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¥ Dubna, 1957 M.G. Mesheryakov et al. ZHETF,
p+12C — d+X at 670 MeV; quasi-elastic knock-out of the
fast deuteron clusters
D.l. Blokhintsev (1957) : fluctons (6q) in nuclei
Two nucleons being at short distances ry, <0.5 fm
have a large relative momentum g>1/ry\ =0.4 GeV/c;

Repulsive core in NN-potential — high-momentum part
of the w.f. of NN pair

v Search for high-momentum components of the nuclear wave
functions eA-, pA — elastic and inelastic scattering.
A special attention was paid to the lightest nuclei — the deuteron,
SHe, “He ( A.Gilman, F.Gross,J.Phys.G:Nuc.Part.Phys.28 (2002)B13)



v A new trend in this study is investigation of short-range
correlations (SRC) in nuclei — NN-pair in nucleus with almost
zero c.m. momentum but large (equal) internal momenta q,=-q,,
q > pg = 250-300 MeV/c. (M.Strikman, L. Frankfurt, 1978):

* High-momentum part (q > pg) accounts for 20% nucleons .

* pn- SRC pairs dominate by factor of 20 as compared to
pp- and nn- due to the tensor forces.

* SRC are connected with neutrino-nucleus interaction, neutron
stars structure, modification of the bound nucleon structure

(EMC effect).

Cioffi degli Atti, Phys. Rep. 590 (2015) 1
O. Hen et al. Rev. Mod. Phys. 89 (2017) 045002.



M.Duer et al. PRL 122 (2019) 172502 (CLAS Collabotration)
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EMC- effect and SRC
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FIG. 34. The slope of the EMC effect (Rgyc, ratio of nuclear to
deuteron cross section) for 0.35 < x, < 0.7 plotted vs a,(A), the
SRC scale factor (the relative probability that a nucleon belongs
to an SRC NN pair) for a variety of nuclei. The fit parameter
a = —=0.070 4+ 0.004 is the intercept of the line constrained to

pass through the deuteron (and is therefore also the negative of
the <lone of that hney From Hen e af 2013



Project of BM@N to study SRC in JINR with 4=GeV/c /nucleon beam of 1°C
and proton target. Inverse kinematics allows to detect all final particles including
the residual nucleus.

C.M. Frame:

SRC@BMN proposal
http://bmnshift.jinr.ru/wiki/doku.pho



mailto:BM@N

Quasi-elastic knockout of fast deuteron
clusters ?2C(p,pd)'°B and hard pd—dp

J. Haidenbauer, Yu.N. Uzikov / Physics Letters B 562 (2003) 227-233
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Mechanisms of the breakup reaction pd — (pp)n. The same mechanisms are used for the reaction pd — dp.

M.A.Zhusupov, Yu.N.U. PEPAN 18 (1987) 323; J.Haidenbauer, Yu.N.U. PLB 562 (2003)
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REACTION 12C+p - 10B+ P+P +N




— Matrix element

1

My =M(A— B+ < NN > :
ri= M L

M(p < NN >— ppN),

1 dBp.
do = (2m)*6* (P, — P;)—| M, |*TI” 4
T ( ﬂ-) ( . f)ﬁ_l;_[li fl J:12Ej(2ﬂ-)3

In the rest frame of A:

12 10 A iR
M(2C — “By < NN >) = —( ; ) < UuUp Uy, Uyp >
P4 ,
B+<NN> , 4
P < X (€ A+ + _)lpijﬂﬂ-fﬁ(q) \/ 2mp2mp2m oy,
= > P, 21
B+<NN>
<NN> > p EA+ = Mmp T+ McNN> — Ma,
T
p=mpmoyns/(Mmp +monns),
{ MpP<NN> — M<«NN>PB

mp + M<NN>

Yu.N. Uzikov, Izv. RAN. Ser. Fiz. 84 (2020) 580



Spectroscopic factors within the translationally-invariant shell model (TISM)

A 1/2
O = (m) < Ya|vBYua(Ra—z — Ry)Y: >
TISM
4 = |AN[f](Ap)aLSTJ MMzt > B
Mixing shell-model configurations:

:%T =Y aﬁfg AN [f](Ap)aLSTJM My >

|ANA& > = Z < ANACE|A—:BNB,8,I)AMI~“IENI’Y >
IG’FIEM&NBNIU

|IBNfB > |t Nyy > [vAMp > .



— Matrix element forp +'*C - p+p+ N +''B

1/2 |
M;i(pA — ppNB) = ( ;1 ) 3y S Mg

My, J,M My ciop,NAL
< Acq;|A =205, NA;d > (AMpJy My, | JM)(Js My, JM|J;:M,;)
) Ly 8¢ Jp)
(T Mr, Ty Mz, |T;M7p)U(ALy JSa; LIe) § £ Sa J
L S Ji,
[(2L; + 1)(28; + 1) (2] + 1)(2J + 1)]V?¥ 4§y, (k)

. plal,pgag,p.ra,.|1ff(p < NN >— plpgpr)lpﬁp, —kgUnn >

B Li= 8 =J;=0,T; =0; [10B = [¢*" >



— Matrix element of the p+ < NN > p+p+ N

In the Light front dynamics

L =g
pl P,
p / 6 == £ T Q1L = (1 o £)p?‘J_ o gpNJ_:
> - - MR o I
P2 irn "+ Pn
T2
N ﬂ’lrpﬁr £(1 — é_)
- @) >

<NN> P, V5P (q) = v/E@)wi™ (a)

My;|? for S =0 of the < NN > pair
and A =0 in the < NN > — B relative motion.
Wﬁ(pN — p1p2) is connected to on-shell pN-pN scattering, via cross
section —(9 &)



— Momentum distribution in < NN > —1YB-
NA = 20,22 for |s*p® > TISM

6 2/ p\22 P 2
20 VT PS 3 \Po : Po |
16 P4 D\ 2
. 15y/m p% Po i Po

NA = 00 for |s?p® >

where py = \/i/ro=+/11p0"""

. o .
fhi=: % = —; — the reduced mass of the d —!V B system in my;

ro 1s the h.o. shell model parameter;
h.o.

Po = h/ ro

(2)



— Center mass motion of SRC NN pairs in nuclei

E.O. Cohen et al. Phys.Rev.Lett. 121 (2018) 092501

Hard breakup of a pp-SRC pair in a hard two-nucleons knockout
A(e, €'pp) reactions at recoil proton momentum p,.. > 350 MeV/c
assuming factorization

d(}'({—j? Efpp) ~ NSRC (Jﬁl ﬁZ) f4:;s (pr . ) ::IW (}}HI)

n  (p.m.) is approximated by the 3-D Gaussian g(z)g(y)g(z),
TE

g(z) = —=exp [—5e]

120.

o, "o, <o, = (145 5)MeV/c

i.e. po = V/2(145 £ 5)MeV /c=(205 & 7)MeV/c




The c.m. distribution in mean-field model ( Cioffi degli Atti, Simula, 1996)
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Fig. 2. Single nucleon momentum distribution in the reaction lEC(e,ep)llB at electron beam
energy 497 MeV for the p-shell (a) and s- shell nucleons (b) corresponding to transitions to the
states of the residual nucleus ' B with excitation energy 0 < E* < 6.5 MeV and 15 < E* < 35

MeV, respectively. The curves show the results of our calculations in the plane wave impulse
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E. Cohen et. al. PRL 121 (2018) 092501
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pp and deuteron internal momentum distribution

le+06

10000 ¥

100 F

0.01

0(q)°, a.u.

0.0001

le-06

le-08

le-10

1 b

B2 | 1o

pp(1S0) scattering
Lensky V. et al.,
EPJ A26 (2005)107

CD — Bonn NN



V2 T +1
Sﬁ=(‘4) V2t b ),

2 V2T +1
2
M7 AG 3B o ol (ke g () MY Pl POS, TP
_pp pp !

R — RTEE

o (pn)s—or—1 + (pn)s—17—0 14

Table 1. The (ST = 01)/(ST = 10) ratio R,¢; versus ¢min at ¢mas = 1.0 +2.0 GeV/c

Gmin s GGV/C Rrel Gmin s GGV/C R'rei
0.2 0.15 0.6 0.27-0.3
0.3 0.06-0.07 0.7 0.39-0.54
0.4 0.09 -0.10 0.8 0.55-0.88
0.5 0.17-0.2 0.9 0.78-1.5




pp/pn ratio
9max dmax
R, = j dqq2'7”2pp;ST:01(Q)/ j dqqz'7”2d;ST:01(Q);

4 min 9 min

Wio(q) =u’ (@) +w (q);w,y,(q), pp(' S,) — scattering;

| dgq’ys (9)=1;
0

Pp pp 1
— — — Rr el

R
pn (pn)s—or=1 + (pn)s=17=0 14

If R=0.01, then RObS ~0.03 due to charge-exchange in FSI (M.Duer et al. PRL 122 (2019))
~ &0 '
R, =5%



PARENTAGE COEFFICIENTS of TISM

< AN; = 8|fi](Nipi) o LiSi Ty | A=2N¢ [ fr|(Appg)as LSy Ty, vA; Ny Ly Sy Ty - LS, T, >

N, 6
/7] 442
(Arpy) (22)
vA 00 22
N.L, 22 00
2T+ 1 2.5'f+1Lf ISDI SlDf IRDIJ' %IDL{ ISDI BID ISDII SID“_r
PC | |V | VB |V | Ve | Vs | Ve | Vik
6 7 8
[412] [133] [142] [433] [142]
(22) (03) (13) (13) (01)
00 20 11 11 00 00
20 00 11 00 11 00
315* l:iaS 315' 11‘}5* 13Df a1 Di' 13DL{ :HDJ{; 13D1 Sl DI lliDi‘j a1 DII




— CONCLUSION

e Translationally-invariant shell model (TISM) applied for S% and
Nem(kem) Of the deuterons in the 12 works reasonable well for the
2C(p, pd)' B reaction at 670 MeV with transition to the g.s. of 1B
(s*p®) and its excited states E > 20 MeV (s%p®).

e TISM can be applied to BM@N data on quasi-elastic knok-out of
nucleon from SRC NN pairs from the >C' in exclusive reaction

“C+p—p+p+N+'Y'B

e [he corresponding formalism is developed in the plane-wave
approximation taking into account relativistic effects in the

p+ < NN >— p+ N + N within the LFD approach.

e pp/pn ratio obtained within TISM is in agreement with the data.

e Observed in *2C'(e, epp)!’B S-wave k. ,, momentum distribution is a
puzzle for TISM. Corresponding measurements of *C(p, pd)'"B at
BMG@N conditions for s*p®and s?p® will be very important.



Thank you for attention!
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Mechanisms of the breakup reaction pd — (pp)n. The same mechanisms are used for the reaction pd — dp.

p |
Hf (pp) jﬂ: (pp) Eﬁ "C (ep)
= L

| ©

o
<
L



do/dQ, (ub/sr)

10

J. Haidenbauer, Yu.N. Uzikov / Physics Letters B 562 (2003) 227-233

10

do/dQy, (ub/sr)

1072

1 IIII]II

q (GeV/c) -

0.3 0.4 0.5 0.6 0.65 1
I I I I I i

x p+d —(pp)+n -




Transition matrix element

A\ f
Tyi = (m) Y < palBper, Yua > Pua(ks) TP N7,

! vA

TP =N —< knkoxntoe|7(pz’ — Nz)lk,, —kpxpther >

Nos—Ng=N,+v

How to take into account ISI and FSI?



A 1/2 o
5% = ( ) S (JsMpd M|JoM4)(AMyJ,M,|J D)
H LIM
(TBMTBTEMTI ‘TAMTA)U(ALR:JSI, LJ;E)

LB SB IB
[(2L4 +1)(2S4 +12Jg + )T+ D)Y2S S, T
LA SA IA

< ANg([fal(Aapa)aalaSaT 4|
|A — zNg[fe](AsuB)asLeSeTE; VA, e N[ fo](Astie) s Ly S Tp(L) 1 LaSaTy >



Theoretical model: C.Ciofi degli Atti, S.Simula, PRC 53 (1996) 1689

&

ncm(p) — (;) CXPp [_{lpz] (3)

a =1 fm? or pg = h/y/a = 197 MeV/c

From the deuteron knock-out “C'(p, pd)'’B from p-shell

("B >=|s*p® >) (J.Er6 et al., 1981) one has

po = 155MeV /c

(not for 1S-wave distribution in Eq.(3), but for 2S Eq.(1)!)

‘He: a = 2.4 fm? or py = h/\/a = 127.3 MeV/c,
that is compatible with py = (144.6 £ 18.2) MeV /c from the deuteron

knockout *C(p, pd)'"B from the a-core, (J.Ero et al., NPA 372, 1981),
FYB s o b
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