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1. Neutrino-induced nuclear reactions

m Neutrino-heating in core-collapse supernovae;
target; n, p, *He, 3He, 3H, ...

m Neutrino-process;
post-processing on r-isotopes (heavy nuclei)
production of “Li, 11B

m Detection efficiencies of neutrino detectors;
d, 12C/ 16,180, 37C|, 71Ga, 1OOMO, 176Yb, etc.

Accuracy of ~10% is required for v-A reaction data.



" A
How to determine v-A reaction rates ?

m Direct method - absolute, integrated o

Neutrino beam experiment; absolute, J*< 4+
Beta decay (inverse reaction); up to E,, < Qg
Muon capture (inverse reaction); |q|~100MeV

m Indirect method = spectroscopic, applicable to RI

Photobreakup, Coulomb dissociation, (e,e’), (p,p’)
— Neutral current (N.C.)

Charge-exchange reactions; (p,n), (3He,t), etc.
— Charged current (C.C.)



Summary of direct measurements

Solar v, reactor,

d(v.€e), d(v,v') 3. ~2%
12C(v,,€) Real-time meas. ~15%
12C(ve,Ve) Real-time meas. ~30%
13C(v,,e) Real-time meas. 76%
*SFe(v,,e) Real-time meas. 37%
1Ga(v,,e) Radiochemical 11%

127](v,,€) Radiochemical 33%



" A
12C+v ; Experiment vs. Theory

9.1 5.1 10.4
SARUENE casae | casees | 208 i geae
8.9 4.3
LSND2] 4 03+09 +0.4+06
QRPA [3] 11.53 61  21.33ms 9.92
SM [4] 0.06~8.48 5.22~4.87 9.76~8.27
CRPA [5] 8.9 5.4 10.5
*Cross sections are given in unit of 10-%2 cm2. Overall accuracy

[1] B.E. Bodmann et al., Phys. Lett. B332, 251 (1994)
R. Maschuw, Prog. Part. Nucl. Phys. 40, 183 (1998)

[2] L.B. Auerbach et al., Phys. Rev. C64, 065501 (2001)

[3] M.-K. Cheoun et al., Phys. Rev. C81, 028501 (2010)

[4] T. Suzuki et al., Phys. Rev. C74, 034307 (2006)

[5] E. Kolbe et al., J. Phys, G29, 2569 (2003)

s | Y TE

10.34 ms

2.68~2.26

~20%



" A
Heavy element; 127I(v,e")1%2/Xe

m Close to the second peak in r-process nucleosynthesis
m Data by neutrino-activation method available;

<5>=(2.84%£0.91(stat)+£0.25(syst))x 1040 cm?
(J.R. Distel et al., PRC68, 054613 (2003))

m Calculations;
<o>= (2.1-3.1)x10% cm? (Engel et al., PRC50, 1702 (1994))
4,2 %10 cm? (Kosmas & Oset, PRC53, 1409 (1996))

m Contained in inorganic scintillator materials; Nal, CsI, Lil
m Proposed as solar-v detector (W.C. Haxton 1988)



127](v,,€7)1%/Xe cross section measurement
at LAMPF (v-activation method)

J.R. Distel et al., Phys. Rev. C68, 054613 (2003)

Target; 1540kg 12/T (Nal solution) O, Vs 127%e rate
v-flux; (3.4~4.6)x107 /cm?/s 5 F%uedsloge;_-n;i;_os? —
Total exposure; 4.41x101* vs i z TR SR
127Xe(EC)—1?"I (T4,,=36.4d) }ﬁ ﬁ
Signal; Auger e (4.7keV) 3 40 }

& v (203keV, 375keV) R R R R

Effective neutrino flux F [106/(cm? s)]

<o>=(2.84+0.91(stat)£0.25(syst))x1040 cm? (33%)
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M. Harada et al, arXiv:1310.1437 [physics.ins-det]

JSNSZ J-PARC Sterile Neutrino Search using vs

from J-PARC Spallation Neutron Source (E56, stage-1 approved)

J-PARC Materials and Life Science Experimental Facility

Baseline of the
detector is 17m

Building dimension :

Width : 70m (37 floor of MLF;
Length : 146m Maintenance
Height : 30m area of target)

a
Target remote handling room

Exp. Hall Height : 22m

Cooling systems
(Basement)

Detector@3 floor
., 3 ; %
“~—_ (50 ton fiducial)
\‘/‘-'\ ) .

proton beam

23 neutron beam lines will be Installed Marcury taign \ i
in experimental halls under present s 1MW (design)
DOKW (current)

design.

25Hz operation
2 bunches (80ns)
in 1 spill.
2 bunches are
Separated by 540ns




Energy spectra of decay at rest v
SN-v_ DAR-v
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Neutrino beam profile
Pure v, +v, |
m Pulse width; 80ns x2 Sons o 80os @
(double pulses, > il
540ns interval)

#v/10ns/POT

m Repetition rate; 25Hz
v total

- v from pu
pefromere
o trom K.

m v from decay-at-rest u ;
well separated from
beam pulse
— low background

1500 2000
time|[ns]|



"
Yield estimation; 127I(v,e")1%’Xe
®, ~ 0.95x107 /cm?/s @L=20m, 1MW
127T ~4,0%x 102/ atoms (segmented NaI(Tl), 1ton)

& = g4t X (Live Time) ~ 0.7
o ~ 3x10%0 cm?

- Signal rate ~ 8.0 x 10 /s = 115 /y (4000h)

Major background ;
high-E neutrons making electrons inside Nal via
N+A - t+X, 1> u— €




" 500kg detector for BG study

m Main scintillators; (provided by

RCNP/LEPS2)
24 scintillators in total. (~500kg)
4 scintillators / layer and 6 layers
2 Narrower (central part)
2 Wider (in edge sides)

Each scintillator has 4 PMTs, and 2
PMTs / one side

‘'m Inner cosmic veto (yellow)
4.3cm thick PL scintillators
One side readout.
Rejection Efficiency >~99.5%
m Outer cosmic veto (blue)

PLs are used to surround main
part.

Size; Im x 1m or 1m x 2.3m,

1cm (t) >99.8% (total)

~50cm

~70cm
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"

energy[MeV]|

Beam-related background
S. Ajimura et al., to be appeared in PTEP, doi; 10.1093/ptep/ptv078

100ns 100ns

tfime[ns]

*Proton pulse arrives every 40ms.

— R
S 107 N B =
g - beam
= beam unrelated
) 10‘6; A e =
5 %
= L
Yo T

energy[MeV]
Prompt; t,=1.75~4.65us
Delayed; t;y =t, +20ms
- Michel e- < 1.3%x10> /s/IMW



" A
S/N ratio & Statistics
®, ~ 0.95x107 /cm?/s @L=20m, 1MW
127T ~4,0% 1027 atoms (segmented NaI(Tl), 1ton)
£ = g4o X (Live Time) ~ 0.7
c ~ 3x1040 cm?
= Signal rate ~ 8.0 x 10 /s = 115 /y (4000h)
& BG rate = 262 Jy

Stat. error ~22% with 1yr measurement
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2. u-capture experiment @J-PARC/MUSE

Muon-target station




" JE
Off-line y-ray spectrum (matNb target, 20mg/cm?)

@, ~10° /s, exposure time = 50 min.

*Nb target

10° - I - I ' I

90my [ just after irradiation
& 107 87
9 89
% % +87YY91mY Zr
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Decay curves of yttrium from Zr(u,v.+xn)

1005 | - | p; ' N
i ° zgxﬁfg;gm {  Zrimpurity in Nb metal;
10t \$ o 1~10ppm (typical)
£ F 3 0 MY (3.19h) J3
) B 8 fo) i . .
5 107 . © 10%° zirconium atoms
S 10%% o . _ @
e N { Target with much smaller
0 20000 40000 60000 quantity can be measured
Elapsed Time [s] with more intense pu~ beam

and ultra low-BG detector.
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RCN P/ MUSIC High-intensity DC muon source

GM cryocooler /’ n
- TW2 . \{/
‘ -
B W2 _—
1.5Wx2 + TW N . v
SUS radiation shield 3 & Transport Solenoid
V27 AN u"’ 3 2.07 with 0.047 dipole fieid

Proton beam line

. ——
400MeV proton

Beam Dump

‘.
Y|

e Graphite target

Pion Capture Solenoid
%24

Iron yoke

im

Stopped - rate ~108 /s@400W
--- comparable to J-PARC/MUSE@ 1MW



3. Neutron -decay

(lowest order)
dr (G vud)
dE.dQ.dQ, (2,,)

X|:l+apepv—|—bme_|_<>.{Ape+B P, +D Pe X pv}:I
E J E

(1+34%) p,E,E?

E EE

e 14

o 1-|4[ A |/1|cos¢+|i|

C143)af 1+3|Af
LAleosg-[2”  J_ |2sing
1+3|i|

® Life time 1, ; key parameter to BBN, especially for “He
® Asymmetry A ; bare g,, g,
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" A
NIST experiment J.S.Nicoetal., PRC71, 055502 (2005)

alpha, triton
detectors

Proton
detector

proton
det_ector

, neutron
paron\ e dotwmbem
(°Li(n,a)*H)
N, = LIA (Drl/(V) da
SN :EpLJ- CDn(v)da
p P T A VvV




" A
Present method

--- simultaneous measurement of
neutron beta-decay and 3He(n,p)3H with
the same detector (Time-Projection Chamber)

p
Neutron (‘>

(P)
% t

/ B-decay 3He(n,p)*H
oy, =5333+7 [b] (0.13%)

Gas; "tHe + 3He +CO,

P




J-PARCI MLFI BLOS Y. Arimoto et al.,

Prog. Theor. Exp. Phys. 02B007 (2012)

v-ray shield (Fe) |

—_—

TPC | Gas line




" N

TPC data; comparison with MC simulation

~— (Distance from
Vtx to Beam axis)




Error budget (preliminary)  ¢* under consideration.)

Temperature disribuion USSR
-8.6 sec 0.6 sec
-4.3 sec 0.2 sec
G from scattering in 77C__[R *

55 o Spin Fip Chopper EXECTORINRTENTD



NOP collaboration
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" J
Summary

Experimental studies of nuclear weak responses with
high-intensity secondary particle beams are in progress;

m Direct measurement of v-A reaction rates with DAR v;
JSNS? (sterile) has been approved as E56 exp.(stage-1).
We will include v+12C and v+12/T in future.

m High-intensity u sources; J-PARC/MUSE (pulse) and
RCNP/MuSIC (DC) provide new opportunity to study
u-capture by rare stable isotopes and RI (,hopefully).

m J-PARC/MLF will start 1MW operation in next April to deliver
world brightest slow neutrons. It will improve statistical
and systematic accuracies in neutron lifetime measurement.
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Neutrino flux

RAL/ISIS | LAMPF | SNS | J-PARC/MLF
I, [MA] 0.2 1 1~1.4 0.333
E, [GeV] 0.8 0.8 1 3
n*/proton 0.065 0.065 0.11 0.455
® @20m N
[ 108/cm?/s] 1.1 5.5 9.4~13 12.8




" A
Yield estimation; 22Na(v.e)**Mg
o~ 2X10% cm?2  W.E. Ormand et al., Phys. Lett. B308, 207 (1993)

= Signal rate ~ 0.53 x 10° /s = 7.7 /y (4000h)

& 27(v,e)?’Xe signal rate = 115 /y



Detector

Gd-loaded Lig. Scintillator or water Cherenkov, 25ton x 2,
detecting

Vot PN t.=1~10us, E,=20~60MeV
n+*6d - *Gd {y) t=1~100ps, E=6~12MeV
(253000b@thermal) — Delayed coincidence

Calibration Port —» c—

------------------------------------

n-y shield > :
: ; > ¢L‘ 25 H
Stainless Steel Tank —» | : Gd-LS(250 :
Black Sheet (LS Total: 541)
u-Veto layer ~
Acrylic Vessel JAm
) 34m
)
PMT with p-metal v

A
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Asymmetry A
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" A
Simultaneous measurement

of neutron B-decay and 3He(n,p)3H with
the same detector (Time-Projection Chamber)

1 Nelge
Np/gp

T Ps... Os,.. (Vo) Vo

Ne, N, : Count rate of B and proton
ge, €, - Detection efficiencies
Pane - Atom density of SHe
Vo, : Velocity of thermal neutron =2200 m/s
o3ne(Vo) © Cross section of 3He(n,p)3H at 2200m/s,

5333 = 7 barn (0.13%)
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N K. Taketani et al.,
Spin-Flip Chopper NIM A634, 5134-5137
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Detalls of setup (Time Projection Chamber)

We developed the TPC which has a low background count rate
and a high efficiency for 3-rays.

Beam ctcher MWPC

“Beam
ntrance Drift cage
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High efficiency detection for

Anode wire 29 of W-Au wires(+1750V) both of B-decay and 3He reaction
Field wire 28 of Be-Cu (0V) PEEK frame & inner 6Li wall
Cathode wire 120 of Be-Cu (0V) suppress BG. S/N ~ 11
Drift length 30 cm (-9000V)

Gas mixture He:CO2=85kPa:15kPa

TPC size(mm) | 300,300,970




