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Goals -}-or Nuclear Pkﬂsics ( NSAC Long I?A.nse Plan 1383)

" we must a‘t‘t‘em\ot o [ind %vimgnfgﬁ Siq natures
for modes of excitation in which the Fuars.
g_\,e_grzas_ef_f::ggdg_m fav'l'ici.ra.t’e ‘ir\alividua.u_«j ;
not merely as the underlying structure of
nucleons and mesons”

"“the yichness of ®cD will give rise tv a
i-.v_e_rsi"i‘g C’f' ?heﬂomm VQ%u.ivina si’udﬂ
with a corresronallnj diversity ol probes”’

"eHec’cive exp\ora'hbn of 'tke interf_gce bgtwgew

nucl@ay shysics and QCD V\GCQSSaJil-_.‘ involves |

in addition To electromagnetic facilities,
tonsidevation of m&jﬂﬁm&ﬂus
and of hadronic probes which address
fcamplementa_ril }unala.men'ba.o, asPec:Es of

this intertace’

Ami‘.vt.



Swjep_ °‘p physics at a high inténgi% "'kggn f‘ad’ora"

a very broad interdisciplinary pregram , comprising

a) Nuclear E‘f\gSiCS (to be discussed)

b) Payhicle Phgsics (ex‘tenSlbns of the standard moc’-cfi
yave a\ecags to test s_gmmefries
and constrain masses of Nnew

Pavﬂcles, )

”~

¢) COV\G‘QY\SQJ Malter P’\%&Q C/A $Ff_v\ résenance .--.

MeSSage : intevpre‘l‘ "nuclear Ph-jsics " in the
broadest sense — ex Pa.nal 2ts
intellectual content




Future Hadron Facilities (also leptons)

object : Frovicle numerous intense gari‘icle beams

a{- variable energ 'y

Pavticle Species !

a) Mesens (T, Kt, K. )

b) Baryens (p,m , A, =....)
¢) Antiboryons (F % , A....)

d) LePt‘onS (/Ai , U o)

Focus of This Talk: Streng intevaclions of- strange

and anti bawgan Probe.s



A Base Question ;' wndevstond the velevant deqrees

01( ‘?'Yezﬁc?om re%u.iYeal © explain

‘ﬁU{:’ea.Y Fhenomem

o Loads us To o study of the

Co n{in Q.Mént' "meckaniSm O‘F

%uarus wichin hadrons and muclel

o b_ﬁ.&ﬂ.ﬂh&i__z&_ihé ?rq\ofem

Q) ‘plactho'n s?@:t"mscogg bejano( Q5 )QB
Chybrids, 3|u.e\oa.l.l$~-- )

b) mo&i?(casiig_m_o_{__-&w_cm in

the nuclear medium (emc-Live effects
with hadren ?robes) Favﬁa-t decon {"Lnemé.n'[“

¢) hadvon breaxdown o %wak-j\u.on P.QaSMQ
at \'\13‘1 (g;T) total d@on&nemerd’

We know %wnms and 3\uon$ ore in the rw.clius,
but To what extext Meed they be treated explicitly <




Some. qsrec'ts a&» nucleay P)\jsfcs ."m the .Qonj ‘t'et"m H

a) new probes o!~ old Apgch05¢origs
! ]

' Ki)KL,F.... <« e-,)b,-n,rr'....

.Ut?\oi'l' q,_,nx%ug_km K+ - -Qanj méan %e.e. fatl\
P extreme slu'-Fa.ce
loca.lBa.'h'on
b) new spectroscopiec

L= ,Qﬁj Mrons
Stranje di\oaryons
$=-1,-2,-3.... hypernuclet

¢) S‘tu.alj ofr Y\uc\ear YeS?onse te /Q___a_-!é;ﬁ

mome,n\um 'tranS'Fe»f % Ov enev:iuj deposi‘ho'w D)

Common themes:

Radvonic vs. c&uaxx-jluon Pic‘l'u.re
understand successes of
effectve aoagra.psians in the
»ém.d'rom'c Basis® (vector mesons...

c\avdo? a calelationad scheme
for von —pPerturbative QCD



- S—

Two BoDY AMPLITUD

]
)




Two -~ Boalg Meson—~Baryon Inrte ractions :

e Fev'\'uyba:h.\/e one j!u..on e)(c)’\a.nje_/%ua.w( éxcl«.;m:,».
a use-Fu.Q a?‘:raxima.‘h'on 2

?erha.‘;s, %.; intermediate state is "exstic” (nafé’}g)
or

Examples : (Pirner, Dosch.... )

~ S + \
F ' _—=u K LI = I mr
uw : w -~ ) a
> 4 g ‘a P “+i : Wt
}

Vo ‘2;“2
&7 ]

ubove ave _r_eavmmjemen‘i‘ (R) processes

7—7 no &a anwn L)’)i.@gi&g‘g (A) ﬂmP)'\ oCcUrs

-
Hewever, i+ beth R and A 3ra.phs occur,

T

A will dominate




]
K’> CE Z-r
V] ,_I TT\
P 4 A

R A

reésonanie.

]
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A d T
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s
w Z
u

L) [

- sip

; : (—
e %) 1S ¥ N

A, M'

I-{; R dominates ~— 01}_,1,.‘*5" =0.,.

Ex‘aerimen'tcLUﬂ 5 |Oxp-onts > U ﬁTr“i"J From a“é%\f/};

=> A > R ) uoi‘t'h YéSanant in‘tQYm@uafe Stai‘ei

Leséon: I @& annihilation is Possilp’e Je b }
will dominate pertuybative R process
—=5 the problem o meson-baryon is non —perturbatic
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SQUARE OF FERMI-AVERAGED
LAB AMPLITUDES AT O°

Kp— 7r+2—,

R

| Kp—m zj
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400

600
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Associated Prod o tio

Heve mo R qro\p)w Conly A
— ¥ o —

+t

-2

> o7
é %. A - C‘ K"'

i

n

d S
P a U
-~ s U +
K 2 K
>>C T+ n-
AL
W C_; K®
P d d

These processes tell us the s‘l’renj'bl«.

o{ AR Pair Creation

2l yeveal Su)

Hawey

QR amhilation /creai‘t'on

dependence ol




Message :

vacert' Passiuj for K+F, meson —
bavyon ampli tudes ave

yesonaneg dominated , and
hence in‘l‘r'i nSfca“j non-Pev'tuv)oai‘;Vé

K i{: we want Te Qalcuddt“e
"medium corrections” in &CD,

must understand KRR annihi latce:

as "doov u)o;i"




Quarx /qluon vs. Meson Exchange Description
o[» Strange Particle Twtevactions

e m——

emfkasis on Sgﬁ'm —Qvl:ii' }om‘l‘




CoNVENTIONAL MESON EXCHANGE MoDELS

N A N N A
A N A N A N

de Swart 2t al (non-relefvishe, coordinale space)

ST

Speth ot al  (velatwistc, romentum Space & Lo Bonn
pace,



L::r RANGE BARYON-BARYON INTERACTION IN QUARK MODEL

A 4 ranannnnd
T
meson
(a) (b) (c)
V‘— — meSon e.xqu

between T)MM

rer‘t'urlpai‘{vc GtWK" 3\u.o n QXCM“SQ




| T'eck m'CauQ. C‘ei'a.bQS

The me 3vmpk

H

(63 +63) (Vo vir . )
ov ls,q} Qxahq,nSe. Xn su(é), Vo""’g\loe , So we Se't
2V, (0340 ) By Be

fohick is idedtial to e spin—Flaver Sactor for

R —————

#

|
i The same eijui\/a.\ence ho[a‘s gmr A"“ranse C{IMAK
 and k¥ exd\a.nﬂe

Q.ﬂ.ﬁllﬁlﬁm One 3Iu0n/%udﬂk($,u,d) CXCL.a.nje ]

&> vector meson e%cka._r:je [Sr'm-Havat]n

ow[j distinction 3s raclia.i/enerjy de‘:enalence

L hard to Ais’(‘w\jwisk cbu.Mk,’glu.on and meson ex:kange
mechantsms fyom Z spim ~orbct st'tfﬁj

Neiﬂ—' : ~ smedler than {

7~ O\




| STRANGE PARTICLE
NUWCLEAR PrYSIcS




Why stranqe prabesg

a) Troduct'ian a{: }\/yPanuclei and Sfuc[j o{- their

Spectroscop Y and deca_j

b) access Phgsics o{- S"trang& alibgrgg_gs_

¢) Drell- Yan processes
K+ O'H:QYS frOSPecf o{ s‘tu.dﬂinj <(:Fec't 01[

ggjgudm_anﬁmﬁgqm;m

C K+=§u ow\j 3IV€S armihilation With sea "a" ﬁ,uwks‘,
K=$i twnvelves both valenee ¢ Sea ‘)
P

| Ntre s

~ L l
— -~ oY nNuci(ieon
w+d =

d) \(+-—V\u.c.\$g.s_ Scaﬁeriv\j and tests of»
‘)&Ytid.Q deconfinement



DRELL—YAN PROCESSES |

AND THE Q , Q STRUCTURE
FUNCTIONS IN THE NUCLEUS




STRUCTURE FUNCTIONS
FoR THE NUCLEON

1.6 T T T T -

10< 02< 30 (Gev?) ® COHS & 1.07
[, |4 Ccranac

o CEMC ¢ 18s8

© BFP & 095x08/3

: -

F O COMS £ 1LOY
&Fs 1La ccrrms 0.90

§ ¢ cows a 107

-

Vvalence %u.a.rkS-
N -
12N

-t

. 3.2
XFBCx) = 3,6 x°ssu—x)

R O
8
Gy = 0.7 (\=X%)

Rev. Mod. Phys. 5¢,561 (1984)



PrRopUCTION oF LEPTOMN PAIRS I N = NUCLEUS

DRELL—YAN PROCESS: _ i nt

2
de _ a2

——

ded)‘F 3,\%“ ? = ::"2 [‘(\ (l)fg; ("H‘%i(')?)i@)]

where Xe = 'Xl—’?(,_ ;X = wementiam g"racﬁoy\

)
L»v“\:id b tawsa‘l‘

antiquarks
in the nucler

@) proton - mo\ucgd_ R = O-FA ~ EA (Xa)
(3' Moss et ol, P-1M2 ‘6 TPV E;—(;——) x>
at FERMILAB) N a
antlgUarks in

the %ucleon

b) ‘Qlaon —wnduced

K+ = e'H:ec't O'F Yluf-\ea.v' medium on
strange. quark sea [Sink* + s in nudf

- Y
K — qnnxh/.la.i‘aon with botl\ Va.lence amo{ Sea
Nete: 2B/@+d) ¥ 'a in the pProton




RATIO OF ANTIQUARK D\STRlBumouS R{

lONIC. MoDEL OF EMC

P
/
k] ] T —r -
/ _
4 ] _
!
" ! 1
/
!
'-2 - ' —
’ T
- , : i .
N- 7 T L eS'h.ma.rigl evyor:
R"' 1.0 ' a—{%—+—+—+—‘
o
- _
e : -
——<ccaLiniG Fek EMC
o8 .
i 45 GeV
L LAmpF IL
v H
P FT&MFLZE" '
06— -
) l N { y
o 02 04 0.6
X

R{ = ER&’/&‘(x)

dota From V and U meas wremerts o{- I



U.)l'\:( S'tuclg hj')irnuc!dg

a) a new vnany—body s c‘l“roscop_zj

‘L’.Qook -S:or A;mg,mt'ca.ﬂ Simmettigﬁ wheeh
ave forbidden for or inavy nucled
=5 vale of "tggg_fé!_"_d:bmngg%a&»c_as imruri‘(‘ﬂ

2 Yemnants o-‘ sSu3) Sjmm-e'l*rj

Properties: JI™M(T) , w, BLER) , §,¥ deformations

y—
all unmeasured

b) deduce z2ffective }\ngxon-ngg\Qon intevaction
K shed. vQJ'ﬂ)\‘t on vole o{: sfmnge %.u.axKS

n st‘rowj ankeractions

[P Y

¢) new "mgorma:h'on on four +€Ym : intevaction

through AN -2 NW o\e.caj wmedes of Mrernuclef




Pessible Si.gna:l‘ures [ v uayr Ei&c‘l‘s in H/;;q)ernuclei:
Q‘_\Lés‘l'(ons foxr discusSion

2y Pauli blocxing at the quaric or hadron Dovel 2

e{-f—eci‘ on hjrernu.clea.v- B-'malinj

B Pauli blocking of ud quarks in A -pw duces
repulsien 5 a Vagcded%bj Seme. as ﬁuieu;or

,5\ He o\/erbinolinj

Com/en‘h'onai ture: Three \aaclj + 'tenSov -Fo»’:e&‘
suppression of AN EWN for SHe

b) Qav‘l’iaﬁ jgcon{inemenf o-" ﬁstrW

unlike @ nu.c\éon, we tan dump a /| into any
shell viedel orbit —> in rincigle stuely the
o\ensi‘l‘j ole\aey\c\ence O-F any deconfinement e%ed*

R \rabe the ?evsisfean c{- (Su.a');‘;=Q Qlu.s'('eving
eep inside the nucldus . |
' decay wia\tl}s o{r Ay': Ay, ,dafe.s
Siémarmr€s: iSosF"m M\Xm& w ijernucleL
” A dePendence o{' shell sFacinj heo

weak decay rates ol hjpevnuclei




Why we need a new hadvon facility for hupernuclear
~ T~ A T e—

studies ?

The aﬁues‘h'on o’r the existence and decp:j e O€S
0{' Nnarvew 2 and = kgperr\u.cl€ar states
s unlicely To be resolved with the current
Low antensity W~ beams «t BUL% KEK

“ fundamental questiens ef hjpevcn well J.G.y,’:ﬂ.: _,
S‘a-in—orb{.‘l' + “iSosSpin Pofenfials revnazy.
N seeci“'rosc.ofﬂ u,nexf\ord g'c*r «QaVﬁé A

B but here Lie many in’(‘eves’c-inj %mesho'ms
Y'Q,Qat'inj to deconfinement

Ruestion oLg_m_ui:xgs_ need a dedicated fagiln‘t._
% address .,D\a.dron/nudea:r Phﬂsd:s

—L;' Cou.,\.d enormou.sl increase 'qu Fi.ce c-[»'
vesearch with a f-a.d‘or o‘_— 1O6C__4n mintens%




o thesreticall SpecTrum | -

4 165~ k+ 1150 | -
o |.I'ge\)l/c i %
Biqb *O°
> 3tk i
i 0%, 2(2)4*
5 2 7 % |
g /
% % _— ~QF
+ % ,’2+4+
olem V4. A0 i
0 8 16 24 32

EXCITATION ENERGY (MeV)

A.T.BaMa, ceD, P.T. Milleney, Phys, Lethi 102 9 (1072)



Kt-nucleus elastic and total cvoss sections:

A test o ?a.y‘hhﬂ deconfinement 2




ﬁrqumen'ts {or u‘l‘{](‘f& o-[- K+a.s a nuclear grol:e :

1) small twe-bedy cross section (6, 40u4,)/a =~ 4o mb

fov % < Soe MV - W amonqg hadronic prebes
~ JSong mean free ?aﬂ\ (> sk

?‘ro\:e intevior o} the nucleus

sensthive & neulyon densitiec

2) raridlj converging mu.lh")le saﬁeri@ Series

—) Siwn 3 i 65
tontrellable Y'eaci tn m ec_"la.n LSm
+ ~ .
V,': ~ Sg-& iS joool approxivation

'Expec‘t % 3 t&

dree space ampl.

effectwe ampl-

in nucleus



K+,_:2c ELASTIC SCATTERING ANGULAR DISTRIBUTION

- 1 Ll 4 ! F
" vy
- Il s
- k= ~<~—4 0
" B e
.\n i ./'/
E T S llectve 0
~ ;E - :}E
5 [ - o
10 F - 3
; ( K + 12 C7 %
1 & 800 MeV/c
10.1-;—
=

]
10°

ta .\ . 4N el.. ODa. #»nC. 2419 C\SQZ) a&.ﬁj




P-&-Pb

250 T T
Total cross section for K* on 1Ze .
:sin3l¢ scattefring
7 = |
200 - / | -
'&u.\.l orﬁe;i hr\ea! E,
using free s Kty
~_ _ amp tudes (Maygty. )
150 --— as in?ui _
‘g ————= 6X0Odgayteron
e a=300 Mev/c j off ~shell K*N
b mm———— @=600 Mev/c J Yorm facter
100 - 7]
S0 |- N
o) | 1 |
(0 SO0 000 1500
P {ab (MCV/C}
[data?

Buas et all , Phys Rev. 168, 1466 (©cB)
' 3 . Rev. C

1266 C1384) [ calc. ]




simple. Inter Prefai‘l.on :

Tn opticall Limit of Glauber approximakion

~2ImX(b}

LO.T = am {Tbab 4-e ¢os {aRex(by) §

———

—

where

X)) = L6 (ﬂ:+p)T(t=.),«-'4
Th) = §:°d? gcv)

B = Relhwd/Tm <fty) ot o’
40> = (Ot Crtn) /R

2
~—— - ° ‘-r 2
lo Second order 5 {'ov. a G'a.ussi.an densfbs gcr):fée /R
and 4?7‘)% =Y, A% , we DPave

6T 2 ALed + B (S2Y A p?-1)

ﬂﬂA
ol /.4
R.= T &GTHA) . A + 3A" 46> rpR-
\ T Fted) = L4 8T 5t g '“J

0 p<i (farge k), we %:j shadowing (Ryp<l)
and for p>1 (Low k) , anti-sShadowing ves (Ry>4)

Thue fr} double scaltering Vamishes (P =1)

P Here assume <o
i ‘)& ome. n ki
avd kt+12c |




woest o} ?m-'h;ﬂ a:cgnf:‘msme_ni'_en_ﬁ_nmL_t eus SC""&QY% -

At if:uo movmentum (k € 4co MeVe) , _a ~wave 'V a'omtndi‘és
7P T

M
5;: = —kR  wah R= 0.325m
U fixe hard sphere Scaiterinj

i)v: the nubleav meo‘.tum we assume awn eéFeci‘we pha;e
Shitt

53“ x ~h§ with &)R [“Swollen" nuc'&n]

Then

&

\Rr~ 4 483 Lo+ A% <@ ~a-1)]\

with 48y o, sint(kR) . ] 1.1S k=o.5&xV% R=6.32fm
e sinkR)  { 0.9 k=1GVg R=0.35fm

RTAA Xr\“;\k\‘

7k
with free <>

S 3e(,‘|:'a'~ . even beltter 1o measure vatio R of '&o‘b-.l
Zuggeasen reaction Cross Sechons oR - 1Me‘3e:deu¢o+ *

R 3A
oF % acd> -2 (BY _ TeE 4 4 smﬂ(a%
6\9 =~ BA% (‘C‘ >E) .—6-




o (K* %) total 4o (K*d )total

RATIO oF ToTAL CRecs SECTION PER NUCLEON \
For kt+d AND ki+'ldc |

SR et *
0F \\\\\.I::} ¢ i
/////////////////////////////////////////////W/MWW it Mi

9006 600 700 800 900

P.e (MeV/C]

P TOPOMO\ e—'?‘-?é—r'xmfznt: J. Algter bull AGS vvﬁ?c.:.!.ﬂ.ez"s (vaxt)
Tareitwonl CO.»QGS : P-BS;QSGQ . o} > \‘"hd W TRV C;“,?:Q&Bg‘)




NUCLEAR PHYSICS
WiTH ANTINUCLEONS




L,O}w an{‘inuclf_o“. Frob€5i (

a) n uelear atruct uwye £ L

a8 e —— v

(p,F")
(F, 7 — Lwe (n;p)

Main {ea’tuYeS Lovery 5f?rcwm3 a‘bSor 'hc;n
coherest tensor SF

4
orees ~I Spin «ffect

b) ﬁ a.«nn"\.hl'.;qa.tl.ovl on )’\Mieﬁns a.ncl hlAC[e__&

barjon exd«amje mode(S (;I:) avre 'LmJuS‘HFfE:‘x'.
ar Low -2nevgy anrnd have Little Fred:.éb{/e. power

S the shoyt Egmgg anmih&ﬂg' tion gb_ﬁn_o_mﬁvwn

must vecessa¥ily be described at the
guark Lovel

N - nucleus studies usefud 'gv-r
25 puclear e%,gg,i’[on ot Ai‘ai&
25 v?rao‘ug'tion a‘- Rocalined vreqio

1——3———512‘35—2;‘
cb.mm:_glum_p.n.‘s.m under favorable
tan

Circumstances (impertant multinucleon prec.) h
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Hew te choese the Q_a, annihidation vertex

Possibilidies :

1) 36 _modeld (& pair has %uanfum nos. ef vacuum o"'"'(a'*)/

m G;P =XP X‘FX(XM (imi~mlo¢)’l4£ _m(!:.)
453 . Hﬁir oly SPn S Clebzel, Pr—wms

Xy = (A +dTHSTYNE

Xe = coler Siﬂjle't ig APPRoOPRIATE For
< ) M me| STRONG CoUPLING LimiT
Km =L MHMNNGT meo S=1 mz‘f Q C_';P
N} me~)
-3 Hux tube moded (Tsqur)

2) one jl_u.on meded (3s, vevtex)

éa o ——— ﬁ"'hl_.,!:é'.-%
: S
*.1 2y G = Xs % Xe S-(6x9)
% = color octet B, WEAK CoUPLING LiMmIT

——— -

oF Q¢D a




a yard 1' <‘.'--+. ’»‘-‘ r

Tm
NN annthifation re.veaﬁ e

%W&.YK ‘*g !u.on dgngn‘,']g,: (er even bo.rqc N

Sﬁ-}.n ghﬁnamcna in anvLm.Z!.
(ex. fwﬂar'ja‘tion of' vecter mesor.s) ‘

Vem1 sensl'twe 12' Yeac'tl'on m(cha.ni;w._

a F_Y_@miu.we en j|§ béaws &,l

He hichest ceille 1 .".‘ensfb{

T gwve hsjk precicion data

on all mesonic decay medes
'Mcluclt‘ng these with _%i neui‘mi’i,_
and vare medes (€ ---- )




P INDUCED REACTIONS
ON NUQET

[em?\'\aSi e ,erﬁe energﬂ depos{-hbn ’:
]

or wmultinucléon aspect




T—NUCLEUS ANNIHILATION (cascade)

NUCLEON KINETIC ENERGY
B

h §¢A00
i - 80eVA- -

6GeVe

nollll]ln.nln-n.lnln
0 100 200 300 400

ToMev)

Example of the distribution of nucleon
kinetic energies for times 0.6, 3.0 and 18.0
fw/c, illustrating the existence of a "cold"

and a "hot" component.,

:Gl T T T l | ]' ) ' ¥ ' d ‘ l'—l K] l
z2i- Prop® B GeV/e "/ ’P_I R
(B :. A= 100D // ./
S s . ;
o / .

% i." '." "‘ - ) .
T } No.or Musuron
£ 10} . , g
? 3 / . !

':r/ ‘;’.’ mw———— e e edy "

2=L-,-"I~ w08 0080 G "

L\ .l
250!— \ venw-- .5 uq !ﬂ. " '*/('.‘ '-!
200} \(eﬂ sAg5% lefu,.. v ’
-
ANV
R \_\ ] Temperatuse
-
o}- P
80 "'5070 -
' T TR N NI T T |
12 24 36 48 60 72 84 96
titm/e)

Temperatures and number of nucleons involved in the "hot"
disgribution as a function of time for twc different cuts on
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STRANGENESS PRoDUcCTION

IN P-NUCLEUS ANNIRILATION
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DATA ON STRANGENESS PRoDUCTION IN P- NUCLEUS
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