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6�mBE
n D0oqpqr�hts�uwv�6q' ]q^�xqy '{z yt| D�}t~���U��q� P '�t� xty 'bz���2�q��:
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2.1 � � � ��� ��� 	 
�� �
R�S T�UV!W O�X ;�,D�S
'kT�UV!W OkX :�����Q�`D����
'��
�����
2�7
8#%
• ��� '������!H! �Y
6
m@D������
'�"�#! �$<�;�%�&!9�:�2�6km�8�%
• '�( ;��S!T�U�V!W O
X :)����Q�`�*�+
6�7
8#%
•
h�i�,!H.-�/�K10 D�2�3�-�4�S!H.576k6
m�8'�6�D�I�8�2�����9�:<;
6�7
8@%

• ' �
�������!H! �Y
6
m�8�%
• =�> P '�?�@
2BA�* D�C�D5�E��k278�$%
• =�> P '�2�"
;GFH0JI�p HLK�M����k6�7
8�%N�O D ]�P�QHR E�`�$
8BS!:LTHU�'�R�S!T�UV!W OkX ,-�.�/�1!H N�O�P :�Q#`�_V0 D���
'��
��W�X�����k2�Y O >
8@%
1.
��Z�[
'�K�LD<\�]
$�2�^�Q�$%

2. _ � P Va`B�cbGH�/�d�>�K�LD ]�^�x�y ;�e P 6
m�8Lf�g
2�h�i R E
8�%
3. j�k (Gd

�HU
)
|�l HL5�6
>
8�'�2�^�Q@$%

4. m�n�> N�O�P 'kT�UV!W O�X ,��S!T�UV W O
X ;���o
8�:)*�+�p�2�D 1
~���Uq�

� P '������!H#Y�4
>
8�;�,�q�p�q�pe�+
6�7�8�%
5. r [
2e * D<s�h�[
2�7
8�%
9#EGF#'�tBu?H.E7v�>�8K�L�'�w<x+:0Q@`BD�MGH N�O�P :�Q K�R0SGT�UVGW O
X '<yBh

H�Z
[�K%�M!H N�O�P ;!Q�K�z�{�D
1.
M
23�4�5
'�K�L�W�Z
6�7
8�%

2. _ � P Va`B�c|�'�f�g!H.e P 6
m�8@%
3. j�k (Gd

�HU
)
|�l HL5�6
6
m�8�%

4.
M
,�*�+k6 � j�;�}�~
6km�D�� ��� ' ]�^�x�y (1

~���U���� P
)
;�e P 6
m�8�%

5.
W�s�h�[k6�7
8#%

�HU�'����
2���� R Ek8�%
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2.2 � � � � � � � � � � � 	 
�� �
R�S T�U{V W O
X ,D�/�1�: /��

(
h�i�,

)
d!F 4
	`�$
8�%�/�1
'���w,�D�������'

��� >�� O H����+Q�`����+Q D�h�i�,�6�7
8#/���; ��� >�� O H! �"�>�8
9�:�6�7�8�%�/1
;$#�%
�$&�'�:�Q�`�,D
•
h�i�,)(�' ��� >�� O  �"�*�d
2�8�$%

•
/�1
'$��� P�+ �!� >�,�- ;D�h�i�,
'h�i�. O ��2�Y O Q���$%

•
h�i�,!H@/�d!Q | >�$%

�HU�2�7
8�%�9�EGF�'�&�'!H0/
K�>/�1�:�Q@`D�1�2�3�/�1k2$4! �8!* P $!F�E
8#%
/��k;0,

2 5 b
7�8�%76 1
/��
,�8Bi H�h�>
8#3�4�5�6�7 0 D76

2
/��),�273�-�4�S�:

Q#` P $GF#EBD�/�1); F�8:9��7�?H�;�< % N O D=6
1
/��+:�Q `GF�* P $GF#E�8�'�,�D 3�;

-�.�/01�;�>q>�8#/<E<[)2<8G* D@?�$BA<[GH!CED
PPO

6�7 0 D@6
2
/��f:�Q#`b,

bis-MSB2�F
* P $!F�E
8#%�F
2.1
;h�i�,
'$G�[�D)H

2.1
;

PPO
:

bis-MSB
'$I�J!H0Kk>�%

5�p�j ��� P�+ � � > h�i P�+ �!� > ?�@�C<D
(nm) (nm) (nsec)

PPO(
6

1
/��

) 221 303 370 1.6

bis-MSB(
6

2
/��

) 310 347 422 2.0F
2.1:
h�i�,
'�G�[

PPO

O

N

CH CH

CH3 H3C

CH CH

bis-MSB

H
2.1: PPO, bis-MSB

'$I�J�L
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2.3 � � 
�� �
RqS!TqUV W OwX ,�����T�UbV!W OkX :)� ��Q�`D�hqi�. I
2
	����KqL�� p�� E�v
'<tBu! �� 	 `�$)8@% Q dGQ�_�_GF&�'�h�i�c��
,B�7�k' F���� �'�6�7�8
:��G/!F#E0`
$
8�%

1.
/�1�5�pk2$�����
' ��� >�� O H0����Q�`$����%

2.
/�1�5�p�d!F���'/�1�5�p)(!: ��� >�� O '�����%

3.
����Q�K�/�1�5�p�d!F /���5�p)(�' ��� >�� O '�����%

4.
/���5�pk2$���<#���d!F! ���Q h�i�%

9�'#"
6�,�&�'�c�� H�$
;�%�& Q�`�$!*g%

2.3.1 ')(+*-,).
R�SGT�U�V?W O)X#/ '�/��

(
h�i�,

)
,D#0�1�/�1
'

1%
����6�e P R E�8K�LD &�'324 d!F5��/w8�:�687�S:9k7tK 0 '/q1�5qp
'{}k,{/��q5�p�'} :)� ok8w:

3 ; SHU �=<>�?�@�A�B�C3D#E�F�G }�� R�H B ������I�J�K E ��L�M-N0����O�P�Q�R�S�TVU DXW3Y�E�ZL8M�I�[8\=] H P_^:` G8a P ?�@�A�E:Z L:M�S�b8c�d�e�f�P�^8`gI�hiU D�j:k�l8m8n No-pgq > P ?�r�s�G3j�k�l�m�n N o�t L�M�SVuwv�Mx`�yzv�M{N o{p|q > P A e�f}P#I D uv�M�S�~�� G3���X� e m�n I��VU DXW�B y�v�M=N o�t L�M�S D y�v�M-N o B�a�> L�M G��� q�������������������� I��=] >�?����� A���� �-��� S���� E�Z}A [�\ ��� �-��� ���
eV ���-��  S�P3¡ G3¢ < >�A e D����� [�\ G � pgq E�Z L�M A u£v�M�[�\ D y�v�M�[�\ D v�¤ W3B S3¥�¤�I3\)^3P ? ^ A����� A���� �¦��� N

W
D�E�Z L�M=N

M,1 §���¨ 3
A#©�ª e

1 «�¬�§X��¨ 3 «�¬��® D *e3[�\ �® D ]�¯ G X±
e3¥�¤-N�°�O-` ����� A���� �=�3� A�±�²}G � P E�Z�A�³-´|A�µ¶ S�·�¸ A ��¹ G °�º¦] H P ?

a) 1M + W » 1M∗
� y!v�M

1 «�¬��®��
b) 1M + W » 3M∗

� y�v�M
3 «�¬��®��

c) 1M + W » u ∗
� u¼v�M�[�\ �

d) 1M + W » M+ + e−
� v�¤ �

e) 1M + W » X+ + X−
� ¥�¤ �

µ ¶
d)
e#½)¾ B v�M �

e−)
S�]�¯ G

a) d)
A�µ ¶ N�\¿^�O�À�I ��Á e�f � D ^ A8Â ¡]�¯ G#Ã�A�µ ¶  �Ä ¯ H P ?µ ¶

c),e),h),j)
S ����Å=Æ����XÇ�� ½�È�É�Ê G S�Ë�Ì a  �Í e�f p�q#Î ^ H ¯ Í µ ¶ �� �=�#� S�Ï)`�Ð q�ÑXÒ�Ó�Ô � Î f�P�Õ�S ������Ö�× N   Ô ¯�OgØ
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f) M+ + e− » 1M∗

g) M+ + e− » 3M∗

h) M+ + e− » u ∗

i) 1M + e− » M−

j) X+ + e− » X

2.3.2 ����� ��������	�
��� �������^ Í ��� �=������� Í������ t Õ q S�����É�Ê Í�� ` ��� ������ È Í���! f�P�Ø�"��É8Ê)` S#[:\�# Z L�Mi`%$ Ó �"&�' O�P)(�[:\*# Z L8M)` !�'"+ � �"� � Ð q �� �=�
�-,/. N � ¹ É�Ê Í À�e Î�0/1 ¤:É�Ê `  32�4 Ó P ØV^ Í º*5�S�·8¸ Í36 e�°=]Ó P�Ø
M∗

1 + M2 » M1 + M∗

2

M∗

2 + M3 » M2 + M∗

3

7
L�M Í �8� ��§ Õ q S Î �8� �89�: O�P<;�L�M Í v�M8=�> ! Ò Y ¡ �3« a � n ¹ Ø ^ Ív�M Í�?8@BA8C�D8EF���-� ��� �-���-�B� ! \V^3P�Ø ^ Í�G8HI��� P ��� �-�3���8� S�LM Í�J�K8L�M a Í e Î # Z Í�N�O8P8Q�R ` AF9�O�! f � Î N8O�Í T�¸ P�Q8R�Í�S8T `�`  
� ��� �=������� S�\¿^ �UP O=U a P�Ør8V���� ������W�X SY# Z L�M Í�J�K e�½V¾3P �F� ����� � [�\�Z n8[ ��Í  È Î ¥�¤
�89 O�P � e�f�P�Ø �F� ����� ` S*\ ³ Í L�MF] ��§ Õ q�^8_ �®�Í L�M r8` `�[�\ �®Í�a8b r8` ` ! Z n Ð q eFc�P  �Í e Î [�\ �®F��§ Õ q Í8d�e8fF��g8h O�P 2 i [ N�ÕÕ Î [�\

2 i [ �
excited dimer)

`   Õ Ò�Ó P Ø A*C�D�E N § ^ a ¹ 2
` Í�a�b S�Z n �� pgq r�[ ` a pgq [�\-] Ó�Î [�\ ! ~�j8k � ] Ó P�Ø3# Z Í �F� ����� Í  ÈV`z¥�¤}Sl8m � ½V¾ Îon�p �Fq Í8r ] � � � q�0 r ] � ��� �¦��� !�s 1 ¤ � �8��tFu Ø¦^ Í ����=���-����v�t�w Í��X¹x� °=] Óyu Ø

M∗

1 + M2 » (M1 z M2)
∗ » M1 + M∗

2

M∗

2 + M3 » (M2 z M3)
∗ » M2 + M∗

3��� �-���
· S�Í 2 � v Õ Y Ó   # Z a8b ] Í ��� �-�3���8� � t Õ q�{8| ] Ó�Ô m�} � ^�~ U  Í e�f u Ø�# Z � # Z ] Í ��� �-���-�B�yv 10−9sec

·�¸ Í�r ]�e�� � Ð Î h � Í # Z a
b�! ^ Ó ��9�� tFu Ø
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2.3.3 ����� ��������	�
��� �������
# Z Í [�\ ��� �=����v���� � � #�� � �"��t u ! Î ^ Í�� # Z Í � T8[�\
	��_¡=¯Í ��� �-������� Í É�Ê � É�Ê

A)
Î a ¯ ¨��� Õ3[�\�	���¡=¯ Í É�Ê � É�Ê

B) !���� ¯Ó�u Ø
1M∗ +1 F » 1M +1 F ∗

� É�Ê
A �

1M∗∗ +1 F » 1M +1 F ∗∗
� É�Ê

B �
^�^�e v

M
v # Z a�b Î F

v #�� aBb Î **
v

* �=��� Õ�[�\ �®������ t�u Ø É�Ê B �§�� u 1M∗∗ Í��� ( 10−9) �� � q ¡ a � 0 Õ Í e Î #�� ! T�� R�Í `�c � v [�\8# Z
a8b 1M∗∗ ! #�� a8b ` A8C8DBE�� tFu ·� � 1M∗ � ��u ¡�f u Õ v�^B_ �®F� Ë�! � �
��" �Ft�u Ø ^ Í���¹ a É�Ê A

`�É�Ê
B
` ! \)^ u�# n v #���� RF��$8g t�u Ø t W � Î

F % 10−3M & É�Ê A !�' �

F 10−2M & É�Ê A,B !�( Ð�Õ
F ) 10−1M & É�Ê B !�' �

# Z � #��F] Í ��� �-�����8� �<�F� tyu�Ô�* � Î # Z � # Z ] Í ��� �-�3���8� Í+�
�, � Ô �}¹ a �8��É�Ê Í���! f u ØX]�¯ � ! � ����� �=�3�Y�8� Í º85 � t Õ q  ��-�u ^�` ! e�c u Ø

1. .�/�0�1�2�3�4�5�6�7�8�9;:�<
#�= #�=F] Í ��� �=�3���*� �%��� t�u�Ô�* � ����É�Ê !��>� ¯ Ó�q Õ u ^�` v  

,_Í ` §¿� e�f u ! Î #?= #
��] ��§ Õ q   �"��É8Ê ��� u �:� � ���3��� !�g"h tu�Î ` Õ ¹ ��! f u Ø

2. @�A>B�5�6�7�8�9�:�<
! � ����� � �������yv�Î?C�D #�= a�by! n p `�Ð q ��� �=��� � ��q Ð Ô `�c � Î#�� a�bF! ^ Í ��� �=�3� � ±�² Ð q*nYp � �Fq t�u º85�e�f u Ø;E [ ���3Å-Æ��>F E}Í#
=   r�s � n3p � ��q t�u ! Î ^ Í n p i"b ²
G v
H�I #
� Í $ Ó �=�g  ¡ a � �=]Õ3Ø-#�= #��F] Í ! � ����� �{�#�Y�8� `�~�! � ����� �-��� Í # n v�J � #���� RI�� pgqK�L ] ÓFu ! Î ^ Í Â ¡�#�= ÍM p�N�O>P�Q£� ` #�� Í ±�² N�O>P�Qw� �� R$8g tu Ø-#�� !S *�q+T � RXÍ+U n v3Î ! � ����� �=�3���8� !�'�V e�f u ! Î � � R�� a u

� Ð Ô ! p3q ~�! � ����� �=������� !�L�M � � a u Ø8#�� Í�W*E � R�X�Y �
10−2M�e v Â[ZR\�] ~�! � ����� �=���-��� ��^ t Ø
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2.3.4 � ��� ��������	�
��� �������· S�, � q c Ô #�� � � r #?� Î
Fp ����� ¯ ���/s��/@ [ Í�D"E�� o�t #�� � ��� #

� Î
Fs � �
	>� Ô 3

È a���Í E [�������
� F���v3Î #�� #���] Í�������� � �8� !��� u Ø3#�= � ��� #�=�]��� '"!�������� � ����# � �%$'& u !�(*)'& v #�= � #��F]��+�, Z.-�/10
2�3 u
4*5�6 ��798�:9;�< =
Fp > Z ����8?:�;?< =

Fs > ��@�A�B�C�D 10:1, < �?E�F � � ( 8?G H���89:JI � �?���*� �LK�M ��N�O�B 8?G H�798�:�I �LN�O�
10%
, < ��EJF
4 8�: � 8�:PI � ������� ��K�M � B�Q�R !�S�T AJU�V"W $X& 2�3 F
4Q�R !�������� ��K�M B ( H�7�8�: ��Y�Z ������� � U H"[�8�:"\�]�^�_ &�(`)
& \Jacb2 HJ[d8�: U�e�Z"f F�g 3�h

re-emission
��i�j ��E�F
4

2.3.5 kmlon pJq�ros8�: U 8�G"t $ �vu�w ������� �"x ]�^ f F"g (zy�{�|�} � 8�:�~�� B�� � u�w���� EF 3 B������������ \ u�w _ & F�4 �����J� 8�:9~��J� � ���9�JB�� \ 0�� f 1) 4)
�� A +�, g S���( � &���& �v���PUd� � A +�, ��@�A x'��� f F
4�� \�~�� � ������� ���� g � ��� K ��� � x E $
� 0 6�� x
�m0 6�4

1. ������ ~�� U�u�w |�} \ S FJg ( ZJ��¡"¢ xX£ ��¤ \�¥�¦ u�w���� EJF 3 B y�{�|�} \ � �� K U � � F
4§6�g W�¨ ( S2→S1 ( S1→G
EJF 3 B

T1→G S�© � � K U�w ) F'4 ) �a h Sdª Q�R ! � K�x ~�� � ��«�¬� g 3�3 ( 10−11 10−12sec
, < ����� x
® f F
4

2. ¯�°�±J²
1 ³�´"µ 1 ³�´ I�¶ Z ¶ ¡J¢ x
£�h Q�R ! � K \Ja�b 2 Y�Z x
·�¸ ( 10−8 10−9sec

¶
u�w���� xº¹"» 4 ic¼ 5�½ ¶ g )v¾X¿�À _ & 2�3 F Y�Z"B�f�Á 2 H�7 u�w���� t�Â y�{�|
}JÃ ¶ � ��� K (S1 →G)

¶dÄJ\ ¡J¢ _dÅ F
4 8�: g 0
2�Æ�Ç _�Å F
È : B�Y�Z�É ��^ O¶ C�Ê 3JË ¶ ½�Ì ª Q�RJÍ S S1 →G
� K ¶ N�OJU ¦mÎ S Â'Ï ¨ S Â S 3 4 7�Ð�\%Ñ � �x�Ë�»�Ò�Ó�Ô�Õ A È B�Y�Z x�Ö f Ë ¶ U�× Î Ì�5�6�Ø | Õ A È a � Ë
Ù | Õ A È U a"Î YZ x ¡�¢�f F
4

3. ÚJÛ�Ü�Ý
Þ�ß�à ¶�á�¬ x
£mh

1 ³�´Jµ 3 ³�´ I 5�6 B 3 ³�´�µ 1 ³�´ I�¶ ª Q�RJÍ � K�xXâ Iã9ämg 3*h 4 Þ�ß�à ¶�á?¬ x w1å
f*å ÅæÂX¶�� K BLÉ �?ç�è Í \ BLé�ê ¶ 6 � N�O�B ¦
3 4 0 t 0 H�7 � � u�w���� g

3 ³�´�|�} I�¶�ë�ì�í�î µ ä U�ï _ 3 T A \ B â ä�ã�ä Bð�ñ Ídwmå �óò f Î S F
4 å ¶ i�jJB 10−7 10−8sec
, < ½ ·ô¸ F
4
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4. ����°�±J²
3 ³�´Jµ 1 ³�´ ¶ Q�RJÍ � K � T1 →G� ¶J_ 3 \ ��� ZJU�¡J¢ _vÅ Fº4 T1 →G

¶�� KË�ÞJß�à ¶�á�¬ x'£mh é�ê � K S ¶ ½ N�OJB ¦ 3 4�� 3 I T1

¶ |�} \
	 5 b 2�3 Fd6 �\ Ì ��� Z ¶ ��� B 10−4sec �� ½
��� \ � 3 4 S�� T1

��� B
S1

��� a � Ë ¦ 3 ¶ ½dÌ��� Z�� � B�Y�Z�� � a � Ë � 3 4�� ¶
�����J¶ h
��� D�� à���� µ �XÀ"! ½ B Ì 2)
¶
��� U ¥ Ë ³"# ½�E b 2 Ì å ¶Ä e · f F YvZ x�$�% g 0'2 g � Ö f 4'& 3 u�w |�} ¶d8�G�~�� 1M∗∗ S�© \ w)(�f F �à
��� µ �+* à B�, nsec � � ½ ·�¸ Ì å Å B+� à
�-� µ � * à ¶
. /�0�~ x S f21 7�3 Ì

3 ³�´ B 1 ³�´ a � Ë � � S ¶ ½ 3 ³�´�µ 3 ³�´ ¶�8�G?~���\ a F � ¶
��� U ·ô¸ FJg Ì,54
sec
� ��� ¶ � à
�6� µ � * à U�e · f F 1

3M∗∗ +3 M∗ 7 1M∗ +1 Må ¶ T A \ B � à8�-� µ �+* à ¶
9+/�0�~ x;: 0 f F 1 .�/
0�~ g 9+/�0�~ g ¶
<�= Í>�< B�¡�R"? ¶ ��@�A \"a�bCB8D-E F 1`å ¶�F�G B�¡�R�? x�H
I f F�J í Þ � :�K�I�L ¶
y�M x S�N B�/ F 1

2.4 O P QSR Q T¡�R�? ¶�ë�ìví`î µ ¶ h
� Ì � D-� àU�V� µ+� � ½ Z ë�ì�í%î µ \�W � Â ¤ \
X W B NE h ë�ì�í%î µ U EJF 1�� ¶
Y Ç�x�Z ë à
�"à�[ g /�/ Ì ,�\�] ¶ Z ë à��Jà�[ U
^�¼PfF 1 ë�ì�í�î µ K�M ��� ½ ¶ Z ë à
�Jà�[ B � 2.2
¶Ja h \ ·m¸ F 1

_a`cbadfehgjick lam lcn
(ocpaq ) parcsatcucv

waxfy dfz|{fza}~a� y dfz|{fza}
(oapc�a� )

�a� y dfz|{fza}

� y dfz|{fza}
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3.1 � ��� �� w�x
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(K�L�M w�x )
Ë��	î

2.
]���w�x 	 Ë U�z @ { B�N�Ó

3.
]���w�x�O>� Á�Â�P Ê�Ë U�z @ { B�N�Ó

4.
Á�Â�P Ë Á�Â

Q �&b�X � ÜSR&����J � d���îT�UWV U�z @ { B " N�Ógu�� v�X ��V � ¶ U�z @ { B�NÓHY'Z ¥S[ ^
(\ ¶ K�L�M w�x )
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3.
� k t Ë Á�Â�P Y'u � ��v b

Q pxw�y h Ë	c�z�{�|�}HY'~ � X b

3.3 � � � � � � � �
g�� t5� K�L�M [�� Y �� k�OHl�V5� � k�� �	��� P (PPO)

Y'k�O���b
“Handbook of

physical properties of organic chemicals[1]” �H� V���� t V�����l��5��]��x�	Y� �¡�l X¢ { g�� t_£�¤�¥�¦��H§'¨ lS©��ª_«!ª�|�¬ ����� k�xl®©� � k�� � PPO ¯ k!°�� v
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	|�} § ~����������f � |�}�{	�
CAS 
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�
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�� 150900-12-2 � { ���� �	��e �	£�¤�¥�¦_����� ��© ��� � k_°�� ¯�� p ¦��x§'¨ l������f�u���l�� £�¤�¥_¦�� ����� ���

3.1
�

15 ��� {�� v �
k�°��

(� !�"$#&% ��� ) i_j�'( !�)	*�+�,� �-/.01.2�3�. 6.2g/l 124

0�4�5	6�78593�. 1.7g/l 109

0�4�5:,� �-�.0/.2�3�. ;	<�= l 123

,� �-/.0�.2�3:. 38g/l 108> #�?A@� �BDC�@:E�F ;	<�=DG 205

2-
( !�)�*�+8H�6�7:I�.�BDC�@:E�F�J 1100g/l 191

,� �K$ �L�.�M�I:. ( !�N�-! 80g/l 172

B�6�O$P� -2- L�.�M� 1Q��	R ¦ 70g/l 208( !�)	*�+�6�7�I�.�STO�5�3�. 120g/l 138

6�7�I:.�M�L�M� /Q 190g/l 158

2- UV@�-� �?�.�W�.$X�YD![Z�*	+�F 519g/l 192

DL-2- 6\7�I�.]T@�+� 115g/l 150

B�6�^	Z� �Q�BDC:@�E�F 1100g/l 244

E�N�I$ ;	< � G 376

L�^P: �L�.�M� /Q 70g/l 205

�
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a�b	c ����� �8d
3.1
©

3.2
{���e��
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2Y3Y5 2Y7 §:Z '���� ` �� 8 © E��YD� � �)8 �\[ �^]Y_�¯a`cb © 1��YD�� � �)8 �\[�4da_�¯a`)e �_� � �4f�©>g4h 8S�,8 � 243 � 2Y3Y5 2Y7 � B4C¯JiAj �Hk�� � 2Y345 2
7 §ml<n �JoYp�©>g4h 8 � 243 � 2Y345 247YB4C @Jq RDGmrG��as © M4N � o ¯ � e � �� 243t5 247uB4C �	©4v0w �yxJz S4{�.0|93 §~}4� � �Ve��uf © BuC��J�^¯J� p4� §��e���� � ��� � � p4� § 4m��. (micell) 8��4j � 243Y5 2Y7 �a� � ¯��,e ��e � ; ª r 4
��. �J� b kY� � b�e �\e ¯ ©	�Te � �8� ¢ � ��e 8�4m��. �a� b k&�>�\� 8 � � © 4��
. �a�<�YG ¯a� n r\s�e ��� �:` � �^E��32 ¦���§1` �� 8 © 4m��. §��Y� G�rYs � B\C¯4��:. § ° b ©Y� G:s 243 @ �$e E��32 ¦_� � 24345 247�¯JM4N ��e/�
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3.4.2 HLB �24365 247 � 1��32 ��� k��	© HLB � (Hydrophilic-Lipophilic-Balance)
@�� � �

HLB����� � r 2Y345 2Y7 � d 3.3
� �A�'�>B � @ b e������ ���	�<@ ��
�� �<e `AG e'© 1
 2��:�<s 24345 247 §� ����e:�4f	© HLB ��¯ 13

� ¢ � 24365 2Y7 § I�� � �

0 2 4 6 8 10 12 14 16 18���������� ���� ���� � �����

���! �"#� ��$�#�!%�&�� ��$�#� ������!'�(�)�� ��$�#��*�+ �#,!-�.

d
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3.5
# $ % 1 & 243 524365 247 ����©760�
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3.6 � � � � � ��� � 	 
 �vPw ���l ����� ��� ����� z��}P�P�7�P��� w 	���� � ��� y ��� 	 PPO � ���	� ]}7�7�	�7�
����y x! $�"$#!%�]
1. &������'����z��]
2.
w 	�($)!	�� � � ��]

3. *7�$��#0m�]
4. +!,F�.-0m�]
/!0 y x! y�� $�}	�7�7�7���'1F� �!2 �0y 5 3�4��5"!6F� f�]
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• �!7$&��C� k.9:�; ( <7�7���\� )

= =>&>KJL@�A k�B�:�; �K&e���e����� zef7dPmL� �CMLN y7fPg 	�� mPf�O ) }P�7�P� �y�*!P�� ( 3.5 $!Q��5O
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\�uwv�xLO G:7E] u
v�O&N [ V�UEJ h 5g

kdl U�W G Q�y=K
\ 3 z m PPO Ofq s ] u�v�{ &9V PPO �"U |~}
U��V��[�\�\�uEv�t�m��E�=<E�4]p� h"��� &RZV�:ZEm�ZNQ ] ��� G Q�V��E�E� m�Z�&R9 ;
�"����\"� UV �=f	�"%V�������Z� � GZ] >:?IQ"�

3.9.2 �>�>���>���>���@�B<>� ����¡>¢
£ U	J �HL�¤�¥ z&5 Q"U�W�X \�¦�§ �Hk 3.3 l@¨©�
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F
(100ml) m�� { & PPO �"U	W � �E��� m���&
L	¤ �"U�W�X 9R; ����������
	
� eBf a�7 b 7

W���7
6.2g }�U �

bC$ c���=c"�"7 1g ��� }�U �
b $6c e f a 7 b�7 W �
7

1g ��� }�U �

eCf af74bZ74W"��7 5g ��� }�U �������� f�� T ����� 1000g ¦�� }�U �
2-
����� 	!�#" ���%$ 7&�
T �'����(

10g ¦�� }�U 9R;�� (� )

e f!) f V�7Bg
$�7 �*�
�Ia �

5g ��� }�U �

�+� �-, f -2- V�7BgBf hF. <
5g ��� }�U �

���'�
	
� �&�/$ 7 � �
c���7

5g ��� }�U �

��'$�7:g=V=g:fih 5g ��� }�U �
2- 0 � a:f � 7 k 721
3�54
	� � 5g ��� }�U 9R;�� (� )

DL-2- �6��$�787 � � f 5g ��� }�U �
�9� d 4 f&h�� T ����� 10g ¦�� }�U �� �'$Cf 10g ¦�� }�U �
VId , fHV"7:g:fih 10g ¦�� }�U �

k 3.3: L�¤��"M�O�P=<	Q �"UEW�X
:�;�<=�>�?�@�ACB�DE
@:A	� LIM %�\ F m�� {�&ZU	W�XCF�G�H %V�XZ�I PPO �fU:Z�J�&LK:P F U � M�OEP=<
Q \�MI�N zLO�P Q�R�S �
M�OEP�T	Q'�U'� F mVU Q G S y�V %V� UV ��W�� Q�z ���	����%�X/Y��/Z�{/T�Q�F/[\ G S F"��� R/S U�]9^ S�_ ��`9a�\�b"� G S �

3.9.3 cedef��eg ����¡>¢
R�S	T�h�J�^"UEW�X�\"¦�§�^�i 3.4 ^9��jZm P�R/S �
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F
(100ml) m�� {�� PPO ^"U�W�h �	����m����
U�W�X X�YC^"���(���� W���	�
�$ ��� 80g ¦�� ��U �� 1 � 	 � W/)�W��	��CW��C�� ����� 28g ¦�� ��� �

� 1 � 	����9� � ����� 30g ¦�� ��� �(���� W���	 � ����� 	���W��
$ ���

40g ¦�� ��� �
(���� W�) � $ ��� 30g ¦�� ��� �

i 3.4: �����h� �^!��"$#

PPO F!��"&% S�£ ��]�'"¦	§�^/K�( P�R�S �
)+*,.-0/�13204.5�6

798+: 1;,.-=<>-? 1.@.-BA
Na

  (ABS)

7C8+: 1+D+A
Na 

 (SDS)

)+*,;-=< EC4;5�6

FHGJIKHLJM N OHP�Q R�SJT

U IJV W U IHV WKJLHM N
X

3.8: Y���]�^[Z�\
30



��� ' PPO ��� Q������	� Z�
 S ������h$ �^�h�������	�

�������������������

�! �" ������#���$���%���&
Na  (ABS)

�! �" ��'�&
Na  (SDS)

��������#)(!�����

*,+ -/.10

336

447

348

256

2)354�6

7 28314

7 28314

9 28314

9 28314

:<;<=<>

?<@ =A<B<C
D<E =A<C

CH2 C12H25

CH3

CH3

N
+ Cl-

C12H25 O SO3Na

CH2

CH3

CH3

N
+ Cl-C8H17 (OCH2CH2)2

C12H25 SO3Na

F<G<CH<I<CJ<K<L<M

F<G<CH<I<CJ<K<L<M

N1O

P)QR1S

P)QR1S
P)QR1S
T1U QR1S

X
3.9: Y����$��h� �^�h��

V�W�X�Y�Z�[�\�]
PPO ^�_�`

PPO
� Y$� ���h  �(badcfe�gih�j�#+��" � ��k��il&%�m,n�o�pq� X 3.10 (�rds�eutv�w '�x 100ml ([� " %yp PPO z (g)tq{ w 'ux 100ml ( PPO ����"}|f~��fh�(f�����

�������� �z (mol) ����	�������uh���� ��� |�s���g�t�x�( PPO ���bk %�(�m	s[���
���� b����	�

surfactant(mol)
0 0.01 0.02 0.03 0.04 0.05

P
P

O
(g

)

0

0.2

0.4

0.6

0.8

1

1.2 Benzalchonium
Benzethonium

SDS

ABS

X
3.10: PPO ����"�|u~����������� �z� hb������a}� �������� �h mol � � PPO h!������z�'���� � � ���	�f� k�cfpf�}�

p�t��$����z�'!�������� �z�h 1/5 j�#�(���cfe�s��	�
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%	p � cfe�t PPO ' X 3.4 (�r�� �	t������bh	��
�( ��" � ���b x�(q����� %	e�s
� ���� |����	�

V�W�X�Y�Z ^��	�
� x�� (�	����������� )

��� s!�������� (�������! 	��"�#�$�%ft&��������' � #�$
%�t)(*�+�������'��-,�������� Na(ABS) t�(.*�+!����� Na(SDS)) ' PPO � ������
�qp����+���0/�'��	�3���1���2��h � | ��� s�� g3 ��s t � s54 �d�	�76	8 (�92:�
��p��

3.9.4 ;=<=>@?BA�CBD�<=E@F
x	G��	H	I	J�h-G	K�L�M ��� h&N 3.5 h�a�4�O��bc�pq�

x (100ml) O�P � � PPO h�G�KQL R�S	T�O�a��
G	K�L U�I�h&V	W

ADA4607 25g
�	X

0.1g Y	Z V[�\ ��]�,	^&����� [ ,&��_���` 0.01g Y	Z 0.01g Y	Z V
N 3.5: x�G��	H	I	Jbh�G	K�L

ADA4607 Mftux�O�P � ��G�KQL �ba�c O-d�k�c p��fe k�e t ADA4607 h-g�L}��d mQe
e�h	t PPO M�G�K=e	��k�cfpq�[	\ �b]&,Q^&����� [ ,-��_��!`�Mft X 3.7 h&iQj�k kfl�h � k���a�4�Oft7m�� � \ �n�o � h-p�q�t a�c O�r}msG�K � � �fx�`���tvu o $-% 1mol/l G	m�O-G k�e p ���bw t x
100ml O�P=e�t 18g

��X G�K=e	p��}��pft�x�h�G	myO PPO ��z�{�p � t PPO M&GQK�e	�
k�c�pu�

| _ Y�}	~�Z ^����
ADA4607 h-G�K�L�M-� � 3}�fk�c p � t PPO ��G�k �}��� M� �f��k c pf� ADA4607

h�����G�k�e pbp�q�h-H	I�z}� ��� h 6��  ��� � �y�b�fp�t [�\ ��]-,�^������ [ ,b�
_��!`�Mfx�O�� �!� g�G�K=e ��k�cip � tux�`���t@u o $b%fx	G�m�O	M a�c O�r}mG�Kve
p�� � h�G	myO PPO M�G0K�e	�dkbc�p�h�qt ADA4607

��� Z�O	,�^����y� h	���H	I
z�� ����� �	�
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3.10 � � � ��� �
3.10.1 �	��
�
n	q�e	p�+2��^�����qh�H	I�z�� ����� ����� � e	eqt 60Co O�a��2"	���fu������ [� ���������� �"! cup$#

%�&�')(
H	I�z �	��*�+ �$, 3.11 O.-���#

Co
60

γ

PMT
H1161

/103254368719$:<;8=3>?5@ =3ACBED5F

5cm

12cm ADC

signal

gate

G H	IKJKLNM O
PRQRSUTWVRXY[Z]\W^

delay

discri gate generator

1.17MeV
1.33MeV

,
3.11: H	I�_)` ��*�+

a�b e�c�I�d�egf�h)i�j$k�l�m.n�o�j , 3.6 j$prqs#
t d)u�j$v�w x�y \�z n o{�|.} j$v�w _�~.��y$� {�|.}�����$� d�� -2700V

d��)f�h�� 3.0 × 106���)���
300 ∼ 650nm��� �������

420nm

_�e)��� @420nm 26%�
3.6:

t d�e�f�h�i (H1161)
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�����������
	����� &
���
`�� *�+ j�������j���� ����� c����! �"�#!$%"�&��'$m , 3.12 j)(
*,+)-�.
/$j�0

��j ��1 +�2
354 + !76 c$#

ADC ch
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,
3.12: 60Co +
(�358
97. }
: "�;=<5.)>$j
 �"�#�$5"�&��'

?�@�A �B�C
D t _ j[�FE mG� D t _�HGI�J jGK�L j x y�/FM�"ON j%P�Q : "R;S<O.�> (BC517H,BC519,BC525)�T (�U�� KamLAND V�W
X a)b 1�Y�Z�[ 35P�Q : "�;!<%.
> � a)b 65Z�\ 2
] c�#7^�E_�` m , 3.13 j
()*5+�2
]$c�a
2 T �cb[j�^dE _�` m 30% j�egf�h5i
j�X [ 35a

D t _ D t ��� k�l
m7n
(% o�"!$ |�p " )

BC517H 52% 425nm 2ns

BC525 56% 424nm 3.8ns

BC519 60% 424nm 4ns�
3.7: ^�E
+ a)b 6 c : "�;!<5.q>$j�r�s
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�
3.13: ^�E _�` :

D t _ (% og"�$ |�p " )=(ADC ch)/51

3.10.2 �������
�	�	
 ?�@	�

(ADA4607)
�	�

8 100g +�� 6 � 5g ��� ADA4607 h���� 6 � 50g �%X��� 6 cdH���� z } H�� 1q�  g"
#=$ " &��R'dh �"!qX$#�2"��][c�a&%gu"'"(") h ��*gZ�+ � `d� 6 cdH��"! X�#�2"��][c�a
x�y)/�M�"5N	, j : "�;!<5.
>.-�� KamLAND X a�b 1�Y�Z�[ 3 : "�;!<R.
>�20/�j
 d"d#!$ " &1�%'�h2��!qX�#d3 : "�;!< .q>$m�� : " ;�< .q>$j�3"4��q+�5	6 ` h.7"8:9
3�; � : "�;!< . >2<gQ)H�= t h D 6 c�a�b Y m��>= t H : "�;=<5.q>?dX +	@"A!1�Y �
+6	41��X	BC 6 Z�[ 35��; [ *7b	;�h.D 6RZ�[ 35a

3	E ADA4607 2F/ j��$= t h D 9
3�H  7"g#�$5"�&F��' H���!)X:#�2 [ D t )!h58q+
��� 6 c��gP�jHG"I����dP"j3"4d�
+�5"6 ` h.7"8:9)3:; �J5K6 ` j	Lgcq3.4d�"j	MdH�=t h D 6 c�a�b Y m�� t H��gPN?gX +	@"A!1�YdZ!6 � [ 6"4F��X t H"BCqX�#�2 [ �1; [
*�b	;�h.D 65Z�[ 35a

5"6 ` j�7"8
+q( q �  d"�#=$ "�&O�G'dh �>!�Pd����Q	Pd���
h�Rq3.S �	T `qX�#d3 b
;5H��N�
] c a
U	VWNX �

+NaOH1mol/l
�	�	Y ��	�

1mol/l j NaOH 8Z�7P 100ml +[� 6 � } ; z 9
"�h 18g � XK��� 1\�Z `�� 6 c�H��
� z } H� 1
� �  7"�#!$5"�&1� '.m�	!
X�#�2	�
]$c�a
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����� 
 � �	�
� �7P j D t _!h�`�� 6 c������gn�o"j � 3.14� 3.15� 3.16� 3.17 j
(
* +
 7"�#=$5"
&F��'7h.�	!
X�# c�a

0 200 400 600 800 1000
0

2000

4000

6000

8000

10000
Nent = 252416 

Mean  =  137.9

RMS   =  60.16

Nent = 252416 

Mean  =  137.9

RMS   =  60.16

�
3.14: 9
"
	 z  ���~�� 9wt% PPO10g/l
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Nent = 197652 

Mean  =  147.6

RMS   =   84.7

Nent = 197652 

Mean  =  147.6

RMS   =   84.7

�
3.15: ABS14wt% PPO 10g/l

0 200 400 600 800 1000
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Nent = 241418 

Mean  =  151.4

RMS   =  71.34

Nent = 241418 

Mean  =  151.4

RMS   =  71.34

�
3.16: 9
"�c$���~�� 12wt% PPO10g/l
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Nent = 222294 

Mean  =    134

RMS   =   55.1

Nent = 222294 

Mean  =    134

RMS   =   55.1

�
3.17: SDS9wt% PPO12g/l

PPO H��� 6 c��P
X�m>9�� Z D t 6 �� �"�#!$5"�&F��' H���` 1�Y c�a
��� V�W!h \ 2q]$c

8 + 8	�	(��������gw + PPO

8 + %�u	'	(>) + PPO

8 + 8>�	(�= t �)w
j��	I \ j���X����	8 ` +
(�3 D t H�	!
XN#$cgj�m

8 + %�u	'	(>) + PPO

j	M��)]���a
n�o)X�m%�u	'"(	))+	� [�Z �7V�W!h \ 2�* a
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3.11 PPO ��� � � � � �	� 
 � �  � �	� � � ��� ����������������! "�$# �&%�'�	! � # �H%)(	'	(	)�*��,+.-�%)(	'	(	) �0/�1)2�3 -4�5$6
PPO

�$/)1�2�3 * 5)7&8 -�9�:�;�'=< � 5�> * 2�3�?�@0A�BDCFE �$G

3.11.1 H$IKJ�LKM N�O N�P!LKQ NSR Na(ABS)T
3.8 U �WVYX�Z -)[]\_^$`Yab9Y:�; (% c �d DeWfg� )

�Yh�@ G�i]()j]kYl ��/]1�m
PPO

�$/�1!BD2)3 ^$n�o�'=pq-Sr�s�t � 9):�; B \�uv+ 8�w�7 a$Gx�y
:PPO ; (g/100ml)-Yz y :ABS ; (g/100ml)

2g 4g 6g 8g 10g 12g 14g 16g 18g 20g 22g 24g

0.1g

0.2g {�s 4.0%

0.3g {�s
0.4g {�s 4.6%

0.5g {�s
0.6g {�s 5.4% 5.6% 5.6% 5.8%

0.7g {�s
0.8g {|s 5.6%

0.9g {|s
1.0g {)s 5.8% 6.7%

1.2g {)sT
3.8: ABS - PPO

�$2)3 *$} > 9):�; �$2�3
~

3.18
Z

ABS �)u ����mD� PPO ; BD2)3 ^$n�a$�Y� � 9):�; �$2Y3���h,� - ~ 3.19Z
PPO ��u ���FmD� 9�:�; �$2S3���h�@ G

PPO(g)
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~
3.18: ABS20g

�$���
PPO

2�3
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surfactant(g)
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~
3.19: PPO0.6g

�0���
ABS

2)3
�

100ml *�� +q- ABS19% - PPO1.0%
��� ��n ����� 9S:�; 6.7% c �  e$f���B [S\+Da$G

3.11.2 �
	KM N��!L �� ���T
3.9 U �WVYX�Z -)[]\_^$`Yab9Y:�; (% c �d DeWfg� )

�Yh�@ G�i]()j]kYl ��/]1�m
PPO

�$/�1!BD2)3 ^$n�o�'=pq-Sr�s�t � 9):�; B \�uv+ 8�w�7 a$G� 3��������!�������|� ���S- � 3��������!�������|��/|1 '$�Su�����*So @�m -��� ��!�" '$[�\!^$`Sa$Gx�y
:PPO ; (g/100ml)-�z y :

� 3����#���=������� ; (g/100ml)

2g 4g 6g 8g 10g 12g 14g 16g 18g 20g

0.1g

0.2g {�s !�"
0.3g {�s
0.4g {�s !�"
0.5g {�s
0.6g {�s 3.8%

!�"
0.7g {Ss
0.8g {Ss 2.9% 3.3% 4.0% 4.0%

!�"
0.9g {Ss
1.0g {�s 4.0%

!�"
1.2g {�sT

3.9:
� 3$���#���!������� - PPO ; �$2)3 *$} > 9�:�; �$2�3~

3.20
Z - � 3$���#���!������� ��u � �Fm - PPO ; BD2�3 ^�n$- ~ 3.21

Z
PPO �u ���Fm - � 3����#�%�!������� ; BD2�3 ^�n�a0G
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3.20:

� 3��F� �%�!�������
16g
�$���
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~
3.21: PPO0.8g

�$��� � 3$�������!�������$2�3
�

100ml *��,+.- � 3$��� �%�!��� ��� 14%- PPO0.7%
� � ��n � 9�:�; 3.1% c � De$fF��B [�\,+"a$G

3.11.3 �
	KM N�O � � ���T
3.10 U �WV�X�Z -�[�\!^$`)a$9�:Y; (% c �! De�f�� )

��h�@ G�i�(�j�k)l �$/Y1,m
PPO

�$/�1!BD2)3 ^$n�o�'=pq-Sr�s�t � 9):�; B \�uv+ 8�w�7 a$G
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x)y
:PPO ; (g/100ml)-Yz y :

� 3������, �$��� ; (g/100ml)

2g 4g 6g 8g 10g 12g 14g 16g 18g 20g 22g 24g 26g

0.1g 3.1%

0.2g {�s
0.3g {�s 4.6%

0.4g {�s
0.5g {�s 3.8% 4.8% 5.4% 5.2% 5.0%

0.6g {�s
0.7g {�s 5.8% 5.6%

0.8g {�s
0.9g {)s 5.8% 5.8%

1.0g {�s
1.2g {�s 5.8% 5.8%T

3.10:
� 3������v ����� - PPO ; ��2�3 *$} > 9�:�; �02�3

~
3.22
Z � 3��F���, ����� ��u ���Fm - PPO ; BD2S3 ^$n$- ~ 3.23

Z
PPO �)u ���m - � 3������  �$����BD2�3 ^$n�a$G

PPO(g)
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~
3.22: Benzethonium22g

�$���
PPO

2�3
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surfactant(g)
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3.23: PPO0.5g

�����
Benzethonium

2�3
�

100ml *��,+ - � 3$��� �v � ��� 18%- PPO0.7%
� � ��n � -�9�:�; 5.8% c � De$fF��B [�\,+"a$G

3.11.4 H$IKJ�L � R Na(SDS)T
3.11 U �&V)X�Z -�[�\!^0`�a$9S:�; ��h�@ G�i�()j|k)l ��/|1vm PPO

�$/�1 BD2S3
^$n�o)'!pq-�r�sSt � 9�:�; B \)u,+ 8�w�7 aWG

x�y
:PPO ; (g/100ml)-Yz y :SDS ; (g/100ml)

2g 4g 6g 8g 10g 12g 14g 16g 18g 20g 22g 24g 26g
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0.6g {�s
0.7g {�s 3.1% 3.5% 4.0% 4.2% 4.2%

0.8g {�s
0.9g {�s 2.9%

1.0g {�s
1.2g {�sT

3.11: SDS- PPO ; ��2�3 *$} > 9�:�; �02�3
~

3.24
Z

SDS
B �)u �F� m � PPO ; B"2�3 ^$n0- ~ 3.25

Z - PPO ��u ����mD� SDS; BD2)3 ^$n�a$G
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3.24: SDS18g
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3.25: PPO0.7g
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��� -WsSt B�����?�@���m * 5S7 8 -W9S:S; ����� '�� p"`�a0G���� +Da� �! �#"%$ Z

5µm
� -'&�( ^&` @�)"f������+* ^ (

V�,
nm)

5 � �.-�/ 8 �+* w G ~ 3.26- 3.27- 3.28-
3.29 *�0 ��1�2!B43�? G
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3.27: ABS16g PPO 1.0g-� �
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3.28:

��� �, �����
14g PPO1.0g-  �

0 100 200 300 400 500
0

2000

4000

6000

8000

10000

�����

�����

~
3.29: SDS10g PPO1.2g-  �
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m � 3��F���, �������$2S3 '����� 7a0G ABS sSt m � 3�� ���  ����� s|t Z�� *���k ��� w s)t �Sh�@ G +"a|' 7 8 -�sStU ����� ) f�� '�� � *����,+q-���� w )"f�� *�o ��� w *� "! 708�w @�m�#%$ p ` @ G
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44



3.11.6 ������� (Bis-MSB) ������� 	+��� 	
Bis-MSB �
	�������
������
� s�� (��� 2���� )

m�� 8
Bis-MSB

B������ � 9S:�;"! 2�3!B \)u � a$G~
3.30

�
3.31

�
3.32

�
3.33 # 3F? G

ADC ch
0 100 200 300 400 500

co
u

n
t

0

2000

4000

6000

8000

10000

$&%('*),+.- /10 213
 9% PPO 1% 

bis-MSB 4 5$&%('*),+.- /10 213
 9% PPO 1% 

bis-MSB 6 7

~
3.30:

�
8#�%�,9������
10g PPO1.0g MSB

ADC ch
0 100 200 300 400 500

co
u

n
t

0

2000

4000

6000

8000

10000

bis-MSB : ;
bis-MSB < =

~
3.31: ABS16g PPO 1.0g MSB
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3.33: SDS10g PPO1.2g MSB

?SE 8 !$sSt��09�:S; ! ���	� � p"`�a0G bis-MSB # 5 ��
 : ! ��� � � ��� #� � ^` � � s�t�U��������=^$` @ :�; ��� 7 a]a /!m #�$ pD` @ G
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3.35: ABS
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3.37: SDS
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B �%�&� a$�S� � 9S:S; ��� ��?�@ sSt m ����?�@ s|t���
	 � a$G9S:S; �����&� a&i���jSkSl Z � 3�� 8�����9 �$� � m � 3��
8���� ����� � h � � <� p ��
�
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8 kSi��)j�k�l	� h 7 a$G9�:); ���
��� a$i���j�k)l Z ����� ���
8��
8 ����	
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m ����� �
��
 Na �h,� � < � p �������
8 k�i��)j�kSl	� h 7 a�G��� # � � sSt1#� � k
� � B s�� � a0�S� � � � k�� � ! T � # Z i��
��� �������
[7]  �i ��jSk�l Z � U�� ��� 8�! ��"�# � �%$ �
���
!'&�(*),+�-'. + �%$ ��/ !���0 �
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����$ ��� �
#���� � !����  $ �	��
	�
! �
� 8 
�������
!	��� )������ # � ���/������
�"8 
 $ ����
�� ��� 
 $ ����
��	� �� �! !�"�#*)%$'&�(�&
-�)�*�&��%&�+� , !-"�#.�.� � bis-MSB ) ��/'���10��$ ����
���)%2 / ��"3� ����� � 2 /3��� 546 �7&	+89+�: ,  �<; �'= �  bis-MSB )?>'@	A�BDC 8FE�G ADH�# ��/����?I�J�K 4$ ���	
��DL�� �*) � !�M�N & � ��O��	��� ��P�Q ?& �7R�J�S	J )9T'U�&
-�)�*�&��&�+� 

3.12 V W X Y[Z \]�^ C�_ E.G A3H )%`�a �'b1I�J O�c�d�e34 ��f'K-g�h & h�i 1& b7j c�d�e3k�l3+ IJ O�m3n�o3L Q.p�M�Krq 6 k-sutvOxw�y-z�{-A ;�|�}�� l�~7& b�� U���� b7j >3@�A�B�C_ E�G A'H�L I�J O�c�d�e'k ��f�K l'+ � U�O�c�d�e����'L������7�'� ��j

3.12.1 �u������ _����1_�w��-��k������ p�� >'@�A�B�C�_ E�G A'H K�� +���O�c�d�e����8�7$.= ��j��� K 4 ; �������8�5���u�vO� �¡�¢'L 10cm £-z¥¤ 1cm £rz K-¦�§ �1¨')���© � Lrª_��1z'L-c�d�«'L-¬3��vc�d�e��1T'U b1j , L������3��4�O�>u¤1L-®�¯3��4�&�~°O�±�²3³&�c�d�e��7T'U b , ¤%k�� p�b7j; «�«����'4�´�µ'L ! &�¶�· K &'=-�	+ b%j

¸
¹
º»½¼
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10cm

 
¾7¿

»½¼
1

1cm

ÀÂÁÄÃ7Å

Half-Mirror

Æ
3.38: Ç�«�«����'L�¶�·

; «�«����'.ÈvÉuÈ1)�Ê-c�d�e�Ë.ÌÍO�Î�Ï�Ð.�1T'U b7j ,�, ��L�Î�Ï�Ð34-O�«'L-Ñ��3k
e−1 ¤7& b Ð M ��� b7j«'L�Ñ�� (E(x)) ¤�O�Î�Ï�Ð (λ) L�Ò�Ó'4�O�Ô�Õ�³ K ´�µ3L'Ë': K & b7j

E(x) = A × exp
(

−
x

λ

)

× I0

(I0 : ¨�Ö�«'L�Ñ�� A : ×�Ø�B�L�Ù�Ú�e K Ë b7Û�Ü )
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1cm L�£-zu¤ 10cm £�z�����du�7Ê�«'L�Ñ��'4���)���)
E(1cm) = A× exp

(

−
1cm

λ

)

× I0

E(10cm) = A× exp

(

−
10cm

λ

)

× I0

¤7& b7j ®���� b ¤ O
E(10cm)

E(1cm)
= exp

(

−
9cm

λ

)

¤7& Ì O E(10cm)
E(1cm)

¤7+8:��3k�c�d�e (%) ¤��7�
	�� M ) b7j �%Ê�k'=-�<O�Î�Ï�Ð λ 4�O
λ = −

9(cm)

logE(10cm)
E(1cm)

¤�� M ) b7j

3.12.2 �u����
����L�����O�� 3.12 L'Ë�: K &�=rÊ j���� @'_���z ������� K�� +��	4�O ���������]� K"!�# ��$�Ê�U�O�������% !"&�!  # Ê j

370nm 420nmc�d	e
(%)

Î�Ï�Ð
(cm)

c	d�e
(%)

Î	Ï�Ð
(cm)�(' C7z�)'_
*'_�B�z�+�_�, Na L"- 15% 33.3 8.2 68.9 24�('�. z�)'_
*'_�/�z�+�_�, Na 15%+PPO0.4% 24.1 6.3 68.0 23�('�. z�0�, Na L�- 15% 93.6 140 99.1 990�('�. z�0�, Na15%+PPO0.7% 66.3 22 96 220��� )'_�*u� ����� L�- 15% 78.2 37 90.8 93��� )'_�*u� ����� 18%+PPO0.1% 52.5 14 89.0 77��� )'_��7z ��1�2�3�z54�_�6 ���7� L"- 9.1% 83.0 48 88.3 73

� 3.12: 8 � ] L�c�d�e
3.12.3 9�:;�< =�> ?�@A�BDCE;<F�G"HJI"K ¤ PPO L�M����ON �EP�Q�R ��S�T�UWV c�d�e�L7N � �7�3��Ê j É ÈXS�Ê�YØ�Z�[ Æ 3.39

R
3.40
R

3.41 ��� b7j
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3.41:
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*u� �����
)'_
*'_������'Ê ! $ � '�. z�0�,��u�
1 �7� ��[ R F�G�H"I�K L�-'� � .�7Ê���� Rc�d�e�L-Î�Ï3k	� !  # Ê j ��L	
 LJ)�_ *3_��.��� � F�G�H�I�K L���� R��� Ð��3�JLc�d�e [�������� $ j

3.12.4 ��� ��� ����� (����� ) C! �"DC�#�
$�% k  $�Ê�� R PPO �'& � � � p
! $ F�G�H"I�K L ��� )'_��7z �
1�2�3�zE4�_�6� ��� ¤ R�$(% L<Ð�$ ��� )'_ ��z �
� ��� L�c�d�e L�) $��9����� R�$*% 4?z�+?z�,
L�Ð  k�c	d�e�-�L'Ë V !�Û�Ü ��.0/ b '�7�'��Ê j ��������[F´�µ�L Æ 3.42 L'Ë�V T!�# Ê j
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������-".�m wJI�� K������ p ��� � -�.�m 5 vE[H�5 s�Q }"~�����G��� Q�!�"�F�#�P5
�$���W�%�&('5W�m w

4.1 ) * + , -{�|�.�/ P >�I�� K��5��� s�0�
 ��132�4 ��p 80wt%5 x -�.dm >�� Q36�7�F��98 F: v�' 	��;
� m w�.�/ P >�I�� K��5����<>=�?"!�@ 1�ACB � � ��FED � Q B �>F9G
H<-I�J &�K�L;<5U�X > wI�J &�K�L;< }�M P >�N�O s Q�5�P G9QSR�T -�.�m w

1.
�

86wt%Q"��!�# �SU �WV '�) * 14wt%Q PPO0.7wt%

2.
�

84wt%QYX[Z I ��# � $ � 2��9\ �S]9^ %�_ ) * 16wt%Q PPO0.5%

3.
�

86wt%QYX[Z I ��` ]a^ %�_ ) * 14wt%Q PPO0.5wt%

4.
�

80wt%Q"��!�# � $�% '�) * 20wt%Q PPO0.6wt%
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f ��I�� K�nSoCp p
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6.1 PPO ��� �
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8.1 � ��� � � � � � � 	 
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