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eak one body processes in nuclei

i)B* decay modes { ;X —}%_1 Y +e" 4+,
;X _};H Y +e + 1.

ii) lepton (e,u,T) capture by nuclei

e-capture (A, Z)+e — (A, Z —1)" 4+ ve

u-capture (A, Z) +p = (A, Z = 1)" +

e

A

r v+ (A Z) — (A Z+1)"+1"

7+ (A Z) — (A, Z—1)"+17
ucleus induced reactions 1 . (A, Z) (A, Z)* +
r+(A Z) — (A, Z2) +7



pture In astro-physics

)cess plays important role in core collapse SNe. The
rts malnly due to

bFe+e” = Mn+u,

(perimentally is well studied

eoretically is investigated using various nuclear models
. Fermi gas models

i.Shell model

.Random Phase Approximation (RPA), Quasi-particle Random
‘Phase Approximation (QRPA)

e is particle conjugate process of CC v _-nucleus reaction



ction Hamiltonian
of weak interaction is written in current-

“current-current interaction”
G=weak coupling constant
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polar-vector axial-vector
2se components are written (nucleon level)

<p| J 0) | p >= a(p")[Favsy, — iFpysqu]meu(p)
<p Ji( ) | p>=u(p))[F) v, + FY 00,¢" 17u(p)

the hadronic Form Factors, function of the,qu, 4-momentum
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Vector form factor
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Results and Discussion

1)We have chosen to study the e-capture by the iron group peaked
nuclei: Ru, *Ru, '*°Cd, '°Cd,**Sr, "°Kr, "“Se, %“Pd, **Mo, **Mo The
lightest stable Isotope of Isotopes chain belonging to the same chemical
element, (Z= constant).They lie close to the proton drip line

These nuclei are important from an astrophysical point of view in:

(a)Explosive nucleosynthesis ( the main subject of my PhD Thesis)
(b)Stellar nucleosynthesis and evolution of chemical elements in

Galaxies



n otopes for e -capture
pes studied here are stable

Periodic Table



QRPA calculations

- We are gomgtododetalled Nuclear structure calculations for e-capture
by using the QRPA method

From a nuclear structure calculations point of view this study includes:

»Construct the energy spectrum (QRPA energies)
»Make various checks for the QRPA nuclear wave functions
»Perform detailed calculations for the corresponding cross sections

Up to now we have computed:
The ground state of the studied isotopes
The excited states of the *°Ru and '*“Pd

We expect to receive results for cross sections soon (to be presented in
MEDEX 2013, topic “e-capture revisited”)



potential — WWoods Saxon)
interactions Bonn C-D (one meson
ange potential)

Renormalization of the interaction for the explicit
clear isotope studied
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mination of pairing parameters g __P™

pair

arameters for the interaction of proton and neutron pairs g

palr

utron pairs gpair are determined by adjusting the empirical
ps from neighboring nuclei. This is the three-point formula

7 = —{Sal(N — 1), 2)] = 28a[(N, 2)] + Sal(N + 1), Z)]}

AT = —%{Sp[(;“f,ﬁ’ — 1)] — 25,[(V, Z)] + Sp[(N, Z + 1)]}

o i



9190 0,886 0872 10874 7.353
9116 1,027 0861 11923 8867
2078 0963 0823 12066 8545

9145 1,135 0637 12673 7457




he excited QRPA states

RPA Equations

A B =N e |2
—B —A Lol Rl
ere X,Y are the amplitudes for forward and backward scattering

rmination of strength parameters gpp(particle-particle) and 9.,
e-hole)

D onelly-Walecka method the solution of the QRPA Equations
ed separetely for each multipole set of states.



of states

The model space used for *Ru consists of 14 active levels (core °O)
| With N= 27w, 3hw, 4ne and levels o,

D‘h-g/g

r '*“Pd consists of 11 active levels (core “*Ca)
5 with N= 37w, anw  and levels  0hii/2, Ohg o




Shell model
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lear isotopes we started to study e- capture
Fhis set of nuclei is important for explosive
thesis and chemical element evolution.

Je have constructed the ground state of the nuclei using BCS
method and the excited states using QRPA

expect to receive e-capture cross sections soon
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Form Factors

bﬁk ﬂﬁfk bﬁfk ﬂ'pE,k bE,k

12.31 828 21.30 -0.19 11.12
25.57 - 77 - 15.16
30.61 - 238 - 21.25




ions for the 7-basic reduced ME

ases wave functions all basic reduced ME take
pact forms

MNmax

GilIT G2y = e~y 2 T(y) = ey 3" Py
=

Nmax ng
H(y) = Z ’Pj yroy = QT Nnar = (N1 + Ny — 3)/2.
=0

lvantages of the above Formalism :

oefficients P'are calculated once (reduction of computer time)
an be used for phenomenological description of ME

e useful for other bases sets (expansion in HO wave-functions)

= iy



of the coefficients P”"

Operator
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%Ru 5540 2,158 0987 0,835 | 10,604 7,344 1,0824 1,0821 1,4955 1,4954

06cd 1,250 2,190 0,886 0,872 | 10,874 7,353 1,3492 1,3497 1,5057 1,5057

BGr 0560 2116 1,027 0,861 | 11,923 8.867 1,6137 1.6142 1,8685 1,8698

Se 0,890 2,078 0,963 0,823 [ 12,066 8,545 1,9279 19272 1.8037 1,8036

20Mo 14,53 2,145 1,135 0,637 | 12,673 7457 1,7923 1,7920 14171 1,4162




uclear semi-empirical mass formula

M(Z,A)c?=ZM c*+(A-Z)M c*-B(Z.A)

| : _ap/A1/2
- B(ZA)=a A-a A*°-a Z°|A""-a (A-2Z)*IA +0
u u +3 /A1/2
Surface energy ATt P
Term ‘V' Term
'.f_‘esg’nTmetry ‘ Coulomb u
Term Pairing

Term



PIOXEC NeTpIVWV:
INANG EVEPYEIQC E <20 MeV

~ 1)HAiaké verpiva
2)XaunANG evépyelag Supernova VeTpiva

f. Mepioxn péong evépyelng  20MeV < E < 50 MeV
| 1)YWnANC evépyelag Supernova VeTpiva

ploxn uwnAng evepyelag S0MeV < E < 1-2 GeV

1) HAlokwv EKAGU@EWYV VETpiva

) AOTpPOQUOIKG VETPIVa



8 8,293 10,183 1,557 1,197

1080 8,140 10,339 1,492 1,357

"®Kr  0.355 8,234 12,081 1,818 1,636

- "Pd 7,806 10,568 1,495 1,309 1,4938 1,308

; 94M0




lepiodikoc lNivakag

£, number of protans

B stakie
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M, number of neutrans
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(Normal or Abnormal Parity)

method we need the ME of 7 basic definite parity

operators
= N, (gxr) — S 7o (o) Y 50,
M = SSZh,(gr) — N7/ - o,
i Car) — i { L = M o) b
= > (av) — { Mg} - o
= Af(ar) — DML (qv) - S,
= A Gar) — —i oY = ML ()} - V.

1
= XA, (gr) — ALV (grio - EW-



96Ru

98Ru

106Cd

108Cd

84Sr

78Kr

74Se

102Pd

92Mo

Determination of nuclear parameters
Abunda

nce (%)

5,940
1,870
1,250
0,890
0,560
0,350
0,890
1,020
14,53

9,150

b
(h.o.)

2.158
2.165
2.190
2.196
2.116
2.094
2.078
2178
2.145

2.152

Qpai,n
0,987
0,978
0,886
0,927
1,027
0,979
0,963
0,978

1,135

0,908

gpairp
0,835
0,889
0,872
0,965
0,861
0,812
0,823
0,958

0,637

0,870

Sn
(MeV)
10,694

10,183
10,874
10,339
11,923
12,081
12,066
10,568
12,673

9,6780

Sp
(MeV)

7,344
8,293
7,353
8,140
8,867
8,234
8,545
7,806
7,457

8,490

A exp
(MeV)

1,0824
1,1971
1,3492
1,3567
1,6137
1,6360
1,9279
1,3094
1,7923

0,9793

A theor
n

(MeV)
1,0821

1,1975
1,3497
1,3574
1,6142
1,6354
1,9272
1,3085
1,7920

0,9781

A exp
p
(MeV)

1,4955
1,5567
1,5057
1,4917
1,8685
1,8177
1,8037
1,4947
1,4171

1,5105

A theor
p

(MeV)
1,4954

1,5535
1,5057
1,4924
1,8698
1,8172
1,8036
1,4938
1,4162

1,5094
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