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I Spectroscopic factors from “exact” calculations.
The “He(e, 'p)?H reaction.

IT Spectroscopic factors from fits to mean field (e, e'p) reactions in
4001, 208P},

III Superscaling and high momentum contributions.
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Nuclear current, overlap function and spectroscopic factor
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Spectroscopic factors (S) -

S
v18 fith 0.65625
v18 nodb 0.66619
v8 exp2 0.63911
v8 fith2 0.63695
v8 nodb2 0.64142
gaus expmy 0.65480
gaus fitmy 0.65367
gaus nodbmy | 0.65635
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Hyperspherical coordinates: p= &w + y2? and a;=arctan(z; /y;).

Angular part:

~ : o2m . : .
A2 + u% Vi + 6900+ 00) = M(p)d)
) ; JM
%M&sv Abv bsv — M szmm 14 hmaMAbv ﬁw\mﬁm@m Absv ® XM&W@M
Kl lyLsyS

Radial part:

&m 3@
A|%w | wmw + Mw Ayis + %vv ?QV




PN



0,1

0,01

0,001

0,0001
0

Data from:

W. Gldckle et al. nucl-th/0312006

v18 3 body
v18 no 3 body
v8

1

2




T | ! ! | !
1&_ o o - =
n ® & without MEC 3
- * A with MEC 7
([ ]
0.1 =
0,01 =
- . .
i o N §
N . |
( J
0,001 N =
- AN .
- Data from: N
— A\
- W. Glockle et al. nucl-th/0312006 -
0,0001 | | A |
0 1 2 5 6




10

<

‘He(eep)H [~ from [1]

from [2]
1= — v18 3
- v18 no3b i
S~ 0 — V8 :
E — _
= 0,1- [1] C. Giofi degli Atti et dl. ~
—_ - [2] Dieperink et al. .
EF :
3 B i
= ]
0,01 .
Data from:
0,001L E.Jansetal. PRL 49 (1982) 974 II _
- . | . | . [N :

0 100 200 300 400

P,y (MeV)



100

[HRN
o

[HRN

do/de dQ_dQ. ( nb-MeV "sr”)

o
[N

3 ; 2 — v18
He(e,e’p) H /\ v18 no3b
\. — V8

PW

Data from: L)

E. Jans et al. PRL 49 (1982) 974
| | | | | | |

()

20 40 60 80
Gp(grados)

100



100 ' | ' ' ' | |

3He(e,e’p)ZH

[HRN
o

do/de dQ_dQ. ( nb-MeV "sr”)

1 E
Data from: L)
- E. Jans et al. PRL 49 (1982) 974 \ |
0.1 . L
0 20 40 60 80 100

Bp (grados)



(e,€'p) FROM HEAVY NUCLEI AND RDWIA

RELATIVISTIC CALCULATIONI

m Nuclear Current:

In(w,q) = / dye'® " Up(y)J3 Vs (y)

o 2 : 20" Gy
Free Nucleon: J* = Fy(q°)v" + ikF5(q”) oM

= Wave Functions: Solutions of Dirac equation
[z'o?ﬁ—ﬁ(M—SHE—v}xp:o

= Up: Selfconsistent solution (relativistic Hartree calculation)

s U Continuum solution. Optical potential fitted to elastic

proton scattering data (energies in the range: 15 MeV — 1 GeV)

APPLICATION TO p < 300 MEV (NIK E%E) I




COMPARISON WITH EXPERIMENTI

Low MoOMENTUM, p < 300 MEV /C

= Spectroscopic factors are larger in the relativistic analysis:

208Ph: occupation numbers obtained by comparison with the
(e, €'p) cross section data measured at NIKHEF-K (88)

Shell 381/2 2d3/2 1h11/2 2d5/2 197/2
Non-relativistic (NIKHEF) [ 0.55  0.57  0.58 0.504 0.26
Relativistic (CSIC)  |0.70 073 064  0.60  0.30

= The shape of the cross section is well described in relativistic and

non-relativistic analyses




WHY INCREASED ABSORPTION?I




NUCLEON WAVE FUNCTIONSI
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WHY HIGHER MOMENTUM COMPONENTS?I




RPWIA (NO FACTORIZATION)
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COMPARISON OF RPWIA AND PWIAI
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CAN WE FINGER OUT GENUINE RELATIVISTIC EFFECTS?

JH = (pln JT)

(e,e'p)

5) /El/

( : d o ) _ (27T)3p frec
By, A0,

oy (ViWy + VeWp + VieWrr + VerWer)

~ Ocp (ULRL -+ UTRT + ULTRLTUTTRTT)




the equivalent Schrodinger equation:
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Relativistic effects of three kinds Lin -1/“

1) Kinematical ~ higher P/ js terms

b)

2) Dynamical a) ([ “increased absortion” in nuclear interior
enhancement of lower comp.

% t//up =K(r) ¢n.r.(r)

= smaller p’s at Pm < 300 MeV

larger p’s at Pm > 300 MeV

Gennuine rel. effects

larger effects in Ryt of p12, d3p



SUPERSCALING IN NUCLEI: A SEARCH FOR
SCALING FUNCTION BEYOND THE
RELATIVISTIC FERMI GAS MODEL

We construct a scaling function f(v’) for inclusive electron scat-
tering from nuclei within the Coherent Density Fluctuation Model
(CDFM). The latter is a natural extension to finite nuclei of the
Relativistic Fermi Gas (RFG) model within which the scaling vari-
able 9" was introduced by Donnelly and collaborators. The calcu-
lations show that the high-momentum components of the nucleon
momentum distribution in the CDFM and their similarity for dif-
ferent nuclei lead to quantitative description of the superscaling
in nuclei. The results are in good agreement with the experimen-
tal data for different transfer momenta showing superscaling for
negative values of ', including those smaller than —1.



GCM Equations
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—  The Hill-Wheeler equation
[H(z,2') — EL(z,2")]F(2')dz’ = 0

— The overlap and energy kernels
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H(z,2') = (2({r;}, x)| H|({r:},2"))

— For many-fermion systems the kernels Z(x,z’) and H(x,z’)
peak strongly at x ~ x’
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— Delta-function approximation
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Table 1: Values of the parameters R and b

(in fm) used in the calculations and the results
for kg (in fm 1) obtained in the CDFM.

Nuclei R b kr
‘He  1.710 0.290 1.201

12¢0 2470 0.420 1.200
2TAl  3.070 0.519 1.267
OFe 4111 0.558 1.270

7Au  6.419 0.449 1.335
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FIG. 1: Superscaling behaviour of inclusive electron-scattering. The grey area repre-
sents experimental data for *He, 12C, 27Al and Y"Au at ¢ = 1000 MeV /c. The solid

line is the RFG scaling function calculated with kp = 1.191 fm~!.
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ric. 22 Results for the scaling function in the CDFM (solid line) calculated at ¢ = 1000
MeV /c and for *He, 2C, 27Al and Y"Au (with b = 1.0 fm for the latter) compared
with the data (grey area). The dotted line is the RFG result. The dashed line in
the case of ¥TAu corresponds to the CDFM result with b = 0.449 fm.
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riG. 3. (a) Nucleon momentum distribution n(k) calculated in the CDFM for 12C,
WCa and ¥"Au (for the latter with b = 0.449 fm and b = 1.0 fm); (b) The weight
function |F(x)|? of the CDFM calculated for *He, 12C, °°Ca and 97 Au (for the latter
with b = 0.449 fm and b = 1.0 fm).
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riG. 4 Results of the CDFM for the superscaling functions of *He (solid line) and
97Au (dashed line) at ¢ = 1650 MeV /c compared with the experimental data (grey

area).
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ric. 5: Results of the CDFM for the superscaling function of 2C at ¢ = 500 MeV /c
(solid line) compared with the experimental data (grey area) for ¢ in the interval
from 500 to 600 MeV /c.
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In summary, the message is:

1) 3He is an optimal nuclear system in what
concerns “exact” treatment of correlations.
Recent data on SHe(e, e’p)?H seem to show
higher momentum tails than theory, which
must then be atributed to relativistic and
two-body current effects.

2) Electron induced proton knock-out from
last bound orbital in Pb is an optimal ca-
se for fully relativistic one-body current,
and good agreement between theory and
experiment is obtained with a spectrosco-
pic factor of 7.8, which implies an overall
20-30 % effect of correlations other than
those contained in the r.m.f.

3) Study of superscaling and scaling function
1s the optimal probe of the high momen-
tum tail of nucleon momentum distribu-
t1ion.
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