l;ha,t the phc)l,on's l'irsl,

iill,era(.'tion in air is a, St,l'ong, ,QCD illl,eract,ion and, hciice, t,hal; the pl-iot,oi_ a,cl,s

lladronic, a.lly ft'ore t,he sl,a,rt, is giveri by the rat,io, cq,/(c,m+ ()fir "f-air cross secl_ioi_s

inll)ly t,ha.t ai, t,ho higliosfo energies of Dhis si,tidy ([';lab _ 10N GEV), l,he, t)hol,on c,a,nbe quii,e

hadronic ( _, 5()(2;). In order t,o get, qua,nt,it,a,t,ive restllt,s for t,he llurill)(:ir ()f llltlOllS i)r0dtlCc'(l

in t,he a,ir-shower, ,we pla,n to do full Mont,e Ca,rlo a,na,lysis.

'vVe a,re also pr._sent, ly studying the direct, photon l)roduct,ion in l)ba,r-p (:'ollisioii ai,

Teva, t,ron energies in the cont, exl; of l:lle anomalous ha,dronic character of the phot, on, Tl_e

niosl0 recent, resuli, s frol-n l,he C,DI_ C,olla,bora,tion indicate disc:repa.ncy I)el,wecm t,l-iodal,a, oil
1

' inclusive phof;on cross sect;ion and tlm QCD resull, s iii t,he low p,F region. This c,ould be due

t,o the hadronic cha,racter of t,he photon, which gives signific, a,nt corH;rit)ul;ion t,o t,lic

-" ,, :-. ..1,_,_ t-,-, ;,,,,_ci;<r,_t:_ the phc_fcl[)rclclllr'l.icirl al,inclusive cross section in _ re,gion. We also i,,<,.,' .............,_.....

! HBRA, since in t,his eiiergy range the photon sforu£',ture funci, ion can'be dei, erminod a,t, low

!
, ,



We I_a,ve recent, ly e,xl,et_ded t,he a,nalysis of the incl[_sive dit't'ere_l;ial jel, cross se(it,io_ 1,ol_he

"[evat;ron- e,nerg.ies. The (.,I)I-';_(,olla,)ora,t_on"1 ' has measured l,he dit't'erel_t.ia.ljet:. cross soc.t,iOll

. p -_

up 1,o l.,T=,100 (,e.\:, which ha.s allowed us t.o cOral)are our t.lleorel,ica.l predicliolls over

several orders ot' magnil, ucle. We l_ave found l,l_a,l,t,lm (la.l;a excludes some choices ot' l;l_e

st,rucl,ure function and requires I< la.ct,or t,o be ET dependenl, [P. A_lra.ncl_e el:,. a.l., l_a.

Sa.rcevic, Proceedii_gs of t,he Workshop on Physics a,t;Fermila.b il_ l,]le 19!)0's. eds. 1). (.211"oel_

and II. I,uba.t.l,i(World S( ientific, Singa.pore, 1990), pg. 212-22.1]. 'v\:il,l_increased sl,a.l,isl,ics

{[ al; higher ET (higher luminosity) a.nd l)el,t,er underst, a_ding of l,he CDF a.I_(l I)0 det,ect.()r
response l,heseimporl, a,nl; QCD tests will become more and more qua.nt,it,a.l,ive. Any sea rcl_

-I| of t,he exot,ic.physics (such as top, Higgs or supersymlnet, ric particles will depend st,rollgl 5'

on this QCD bacl<ground -,s _ .' <ct,. , e_pec_a,lly al; ,,,,, energies.

, ,, i1_ , ,, I_r II , _ll
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3, Inl;ermil, tency Phenomelmn in, Iligll ILnergy Hadronic and Nu(:'lea,r(',ollisions
I,,

,- / t

/,

In i,h.elasl, few years severa, l expe.riment, al groups ha,re ol)serve(l 11_2,,,i:,,,llylarge nllmber',i,._t"
,,

ha,drons produced in a, very srna,ll, rapiditiy region in l,a,(ironic, lept,o!_i(: an(l l_l(:loa,r
,

("ollisicms, The.. mea,suved 'inultiil)licitv,, momentis Vi(bY), ,, , _lel'illed as_ F'i, -- I/M _x'Nl_l

<(hill(nra-l),, ,(nm-i+!)>/<nm> i, where M is t,he nllrlaber of |'apidit,y bins_(by = Y/M

), seem tio exhil)iti illtiel'lnititienl, I)eha,vior, ,i.e, tihe power-law I)el_a,viol'as a, t'llll('I,i()l_oi' I,I/¢,

-' size of lille rapiditiy bin _y (F' i _ (by)-r'),, This behavior wa:s follnd I,o be inc'otlllmt,il)le wil,Ii

l,he p|'edi(:l,ions of rna,ny cla,ssica,l ha,droniza,tiion models embedded iii tihe exisl,illg, Mollt,_._
i

Carlo models (sucll as I_,I!NI), I llglt\,V'IG, ,IE'I'StB']?etc,). We ha.re sho',v_ll,lla,I, tih(; incre;lse

of t,hese inolnents wit,h decrea,sing 6y is _lue t,o the haslronic shorl,-rallge ('ol'r(_'la.l,i()tls [I_,

(]a.ri'tttil/el's _md I. Sal'cevic,, l:'llys, l-{ev, li.,el,ti. 63, 1;508 (198!)); I. Sa.rcevi(:, IrIliversit,y (_1'

At'izona. t)rel)rinl, AZF'II-TI]/,00-21, tialk l)resentied a.l, l,lle 251,11l:{ell(:onl;res_1oNloriull{l,

lligh F:,nergyl:fa,dl'oni(: Inl,era,ctiiol_s,l.,esArcs, lera,nce, _Ia,r(:ll 11-17, 19!)0, tio be 1)tli)lisl_e(I

irt l:he Pl'oceedir_gs;I. Sa,r(:evic,tia.lkl:)resen{,eda.t [nl,erna.i,ior_al Worl<sltoI)ol_ Ir_l,et'rnit;t,et_('y

i Ii.¢lt l+rlergy C,ollisions}, Ma,rch :18-2:1,Sa,ntia,l-,'e,New Mexico, t,o I)e pul)lishe(l ilt l,lt(,

F'roceedings], \,V'il.h experimentia,1 knowledge, ot' l,,,vo-part,i(:le ('orrelatiiol_s a.l_d l.lte

linke(:l-l)a.it' a.nsa,tzfor tihe ltigher_)t'det' correla.t,iorm, we t'i_(l ex(,ellelll, agreell_(,lil, wil,h

NA22 a,nd UA5 d+tia, on mornentis Fi(by ). [I, Sa.rcevic, Univet'sitiy of Arizona+ 1)rel:_rilll,

AZPIt-Tt]/90_12, tlalk presentied a,t, Qu_:u'kM_tit,er '90 Confe]'ex_ce, Mento_, ['rat_(:'e, klay

7-11, 1990, l,o 1)epublished i_ tihe I:'ro(,eedings]. Recentily, we I_a,w:.',done detia,ile(l analysis

of t,he,intern_ititicncy et'fe(-:tiin nuclear collisions. We ha.re found i,l_atitildes_tura.i,ion of tihe

ln_lt.il)licity momentis il_ i,he sma,ll 6y region is compa,tiil)le with the rnea,sl_r_'dl;WO-l)a.rl,icle

correla,tion and t,he linl,:ed-l)a]r stir_.lct'urefor tihe lfigher order correla,t,ions [I". (]a.rrtll,l_ers,

ii. gggers, Q. Gao a,nd I. Sa,rcevic, Universiky of Arizona l)rel)rinl, AZI:'II-'I:'II/90-!:_, tio

li .... -, ai '.....'..........a.ppea,r in int,, Journal oi",viocl, v'_ys.,. , ._:u_..i,ut,._._,..,,c, we 11,.,.,,.,_....,:,,,,..,,.,,,..,_,_"'-I;"'-1!.)i,.:,,.,,.. 1-,c_il,dli_...,..,.,,..,,.._....,.yin

. " II 'rl ' _l ' I' lr I? .... * 'lr In'lP_"' '_' ' ' ' III r lr ,, r,, 'II I ','



ha.re si_;n_fl for iut,,_rinitl,enc¥ or self-sirnil_r _t,ruc'.t,ure for la.r_e _sy, which is olll,si<le t,l_,

Ilsua,l "'oson_mce fornla,I;ioil. re.Ooll (t>y _>12)., C',lea,rly, a,t very Ili,_l]erlergi(!_s.I,._¢..'' I)ll_ls('sliilx:(,

_:Lva,ili_,l)lefor pa.rtic_lo prodll('.t,iot_ becomes la,rge enout41_so l,heself-similar (',a,so_-_,_lowil,l_

ma,nvoI._ra,nchesdevolop_,.'si_,flowp,_l,i,ernofmulI,ipa,rl,lcleprodilctlo.Ii,\,Vohavecoilsl,rllcl,_,(i

sil_iI>le1-_lilnself-sili_iI4_,rca.soa,demodel inwhicI__'olIisionl;ake.spla,ceins_v_,ra,lsl,ei_s,

l_'irsl,,,hoa,vy ina,Ss"I_a,rl,iclo'_is('roa.l,od,whicht,hendeca,ysinl;0snla.llc,r

I)a.rI,iclesa,nd soon uul,ilil,rea.chedI,lleIna,s_ofl,he resona,nce(_,'lTr_r_ (),f_CIc_V,_'Yo_':I-_),

Thisleaxlsi,o_i.llllivorsa.Ipow_.-la,w boha,viorfort,lloInuIi,ipli<:it,y n_(_inenl,sa,sa,f_il_'l,ioi__)I'

rola,l,ive. rapi(lil;y Y/_b' [I, Sa.r('.evic_tl_(lI-I Sa,tz Phys, l,e.i,I,,1 233 (1,.,_.,,) 2,'_1,I ,Sa.r(_evic,

lh_ivorsil:,y of Arizona. prepri.nt, ,,\ZPI-I-TII/90_'I,5, invi.l,ed'ta.lk prosonl,(_.da.i, lnl,orn_:_t,ioi_d

Workshol_on C',orrela.t,ionsa.i_i!Mult,ipa.r_iclePro(filet,ion (C,AMI :_)Ma.rbilr_,("e ,..i l'llIfIllV,

Ma.yld-16,I!I{_0,i,ol)eplil)lisl_e_liiii,lieProc.eedill,gs,],Tile,deviai,ionI'l'oli_l,l_epow(.,r'l_.w

(l'lnl,l,olling ot' l,he llI()III(_.III,S) I)(.,,,.4insa,l,byo _ 1--'2,wholl l,he resc)rifl,li(lo,q _t.l'Ot'ornie(l, \,\:o t'ill(l

t..l_ai,ali I I,,\;_ (la,l,a. for _/s -- 200, ,5,1(;a.ud 900 (-.,c<,VaTl'e(, ver_,.'wall wit,li i,l_el_reclic'l,_,ci

i.il_iversa] 1)ell_:_,vic)r,.\.\ie. proclici; i;h_l; a.l,Tova.i,ron o,,lei'_iosI,l_emllll.il)licil,,v iltoinonl,s will

l'ollow l,l_e Sa,lll0 Ililivorsa, l l)ower-la,w behavior a._ 1,ho UA5 cla.i,a., l-lowevc:_r,Silic!e i.l_c,

a.va.ila,1)lc-_l)lia,,qo SI)aC.Owill I)o(;',(Ji-llc_l_-/,r<_or,t,Jieself-siillilai' casc'arlc,will ]i_/,\,'e i_lcil'O lll'i.lli('liOS

(ii, will I)(-_"longer '_) _l.nd!,he 'lT'e,v_'l.t,roi_ da,i,a,will fla<l,t,eu otil,.al, soiliewlin.l, Inr_or valllO _)1'Iii.

l,lian 1,ho {1.,\5. da.l,a.. Wo a,re prosonl;17¢_workiil<,,_(iii clevelol:)iil_ ill(if'ii roa.iisl,i('

i;liroe--_.liinensiImal QC',D l,ype c;a.sc.'_dowhich will n;ivo i1_ l)ro(lic.t,ic)lis t'c_r i,lit,

l,hroe.---dirriol-isiona,1mull, iplicii,y lllOrllenl,_ _l_& fun01,ionof l,he rllOlilOlll, tlln, Tl_is will <4!retls

boi,l,or tilidorsl,a,nding of tile dyi_a.mica,l nlecha,nisin for l,ho n-lilli,il)'a,rl,i('.le prodilc.',l,ic)il as well

as l,he ot't'oc?l,of l,ho hfi,clr(jlii_:l,l, iofl 1)1'()ct73,q.'8on i,ho shapeof t,l_orntlll,il_lic,il,y cli,<;.'lril)lll,ions.

II Prof, Anna, l-lasc,.nfrat;z' In i,he l&st, few mont,hs I cont.inued my rese.n.rcl_ o_ i,henni_-perl,lirba,l;ive underst,a,ndin.,r,;of l;he Weillberg S<q,la,m model,l;lie sl,tidy of firsl, order

"!i
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phase t,ra,nslt,ions _'_ndst,a,rt,od a, new project, otxf'init,e clonsii,y Q(-',Dst,ttdies,

Iu I,he sLttclyof t,he sc:_/lar se(',t/)r oi' the sta,licla,rd model antl t}lo til)per })Ollllrl_Of t,lle lli,,_,,,_s

pa,rti(',le, we c:ompl(_,ed a c,flculal, ioli, where rising t,he the()ry of (:l_ir;d,perl, tlrl)a,l,iI)n t,lie()ry

we ext,ra,pola,l,edt, heva, ltte of t,he V_'LCIIUIII (:ondel_sat,e ol)t,a.ined ()i_ I'itlit,e lat,l,i¢:e:_t,o infit_it,_,
/

/

volulne in _ t,lleoret,i(:a,lly well ('ollt,rolle(l wa,y, /

\,Vii,hit1 l,l_e f'ertnioui(: se(',l,or orle of' t,he ulost in_l)Orl,a,nI,,pi'ol)l(_t_ill:_is till(_ullderst,al_(li[i,_of/

chit'a,l t'e,rmiorls on l,he. l_t,l,t,ic:e, l.lsitit_ t,he uori-perl, urba,l,ive ltl:()l)O,rl,i(.'s ()t' l,}ie, sl,r(.)l),<lv

('.()tlple.clYul,:_t,wa, systelns l,here is ;:l.uewly clevelopert f(.)rml.llal,iol_ i,()ovt.,r(.:()l_l(!_1,1_eI_:_.l,l,i(",(_

t'e,rlni(.)i_doul)ling prol)lern, [,!sing \,Vils()n t'ermiol_s iu t,he st,mll,_ly (.,()_lplc_(lt'(!_rroln_.,_t_(.,t,i('

plin.se, i;lle t'eru_iotl lnasses i_l('.rea,se a.s t,l_e sc:a,la.rs apprc)a,(:li i,l_e ('ol_t,il_tltll-t_lit_xil,,,I,l_.,

l'el!miot_sde(.'¢)tlple, Ii' o1_o,('an a,rran_e l.l_al_only t,l_eut_wat_l,ed (l()ttblet's (le('.ottple ,,virile (_!_

Sl)e(:ies_rem_-_ills ligl_L, ().ue ol)t,a ius a, (lv_amical, wa.v,,oi' t.'(:_rl_io__le(;()Ul)lill_., l)l'_,vi()_ls

_,t,t,el_ll)l,s in l,l_is (liI'ecl,ior_ t'()t_Ildl,l_at a.ll,l_o_lgh the dollblers pr()l)al)ly (le(',()llpl(:,,in t,l_(,

resttll,iug low er_(,rgy n_o(lel the light, t'errnion I)el_a,ves (liI'I't,l'er_t,ly t,hal_ l)redi('i,(_(l I)y i,l_(_

l)erttlrba, t,ive \,\,'eil_l)erg-Sa,l_,m n_odel. I suggest usin,_ l,,,vo (tit't'(:,rettt,s("ala!w l'iel(ls t,()

ovet'(.'ome t,liis prol)lem, l)relilnil_'_,ry sin_ult_tions in a, I.l(l)sy_m(:_(ri(: t_t)(lel sl_()x,,' (1_(:'

desir(._(lsl,rll(:t,t_re for 1,he ['el'mious, (,ho(tgl-_full dy))al_ical sin_ttl__t,io)) is ))(.,(:_d('(l(,(_v(,)'it'y

t,t_a(,ali t,he ul_wal-iI,ed fields (.le(:Oul)lewit,ltotl(, i_t'lueu('irt._ t,he relior)_i;:lliz(_(ll,l)e()rv.

The, ."Top (tt_a.rk sLa,u(la.rd ll_o(l(;l"developed I)y N_t,l_l)tl,Mir;ll_sl,:i_llt(I l:',_r(le(,ll _.t,;_1is _._

proruising e×l:)la.ria.l_,ionfc)r _,he (.:l_ira,lsCruc'l;ur(; of t,l_estat_(l_tl'(lt_()(l(,I, A(l(liti()t_;xlly it,

1)re(lic:l,s t,l_e Lop a,nd Higgs it_a,ss(_',s_a.s ,,veil, "l'l_e pre,sel_t, (.'al¢'lllat,i()ns l_()wex,t,t' _ls(_

pet't,llrba,t,ive formula,(_ in t,lie st,ml l_ly (',otipled r(:,gion t,herc,l'()re t,h(,y v;_li(lil,y is

(tuest,ionable. To ()l)t,a,in a, relial)le l)l_ysic'a,l I)i('t,ure a.l_(l l)re(ti('I_,i()l_st'()r l,l_(, I__ss(,s it, is

l)ossil)le t,o (lo a, la,t,t,i(:.esimula,l,i(.)t_. ,,\n SU(2) ga tlg(_-lli_gs-t'erllli()l_ Ill(),l(_l sll()tll(l I)o

s_ff'i(-:iet_l,l;o sl,udy wha(, t,yI)e of' l_On-l.)ert,urba.t,ive beh,__,viorrel_a,il_s iu l,l_(,t't_ll tno(lcl, _:_._(I

t • • t "{,hissyst,em (:'aube i_lvesl,iga.t;edwil;l_l)rosent, da,y _e,.our(:es.

A clit'f'erent t;Ol)ic I am workill_ ()li is t,he underst, a,i_ding of firsl-, orcter l)lla.se t,rallsit, i()us.
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l_,ecel_(, MCI_,C; works_ sugges(, sc.__lt,',,,._wi(,ll c'rii,tc al OXl)One:i't, t,-I/d al, (lilT(,ro)l(,. firs(, (_1'(1¢',)'

---c',rlI;l(.'.a,lpoint, s, ()ii(." iii (:in.i'll _l(.,.(a,sIal)l( l)[_s(,s(,ra,nsiI,ions, "I'l_er(._ a,re I,wo t)l_),':eudo" '

associal, ed wiI,h i,his'cril, i(',a,l beha.vior, In a. c,olla.borat, i()ll _,','il,l_ a. t'()rm(_'r s(,ll(l(,l_(, ,,v(: __.)'(,

t'illishing a. l_Lllnerica.I sl,tidy of I,(.-,.ml)oral,tlre drivell {'irs:l,()rcier l)ll__s(' l,ra.llsil, t()ll ,,vll('r(', ]),v

I sI,/l(:lying I,l_(._Sl)e(,i,ra,l densti, y tn I'tllly i;l_errnalized N,I(I',siinlllal.iolls, ,,_,'(:'I,r y I,() Illl(ler,'-;t._,l(I

l,his l)11¢_lloill(_na,iIld(_l)endent, ly c)l' l.l_(-,,rell()rma, lizai, to_ ._ro_ll) a l)l)r()a.(.'II, Iii __(',()lli._l)()rr_.li)_1

wi(,}_ I), 'l.'otlssai[_(, a.r_d l), ,S(,eil_we a.re workil)g or_ l,)_e l_,l_(,,or(:I,i(,_-i,I_)si)('('l,,'..;of I,}le l)r()l)l(,_
|

l'i_iI,(: (l(,]_sii.y QCII)(',alc_la, l,ior_s are very imt)orl, a.rl(, for h("avy io_ _'Xl)('rill,'_ll, s. l l(.)wover,
I

l,l_e _!_,(l(lil,i()_ ().f (:l,:.,Ir_t(:a,li)ol,el_l,i_d I.()l,l_e sl,_'_l_(:la,r¢iIa.l,t,i('o a.c:l,i()__(5(',t) r(,stlll,s ill a, c'()_.l)l(',',:i

t'(.,rmioui(', a.cI,i()ll lrla.l,:il_g l_/ll_erica.l sill_tlla, t,iol_s ir_l('t_ l_()r(! dil't'i(:_.lll,.\,\,'il.l_ I). "l'()_l,,_sa.il_l.w(,

worked out, a.l:_a,ll,ernal,ive wa,y l,() sim_lla, l,e l,l_e sysle.lnS, ()/lr l)r(,lil_il__ry (',_l¢,l_la.l,i()_s()1_

sl_all, $.1",15 la,l,l.ic'.esa.re elT('ouragil_K, I)ul, more v,,'ork is l_c,c,(l(,(lI,o ('l_lril'y l;lle meril, ()1' file

r_l(i_i,h()(lii.H(l()bl,a,il_ l)hysica, lly l_l(!_a._il_gl'ulresull, s,

Dr. P,a,,i. (i;a.n(lhi: l_ecenl, ly I h_we worked o_ l,l_e prol)l_l_ of I.l_' ol)s_l'ved ex<,c,ss _i_ll(_

(.'.()l_t.el_l,of (:o,_l_ic', ra,y showers from l)oil_I, sources (wil, l_ ,,\, l),_rrows, I,, l)_ral_(I, 1', ll()l_

all(I I. Sa.r('evi(' I)P, 1)42, 2(_3, 19!)0). All;ho_lgl_ l.he (:×l)(,.ril_lel_I,_:ll(,vi(l(,ll(:e for _

'l_a(lrc)l_-lik(._' l_()t_ ('out,ehi, of ,,.vl_a,l,could only be (,,viI,l_i_ I,l_(, (,ollt(.,xl. ¢)t' I<1_(),,','1_l)llysi('s)

l)}+ol,(.)tlsl+(-)wors is llol, ye_ a,bsolttt;ety ('ot-nt)ellittg, ii, l_as growtl t_l()i'(, (:¢)l+vi_t('.it+,Kwit.lt t,h(,

r(!(:.er_t,sitnt_ll, a.r_eot_s observa, t.ioI_ oi' a. muon rich high enr, rgy 1)t_rst. t'rol_l I.Ile (..',rat) a,I. I)()t+l_

Ba.l,:sa.n and I'(GF. I:lei'ore one ('o,clude¢_ t,h(', onsc, i; of new 1)llysi(,s, il, is il_ll)()rl,_l. I,()

re-(:xa, r_litT(,t,lxe a.ssu_l)t.iotis t,ha t, go ilmr,c) t,he l)roduct, iol_ a.n(t cl()vol()l)lll(,l_t,of a.ir sl,)w(_t's.

Ila, lz(:li a.nd (_olla,b(.)ra,Lors ha.re l)OinL(;d ouL t:lie l)Ossil)ilit,y ()t' i)ll(.)I,()l_s l_itni('l<ill_

I_a.(lrolT-like bella,vi()r a.t, l_igl_ el_ergies due I,o cltlark pair l-)ro(lu("(,i()l_a.l_(l s_l),_e(lllel_t, gl_l()l_

I)reli_sst, rahlur_g, \,Mol:_a,ve (.'.Ornl)Icl,cd a, (lel,a,ile(.l analysis ()1' 1,1_e('()l_Se(l_l(.'l_(:'e,s()t' l,l_is

st_gg(,si;iol_. S(:vera, l so_lrc.es of _c',erl,_,inl, y were il:fl_erenl, I,o I,l_e l)rol.)lem, a.n(l t,l_eir



inll)()ri,_mce t,o t,he fina,l _ulswer was del,ermine(l, The photon sl,rucl, ure fun('l_ton (_m(I Ion

lesser ext,ent, t,he ha,dron SI, I'IIC'I, III'(?. ['t.lft(.'l,iOll) iS higl'lly unc.ert,a.in a,t,t,he low valtl(:st)f × (IIi(,

i)a,rtorl ('ra.¢'.t,iollr_l tll.onleltl,t.llxl)releva, nl, loi,he proble,n, i,e,, x _ 10-_'l, N'Ioreow,' it. i:._)_(._t,

krlovcn ii' l,lle 'soft,' or rlorl-lmt,l,urba, l,ive pa,rr, of l,lie l,ot,al ci'oss-se{*,l,ior_grows' ',,vlt,ll'eltur_y in

a, wa,y l,ha,t, would apprecia, l_ly affect, t,he fina,l mtton c,or_l,erlt,, Olosely rela,l,ed l,c_tllis is I,Iir,

' PI,thin cut, used 1,o{',alculat,e l,l_ejet, eross-secl,iol_,_ l,o which l,'lle restllt, is higl_lv s(,tlsit,i',,.'(,,

, ,,\lt,llottgh t,he tllUOtlpt'ol:_le.utIK_edstx:_I)e explained a,l,l'elal,ively low cent,er of lllass ettor_ir,,_,
i

, _ 1 ".['eV, l.l_ejet, ('ross-secl,iorl rises very rapidly above l,l,is range a.n_ltlllil;_-i, ril, y (_'.(._llSl,rhilll,:;

lleed 1,obe ii_('.orlx_ral;e{lI,o examir_e t,he eft'e(:t,sof hi,,.,_llerer_ergy prima.ry l)l_<_t,or_s,\\:_, {licl

i,ha.L ttsing eikonal t_let,hods, v,,hicll give good rest_lt,s in tlm i:_rol,oti-tltl('leolt _ttt{IW

l_rol,oti-titlcleus case, l"ittall3', we are. v,,'orkil_goli plll,Lillg t,ogel,l_er a, shower _lo_t,e ('al'l_ 1,o

si___t.llat,e t,l_einttot_ ('Olli,elll, alld del,ermitle it,s sensit,ivit,y I,o i,l_evarious l)]!oI,Oll ;-Illt[ I)l't)l,c)tl

Sl,l'tl('l,tll'e [llll(',t, ioflS, t,he pril_Ta.ry etlor,gy, l,he Pl, {.:til, a,nd l,}lc: 'soft;' l}arl, of l,l_e

(,ross-se('l,ioli a,l_ll asst_rnpt,it}lls abottt, it,s rise vvil,h enorgy. Ma,fly c)l' t,llese {ltl(,st.it_lisare

relevant, not, ot_ly t,o ('ostnic ray pl_ysies but, also t,oe-p l:_l_ysi('sal, II I,;I{A,

Also receitt,l:,, in _'ollaboral, ion with ,,\dan_ 13til'rows, 1 I_av,,:'_'{_t_tl_lvte{lcal{'tllat,i_s ,,vlticlt

i_lcorpc)ral,e t,he elToe.t,of t__assive l)irac neut,rit_os in nu__'rica.l __o_1o1,'-;for t,l_eco_li_,,,,_of t,l_:_

lle.tlt,ror_ star a.ssociat,ed wil,h SN1987,\ (Phys, I.,et.t,B, iri pross), IIi t,lle \,V_:,i_l_r,rg-,S_lal_

,'.:t,anda.rd _oclel, _nil_il_ally exl,ended I,o i_u::lude l)irac no_._t,rit_o masses, l,l_e I_l'<_luct.i_ of

st,e.rile (posit,ive I_.eli('.ity) l_eut,rinos via, neul,ra.l'('ttrt'enl, r_,tlt.ril_o--t_ucl__:,t_s_:'at,l,erit_g

l-_roceedsa.I.a, ra.tc t,lt_t;signit'ica,nt,ly a.ff(_c.t;si,he energel,ics of cooli_g. We {let,orl_i_t_:_lt,l_e

expec.t,ed ntln_ber of event,s, Lot,al energy in ne.ut,ril_os and i,l_e l_ttr,'s't,([tlla.l,i(}lt for b{}tll

l,_a,_niol,_a,r_deII and Irvil_{_Michiga,n-lBr¢_okl_aven (let,ect,ors, l)l.le, l,o a,u itT{',l'eaS_'iii l,ll_'
'2 0

(:(_olirit_ra,l,e ca,tise{l by sl,orile, notll;rinos, we fouru:l l,ha,l, for lii_,, -- _/(__1t,' + _ll"t, ) >_1,1
I/,,r I I, T

keV, t,he expected ilel,il,ri,l-_oI)llrsl, is shorl;ened i,o a, dural,ion l,l_a,t,is incorl_oral,e{l I,I1_,

l'eedba,ckeffectsof t,l_ecooling due to sl,erile neul,rinos in a, seli'--{,onstst,eut, ma,nl_,r a.l_l the

I
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(.-i ,, ' '.,Llrvel_t,ly, I an_ v_orkillg ou a clet,a.iled st,ucly of expec,_ecll_eut,ril_o si_nuls al, varlc)lls

del:e,{'I,orN 11]l,ll{! eVellLot'a, ,....Ka'lact'tc:"Stll)errlova'blll,.'sl,,Iu colla,I)orat,ioll wil.ll .,,\llal)l ]]llrl'c)ws,
+

I a,m in l,he pi'oc:.c_,ssof ca,lc'.ulal,ill_ eXl)eC:i,ecl IIUlIII)(_I ' ()1° (>V(_III,S, (Iill'i/,liC)ll ul' I)lll',_t,, I)¢_',_sil)lc,

c.let,ec:l,ion of lnll a,ncl l,a u t,yl)e l_eut,rillos a,llc:l llla,ss lilnii,s ol)l,uiual)l_? iii l'(ut_lic)l<u,lhl l],
l

Bonex, SN() alld l(:',,'\ll.bS clel,c.:c'.t,ors. III a.clclit,ion, wit,li I, Sarc:evic.,, l alll ac,t.',s'(,I3'
!

it_vest+i,ga,t,irt,_ l)ossil..)l(, a+c',c:,el(>t'al,or si,Ktta.Is(.)l' t,lle (_C'+I)st,rt.lc'l,tlr(+ of l,ll(" I)Ii(.)I+()11a.t, t,lt(.,

, 'l'eval,ron c,,ollic:l(:,r,'l'l_is wc.)t'kis a,na,l,l_ra.lexl,(:l_sic_))_)l'c)_l)'iuvesl,lgal.ic.)))s(cl(,s('l'il>(,(lal_c)v(,)
I

()ii t,he,l_igh-_,l_et'_,yl>llol,()-ul_(:l(,a.r(.'rosssc.,clic)us,





¢ _ • q i,,1 QI,,D tri t,lxree dllrlonSiotlS Wit,li N rla,vors (wlt,h I73 13t_got,i,o atl¢l ,l t<ogttl.,): \\"c, sitt¢li¢.,_l

massless QbI)3;' _,,,iI,I't N f'l_'l,_Ol,',_tlSin,_' COinptit,Of sitiltil,lt,ioils' . i.llt¢l St'liWllle,_"li - I)vst)ll,

OXlti_:'ul,lotl, \'Vef;otltld, t,h;i,l, t,llot'e exisl, s _:l,cl'tl,tca,l N (N x :7,i,_'_)boy¢)ll¢l wlticll t,lt¢, t,ll¢_¢_l',vis(_

mnssless; l'ov low-N chiral sytnrrlel, ry is s , ,,.plJt._t,armolisly IJt'ol,:etl \Ve l_t'osotlt,t,_.ll.)llvsi¢:a_l

;/,ligl, lli lOlll, s t'Of l,h(:1 oxlst,eilc,e of cI'it, ll.'.,:/l N by tl.lldel'Sl,_:l, lldillg t.lio s(lales of ('llil'lll :_,yilllliOt, t'y

btloal,zitlg, In qttenclmd t,hooi'y wo t'ot.tll{l t,h_.l,t,chlra, l sylnrnc-,,t,ry I_l'e_'tl<iligis tt'iggol'o_i I_y i,llt,

fot'rliion's seli'_;llot'g3', whlcli is lieg_:l,l,ive and lnft't_red sttigula, t'-- _-ittl<:,cl_anlstl_ I<tiowll i,_
I

Ot:(TIll' iIT l,Wo--(iirllotiSiOlia.l Q(.:,D, 'l)yl]a.rlilc_l.l t'ei'rrlions (',/.ilSOl)_llil,i_-il s['i'oo.,li_t,, ()1' l,llo loll7

i'a.ilgo force (t'roill iri l' 1,o Iii') _/.lid l,lie l/l' t-i.l,l,1;i-/,Cl,.iOli bol,wg.oil ol,.:_cl,roils and posil,rolis di'iv_!s

. , ( ;,lioir f.'.OlldOliSa.l,ioli, Iii l,l_is _,v,_.)'wo lnnl_lmd l,lio i,heory olil,o ['otir dilriol_SiOli_,l ,_}1,I) wit.ii

c.Olil)liilg l)roi)oi'l, loiii_.l 1,o l;'i'oil/ l,llis an_-l,logy l,he cril, ici._.lN orlmrges c!eai'ly, {.lsiil_ I,ll(:

S(:liwiilg(:,i'- l)ysoi_ o(ilii:ul,ions l'of i,l_e ['oi'inioli i:/,iid l)liol.,on l)i'Ol)_-/g_:/l,Ol'Swo _/i'gil(,(l l,ligll, i,l_o

al)i)ai'oiil, _:_.Ki'OOla_oill,of siini.ilal, ioiis wit.l_ l,ho la,rgo-N rosilll, s w_:l,sgl.ccideill,a,I ali(t l,lial, i,l_e
i

,foal l'OaSOll for this lios iii i_lio 1)arl,iciilai' lllOiilOllLl.lrli sl,aif)a,l, wllieti cllii'_/l s,,viillllOl,l'y

I)l'(:akili,_ o(.'ci.il's,

, ' p ? , 'S._ Sl>onl,anooiis i)i:lril,y volil, ioili-/.1 iri QI..,I),1 (wit, li 1.... l)agol,t,o ;liid ,I l,_()gtil,) Iii t'()iir

(.'.oiill)Oll_.,lll,l,llooi'y l,h[;,l'o ave l,wo i;yl)os of illt:,ss t,h_t viola,lx-, eii, liof c.llii';d sylili_iol, i',v ()1'

l)_l.rii,y, Ii, is I,ioliovo(l l,hrl,l, I,l_oo×ist,onco of l)_u'il,y violal, ing lll_-l,ss is ()[' S()lil(:_ I'(!ICV_/II('I! l,(J I_igli

l,Ol_lil)Ol'iTl.l,lire Sllp[_i'('.oildiicl,ivil, y, ()Iii' l)ro.liiliirl_:/,t'y calci.ila.l,ioils IlSillg ,.c,JcllwiiiglT'i'- ])ysoli

O(ltl_-l,l,ioll iii l,he qiiOllched i,heol'y suggest, l,l i_,l, parity violal.iiig lil;:iss ('_/.i1Ii(!' ,.4oilol'a.l.t'd

dyiia, inic.a.lly ir l,he rlorrl-l&l lllaSS ('.'alli ,'\ I1101'Odil't'icull, I)roblolii is I,o iil('.lii(le I,il(, t,l'l'ocl,s of

l,lio t'o)'i_lioli lool)s I)OfJa,l.lSO l,lie. I)_T,ril, y viol_,ltilig llllTl, SS <_iVOS i'iso I,o. _:l,ll iil(lt.icod ('.lie,i'll -

SililOllS l,ornl iri the l)l/ol,oii l)l'opa.gi:/.IxJi' i,hrui, serves _,s _:/,il i:_d_liliioilnl S()lll'('(:! ()1' l)ii,l'il.,y

viola.l,ion, (II,s sl,rongl, li can I)o coiil, rollod by the riulnbor of t'lavoi's,) \'V_:,w_i.lil, l(J (l(.,l,ei'iiiili_:!

llow l,he l;wo et'focl,s c,oilll)ilie a,nd Ull(ter wlial, cii'cliil:lsl,_-i.li('os lml'il,<v (.'.ali I.)_<.)I)l'OkOli

Sl)Oril,_tnootisly I)oyolid l,lie qtlOllc'.il(-.,.dl/,ppi'oxlri_i_/,l,ioli,

(i, Collal),.eis, a.nd sl)in- (.'oni,iillilllli liirlii, ol' ,.cala,ls" ' ' i,l_oories (wll, ii lP,, Dagolll.o.and ,1, I,iogtil,)'.



alt,hc>tlgh t_t_e ph_a_ t,ralslt, ton Iu QEI) w_s dlsc:'ovc_recl})y _t_ucl,_'lvl_c:lllr_d ,_y_ll_lc,l,vy

I_l'ea,l,;lllg, ollr undei'_t,a,ndlllg of l,he nout,rivi_dlt,y of t,he l,lleory was J_c_t,t_-isocl_llrc,c'l,ly t_,_

t,llls l;_roperl,y,br.II,r_h,t,lieron l,he la,rge a.uotlmlcm,,c:ltrrlc-_llslcmsof l,he c,olnl_C_:..:ll,c_opc-,ral,c_rs-__

i'ea.t,ure ivlt,llu_l,t,ely rc_la,t,ed wll,h t,l_enoll-asyrnpt, ol,ic'.a,lly free llatlll'e of l,llc-!vc'c'l,or c',c_t_l_lit_,t_s,

In (58) we argued t,ha.t,l,he sllnila.r sc'et_a.rlotakes pla.c'ein qtier_c-,hedsc'.ala.rt,hc_orie.:,wlt,l_

vec_'.t;orc:,c_uplltlg,_.For stllt_c_lc.nt,ly large Coupllr_g we, t'otincl t,lla.t., _'_(;al_l _ i_ocol_:_

renortna, lizable a,ucl ent,c.,.r l,lle. reuc_rn-_alized l,lleory t,ltrougl_ l,}le (.)l)(i!l'_:t.t,(.)l' llli×ill_, Tl_e

releva.t_ceof t,hese Ol)era.t,ors a,lLel'S t,lte i,lxree it_l_orl,a.ut, t'eal,ttres oi' sca l_tr l,lte()ri(_s:t,rtvialit.y

of t,he s,.ca,l,t._", ' sect,or, sy_i_met,ry. , breakil_g due t,o ra.dia,t,lve c'orrect,ic_t_s(C,c._lc:n_a_-- \Veil_l_c.,r_

effect,) _-mdl'tne l,uliiug, \,Vestlgge_t,eclt, llaL a,L ,St,l'()llg ('OIlplillgS ali t,l_rec,isstles i/l'e resolved

iri a,n ent,!rely dil'i'erer_t,manuer t,ha,u it_ perl, tlrbai,ior_ t,l_eory, lt, is otlr li_t,el-tl,ioti t,o pttrstte

l'ttrt,her t,hese poittl,_ I_y a.l_a,lyt,ic.,a,lt,echniclt_es and c'olnptll,er sin_t_la.t,io_ of a'ala, r QF,I). Ii_

/' Iparl, ic:t.llar, it, is of c:,ol_sidera,l:_le iul,eresl, l,o look for l,he crit,ica,l stlrt_:t.c,c.,i_l t,t._eexl,ended

imra,lnet,er siva.ce (iuc:.ltlclir_.gt.lw, higher clirnet_siorial c'ottl:din_s) aucl c:leterl_liue t,lle l_llase

dia_ra, m a.tld file na,t,t_reof t,lie (.'.olll,iritltlln limit_ t,here,

6, Fla,vor sylnlnet, ry brea,kitlg (wil,h J, Kogl_t,): We ilit,_.!_rlclt,c_a pt_ly t_ileprC_l_e.rt,yof

an_l)lific:_a.t,ion of t,he sht)rt_-dist,al_ce ss,mnlet,ry-breakil_ et'fec,l,s il_ tlotla.syll_l_t,c_l.ic'.allyt'roc,

l,heories I:,ot,he problen_ of fla,vor syrnmeLry breakirlg. II, lla.s beel_ l,;tlc_,,',,'l_for sollle tiltl(,

." ,,-, lJheories, t'otlr-i'eru-iiorl lnodels iu i'otlr ¢litnelisiol_s _'_ o×l_il_it,t,hat,, ur_like oa,u_c:,

Sl:_Ol_t,a,neous breakir_g of veer;or sylllniet, ries ii' t,lie COUl._liiigis c.'lic._a_tl_l_l)V'C_l_ri_t.t._,ly,'l'l_is

cllc.)ic.eof couplil|g ['a,vors ge_lera.t,iou o1' t,he isow_ct,or aid (list'a.v_rs l,llt, isosc,al_tr (('}lir_.tl

symt-net,ry brea,king) m_t,,.ss,L.Becat_sc:_I,ll(,se t,heories a,re rlot_rel lorllla.lizal_le, t,l_eirel't'c.,c:t,at, Ic_w

c.nc_gte,, disappears If a. gauge t,he.ory like QED is SUl)l!lerilelll,ed wit,li s tI(r'It ,x, t'otir-l'r_r_lli
I

int,era,c.t,ion, by t,u_ling t,he ga,uge COul)ling apI)ropriaLely, ii, woul(l be possil)lc: t,o an_l)lit'y

wirer,ever is happel_it_g iu LIle,four-l'errni secLol.'and r_la,ke it, a,ppa,rent, a.t, low et_ev'gies, \,Ve

wa,nl; i,o sLudy lxow Lhls ca,n hal)pen, In pa't, icula_r, t;he l,wo couplings shotlld (:o_ll)eI,c:_with

ca,cii oi,tier since t,hey favor different, ina,sses, a,nd it, i,s not_ clo.ar wlleLher sltiTiciel_t,ly lar,.;,e

,,, , ,I, • . I II III • I I



gatlge cOtil_llng (noc.:oss_,ry f'Or imll)lll'lcut, lon I,o occu!'), wollld l.olt_,rt_tx,any t'ln,w)r I)ro_akil_u:,

Slrlc,e l,ljc: t'li_,vor ,q2,'nltl-lt:,l,i'yI)r¢:t_,klilg is spor_/,aneoti,q, 11, will be _¢'ccJl_ll)n.llit,_l I)y l,llt,

correspoli(lliig (lolclsl, one 13o8oi1,'.4,0t' Sl)OCl_T,ltlit,erosl, Is I,ll(:'ll' t't_,l,(,wil, liiii _.llrli',_t'i' ,14;Tii,u,'_'

groilp <_.,.'_ilSO(l for o×tmll)lo iii wt:llkilig 1,echii!color. l_lleol'lo,<-i.1,'of i,l_is lltlrl)oSt_, il 'IS ulso

Ill-.,(.',(:!SSli,I"¢ 1,0vo,rlfy l,lii.l,l, lioiltll)c'llali gl-i.Ilg(-;l,lleorles, wll, Ii llit/.liy t'li:l,voi','.4tmhilw_ iii i/ siilli.llli'
,

wi),y _._,sQ I;317),
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J, P, Carrllf,lle,rs, "I"ra.ctaJ,c';f,rllcl,llves_JlCt (',orrelat,i',)n,,:hl Ila.(Irc:.)ni('Mtlll,il)arlicl(,
i

Pro(llict, lorl," Inl,el'na,l,iona.l ,JotLrlla.lof Mode,rll l_llyslcs A4, 5,587 (19N!)),

'1 l rll .2, P, C'.a,rrtll,llers, a'Sc'a.l_.. ra,_tsl'orllia.l,ions i,he l!',llergy-M()tnelll, tll_l 'l'('lt,qor att(l l,lte

" , , .,r(:ll_er .a,)_d IIl);cl_la.t,lol_ of Sl,al,c, irl The, Nuclear FquaLion of S(,aLe, Pa.rl, A, I:_(I W, (' '

S(,()('.ker,Plont.lln Pr(_ss,

3, On t,he Power l)e.peudelice of l/a.piclib, Bin l"a,(:t,oria,l N'lolne_l!s,", iii l,lle l)mCee(lin'4"sof

t,he 24(;h ll.encontres de Moriond, 27;1 (I,(,s <\r(s, l:ralle.e, N.'la.r(:hi!)8!)),

4, P, C',a,rrul, laers, "lnl,er)nil, l,ellf.'y, (',orr(-.,,la,l,ions, al-l(l IPra.cl,als'', AZI:'II-'I'll/!)0-!), I,o I)(,

l)llblisl_ed in l,he.l)roce.edings o1' l,l-le Irlt,eri_a.Liona.l\.Vorl,:shol)()I_. Inl,ermiLl,(:r)f',yin lligh

l!_nergyCollisions, ,qanl,a.l;'e, March 1.990,

6, 1_, C!a.rrll(lmrs, S'l-low 'I'o B(lild lla.dmntc Mull, il)licity Mo))_er)ts t'r()l-)_Tw(>-l'arl, i('l('
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