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Motivation
Supernova neutrino-process

S.Woosley, ApJ (1990) has proposed supernova neutrino-process as the
origin of several heavy isotopes.

A. Heger, PLB (2005)
Calculation for several isotopes

Neutrinos

Neutrinos

He Li. !B, T. Yoshida, PRL (2005,2006)
C/O
O/N_e 138 a, T. Hayakawa, PRC (2008, 2009)
Si 180Tq, T. Hayakawa, PRC (2010a, 2010Db)

2Nb, T. Hayakawa, APJL (2013)

Neutron Star

Neutrino-induced reactions produce new isotopes.
Neutrino-nucleus interactions are key physics.



Neutrino-nucleus interactions
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It is almost impossible to measure directly neutrino-nucleus interactions for
many isotopes and thus we should calculate it with nuclear structure models.
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M1 strength

An example calculated by a QRPA model
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FIG. 2. (Color online) Cross sections by charged current reactions
B¥Ba(v,,e ) ¥ La* and """Hf(v,,e)"*"Ta* for J, = 0F ~ 4= states.
Transition matrix elements are calculated by the QRPA, Eq. (4).

M. Cheoun, et al., Phys. Rev. C82, 035504 (2010)

1+ states (M1) are most important.

. / Experimental level density

of 1+ states (M1 strength)
help theatrical calculations !

—} ™~ Other states are also

populated via neutrino-
Induced reactions

Model calculations for nuclear
structures are required

even if many types of strengths
are measured.
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On v-Polarization Effects in Photonuclear Heactiuns..

A, AGgoDl

Tstituto di Fisica dell’ [niversita, Centro Siciliano di Fisica Nucleare - Catania

. (ricevato I'S Settembre 1956)

Summary. — A detailed derivation is given of the most general angular
distribution of photonucleons consistent with the conservation principles
tor angular momentum and parity. Its azimuthal dependence, when
photons are linearly polarized, is disenssed, with particular emphasis
on the physical information obtainable without using any model for the
reastion or the nucleus.
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where o is zero for magnetic and 1 for electric multipole,
L is the angular momentum of the multipole, and the
parentheses are Clebsch-Gordan coefficients as used by
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G. 2. Diagram of the experimental apparatus Agl:ldl, "I-"."h].L'.h ]."E'd'l.] ce 1.{]

ELEVATION Menitar

Hp1= = EEJ."'.I:I.;] , Oiga= ':I"E_."lrS'[I{I § and ML= I5|fim"'fﬂ'l:l .

E.M. Kellogg and W.E.Stephens, PR, 149, 798 (1966)
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L_evel scheme of 196 Au
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Synthesizer
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Neutron Yields
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Neutron Yields
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Question

Why the anisotropy for Gold is the maximum ?

In the heavy nuclei, level density becomes high and anisotropy
may vanish.
However, the measured result is opposite with this prediction.



Neutron signals (A.U.)
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|_evel scheme of 1°%Au
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The highest neutron is
the transition from the
highest excited state to
the ground state.
Thus, the anisotropy is
clearly observed.
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The energy gate is effective !
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K. Horikawa, et al. to be published in Phys. Lett. B (2014)
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Light Output, % Anthracene 64 55
Scintillation Efficiency,
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Wavelength of Max. Emission, nm 425 370
Rise Time, ns 0.9 0.35

Decay Time, ns 2.1 1.6
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