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O. Muknyxo

TTnaH aoknaaa

* DpPeKTbI OT paccesHUa Ha 94epHLIX YacTULIax
C MACCOMU CyLeCcTBeHHO 60onbllen MaccCbl HYKOHa

* (e, e’) - akcnepumeHT B JLAB

* Pesynbtatel (p, p’) - akcnepumeHTa 8 TTNHP
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O. Muknyxo

B paznuuHbIX 9A4epHbIX peakumax Ha 3NeKTPOHHBIX U MPOTOHHLIX My4YKax
HabNHOAANUCH IPPEKTLI OT paccesaHUs Ha aAepHbIX YacTULAX C MACCOM CyllecTBeHHO
bonbluen, Yem Macca HyKoHa. IKCNepUMeHTbI NMPOBOAUNUCH KAK B KYMYJISTUBHOU,
TaK U B KBA3UYNpPYrow KMHemaTuke paccesHus. B oCHOBHOM nsmepanuch
AN PepeHLmanbHbIe cevyeHUs paccesHUsa Ha 9Apax U UX OTHOLWEHUS. DTU 3PEeKTbL
HabNFOAANUCH TaKXe U B HEMHOFOUYMUCIIEHHBIX NOMAPU3ALIMOHHBIX IKCMNEepUMeHTax.

[e.g., Refs in Miklukho et al., JETP Letters 106, No. 2, 69 (2017)].
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11. N.B. Dashyan, Thesis: https://www.jlab.org/Hall-B/general/thesis/Dashyan_thesis.pdf, pp. 1-122 (2006).

30 AnBapa 2018 CemuHap OPBO 3



A0EPHAS 3N3NMKA, TJOURNAL OF NUCLEAR PHYSICS T. 47, sbIin. 5, 1988 O. Muknyxo
OBPA30OBAHME KYMYNSTUBHBIX AOPOHOB B KBAPKOBBIX MOLENSX 3PATMEHTALMM &NYKTOHOB
E3PEMOB A. B., KAMANOB A.B. O, KMM B. T., NbIKACOB I'. ., CNABMH H. B.
OBbEOMHEHHBIW MHCTUTYT 9O0EPHBIX MCCNEOOBAHUM

BeepneHue:

TTpenckasaHue U 3KcnepumeHTanbHoe obHapyxeHue KymynaTueHbIX npoueccos [1]u nocne-
AOBABLUEE 3aTeM UX LUIMPOKOE 3KCMepuMeHTanbHoe U TeopeTu4eckoe uccneaosaHue nopoau-
I MHOXeCTBO Moaeneln Ansa 06 bacHeHUs 3Toro uHTepecHoro asneHus. Obluee CBOUCTBO BCeX
Mojenen — yuyactue B MpoLuecce XeCTKOro MACCUBHOro (Taxernee HyKSOHa) BHYTpU-
apaepHOro o6pasoBaHUs, Ha KOTOPOM U MPOUCXOAUT POXAEHUE KYMYNSTUBHOU YacTuub. TTo
cnocoby (popMUPOBAHUS 3TOrO 06pa3oBaAHUA B CUCTeMe MOKOA SApa BCe MOAes U MOXHO pas-
AENUTb Ha «ropayme» n «xonofHsie» [2], T. e. HQ MOAENU, B KOTOPLIX MACCUBHOe 06pasoBa-
HWe cOo3AaeTCs BNeTarowmm B 9Apo aapoHom [3] (3a c4eT MHOrOKpaTHOrO nepepaccesHus, Unu
«L|BETOBOW Mepe3apsaku», unu obpasoBaHus gaviepbona, Unu apyrux MexaHU3moB), U Ha
MOJenu, rae ero CyLueCTBOBaHUE 9BMSeTCS HeOTbeMIIeMbIM CBOMCTBOM CTPYKTYpLI a4pd. STO
PIYKTYALUU NIOTHOCTU 9AepHOr0 BellleCTBa — «UyKTOHbI brioxuHuesa» [4], npeanoxeHHbIe
NepBOHAYANbHO AN 06ACHEHUS UHTEHCUBHOMO BbIGUBAHUA S4EPHBIX (PPArMeHTOB U BIXOAA
BbICOKOUMMYJIbCHLIX NPOTOHOB Hasaa, [D], BbICTyNarowme HeIHe NMbo Kak MHOrOKBAPKOBbIE
obpasoraHus [6, 7], nMbO Kak ManoHyKNOHHbIe Koppenauum [8].
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2. Eppemos A. B. //34A 4. 1982. T. 13. C. 613.

3. Kopeliovich V. B.// Phys. Rep. 1986. V. 139. P. 51; Wypsax 3. B.// 4&. 1976. T. 24.C. 630; TopeHwTenH M. W., 3uHosbes I'. M.,
Wenect B.TT.// 4®. 1977.T. 26. C. 788; Kopeliovich B. Z., Niedermayer F. // Phys. Lett. 1982. V. B117. P. 101; Kossov M. V., Voronina L. M.
Preprint ITEP-165. M., 1984.
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. Nekcun T. A. v ap. // K3T@,1957. T. 32. C. 445; Axrupeii . C. u ap.// X3T@, 1957, T. 33, C. 1185.

. Eppemos A. B.// 9%. 1976. T. 24. C. 1208.

. NykbaHos B. K., Tutos A. 1. // 34 A Q. 1979. T. 10. C. 815; bypos B. B, Ilykearos B. K., Tutos A. U. // J4AL. 1984. T. 15. C. 1249.

. CtpukmaH M. WU., @paHkepypt N. . // 34A4. 1980. T. 11. C. 571; Phys. Rep. 1981. V. 76. P. 215; Cnus 1. A., CtpukmaH M. U., @paHkpypT
n.n.//y @H. 1985. T. 145. P. 553
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O. Muknyxo
AAEPHASL @N3NKA, TJOURNAL OF NUCLEAR PHYSICS 1. 47, 8EIN. 5, 1988

Pelwarowmm 3KcnepumeHTOM, NO3BONSHOWUM pasnuumuTb 3TU ABa b6onbluMX Knacca
mofenen, MOXeT CINyXuTb rnyboKOHeynpyroe paccesHue NenTOHOB Ha aapax B obnacTtu
3Ha4YeHUN b6bepkeHOBCKOU nepeMeHHoOW X > 1 u 3ameTHas BefUYUHA CTPYKTYpPHOU
(PYHKUUU a4pa B 3TOM 0611acTU, NOCKONbKY 6bepkeHOBCKAS NepeMeHHas umeeT CMBICH
MUHUMANbHOU MACChI MULLIEHU B eAUMHULIAX MACCbI HYKMOHA, @ NenToH MpakTU4ecku He
cnocobeH HU CXaTb sAepHOe BelleCTBO, HU MepepacceaTbcs U «BUAUT» NULLb
CTPYKTYpbLI, CyLLeCTBylOMe B aape.

Ceiiyac B 0bnactm x>1 umeeTca ABA 3KCMEPUMEHTANbHLIX CBUAETEsNbCTBA B MONb3y XOMOAHBLIX MOAEneu:
3KcnepumeHT SLAC Ha peutepum [9] eD ->e'X Bobnactu x<1.7 u Q?<8 3B2 u npeasapuTenbHble AaHHbIE Ha
yctaHoBke NA-4[10] ptC -> py'X B obnactm x<1.45 n Q?~200-300 3B%. OpHako nepBbli U3 NpPOLIECCOB He MOXeT
CUUTATLCA MOJIHOCTLHO TSY6OKOHeynpyrum, nockonbky Ans Hero Wx—My Hesenuko. BTopoli xe HyxaaeTtca B
NOATBEpPXAEHUU NPABUIIBHOCTU MeToAa OoTbopa COBLITUM, TaK YTO 34eCb HeobxoAuMO NOAOXKAATb NMM6O OKOHYATeNbHOro
pesynbtata NA-4, nubo npoeepuTtb ero Ha Apyrux ycrtaHoskax (Hanpumep, NA-37 [11]).

Bo3smoxHo, pewarowum (e, e')-aKcnepumeHToOM 9BngeTcs sKkcrnepumeHT B JLAB
npu £~ 4.6 T3B, 1<x <3, Q%>1.4T15B%c?

k endi
PRL 96, 082501 (2006) PHYSICAL REVIEW LETTERS 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. L. Strikman,”® L. B. Weinstein,?” G. Adams,*® P. Ambrozewicz,"°
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Mogaenb KOpOTKOAEMCTBYHOLUMX HYKNOHHBIX Koppenaumid (KHK) 0. Mukayxo
PRL96,082501 (2006)
TToHUMaHUe KopoTKoAercTBYHOWMX Koppenauui (SRC) B aapax 66110 OAHOM U3 NOCTOSHHBIX, XOTA U
AOBOJIHO HeYyTOBUMBIX Liefiel AepHOU (PU3UKU Ha NPpOTSeHUU aecatuneTun. PacyeTtsr aaepHbIx
BOJIHOBBIX (PYHKLUM C UCMOJIb30BAHUEM peaniucTUdeckux HyknoH-HyknoHHbIX (NN) B3aumoaevicteum
NpeAnonararoT CyLLecTBeHHYHO BepOSTHOCTb TOFO, YTO HYKIIOH B TaXenom aape 6yaeT umeTb UMMYSbC BbIlle
umnynbca Pepmu Az. [JOMUHUPYHOLUM MEXAHU3MOM FeHepaLmm BLICOKUX UMMy nbcos sersetcs NN-
B3AUMOAEUCTBUE Ha PACCTOSHUAX, MEHBbLUUX CpefHero MexXHyKIOHHOro paccTosHus. OH BknHoYaeT B cebs
KK TEH30pHbIEe CUJITLI, TAK U KOPOTKOAEUCTBYHOLUE CUSLI OTTANKUBAHUS, KOTOpbIE pa3faesiakoT ABe BaXHbIE
0cobeHHOCTU, NOKANbHOCTb U 6onbluyro cuny. SRC, cO3AABAEMBIN 3TUMU CUNAMU, MPUBOAUT K
YHUBepCanbHOU popMe 9AepHOM BOSTHOBOU (PYHKLIMU ANd BCeX aaep npu Ay > A= [cm., Hanpumep, [1,2]].

[1]1 S. C. Pieper, R. B. Wiringa, and V. R. Pandharipande, Phys. Rev. C46, 1741 (1992). [2] C. Ciofi degli Atti and S. Simula, Phys. Rev. €53, 1689 (1996).

Agpo

XapakTepHoW 0CO6eHHOCTbHO 3TOU AUHAMUKU SBNSETCA TO, YTO 60NbLIOH
UMNYINbC Ky HYKNOHA B Koppenauuu c6anaHCUpoBaH He 0CTaNbHOM

e\ po= 0.17Gevie  {GCTbHO 9APA, 4 APYTVMU HYKIOHGMU B KOppesiaumu: B Crydae 2-X
HyknoHHou (NN) SRC A & k. YaaneHue HyKoHa ¢ UMMYNbCOM Ay
CBA3aHO ¢ 60NbLWOM 3Hepruen Bo3byxaeHUa ~ A2 /2mN, cooTeeTCcTBYHOLWEU
KUHETUYECKOM 3Heprum BTOpOro HyknoHa. OTHOCUTenbHO 60MbLUIOM
3HepreTudeckmii macwtab (~ 100 MaB), cBa3aHHLIV C B3aumoaencTamem
e HYKIIOHOB B KOppessiLivK, OYeHb 3aTPyAHSIeT paspelueHue Koppensauuii B
KOPPEeNaLUa npoueccax NpoMexyTouHoOU 3Hepruu.

A eCnv ynpyro pacceatbcs Ha Koppenauuu ?

CornacHo moaenu KHK B obnactu &y, > A- 6bICTpble HYKMOHbI HAXOASTCS B KOppenauum ¢ apyr
APYrom, T.e. IBNAFOTCA COCTABASFOLMMU YACTULL, ABUXYLUMMUCS B CpeaHem nosie aapa.
PaccesHue Ha 3TUX YacTULIAX MOXHO HabnroaaTth Npu X > 1.
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Inclusive scattering at large X Short Range Correlations

JLab E02-019 data from N. Fomin
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|
UrHopupys BnuaHue asuxeHus LeHTpa macc (c.m.) SRC Ha Q? u Xz, MOXHO pasnoxuTsb

aA0epHoe ceYyeHne Ha KOMTIOHEHTbI, COOTBETCTBYHOWME pacCeaHUrO 3J1eKTPOHOB HA HYKNOHAX

. _ . . [3]L. L. Frankfurt and M. I. Strikman, Phys. Rep. 76, 215 (1981);
2-X, 3-X,..., A-xX HyKnoHHom SRC [3 4] (4] 160, 235 (1988)

A rae o, (Q?, xB)m c; (@2, xB) - ‘CeveHUs 3NeKTPOHHOro paccesHus
40 LX) = Z Q 15)0(j — x5) HA AApe A v Ha J- HYKJ'IOHHOM koppenaumu; a; (A) - oTHowWeHWe
p= BEPOATHOCTEN AN AGHHOTO HyK/OHa I‘lpl/lHCUJ.J'IZ)KC(Tb Koppenauum j
_ B aApe A 1 KOppenauuu j B sApe U3 j HyKIoHOB.
Yucno j-SRC B appe A = A aj (A)/]. ayy ~ <pia(r)

B uHTepeane j-1< x; < j AOMUHUPYeET » Galoy= A/A GJN(A)/GJN(A) - He 3aBUCUT OT Q?, X; |
pacceaHue Ha j-SRC. | - pactet ¢ jU A (A =12)[3]! > Yauaum cTyneHbku B 6,/c 4 |
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CLAS Collaboration, PRL, 96, 082501 (2006)
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SRC evidence at JLab

H a' I B 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 cpeaHeu
aAepHOM NNoTHOCTU B cTeneHu j (~ < piy(r) »).
CunbHO NAaaeT ¢ pOCTOM j.

Tak kak a;(A)/a;(PHe) ~ < pis(r) > / < plgpe(r) > ~
(1+a)) u ecnu cpeaHas HYKNOHHAA NAOTHOCTD B
appax ¢ A > 3 6onbue, yem B 3He (o > 0), TO
oTHoWweHMe (G4 / G3pye )j AOTIKHO YBENUUUTBEA C
POCTOM |.

Hint of 3N-SRC at x>2?

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

r(A,°He) =




CLAS-collaboration, PRL, 96 (2006) 082501

TABLE I a;(A/°He) and a;y(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 >C/*He and smaller still for

*He/*He ratios.

ay(A/*He) ayy(A) (%) a;(A/*He) asy(A) (%)
3He 1 8.0+ 1.6 ] 0.18 = 0.06
*He 1.93 +0.02+0.14 154 £33 233+0.12£0.19 042 =0.14
12¢ 241 +0.02 = 0.17 19.3 4.1 3.05 20,14 =021 0.55 £0.17
S6Fe 2.83+0.03+0.18 227 x4 438 £0.19 =0.33 0.79 = 0.25

O. Muknyxo

AbcontoTHbIe BepoaTHOCTU Ha HyknoH ana NN SRC, a,), (A), paBHbI cOOTBETCTBEHHO
0,15,0,19 n 0,23 ana agep “He, 12C un %6Fe (Tabnuua I).

B nrobovt momeHT umcnio NN SRC [koTopoe onpegensetca kak A / 2 a,y (A)] pasHo 0.12, 0.3,
1.2 n 6.4 B appax 3He, *He, 12C u %°Fe cooTBeTCTBEHHO.
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E12-06-105: Quark distributions of SRC

Spokespeople: J. Arrington (ANL), D. Day (UVa), N. Fomin (LANL), P. Solvignon (JLab)
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DATA 2006 O. Miklukho

O.V. Miklukho et al., arXiv: 1103.6113v1 [nucl-ex] 31 Mar 2011 R.D.Smith and J.Wallace, PRC (1985) 1654
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J.A. McGill et al., Phys. Rev. C 29, 204 (1984).

2C(p, p)X at 800 MeV

LAMPF

O. Muknyxo
40Ca(p, p')X at 800 MeV
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FIG. 3. Inclusive proton spectra for 800 MeV p+'*C. The

curves are drawn to guide the eye.
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O. Muknyxo

LAMPF J.A. McGill et al., Phys. Lett. 144B, 157 (1984).
12C(p p )X at 800 MeV
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CTpyKTypa B Nonapusaumm u cedeHum (umnynbcHele uHtepeans: IT, IIT u IV) O. Muknyxo
B (p, p)-peakumu ¢ aapamum npum yrine pacceaHua O = 21°0(Q ~ 600 MaB/¢)

O.V. Miklukho et al., Phys.Atom.Nucl. 80 (No. 2), 299 (2017); 81 (No. 3), (2018)

N 12 _ g
P Cp.,pHX T,=1T3B @ =21° 0
0.6 - B - nonapusauus P B O - ceyeHne Gl —- 0.6

i paccesaHuu Ha 12C paccesiHua Ha 12C ]

i min » 5 @
0s | @ -nonspusaums B ynpyrom ; KN k/: Jos &
2 paccesHum Ha “He i EQ_

_ 4 1B

i 3 9 s

L | il &
04 3 + ++ —{ 04 2
08 - T mmes ++ : + 3 *** — 03 %

: i 2o L, . 1 =

- 0 : cENE N K, {1

[F © . o 1
02 | ®<+ ©K: K 020

- o© o 7 1 2

i { o . o

I do ]

0l . 0 — 0l

i i oo, ]

B ynpyroe pN - paccesiHue ‘ ¢ } Go q

1 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 | 1 1 1 1
0
1350 1400 1450 1500 1550 1600 1650 1700
K, MaB/c -
‘ \ \ I — >
1 15 2 3 45 Xp

Hauano kaxaoro uHTepeana cBA3aHO ¢
3aMeAsieHem NaaeHus ceveHmns B TOYKax,
OTMeYeHHbIX CTpenikamum (BbIXOA Ha "nnevo” B
ceyeHun). TTpu aTOM NpoOUCXOAUT U3MeHeHUe
nonapusaLuu B 3TUX UHTepBanax.

Mmnynbc, COOTBETCTBYHOLWMI KAXAOU CTpenke,
67IM30K K MAKCUMYMY KBA3UYMPYrOro nuKa B
paccesHUU Ha 4YacTuLie C MacCcoM CyLuecTBeHHO
bonbluen, Yem macca HyknoHa. TTpudem npu
yBesIM4YeHUU 3TOr0 UMNYNbCa Macca YacTuLibl
pacteT. KuHemaTuyeckue pacyeTbl NOKA3LIBAOT,
YTO MACCBI YaCTULL, Ha KOTOPLIX MPOUCXOAUT
paccesHue B uHTepeanax IT, IIT, IV, 6nu3sku
K maccam aaep °H (II), 3He, 3H (IIT), *He (IV),
KOTOpbIe COCTOAT U3 ABYX, TpeX U YeTbIpeX
HYKJTOHOB.

LLInpuHbI MHTepBanoe onpeaensaroTcs
ABUXEHUEeM SA4epHBbIX YacTul.

TTopobHasa cTpyKkTypa HabnroaaeTcs Takxe B
(p, P)-peakumu c appamu 28Si, 40Cq, 6Fe.

STUMU YACTULIAMU MOTYT BLITb HYKNMOHHbIE KOppensaumm (Knactepbl) He3aBUCUMO OT MPUUUHLE UX
npoucxoxaeHus. Maccbl 3TUX YacTUL AOJIKHBI 6bITb NPUGNU3UTENBHO KPATHLI MACCe HYKITOHG.
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OupgepeHumanbHbIe cevyeHus Heynpyroro paccesHus Ha aapax O Muksyxo

0.7 — min
- T=1GeV ®=21" K™, MeV/e
. S6Fe(p,p")X o PClpp)X atl GeV ® =21°
0.6 @{D@@@ L ;
: o %o lgme | 3
S o “cappx Oy 1 Ev 7 ks 400 =3
g 0.5 ®  ooooo o | i o
= 0 © o @ off i 2
5[ ® © ! 300 - b
E - o m'm 0] &) [ %)i
Boip (0 o0 x0Ty . al
M T © o 0a®®® 0, L o [
o 0.3 I GGJCD li‘c 2% ®@ mli L
< 7 ® (p.p’) 5 @ O 100
o - o DEooO0 [ L
o 0] ad® 0] o' @ o L
] B @O m'@ 'E:’ 1 r
M“D‘g__ E:@ %o @@{D@@ ol v
L L @ e |, o 1540 1560 1380 1600 1620 1640
b - o i [D@G} o K, MeVi/c
[ Og 9,5° . o
0.1 |- 0% oaes K™ = MUHUMANbHLIU UMNYSbC SAEPHOTO
[ | °
i K, | 0003 HYKJIOHG, NpU KOTOPOM MPOTOH MyuYKa
D i 11 1 1 I 11 - I - I| | | 11 | 1 | 1 I:I 1 I 11 1 1 I 11 11 I paCCeMBaeTCg Ha HeM C MMnyanOM K
1350 1400 1450 1500 1550 1600 1650 1700
K, MeV/c
Cuctematuka @ 8o/c (€)= £ 1.5%. TTpu K> K. spepHbIe HYKNOHbI UMeroT UMMYJIbC
8c/c (Si) = + 3.4% bonble, Yem umnynbc Eepmu.

8c/c (Ca) =+ 3.5%
dc/c (Fe)=+4.2%
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O. Muknyxo

AHANN3 OTHOLWEHUU CeyeHUU paccesHUs Ha aapax B pamkax moaenu KHK

OcHoBsaHus:

NmeeTca KuHemaTuyeckas 061acTb, rae UMMYbC SAepHOro NpoToHa 6onbLue
umnynsca @epmu (Npu K> ~ 1575 MeV/c ana appa 2C)u x5 = 1 = 4,

MexaHu3m peakumm:

Ynpyroe paccesHue Ha KOppenauuu B a4epHoM cpepae.

(c;(A) - ceueHue ynpyroro paccesaHus Ha j-HyKSIOHHOM KOppenaLum ¢ y4eTom
UCK@KEHMA BOSTH HaneTtarowwero n paccesHHOro NpoTOHOB B SAEpHOM cpefe).

YUcno j-HyKNOHHBIX Koppenauui B aape A: A ay (A)/].

OTHoOLWeHWe ceYeHut pacceaHusa Ha sapax B 06n1acT AOMUHUPOBAHUA
B3AMMOAEUCTBUA C j-HYKITOHHOW Koppensauueu.

calon= A/A o (A) ap(A) o(A)/ c{(A).
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1 1 1 T ! T 1 1 T I T I I T I T T Ll T I 1 T T 1 I T T T 1 I 1 T T I O' MMKJ-IYXO
[ ®=21" T,=16GeV o ]
! B e .| WnTepeansr ITT u IV coBnaaaroT ¢
35 - H A="Fe _ aHanoOrmyHBIMM UHTEpBaNamu,
i 4) | onpeaeneHHbIMU NpU aHanuse
: 1 ¢% 4,) 1 nonapusaumm n ceveHUn pacceaHus
. | ) (# 1 Ana aapa 12C.
: o % | CpeaHss HYKNOHHAs NAOTHOCTL B
25 | D A="Ca 4 gape 12C meHblue, Yem B 94pax C
i Q@ g% | 1 A>12.
i ga@® 0% 49% i
- o O -
op® ©
2 - (D(DEDCD o O AZQSS:I il
i OOODQQ@ Y0 )
Opd © @
- 0% P00 o’ ® o9 ]
1S oo ® S CuctemaTuKa:
i @®®®®® |
- %pogo0qe0? Komin s K 1 so/o(Fe/C) = + 45%
i \:lastiz‘I p—p scattering N> RE | F/C=56/12 = 467
1 1 1 1 [ 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
1
1350 1400 1450 1500 1550 1600 1650 1700 §6/6(Si/C) = + 3.7%
K, MeVic Si/C =28/12 = 2.33

Q - practically constant (~ 600 MeV/c)

in the range 1480 < K< 1650 MeV/c

5;(Fe)/s;(C) < 5;(Ca)/5{(C) < 5{(Si)/5{(C) < 1
30 AxBapsa 2018

Xp = QZ/Zva(K)

CemuHap OPBO

8c/c(Ca/C) =+ 3.8%
Ca/C=40/12 = 3.33
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2.4

2.2

L4

1.2

B o |0' L R R R R 1] 0. MMKJ'lYXO

| ®=21 _

P K™ > A i

. 4 HabnronaeTtcs He3aBUCUMOCTb

i 1 OTHoweHuM ceveHun ot K 8 UH-
B AFe/ASD=2 | 1 Tepeane K= 1565 + 1635 MaB/c.

: e :

i 0Py - ooed 5 | CpeaHsa HyKIOHHAs MMOTHOCTb B

—~ ” 1 4) ~ sAapax ¢ A > 28 oauHakosa.

i —

- 0.0 A=*Fe 1 Bo3mokHO yxe ¢ A = 28 HacTynaet

o HacbIlWeHune aaepHbIX CUN.

- 00p0? gi

i A(Ca) / A(ST) = 143 i

%% _0%0 ®op_, 0 O ¢ 1

i ® 020 " g ¢¢) i

N '(Dq)ﬁ)'q}‘@-cﬁgp |

- 3 A=%ca _|

i | Cuctematuka :

i clasti.<]: p—p scattering | i dc/c(Fe/Si) = +5.4%
]. S 1 1 1 1 I 1 1 1 1 IS 1 1 1 1 SI 1 1 1 1 S!S 1 1 | 1 1 61 1 1 1 1 6'5 ] 1 1 1 SG(Fe/Si) = t 0.10
1350 1400 1450 1500 1550 1600 1650 1700

dc/c(Ca/Si)=+4.9%
K, Mevie °o/ol/s==

8c(Ca/Si) = £ 0.07
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O. Muknyxo

N (Fe/Ca)= 6 (P Fe)/ 6" (*"Ca) ® =20
16 |
B ¢ 0
- A(Fe)/ A(Ca) =14 @c?m) ¢
S .r"°"""'°""_';1')'iﬁ$&:
_ 0 m@momomm i
b N D O QO I
D O O o ) i
g Elastic pN scattering K™ > A
1. i | p_i1>-1 I | p 1> I | | l* | I | | | | I | | : 1 | l | y:_1>-1 I | 11
1350 1400 1450 1500 1550 1600 1650
K, MeV/c
5;(Fe)/s;(C) < o{(Fe)/s;(5i) < o/ (Fe)/o;(Ca) < 1 Cuctematka :

do/c(Fe/Ca) = + 5.5%, dc(Fe/Ca) = + 0.08
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2017 : O.V. Miklukho et al., JETP Letters 106, No. 2, 69 (2017) O. Muknyxo

n(Fe/B) = 6™(**Fe}/ 6'"I(B) ® =21 HabnroaaeTca He3aBUCUMOCTb BESIUUUHBI OTHOLLEHU
- A(Fey/A(C) = 4.67 ceyeHut pacceaHua n(Fe/C) B UMy nbCHBIX
45f uHTepeanax IIT, IV u n(Fe/Si), n(Fe/Ca) B 0bnactu
) 5 K=1560 - 1635 MaB/c.
F ! v WHTepeaner IIT v IV ana otHoweHus n(Fe/C)
351 EIH A, COBMNAAAHOT C AHANOMUYHBIMU UHTEPBANAMMU,
F I _eke N 5 Ha6IFOAAEMLIMU B MOMAPU3ALIMU U CeYSHUM ANnA
SF ¢ > peakuuu (p, p) c anpom 2C u npeanonoxuTenbHoO
55k 0s% | g="C COOTBETCTBYHOLUUMU PACCEIHUIO HA TPEXHYKMOHHBIX
[ 0000090 ; W YeTbIPeXHYKMOHHLIX Koppenauusax.
2 b OOOQOODODD A(FE)M(SI) =2 & K MeV/e
F @E.’b'@" eeelos . KuHemaTtuka ang yrna ©=210: g Cpp X i G @ =2
C QQDOOODOC}OC‘ i B =25%; Y so0 |
Ls | ©000C0T T aFeialca = 14 0609000 obnactu K= Ky + 1650 MaB/c .
L 0000000006000000000 | U;_mc Q = 600 MBB/C U nepemeHHasa “; <
IE - BvepkeHa x; = Q%/2mv(K) ook i
0.5 - mm onpe.u.engeTcn TONbKO 7 v RS g
: KN i > ke BESIMYUHOU umnynbca K'u »
0-....|....|...|.|....|..'..|....|....| u3meHseTCca B UHTepeane 1-5. |
1350 1400 1450 1500 1550 1600 1650 1700

K_} Mev;"c © ‘15‘40‘ ‘ ‘15‘60‘ ‘ ‘15‘80‘ ‘ ‘16‘00‘ ‘ ‘16‘?((3" I\;Iel\l;‘/"id
Moaens KHK (JLAB, PRL 96, 082501 (2006)): Oa (Q%Xp) = AJEZ( aj(A)/j) Cj(Q% Xp)
OTHOWeHWe ceveHul B j-uHTepBane: (og,0,); = (Fe/A) [ai(Fe) / a;(A)] [o;'(Fe) / o (A)].

OTHolweHWe BepoaTHoCTen Bo3HUKHOBeHUa  [a;(Fe) / a;(A)] ~ < plge(r) > / < pla(r) > ~ (1+ BY,
J-Koppensauuu B sapax Fe n A: B>0.
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TTnaHupyemsie (p, p)-3KCNepuUMeHTLI ¢ aapamm O o
npu yrne paccesaHus © =24.5° (Q ~700 MaB/¢)

NccnepnosaHue aaep 1°C v 4°Ca (M3mepeHue nonapusaumm U cedeHuin) m
anep °Be, 28Si, 6Fe, 20Zr (U3mepeHUue ceveHUn).
X O60o3HaunTca uHTepsan Il B OTHOWeEHUAX cedeHul paccesHus n(A/C),
COOTBETCTBYFOLMUU PACCEAHUIO HA ABYXHYKIIOHHBIX KOppenauuax.

3T0 NO3BONUT bonee HaAeXHO onpeaenuUTb BepOSTHOCTb BOSHUKHOBEHUS ABYXHYKITOHHBIN Koppensumn a,(A)
B a4pe A, UCcnonb3ysa 3HaveHue a, (€) ana aapa 12C, HaaeHHoe B TTUS® B (p, 2p)-3KCcnepumeHTe

a,(2C) = 0.194 + 0.023 (Proc. of the Workshop DSPIN-13, 247 (2014)).

~ R T
OCHOBBIBAACH HA AGHHLIX 3KCMEpUMEHTa Npu yrne paccesHus O = 210: X A | -
ans A =5Fe BeposatHocTb a,(°°Fe)=0.219 + 0.027. = i‘“ : + 2
2 el % 3
(e, e')-3kcnepumeHT B JLAB : a,(%¢Fe) = 0.227 + 0.047. 3 1 5
\é _P’s J 1 4 9"
o 2 e, ty T4 o
X B npeaenax UMNySbCHLIX UHTEPBANOB, g : o 5
3 - 3
COOTBETCTBYHOWLUX paCCeaHUFO HA passIUYHbIX g. 0 11 ’. “. | %
Q 5 Ty O
Koppenaumax, nonspusaums byaet pactm ¢ : -l -
UMNYINbCOM. I RN -
= i L
g 2 ‘4“"'.""“:”** +— g
TTposeaeH NpobHbIN (p, p)-3KCMEpPUMEHT C ApamMm T . e K

12 -
C, %9%Ca non Yrnom paccesHus O = 24.59. Ynpyroe paccesaHue NpoTOHOB Ha aapax “He
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O. Muknyxo

Pesynbtatel (p, p')-3kcnepumenTa ¢ aapom 4°Ca

P
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0.4

0.3
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0.1

0
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m — polarization P

Dazhed curve — DWIA* for P

“CalppHX at1 GeV

. nc
O — Cross section ¢
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Multistep nucleon knockout processes O. Muknyxo

i 12 _ i
B Cp.pHX To=1 ® =21° !
& GeV ; ]
o 5 . incl
< 0.6 |- m — polarization P O — cross section ¢ —
g | Dashed curve — DWIA* calculations for P O — Pineclastic p —4Hc scattering ]
N i ]
3V 0S ol
ol L il
Z i il
= 04 | I ]
33 - D -» v +'+| _
g i T i
Z B m * .
g 03 s + g e + ” ++ 4
+— . — = 2 P —
<< - = = il
<8 - é & $é &(*é‘ *+ 3 I i
o B <+Cl) o l @ I I \\\ 4 J
. B © [ 1
= X © @@ K, 5
I’Q_) I l K ' l ‘ 1
] - 2 il
% - K @ O O -
= 0l kr ol
X
= . m PL Coog ]
> - Elastic pN scattering } % 4
o 0 i 1 1 1 1 I 1 1 1 1 [ 1 1 II 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
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K, MeV/c

= P =
6™ = d'HdQdK) , mbi(st MeV/¢)

o
w

=
(M)

0.1

1700

dp [mb/sr(MeV/c)]

do? [dS

Analyzing power, Ay

10— I ! T 1

12¢ 4 T OSGeV
g PN EAMPF kit

0

06 08 1.0 12 14 186
K, GeV/c

* B obnactu I, rae ceveHue peakumm (p, p ') UMeeT 60nbluMe 3HAYeHUS, BKIIGA MHOTOCTYNEHYAaTLIX NpoLecCoB BLIGUBAHUA
HYKNOHHOB U3 Apa MOXeT 6bITb 3aMeTHBIM. MIMNynbc paccesHHOro NMpOTOHOB B 3TUX MPOLIECCAX MeHblue, YeM B
oAHOCTyneHYaTol (p, p ')-peakumm, KOTopas Uccneayetcs. 3TO UCKAXAeT MAAKYHO POPMY CedeHUs npu K= K;,, OTMeYeHHOM

ctpeniko. TTpu K< K, P, a Takxe Ay, naaarot. MbI Ha6IFOAGEM 3GMETHBIA MUHUMYM B F Mexay umnysibcamm K, u Kon- Mt
He BUAUM TAKOro MUHUMYMa B AY npu Tj = 0.8 T3B/ ¢ Kak B 3KCMEepUMEHTANbHLIX, TaK U B TEOPETUYECKUX AGHHBIX.

* DTOT MUHUMYM, BO3MOXHO, 06YCNOBIMEH paccesHUemM Ha ABYXHYKITOHHOW Koppenauuu, NpUBOAALLMM K ee pacnaay Ha Asa
HYKSOHa. B 3TOM Npouecce MOXeT 6bITb CyLIeCTBEHHO MeHbLUe, YeM B KBA3UyNpyrom paccesHum Ha HeKoppesiMpoBaHHOM

HyknoHe (cm. uHtepean IT).

* B SRC-noaxoae ABA HYKMOHA, NPUHAANEXALLMX ABYXHYKITOHHOM KOppensauuu, UMeroT NPOTUBOMOJIOXHO HANpaBneHHbIe
WUMMYIbCbI MOYTU PABHOM BeNUYMHBI, 6osbluel, Yem BenuumHa umnynbca epmum ~ 250 MaB/ ¢ (kuHeTuYeckas aHeprusa ~ 35
M3B). Mmnynbe K,' 6610 onpeneneH B KUHEMATUYECKOW NpOrpamme MpU 3Heprum Bo3byxaeHUs ocTatouHoro sapa ~ 2 x 35 =

70 M3B.
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I.A. Anxasos u ap. , TTpenpunt JING&®-778, NeHuHrpaa, 1982.

Elastic proton-nucleus scattering at 1 GeV

P - polarization

Q
Q
-
Q
~N
b o
Q
Y
o]
b3
<
- 210
S 0= 21
O
D
“E Om= 30.150
o t = 0.3701 GeV2/c?
Gcm~ 1 mb/sr
J=1973
Op= 32.73
) t=0.3666 GeV?/c?
I S SN G ey~ 0.1 mb/sr
10 15 20 25° 30 35 40 4SS 50 9K .H0
'\ 7 J = 2293
O.pn, deg |y
CemuHap OPBO

O. Muknyxo
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Kinematics 1

Consider the reaction a+b -> ¢ +Y. The picture below depicts this process with the time axis running
vertically. Whatever the interactions are in the interaction region, we know that the conservation laws of
momentum and energy produce relationships between the energies and momenta.

The 4-momenta are
C Y
\ / pf :(Ea ’pa)’ pll‘)‘ :(Eb ’pb)
pf:‘ = (Ec 913(: )’ p{" = (EY 5ﬁY)
interaction Conservation of 4 momenta means

2 g _ B 2
pa +pb _pc +pY’0r

I_ia +ﬁb :I_ic +ﬁY ’and Ea +Eb :Ec +EY
a
b and
E:ﬂ/p2 +m?

We will suppose that particle a is the projectile and b is the target. If we measure the 4-momentum of
outgoing particle c, then we know what the 4-momentum of Y is using the energy-momentum conservation
laws. We define new variables to indicate the 4 momentum transfer in the process.

Pi —P: =p§ —p; let ¢* =(®,q)

with

o=E —E_,and, q=p,—p

C
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Kinematics

Elastic Scattering

Consider the case of elastic scattering, a = ¢, and the target b is stationary, then,

30 AxBapsa 2018

o=E; —m,,or

. 2 2
m—\/mb +q° —m, , where

q° =qe{, thus

®+m, = ,\/m,“: +q2 , squaring we get,
m’ + o’ +2m, ®=m; + q°
2m,0=q° —® =—q,q" =Q,

so for elastic scattering we note that

2
Q@ g

2m, ®

CemuHap OPBO
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Scattering from Constituents

Kinematics

We imagine that the target consists of two pieces, that is, it has substructure. The incident particle, a, scatters
off component 1, where we assume that the whole 4 momentum lost by a is transferred to particle 1.

N m

pu (®,49)

m, =.fm? +p? +./m? +p? +A@p,)

A(0)is the reaction Q - value when

p, = 0.The final state Y consists of m,

with momentum p, + q, and m, with
momentum - p, so that the total momentum of

Yis py =p, +4-p, =q.The energy of Y is

Ey =m} +p] +-m} +(, + )’
thus , (w,q) =(Ey —m, ,py)

We can expand the equation for
the energy transfer to arrive at

30 AxBapsa 2018

Q% =q? -w? and

Q' _ [ P @B Ae), A@) ||, G +D
- 2 2 2
2m,® m, mo® 2mo ® m;

Q2

2mp W

callx, = theBjorken x value where m, is the mass of

the proton. For elastic scattering on the proton x; =1.

Q@ _,, A0 AO)

Asp, > 0,x=
2m,® ® 2m,

), and A(0) < 0.
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Kinematics

The condition where x is approximately 1 is called quasi-elastic scattering. In this kinematical condition particle loses
an energy and suffers a 3-momentum change consistent with scattering off an object with the mass of constituent 1. In
the case of electrons scattering off a nucleus a broad peak appears at approximately x = 1 when we set mass 1 equal to
the proton mass (then the x value is the Bjorken x).

If we only measure the scattered electron energy, then the measurement is called an inclusive experiment. These are
also called "single-arm™ measurements. If we measure the scattered electron in coincidence with another particle, say
mass 1, then we call the measurement “exclusive™. Exclusive experiments are necessarily coincidence experiments.

If the spectrum of high energy electrons scattered off the proton is measured and we plot the number scattered as a
function of the Bjorken x variable we obtain a result similar to that seen below. A broad peak appears at x-Bjorken of
about 1/3. If we interpret this bump as due to elastic scattering, then we would have to assume that the electrons are
elastically scattering off constituents of the proton of mass about 1/3 the proton mass. That is, if we had used 1/3 the
proton mass for the mass 1 constituent then the bump would appear at x = 1. The quasi-elastic scattering on the quarks
produces a broad spectrum for the same reason that the quasi-elastic scattering on protons in the nucleus produces a
broad spectrum. Namely, the constituents receiving the 4-momentum transfer are in motion.

deep inelastic electron scattering

N( x B) on the proton

quarks

)

1/3 5 1
B
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Kinematics

So generally speaking if we plot the scattered electron energy, for any sort of target we
can conclude that the different values of the Bjorken x correspond to different masses of
the constituents absorbing the transferred 4-momentum:

Xg <1 means scattering on a constituent less massive than the proton

Xg =1 means scattering on a constituent about as massive as the proton

Xg >1 means scattering on a constituent more massive than the proton,
such as a correlated  pair of nucleons.

If we see a peak in the spectrum of N(Xg) Vs Xg at a location x'g, then a kinematical
interpretation of the peak is that electrons are scattering off a constituent with a mass
m; =X'g . My,

30 AxBaps 2018 CemuHap OPBO 31
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Kinematics 6

Missing momentum and missing energy

In an exclusive reaction (a coincidence measurement such as A(e,e'p)B) we measure the energy of
the scattered electron and this tells us the 4-momentum absorbed by the target. In addition, we also
measure the 4-momentum of one of the particles ejected from the target. The missing momentum is
simply the momentum we did not explicitly measure. We know what it is, of course, because we
have conservation of 4-momentum. The same argument applies to the missing energy.

Measuring the outgoing electron's energy we determine

the 4 - momentum transferre d.

q" =(®q).
Measuring the 4 - momentum of the knocked out proton ,(E_,p,)

we deduce that the missing 4 - momentum is
p': :(m_Ep ,ﬁ—ﬁp)
In the simple minded picture, we have of scattering from a single constituent (the impulse approximation)

the missing momentum of the undetected fragment (X = 2 in our diagram above) is the negative of the
momentum our detected proton had in the nucleus before it absorbed the transferred 4-momentum from

the electron.
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Kinematics 7

Parallel and Perpendicular Kinematics

If we detect the proton knocked out of the nucleus along the direction of the 3-momentum transfer, we
refer to this as parallel kinematics. The definition of perpendicular kinematics is not so sharply made.
Basically, perpendicular kinematics is not parallel kinematics. It is not required that the proton be detected
at 90 degrees to the three momentum transfer. In parallel kinematics we can separate the longitudinal and
transverse response functions. In perpendicular kinematics we determine the longitudinal-transverse

interference response function.
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