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Introduction: Why is necessary a global model?

¢ Nucleosynthesis of heavy elements in stellar reaction takes
place in regions far away of (3-stability line.

¢ In these regions there exist very few (or not) experimental
data.

¢ Great number of nuclei involved in the reactions:
p-process ~ 2000 nuclei (y,n),(y,p),(y, a),n-,p-, u-cap, B+
s-process ~ 400 nuclei (n,y), B-, EC

o-process ~1000 nuclel n-,p-, v-capture, photodis.
r-process ~ 4000 nuclei (n,y),(y,n), B-, Bdn, a-decay,fission.
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Introduction: Theoretical Models

(i) models with microscopical
formalism with detailed nuclear
structure, solves the microsc.
quantum-mechanical Schrodinger
or Dirac equation, provides

nuclear wave functions and (g.s.-

shape E., , J*, log (ft), T4p» ...)

sp ?
Examples:
Shell Model (Martinez etal. PRL83, 4502(1999))
Self-Consistent Skyrme-HFB+QRPA
(Engel etal. PRC60, 014302(1999))

Density Functional+Finite Fermi Syst.

(Borzov etal. PRC62, 035501 (2000))

(i) models describing overall nucler
properties statistically where the
parameters are adjusted to exp.
data, no nuclear wave funct.,
polynomial or algebraic express.

Examples:

Gross Theory of 3-decay (GTBD)
Takahashi etal. PTP41,1470 (1969)

New exponential law for 3.....
(Zhang etal. PRC73,014304(2006))

14,0 from ~GT in r-proc.

(Kar etal., astro-ph/06034517(2006))
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Introduction : Why this model?

1) GTBD describes systematically the nuclear properties in the
B-stability line and allows a extension to driplines.

i) It is a parametric model that combines single-particle arguments
and statistical arguments in phenomenological way.
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GTBD (Gross Theory Beta decay) model (i)

GTBD estimates the B-decay strength function |M,, (E)|? where Q is the B-decay

operator. Here all the final nuclear levels are treated as an averaged function
based on sum rules of the B-decay strengths.

Experimental definition - Duke etal.
NPA151(1970)609.

S,B =C| MQ(E) |2:Cm2,0(|5) ]:> S'B(E) _ b(E)

f(Z,Q;,-BE)r,

. b(E) absolute p-feeding per MeV
B-transition matrix element level density f(Z,QB-E) Fermi function

T4,» B-decay half life

I_O;‘MQ(Ejsz _ (\PO,Q+QLI’O Sum rules l

1
1TSS, (ENT(Z.Q, - E))

" Elm, (E) d = (¥, [HQ]Y, )

0<E;<Qy
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GTBD model (i)

B-decay strength function is treated as an
averaged nuclear matrix element

Mo (E)[P=|(¥,,Q%,)[ p(E)

Mo(E)f = [ Do (E. W (E,0) Tids
/ E

one-particle strength function I one-particle level density
weight function

Gausssian type Lorentz type

e 0
2r (E-E,) +(T,/2)*

1 —~(E-Eqp)* /(204)°

DQ(E):T\/TG

DQ(E):
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GTBD model (iir)

For Fermi strength in limit of good isospin

[IM(E)PdE =N -z [l | M (E) PdE = 3(N - Z)

ot = Ef

For Gamow-Teller strength Ikeda sum rule

E
E. =+(1.44ZA™" —0.7825)MeV; ﬂi./

‘ _ 2 2 Adjustable
Ousr =+/0c+0
o =0, =0.157ZA"*MeV. - ] parameter

E., =E. +26A"° -185(N-2)/A

E..=E_.+0
Es;; =E-+6.7-30(N-2)/A ! i

Nakayama etal. PLB114(1982)217
Spin-orbit splitting A, <20 A-1/3
Isospin dependence

Tachibana etal. PTP84(1990)641
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GTBD model (iv)

Total decay rate for allowed transitions

2

= 2{93 [1F +gi|j&|2}f(E, ~E))

P2

e

Schematic ilustration of GTBD

MBI

Solid lines [M:(E)|? : (a),(c),(e)
IMar(E)I? : (b).(d).(f)
dashed within Pauli Principle,
(e),(f) superallowed transition
P: parent nucleus | —
D: daughter nucleus WLER IVMEE N
I: IAS, B: range of 3-decay
Credit figure: Takahashi & Yamada, PTP 41,1470(1969)
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GTBD model- Fitting procedure (i)
e GTBD1 0 GTBD2

| | ()lobm( 1;;’)(77))

n=1

g0 (a7t ()]

1) Branching ratio AT ~ 50% 1) Explicit dependence exp.
total branching ratio Error
i) Qz—gs 210A"3

_*erp exp

0 logy,(7 T1/2 (n)) = 10%110{7’16;39(”)‘|‘OT1/>(“)] 10g1o[Tf;£:§(’n')]|-

i) logft<6

i) In both calculations the nuclei were separated in
(N,Z) even-even, odd-odd, even-odd, odd-even

10
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GTBD model- Fitting procedure (i)

No

o= Y [logsy (rim)/ri )]

n=1

even N- odd Z

‘1 — —even N-even Z

\ — - — odd N-even Z

. —— odd N-odd Z
\Y

logyo(7{%(n) /(1 (n)) |
0logyo(Ty/5" (n)) ’

1E+005 — 5 1E+003
- | Mn é‘i : Ni
R o L
& i B— ) |
o 1E+003 \'!\J ©
\—o—@ | \
1E+002 = | *‘ e i O . ‘
£ N \ | 1E+002 |
1E+001 ‘ L
P T*‘ ' ' |
1E+000 | * .%ﬁ |
. : | | | ®
Experimental . .f Rk A
EFTSI+CQRPA . ¥ \
1E-002 | & % 1E+001 | =
EFTSI+GT2 B B | B\
o H.‘H.‘Hl..l‘.. ‘| | Ll | ‘ N N I ?
GTBD1 = 5‘5 80 65 70 60 65 70 65 70

GTBD2 SR
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GTBD model
Numerical results (i)

m

log (T, 5™/T;27)

RS -

odd N-odd Z even N- odd Z

20 30 40 50 30 40 50 60
Q.A"

N —Z

(parent)

odd-odd 9.7 (45.5)

even-even : 9.3 (12.9)
odd-even 6.1 (9.4)

even-odd 7.3 (6.5)
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GTBD model
Numerical results (i)

:
:
IO\IZZ/NO

g
R
—
-
To
.
=
(=)
=

77:

N-Z

(parent)
odd-odd

even-even

Exp.
Gaussian
Lorentzian

odd-even

even-odd
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Neutrino-nucleus interaction (i)

Semileptonic weak interactions with 12C,
O’Connell, Donnelly &Walecka PRC6, 719(1972),
J.D.Walecka, Muon Physics, Acad.N.Y. 1972.

Current
neutrino

B Weak Hamiltonian
(Walecka’s book)
G : Fermi coupling constant

Hadronic current operator non-relativistic

1 .
o(E,J;)= p'_E' F(Z+1,E )Id(cos OT (| K ,d0) (Krmpotic etal. PRC71, 044319(2005))

27 ] Neutrino-nucleus cross section

={J M |‘]ae_ilz.r|‘]iMi
< )

G? .
T,(k[.J))= ZZ|<J M [Hy [3M)] = Zoa oL
ss MM, 2J, +1 _

: Nuclear Matrix element
Lepton trace 14

Transition amplitude
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Neutrino-nucleus Interaction (II) (i) Kuramoto etal. NPA 512, 711 (1990)

: ‘ (iii) Luyten etal. NP41,236 (1963)(u-capture)
(i) J.D.Walecka, Theor. Nuc. and Subnuc. Phys. ‘95 (iv) Krmpotic etal. PRC71, 044319(2005).
(dgg;;)w Ml i B8 L r+ 1) [ZGMZW}

~ all are equivalents.
where

1y, Ip)

v i =G* {E go | My (NP + (@4 + T ML
a&zHJfHMJ(q)+§Lf(qwf>\2 ZJ: ool g7 | My (@4 +Zp) M

— gaMa D] + Loo[R[@y My (J) — 28w M%)
X Ty MWD + (@2 — 2847 22) [ ML

s [[ANTTE @I + (7 1 7@ 14 ]

22 2 + Y Layl(ga — MEHMYT) — gy MEWD[
0 5 ® M=0+1
—q s i _
Flan | — wtar? o (2Rl 177 @) 1) | )| ). - 2By [ Fy M) — gy MS D ML)
— " . + (g4 — 2| @a + TpIML)
bgupiecond gl using four elemental operator By

Sriner) = jiler) [Yo(B) @ alry . 04
Prow(r) = joer) [Yo(®) © ¥y from (iv) — gaMu () MG )y (237)

Y raeler, o - ¥) = jrler)¥YdB)o - v)

. o 5 Ev s 5
MY () = Y rar (i), (I) <_)(IV) My = (m#) ZJ:\MV(J’)\ ;
My(T) = ~(J£ Y 7 er) | 7, iM 2
21 AM(/( r)= ( ) P]]M(’Cr) 5 Ev 55 5
w3 (M) 3 (i) o]~ ) T3 e
Al = Z LE T 1Sy (er)|| ), Ay Ger) =i ﬁ(—)Zf FrouPri(er), g 2
M} ( ) PNIZAG
¥ (ier) = Syralier), (2.46) m.) -

2
=iV Y b, | Z|MV(J)|

ey =i’ iiﬂ “FrioSuler), (Flali® = Z Z |MAAJ(J)|2= (III) (_)(IV)

7 M=0+t1
1=i41 |

; 2 2
Qé”(u):(%)Y]M(u,mv), A= 52(\M?4(f)\ — (ML)

J

Mald) =1~ (e Y pGer, o - W) i),

5 41

4 o
D i Fron (I P Gen)lI )

M
1-]:
Myild) 27 +1 &




Nuclear Many-Body Approaches for the 21st Century (07-3) - Seattle November 2007

Neutrino-nucleus interaction (i)

Neutrino-nucleus cross section is important to Neutrino-nucleus cross section is important

constrain parameters in neutrino oscillations. in astrophysics:
LSND experiment
PRD74. 112007(2001

v, > V.V, >V,

Fuller & Meyer, AsJ 453, 792 (1995)

200
. .. CRPA = ‘Neutrino Capture and Supernova Nucleosynthesis’
150 — O, it >
r ¥ — PQRPA Gf'_", 10°F
E £
100 i 1
: n2 2N-5 ¢ i 2
= Ji z< > ft (meC ) (Qn + Ev)
ij
of . L : = : o2l I 2
- e Vi E F LR L _ 2 _ | f
I < Sﬂ=2(|MGT| )if _annn6 2 2|
oL Lt f if Ji Jq
k <
oF [ - e } .-,\_:.;.:?;\ McLaughlin & Fuller, AsJ 455, 202 (1995)
001~ . i g aamed K e fre omm—y pmvaney ‘Neutrino Capture on Heavy Nucler’
0.005 Samana et al. PLB642 (2005) 100
I (@) increasing probability oscillations.
(b) confidence level region is diminished

oL
50

Difference in o, between
PQRPA and CRPA
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Neutrino-nucleus interaction (iv)

Y.-Z. Qian etal. PRC55, 1532(1997)
‘Neutrino-induced spallation and supernova r-process nucleosynthesis’

G’k cos” @ off <2
o(E,) =%keEeF<z +1LE)[Me(E) 2 +(g5)* Mo (E) ],

[Mg; (E) '~ S exp[—(E —Eg; )" /A'].

Balantekin & Fuller JP629,251 3(2003) 2516 A B Balaniekio and G M Fuller
‘Supernova neutrino-nucleus astrophysics’ i ic g

-analise open question for neutrino-nucleus interactions in
core-collapse supernovae,

-implications in neutrino mixing in supernovae.

We will use the GTBD to estimate
neutrino-nucleus cross section

17
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Gross Theory for the neutrino reaction (GTNR)

Neutrino-nucleus cross section dependent of E , (Krmpotic etal PRC71 (2005) 044319 )

in stellar conditions

o(E.1)=PEFz E)jd(cose)T (K,J)

2T

allowed transition

o(€)=" [BEFEZ+LE)G IMc(E)] +8} | Mc; (E) I

Neutrino thermal flux: zero-chemical potential Fermi-Dirac distribution
Thermal Neutrino-nucleus cross section

_ [@(E,)o(E, dE

Eth

18
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GTNR Numerical Results (i)

is a function of temperature. |
We evaluate in Tv=4 MeV. LAY S |
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Reduced thermal cross section (G, )/A Tv=4 MeV.
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GTNR Numerical Results (i)

w

(]

EFTSI+CQRPA
@)
(b)
(©)

EFTSI+CQRPA

Borzov et al. PRC62(2000)035501
(a) Gauss. Eg= E;

(b) Gaussian Es= Ef +0

(c) Lorentzian E= E+0

even N- even Z

[
i odd N- even Z
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P &
=@ ) =]
Fey H o

(s BT r A

odd N- odd Z
COm D,cEk) Gaussian

20 30 40 50 60

A

Al
Ao Ao A

70

even N-odd Z

10 20 30 40 50 60

A

70




Nuclear Many-Body Approaches for the 21st Century (07-3) - Seattle November 2007

Summaring Conclusions

¢ The results for the decay rates overestimate the experimental data. This
is a general result for the GTBD.

¢ We have evaluated the folded neutrino-nucleus cross section with a
neutrino thermic flux for nuclei with A<70.

¢ Our theoretical results for these cross section are closed to those
obtained from other microscopical formalism more ellaborated.

¢ The actual (o) can be ‘adopted’ as a superior limit for future microscopic
calculations.

..and more

¢ The formalism of GTBD must be extended to take into account the
forbidden transtions.

¢ Evaluate the neutrino-nucleus cross section with GT2 and SGT.

¢ Use these new (o) to analise the r-process.
21
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..and more

¢ Using the numerical results for the decay rates with A<70, we
extend to evaluate these quantities in stellar conditions.

22
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...and more

¢ We pretend compare the results of the GTBD with more
ellaborated formalism SM, QRPA, PQRPA and FQTDA

For example: evaluate isotopic abundances
in presupernova scenario.

dy,  dyFc N dys
dat  dt dt ’

>

Xk

,14]‘
k
Results SM [2] < 1% that SM [3]

0.44 0.46 0.48

-1
‘r‘e (molg )

N 15}
(_)\EC + )\‘k)a

log |dYe/dt|(mol.g.5")

Results QRPA [4] >30% that SM [3]

[2] Langanke etal. NPA673(2000)481
[3]Aueferheide etal. AJS91(1994)389 N —
[4]Dimarco, PhD thesis , SP, Brazil unpublished ve (mol.g”)

23
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THANKS

24
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