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Neutrino Physics and Cosmology Today

Neutrino Mass

Cosmology
CMB and LSS constraint from cosmological parameter-fit:
Im<13eV(2cCL) (Immm)p ©h2<0.013
WMAP-5yr, 7yr: Komatsu et al. (2008, 2010)
New constraint: CMB + Magnetic Field + “v+Prim.” Anisotropic Stress:

¥m,< 0.8 eV (1o C.L.) ||~ Q,h? < 0.008 (10)

Yamazaki, Ichiki, Kajino & Mathews, PRD (2010), in press.
Nuclear Physics Kojima, Kajino & Mathews, JCAP 02 (2010), 018.

Ov-pB:  [SU%my|<1~6ev  lImmmp 0.1-0.05eV!? (future)
Lesgourgues and Pastor (2006)

Neutrino Mass Difference and Hierarchy

Particle & Nuclear Physics: Underground Lab. + Long-Baseline Exp.

Nuclear Astrophysics: SN Neutrino Nucleosynthesis




“KNOWN” Neutrinos

Super-K, SNO, KamLand (reactor v) Super Kamiokande (atmospheric v)
determined Am,,2 and 6, uniquely. determined Am,.2 and 6,5 uniquely.
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SN-neutrinos: : L .
Yamazaki, Ichiki, Kajino,

;(Ekggj,(;;% etal.  “Several UNKNOWNS” wvathews (2009,2010)

(1)sin220,, < 0.1, (2) | Am 52| = 2.4x103 eV?2
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Various Physics Targets with wide Neutrino-Energy Range

1.9K 04 10 26 g5 Visible energy [MeV]
I I I I I >
| I I I I
CMB neutrino electron elastic scattering _ n
vie —v+e inverse betadecay | Ye TP — € 1
Cosmic Background 7Be solar neutrino geo-neutrino reactor neutrino supemova relic neutrino

etc.

Neutrino Cosmology Neutrino Astrophysics Neutrino Geophysics Neutrino Physics Neutrino Cosmology
) ) verification of SSM verification of earth Precision measurement verification of
verification evolution model of oscillation parameters universe evolution

of particle model

V.. V.V
PURPOSE °Tow T

1. To determine SN-v spectra, i.e. v-temperatures ?

2. To determine unknown v-oscillation parameters
from SN-nucleosynthesis ?



Direct sinal of
SN neutrinos 7

80
_ _ 1 )
Kamiokande (1987) = 3 5 5 ’
L g
‘ 1 " —)
Event of the Century! 0. 0 1 2 Time (sec)
n i *:*xlO:5
80" }..[4 : e ‘1'12 E
s N s B
60 | 0a 2
= a0 4}0.6 o
: | =
] ' I | :
0 ol ] I ‘1 : ! 1 (o
-20 -10 10 20 Time (sec)

(0T 073085, 2/23 87



Various roles of v’s
in SN-nucleosynthesis ™2« \
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V-Process

(138Lq, 180Ta, ...)
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Origin of 180Ta & 138 g M= CosmiT=pes<Irocess

138 a ~ spherical nucleus IS0\
180Ta ~ deformed nucleus

Tseerss

B decay s Photodisintegration reactions
%Ta Neutral current
""""" . Charged current
EC decak reaction
SHf Y B0 fAV ProCess




Impact of CEX Reaction on v-Process

Byelikov + Fujita et al., PRL (2007)

measurement of GT strength. A. Heger, Phys. Lett. B 606, 258 (2005)
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Overproduction problem of 18Ta relative to 38Lal

Spin-dipole + multipole forbidden transitions + GT contribute!
Ev =0~ 80 MeV



* No v-beam experiment yet for v-A X-section !
We can use Electro-Magnetic PROBE !

Similarity between Electro-Magnetic & Weak Interactions

— —

EM-current = V Weak-current =V - A
~ Oy’ ﬁaxcwz—(pﬂL P
A =~ g .o
Weak operator in non-relativistic limit
Gamow-Tellar operator = I <

Spin-Multipole operator = [0' X Y(L)] T,

Big-Bang nucleosynthesis with SUSY particle
/

“He(y, n)*He and 4He(y,/p)i”H

<4+P ‘He(v, Q’,)’ ‘He(v,, ), *He(v;, e*)

\
SN-v nucleosynthesis for determining v-oscillation param




Neutrino reactions on 138La and 18Ta via charged and neutral currents by
the Quasi-particle Random Phase Approximation (QRPA),
Cheoun, Ha, Hayakawa, Kajino & Chiba, PR C82 (2010), 035504.
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c, (1 042 cm2)

Cheoun, Ha, Hayakawa, Kajino & Chiba, PR C82 (2010), 035504.

Larger Spin-Multipole
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c, (1 04? cm2)

12000

10000 |

8000 |

6000 r

4000 r

2000

Cheoun, Ha, Hayakawa, Kajino & Chiba, PR C82 (2010), 035504.

Larger Spin-Multipole Contribution

180Hf _, 180Tgq

181Ta — 180Ta +n

Hf180-CC-EN-CS4 | 1200 |

1000 ¢

Total - 800
| 600 |

R <><> e S S

/v

S "in—Muti ole I
P ,P@,_,,g} 200

Tal81-NC-EN-NO

T ;% §i' /:;;*;Z‘:Wi'ﬁv
20 30 40 50 60 70



Problem of Isomer Ratio of 180Ta

Isomer Residual Ratio, isomer / (gs+isomer), is a critical factor
for the calculation of 180Ta nucleosynthesis.

% Linking transitions between K =1 and 9 bands

are extremely weak.

Planck
Distribution

Excitatoin Energy

= >
Photon Flux

1+ 0

K=9

A % 189Ta, and 180Ta™ couple with each other
through intermediate linking transitions.

Intermediate
states

75.3
3 T > 1015
Isomer *? y

180T am
18075 \\T,=8.15h " Ia
g B decay



Gamma-Decay Widths of Excited States

Saitoh et al. (NBI group), NPA 1999, ++
Dracoulis et al. (ANU group), PRC 1998, ++
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D. Belic et al., PR C65 (2002), 035801.
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Formula to calculate

time-dependent linking transitions
Hayakawa, Kajino, Chiba & Mathews, PR C81 (2010) 052801®.

In general cases:
dNo o -
= 2 P ApNo+ D P pByi(1 - ZP pByiNo + ZP o(1—No)
— —prf—f wp(—(F; — Eo)/kT) Ay N +2Pm—ﬁ ap(—(E; — Ey)/ET)A,(1 = Ny),  (6)

m;/mo

> (m;/mg)

m;/m; = (2J; +1)/(2J; + 1)exp(—(E; — E;) /KT,

Pi=m;/myotar =

In the case of 18%Ta;:

di\o B

dr ZPQ’_HP (E;—Eo)/KT) -"b+ZPf‘e:rp(—(Ei — Ey) kT (1—Ny). (7)

N~

Transition probabilities «= Experimental Data



Calculated Result

Hayakawa, Kajino, Chiba & Mathews, PR C81 (2010), 052801®.
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We carried out time-
dependent dynamical
calculations to obtain

Pi ~ 0.39.

This result is almost
iIndependent of SN
models, i.e.
total explosion E,
progenitor mass,
v-luminosity and
its decay time scale.



T. Hayakawa, T. Kajino, S. Chiba, and
G.J. Mathews, Phys. Rev. C81 (2010), 052801®

Our New Result

(1) We should reduce

180Ta™ abundance by

7 a factor Pi = 0.39.
s L% O 138La (2) We should use more
reliable v-A cross
- | W 180Ta sections, including GT
Y [] 180Taisomer and spin-mutipole
4 = transitions.

4

Then, both 138La and
180Ta abundances

L | can be consistently
reproduced by the

Mo
0 ' CC-int. of v, and v, of

solar gamma cC cC
system  only 6MeV 6MeV  8MeV T,.~T 5= 4MeV.




abundance

R-Process Yields in Type-ll SN v-Driven Wind Model

Yoshida, Terasawa, Kajino & Sumiyoshi, ApJ 600 (2004) 204
Sasaqui, Kajino, Otsuki, Mathews & Nakamura, ApJ 634 (2005) 1173
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Initial n/p ratio (& Y,) vs. v-Temperatures
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S.M. Austin, Prog. Part. Nucl. Phys. 7, 1 (1981)

The Creation of the Light Elements—Cosmic Rays and Cosmology

Table 4. Abundances of the light elements

Nuclide | N,/'H® X, (fraction by mass)®®
'H 1.00 0.75
’H (1.6+1.0)x107% (2.5+1.5)x 1073
3He (18+12)x 1075 (42+2.8)x 10"
“He 0.07540.009 0.23 £+0.02 (primordial).
0.0954+0.013 0.27 +0.03 (solar system)
SLi 70(2) x 10~ 12 300(2) x 1012
Li 900(2) x 10~ 12 4600(2) x 10712 __
9Be 14(1.6) x 10~12.  90(1.6) x 1012
top 30(2) x 10~ 12 200(1.6) x 10~ 12
1ig 120(2) x 10~ 12 900(2) x 10~ 12

11B/10B = 40540.10 GCR-UB/°B=2.0+-0.2

Measured Meteoritic Ratio Measured GCR Ratio




Supernova v-Process & Key Reactions

Yoshida, Kajino & Hartman, Phys. Rev. Lett. 94 (2005), 231101

_Inner O/CHe/CHe/N __ H 14N
‘10‘6
> o)
()]
=
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>
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< E
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10712 LI hn.h
6 7 8 9

2 '3 4.5
M,/ M,

“He(v,v’p)®H, *He(v,v’n)*He, 1°C(v,v’p)1'B
(*He(ve,e’p)He, *He e,e*n)®H, 12C(ve,e’p)''C, 12CFe,e*n)''B



yield ratio (m/pmm)

Overproduction Problem of Supernova-'B
Hoffman, Woosley & Weaver 2001, ApJ 549, 1085.
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Galactic Chemical Evolution of °Be &

log(N,/N,)

—9 R R R = a b Livermore Model
- E Tv,.= 8MeV
s 10 E‘ 10+11 B \E Woosley & Weaver 1995
= 5\ ApJS 101, 181.
Overproduction —
1D 3
P 8
-13 "Be | =
—14 ___3
-15 . o °Be:
- T 4 —Galactic Cosmic Rays
—16 OLD stars SUN | B + 1B
€ ’ —Galactic Cosmic Rays
—17 Bty oy 10 ¥ —Supernova v—process
-4 -3 -2 -1 0

Yoshii, Kajino, Ryan 1997, ApJ 486, 605

[0/H] =log(N,/N,)—log(N,/N,), Rvan Kajino, Suzuki +2001, ApJ549, 55



Grav. Potential

Detection of Direct Supernova vs

constraint Yoshida, T., Kajino, T., and Hartmann, D., PRL 94 (2005), 231101.
. . |
4106 Mys=1.4 M Consistent with SN1987A !
L [ L] l L) l L By LY -8 l 1 1 I L} I L] T L ] 2
T,=3 S
T,=8 MeV
310°

l'llll'lllllllll'llil

g i e Lg% L

Woosley & Weaver
ApJS 101 (1995), 181.

OVERPRODUCTION

Various progenitor
mases

Consistent with
Thomas-Janka et al.

c1 .1 2004 (MPA)

GCE constraints on 1B
from meteoritic 11B/°B

2 3 & 6

Yoshida-Kajino-Hartmann (2005)




SN v-spectra are now KNOWN !

s 5\5\2@

BRI T(Ve) < T(Ve) <T(v,)
E4E¥ﬁ—1—1
Natiorial Astronomical®@bsérvatory of Japan 20fo£7A+H No.204 T(Ve) — 3 . 2 MeV
AERTHRLHD GRMIFES > 20 180 OFEIRIZ _
| BEREEOZI Y/ T(ve) = 4.0 MeV
RO T . B T(v,) =T(v,,) =6.0 MeV
> .. \ R e B 2

S A > 1

-

1e neutrino spectra
T(Ve) < T(Ve) < T(Vy)

(1)s;|n22013 < O 1 ?

(2) Am 52 = +/-2.4x103 V2 ?

So=trrase————

Yokomakura et al., PL B544, 286
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Supernova v-Process & Key Reactions

H-Resonance

_ m/Ce/CHe/N H

6
g 10 ‘I & l (v,v'n)
— ' 1 12
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SN-Neutrino Oscillation (MSW) Effect on v-Process

Conversion Probability

Adiabatic Non-Adiabatic
1 W T i 1 T T T , —T—

09 - Ve Vg e 1 09 | Ve Vp -

08 | VH V’E - 08

0.3 v V - 03

o2p KT Ve 7 02| Vu V‘E

o | Radj [s{t])-I1arr dius] 1 00 o | Radius QZIL " _I . | 1
Center adius/R,,, — Center ““Radius,,,—
Parameters:

25M,,,,r SN model (Hashimoto & Nomoto 1999)
= S|n22913 = 004

- Am 2 = 2.4x1073 eV?

- L, =3x10° erg, 1, = 3 sec Fermi-Dirac distr. of v-spectrum,
so that the observed B abundance
- E\e=12MeV, E .=20MeV, E, . =24MeV  in Supernova Nucleosynthesis is reproduced.



MSW Effect: Wolfenstein 1978, PR D17, 2369; Mikheyev &
71 1711 _ " Smirnov 1986, Sov. J. Nucl. Phys. 42, 913.

LI/ B Rat|0 Yoshida, Kajino et al. ,2005, PRL94, 231101; 2006, PRL 96,
091101, 2006, ApJ 649, 319; 2008 ApJ 686, 448.
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Metal-poor Halo Stars

Observational Signature ?
r-enhanced Y

Li & 1B have already been separately
detected and measured !

SN products

Supernova Rem.




Presolar SIC X-grains from SNe

{Photo by Rhonda Stroud, Naval Research Lab.)

11B/10B

P. Hoppe et al.
ApJ 551 (2001) 478.
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Hamiltonian Dependence of v-A cross section?

Haxton’s SM cal. (Woosley et al. ApJ. 356 (1990), 272)

¢
- . . . . (o,y) ¢
Suzuki’s new SM cal. with NEW Hamiltonian B+ )
Suzuki, Chiba, Yoshida, Kajino & Otsuka, PR C74 (2006), 034307. B 1g| "’
Suzuki, Fujimoto & Otsuka, PR C67, 044302 (2003) = SFO &"‘V (e-,ve)
12C: SFO Hamiltonian = Spin-isospin flip int. with tensor : (o)
force to explain neutron-rich exotic nuclei. 3He|<—|4He| TLi
(v,v'n)
- ui-moments of p-shell nuclei vy A ay)
- GT strength for 12C>1?N, 1*C>1N, etc. (GT) 34
- DAR (v,V’), (v,e-) cross sections
Cheoun et al., PRC81 (2010), 028501: QRPA
<20 “C | o - we[ "L 2C(vee)N .
é o l: . o* g
iy SFO —— 2 "-E 8oL 1" R
Total S
1 - L %« LeNDduafor™N T
Tao| ZC(voe)N@s1Y) BTy
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5 10 15 20 25 30 35 40 0 10 20 3 40 & & T B

Ex (MeV) E, (MoV)



Hamiltonian Dependence of MSW-Effect on 7Li/*'B
New SM-c,(E) using WBP(*He) &

Previous SM-c,(E) of Haxton : _
_ SFO(*?C) interactions
Woosley, Haxton, Hoffmann, Wilson, ApJ. (1990).
Hoffmann & Woosley, ApJ. (1992). Suzuki, Chiba, Yoshida, Kajino & Otsuka,
Phys. Review C74 (2006), 034307.
1 LAY A R LA ror R 1 |_ T R | oo oo ’ -_|
I normal ] : :
i | normal ;
50.9 : 0.9 ]
=~ | | -
2 08} 0.8 ————j
~ [ ! |
= : 5 |
0.7 0.7 | |
S [ i inverted
z | =
0-6 -— - —] Q-ﬁ L FEFErETETT FESFErETTTT FEEr T PR | PR -_'I
10°° 10 107 10°® 10"1'2 102
sin 2913

. 2
sin 203
Normal / inverted, well separated !
Mixing angle 0,; dependence, almost the same !

- ‘Li/*B-ratio is SM independent !



SUMMARY

1. v-process (especially on 18Ta) and r-process nucleo-
syntheses in core-collapse SNe provide unique tool to
determine the neutrino spectra. Neutron star properties
are almost independent on progenitor mass and others.

T(v,) = 3.2 MeV, T(v,) = 4.0 MeV
T(v,) = T(¥,.) = 6.0 MeV

2. SN v-process on Li-Be-B isotopic ratios are sensitive
measure of the MSW effect in order to determine the
unknown v-oscillation parameter 8,5, and mass hierarchy
of active v, v, v..

X(SN)-grains search & SN-remnant spectr. obs.

3. Precise theoretical studies of v-nucleus interactions and
experimental studies of spin-isospin responses in nuclear
structure & reactions are critically important.



