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�� �(�����$ E0~15$30MeV

! E398�!(392MeV)
12C(p,p’) ,16O(p,p’)
��-12/4��
15<Ex<35MeV(�%)
��$

! ���"+#�� !+A (��&,'.
! 12C(!,tot) 160Gd(!,tot)



1.#F"#/5dtw|sxvd&�

! SN1987A#`eO�4!J8d�TRIBD��("̅# + % → '( + ))cjm20
	�ld"̅#dh&�Wn\P+dF"#/5dHce/5*'d1>d\
iO "̅#dhbkZ
7Ldtw|sxv~"# ,#"+ , "̅+ (. = 0, 1)o&�YgT`
QmP "+ (, "̅+)eVdpuyr|K�`eO<Iqz{s(CC)��eEV[Z
O��qz{s(NC)��dhP

! NC 16O(!,!’")!J8?9aSN&�d�;�eOLanganke�cj]_�%
Wn_R\PLanganke et#al.,#PRL76(1996)@Kolbe#et#
al.,NPA540(1992)@BeacomHVogel,#PRD58,053010(1998).#####N�
! Cf:Gc-�Wn\NC��P N�

! Vd5=~}^d��6b(6d&��JUNO#(CH2,#20kton)aSK(H2O,#
32kton)c^R_OSN(10kpc)#d��c12C,16O(!,!’")d�D oO SN!$
(Nakazato et#al.)+NC 12C,16O(!,!’)!J8(SFO,)�)+[E398�M
12C,16O(p,p’")`-�X\γ:2�0]Oo�]_@�X\P

! Cf: NC !p"!p����eBNL#E734(1.3#GeV)`-�WnOBeacomHDasguptakcjlSN&
�fd�3SCBWn\PAXUeJUNO�M�%(J.Phys.43,2016)�.P



1.##&,!($���+����
�����)*!γ���� (p2

1)E!<100MeV:#Inelastic#scattering#(Giant#resonances)
! ����:#!C,O"!C*,O*"" :#Langanke et#al.,#PRL76(1996).#Kolbe#et#al.,NPA540(1992)
BeacomNVogel,#PRD58,053010(199.)

2)#E!>100MeV:#Nucleon#knockout(Excitation#of#residual#nucleus).
! ��:#!O"!+p/n+15N*/15O* Ankowski,Benhar,MS et#al.PRL108(2012)052505
! ��:T2K#K.Abe et#al.,#PRD100,112009(2019).#SRN% ��'*"�Sterile	�����

!
16O

!
16O*

16O

! !

p
15N*

"
"

1- E!<100MeV:#Elastic#and#Inelastic 2- E!>100MeV:##QuasiNelastic#
(1N#knockNout)

16O



�	)�15639��2784
��
(p5$$$

! 12C(!,!’)12C(15.1MeV,1+,T=1)@E!=29.8MeV$$
Armbruster$et$al[KARMEN],PLB423(1998)$$�
! ��"exp=(3.2�0.5�0.4)x10K42cm2
! ���"=2.8x10K42cm2&���
! ���� NC$12C(!,!’)12C(15.1MeV,1+,T=1),$CC
12C(!,e) 12N 12B(1+,T=1)*�
Fukugita,Kohyama,Kubodera,PLB212(1988)!�
+$����%,�0/$ .�

! COHERENT(!KSNS)(-.NC$!KCsI������
Akimov et$al.[COHERENT](2017).$
�

! Cf.$KARMEN,$LSND$�(-.CC
��
12C(!,e)*�"�.!�##%*�/' �

15.11MeV #Kray$

KARMEN$NC$!12C

!KCsI (!KSNS)



2"1.%JUNO (Jiangmen%Underground%
Neutrino%Observatory), F.An et%al.(JUNO)J.Phys.G43(2016).
! ���&��#%$(Linear%Alkylbenzene%LAB),%

!E/E=3%/ ! ,%����20%kton,%~1.5%� 1033%
protons,%	�700m. 2020����
�

! ���"��!�&

IBD,%NC%"p%elastic,
"e%elastic,%
NC12C(", ")12C*(15.1MeV),
CC12C(",e)12N,12B.%%
� ���� ��



2"2.$SK$���� "$�#!��
"Official$SN$monitor$paper$(Fid.$22.5kton)"

! 
��������	������� IBD��("̅# + % → '( + )),$!e"
elastic,$CC$16O(!e,e)��� � �������

! Wilson$(Old$model)$and$NK1,$NK2$(Typical$recent$model)
" NK1:M=20,$triv=200ms,$Z=0.02$$(~SN1987A)
" NK2:M=13,$triv=100ms,$Z=0.004$(Smallest$! flux$case)





3.#RCNP#E398�E
(�EX2014�8�H/�45�T
��1L>&�H

! 12C#T 16O#XAJ����'W��SI\Hacg`db�EG76�
��'�EW)3TNR�^]\H
" [��'-0] ��'��SW���FKZWγ91#.X�D3VX	KQ
RUJH#+�O\":I[Hh@��'UWS�D V	CW<��UJHi

" [@$%,2Wacg`db(�] � _ef`�?XG IBDV*M���J
; LI[G YP!µ, !τ W!�I[GB=SI\H

12C

11B#

Ex
!

(1)
p B*

Sp

→
A A*p’p

++



3"1)%E398%Experiment%at%RCNP(Osaka)
" Magnetic%Spectrometer%(Ex)%and%NaI array%(E)%–

! �������(Ex=Ep"Ep’)���(∆Ex =%100%keV)�������
�
!	���NaI(E)����



3"3. ��0 RCNP(E398��:Rγ(Ex)(=(σp,p′γ/σp,p′ =(N!/Nx"
"�� M.Reen.Akal	��/,����(�	D/$���! p10

! Data."""/ %�
��&()Hauser"Feshbach����."""/.��
'30"40%�	����!"',-+*�#!

12C((((((((((((((((((((((((((((((((((((((((16O
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4.#NC#C,O(!,!’") ������ (SN@10kpc) (p11
! NC#���=#N
�*FSN!	(E!)*d#(E!)/dEx*R"(γ���������)

(1)#SN!	F(E!):#Fermi@Dirac#FD(Old)#and#New#Flux#NK1,#NK2(BH)/#mMB. �
" New#Flux#Nakazato et#al.,#ApJS.205,2(2013)~Keil@Raffelt@Janka flux(2003)##

(2)#���d#(E!)/dEx by#SFO���:#12C#[T.Yoshida et#al.,##ApJ686,448(2008)]#
and#16O[T.Suzuki et#al.#PRC98,034613(2018)].#

(3)The#"@ray#emission#rate#R"(Ex) :#��� !������



(1)$SN!�F(E!)$@���(10kpc)
! 2003���.SN869/4795:.�	
3��< [Left]
! ��.SN869,/4795:.�	
%-&-*).

" ��:$Core,�.;+.��3�'&��:$'' → ''))̅,$)+)̅+ → ),)̅, , ./.0 → ),)̅, .
'' → ''))̅ :$H.Suzuki(1991,1993)%��.

! "/ ��.Flux3�# ���3��(2!��.)0Old$Flux1�$!

123+ <$ 1243+ <$ 123,
123+ ~ 1243+ ~ 123, [Right]$

New:$<E>~9MeVOld$FD$Spectrum



(2)$SFO
	�(PRC74,$034307)$at$E!<100MeV$
! �����
	������������#% &�����$"%
(CRPA)��"&!���������.

All$Figures$from$T.Suzuki (2017,$Hakone).
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(2)$NC$ν-16O,12C Reaction$
16O(ν,ν�) Cross Section d!/dEx ,$Jachowicz

Eν=50MeV

Ref.$E.Kolbe et$al.,$NP$
A540,599(1992),$Jachowicz$et$
al$.,PRC59(�99).

!�-/0.1NC$ν-16O,12C ��&*� V-A)��
Axial$Current$("5"!) !���. %�-/0
.1�����&*,$����(T=1)!���.
#S=1,$#T=1.$

# Jachowicz2�3�TSuzuki(�): ν-16O(Eν=50MeV)

!�����&*�“SpinMIsospin$(!$)”$���'
��.$

$Spin$Dipole �� SDR$(ΔT=1,ΔS=1,ΔL=1) 

Jp=1-,2- !���(�$,.$

$ 12C)
	*�15.1MeV,(1+,T=1)

ΔT=1,ΔS=1, ΔL=0+�"#��

2M

1M 1M

2M

1M
2M 1M

Eν=50MeV



16O(!,!’) �16O(p,p’):d"/dEx [T.Suzuki��]7vs7[E3987Data]7
@����������
�1@,2@����������

! (!,!’):����
! (p,p’):��	������� �
! �

Our7Data.

2@

1@

2@

1@

2@

1@
2@ 1@

2@

1+

1+

1@

1@

1@ 1@

1+

E3987data
16O(p,p’)



12C(!,!’)(and(12C(p,p’)(
-d"/dEx [T.Suzuki��](vs([Our(Data](-

2- 1-

1-
1-

1-
2+

2-

1+
(15.1MeV)

2- 1- 1-
1-

2-



(3)$SN 	������
 R!(Ex)���
T=1�
�����������T=0�������



NC#16O(!,!’),#(!,!’")##CC#16O(!,e)16F, 16N%�� p15

! ���&SFO�
�R"(Ex):Ours.
! SN!%)+(*,%����E!=20;
30MeV"��� ��$���
! CC,NC �!�	.#CC: !e#, !!e %'�
! CC:!e��%Eth=15.4MeV.
! CC:!!e��%Eth=10.4MeV
! NC: !��%����E>16MeV.
! NC&�Flavor%��-���

16F 16N



4. (1)*(2)*(3)=SN,�����:,JUNO,� SK, (p19
����������3�4&
�"�%��<E>"�!0.1+�$)�
! JUNO,(20,kton).,

! Super?K,(32kton).,

! Charged?current,scattering,off,16O,nucleus,as,a,detection,channel,for,SN,neutrinos,,
K.Nakazato,,T.Suzuki,,MS,,PTEP,2018,123E02.,(32kton)

! ,/1-2<E>!'(NC���#�� (�*(�)�CC,16O�NC! ��#�	��� ���

� 



4"2)%JUNO, F.An et%al.(JUNO)J.Phys.G43(2016).%%%%%%%%%%P20"skip
! NC!�	�NC(15.1MeVγ������mMB����
��

! 
�������������������



4"2)%SK"Official%SN%monitor%paper"
! NC!��,�FD��'�����6�"(�Beacom"Vogel+��6/0�����+γ��

�,����2330%/)	&!�

! NC!��,��!79:8;�$ 4(��$�#4���$�$5-�CC%"e16O1"e%
elastic��(�.���'%*!�' 4�



4.#SN#NC#!16O#N" ��� vs#����Ex at#SK#

! mMB,#NK1,#FD#&��'���-/0.1�&
#��),+
�mMB'�����	$��Bias#$ %��!+���*�

! BH#&��'��&Etot(���&"��������



5.#kclc��
23)#

! J#$/5bfz~�y�|-<�K<��v��yeoqγ?4�NC!�I!F�t
A`_S

! �Let#al.Flux+SFO)(�"O8E9�E398�P=&R!(Ex)
! 12C:#NC!�I!gNC(15.1MeVγ?�e*jamMBbg�dVSQVu{�w���
YUqcR*2Y�XqS

! 16O:#NC!�IgRQVu{�w���YUqcR!Y�XqS:�Y�YrhRCC#
"e16On"e#elastic �c*jR.CbZdV!bUqS

! �I!F�gR}x���fdVoWdE9Y�[d`aVqS

! ���

! ��P�� 12CfR!(Ex)gRPRCi
0\_S16OfR!(Ex)=&mkcl�S
! ��P���TgR!(Ex)f;>G�t�d[]qD%�S
! �SNF��[B7H]1)#12CfNC!+#CC#t�s^a
0S2) 12OgRD%��S

! ��'13c\af 12C,16O(p,p’),�:
" We#will#measure#Rγ(Ex)#=#σp,p′γ/σp,p′ over#Ex=16R33#MeV#for#both#Hadronic#decays#and#
Electromagnetic#decays#more#precisely.#

" 12C*#p+11B,#n+11C,#16O*##+12C*R>p+11B,#n+11Cf��*m�M6e,raVqS	<��e
Nsq?SHF+opg@Vc�WS





T2K$! production$from$NC$"16O$reaction
skip

! T2K$6$MeV$! ray$@E"~600MeV$
! Important$for$SRN$background$estimation,$Proton$decay,$
Sterile$" Search.

T2K$6MeV$!


