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3aK/Iro4YeHne

1. BriepBble B 3KCNEpUMEHTE OJHOBPEMEHHO M3MEPEHbI NOJIAPM3aLmM 060MX BTOPUYHBIX NPOTOHOB B
peakunn (p,2p) ¢ npoToHamun S-obonouek aaep 6Li, 12C, 28Si, 40Ca npu 3Heprumn 1 B ¢ NOMOLLbIO ABYX-
NI€YEBOr0 MAarHUTHOIO CNEKTPOMETPA M NONSIPUMETPOB Ha OCHOBE MPOMOPLMOHasbHBIX Kamep.

2. PazpaboTtaHa MeToanka w nporpaMmmHoe obecneyeHue ans ObICTporo cbema MHpOpMaUUn C 3NEKTPOHUKM
CMNEKTPOMETPa, NO3BOJIMBLLNE S(PPEKTUBHO PErMCTPUPOBATL KOPPENSALIMOHHbBIE CODLITUSA B YC/TOBUSAX
60nbLWOro oHa cny4varHbIX COBMaAEHUMA MHKO3MBHBIX NPOLECCOB.

3. Pa3paboTaH nakeT nporpamMm Ans MoAenMpoBaHusl yCTaHOBKM MeToaoM Monte-Carlo n acdhdekTnBHou offline
06paboTKM AaHHbIX.

4. O6Hapy>eHO CyLLeCTBEHHOE OT/INUME SKCNEPUMEHTANbHBIX 3HAYEHU Nonsipu3aumnm B peakuum (p,2p) ¢
NPOTOHaMK S-0605104eK a4ep OT pacCUUTAHHBIX B paMKax UMMY/IbCHOMO NPUBAMXKEHUS C UCNOMb30BaHNEM
cBO6OAHBbIX NapaMeTpoB NPOTOH-MPOTOHHOIO paccesHus. [MoKa3aHo, YTO BENNYMHA 3TOr0 OT/IMYKSA
onpeaensieTcs MNAOTHOCTbIO SSAepHOM MaTepum B 3 dekTUBHOM 06nacTy pp-B3anMoaencTeus.

5. TMokaszaHo, 4YTo Nonspm3aumnst BTOPUYHbIX MPOTOHOB, PACCESHHbLIX B BbICOKOIHEPreTUYECKUIA KaHas
CNeKTpoMeTpa, npu 60nbWKNX NepeaaHHbIX sapaM nMnynbcax q=3.2 -3.7 ¢dM-1 MoxeT 6bITb onucaHa B
PEeNSTUBNUCTCKOM NMPUBAMKEHNU C yH4ETOM MOANMDUKALMN YETbIPEXKOMMOHEHTHOIO HYK/IOHHOIO CrMHOpa B
aepHou cpeae. B 3ToM npubnmxeHnn ans cnydas paccesHus Ha sape 12Cnpu q <= 2. 6 dM-1 He
yOaeTcs onmncaTb 3KCNepUMEHTaNbHbIE AaHHbIE.

6. O6Hapy>XeHOo, YTO NOSIPU3aLIMM BbICOKOSHEPreTUYECKOMO Y HU3KOSHEPreTUYECKOrO0 BTOPUYHBIX MPOTOHOB
CYLLECTBEHHO Pa3fiNyHbl N0 BEMYMHE. [ToKa3aHo B paMKax HEPENSTUBUCTCKOrO MMMYAbCHOMO NPUBAMKEHUS C
MCKaXXEHHbIMU BOJTHAMMW, YTO 3TO OT/INUME HE MOXKET ObITb CBSI3aHO C TPMBMA/IbHbIM 3(PdEKTOM SAEpPHOM
cpeabl — Aenonsipusaumnein NPOTOHOB M3-3a NMPOTOH-HYK/TOHHbIX NepepaccesHuin B siape.
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NN scattering NN csattering
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(p.2p)reaction

M In nuclear field ...
@® Distortion > DWIA
® Fermi motion ——— specify by exclusive meas.
@® Pauli blocking ———— not important at > 400MeV

and ...medium effects in sub-hadron level

@ Modification of nucleon spinor
Dirac approach : strong Scaler and Vector potential

(Relativistic Distortion Etftect)

@ Modification of meson mass
Meodification ot vacuum by quark tield
(Partial restoration of chiral symmetry)
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NMonapusauusa B peakumm (p,2p) ¢ npotoHamMu 1S-060n0uku sigpa 2C B
3aBMCUMOCTHM OT nepeaaHHoro sapy mmnysbca (q). PasnnyHbie 3HaueHusn q
AOCTUraJiuCb nyTeM U3MeHeHUs YrioBoro rnoJsio)XeHus
HU3KO3HEepreTu4ecKoro CneKTpoMeTpa, npyu 3ToOM YyCTaHOBKaA
HacTpaMBaJsiaCb TaK, UTO6bl MMNYNbC iApPa-OCTaTKa 6b1s1 6/2IM30K K HYNIO.

||IC|aHHb|e nosiyyeHbl B 2000-2002 roaax

G.C. Hillhouse, Phys.Rev. C74, 064608 (2006)
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G.C. Hillhouse et al., Phys.Rev. C74, 064608 (2006)
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P1(Ay)

G. Krein et al., Phys.Rev. C51 (1995) 2646.
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NMNonapusauna BTOPUYHbLIX NPOTOHOB OT peakuum (p,2p) ¢
npoToHamu S- obonoYyek sgep B 3aBUCUMOCTU OT BESTUYUHDI
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$ Relative polarization effect in the reaction
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Ansa nposicHeHusa npupoabl addekta B 2008-2009 ropax
uccneaoBanucb, KpoMe nonsapusauuu, u gpyrue nonsspmusaumMoHHbIe
XapakTtepucTtuku peakumm C_and C_..

MaTtpuua NnpoTOH-NPOTOHHOrO paccesAHusN :

M =a + bo,,0,, + c(0,, + 0,,) + €e0,,0,, + 0,0,

CBa3b Habnogaembix C_, P,, P, 1 anemeHTOB MatpuLbl paccesaHus :

nn’

P.=P, =2Re((a+b)c) /o Cm = T0,0,MM]/ 40 = 2(Ick + Re(ab' - ef)) / 0

n

rne : o = lal?+ Ibl? + lel? + If|2 + 2Icl?
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K(p, @) =1, {1+ A,Pcos(p) +A,Pcos(p) +AA,[C,cos(p)cos(p)+C... sin(q) sin(p,)]} , rae

C...=-C,.cos(a) cos(B) - C, sin(a) sin(b) + C_, sin(a + B),

O 1 B - yrnbl penaTMBMCTCKOro NOBOPOTa KOMMNOHEHT cnuHa m m | npu nepexoge us CLUM B JICK npu yrne paccesiHus
npotoHa B JICK 3, (MAM) nd9,(H3C): a=0/2 -9,, =6/2+3, , 0 -yron paccesHusa B CLIM.

C,=2Re(af*-be*)/ 0, C_ =2 Re(ae*-bf*)/ 0, C, =C_=2Im[(e-f)c*]/ O

Yron noBopoTa cnuHa NpoToHa B MarHMTHOM none v, =V, + Vv, (1, — 1)y, rae :
V, — Yron noBopoTa BeKTopa MMnynbca, |, — MarHUTHbIN MOMEHT NPOTOHa,
y=E Im,.



NMapamMeTpbl KOppensayMm CIMHOB B peakuum (p,2p) c asapaMu.
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NMonapunsauna BTOPUYHbLIX MPOTOHOB OT peakuuu (p,2p) ¢
npoToHamMmu S- obonovek sgep B 3aBUCUMOCTU OT BEJTUYUHDI
cpeaoHen 3Heprum oTaeneHna AAepHoro NpPoToHa.
JKcnepuMeHTaribHble AaHHble nony4deHbl B 2000-2004 rogax
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NMonapusauusa B peakumm (p,2p) ¢ npotoHamMu 1S-060n0uku sigpa 2C B

3aBMCUMOCTHM OT NepeaaHHoro saApy mMmnysbca. PasnnyHbie  4OCTUranncb

nyTeM U3MeHeHM!s Yrji0BOro noJsiIoXXeHusi HU3KOHepreTu4yecKkoro

CNeKTpoMeTpa, Npu 3TOM YCTaHOBKAa HacTpauBasachb Tak, 4To6bl UMNyJibC
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IMPULSE APPROXIMATION

i

ki [

Ko = K1 + Kz + KA-1; Ko' KA-1= K1 + Kz; K=- KA-1; Ko+ K= K1 + Kz

u M,=M, +m-dm; M, =M, +Q; T,=k,/2M,
- T0=T1+T2+Es+k2/2M*A.1; ES=Q+dm
" EFEcrimK=0:

T,=T,+T,+E; K, =K +K,

One assume that the polarization in IA is approximated by its on-shell value P,, =P =
P(W,.0O,) . Here W, is the kinetic energy in the laboratory frame, O, is the scattering

angle in the center-of-mass frame. In the calculations the final energy prescription is
used (W, is calculated using the values of the K,, K,).



IMPULSE APPROXIMATION

One assume that the polarization in [A is approximated by its

on-=hell value
Pio=P=PW;,0.,).
Here
W, i= the kinetic energy in the laboratory frame.

2., is the scattering angle in the center-of-mass frame

talien as

. s — 4m?
R (1)
2m

t—u

cos Oy, = (2]
4 2 + — 2
\J[:S — 4-??1.2)[[ m w® 41 ?]
5

Here
m is the proton mass,
s=(ky+k)? t = (ky— k)? and u = (ky — ka)? are Mandelstam
variables,
where
k. k1, ke are four-momenta of the incident, scattered and recoil
(knockont from the target) protons,
k= k + ks — Ky is the four-momentum of the nuclens proton
before the collision.

Unlike free proton-proton scattering, for off-shell kinematices

52 # (4m? — f — u)



[ | AVERAGED NUCLEAR DENSITY
|:|, NN f-scattering matrix:

t =ty + typ(r), (1)

where p(r) is nuclear density at radius r.

I:' Differential cross section of the (p,2p) reaction in factorized
DWTA:

d°a |
e — F * * d__' 9
dSZ]_ngszl k | J{xl(ﬂXQ(ﬂé(ﬂxU(ﬂ T | e

x(| to > +2Re(tit15)+ | tip 1), (2)

where

F iz a kinematical factor,

(7)) is distorted wave function of the incident (i=0) and
secondary (i=1, 2) protons,

@(7) is the muclear proton wave function.

B. Averaged nuclear density g :

o ;Fp(-r)D(r)dr
r= ?:D[:T)d?" j ®)

D(r) = [ X3(F)x3(F)6(7)xo (Frds2. (4)

In present experiment K g is close to zero and
AP FIno(F) ~ ™87 s expected to be almost constant and,

as consequence, g is close to a real value.
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mi%elative depolarization versus the spin-flip probability

+

i i 4 - - - i
P = Np— g _ (Ng _BND+BND) — (Ng _BND+BND)
e T o - 1 -2p)
g © g N, + Ng
relative depolarization = — = 23 | f ——— spin—flip probability



$ Multi-step process
‘h i

-

L
"Li( p, 2p)*He reaction

Ep dE=E, = (E; + E2 )

NES

EsforP —shell — 11 MeV
Esfor S — shell — 25 MeV
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Relative polarization effect in the (p,2p) reaction
$ . with ®’Li nuclei at 1 GeV
"ﬁ-\ 1

(p,2p) at 1 GeV
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Nucleon & meson masses and NN interactions
@ c=ffect of nucleon mass : Dirac approach (spinor distortion)
= relativistic DWIA

T ~{ P, TF ® W,dr

i ] Uiy  bound st w.f = % )Q(ﬁ_‘)
1 N .

~s P2 UILE [ Uirsdg,de
» nonrelativistic DWTLA

T e § e vl 0t

t= A+Bg,0,, +C(0,, +0,,)+EG, G, +Fg,0,,
= <, (M, ) U (M) |].5|U3(M3) U, (M >
Le.
Ma =N E BT+ t — (p.2p) data
in maclear field

@ cffect of meson mass : relativistic Love Franey model
Re{ f (q) } = 2% 2(g?+ud} 2/(L+q2/A2P
Im{ f j(q) } =g *(g*+mi] *¥(1+q¥A%H?

@ lincar relation between m* and density is assumed

1 —m*¥m oc pipo P : averaged density



Brown and Rho scaling conjecture for hadron properties in nuclei
L$
e

There is a scaling conjecture for hadron properties at finite densities suggested by

Brown and Rho [1] based on arguments of partional restoration of chiral symmetry
in nuclei. According to this, hadron masses scale as

* #* * * *
II]N " M - mp - Iﬂm - f'ﬂ:* = g < 1 mﬂ ” 1
m m my m,, i m g

where f_ isthe pion decay constant, W B, T, , and m_ are the masses of
the nucleon, P, @, and 7 mesons, respectively, and m ; is the mass of the

effective scalar ¢ meson. The asterisk denotes the value of these quantities in

nuclear medium. Since the pion is a Goldstone boson, its mass presumably changes
only slowly with density [2].



Limitation at 400MeV -+ Advantage at |GeV

L

NN-amplitude in
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no=kxky’
k
)
7] M
So’anl((),
k()’
s’=nxk’
) nAlzk’XkA|
n=kixkf ,, Vki K’
1 =( k +k)/(/ki+ k) g
m=( k;-Kk;))/(/k¢ - ki/) 4' Kai
7

PucyHok. Cxema u3MepeHHus Ha MAarHUTHOM JBYXIUI€HEBOM
criekTpomeTpe. M-npoToHHas Mull€eHb, K, ko, ko, k’, k“— B JICK
eIMHUUYHbIE BEKTOPbI UMITYJILCOB MTPOTOHOB: MaJarollero, pacce-
SSHHOTO, OTJIa4M U UMI1YJIbCOB nocJie nopopora. Tpaneunusimu
0003HaAUEHbl MArHUTHbIE MOJS CIIEKTPOMETPOB.
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