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= [1ByXmnne4yeBon MarHUTHbIA CNEKTPOMETP (C MONSPMMETPOM B KaHane H3Ca) -
Lefb CO34aHunS 3Tanbl MOAEPHU3ALNM

= lccnepoBaHme cnMH-opbuTanbHOM CTPYKTYPbI 1erkux saep B peakuym (p,2p)

19€5) 1995EE 1998 - cozaaH nongpuMerp MATlla
= Moaundurkauuss CBOMCTB aApoOHOB B sAaepHon cpeae — coBMecTHble PNPI-RCNP (p,2p)
akcmepuMeHTbl  2000-2001 2001 — H3C cran noaBuXHbLIM

= OnbiTel ¢ “He - oueHka ponn “multi-step” npoueccos 2004
2004 — co3aaHa XuaKkaq renvesas MULLEHb
= VIHKA03MBHBIM 3KCNepUMeHT ¢ 9Ca (B oxkuaaHum CROS-3) 2006,
NOAroTOBKa K nccnegoBaHmio peakuum (p,2p) ¢ 1S-npotoHamu sapa 4°Ca

= V3MepeHune nonspusaunmn n NnapaMeTpPoOB KOPPERSILUUM CNWHOB B peakuumn (p,2p) C
npoToHaMn S-obonodyek saep *He, 12C v nonsgpusauumn B peakumm ¢ 1S-npoToHamMu
aapa 28Si (BMecto sapa 40Ca) 2007-2010

2007 — co3aaHbl 6bicTpas anekTpoHnka CROS-3,

2008 — pononHutenbHble 1K, HoBble
BPEMEHHbIE AETEKTOPbI M 3N1EKTPOHMKA B CTaHAapTe VME; KpuOreHHasi MULLIEHb
CTa/la YHMBEPCa/ibHOW

= VHKAO3MBHBIM 3KCMEPUMEHT ¢ 12C, 40C3, 6Fe Aexkabpb 2013

04/03/2014 2
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10.V. Miklukho et al.,

CemuHap O%B>

O. Miklukho
Phys.Atom.Nucl. 76 , 871 (2013)

*m NSF-beam P;i::
= sS4 o
- S5

| PC8
10000
r}_ R TDC cnannef P C 5 % P C?
() 200 400 600 &00 1000
ToF-TDC channel % PC&
Spectrometer NES \\
L3
600 -1005|z0f20 DELTA_E P CE
400 @1
i S, O
200
0 ""‘E-,___\_
C,=4<cosgcosg >/A4, H\M‘I M3
C,,.=4<singsing, >/ A, " " Q4
C,, =4<sing cosg, >/ A, s e :
C,.=4<cosgsing, >/ A, g T i,:i CEQE
WhereAlZ =<A1(‘91'K1) ><Al(‘92'K2)> D1 ' - ":';:'g Pl:an_q_n
2<cos¢> .,_“
<A(6.K)> PCI® = o S
P C1 Parameters of the magnetic spectrometers
P c2 X\ ‘ Spectrnmeter MAP Spectrometer NES MAP
P4 % Maximum particle momentum K, [GeV/c] 1.0 1.7
\ Polarimeter parameters Axial trajectory radivs p, [m] 3.27 5.5
Polarimeter NES MAP | Deflection angle B, [deg] 37.2 24.0
52 Carbon block thickness, [mm] | 79 199 | Dispersion in the focal plan Df, [mm/%] 24 2
Polar angular range, [deg] 6-18 3 - 16 | Solid angle acceptance Q , [ar] 3.1x10 " | 4.0x10 ¢
Average analyzing power = 046 > 0.23 | Momentum acceptance AK/K, [%] 2.0 30
Efficiency, [%] &) Sy Energy resolution (FWHM), [MeV] - 20 -
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G. Jacob and T. Maris, Nucl.Phys.A257 (1976) 517
= OpPeKkTuBHaa nonapusaumd (3TT) npoToHOB Ha
obonoukax aaep ¢ | # O, npossnsarowasacs 8
peakuuu (p,2p), 6blna npeackasaHa T.Mapucom ——
U BNepBble 0bHapyxeHa B 3KCAepuMeHTe B

TRIUMF npu aHeprum 200 M3B.

= ObycrioBsieHa CNUH-OpbUTAsIbHLIM
B3AMMOAEUCTBUEM U MOroleHVeM.

= Hawa uenb - yepes HabnroaeHWe sgpgpekta ITT
OTBETUTb Ha BOMPOC: MPUMEHUMA SN MOAeSb
oboroyek c jj-cea3bro ang aapa °Li (Spin=1). sl S

AE, MeV
= Wccnepyrotcs Takxe aapa ‘Li n 28Si, ans D
KOTOpbIX 3Ta MOAEsb MPUMEHUMA. —

8i(p, 2p)

°Li (p, 2p) He

S—-shell

300
©,=2375deg
D-shell  ©,=758.55deg

P-shells

04/03/2014 920 -i¢ 0 10 20 30 40

AE, MeV



E O.V. Miklukho et al., Phys.Atom.Nucl. Vol. 63, 824 (2000)
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O.V Miklukho et al., Nucl.Phys. A683, 145 (2001) 5 e s e
AsneHve apdekTNBHON NoNApU3aLmMm SAEPHbIX + S P
NPOTOHOB cyLlecTByeT. Mpu aHepruun 1 B ?
MPOSBASETCA B Y3KUX KUHEMATUUYECKMX 0BNacTsX.

CrnnH-opbuTanbHas CTPYKTypa BHELLUHEN 060/104KN
sapa °Li He onucbIBaeTCcs B paMKax MOAENu
060/104€eK C jj — CBA3bIO B 061aCTN UMIMYJICOB §
aaepHbIX npoTtoHoB K < 50 MeV/c. e
Habnoaaerca P3/2 - pesoHaHc rapu K ~ 150

MeV/c B peakumn ¢ NPOTOHaMM BHELLHEN 060M0YKM
sapa °Li.

O6Hapy»eHo C1IbHOE MafeHne Moasgpm3aunm ¥
BTOPUYHbIX NPOTOHOB B 060MX KaHasax T e
CMEKTPOMETPa B peakumn (p,2p) C MPoToHaMM S — I SR
obosoyek aaep °Li n “Li. "Sip2n) I '

"Lip.2p)He AB/P=017t005

Polarizations P, and P|

HoebIvi NoNapU3aLMOHHBIN o DwiAR {2 020
- e 5 07 8P /P=0.4010.04
3PPEKT ? e = j

1998 - noctpoeH
nonapumeTtp MATT |

04/03/2014
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V.A.Andreev et al., Phys.Rev. C69 (2004)

= QHD and QCD predictions

= Clear reduction of analyzing powe
in (p,2p) reaction with the nuclear
S-shell protons in TRIUMF - 504
MeV, RCNP - 392 MeV and
polarization in PNPI - 1 GeV
experiments

= Can not be reproduced in non-
relativistic framework

s Relativistic models work better

=a+b + c(o,, +

=2Re((a +b)c’) /o

04/03/2014

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

(Relativistic Distortion Effect)

@ Modification of meson mass
Moditication of vacuum by quark field
(Partial restoration of chiral symmetry)

+ f Kinematics :
Momentum of the S-shell
proton before the
interaction is close to zero
Effective polarization is zero 7
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G.C. Hillhouse and T. Noro, Phys.Rev. C74
V.A. Andreev et al., Phys.Rev. C69 (2004)

0 10 20 30 40 50 o0

E.. Mev

15, TP,

N
O

Nurnber of events
Ry a W a
g & 8 s

]
3
I

1000 —

07 8o =0 40 38 20  -10 0
Proton separafion energy, [MeV]

Kinematics :
Momentum of the S-shell
proton before the
interaction is close to zero

04/03/2014

(2006)

PWEA: = = o
--’— --- -

il DWIA + M=
RIDWITA =

RPWI1A

WS

mp ~ my, - U} m; —free meson mass
mp mg s m}‘ —meson mass in nucleus
g mesen-nucleon coupling constant :
O v e e : giN — in free space
Eon g;“N — in nuclear matter
* *
o .4, : P2 - o
mgy m

- H3C ctan asurartbes |

Noro et al., PR €72 (2005)

Since there is a good correlation between the A, dataand the
separation energy, or equivalently the @ value of the reaction,
one may speculate that the inclusion of the energy off-shell
effect of the NN interaction could possibly explain the A,

suppression. In a trial calculation, however, the inclusion of
the energy off-shell effect based on the AV 18 NN potential
within the NRPWIA model caused a negligible change of less
than 0.01 for A, for the present kinematical conditions.

0.4

0.2F

4] 20 40

FIG. 3. Co data
10 various maod ation
energies. The vistic
PWIA (DWITA ished
line are Schidi wdial-
dependent and tions
o the NN in i the
dashed line ing WA
predictions, re: t side

correspond to 4

MbI Hegkaem noka
cxopa c
aCCOBOU

feepxHOC
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V.A. Andreev et al., Phys.Rev. C69 (2004)

Habnropaetca otnuume nonapusaumm BTOPUYHBLIX I"IFOTOHOB B peakuuu
(p.2p) ¢ npoToHamu S-obonoyek aaep npu 3Heprum 1 3B ot
ApeAcKkasaHui Hepenatueuctckux teopumn (PWIA, DWIA), 0cHOBAHHBIX
Ha NapameTpax cBo60AHOro HyKMOH-HYKNOHHOro paccesHus. BennymHa
3TOro OTNUYUA ONpeaensaeTcs 3PPeKTUBHOU NNOTHOCTLIO S4epHOU
MaTepun, YTO YKasbIBAeT HG MOANMUKALUIO MATPULILL pp - paccesHns B
sAepHoU cpeae.

Yuet peniaTUBUCTCKUX MNOMPABOK, CBA3AHHBIX C MOAUMUKALINEN
HYKMOHHOrO crnuHopa Adupaka B saepHom none, npubnuxaeT pesybTaTbl
pacyeta k HabroAaemou Ha onbiTe BesnduHe nongpusaumm. ns
OMVCGHWS YIrAepoAHbIX AGHHBIX TpebyeTncs yyecTib MOANMPUKALINIO MACC
OBMEHHBIX Me30HOB U Me30H-HYKIIOHHBIX KOHCTAHT CBS3U B 9AepHOU
cpeae.

Habnrogaetcs cuctematnyeckoe npessbileHne noaspusaumm
paccesHHoro RpoToHa P; Haa nonapusauven NpoToHa otTaauu Ps.

HoBbIM NONAPU3ALIMOHHBIN 3PPEKT ?

[na nonHOTLI nccnefaoBaHUU He06XOAUMO U3MEPUTL NONAPU3ALINKD B PeakLiMm
(p.2p) c TpebyeTtca KuaKkas mulleHs ) u ¢ npotoHamu 1S-obonouku (Es ~ 50
MeV) aapa TpebyeTcs 6bICTPAg 3M1eKTPOHUKA NOSISpUMETPOB) .

04/03/2014 0
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Bo3moxHO, UTO 3ppeKT 94epHOU MOAUDUKALUU U
pasnuuue nonspusauum 8 MATTe u H3Ce ceasaHbr
¢ "multi-step” npoueccamm ?

'Li( p, 2p)*He reaction T

P — shell

S — shell

EsforP —shell — 11 MeV

, — shell — 25 MeV

04/03/2014



L e | CemuHap O2B3

O.V. Miklukho et al., Phys.Atom.Nucl. 63, 474 (2006)

B e J & BT & a & BT & & [t E p + "He - elastic scattering p + "He — elastic scattering
- RUN — 2004 ©,= 532 deg B i s F
L [ ©®1=18deg
L 12000 —
4 £
08} He(p,2p)"H
- . 10000 —
=
L g i
0.6 D-WGV@ 9 B r g BAOD C
; | ‘ S
o~ I .5 041 . L 2 6000 |-
A b e il PP PP g
= b [ 9 " >
B sl ¥ ... PWIA 3| a0 |
ar i ¥ N "
g + * : I 2000
5
'EO,Z— : Gl il ges @ g g g gey ) T .
= Fi['St Cross SeCtiOﬂ miﬂjmum 1880 1600 1620 1640 1660 16880 1700 1720
o . s
Al —U”l'4 it 1:|6 it ]IS e 2'0 e 2‘2 e 2'4 e 2|6 : Proton momentum K; , MeV/ic
ok K, MeV/ic I | | | ®.,deg
150 100 50 4]
2004 -co3naHa xuakas
iy | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | I
02 T T 20 55 5 renivesaa MuUlleHb !

®., deg

“He S-shell proton separation energy

8
g

Nurnber of events
& = = %‘
E 5 & &
L T R B
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OxuaaHue CROS-3

MoTueaumsa: OueHUTb MHTerpanbHLIN BKaa oT "multi-step” npoueccoe B peakumu
(p.2p) c npoToHamu 1S-ob6onouku aapa 4°Ca (aHeprus ceasum ~ 50 MaB).
O.V. Miklukho et GI., arXiv: 1103.6113v1 [nUCI—QX] 31 Mar 2011 R.D.Smith and J.Wallace PRC (1985) 1654

i +C->p+X, 800 MeV, LAMPF

0 Cap,p)X at 1GeV ] pre=2p
L _ - _E = a = A
® =21.0deg m —p4He elastic scattering - > - —
2 = - 3
05— 05 =2l & 5 4 -
e * ] g .__}é_. E— - :..' _E
Ay ] '-g a = ! -
g 04 PWIA + — 04 a - £on. —
g : 3 F T AR B
g + + + ] g ‘:‘g 10-3 et il | ' I W i .
= 03 7 0.3 'E 1.0 T 1 T I T | DNN
rJE T e - (b) DSS -
P @@O@%@ 1 ™ E /_DLL ’
02 + o 0@ — 02 @ 05— DSS — -"S{s—‘

o %  rHe ] = - o co

] B ' =5 ]
G000 EJ@ Tl? . » ooo00C =

&L T — production . G@ e o -o—o-—a0
< P elastic [0 B B
%7 scattering‘\? OOG ] B \'\ i
|:| 11 1 1 I 11 1 1 I 11 1 1 I 111 | L1 1 1 I 11 1 1 I L1 1 1 | L1 1 1 | | N T | | 111 '_ C' _0.5 B ] I 1 I 1 I I IDSIL ]
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Ok (eI QNI oI AN WANORNERRE  O.v. Miklukho et al., Phys.Atom.Nucl. 73 (2010) 927

=a+b + C(oy, + 0y,) T € + f

= To do our studies of the medium effect = 2Re((a + b)c) / &

more comprehensive,
= 2(lcl? + Re(ab” - ef)) / o

C,, Is not distorted by magnetic

s At that, statistics in polarization B 2 a7 spectrometer

measurement with 4He and 2C was
essentially increased ( we increased

statistics and for another targets early
used)

0.9. ®epopos, TTpenpuHT TTNA®-2432, 2001

-~

g

I=( ki +k)/(/

04/03/2014 e by -

n=kxk




CemuHap O%B3
O. Miklukho

O.V. Miklukho et al., Phys.Atom.Nucl. 76 (2013)
Observations :
s Pazvyyme mexay PWIA u DWIA
HEOOTIBIIOE > UCKaXEHMUS BOSIHOBBIX.
QYHKUNY [IPOTOHOB He CyLYeCTBEHHET

= [Ipeackazarma DWIA™ ¢ yyeTom

PESIATUBUCTCKUX 110IPABOK
(UcKaxeHue APOTOHHOro crvMHopa
Lupaka 8 saepHovi cpese, My”)
OSIU3KU K IKCIIEPUMEHTASTBHBIM
AAHHBIM 0 [osgpusalmm P, 8

) o e e . e UCCIIEA0BAHHOM KMHEMATUYECKOU

H Ca "He Li &

28) A$HAS) 1S obnacty

P/pe= 0.07 0.19 0.31 »  Paznmyye [osgpUy3anmy BTOpUYHEIX
rpoToHoB Py v P> B pamkax PWIA,
DWIA v DWIA™ oyeHpr mareHsKoe
(meHee yem 0.005 ripy riepesatHbIx

Kinematics : umnynseax g > 3.2 fm?)
Momentum of the S-shell

interaction is close to zero IKCTIEPUMEHTASTIBHbIX 3HaYeHuH
AN . ﬂOﬂﬂpM.?aUMﬁ pacceaHHoOro ripoToHa
D(r) = J;(l (r);(z (’”)Zo (r)¢(r)r2d§2

, All curves were obtained p
: U rpoToHa orgayu P
using the THREEDEE code / P & 2
K. Hatanaka, Phys.Rev.Lett. 78, 1014 (1997)

; 4
04/03/2014 N.S. Chant and P.G. Roos, PR C 27, 1060 (1983)  sarcoronen [Egi= vvas only 14

qg>3.2fin" ®,=21-26 deg
®,=53.2 deg

5 —shell

Polarization

TD(r)dr




V.A. Andreev et al., Phys.Rev. C69, (2004)
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0.V. Miklukho et al.,arXiv:1402.0308v1

“Polarization

O.V. Miklukho et al., Phys.Atom.
T T T I T T T T T
D :3} teay | RUNS-2001, 2009 Uit saad 0= 5324
[e-B S-shell I
L 1 I 4 3
os L Dwia K=0 MeV/c- os} He(p,2p)°H
PWIA: - wumenmms o5 I
g [ Mo - o6l
[ ROWIE e o 1w
T _Q-< .......
g e ke & +
R ENE 18 paf e "TI
B 15 ’ :
— _'9 ¢ »
[=} L "
= 02 _.§ o2k
18
o1 | ’ : i N ok K MeVie ’ ; ;
r =40 6, =171 B.=227 ] r 150 100 50 0
9,= 639° 8,= 597° = 53.2° |
1 l L [ - | l P
Uisec s =L - = ; Py 16 18 20 2 24 2%

Momentum transfer g, fm™!

IS observed at different
values of the transferred
momentum q

04/03/2014

The polarization difference

The difference is in a wide
range of the nuclear
proton momentum K

Nucl. 63, (2006)

045

=
.

=]
i
A

[nucl-ex] 3 Feb 2014

P—shell

N O AL
PCp2p)  RUN-2009  Si(p,2p)

D—shell

. PWIA

o3 |- P

P T P 0 S S PO [ P | S S SR
Lo 15 20 25 30 33

The effect exists in scattering
off the D-shell protons of 2657
and is absent in interaction

with the P-shell protons of 12C




L TToacHeHus RS
e TTapameTpur Koppenauum cnuHos C;; S o

C;; , nNepBbIA UHAEKC OTHOCUTCA K paccesHHOMY NPOTOHY, BTOPOW -
K NnpoToHy otaauu (i, j = (n or s))
N - BEKTOp, NepneHAUKYNApHbIN NSIOCKOCTU paccesaHUs
S - BEKTOp, NepneHAUKYNAapHBIA N, UMNYSbCY YACTULBL U NeXalmia B
NSIOCKOCTU paccesHus

[syxmepHoe asumyTanbHoe pacnpepeneHue:

K@, ¢) =1,{1+ AP, cosp, + A,P,,cosg, + A A, [C,,cosg,cosg,* C,.. singsing,]
tAA, [C,..cosp,sing,+ C. sing, cosg,]}

C,. - He UsMeHseTca Npu nepexoae U3 CUCTeMbL LigHTpa Macc B
nab.cuctemy U B MarHUTHOM MOJIe CNEeKTPOMETpOB

C. = UCKAXaAETCa Npy 3TOM Nepexofie U B MarHUTHOM fose us-3a
GHOMGASIbHOrO MArHUTHOrO MOMEHTA NPOTOHA

C...=- cos(a-v,) cos(pB +v,)— C, sin(a-v,) sin( p+v,) + sin(a—v,+f+v,)

C

= Con= O B ynpyrom pp-paccesHum (coxpaHeHue YeTHOCTH)

Cnn - BEPOATHOCTb TOlrO, YTO eCJjin1 CNUH paccedHHOro NpoToHa
HanpaeJjieH eeepx, TO U CNUH NpOTOHA OTAAYU HaAMNpaeJieH BBepX :
04/03/2014 5



“ Sp|n Correlatlon parameters CeMM|.—|Clp O2%B3
“ -0.V. Miklukho et al., Phys.Atom.Nucl. 76 (2013) 871 O. Miklukho

=a+b + c(oy, +0,,) + € +f
(p 2p) at 1 GeV
1.2 i T T T T T T — 2 * =
. @« —-Cnn m —Cns @ —227 250(183 Cnn - 2(ICI t Re(ab eF)) / o
1 @ —Css" O -Csn R-gondes . .
P,=2Re((a+b)c)/o
o 0 [ - R EEREY REAES URELS LS RS KRN
!g ] s L ®—R ®,=21-26 deg
% e 1 o+ ——————————————— PWIAfr Cen ] . E_‘—P: o532deg
= S—shell ]
Puga - - s F 3
= ]
g os —:
= oa2 P ST A SR ——— o g c 1
< Hﬂ = o i
E ﬁ 04 C ]
L5 T O | E 2ae F L) ]
Cns"=Cgn=0 il el 7
g-' + o ]
g2 - — 02 | 3
T Bl oy a0 A 1 28 -
gl ] | Ca “He®Li C s
4L 'H "He e ] r (zs% (15)(13) (15) (lSl)
C | (IIS) | (15) | ] ’ E_ﬁfpoz 0.07 0.19 0.31 0.30 R
_0-6—10 v] 10 20 20 40 a0 HIlIJHIIIIO‘III?.IOHHBIOHII4|0IIIIS/IOHHEGIOHI
ES, MeV E., MeV

C,, onucbigaemcs 8 pamkax PWIA > HeT 3¢pgeKTa S4€PHOM CpeSLI Kak B P?
CBS3aHO /i1 3TO CO COPOCOM 10/ISpU3aLIMN MPOTOHE oTAaqYu ?
BO3MOXHO HEUZBECTHBIV SPIN-flip MEXaHU3M KOMIIEHCUPYET 3PPEKT SACPHOU CPEALI !
B ynpyzom pp-paccesiHuu C,¢=Cg,,=0 (coxpaHeHue yemHocmu) = 47O C/Iy4n/I0Ck C ITUMU
riapamerpamu B peakumm (p,2p) ?
VIBMEDPEHHbIE 3HAYEHMST BCEX YETBIPEX KOPPEIISLMOHHBIX 1apamMeTpoB 4/15 (POHa
04/03/2014 C/1YYaUHbIX COBIIAAEHM PaBHbI HYJIt0, KaK 1 [O/DKHO ObiTb ! 17
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[losacHeHuA
OocuTenbHbIU cbpoCc nonspusauu

G. Jacob . Mar
Beam polarization § Final polarization
N?}F—N_ .+ G e T T + T

L e p. (No —aN; + aNy) — (No —0N, + aNp) Pl =20
oM e N, N© & HF gl
o ——— spin—flip _pr&habilit}"T l g iy ¥ = 2q

P

o

- I 230 MeV

E, MeV e B e

: X : ] : 0 20 40 60 80 100 120 140 J60 180
0 1000 1500 2000 2500 Gem, deg
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O.V. Miklukho et al.,arXiv:1402.0308v1 [nucl-ex] 3 Feb 2014
[Ipeornonopeum, Wiio, CYecnsyeny  Spii-flip:  63aumo0Cuciicue nponioHad

OWIOAUY C OCHIATIOUHBIN SI0POM, KOIIOPOE e yuunbledenics meopue. Snio.
GSUUNIOOCUCHIBUE), 6! COOIIGENICHIGUN CTDUHYURON Ly, UsMersen:
HATPAGTEHNE, CHUHA TP OTIOH A A PO OTON0HCHOCHI, KUK CIICOCTIGUE) S
HoyEApUsayRapaneripa G

OmuocumenbHbil 6KIA0 3M020 MEXAHUZMA O Modicem bbimb onpedenen u3
IKCNEepuMenma yepes OMHOCUMEIbHBIU COPOC NOIAPUSAYUY NPONOHOE OMOAYY &

Havifem cpeqHee 3Hayerme rosspyU3aLm
[IPOTOHOB OT/AaYH:
B. YAC/TUTEJIE HICIIO/Ib3YETCH TEOPETHYECKOE

npegckasanme (P,=P,) — C,+a(-C,) (l-a)

Y CpesHee 3HaYEHNE napamerpa koppeaaum Cnn: C., = = C
p p p pp nn 1 + a (1 + a) nn
Omuocumenvhsii cOPOC NOAAPUZAYUY
g5 —Fo G —Chg, k@ — Ircnepumenm oaem :
Pl Cnn (1 + ) / \
EXP EXP
Haxooum 3Havenus o > g. (‘He)=0153+0018 g. (2C)=0325+0.031

a,, =0.083 +0.010 «—

Cx--grjcr”
04/03/2014 a,, =0.194 +0.022
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CemuHap O%B3

o O. Miklukho
C = Cont@C,. | ~ (p,2p) at 1 GeV
lta "l e —Cmm W Chg | 8y=227-260 deg]
Cn,—n =-C L :— ® - (Cgs" O —-Csn ®, =532 deg i
C . — C,,+aC, .. sn = = CounCOS(a—v;) COS(B+v,) + - e B
e 1+ - C, sin(a—v,) sin( f+v,) + % s [ __________________+_ _______________ g,
C. .=-C.. + C,, Sin(a—v,+p+v,) £
: g'“ N PWIA-COR for C}nr;
T C"> EG 2 i PWIA for Cz'z” -
1] E 4
c - Cwtalo o _Cutal, = 2o e
= 1+a o 1+a N B P
Cn,—s" = Cnn Cs',—n & Cnn —0_4:— 5 » He 2 - _:
u3-3a 1007 koppernaumum us-3a 1007 koppernaumum o as A ]
mexagy n, u s’ mexagy n, v s’ = 0 10 20 30 40 s
E., MeV
.&avicHep: npu ynpyrom B3aumoaemcTeum
ABYX UAEHTUYHBIX HYKNOHOB (NPOTOHOB) OcTatouHoe aapo H
Csn = - Cns (6e3 npeanonoxeHus o - yetHocTb (¥), €= - €

COXpaHeHUs YeTHOCTWU) OctatouHoe sapo 1B (M.Jaraay)

- YeTHocTb (-), BO3MOXHO C_ = C

N. Nanaay v 9. CmopoauHckui, “Nekummn no Teopum aapa”,

' T-T nutepatypsbr, Mocksa, 1955 oL
04/03/2014 Panre Z
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0.

lokhintsev, Sov.J.ZhETF 33, 1295 (1957)[in Russian] Cross sections in the elastic Np scattering
y tot : : : . 00
, mb - iog , mb [ str
- dQ
E n-p
- 92
\/32
. e 200
E\/'fsuﬂ
20~ E
¢ — mechanism probability 0f I 230 Mev |
E, Mev 1 1 1 1 [l Il I 1 L
O 20 40 60 80 100 120 720 760 780

1 1 L ] 1
a 500 1000 1500 2000 2500 Fem, deg

g. (‘He)=0.153+0.018

a,, =0.083+0.010

g, (*C)=0325+0.031
ePUMEHT | cz,,, = 0.194 £ 0.022

SAcHo, uTo Is this a random coincidence of numbers ?
JLAB for ®He PN [3] = 0.080 + 0.016 JLAB for*C L4y, [12] = 0.193 + 0.041

TTeopmsl ! JKcnepumeHT + Teopus

a,y— the probability for a
given nucleon to belong to a W3-3a HacbIWweHus aaepHbIX
two-nucleon SRC in nucleus ~ cun : a,[11]~ a,\[12]

with A-nucleons 27



—_— Two-nucleon SRC probability

.
04 T 1 1T 1T 1 T T 1 T T T 1T 1 T 17T T 1T T T T T T T T T T 0.4 | L N ST N E L A R L 3 L ) L T B PR T B FR T I R E I E 0 O P
Ii T L Data from {p,2p) experiment at 1 GeV
s - . q% W D-state ]
6 0.3 — E:' [
: ! ® 13
E‘ i 15 o2 + -
miam i 1 i I
E | % | & : ]
@ 02 _ ]
i i 1o ]
] oool - _
u IS y |
P £ -
Ot 18 '
i P N2 - e -
I 1% °
= ii 41 o 28g; 2
L] L 1 = i i ]
2 i JF ok (1D) (1S) ]
>, 1
g N ¢ 7] 'H “ca ‘He’li
I E ' . (2|S) (1|S)(JS) | (15) | | |
g il (FINFI) . H2 S W w wm . w s e
o ¢ — Data from (p,2p) experiment at 1 GeV ]| E., MeV
L (JLAB]
: O — Data from (e,e’) experiment at 4.5 GeV 1 a,y— the probability for a given
02 i Y G Y O o YV e I V27 S ) N U7 | Y U Ot S [T B ) 4 R e B [ 0 I | nuCIeon to belong to a two-nuCIeon

0 H 20 0 40 S0 60 SRC in nucleus with A-nucleons
Atomic number
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n3MepseTca abContoTHOE 3HaYeHUe a,, oy Ans D-o6onouku agpa 28Si
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CemuHap O%B3
O. Miklukho

1.  BnepgbIe ¢ BBICOKOW CTATUCTUYECKOWN TOUYHOCTbHO U3MepeHbI NapameTpbl
Koppenauum CNUHOB B YNPYrom pp-paccesHuu,

2. Bnepsble U3MepeHbI NapameTpbl Koppenauum CnUHOB B peakuuu (p,2p)

Cc BbIAeneHuem 060mnoYvevHom cTpyKTypeI aaep ‘He |, 12C.
TTonapusaums B peakUum Ha 3TUX 94paX U3MepeHa C BbICOKOU
CTATUCTUYECKOWN TOUHOCTbLHO.

3. Bnepsble nony4eHbl AaHHbLIE NO Nongpusauum B peakumm (p,2p) ¢
ApoToHamu 1S - obonoukum (¢ Hambonblue 3Hepruen ceasm ~ 50 MaB) u ¢
npoTtoHamu D5/2 - obonouku aapa 28Si.

4. Tlonapusaums paccesHHbIX NPOTOHOB P; 651M3Ka K pe3ynbTatam pacyera ¢
YYeTOM pensaTUBUCTCKUX NOMPABOK, CBA3AHHBIX C MOAUMPUKALINEN
HyKnoHHOro cnuHopa Aupaka (ymeHblueHue Maccbl HYKOHa) B S4epHOMU
cpepe. OTU pacyeTbl AAHOT NPAKTUYECKU paBHbIe 3HaYeHUs Ans
nonapu3aumm paccesaHHoOro NpoToHa P; u npoToHa otaauum P,

5.  O6HapyxeHa cylecTBeHHas pasHULIA Mexay 3KCMepuMeHTanbHbIMU
3Ha4YeHuamMm nonspusaumm Py u P, .

6. O6HapyxeHa Koppenaumusa mexay CrUHOBLIMU KOppensLMOHHBIMU
napameTpamu u cbpocom nonapusaumm NpoToOHOB OTAGYUW.

7. EcTb OCHOBGHWA MONAraTth, YTO MbI BCTPETUIUCHL C KOPOTKO-
AEUCTBYHOLMUMMU HYKITOH-HYKITOHHBIMU KOppenauuamu B a4pax.

04/03/2014 2
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CemuHap O%B3

SKCnepumeHT - aexabpb 2013 0. Miklukho
O.V. Miklukho et al., arXiv: 1103.6113v1 [nucl-ex] 31 Mar 2011

®=210deg AHanus 2013

Zolid curve — DWIA (THREEDEE code) i dec—cJ.asti.c scattering
Dashed curve — DWIA* (THREEDEE cods)
Dotted curve — (EXFPERINMENT — DWIA™)
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CemuHap O%B3
O. Miklukho

BbINOAHUTb M3MepeHns AnddepPEHLMANbHbIX CEYEHNUN U
nonspusaunmn B peakumm p + A -> p’ + X ¢ aapamm 2H,
12C 28Gj, 40Ca, *°Fe npu Tpex yrnax paccessHus
BTOPMYHbIX NpoTOHOB (MAI)

ilccnepoBaTb nonsipu3auuo B peakumm (p,2p) ¢
NpoToHaMu BHelHnx obonoyek P (I=1), D (I=2), F (I1=3)
anep 12C, 28Sj, *Fe (MAIM+H3C) B 06nacty MMNyabCOB
qapa octatka K ~ 100 MaB/c

ccnepoBaTtb peakuuto 9Ca(p, p*He)°Ar ¢ noMoLLbto
MarHUTHoro cnektpoMerpa MAI1, BKAIOYEHHOro Ha
COBMaAeHne Co CUMHTUMMALUMOHHBLIM AeTekTopoM HI/,
pacrnosioXkeHHbIM B6n3n muyweHn (MAMN+H34)

27



CemuHap O%B3

O. Miklukho

|

T.pyo.
= 1993-2002 POON+PAH 1300
= 2000-2006 AnoHus 2550
= 2002-2010 PAH 6000 Total: ~ 9900
|
= 2001 MepeamkeHne HICa 400
= 2002-2003, 2007-2008  ['enueBass MulleHb 1200
= 2004-2007 CROS-3 311eKTpOHMKA £10010)
. YckoputenbHbln OTAen 650
N KoMaHAnpoBKM 400
. OononHutensHble MK, LV-HV sources £10]0)
- KoMmnbloTepsl 500
n MaTtepuansl : ?
n 4He, AproH, W3o06yTaH 500 Total: ~ 7000

28
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Tomas Jefferson National Accelerator Facility Cemurap OBB3
O. Miklukho

Short Range Correlations

Atx=1

do/dQdE’ (nb/MeV/sr)

v=1 l<x<?

{| Forx>13 "
] A A

2 —

o,(x,0%)= Z X

High momentum tails should yield 2 J

constant ratio if seeing SRC A

=5 (Ao (%,0°)+ 5 ey () (x,0) + .

Quasi-Elastic
Scattering

a, (A)o;(x, 0°)

Jefferson Lab Patricia Solvignon

O ;- cross sectiona ay (A) - probability of finding

j-nucleon correlation LN
a nucleon in a j-nucleon

_ I ore lati
Wy =A/2 azy - a,n— the probability fora —_, Sl
Number of the two-nucleon &iven nucleonio belongto ;g ) _ gepogrrocrs toro,
correlations in nucleus with ¢ two-nucl.eon SRC in YTO HYKJIOH He BXoaUT 8 SRC
A-nucleons nucleus with A-nucleons

29
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Tomas Jefferson National Accelerator Facility
Scattered electron were detected in the CLAS spectrometer

CemuHap O%B>
O. Miklukho

A(ee) at ~4.6 GeV, Q?>=1.4 GeV?, xg=Q?/2myv >=1.3
2 nucleon correlations
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15[ 6 L
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CLAS Collaboration, PRL, 96, 082501 (2006)

Absolute fraction

a,,(*He) = 0.15440.002:0.033

a,(12C) = 0.193£0.00240.041

a,(*°Fe) = 0.23:0.002:0.047

A(20'ep +0,,
3(Zo,, + No

3¥(4) .
3 Rrad
AY ("He)

en)
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Zug) ) Jarioga) Acczlzparop Pacility CemunHap O2BS

umimary O. Miklukho

SRCs are an important component to nuclear structure:

~20% of nucleons 1n SRC
Very few (~1%) p-p, n-n pairs

v

v

Isospin Symmetry of SRCs ?

B Subedi et al, Seience 320, 14782008}

Two-mucleon knock-out experiment z
(i = -1f * ‘
5 -
2 -
G ® & « PP/np from [12C(e e'pp)/12C(e ep)]/?
o Scattered ol « Pp/2N from PZC(&‘?PP)/lzc(e,'e'P)]l/z
Incident : electron a v np/2N from 12C(e,e'pn)/12C(e.e'p)
electron 1}1__ E o * np/2N from 2C(p,2pn)/12C(p,2p)
x P
by _* T :' |
O .

1 1 1 1
Knocked-out 03 0.4 0.5 0.6
proton Missing Momentum [GeVicl

Correlated partner
Proton or Neutron

Data show large asymmetry between np. pp pairs:
Simple SRC model assumes Qualitative agreement with calculations; effect of

isospin independence nee 04.03.2014

Hupe violation of often assumed 1sospin symmetry

Jefferson Lab Patricia Sclvignon 16 o




CemuHap O2B3
O. Miklukho

a,; =0.194£0.022 / a,, [12] = 0.193 + 0.041
a, =0.083+0.010 a,,[3] = 0.080 + 0.016

e @ 40 hsre w 4~ humber of SRC in nucleus
ooy Al —a,y[A]) + @ ,0 e with A nucleons

a, =

O rsec 120, a,y [A]— the probability for a
1+ a,y[A](0 e 120,y —1) given nucleon to belong to a two-
nucleon SRC in nucleus with A-
nucleons

O _ Ay [11] {1 +a,y[3] (O-?JSRC /20'2N -1)}

@; Aoy [3] {1+a,,[11] (0'2SRC /20'21\7 -1)}

Observation .
Cu %N [12] ~ Jon [11]
a, a,y[3] a,y[3]

Due to nuclear saturation effect .

a,y[11] = a,,[12]
PNPT JLAB

(PNPI)
Observation :

vt _241+0.17 (JLAB) a, ~a,y[12]~a,,[11]

a; ~a,y[3]

Ky
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PNPI REPORT

O. Miklukho

Solid target parameters - T
Si 2 Al
285i(p,2pF Al D-shell 2010 Dimensions [mm] Isotope conseniration [%] 300 ‘(P,. T f,.)‘ e
1 diameter x length L _ ]
T,=200 MeV J 22 x 70 1998 Q=237 d ]
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% Liquid hydrogen and *He target parameters 150 —
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PNPI REPORT
O. Miklukho

" V3secTHO, Yiio 9apo °Li umeeT CAnH=1, keaapynOMbHEI
MOMEHT BAUSKUMYI K HyHO.

N Ha ocHoBaHWU NpocTom cxembl 3anonHeHUs obonovek, °Li
umen 6b1 cTpyKTYpy “He 1p2;,», UTO cornacHo
SMMUPUYECKOMY CITOXKEHUHO MOMEHTOB Y HeYeTHO-HeYeTHbIX
apep ero cnvH bbin 661 paseH 3 ( kak B 1VB).

Lea HyKnoHa B coctosHUU 1p?3 > ¢ MOSTHBIM MOMEHTOM = 1
6yayT UMeTb 3aMeTHBIV KBAAPYFOMbHLIA MOMEHT.

LaHHbIEe No paccesHUro HeMTpoHOB Ha “He obHapyxusaroT
Pe30HaHC, KOTOPLIN OTBEYAeT NPOMEXyTOUHOMY 94py °He, u
MO3BONAFOT YTBEpPXAaTb, YTO HYKMOH, He BXOAALIMM B COCTAB
“He, 3aHUMaeT mecTo B cocTogHUU 1p;».

m CornacHo Jl. JlaHaay HykmAOHBL Ha BHelwHew obosmovyke
a4pa 5Li MOryT HAXOAATCS B 2S = COCTOSHWW, T.€. BOSHUKAET,
HeperyngapHOCTb B 3amosiHeHUW ypoBHeW B aapax. B sTom
c/yyae KBaapymnosibHbIM momeHT Q gapa °Li = Hyro. Q=0
TaKxe B 0601104eYHOU mogenu ¢ |s - cBa3blO, B KOTOpOU
MOSHBIV OpbUTANbHLIN MOMeEHT pn-napsl = O.

N. Nanaay un 9. CmopoauHckuid, “Nekumn no Teopum aapa”, 35
04/03/2014 M T-T nutepatyper, Mockea, 1955




®Li(p,2p)°*He

0.4

P-shell (jj-coupling)

T. Marls

Pesynbtar ana oLi ->

P.2p) at 1 GeV

PNPI REPORT

O. Miklukho

S—shell, arb.units
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PNPI REPORT

O. Miklukho

Bt. Cnuu B! pasen 3/;. Mbl pOMKHBL Gblid OBl OMMAATDH
IJst atoro sapa cocrosinus Cl2] plg’l M COOTBETCTBEHHO MarHHUT-

HOrO MOMEHTA, PaBHOrO MO BEJMYMHE MATHATHOMY MOMEHTY MpO-
TOHa B cocrosinuu p, . Coraacuo Ttabia. 3, npusenenHol B mpe-

ObIAyuled JIeKUuH, 9TO 3HayeHHe paBHO 3,79, YTO HAXOLUTCA
B pPE3KOM MPOTHUBOPEUYHH C SKCNEepPUMeHTaJbHLIM 3HaueHuem 2,69.
Takum 00pasoM, Mbl CUATb CTAJKHBAEMCS C HeperyJspHOCTbIO
B 3arnoJiHeHuH o6oJjiouek. EcTecTBeHHO cuMTaTb, YTO HYKJOHbI
YaCTHUYHO. 3aHUMAIOT cocTosuue 2s. Pacuer mnoxasbiBaeT, uToO
MOM(HO MOOHMTBHCSI COrJIaCHsi C OMNBITOM, TOJLKO IPEANOJ0NKHUB,
YTO 2 HYKJOHA NEPeXOLST B HOBOE COCTOAHHE 2Sy,, 4 OCTa/b-
Hble O OCTAITCA B COCTOAHMM 1ps,. Ilpm 3TOM, X cokansenwuio,
HeJIb3sl TOBOPHTb O CTENEHH COrVIACHSI TEOPHH C SKCMEPUMEHTOM,
TAK KaK COCTOSIHHE OKa3hiBAeTCs 3aJaHHBIM HEeOMHO3HauyHo. He-
OIHO3HAYHOCTb CBsI3aHA C TEM, YTO XOTH MOJHLIK H30TOMHYECKH
CIMH CHCTEeMbl 3ajaH, HeJb3sl HHYEro CKasaThb O TOM, K4K OH
pacupenenen Mexay oOeumH rpynnamu yactui,. OTMETUM TOJbKO,
YTO MpelnJoXeHHas CXeMa He NPOTHBOPEYHT M BEJHUYHHE KBaapy-
MOJLHOrO MOMeHTa siipa. TakuM 00pasom, MOXKHO MPUHATH s
sapa Bl cienyiowyio cxemy:

Hetl pf,‘/’2s;“’/!.

YetHoctb 1B = (-)
04/03/2014



2. 3aBHCHMOCTb 3(eKTHBHOr0 CEYeHHsl OT CHHH-0POH-
TAJbHOTO B3aMMOJEHCTBUSI KaK NPUYMHA BO3HMKHOBEHHS
noasipuzaunu. Ilosisipudansi BO3HUKaeT B TOM cJyuae,
KOrZla BepOSITHOCTb paccesiHHsi 3aBHCHT OT TOro, mapad-
JieJibHBl MJIH aHTHNApaJyiejbHbl BEKTOP CIHHA S H BEKTOP
Hopmann n. CooTBeTCTBYMOIHEe CeyeHHs 0603HayaloTCs de-
pe3 o; M o_; UX HYXKHC [OHMMATb Kak Au(depeHuHaNbHbIE
ceueHuss o(©) (6osee TOUHO HYKHO ObUIO OBl MHCATh
do/dQ), KoTOpble, KOHEYHO, MOT'YT 3aBHCETb OT SHEPTHH ya-
cTuub E.

Coraacro (23), n onpesnensier 00'b€KTHBHO 3aJaHHOE Ha-
npasyenne. Cienyiolee KJacCHUeCKOe pacCyx/IeHHe MOKa-
3bIBa€T, UYTO 3TO HalpaBJieHHe MOMKeT ObITb BbIJEJEHO H
(pu3HYecKH: BEKTOP N H OpOHTA/ILHBIH MOMEHT KOJHYecTBa
JABHXKEHHSI pacCcessHHOH yacThubl L mepneHAHKY/sApHBI IJIO-
CKOCTH paccesiHUsi; MNpH BbLIOPAHHOM HaMH HalpabJIeHHH
HOpMaJau BeKTOpsl N u L mapannenbHbl B cayuae CHJ NpH-
TsxKeHHs1. BO3HUKHOBEHHsI MOJSIPH3ANUH MOXKHO O0XKHAATh
B TOM CJyyae, KOTJa NOTEHIHaJ B3aUMOJIEHCTBHSI MEXKAY
pacceMBaeMOil 4YacCTHIEH H SAPOM-MHIIEHbID 3aBHCHT OT
TOTrO, napaJsJesbHbl Hiax aHtunapasiensusl L u S.

D10 paccyxaeHHe He caefyeT NOHMMAaTh CJAHIUKOM OYK-
BaJabHO. Mpentudukanusa HanpapjeHUH BektopoB L u n
03HayaeT, YTO y BCeX YACTHUL, pacCesHHEIX HaJeBo, opOu-
TaJbHBIA MOMEHT KOJHMYecTBa JBHKeHMS L HanpasJieH
«BBEpX», & Y BCeX YaCTHI, pPacCesiHHbIX HANPaBO, — «BHH3Y.
DTo cnpaBedIMBO TOJBKO B TOM CJyuyae, KOTJla 4YacTHIlA
NBHKETCSl KJaccHYecKH mo opbure, 6su3Koi K rumepboie,
¥ HeclpaBeJJNBO, HaNpHMep, B TOM cJyuyae, KOTJa 4acTuia
Jie1aeT HeCKOJbKO 060pPOTOB B JIOJTO KHBYIIEM COCTaBHOM
saape. Kpome TOro, B TakoM paccCy»K/IeHHH Mpeanoaraercs
TaKXe, UTO TMOTEHIHaJ sIBJISETCA NPHUTATHBAMIOIIUM JJIsl
Bcex paccrosiHuil. OTo, BooGIEe TroOBOPH, HecrpaBe/IiBo,
Jaxe ecJsu npeneﬁpeqb KYJIOHOBCKMM B3aHMO/eiCTBHEM.

04/03/2014

H. Faissher

PNPI REPORT

0. Miklukho

Takoe HauBHOe KJIacCHYECKOe PacCMOTpPEeHHe HAeT MpaBH/b-
Hble Pe3yJbTaThl, OAHAKO 3TO SIBJSETCH N0 HEKOTOpPOil cre-
TieHH cayyaidHeIM. IMeHHO mo3TOMy B KayecTBe OCH KBAHTO-
BaHMA CNMHA BhIOpaH BekTOp N, a He L.

ITo onmpenenenHuio, moNsipH3anus Nyyka, paccesHHOrO Ha
HEKOTOpHIH YTOJI, paBHa
—N_
P=TETa (1)

HauGosee npoctbiM siBAsieTCsl Cydyaid paccesHHsl Hero-
JISIPH30BAHHOIO IIEPBHYHOTO TyyKa HAa OecCnHHOBOH MH-
menx. HayanpHble COCTOSIHHS 3amnoJHEHBl paBHOMEPHO.
Kpome Toro, npu TakoMm paccesiHMH CIIHH He MOXKET MeHSThb .
CBOe HampaBJieHHe Ha o6paTHOe. 3TO HeMOCPeACTBEHHO Bbl-
TeKaeT H3 COXpPaHeHHs MOJHOTO MOMEHTa KOJHYecTBa MABH-
JKeHHS M YeTHOCTH: M3MeHeHHe HamnpaBJ/leHHs CIHHA ¢ +n
Ha —n o3HayaJo Gbl H3MEHEHHe MOMEHTa KOJHYecTBa JBH-
XKeHHs Ha — 1. ] KOMIeHCAaUHH 3TOro H3MeHeHHs opOH-
TaJbHblif MOMEHT KOJIHYEeCTBA JBHXKEHHs JOJKeH Obl1 Obl
H3MeHATbCS Ha + 1, HO Torjga Mbl MMeJH Obl Mepexoj B cO-
CTOSIHHE C TPOTHBOMOJIOXKHOH YEeTHOCThIO.

Hrak, npu paccesiHHH Ha GecCMMHOBOM s[pe Hampaele-
HHS CHHHOB yacTHI coXxpaHsioresi!). Baaromaps sromy
yncsaa yacTull N+ MpsSMO MPOMOPUHOHAJNBHBI CeueHHsAM pac-
CesIHHS Ox:

G4 —T_
pP=Stzi=, (25)

Sra noJspu3auus He MpPOABIsSeT ceGs MPH OJHOKPATHOM
paccesiHuH (a3sUMyTaJbHOEe pachpefesieHHe MO-TIpeXXHeMY
H30TPOIHO), HO ee MOXKHO OOHapYKHTh NMPH BTOPOM pacces-
HUH. AHAJIOrHUHAST KAPTHHA MMEeT MECTO B ONTHKe: AJf 06-
HapyKeHHs1 ToJisipu3auud ceera [lofireHcy TakxkKe OBIIH
HYHBl JIBA KpHCTaJa, M[OJNSAPH3aTOP H AaHaJIu3aTop,
a oneir Bapkia mo ABOHHOMY paccesiHHIO ABJIACTCS MOYTH
NOJHOM AHAJOTHElH HalleMy CJaydalo.

) 310 cnpaBeAJHBO TOJBKO TOTAa, KOTAa N ABJIAETCA OChIO KBaH-
ToBaHHA. OTHOCHTENbHO JAPYTHX KOMIOHEHT CKasaTh HHYEro Hesb3s,
«nepepopayHBaHHe CNHHOBY B HaNpaBJeHHAX X H § MOXeT HMeTb Me-
€TO, HO He jJaeT BkJaga B nonspusaumio. Huaue oberout meno B 9Ke-
nepHMeHTax mo TPOMHOMY paccesHHIO.
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"™ Theoretical Models for Polarization calculations "5 pair

e O. Miklukho
Non-relativistic PWIA and DWIA calculations i “Full” relativistic DWIA calculations for 12C :
1. Computer codz THREEDEE was yszd
N.S. Chant and P.G. Roos, PR C 27, 1060 (1983) + relativistic DWIA  G.C. Hillhouse and et al., PR C74, 064608 (2006)
2. Anon-shell factorized approximation with the final enzrgy = = -
prescription was employzd ¥ & ’““_f‘f’t W.F @ Wdr

3. A conveniional well-depih meihod jo consiruct  bound-siare "
waves was used sy - B )2( ot V)

T ¢ 4 - . 2 ®=U¢(r) :bound st. wi BTV
4. Inithe DWIA: the distorted waves were calculated using a L J :
Global optical potential, parameterized in the relativistic
Framewor’, and converied to the Shroedingzr-zqguivaleni

W =T %) : distorted wave

F=X1f Eq) & X Lorentz invariant amplitudes

Form A
. . 3 . 3 3 = — N
with relativistic corrections : wj‘xlx < UUFIUU> 0%,4dr
C.J. Horowitz et al., PR.C33, 2059 (1986)
1. No recoil effect corrections
: j‘ XX L o dr 2. The Al representation for the scattering matrix is
used

t= A +Bi0, 0y + G0, ) FEE,. O+ Fo, & 3. The density -dependent corrections of meson-nucleon

= <U, (M,) U (M IE UM UMy > cgup//ng constant and meson masses are associated
e with a meson -exchange model. For this purpose, the
free NN data -t ——o F 9o - (p.2p) data Rho-Brown scaling conjecture is employed (as applied

by Krein et al.)
4. The four-component relativistic bound-state proton
wave function is obtained via self-consistent solution
to the Dirac-Hartree field equations within the
context of the relativistic mean field (RMF)
approximation associated with the QHD II Lagrangian
density of QHD (the TIMORA code)
5. The distorted wave functions are solutions to the
Dirac scattering equation with spherical scalar and
time-like vector proton-nucleus optical potential. For
NoFa = calculation for ; 7 the relativistic scalar and vector optical potentials one
4He was only perforsmad Im{ f (q) } =&} g’ 2¥(1+q7A)? uses a global Dirac parameter set which has been
in the PWIA constrained by proton elastic scattering data.
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= |—>- in nuclear field

"M:“’ = (BSOS P0NN @ cffect of meson mass : relativistic Love Franey model

Re(f (q) } = & g 2Y(L+q¥A}Y
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-------- Polarization measurement

- Polarization was estimated by folding the functional shape of

dN(9p) = % 1+ P < A(p,6) > cosg+ &, sing)dg
T

into the experimentally observed azimuthal angular distribution

- The events were distributed over 18 bins in ¢ and an appropriate function
W(P,&) =D 2N/ (P.&,)— N{®)+ 2N7® In(N7® | N (P, £,))

was minimized with respect to P and &, using CERNLIB MINUIT package

LIE), - the arbitrary asymmetry accounting

Polarization can also be found : for a possible mismatch between the primary
pp scattering-plane normal direction and the

respective polarimeter coordinate system

04/03/2014



i Polarization measurement 0. Miklukno
| at large coincidence background

2
“ = 3500|—
I s N T
? "q‘) 3000— l
3 40000 5

(]

S T E
.
§ 30000 s
S
z

20000
10000

% 200 400 600 800 1000

ToF-TDC channel - 60 50 40 -30 -20 10 0
Proton separation energy, [MeV]

Expected azimuthal-angular distribution :

+ N
AN, () = 5L+ 24y COSP+ &, SN G)d

dN,, () = Ng (1+ P, 4,, COS@+ &, sin g)d¢
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el Spin correlation parameters in the pp-elastic scattering

=a+b + c(oy, +0,,) + € +

o =lal’ + Ibl? + lel? + Ifl? + 2Ic/?

=2Re((a+b)c)/ o

= 2(lcl? + Re(ab™ - ef)) / o
Two-dimensional azimuthal-angular distribution :

=I,{1+A,”, cos¢g, +A,", cosg, +AA,[C cosp,cosp,* singsing,] +
+ A,A, [C, ..cosg,sing,+ sing, cosg,] }

= - cos(a—v,) cos(f +v,)— C, sin(a—v,) sin( p+v,) + sin(a—v,+[+v,)
= 2 Re(af* - be*) / & 0= Oy/2=0 4
= 2 Re(ae* bf*) / & P= B /2+ By
= 2 Im[(e-f)c*] / & Vo = Vst,s2 Virke = (Hp=1) 71,2 Vir w2

71’2: E1,2 / mp 42



1=( K +K)/ (/K K/)
m=( Ki-K)/(/k; - k/)

n=kxk

04/03/2014

Spin correlation measurements 0. Mik

Analyzer -1

Two-dimensional azimuthal-angular distribution

AN )= 5 (Lt D+ D, + R, )ddhds, wher
JC

O =P-4-cosg, i=1,2and ¢ =¢ +¢°,

(C,, -cosg -cosg, +C.,.-sing, - sing,

D =4 -4,- R .o
+(C,,.-cosg, -sing, + C,, -Sing - COSP.

corr

Cij can also be fou

C, =4<cosg cosg, >




Spin correlation measurements
at large coincidence hackground

Expected two-dimensional azimuthal-angular distribution :

Ntrue + Nbg
dN_, (¢,,0,) = 17 1+ D+ D, + O )dpdp,

T

N
oo (L+ O+ OF + O )dg,dg,

dNbg (¢1’¢2) =

Minimized functional :

¥, ()

bg Cbg Cbg

SISII ’ Sln ’ nsll ,

¥(a) =D Wy (Ny . Coi € P, P)%) +
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4<cosdy cosdy>
<A(01, Ky »< A2, K2 ) >

10.6)=1,(0)(1+ An, P) = 1,(8)(1+ APcosg).
K(p,.¢,)=1,(4,)1(¢,) = (L + A, P, cosg,)(1+ 4, P, cosg,).

n N n n

K(¢,.¢,,01,02)=(1+ A4, n,0.)1+A4,n,,02), 4 {Si]]q)l Siﬂq)z}

n N

K(4,.¢,,01,02)={1+4,(0, 0S¢, + 0, sing )H{l+ 4,(c, COS$, + 0. 5Ing, )} = <A(B), Ky ><A(62,Kp) >
=1+ A4,0,,C0s¢, + A,0,,C05¢, + A, A,0,,0,,C0S@, COSP, + A, Sing, + A,0,.5In@, —
— A, A, sing, sing,{o,,0,, cOsacos B + o,,0,, sinasin f-o,,0, sin(a+ B)},
4 < cos ¢y sin ¢, >
where a= eﬂ— =
< A0, Kj) >< A(02,K3) >

4 <sin ¢y cosdy >
<AB,K]) < A(D4, Ky ) >

K(¢,.9,)=1+ A4, <o,, >C08¢, + A, <0,, >C0s¢, + A, A, < 0,,0,, > COS@, COSP, —

— A, A,sing, sing,{< 7,,,0,, >CosacosfB+< 0,0, >sinasinf—-<o,,0, >sin(e+ f)}=
=1+ AP, cosg, + A,P,, cosg, + A, A,C,, Cosg, cos@, — A, A, sing, sing,{C,,.. COSa cos S +
+ C,sinasin §-C,, sin(a + B)}.

K(4,,4,)=1+ A, P, cos¢g, + A,P,cosg, + A, A,{C,, cosg, cosg, + C..sSing,sing,),
where C,..=-C,, cosacosf—C,sinasinfg+C,, sin(a+ B).

s's" T

J.Bystricky et al. Jour.Phys., 1978, v.39, p.1-33. E.Engels et al. Phys.Rev., 1961, v.129, p. 1858.

K,,=lcosa+msina, s

r

_ 6
, =—lsin@+mecosa, where a=-—"-6,,,;
2

k,=—-lcosp—msing, s, =I1sing —mcosB, where ,B=%+6?2Lab.
04/03/2014




Polarization

Polarization

0.2

0.2

2 69, 024604

RUN-1, 2000-2002

2P,

- @D

@F

17 12
] Pz}_ €. %)
2 3 4
Momentum transfer q, fm 1
RUN-2, 2009

2 3 4
Momentum transfer q, fm 1

004 0
0.5 2
PWIA, = 22228 L NELE
Lol B0 5 A i RPWIA
RIDWITA — .
03} o
2 1 "‘.-+
0.2
I <- 0<3.4 fm*
0.1
- Eo=1 GeV
0 IS i T | T P R | T T EE T |
10 15 20 2
O, , deg

Kinematics :

Momentum of the S-shell
proton before the
interaction is close to zero

< Observation :

There is also a difference
between the polarizations
P,and P,at q < 3.4 fm!

O
(0 oro, P Re 4, 064608 (2006
my _my omg, =
My My e .
J'* ’* ‘
Sa N — Lg(r)N 646
8a N 8wN
me m} m, E = 06 m; —free meson mass
| Mg my Mgy m’; —meson mass in nuclens
_> g* g meson-nucleen coupling constant
O e O o g &, - infree space
Ba Eo g;‘N — in nuclear matter
Tvary & = yin range 0.6 +1.0
* *+ +
m m m =
B, . Mo _ oy B o at p=p,
g Mg m
2=> 4 3
g 48 po =0.19 fin

RCNP : Medium Effect on Ay

T.Noro et al., Nucl.Phys. A629 (1998) 324.

(p.2p) T=290M=V, 8 =255 % 8,52 = 0°, (k .~0MeVic)

04
@ Reduction of m* and g*
03 ¢
my* only : Horowitz—Igbal procedure
for spinor distortion
m* & g* Relativistic Love Franey 02 b
with :
m3/m, = m}/m,= m¥/m, = 0A7) Pa—
8018,=8,98 ;=075 o~
{ same az Krein et al., PRCS1 ['95) 2646 ) Effect of m* and g*
0L . .
0 02 04
averaged density ( pip,)
S T RTINS R AR KT 3
i 8| i j A%

Im{ £ {g) } =] gt W(1+q7AY
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G. Krein et al., Phys.Rev. C51 (1995) 2646.

ree 0 g =(

(1)

G.E. Brown and M. Rho, Phys.Rev.Lett. 66, 2720 (1991).

NN-amplitude in ,et_aso MeV T,=350 MeV

Horowitz-Love-Franey

0141

B S R e

0 45 90 135 45 90 135 180
0, (deg) 6, (deg)

G1zr

G 10r

G08r

Q.06

flg) (a.u)

0.04r

oar

.00

(L +¢* /A7)
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a0}

Separation energy, MeV

Yields [a.u.]
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knocked-out proton

r'd

(O proton

Proton wave functions of 160 nuclei calculated with

TIMORA in r-space and transformed to momentum-space.

_________ . Lower B
o
[ 160 1p3/2
Upper E
_4 L
160 1p1,2 et
-8 [
o os s T as b Lover,
k (f 1) Q 0.5 13 2 25
m-
K (frr)
4 T T
3—

Ratio [1p3z)/[1pya]

Recoil momentum (MeV/c)
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Inclusive p+<C — scattering at 1 Ge\/  ewerreporr
O. Miklukho

“Cp.p)X at 1 GeV

#=10285 dE‘g

Solid curve - DWIA (THREEDEE coda)

Diazhed curve — DWIAT (THREEEDEE cods)

Diatted curve — FDOWIA (BB Zhalaw)

Dazh—dotted curve — FDWIA-—modified and normalized to the data (BB Zhalow)
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L ]
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_ 4<cosg, cos(g, +7) > (9’2.9).af 1 IQPT\l/ .

Y Cn—n:_cnn’ n,—n ' l.g'llllllllll L A ]
) ) < Al (B,K'l >< A2 (0,7(‘2) r e —Con m - Cns' ®,=227-260 deg:
C C 1 ® —Css" O -Csn 8, =532 deg
~ ns" o n,—s" . L
C, = —, C,_..=— C,, dueto100% correlation between s'' and n, ]
ns 1+a n,—s nn E 0.8
C _4<cosgsin(g, +z+=nxl2)> go_é e
" <406, ><4,0.x) 3§
04
~ Cs'n ta Cs'—n H g
C,, = 7 —, C,_, = C,, dueto100% correlation between s' and n,, g
+a ' FTRE
. B
c. - 4 <sin(g,+=-x/2)cos(p, +7)>8 , S |
s't'—n B=! Cns"=Csn=0
< A,(0,x, >< 4,(0,x,) & I + _____________ Cens ]
— Co+aC,_. 4 < sing, sin(g, + z) > B 'H “He e 2
Cs's" = ' Cs'—s" :_Cs‘s ' s',—s" = . L (13) (15) ]
l+a <A,(0,x, >< 4,(0,x,) e S
—10 0 10 20 30 40 50
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Y. Jlokk, SnepHas pU3sUKa YacTULL BBICOKUX SHEpruu,
N3a. NI, Mockea, 1962
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P

a,, =0.194+0.022

a,=0.083+0.010

Observation .
a, Ra,y[12]=a,,[11]

a; ~a,y[3]

04/03/2014

Due to nuclear

saturation effect
a,y[11] =~ a,,[12]
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a,, [12] = 0.193 + 0.041
a,,[3] = 0.080 + 0.016

w 4~ humber of SRC in nucleus
with A nucleons

a,y [A]—- the probability for a given
nucleon to belong to a two-nucleon
SRC in nucleus with A-nucleons

Observation .

ay _a,y[12]

Qa; a,y[3]
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Y?” @,y O 3 ( 5 5 )
PSRC 3H ™ pSRC . 0 0
A,y = = , Doy = —a,|3]; o,,+ -0
> Y;?N (ZO'Sm + O'gp) > 2 ZN[ ] CZZN[ll] . allB 9 \ ? 6 pp)
, — S 1 |
B e L e
Qg = (60'2,1 N 50_21))’ Wg = 5 a;n \ 2 )

®4- humber of SRC in nucleus
with A nucleons

all
from PNPI experiment: —£ =2.34+0.38
a,

H a,y [A]— the probability for a
given nucleon to belong to a
two-nucleon SRC in nucleus

with A-nucleons

v

all
NPl result: G2l _ g gq Fus
aZN[3] a;

=2.36+0.38;

H

iABresult: “2x22l_5 414017 \ Absolute value of the a,, for B
= from PNPI experiment=0.189+ 0.048.

Absolute value of the a,, for *“*C
from JLAB experiment=0.193+0.041.

0deg ~ 0 ©
O p-sre(pn) = (Gpn T Oy,

0deg
p-SRC(pp)

~ 0. Odeg ~ R
o ~ 2O-pp’ o-p-SRC(nn) ~ 2O-nn’

54

04/03/2014



| Cesasb mexay PNPI o u JLAB a,)

‘L‘
Y?” @D.,0”" 3
a,, = pLZRC _ : : 30 psrc @, = 2a,[3];
Y v (zo.pn + O-pp)(l —a,y[3]) + D340 ,srC 2
W0 11
Qg = 0 0 — == T @y =——a,,[11];
(60'1», +90 , )1 —a,,[11]) + @D1180 psre 2

Conjecture for p - SRC scattering at 0 deg:
p >®D)=(®O+O®) = Yield ~ (00 + )

Averaged value of the differential cross seCtion /
of the p-SRC scattering at 0 deg:

—O0deg 2 0 0 3
O pSRC = 5(20'1,,, +0,,) for "H nucleus and

v
—_0Odeg 2 0 0 11
T pske ® (60 ,, +50,,) for "B nucleus.

0Odeg ~ =0 0 Odeg ~ 0
Op-sre(pen) = Opn T Oppr Opsre(pp) © zapp’

0deg ~ 0.
o-p-SRC(nn) ~ 20.pn ’

180deg ~ 0deg 180deg ~ 0deg
p-srC(pn) ~ Fpsre(pn): Fp-sre(pp) = O p-sre(pp) *

180 deg ~ Odeg
O-p-SRC(nn) ~ O-p-SRC(nn)

a,y [A]—- the probability for a
given nucleon to belong to a
two-nucleon SRC in nucleus
with A-nucleons

w ,- humber of SRC in nucleus
with A nucleons

Conjecture for p - SRC
scattering at 180 deg:

180deg 0deg
O-pSRC ~ O-pSRC *

|

On
On
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