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1 Introduction

Nuclear plivsics is llow a lllally-fa('ete¢l li¢'ld iu\'ol\'izlg i1ol. ollly tile stu¢l)" of lltic'lei

but also properties of matter und¢,r extretlle coll<litiolls aiicl tile illl,Cl'_-I,('|,iOllS _tll(l

dynamics o1' strollgly illl¢'racl illg lmrt i<'l<,s. 'l'lic-' lllaizi l'oclls ot' lllis group llas b¢:,c,lltll<,

study of higli tel lll_eral, urc and (lellsil.y Illa.tl,er, as well a.s tll_' properties of ordilla.ry

nuclea.r 1Ylattcr. \'\;e Ilave I)e¢'ll worl¢,illg oil prol_lems wlli<'ll range fi'olil tile prop_,rties

of ma.tter nea,r a.lid slightly al_o\,e nuclear mat;t.er deusily to the prol>erties of 31_atter

a,t energy densities where the l_:¢l,rowea .g _, are• e '" k de,Tees ot' t'ree(Iolii iinl)orl,a,nl,. With

the adverit of eXl)erilnelits at, the A(IS _lid a.l, (.',I_']liN, alid wil, ti i,lle colisl.rucl, ioii of

RHIC well iil(l(l _,_,<l.\alli " ,' " .' d ¢,xclt, ilig lJOssit)ilities a.1.1,1-1(: ill (!l:i;tlN, wc are all exlrelne]3,

ellthusia.stic a l;_olit tile ful, ure of tile field.
']'lie llla.ill subject o1' I'('s(;'i-/l'CIl ill ()tll' till'Oil 1) lias I)(',.i.ii _llld l'(:!lll_-lillS t.lll(lt'l'sl,a.lidilig_

the physics of llla.ll<'r al eili'l'g3' +l<'iisilies gi'(,aler 1,1tall (J. 15 (i<'\//t'iil :_. "l'lleorv ¢'li-

compa,sses l lic l'<'lal ivislic lllail\'-I>ody/<liialitiiill ti<'1_1l.li<'or3' aSl_<'cls of Q('.1) aiid l ll_,

electroweak iill,era.i'lioiis _-iI lll<,se lligll _'lll'rg..v {l<'lisil, i<'s. liolll ili a.ii(I otll of llit'rlllal

equilil)riunl. Applicai,iolis i'_-illgC fl'Olll ii(:,tll, l'Oll sl.ars/1)l.llsa/'s I,o Q(',1) ali(I elecl.rowea.l<

phase tra.risit, ioris iii tlic ¢:!a.rly liiii\'ers<,, t'rolll IJaryoli litiliil)(_l" \:iola.tiOli ili COSlilology

to the descript, ioli ot' iiticleiis-iiuclelis collisions a,i,(IIT)I:/N ai-id a,t Brookliaveii.
\_i'e have I)eeli involved iii i'eCelil acl, i\'il.y 1,o uildersl, ali(I l, he i_rol)erl..ies of illaJ,l, or

a,l, ('_.l](7lgy","dC'llSilii's \vti('r¢, tile (,](,('l.rowf.:al_: \'V aiid 7_ l)osOll degrees of {'1"('('(!(}111ill'l"

]n]portaJ-lt. This prol)lelii lias al)l:Jli('at, iOilS 1,o coslliolog3' aJld has l,he l)Oi,enl.ia.l l,o

explain the I)aryori a.syrilill<,l, ry pro_llice_l iii l.lie I>ig I)a,iig a.l e,li<,rgios wllei'e' i ll_'

particle degrees of ['rc'edOlll will SOOII l.l(:' eXl)erilllelila, lly i>rol)ed. 'l'llis l)rol)lelll is

interesting for nuclear l_ll,ysics Iwcatlse lilaliv of the t¢'cllniqlles use_l ill lllall.V-body

physics of nllclei aiid tile quarl<-gluoli plasiiia, lilay I_{,_'xteil_le{l I,o lllis liew I>rol>lelli.

We have lJeeli illt_'l't'slt'd ill lJi'olJl¢,ills rela.le(l to liil_illil)arl, icle l)rodllctioli. 'l'llis
includes work Oll l)roductiOli o[' lmri.icles ill lieavy iOli collisioiis, ill(-, siiia]l x pal'l.

of the lltlClf_a.r a lid Ii_l.dl't)ll wavo ['l.lli(,tioli, aiid iliultilmrl, icle l)roducl, iOli ill(llice;_:l

by ilistailtOliS iil weakly colipled l lieories. 'l'liese I:)rol)telliS liave a.l;)l>lical;iolis ill tlic

h(!a.vy iori l)i'O_l'il.ll! al. II It l(I a.li(l lit<, <leelJ ilielasl.ic sca.llx!i'iiig exi)eriilielll,s al. 111_';l:/A.
Tile plait of tllis l>l'Ogl'i'Ss l'el.lOl'l is ils follows. Ill sl>cl.ioIl "2 W(:, review 1,lie lllosl

ill lportarit, work of Ill{' gr,;tlllJ ill llie l)aSl \'¢,al" l'Csoarcll l)rior to ,\ligusl 1!)92 was

surllmariz(,(I extellsiv<,l\' ii l lie l>i'ol>OSal o[' .llll\' 199'2. Ill s<,clioil :/ w<' tlis¢'llss l ll_'

resea.rch llOW ill l)l'Ogl'l'ss iili(I [JlilllS t'{>l ili\'('sligal lOllS ill lilt, Ii('xl 5('_1.1'. lit .s(,(l itJll t \t'('

list, l.liose ])(,rSOlllt('l wilo lia\'(, IJ(,(,ll slil>l>oi'Icd I:l\ Ill<, glillll ill Ill<, llaSl \¢,ar. ili('lll(lilig

postdoctoral rcsearcli i.i.sso('i_ilcs, gra<llla.l.{' sl.il(l(?lll.S, _t.ll(l visit, ors. lit seci, iOll Fi w<'

list all pul)licatioliS of lit<' g_rotllJ silice -\tlgiisl. ]{J.t_)2, lii secl.iOli (i we Iisl l.lie oral

preselll, a,tiOllS of file l_ri,iCilJal illVc, sligal.ors all(I l)Osi, do<'l.ora.l re,s.{,a.lcli associa.lx,s ill

the Sa,lllc l ilil(' ['i'aille. l:ilially ili s<,clicJii 7 \v<' lilak<' a few reillarks al)otll l lie l_i'Ol_Ose_l

budget.

In tll<' lJasl year \v_, lia\'e lice'It act iv(' ill 1,ll(' lJliysics COlllllltlllil 3' litJl tJlily i lii'otigli

resea.rch a.lid r<'gular iiiii\'crsily l_,acliiiig IJl.ll i:l]so i).$' l li<, l'ollowiiig a<'ii\ili<'s:

ililttTRil_l.l'l'lOl_i O1=TVII$ OOOUMI_I_" I$ I.II_,lMIll!ll
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2 Review of Recent Work

2.1 Non-Relativistic Many-Body Theory

Paul Ellis has I)eeJl working ozl l)rol)l('lllS ill llOll-relali\'i.stic lll_lllS"body tll<'ory. 'l'h('

standard theory.' of etf(,cii\'e i,ltevactio,ls for tls<, ill .,,tl_,ll lllode] calc,lla, tioil.s yields all

effective interactiozi. If, wl_icl2 is llOll-llt'rlnit.iall (a real, I)ut llOll-Syllilll(-.'l, ri(, ,na,trix).

Shell lnoclel co<le,s _>llfile oilier llaIIcI a r_' illvavial)l.x.' (l('sigll_:'(Ifor l lermitial_ lllatrices.

The tra.,lsfor,_laliotl t_t' /l' to llerlllitia.ll t'orzl_ is kIlowll, lhull ]>;Ills,Kell.ii S_,zuki i-I.II(I

Ityoji Oka_,_oto (KS't_sl_u)a.lld Jifa llao, Zil)al_g I,i alltl 'l'o,l_ lKt_o (SlolO ltvook)

have carrie_l out t lw lirst i_l\.'estigalio_s o1_ tl_i..siol)ic. (Isling realist.it (7/-_a.tri('_,s
witl_ s,.cco_ld,' orcDr i)c,r/t_rl_atiol, corw('tio_s it was fo_l_l tllal, tile exact, tlerl_itia_l

effective inte'ractiol_. IV: cm_ I)e well a.pproxi_aled I)\" _.(t/. Jr Rt). Tlw a.ccura.t,v of

.. /2this al)l)roxin_atiol_ is ¢1¢,1¢,,'_i_'_1 I)\' tl_¢' Gg('_\'alu_,.s. t . ot' lt_e ol_era.tor ,.,,1_,. wll('r_'

a., is the Ol)erator wl_icl__a.I)S tl,e ,,_o(lel ._l)a¢'esl.at¢,s o111o l.l_e exclu(led spact'. I'Ioi,1_
a tbrmal 1)outed a_l(I a lllo(lel calc_llal io]_ .stlow tt_at if l,l_e \a.lt_e,s of t_ are sl_all, ov

state il_del_e_clanl., I1' is well al)l)l'oxi_at_'d I)y ½(1_+ If'*)a.lt(I tl_' _o_-llerllliticil.\
is sn_all,

I_Ieffectivei_t_'I'a(li(,,l_tl_'ory,lllelllodslla\'_"I_'_'Iiil_l.rodt_c(,(lI.o.,-;_i__i.Ii_'l't)l,:l(,_l

diagral_ls_,,'i_,.sI.oallord_,vs,I_I II,,,.s,,l_t,l.I_odsa.r_'_I,I,,t._vi,,Id<_Ix ,'t'rta.ill_I'I.ll_'

exacteige_\'alues.'l'l,isl'_'sl.ri('Iio_is_ioIl;_,'es_,lllill111('_'xaclrel._rt'se_ta.lioll_)I"fill'

con_pleteI_a_,'-I)o(I.vI_roI,I('_lla,,-;a s,,ri,,,,-;of l_o_-l'oI_I_-,(Ia_I l'oI_I('¢Idiaa;ral_.'-;sii_c_'

thisco_t.ai_sil_I'ol',_l_tiol,r('gal',Iil_gall_I'_I,(,ll'tl_'t,ig_,_v_It,_'s.(ii\','_a _l,_tI_'I.';I)at'_'

the cotnl)letc, set of 11'_1_'(,ig_,_valu_,s. l)aul Ellis, l'(_'l_ii Stlzuki all(I lly_,,ii ()kal_loto

(I';yt_shu) a_(l '1'o_ l'(tto (Stony Ilrook) ha\'t, sl_o\v_ t.l_al lllis is i_ch'e(I l)ossil)lt '.

The formali.sl_ re(luire.s ,_cl_eralizal.io_l of II,¢, l_¢,e-Suz_lki ileralio_ l_letl_od I.o t]_('

case xvl_,,r_,t]_, t_l)_,l'l _ll'l_'_l _l_)_l_,l-sl)ac,, (,l_(,l'gi(,s ar(, I_o_l-_[(,g_,_('l'al(,...\ colltlil it)l_

was derived for I11('c,o_\'evg('l_c(' ()t' lI_(, il('ratio_l .s(.'I_(.,l_l('al_d t l_is (l_'l)('_(h'_l oll the'

choice of tile 11_o(1,,1.Sl,aC_,I)ro,i('cl i_,l_()lwralors. 'l'v,'() ,'ll,>i_','s w,,r,, _,xa_i_,'(I. ill I I1_'
tirst the l)roj('clio_ Ol.)t'ral.ors W(,l'_, (l_'ti]le_l il_ l._'_'_s ¢_1"1.1_,_l_llwrluvl)e(I ,stal.('s all_.l ill

tlw, (_.o]]d it)e\" w('t'e 11 (,l'lllS _.s,' " ,. d('lin('(I i 1 of iI_e ('ig('_ll'u_l('lio_ls ()l:)lai_,(] al _'a(']_sl.agt'

of tile iteratio_l. ,ks illustrat(,_l I,v calc_lalio_s witll a sil_l)l_, i_o(lel. 111_,s_,,'_lld

cently for us(, wi(ll (,ll(,rg.x.'-d(,l)(-,_(l(,_l il_t('ra('lio_s, l_aul l';llis, l';laas ,,\llaart, W..I.W.

Gcurts and (,.A. l/i.isdijk (.'\ll_sl_'r_la_ll)all(l Jifa llao all¢l 1o_ l,;uo (Slt_x' l'Irook)

apl)lical)ilily, was al.s,_(liscllss_,_l.

l:'i_ite l(,_l_lWl'al _lrt' _lla_x'-I_t_tl\ 1]_'t_l'\" is il_l_'rt'_ll Ix' _llor(' (litlic_lll llla_l 11_' _'t)l'-

naalO'-I)o¢ly al)l)roxi_l_ali_s, l)_t_l I".llis. ,_,'_', 'l'si_.\ 'l'z_'_lg (*l'ail)t'i). '1'_)1111(_1,)(S1t_,l\

Brook) al_(l l:',i\'i_l,I ()s_,s (()sl,_)l_a\_, a,l_ll'_,.s.s(,_lt l_is _ll_t,.sli,:,_ I)\ .slt_lxi_,g ll_t, 1.il)-



at, T - O. 'I'll<: <'x_l<t ._ol_ll,i<>ll for the _rail<l lJOt<'zltial wa_ <:Ollll>llle<l t'rolll wlli<'ll

the nllnlber ot' i_al'l,i<'les a,lld t,lae illt,evllal ell_,rgy could I)_, o}_ta,ille¢l. 'l'h_, I'_'sllll,s were

colnpared willl lla,'lree-I ock (II1:) calculal, iolls alld witli calc[lla.l, iolls wllicll iJl¢'lllcl¢'cl

in addition tile l_article-l_art:icle llole-llolc' rillg diagnlills (l'alldozll pha,se al_l_roxilila-

tioli). 'l_lii,_ calc_lial, ioil is far t'v_>l_li+rivial _itl¢:_, i,ll¢,r<, ell'C, s¢,v¢,ra,I _,lt'-coll,_i.slell_' 5'

cor_<litiol_sto Ive ,_aiislied. l:url, ll¢'r it iS II(WCS,'4_'tI' 3" [()('X_I('[I 5" satisfy lll(' al_l_rol_ri-

a.l,e tiierrlio<lyiialllic i'elal, ioll_, wliicll i'_'<lllii'<'d del'ivelliv<'._ of lll_' Ill: _'ll_'l'_i_,._ _-i,li_.l

w_wc'i'llllCtiOllS, l'\)r .Sl>l'cia.i \'il]ll(,..<:;cl[' l,il<' i)iii'_-t.lll('l,C_l',_l,ll<' 111"t,i-l¢'.ory sll<_w,_a. "l)lla.s_ ,

l,ra.llSil.,iOli" {x:la. lltJll-iill,(,i'_.l.('l.illg ,w,)'stX,lll, tills, ll¢)\ve\'<,i', is _1.11al't,<'l'a.cl,of i.]i<' a,lJl./l'OaC]l

since liO Stl('ii I)olia.vior is ,_<'_,liill til<, <,xact I'<,_lllt_. Ill _<,ii¢,i'al we ['ouii_l 1,11_l.i.II1:
yields a, very goo<l i:ilJlJl'<,/.Xilllal,ioli ovl'r file elitil'l;' l,l,llll)<'l';.-tl, Ul'¢, l'a.llg_:. 'I'll. rillg dia-

gt'a.ll-is yield a ,':;:rrlai] illliJl'OV<:,lll¢,lll,; t>_-irl,ictlla, rly ;:ll, t,lie lligli l,ellll)t-l'_l.l,i.li'f' <,ll(l, so l,}ial,

l;he coinplel,e l'eSlill is ill i'<.,liia.l'i(ai)iv gt)_;)_<l_lgll'_,,lll('lil wilt_ l.ll_' <'xa.cl ca.lciilatioii,s.

2.2 Cold Dense Nuclear Matter

Paul Ellis, l':rik It<'id<'. ,%1'_<'l/tl_lli.z ali(I _lmlal_l_a l'l'al,:a_ll (Sl.<lli\ l.ll'ook) lib-iv<' ])<,<,ii

tTXa, llliliili_ l,ll<' illll)iicaliOllS of <liff<'l'<'lil <'lloi<'<'s of l:lll' lW,'ll_;Jl'lll_lliza.l.iOli scil.l_;' ili i,li<'

rela.t, ivistic l ia.i'l,l'ee a.l)l>i'OXililalioli t'Ol' ll_,litl't>li-iicli Ililill(,i" aii(I tiliil.e iluclei, follow-

ilig their ]Jl'<,\'iotis woi'l,: wii.li litlt'i<,i-ii' IIl_il.l.l.'l'. Plivsical l'<'_lill.,_ wollld l/<' ilidel.)<:,li(ialll.

ot' tliis scale ir l,lie\. ]la.d eilll}ai'l<<,<:l ()11 _1('Olllt>il,l,i, ll'!liorllla.liza.l,i(Jll l.ll'<)gl'a.lli wliicli

i:/,((Otill{,:'" • " t,d 1'o1'all file il_,_,poi'lalil l_liv,_ical, ell'_'cl.s, bill. of ('Ci/ll'y,f'. l.lle\'.. Ca.lillO1. clailll

that tills is ill(" ('a.,_('. \'\:it, llili l,ll(' Cl;)illili('S Of l.lie r<'lalivi.<_i, ic l-larl, re<' ai)l)roXillialiOll

riley lli:l\.'l:' l)l'<'\'icJti$1\' ['Otlll([ l lial Ilil<'lC_ll' Illl-ill<'r l'a.\'ol's \'aitl('._ t)l' ttl,ll = (I,79 a.litl

I.L)5. 'l'lie ol)_<u'\'¢'([ lll_l._Sl'_ _.)f lil'lll, i't>ll ._la.i',<'; <1o11(>I <li._iiilglli_li <liffer<'iit \'il.lll(,,_ ()t'

lzlkl; ]low<'v<'i',l'or liiiil<, iiticl<'i 1.lie3"tilid llial tile lJli¢,iioill<,liology wil,]l p/ill - 0.79.

witll a sigllia Illa,s..,,Jt;l[" a.I)Olil (i(J0 M_'\:, i._ l'_.lvol'<,_lSill<'<' ii iJro\'i(l(,.<.; I'¢'llial'l_al)lv goo<i
a.gi'o<'ilieilt, wii, li 1.11<'I>iil<liilg <'li<'l'gi<'_ alid cilal'gj(' _li_iril>tll, iolis for (), (!a i-i,ll¢l 1_1_.

[ ]i< si)ill-orl>il _l>]illili<t_s i11'1'h Ii111<'siilall al ii]>_.>lll "/(}_Z t)[' Ill<' I'X[)l'l'illll"lll.lll Vi-I]lll'_.

but tiiis i,.'sl.ypica] of l'el.ali\'i_lic l lai'ti'¢'e al)l>roxiillaiioii_. ('lia.ligilig lli_' r_,liorilial-

izatioii sca.ie plkl ['1'o111l.(,i I,o 0.7._t ('till 1)(, \'iewe, I a._ clloo_ilig ili<' <'fl'_'<'i,iv_' l,lll'_'_'

e_lld ['our body s('a.iar s(,if-(_'O/llJliligs l(,) ]J(' z('ro at a l>Oiill wliicli ('Ol'l'('.";l.)(>ll(] 1,()(i[.)<,_

of equilibrittlil llucl(.tu' lllal, l,(?r (l(.ll,_il,y. i'allier l,[lail ill ill(' \'acliulli. 'l']ie\" liar(' a]_(>

sl, udied (,he e/['ect of l,]l(, two-lo¢.)[> 1"_>_'1<dii_gl'alll,_(lllall,('l' Colii.vil)ul.i(.)lis ()li]5')wiill

eiill)lia.sis Oli ill(, i'lio _'tJlili'iiJili, i()li ill(']il_liiig IJolll \'_'clt>l' aii(i lX'liSOi' _'Oul_liiig;s lo l.ll('

lltlC[_<:_Oll. (.',olic<'ival>ly llii._ colll<l illlill,<'lic< ' til<' I'OUl)lillg C()ll$[_-I.Ill.. w, clel.ei'lilill<'<l lit low

deli,sil, y ii.ll(i i,liel'e['Ol'<' iii<>_lit'y lli<' ll<'llll't>ll _l_-il' i)r<,_liclioll,s, Ill l>i'acl.icl' l,li<,y ['_.)illl_:l

ilia.l, tlie _,'xclialig_<'¢lia_l'alii lia,_ Iilil<, iilil)acl t>li ill_' I>llll_ iJi'Ol)l,i'l.ie,s of lit,ul, r<)li _1tli','-;,

2.3 Covariant Non-Local Hadronic Field Theories

Tile celii, ral a.w,,W,tlllil)liOli cJ['a ]la<lrolii<' ti<'l_l111_'¢>r3is llial <'<>lol'<'<l¢lliarl_; ali¢l t._lll(,lii

degrees of ['i'¢,et[Olll re_luc_, al low l¢,liilS<,l'_il ili'_,.w,alibi _l_'il,_ii i_'_ ll) fi,w_,l" <'_ll_Ji _cal_:li' _;)1

]laclroiiic d¢,gl'ee,_ <_1'['i't,e([oii/. :\l.l<'llll>l.s it> _l¢,s<'l'il><,lia¢li'olii< i'i,lil'lit.lll_ illlll Illlill<'l'
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using rcllOrIlulli_.ll_le IO<M illter_l<ti011,_ t'_l_'('_tilli_'tllli_',_, l_ll_ I'(>rl)lall\ (1_1('1,_)ill('
lleed to ill<ILl(It Ili_ll-,_pi_ l)adl'olls, _lzl(I I>raci,ically (Ill(, to la,r_(' i)air allll)litll(l('s

II('a\'y I_a,_lrol_n. II,_'_v\' _l_arl.;,'-;,'-:_ll_l)l.\',_l('}l _ <(,1_1(,1',_l_)_U;_:,_n t,o t,l_e s_l('_ls _)( all

A. \,'i_(.'1)('__(.I !_. Si_'_'_l.'..;sllov,'('(I tl_t _1 ('x(,(',_l('(l (_,.)ll-I,.w_d)_,-I,,)izlt v(,rt(,x

differ,'-; tc)l:)olog;icnlly t't'onl__ l)oillt itlt_,ra.<tiott. (,v(,lt ill (ll(, nllort l',llg_' lit_it, I:)(,-

iz_t,ez'a.(:'tioll s_._rvi\'(,.'-;(..)_1ray.'-;i_ Mi_ll<ownl<i .'<1)_.(.,(',,_,:)t,.i_.,<tl)(.:)i_lt,_.'1'1_('(,xt,<,_l(:h'(Iv_"r-

Mil_kov,'nl<i nt r_,<(ur(' I)m(l_l_'('.'<_ I_ (:li_t_<(, (li','_'r,,4_'_<('il_ <(,l't_i,i (li_,_r_'_.'<. 'l'l_'v

(,OIlS(.'(I/LOII('('s i_ IlII{I('I'W_IV.

2.4 QCD Sum Rules

" (' n "' . I I'_lli,_\/ladin_ir 1,1 t,l,x (\'i_itor) l)_u _ll(I .Io(, l'(al)_sta I_l\'(_st_l¢li('¢l t}_(, I)('ll;_vi()r

of the, col(:)r ('l('(.'(ri(' al_(l lll_&i_(,ti(' <'(:.)l_l('z_._al.esat low l(,llll.)(,r;-_t_lr(,__si__ I_-i(lronls

the t,l)(:,x'_,l I)_tl_, l,or('l_tz ,_(:.),_-.'<(alarOl_('r_._t.(.,)rs<_),,txil)_,t(, to t l_(, <,.)rr(,lat()r of t".,o
isov('cl,()r \:_'(.'t,(ar ('),lrr_'llts, l"ll("v Ila\'(' <'al('_alat(,(It ll('s(' <()1_1ril:)_ti,,)lls, saltlralill_i All('

(:l("l)ce of tl_e a',,'era&_,&l_l(..)_li(.'._tr(,.,-;._t,e)_,,-.;(:)ri_ est.i_lsat_',:l i,, t l_(' (:'l_iral lil_lit t.() I)(,
;' ( ,

(E 2 + B2).r = _l//'_ ..\t _ i,,..)rIi,_lizati_)_ l)(.;)iz_ti_ = 0.5 (,(,\ tl)¢,y _)l)t_i_ b _ l.l.

Sil_ce (B '2 - E'2)'r _ (B _ )'_'\- - - _'/t), t ll('y ,_et l'(.)rif,(' "l _l('l)(',_(.l('n)<('t)i' flit' ,._)l_(l(',_s_t.('.'<
_'_"I"_ 'I'I,(' _'<)rr('sl)O)_(.li))_ )'('n_ll f(.,rorth,. ti,.l,l. (n-').,.= w .

, !,,,2./,._ '1'1_( t.(,)_ltl_(:, cl_ro_o_,l(,<t, ric ti,,[_l i_ (E_)._, = (E-),)+ ,-37- • ' I,('r_,t,_r(' (1,'l,('_,(I._,,'('
iS ra.i,l|er v,'(;:all at low t(,,llll)(,ralllr(,s. 'l'l)(,ir r(,,'..;_lll,l'or h ar_r(,(,n \vitll a ('al<_llati()_l (.)I"

a)_l 17,1o1<[,S_\'. ,I. N,_<I. l>l_y_. 43. 15() (1._)8(i)], wl_il<, latti('c' I)r('(li('ti(,)).'< ,,,_;iv(,t,l_(,
Ol)posite si_.

tile coI_))lut.a.toz'_ <.)I'l'(.)_r(l_l'l.; li('l(l_ al,(l (.)l)(:r_._t.or,'.<.

of (.'t).rrex_((.'orr(:,lat(.;,r:-;in_(._('l)at lin_it_, l('zlll,,(,ral.)lr('. "/'. 1.)()inlti_ ()_._ttl_at _1 I(..)v,'

•7' l_a,(:lrolli<', n_t l_('r tl)_l_ (l_l_rl,;-_l_l,J)),, (.l(%r('('s,.. of t'r_'('(lol_)sl,o_l(I I:)('<_)l_i(l(,r('(I ,))(I

c_rr(:,x_t _-d&('l)L'_-_ix_(li(';_((' (I)at. i)_ ,_<'_('z_l. t_.)_>r(l(,r '1'" tl)(, I)_)1(','-<_L<))_,,)tI_)_)v(,.,-,()tl)_l



it is possible to (lefille 7'-(lel.)cn(lalll resollall('e lnass_'s.

Vla dimir Eletskv and B. L. loffe have also exa.llliIle(l lhe recezll exl)erill_elltal

data on tilt, D + - 1)o alld 1)"+ - l) "u llmss (liffere_lc(,s. Makillg correcli()lls for

photon excl_allge all(l tile el_'ctrolnagl_'ilc llyl)crfi_lc sl)litli,tg, oJ_(' is left with the

h_tdronic l>_rl of tll(, isospili splittillgs. 'l'liis call b(, allalyzed by sta,3_dard Q('D
sunl rule tecll1_i(lUeS for the apl_rOpriate corrdators. :Fl_is yields a lllass splittillg

' l=
m._/ -- nt, = 3 _-t:1 5[e\.'. in agreelnelll with previous esliIlmles, and 3 = (,,,,) -
-(2.5 :i: 1 ) × 10 -:s. whictl is significalltly sllmller lhall Ill(!' uskla] value.

2.5 Hot Hadronic Matter

C.. Song has I)e(,n slu(I.villg I)rOl>(.,rlies of llot l_adro_it" )))all(,r as l.)arl (,t' l_is Pill)

thesis. He has studied l l_<,Iell_l)(,rat_lr(, del>e_d<,_ce of 111<'('lt'ecli\'(' l_l_ss<,s of vec-

tor n_eso_s (p a,l_(l _..,) a_(I axial-v<'clor ,_esoi_s (..t,) will) tile use of all (,[['e('liv(!

chiral I_agra_gia,l. 'l'l,t' ell'('ctive I_l;-,ss('sal fibril(' It'llll)t'rallll't' arc delerllli_led t'rol_

the pole positions of tlte l)ropagalors alid ['ro_l_ tit(' i_lverses of (.he static scrc.euitlg

lengths. The resulls l_ay l)e viewed as all extral)olaliol_ of I,:llow_ hadronic inl.erac-

tions to tetl_l)eralu,'(,s up Io a (lecol_finelnent/clliral s\'tnl_etry restoring Iransitio_
O1" C I'OSSOVt{,I'.

tllass SllOW (ttta]itat}\'c]\ ' si_il+_ ]:_(']la\'iotlr at tittit(' l('ll/])('l'attlt'('. .'ks It'llll)('l';.lllll't'

increases, l,]_eeffectiv(, _ass of ll_(' p llleso_ i_:cl'(,ases a!:(] gct._ c]os(, to 11_(,..I_ _tt'st_l

llla.ss whi('ll at, creases. 'l']l]s lllaSS t[(,gell(,rac\' aI Ill,it(' l.ellll_eraI/lr(' _llig]_l sllggt'sl

chiral s3'n_t_etry rt,sl(,r_-ll,]Oll. 'I_}lt,_' lilt,SOil lllaSs is 11ol cl_a_lg('d _u('}_ _,l_d i'('ll_ains

almost consl.ant al ti_ilt, t,(-'llll)('raltll'(', l:\'el_ it' tl_e p all(l _' lllesoll l_ad cxactl\"

the same n_ass at ztu'o tm_p('raturc, t l_ese nlasses I)e('ol_e differeul as lcn_peral_lre

increases. Thus file Zweig rule. which prohibits the flavor cl_a_ging illleraclioll al

zero tel_peral_rt,. Ilia.\" _oI worl< alG'_or(, al {i_il(' l('llll)('l'alllrt',

\/. F,lclsl(y..J. ]'_al_tlsla all(I 1{. \'('l_lgOl)ala_ l_av(, (al('t_lalt'_l Ill(, ('1_'('Iri_' s(_'_,t,l_-

theory and l lie rt'lal i\'islic virial t'xl)_-t]_sioll. Tile 3' als(_ ca]c_lal_' lilt' (,It,el ric s(l'(,(,_-

ing lnass, for 11oi1 i_tt'r,tclilig cll_trg(,(! I)osotls wil}_ lllass ,t_. ull a l_._ll.ict' lt_ sltl({\'

likely ti]lite size t'tt'('cls ili [altic(, gatlgt' l}i(,ory sit_l_laliol_s of colllilll_ulll Q('[). lit'-

sides being of illl riltsic l_ll3"sic_tlilll¢,r(,sl, t}lcir calctllal iuli ul' lilt, clt,('l rit" scl'_.t,l_illg

mass is also illustrati\'(,, hecattsc tit(, abo\'t, _ne_t.iolled tech_li(lUeS I_mv I)(, us('d to

co_l)ute disl)ersiol_ relaliol_s a_l(l otller resl_ol_s(' t'_cliol_s. Ft_<, \irial al_¢l cl_iral

_ perturl)ation theory, results for tl_e clectricsct'('_(_"i_g _l_ass agree very well for low

ten_peratures (I)elow S(I Nle\:)1)_I difft'r al I_igl_er lel_l)t'l'al_rt's. ()1_ l l,t, [all it(', il

is sl_o\\,_ tidal for a laltice of gi\'t'_ siz(', i}_(' co_lill_llll_ ca_ I)t, l_rOl)tU']\ rt'l)rest'l_l('(l

= these al)l)roacll_'s it, ('i_lculalil_g r(,Sl>_l_s_,l'_l_cti,:_ls is t'l<,itrl\' (_ulli_(,(I il_ l ll<'il W()l'l,:.
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2.6 The Parton Cascade Model

l(l_lu_ Gei_t;r llx_s I)_,c,l_(l(:v(,lopillg tll(, I_rt.oli ('a.watl(' lll(,(l(,I of tlltrar<'l;-i,t.ivistic llti

clea.r collisiolls. 'I'll(' /),rlon u,._('(t(l_ Illorl_l I)r()vi(l('s _-_t'('a.listi(' sill_ulali()ll ()t' I_igll

energy ]lucl(,ar ('ollisi(,l,s ()t"I_o#tv\' zl_('l(,i oil tll(, I.,,_sis oI' lll(, illicros(:()l)i(' _lyll_-_lllics

of q',_a,rl.:s alld glll()_lS. If, llas I)e(,li (l('velol)e¢l i_l Ill(' last '2 y(,ars ,u_(I ha._ l)(,e_l suc'-

cessft!lly a l)plied l,o s}l(:(l so_l( • ligl_t _.)_ (-'Xl)('('I,(,(l_(,w e_Sl)(,('l,sof _ltrz_-rt'l_li\'isI, i('

hea.vy iol_ l)l_3'si('s. 'I'll(, i_trlo_ ('as('_-_(loillo(lel (l(,s('ril,(,s _lt_('l(,a_"_'(.,_(,lio_s a l w,r.y

high (:nergi('s ill l('_'llls of th(' lil_(' (l('v(:'l()I)_('lll ut" _ larg(' l_7_.l_3'-I)_rlicl(' s.vsl('_

in pha.s(:-Sl)a.('(-'is si_ulal.(,d i_ real _i_lle o_ l.l_e I)asis o1' l_(,rt,lrbal, ive (lUa_l.u_l cl_ro-

r ,( /of 40 1'\ (+_t,yl.,i('+tl ¢'olli(+l('r (,×I)(_,ri+l_('s_t.)i_\'_)l,,+'(,s_l,(,t_t 25(J00 I>arti('l<'s. +'a('l_ of

wl_i('h is t'ollow(,d i.l_l'¢Jt_gl_._l)+tc('att<l t ill_(' _r_t,ll(' I)arlit'lt's illl t'r_('t witll (,+t+('ll(Jt,l_t'r.

2.7 Relativistic Hydrodynamics of the Quark Gluon Plasma

r''_] l_(__l)_c'(-, ti_(i' (l(,w,l_,l)_(,_t (.,1'l_I I(.r l_'_(l_('(,(l i_ l_i,_4l_('_('r_.V _'l(,ar ,'(,lli._i(,_._i._

(:_:(1. A sig_i/i('al_t til_(li_ i_ t l_('('O_l_li_l_ I)(,lw(,(,lt l(_gil_(li_al _1(I i ral_.,-;v('r._(tl(_w._

'I'l_is _ay b(. _(,(,_, t'or ill._l,a_l('(,, il_ I1_(, ral>i(lils' <1<'!_'_1('_('(' ()1"I11(, Irz_ll._,,'('r_(,II_()-

initia.] (:ol]([iliolls l'(:'su[l ill \'i_'I_I15" i(l('_li('_;_Ir('s_ll_._l'u_'l li_' r_l_i(lilv _(I is./•Sl)('cll'a

' l_y(Iro(ly_-_l_li(,a] i_itial ('o_([itio_._ for t_lt_'_l'(,l_li,,'i._ti(' I_('a\'y i()ll ('olli._i()_ I)y I). I(.

a rapidity ._llil'l l_al'alllC'l('r wl_i('l_ all(,w._ (_I(' !o _IiSlriIl(l_i._ll iii(' \'ari()tts l)Os._il,ilili('s
usu_llv ('o_._i(l('r('(l i_ I II_' lil(,ral (it(,.

2.8 Photon and Dilepton Production

A large ['ra('t io_ (:i.5_/)(,I' ll_(, l)_l)_,l's wl'itt_,_l I_\'_)_r _r(,_iI) l'(_i"i'('f('r(,('(l ,i(,,__Is i_ _I_,'
last 12 _l)u_l 1_l.)('ri(,(I w_ _l(,v(_l(,(Ilo <'l(.(i r(>l_l_-_M_'li_'siM_l_ ('t' (l_aI'l<'"l_('_,_ I>l'_tS_



+

'l']le liuzllbev of phot.olls elllit,(x,d I>y tll(_' l,avt.ou pvoc_>sses qq -_ .G_ _)l(I yjq(?) --+

i,u,'o lilivil.ivig cases: lxvdl'od.yll_ullic (,Xl>_Ulsiolnot' ¢ltlai'l,;-_ltloll l)l_lsnl;-_.(collisioln (I¢>)li-

iria(.e<l) _1,¢1 t'l'(.,e-slct,alliillg l)la.,silla (colli,siollle,ss). ;l"ll(' l,l_ol.uli spe¢'t.v llll ,_,I lligll

., r ", (sigu+ds _u'<'elllil, lx'(:l l>_'i_))_'il>'xvl)('_, !.l_(, sx:stt:,_ is _<.,sl hot, +m<l,'..l("l_s_'.11), l.)a.vl,(.:,ll
r)htuse Sl.)_l<.:(,(:list.vil.)lltiolis ill l,lie,,sc,l,,,,,,oliio¢lc,ls of ill(, dyll+ullic.:,s +t,ve 1,1i_:,s_u)wil)i-

r- -'1 )',, I .,

pltol, olls will ('.',;c('<'<li IIos(:' l'I'o)i))))(,.s(J)) (l('t'a,y ;-d>o\'<'u />'I (")[' '') (;('\/,)))al,;i(ig 11,<'))),i.

_ood pvol)<' o1' l);-_vt,oll <l%:ll_l)llic's_li lli_h ('ll('vg,y cl(,li.sil\'.

It is alsu) illll>Ol'(;-_ll(Ix.) Iltl<l('v.si.;ul(I flit' (,I)li.ssi(.)l)v;m'.,; {'or l)liuic, lis t'l'¢>lll ll;-l¢lvc)lii_

secl, ion 2.._ l,o ¢'alclila(<, (I)(' ('I<'Ii,<'i)(.a)'.vl)V<)('('s.s('.s_i_--+ _. _r_ -+ /)') allcl 1)_ _Tri

a,t l_i)lii>et,el)il)(,va.l_llc('. 'l'li(' e)xlissioi)v+i(x,s _tt't'co))ll)_ivt',tl wil,ll i,l)o._;t, ul)l, ai)l(,(l wi(,llolli

iric:lc.,-i,s_dv,,,it,ll t,llc, il_<'..... c' lusiol_ of i,ll(' ill lilt'still iu illl,('vlll(,clia.t.r-,,";la,l,c<'s, 'l'lxc,vc' is _xslll_/ll

ill(;:cea,s(: of l.lic, (,llii,s,sioFi).'arc: i'rolll /'_ lll(,sc)ll (_1('c_\.'y 'l'li(' t('llll>(,l'a.l,llc(, ¢l('l)('l_(l('l_('('.s()t'

tll(!,el))issic>)i v_,l_c.,swc'v(, (l('tc'vlllii_c,(l l'uv _dl I'('a.('{.i()ll,";,, A,"; l,(rllll)Ol'a.l, lll'(' (l(,(:l'(,a.s(,,s, l,ll('

tliougll flx(' efl'(,c'l or .,ll i_i<,,sul_is v(,l_.liv(,ly l)ig ill t.l_<,_-_r_/,-;, v(,_(,li(>i), l,l)(, :,r/, -+ _.-,,
rea.c(,ioil (lolliil)a.l.(,s c)ll)¢'i' i'¢'ac'lioii.s at all (,('ilil)(,cal.lII'('s. :\1 low t.¢'i)il>('i'al)i)'(' Ill('

ve('t.oc ivi(:,,sol) (leca 3' l>V(J('(,.ss l)(,('ol)i(,,s collil)aval)l(, 1.o tli(, oi, lt(,v t'<'a<'t.io))s.

lligh el)ev_;:y l)l)ol,(.>)).sai'(' )i)c.)sl,C'Ol)iOtlsl.y"l)vu<l_(,('(l _luI'iil_; i lie ('_vl.'_'l)(_i _-u)(lcl(,))s(,

sttl,te oI' (,II(, plaslli_t, l low(:vel', t,l)(' gli_u'l,:-gltloll l)l_x,slli_('×l)_u_<l.s.cool,s. _uid ili)_l(')'-
_oes ;-il)Ossil)ly first c)vtlev l>l)as(, l,r_)))sil,ioll 1.oa. Iio1, ll_i(Ivo))ic g_is. :\ l_u'g<'l)a.t'kgl'oil))<l

cluc'c'<lI)y tl;-iclrui,i(" i'('_lciiul)s (:llil'il)g ill(' ))lix('¢l +l,i,l lilt' II;-icll'_J)licl,li_ls('s +lll¢l l'l'(,)))

l'(:'_(:,llc.'c.l_( _I"S, 1t111(' +_l,<l1,11(' ll_.l,'-;I>('('1)c.)l)l.ai))(,(lI),y ,I...\lu.lii, 1), Ix. ,_l'ivasi,ava,

I3. Silllla _-u_l !). N. l_-_.'-;llI>y 1.al,;iilg i'('ali.'-;li(' illili;.ll ('(,ix(liti,:>l_.'-;_._tl<l_-_<<c>_ll_i.iilgt'c)l'

ai)d 1/1t1(.',c'll('l'_i_,s. (lit' l>ll(:.)ioii.sl,COdl)c<'(:l<lul'iil_ 1.t)(')))i_(,cl l_ll_-I.sc'_lilcl (11(,ll_-i_lvoi)ic'
- plla,se get l)oo,sl,e_l 1.o la.vg(.'l' (,v_li_\'(_,v.sevllol)levlta, avi_l l_('('o)li(, c:ol)ip_u'_d)l(: (,<,(,llos(_

fro))i l,l_e Clila.vl,;-gltic)ll l)la.sll)a., llo_v(,v(:v _.I, LII(' (,i)<,i'_i(,s, (,v(')_ i,I_()_I_ I,I_(, i.v;.u_.s-

verse l(icl,; vecei\'ed l>y (,llc' l)llo(,c)lls l)VOdtlce(l a l, la.l.('v (.i)li(,.s is slil>sl,a,))t.ia.l, l.llc: vc,vy

l)igl) iuiti_l (.+n))pt,valltve.s lik(,ly _,_(.I,II(' illsttt't" t+li+tltilt' l>lloi.(>)).sl)_)vi))g ll'+_)Isx'(')'s('

rrloiil¢,lii, a ot' li)ol'(' t liali 1 (l('\';/c i-ll'<' l)i'('(lOliiilialliI.v iJl'(,<lli('<,,I ill ill(' (lilal'l,;-glli(;)li

pl a,,_lila,,

Vive IJal)(,l'S W('l'(' wcilix'll I>\' \'al'iolis iil(,liil)(,i'_ of i, ti<' _i'(Jli 1) (Jli (lil('l>l.<Jli I.)l'(.J(lii('-

l$ioli ii-i lligli ('11("1'_.V iili('l('li_-iiil('l('ilS collisiOliS. 'l'll(' i'(_'Siill._ ('all IJ(' ._lillililai'i;,',(:'(I as

follows. N. (l('i_('l' ali(I ,J. l,{iil)ii_la ti_<'(I l.li(: j.)a.l'l,(.)ii ('a.s(.'a.(l(. liio(l<,t 1.o ca.i('ilial(, i,ll(,



(.,e\. 'Tile l)rell h'all, I)V<,-spectruln of (lil<:l)tOlls l'or lllasses I>igg<,r 1.1_a.na l)ottl. :1 ' '

equilibriunl, a.ll<l cclllilibriun_ yields c'atl all b<, calctllal_'_l Wil.[lill l,llis IlIc_cl<'lIo the

same degree of accttracy. 11,il_cludcs col_l ril)_l, iolls up [o orth'r _._ l_ltls higJle:" or-

der (_CD corr(,cl, io)ls associated witll l.]_c el_issio_l a)l_l n.I)sorl)(.ioll o[' sol'l, i)arl,o!ls.

'71'll:e',lc.is a. dclillitc <'ttllatlc{'_._lc,lll. of l ll_' _lilcl)tOtl yic'ld t'<_t'illass_,s Ul> I,o 10 (;(,\: as

compa.red to pp collisiolls scaled ttI} by :l 4/:_. l'llis l_lealls l,llal. dil<!'i>l.ol_switl_ l_msses

]_'t.x':'_ce n 3 a.l_d l0 ( a<'\: provide valual>le inl'ov_at ion, al_<_ttl t,l_<,dvl_ml_ics. ¢,t"I>arl oils

at l,he very earli_'sl 1.i_es and very higl_esl (,_<'rg3"al_d c_ll.rol)y del_sil:i('s. I)ilel>l.olls

witl_ invaria_t. =_lass I<,ss l,]_a=_a l>out. 2 or 3 (le\: get I_ig <'o=lt,ribtlt.io_s frol_ t.l_e hot.
hadro_ic IlI/'I.IIPI' <lt_rillg tile _'xl>al_siol_ stage of lll_' {'_)llisiol_ (('. (;ah', !_. l,icl_ard).

J. I_apusta a_d 1.). I'(. Srivasl.ava exa_i_cd l.he effect, of st_percooling of q_lark-gluol_

pla.sn_a below "l',-.,followed by _uch,atio_ a_d growtl_ of I_adronic bubl)l_.s. 'l'his i_-

creases the ent.rol_y of l l_e syslelll alld C'll]lglllCC'.'..;iI_' <lilel)IO_ yield in 1,1_<'r<'gio_ of

the p a._d O _nesons I)\' al>oul, a. [';-t('lOl' o[' '2.
D. I'(. Srivasla.\'a _-t_tl .]. l'(.ap_lsl,a _'xle_lsivcl\" slu¢lied 1,1_{,I_OSSibilit3• of usil_g

photot_ i_l.erfero_ll<'l v\" as a <l<'tail<'dl)rol_<' ot' 11_<'{,al'ly ]_i/l'l()ll d3_tal_ics i_ <'ollisiolls

a.l, I/HI(: al_d l,l-l(!. I:_lil<<, I_adroll il_l<,rf<:'ro_m'iry, l_l_olo_ls ca_l carry oul illfor_al.ioll

directly t'ro_l 11_<'<,arlv I_of _al.t<'v. /'lllik< ' si_gle l)llolo_ls, wl_icl_ v<,ally <_lllyIlav_, o1_'

later a_d cooler l_adl'o_ l_llase. "l_llis _ay allow t_s lo i_t'er file d_,laile<l slmce-

time evolulio_ of ll_, e_ll.ire collisit_. I_hol_ll il_lert'erol_elr\" wot_l_l I_lay a rol_'

co_ple_e_lary Io <lil_'l_lolls. I)tl_' Io ll_,se slt_li_'s. 1_. l_ra_l_-Mull:z:i_lg_'r (,ql.o_lv

Brook) and II. (',ull)l'O_,l (('El{N)at'_' col_si_l<'rillg \_'vv s_'vi<_lsl\ 1t1_' _'xl_{'l'i_l_{'i_tal

possibilities for ¢,Xl)<,ritiu,ttls at l/lll(' atl(I I,!I('

2.9 Dynamics of the QCD Phase Transition

L,. (scrllai..1 l'(al)tlsl, a. (; l',iltlg_' alltl 1'; Zal_ro_li_ il_\'t'sligal,_'_l \'ariotts l_t't_l_l<'ll_s

relal, ed to ll_e d3;_a_ics of a lirsl-ordt'r l>lla,se lrall.'.;il.ioll ['rolll (lttark-glt_oll I)lasl_a

to hadronic _attcv il_ l lie I)aryoll-t'rce t'_'gio_ ill t_llra-rt'lali\'islic I_,a,\'\' iol_ colli-
sions. These include _tucleat, iotl. gmwl, ll a lid l'usiol_ of I_adrtn_ic bu/_l)h_s i_ eilller l l_e

spherical l_vtll'odv_au_ic... <,Xl)altsio_ _1¢_¢1el. Willl r¢,asollal_l<, il,,1)_tt l}at'a_t"l.¢rs" l.h¢'

conx'ersio_ of on¢' please, illlo l ll_' oll_<'r is v¢'latiw'l 5"<'lose' Io l l_¢' idealiz¢'d a<lial)atic

Maxwell col_slrucl, io_, allhot_gl_ oI_<,<'air cl_oos_' l)ara_,Icl's suc]l ileal tile co_\'_,rsioll

is st,rongly oul of eqt_ilil_vitll_.

l_l a_y [irst or¢l_'r l>llase tva_sil io_, o_, l)lla.s_,_ay SUl)_'rcool ov sup<,rlt<,al, 1.11t,rt,I)\

nucleatiI_g I_ttl)bl_,s or tlrol)lt'is of I11_,olll_'r l)l_ast '. If ll_t' I)l_l:_l_lt'sii_l_'leal_'tl al'_' o1' a

critical ra¢litls, Imbol_d xx'l_icl_tit<'5' at'(' sial)It'. 1.l_t'ygrow al all _'Xl_o_<'tttial raft' wl_icll

is the dy_at_ical l)rel'aclor il_ lll_' _l_lcl<,alio_l rat._'. ,.\. \"iscl_er alibi It. \'('llttgOl>ala_

_ ha.re' (:Ollll)tll_.'(I l ll_' <l\l_itl_ical l#l'('t'itclof for 1]1_,cas_' wl_cl'_, I._)llt \ist'o_lS _lallll_il_g

alld tllet'lllal dissil_;tt i<,_ _,_'_'.sigllilical_l. l'llis v,'st_lt, wl_i<'l_g_'ll_'l'alizt's I_r_'\'it_us xvovk

o_1 _lttclea.tio_l I)y l,al_gev ;t_l l't_vsl<i. IKawas_ki, alibi ('s_'vllai nile] ],_al_lsla. Ilia\ 1)_'
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a,pl)liedt,o.st.ll_:lyill('g;rowtll()I"l_til)l_l(,_(Jr(Irol_lelnilJ_',._ll_l_'ll.'-;_'_lll_a.lt('rnv._l_'lll.__._
wellas ill tl,'l_al'y(>lJ-ri<:lll'<'_iollillll<'a',:yi(,tl <:<)lli._i<)tl._.

I

2.10 Electroweak Phase Transition I
r"_ '_ ,,111¢l)llysi(,_ o1"1,l_, _,l_,clrow_'ak l)lla,_('-I,vatl,_itioll Ol)_'ll._LII) l,ll(, l)O,_,_ihilil,v ()1'gell('r-
a,Ling tile I)a.ryoll a._yt_et, r,Vof t,l_(, tt_iver,_e (B:\[I)al. t,ll_' _'le('trow(,a,k _cal_, of 1
Te\:.Tlw _:('(,ssa,ry('o_dit,iot_st,oacl_ie\;et,llisP,A[!,l)a,r.yol_-_t_l_l)erviola,t,i_igpro-

testes, (:,l_-vi<)la_,io_l and I_Oll ._'<l_lilil:_riu_, are I_rovi_l<'cl ill 1,1_"st,a_darcl _l(,(l_'l il_

co_l.:,ina.ti(:,]_,,vitlll,ll_,,J'/l_a._nicnof't.l_e(lo_a,il_walls. ,,\l)(,ii,_'rul_(l('rnt.a._l(li_g,oI'

tl_estruct_r(,a._(li_it_,n._('tio_,__l(:,_ii_ti_gtl_e(lor_i_wallsis _,',.,.;"'.'

Colllirlllor r(,.i_'('ll,])t,l_._sil)ilitvof('r('atillglli_'I'_:\['at ilia'l)lta.".;_'-tra.lt_ilit,_t.

It_the'_'l_'_'tmw_'_l<l._l_as('tratt_iti_,i_.I,_I_I_I_,._of'll_,t.I't_,i_I_-,.,'_._]'_,_itt_'l_,at,_'_l_-ttt_l

l)rOpagat,_,it_t._._tll_'I'_._I,'-,_'l_li_t,_'. I',.l,i_t.N. "l'ttt_k_t_t_lI_.:Xl_'l_'tr_tl___,,illl>ttt_'_lIlia,

bul)bles tyl>i('ally Ilax'(' n x'_'l_J('iU'of (,r(l_,r (. I-.!})_' wlt_'t'_'_' i_ t.ll_'_1)('_'(I(_1'ligllt.
P. lluet, l<. Kajilllt, i(', 1{. i:'igl_, 1_. l,itt all(I 1.,.l\i('l<'rr;_li }}el.\,c'I'{)('{'III,I,V Nil()\Vl}l,llal

the l)rOl)aga,tion o1' t,lie,_ewall is liy(Ir(>d.vtla.ll_i(:a.lly ,_La,I)l(, for t,lw ra,llg(' of velocit, ies
ot' l)ltysical interest. 'l'lti,_ is unlil<(' l.lte ca.,_et'or or<lil_ar,_, I)tlt't_il_g t'ro_t,._wlli('ll (Io
ha,re a,co, lye,el,iv(, i]lst,aJ>ilit,y, 'l'lte>' _d,_oi_v(:,_t,igat,(,(I t,lte Q(',I) (:a.._(',wlli_'ll al._o Iook,_
stable, I)ut wit, ll t,lie u_l<:_,rt,aint, ie._ i_t t.lt<_('_d(,ttlati()ti ('at_tiot, I,o ('la.i_lecl a._ a. ('ert,aitlt,y.

_:1. ('r['ll'l'illgt'(>|}_.lll(l.J. l<_-_l_t_._t,aa l)l)lied r('c_,lit ndvatl('('_ itl _'(lttilil)t'iti_li _-irll(IIlOll('(Itli-

(,ra.tisit.ioti itt l,)l(, ('arlv t)_)iv(,r,_('. 'i'll(, ('(lttat.i()tl <)t"slat(, a.ll(I t.ll(' I)ill'illll('l,(,l',"; l, llltl

e_lt,er Llle ttuclea, t,i()lt rat(,, iltcltl(lit_g 11_(, l)r(,-(,Xl)Ot_(,ttt,ial J'ar('l.()r.at(' ('a.l¢'tlla.t.('(I ilt

t,lte otie-loo 1) l)ltt_ rilig-clia_r_)_ll a l)pr()xilllat, iott ill t,ll(, st a._ldarc.I ll_o_lel. '1'11_'v(,lo('il,y

0. ('_&lid t'ra.ct,iot_ o1",_l_a('_'wl_icl_ I_a._I_(,el_('o_\'('rt(,(I t'ro_l_tl_, I_igl_ |,('llll)('i'a,l, lll'(" ,SVI}IIII-l-

ric l)ltase to Ill<, low lLellll>e'ratt.lrr'il,";VlllllH'tl'i(" I)llas(' as t'tttt('tiotls of l itll_'. (lot_tl)at'_'_l

Lo tileidealiz_'(la(lial,ltti_'Maxw¢,IIct_It,_lt'_t('t,i_tt()ll)lla,_(,_'<ittilil_ritt_i,IIl_,start_I

*I_)_l<l(,rsl,ai_(ll_i_r.v(,g_,_(,si._ill lll_'_'l_'_'l.r_)w('_kl)l_a._'Iri_sili_.II_,l,I'_,l_,rli_'._

oI'l'er_io_,_l_'_rill(,l)llas_'Irill_,_iliot_I_I,I,I_,wall_l_t_lI_('it_(l('i'slo(_l.Ii_a I_'_

stepl)rOC(,dtlr(,.:\.:\viIl_-_l_'r_'a_lo,,J..Jalilia_-hlarii_,I,.M_l:'rra_alt_l.\.\'i._'l_'r

st:tldiedst.at,i('sol_t,ioll,_of tli_'_'(Ittati()l_._of _llol,i()t_forIlle_,lo('t,r(_w_,al<s_,_'l.()rill

tl_eclas,_i('_tlt_lealt-fi('l_lal_l_I'oxit_lali(_ta('r()._.sI]_,(lo]itltillwall,_Ii(Ii_iv(,sligat.(,_ltll_'

-_.

to generaliz_'(lrelat,ivi._li('\:lassov_'(lllali(,llS,llrslr_'stllt.._of ill(,tileal_-li_'l_l,_t_l¢Ix

indicatetl_el)O,_,_il,l(,l'ol't_i_tio_of_ '2-_li_'_isi(,_i-dl"(,r_ig_r_trl'al_l_'(li_,ll_<,,l<,_i_i_
wall.
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'93 (Borla._ge, Swede,s, .Iu_e 1993) to at)pear i_ N_cl. Pl_ys. A [,I. l_:at,usl,a].

6. "QCD-l?,ased Spa ce-'l'ilne l)escvipl.ioll of ltigll I!'llergy Ntlclea,r (',ollisio_ls", Q,,al'_:
Matter '9,3 (Borhmge. Sw_,(.h,ll,,]tll_(, 1.()!)3)to apl_ear ill Nucl. Pl_ys. A [N. (leiger].

7. "Coupli_g of l,ol_git.u<li_a,la_d 'l'val_sv¢'rse l"lows i_ tl_e l lydrodyl_a.l_ics o1'[lll.r_a-
rela.tivistic Nuclear ('.ollisio_s", Q ua_'_ /ll(tlt_._"'93 (l_,orla.llg(', Sw('([(',l, .1_11('1!)!)3)
TI)I-MINN-9:?I-35/'I ', t,o al)l)ea,r i_ Nucl. l)l_ys. A [it. V'(,_ugol)a,la_l, M. l)rakasl_. M.
](a,ta,,ja.a,nd 1). V. l{ttusl<_l_('_].

8. "How l;'a.st is i:;(luilil)ra.ti()_ ill llof lla(Ironi(" Mall,('r'.:", (_)'u(_r_: Matlft' '9.7 (ilor-
la,nge, Swede,s, ,June 11).();*,)1,oal)l)('ar i_ N_('I. l)l_ys. A [Ma(lal)l_a i)ra,kasl_. N:la_l.i_a

,.

" Praka,sh, 1(. Venttgol)alall a,l_([(;. W('lk('].

r-_ "( , , "_9. "l'_ffe('_.of [ra._ls_ _s(: l"low ()_ I']l(,clro_mgnct, i(, Pmb('s", Qu,ar,_:il,tal/_" '9,7(i_,of
ltm 'e Swed(:_, Ju_w 1993)to al)l)('ar i_ Ntlcl Pllys. A [.I Ala_l l) l'_ ,qrivasl,ava.,g " "1 , " - ' " ' " '

B. Sinha, l). N, i_as_ a_(1 S. llal_a,].

10. "Photo_ l_l,(,vl'(,t'o_l('l,vy of Q_m'k-(',l_oll l)yl_ml_i('s". ('2_c_,rkMa,tl¢t' '03 (l_l()r -

la,_ge, Swedel_, ,l_l_(' 1.993)I,o a.i)l)(,ar i_ N_('I. [)l_ys. A [I). K. Sriv_.sl._va m_(I .J.
Kapusta,].

111."l,ectur(-'s o_ B+I, Viola.l.ioll al l ligll 'l'('l_l)('ralur(' i_l i",1(,('iv()w('ak'l'll('()vy", I)_})-
lished in procee(li_gs of 1.99'21('7'l _ ,%m_cr ,b'choolo_,,lligh l:'J_ryyl t'hy.','i,.; a_l(I ill
proceedings ()t' lgg3 l,_::_ing_'(td14"i_l_r ,S'chooto_ lli,,/h i'h_'_yy l)h!l._i_'.,[I,. Mcl,(,rrml].

12. "B+I, V'iolal,i(_l i_ i']h,('l,row(,ak 'l'l_(,ory a_(I tl_(, l_al'vo_ /:ks3,111_(,lr\' ()t"l,ll(' l il_i-
verse ", il_ tl_('l)rOC('dil_gsof {.1_('1.9,%'.,I.,p_J_II"i_l_' ,'11__li_J!lo/_ lli!lh i:'//._/:q:llI_h!l.si,'._
[McI_ern_,__].

13. "Higl_ lh_ _g3 M_I' e'," Ilil)arti('l(-, l)m(lu<'liol_ il_ W('akly ('o_11)1_'(I'l'l_(,()ri('s'" i_l I,I1('
procedings of 1993 (,'ral,:ou_School oJ"l'hysic,,'. Zakol)al_e, l)olat_(I [M('l,ert'a_].
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