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Semi-leptonic process for two nucleon system
micro-physics
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Heating due to nuclear excitation from NC reactions (4He, 12C,160,56F¢)
W.C. Haxton PRL60(1988)1999

[ Role of Neutrino-4He on shock revival ]
N. Ohnishi,K.Kotake,S. Yamada Astrophys. J 667 (2007)375

Study of neutrino reaction rate on a few nucleon system

4He  D. Gazit, N. Barnea PRL 98(2007)192591,PRC 70 (2004) 04880
t,3He E. O’Connor, D. Gazit, C.J.Horowiz, A.Schwenk,N.Barnea PRC75(2007)055803

T. Suzuki et al. PRC74 (2006) 034307, T. Yoshida et al. apj 686 (2008) 448, 4He, 12C (shell model)

What about Deuteron?
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15 Mg 150 ms after core bounce

Nuclear statistical equilibrium assumed

cf. Arcones et al. PRC 78, 015806 (2008)

Cooling region
(neutrino emission)

Heating region
(neutrino absorption)
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abundant appearance of d, triton, 3He, 4He



| Neutrino absorption ( heating region)
S. Nakamura, K. Sumiyoshi, T. Sato (PRC80)

v+d—+ N+ N1

Energy transfer cross section < ow >

Il Neutrino production (cooling region)
S. Nasu, S. Nakamura, K. Sumiyoshi, F. Myhrer, K. Kubodera T. Sato(APJ 801)

e+d— N+ N+v N+ N-—=-d+e+v

Neutrino emissivity &

Important relevance to neutrino physics, astrophysics
* Supernova (v—heating, v—emission)
» v-—oscillation experiment @ SNO

« Solar fusion (pp-chain)
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Well established method for electroweak process in a few nucleon system

1) ‘exact’ nuclear state vector (A_f, A_i) from solution of Schrodinger eq.
with realistic NN interaction (ANLV18, Bonn, Nijmegen).
2) Low energy effective interaction.

GrVud
V2

_Gr
V2

HOC — ] AT o(F)LOC(F), HYC 4z T (F)LYC (7)

Nuclear current tested by
photo-, electron-reactions, muon capture, beta decay
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Vector and Axial vector current

JP=VI— A% (¢=CC,NC)

Nuclear current consists of one-nucleon(lA) and many-body(MEC)
current (effective current due to truncation of Fock-Space)

JU = JI(IA) + JE(MEC)

IA CC Current
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Exchange axial-vector o
R. Schiavilla et al. PRC 58, 1263 (1998)
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e Fit AN A coupling to tritium (3-decay rate

e Rigorous three-body calculation
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PRL 87(2001)071301, PRL 89(2002)011301,011302
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Contact of micro-physics with hydrodynamics, transport equation

(A

verage energy transfer cross section
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<co>/A [107*cm2 MeV]

Thermal average of energy transfer cross sections
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* << ow > for the deuteron is much larger than those of 3H, 3He, 4He
« Small binding energy = rapid increase of < ow > at low T},
* < OW >y.q ) <ow >, N ~ 044 at T, =5MeV

$# < oW >y 4/ <ow>, N~ 025 atT, =5MeVandT,, =10MeV



Influence of inelastic neutrino reactions with light nuclei
S. Furusawa, H. Nagakura, K. Sumiyoshi, S. Yamada, APJ774 (2013)81
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Light nuclei affect favorably/unfavorably for shock revival
Non-negligible, but not dominant mechanism
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emissivity Q
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Note: detailed balance can be used to relate emission and absorption
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Neutrino emissivity

e capture NN fusion
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» Use profile (T,X_i, rho) of Sumiyoshi-Ropke at 150ms
» Electron capture on deuteron ~ proton

» NN-fusion can be comparable role as NN-brems



Change of v, emissivity due to deuteron
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Deuterons exit at the cost of the proton abundance + o (e p) > o(e d)

2

Effectively reduced v, emissivity
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Binding energy of light cluster
in symmetric nuclear medium

S. Typel et al. PRC81 015803(2010)



In medium effective Lippmann-Schwinger Equation

T(p,p',P,w+in)=V(p,p') —]dgqi”(p 9)G3(q. P,w +in)T(q.p', P,w + in).

gg(z) _ /00 dwdw'l — f(w) — f(W")

—00 2T 27 7z —w—w

A(w) A(w")

—2Im¥(p1,w + in)
A(py,w) = (P

2m

2 2 :
[w - bn REZ[PIJ-‘JJ} + [ImX(p1, w + in)]”

» Single particle spectrum in medium : quasi-particle approx.
2
Im2. — 0 A(p,w) — 2m0(w — 52— — ReX(p, E(p))
« Pauli on intermediate particles.

* Modification of NN interaction itself. (X)



Density dependence of Bound state energy (P=0)

Bound state (T=15M¢eV)
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Effects of medium on emissivity

Binding energy emissivity
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ANLV18 potential, including Pauli effect,
profile of S-R, at r=11.7km
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10th International Workshop on Neutrino-Nucleus Interactions in the Few-GeV
Region(Nulntl5)

HE:11A168(A)~21H (L) (2015)
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Long base line and atmospheric neutrino experiments and oscillation parameters
Confronting theory and experiment

Electron-nucleus reaction

CC and NC quasi-elastic neutrino-nucleus reaction

Pion production and other inelastic reactions

DIS and shallow inelastic reaction

Low energy neutrino-nucleus reaction

Future experiments

Path forward and future prospects

HE IR Za—R) /0 T4T7 ORE SELE ]
Kavli Instiutute for Physics and Mathematics of the Universe

http://bit.ly/nuint15
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Meson exchange current effect on Q
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Large effect on NN fusion !



dQ/dT N [erg/cmslsec/ MeV]

Why so large meson exchange current effect ?

1le+38 r r 1e+33

e d->nnve _
nn->de ve

5e+37 {1 5e+32 }

re=50km re=20km
re=20km
0 N a — 0
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% Higher NN kinetic energy causes large exchange current effect
% Axial exchange current & higher partial waves are important ; uncertainty



Comparison with np =2 dy data
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Exchange currents contribute about 10 %



Why tritium [ decay?

vd : Gamow-Teller (357 — 1S3) = Apgx ¢ is main correction

3H : Fermi (*1Sy; — 1Sp) & Gamow-Teller

0.03 |
0.02
0.01 |

p(x) [fm~]
0.00

-0.01 |

002 b
0 1 2 3 4

Schiavilla et al., PRC58,1263(1998)



FE,,-dependence of energy transfer cross section

vd CC

solid: 7}, = 5MeV
dashed: T}, = 10MeV
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+ Main contribution is from £, = 20 (60) MeV for 1, = 5 (10) MeV

+ High energy tail of cow x f is appreciable



Neutrino spectrum
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