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1 INTRODUCTION: WHY SHORT RANGE
CORRELATIONS (SRC)?
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e Many properties of nuclei measured at low )° and generated by the average

and collective motions of point-like nucleons can be successfully described in
terms of the nuclear Mean Field (Shell Model).

e Nowadays it is possible to investigate nuclei at high Q?, probing distances
of the order of the nucleon radius (~ 1fm), and the following longstanding
questions arise:

1. Do nucleon and meson d.o.f. play still a role at short distance, or quark and
gluon d.o.f. are the relevant ones?

2. Is the two-nucleon short-range behavior strongly affected by the surrounding
nucleons?

3. Does the short-range behavior of nucler affect cold matter at high densities,
e.g. neutron stars?

4. Does the short-range structure of nuclet affect high energy scattering, e.g. pA
and AA?

Answering these questions implies the study of Short-Range Correlations (SRC).
To this end, one needs dedicated experiments and a well-defined theoretical
framework to interpret them.
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2 AB INITIO SOLUTIONS OF THE NUCLEAR
MANY-BODY PROBLEM AND THEORETICAL
PREDICTIONS OF SRC

Claudio Ciofi degli Atti February 11-22, 2013 INT, Seattle, USA



THE STANDARD MODEL OF NUCLEI

QCD = Nuclei- non perturbative regime = too difficult
Many-body systems = single out the leading effective d.o.f.
Effective d.o.f. in Nuclei= nucleons and gauge bosons.

Reduction of a field theoretical description to an instantaneous
potential description (Schroedinger equation ) = two-body, three-

body......... ,A-body potentials are generated.
Primakoff,Holstein 1944

) VN (m-2) .
(m-body potential) ~ (—) x (two-body potential)
C

QmNZV2+Zv223 ) + Z v3(i, 7, k)| Uo(l...A) = E, V¥

1<J 1<g<k

Uo=Vy(l...4) 1=x;,={0;,7,1;} Zri:()
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Theoretical framework: Solve ab initio the standard model with
realistic interactions = compare with experimental data (energy,
form factors, transition matrix elements, etc); if agreement is
found = OK; if not = look for new d.o.f.

Modern bare two-nucleon interactions (~ 2000 phase shifts)

18

Oo(zj, i) = ) U<n)<rij)@§?> rij = |r; — rj|
n=1
(1) (2) (3)
O’ij :1, 02] ZOZ'-O]', 02] ZTi-Tj
4 5 2 6) -
O§j> = (05 - 05)(7 - 75), 0§j> = Sij, 0§j> = S;iTi T},

Sij = 3(rij - 0i)(Tij - 05) — 04 - 0
e short-range repulsion (common to many systems)

e intermediate- to long-range tensor character(unique to nuclei)
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THE MEAN FIELD APPROXIMATION

1<J i<j<k
!
2 ~
[_méw > Vi+ Y V(Tz)} Do(1,..., A) = €,Po(1,...,A)

Mean-field (shell model) wave function

A
Oo(1,2,..., A) = A] [ bas(xi) = Popon @ > ap, ¢, =0
i

Exact correlated wave function
Wo(1,2,...,A) = Copon Popon + Crpih Pipin + Copon Popon + - -

00
SRC — Z Cnp nhPrpnh

n=1
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VARIOUS ab initio THEORETICAL METHODS

e Direct solution for few-body systems (Faddeev, Fadeev-
Yakubowsky): Gloeckle & co.

e Expansion in complete set of basis functions: Suzuki & co.

e No Core Shell Model Vary & Co.

e Introduction of correlations into the mean field wave function by
proper correlation operators: Roth, Neff & co.

e SRG: Furnstahal, Schwenk & co,

e Correlated basis functions with Green Function Monte Carlo:
Schiavilla, Wiringa & co..

e Correlated basis functions and cluster expansion: Pisa & Perugia
Groups
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OUR APPROACH
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THE RELEVANT QUANTITY: DENSITY MATRICES
Diagonal one-body density matrix (IBDM )(ma,tter distribution):

)(r1) /!‘Ifo TL,TY Hdm

Non diagonal (IBDM (One-body density ﬂuctuatzons)

p(1>(r1,r/1) — /\IJS(rl,rg o))V, T l—IdrZ

Non diagonal 2-body density matrix (2BDM )(two body den81ty fluc-
tuations):

P2y (11, T2 T, 1) = /‘1’5(7“1,?2 ) Yo(rrh e ] dr

Diagonal 2BDM: )
p(2)(T1,T2) = / Uo(ri,re .. r )l | dr;
1=3
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The relative (rel ) and center-of-mass (CM ) density matrices

r=ri—r9 R=(ri+mry)/2

A
r r
pofr ) = [(0(R+ TR =T ) [
1=3

pem(R) = / pea)(r, R)dr

prel(r) = / (o) (7, R)AR

The relative 2BDM has been calculated by different groups within
different many-body approaches and realistic bare NN interactions.
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The RELATIVE 2BDM and the CORRELATION HOLE in
FEW-NUCLEON SYSTEMS

Schiavilla et al, Nucl. Phys. A267 (1987) 267
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<
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Fig. 2. po(r) (Tull lines) and gy (7] {dash-dot) for A =3 and 4 nuclei. The results obtained with Faddeey
wave function are shown by dashed curves.

Figure 1: The two-body relative distribution in *He and *He (After Ref. [?])
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The 2BDM p(9) in few-nucleon systems in (ST)=(10) and (01) states

Suzuki, Horiuchi, Nucl. Phys. A818, 188 (2009)
Feldmaier, Horiuchi, Neff, Suzuki, Phys. Rev. C84,054013(2011)
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The 2BDM p(y)(r) in COMPLEX NUCLEI
Alvioli, CdA, Morita, ArXiv: 0709:3989 (2007) Submitted
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At r < 1.5fm the 2BDM exhibits
A-independence in complex nuclei as

well
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The Correlated 2BDM versus the Mean-Field 2BDM
Pieper, Wiringa, Pandharipande, Phys. Rev. C46 1741 (2000)
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Figure 2: The two body density distribution within realistic and mean-field approaches for O
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SRC IN CONFIGURATION SPACE: SUMMARY

e SRC create the correlation hole, generated by the cooperation
of the short-range repulsive interaction and the intermediate-
range tensor attraction . The basic features of the correlation
hole are independent of the mass A = universality of SRC.

e SRC modify the spin-isospin content of the wave function.

e How can we investigate the existence and the properties of the
correlation hole 7 To this end we have to shift to momentum
space. What do we expect? We expect: (i) an increase of nu-
cleon high momentum components, and (ii) peculiar momentum
configurations in the nuclear wave function..
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THE NUMBER OF PAIRS IN SPIN-ISOSPIN STATES.

ISOSCALAR 3He

nP (k)= n"(k) nP (k)= n" (k)

Pauli Principle: 14-S+T-odd

Shell Model (IPM):

A<4:—even,(10),(01)-A > 4: [ —even,(10),(01); [ = odd,(00),(11)
NN interaction creates states (00) and (11) also in A < 4 nuclei
The pair (ST) probabilities:

p-n pair: (3/4) [(10)+(00)] + (1/4)[(01) +(11))

p-p (n-n) pair: (01) +(11)
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The number of pairs in various (57) states is then given by

N1 N N1 N / /
N(SlT)2 = /drl dro pop (11 = 1770 = T5)
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The number of NN pairs in various spin-isospin (ST) states

(ST)

Nucleus (10) | (01) | (00) | (11)
°H 1 - - -
‘He [PM 1.50 | 1.50 - -

SRC (Present work) 1.488 | 1.360 | 0.013 | 0.139
SRC (Forest et al, 1996) 1.50 | 1.350 | 0.01 | 0.14
SRC (Feldmeier et al, 2011) | 1.489 | 1.361 | 0.011 | 0.139
He I[PM 3 3 - -
SRC (Present work) 299 | 257 | 001 | 043
SRC (Forestet al,1996) 3.02 | 25 | 001 | 047
SRC (Feldmeier et al, 2011) | 2.992 | 2.572 | 0.08 | 0.428
160 [PM 30 30 6 54
SRC (Present work) 29.8 | 275 [6.075| 56.7
SRC (Forest et al, 1996) 30.05 | 284 | 6.05 | 55.5
“Ca [PM 165 | 165 | 45 | 405
SRC (Present work) 165.18 | 159.39 | 45.10 | 410.34

e NN interaction doesn’t practically affect the state (10) but appreciably re-
duces the state (01) giving rise to a "visible" content of the (11) state; this is
due to a three-body mechanism originating from the tensor force.

20
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THE THREE-BODY MECHANISM
H. Feldemeier, W. Horiucht, T. Neff, Y. Suzuk:
Phys. Rev. C84, 054003 (2011)

S=1, T=0, L=0 S=1, T=0, L=2

uncorrelated correlated

IPM: only L=0 (10), (01) states are possible
Correlated particles: tensor interaction in the p-n pair in L=2 can

induce a spin flip in the p-p pair with creation of a state L=1, (11)
of the pair. Three-body effect.

Claudio Ciofi degli Atti . February 11-22, 2013 INT, Seattle, USA



(i)increase of the high momentum content of the wave function

Mean-field (shell model) wave function
A
(I)O(L 27 coe 7A) — AH ¢Oéz<x2) — q)OpOh % > O‘F? ¢Ozi — O
1

Correlated wave function

Wo(L,2, ..., A) = Copon Popon + Crpih Prpin + Copon Popon + - - -

o0
SRC = CromnPrpni

n==2

Thus :

SRC populate states (n particle-n hole) with momentum much higher
than the Fermi momentum kp ~ 1.4 fm =
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(ii)) SRC generate peculiar wave function configurations

Momentum conservation
A

> K=
1
Consider a nucleon with high momentum /21

In a mean-field configuration

—

. A ki
ki~ =)k i~ =
2

In a two-nucleon correlation configuration

2

A
ki~ —ky Ko o=Y ki~0 ke~k Key=-Kq0~0
3

SRC :HIGH relative and LOW CM momenta of a pair.
Frankfurt, Strikman, Phys. Rep. 1988
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THE HIGH MOMENTUM COMPONENTS IN THE ONE-BODY
MOMENTUM DISTRIBUTION

A
p(ry,r)) = /\IJS(TL ro ..., ) Vo(r,re ... T 4) H dr;
1=2
n(k) = /e_ik'(rl_r,ﬁp(rl,r’l)drldrll

nalky) =S 00 (k) =
ST

= /dr1 drﬁeikl'(rl_rﬁ) Z /drngﬁ‘pNQ(m,?‘i;rz)

ST

Alvioli, CdA, Kaptari, Mezzetti, Morita,
arXiv:1211.0134v1|nucl-th| Phys. Rev. (in print)
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n, (k) [fm”]
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The ratio n 4(k)/np(k) according to recent calculations

8 | | I I
7] ——°He (AV18) - --"0(AV8) -
64 ‘He (AV8)  —.—- “Ca (AVS') _
e\ i
54 A
,' \\\ _/":—
4_ / ‘\\ _/'//"/”’ A
- / '\\ ,;4"’ ° -
d' “‘)-:"” '--..-'
24 -
14/ |
O"-._/' T T T T T T T
0 1 2 31 4 5
K [fm ]

The increase of the ratio with k£ originates from the spin-isospin dependence of
the momentum distributions and from the CM motion of the pair in the

Claudio Ciofi degli Atti

nucleus.
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2.5

The proton and neutron momentum distributions in 3He
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n,(ky/n (k)  ——NVk)n (k) |
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n,(k/n (k)  ——N"(k)n (k) |
- —=— Nk (k) == = N2y (k)
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2 .3
K Tfm™

A proton is correlated with one p-n and one p-p pair; a neutron with
two n-p pair — Tensor dominance in neutron (proton) distributions
in *He (°H) and in neutron-rich nuclei.

Claudio Ciofi degli Atti
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TWO-BODY MOMENTUM DISTRIBUTIONS

1
krelzk:§<k1_k2) Koy = K=k + ko

1. n(ky, ko) =n(k,..;, Kopg) = nlkye, Kopg, 0) =

1 . .
~ (2n)6 / drdr'dRAR' ¢~ K- (B-R) —ik-(r=1") (2) . /. g RN
70

2. n(krel> Koy = O)

KC’M =0 — kg = —kl,
back-to-back nucleons, like in the deuteron

1

3. nelk)= (277)3/n<k’K) dK 4. noy(K) =
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n(ky,e1), n(Kcops) in FEW-NUCLEON SYSTEMS
Schiavilla et al Phys. Rev. Lett. 98(2007)132501 q¢q=Xk,,; @ =Koy,

Claudio Ciofi degli Atti

qor Q (fm™)

TENSOR DOMINANCE
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n(k,op, Kooy = 0) in COMPLEX NUCLEI

-1
krel [fm ]

Alvioli, CdA, Morita Phys. Rev. Lett. 100 (2008)162503
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SPIN-ISOSPIN DEPENDENCE of n,.;(k,.;) in FEW-NUCLEON
SYSTEMS

H. Feldmaier, W. Horiuchi, T. Neff, Y. Suzuki, Phys. Rev. (2011)

n'p (K) [fm°]

UNIVERSALITY: n4 (k) = Canp(k) in (10) state

rel
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THE 3D PICTURE OF n(k,.;, Kcag) = n(k,op, Koo, ©)

k rel

0

' VERY IMPORTANT !

o If n(k,..;, Koy, ©) is © independent, it means that n(k,..;, Kcof)
= n(k,o;) n(Kopy) i-e. the relative and CM motions factorize.
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n(ky.;, Kooy, 0) symbols-© = 90, dashes-0© = 180°, full->H.

! E T T T T T T — ;
® 1" K =001
- 0 WOl | ( ) c.m h

< 1015, (B)pp | _ g

E _21KV\V;. c.m _ -g

c 10 B *\ :\ v - = -Kc.m - 1 0}

U cmk =15
4 g, 8 :
10 3 WR 0 ‘._._.... 'g
61 DDD ..\\'“:’9-669.90‘9:%9..."-1
- e b
10 1:"[]-"\ -‘\Qv/¥§":"‘vq‘v:o~ |
E Soem N =Ty vV
-8 3 R e aE N S 2

-, ..‘*.
LU I p— K_=30  ®zoroosid

T T T T T T T L
0 1 2 31 4 5

kreI [fm ]

Alvioli, CdA, Kaptari, Mezzetti, Morita, Scopetta, Phys. Rev. C85(2012)
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at large values of £, and small values of K~); we have :
npn<krel7 KC’M) — npn<k7“el; KC’M) =~ nD<krel>nC’M<KCM)

Factorization is proved by a rigorous many-body calculation
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We demonstrated that in the region k¢ > k_;(Kcwm)) factorization occurs.

ki +ko —Kem =0, ko = (k1 —ko)/2, ko = —k; + Kewm, kel = ki — Ko /2

Koy
5 Dnonv (o)

npn(krel, Konr) = nplkrep)non(Konr) = np(|k1 —

which means

Koy
wVik) = [ (ks = =)y (Ko d K -

— / PN (ki EY_)dE*%_,

where PV (k, E%_,) is the NUCLEON SPECTRAL FUNCTION
N

K
PV ES) = [ npllks = =0y (Koy)d Ko x

A-=2 A-1 :
- k- K
8 6<EA1 2my (A —1) FaA— OM] )
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Jgee T : : Chiara Benedetta Mezzeth
[ . . ;
N o, | Points: numerical e e
= bt ks o calculation of the spectral
S S Ty ! functions of *He (Ciofi degli Atti, Pace,
< | Salme, PRC 21 (1980)805) and NM
: \"%-‘f ] (Benhar, Fabrocini, Fantoni, Nucl. Phys.
ol 1 AB50(1992)201)
’ E{Mm” Curves: 2N correlation model
e e o e —— 4 _ 3 4 HE S A 7
|Ir}}l;.“"1'.n‘ (b) nuclear P; {kE) N Id k”“ ”"’I(' k k"”’ 2 Dﬁ”‘"(' k”” |:}
S matter - = 2
U I A4-2) [+ (4-Dk
£ |y ~ | S|E-E@- (4-2) (p (4-DEK,
s {2y ] 2m(-D (" -2
7 “‘1 Recently (Massimiliano's talk)
i ax . 4 A
; 0 1ao 200 A0 400 HEH‘I (hl:'m ) HJ'E.T (k?'ﬂf)
E (Mea\

I : have been calculated by many-
O &=L5pr @ k=22fm body approach

O =30/ B k=35fm" > no free Eurumeters!!
CdA, Simula Nucl. Phys. 1996
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The CM distribution of pn and pp pairs

nfo (Konr) = [ dkpep nP™ (Ko, K o)

The low momentum part of ncy/(Key) for A > 4 agrees with a Gaussian e~ Ky :
in agreement with the convolution model where

a=[3(A—1)/4A—2)]-[1/my < Tsy >]

( Theor. Prediction for A = 12: ¢ = 139 Mev/c (Nucl. Phys. 1966); Exp. value from
2C(p,ppn)X: 0 = 143 £ 17 MeV/c) (PRL 2003).)
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THE CONVOLUTION STRUCTURE OF P(k, E) IS A GENERAL
FEATURE OF THE SPECTRAL FUNCTION, RESULTING
FROM SOME GENERAL PROPERTIES OF THE MANY-BODY
WAVE FUNCTIONS IN MOMENTUM SPACE
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‘He wf factorization: 2 -momentum space analysis

Towards the 2NC region, where |K...| << |k,.|, if the factorization, and therefore the

convolution model, holds, one should have

MK k)2 nem([Ke
- (Kcm rel :I| _ 1 {| .n1| :I — constant - ﬂ-mn{ |Kr:'rn |j

ﬂ"f“]: kre! :l |I‘3 N '??-c'.rn{|K¢:.1lr?,| = D}

This behavior is found indeed: a clear signature of factorization in momentum space.

1.2 ST (R CEN TR S I TR R SN, PN S I O |
' K _=10MeV/c
1.0+ cm 2
o L
%'E 0.8 — —
% 0.6 L K_=350MeV/c |
S— 04} -
ME : ]
'E 0.2+ .
v . K_ =150 MeV/c _
_(:_2 i 1 L 1 L 1 L 1 L 1 L 1 M 1 L
] 100 200 300 400 300 600 70O BOO
1
k [MeV/c]
rel
August, Ei:lth 2010 EShort range cerrelations and wave funcbon factorization in light and finite nuciei —

CdA, Kaptari, Morita, Scopetta, Few-Body Systems, 50(2011)243
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The high momentum and energy behaviour of the
nucleon spectral function of nuclear matter within
the Brueckner-Bethe-Goldstone approach

M. Baldo?, M. Borromeo®*, C. Ciofi degli Atti®*

¥ INFN, Sezione di Carania, 57 Corse Italia, 1-95129 Catania, Italy
Y Dipartimento di Fisice, Universitd di Perugia, Via A. Pascoli, 1-06100 Ferugia, Italy
© INFN, Sezione di Perugia, Via A, Pascoli, 1-06100 Perugia, fralv

Received 14 February 1996

Abstract

The nuclear single-particle spectral function is considered in the region of high momentum
and high removal energy. For these kinematical conditions, far away from the quasi-particle peak,
the spectral function is expected to be dominated by nucleon-nucleon correlations. It has been
previously argued that the spectral function can be written as a convolution between the two-hody
relative momentum distribution and the corresponding centre-of-mass distribution of the correlated
pairs which characterize the structure of the ground state in this energy-momentum region. It is
shown that the convolution model can be microscopically derived from the Brueckner-Bethe-
Goldstone (BBG) expansion. At the same time, this result also allows us to establish a direct
link between the spectral function and the defect function of the BBG theory. From a numerical
comparison with the microscopic spectral function the convolution model turns out to be highly

accurate in the relevant momentum and energy range.
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3. The spectral function of nuclear matter within the BBG theory

In NM the spectral function corresponding to the nucleon self-energy M(k,E) =
Vik,E)+iW(k, E), 15 given by the well-known result [6]

I 1 Wik, E)

P(kE) = —TmG(k, E) = 20— p— K /2m—V(k,E))? + W(k,E)? " )
where G(k, E) is the single-particle Green function
1
gk, E) = (10)

~E—k22m — V(L E) —iW(k,E)

It has to be noticed that the real, V{k, E), and imaginary parts, W({k, E), of the self-
energy are highly off-shell in the considered energy and momentum ranges. We are
interested in the region where E is much greater than the Fermi energy Eg. For high &
and E, one finds

2

k

as can be seen from the results shown in Ref. [7], and the spectral function can thus

70 [ &P .
F{k,E)=“--i'g—" Wﬂrelﬂk—%ﬂ]ﬂfﬁ(m

x&(E— Eg — E* — Elv-{-"— k:l) ,
Ml
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M. Baldo et al / Nuclear Physics A 604 {1996) 429-440
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Fig. 4. Comparison between the SF obtained from the convolution model {dashed lines) and the one obtained
from BBG theory {diamonds) for different values of the nucleon momentum &.
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3 EXPERIMENTAL EVIDENCE OF SRC
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momentum distributions from inclusive A(e, e’) X processes

e Errors very large

e At high k errors much less than
the difference between Mean-
Field and correlated distribu-

tions

LN S B B S B e B R B

n(k) (fm?)

0 1 2 3 4 0 1 2 3 4 . 0 1 2 3 4 ® EXperimental data eXiSt On]-y
Ty T for a limited range of A and low
values of momenta.

nuclear
matter

1 10°F 1 10°F

n(k) (fm>)

3 10°F '510"'

1oL : . . 107t ; : ; o
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

k (fm') k (fm) k (m')

CdA, Pace, Salmé, Phys Rev. C43 1141(1991)

See also a recent review: Arrington et al, Progr. Part. Nucl. Phys. 2012
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3.2 The inclusive cross section ratio (a very useful quantity)
Original idea (Frankfurt, Strikman, Phys. Rep. 5 (1988) 235)

A A
oa(rpg, Q) =~ Saz(A)oa(L5 < g <2, Q2)+§a3(A)03(2 <xp<3,Q%)+. .

Experimental data:
K.S. Egiyan 7 o/, PRL 96, 082501 (2006)

- &)

||‘1'|.|||||||||||-||||| O N TN N TN YO A T
1 1256 16 1.0 2 225 25 278

X
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PHYSICAL REVIEW C, VOLUME 60, 024602

Linked cluster expansion for the calculation of the semi-inclusive 4(e,e’p)X processes
using correlated Glauber wave functions

Claudio Ciofi degli Atni
Department of Physics, University of Pernugia, and Istituto Nazionale di Fisica Nucleare, Sezione 4i Perugia,
Via A Pascoli, I-06100 Perugia, Iraly

Damiele Trelean
Department of Theoretical Physics, University of ITrieste, and Istituto Nazionale di Fisica Nucleare, Sezione di Trieste, and ICTP,
Strada Costiera 11, I-34014, Trieste, Italy
(Received 2 February 1990; published 25 June 1999)

The distorted one-body mixed density matrix, which 1s the basic nuclear quantity appeaning in the definition
of the cross section for the semi-inclusive A(2,e'p).X processes, 15 calculated within a linked cluster expansion
based upon correlated wave functions and the Glauber multiple scattening theory to take mnto account the final
state interaction of the ejected nucleon. The nuclear transparency for %0 and *'Ca is calculated using realistic

central and noncentral correlations and the important role plaved by the latter is illustrated.
[S0556-2813(99)00208-3]
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IF T - g=1

the cross section (1) becomes directly proportional to the
distorted momentum distnbutions (8), 1.2

nplk,)=(2m) 77| gmlr- r' "oplr.r drdr' . (12)
whers

(W SEO0(rx") ST ") 5

pplr.r')= ) (13}

is the one-body mixed density matnx, and
Olr.r' :I—E dir;—ridlr, —r }H A 1y _IJ," (14)
J#i

the one-body densitv operator. In Eq. (13) and 1 the rest s:rf
the paper. the primed quantities have to be evaluated at r’

vrradla 5 — A Dar davbnrmentaesa 2 Fle % dha sascalanes feneas

Selryry) =_]_L G(r,.r;)= H! [1—6(z;,—z)T(b;—h;)].
j=1 J=
(7)
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3.3 Exclusive one-body knock-out reactions A(a,a’N)X a=(e,N)

The (e,e'p) process on mean field and correlated nucleons.

Mean Field:
Ki+ks 1 =0
Correlations:
ki+ko+k3z =0

Simple model:

A2 k¢
AI_ﬂIEmH

Realistic model:

&
k320 EH—E 0
¥ = A2 A-
Bt ™ 2mg(A) [ki ¥
C. Ciofi degli Atti 18

Claudio Ciofi degli Atti *

kg i —k1 k3 o () EE—E

=0

Valparaiso, February 2009
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One important caveat

Pa Pa-

WISH
p=k,+q
A-1
Impulse Approximation Final State Interaction
C. Ciofi degli Atti 19 Valparaiso, February 2009
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JLAB (SACLAY ) Experiments Phys. Rev. Lett. (2005)(1988 )
et He — e +p+° H
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CdA, L.P. Kaptari, Phys. Rev. Lett. 95(2005); 100 (2008)
FSI under control. SRC peak observed. Agreement with other groups.
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3.4 Exclusive two-body knock-out reactions A(a,a’2N)X a=(e,N) =
two-body nucleon spectral function.

By detecting 2 Nucleons in the final state the initial pair
correlation can be studied
Triple coincidence experiment A(a,a’ NN)X a= {p, €}
BNL and JLAB EXPERIMENTS
( Watson, Gilad, Piasetzky, & coworkers, this Workshop)

C. Ciofi deshi Atti 12 Valparaiso, February 20049
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2C(p,p’pN)X AGK BNL (2003); Piasetzky talk

Directional correlation ’: s, o 1
08 & ! * 5.9 GeVic, 98

(P,2pn) P\ B0, s 8.0 GeVic, 98 Experiment

0.6 - u 9.0 GeVic, 98

5 s coowiee | Tang et al PRL 04231 (2003)
n by W, | L 7.5 GeVIe 94
pn FMI!-_ T i | Analysis
e h P ; o . Piasetzky, Sargsian, Frankfurt,

M i . Strikman, Watson
L W § | | PRL 162504 (2006)
| _J |_.|Pn}2‘?[} MeV/c o8- . i :
:f g M : 08 - :-_:-.. i 3 !l'
o ewman 405765 518 63028 03 695 04 0AF 08" ﬁ.|55
<] B PJ[-':EIED r«jsewt:: p,(GeVic)
I —_—

The EVA/BNL collaboration
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4 IMPACT OF SRC ON VARIOUS FIELDS OF PHYSICS
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3.1.Transition from hadron to quark gluon descriptions of nuclei

| 111 m o I
| E
S| : 2
g i ! L, v
1m :
& :
z| | :
o s
\ i two-pion
E exchange N N
\'.\ m one-pion
short : : """"""" exchange
distance R ALY
p _ n ' T
;. >l< !N N
N N
n p

Fig. 2. Hierarchy of scales governing the nucle-
on-nucleon interaction (adapted from Taketani
[5]). The distance r is given in units of the pion

Compton wavelength, =1 ~ 1.4 fm.

Nucleon radius < r? >1/2~ (.8 fm~1 = Nucleon overlap.

Adapted from: W. Weise, Nucl. Phys. A 805(2008)145c
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3.2 Formation of cold dense nuclear matter in the laboratory and
the structure of neutron stars

Implications for Neutron Stars

¢ At the core of neutron stars, most accepted models assume :~95% neutrons,
¢ Neglecting the np-SRC interactions, one can assume two separate Fermi gases
¢ Since np interaction is large compared to nn, n gas heats the p gas

¢ This could effect the upper limit on mass of neutron and allow the neutrons in the star decay

Sixth International Conference on Perspectives in Hadronic Physics .!effe—ﬁ)on Lab

See e.g. Frankfurt, Sargsian, Strikman Int. Jour. Mod. Phys.A (2008)
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3.3 High energy hadron-Nucleus and Nucleus-Nucleus scattering

C.d.A, B. Kopeliovich et al Phys. Rev.(2009, 2010,2011,2012)

Glauber + Gribov Inelastic shadowing + SRC

e

(Glauber) (Inelastic Shadowmg)
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The exact EX[}RIISiDH of |Uy|? (Glauber, Foldy & Walecka ):

Wo(ry, ..., 7, H p(r;) + Z A(ry,Tj) H

=l =3{ 1
A4

+ Z A(r;, 7 -ﬁ-(?"k r) H PUTm) + ..

(i<j)F#lk<l) m#(1,j.k.10)

AP 75) = PPy F5) — p ) [?“?);"1'(?‘}-);
A A

. | 5 - | 5
oD (ry) = /|x1:(_,m.....r14)|~ [ dri: P (r1.10) = /|“I"{:I':?‘1-.----.T‘A)|u ][ dr;

. i—2 : i=3

/n’rqu o\2)(x;, rj)= ;;'713'('1:;:); /u’rj‘ﬁ[r;.rj) =)

Otranto, September 10-15, 2010
C. Ciofi degli Atti o ranto, september 5,

*
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R. J. Glauber, High Energy Collision Theory, 1971

"Various types of correlations in positions and spin may exist be-
tween nucleons of an actual nucleus .. .If the system being consid-

ered 1s spatially uniform an idea of the magnitude and nature of the
effects due to pair correlations may be obtained by assuming that

the range of NN force a 1s smaller than the range of correlations /.
and the nuclear radius I

[, > aand K > «a

Because /7 is not vastly larger than «, and the correlation length /.
is not too different in magnitude from the force range, the approx-
imations that follow from these conditions should only be used for
rough estimates".

Ot to, September 10-15. 2010
C. Ciofi degli Atti 1558 ranto, September 5
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The total nicutron — Nucleus eross section at high energies:
(M. Alvioli, C.d.A, et al Phys. Rev. C78(R),031601(2008) )

140
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29004

C. Ciofi degli Atti

Claudio Ciofi degli Atti

e No free parameters!!
e Full SRC.

e Gribov inelastic shadowing at
lowest order.

e Main result: SRC increase the
opacity, Gribov IS decreases it,
the two elfects being of about
the same order in this energy
range.

e What about higher order Gri-
bov corrections?.

20 Otranto, September 10-15, 2010
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Another recent calculation of the effects of SRC in high energy
scattering processes:
”A Monte Carlo generator of nucleon configurations in complex
nuclei including Nucleon-Nucleon correlations”
M. Alvioli, H.J. Drescher and M. Strikman,
Phys. Lett. (2009)
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4. CONCLUSIONS
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e NN SRC can be calculated ab initio with realistic NN interactions. They
exhibit several universal (independent of A) features.

e robust evidence on the effects of NN SRC have been collected in the last few
years both in few-nucleon systems and '*C.

e NN SRC can provide basic information on the nature of the NN force. The
experimental information so far obtained is in agreement with the current
picture of phenomenological realistic NN interactions.

e SRC can have relevant effects on the structure of cold dense hadronic matter
and high energy h — A and A — A scattering processes.

e The successful experimental study of NN SRC is a relatively new field of
research that has to be continued, extending it to an increasing number of
nuclei and to the investigation of the 3D structure of SRC (JLab, JPARC(?)).
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