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Outdine : ﬁluﬂ.FAR PRYSICS WITH ANT)PRoTONS ]
1) Sqllen'i:' 'feaiures o{ two-bad
- O
NN > NN

NN intevaations

annihidation mechanisms [ghun.rk models )
ortl.caﬂ ‘rnec!ﬂ.p. ?‘)\eno:m e.na-Qog j

2) N -~nucleus iteyactions (elastic, inelastic ... )
- new cross section data JLEAR , BNL, KEK)
optical petentials

sianatures of soin~isospin dependence
A NN Jorce P P P

(P p) reaction
3) N —nucleus annthilation g‘?q&?sSes
Seatures of cascade or fluid dynamics calcs.
seavches Jor bar Yonium and other exetica
meson i.nter‘Fm m-e"[‘yy
(§, NN) veachions




F eatures o;— 'the two _L"EI:L N}&T Trtevyaction

a) é:_ﬁgr_l_'l,‘g__t:a.us:gnmabm .Jror meson ‘e‘Kd'mnje.

*
' ile — u % s : ‘61'
1

" where &y = C; - = =3 for pions

Lonsequences : T, w "1“}’_‘12 sl_q;n - sfmnﬁ attract:
u . ——n

| ‘Ca.‘ne.re.n ee n c,en'k"raﬂ and. ten‘sc

‘.S'Orc.es - c! ram q"ﬁc 'Sf;i‘n eﬁtecﬁg
(ex. 0 x 30 Sovr Pp—2 iin)

la) Mng_‘g_n nlhi..ﬂai‘ian -!;ov NN (absent ﬂFar NN _'
-_b_q._r_gon ez;hgngg Pic‘l‘u\.m: Quark 'pig' ‘_tgve:

el 22X

1) Gy ® 50 mb ot ScoMeVe 3 ﬂznﬁ/az_l-:: :__Z_/
Oppn ¥ TREX)R — R =1.5fm

3) mean mulbiplicily of pions N> 6 } <t €=




Phenam&no!@.@igg NN Of_ﬁca.ﬂ Potentiads =
U = VG2, + Yyt —2Wer) |

a) Absorption 'mJ.eipvemlen; AoF ‘EF‘.“ S isos;p’in’I', Znergy E
Dover- Richard , PI\BS. Rev. C21,1466 (1980)

Vann &) =1We) = = (4 1W')/Li+e -ML)

R=0.8{m, a=02fm , Vo= W, = Seo Mev

b) AESarﬁion z'h-omgl‘g d{:FQnoleﬁl' en S, T, ¥
Cotd et all |, Phys. Rev. Lett- 48,1313 (i982)

We) = {9 LA+ €) +4gg (44555E) 07 - 03 497 S,

' + (3saw) -5 + 4. § KGmr) ‘.(:M” For T =0,
Features: | Ws=° > 'Ws"i \ 3”* =o.1f~
W: whP: wol e w? = 4:0.91: 0.11 :0.09 ,5Cor Exc¢
W% (200 MeV) / WP (looMeV) & 1.4

<) Coug_.ﬂa.d whannel m-oa‘[e_.Q. ('ﬂr.J meqen group)
Timmevs, van dev Sanden +-de Suart, Phys. Rev. D29, 1928(198

Featu Feqtuyres: Caurhnj ro'l'enhﬂns &ereml on 1L 3 'Hn'b Ser &
ﬂonjer range. (0.3-0.4fm) thaw Cobe ot al




Sample -Ffl's To NN Dd&
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‘an} a; (mb) .

e P Alen at al. (827335 49.2/2,)
| STURE Hendton @t d(osbestyng) T

_ ToTAL CROSS

_ SEcTiek
mi 00 S0 M0 Ry (V)
30 100 130 20 250 Ty (MeV)
O F0Ty - 2208wy - Ohswietolfwsy T
fae - ~mBryon end Phillips -~ e -
l ~~-Dover ond Richard =~ o
i Paris ~ POLARI12AT):

RE C-'l'e et aﬂ. Phys. Rav. Lett.
o 43 (‘ls%a) I3I9 4 ‘

1-3%-&



Sa.mele {4 & NN data .bj Nijmegen greup

L

P&;

e
e

-1.0—

Elastic Polarinahion alr E = 230 Mev

I N .

s emm——.

V708



Mechanisms:

S
-;;__
S —— — e
u rea.rmngemen‘l" o aman

. The "v-e-wra.njcment v process gives rise B « Se’baﬁr-z[b!!ﬁ

annihélation Fo‘l‘&n‘ﬁaﬁ (s-wove )

L L =+ rEs
\\/.l”“(x')‘“'h}\ILISE)C*P? 2
oScm.llaﬂ'or wave ;foas
F‘j::neehr *p'r rhe %M\’KS
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P - nucleus reaction cross sections
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1 ) 1 ]
o Aihara et al. . ' / ’
-+ ® Nakamura ef al. tﬁ 180MeV .
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UMeV)

P1+12¢ oPTICAL POTENTIAL ULr) AT 477=V

(FouRlER~BESSEL (FB) AND |
FINITE~RANGE GAUSSIAN (FRG) mopELS)
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AN @ULAR DISTRIB UTIONS FoR P — NucLEus
ELASTIC S<ATTERING.
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BNL dafw on P+ALC,Pb : Ash-f-aml <t od, Phys. Rev
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{Garreta <t al)

Phenomenaﬁpg:zaaﬂ P opt s
WUer) = =LV, +1wW,) g('\'a/f[o) = Ver) +aWCer)

Ver) and WEer) determined meav the 's'hanﬁ a,Lsor-P'ho;;
vadlus '

R = (7 + O+ Ll 1))%)

Tavqel P ML) REm) VIR) WCER) \, w.,

12¢ 3e0 37 =~35 -85 3% _';5—
2c 6o 383 =18 -~56 W 96
ot Goo 4.3 =42 -133 Y43 9
208p), boo 8.2 ~5Y =108 ¢o l:’ia_'
Ry

1) shallow veal part preferved : [WR)/ver) = 2

2) s with aleef veal part and shallow absorption
net consistent with a giobal anaﬂss s of
“',‘_Ajbm -+ F lastic and wnelastic datn
(Bally ot al)




Estimates o;- e N -nucleus oph..cdq Pa-tenﬁnﬂ M

@) simplest mean field theary (Boqutn, Phys. Lett. 068,245 C1981))

Bouyssy + Marces, Phys. L. 148,397
(80‘5)’553 arcos, Phys. L. 114 "30:3;

| (DiGiacems, T. Phys. G1,L163¢i921
Wee) = [ 837 ger!) Vg -1/ )
T => extremely deey ryeal part (otw) , V, PLoomey

| ruted out] bﬂ the dato on F elastiz ScaIt-Lr.Llfj

(vew Gexyamd et ol fu'cfrmﬂiﬂ?
=~y corrected Loy Pa.uir.rrmur-

4

Uty = § B3y [{348 {'t,;‘ Ce-x’)

~> qwves repulsion 3 v intensy , weax attvaction

in tal regon (i} Parvis NN Pat'en‘tlhﬂ used) '
sisn a-F Re Uen 'f-ar Lo e v related T number '°‘F
bound steles in NN pe entiad

¢) ;-o\dvini with self :g_o_ns_\itq.it_‘t' in the nuclear mediws

Green + Wyeedh , Nud. Phys. A377,44; (1952)
Niskanen + Green , Nuel. Phys. AdoY ,4ss 1983)
Krenenfeld ; Gal + Eisenberg, Nucl. Phys.

—» ue & Lame absarption self congichene importaat
—\ehanges Sign .;F veall pa_f'l: dn inTevey |




8
3
v )
.. -1c*(AP,AP) 600 MeV/C
m';:i P, & p, P.R. C28 (83)
. — PARIS ‘
:} ,  =—DOVER & RICHARD -
LU L. +
of U = ot - -
T . . -
é . ‘l: Free am P‘]i.‘hdes oL
29 22- Relp,P e -E-
L of T, = 180 MeV
bio1 |- ...l
- 8 3
s -
W f -
- ]
109 - -
s f E
oF b e PR :
R :
107 |- ...:
e f =
s F 3
u’-:- :
2 . .
10-.2 1023 n--l'-a;Jm.lam]me,InuL.,‘.‘....,..].....!..,..‘!,,..J,,,,’!,,,.,l,...,ﬂ.‘?
0. 10. 20. 30. 40.' SO. 60.. 70. 80.



Kron-en‘f'elo!, Gal + Ei'sehbefﬂ Gis84)
Local Eﬁ.ulva.’.-en’l‘ ]5- thl.ccﬂ Po'b?‘nt‘l_'_-a.ﬂ U,

‘\i-\.s =Thay (MeV)
100 \ i ‘5-@3 c v
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dashed curves: 18 approxivation
id curves: with medium Corrections



Kronenfeld , Gall ¢ Eisenberg (1384)
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INELASTIC SCATTERING oN 2
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Fig. 5§ Dillerential cross-section for § 4+ Y'C inelastic scattering. Ity (8) each point corresponds 10 s
measurement integratad over an angular sange of 7.2°, In (b} and (c) the angulsr resolution is the same as for
elast’s scattering {see texs). The solid cusves result from 2 coupled channe fit o the data with the following
parazsters: {a) the optical-pot=tial oarameter are those Fig. 3 and the deformation length
Zog P v = = L6 Tim; (D) {Vy, Wo JTov, v, Tow,8w)2 41, F16Mav, 1.116 fm, 0.522 fm, 1 fm, 0.487 fm)
and F R= = D711m '

D. Garreta et all, CERN —€EP/84 ~I1Y (1984)



STIC AND

E‘NT NULLEDON L C I E U £
TNELASTIC SCATTERING:
2) 6ood signatures of spmn a.m! isSospin
dependence of two—bedy NN force:
@) ratios of inelastic eross sections
t Hnad states with AS=| ,A4T=o,1
examf)et 3*(12.2,T=0) aad 1H050,7=1)
in e (p, 77 2 ¥
( by P=A can be .ﬂ_:_\._m;gg, for as=) trapsiti
Sh‘ouﬂ o , . .
| 5?; ;(nro!o.rga.'l'lon -asjmme‘h:y)
4?&"‘::!" ¢) elashie and cimrge E‘xd\a.nge, ('F 37 )

.. _go'!ariz athens

2) Quantities which are rd.a-‘hiﬂeh insensitive
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a) Op
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DS =AT=0O Pm’l‘ et NN "I‘ort@,
here, detuiled fits to data ge us Ruus, %2 |

aSooebe {£aldine madel with Yanse of tus incudsl
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RESULTS FeRr 2¢ ¢3,87) % [an , Sainio, Love
a ke”, <8P

Define R =[doyp(2hizr, 1 ""’)]/ [4% et e, 3=

At E =115 MeV (be = 600 McV/c) 5, We {:um!

Pﬁ’ri.‘s %R
Ocrm RePoris) RCOR)  d0an(151) AR 5.
5¢ 7 0.60 O.H ™~ 0. 20 o.26
1o® 0.38 0.1 0. 20 .26
15° 0.30 0.6 o.M o.l%4
Conglusions :
0 best tes‘t of P vs DR models ot = o*
. nitude diffevence in R !
— veflects Javge difference in Lt
' (i.e. as=1, n‘r-o T 12.7 state)

2) Jor Larger angles, Vis, Vr, Voq operalors
. become important (spin —ovbit and tenssy
'fov hiﬂ\\&r % ) . Tkese contribidons do net
differ %ua.lifaiflle!y fo Pvs DR
example: 1 08.1) cross Sechons

(CO&!M
_e_ Ve on':l - VedVis Vet Viga+ Vo ¢ Vm
o° 0.2) "eky  0.2) o. 33

10° .00\ 0.0028 0.2
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Twe ¢lasses of P stafes -

4

"inngr state”

Vior (7).

7 ~ S0 =lop Mev

How ??o-&uce these states 4

CF>p) 5 CF>T) won (Fret)

Note: <the Y cascade tl\rceuﬂk ‘F~dfomi& states termmdles
at 3d state w p+ %, but Vouter’ p,s stutes
Q%Qt ' |



PRoToN SPECTRA FroM A (F, p) X REACTION

MK1-M1AY 1MV) Fig. & Prolom 3pectrs

:p = L33 - 27 -g3 200 -120 for the Ap.p)X reaction

L R B R 31Ty = 130 MV and 0*

Py Iy {a) lor scintilalor snd

4  Scntitater 3, ) .4 (b) for carbon targels.

10 e - The dovble dilferemtial
cross-seclion is plotted

Y 14, versus the proson kisetic

01 }"',»ﬁh” et *i"’f"h eoergy and the mass dil-
1 fesence (MO = M{A).

’ Thae sharp peak near 130

MeY in {s) cosresponds

to slastic scatwering [rom

N : bydrogen. Also shown

» e O are an INC aalevlation

10 ’ - {dashed kins) and a
.. Maxwellisn distribution

v ‘ best it (sofid linc). A cale

culation for the quasi-
{ree cross-scciion is in-

He/dndt  (mb/ar.HeV)

. dicated by the dotted
00: - curves.

Y | [l 'l 1 1 1 2 1 [ | I
My 120 RO WO fuzm‘mo 20 N0 260 288 309
]

Oyt

] L] [} ) [} [

! a o qp, pix 40"

D. Gor ‘r;fa et
CERN —EP /B4~ 4.
(Tuly, 1384)

5

A

m
dasedE  {nbsrHev)

o Mg oax o

Fig. 7 The {p.p) spec-
tra from (7 at 40, and
from *Cu and *Bi at

- 2 0°. The solid - '
O T I T T TR ) bewt ﬁ::d:s:m‘:

415‘ &Gim -ﬂi ﬂ.,Q.- 335:. { P )f) . Maxwellian distribution.

i X . 2




FIT To PRoTon SPECTRUM FRoM (p,p) REACTIW

Mae"'c“@‘e, |

0 ~ pO3

Paramcteys: vesultoeq frosi:[ils Lo P:ispachmwih the expression

3 r/ARdtm e Ve @kp (/7))
A T c
‘ Tawgel {degrees) MeV) Gblsr - MeYH )
Be 0 864+ 1.5 20
i2¢ 4D 77+ 6 75
63e, 0 6910 . 408
| 2e9g; 0 L] m
- SRERE——

from Garreta et al | CERN -€P/34-92 (Fuly, 1984)
(simillar veswts for 285i(f Y from N. diGidcomo etal

for 2P, estimate &rfpag = 2ooub/sr/mev
at E =115 meV » <



Crag ;e.c‘hon gsjimai'es {m' (B;P) reaction s »

a) "inner states’ ex. 45 bound by 2 MmeV with N=95Me
in Ulr) of Garre‘l‘a. ei‘a.Q,(P-}-"c.

*‘cyffcal dsyn ~ 0.5 mbssy s‘PreaA over loo Mey
RTRAE ~ Spb/isr fmev
* measwred ‘owcﬁvawd ~ 200 ub/sr/meV

~5\ signal froise ~ V2, Baltz 8D, Saixio , Gu
']by.er, BNL prepnﬂt

\

b) "outer states”
| 't'yfiu& ASun ~ 0.5 pb/fsr spread ever loo keV
o d”ﬂ"/alszE ~ Sjub/sr/mg'v

again , signal/mone ~ Yao

F Givbst ke
Casetin: 7D (5T (L

has 3001 wave function ow.r.ﬂaf -
+ 1a.13e cpec'f'rascafuc Jacter for 'AL=0 transition

here ThAnde = 39}“%’/5:-/%\/'
o Synal freise ~ 0.4

—2 may be ameasurablls



P TNDUCED REACTIONS N NUCLETX :

.;L) inves‘\.'ijai'e ‘Eor-mniﬂbn of' 1Somers Lwr me the

valley of §‘l_;g.hi“fg in N annihilation

use isosSpin tyansfer desne [o{: 'Pr(eeglpm __
Cfipns taxe out ise5pin) and nucleon E'mrp-rm:hs». .

‘Ferka.fs use m&ioc%eynténﬂ "l'er.Lni%wes' To id’i'n‘h‘ ;5
omey {@-Jecfy) | |

) Deox. :Fw navrew states in -gual\f' P + lore ‘Sy:sﬁkms

Tdea: T cortributes "u*v real pstential i:@ Core -
’ 1S Spinaisospin unsaturated 5 twe ‘bdﬂ NN
o.l:;s:r?h'on minimum n T=21,S=]| channel-

Ss!

E}zamfles : F + d !
' T

= ple®) + CPndg s,

PH3he = p o+ (Fp) or W 4 f';;::’,
Frive = Tt (Fannn) -

, S+ 6 =t (Fannann)

Lan § stabilize a system of neubrons ?



Gross teatures of T - nucleu

d) r-nc.v37 srecfvum a{ r»ns does met Al.'f-;'eﬂr .
Su\:s‘fon't\alg 'Ero'm NN twe- ba?) annmh;ﬂ-ﬂ.‘h’n

) ‘Pio»; anﬁuﬁa.v distyibution met .;.Sa‘h»af{c

-2 "fion. ba.CK.'Sf'P-‘e&SLv 2

'3) very S‘E‘ro.vsﬂ Sp allabion of the mucleus
'=> several tens ol nuel e ‘t'y,oicali,ﬂ

!u.r to So=%»)

-) vesults 'Fvam Yéry MJL energy anrvsd':lom.
4 -.pns 5 S'l"ronﬁl he_a.ta-l mue.lea.r 'ma.fi'er
w\'irh E* &~ m,, rathey than E¥~ My as fn T &

9 hiah spin vesidual mucloi fovmed (I % 20)

.Qa.vj e veeorl ymom en‘tum

5) ceuld P0551b15 see Porw + (NN) —> (NN)
-2 rvabe 05' Shovl renaé C.or»'@eai'tons at 0.2-D. 3£m




MEAN VALUES OF LINEAR MOMENTUM 4P
AND ANGULAR MoMENTUM £T Day
CARRIED BY RESIDVAL NUWCLEUS

APER 7 ABSoRPTION AT REST

)

| 6eves

~ high spins )

R T TS
AA

AN = number of nucleons ev¢povdi'eél ‘me
"Ca.rﬂct _eaueleus

5"’9” I.Qg anov €6 al , Nuel. Phys. A3%2 09320378



Other as F‘dzs o P Annithilation in nuclel : N
Gibbs 4 Styatimen , preprin

1) fluid dynamics gpgmuL (D.Stroltman, Phys. L. 198,380193

P Freolu.tes a Soumd wave , net” a shoex wave.

sensitivity B nuclear <qn- oF stale for Low T > <26,

S_lsmiuag' 1l : high enerqy peax (1oo~1SoMev) af 180°
. i.».j‘ J’o‘/a‘U?.-c\%P Y Fra‘ban emiss isn (F‘ ot res.

2) stahishical mechanics aporoack (Rafelsxi otal )
| F dbs:rr‘hbu in center oF nucleus mMay  produce
farrge ch-u.a/xk bogs
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