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r��]�#qItwmo�6r_r_g�lA�,Â2k_qWtvqzsO�6fhx_�,s�b�bvk_qWuw�`x6fhbv��t�fhm'³"¾`¾O¾:bvfhuwqZm mouWsOghghqIt�bvk_sOx
bvk_q�tvqZsOgj�`�nbvr_�6bz�nv ù®øEùKY s�r_r6ghl�bvk_q�fhx6r_�6b#���`g�b}s��`q����OtCbvk_q�morKs]tv|���s�r��ntvfh��q�t
sOuwr_ghf�¹Kq�tCtvf��OkAb�x6�z�{�
���3w xy��;z�%{}|";z�~�[��
������������-�,��;z��>~9n����;z�.����|=������>
Â2k_q�mor_s�tv|w��s�rTy���k_fhd}k"fhmCr_g�s�dZqz�W�_xK�nqIt2bvk6q�d}kKsOu�~�qItzyAk_sOm2bv� ~�q�r��z�2qItvqz�W~Al
s:Æ�ëÐmo�`�ntvdZq's`�����_m�b}s�~_ghq'��f�s�s�botvfhu tvqImof�m�bv��tw�`x)bvk6qwbv�`r��O��bvk6q�~��z�j�:Â2k6q
�`s�g��6qwfhm�¹6�nqz�,s]bW³W�'|�ë�yÍ~6�6b�f�b�fhm�s�gh�2sZl6m�r��Omomof�~6ghqWbv�"�`�"bv�-³Zä"|�ëJbv��bvqZm�b
�6f�¸jqItvqZxAb��`�`g�b}sO�OqZmZ��ÂE�:d}k_qZd}|,bvk6qW�`s�g��6q'����bvk_q��`�6bvr6�6b ���Oghb}s��`q`y4bvk_q�tvq'fhm�s
uw�`x_f�bv��t�fhx���tv�`xAb��O�4bvk_q�~��z�Í��Â2k_q dZ�Oxn�`qItvmofh�`x��Ìs�dIbv�Ot{fhm{äW¾O¾`¾nyÍfÌ� q`��bvk6q tvqZsOg
�`�6bvr6�6b�fhm$ä�¾`¾O¾�bvfhuwqZmC~_fh�`�OqIt$bvkKsOx�bvk_q�tvqZs`�6fhx6�6�
a dIg�qZs�tvfhx_� ¹KqZg��Wu��_m�bG~�q�s�r_r6g�fhqz��bv��bvk_q$morKs]tv|w��sOr�dZf�tvdZ�6fhbz�4aÎr��z�2q�tCmo�_r6r_g�l
f�m{r6g�sOdZqz�®�_x_�6qIt�bvk6q�d}kKs�u�~�qIt�bv�"fhx_r6�6b{s:³z¾O¾"ë�¹_qZg��:bv��bvk_q���sOrÍ����moq�bvk_q
�OtvqZqZx"~KsOx_sOx_s�bvqItvuwfhxKs�gÍghqzsO�6m�bv��dZ�Ox_x_qIdIb�f�bz�
����� xy��;z�%{}|";z��>��.���*����;')=�-�	���������[��
������8�����-�,�
Â2k_q{g�sOm�b$m�bvqZr�bv���`~nb}sOfhx�mor_s�tv|�mCfhm�bv��r��z�2qIt�bvk_q�morKs�tv|W�`sOr���tvf��`qIt$sOuwr6g�f�¹_qItz�
Â2k_fhm{fhm��6�`x6q���f�s'sWmofhuwfhgÃs]t�r��z�2qIt�mo�6r_r_g�l�bv�Wbvk_q��`x6q��_moqZ�:���Ot{bvk_q�dZghqzs�tvfhx6�
¹KqZg��Í���-q�moqIb�bvk_q�fhx6r_�6b��`�`g�b}sO�Oq{�`s�g��6q�bv���O¾Oû�ë��

� � °��®¯�±��#±zª2±�¬'©�������ª2Ù Ü
À��z�´bvkKs]b�bvk_q morKs]tv|�m{s�tvq��O�`fhx_�'�`xÍyjfhb�f�m�bvfhuwq�bv��tv�6x�bvk_q��_s�b}s'sOdzÒA�6f�mof�bvfh�`x
m�l6m�bvqIu���Â2k6qwsOdZÒ��6fhmofhbvfh�Ox-r6tv�O�Ot}s�u fhm{g��AdZs�bvqz�-fhx®d`Ñ ��mor_s�tv|��O�6s`Ò��Os�dzÒA�_f�tvq`� qI�nq
�`x
bvk_qWg�sO~�i#ÅJdZsOghghqz��dZs�t}�6fhx_sOgÌ�
Â2k_q�r6tv�O�Ot}s�u sOghgh�z��m�bvk_q��_moqIt�bv�®d}k_�A�Omoq
bvk_q�x��_u�~�q�tC�O�4qZ��qIx�bvmCbv�Ws�dzÒA�_f�tvq sOxK��bvk_q��_s]b}s�¹_g�q�x_sOuwqd�O�CÂ2k_q sOdzÒA�6f�mof�bvfh�`x
rKs�tob��O��bvk6q{r6tv�O�Ot}sOußs�m�s�bvqIxK�6qIx_dIl�bv��m�bv�`r���t$mo�`uwqIbvfhuwqZmCbv�����6m�b�tvqI���6moq�bv�
m�b}s�tobz� ² b�uWszl'~�q��6�_q{bv�wbvk_q��TsO~®ÂEqZx_�6qIt�dzs�t}�nm���t�bv�Wfhx�bvq�to��qItvqZx6dZq �O�4�Obvk6qItqI�nr�qItvfhuwqZxAbvm��O�`fhx_���`x:fhx�bvk_q gÃs�~T��p��`xÍ¿ b$�2��totolAyA���6m�b�tvqZm�b}s]tob�bvk_q dZ�`uwr6�6bvqIt
�_xAbvfhg�fhbC�#�Otv|�mCs�xK�WfhbC��fhghgjqZ��qZxAbv�_sOghg�l.�4õGq�dzs]tvqI���6gTx6�Ob2bv� fhx_r_�nbCmofh�`x_sOghm2��k_fhghq
tvqZm�b}s�tobvfhx_�:bvk_q�dZ�Ouwr_�6bvq�t�~�qZdZsO�_moqWbvk_q�d}k_fhr_m��O�$bvk_qwtvqZdZqZfh��fhx_�®dzs�t}��dzs�x
~�q
�_sOuWs��`qz�'mof�x6dZq�bvk_q�l��#�`�6gÃ�'x_�Ob�~�q{r��z�#qItvqz�8�`�
Â2k_q��6s�b}s]¹KghqZm2dzs�x'~�q����O�_x_��fhxWd`Ñ ��mor_s�tv|��O�6s`Ò��������3�H�O�� ¡ ��	¢�£¥¤�¦�§¡��¤�� �_s]bz�CÂ2k6q
xKsOuwq��O�Cbvk_q����`g��nqIt�fhm�bvk_qw�6s�bvqw�Ox-��k_fhd}k-bvk_qw�6s�b}s]¹Kghq��Cs�m�dItvqZs�bvqz�j��Â2k6qIl
dzsOx�~�q{moqIx�bCbv��bvk_q���À ²^¨ m�b}s�bvfh�Ox�dzsOghghqz�"r6g�qI|nmoÊ�lnÁí�OgÃsO�6Ê{~AlW��bvr�©��a$��bvq�t�bvk_q"sOdzÒA�_fhmof�bvfh�`xÍy2f�bwfhmwfhuwr��Otob}sOxAb�bv�,�6moq'bvk_q [Wª�«(ª�[�X!ª8ù_[¡¬Vªn[ ����bvk_q
f�x6m�botv�_dIbvfh�Ox_mCbv��mok��6bC�6�z��x'bvk6q�morKs]tv|�d}kKs�u�~�qItz��a�ghmo�6y_�6�OxT¿ bC����tv�`qIb�bv� ^O­�ù�X!ª
Yd®¯ª°®Vª�­²± ÷�ö «6\8­²«(ª ~�q����Otvq ghqzsz��f�x6�6��a�x�qIx�bvf�tvq x_fh�`kAb��O�4¹Kghghfhx_�w�2�O�_g���uWsO|�q
lA�`��gh�A�`moq�s�gh�Ob����4r6tvqZdZfh�O�_m��`sOmZ��Â2k_qImoq��nqIb}sOfhghm�uWsZl'moqZqZuß�_moqZghqZmomZyj~6�6b$f�b�fhm
qI�6sOdIbvg�l�bvk_q�|�fhxK���O�<bvk6f�x6�`m�mo�`uwqI�`x_q{qIxK�6mC�6r��n�`fhx_�w�n�6tvfhx_��bvk_q�¹6tvm�bCbotvfÃs�ghmZ�
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� x_dZq�bvk6q{�_s]b}s�kKsz��q�~�qIqZx"moqZxAb�bv��r6g�qI|nmoÊ�lnÁí�OgÃsO�6Ê`ynbvk_q��_s�b}s�sOxKs�g�l6mofhm$dzsOx"~�qIÁ
�`fhxT��Â2k_q�s�xKs�ghlnmofhm�rntv�`�Ot}s�uÿfhm�gh�Adzs]bvqz�:f�xÔÓd�]��t}s�x_dZ�Ofhm	�O�O¾O¾H��¾O0`¾�³W�Omor6|����wõG�6bzy
bvk_q{s�xKsOg�lnmofhmZy�s�m��#qZghg<s�m�bvk6q�dZ�Ouwr_fhghf�x6���O��È_�Otobot}s�x�r6tv�O�Ot}sOuwmC�6mofhx_��Õ!Ö¡£TdZ�Ou�Á
uWsOxK��s�xK�
Å2��×�Àâtv�O�6bvfhx_qZmZyGkKs�m�bv�:~�q'�6�`x6q'�Ox�sOx_��bvk_qIt�dZ�`uwr6�6bvqIt dzs�ghg�qZ�
�_ghg�tvf�d}kT� ² x®bvk_q����`g��6q�t�uwqZxAbvfh�`x6x_qz�:qzs]tvg�fhqItzy�bvk6qItvq�fhm�s"modItvfhr6b�bvkKs]b�qI�nqZdZ�nbvqZmbvk_qWr6tv�O�Ot}sOu�sOx_���6�:mo�`uwqWuw�Otvqwbvk6f�x6�`m�Ø`�,ÂE�:dzs�g�gGbvk_qWr6tv�O�Ot}sOu�y�bvk6qW¹_ghqZm
Ù�Ú¿Û�Ü¡ÜOÝVÞ%ß àVÝ.á s�xK�Ôâ Ù�Û�Û�à â ß à.ÝVá s�tvq'tvqZÒ��6f�tvqz�Í�,Â2k_q'�_s]b}s�¹_g�q'fhm�sOghmo�,�`x_q��O�bvk_qWfhx_r_�nb�����bvk_qWr6tv�O�Ot}sOu�y�~6�6b f�b�k_sOm�bv�®~�qWuw���nfh¹_qz�-~�qI���Otvq'~�qZfhx_���_moqZ�Í�
È<fhtvm�bzyTbvk_q�k_qzsO�6fhx_���O�2bvk6q��6s�b}s�¹_ghq�kKs�m�bv�"~�q�tvqIuw���`qz�:sOxK��bvk_q�~KsO�®qZ�`qZxAbvm
kKsz��q'bv�®~�q'�6qZghqIbvqz����tv�Ou�bvk_q'sOx_sOg�lnmofhmZ�ºÂ2k6qIl
s�tvq"qzsOm�l�bv�®mor��Obwmofhx6dZq"bvk_q
uwqzsOmo�ntvqZuwqZxAbvm s�tvq'sOghg#bvk_qWmvs�uwq�åÌ�Otws�ghuw�`m�b�æ��®Â2k_qWg�sOm�b�bvk_fhx_��fhm bv�:s`�_��s
¾'s]b�bvk_q�¹_tvm�b{ghfhx_q��O�4bvk_q��_s]b}s�¹Kghq`� ² b�fhm{�nqZdZg�s�tvfhx_��bv��bvk6q�s�xKs�ghlnmofhm{r6tv�O�Ot}s�ubvkKs�b4bvk_q��6s�b}s�s�tvqCtvqzs�g�sOx_��x_��b#�OqZx_q�t}s�bvqz�w~Al�s�rntv�`��t}sOu���Â2k6q$�O�6bvr6�6b4�O�jbvk_q
r6tv�`��t}sOuËfhm$s�i<�`m�b�»�dItvfhr6b�¹Kghq{xKs�uwqz��¢�£¥¤�¦(§���¤�� �_s]bz� r6mZ�
Â2k_qW�_s]b}s�dzsOx)sOghmo��~�qw�_moqz�:bv��dItvqzs]bvqWmo�`uwq�r6g���bvmZ��Â2k6qIl,dzsOx)k6qZghr,bv�"¹_xK�
mo�`uwq{tvqZg�s�bvfh�`x6m�~�qIb?�2qZqZx�bvk6q{fhx_r_�nbvm�s�xK�"mo�Ouwq�d�k_s�t}sOd�bvqItvfhm�bvf�dIm��O��bvk_q�d}kKs�u�Á
~�qItz�ÐÂ2k6qZmoq-r6gh�Obvm�s]tvq)�n�`x_q®�_mofhx6��ijaV��ã���Â2k_q,|��_uWsOd�¹_ghq,fhm�gh�Adzs]bvqz�Îf�x
ÓW�]�Ãt}sOx6dZ�`fhm	�O��¾`¾O�O¾O0O¾n³d�OrKsZ�A�n�
Â2k_qItvqwfhm sOghmo��s�x_�Obvk6qIt�r6tv�O�Ot}s�u bvkKs�b��OqZx_q�t}s�bvqZm��_s]b}s���tv�Ou modIt}s�bvd}kT� ² b�kKs�m
bvk_q����`ghgh�z��fhx_��gh�Adzs]bvfh�`x�ÓW�]�Ãt}sOx6dZ�`fhm	�O��¾`¾O�O¾O0O¾n³��]mor_|�uwdW�A�'�Tfh|�q�bvk6q#s�xKsOg�lnmofhm<r6tv��Á
�Ot}sOu�y6f�bCtvqzÒA�_f�tvqZm Ù�Ú²Û�ÜOÜOÝVÞ(ß à.ÝVá s�xK�äâ Ù�Û�Û�à â ß à.Ý.á sOm�fhx_r_�nbvmZ�4Â2k_q��O�6bvr6�6b��O�bvk_q r6tv�`��t}sOu�f�m�s��6s�b}s]¹Kghq bvk_s�b�dzsOx:~�q �_moqz�:�6f�tvqZd�bvghl"��fhbvk6�`�nb�uw���6f�¹_dzs�bvfh�`x
~�lWbvk6q{sOx_sOg�lnmof�m$r6tv�O�Ot}s�u��

å Ô)Ù�æ ª2«�±]°"çè�
Æ�qItvq$s�tvq$mo�`uwq�fhuwr��Otob}s�xAb2�nqIb}sOfhghm2s�~��`�6b4bvk_qC�#�Otv|�morKs�dZq�s�xK��bvk6q$q��6r�q�tvf�uwqIx�b
bvkKs�b ² ghqzs]tvx�b��]��qIt bvk_qwmo�6uwuwqIt sOx_�-bvkKs�b ² �2sOxAb�bv��mok_s�tvqw��f�bvk�r�qZ�`r6ghqWbv�dZ�`uwq`�
é ÂE�"sOr_rntvqZdZf�s�bvq�bvk6q�mok6�]�{yn��~6gÃs�d�|:~6gÃs�x_|�q�bvm�dzsOx,~�q��_moqZ�:bv�'dZ�]��qIt{bvk_qd}kKsOu�~�qItz��Â2k6q{morKs�tv|�m$s�tvq�bvk6qZx"uw��tvq�dZ�Og���to���6g�sOx_�'fhuwr6tvqZmomofh��qO�
é Â2k_q$~_g�s�d�|�gh�6x_d}k�~_sO� fhxWbvk6q���tvqZqZxWdZ�6r_~���s]t}�wdZ�`xAb}sOfhx6m2morKs]tvq�r_fhqZdIqZm#����tbvk_q�sOdzÒA�_fhmof�bvfh�`x�qZghqZd�botv�`x_fhdZm�sOx_�'mor_s�tvq{r_fhqZÊIÊZ�AqZghqZdIbotvfhd dZqZghghmZ�
é Â2k_qG�OtvqZqIx�dZ�6r_~���s]t}� fhm<¹_g�ghqz�{��f�bvk�dI��s��nf�sOgndzs�~_ghqZm��O�KsOghuw�`m�b�sOxAl�ghqZx_��bvkTytvqZmofhm�bv�Otvm s�xK�:dzsOr_sOdZf�bv�OtvmZyEmorKs�dZqItvmZyEs����6x_dIbvfh�Ox-�`qIx_qIt}s]bv�Ot	ê`yTdZ�`x6x_qZdIbv��tvm
����t¹�T�#c � sOxK�ÎõGÀ{ÅßdZsO~_ghqZmZy�sOx dZf�tvdZ�6g�s�t�s�xAbvqZx_x_sOëOy$bv�`x6m"�O����f�tvqZmZy
ã s]b�dzs�~_ghqZmWs�xK��dZ�`x6x_qZd�bv�OtvmZy2�Ogh�_q`yGkKs�xK�6~��A�O|�m�����tW~��Obvkì�Es�~�ÂEqZxK�nqItzy
qI��bvqZx6mof��Ox�dZ��t}�6m$sOx_�'uw�OtvqO�
é Â2k_q�s�dzÒA�_fhmof�bvfh�`x�dzs]t}�"fhm�uw�`�_xAbvqz�W�`x"s���f�tvqIÁÄ�Ct}sOr6r_fhx_�w~��`s�t}�Í� ² x'dzs�moqbvk_q�tvq�fhm$mo�Ouwq���f�tvfhx_��bv���6�6ynbvk_q���fhtvq�Áí�Ct}s�r_r6f�x6��bv�A�`gÍfhm��_xK�nqItCbvk_q$bv�A�`g
~��z�'sOxK�Wbvk_q���f�tvqZm�s�tvq{fhx'bvk6q{dZ�_r6~���s]t}� ô þ ��f�bvk"bvk_q�tvqZmofhm�bv�OtvmZ�
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é Â2k_q r6tvfhxAbvqIt�fhm��2��tv|�f�x6�Wr6tv�`r�q�tvghlA�"úG�`��dzs�x��`qIb�rKs�r�qIt�fhx�bvk_q r6tvfhxAbvfhx_�tv�A�`u
é aÐÅ¼dZ�Ouwr_fhghqIt�fhm�fhx_m�b}s�ghg�qZ�)�`x-dZs�t}�6fhx_sOgÌ� ² bz¿ m�s'p � »®��q�tvmof��Ox�sOx_�,bvk_qdZ�OuwuWsOxK��fhm�û(ü®���Ot{bvk6q�qz�nf�bv�Ot sOx_��û�ü�ü®���Ot{bvk_q�dZ�`uwr6fhg�q�tz�-×$qzs`��bvk_q
ÂE�ntv~��wÅCê{ê´fhx_m�botv�_d�bvf��Ox_m�uWsOx��_sOg�����t�uw��tvq{�6qIb}s�fhg�mZ�
é Â2k_q®dZ�]��qIt"�O� bvk_q,i#ÅËmok_�O�_g��Î~�q,�Or�qZx�ý ±�Yd®ÿþ_[�ª�\6Y��<[Wªn^`\ ÷ Yd±�ù�ø<X �Â2k_q�tvq{f�m�s�g���b$�O� ã s�b�dzs�~_ghqZm�fhx_mof��6q�s�xK��bvk6qIl�s�tvq�tvqZsOghg�l'bvfh�`kAbz� ² �<bvk_qItvq
fhm�s�tvqZmofhm�b}s�x_dZq`y ¬EùKø��hY:YZ[��´YZù��?ù_[O^¡ª�±�Y �®a$ghmo�6y�bvk_qWdzs]t}�6m�s�tvqWtvqzsOghg�l
dZgh�`moqCbv��qZsOd}k��Obvk6qItz� � x_q#mok_�`�6g���x_��b�botol bv��tvqZuw�]��q#bvk_qIu�yO�6x_ghqZmom�bvk_qItvq
fhm$s�~_fh��rntv�`~_ghqZu��
é a)ÊZfhr �6fhmo|�fhmEs]�OsOfhg�sO~6ghqGbv�$�6��~Ks�d�|AÁí�_r6mj�O�nbvk_q4�_s]b}s$s�xK�����6bvk6q4rntv�`��t}sOuwmZ�Â2k_q��nfhmo|�fhm�fhx"bvk_q�~_g�sOd}|'gh�6x_d}k"~Ks��6�
é p��OxT¿ b�botol,bv��tvqzsO�,bvk_qwmofh�OxKsOghm ��tv�`u bvk6qwr_fhqZÊZÊZ�AqIg�qIdIbotvfhd"dZqZghghm��6f�tvqZdIbvg�lA�
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power supply (broken)

power supply (bottom)

power supply (top)

HV supply

driver amplifier

Spark gap

Discriminators

Coincidence
gate

Spark gap

driver amplifier

input voltage

Spark gap

HV supply

Prototype

gap
Spark power

supply

Spark ChamberFlowmeter

Green

Cupboard

helium
tank

top
PMT

bottom
PMT

Spark gap

driver amplifier
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P1
P2
P3
P4
P5
P6

+15 V−15 V

acquisition
box

zip drive

printer
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