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Astinucleon Phystcs in the next decade:

try o ex)\"\a'('l: the vale of P end 5 beams
in shedding Light on some Fundamental
?Tob\ems n Nudea.r and ‘ngt\:de P’\ysics :

| somé ?a.v-‘ﬁc\e aspects:
&) N as a souvce of antiquavrs |
<> NN rnvues a well =suited eitvance
channe] Jor forrnation of new Rind
o} mesene |
b) rOSSiLu@ o* *ovmi.ia %uun -3‘_;&0“
phase in N annihilations in mtdei‘

. Some nuclear aspects : |
@) medium and -Qani yange f&?ﬁ of
NN and NN ?o‘tentuls velated by G-Faft‘ll |

b) sPaveh fov coherent tenser orees in
NN Spin obsevrvah\es |

¢) %u.aib mo‘ecu_@a,\' YéSonance pheno méﬁ;
in BN and N-nucleus Systems



?'ras?eets Yor N Physies :

The LEAR (lLow Enevg)r Aht't,:ro‘l'an Ri ng)
project at CERN provides a qualitabive
advence iw in‘].'&h{t& over existing facilities

fav'tie.\a.\a.v\ attractve is the ahility &

ex?\ore he crucial dow vnomé)v:“l'um
dowain below 4eo MeV

Newever , ancther qualitative -Qiﬂ.? may
be possible with even hicher intewsities
(LEAR = -Sew % 10° Jov low mamcn"l'a.)

and an extended enevay Yange (beyond 264
¢t o dedicated facilky. “

try to indicate some dwections here,

5-3 the $ield o % y)ysies 1 vevy vick,

. and one should be on the leoxeul " Jor ‘
new phenomena net anticipated by theorists
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Relation between NN and NN Forees:

Pma.\ojy ot eleetric Pofey\'tiq,ﬁ;;
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ToTAL PeTENTIAL FER

PP SYSTEM
L#o
N /L\it\r')
\
N ——3Tunn el.mj 27N

VTe'r G) = Vsm,.,@ + Vg +VCcuLaMB |

\1_'*.:'(.*) = qnnl‘a;qla:hén Fa":en'l?‘la_Q



Op‘béa.ﬂ Model g-o-r NN Sealtering and Annihdation

| ea.f@wmen‘tao. data:

0 = 28 -\—W/F ; Ga=33+354 (t*,FnPb)
Oee = 18 C*"'lg‘%}‘)%/Ci- Br +2.4P0) (FP-)?n)

Df‘ht}& Potentinl :

Vg = Vt.m + Vaw ¢ ; V)= Z' g ;

Vaunt) = = (41 W, )/(.L-l- é""”/ﬁ)

' 30#’ x-'d: u_)f-rL R-‘-B , A= '/I"F‘nw
V, =W, x 2 GeV
Iﬁl VA”M ) % Re VA-\)N ) = V.L.L'r) < |Sb m-e.V ;?r

r= 448,

Naive es’b'mi'e e-f- bound stalz uJiATLS |
y

P = 2 Im\/AW LE) =~ deeo meV /
Loceliyttion vedus /
lahs

ygost N bound states do nst survive annlw./-

i
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N % SECTION
d 'f*} ’ C
B T o B
. p (GaV/e)

N RN |
1 1 1 A PorarizATe
a s : s '
- | "t T at 6 GeVe
-1 UITH -
| Y BT S T UNE T B ¥ ;‘.5
o -1 {Gevh,
't,,m""t (GeV?

8 Tavel ¢t ol, Nuove Cim. 45A,37|m78)
i‘.mit o0, N“ucl‘.’ Phys. Bl41,48 (1578)
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A\loweé. Calov‘, Slofn,a.ni iSOSf'm Con-f—iﬁu.raih'o;;s
dor dic&u.a-rk (Q*) systems: |
139+ 163 For SUEBD

Recall 33® 137 =
Now '%a'\:o.ﬁ .q) = '\X)Sf"‘& @ ‘LPS{’;" Q‘qjﬂa.var@ qjco’ar
must be a.-:&sgmme:\-n'c

"\"seaw. Sﬂmme'\.-n'c, :*';L Q’s in .S - stafes

‘Q@M ~ ’A)Sua)(iScérfa) il we consider u,clhéwl-_.{

%‘ < {' 13 Su‘o:.')-‘jmme%rfc (B )
o | (6% Ssmmo"-?/fc (EI[)

w‘?"“®.q"$osiiu = i ngme‘b'i:. 'S'a-r {§§¢
_ ani'is&mmd:ﬁc {or Ié}c_

Se a\iowec; c\icbua—rk configurahions ave

Color SUL3) S?{n Sux | 1soSpm S (J.l.z.)j
x 16§ o i
y p 33 o | o
15 1¢} A &
) 133 L L
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Possible mechanisms 7c=v NAYYDL) YEeSonankes

T‘M_ n?v ‘\:en‘\‘t'aﬂ modeL c%ﬂ«v’.s no aja\;taus .
mechanism To .SLLrPYQSS r (exceP'L- cevtr. barrie

T, the quarx m:dﬂ-l ) on the o“:)'le.r_;’lamc[,

252 states ovefer 1o couple & BB
?a.‘t‘%\er than o\«Aima.rj mesons , due + the

(@- KK, notern

-~
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The situation is yeminiscevit o-F Hha a?rm‘runce
narvow iSebarie ancleg vesonances In nuclesy-

nuweleys elastic Seattering [ (p,m) +(=, p)
S 7 ana.l(. W) .f. channel:

N > — SN oL ‘rict‘.a.‘dle 'bme é)a\
T OC | e el o
1 - 7t oo Sy, )

Q*Q* intermediate skite



DISTINGUISHING FEATURES oF NN 4aup Q%4>
SPECTReSCOPY '

NN

roherent attyrachion Ffor
I=o ,S=| ,L=Tx1

~) O++, i-" 1'3"",3-" bd”c{

.Qies Lowest

) iavse _iScsbo;'n s?%ft?:z;ﬂs

Lor s=4

3) Mo G-Pav&y c)cu\o\e‘l's

for NN

1) both parities near
)_threszz‘!a‘

Q‘.’.él

VY I=0,s=1 ,L=3%1
bane’ mos'& S'b'onalj'
cauelei's NN

2) Sospn de enevac
ot -aazclia ‘t%as"ec'l'of.;ﬁ
(x=o, E >=2D

3) G-Fa.-ri'ty e)cuzpzei.%”
an. 271, 27 CtE
(g6, att@_)" ) o

Y, a.'r!:'t' 3

&) Nejai!ve = é_’skou |

on) near thr

(ne P- states)



Po cross secton (mbd)
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R.P. Hamilton et ad , Physical Rev. Lett. 4y, Il!:.(_v
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FORMATION EXPERIMENTS IN THE S-MESON REGION

1. PRE-BARR (1978)

soaduce Experiment (Ref)

Typa

m' Energy

Resol. (MeV)

Precision
mb/10OMeV/c

CARROLL
CHALDUPXA
BRUCXNER
SAKAMOTO
I (1}

yas

yas
yes

(1]
(2]
(3]
(41

yes

yos

yes p'amDLAy  [12)

no ALSTON-GARMIOST (8]

CTR
BC 01,.0 A- e
CTR3 , +0py,
BC o,

BC pplfo®
BC prao"
CTR ppin

: 4.3

1.5
1.0
1.5
1.5
1.3
5.5

2 2.5
2.2
0.7
4.3

0.1 (lb,l'r)
0.1 (ub/er)

0.2

1. 1979~1%80

]
i
—

no ALSTOM-GARMIOST] 10)
Baairos (9]
DEFOIX {16}
HAMILTON (6]

KAMAR (18}

8o
g8
possible

JASTRZEMASK] f19]
LoWENsTEYIS [ 20])
csST1 {21}

CTR pp 180°

CIR ppsmn
BC ppes5u
CIR o,

c d:

Cﬂc‘

mc‘

%

u a Do LER ]

T A

3.0
1.3
1.5
1.5
1.5

1.5
2.0
1.5

0.04 (mb/sr)

0.14
1.4
0.6
2.7

0.9
0.9
1.8

+
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MOME'NTUM SPECTRUM |
OF SPECTATOR Ps

10 109 mmne’% ) - )

1) “129 - .
BNDING ENERGY. in Mew - b

L. GRny 5 P. Ha eq-'t_g B Kala ero m&;s
?‘ngs. Rev Letters 2é l49?(!9‘7?§
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PP ELASTIC AMPLITUDE : REAL PART

' \‘ [ ¥ L} l{l[r--. Y ¥ ,,,T.,' - y
. - . PR B -
s = _-.-t.Or, ok " oRasencetar, .4 1
S R ‘\ T a Jenni etaL(lS?S_) )
g \ A Jenni et aL (1977) 1 :
&« g & Foléy etaL |
- ___._g 0.5- A - » Fajardo et al. -

- - g——- - ha ® This experiment . ;

S T —
e - |
— - |
O S ‘

g /| —

) / —m=1884MeV (BEST FIT) .

s /——m=1850Mev |
- — N AN | 2 eraald — |

0 107 "0 10° 102
BEAM MOMENTUM (Gevic)
a %3. T = r =
5 | J

g | . J

= o HHT f

: AT :

. z " I 7‘
d :

? 1 : ;

&—F |

_ -tol—z 1 1— i g
00 500 600 700
- -_,AM-MQMENTUM"(MGVILJ = .
]
FF‘I“T.!Z?.‘?F a.Q P)\ys Lett. loBB I'57Cl59!) |
T /=6 fr-52 T




R a.'tes_,}ot_,."p P___—?_,MLMj_-.*o.'t'__YesT
" (Baltay et al, Phys. Rev. Lot 15,56320965) D

m-.M,__’ T Rdte T

DR ia | I X - 1 - ~
KYRT T NESN

__ 5.9 % 10"
. ——0 s &-3-1D-
| ——---«1;-*-3:-—-- —2.9% 107

2
et 1e4-x 1072
) f e =
3 e

— e

-3

O
— -2.2%10
v-—~-~f’w° .ox 1D .

et 3.8 x10° S —
e ;;' ‘_“_;_.:i:‘; Tz wwTd ]

vii* o.ax zo._?-.._.‘,iifi:_;“‘”"“‘"i

RERRET gk

- -

Ko* K°-—- - 2 9 x 10~ .
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Se)ec‘bon Rules $o» NN — MiMj C

. M‘ - NON-= 51'?“36 Pseué.ascaiar meson

e MQMQ u,-_P - C-)
S = W = S T - Y Lo =%

L et T e =6

DX ¢on$¢vv£’2'lon of-?avﬁ'j ? = '.'3"= LEL =N
. ___s = ‘7_ "',I,;'N

L+|+L
_*) Cons. a"' (Cx Pa.rﬁ-') = "')——-- =0 GJ

-3 L4+T o0dd Jor" 'I'r‘rra»]ez LT even §a-r'rmz

'_~¢_.._ NN — .n, Tr___.. -me |3 P __335' ____ssD

e __)__.,.._-

— N»r—rrr"ﬂ“l * from PRya - (1"°°"\3)

ma—:» Tr°9( a -S-Yam 33% 3 meem (1- "55)5,,
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. DlscRETE‘ X-RAYS FRoM 3 Am"

132:7 vy

] 183:7 VeV
250 l ; £20217 t4ey
. - p 2163 Mev

g

O NPT T T -r-r-'-|—T—r—v-1'—|—|-9

Counts

—-1:. =

- FIGURE 4 Gamsa-ray spectrua as obtained after subtraction of a third

order polynomial. The solid line corresponds to a computer
. fit to the peaks in the original spectrum.

" T
| Instrumental | Confidence Yield per
Energy 1 line width level annihilation
(MeV) :  (MeV) )
1
: 132 s' 16 99.3 (5.122.,7) = 107?
TABLE 1 Results !
18) = 73 19 99.¢ (7.2:1.7) = 107*
] -
216 ¢ 9! 21 97.5 (6.0£1.9) = 107}
420 = 17| 3% 98.2 | (8.5 2.0) x 107

P. Paykfaulas et d p}, ys. Lett. B12,41509
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T° Emission fyom PP S)rs't'em

100

n
o
?

BINDING ENERGY (MeV)
8
T

400

500-

 Ann. Phys. 130, (1920)
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PHYSICS WITH MULTI-GEV P’

1) Ff - €+e- ‘hme.&.\te :tawn &Er a'}' Pra'b,‘ ,
%bai'iée.V/c, , abafazav/c_ o
‘Pd ~> Pp+m

L; é+€- Qook For 477 s‘l‘a.tes Be)ow- |
- PP "c)\YeshoH —

$V+ﬁ RN
PP L

?rahiem : res PP YA -l-any)/ pLPF-’ "41 +d’”¥) ~ }o 7__ 'o—s
must reJ«t hed yom pairs to 1< 1°

h) ?r -2 he.a.srj tuuks

FP -_’X(Polz> O.-'VS’Ci‘Kb>
—> e, 7] and 'P,

= 'D,,3, 3D, Te slates wneay S ‘dn'aH

-2 H® - “c"' w@ Ty %106V




P ~Nucleus Physics

Q) Nuciear structure physies
sticipale ste lectivily aw '
ety TS o et
F-Scaltering sensitive T5 Gperd, v
w taid '.’:g"‘* d

) F.% optical pelewtal
veel part ve J“f (2)

absorf‘hbn strong

could be meve "L’ransfareu‘t 'H‘\aa arectec' 2
(Pauli effect)

Sd Vo » W, *TDM W\eﬂsuﬁc‘-ﬂj 0g ov Otor
could have radius Ai-}ge\-em’_e Yo=Yz

Single parlicle sSpin-orbil Pa"ﬁ.‘ea‘l'chﬂ
Svom tTensoy Jovees n Qnd ordey

expect stvemq isespin dependen

in beth centval and spin-ovbit real

well depths = 4o (5,3),(R, ), (5, W)
on nueley
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™ T0O swade oSCAl ENNvVe

4080
ExCITATION FeN. AT )%0° o [RIEF. CRoSS SECTIoN
| IR ] 1] L] L T ! L) \ 1
' ' ——().126 MeV
(a) } ——-(a), 64 MeV
L ————(b) - { Lh ——(c).126 MeV

do o \

acteoy |
4 10

IGO -

'ru= To;:-' -2
10

o

do/dw (mb/sr)

O
| ==

00l . -

L 1 1 | i !

| T 3 1 1
100 1000 0 €0 120 180
(MeV) Gc.m'(deg)

1
0
E

E.Auerback, cap, S. Kahana, Phys. Rev. Lett. 44, "7”-‘"-;”’)?.
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In‘l‘ev-es‘tinj -P' - wnduced reactions o auelet

Q) (P, P) wirh p o 0° and S?:séf |

(F,p¥)  search Sor veserast TilA-D
stotee and transihens
be‘tu)e.e_u them

b) '§-anau4e3 5555 on oF hrPevnucl-ei
?_+ Py or U . (Peli kamov;

; w‘:‘;x T



