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Physics in KamLANDPhysics in KamLAND
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work in progresswork in progress
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Detecting reactor ne 1km  beneath Mt. 
Ikenoyama

-

Inside the 
Kamioka Mine

Surrounded by 55 Japanese Reactor Units
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Target LS Volume 

(1 kton, 13m diameter)

80% Dodecane(C12H26)

20% Pseudocumene(C3H9) 

calibration     
device  & operator

Glovebox

Balloon & 
support ropes

PMT (225 20” in OD +

1879 17” and 20” in ID)

(34% coverage of ID)

20% Pseudocumene(C3H9) 

PPO 1.36g/l

Buffer Oil Zone

Outer Detector  
(3.2 kton Water 

Cherenkov)

Stainless Steel 
Inner Vessel      
(18m diameter)

Chimney 
(access point)
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E. Akhmedov and J Pulido, Phys. Lett B 553, 7 (2003)
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SFP and OcsillationsSFP and Ocsillations
Neutrino flavor eigenstates: � e,� � ,� � Neutrino mass eigenstates: � 1,� 2,� 3
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General form of connection between
mass and flavor eigenstates
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Eliminated by muon veto criteria
during the events selection

Atmospheric neutrinos interactions:Atmospheric neutrinos interactions:

Can not be completely removed with
muon veto criteria 

In order to estimate this background 
scintillator response to all products 

of such interactions have to be carefully
studied
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Detailed Studies were required!!!

We started at UT comprehensive 
program to investigate reasons for 

nonlinear behavior of KamLAND 
scintillator
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22Na gamma source
0.511 MeV and 1.275 MeV
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1 degree misalignment can cause up to 10% non-linearity 
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)(92.4168.0997.0 MeVEe--
parameterization

)(92.4168.0997.0 MeVEe--

Systematic errors 0.5%
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1ph.e.=0.001554MeV

N=643.5+/-3.8 ph.e./MeV

Since the single photoelectron has its own resoluti on it gives
additional contribution to the final photo-statisti c resolution

resolutionephSingle
NNN

N
..3.0,

0447.11 2
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1.275MeV
0.511MeV
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1.275MeV

0.511MeV

,G!���!���,	��
��.��� �!��	

( ) ( )
..

2
2 0447.1

061.0
ephNE

E
+=

d

Photo-statistic resolution plus constant 
term (light collection uniformity)

Photo-statistic resolution was taken 
from calibration using single ph.e.
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We decided to perform M.C. study to understand 
which physical processes can explain this non-linearity.

•Calculate Cherenkov contribution in photoelectrons exactly 
(emission, reemission, tracking, QE, etc.)

•Simulate energy deposition with different Birks coefficients

•Mix Scintillation and Cherenkov light using parameter •Mix Scintillation and Cherenkov light using parameter 
N  photoelectrons from scintillation per MeV

Evis = k ××××(Edep(E) ××××m + NCh(E))

Conversion Ph.e. to 
the Signal from PMT

Calculated in GEANT, 
Birks dependent

Conversion deposit 
energy into Ph.e.

Calculated in GEANT 
with reemission
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0.11 MeV e- 0.1 MeV e-

All plots normalized to one incident electron



2������	���
������	����
	��I�,���
��
	��2������	���
������	����
	��I�,���
��
	��
03	���03	�����2��
	12��
	1

.��������	�"������ �!�

Reemission increased number of Cherenkov 
photons detected at 1 MeV by factor of 3.7
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Variation of Birks coefficient and Scintillation li ght output was made to

obtain the same shape of nonlinearity measured with Compton Spectrometer
Cherenkov light output has been calculated and fixed

%��!��		������������&����������������3E2E



:�����
��03	���:�����
��03	�����2��
	1 2��
	1
N

um
be

r 
of

 p
ho

to
ns

/M
eV

 (s
ci

nt
ill

at
io

n)

N ph.e /MeV best fit is 
609 ph.e./MeV

Good agreement with
direct measurement (single ph.e.)

N ph.e./MeV=643.5+/-3.8 ph.e.
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Birks coefficient, g·MeV -1·cm -2

GEANT recommended
KB =0.013g/(MeV�cm2) 

Our best Birks value is 
0.01072 g/(MeV�cm2)

=0.138mm/MeV
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Current model, optimized on electrons with E<1 MeV, was applied to 

calculate LS response to gammas and protons

proton quenching measurements
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proton quenching MC

KamLAND data(gammas)
UT MC(gammas)
UT Data(electrons)
UT MC(electrons)
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mnm +®+- BC 1212

eeC n++ -12
~29msec
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12B e-

LS

H2O

Energy in the interval of 7.5 < MeV < 14 reconstruc ted reasonably well

After muon signal the events 
have been selected during 

2-60msec
Background off-timing 
window 502-560msec 

Distance from muon track cut 
dL <300cm

en
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better than 95% efficiency

~86% efficiency

(R/650cm)3

(R/650cm)3



�	
������
�����
�	����
!�
��	
������
�����
�	����
!�
�

@ ����
	�������
�

@ $
����	�����
�����
�	�����
��������
���
	�

@:�����	������
��
��
	��@:�����	������
��
��
	��



��������	���	
������
�����
�	��0	
����������	���	
������
�����
�	��0	
��
������������
�1������������
�1

8B solar � e can transform to
anti- � e in solar magnetic field

Phys. Rev. Lett. 92:071301, 2004
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This limit can be improved with larger in-hands sta tistics



#
���$����!�2���
��������
���
	�#
���$����!�2���
��������
���
	�
3�	����
���
�6

��!� +%��
���M�����"�������
���!� +%��
���M0��"����'�-*��)8M0�

%��	6
�	�����������	�

���!� +%��
���KH����"����
*�������!��#���/%� ���� �����#�!%����!��!��

���!� +%��
���M�6���"����

$������
����	��0��	���
�����	�1
���!� +%��
���MH����"����'��;M�� 5 "����
*������!��#���/%� ���� �����#�!%����!��!��

Spacial & Energy Cuts:

, -�	�-� ��, ��
�!�� JD))��
K, -�	�-� �, ��
�!�� KJAD)��

�"JA)))8���
'EC3�%J$ -�	�-� 0���
1JB)3�%

AE93�%J$ ��
�!�� 0�
�
&
�1J(ED3�%

>�"������	!&
�!�!��!���

$���!��� � �����!�!��!���
�30�0������ ��� � �H*0�N������

-�/��	��
���	�����	�#�!!���
-�/����!�G�����	�!���!��	�!�� 

-�/����	!��� ��!��	����!����

*������!��#���/%� ���� �����#�!%����!��!��

3
������	������������	�
���!� +%��
���MH����"����'����	���M����
*������!��#���/%� ���� �����#�!%����!��!��

L�

����	�����������	���������
��0�	��
��	���
��1���	�

���!� +%��
���MH����"����'����	���K����'�
�;K�� 5 "����

*�������!��#���/%� ���� �����#�!%����!��!��
*������!������	��!%�����	�!���1�/�!%�	�

6���� ������	 ��

dQ=QID-Q� track



�-��
�
�.�"
���2	���
��
	��&�������-�	�-���-��
�
�.�"
���2	���
��
	��&�������-�	�-��
������
�!��������
�!��

Plots were made for reactor antineutrino candidates 
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Delayed events time window:10.005sec<dT<20sec from Prompt event
104 scaling factor to delayed events time window in analysis

Naccidental=0.0197
5.5m

6 candidates

Naccidental=0.1637

Accidental background is negligible

6.0m

10 candidates
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9Li events time window for prompt event: 
1sec after muon (9Li mean lifetime 

257msec)
Background time window: 

5 to 6sec after muon 
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5.5m: 173.7� 8.6(showering muon) & 43.7� 6.6(non-showering muon)

6.0m: 224.4±9.7(showering muon) & 56.8±7.8(non-showering muon)
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Spallation neutron events time window: 
150-1000� sec after muon

Off-timing background window: 
2150-3000� sec after muon 

Spallation neutrons spectrum

p-capture

12C-capture

94.1% 3m cut efficiency

:"" ��	
�NH��I��##����	����#�6����!��	��*����
��!�!�!� � N$�����/�!%�	���0C�0
��&

5.5m: 2.7 ± 0.4 events

6.0m: 3.5 ± 0.5 events
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238U, 235U, 241Pu, 239PuU, U, Pu, Pu

tan2� 12=0.56 

2
21mD =7.59� 10-5 eV2

KamLAND oscillation parameters:

Background within 7.5-15MeV:
5.5m: 1.5 ± 0.5 events
6.0m: 1.9 ± 0.6 events
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*1112 ),( BnC +mn m

Phys. Reviews C vol.52, number 6
E. Kolbe, K. Langanke, F.-K. Thielmann, P. Vogel
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Fluxes calculated by M. Honda for KamLAND detector position
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• neutrino interactions distributed in LS+Buffer Oil

• tracking of secondary particles performed using GEA NT 
package

• deposited energy quenched corresponding to results obtained 
by LS study with Compton Spectrometer at UT
[K =0.01072 g/(MeV·cm2)] + contribution from Cherenkov light [KB=0.01072 g/(MeV·cm2)] + contribution from Cherenkov light 
with reemission

• following cuts were applied:
R<6.0m for prompt and delayed events

dRprompt-delayed <1.6m
dTdelayed-prompt <1msec

1.8MeV<Edelayed <2.6MeV
7.5MeV<Eprompt <15MeV 
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muon antineutrino interaction on proton   electron antineutrino interaction on proton   

MiniBooNE calculations

muon antineutrino interaction on carbon   

M. Sajjad Athar, Shakeb Ahmad, S.K. Singh, Phys. Re v. D75:093003, 2007
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Cross section of (anti)neutrino interactions 
on neutron and proton

/d
Q

2 ,
 c

m
2 /

G
eV

2

-neutrino-neutron
-antineutrino-neutron
-neutrino-proton
-antineutrino-proton

+Nuclear Effects.

+Final States

mm nn ,
1112

, ee CnC ++=+

n+� (2MeV)

Q2, GeV2

d
�

/d
Q

+Final States

Neutrinos energy 1.25GeV
Q2max = 1.2GeV

(L. A. Ahrens et al., Phys. Rev. D35, 785(1987) )
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4154 events(scaling 103)

Prompt Energy Spectra



:�����	����������!:�����	����������!

5.5m analysis 6.0m analysis

•NC cross-section uncertainty 18%
•Atmospheric neutrino flux uncertainty 22% 
•Combined uncertainty 28.4% 

Total BG within 7.5-15MeV:
5.5m: 8.78 ± 2.16 events
6.0m: 11.61 ± 2.78 events

Total BG within 15-30MeV:
5.5m: 3.96 ± 1.04 events
6.0m: 5.24 ± 1.38 events
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Triple coincidence summary
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Upper limits on solar electron antineutrino flux for 8.8-16.3MeV:

-��!��	����	������	�"������ �!�&
�KN�3L�� C0�0�0���� ������

mforscm
e

0.6103.1 ´<F n

8.8-16.3MeV energy range contains 24.05% 
of the total 8B neutrino flux 5.05� 106cm-2s-1

Current best limit was improved by factor of 3.6 normalizing to the energy range

2
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RB ST

Bm
mproduct of neutrino magnetic moment and

magnetic field in the core of the Sun:



�
�
��	�������
��������-��	���������
�	��
�<��
�
��	�������
��������-��	���������
�	��
�<�

Current limits on DSNF
From: C.Lunardini, astro-ph/0610534 

Core-collapse Supernovae rate in the Universe is ~ 1 per second with neutrino 
emission rate ~1058 in one collapse

Current and future neutrino detectors have a possibility to detect cumulative 
neutrino flux from all past Core-collapse Supernovae

-�/� ���!

Observed limit on the electron antineutrinos
from the Sun can be used for DSNF New limit is 16cm-2s-1MeV-1
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Event rates in future LENA,50 kt liquid scintillator detector from 
the various neutrino sources (LENA proposal 

Phys.Rev.D75:023007)

Our B.G. calculationsOur B.G. calculations

B.G. rate from NC interactions of the atmospheric neutrinos is 
significantly higher than expected DSNF



2	��
��
	�2	��
��
	�
•
�!%��� �
�&
:�����	������2	�-�	���-����	��������������������
�� ���������


/�
����
��


��	������	����:
���>�2	���
�
�����	� ��
����	��6

� : Q)E)A)'(��V3�% �A V�� �(

•�%�����& L��	&��
��������

�
��	���
����	�����
�����
�	��
�< ���	������
�����
��
��9E9�ADEB3�%������
�	������!����������*CH �2E�E6�

"�
��

�
���	����-	�����	�����--���

�
��	��������� ��
�	��	�����
	��

122102.1 --´<F scm
en

"�
��

�
���	����-	�����	�����--���

�
��	��������� ��
�	��	�����
	��
-�	&�&


�!�	��*E9 � A) �C ���*CH�2E�E��&�������

�
���
�-�	����&!�����	��
	��BED��
������-�����	�-���
	���������������
�E�3	� ������
��
����


��	��
�
��
�
����
!�
�-�	���������

�
��E������

�
������ &��������	���
������
��-���	���������
�	�;
�<

2�
��
��
	���	��&�����	����
�������&!�������
������ ���
�������
	���	��
���	�-���
�������
�	��
����
��


��	� ����
�-	������ �	����������
	-�����
	���������
�������
��


��	�������
�	�������	��



Backup slides



"!����%�E��	�"!���
��0��
���	������1 ��*�0
���	������1

�	�"!��� "!���

>	����	!�

�����,4�

�� ��0�� ��*�0 ��0�� ��*�0


��	4��%� ��N�3 0** H3* *�N5

��
��4��%� 6H��� ��3�� 0N�3* �0��3
:8+4��%� :8+4��%�

��*�0
�������1��0��
�������1
.��� �!��	4�

I
*3�H
O��6

**�5
O��0

�*�H
O���

��*O
��*

:8+4��%�

:8+4��%� :8+4��%�

:8+4��%�

$�
%!���  ��!��	�
��	�/�!%�����1
���H��*

����1�����	�!��%�	
��!%����!��
��!/��	���"���!����	��
����#���
��!%�"��1��, � ?, * 2H�60�
�%������� !��%�/��!%�� �	����!���#�
!%���
�


��������	!��/����������!�5����
����



��
��


��	��

����	��-�����

&���
	�

P
ul

se
 g

en
er

at
or Light source

2” PMTOptical fiber
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CHV=1600V

Single photoelectron have been seen with HV=1600V

PMT gain between 1250V and 1600V is 7.65
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