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This report was prepared as an account of work sponsored 
by an agency of the United States government.  Neither the 
United States Government nor any agency thereof, nor any 
of their employees, makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that 
its use would not infringe privately owned rights.  Reference 
herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United 
States Government or any agency thereof.  The views and 
opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any 
agency thereof. 
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k�JfS_aQVX�RS^ �hQ�^`RSWYX�RsfSfS_�X�RSWP} ZPO`XVO;^~XV\ U Qx\a��O U _�XVO \�W � U \aXV\�W U O;^~\�RSf�v{\ U WPO;ePX U \�W ZPO`XVO;^~X�RS\�W �
� _ab bc_ U _ gzQ�_ U O3Z@O`XVO;^~XVO;Z _aQ4�9O;fSfk_aQ	WPO;ePX U \�W@Q 
4_aW@Z%_cZPO`XVO;^~X�Ru\�W%\av�_cW@O;ePX U \�W \ U }�_ab b _ U _;g
ZP\zO;Q+WP\aX U O;b�\ �aO�RuXlv U \�b2X�MPO]QVg�QVXVO;b � LNMPO]WPO;ePX U \�W[ZPO`XVO;^~X�Ru\�W O �(^`RuO;W@^~g v{\ U X�M@O&�/O;fsf�^~\�e@WYXVO U Q
^`_aW i O�_aQIM@Ru}�M _aQ = ��� \ U b�\ U O � �9g ^~\�WYX U _aQVXIX�MPO8O �c^`RuO;W@^~g%\av�X�MPO + �hRSWJ^�M ZPO`XVO;^~XV\ U Qxe@QVO;Z RSW
X�M@RSQ U O;QVO;_ U ^7M RSQxfuO;Q�QIX�M@_aW � � �NM@O;W X�MPOcQV\�fsRSZ _aWP}�fuOcRsQ]^~\�W@Q�RSZ@O U O;Z � LNMPO ZPO`XVO;^~X�Ru\�W O �c^`RuO;W@^~g
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QVO`XVX�RSW@}6�NM@RS^7M?�9_aQNQVO`XN_�X � �[O � RSWpX�M@RSQ U O;QVO;_ U ^7M �

L+M@O9X�Rsb�O U O;QV��\�W@QVO i O`XN�9O`O;W�X�MPOlX!�/\xXhgz��O;Q�\av4ZPO`XVO;^~XV\ U Q/RSQ5_afSQV\IO;W1X�R U O;fSg3Z@R�	�O U O;W1X � LNMPO X�RSb�O
U O;QV��\�W@Q�OI\av�X�M@O&�/O;fsf�^~\�e@WYXVO U Q	RSQN^�M@_ U _a^~XVO U R��`O;Z i g _ Q�RSWP}�fSOIO�Dz��\�WPO;W1X�RS_af�Z@RuO��h_��9_ gI�NRuX�M _ X�RSb�O
^~\�W@QVX�_aW1X�\�W�X�M@Ol\ U ZPO U \av = � � Q � L+MPO+ZPO`XVO;^~XV\ U Z@RuO��h_P� _;g8X�RSb O+RSQ5_I^�M@_ U _a^~XVO U RSQVX�RS^+\av4X�MPOlX�M@O U b _af
ZPO`XVO;^~XV\ U b�\�ZPO U _�XV\ U � L+MPOcX�Rsb�O U O;Q���\�WJQVO \avlX�MPO(v _aQVX��JfS_aQ�X�RS^ ZPO`XVO;^~XV\ U Q8RSQ�ZP\�b RsW@_�XVO;Z i g X�MPO
X�RSb�O�\avfHJRu}�M1X9\av X�MPO U _aZ@Rs_�X�Ru\�W � dP\ U X�MPO�X�M U O;Q�MP\�fSZpWPO;ePX U \�W@Q �NRuX�Mp_ �aO;fu\�^`RuXhg(\av � �*+ ^`b�� WJQ X�M@RSQ
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��� � ;�� 

�����	��
 
��
���	��� � ���
� � � 
�� � � � 

� � 
 � � � �
��� 
 �

L \aX�_af�W@O;ePX U \�WD^~\�e@WYX�RsWP}�
+^~\�RSW@^`RSZ@O;W@^~O%^~\�e@W1X�RSWP} _aW@ZDWPO;ePX U \�W b3eJfuX�Ru�JfSRs^`RuXhg ^~\�e@W1X�RSWP}������ � �
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6X�MPO
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\�W X�MPO�W@_�X�e U O \av3v \�e U e@W���WP\��NW@Q � XV\aX�_af]b _aQ�Q 
��������f� U _�XVO�
Ib3eJfuX�Ru�JfSRs^`_�X�Ru\�W�
+_aW@Z ZPO`XVO;^~X�RS\�W
O �c^`RuO;WJ^~g � r X RSQpX�M@O XV\aX�_afxb _aQ�Q \av3�JfsePXV\�W@RSe@b ,.-�/ �1032 X�M@_�X[RSQ Z@O`XVO U b RSWPO;ZDv U \�b _ �J_aQ�Q�R��aO
WPO;ePX U \�W b�O;_aQ�e U O;b�O;WYX � L+M@O+RSQV\aXV\a�JRS^l^~\�b ��\�Q�RuX�Ru\�W8\av�X�MPO+�JfSe@XV\�W@RSe@b RSQ�ZPO`XVO U b RSWPO;Z i g8_aW@\aX�MPO U
b�O`X�MP\�Z � L+M@RSQ8\aX�M@O U b�O`X�M@\zZ �/\�e@fsZ Xhgz�JRS^`_afSfSg i O }�_ab bc_ QV��O;^~X U \�Q�^~\a�zg � L+MPO[^~\�b ��\�Q�RuX�Ru\�W
RSQ�O�D�� U O;Q�QVO;Z _aQcb _aQ�Q U _�X�Ru\�QI� � ����� 
 � �	��� 
 � �	�d� � � � WPO b Ru}�M1X�\ i QVO U �aO X�M@_�X�X�MPOpXV\aX�_af+bc_aQ�Q�RSW
b RSfsfSRu} U _ab QN^~\�e@fSZ i O8ZPO`XVO U bcRSWPO;Z%v U \�b X�MPO�XV\aX�_af�WPO;e@X U \�W%^~\�eJWYX U _�XVO8��O U Q�O;^~\�W@Z : e@Q�RSWP}(X�MPO
Z@_�X�_�RSWpL�_ i fuO � � � L+MPOIQVg�b i \�f : RsQ9eJQVO;Z i O;^`_ae@QVO�X�M@RSQ ^~\�e@W1X U _�XVO]RSQlRSZ@O;WYX�RS^`_af�XV\�X�MPOIQ�RsWP}�fuO;Q
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ZP\�e i fuO;Q U _�XVO ' RSW(^~\�RSW@^`RSZPO;W1X/^~\�eJWYX�RSW@}�
1X�MPO	X U Ru�JfSO;Q U _�XVO ; RsQ�_afSQV\�ZPO`XVO U b RsWPO;Z � L+M@RSQ�O�DzXVO;W@Q�Ru\�W
RSQ�RSW O;Q�QVO;W@^~O�b3eJfuX�Ru�JfSRs^`RuXhgp^~\�e@W1X�RSWP} � �/\aX�M X�M@O�ZP\�e i fuO;Q ' _aW@Z[X U Ru�JfuO;Q U _�XVO ; _ U O8ZPO`XVO U bcRSWPO;Z
v U \�b=Q�M@RSv{X U O`}�RSQ�XVO U QVX�_�X�RSQVX�Rs^`Q �
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disc

disc

disc
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 .

OR

Det #1

Det #2

Det # i

1282 3 4 1271

+ −
Σ

counter

predelay

. .
 .

0

1

2

n

. .
 .

0

1

2

n

long delay 4096 µsec

R+A gate

A gate

. . .

32µsec

0.25µsec

3−4 µsec

d�Ru}�e U O � ����M@Ruv X U O`}�RSQVXVO U v e@WJ^~X�Ru\�W@_af�Z@RS_�} U _ab �
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L+M@O+^~\�WYXVO;W1X/\av�X�MPO	^~\�e@WYXVO U b�e@QVX i OlX�_afSfSRuO;Zc_�X � _ U Ru\�e@Q5X�RSb O;Q � L _afSfSgzRSW@}�X�M@ONQ�M@Ruv X U O`}�RSQVXVO U RSQ
\av XVO;W U O`v{O U�U O;ZxXV\I_aQ�X U Ru}a}aO U RSWP}NX�M@O9}�_�XVO � L+M@O U O9_ U O9O;Q�QVO;WYX�Rs_afSfugIX�M U O`O b�O`X�MP\�Z@Q v{\ U ^7MP\1\�Q�RSWP}�X�M@RSQ
X�RSb�O � L+M@O;QVO _��@� U \�_a^7MPO;Qx_ U O U O`v{O U�U O;Z XV\[_aQ � ��Q�Ru}�W@_af � X U RS}a}aO U O;Z�
 � � U _aWJZP\�b fug � X U Ru}a}aO U O;Z 
k_aW@Z
) ��^~\�b i RSWPO;ZE� X U Ru}a}aO U O;Z � r W X�MPO Q�Ru}�W@_af � X U Ru}a}aO U O;Z b�O`X�M@\zZ�
kX�MPO ^~\�WYXVO;W1Xx\av9X�MPO Q�MJRuv{X U O`}�RSQ�XVO U RSQ
X�_afSfSRSO;Z��NMPO;W(O;_a^�M �Je@fSQVONO�D�RuX�Q9X�MPO�Q�M@RSv{X U O`}�RSQVXVO U � LNMPO U O;Q�e@fuX/RsQ�X�MPO�Wze@b i O U \av6�Je@fsQVO;Q�v \�fSfu\��NRSWP}
O �aO U g �JeJfSQVO&�NRSX�M@RSWpX�MPO]}�_�XVO��NRsW@ZP\�� < � L/g1�4RS^`_afSfug(X�MPOxX�_afSfSgpRsQ+X U Ru}a}aO U O;Z[_�v XVO U _(Q�MP\ U X	ZPO;fS_;g
\av ) XV\ +��j= � Q�^`_afSfuO;Z _ � U O��hZ@O;fS_;g � LNM@RSQ3� U O��hZPO;fS_ g U O;Q�e@fuX�Q�RSW Q�M@Ruv X�RSWP} X�M@Op^`fS\�QVO;QVX8�Je@fSQ�O;Q3\ 	
X�MPO]Q�MJRuv{X U O`}�RSQ�XVO U i O`v \ U O�X�MPOIX�_afSfSg(RSQ b _aZPO � L+MPO;QVO��Je@fsQVO;Q9XVO;W@ZpXV\ i O i RS_aQVO;Z i g(ZPO`XVO;^~XV\ U ZPO;_aZ
X�RSb�O � LNMPOI�Je U ��\�QVO�\av�X�MPO]� U O��hZPO;fS_;gpRSQlXV\ U O;b�\ �aO3X�M@RSQ i Rs_aQ � K }�_�XVO3X U Ru}a}aO U O;Z[RSWpX�M@RSQ+bc_aW@WPO U
RSQ�^`_afSfuO;Z%X�MPO 4 	 & \ U�U O;_afSQ��JfSe@Q	_a^`^`RSZPO;W1X�_afSQ�}�_�XVO � dP\ U �JeJfSQVO;Q+\�^`^`e U�U RSWP}(_�XI_aW _ �aO U _�}aO U _�XVO

% 
�X�M@O�Q�MJRuv{X U O`}�RSQVXVO U �NRSfsfk^~\�W1X�_aRSW % < �4e@fSQVO;Q	\�W%_ �aO U _�}aO � r v % < RSQ�Q�b _afSf�_aW@Z%X�MPO3�4e@fSQVO;Q�_ U O

U _aW@Z@\�b 
kX�MPO(W1e@b i O U \av �Je@fSQ�O;Q � RSW X�MPO(Q�M@Ruv X U O`}�RSQVXVO U �NRSfSf�v \�fSfu\�� T \�RSQ�QV\�W QVX�_�X�RSQVX�RS^`Q � � MPO;W
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