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1. Exclusive processes off few-body nuclei: *He

e NN correlations taken into account by realistic, state-of-the-
art few-body wave functions obtained with AV18 interaction

— anitial state: Vg, = \Fm@.ﬁ.m%wcp r)

— final state: ¥ (ry, 72, 75) = AS(ri, v, r)e P POROYE ()

e Factorization approximation and non-relativistic reduction removed by per-
forming calculations in momentum space; current operator chosen accord-
ing to the C'C'1 prescription:

(srlJu(k1,q@)|N) =
= ks +a,57) [ (F1(Q%) + Fo@QY) — (2h1 + @) Fo(Q7)| uller, )

e 'Sl in S(rq,r9, r3), calculated within generalized eikonal approximation
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SHel(e,e'p)?H: diagrammatic approach to FSI

A: momentum transfer in the NN rescattering
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SHe(e, 'p)’H: results
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SHe(e,e'p)*H: results
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SHe(e, e'p)(pn): results
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FSI in (n-p) pair- irrelevant; FSI in p-(n-p) system- very large

(preliminary un-factorized results on PWIA show no sizeable effect)
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‘He(e, e'p)>He: results within factorized approximation
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d’ -
np(Pm) = &D\&%QQ@A\GQ%V :

Data: B. Reitz et al.,
EPJ A S19 (2004) 165

Calculations: C.Cuofi degli Atta,
L.P. Kaptari, H. Morita
in " Few Body Systems”, in press
arXiv:0803.1162

A corresponding un-factorized calculation is in progress
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2. Spectral Function mOw Complex Zrﬁ_m_ TINC Model

\L\m;__ﬂ_uh\v o CW_U@V + v
ﬁo (|k|, E) MU na(|lk|)0(E—|eql); \m@&a < 1 (renormalized M F)
a<op
. 2
Pk, E) = MU \&. KT G po(7) EEIA@MLI\N\Q (correlations)

fFa
Two-Nucleon Correlation (TNC) Model
(Frankfurt & Strikman; Ciofi & Simula)

Pi(K|, E) = \%Qs ntey ([ = Pem/2)) né([Peml) -

Av A\wlwv T&ICWQS 2
OB By~ MSELV.A_T (A —2) v
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TNC Spectral Function - 12C
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C. Ciofi degli Atti, S. Stmula - PRC 53 (1996)
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4 N
Many-Body Calculations: Cluster Expansion

e The nuclear many-body problem:
) ) h? o 1 )
HUp = EpUn, H= 50 ) Vit 5)
7 1<
e The ground state energy FEj is given by:
h? 5 2)
E, = dr ﬁﬂ Dip,r Lﬁ s MU\%:&G o VES?T%MV

wS

A

— \QEA%U%Q — h\:%&. 6%?3:;\5@ Uo(r' ro...,14)
j=2

A
A(A -1 ~(n
— ) = 25 ] [Lar; Whirs v O Wolry .7 )
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4 N
(2)

e p\W(r, ') and sz?? r9) are cluster expanded, with:

6@ — @%o

where ¢, i1s the mean-field wave tunction and

z\,&H EMU\, (7i5) va

1<J 1<y n
is a correlation operator.

e cluster expansion truncated at 2nd order in f;;;

e the wave function and correlation functions which minimize the ground-
state energy are used to calculate the expectation value of any operator

e we can calculate diagonal as well as non-diagonal, one- and two-body
realistically correlated densities and Spectral Functions

(M. Alvioli, C.Ciofi degli Atti, H.Morita, PRC72 (2005))
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Momentum Distributions and Tensor Forces
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Two-Body Densities: isospin separation

1 1 1 1
\Q@AJ = \&Nb@ Amevmj mwlmeam mw+mj mwlmea

.0 40
Amo MO. Om
1.5- Total
-~ -p-p
1.0 - p-n
0.5- L
] \\ ://rw:
_____________ 0.0&7___ | T Thees

e normalization (number of pairs) conserved by the expansion
e isospin separation feasible: b@ = bﬂw + \qmw + \c@w

e We can build two-body pp, pn and nn momentum distributions
(M. Alvioli, C.Cliofi degli Atti, H. Morita, PRL100 (2008))
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Two-Body Momentum Distributions

1
Fimwﬂmfﬁlwwv r =17 —1T9 I A
| |
Koy = K =Kk +ky mHMA%HlT%wv NN\HMA%\HlT%\wV
we have
1 : / :
n(k, K) = T \ drdr'dRAR ¢~ - (R-R) —ik-(r=1') (2). (/. B R/
T
and
1 .
n(k) = \ dK n(k, K) = pEsE \ drdr'dR e "R T, /. R R)
1 . /
nK) = [ dkn(k, K) = drdRdR ¢ - R-R) ). . B R
(27)

K s = 0 corresponds to kg = —kq, 7.e. back-to-back nucleons
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4 N
Spectral Function properties at low K ), and high k,;
1-body SF:
A— A—-1DK,,\*
P B) = [ e 1% (= Ko/ 2 ()3 | B ) — 2 (= ) %

2-body SF:

rel

P, Ko, B) = 17 (K = Ko /2]) 0 (K6 (B — B
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~
Back-to-Back nucleons: pn to pp ratio
o 1 2 3 124
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Back-to-Back nucleons: pn and pp probabilities

P

% &\aﬁ& \aﬂmN @2@&3?8

pN —

\ &\aﬁ& \aﬂ& ASEQQAQS?QV + Sﬁsﬁaﬁm?ov

e integration over the whole k,..; range: (a,b) = |0, o]
A 4 12 16 | 40
P, (%) 19.7] 30.6| 29.5| 31.0
T (%) 81.3| 69.4| 70.5| 69.0
o correlation region: (a,b) = [1.5,3.0] fm~!
A 4 12| 16 | 40
P, (%) 29 13.3] 10.8] 24.0
P (%)| 97.1 86.7) 89.2| 76.0

0< Py <l

(Alvioli, Chofi
degly Atti, Morita
PRL100 (2008))

w%ﬂ in agreement with Schiavilla et al., PRLIS (2007) 132501

(extracted from published figures, AV18: P,

Ppp =~ 10 — 13% consistent with Shneor et al., PRL99 (2007) 072501
/2C(e, e/p)X)

(extracted from 20 (e, e'pp) X

M. Alvioli
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4 N
3. Effect of NIN correlations and FSI in Inclusive Processes
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TNC: OK for zp; < 2: three-body correlations are missing.
Calculations with many-body wave functions are in progress
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Inclusive Distorted Momentum Distribution (Glauber)

well known fact: n4(k) proportional to na (k)

A

3 4
p_[fm]

new result: 3%@& proportional to nl (k) !

2H
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4. Effects of NN Correlations in High-Energy Processes

e SRC: are they relevant only in dedicated experiments?

e high-energy scattering processes — Glauber multiple scattering
e cxact mﬁo@b@os df the many-botly WF (GlaubeA ﬁci@ &) E\@Nmmgv

W (rq,...,74 :bs ) + MU Dﬂ: z p1(7ry)

1<g=1 k=£(il)

+ Y Ay Alrr) [ eilrm) +

A\@Aﬁwv \AANV Swm&rw.“\&&

A
~ E p(r;) «— wusual approximation : is it reliable?

our two-body A(r;,75) = paolr;, ;) — pi(r;) p1(r;) provides:

[drypo(ri,mo) = pi(r1)] — | [draA(ry,rg) =0




Example: total neutron-Nucleus cross section at high energies

Otot, = TIm [Fiy(0)] Foo(q) = £ [ dbpe!abn T — e XOEEL
4 |
ol Xopt(b \ z dr z 1—=T(by — s;)] [Yo(ry,...,74) 25 ANMUJV
j=1 j=1
using the E\ofm expansion, with:

A(ry,r5) = polri, i) — pi(ry) pi(rj);

one has:

1 2
Otot = Q.va + va + Aoy,

va + Q%v =

_ w\&@ *H _ oA dripi(r)l'(b-by) m\%sgﬁ%wkﬁrﬁvivFvivvwvw

(2)

no correlation case — A =0 — On = 0
22




Glauber + Inelastic shadowing

(Diffractive excitation of the projectile)

V. N. Gribov, Sov. JETP 29 (1969) 483;
V.A.Karmanov,L.A. Kondratyuk, JETP Lett. 18 (1973) 451;
B. K. Jennings, G. A. Miller, Phys. Rev. C49 (1999) 2637

WZ dnzz WZ MZ _"zx _"xz V\Z /Z d\.zx _s.xx d\.xz WZ
A A A A A A

(Glauber) (Inelastic Shadowing)

total neutron-Nucleus cross section:

Otot = mﬂﬁ\g Tﬂommwmoi + Acgj, = va |_|Q.AQNV + Aoy,
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The process “Cle, e'p)''B
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TNC spectral function JLab experiment

np(k) = [M dE Py(k, E), with Eyy =25 MeV
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.nBQ (e, e/ Eim factorized cross section
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un-factorized calculation feasible
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4 N

Conclusions

e Eixclusive processes oftf few-body nuclei can be reliably described within
generalized Glauber FSI and realistic wave functions

e Cross sections and momentum distributions in inclusive reactions suggest
that both ground state high momentum components and FSI in complex
nuclei can be described with properly scaled 2H corresponding quantities

e Many-body calculations can be reliably performed within a convergent clus-
ter expansion method: any one and two-body quantity can be calculated

e Tensor and Isospin-Tensor correlations appear to be the essential ingredi-
ents for a correct description of (one- and two-body) momentum distribu-
tions in complex nuclei; at high momentum values TNC model OK

e High-energy processes are also affected by NN correlations and their con-
tribution can be quantitatively be evaluated within the ”exact” |¥y|? ex-
pression with two-body correlations

M. Alvioli 21 ICTPO8
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The Nuclear zga?mwoax HVH.OU_@E

where > (n) A:v
Uyg = MU v Aﬁﬁv @S
n
m\ws@sv = |1, ;-0y, W‘Su Ah.m.vﬁu % & Tu Ty

The same operatorial dependence is cast onto V,:
v, = Hu%o
where ¢, is the mean-field wave function and

= z \S = : MU \ 3& ,wsv

1< 1<y n
is a correlation operator.
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e at first order of the n—expansion, the full correlated one-body mixed
density matrix expression is as follows:

bﬁv?rlv = bmc?flv + &%Aﬂtlv ™ bmv?tﬁ?
with
Py (1) = \&3 Tbu?s}@vmmv?flv??wv - F@?s}@v&c?rﬂwvmmv?w%&
() = — \ dradrap) (r1,72) [ Ho(ras)ol) (72, 7)po(rs) — Hi(ras)ol) (s, m)oll) (5,71

and the functions Hp and Hp are defined as:
§

Hpp)(rijirp) = FP i) f D (rpy) Q%mwvvﬁsﬁv|Qmmwv§$§v
p.q=1

with Q%mgmvxﬁ@v r.7) proper functions arising from spin-isospin traces;

(Alvioli, Ciofi degli Atti, Morita, PRC72 (2005))
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e at first order of the n—expansion, the full correlated two-body mixed
density matrix expression is as follows:

PO (e, e, 1) = pSag(ry, T L)+ oo (1 T L)+ PG s, Th) + pl (T )
with:
bm&?rﬁwlui& = Cp po(T1,71) po(r2,75) — CE po(T1,75) polra, 1)
P P wh) = Sl ) gl ) po(a,Th) = (12, ) ol ) ol )

Pap(T1, T2 T, T5) = \%w@??j@gg?rlv??w%y Po(T3,T3) +

MU AICH [ Po(T1, TP1) Po(T2, TP2r) Po(T3, TP3) Po(Ta; TPa) |
PeC

(Alvioli, Ciofi degli Atti, Morita, PRC72 (2005))
(Alvioli, Ciofi degli Atti, Morita, PRL100 (2008))
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one-body, non-diagonal
—— p(ry, 7)) diagrams

_____ © @ oo @) oo
L AND, L
two-body, diagonal e S e b e
p(r1,ro) diagrams — AM .//w g
& @ O
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Ground state energy: 190 - Argonne V¢

<V.> <V,> <Vo>s <V.> <Vg> <Vg:>|<V> <T > E E/A MeV
n—exp| 0.10 3588 947 -171.32 -0.003 -172.89 | -389.40 323.50 -65.90  -4.12
FINC | 0.694 -40.13 -10.61 -180.00 -0.07 -160.32 |-390.30 325.18 -65.12  -4.07
correlation functions: Central, Spin-Isospin, Tensor
0.10-
0.08-
0.06-
0.04-
0.02-
0.00-
-0.02-
-0.04-
0)
M. Alvioli 33 ICTPOS



1He: comparison with VMC

nyN(kret) = [ dK cnr npn(krer, K opr)

nnN (el Koy =0)

Total

-
LB -—

10° 4
He 5
10%% - . — 10
104 (k) E 10°
o 1 /oo —_ — - _ —~~ 3
:_m_ “wo /./.:.. ..... mm n__uM\_OM
)@ -1 ~ I/..o % KC\_O
<10 N e By Al
C ) ~ T . kr\_O
10 el e =
10° e 10
\_o.NF i T T T T T T T T T 1 \_O.‘_A._V T \w
0 1 2 3 _Aa_pq i
100
e cood agreement with VMC calculations B
% 60
® pn(Kre, 0)/npp(kyer, 0) peak location ok — > w0
(AV18: Schiavilla at al. PRL9IS8 (2007)) < 2
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FSI with a correlated pair




Inclusive Transparency in A(e, e'p)X

using again the Foldy-Walecka expansion of |U,|? one obtains:
A
1 = \ E &%m G (b, @mv 7@0?»? sees %\»zw —
7=1
>
\&SRSV o~ A dripi(r)T(b=by) 5 [ dridroA(ry,ro)l(b—b))I(b-by)

|\w\&e\de\.wDAe¢T e\.wv mlb%&e\.f@;eﬁvﬁﬁul@b Q\%%&eﬁ&ﬁ.mb@ﬁuﬂwvﬁﬁ@l@iﬂﬁul@m

1.0-
P N Glauber
o ol o%m_a_om_m._m Glauber corresponds
z NN\ to A(ry,r9) =0
C
506] N\ T (Preliminary calculations)
3 §
g )
— 0.4- 3T e N
Aoom
o 5 10 15

Q* [GeV/c]
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ny N (ko) for Complex Nuclei

nvN(kret) = [ dK oy nnN(Brer K o)
Total 10° 16 10° 40
10° O Total 10° Ca Total
- - --SM+2bd - - - SM+2bd ) — — - SM+2bd
...... ‘_Ow 10
102 10°
10’ 10°
10° 10
10™ , 10°
_ > 1021 : —— —~ 1t
3 k4fm"5 O 1 2 3 Kk A4fm"5 0 1 2 3 K4 T«E-;m

rel

e normalization (number of pairs) conserved by the expansion

e isospin separation feasible

e closed j—shell nuclei included in the formalism

e three and four-body diagrams essential

M. Alvioli
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