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O. Muknyxo

DeKT OT paccesaHUs Ha HYKIMOHHBIX Koppenaumax

B 94pax B UHKMHO3UBHOM (e, e') - akcnepumeHTe npu
3Heprum ~ 46 3B (JLAB) CLAS Collaboration, PRL 96, 082501 (2006)

* Metoauka (p, p') akcnepumeHTa npu 3Heprum 1 MaB
(PNPI)

* Pe3ynbTatbI MccneaoBaHUU

* IKCnepuMeHTanbHbIe NIaHbI
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PRL 96, 082501 (2006)

PHYSICAL REVIEW LETTERS

O. Muknyxo

week ending
3 MARCH 2006

Measurement of Two- and Three-Nucleon Short-Range Correlation Probabilities in Nuclei

K.S. Egiyan,'** N.B. Dashyan,! M. M. Sargsian,'® M. 1. Strikman,?® L. B. Weinstein,>’ G. Adams,*® P. Ambrozewicz,°

Understanding short-range correlations (SRC) in nuclei
has been one of the persistent though rather elusive goals of
nuclear physics for decades. Calculations of nuclear wave
functions using realistic nucleon-nucleon (NN) interac-
tions suggest a substantial probability for a nucleon in a
heavy nucleus to have a momentum above the Fermi
momentum k. The dominant mechanism for generating
high momenta is the NN interaction at distances less than
the average internucleon distance, corresponding to nu-
clear densities comparable to neutron star core densities.
It involves both tensor forces and short-range repulsive
forces, which share two important features, locality and

nuclei at k > kr [see, e.g., Refs. [1,2]].

HyksioHHbIe koppenauuu, obycnosneHHbIe TeH30pHbIM

N KOPOTKOAEMUCTBYHOLUUM OTTASTKUBAFOLLIUM

NN-B3aumoaencTemem Ha MasbIX pacCToOAHUNX, NpUBOAAT
K yHMBepcaanoDi (POopMe a4epHOU BOSTHOBOW (PYHKLIUMU
ANA BCeW aaep npyu UMMynbcax HyKknoHos Ky
6onblmx, Yem umnynbsc depmm K (~250 MaB/c).
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A characteristic feature of these dynamics is that the
momentum k of a high-momentum nucleon is balanced,
not by the rest of the nucleus, but by the other nucleons in
the correlation. Therefore, for a 2-nucleon (NN) SRC, the
removal of a nucleon with large momentum, k, is associ-
ated with a large excitation energy ~k?/2my correspond-
ing to the kinetic energy of the second nucleon. The
relatively large energy scale (>100 MeV) involved in

processes. The use of high energy electron-nucleus scat-
tering measurements offers a promising alternative to im-
prove our understanding of these dynamics.

A ecnu He paspyLwaTb KOppenaumro ?
Aapo

HyKAOHH3A
KOppPenauuna



Inclusive scattering at large x

JLab E02-019 data from N. Fomin

Short Range Correlations
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High momentum tails should yield j=2
X = QZ/Z mNV constant ratio if seeing SRC
Jefferson Lab Patridia Solvignon 4 | Jefferson Lab Patricia Solvignon
Since the probabilities of j-nucleon SRC should drop Moreover, the relative probabilities of j-nucleon SRC,

rapidly with j (since the nucleus is a dilute bound system of
nucleons) one expects that scattering from j-nucleon SRC
will dominate at j — 1 < xz < j. Therefore the cross sec-
tion ratios of heavy and light nuclei should be independent
of xz and Q? (i.e., scale) and have discrete values for ; : :
different ji| 2@ = A . 4% | This “scaling” of the ratio of such_steps. (i, gealing).would be acrycjallesLof the

) o) A 4] mm = =¥ wm == == = | dominance of SRC in inclusive electron scattering,
will be strong evidence for the dominance of scattering ‘o_ R e R e

Trom aj-nucleon SRC. ~— T
B (e,e)-akcnepumenTte B JLAB npu 3Heprum ~ 4.6 T3B B obnactu Q? > 1.4 GeV?/c? n xg > 1.3
(Kn > Kg), roe Bknag, oT paccesaHUs Ha HYKIIOHAX CpeAHero aAepHoro nons noaasneH,
06HapyXeHbI Xg-UHTepBasibl, B- NpefAenax KOTOpPbIX OTHOWeHUS CeYeHUn paccesaHUs Ha 94pax
He 3aBUCAT OT Xg. 5

a;(A), should grow with the jth power of the density

(p(r)), and thus with A (for A = 12) [3]. Thus, these steps

in the ratio %’f,)) should increase with j and A. Observation

L 96 082501 (2006)
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SRC evidence at JLab

Hall B

CLAS Collaboration, PRL, 96, 082501 (2006)

Eelectrom-m 4.6 GeV Hb OawssH (https://www.jlab.org/Hall-B/thesis/Dashyan_thesis.pdf)
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OTHOWeHMWe CeveHuii paccesHUs Ha aApax :
(Ca/O3He ); = (A/°He) [a;(A) / 03(3H€)]

BepoaTHOCTb BO3HUKHOBEHUS j-HYKITOHHOMU
KOppenaumm a; NponopLMOHaribHa cpeaHeu
AAepHOM NNOTHOCTU B cTeneHu j (~ < pis(r) »).
CunbHO NAaaeT ¢ pOCTOM j.

Tak kak a;(A)/a;(PHe) ~ < pis(r) > / < plgpe(r) > ~
(1+a)) u cpeaHas HYKNOHHAA MNOTHOCTL B SAPAX C A
> 3 6onblue, yem & 3He (o > 0), To oTHOwWeHme (G4 /
O3He )j AOTIKHO YBEIUUUTBLCA C POCTOM j.

x, =0%/2m,v

0’ >14GeV?/c? I

Hint of 3N-SRC at x>2?

r(A,>He) =

A(zo-ep + O-en) 3Y(A) RA
3(Zo,, + No,,, AY CHe) ™




O. Muknyxo

CLAS-collaboration, PRL, 96 (2006) 082501

TABLE I. a;(A4/°He) and a v(A) (j = 2,3) are the per nucleon relative (to 3He) 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 ¢.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 >C/*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
g 241 +0.02 +0.17 19.3+4.1 3.05+0.14 + 021 0.55 +0.17
S6Fe 2.83 £0.03 £0.18 D =dq 438 £0.19+0.33 0.79 £ 0.25
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Summary

SRCs are an important component to nuclear structure:
~20% of nucleons 1n SRC
Very few (~1%) p-p, n-n pairs

v

v

R. Subedi et al, Science 320, 1476(2008)

Two-nucleon knock-out experiment z
— 100 -* * |
= C
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(> g [ pp/np from [12C(e.epp)/2C(e.cpn))/2
e ™ [ & PP/2N from ['2C(e e'pp)/*2C(ee'p)]/2
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Data show large asymmetry between np. pp pairs:
Simple SRC model assumes [Qualitative agreement with calculations; effect of

isospin independence Tt e W
Huge violation of often assumed 1sospin symmetry

Tomas Jefferson National Accelerator Facility

-




MeToauka (p, p') - 3KCNepUMeHTa Npu 3Heprum 1 TaB O Mukayxo

/1 /] a . : a .:‘ a Q a

Kyin= F(K) KT mmb gmin T Kymin> K (~250 MeV/c)

N3mepeHue nonapusaumm u augoepeHLUManbHbIX ceYeHUM B peakuym p+ A ->p + X B
LMPOKOU 0671aCTU UMNYSIbCOB BTOPUYHBIX NPOTOHOB K, BKNHOYas 06nacTtb, B KOTOPOU
CylLecTBeHHO NOAABIeH BKNAA paccesHUs Ha OTAENbHBIX SAepHbIX HyKnoHax. M3mepeHus
OCYyLLeCTBNArOTCA B Y3KUX UHTepBanax umnynbcos AK ~ 10 MaB/c ¢ warom no K ~ 10 MaB/c.

Yron pacceaHus © = 21°. B obnactu K > Ky nepeAaHHbIN aapy uMnysibe Q

npakTU4eckn He meHgetca (600 MaB/c) n 6onble yasoeHHoro umnysnbca Pepmu (Ke ~ 250
M3B/c).
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Expe
2013 -

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
G 4.0x 10x70 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
A G 0 160 18 KO
AHBapA 20

=

Spectirometer MAP

Main parameters of the magnetic spectrometer MAP

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
ap O®B 10



O.B. Muknyxo u ap., 92, 80 (Ne 1), 1(2017)

8- 210

+
e 2 (443 MeV)

(15.11 MeV)

elastic p —12C scattering
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Proton momentum K, MeV/c

-368 (1975).

17 Axsapsa 2017 CemuHap OPB3




O.B. Muknyxo u ap., 842, 80 (Ne 1), 1 (2017)

i 40 [ 40 y _Aq0
Pt Ca(p,p ’)X at 1 GeV ® = 210 i Ca(ppH)X at 1 GeV ®=21
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Ky™n=F (K) K T‘ KNminT Borumcnerue K; :

1. OcTtatouHoe aapo B

at K>~ 1580 MeV/c OCHOBHOM COCTOSHUU.

2. Koppenauusa nokourcs.

KNmin > KF (~25O MeV/c) 3. Macca koppenauum -

macca ceoboaHoro

npocTeunlero s4pa
(d, 3He(3H), *He ).
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Xg = QZ/ZmNV
v=E, - E (K)

Q - practically constant
~ 600 MeV/c

xg = F (K)



O.B. Muknyxo u ap., 42, 80 (Ne 1), 1(2017)
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PL  PCpp)XatlGeV ®=20° O. Muknyxo

06 - m - polarization P O - Pinclastic p ~He scattering
| Dashed curve - DWIA* caleulations for P
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A6CONFOTHbIE AUMPPepeHLUanbHbIe ceYeHUs UHKIFO3UBHOMO paccesHUs Ha aapax O. Muknyxo

CuctemaTuKa :

dc/c (Fe) = +- 4.2%

8c/c (Ca) = +- 3.5%

8c/c (Si) = +- 3.4%

8c/c (C) = +- 1.5%
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O. Muknyxo

A EE R L R R - AR B R
[ ®=21" T,=16GeV o 1 CucTemaTuka :
i LR 50/0(Fe/C) = +- 4.5%
S =""Fe _|
I | ‘ ! F/C=56/12 = 4667
l 4% ° . ]
" % %} i
3 ¢) =
- 'l 6o/c(Ca/C) = +- 3.8%
" o i
E 0o A=%cq | BC-40/12 = 3.333
A o 1
. o000 4)% | td)q)#) [
il 000" 5 T Wl 50/0(Si/C) = +- 3.7%
[ 000 o @ A=Psi ]
B OO ) e <
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A O 0] ]
LS |- ®®o® ¢ =
i @@{DO o
- Cpop0qp002® . i
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Q - practically constant (~ 600 MeV/c) Xp = Q2/2myv(K)
in the range 1480 < K < 1650 MeV/c

16



O. Muknyxo CLAS Coll., PRL 96, 082501 (2006)
O, (Q% Xp) = AY a9 (Q% Xp)
J:

e e e . o s ol e, i G e

BeposTHOCTb BO3HUKHOBEHUS j-HYKNOHHOM
KoppeniauMm a; MponopLMOHaribHa cpeaHeu
AAepHOM NNOTHOCTU B cTeneHu j (~ < ply(r) >).
CunbHO NaaaeT ¢ pOCTOM .

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

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

©
0324
o000

A(Fe)/ A(SI) =2 TTpeanonoxum, uto

@
®o0p000? T ePeTeesto, 5,(A) / 6;(C) ~ 6;.4(A)/ 5,4(C).

---------------------------- , Tak kak a;(A) / a;(C) ~ < pla(r) > / < pic(r) >
~ (1+a)d © cpeaHas HyKNOHHAa NAOTHOCTb B
aapax ¢ A > 12 6onbe, yem B 12C (o > 0), TO
oTHoweHue (4 / &) j AOSIKHO HECKObKO

s A YBESNIUYUTLCS C POCTOM .

I
01350 1400 1450 1500 1550 1600 1650 1700 CMCTQMGTMKG :
‘ R Mevic 5c/c(Fe/C) = +- 45%, 5c(Fe/C)= +- 0.15
Q- practically constant (~ 600 MeV/c)  BISSRSEIUNIM  56/c(Fe/Si) = + 5.4%, 56(Fe/Si) = +- 0.10

in The range 1480 < K < 1650 MeV/c
dc/c(Fe/Ca) = +- 5.5%, 8c(Fe/Ca) = +- 0.08

cj(Fe)/c{(C) < 5,(Ca)/cy(C) < 5i(Si)/5;(C) < 1

cj(Fe)/o{(C) < 5(Fe)/s;(Si) < o (Fe)/o;(Ca) < 1
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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> ~ 1580 MaB/c paccesHue Ha 9AepHOM HyKfIOHe NMOAABMeHo.
Bo3smoxHo, Uto Takoe noseaeHUe NONApU3ALUU CBS3AHO C paccesHUem Ha
HYKNOHHBIX KOppenaumusax, obpasyrolmxcsa U3 AByX, TpexX U YeTbIpex HyKIOHOB.
TTpy 3TOM WUPUHA CTyNeHbkU B nonapusauum 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.

Habnroparotca 3amenneHus B cnaae cedeHud ot umnynbca. TOYKU 3ameaneHus
6IU3KU K FPaHULIAM U3MeHeHUs nonapusaumm (CTyneHek, COOTBeTCTBYHOLMUX
PACcCesaHUIO Ha PasnUYHBIX HYKITOHHBIX KOppenauusax).

TTonapusaumsa B paccesHUU Ha YeTbIPeXHYKIIOHHOW KOppesnauum meHblue, Yem
B paccesHUU Ha ceoboaHom *He. OTHOCUTenbHbLIN C6pOC NoNapusaLUU NpU 3TOM
611M30K K OTHOCUTENbHOMY CcbpoCcy NonapusaLmUm B NPOTOH — HYKNTOHHOM
paccesHUMU, npeackasbieaemomy B pamkax DWIA u DWIA*( ¢ yuetom BnusHue
afaepHoOU cpeabr).

x

x

x

* O6HapyxeHbI UMMYSbCHbIE UHTEepPBASbI B OTHOLWEHUSX CeYeHUN paccesaHus

Ha aApax, B NpeAenax KOTOpbIX BENUYMHA STUX OTHOLEHUU He U3MeHseTcs.
Takoe nosefeHWe MOXHO CBA3aTb C YHUBEPCANbHOCTbHO BLICOKOUMMYbCHOM
KOMMOHEHTLI BOSTHOBOU (PYHKLUU saep npu Ky > Kk u npeanonoxutensHo

PACCMATPUBATL KAK paccesHue Ha SAepHbIX MANOHYKOHHBIX Koppenauusx.
17.01.2017 CemuHap O2B3



O. Muknyxo

NccnenosaHue apep 12C u 40Ca (usmepeHue nonapmsaumm u

ceyeHuln); “Be, 1B, 28Si, %Fe, 29Zr (M3mepeHUe ceyeHUn) noa
yrnom paccesHus O = 24.5°,

Oxunpaetcs

s YBUAETb NMOSTOYKY B OTHOLEHUSX CeYeHUM paccesHUs Ha aApax,
COOTBETCTBYHOLLYHO PACCEAHUIO HA ABYXHYKMOHHBIX KOppenaumsx.

% 4TO, B NpeAenax UMNysbCHbIX UHTepBasioB, COOTBETCTBYHOLUMUX pACCeaHUHO
Ha pasnU4YHbLIX Koppenauuax, nonapusaums byaer pactm ¢ UMMNYJIbCOM.

TTepcnexkTuBHbIE NAAHBI:

N3mepeHue ceyeHUi B MHKNFO3UBHOM peakuuu (p, p') ¢ sapamu *He (3He ?) ¢
NCNONb30BAHUEM MIOTHBIX FA30BLIX ? U XUAKUX ? MULLEHE NoA YrNamm paccesHus
210,24 59,






O. Muknyxo

O.V. Miklukho et al., Phys.Atom.Nucl. 63, 474 (2006)
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R.D. Smith and S.J Wallace, PRC 32, 1654 (1985)

p12C -> p’ X at 800 MeV

ol ki 1111 L1

K (GeV/c)
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Elastic proton-nucleus scattering at 1 GeV

P - polarization
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