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CoBpeMEHHas CUTyalus
B DKCIIEPUMEHTAIIbHONU ¥ TEOPETUUECKOU ATECPHOU
dusnke

MocnegHne 20 neTr B 3KCNEepPUMEHTaNbHOM  AAepHOW  dU3UKKe
O3HAaMEHOBA/INCb OFPOMHbLIM MPOrpeccom B TEXHUKE U3MEPEHUN,
TOYHOCTM 3SKCMEPUMEHTa/IbHbIX J[aHHbIX, a TaKXe becnpeueaeHTHO
BbICOKOW CTAaTUCTUKOM MU3mepeHuin. Ctanm yxe NpuBbIYHbIMU U3MEPEHUA
TPOWHbIX COBMNAAEHUN, 4Ti-reomeTpun, NOYTU NMOBCEMECTHbLIN nepexos K
3KCK/II03MBHOM MOCTAaHOBKE 3KCMNEPUMEHTOB.

B utore atoro nporpecca o4eHb MHOIMe 3KCNepumMeHTasibHble AaHHble,
NO/IyYeHHble B NpoLW/ble rodbl C Masioh CTAaTUCTUKOW, B UHK/IHO3UBHOM
NOCTAaHOBKE M B OYEHb Ma/JIOM Yrn1OBOM AWana3oHe, Obin U3MepeHbl
3aHOBO C ropa3ao 6onee BbICOKOW TOYHOCTbIO U HAAEKHOCTbIO.

B pe3y/ibTaTe OKa3a/10Cb, YTO O4YEHb MHOINe TEOPETNYECKHNE KOHLUEeNUUN U
moaesn, Kotopble ob6bACHANN npexHmne BeCbMa rpy6b|e MHK/TIO3UBHbIE
IKCNEPUMEHTA/IbHbIE AOadHHbIE, OKad3a/iInCb B CUJIbHOM pPaCXoxgeHun cC
coppeMmeHHbiIMMU  BbICOKOTOYHbIMWN  U3MEPEHNAMN WU OOJ1KHbI 6bITb
3aMeHeHbl a/1IbTEPHATUBHbIMKN NOAXO4aMMW.



[Mpn 3KCNEPUMEHTA/NIbHbIX N TEOPETUYECKUX UCCNeaoBaHUAX NPOLLECCOB,
CBA3aHHbIX C BoNbWMMM Nepeaadyamm MMNyabca Npu paccesHnm bbICTpbIX
aJlpOHOB Ha fAApPaxX, OCHOBHble NMMOHEpPCKUe paboTbl ObiAM BbINONHEHDLI B
CCCP B 70-e — 80-e roabl XX Beka B [lybHe, UTIDe, /INADe n ap.

N TONBKO cnycta mHormne roabl, yXe B Hayvane 2000-x, aTM nNnUoOHepcKue
pe3ynbTaTbl OblIM 0CO3HAHbI M NOHATHLI No-HacToAwemy B CLUA, n cenyac B
ABYX OCHOBHbIX aMEPUKAHCKMX YCKOPUTENbHbIX LEeHTPaX — B bpykxenseHe
n xedpdpepcoHoBCcKOM nabopatopum — pPa3BEPHYANCb MHTEHCUBHbIE
3KCNepUMeHTalbHble UCCNea0BaHUA KOPOTKOAEMUCTBYIOLWMX KOppenaymm
B AApax, B npoueccax tmna A(p,ppn), A(n",pn), A(e,e’pp) n 1.4. B 4n-
reoMeTpumn n C perucTtpaumen TPOMHbIX CoOBMaaeHUM.



Mommmo 3Toro, bbin AOCTUTHYT Bonblwon nporpecc B Teopuun. Cranm
BO3MOHbIMMU TOYHbIE pacyeTbl Peakuunm C TPEMS U AarKe YEeTbipbMsA
4YacTMUAMW C YY4ETOM BCEM CNOXKHOCTU AAEPHbIX cwua, BKAo4aa u 3N-
B3aMMOAEeNCTBUA.

|_|pl/| TWwaTte/ibHOM CPaBHEHUU MHOIMNX TEOPETUYHECKUX npep,CKa3aHm‘/'| C
IKCNEPUMEHTA/IbHBIMAU AaHHBLIMU OKA3a/10Cb, YTO MMEKLWAACA TEOPUA HE
TO/IbKO HE MOXET KO/IN4eCTBEHHO OMUCATb 3KCNEPUMEHTA/IbHbIE AadHHbIE,
HO BO MHOTIUX C/1ydaAXx AaXe He B COCTOAHUN nepeaaTb OCHOBHbIE TPEHADbI,
BUAMMMbIE B SKCNepmMeHTe.



CoBpEMEHHBIE TTPOOTIEMBI B TEOPETHIECKOM
OIMMCAaHUU KOPOTKOJACHUCTBYIOIIEH AACPHOU CUJIbI

Summary
of modern view:
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- FIGURE 1

The nucleon-nucleon potential and the dominant driving terms. They must be
iterated to obtain the full T-matrix. At long distance the pion exchange mecha-
nism dominates. At intermediate distance a A can be created between the exchan-
ge of two pions. At short distance heavy mesons can be exchanged, but also the
subnuclear degrees of freedom are expected to play a role : the Quark Inter-
change Mechanism is one possible example. When the electromagnetic probe inter-
acts with the nucleon current in nuclei, gauge invariance requires also its
interaction with each charged particle which is exchanged in the driving terms.




EFT NO3BO/IAIET BbIYMCAUTD MO TEOPUM BO3MVLLI,€HMM
p,aanop,eMCTByrou.Lme BK/J1aAbl, @ KOPOTKOAENCTBYIOLLME BKAAAbI

“3aroHAl0TCcA” B KOHCTaHTbI, KOTOPbIE NOArOHAKTCA K
3KCNepuMeHTaIbHbIM AAHHbIM.

B OBE-moaenax umetorcsa 60nblumMe pacxoXKaeHna ¢
nocnefoBaTesibHON Teopmnen ANA KOHCTaHT obpe3aHna A_yv, A i,

ApNNM T.A.

KBapkosble mogenu ana NN-B3aumoaencTeuna noka He A0CTUMAK
KONIMYECTBEHHOTO YPOBHA NpeAcKa3aHuin, HO NPeacKas3biBatoT
Ba*XHble CUMMETPUMN.

PaccMoTprM HEKOTOPBIE IPUMEPHI.



Failure of 3N picture for *He
in high-momentum-tranfer processes
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The averaged 3He(e,e’pp) cross section as a function of missing momentum p_
at E, = 750 MeV (the data of NIKHEF). The theoretical predictions without (solid
line) and with (dashed line) pair 2N currents are based on full Faddeev 3N

calculations with three-nucleon force.
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Failure of 3N picture for *He

in high-momentum-tranfer processes
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The 3He(e,e'pn) reaction cross section averaged over the experimental acceptance as a
function of the missing momentum for the Al kinematic setting. The solid red (dotted
green) curve shows the theoretical cross section calculated using only a one-body
hadronic current operator and the AV18 NN potential. The dashed blue line results from
the AV18 potential when MECs are also included. (D.G. Middleton et al., 2009) °



Extension to the general nuclear case
1

180(y,pn)**N
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The experimental data for O(y,pn)!*N cross section compared to the results of
theoretical calculations for transitions to the 3.95 MeV (1*) excited state of 1“N. The
solid curve results from the DW approach, the dashed line from the DW-NN approach
for FSI. (D.G. Middleton et al., 2010)
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Diagrams used in Laget’s model in the calculation of the
SHe(y,pp)n cross sections.
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Total ppn cross section integrated over the CLAS acceptance plotted as a function
of photon energy on a logarithmic scale for the full E, range. The ppn cross section
(circles) is compared with Laget’s full model (solid curve), with the model result
without the three-body mechanisms (dashed curve). 12
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Quasi-two-body breakup:

¢ Present data
—— Laget full model

----- Laget (1+2)-body only 3
e Laget 3-body only

Cross sections
integrated over the
CLAS for the quasi-
two-body breakup
plotted as a
function of photon
energy.

The data are
compared with the
results of the full
model (solid curves)
and of the (1+2)-
body-only model
(dashed curves).
The full-model
calculation agrees
guantitatively with
the experimental
results only up to
about 0.55 GeV.
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E, = (0.85-0.95) GeV

Differential cross
sections integrated over
the CLAS for the quasi-
two-body breakup of
the high-energy proton
in the center-of-mass
frame for photon
energies between 0.35
and 1.30 GeV. The data,
for 0.35 < Ey< 0.75 GeV,
are compared with the
results of the full model
(solid curves) and of the
(1+2)-body-only model
(dashed curves).



e AHanM3 MHOIFOYUC/IEHHbLIX HabAogaeMbIX pPACXOXKAEHUMN
MeXAY TPAAMUMOHHBIMU TEOPETUYECKMMM noAXOAaMU W
COBPEMEHHbIMMN 3KCNEPUMEHTANIbHbIMN AAHHbIMU NPUBOAUT
K 3aK/JIIOYEHUIO, YTO MHOTUE TPaAULMUOHHbIE TEOPETUYECKUE
KOHUENUWN, HA KOTOPbIX B 3HAYNTE/IbHOW CTENEHU AEPIKUTCS
agepHaa PU3MKa, OKa3biBalOTCA He Hosee yem HayyYHbIMU
Mndamm, KOTOpPble MPOAO/IKAT CBOE CyW,ecTBOBaHUE
6narogapa 601bWON MHEPLUWN HALLErO 3HAHMUA.

e Mol PAacCCMOTPUM  NULLb HeKoTopble, Hanbonee
PAacNpPoOCTPaHeHHble U3 TakKMX MUPOB, XOTA UX KONNEKuMs
KayKeTca BeCbMa BHYLLINTENbHOMN.



MUD Ne 1, 60a30BBII:

“SnepHbie CUIIbI HA MAJIBIX PACCTOSTHUSX
00YyCJIOBJIEHBI 0OMEHOM TSDKEJIBIMH BEKTOPHBIMHU
ME30HAMHU p U O.

KopoTKoaenuCTBYIOIIEE SICPHOE CIIUH-
OpOHUTAIILHOE B3aMMOJICHCTBUE OATOMY
O0OYCIIOBJICHO NIPUPOAON ITUX TIKEIIBIX ME30OHOB.”



B3rnAaHem Ha 3TH yTBEPAKAEHNA C I'IO3VILI,VII\/'I cerogHAwHero AHA.

m,=m, =800 MeV; r =0.2 tm;

Jo,

Ho: qu 0.6 fm.

N

[MosTOMYy OBMEH TAMe/IbIMW BEKTOPHbIMM ME30HaMM NPOUCXOAUT B CUTYaLLUMK,
Korga ABa B3aMMOAENCTBYIOLWMX HYK/IOHA CUIbHO MepPeKpbIThl, U,
cnefgoBaTe/IbHO, UX HUKAK HeNb3s CYMTaTb U30MPOBAHHBIMM.

BmecTe ¢ Tem, cTaHAapTHblEe NoTeHuManbl 04HO6030HHOro 0bMeHa nmetoT
CMbIC/1 TONIbKO A9 N30/IMPOBAHHbIX HYKNOHOB.

p. G




Ecan HYKNOHbI Tak CUNbHO NEPEKpPbIBAOTCA, TO YTO MPOUCXOANT
C X KBAPKOBOW CTPYKTYpOMn?

ObbeanHaTCA M BCce 6 KBAPKOB B €AMHbIN LUEeCTUKBAPKOBbIM
MELLIOK, N ecnm 06beamMHAKTCA, TO KaKOBa CTPYKTYpPa 3TOro
MeLLKa?

Kyaa npu aTom ncyesatoT NoAsA BUPTYaibHbIX MMOHOB, KOTOPbIE
OKPYXKann KaxKabl U3 HYKJIOHOB?

Ha Bce 31K Bonpocbl TpaaMuMoHHasa (Me3oHHas) Teopums
ANEPHbIX CUN OTBETOB He aaeT!



HeynoBnetBopuUTENBHOCTb 3TOMN CUTYALUM MOHMMAIN MHOTUE aBTOPbI.
Hanpumep, T. Barnes, S. Capstick, M.D. Kovarik, and E.S. Swanson (Phys. Rev. C
48 (1993), 539) nuuwyr:

“BykBanibHOE NPUNUCbIBAHME KOPOTKOAENCTBYHOLWEro OTTa/IKMBAKOLLLErO KOpa
0bMeHYy BEKTOPHbIMM Me30HaMK Be3yc/IoBHO BKAOYAET B ceba npoTuBopeUme:
TaK Kak HYKNOHbl MetoT paguyc =~ 0.8 dm, a pagnyc w-obMeHHbIX CUn r,, ~
1/m =~ 0.2 dMm, TO HYXKHO CUJIBHO HANIOXKMUTb APYT Ha APYra HYKJOHHbIE
BO/IHOBblE GYHKLUUU, YTOObI AOCTUYb HYKHOFO MEXHYK/JIOHHOIO PacCcTOAHUA (=
0.2 pm)... MoaTomy KapTnHa 060cobNeHHbIX HYKNOHOB, 0OMeEHMBAtOLWMNXCA
bun3nyeckummn p- n w-mesoHamu, Asasaetca pukumen.”

Kak cneacteue aton pmkumm, B8 OBE moaenax Tuna boHHckoro NN-noteHumana
BO3HMKAIOT CU/IbHble NpoTuBopeydna c SU,-moaenbto B 3Ha4YEHUAX KOHCTaHT

CBA3MN g s Koy U T-8.

A 4YTO Aenatb C TPAKTOBKOM cnunH-opbutanbHon NN-cunbl Kak 06ycn0BIEHHOM
0ObMEHOM BEKTOPHbIMU ME30OHaAMMK?



Yro maeT kBapkoBas MOACIb JJIs1 OObSICHECHUS
oTTalIKuBaromero NN-kopa?

K coXaneHuto, MMKPOCKOMMYECKME KBAPKOBblE MOAE/IN, KOTOPble MHTEHCUBHO
pasBuBanucb B nocnegHmne 30 neT, TaKKe He B COCTOSSHUW NMPaBUIbHO ONUCaTb
NN-B3anmoaencTBne Ha KOPOTKUX U MPOMEIKYTOUYHbIX PaccToAHUAX. B yacTHOCTH,
OHW AAlOT C/IMLIKOM CU/IbHOE OTTaZlKMBaHME Ha ManbiX PACCTOAHUAX U CINLLKOM
cnaboe OCHOBHOE NPUTAMKEHUE HYKNOHOB Ha MPOMENKYTOYHbIX PAaCCTOAHUAX.

Hanpumep, paccmoTpmMm KBapKoBYO Moaenb 13 paboTbl
D. Bartz & Fl. Stancu, PRC 63, 034001 (2001):

The GBE Hamiltonian considered below has the form

pi , ,
HZE HT:'+ _KG+2 P{'r}nf(r:'j)_{_z 'T/;{f(r:'j)! (21)
i ] ' i<j

:'=]_ 2!??;‘ :I{JP

where K 1s the kinetic energy of the center of mass. The
l[inear confining interaction 1s

3 ' J b
Vl.’_"rmf(r:'h;') - = g;\;‘: ’ ;\;(C‘VU_{_ ]T/{})g. (22)



Yro maeT kBapkoBasi MOACIb JJIs1 OObSICHCHUS
oTTaJIKuBaromero NN-kopa?
D. Bartz & Fl. Stancu, PRC 63, 034001 (2001) (npoaosn:keHune):

and the spin-spin component of the GBE interaction in its
SUE(3) form 1s
3 7
V(ri)={ 2 Vard NN+ 2 Viri)AANE
F=1 F=4

2 .
VA rp NN+ TV (ry) [ 00y (23)

<...> This comes from the assumption that the total wave
function can be written as

w=§ AL® xR 45)]. (3.1)

where B is a specific channel (here B=NN, AA,or CC), A
is an antisymmetrization operator defined below, ® 5 con-
tains the product of internal wave functions of the interacting

baryons, and Xﬁ(féﬂ g) 1s the wave function of the relative
motion in the channel B3, depending on the relative coordi-

nate E,qg between clusters 4 and B.



Yro maeT kBapkoBasi MOACIb JJIs1 OObSICHCHUS
oTTaJIKuBaromero NN-kopa?

PesynbtaTbl ana NN ¢a3oBoro casura v BOAHOBOM GYHKLMU OTHOCUTENIbHOTO
NBUXEHUA B COCTOAHUMU 3S1 [D. Bartz & Fl. Stancu, PRC 63, 034001 (2001)]:
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FIG. 1. °§, NN scattering phase shift as a function of & The FIG. 3. The relative wave function of Eq. (5.3) for the 35|
solid line shows the result for the NN channel only, the dotted line partial wave for k=1 fm™! obtained in one-channel (solid line)

for the NN+ AA, and the dashed line for the NN+AA+CC and three-channel (dashed line) calculations.
coupled channels.



Yro maeT kBapkoBasi MOACIb JJIs1 OObSICHCHUS
oTTaJIKuBaromero NN-kopa?

B uenom, obmeHHble 3dpdekTbl B 061aCTU NepeKpbiBaHUS HYK/IOHOB
npuBOAAT K  MOABNEHMIO  AOBOJIBHO  CUAbHOFO  HE/I0Ka/IbHOro
OTTa/IKUBAKOLWLEro B3aMMOAENCTBUA, OAHAKO NPU 3TOM He BO3HMKaeT
HUKaKoro (M1 BO3HMKAaET cnaboe) NpUTSKeHUA Ha PacCToAHUAX ~ 1 dm.

Bonee Toro, oTTaNKMBaKOLWMIA KOp, 0OYCNOBNEHHbIA KBAaPKOBbIM O0OMEHOM
(T.H. «CTPYKTYPHbIA KOP») NOABNAETCA /AUWb B HU3IWMX NAPLMANIbHbBIX
BONHax (S u P) u He BO3HMKaeT npu [ > 2, B p€3KOM OT/IMYMK OT KOpa,
obycnoBneHHOro 06MeHOM BEKTOPHbIMM ME30OHAMMU.

Toroa Bo3HMKaeT Ba*KHbIN BOMpPOC:

A TpebyetcAa snn  BoobOWE OTTAaZIKMBAKOWMW KOP A/1I8  OMNUCAHMUSA
amnumpuyecknx NN ¢a3oBbix caBuros npu [ > 27?



OTBeT Ha 3TOT BONPOC AaeT Hawa pabota (Phys. Rev. C59, 3021 (1999)), rae
nocTpoeHa 060b6LeHHana moaenb OPTOroHaibHbIX YC/IOBUW ANA ONUCAHUA
Bcex cyuiectBeHHbIX NN $a3oBbIX CABUIOB:

Thus, the model potential consists of three parts

UnN= UL{,}C'F UDPE+ Uﬁep, (13)

where the local exponent well U]{,}C depends on the channel

spin and parity
vl (r)=Voexp(— Br)+ (sDV§ exp(—Bir).  (14)
In the state-dependent separable part
0*P=\|¢ )¢l (15)
a Gaussian form factor (r|ga}= @(r) 1s used

1%")2
_2 o

cp(r)=NrHlexp (16)




TABLE II. Parameters of projectors and separable parts of the
potential.

State A, MeV r,, tm
'S, e 0.3943
'P, 00 0.5550
'D, 107.2 0.4527
'F, 182.6 0.5191
'S, e 0.3737
‘D, 161.2 0.4695
‘D, 588.2 0.3572
‘G, 2.74 0.8077
‘P, 00 0.3209
‘P, 0o 0.3226
P, 00 0.1632

'F, 5.447 0.6221




Tabanua Il u3 aTon paboTbl ACHO NOKA3bIBAET, YTO ANA NPELU3INOHHOMN
NoAroHKM Ppa3oBbIX CABUIOB PeabHbIA OTTA/IKMBAOWMIN KOP (A = co) HYXKeH
TO/IbKO B S- 1 P-BOJIHAX, @ B OCTa/IbHbIX NAapLMaibHbIX BO/THAX KOHEYHbIN U
OTHOCUTENbHO HEDONBLLLIOM OTTaNIKMBatOWMM cenapabenbHbIM NOTEHLMAN
INWb CNerka noAnpasnaeTt rnyboKUn LeHTPANbHbIA NPUTATUBAIOLWLNIN
noTeHuman (04MHaKOBbIN AN1A BCEX NAPLMaANbHbIX BOJIH) U HE COOTBETCTBYET
TPaANLNOHHOMY OTTa/IKUBAKOLLLEMY KOPY.

Cnepytowme cnanabl 4EMOHCTPUPYIOT KavyecTBo onucanmsa NN pa3oBbix
cABUTroB B moaein 0606 eHHbIX OPTOrOHaIbHbIX YCI0BUN, Fae
OTTA/IKMBAIOLLMIM KOP NPUCYTCTBYET TONbKO Npu [ < 2.
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BbIBOA:

Takum ob6pasom, Bbicwme (I > 2) dasosble casurn NN-
pacceaHnA, BNAOTb A0 3HEPrnm no menbolien mepe 400 MaB, He
TpebyloT AnA  CBOEro onucaHua  Hannuma  6onbworo
OTTaZIKuBatowero kopa 8 NN-B3anmoaencTeun, a TpebyroT nLlb
HEKOTOPOro yMeHbLUEeHNA NPUTAXKEHUA Ha MaiblX PACCTOAHUAX.



HoBbIN B3IJI1 HA IPUPOY TPYAHOCTEN ITOCTPOCHUSA
KOPOTKOAECHUCTBYIOLIECTO NN-B3aUMOAECHUCTBUSI

1. Ha manbix MeXXHYK/IOHHbIX PACCTOAHMSAX, T.€. B 06/1aCTU NepeKkpbIBaHMNA ABYX
HYK/JIOHOB, UX KBapKoBble Kopbl (3g) 06beanHATCA BMecTe, NOAYUHAACH
onpeaeneHHbIM 3aKOHaM CUMMETPUM B €4MHOM LLEeCTUKBAPKOBOM cUCTEME:

8 1
X[3]= \/;[42]4— \/;[6]

KoHdurypauum WecTmkBapKoBO CUCTEMbI, 3aNMMUCaHHbIE Yepe3 KBapKOBbIe

opbuTanu:
ANA YETHbIX NapuManbHbIX BOH

[3°1x[3} ]——— \ﬂ "[42]L =0,2;ST) \ﬂs [6]L = 0;ST)

COCTOAHUA

ANA HEYETHbLIX NapunaibHbIX BOJIH

[3° X3’ | — > | s°P'[331L = 1,3, ST) + B|s° p[6]L = 1; ST)

COCTOAHUA




2. WectnkBapKoBbie KOHOUTYpaLUM CMELIaHHOW cummeTpum (27w n 3hw)
MOTYT NEPEXOANTb B HUXKeENEXALWMe KOHPUrypaumm nytem nsnyvyeHus
MUOHOB U/IN CKANAPHbIX O-ME30HOB, Hanpumep:

s*p?[42]L = 0) = |5°[6] + o)

s*p?[42]L = 0) = |5 p[51]+ 7).

B 060u1x ciydanx s-BONIHOBbIE - U 0-Me30H 06pa3yloT NeT/In BOKPYr 6g-0CcToBa:

m,0 m,0 T,0
’ \ ’ \ / \
- - ==l h4 + ==l g h4
D s'p° s° vt s s° s’ s° Oy
5 5 5
+ s°p + s°p + s°p

S-BO/IHOBOM 7T-Me30H B3aMMOAENCTBYET C 6G-0CTOBOM OTHOCUTE/IbHO cnabo,
HO 0"-M€e30H B3aMMOAENCTBYET OYEHb CUIbHO M CBOUM MPUTAKEHNEM CUNIBHO
ctabunmnsnpyet oagetobin anbapuor D.



3. B wuTtore Takon AMHAMUKKN NOABAAETCA S-KaHanbHoe NN-B3aumoaencTeme

NPUTATUBAIOLWEro XapaKTepa, UHAYLMPOBAHHOE NPOMEKYTOUYHbIM
Anb6apmMoHOM

D) =|s°[6]+0(l, =0,2))

N G N
VNN B
D
N N

TaKon NPOMEKYTOUYHbIN AMOAPUOH, 0AETbIM O-NONEM, U AAET, KaK Mbl
nokKa3anun, To cmnbHoe NN-npuUTAxKeHne Ha NPOMEIKYTOUHbIX PAaCCTOAHUAX,

KoTopoe B TpaanumoHHbix OBE mogenax npunucbiBaetca KOKaBckomy (t-
KaHanbHOMY) 0-0OMeHRYy.




O pekTnBHOC NN-B3aMMOJICHCTBUE
B TMOApHMOHHON MOJICIIH

B Takom noaxoae nonHoin NN-noTeHUmMan umeet BuUA;

Veff = Vngn + Vore + VTrE + Vorth:

rae Ans TpunaeTHblx 3587 — 3D1 KaHanoB:

Ve ,=(AUU(E)2S><2S| Aoz(E)|2s><2d|)
NaN Moo (E)|2d)(2s] Ao (E)[2d)(2d| |-

34ecCb |2s) n |2d) — OCUMNAATOPHbIE BONHOBbIE (DYHKLMWN:

28) = wos(r/rg) = \/4?r(?rr%)_3/4\/§(1 — zrﬁ/srg)e—‘-'"%f%,

2d) = poy(r/ro) = \/E(wg)-?’/ﬁ/1i5(r2/2rg)e-r2/2f§

% )\”;(E) — 3aBUCALLME OT SHEPrnum nponaratTopbl oaeToro anbapvoHa.



The phase shifts of NN scattering in low partial waves
found within the dibaryon model

-0 D

prewe e ey

-0




BoaHoBas (pyHKIMS ASUTPOHA B JUOAPHOHHONW MOJICIN
b

Y

NN

Y, =

6g+o

Yo (7) = \/41—7”, (u(’”) +ﬁglzw(r))

cnnoLwHble AnHun — A.8.¢. ‘¥, B AnbapnoHHON moaenn,
-0.2 LUTPUXOBbIE IMHUN — A.B.). B CTAaHAAPTHOM MOAeNn _|
- C OTTA/IKMBAOLMM KOPOM .

r, fm



BriBoibl (k Mudy Ne 1)

Taknm ob6pasom, BecbmMa BEPOATHO, UYTO YHMBEPCA/IbHOrO

OTTA/IKNBAIOLWErO KOPA BO BCEX MApLMAJIbHbIX BO/IHAX HET, a
ecTb “CTPYKTYPHbIN KOp”’, TO4YHEe, HenoABUXHKHbIN Yy3en
BO/HOBbIX QYHKUMM B S- M P-BO/IHAX TONbKO, a TaKXKe
COOTBETCTBYIOLLEE NOAAB/IEHME HA MaAnblX PACCTOAHUAX,
obycnoBneHHoe CUAbHOWM CBA3bKD C  HEHYKNOHHbIMMU
KaHanamu.



MHUD Ne 2:
“TenzopHoe NN-B3aUMOJICHICTBUE HA CPEIHUX U
MaJIbIX PaCCTOSTHUSAX O0YCIIOBIICHO 7T- U p-OOMEHOM

e OcHoBHas npobaema cocTouT B BbiIbope HePU3NYECKN BbICOKUX 3HAUYEHU
napameTpa KopoTKoAencTeytoLwero obpe3aHnsa B MMOH-HYKIOHHbIX BEPLUMHAX

Ay =1.2-1.5 TB/c,

4YTO HeobxoaAnMO A1 06BACHEHMA KBaAPYNOAbHOIO MOMEHTA AENTPOHA U
nosegeHua napameTpa NN TeH30pHOro cmewnBanma &(E) (B cBA3aHHbIX
KaHanax 3S,-3D,).

 Hanpumep, B n3sectHom o63ope Maxnenga no aaepHbim cunam (R. Machleidt,
Adv. Nucl. Phys. 19, 189 (1989)) yteepxaaetca, yto 3HadyeHne A, = 1.3 I13B/c
eCTb HUXKHAA A0NYCTMMAA TpaHMLa ANA NnapaMmeTpa KOPOTKOAENCTBYOLWErO
obpe3aHus.
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Ho Adare Npun TakKnNxX BbICOKUX 3HAYEHUAX AnNN NnoaiyvyaeTCA

theor __ 2
Oy =0.275 oM , T.e.ownbka 7= ggs = 6%
0" =0.286 D ;

Ha camom pene, Bce coBpemMeHHble TEOPUU U SKCNMEPUMEHTDI
npeacKa3bliBakOT

A =0.4-0.7 [3B/c

Mpun Taknx A_,, AEUTPOH OKAXKEeTCA CU/IbHO HeA0CBA3AHHbIM UK

BOBCE HECBA3AHHbIM, MPUYEM €ro KBaApPynobHbI MOMEHT CTaHET

COBCEM MaNeHbKMM!

H A% =0.78 I'sB/ OBEP
anpumep, yxe npn A _ = 0. sB/c cTtaHpapTHaA Mmoaenb

OaeT 3Ha4YeHUA KBaAPYyNoabHOro MOMeHTa aeiTpoHa O, = 0.238 dm?,

acmmnToTuyeckoro cmewmnsanma n = D/S=0.0233 (Bmecto

3KcnepumeHTanbHoro 0.0263) n Beca D-BoNHbI B AenTpoHe Py = 2.4%.



* Takum obpa3om, xopollee onmucaHme AeNTPOoHa, NnapameTpa TEH30PHOro
cMeLmnBaHus g, U 3S,->D, ¢a30BbIX CABUIOB AOCTUIAETCA B CTAHAAPTHbIX
OBEP mopgenax nytem MCKYCCTBEHHOTO YBe/IMYEHMA NapaMeTPOoB
obpesaHuna A, (@ Takke Ay A M T.4.), 4TO 3GDEKTUBHO pe3Ko
yBennymnsaet TeH30pHY NN-cuay Ha manblxX PacCTOAHUAX.

* CpaBHMM Tenepb 3TN 3HAYEHMA C TEMU, KOTOpble TPebytoTca AN NOATOHKU
NN ¢aszoBbix caBuros B obnactnt aHeprumn E ~ 1 3B (cm. T.-S. H. Lee,
“Meson theory of nucleon-nucleon scattering up to 2 GeV”, Phys. Rev. C 29,
195 (1984)):

Ay, =0.358 )
A, =0.356

> I'»B/c, TpebytoTca ana onncaHua ceaAsmn
Ave=0.60 | vananos NNZ2NA u NN =2 NN*.
Ape =0.251

* Takum obpasom, 6onbluan KOPOTKOAENCTBYIOLWLAA TEH30PHAA CMAA B N-p
cucteme, obycnoBneHHas 1m- n p-obmeHamu, aBnaeTca odepeaHbiMm MUOOM!



 BbIBOA:

B kaHanax 3S,->D, He xBaTaeT cuUbHOM

KOPOTKOAENCTBYIOLLEN TEH3OPHOM CUJIbI

NPUTATMBAlOLLLErO XapaKTepa!

 BOIPOC:
OTKyaa ee B3ATb?

NnbapnoHHaa Mmoae b AaeT BNoAHe NpasaonoaobHbIN OTBET
Ha 3TOT BOMPOC:

s*p?[42] L=0,ST=10) B OCLUNINATOPHOM KBApKOBOM MOAeNn 3TU ABe
s*p?[42] L=2,ST=10) KOHOUTYPaLUM BbIPOXKAEHbI NO IHEPIUK

N torgpa OGE (0ObMeH BEKTOPHbLIMU TIFOOHAMU MEXKAY KBapkamu) byaet cUAbHO
nepemelnBaTb 3TU KBAPKOBbIE S- U D-KOMMNOHEHTbI Ha MaJiblX PacCTOAHUAX.

B utore B anbapunoHe byaet cuabHoe nepemelinBaHne S- u D-KOMNOHEHT, U NpwU
nobaBneHnM TakKoro CcunbHO AedopMUpPOBAHHOro AubapuvoHa K 0b6bl4HOM
NEeUTPOHHOM GYHKUMKM BO3HUKAET cunbHaa NN TeH30pHaA Koppenauma Ha Masbix

PACCTOAHMAX. 43



MHUD Ne 3:

(MmecHo c653aH ¢ NPeoblOYUUMU 08YMS MUghamu)
“KopotkoaencrByromue NN-KOpPESIUU
B siJJpaxX MOYKHO ONHCATh OOBIYHBIMU (T.€. [ICHTPAJIbHBIMH )
SICTPOBCKMMH KOPPETSATOPAMU

* ACTPOBCKUWN KOppPENAaTop:

\Pcorr = Hf (]/;] )LPshell-modelﬂ
i>j
roe () =1=-n(r;)
1 77(’"1']')

1 Z
406%0% NN-kopa

7, ry
* CoBpeMeHHble 3KCNepUMEHTabHblE AaHHbIE MO aKKYPaTHOMY U3MEPEHULO
KopoTkoaeucTtsytowmx NN-Koppenaumim NONHOCTbIO ONPOBEPratoT TaKom

YNPOLLEHHbIW B3rnaa Ha npupoay KopoTtkoaencreytowmx NN-koppenaumi B

A4pax. 44




Experimental studies
of short-range correlations 1n nuclei

»>300 MsB/c

Projectile (p, T, TV V%)
—

p_>1GeV/c

p/n

Figure 1.1: Kinematics of backward emitted nucleons.
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First experiments on cumulative particles production

in high-energy collisions
(A.M. Baldin, G.A. Leksin, et al., 50—-601es)

Scattering of fast particles off nuclei at large angles 1n lab. system

f,m6-MaB*.¢c* cp™ Dependence of invariant function of
. P
10° cumulative neutrons (proportional to
neutron yield) on the neutron kinetic
10° prPb —=n*X e ting” neut
1 ¥ 7.5T8B/c energy: evaporating” neutrons,
119° 2 — cumulative neutrons.
10%.
107
102

0 50 100 150 200
T., MaB
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Production of fast cumulative particles
at large angles

fmb-TaB™ e -cp’ - HyknoH™'

107 ~ o W, N
0 k- o 7, 119"
A K, 1190
10"+ * A K-, 119°
w' k8 *‘ Py E.HE‘
s * & b 119"
. =
10 3 * & 0.97°
0% | 'i *
L
104 + A A ¢
. |
107 A Ag "*
10° - A 3 &
) #
, %
107 %
107 | "y
1010 ] ] ] 1 ] |
0,5 1,0 1,5 20 25 30 35
i = (E - pcosd)/m,,
] | 1 |
0,5 1,0 1,5 2.0

p,MaB/c

The dependence of invariant
functions for production of different
cumulative particles (r-, 1+, K-, K+,
etc.) on value of « (effective mass of
multibaryons in target nucleus which
participate in the process).
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Recent experimental results
on cumulative hadrons production

p(640 MeV)+C —= p+ X

) i
— 060 ]
7 040 -
E‘\ y

E
R 020 a

1=

o3
e 0.10 =
Zl & ]
7] 2~ 005 -
010 015 020 025 03
P°[(GeV/c)?]

Figure 1.2: Invariant momentum spectra as a function of p? for 640 MeV p

incident on C. The protons were detected at 0,=122°. Data are from ref. [4],
The solid line is a fit to C'e™ 57",



Y(3GeV)+A—= p+X

—
- 2
= xr
o
- fﬂ-: ']
e
o3 _
= b
=
= /i
-
Z | o 5t
—_ | =
o 4
] == rar

ar 0.2 0.7 o 0.5 0.5

P [(GeV/c) ]

Figure 1.3: Invariant momentum spectra as a function of p* for 3 GeV A

incident on “C |, **Cu, and ™Ph: o, A, O for 8,=90" ; x , 4+, o for

#,=150". Data are from ref. [3]. The solid lines are fits to (e~ BEW
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‘U—t—A—l- p+X

,..E 100 -

—= ) < Q< 13(] :

eS sof 9{] BP .

= )

- I

E 20 m

=

= 10 | N

ek - \ )
= i

e oL -
! X oz 53 o4

P*[(GeV/c) ]

Figure 1.4: Invariant momentum spectra as a function of p* for the backward
emitted proton in the 74 A — p4X reaction from ref. [6]. The solid line is
a fit to Ce=Br,



napaMETpl/BaLI,MFI CNekKTpa Bbl/1eTakoWNUX HaCTULL:

(E/p) — Ce_pz — C’e_T/TO(Q)
d(p )

i3

11

B [(GeV/c)?]

!

0

| | ] L ] ] 1 [
ﬂ [

1) 10?

incident energy [GeV]

Figure 1.5: Slope parameter, B, for badiward proton emitted in the combined
v+Ne — p+X and 7+ Ne — p+X reaction as a function of the incident energy.
Data are from ref. [8].
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Figure 1.6: Comparison of the parameter B’ (1200 < # < 150") obtained for
different reaction at various energies and targets. The figure is from ref. [6].
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Scaling & Superscaling

For incident beams above about 1 GeV/c and for backward
going nucleons above about 0.3 GeV/c the slope parameter B
was found to be independent of incident energy and beam
type and target nucleus and only weakly dependent on the
angle of the backward going particle.

The absolute scale parameter C depends on the nucleus and
only weakly on the incident energy and projectile.
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B nutepaType bbi NpeasioxKeH Uenblii pas moaenein ana obbacHeHUnA
3TUX ABNEHUM CKENIMHTA U CYNepCcKenNnHra B pacceaHMn BbICOKOIHEPIUYHbIX
aJpOHOB Ha AApPax, KOTOPble MOT/IN O6BACHUTL OTAE/IbHbIE YEepPTbl
3KCNepMMeHTaNbHbIX AAaHHbIX:

— Mogenb napHbix Koppenaunin PpaHkPpypta-CTpuKkmaHa,
— MeXaHM3M MHOTFOKPATHOro pacceaHus,

— pacnaabl panepbona,

— WUT.A.

OaHako Y 3TUX obbsicHeHMI B6bINO ABA NaBHbIX HEAOCTATKA:

1) OHM NpaKTUYEeCKU He Bblnn cBA3aHbl C MOAENAMN AAEPHbIX CU.
B 4acTHOCTU, MEXAaHM3M NaPHbIX KOPPENALUN U KECTKMX NPOLLECCOB B AApPAX,
npeanoKeHHbin PpaHkPypTom n CTPUKMAHOM, HUKAK He BbIBOAUICA U
KOZIMYECTBEHHO He Obln1 CBA3aH C NPUHATbIMU MOAENAMMU AAEPHbBIX CUN.

2) Moaenu KOpOTKOAENCTBYOLWMX KOPPENAUMA B aapax sBBoanance ad
hoc v He AaBann HaaeXHbIX NpeAcKa3aHUM AN APYruxX aAPOHHbIX UK
ANEpPHbIX NPOLECCOB, HaNpUmep, AN poXaeHna me3oHoB B NN-coyaapeHmsax
(370 BeAb TOXKe XKecTKue npoueccobl!).



Uto npeacka3plBacT AUOAPHUOHHAS MOJICIIb ?

OpeTble AMBapPMOHbI B AAPaX CYLLECTBYIOT B BUAE Cynepno3numnm apyx
CUNIbHOCBA3AHHbIX KaHa/I0B: KBaPK-ME30HHOT0 U aZIPOHHOTO.

* [lpumepsil:
1) D= NN (I'=0) — NN-gubapuoH

2) D= NA (T'=1) —NA-pnbapunoH T
A A A 2

N N N
3) D" AA (T =0) —AA-pnbapunoH _-
A A A ="

—
~ -~
-— .



* B 0bbluHbIX (T.e. “xonogHbIX”) Aapax NP HU3KUX SHEPTUAX AOMUHUPYET
n3ockanapHoin (7=0) gnbapmoH c cnnbHom cBa3bto ¢ NN-KaHaoM:

D =2 NN.
[To3TOMY ECTKMIK NPOoLECC MOXKHO NpPeaAcTaBUTb TAKOW AMArpPaMMON:

N (cnekrarop)

 Bec Takon anbapnMoOHHOM KOMMOHEHTbI B AApaxX B cpeAHem cocTaBaseT
~10%. Hawwu TouyHble pacyeTbl saep 3He v 3H pann Bec anbapruoHHOM
KOMMOHEHTbI B UHTepBane 10-12%. 3T1o n gaeT peanbHO BeC
BbICOKOUMMY/IbCHOM KOMIMOHEHTbI B AA4EePHbIX BONHOBbIX PYHKLUAX.



OcHOBHas 3aBUCUMOCTb OT UMITyJIbCa B BEPIIMHE pa3Baia D &= NN “cumut’
B DKCIIOHEHTAX:

- S-BomHa  @y(p) ~ exp(-Byp?), Py=2(GeV/c)?
- D-BonmHa  @,(p) ~ exp(-B,p?), P,=5 (GeVic)?
B BeposTHOCTH pa3Baia (B sapax) BXOAAT KBAAPAThl YTUX BEPIIMH:
- oo ~ exp(-Byp?), B,= 4 (GeVic)?
- |o2(p)I* ~ exp(-B,p*), B,=10(GeV/c)>

Hamm npenBaputenbHble ONEHKHA MOKAa3aJiM, YTO MPU JOCTATOYHO OOJIBIIOM
Bece D-BonHbl (P, > 15%), 4TO BHOJNHE peallbHO B fAIpax, CyMMapHas
BEPOSITHOCTh pa3Bajia BEJET Ce0s KaKk

W(p?) ~ exp(-Bp?), B=10(GeV/c)?,

T.C. COBIIAAACT C TCM, YTO AAaIOT BCC OCHOBHLIC OKCIICPUMCHTLI B 9TOM 00JIacCTH.



MUD Ne 4:

“OneKTpoOMarHuTHBIC MPOIECCH] Ha siapax, Tuna A(e,e’p),
A(e,e’pp), A(y,np) u T.A., IPU IPOMEKYTOUYHBIX IHEPTUSIX MOKHO
00bsacHUTH B paMmkax OBEP-mexann3ma yepe3 napHbie 0OMEHHBIC

TOKM TUIIA (p1y), (mmy), seagull-quarpammer u A-toxku”™

* [lpnmepbl NAPHbIX TOKOB:

Y
An’ An’NA (A NA)
N -— Sy N %%A—- N
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O6bl4HaA moaens AenTpoHa ONMcCbiBaeT AaHHble TobKO Ao p., ~ 300 M3B/c,
3aTeM 3KCMepUMEHTa/ibHble AaHHbIe NOKa3bIBAOT PE3KUN U3TNO K
BblINONaXUBaHMe.

TeopeTunyeckas rpynna B ManHue (ApeHxoBenb 1 Ap.) 06bACHAET AaHHbIE NPU
~p,, > 300 MaB/c c nomoubto oueHb HonblIOro BKNaga A-Toka

L

7,
[ (p—
7z,

ncnonb3ya sHaveHne A, ~ 1.3 -1.5B/c.

Ob6bACHEHNE B TEPMUHAX U3OBEKTOPHbIX ANOAPNOHOB BbIFrNAAUT HAMHOTO
6onee ecTeCTBEHHbIM:

N




BOT npocTble OoueHKH:
M(2*1) ~ 2.15 3B,
M(NN) ~ 1.88 3B,
AE ~ 300 M3B — sHeprua Bo3byxaeHuna (2*1)-ambapuoHa.

Mpn nocnheayouiem pacnage Takoro AnbapmMoHa 3HEPrma Kaxkaoro HyK/10Ha
paBHa nonosuHe AE: ~ 150 M3B. 3Ta saHeprma oTsevyaeT MMMy/bCy
Bbl/IeTatoLero HykaoHa p,. ~ 375 MaB/c.

Yutem Tenepsb, Yto wnpuHa I' (2+1) ~ 120 M3B, u, chegoBaTenbHo,
I'/2 ~ 60 M>3B. B utore pesoHaHCHOE yCUAeHUe HauyMHaeTca Npu sHeprnm
E.-il/2 ~150-60 =90 Ma3B, 1.e. npn p.. = 0.3 NB/c,

YTO U Ha6IHO,£I,aETCH B IKCNEPUNMEHTE.



D(e,e’p) cross section Nucleon momentum distribution in deuteron

= extracted from different experiments

5

10 —

5 | 1 - x H(D,p)X: Dubna( C)
R © H(D,p)X: Dubna(pol)

' 10" |\ 2D(ee)X: SLAC 4
l . A 4 D{e,e’p)n: Kharkov |
E |y —-= RSC ]
' 10" | 4 e .
: —-- Paris +2(39) 3

d’o/dmdQ,dQ, [fm’/MeV sr']
S
n, k), (GeV/e)”

0 | 200 l 400 . 600 | 800 ' 1000 !
P [MeVi/c] k [GeV/c]
Pestomupvem:

B npouecce d(e,e’p) npu p,, > 0.3 [3B/c Bo3byKaaeTca 2*1 n30BEKTOPHbIM
anbapuon (M(271) ~ 2.15 I'3B) co cTpyKTtypon 6q + <> N+A.

A MUPUYECKMIN A-TOK C UCKYCCTBEHHO 3aBbllEHHbIMM 3HAYEeHUAMU A\ U A
NPOCTO UMUTUPYET BKAaA, 3TOro anbapunoHa B pamkax TpaamumnoHHon OBE mogenw.



MMHUD Ne §:;
“HyKJIOHBI CBSI3aHBI B SiIpax 3a CYET OOJBIINX CHII

MPUTSKEHUS, BOSHUKAIOIIUX B PE3YJIbTATE t-KaHAIILHOTO OOMEHaA
G-ME30HAMU MEXY HYKJIOHAMU

I3TO YTBEPXKAEHUE NEXUT B CaMO OCHOBe PU3UKM Aapa U
ABNSAETCA TaK¥Xe OAHMM M3  OCHOBHbIX MOCTY/1aTOB
agpoanHamMunKu Baneykn—Ceppo — oOAHOM U3  CcaMbIX
ycrnewHbIX SAePHbIX Moaenen.

Hux»Xe mMmbl noKaxem, 4YTto 3TOT 6a30BblM  NOCTyANaT, K
COXa/NleHUI0, HEe BblAEPKMBAET MNPOBEPKU C MOMOLLbIO
COBPEMEHHbIX TEOPUIN U AaXKe NPOCTbIX OLLEHOK.



3arajgka c-Me30Ha

Jlerknm ckanapHbii me30H (o) urpaer PpyHAaMeHTasIbHYO pPoab B PpulnKe
CUNIbHbIX B3aMMOAENCTBUINA, MNOCKOJIbKY OH OTBEYAEeT 3a BO3HWUKHOBEHMUE
MAcCCbl BCeEX OCTa/ibHbIXx aApoHoB (6030H Xurrca B TEOPUU CUNbHbIX
B3aMMOJENCTBUN).

T+ 7T Z20 — 0o4YeHb WMPOKUI PEe30HAHC B TITT-PaCcCeAHUN:
m_=441"° MaB, " = 544"} M>aB.
[l. Caprini, G. Colangelo, H. Leutwyler, PRL 96, 132001 (2006)]

Ecnn NpuHATL 3TY OFPOMHYIO WWNMPUHY O-ME30Ha, TO HMKAKOTo t-KaHa/nbHOTO
obmeHa mexKay ABYMA HYK/IOHaMM ObITb HE MOMXKET:

T = h X ;LG ~c-7<0.2 DM — npober me3oHa CO BPEMEHEM }KU3HMU T.
FG
T /
G
N @@ HeBo3MoOxHO!
O N

&FNNZI.S dwm N

B wutore, Bce agpa AO0MXKHbI OblM Obl paccbinaTbCA Ha COCTaBaAlOWME
HyKNoHbI! CoBpemeHHaa aaepHaa PpU3MKa He JaeT HUKAKUX cpeactB Aans
CraceHmaA oT 3TOM KaTacTpodbl.

CnaceHne npuwIo CO CTOPOHbI CTapblX 3KCMNEPUMEHTOB Abashian—BooElQ—
Crowe, BbINo/IHEHHbIX B bepknan B 60-e roabl (T.H. ABC-puzzle).




OTKpPBITHE U IEPBBIE UHTEPIPETALIUU

ABC-3¢¢ekra

A. Abashian, N.E. Booth, K.M. Crowe, PRL 5, 258 (1960); 7, 35 (1961):
MepBbiit MHKAKO3MBHBIN 3KCnepuMeHT pd —> ‘HelX, Tp =0.743 GeV

a1+

T | | e T

o3 3 muogmorrpanl ABC-adbpekt: =0,
m, =~ 300 MeV =2m_, + 30 MeV

8
£ .
E [Mo3e aHaNornYHbIN 3PPeKT bbin
£ . HaliAeH TaKXKe B peakumax:
[}
o

da30BbI 00BEM np — dX,

4
o | | | ! | | dd —> HGX

{[[0] {[}="e] =00 28 1305 [E144] 1400

He® momentum (Mev/c)

[lepBad MHTepNpeTaLUms: Pe30HAHCHOE YCUIEHUE B NepepaccesHm ABYX NMOHOB
B CKaNAP-N30CKaNsipPHOM KaHasne. Curma-me3oH?

Tpebyemasa anuHa pacceanua: a, ~ 2-3 m_'. Ha camom pgene: a, = 0.2 m_".
B nm-pacceaHnmn HeT ABC-apdekrta!ll 64



OTKpPBITHE U IEPBBIE UHTEPIPETALIUU

ABC-3¢¢ekra

* T.Risser & M.D. Shuster, Phys. Lett. B43, 68 (1973):
t-KaHanbHaa AA-mopenb

lll.... TE

* [lpeacKasbiBaeT ABa NMUKA B CNeKTpe ABYX NMOHOB:

NPy Manbix U 6ONbLINX MHBAPMAHTHbIX Maccax M —
ABC- 1 “DEF’-3¢dpdeKTbI
e JlaeT KauyecTBEHHOE ONMUCAHNE MHKAO3MBHbIX AAHHbIX
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o [mb]

HoBbI€ DKCIEPUMEHTHI
kostadopamuu WASA@COSY

P. Adlarson et al., PRL 106, 242302 (2011):

[lepBbi 3KCKITHO3UBHbLIN SKCMEPUMEHT B 4TT-reoMeTpumn

p+d =P Td+7'n’, T,=1.0-1.4 GeV

OTtkpblTHE: PoxxaeHne AnbaprMoHHOro pesoHaHca B pn-coyaapeHnn

05

o 1(07)=0(3")
M, ~2.37GeV
I', =70 MeV

04 [

03 [

02 F

t-channel AA

0.1F

n-

2.2 T 24 28

[Mpsamas cBsA3b ¢ ABC-adhpekTom:

dol/dM,, /d-[s [ub/bin]

OTOT pe30oHaHC Dbl
BnepBble NpeackasaH
[lancoHom ewie B 1964 r.!
[F.J. Dyson and N.-H.
Xuong, PRL 13, 815 (1964)]

66



Harmra uatepriperanus

. . 0_0
B Haluein Moaenu OCHOBHOW BKMag B ceveHue peakumm p+n—>d + 7 7

Npu SHEPIUAX Tp = 1.0-1.4 I'»B, cooTBeTCTBYOLLUMX pOXKOAEHUIO AnbapnoHa
Dy, (I(J") = 0(3%)), patoT aBe nHTEpdepupyoLwme Moabl pacnaga 3Toro
anbapunoHa:

(@) amumccus NMOHHOM Napbl U3 NPOMEXYTOYHOIro O-Me30Ha,

(b) nocnepoBaTenibHasg aMMUCCUSA OABYX NMOHOB Yyepes3 obpasoBaHue
NPOMEXYTOYHOro M3oBekTopHoro aunbapwvoHa D, (I(J7) = 1(27)).
AHanorus ¢ pacnagom ponepoBckoro pesoHaHca N*(1440)!

p ‘_P\'L__?t

Ly;

(a) (b)

ABC-adbdekT obycrnoBrneH poxgeHnem o-me3oHa B rnpouecce
neBo3byxaeHusa anbapuoHa D, B KBapK-MEe30HHYI0 KOMMOHEHTY AeNTpoHa

Dy, (I(J") = 0(17)).



do/dM? [mb/GeV?’]

[mb/GeV?]

2
d

doldM?

Pe3vyibTaThbl: CPABHCHHUC C SKCIICPUMCHTAJIbHBIMHA

nanHbiIMA WASA@COSY

— ABC-effect

——UC= o

® Experiment (PRL'11)

Phase space
---D,—>»>c+d

Full calculation

* Kaxkablin 3 AByX MexaHW3MoB pacnaja
AnbapuoHa D; AaeT pe3oHaHCHoe
yCuieHne B COOTBETCTBYHOLLLEM CMEKTpe
MHBAPWaHTHbIX Macc.

* MapameTpbl G-Me30Ha, HaleHHble HaMu:

m_=300MeV, I'_=100MeV.

* N3 -paccedaHuns:

m_=441"° MeV,

[ =544"" MeV.
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BoccTaHOBIIEHHE KUPAITBHOM CUMMETPUU

N3BeCTHO, YTO B AAEPHON MaTepPUM NPU NOBbILLEHUN NMNOTHOCTU U/MNn
TemnepaTypbl MPOUCXOAMNT YAaCTUYHOE BOCCTAHOBJ/IEHNE KMPAbHOM
cummeTpun (M.K. Bonkos u 0p., T. KyHuxupo u op.).

To e sBfieHMe HabntogaeTca B M30/IMPOBAHHbIX aApoHaxX Npu NOBbILLEHUM
sHepruun Bo3byxxaenua (/1.4. (no3maH u 0p.).

B pe3ynbTate NpoucxoamnT peayKumsa maccbl O-Me30Ha, a TaKXKe LWNPUHbI
pacnaga O—TT. Hanpumep, npu 7T =100 M3B m = 317 M3B

[M.K. Volkov et al., arXiv:hep-ph/0203170]

[MocKOoNbKY ANBapUOH npeacTaBaaeT cobol NNOTHbLIA U CUNBHO
BO3OYX/AEHHbIN LECTUKBAPKOBbIM 0OBEKT, B HEM TaKXe J0/IKHO
MPOMCXOANTb BOCCTaHOB/IEHME KMPa/IbHOM CUMMETPUMN.

[MoaTOMy O-Me30H, UCnycKaembl AnbapmnoHom, byaetT MMeTb MeHbLLYIO
MaCCYy U LUMPUHY B CPAaBHEHUM CO CBOOBOAHbIM O-Me30HOM (poXKAatoWwmMmca B

TLTT-pacceaHnmn).



BBIBOIBI

® Echrn Hawa wuHTepnpetauma ABC-a¢pdeKkta BepHa, TO B
aZIPOHHbIX coyaapeHusax Tuna p+n, p+d u T.4. NPU 3HEPrmax
nopaaka 1 GeV/u [omKHO NPOUCXOAUTb WHTEHCUMBHOE
POXKAEHNE JIeTKUX CKANAPHbIX MeE30HOB B  YC/N0BUAX
4aCTUYHOIO BOCCTAHOBNAEHMA KUPAJIbHOU CUMMETPUMN.

® Becbma BepoOsITHbIM HE3aBMCUMMbIM MOATBEPIKAEHMEM I3TOrO
BblBOAA SBAAETCA W3BeCTHbI DLS-puzzle B porkaeHuu
AVUNENTOHOB, @ TaKX¥e YCUNEHHbIN BbIXOA, AWNENTOHOB W3
daiepbona B CTONIKHOBEHUAX TAMKENbIX NOHOB.



SAKJIFOUEHUE

Mbl NOKa3aau, YToO MHOrMe obLEenPUHATbIE YepTbl TPAAULMOHHbBIX MoAenen
AAEPHbIX CUN, TAaKUE, KaK:

JIOKaNbHbIA U YHUBEPCA/IbHbIN OTTaNKMBAKOLWUN KOP, 06YC/NI0B/IEHHbBIN 0OMEHOM
BEKTOPHbIMM Me30HaMM,

TEH30pPHaA U CNUH-0POUTANbHAA CUNbI HA KOPOTKMUX PAaCCTOAHMUAX,
obycnoBneHHble 0b6MeHOM p- U TT- (4159 TEH30PHOrO B3aMMOLENCTBUA)
ME30HaMM,

YHMBeEpCaibHble ACTPOBCKME KOPPENALMU LLEHTPANbHOIO XapaKkTepa, He

3aBucAawime ot CnnHoB,
t-KaHaNbHbIM 0OMEH cTabuNbHbIM O-ME30HOM, O6€CI'I€‘-IVIBaI-OIJ.I,VII7I CHU/1bHOE

NN-npuTaxKeHue B A4pax Ha NPOMEKYTOUYHbIX PACCTOAHUAX,

— NPOTMBOPEYAT COBPEMEHHbBIM 3KCNEPMMEHTANbHbIM AAHHbIM N BXOAAT B
pa3pAg, pacnpocTpaHEHHOM M 0bWenpUHATON Mudoaornn,

PasBuBaemas HamMu AnbapruoHHana Mmoaesnb AAEPHbIX CU1 HA KOPOTKUX U
NPOMEKYTOUYHbIX PACCTOAHUAX B COCTOSIHMM AaTb NPaBU/IbHbIE OTBETbI, HE
NPOTUBOPEYaLLME IKCMNEPUMEHTY U GYyHAAMEHTA/IbHOMN TEOPUN.

Mommnmo 3Toro, AubapmoHHaaA moae b BeJeT K 06bACHEHUIO 3aragku
CKEWJINHIa U CYNepPCKeMIMHIa B POXKAEHUN KYMYAATUBHbBIX YaCTUL, NPU BbICOKUX
3Heprusax B TeCHomM cBa3n ¢ dyHaameHTanbHbiM NN-B3anmoaencrTesmem.



Cnacmnbo 3a BHumMmaHue!



