
CERTAINDATA
CONTAINEDINTHIS
DOCUMENTMAYBE
DIFFICULTTOREAD

INMICROFICHE
PRODUCTS"



i:

Ligllt Imrti,'l,'s emit,t,,,l in c,fin,'i,l,,nr',, with Evrlpm'ati,m ll,,si,lu,s in

r 'Bl'(9.31)3[,'l ")+rA/collisions.

E. ('ll_lvez Lonu'li. A. D_,c_d, _1. E. Ortiz,

Ii_._.lilsil,, ,I, I.'i._i,',. I:,iv_'vsid, d N, cion,l ..lulonoma de ale'a'ieo A. P. 20-.16.1. ih I..,I.

()lm_.l,,,. :lA.ri,'o D. I;'.. ah;J.ie,.

A. D'Onofi'io

h_._lil,l,, ,'V,.:iomtl_ di Fisiv, Nuel_tl, l. N. F. N.. 801_5 Nolmli, ll,lg

.I. (i;o,lwz del (.'.mnpo. 11. Killl, 1_I. Korolija., D. Shu.pira.

(),k llid!/, N, li,.,n,I L,b,.mltovy. Oak Ridge TN 37831. U..5'. A.

I".x,'l,lsiv,' IIl,';,sltr,'lll,'tlts Of Iigllt Imrl.icles, l,rot.ons, (lettl.et'otls, I.ril.oll',_nli,la,ll,lJals,

/'

ill ,',,i,i,'i,l_'tl,'_' wil [I I.,wll,ol'al,iotl I{esidues (Ell), were perforllled a l. flu: ll_,lili,,I,I llc,uvy

I_,t_ I{,,s_,,v,'l_ l"a,,:ilify _1"IIre ()_k Ri,lge Na.tionnl Labora.tory using I,he l_rg,' _h,l.ecl._r

n_'ra,y III1,1 (ll,'avy io_l l,igl,I hn_)[I], lleavy ft'_g_mtd,s pro,lueed in I,ll,' t'eu_'tioll (Z

i. :lY,). w_,r,, sl_l)l_,,I il_ tits, lonisal.ioll Cl_at_d)er, wllere their energy, a.l.ot_ic Iltllllb_'t'

(Z) ;,_,1 I,_sili_,_ were ,_,as_ire_l. ('oi_cidenl. lighl, particles, were detected ill I,!_, 192

_,l,,_,u,_t lu,,I,,s,',,i),, I_l_ced bellilul the cl_a_d, et', wl_ere its cha.,'ge (Z) a.t,,I mu,rgy w_,re

,_u,ns,lt',,,I. ,\ls(_ I.lu, I.i_s_eof Iligl_t, relul.ive 1.o I.Ite radio ['reqllellcy or i,lle ,'y,'lol.rml,

,Ihm'_.,I i_l_._l.ili,'_lio_l (,f i)l'ol.OllS deul,eroll,.; _slt(! t,ril,olls.

I1 I_s I.,ml I'outl,I l.llal, l,lmre a.re col|l, ribul, ions I,o tl_e yiehl o1"Ilea.vy reni,tlt|es (Z

i. :{'q)('r,,_ I,r(,,','sses oll_,r l l_;_l_I'llSiOII - o'_'np,,rali_,,_..%_eei_,llv I',,' t ll,' l,m',,r Z v;,I,,,s.

,qi_,,_' 11_,' i',lsi_,,,- ,,V_ll_,t'alioll r_,sidues (ER) slu_,ll,I I,e _sso,'ia, l,.,I will_ I1_. I,_'g_'r

_l_,_llil,li,'il i_,s. II is I;,_l_,l. eXlWril_ent_lly. I I1_1 rerl,_iring ns lill lens lw,_ ligl_l I,_1'1i,'l_,s
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I11c',_I_"I"'c,l'I11_'_'11_'rKySl_,'f'lr_oI'I11_,lightl_irlic'l_:.qinroiIic'i,h,u_'ewilllllic,,q_,I",I{

l'_,vli_,_l,_._i,i_I11,,l_l_t_l_,('nvlocodeLII,I'I.'A[2]SubsLat_tia.lmodillt'nt._u,w_'r<,tlmtlo

l,, l l_,' _'igii_l _'orh' i_ ot',l,'r 1o i_t:rodtt_'e exl,licit, ol)t.i('a,I - mod,.'l I.ra_s_fissio_ _'o-

,'lli,'i_,l_l._ _si0_g i_;_r_o11_,l._'t's I't'Olll rt, fi,rc'llc(' [:|]. [,t.l_'h cttl_'ttla.l.,:tl _,v(.,lit, _.'_1.,_ lilt_,r_,_r'

I I_._,_gl_ ll_, _,Xl_,,t.i_,l_l_l g('on_el ri('al ('ot_sl, r_tit_s inll_OSed I,o the dal, n IQ" 1.1_!'llll,! s_

,lin'_'l _'_,_lm,'is_._ b_'l.w('_:'_i.lw ca.l('ulal,io_s a_l l.l_e_lal.a.are I)o_sil_l_'. Figttr_,s 1 _,_,I

"2nl,_,w t11,' IX'Still of Sllt'll _',al,'ttl_ll.i()llS in ('Ollll)_lrisoll wiLll I.II@(hd,a,. l_l figttl',' I, I'll,'l'g,V

nl_'_'lt'n I'_r Ii('i_vY r('si_l,t(;'s (tu,_ll,il)licit.y = 2) anti ill figure '2, euergy Sl)('('t.l'il. ul' I), (I,

I _,_,1 ,_ i,_ ,'_,i_,'i,l('l_'(' will_ ll('avv I'rng_w_l,s (Z _. :|5), also I_,tll.il)li('ily = '2. I,_ _'_('ll

li.u,_lV,'s.

I1,_' ,'Xl_,'li_l_'111 _1 Sl_,'_'l !',1111i11('t','_s_'s, ill _lis_grr'(',ne_lt. wlIli 1.11ocalt'ulldit_n. 'l'l,in !',_,'I

;_1,_,_,' it_,li,'nl_'s I I1_t ,'_>t_ll'il_tli_i_sfrot_l l)rocessr's ot.ll,'r I.h_tt. just r'ol|ll_l,'t,' J'llsi_)11_1','

I)1'1',_('11t . I)_'vinl i_l_s I_'lw_'_,ll (Inl,a a.l_(I calculttt, iol_S lot' t.he l>re(lict.ed yi<,ltls _s l'_tllcI, i_t_

I'n_'l_l'S 1'illtgillg I'1't)!11 I I.o .1. Co_d,ril)utions from Lhe iuco_q_lete fttsio_ tne_'l_m_intll

(';,_ _,_l _,('('o_1. h)r I I_t,se tlevin.tions. Ct_rre_t systematics of inCOml_l_'tefu_iol_[.l,

5], i_r_,,li,'l _'_lril_ttl, i_l_ of _13" abo,tt. 10 I.l_is energy, t.lle ligl_t, lml't.u_'r Ioosi_lg t.I,,

I,;_I'Ii,'l_,s.

I,_li_,_',''2II_'yi,t'l,lsi_'_'r,'l_r_,l_i('_'_lt_r_. ,;ollsisl_.1_llyr_i.s,tlli,,gii__1_'_i_liz;_li_

I'il,'t,,_'s _1' '2 '2 I n_l_l :1 Ibr !_, _1.t _t_,l _ r_;'Sl>_'_'liY_'ly.,\s I'or IIic, sll_l_,-'_1' 111_'.Sl_','ll't_,

il ,';1,_ I,,' s,','ll I ll_l f'_l' i _, ,I i_tl,l 1, l.ll_,r_, is i_ sligl_l _11_/_g1'_'_'111_'11ti1_ t1_' h_w - ,'ll_'l'g3'
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Imvl l.l_at,tlln.y sul,l_ort, I,Ile idea. that tile emission ba.rriers are lower I,ha.n predicted

I,v ,,t_,.111_,1_l,ti,',l ,,Iodel ,Itm to ,lefornu_li_m effects on t.lle compo, illd ,,,e,'h,,as(a.s

,'h,i,,l_',l ill ,'el'er,.llce [ti] _1,1dreferences I;hereitl). For a*'s, t.hl,s(liscrel_allcy is nHich

,,l(,n' i,,ll)(,H_,,,I. _/,,,I wo,,l,I l'{'<lllii'e Vol'y ]I.tl'_e dt'l'ot'lTl/},t,]olIS tO explain it (al_oul. 1..5

I,iall,'s I ll_ll, Of I lje II()rtll_ll shape). It. is wori.hwllile noting Lha.t this is t.he opl)osil,(,

Ir_'ll,I w'l)_,rtc.(I i_ [{;]. wl_ere I,l_eI_rger dlscrel)a.ncieswere l'outld in I)rol,_msan(I I.l_e

s,_lh,v i_ ,_'n. 'l'l_e I)_vHm'sdeduced l'ron_t.l_ea' channel a.rea.slow as I,lu_t.of AI. O_(:

nl,I),'_li,_ ,'xl)l_u_aliol_ II_nl.wouhl require furl.her analysis is thai, of pre- e(luilil,ri,llli

- sl_ll H' _'_lissi_)11I'r_ll_ a dilmclear conf|gl_ra.l.ion, t,llat would ktn:p _ll_,_l_ry uf Ilie

,,,,Iva_c_, cl_a_,lel f_,_'a I_,lg t.il,te and yet t,lt,i,_a.l.ely evolving t,o Form a. fuse_i sysl.ell_.

'1'1,_,I,igl_ - elmrgy slopes el" the data are sma.ller than those got.ten fi'm_ the

_'_,l_',ll_li_,_. 'l'l_e h,vel ,le_sil.y partunel,er used is _ = A/12 in agr_'melfl willl _lllt'r

w,,vks[7, x] li_rg_'v valises like A/8 produce substanl.lally bigger slopes t,ll_t, slrollgl.v

,l,.vh_l_. I't'_ll_I I_, _l_ln. ()t_e utli_l_tefeut.ure of t.he l>t'e.'sentd_.Ltuis t.ha.I,the ligl_i p/u'i.i_'les
i

.n',l_'l_'_'l_'_li_mdi_ci_h',_cewitha _,ea,vy l>_,rt,ner.and foreveryevent,t.l_(,vel(_'ii,i('_

_d'lli_,Eli._i I11_.coii_'i_h._I,I.Parewelldel,m'li_ined.We c.n thenreeon_t._'uetl,lle

r_'l_liv_' ki_l_'li_'_'_et'gysl)_'ct.l'a (1,,.,I), TIle olll.v _s..r,tnll)tion needed is fIr, _lmssof I,l_e

I",1{.wllicll _v_s _lo_le _lsi,,g l.lr' I.,II,IT,A.ca.lculn.l.ions. The most inll)Orl._lfl, I'e_I._11'eo{"

s_l,'ll Sl_,','lr_ is l l_l. for ev,:ry case, Ihe cellt.l'oid (iei.) a l_d slope (T) can be eXl,l'act.ed

_'Xl-'ril_'_lall.v. 'l'lleir valises are sllow_ on flgures :1 a.nd 1 respect.ively _s a. i'ullcl.i_l

_,1'/, _1"tl., Vii. 1_1bot.l_ figures, the open circles correspond to t,he experi_nent,.I values

.,_,1 I I_e,_di,I r_l_b,s l,o t.lle _lullle Carlo I.II.I'['A ctdcul_t.ions. 'l'lte solid li_le_lr,_vll fi_r

_sI_ ;_v,,,i_,._,,Iv_,li,_s,,1'1.1 I'l_. wl!ich is sliglitlv Iou'er th_n sysl.el_llics l_._._,ls,.I1_,

c,.l_lcil',,._l Imvri_,r is I_e_41t,cl,'d.I1 is clet_rI.llt_t tl_e emission hi,triers 5,r I_.,I t_,_,lt _v_,

u','ll V_'l,,',,,l_,',',l I,v I1_' _'_1,',_1_ti_ms, inclu_lil_g t l_e li'el_lt t_sZ i11Cl'et_est_,l i_r_vi,les
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lit.tie Sttl,l_t,rl, 1o tile i,h,a of defornted barriers. It. is evident tha,t tile discrel)a.ncy wit.It

tire' _ ,'lt_ttttt,'ls is very illll)orl;Itlt, _l.lld t,]lo ditTol'Otlco of nen,l'l 3' ,I M(.'V is l,oo inl'gO t.()

nr_tit, sitttl,h., (h'r_)rlllnt.iOlt,r.

'l'lt,' sl,,l,_' i)nra!ltt(,l,or ('r) extrac(,ed ft'olll l_ot,h dnta, tutd ,silnttJ_(,iotl,.r sJtowi! ol!

li/_ttt'_'I (,r_litt_,s3"tttl_t,Icoltx'etltion as for figure 3), The solid lille corrosl)Oltd,s I.o I.Ite

,'Xl,,','l,,',l i,c'ttil_,'r,ti,iv'o I'_,r t,lto ('OlltpOlllld lltlt']etlS (5.1 l_leV) tls_lg |,lit' level ,It'llSit,y

Imt',lVll_'l,'t' a = A/12. Tile agree tlletlt, here between (la,ttl. a.nd ctdcltlal, iutls is bel,t,et'

ill;Ill ill lll;_t I'.,ttl,I in co1111,aivillgtile centroicls.

v,.si,l_t,.s _,ll,,ws ,_o si,Vtl_lil'ying t_ssttml)t,iol_s concernit|g the source velocit, ies o1"these

Imrlich's ,tlt_l It_'ttceclt/_t'aclerizat.ion of the light, particles sl)ectr_ ill t,erius of Imrriers

;iti,l {.('IIII)('I'_I.IIII'VS iS llH.Ide illeallillgftll, X'VI? fOttlld sOtlle (liBcrepS.ll('ie,.q beLWeell file ex-

I_,,ctt,_li,itl'l'i('l',s iltlt] t ltose lll(.'oSttl'Od, sl)ecinlly in t,he o cha.nnel. F'urLher |ll(.'_tStll'(_'lll('lt{,8

i will I)t, II(','(,s,_nl' 3" I.t) I)ollor tlll,.lOt',q|,_tlld this fetdtlro,

DISCLAIMER

This report was prcparc_Jas an account of work sl_onsor_ by an agency of th©UMtcd States
Govcrnm©nt. Neither th©United States Government nor any agency thereof, nor any _f their
¢mploy_s, makes any warranty, express or implied, or assumes any I¢$ai liability or r,'_ponsi.
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
pro_css disclosed, or represents that its use would not infrin$¢ privately owned rights Refer.
¢ncc herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise do_s not necessarily constitut¢ or imply its endorsement, recom.
mcndation, or favoring by the United States Governmcm or any agency ther_f Th_ views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmcn_or any agency thcraof.
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• I?_FI(ILIR,,,,,

'. ' l,vnporallon llesrlu_s, in coIncIdence with two Iighl. par-I"I(,I. l'.Iic,rKySl_'cl,I'a.fo,'' ....

li,'h,s (ill=2). I;_r Z = .12..1(), 3,r atl_l 3fi fi'r,ul top. t.r_bol.l.onl, l',xl)(,rltn_,nl,nl. op,,tl ,'tr,'l_,s,

;,,,,i ,',,s,tlt _.ffl_l,,itl .,:,('arlo simulaliotl mrillg LII.,ITA[2], solid lit,.,. Norlllallznl.i(m rn,'l,,rr G..,r

,'il('h ], ;It',' ;ll.r,I nJt_lWtl.

I"1(;. 2. I".l_,,rgyrl)(,clra rof I,i_qht I'articlcs (LP)in r,)in('i(l(,nce wtlh an I",val,)t'al,i,,I

!l,,si,l,i,, (:1.5i % i 11) ntl_l_ll_, lilIM'(' LP (111=2):t ls, I I'il_}ll,'q, dll/t,r(m,r alid I)l'c)l,OIItl fl',ml tc_l_I_)

I,,,ll,,tll. I".xl_,,v'i,ll,,nlal. nl,,vl civ'cl(,,r,and res,llt of l_loiil.e ("arlo aill|lila.t,lon llrillg J,II, I'I'A[2],

s,,li,! Ill,,,. N,,'vll_,liznli,m rl_ct,,.s roy._,acj, Z are :_lsoshown.

I"1( :1 (',,nlr, fid ,ff the l.,,.,t spectra for all, has. lrilons, deul_.,rons and pr,_lons (fl',ml

I,,i _I,, I,,,11,_,l_). ill _',,inci,h,uc,, wit h one, Eval_orafion Residue {ZR ) and one thor,, LP { I_l=2)

as a I',lit,'li,_l, ,ff Z ,,1' Ih,, Ell. ()l),,n cirles: Experimc, nlal data. full ro|ubs: LII,ITA calcula.

I"1(_, .I. 'l'_,,,_l.,raltlr,, (sh_lw lmramc,t_q') for _llphas, t.v'it_ms,(h,ul_.,rol_sand I)rolu,ns

(fl'_lll It_l_1,_I_tll_lll ), ill colncld(,uc,: wilh tm_, _valmral.loll II,zshlu_,{ER} a.nd_m_,nt,_,'e I,P

(Iv_=2) as _xfilv_cfi,)u (ff Z nr Ih,, Ell. Ol-'n cirh,s: li',xp,,rjmel_t.al (lata. full romhs: I,II,I'I'A
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