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12 ୈ 3ষ MEG II࣮ݧ

μ+
γ

e+
180�

ਤ 3.1 µ → eγ ่յࣄͷಛ

ΑΔΠϕϯτಉఆޮΛද͢ɻ

3.1.2 എࣄܠ

MEG II࣮ݧͰͷഎࣄܠʹൃۮతഎࣄܠ͓Αͼɺཧతഎࣄܠͷೋछྨ͕͋Δɻຊम࢜จͷओɺۮ
ൃతഎࣄܠͷ੍Λతͱͨ͠ڀݚͰ͋ΔͨΊ*3ɺલऀʹ͍ͭͯৄ͘͠հ͢Δɻ

ࣄܠతഎൃۮ˙ ओཁͳόοΫάϥϯυΠϕϯτਤ 3.2(a)ͷΑ͏ͳഎܠཅిࢠͱഎܠΨϯϚઢʹΑΔൃۮత
ͳίΠϯγσϯεʹΑΔͷͰ͋Δɻഎܠཅిࢠ µཻࢠͷMichel่յ (µ → eνeν̄µ)ʹ༝དྷ͢ΔɻഎܠΨϯϚઢ
ʹ͍ͭͯɺҎԼͷ 2ͭͷൃੜ͕͋ݯΔɻ

• ཅిݕ͕ࢠग़ث෦Λඈߦதʹݕग़ثΛߏ͢Δ࣭தͷిࢠͱରফ໓Λ͜͢͜ىͱʹΑͬͯΨϯϚઢ͕ൃ
ੜ͢Δࣄ (AIF: Annihilation In Flight)

• ਤ 3.2(b) ʹࣔ͢Α͏ͳϛϡʔཻࢠͷ่ࣹյ (µ → eνeν̄µγ) ʹΑͬͯΨϯϚઢ͕ൃੜ͢Δࣄ (RMD:
Radiative Muon Decay)
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(b) RMDΠϕϯτͷਤ

ਤ 3.2 MEG II࣮ݧͷഎࣄܠʹؔ࿈͢ΔΠϕϯτͷਤ

*3 ͜ΕʹΑΓɺMEG II࣮ݧͷ୳ײࡧ্͕ୡ͞ΕΔɻ
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ୈ 4ষ

্ྲྀଆഎࣄܠಉఆ༻ݕग़ثͷ։ൃ՝

͜ͷষͰɺ্ྲྀଆഎࣄܠಉఆ༻ݕग़ثʹ͍ͭͯड़Δɻ͡Ίʹɺ͢Ͱʹ։ൃࡁΈͷԼྲྀଆͷݕग़ثʹ͍ͭ

ͯಛΛड़Δɻ࣍ʹ্ྲྀଆʹ͍ͭͯɺԼྲྀଆͱͷ݅ͷҧ͍Λհ͠ɺ্ྲྀଆͷཁੑٻΛ·ͱΊɺ։ൃ՝

Λࣔ͢ɻ

4.1 ่ࣹյಉఆ༻ݕग़ثͷશମ૾

่ࣹյࣄ༝དྷͷΨϯϚઢ͕৴߸ΤωϧΪʔྖҬʹೖΔ߹ʹɺͦΕʹ͏ཅిࢠͷΤωϧΪʔେ͕

1 MeV∼5 MeVͱ͍ͱͳΔɻ3ষͰड़ͨΑ͏ʹɺݕग़ثपΓʹ࣓͕͔͔ΔͨΊɺ͜ͷΑ͏ͳ͍Τωϧ
Ϊʔͷཅిࢠਤ 4.1 ͷઢͰࣔ͢Α͏ʹඈ͢ߦΔɻͦͷͨΊɺݕग़ثਤͷΑ͏ʹϏʔϜ࣠ΛऔΓғΉΑ͏ͳҐ
ஔʹઃஔ͞ΕΔɻ

Chapter 3

Radiative Decay Counter

The Radiative Decay Counter (RDC) is the new detector in the MEG II experiment which
is able to improve the sensitivity by identifying significant part of the background photons from
RMD. In this chapter, the detail of the RDC is described.

3.1 Principle of background identification

The concept of the RDC is illustrated in Figure 3.1. As previously mentioned, a positron
emitted from the target follows a trajectory along the gradient magnetic field, which is produced
by the COBRA magnet. When a high energy photon is emitted from RMD, a low momen-
tum positron of typically 2-5 MeV is also emitted. This positron does not enter the positron
spectrometer but it is swept away along the beam axis. The bending radius of these positrons
are smaller than 6 cm when the energy of the gamma-ray is greater than 48 MeV. Therefore,
the background photons from RMD can be identified by detecting the time-coincident low mo-
mentum positrons on the beam axis. The detectors can be installed at both upstream and
downstream of the muon stopping target. Figure 3.2 shows the expected hit timing di↵erence
of the RDC and the photon detector. The timing peak in the red line is corresponding to the
RMD events. The spread of the 6 ns (FWHM) mainly comes from the fluctuation of the time-
of-flight of positrons. According to the simulation result, 41% of total background photons can
be identified by installing two RDC detectors and thus the sensitivity is improved by 22%.

Figure 3.1: Schematic view of MEG II detectors
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ਤ 4.1 ่ࣹյಉఆ༻ݕग़ث [15]ɻࠨӈʹࣔͨ͠ 2ՕॴͰ่ࣹյʹͬͯൃੜ͢ΔΤωϧΪʔཅిࢠΛݕग़͢Δɻ

4.2 Լྲྀଆͷݕग़ث

ͷਤؒ࣌ग़ݕͷΤωϧΪʔͱࢠग़͞ΕΔཅిݕͰثग़ݕ༺ͷ߹ʹɺ่ࣹյಉఆࣄܠతഎൃۮ 4.2 ͷ
ઢͷΑ͏ʹͳΔɻΨϯϚઢͱཅిࢠͷࠩؒ࣌ʹ͍ͭͯཅిݕ͕ࢠग़ثʹ౸ୡ͢Δ·Ͱͷඈ͕͋ؒ࣌ߦΔͨΊɺ

ਤ 4.2(a)ͷΑ͏ʹͳΔɻΤωϧΪʔʹ͍ͭͯɺઌड़ͷΑ͏ʹ่ࣹյࣄ༝དྷͷཅి͕ࢠΤωϧΪʔͰ͋
Δͱ͍͏ಛ͕ݱΕ͍ͯΔɻͦ͜ͰɺԼྲྀଆͷݕग़ثͰɺ่ࣹյʹ͏ཅిࢠͷΤωϧΪʔͱݕग़ؒ࣌Λଌఆ

͢Δɻཅిࢠͷݕग़ؒ࣌ʹ͍ͭͯɺϓϥενοΫγϯνϨʔλΛ༻͍ͯɺΤωϧΪʔʹ͍ͭͯ LYSO݁থΛ༻
͍ͯଌఆ͢Δ (ਤ 4.3)ɻ͜ͷݕग़ثͷಋೖʹΑΓMEG II࣮ݧͰͷ୳ײࡧ 15%վળ͢Δɻ

(13��#!& ����5 B���31B�! ��5B53B!#

l �5(��5B53B!#$�B!���5 B��)�(�,��#!��
#1��1B�D5��&! ��531)�(����25�� $B1��5���!#�
�&#B85#�$5 $�B�D�B)���"#!D5�5 B
ü )5B53B��!(�5 5#�)�"!$�B#! ����	�5� 

133!�"1 )� ��(�,�+	��5� 

l -�1  5��B!�25�� $B1��5��B!���$�B5$
ü �"$B#51��1 ���!( $B#51��!��B85�B1#�5B
ü �"$B#51��! 5��$�& �5#��5D5�!"�5 B

à .!�1)G$�B1��

	��
��5�
� ���
��
	
�
������

�

� �5#��5D5�!"�5 B

1�#51�)��5D5�!"5�



�,LM."�)�/2�C!"GMC#C �MCHG�!"M" MH.

l 1C##C 1(MP�H#�1,LM."�)�!"M" MH.�CL�MB"�6 <"�) 
		534��,�LLCG$�
MB.H1$B�MB"�!"M" MH.

l 0�G!C!�M"-��60�1LCG$�"(" M.H!"L�<�L"!�HG�1C�)HG!�4CD"�0�.<HG�
 140� 

�"-1C.")"GML�#H.�1,LM."�)�!"M" MH.

� 1"M" MCHG�H#�
��5":�,HLCM.HG
(� �C)CG$�."LH(1MCHG�-�R
GL
)� ��M"� �,�<C(CMP��G!�.�!C�MCHG�B�.!G"LL�

 
		534�H#�R(
5":% �)1HG��,	2""D�.1G�
� )�M".C�(�<1!$"M-�.�	�
��H#�!"
�� !"M" MH.�LC4"�H#�(	� )�!C�)"M".



54.��:K! �GF��3.

l 54.��#:K!G0K� !L!�LG-�2%LA�-!K%KL%1!�!D!�L-G !K�+:-:DD!DD4�+D:�! 
ü 5&():��:K! �#:K�2%LA�%KG��0L:F!� �60��,0!F�A!-
ü 1:K�#:+�%K�L4+%�:DD4�K!1!-:D�A0F -! �R(

l �!�0K!�!D!�L-G !K�":�-%�:L! ��4�K+0LL!-%F#
�3.�GF�%R(�2:+LGF�"%D(K
ü �3.��A%#A�-!K%KL%1!�(:L!-%:D�(: !�G"��:-�GF

�(%P! �KL-0�L0-!�G"�K+
��GF �:F �K+(��GF �
ü - 1:FL:#!�G"��3.��DG2�(:L!-%:D� �: C0KL:�D!�-!K%KL%1%L4
ü �!�AFGDG#4� !1!DG+! ��4�

2G�!��F%1!-K%L4



-!K%KL%1!�+D:L!�
(: !�G"��3.�"%D(

%�%
��!%
+!-�D:4!-

2:+LGF��%R(�

�3.��%�&R(�
+%DD:-��
%%R(�
#:K�#:+�



����,��
��6�
,��

l ���,��������6����6�������6,�,��

ü ����6�,	�����

à 
�6���,����6,�,��������6,�����
�
�6�	6,������,	,��	�

ü ���,�6,�,6��������	6��
�������	�
à 
�6���,������6��	����,�,6�����6���
�6�	6��

ü ���
��6��6��	6���
à ����	6���,�����������,�,6���6,�,��������6,���

 



��������

l ������7����

l &�������&�������������������������
ü 
��7�7��
ü ���������������7��������������7��
ü &����7������

l 
7������������������

 



���!�!%�2��2 �4�

l �2����8��02� !"�%�� �0���"0!2��" ��4��08×�08� �C2����!2
ü 
	����8 ���2��"!���02�!����02

$�!5���4���������D8
ü ���4�2���%2�

�

�08

�08

• 
	� �"!!2�2�����
!52�����!� ��2

• ���D8������� ���2��!!�052�
���!52�
	����8

�08 × �08�0���2��� ��!!�052�������2���"!
���!52��2#2� 2� ��2

�2���"!

)��!������D8 

 22�����8�!��

�×�08
0���2�

(��



980�

:--�

-#$#-#G!#�
!HMG/#-

19:
���1#$H-F�"D%D/D4#- 

!C�

!C	

:#/MI�$H-�I#-$H-F�G!#�F#�.M-#F#G/

× ���
�FI

%�.�FD2/M-#.�9�
(��D.H�0(5���:3 /�-(���(�����)

-

1#/#!/DHG�#$$D!D#G!P��G"�/DFDG%�-#.HEM/DHG��-#�F#�.M-#"�DG�/CD.�.#/MI

�DEE�=#�M.#"�$H-
724�66�#2I#-DF#G/



�1�29�����1��1225�51��#

l 225�51��#��������
ü 
���:!6�1��153� � ��1��960�5���1 ��9��501�5�3� �1��95�1�61"16

��

0.02- 0 0.02 0.04 0.06 0.08 0.1 0.12
height[V]

1

10

210

310co
un

t [
a.

u]
height

histnoiseheight
Entries  41590
Mean   0.002993
Std Dev    0.002135

hist of height for signal region

hist of noise height

height

���$��3�: ��	%��

,���:!6�1��153� ��:1� ��



/�$�"$ 4!6��C� �!:�$�%"�DC�"!

l 2� �!:�$�%"�DC�"!�&���#%

��

0/��C� �!:��%� �4%D$���
4C�����6"!%C4!C��$46C�"!

��
!%

5- 4- 3- 2- 1- 0 1 2 3 4 5
time [ns]

0

100

200

300

400

500

co
un

t [
a.

u]

constant fraction time
histcftime

Entries  9090
Mean  0.6657- 
Std Dev    0.4573

constant fraction time

• ,�%C$�5DC�"!�"��C� �!:������$�!6��
5�(�$���$�!6��6"D!C�$� �0/�

• &��#%���CC�!:�#4$4 �C�$

����3�%��F 
0�&
�1����
���



��#'�A�5���"A!(��� C%

l 19��A�25!'C�%9!'�5�����25��!���'�� �'�
��42'%��4!""�A�92%��2A����2C�A�2���C%���
 �!���A4�2��2�'�� �,�5�,2"C! �92%�C9� ����2+�A
)�C9� ! � ����������A�%�%C�(�C+��)9�49��2+�42'%��"A!������

l -'�C��2+�A������%��2(!A�5�C!�249��(��
9��9�A�����4�� 4+���'C�C9�� '���A�!���2+�A%
�%�
�2C��2*��'�� ����C�5��+��2C�A�2���'5��C�
ü 
����%� �����2+�A�����4�� 4+��%�5�%�A�5� 1!C2��)�������4�� 4+�� �A�249�

l 1!�249��(��9��9�A2C��42"2����C+��C9��A�25!'C��'%C����%���� C�5
ü 0CA�"�%92"��A�25!'C��%�4! %�5�A�5

%	

A�25!'C

,2"C! � (�-��



�3���A#�#3"#	�"�5����&�%34�!:

l �#!� �"�� 3��
��!3���A#��"�#3"#3�

l ��� !�0�3:����#�3�"�5����&�%34�!:
��

�×�1:
1�  3!

)(�

'

E

���"

�×��1:

�A:���A:
�����:�#��1��3"" 

���"



�413�A#�#4"#�#�:��6�!4"�9A#���

l /�:��6�!4"�9A#�������� "
ü �"%::4#!%��5�#74�3�"#!�2A#�����"���#�A�34!"#��3

��

5- 4- 3- 2- 1- 0 1 2 3 4 5
time [ns]

0

20

40

60

80

100

120

140

160

180

200

220

240
co

un
t [

a.
u]

constant fraction time
histcftime

Entries  3242
Mean  0.6955- 
Std Dev    0.4619

constant fraction time

���� " 5�##��6�
 1!1:4#4!

��	�0����&:
���� �,




��������

l ���5��������

l 
�����5�
&�������������������5����

l ��11�5�������5�������

 �



0)!!3CI

l 	
���������"�I��'�3����*�6�+�(��'�"� �� 3I�C�	��-!��3A��.�
à -(��3'�"#(�C�3���6�(����#3 �#��(����#C�'�"� �� 3I�C�'�()A

l 1�!�"��C�'# )(�#"��'�
���(��A' �#C�	���-!
ü ��((�C�(�3"�(���C�B)�C�!�"(�

 6�A�"6�"���#"�C�36#)(�'���!���'�3 '#��#)"6�
ü -(�!3I�4��+#C'�"�6�+��"�+�6�C��3A��'�)'�6

l -(��3'�4��"�6�!#"'(C3(�6�(�3(� )!�"�)! C�36#)(�+#C�'
à ��%��2� C�B)�C�!�"(��3"�4��3����*�6� "#(��#!A �(�6�

%)



�!�"��0#"

l ��!3�!���0��&6#5���!4�!�4�"�4����	���
��$� �#��/�����"$!�1

l $!#5�!�"#$16�"����!��1�$#�0��364$!�#6���6"�!� $6!�1�
ü -���607$��#5����!!�&�"64����"5������1�"$��!�""�!�3��0#6����3�"64���

à 6���!#��#�#��"$��!�""��6��$��/�&���"6#!�����1�/����F
ü -��$�1�!"#��1�#5��1����1��0���3�#6�6�4����"$!����#����#5��!��1�$#

l ��#��0���/6�6#(����"$!����#

���� ����
• /�##�!��33606��0( • 5645�!����!�#6�4�%��#�4�

• &�!"��#6�6�4�!�"��$#6��

0$!!��#�(��(��"�à �00��#�/���#��"�����'#��#

�)



�����	�

� 



�9������ 

l ����1� 1#�"�2��� �9����"����9������ �#!�2�"�� ��2�!������� �9�"���
,��
à 	�$�����2�"�� ��2�!������� �9����! B�"��������9�����1�"�����������2���!"� �!��!1�

�����C�0��2B�2"���� 2��,
��9������ 



������	�
�	������
�
�������
�

 �

0

1

2

3

4

5

6

7

8

9

10

2D hist time vs height

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
height

5-

4-

3-

2-

1-

0

1

2

3

4
tim

e histchargeheight
Entries  9938
Mean x  0.02587
Mean y 0.6701- 
Std Dev x  0.01572
Std Dev y  0.4317

2D hist time vs height



��
���0���	

� 

 ��0
�×���
����	�



4!#!$��D�(%"*F!%$

Ø/%D�(�#�× )�#�D�69%*F�(�F*C

Ø ��#�× ���#�( %H�9�9!���D�$F�
F!#!$��9!(FD!7*F!%$
 4 !(�#!� F�7��*$D�"6F�9�F%�D�69%*F�

&&

5- 4- 3- 2- 1- 0 1 2 3 4 5
time [ns]

0

100

200

300

400

500

co
un

t [
a.

u]

constant fraction time
histcftime

Entries  9090
Mean  0.6657- 
Std Dev    0.4573

constant fraction time

• �!(FD!7*F!%$�%��F!#!$��
9!���D�$���7�H�D���D�$���
�%*$F�D���21�

• 
�C(��!FF!$��C6D6#�F�D

5- 4- 3- 2- 1- 0 1 2 3 4 5
time [ns]

0

20

40

60

80

100

120

140

160

180

200

220

240

co
un

t [
a.

u]

constant fraction time
histcftime

Entries  3242
Mean  0.6955- 
Std Dev    0.4619

constant fraction time

&,��C( �!FF!$��
C6D6#�F�D

��)�5�&��,#
2�
(�3/

�)�5�&��,#
2�
(�3/��(0��


