NccneposaHue peakumm p + A-> p' + X Ha 94pax

O. Muknyxo

Tema HUOKP : Wccnenosanue cTpykTypbl sgepHoi matepum Ha Manbix
PACCTOSIHUSIX B KBA3WyNpPYrux U HEYMNPYTvX NPOTOH-SAEPHbIX
B3aMMOAENCTBUSX NPU 3Heprn 1 M3B ¢ MOMOLLbIO MPELM3VNOHHOO

BbICOKO3HEPIreTUYHOIO rnJsjieda asyxmie4eBoro MarHMTHOro CneKTpoMeTpa
Ha cuHXpouunknotpoHe PIBY «IMNAD»
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Spectirometer MAP

Main parameters of the magnetic spectrometer MAP

Main parameters of the MAP polarimeter
Carbon block thickness, [mm] 155
Polar angular range, [deg] 3-16
Average analyzing power = 0.2
Efficiency, [%] o il
Target Dimensions [mm] Isotope consentration
thickness x width x height [%]
CHy 40x% 10x 70
5 40x10x70 98.9
CH, foil 01x4x 10
L2¢ 40x7x 10 98.9 1.60
Hea 40x7x 10 97.0 155
G 40%7.5%95 99.9 2.33
°Fe 30x52x10.1 91.7 7.86
8 0 0 160 18 RO

Mazximum particle momentum K, [GeV/c] 17
Horizontal angle acceptance ABg, [deg] 0.8
Vertical angle acceptance A6y, [deg] 1.9
Solid angle acceptance 2, [sr] 4x10 4
Dispersion in the focal plan Df, [mm/%] 220
Momentum acceptance AK/K, [%] 8.0
Momentum resolution (FWHM) for the C target, [MeV/c] ~5.8
Momentum resolution (FWHM) for the Si target, [MeV/c] ~6.5
Momentum resolution (FWHM) for the Ca target, [MeV/c] ~5.5
Momentum resolution (FWHM) for the Fe target, [MeV/c] ~10.5
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Kon 2+ (4.43 MeV), 0* (7.85 MeV), 3- (9.84 MeV), 2 (11.83 MeV)

26 [ekabpsa 2016 Ceccusa OPB3I 3



O.B. Muknyxo v ap., 92, 80 (Ne 1), 1 (2017)
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o O. Muknyxo
2Tanbl UCCNeaOBAHUM :

JkcnepumeHT 2013 - [lekabpb : MamepeHsr nonapusauma u ceveHue
B pacceaHuu Ha 12C, 40Ca noa yrnom ©=21° (Q = 600 MeV/c).

JkcnepumeHT 2015 - @espanb : WccneaosaHer aapa 28Si, 56Fe.

TTy6nukauma 2015 - AsrycrT :

O.V. Miklukho et al., "Observation of a polarization structure in inelastic 4°Ca(p, p")X
reaction at 1 GeV", JETP Letters, 2015, Vol. 102, No. !, pp. 11-13.

IkcnepumeHT 2015 - [lekabpb : UccnenosaHer sapa Be, 20Zr.

TTybnukauma 2016 :

O.B. Muknyxo u ap., "CTpyKTypHbIe 3¢peKTbl B NONAPU3ALUU U CeYeHUAX UHKIFO3UBHOMO
pacceaHua A(p,p')X Ha aapax “°Ca u 2C npu 3Heprum 1 MaB", 48, 80 (Ne 1), 1 (2017).

2016 - Hoa6pb : 3aBeplueH aHANU3 AaHHLIX 3kcnepumeHTa 2015-espans (MccneaoBaHUWe aaep
285j, 96Fe ). Observation of a structure in cross section ratios in the inclusive
(p, p) reaction with nuclei at 1 GeV (JETP Letters - 2017). Pe3ynbTaThl
aKcnepumeHTa byayT onybnmkosaHer B 92,
JkcnepumeHT 2016 - [lekabpb : 3mepeHbI nonapusaums u ceyeHue B

pacceaHuu Ha 12C, 40Ca nog yrnom ©=24.59 (Q = 700 MeV/c).
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A6CONOTHbIE ANdprpepeHuunalbHble ceYeHUa UHKNFO3UBHOIO pacceaHUua Ha aapax

O. Muknyxo
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O. Muknyxo

CucTemaTuKa :

dc/c(Fe/C) = +- 45%

F/C=56/12 = 4.667

8c/c(Ca/C) = +- 3.8%

Ca/C=40/12 = 3.333

8c/c(Si/C) = +- 3.7%
Si/C=28/12=2.333

olohy
010
DO
clastic p—p scattering
1 I 1 1 1 1 I 1 1 l| 1 I 1 1 1 1 I 1
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1 I 1 1 1 1
1650 1700

K, MeV/ic

Q - practically constant (~ 600 MeV/c) Xp = Q?/2mv(K)
in the range 1480 < K < 1650 MeV/c
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O. Muknyxo

A(Fe)/ A(S1)=2
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Xp = QZ/Zva(K)

Q - practically constant (~ 600 MeV/c)
in the range 1480 < K < 1650 MeV/c
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Ceccusa OPBO

CLAS Coll., PRL 96, 082501 (2006)
O, (Q% Xp) = AEQ( aj(A)/j)0;j(Q? Xp)
J:

BepoaTHOCTb BO3HUKHOBEHUS j-HYKITOHHOMU
Koppenaumm a; MponNopLMOHAibHa CpeaHeu
AAepHOMN NNOTHOCTU B cTeneHu j (~ < pis(r) »).
CunbHO NAaaeT ¢ pOCTOM .

(Ga/0¢ )J' = (A/C) [GJ(A)/aj(c)][GJ(A)/GJ(C)]'

H.B.AawbsH (https://www.jlab.org/Hall-B/thesis/Dashyan_thesis.pdf)

TTpeanonoxum, uto

6i(A) / 6,(C) ~ 6;u(A) / c;.4(C).

Tak kak a;(A) / a;(C) ~ < pla(r) > / < pic(r) >
~ (1+a)l © cpeaHss HyKNOHHas NAOTHOCTb B
aapax ¢ A > 12 6onbwe, yem B 12C (o > 0), TO
oTHoweHwe (G, / G¢ ); AOMIKHO HECKOMbKO
YBESIUUUTLCA C POCTOM .

CuctemaTuka :
dc/c(Fe/C) = +- 45%, Sc(Fe/C) = +- 0.15
dc/c(Fe/Si) = +- 5.4%, 5c(Fe/Si) = +- 0.10
dc/c(Fe/Ca) = +- 5.5%, 8c(Fe/Ca) = +- 0.08
8



O. Muknyxo

NccnenosaHue aaep 12C u 40Ca (usmepeHue nonapmsaumm u

ceyeHul); “Be, 1B, 28Si, %Fe, 9Zr (U3mepeHUe ceyeHUn) noa
yryiom paccesHus O = 24.59,

TTpeackasaHus:

*  YBUAUM NOSOYKY B OTHOLUEHUAX CevYeHUN paccesaHUsa Ha sapax,
COOTBETCTBYHOLLYHO PACCEAHUIO HA ABYXHYKMOHHBIX KOppenauusx.

* B npesenax umnynbCHLIX UHTEpBANOB, COOTBETCTBYHOLMM paCCeaHURO
Ha pasnNUYHBIX Koppenaumuax, nonapusaumsa byaer pactyv ¢ UMNYJIbCOM.

TTepcnexkTuBHbIE NAAHBI:

N3mepeHue ceyeHUA B UHKNHO3UBHOM peakumu (p, p') ¢ aapamm “He (3He ?) ¢
NCMNOMb30BAHUEM MOTHBLIX FA30BbIX ? U XUAKUX ? MULLEHEU NOA YrnaMu paccesHus
210,24 5O,






O. Muknyxo

I Anxasoe u ap. , TTpenpunt JING&@-778, INeHuHrpaa, 1982.

Elastic proton-nucleus scattering at 1 GeV

P - polarization

. m8apH/cTep
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H. Courant et al., PRC 19 (1979) 104 O. Muknyxo
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Ynpyroe pacceaHue NpoTOHOB Ha aapax *He
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O. Muknyxo
O.B. Muknyxo u ap., 48, 80 (Ne 1), 1 (2017)

N3mepeHue nonapusaumum u
AN PEepeHLUUNanbHbIX cedeHUU B peakumm p+ A ->p + X npu
3Heprum 1 N3B Ha 9apax B WMpokOU 061acTu UMNYbCOB
BTOPUYHLIX NPOTOHOB K, BKMOYaa o6nacTb, B KOTOpPOU
CylLecTBeHHO NoAaBsfieH BKIaA OT paccesHUs Ha OTAe N bHbIX
aAepHbIX HYKNOHaxX. M3mepeHus ocyluecTBNAFOTCSA B Y3KUX

uHTepeanax umnynbcoe AK ~ 10 MaB/c ¢ warom no K
~ 10 MaB/c.

Yron paccesHusa © = 21°. B obnactu K> K\, rae Koy
(~ 1480 M3B/c) cooTBeTCTBYET MAKCUMYMY KBA3UYMPYrOroO NUKa B
pN - pacceaHuun, nepeAaHHbIN 94py MMNYNbC Q NPAKTUYECKU He MeHseTCs
(600 M3B/c) u Heckonbko 6onblue yaBOeHHOrO umnynbca depmum
(ke ~ 250 M3B/c). B obnactu K > ~ 1580 M3B/c MuHUManbHOe 3Ha4yeHue
UMNYJIbCA S4ePHOTO HYKTOHA NpeBbIwaeT BeNIUUUHY Ke 1 BKNag oT
paccesHUa Ha OTAeIbHLIX AAePHLIX HYKIOHAX MOAABIIeH.
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O.B. Muknyxo u ap., 92, 80 (Ne 1), 1(2017)
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-368 (1975).
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O.B. Muknyxo v ap., 92, 80 (Ne 1), 1 (2017)
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O. Muknyxo

CpasHeHue :

®=21°

O — Pin elastic p—4He scattering
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O. Muknyxo

O.V. Miklukho et al., Phys.Atom.Nucl. 63, 474 (2006)
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Inclusive scattering at large x Short Range Correlations

JLab E02-019 data from N. Fomin i
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CLAS Collaboration, PRL, 96, 082501 (2006) N.Fomun et al, Phys. Rev. Lett. 108,092502 (2012)
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Observations : 0. Miklukho

1. - Some momentum intervals can be selected where polarization and cross section have specific behavior

Ca data : interval (MeV/c) IT -> 1545 - 1575; III ->1575-1610; IV -> 1610 - 1645; V -> K > 1645.

C, Si, Fe data : interval (MeV/c) IT -> 1535 - 1570; IIT ->1570 -1600; IV -> 1600 - 1635; V -> K> 1635.
- Polarization in all intervals (excluding the ITI for Ca data and the IV for Si data) is practically
constant. An averaged value of the polarization is different in these intervals.

- In the intervals we observe slowing the scattering cross section followed by a rapid drop of the
latter.

- The width of a momentum interval is defined by a motion of the correlation in nucleus. Due to this the
effective angular acceptance in the ranges IT, IIT, IV is increased up to ~ +/- 129, +/- 170, +/- 2.3,
Maximal value of the correlation momentum (energy) in these ranges is ~ 36 MeV/c (0.34 MeV),

50 MeV/c (0.45 MeV), 68 MeV/c (0.62MeV), respectively.

2. - Averaged values of the experimental polarization in the momentum range IV for C, Si, Ca and Fe are
close to each other P.= 0.348 +/- 0.010, P,; ~0.351 +/- 0.024, P.,= 0.363 +/- 0.009, P, = 0.347 +/- 0.010.
Averaged value for these nuclei is P, = 0.353 +/- 0.006. Polarization Py, differs from
that in free elastic p-*He scattering due to a modification of the interaction in nuclear medium. The
relative difference dP/P is about 0.2. This value close to that obtained in the framework of DWIA

and DWIA* for the pN - scattering (0.15-0.17).

3. - DWIA* (DWIA) calculations show that a contribution from scattering off a nuclear uncorrelated
nucleon at K > 1580 MeV/c is essentially suppressed. In the range the minimal momentum of the nucleon
is more than the Fermi momentum (~250 MeV/c) and main contribution in the cross section is due to
scattering off massive nucleon correlations.

4. - HabnropaeTca CKeUnMHrosoe nosejeHue OTHOLWEHUS cedeHU paccesaHusa Ha aapax (He3aBucumMocCTb

ot K) B 0651aCTU AOMUHUPYHOLLETO BKJ1GAA OT B3AUMOAEUCTBUSA C KOPOTKOAECUCTBYHOLUUMU HYKITOHHBIMU
koppensaumamm (KHK). TTpuuem BennumHa oTHOLWeEHUS onpeaenaeTcs OTHOCUTETbHOWU BepOATHOCTbHO
KHK B atux saapax. 310 ocHosHoe npeackasaHue moaenu KHK.

26 [ekabpa 2016 Ceccusa OPB3 20



O. Muknyxo

TTonapusaums B peakuum p + A -> p' + X € 94pamu CTyneH4aTo pacteT
B 06:1aCTU UMNYNbCOB BTOpUYHBIX NpoToHoB ~ 1530 < K < ~ 1650 MaB/c,

rae npu K> ~ 1565 MaB/c paccesHue Ha 9AepHOM HyKOHe NOAABNEeHO.
Bo3smoxHo, Uto Takoe noseaeHUe NONApU3ALUU CBS3AHO C paccesHUem Ha
HYKNOHHBIX KOoppenaumax, obpasyrolmxcs Us Agyx, Tpex U YetbIpex HyKNOHOB.
TTpy 3TOM WUPUHA CTyneHbkU B nonspusaumm AK obycnosneHa AsuxeHuem
koppenauuu B aape. [1suxeHue Kkoppenauumn paclumpseT ropusOHTAsbHLIW Yr10BOM
3axBaT cnekTpomeTpa (A® ~ 0.89) u no3sonser yBuaeTb yrnooe pacnpesereHue
noNapusaLmm B YNpyrom paccesHum Ha HUX B 9AepHOM cpese.

HabnroaaroTtca 3amenneHus B cnage cedeHU OT UMNYSbca. TOYKU 3ameanieHUs
6IU3KU K FPaHULIAM U3MeHeHUs nonsapusaumm (CTyneHek, COOTBeTCTBYHOLMUX
PaccesHUHO Ha pasnUYHBIX HYKNOHHBIX Koppenaumsx).

TTonapusauua B paccesHUU Ha YeTbIPeXHYKNOHHOW Koppenauum meHblue, Yem
B paccesHUU Ha ceoboaHom *He. OTHOCUTenbHLIN COpOC NONapU3aLUU NpU STOM
6:1UM30K K OTHOCUTENbHOMY cbpocy nonapu3auum B NPOTOH - HYKITOHHOM
paccesaHUU, npeackassieaemomy B pamkax DWIA v DWIA*( ¢ yyetom BnusHue
aaepHoOU cpeabr).

O6HapyxeHbI UMNYJIbCHbIE MHTEPBALI B OTHOLEHUSX CeuYeHU paccesHUs
Ha aApax, B NpeAenax KOTOpbIX BENUYMHA STUX OTHOLEHUN He U3MeHseTcs.

Takoe nosefeHWe cBA3bIBACTCSA C YHUBEPCANbHOCTBHO BLICOKOUMMYbCHOM
KOMMOHEHTLI BOSTHOBOU (PYHKLIUU S4ep U UHTepnpeTUpyeTca B pamKax moaenm
KHK kak paccesHue Ha aaepHbIX MANOHYKMOHHLIX KnacTepax.

x

x

x

x



O. Muknyxo

Averaged polarization in scattering off the three—nucleon correlations :

P = e O Py ¥ Moy O3y Poyy | Py U1 + KBy o)

N3H603He+ N3H 03H (1 + KNKO_)

Ky = Nay/Na 5 K; =03/ 05 5 K= Py /Py

he values of KG (and KP) for 12C  and *°Ca are close to each other.

Isospin asymmetry : K = 1.

In this case the ? has the same value for the 12C and 40Ca nuclei.

B skcnepumeHTe MbI Ha6NFOAGEM CYLLECTBEHHYHO pasHULY Mexay nonapusauusmm B
pacceaHUU Ha TPeXHYKNOHHBIX Koppenaumax aaep 2C u 4Ca (P, = 0.29 u P, = 0.39).

Bo3moxHO HapylaeTcs usotonuyeckas cummertpusa B aape 4°Ca ? JLAB uccneayert aty
npobnemy. A ecnu He Hapywatb | 3ameTunum, uto pacuyetHsle umnynbcel K; (3He) u K3* (3H)
oTnunYaroTca Ha 7 MaB/c npu paspeleHun yctaHoBku o ~ 2 MaB/c, npuuem K; > K;™. BosmoxHa
avcnepcua 1? TTpu K > K3* upet pacceaHue tonbko Ha 3He. TTpu 3Tom noapasymesaercs, UTo
nosiapusauma B ynpyrom paccesHuu Ha 3He cyliectseHHo 6onblue, Yem Ha sape 3H. TpebyroTca
pacyeTbl B pamkax Teopuu IMnaybepa.
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O. Muknyxo

Y4acTHUKU 3KcnepumeHTa B pesparie-mapte 2015 roaa

O. Muknyxo, A. Kucenes, I'. Amanbckuu, B. AHapees,

I". Taspunos, A. KXaaHos, A. N3oTos, . NnbuH,

O. MavicyseHko, B.X. Myp3uH, A. TTpokopbes, C. TpyL,
A. llIseaumnkos
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R, = (GpA/Gpc)z = (A/C) [a,(A)/ay(C)] [0,(A)/5,(C)] Rs= (GpA/Gpc)3 = (A/C) [a3(A)/a;3(C)] [05(A)/o5(C)]
53(A)/63(C) = 5,(A)/c,(C) az(A)/ay(C) = (1 + a)? az(A)/a3(C) = (1 + )’
R;/R, =(1+0a) ax(A)/a,(C) = (R3/ R, )?
from PNPT (p, 2p) experiment :
R, (Fe/C) = 3.0802 +- 0.0374 a,(Fe)/a,(C) = 1.1273 +- 00366 2(*°C) = ap("B) = 0.194 +- 0.023
R; (Fe/C) = 3.2704 +- 0.0351 PNPI : a,(Fe) = 0.219 +- 0.027

JLAB: a,(12¢C) = 0.193 +- 0.041
a,(56Fe) = 0.227 +- 0.047

from PNPT (p, 2p) experiment : from JLAB (e, e') experiment (+ theory):
a,(3H) = 0.0825 +- 0.0070 (Stat) a,(*He) = 0.080 +- 0.016
0.0116 (Stat + Sys)
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CLAS-collaboration, PRL, 96 (2006) 082501

Thus, the absolute per-nucleon probabilities for NN
SRC are 0.15, 0.19, and 0.23 for “He, '*C, and °°F, re-
spectively (see Table I). In other words, at any moment, the
numbers of NN SRC [which is £ a,y(A)] are 0.12, 0.3, 1.2,

TABLE I a;(A/°He) and a;(A) (j = 2, 3) are the per nucleon relative (to *He) and absolute
probabilities of (jN) SRC, respectively. Errors shown are statistical and systematic for a; and are

combined (but systematic dominated) for a;y. The systematic uncertainties due to the Coulomb

interaction and SRC c.m. motion are not included. For the **Fe/*He ratio they are expected to be
<2%-6% and <20%, respectively, and are somewhat smaller for '2C/*He and smaller still for
“He/*He ratios.

a,(A/*He) arn(A) (%) a3(A/*He) azy(A) (%)

‘He 1 8.0+ 1.6 | 0.18 = 0.06
‘He 1.93 +0.02 = 0.14 154+33 233 +0.12 +0.19 0.42 +0.14
e 241 +0.02 £0.17 193+ 4.1 3.05+0.14 £ 0.21 0.55 £ 0.17
S6Fe 2.83 £0.03 £0.18 27 =47 438 +0.19 + 0.33 0.79 = 0.25
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