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o O. Muknyxo
MoTtueauma uccnenosaHUU

1. B pasnuuHbIX 94epHBIX peakumax Ha 3MIeKTPOHHBIX U MPOTOHHBIX My4YKax HabnroAanUCh
3PPEKTbI OT paccesaHUs Ha SAepHLIX YacTULAX (HYKMOHHBIX KnacTtepax, HYKMOHHBIX
koppenaumax) c maccom cylecTBeHHO 6onblueli, Yem Macca HyKNOHA. KCNepuMeHTbI
NPOBOAUIIUCH KAK B KYMYSSTUBHOW, TAK U B KBA3UYNPYrOM KUHemaTuKe paccesHus. B ocHosHom
U3Mepanuch auggepeHLmanbHbIe cevyeHuUs paccesaHUs Ha 9Apax U UX OTHOWeEHUs. ITu
3(PPeKThI HAbMFOAANUCH TAKXKE U B HEMHOTOUYUCITIEHHBIX MONSPU3ALIMOHHBIX 3KCMEepUMeHTax.

[e.g., Refs in Miklukho et al., JETP Letters 106, No. 2, 69 (2017)].
1. D.I. Blokhintsev, Zh. Eksp. Teor. Fiz. 33, 1295 (1957) [Sov. Phys. JETP 6, 995 (1958)].

2. G.A. Leksin, Zh. Eksp. Teor. Fiz. 32, 445 (1957).
3.L.S. Azhgirei, I.K. Vzorov, V.P. Zrelov, M.6. Mescheriakov, B.S. Neganov, A.F. Shabudin, Zh. Eksp. Teor. Fiz. 33, 1185 (1957).

4.Y.D. Bayukov, L.S. Vorobev, 6.R. Kartashov, G.A. Leksin, V.B. Fedorov, and V.D. Khovansky, Izv. Akad. Nauk, Ser. Fiz. 30, 521 (1966) [Bull. Russ.
Acad. Sci. Phys. 30, 530 (1966)].

5. A.M. Baldin, S.B. Gerasimov, N. Guiordenescu, V.N. Zubarev, L.K. Ivanova, A.D. Kirillov, V.A. Kuznetsov, N.S. Moroz, V.B. Radomanov, V.N. Ramzhin,
V.S. Stavinskii, M.I. Yatsuta, Yad. Fiz. 18, 79 (1973).

6. Y.D. Bayukov, L.S. Vorobev, G.A. Leksin, V.L. Stolin, V.B. Fedorov, and V.D. Khovanskii, Yad. Fiz. 18, 1246 (1973) [Sov. J. Nucl. Phys. 18, 639 (1974)].
7. A.B. Efremov, A.B. Kaidalov, V.T. Kim, G.I. Lykasov, and N.V. Slavin, Yad. Fiz. 47, 1364 (1988) [Sov. J. Nucl. Phys. 47, 868 (1988)].

8.L.S. Vorobev, G.A. Leksin, and A.V. Stavinsky, Yad. Fiz. 59, 694 (1996) [Phys. Atom. Nucl. 59, 662 (1996)].

9. C.I'. KaameHckuin, Knacteper B sapax // Copocosckuii ObpasosatenbHbiid KypHan, Tom 6, Ne 3, C. 27-92.

10. K.S. Egiyan, N.B. Dashyan, M.M. Sargsian, et al., (CLAS Collab.), Phys. Rev. Lett. 96, 082501 (2006).

11. N.B. Dashyan, Thesis: https://www.jlab.org/Hall-B/general/thesis/Dashyan_thesis.pdf, pp. 1-122 (2006).

25 [lekabpsa 2017 Ceccua OOBO 4



MoTueauma uccrnenosaHUM O. Muknyxo
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3Heprum 1 T3B.  0.V. Miklukho et al., Phys.Atom.Nucl. 76, 871 (2013)
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3. B TINE® npu uccneposaHum peakumm (p, p'’) ¢ appom : :
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KBA3UynNpyroro paccedaHus Ha aape “He BHyTpu aapa “OCaq,
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Experimental s 5 :
O.V. Miklukho et al., Phys.Atom.Nucl. 80 (No. 2), 299 (2017); 81 (No. 3), (2018)
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1*> R.D. Viollier, An
Target Dimensions [mm] Isotope consentration Density Main parameters of the magnetic spectrometer MAP =
thickness x width x height [%] glcm3 Maximum particle momentum K, [GeV/c] 17
CHp 40x 10x70 10 Horizontal angle acceptance A6y, [deg] 0.8
C 40% 10x70 98.9 1.60 Vertical angle acceptance Ay, [deg] 19 Main parameters of the MAP polarimctcr
CH, foil 01x4x 10 10 Solid angle acceptance  Q, [st] 4x10~* :
= Dispersion in the focal plan Df, [mm/%] 22.0 Carbon block thickness, [mm] 155
C 40x7x 10 98.9 1.60 -
m Momentum acceptance AK/K, [%] 8.0 PO].&I‘ angular rangc, [ng] 3 ] 1 6
Ca 40x7x 10 97.0 1.55 Momentum resolution (FWHM) for the C target, [MeV/c] ~5.8 >
28 — — — Momentum resolution (FWHM) for the Si target, [MeV/c] | ~6.5 Average analyzing power » 0.2
Momentum resolution (FWHM) for the Ca target, [MeV/c] ~55 Effici a
56 iciency, [%] o i
Fe 30x52x101 917 7.86 Momentum resolution (FWHM) for the Fe target, [MeV/c] ~ 105
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OcHoBHble pe3ynbTaThl uccnenosaHui 2013 - 2017 O. Muknyxo
(p, p')-3xcnepumeHTLI NpU yrne pacceaHusa O = 219 (Q ~ 600 MaB/c)

O.V. Miklukho et al., JETP Letters 102, 11 (2015); O.V. Miklukho et al., Phys.Atom.Nucl. 80 (No. 2), 299 (2017); 81 (No. 3), (2018)
Pl 2C(p.p)X T,=1lsB ® =21° ] 3aBeplueHsr (p, p')-3KcNepumeHTsI ¢ aapamm 12C,
I j 285j,40Cq, %Fe.
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2017 : O.V. Miklukho et al., JETP Letters 106, No. 2, 69 (2017) O. Muknyxo

_ nclyd6 inel _ 0 o
N(Fe/B) = 0" (*"Fe}/ 0" (B) ® =121 Habnronaetcs He3aBUCUMOCTb BESTUUUHBLI OTHOLIEHU
- A(FeyA(C) = 4.67 ceyeHut pacceaHua n(Fe/C) B UMnynbCHBIX
45f uHTepeanax IIT, IV u n(Fe/Si), n(Fe/Ca) B 0bnacTtu
B K = 1560 - 1635 MaB/c.
4 L
- ! v WHTepeaner IIT v IV ana otHoweHus n(Fe/C)
3.5 1 AL e COBMAAAHOT C GHANOMUYHBIMU UHTEPBANIAMU,
. I _eke N 5 Ha6IFOAAEMBIMU B MOMAPU3ALUMN U CeYeHUU ANS
S | G > peakumu (p, p') ¢ aapom 2C v npeanonoxmuTesIbHo
5s b 0o’ i B="C COOTBETCTBYFOLUMMMU PACCEAHUFO HA TPeXHYKMOHHBIX
B 500 : N YeTbIpeXHYKMOHHBIX Koppenaumsax.
. 0 {Feyacsiy =2 |
2F %oo o000® (Fey/d(3) =2 KM MeVie
n s 00 00Boy 0 o G- o
- 506600000000000° | © ;g KuHemaTtuka ana yrna ©=21%s | “epxaiey o=
Isp 0¢ AFYA(Ca) =14 0009000, o6nactu K = K, - 1650 MaB/c
L 6550000000000000000 | a0 Q ~ 600 M3B/c v nepemeHHaa *: s
] r | B= Cﬂ _ 2 E
: ; BbepkeHa x; = Q2/2mv(K) oo} g
sk L onpefenseTca Tonbko ok - L
e Kon L KX ke BENMUMHOM umnynbea K u
0 C 1 1 1 1 | 1 1 1 1 | 1 1 || 1 I 1 1 1 1 I 1 III | | 1 | | | | | 1 | | I M3MengTCg B MHTepBane 1-5. 1001
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I T I S S R R B
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K R MeV/c K, MeVic
Mogens KHK (JLAB, PRL 96, 082501 (2006)): Oa (Q* Xp) = Aj%( aj(8)/j) Gj(Q% Xp)
OTHOWeHWe ceyeHUM B j-UHTepBane: (og,,c,);= (Fe/A) [aj(Fe) / a)(A)] [o(Fe) / o;(A)].

OTHolweHWe BepoaTHoCTen Bo3HUKHOBeHUa  [a;(Fe) / a;(A)] ~ < plg(r) > / < pla(r) > ~ (1+ BY,
J-Koppensauuu B sapax Fe n A: B>0.

25 [lekabpsa 2017 Ceccua OPBO 8



TTnaHupyemsle (p, p')-3KCNepUMeHTLL ¢ 94pamm
npu yrne pacceaHusa © =24.5° (Q ~ 700 MaB/c)

NccnepnosaHue aaep 1°C v 4°Ca (M3mepeHue nonapusaumm U cedeHuin) m
anep °Be, 28Si, 6Fe, 20Zr (U3mepeHUue ceveHUn).
X O603HaunTca uHTepsan Il B OTHOWeEHUAX cedeHul paccesHus n(A/C),
COOTBETCTBYFOLMUU PACCEAHUIO HA ABYXHYKIIOHHBIX KOppenauuax.

3T0 NO3BONUT bOnee HaAeXHO onpeaenUTb BepOSTHOCTb BO3HUKHOBEHUS ABYXHYKIOHHLIW Koppensaumn a,(A)
B a4pe A, UCnonb3ysa 3HaveHue a, (€) ana aapa 12C, HaaeHHoe B TTUS® B (p, 2p)-3KkcnepumeHTe

a,(12C) = 0.194 + 0.023 (Proc. of the Workshop DSPIN-13, 247 (2014)).

- j&:: 3.1'.0‘} } I
OCHOBBIBAACH HA AGHHBIX 3KCMEpUMeHTa Npu yrne paccesaHus O = 210 z I % #’% " |
Ans A =5Fe BeposatHocTb a,(°°Fe) = 0.219 + 0.027. = i‘“ : + 2
= I 3
(e, e)-akcnepumeHT B JLAB : a,(3¢Fe) = 0.227 + 0.047. 3 1 5
\é _P’s 4 i 4 9"
O F ty T4 o
X B npeaenax MMNySbCHLIX UHTEPBANOB, E : o 5
i - x
COOTBETCTBYHOWUX paACCEAHUNIO HA PA3JTUYHBLIX § SR F a
Q 3 e anls Bl
Koppensaumax, nonspusaums byaer pactum ¢ : 1 T 8
UMNYINbCOM. N A -
g 2;’. ‘4,"'~°»~m++** il §
TTposeaeH Npo6Hbtii (p, p')-3KCMEPUMEHT C SApamu T e R e i

12 -
C, %9%Ca non Yrnom paccesHus O = 24.59. Ynpyroe paccesaHue NpoTOHOB Ha aapax “He
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TToapobHbIV NnaH uccneposaHum nocne 2017 ropaa O. Muknyxo

2018: - 3asepwmth 06paboTKy paHee BLINOMHEHHOrO NPOBHOrO 3KCMepUMeHTa ¢ aapamm “Be,
%0Zr nopa yrnom paccegHus O = 210, Bknroume aaHHbIe 3kcnepumeHTa 2018 roaa.

- U3mepeHue ceyeHuit (p, p')-peakumm c aapamu °Be, 28Si, 56Fe, 9Zr nop yrnom
paccesHus O = 2459 u nonapusaumu B peakuuu ¢ aapamu °Be, 2°Zr nop yrnom
paccesHus O = 210,

2019: - 3asepwuTh aHaNM3 AGHHLIX 3KCMepUMeHTOB ¢ aapam 9Be, 99Zr noa yrnom
paccesHus © = 210, TTy6nukaums pesyibTaToB UCCNEA0BAHUS.

- O6bpaboTka AaHHbIX (ceveHUs) akcnepumenTa 2018 roaa ¢ aapamum °Be, 28Si, S6Fe,
9%0Zr n npobHoro skcnepumeHTa 2016 roaa ¢ aapamum 2C, 4°Ca ana yrna © = 24.50.

- [ononHuTenbHLIW 3KCNepuMeHT ¢ aapamm 12C, 49Ca (nonapusaumsa) npu yrne
paccesaHusa © = 2450

2020: - 3asepwuTb aHanNM3 AaHHLIX (CeyeHus) akcnepumeHTos ¢ aapamu “Be,12C, #8Si 0Ca,
%6Fe, 90Zr noa yrnom pacceaHus O = 24 59, TTybnukauma pesynbTaTos.

- O6paboTKa AAaHHBIX (NoNapu3auma) sKCNepumeHToB ¢ aapamm 12C, 40Ca nop yrnom
pacceaHusa © = 2450,

2021: - 3aBepwmTb aHanU3 AaHHLIX (NOASPU3ALMS U CeYeHUA) IKCNEPUMEHTOB C AAPAMU
12C, 49Ca nop yrnom paccesHus © = 2450, PacyeTbr nonapusaumm ¢ NnomoLbro

ThreeDee code. TTybnukaumsa pesynbtaTtos.

2022:
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O. Miklukho




BerumcneHue a,(°°Fe) no ussectHomy 3HaveHuro a,(12C) O. Muknyxo

R, = (GpA/GpC)Z = (A/C) [az(A)/ a,(C)] [62(A)/ ,(C)] R3= (GpA/Gpc)s = (A/C) [a3(A)/a3(C)] [03(A)/o5(C)]

TTpu K= 1570 M3B/c  63(A)/05(C) = 0,(A)/c,(C)

a,(A)/a,(C) & (1 + )2 a5(A)/as(C) & (1 + a)? R(A/C)/ Ry(A/C) = (1 + )

R, (Fe/C) = 3.2704 + 0.0351

a(Fe)/a)(C) ¥ (R3/ Ry P2 e
R, (Fe/C)=3.0802 + 0.0374

a,(Fe)/a,(€)=1.1273 + 0.0366 from PNPI (p, 2p) experiment :
a,(12€) = 0.194 + 0.023 Il JLAB: a,(**C)=0.193 + 0.041

PNPI : a,(Fe) = 0.219 + 0.027 Il JLAB : a,(°°Fe) = 0.227 + 0.047

from PNPI (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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d%6/dQ dK) , mb/ (st MeV/ )

gind _

O. Muknyxo
.ElmqocpepeHumaanbIe ceyeHuna Heynpyroro pacceaHma Ha aapax
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. s6 :
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O. Muknyxo

SRR I B B EER R EE R A R
[ ®=21° T,=16GeV s | CuctemaTuKa .
! Jo~— 1 &c/o(Fe/C)=+45%
A A=%Fe |
. b0 . | C=56/12+= 4,
: I 4) (1) _ F/C=56/ 67
- @ + -
3 - ¢) —
& F 1 8o/c(Ca/C) = + 3.8%
T | o |
a5 [ Do A=®Ca ] Ca/C = 40/12 = 3.33
= I © %d; ]
C gao® Gl fb% I
L 0o0° 5 RO 1 8c6/c(Si/C)=+37%
- 00gQ o @ A=%si
B QOO | .
o g Si/C = 28/12 = 2.33
; @@(Dmmq)q)(p @e}—m ¢<1> ]
i @00 ]
- @ o@@ —
loRNGLoToty i
i OE=D elastic p—p scattering KNm n> KF J
ol el o Al ol] A s e o] oy e Bl cr s ey
Y1350 1400 1450 1500 1550 1600 1650 1700
K, MeVic
Q - practically constant (~ 600 MeV/c) Xp = Q?/2myv (K)

in the range 1480 < K < 1650 MeV/c
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O. Muknyxo

Pesynbtatel (p, p )-3kcnepumenTa ¢ aapom 4°Ca
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Averaged polarization in scattering off the three—nucleon correlations : 0. Muknyxo

_ * If Kp= 1 (the polarization in elastic
Ni O3 Py +Ni O3 Py Py (1+K P
P= He e e HOH OH e nto ) proton scattering on the nuclei 3He
Ny, O3 + Ny Os (1 + K K;) and 3H is the same) then the measured
polarization in scattering of f the
=N: /N . K. =045 104, =P, /P nuclei 2C and 49Ca in the interval IIT
ST N Ny Bo = 05 Onee s K= Byl should be the same regardless of the
Ky and K, values.

We observe a significant difference between the

polarizations in scattering by three-nucleon * BO3MOXHO HapyLlaeTca U3oTonuyeckas
correlations (the momentum range III) in the nuclei cummerpus s agpe “°Ca (Ky < 1). JLAB
12C and 49Ca (P, = 0.29 and P, = 0.39). uccnepayert 370.

Ecnum K (Ca) = K,(€) <1 and Kp(Ca) = Kp(C) < 1, Toraa : Ky(C) - Ky(€a) = (P /Po) 7/ [(1 - Kp) In(1 + K]
TTpumeper: - K. =0.7; Kp = 0.50; Ky(€C) =1 --> K\(Ca) = 0.117
-K;=0.7; Kp = 0.25; K\(€) =1 --> K\(Ca) = 0.255
- K,=1.0; Kp = 0.50; K\(€C) =1 --> K\(Ca) = 0.145

* A eCcnu He HapyLwaTb U30TONUYECKYFO cummeTpuro B aape kanbuusa (Ky = 1). 3ametunu, uto
N

pacyeTHbIe umnynbesl K3 ((He) u K3™ (3H) otnuuarotca Ha ~7 MaB/c npu paspelueHum
yCTaHOBKU c ~2 M3B/c, npuuem K; > K;™

Bo3moxHa aucnepcua? TTpu K > K3* naet pacceaHue Tonbko Ha 3He. TTpu 3Tom

noApasymeBaeTcs, YTo Nonapusaums B ynpyrom paccesaHum Ha aape 3He cywectseHHO 6onblue,
yem Ha aape 3H. TpebyroTca pacyeTbl B pamkax Teopuu Mnaybepa.
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Multistep nucleon knockout processes 0. Muknyxo
i 12 = .
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* In the range I, where the cross section for the (p, p') reaction has large values, the contribution from multistep processes
of nucleon knockout from a nucleus can be sizable. The outgoing proton momentum is lower in these processes than in the
one-step (p, p') reaction under investigation. This effect distorts the smooth shape of the cross section at K = K, marked by
an arrow. At K< K, the P as well as the A, falls. We observe a noticeable minimum in the P between the momenta of the K,
and K,\,. We do not see such a minimum in the A, of both experimental and theoretical data at T, = 0.8 GeV.

* This minimum is possibly due to scattering by a two-nucleon correlation leading to its decay into fwo nucleons. The P in the
process can be essentially smaller than that in the quasielastic scattering by an uncorrelated nucleon (see the interval IT).

* In the SRC approach, two nucleons belonging to the two-nucleon correlation have oppositely directed momenta of nearly
equal magnitude more than the Fermi momentum ~250 MeV/c (the kinetic energy ~35 MeV). The K,' was obtained in the

kinematic program at the excitation energy of the residual nucleus ~ 2 x 35 = 70 MeV.
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I.A. Anxasos u ap. , TTpenpunt JING&®-778, NeHuHrpaa, 1982.

Elastic proton-nucleus scattering at 1 GeV
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Observations : O. 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 ~ +/-1.29,6+/- 170, +/- 2.3,

A 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, P5; ~0.351 +/- 0.024, P.,= 0.363 +/- 0.009, P¢, = 0.347 +/- 0.010
Averaged value for these nuclei is Py, = 0.353 +/- 0.006. Polarization P, 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 cKkeWnMHrosoe nosejeHue OTHOLWEHUS cedeHU pacceaHus Ha sapax (He3aBUCUMOoCTb

oT K) B 0671aCTU AOMUHUPYHOLLETO BKJ1GAA OT B3AUMOAEUCTBUS C KOPOTKOACUCTBYHOLUUMU HYKITOHHBIMU
koppensumsmu (KHK). TTpuuem BeninumHa oTHOLWeEHUS OnpeaenseTcs OTHOCUTENbHOW BepOSTHOCTbHO
KHK 8 atux saapax. 310 ocHosHoe npeackasaHue moaenu KHK.
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O. Muknyxo CLAS Coll., PRL 96, 082501 (2006)
O, (Q% Xp) = AZ (A H1Y0) (Q% Xp)
J:

et ol . g o sl e, G

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

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

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

©
o
o000

A(Fe)f A(SI) =2 TTpeanonoxum, Yto

®
Coppe00® e@@ﬂma)@@ | GJ-(A) / GJ-(C) ~ GJ-+1(A) / GJ+1(C)-

---------------------------- Tak kak a;(A) / a;(C) ~ < pla(r) > / < pic(r) >
EERCEN ~ (1+0)) 1 cpeaHsia HYKIOHHAS NAOTHOCTb B

aapax ¢ A > 12 6onbwe, yem B 12C (o > 0), TO

oTHoweHue (4 / o) j AOIKHO HeCKOsbKO

SO— K™ > K YBESIMUUTLCA C POCTOM j.
| .
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‘ R Mevic 86/5(Fe/C) = + 45%, so(Fe/C) =+ 0.15
Q - practically constant (~ 600 MeV/c) ROEKOFEAUNIGY 56/c(Fe/Si) = + 5.4%, 5o(Fe/Si) = + 0.10

in the range 1480 < K < 1650 MeV/c
dc/c(Fe/Ca) = + 5.5%, 6c(Fe/Ca) = + 0.08

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

cj(Fe)/o{(C) < 5(Fe)/s;(Si) < o;(Fe)/o;(Ca) < 1
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CucTemaTuKa :
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N (Fe/Ca) = 6 (°Fe)/ 6 (*Ca) ® =2
16 |
;s O 0
B A(Fe)/ A(Ca) =14 QDG,D[D | ¢ ¢}
5 o ) - :""'""'—'_'"Ei;(ﬁ?{s'%"
I 0 momomomm |
| b ] (D D 4, I
D 0 D S0 )] i
g Elastic pN scattering }
l ! D R bl | l b 1> I | — l* 1 l L1 1 1 l 1 : 1 | I | E_1>-:1 l L1 1
- 1350 1400 1450 1500 1550 1600 1650

K, MeV/e

25 [ekabps 2017 Ceccunsa OPB3 23



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 koppenauum, 0bycrnosneHHbIe TeH30pHbIM

N KOPOTKOAEMUCTBYHOLUUM OTTASTKUBAFOLLUM

NN-B3aumoaencTemem Ha MasbIX pacCToaHUNX, NPUBOAAT
K yHMBepcaanoﬁ popMe 94epHOU BONTHOBOU PYHKLIUMU
ANA BCeW aAep npyu UMMYnbcax HyKnoHos Ky
6onblmx, Yem umnynbc depmm K (~250 MaB/c).

25.12.2017
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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 paspyLaTtb KOppenaumro ?
Aapo

HyKAOHH3A
KOppenauua
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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
= tant ratio if seeing SRC
X = QZ/ZmNV it
Jefferson Lab Patricia 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| 24 = A . 4% | This “scaling” of the ratio of such_gieps (LS., scaling) would be 4. crucial tesLof fhe

) o) A 4] e = ¥ = == == = | dominance of SRC in inclusive electron scattering,
will be strong evidence for the dominance of scattering P e o e I R T i, L,

Trom aj-nucleon SRC. ~— T
B (e,e)-akcnepumenTte B JLAB npu 3Heprum ~ 4.6 T3B B obnactn Q? > 1.4 GeV?/c? n xg > 1.3
(Ky > Kg), rae Bknaa ot paccesaHUs Ha HYKNOHAX CpefHero a4epHoro nons noaaeneH,
Ob6HapyXeHbI Xg-UHTepBabl, B- NpeAeniax KOTOpbIX OTHOWeHUS ceYeHU pacceaHUa Ha 94pax
He 3aBUCAT OT Xj. Ceccust OOB3 25
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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 :
(Ga/O3He ); = (A/°He) [a;(A) / GJ'(3H€)]

BeposaTHOCTb BO3HUKHOBEHUS j-HYKITOHHOM
Koppenaumm a; MponopLMOHasibHa cpeaHel
AAepHOM NNOTHOCTU B cTeneHu j (~ < pis(r) »).
CunbHO NaaaeT ¢ pOCTOM .

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 oTHowWweHue (G4 /
G3He )j AOTIKHO YBESIUUMTBLCS C POCTOM .

x, =0°/2m,v

Q> >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) ™
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Flgure 6. The polarization P of the scattered protons.

The theoretical results for P are shown in solid lines (the SSC/A
wave function) and dash-dotted ones (the EH wave function). The
data are from refs. [20, 25]. '
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DATA 2013 O. Muknyxo
O.V. Miklukho et al., JETP Letters, 2015, Vol.102, No.1, pp.11-13.
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