Iragi Journal of Physics, 2010

Vol. 8, No.13, PP. 18 -27

Elastic magnetic electron scattering form factor in Ca-41 (M3Y fitting

parameters consideration)

Raad A. Radhi and Firas Z. Majeed

Department of physics, Coll. of Science Baghdad Univ., Baghdad, Iraq

Abstract

Elastic magnetic electron scattering form factors in Ca-41
have been investigated. 1f7/2 subshell has been adopted as a
model space with one neutron, and Millinar, Baymann and
Zamick 1f7/2 model space effective interaction (F7MBZ) has been
used as a model space effective interaction to generate the model
space vectors for the M1, M3, M5, M7, and total form factors.
Discarded space (core and higher configuration orbits) have been
included through the first order perturbation theory to couple the
partice-hole pair of excitation with 2h® excitation energy in the
calculation of the form factors and regarding the realistic
interaction density dependence M3Y as a core polarization
interaction with five sets of modern fitting parameters. Finally the
theoretical calculations have been compared with the experimental
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Introduction

Elastic electron scattering is the process
that the scattered electron will leave the
nucleus in its ground state and the major
momentum is going to the whole nucleus,
so the initial and the final single particle
states have the same angular momentum
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and energy for such transition. “Ca is
the most important nuclear system because
it gives starting point and a touch stone for
microscopic description of nuclei and
gives a chance to measure the radius of
doubly closed nuclei in a stretched case
(j=117/2 ) neutron orbit through the elastic



Iragi Journal of Physics, 2011

magnetic electron scattering which may be
defined as an elegant technique.
The elastic magnetic form factors of

*'Ca had been determined [1] with 180°
electron scattering in the momentum-
transfer range 0.9-2.0 fm > an analysis of

the data indicated that the amplitudes of
the M3 and M5 multipoles were quenched
by factors of 0.57+£0.16 and 0.68+0.07
relative to the simple shell model. In
contrast, the magnitude of the M7 form
factors is in a good accord with this model.
Including both the 2hw particle-hole
excitations and the Zuker-type multi-
particle-multi-hole configuration mixing
The elastic magnetic form factors of

"Oand *'Ca were calculated with best
agreement with the experimental data [2]
Radii determination for the 1ds,, orbit in

O and the 1f5, orbit in *'Ca which are
within 2% less than those deduced from
the magnetic electron scattering form
factors had been carried out [3]. The
displacement energies are also sensitive to
the root mean square (r m s) radius of the
valence orbits, and the Skyrme (SKX)
interactions give radii for the 1ds,, orbit in

O and thelfy, orbit in *Ca which were
within 2% less than those deduced from
the magnetic electron scattering form
factors.

The study on elastic magnetic form
factors of exotic nuclei and the magnetic

1
form factors of "'°C, *0, "F, and

“¥Ca  calculated in the relativistic
impulse approximation have found great
differences in the form factors of the same
nucleus with different configurations.
Therefore, the elastic magnetic electron
scattering can be used to determine the
orbital of the last nucleon of odd-A exotic
nuclei, their results can provide references
for the electron scattering from exotic
nuclei in the near future [4]. Through the
first order perturbation theory, core and
higher configuration orbits had been
included with 2hw excitation energy with
the use of Elliotte fitting (M3Y-E) as a
residual interaction to couple the particle-
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hole pairs beside the contribution of model
space 1f7/2 particle (single neutron) in
order to calculate total and individual
elastic magnetic electron scattering form
factors[5], and the results are in a good
agreements with the experimental data[2].

Theory

The reduced matrix element of the
electron scattering operator 7, can be
expressed as the sum of the product of the
one-body  density matrix  elements
(OBDM) X{ - (a.f) times the transition

single - part.icle matrix elements (TSPM)
{e|[|T,|/|@} which is given by [6]:

GIIEIIE) = Eus 5, B all24l18)

o and f label single-particle orbits
(isospin is included) for the shell model
space. The states |I7) and I}}are defined

by the model space wave functions. Greek
symbols are introduced to denote quantum
numbers in coordinate space and isospace,
ie., Ii =JiTi , [f=Jf Tf and 4 = JT .
Regarding to the first-order perturbation
theory (inclusion of discarded space), the
single-particle matrix element of the one-
body operator is given by [6],

feell| %l 16 =
'f;'-’f 1Tl + ] || B e | ) +
........ 2)

The first term is the model space part
(zero-order contribution). The second and
third terms are the first-order contributions
belonging to core and higher energy
configurations (hec). The operator Q is the
projection operator onto the space outside
the model space.

The (hec) terms given in Eq. (2) are
written as [6]
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Z (=15 Ratd (zr + 1) Eﬂ g Wher r_,=} for proton and -1/2 for

LSy T 85— 9, T g Fa @ neutron. Higher energy configurations are
taken into consideration through 1p-lh
excitations from the model space orbits

E:?Ft’:..

# otery | Vyes| Seta Meta ||| Tall | e into higher orbits. All excitations are
+ierm with @ anday exchanged considered with 2hm excitations.

withan over alimimessign ... 3) For the residual two-body interaction Vres,

the M3Y interaction of Nakada. [7] is

where the index a; runs over particle states adopted. The form of the potential is

and a; over hole states and e; is the single- defined in Eqs. (1) The parameters of

particle energy, which is calculated ‘Elliot’ are used which are given in Table

according to [6] as, 2 of the mentioned reference. A

transformation between LS and jj is used to

get the relation between the two-body shell

| o model matrix elements and the relative and

_§(l+1)<f (r )>n1 for/ :l_f the center of mass coordinates, using the

enlj.:(2n+l—% Jho+ harmonic oscillator radial wave functions
%l< fr)) for j:l+% with Talmi-Moshinsky transformation.

Electron scattering form factors involving
angular momentum J and momentum
transfer g, between initial and final nuclear

------------ “4) shell model states of spin J;, and isospin
Tif are [6, 8],

2

; T
With ) = [ @|r)
(@), ~—2042/3MeV <2J +) 701 T, M, T,

2 2
ho=454"13_25472/3 (5) XFem(@) xFrs(q)” ®)
Where V. is expressed as follows [7, 10],

The single particle matrix elements (c) n (LS) n (TN) n (DD)
reduced in both spin and isospin, are Vies = Vi2 T Vi2 Viz Viz

written in terms of the single-particle
matrix elements reduced in spin only [6],

r I’ K c (C)
| |F2 ]l |6 = Vi =X, Patt, Putt,” Pott,” P f,

12Tl Y - | L LSE (LS)
Norgp LLSUAL A Y, Vi =X, Pty Po [, ) LG+ 5)

TN TNE TN (TN)
....................................... (6) W )_Z(f( P+t O)Pro)f GO S,
With vjfm#wm X" Pyt 0+ XV P ST
EECED = —————————————————— (10)
1 forT=1
- 1}%":? for T=1 where t®9 | T {69 {TO are fitting

% parameters on the singlet-even (SE),
triplet-even (TE), singlet-odd (SO) and

........................................
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triplet-odd (TO) two-particle states,
respectively, while PSE, PTE, PSO and
PTO are the projection operators on the
singlet-even (SE), triplet-even (TE),
singlet-odd (SO) and triplet-odd (TO) two-
particle states, respectively, in central part
(c), and t(-SE) , t(LSO), are fitting parameters
on the singlet-even (LSE), singlet-odd
(LSO) two-particle states, respectively, in
spin orbit part (LS), and t™" | ™) are
fitting parameters on the singlet-even
(TNE), singlet-odd (TNO) two-particle
states, respectively, in tensor part (TN),
finally t®® and x®" are the density
dependence parameters (DD).
Results and discussion

Through the first order perturbation
theory and by the carefully selected
residual interaction the core + higher
configuration have been included with 2hw
excitation energy across the model space
in order to predict the best values of
modification for the total calculations and
the effect of realistic interaction and their
fitting parameters, so the comparison test
of these five sets of fitting parameters for
every case under study will reflects the
important informations about each term in
the core polarization realistic interaction
beside the search on the most suitable one.
Careful extrapolation of table (2) which
shows the fitting parameters for each
version of density versions which reflects
its effects on the calculation of core
polarization term and its effect on the total
results, and it is clear that all of these five
versions make the core parts deviated
from the experimental data [2] in
somehow reflecting finally in the deviation
of the total form factors in comparison to
the model space contribution as illustrated
in figures (1, 2, 3, 4, 5), but in another
hand and in the same figures the
distributions of the multipolarities are seen
to be have the same successive
distributions along the momentum transfer
ordinate for every version as same as that
found in ref[5] where M3Y-Elliotte fitting
had been used where some times written in
an abbreviation as (M3Y-E), but it is so
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important to compare between them in
form factors multipolarities fashion as
illustrated in figures (6, 7, 8, 9, 10) where
the comparisons between total core
polarization contributions in the elastic
magnetic form factors of the five versions
and for the multipolarities (M1, M3, M5,
M7) respectively. It is clear that they are
different from each other in their
amplitudes, diffraction minima and
momentum distribution and it is clear that
the calculations of M3Y-P1 are differing
from the four versions where they are not
so clearly separated in their general
behavior. Return to figures (1, 2, 3, 4, 5)
the model space contributions are so
closely coincide with the experimental
data in amplitudes and momentum
distribution so the conclusion is written as
follows: “in elastic magnetic electron
scattering form factors in *'Ca the unique
responsible is the model space contribution
and there are no core polarization
contributions or there are no core

excitation had been happened ( “Ca is a
hard core). Table (1) shows the values of
one body density matrix elements for
single  neutron  in 1f7,  model
space.dependent Michigan sum of three
range Yukawa potential (DD-M3Y) or
sometimes written in symbols belong to
the so called Ried fitting as follows (M3Y-
P1, M3Y-P2, M3Y-P3, M3Y-P4, M3Y-
P5), this table shows the difference
between these sets.

Table(1). The values of (OBDM) for elastic
magnetic form factor in “ICa.

MJ!| Ji Jr OBDM OBDM

(AT=0)) (AT=1)
M1 |72 72 1 1
M3 (72 712 1 1
M5 (72 72 1 1
M7 (72 72 1 1
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41Ca :Total Elastic magnetic form factor
using M3Y- P1 fitting
® exp.data
... core polarisation
E _aTotal M7 form factor —— model space

E —&— Total M1 form factor
[ —o—Total M3 form factor
1E-4 = _A  Total M5 form factor

——— total form factor

IF(q)12

1E-10
0.00 1.00 2.00 3.00 4.00

a(fm’)

Fig. 1 Total elastic magnetic electron
scattering form factors and total individual
multipolarities (M1, M3, M5, M7) with
M3Y-P1, exp data are taken from ref.[2].

B3 T

AlCa :Total Elastic magnetic form factor
using M3Y- P2 fitting
@ exp.data
......... core polarisation
— model space
——— total form factor

E —3— Total M1 form factor
[ —OTotal M3 form factor
1E-4 & A Total MS form factor

F _aTotal M7 form factor

IF(q)12

0.00 1.00 2.00 3.00 4.00

atfm’)

Fig. 2 Total elastic magnetic electron
scattering form factors with and total
individual multipolarities (M1, M3, M5, M7)
M3Y-P2, exp data are taken from ref.[2].
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T T T ]
MCa :Total Elastic magnetic form factor
using M3Y- P3 fitting

F sk Total M1 form factor
[ —o—Total M3 form factor

anal 4 oeaa

@ exp. data
1E4 = _aTotal M form factor . core polarisation
E _aTotal M7 form factor model space

——— total form factor

N ]
= 1E6 4
= E)
[ }
1E7 4
1E-8 <
1E-9 4
1E-10 P PR LRy |
1.00 200 3.00 4.00
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Fig. 3 Total elastic magnetic electron
scattering form factors and total individual
multipolarities (M1, M3, M5, M7) with M3Y-
P3, exp data are taken from ref.[2].

1E3 — 7

Alca :Total Elastic magnetic form factor
using M3Y- P4 fitting
® exp.data
......... core polarisation
— model space
——— total form factor

E s Total M1 form factor
[ —o—Total M3 form factor
1E-4 = _—aTotal M5 form factor
F _a Total M7 form factor

a(im’)

Fig. 4 Total elastic magnetic electron
scattering form factors with and total
individual multipolarities (M1, M3, M5, M7)
M3Y-P4, exp data are taken from ref.[2].
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1E3 ; ; ; — 5 1E3 R : —
Fox “ IEl ic form f i E “oa
£ Total M1 form factor Ca:Total Eua:’"m me"i‘:ﬂg:ﬂm . F ML: core polarisation using M3Y-P1 dat
[ —oTotal M3 form factor o0 bhta 9 | [ * ML core polarisation using M3Y-P2 ® exp.data
1E-4 | A Total M5 form factor ... core polarisation 4 164 L —_— Ml:» core pnlarl}sau‘un using M3Y-P3 model space 1
E__a Total M7 form factor ___ model space E ——— Mi:core polarisation using M3Y-P4

E  ——— Ml core polarisation using M3Y-P5

——— total form factor

IF(q)!2
sl 4

0.00 1.00 2.00 3.00 4.00

atim’)

1E-10 =L L
0.00 1.00 2.00 3.00 4.00

a(im)
Fig. 7 Comparison between Total core

polarization of elastic magnetic electron
scattering M1 form factors with the use of

Fig. 5 Total elastic magnetic electron
scattering form factors with and total
individual multipolarities (M1, M3, M5, M7)
M3Y-P5, exp data are taken from ref.[2].

e five versions of M3Y interactions, exp data
T e e are taken from ref.[2].
1£a Total core polarisation using M3Y-P3 model space

Total core polarisation using M3Y-P4 E|
F ——— Total core polarisation using M3Y-P5

B /"7 "7
] : _ . “
F X M3 core polariation eing Mav-p2 o op oo
——— M3: core polarisation using M3Y-P3 model space
o 1E-4 E —— M3:core polar!sat_\on using M3Y-P4 E|
= i E-—— M3: core polarisation using M3Y-P5
T
1E-5 4
= s E
; T
1E-7 4
e 1 . 188 3
0.00 1.00 2.00 3.00 4.00
atfm’)
1E-9 4
Fig. 6 Comparison between Total core i
polarization of elastic magnetic electron o py” v~ - S
scattering form factors with the use of five atm)
versions of M3Y interactions, exp data are Fig. 8 Comparison between Total core
taken from ref.[2]. polarization of elastic magnetic electron

scattering M3 form factors with the use of
five versions of M3Y interactions, exp data
are taken from ref.[2].
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1E3 — —
4
M5: core polarisation using M3Y-P1 lca dat
X MS5: core polarisation using M3Y-P2 ® exp.daa
——— MB5: core polarisation using M3Y-P3 model space
1E-4

£ ——— M5: core polarisation using M3Y-P4 |
E ——— M5: core polarisation using M3Y-P5

1IF(q)12

0.00 1.00 2.00 3.00 4.00

qtim’)

Fig. 9 Comparison between Total core
polarization of elastic magnetic electron
scattering M5 form factors with the use of
five versions of M3Y interactions, exp data
are taken from ref.[2].
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1E-3 7 —
4
M?7: core polarisation using M3Y-P1 lca d
% M7: core polarisation using M3Y-P2 ® exp.data
——— M7: core polarisation using M3Y-P3 model space
1E-4 = _____ MT7: core polarisation using M3Y-P4 E
E ——— M7: core polarisation using M3Y-P5
~
c
S
fEAQ v I PR ik ST W
0.00 1.00 2.00 3.00 4.00
-1
a(fm’)

Fig. 10 Comparison between Total core
polarization of elastic magnetic electron
scattering M7 form factors with the use of
five versions of M3Y interactions, exp data
are taken from ref.[2].
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Table (2). Shows the values of the best fit to the potential parameters [7].

Raad A. Radhi and Firas Z. Majeed

Paf;ggi | unit | M3Y-E* | M3Y-PO | M3Y-P1f | M3Y-P2 | M3Y-P3 | M3Y-P4 | M3Y-Ps
A% (fm) 0.25 0.25 0.25 0.25 0.25 0.25 0.25
£ (MeV) 958 1 11466, | 8599.5| 8027. 8027. 8027. 8027.
¢ 7 (MeV) 1849 | 13967, | 10475 g 6080. 7130. 5503. 5576.
£ (MeV) seoa1 | —1418.| —1418.| -11900. ~1418. | —12000. ~1418.
£ (MeV) 0.0 11345. | 11345. 3800. 11345. 3700. 11345.
Ai° (fm) 0.40 0.40 0.40 0.40 0.40 0.40 0.40
£ (MeV) S105 1 3556, | —3556. |  -2880.| —2637.|  —2637. ~2650.
£ (MeV) 7611 4504, | —4594. |  -4266.| —4594.|  —4183. ~4170.
it (MeV) 2777 950. 950. 2730. 950. 4500. 2880.
£ (MeV) 0.0 ~-1900. | —1900. ~780. | —1900. |  —1000. ~1780.
4 (fm) L414 1414 1414 1414 1414 1414 1.414
£ 452 Mev) | 104631 10463 | —10.463 | —10.463 _12'46 _1(3)‘46 ~10.463
£ Mev) | 10463 1 10463 | —10.463 | —10.463 _12'46 _12'46 -10.463
¢35 Mev) | 1% 131389 31389 | 31.389| 31.389| 31.389| 31.389
£ (MeV) 3488 | 3.488 3.488 3.488 3.488 3.488 3.488
B (fm) 0.25 0.25 0.25 0.25 0.25 0.25 0.25
S (MeV) 0.0 —5101.| -9181.8 | —9181.8 | -10712.1 | —8671.7 | —1122222
e (MeV) 2672 | —1897.| 34146 | 34146 | -39837| 32249 | 41734
RS (fm) 0.40 0.40 0.40 0.40 040 | 0.40 0.40
S (MeV) -813.0 —337. ~606.6 ~606.6 ~707.7 ~572.9 ~741.4
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Table (2). Shows the values of the best fit to the potential parameters [7]

Par?fsmte unit M3Y-E* | M3Y-P0t | M3Y-P1 | M3Y-P2 | M3Y-P3 | M3Y-P4 | M3Y-P5
T (MeV) 2672 ~1897.| 34146 | —34146| 39837 | 32249 ~4173 4
R (fm) 0.40 0.40 0.40 0.40 040 | 0.40 0.40
e (MeV) -813.0 —337. ~606.6 ~606.6 ~707.7 ~572.9 ~741.4
Skl (MeV) -620.0 —632.| 11376 | -1137.6 | 13272 | 10744 | —1390.4
RE'I'F" (fm) 1.414 1.414 1.414 1.414 1.414 1.414 1.414
o (MeV) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tk (MeV) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
R (fm) 0.4 0.4 0.4 0.4 0.4 0.4 0.4
7| (MeVanT?) 0.0 -1096. | -131.52| -131.52 ~1096. 0.0 ~1096.
g (MeVim=?) 0.0 244. 29.28 29.28 244 0.0 244,
R (fm) 0.70 0.70 0.70 0.70 0.70 0.70 0.70
e (MeVRE™) |17 5 -309 | -3.708 | -3.708 | -30.9 0.0 -30.9
i (MeVaERT) | g3 156 1872 1.872 15.6 0.0 15.6
EE,-‘.'-.'_- (fm) 1.414 1.414 1.414 1.414 1.414 1.414 1.414
glrava (MeVER™) | ¢ 03 0.0 0.0 0.0 0.0 0.0 0.0
e | MeVEST) 36 1 00 0.0 0.0 0.0 0.0 0.0
g (MeV fm) 0.0 0.0 1092 181. 220. 248. 126.
£l (MeV fm) 0.0 0.0 1331 1139. 1198. 1142. 1147.

*Ref.[11], TRef[10].
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