








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

����� �!�#"%$�&(')'*&,+*-/.0���214365718":9;9;�=<0�=$>"?.@+*$
AB"%C
9D�E"%$="�9*.@�>$GFIHJ�LKNMO�P"Q<R+S.T+U-V9;+*W!C;.X$;YS9*.0F0+*WZA[+*$]\_^Q�����
W!F09D�_�>C[-`+*$a.X���bM!�#"%c,KEY)c
d�Ce+SKf.X���[$>"�K�Fg"?.XFR+*Whdi�)�!CGF09=Ce"%W�K�W_YS9=<0�O"J$jdi�)�?CkYS9=ClM?�O"JcQ<mFIW��=CaA[�>$#�4n!W!FmC]���LK
"%W�K!o_n?WE"%<I<p�qoE"%<I<[.0���h��+*<R�>CT-`+*$�.0���rM!�#"%cQ<mFIW��=Ch9;+UW!W��;9U.XFmW?st.0����K�FIuj�>$#�>W_.V9O":v*�=C
A[�>$#�2K:$]FI<m<0�LK_^

w�+%A[�*v*�=$Oo6K_Y)$GFIW?s�.X�!FmCVCG��Y?.`xyK?+)A[Wfdz�>$GF0+SK{c�"JWq�|Fmc
di$#+)v*�>c}�>W_.0Ch+*-4.X�_�b"�9L9;�><R�>$="?.y+*$aFIW!C;.X$;Y)c,�=W_.~"?.0F0+*W
A4�=$O�}�=Ck.~"?M%<IFmC]���LK_^��BFm$]C;.�.@+,c,�=W_.XF0+UWN���=$O�Q"%$#��Fmc
di$#+)v*�>c}�>W_.0CrFIW�.X����+#d[�=$>"?.0F0+*W�+*-�.X�_�{<IFR�!Y%F0K����#x
<IF`Y)c�9=$y�!+ks?�>W!FR9�Cy�?Ck.@�>c A[�!F09D��W�+%A�"J<I<0+%A�"}c}YS9D��c,+*$#�2Ck.`"!M%<0�
":9;9;�=<0�=$>"?.@+*$2�h�8+Odz�>$="?.XFR+*WNK_YS�|.y+
"%WZFIc�di$#+qvU�;K�di$#�>CGCkY)$#�|C;.~"!MJFI<IF`.��S^����_�fc�"�9D�?FIW���di$O+S.@�;9U.XF0+UW�FIW_.y�=$]<R+(9D\��E"%C}Y%W�K!�>$Ds?+*W��|"�9L+*c�di<0�U.y�
$O�LK!�>CGFms:Wj^���+)AVoa.~A[+fFIW_K!�ydz�>W�K?�>W_.7Cy�?Ck.@�>cfC�c,+UW!F~.@+*$rM?�O"Jc�<R+*C]C�.@+�di$O�Uv*�=W�./":9;9>FRK!�>W_.0C�<IFI\��{.0����+*W��
FIWf�rY%s�Y)Ck.�&('q'q�q^B3B+*W?s�F0+UW!FIHk"?.XFR+*WQ9D�E"%c}M!�=$]Cec�"�K?�b+U-i�b��dz+%A4�=$/9#"!M%<R�>Ca"%$O�Bdi<g"�9;�LK{"J<0+*W?s�"J<I<6M?�O"%cQx
<IFmW��>CV.y+ K!�U.y�L9*.i$="�K�F�"(.XF0+UWldi$#+(KEYS9;�LK|ML��<0+*C;.j�=<0�L9*.X$#+*W!C4"JW�K�"hC#+Odi�!FmCk.XFR9O"?.@�;K2C@�!C;.y�=c�c}�O"%C;Y)$O�=Ca9*Y)$G$O�=W�.
K�FIuj�>$#�>W�9L�>C;^

��$O+*c��E�ydz.@�>c,M?�>$e&S'q'*&r.X�_�V"�9;9=<0�>$="?.y+U$7Az"JCeFmW|+Odz�>$>"(.XF0+UW{"JsS"%FmW�A[F~.0��9><0�#"%$4"�KEvL"JW�9;�=CeFmW�Ck.`"!M%FI<mF~.���"%W�K
$O�=<IF�"?M%FI<mF~.���+*-T+Odz�>$="?.XFR+*Wj^��l-y.@�>$
9;+Uc
di<R�*.0F0+*W�"JW�K�9;+*cfcfFIC]FR+*W!FmW?s�+*-b.0���|M!�#"%cf<IFIW_�;ojCGFIW�9L�����;9L�>c,M?�>$
.X���rM%$#�>cfC]C;.X$>"J�!<~Y)W(s|-0"�9=FI<mF~.��|FICTFmW�-yY%<I<[Y)C#�>$ +Odz�>$="?.XFR+*Wj^

�



�



���������
	���
������������������ ��������
�
���������������� �!
"�#�$�&%'�#�
	(�
�����)	(�+*-,/.0*
132547698�:
;=<

>@?BADCFE
G�HI?J?�KML�AONQPSR
TO?B?JUQL�HSV�W
HX?JY�HZC�?\[]GJ?JA9W
^_E`UaAOW"?BU]b(?JY�H
c�TOdeHfE
GJU=g�HhPI?hi/j!W
HfPIUaR
T9L�P\Y
U�UaCJHk?�Y
HQL�HhPSA9CJAOUaWl?�U7d
R�AOTDL
?�Y
H_bm[=PIA9T9An?�K-d�Ko?JY�H/pQ[]W`[]^=HhpfHSW"?!U=b&?JY
HQqFHrC�Hr[]G\P\Yts�HSW
u
?�GJHkqFU"CJCJHSW`L�U=GJbvA9Wlw�HSE�?�HSp/d`HhGkxhyay=zkUaG3?JY
HZd`Hh^=A9W
W
A9W
^fU]b
?�Y
HtPSU=W�C�?JG�R�PI?JA9U=W|{}U=G�~+[�?7?JY
Htc&T9d`H�d
R
A9T9L
AOW
^+AOW��=R
W�H
xry=y=��i���U�{�Hh�=HhGZb�UaGf?JY
H�b�R�?�R
GJH-R`C�HhG�CfU=b�?JY�H�G\[=L
A9[]?JA9U=W
CJU=R
G\PIHBc����3c0U=W�TOK_U=W
HBL�[�?JH�A9C�GJHr[]T9TOK/AOpfEeU=GJ?�[]W"?r�v�|Y
HhW
?�Y
HBV�G\C�?�deHh[]p {FAO?JY�?�Y
H!L
HhCJAOG�HhLQP\Y�[=G�[aP5?�HSG�A9C�?JADPSC�ADC�[���[]A9TOu
[=d
TOHai�>�WQU=G\L�HSG�?�UZ[=PhPIUap_E�TOADC�YfAO?�[=C&bm[=C�?�[=C&E
G�[aP5?�A9Ph[]T��]?JY�H
PSU=pfpfA9C�C�A9U=W�AOW
^oADCX?JU-deH�[]G�G\[]W
^aHhLlC�?JHhEtd�KtC�?�HSE#iM��E`UaW
PSU=pfE
T9HI?JA9U=W+[]W�L�A9W
AO?JAD[]TFPIUapfp_ADC�C�A9U=W
A9W
^-U=bB?JY
H7HST9HhPI?JG�U=W
[aPSPIHhTOHhG�[]?JUaG'?JY
H7V�G\C�?/d`Hr[]p�b�U=G_�&Y�K�C�ADPSCZ{FAOT9T�b�U=T9TOU�{'i�>@?
pfHh[=W�C�?JY�[]?}CJHI?J?JA9W
^/R�EMU]b�?JY
H�pQ[=P\Y
A9W
H=��PIUapfp_ADC�C�A9U=W
A9W
^`�
UaE�?JA9pfAO�r[�?JA9U=W�[]W�LM[=P\Y
A9HS��A9W
^'?JY�H!G�Hh�"R
A9GJHrLQdeHh[]p�E`[]G\[]p_u
HS?JHSG\C�{FA9TOT
U��aHSG�T9[=Ek{FAO?JY_?JY
H3V`G�C�?�HI��E`HhGJA9pfHSW"?�C�L
R
GJA9W
^�?JY�H
W
HS��?kp_UaW"?JY�C'[=W�L�KaHh[=G�Chi/�3Y
HQC�[�b�HQ[]W`L�G�HST9A9[=d
T9H_UaE`HhG�[]u
?�AOUaW�U=bv?�Y
Hk[=PhPIHhTOHhG�[]?JU=G}ADC3HhC�C�HhWa?�A9[=T�b�U=GB[_R�CJHSGri
�3Y
H_pfUaC�?�A9pfE`UaG�?\[]W"?!pfA9TOHrC�?�U=W
HrC�AOW�?JY
H_TOAOb�H_U]b&?�Y
H/pQ[]u
P\Y
A9W
H'{}HSG�H=�
uQC�?�[=G�?Ju�R�E+[]W`L0?JY
HoUaE�?JA9pfAO�r[�?JA9U=W�U]bB?�Y
H�?JY
HhGJpfA9U=W
ADP
A9W�g�HrP5?JUaGBA9Wo�!HhPSHSp/d`HhG� ]¡=¡a¡
uQCJR�PhPIHhC�C�b�R
T�V�G\C�?Z[aPSPSHST9HSG\[�?JA9U=W�AOWt?�Y
HMCJR
E`HhG�PSU=W�L
R�P5?Ju
A9W
^tqB¢£[=PSPSHST9HSG\[�?�U=G'pfU�L�R
T9H�AOW+¤l[�K0 =¡=¡�xo¥�¦-pQ§k�
zQ¤lHS¨�©
ufG�Hh[aP\Y
A9W
^f?JY
HZb�R
T9TvdeHh[=p�HhW
HSG�^=K7U]b� ]¡Q¤-Hh¨ªA9W��aR
TOK
 =¡=¡�x
uQ[aPSPSHST9HSG\[�?JA9U=W U]bo?�Y
H«pQ[���A9pZR
p¬d
R
W�P\Y�P\Y�[=GJ^aH$U]b
­a­ZEes|A9W-§BR
^aR�C�?B =¡=¡�x
ufG�Hh[aP\Y
A9W
^��"¦]¡M®#§�[�?Qxr 7¤-HS¨�A9W�s��$u�pfU�L�HfAOW�?JY�H
�!HhPSHSp/d`HhG! ]¡a¡
x

�3Y
H¯V�W�[]T�d`Hr[]pfTOA9W
H°b�UaG�?JY�H¯E
G�U�L
R�P5?�AOUaW±U=b£¤lHS¨Bu
�}G�HSpQC�?�G�[=Y
T9R
W
^Z{3[=C�[=C�C�HhpZd
T9HhLM[]W�L7PIU=pfpfADCJCJAOUaW
HhLML�R
GJu
A9W
^�[²CJY�R�?�u�L�U�{FW$EeHSG�AOU�L�b�G�U=p³�a[=W"R`[]G�K�?JU+w�HSE�?�HSpZdeHSG
 =¡=¡a 
i�§�TOT�U=b&?JY�HZ?�HhP\Y
W
ADPS[=T(P\Y`[]W
^aHhC�[]W�L�HI��?JHhW�C�A9U=W`CBb�UaG
?�Y
HBV�W`[]T�PIU=pfE
T9HI?�AOUaWQU]b´?�Y
H�pQ[=P\Y�AOW
H�{�HhGJHBA9pfE
T9HSpfHSW"?JHrL
[]?}?�Y
ADC}?JA9p_H'CJR�P\Y7[aC�?JY
H'L�G�AOT9T9HhL7Y
U=T9HhC}deHI?�{}HSHSW7?JY�HXCJHSE
u
[=G�[]?JHZPh[��=HhC�U]b�?�Y
H/[aPSPIHhTOHhG�[]?JUaGBd
R
A9T9L
AOW
^`i�>�W�w�HSE�?�HSpZdeHSG
 =¡=¡a B?JY�HFd`Hr[]pªUaE`HhG�[]?JA9U=W/d`Hh^a[]Wf[]^"[]A9W/{FAO?JYf��[]G�A9U=R�C(A9p/u
E
G�U��=HhpfHSW"?�C(U]bepQ[=P\Y
A9W
H}E
GJU=?JHrP5?JA9U=WfCJK�C�?JHhp¶µOx=�· �¸
[]W�LZ?JY�H
PSGJKaU=^=HhW
ADPFC�K�C�?JHSp°µ � ¸@i(§Bb¹?JHhG�b�Hh{«L
[�K�C�?�Y
H�deHh[=p E`[]G\[]p_u
HS?JHSG\CfPIUaR
T9L+deH�G�HSE�GJU�L�R�PSHhL´i�>�W+E�[=G�?�A9PSR
TD[]GfL�R
H�?JUt?JY�H

p_HhW"?JA9U=W
HrL�A9pfE
G�U��=HSpfHhWa?\CXU]b}?JY
HMTOAD�"R
A9LtY
HhTOA9R
p�C�R�E
E
T9K
[k�=HhGJK_C�?\[]d
T9H�pQ[aP\Y
AOW�HBU=EeHSG\[�?�AOUaWQ{}[aC�U=d�?\[]A9W
HhL#i��!R
H�?JU
?JY
H-PIT9Hh[=G/A9pfE
G�U��=HSpfHhWa?\CZU=b�deHh[]pºT9UaC�C_pfU=W
AO?JUaGJA9W
^l?�Y
H
pf[aP\Y
A9W
HBPS[=W/deHBW
U�{+U=EeHSG\[�?JHrL/C�[�b�HhTOK/[]W�L_G�HST9A9[=d
TOKZ{FAn?�Y�u
U=R�?�L
[=pQ[]^=HXd�K�HhW
HSG�^=KML
HSEeUaCJAn?�HhL�AOWodeHh[=p¶T9AOW
HkPSU=pfEeU]u
W
HSW"?�Chi

»&¼9½`¾�¿�À&Á�ÂeÃ�Á�ÄJÅIÆ�ÇSÈ7ÉIÊ
Ë�Ì=Å�ÉSÍ�Æ�ÎÏÍ/Å�Ä\ÆÐÉ�Æ�ÎnÄ\Æ�ÎOÑ3Ò9Ó�ÔIÍ
Õ ÑIÆÐÔaÌ=Å�Ó�Ö]×h×IÖ'ÉIÊ
Ë_Ø�ÉIÊ
Ç�ÉSÓmÙ�Ö�×r×SÚ
�3Y
H�V`G�C�?(R`C�HhGvUaE`HhG�[]?JA9U=W'{FAO?JYf��G�HSpQC�?JG\[]Y
T9R
W
^!C�?\[]GJ?JHhLkAOW
�a[=W"R`[]G�K/ ]¡a¡ � iv��K�E
ADPS[=T
d`Hr[]pÛE�[]G\[]pfHI?�HSG\C({�HhGJH'x� !¤lHS¨
[]W�L � ¡a¡�u�z=¡a¡F®#§$AOWMs��ÜU=G�pQ[=PSGJU�E
R
TDC�HrL_p_U�L�H'µ �]¸@i(��GJAOu
pf[=GJA9T9K![ �F®´p�?JY
ADP\~XÝBd'G\[=L�AD[�?�U=G´{3[=C´R�CJHhL#iv¢(AO^`i=x&CJY
U�{BC
?JY
H�L
[=AOT9Ko?JA9pfHQC�?\[�?JADC�?JADPSC�b�G�U=pÞj�P5?�U=deHSGZ =¡=¡a �[]W�Lt�a[=W�u
R�[]G�Kl ]¡=¡ � iX�3Y
HfL
[�K-C�Y
AOb¹?�C�{}HSG�HZR�CJHhL-?JUoPIU=pfE
T9HI?�HZ?�Y
H
d`Hr[]p�T9AOW
HrC}AOWQ?�Y
HX[=PSPSHST9HSG\[�?�U=G�Ph[��=H�[=W�Lf?�Y
H!W�AO^aYa?FCJY
Anb¹?\C
{�HhGJHoL�HS�aU]?�HhL�?�U�[=PSPSHST9HSG\[�?�U=G/L
HS�=HhTOUaE
pfHSW"?_b�U=GfU=E�?�AOpfAOu
CJ[]?JA9U=WlU=b�pQ[=P\Y
A9W
H_U=G�d`Hr[]p°E�[=G�[=p_HS?JHhG�C![]W�Lo?�U�L
HST9AO�aHSG
d`Hr[]pßb�UaGFR�CJHSG\CSi

à�áJâDá�ã�á\äaå\á\æ\ç
è·é�êeë�ìaí æ&ã�á�î�ïhã ë5ð î`ñ�ò
è óIêeë�ìaí æ&ã�á�î�ïhã ë5ð î`ñ éré
è ôSêeë�ìaí æ&ã�á�î�ïhã ë5ð î`ñvõ
è öhêeë�ìaí æ&ã�á�î�ïhã ë5ð î`ñ óhô

¦



*-,Z.0*������������ �����	����
�	�����
0	��
���/�v
=�+	������|��
��������t�B	��B����

��2�����;��=:����

�BW"?JA9T�?JY
H HSW`LßU]b� =¡=¡"  ?JY
H£PIG�K=UapfU�L
R
TOH�s}¤�x�{}HSW"?
?JG�U=R
^aY ?�{�HhTO�aH0PSU�U=TOu@L�U�{FW {3[]G�p/u@R
E�PIK�PSTOHrCSiÞ>�W [=L
L�AOu
?JA9U=W#�v?JY�HMpfU�L�R
T9H�Y�[=Lt?�UlC�R�GJ��A9�=Hf?�{}U-d
GJHr[]~�C'U=b3{3[]G�p
qB¢vu�{FA9W�L�U�{BCh��PS[]R`C�A9W
^�PSU=T9T9[=E�C�HrC'U]bF?�Y
HMA9W�CJR
TD[�?JA9W
^l��[aP5u
R
R
p []W�Lf[]TDCJUX['CJR�L
L
HSWfd
G�Hh[]~ZU]b�?JY
HFdeHh[=pªT9AOW�HB��[=PIR�R
p
PS[=R�C�HrLMd�K�[]W�HSG�G�[=Wa?FHhTOHrP5?JG�U=W�deHh[]poi�§�TOT�d
R�?B?�Y
H'T9[]?JHrC�?
HS�aHSW"?_L�ADL²W�U]?/Y`[��=HM[=W"K0d�[aL�H���HhPI?_UaW²E
G�U=EeHSGJ?JA9HhC_[]W�L
d`HhY�[���AOUaGhiB�3Y�H/PIG�K=UapfU�L
R
TOH/s}¤²xZ{}U=G�~=HhL�{}HST9T�R
W"?�AOT�AO?�C
T9[aC�?F{3[]G�p_u�R
E�A9W�¢�HSd
G�R�[]G�K7 =¡=¡ � i

T .  -  S e n s o r  9 3 9 2
C o d e  L A 1 - D T . 2 2

T .  -  S e n s o r  9 3 8 4
C o d e  L A 1 - D T . 2 0

T .  -  S e n s o r  9 3 8 5
C o d e  L A 1 - D T . 2 1

T .  -  S e n s o r  9 3 8 6  
C o d e  L A 1 - D T . 0 5

a n a l o g u e  L e v e l  S e n s o r  
C o d e  L A 1 - H L M . 0 1
i n s i d e  H e - T a n k

a n a l o g u e  L e v e l  S e n s o r  
C o d e  L A 1 - H L M . 0 2
          n o t  u s e d  !

a n a l o g u e  L e v e l  S e n s o r  
C o d e  L A 1 - H L M . 0 3
          n o t  u s e d  !

d i s k r e t e  L e v e l  S e n s o r  
C o d e  L A 1 - H L M . 0 4
i n s i d e  C o o l  D o w n  L o o p

T h e r m a l  C o n d u c t o r
( C o p p e r  L i n k  P l a t e )

T h e r m a l  C o n d u c t o r
   ( C o p p e r  C l a m p )

T h e r m a l  C o n d u c t o r
   ( C o p p e r  C l a m p )

T h e r m a l  C o n d u c t o r
   ( C o p p e r  B r a i d )

E l e c t r i c a l  F e e d t h r o u g h
f o r  C o n n e c t i n g  L e a d s
o f  d i s k r e t e  L e v e l  S e n s o r

E l e c t r i c a l  F e e d t h r o u g h
f o r  C o n n e c t i n g  L e a d s
o f  a n a l o g u e  L e v e l  S e n s o r

T h e r m a l  F i x p o i n t  f o r
C o n n e c t i n g  L e a d s  o f
a l l  T e m p e r a t u r  S e n s o r s

X S  5

X S  4

HO
LD

GA
S R

ET
UR

N

CO
OL

 DO
WN

»&¼9½e¾r¿�À��FËaË]Î¹Æ�ÎOÔSÊ�É! �ÄJÅ�Ê"Ä�ÔIÓ�Ä3É�Æ�Æ#"�Å$"
Å% nÎ�ÇhÍ ÈeÔSÓ\Æ$&('*),+
§ d
A9^�?�AOpfHSu�TD[]^ML
R
GJA9W
^M?JY
H/p_U�L�R�TOHZ?JHhC�?X{}[aC�PS[=R�CJHhLod�K
Y
HST9A9R
p�E�GJHrCJCJR
G�H'UaC�PIA9TOTD[�?�AOUaW�C3AOW`C�ADL�H'?�Y
HZd�[]?JYlPSGJKaUaC�?�[�?\CSi
�3Y
HSG�HIb�UaGJHa�
?�Y
Hk?�R
W
A9W
^7CJK�C�?�HSpQCB{}HSG�HkA9W�PIUaWa?�AOW�R
UaR�CBR`C�H
[=C�E
G�HhC�C�R
G�H�L�Hh��A9[]?JA9U=W�C}[]deU��=H.-�¡
i· XpZd�[=G}L
GJA9�=H�?JY
H'qB¢vu
E
Y�[aC�HoT9U"UaE�PSU=W"?JG�U=T9T9HSGfU=R�?QU=b�AO?�CQG\[]W�^=H=i�>�W
AO?JAD[]T9TOKa��?�Y
H
GJHr[=CJU=W�U=bv?�Y
HhCJHXUaC�PIA9TOTD[�?�AOUaW�C}{�HhGJHXPIUapfE
TOHS?JHhTOK�R�W
~�W
U�{FW#i
§�T9U]?!U=b&[=C�C�R
pfE�?�AOUaW�CF{}HSG�HkHhC�?�[=d
T9A9CJY
HhL#��H=i ^�i0/aC�?\[]W�L
AOW
^
{}[��aHhC�[�?�?JY
HFY
HhTOA9R
p d�[�?�Y�C�R�G�bm[aPIH1/�UaG$/�?�Y
HSG�pfU�L
K"W`[]pfA9P
UaC�PIA9TOTD[�?�AOUaW�C!AOW�CJADL�HZ?�Y
HQPIU�U=T�L�U�{FW�TOU�UaE�/
ik�vUMV`W�Ll?�Y
HSA9G
U=G�AO^aAOWf?�Y
HB?�HhC�?3[=GJG\[]W�^=HSpfHhWa?&CJY
U�{}HhLQ[kTD[=P\~_U]b´?�HSpfEeHSG\[�u
?JR
G�HXC�HhW�C�UaG�C}[�?}?JY�H!Y
HhTOA9R
pßEeU=GJ?3U]b#?�Y
HXp_U�L�R�TOHai&�3Y
HSG�HIu
b�U=G�H=��CJU=pfHtL�HhCJAO^aW�P\Y�[=W
^=HrC�{}HSG�H�L�U=W�H�{FAO?JY
UaR�?�UaE`HhW�u
AOW�^�?�Y
H7�aHhC�C�HhTÐi+j!W�TOK0?�Y
H7EeU=GJ?fd`HhTOU�{ßY�HST9AOR
p ?JG\[]W�C�b�HSG
TOA9W
HX{3[=C3[=PhPIHhC�CJAOd
T9H!b�U=GFL�HI?�HhPI?JA9W
^fE
AOEeHX?JHhpfE`HhG�[]?JR
G�HhC}d�K
pfHh[]W`C'U]b3b�U=R�G/[=L�L�An?�AOUaW�[]T�C�HhW�C�UaG�C'CJY
U�{FW�A9W²¢(AO^`i�x=io§
d�K"E`[=C�Cfd`HS?�{�HhHSW�?JY
H�PIU�U=T�L
U�{FW�T9U�U=E|[]W`L�?�Y
Hl^"[=CQG�HIu
?JR
G�WlT9AOW�HZ{3[=C�[aL
L�HrL�b�U=G�E
GJHrCJCJR
G�HkPIUap_EeHSW`CJ[]?JA9U=W#i�s�UaE�u
E`HhG&d
G\[]ADL
C�{}HSG�HFW
HSHrL�HhL/b�U=G�PIU=pfEeHSW�C�[�?�AOW�^�Y�Hh[�?�?JG\[]W�C�b�HSG
b�GJUap�d`U=?JYMHhTOHrP5?�GJADPS[=T�b�HhHhL�?�Y
GJUaR
^=Y`C&?�UZ?�Y
H!Y�HST9AOR
p�E�AOEeHhChi
§Fb¹?�HSG�[=TOT´?�Y
A9W
^aC�p_HhW"?JA9U=W
HrL�[=d`U��aHX{�HhGJHXd
R
A9TO?�AOW-W�UQAOp_u

E
G�U��=HhpfHSW"?Qd`HhK=U=W`L�?JY
H�E`U"CJCJAOd�AOT9An?�K�U]b'pfHh[aC�R�GJA9W
^�E
A9E`H
?�HSpfE`HhG�[]?JR
G�HhC/L�R
G�AOW�^-?JHrC�?\CZU=bF?JY
H7Y
HST9AOR�p G�HIb�G�A9^=HSG\[�?�U=Gri
¢(A9W�[]T9TOKa�X?JY
H�E�GJHrCJCJR
G�HtU"CJPSAOT9TD[�?JA9U=W`C7{}HSG�Htb�U=R
W`L£U=R�?-?�U
deHtPh[]R�CJHhL$UaW
T9K�d�K|G�HIb�G�AO^aHSG\[�?�U=G�PIUapfE`UaW
HSW"?�C�[=CM?JY�HSG�H
ADCB[fY�[=G�L7pfA9C�V
?�U=bv?�Y
HZPIUaT9LoPSU=pfE
G�HhC�C�UaG�C�?JUf?�Y
HkY
HhTOA9R
p
pQ[=C�C32`U�{0[=W�L'CJU=pfH&pfA9C�[=L�g�R�C�?�pfHSW"?�Cvd`HS?�{�HhHSW'?�Y
H&V`TOT9AOW�^
��[]T9�=HfPIUaW"?JG�U=T9TOHhG�[=W�L�T9HS�aHST�pfHI?�HSGri_§Bb¹?JHhGkPIU=pfEeHSW�C�[�?�AOW�^
[=TOTa?JY
HrC�H}pfA9CJpQ[�?\P\Y
HhC�?JY
H}G�HIb�G�AO^aHSG\[�?JUaG�[]W`LX?JY
H3PIG�K=UapfU�L�u
R
T9HX{�UaGJ~�?JU=^aHI?�Y
HSG}V�W
Hai
��W�b�U=GJ?JR
W`[�?JHhTOKa�X?JY
H²b�U=G�p_HhGl[=C�C�R�p_E
?JA9U=W�CoT9HhL ?�U«[+G�HIu
L�HrC�A9^=W U]b�?JY�HÞY
HhTOA9R
p CJR
E
E
T9K CJK�C�?JHhp b�U=G c����3c&u
s�G�K=Uap_U�L�R�TOH/s}¤� l¥mCJY
U�{FW-AOWl¢(A9^=R
G�H/ a©3d`HSb�U=G�H'?JY�HZU=G�AOu
^aAOW²U=bB?JY�H7E
G�HhC�CJR
GJH7UaC�PIA9TOTD[�?�AOUaW�C/{}[aC'b�U=R�W�L´i+w"?�AOT9T���?JY
H
P\Y�[=W
^=HrC�pQ[�KZdeH�R�CJHIb�R�TOT`?JUZCJR
E
E�TOK_pfU=G�HBpfU�L
R
TOHrC�[]?&?JY
H
C�[]pfHk?�AOpfHf{FAO?JYtTOAD�"R
A9L�Y
HhTOA9R
p¯{FAO?JY
UaR�?'UaC�PIA9TOTD[�?�AOUaW�C!AOW�u
CJA9L
H�^"[=C3G�HI?�R
GJW�E
A9E`Hai
Ý�U]?�[=d
T9HXL
HhCJAO^aW�P\Y�[=W
^=HrC�?JUf?JY�H'Y
HST9AOR�p�CJR
E
E
T9K7[=GJHa�
uk§ C�?�AOT9T9AOW
^tEeU]?fb�U=GfY
HhTOA9R
pºb�HhHhL�[]W�L�^a[=C/G�HI?JR�GJW+{FAn?�Y
A9W"?JHS^aG�[]?JHrL�E
Y�[aC�H'CJHSE�[=G�[]?JUaG3[=W�L7HST9HhP5?�GJADPS[=T´Y
Hh[]?JHhGhi
u�§�WtA9W���A9CJAOd�TOHQPIU�UaT�L
U�{FW�T9U�U=E�?JY�[]?kTOA9HhCXA9W�CJA9L�H_?�Y
HQY
HIu
T9AOR�p�PIUaTOT9HhPI?JUaG3[=W�L�{FAOT9T´Y�[��aH!?�Y
HkC�[]pfH�?JHSpfEeHSG\[�?�R
GJHai
u�§Ûb�R
W
W�HST�b�UaGX?JY
HfY
HhTOA9R
p¯b�HhHhL�?JY�[]?k^=U�HhC!?�Y
GJUaR
^=Y�?JY
H
C�?JA9TOT9A9W
^fE`U=?Bd`HhY
AOW`L-[/d`[]G�GJA9HSG3A9W�C�ADL�H'PIUaTOT9HhPI?JUaG3?JR
deH=i
u�w�U=pfHt[=L
L�AO?JA9U=W`[]T�Y
HST9AOR�p³?JHSpfEeHSG\[�?�R
GJHtC�HhW�CJU=G\C�PIUap/u
EeUaCJHhLQ�aHSGJ?JADPS[=TOT9KfU=WM[/T9[aL
L�HhG�A9W�CJA9L�HXC�?JA9TOT9AOW�^/EeU]?}b�U=G}d`HS?�u
?�HSGFT9HS�=HhT#L�HI?�HhPI?JA9U=W-[]W�L�PIUaW"?JG�U=T9TOA9W
^/?JY
H'Y
Hr[�?�HSGri
��An?J?JT9H0L
HhCJAO^aW�P\Y�[=W
^=HrC�[=GJH�pQ[=L�Ht?JU+?JY�H�?�Y
HSG�pQ[]Tk[=W�L
pQ[]^aW
HI?�A9PQCJY
A9HSTDL�A9W
^��([]W�L�?JUl?JY
H�PSHSW"?JG\[]T&Y�U=TDL�HSGXb�UaG'?JY
H
C�?JA9TOT9A9W
^�EeU]?�[�?(?JY
H}Y
HhTOA9R
p�EeU=GJ?hiv�v[=C�?vd
R
?�W�U]?vT9Hh[aC�?(pfU=G�H
?�Y
HSG�pQ[]T�A9W�CJR
TD[�?JA9W
^7{}[aCB{}U=R
W�L�[]G�U=R
W�L�?�Y
HZd`[�?JYl?�[]W�~�C
[=W�L�[�C�A9pfE
T9H/p/R
Tn?�Anu�?JR�GJWtE`U"C�AO?JA9U=W�AOW`L�A9Ph[�?�U=G!b�U=G�?JR
W�AOW
^
CJK�C�?�HSpQC3{}[aC3[=L
L�HrL´i

»&¼9½e¾!4�À�ÁvÂ`Ã�Á�ÑJÓmÙ�ÔIÍZÔ]Ë
Ç1 DÅ�+

z



� %'�#�
	(�
����� ���F%'�#�`�����!����	��	� 
=��	(�
��
������
�B� 
�� �����!� %���	����
� :#2 ��8�:���;=6���;��

>�W�?JY�H�KaHh[=G�CQ ]¡a¡
x�[]W�L$ ]¡a¡a o?�{}Utpf[]g�U=GfE
G�U=d
T9HSpQC_b�UaG
UaE`HhG�[]?JA9W
^�?JY�H�T9A9�"R
ADL$Y
HST9A9R
p³E
T9[=W"?�?JUa^=HI?�Y
HSG7{FAn?�Y|?JY�H
c�TOdeHZPIG�K=U"C�?\[�?FY�[aL7deHSHhW-HSW�PSU=R
W"?�HSG�HhL´i��3Y�H'V�G\C�?B{3[=C}?�U
^aR�[]G\[]W"?�K/[kE
GJHrCJCJR
G�HBC�?\[]d
A9T9An?�KfA9WQ?JY
H�PIG�K=U"C�?\[�?&U]b#[=GJUaR
W�L
-�¡�iOx�p/d�[]Gri��3Y
H&CJHhPSU=W�L�U=W�H�GJHhT9[]?JHhC´?JUF^a[aC�E
R
G�An?�K�{FAO?JY
A9W
?�Y
H�Y
HhTOA9R
p E
TD[]W"?�[]W`L/AO?�C�H���HhPI?�C&UaWf?JY
H�Y
HST9AOR�pªV�T9T9AOW
^ZU]b
?�Y
HkPIG�K=U"C�?\[�?hi

T 1 T 2 T 3

C C 1C C 2

C1
-2

VS
C1

-3

c r y o s t a t

C o l d b o x
By

pas
s

1 . 8 K   1 6  m b a r

4 K  1 b a r

1 4 K   0 . 1  b a r

293
K  

12 
bar

»&¼9½e¾�¿�À	�  OÔ�
�Ñ%"�ÉSÓ\Æ�ÔSÒ�Æ#"�Å  ÏÎ��"ÇrÎ9Ë "
Å% nÎ�ÇhÍ�È  OÉSÊ�Æ%+�& )!ÉSÊ�Ë�&#Ö
ÉSÓJÅ�Æ#"
Å�Ñ�Ù�Ñ  DÅ�Ñ\ÔIÍ�È�ÓJÅ�Ä�Ä�ÔIÓ�Ä�
�� )����#Ú�Æ#"
Å�Å��]È
ÉSÊaÄ�Î9ÔIÊ_Æ�ÇrÓIÌSÎÏÊ
Å�Ä�

& & )3ÉIÊ
Ë & &#Ö�Æ#"
Å�Ñ\Ô� 9ËkÑ�ÔSÍ�È�ÓJÅ�Ä�Ä�ÔSÓ�Ä(ÉSÊ
Ë������0)��������3Ú�Æ#"�Å
� ÉhÑhÇ"ÇhÍ£Ä�ÑJÓJÅ�
0Ñ\ÔIÍ�È�ÓJÅ�Ä�Ä�ÔIÓ�Ä +
>�Wo¢(AO^`i´x�[/d�[=CJADP�C�P\Y
Hhp_H�U]b�?JY
H'Y
HhTOA9R
pßE�T9[=Wa?3ADCFC�Y
U�{FW�i
�3Y
H�E
TD[]W"?3{}[aC�L�HrC�A9^=W
HrLQb�UaG}[Zpf[]��AOp/R
pßPIU�U=T9A9W
^kEeU�{�HhG
U=bv ]¡=¡X� []W�LQ['pQ[]��A9pZR�p pQ[aCJC�2�U�{$U]b�[]G�U=R�W�Loxr �^! �Chi
�3Y
HMpf[=AOW²L
A ��HSG�HSW�PSHf?JU�PSU=W��=HhW"?JA9U=W�[=T�L
HhCJAO^aW�C'R�CJHhLtb�UaG
[aPSPIHhTOHhG�[]?JUaGvPIU�UaTOA9W
^�[=GJH�?JY
H�?�{�U�PIUaT9LkPSU=pfE
G�HhC�C�UaG�C�¥�sFs!x=�
sFs3 a©5i&�}HhCJA9L
HhC}GJHrPIUap_E�GJHrCJCJAOUaWQU]bv?JY
HXY
HhTOA9R
p¶^"[=C}[�?3?JY�H

��" T9HS�aHST
?�Y
HSKf[]G�HFpQ[]A9W
T9K/R�CJHhL_b�UaG�C�?�[=d
AOT9A9�SA9W
^'?JY�HBE
G�HhC�u
CJR
G�H�T9HS�aHSTab�U=G(?JY
H3PS[���AO?�KXU=EeHSG\[�?JA9U=W�i�¢
G�U=p£?�Y
H�deHS^aAOW�W
AOW�^
U=b'?JY
Ht[=PSPSHST9HSG\[�?�U=G�UaE`HhG�[]?JA9U=W|E
G�HhC�C�R�GJH 2�R`P5?JR`[�?JA9U=W`CMA9W
?�Y
H�Ph[���An?�AOHrC�{FAO?JYMb�GJHr�aR�HSW�PSAOHrC&A9W�?JY�H�����G�HS^=A9U=W7[]W�L�[=p_u
E
T9AO?JR�L�HrC�A9Wo?JY�HZpZd`[]GBG\[]W
^aH'{�HhGJH'Uad�CJHSG��=HhL#i�§}?!TD[=C�?�{}H
b�UaR
W�L�?JY�[]?/?�Y
HSK²[=GJH7GJHhT9[]?JHhL²?JU�U=EeHSG\[�?JA9U=W�U]bB?�Y
H-PIU=TDL
PSU=pfE
G�HhC�C�UaG�CZU=R�?\C�ADL�H7?JY
H-CJR
GJ^aHMpQ[]G�^=A9W#�&{FY�HSW
Hh�=HSG/?JY�H
pQ[=C�C.2`U�{ÛADCZdeHST9U�{ß­7?JU��l^# �Chi-§}?/c��v�3c V�W�[]T9T9K�?�{}U
PSGJKaUaC�?�[�?\C}{FAOT9T#deH'R�C�HrL7?JUQ[=PhPIHST9HSG\[�?�H�?�Y
H'HST9HhPI?JG�U=W�d`Hr[]p
R
El?JU �a¡Q¤lHS¨Zi��3Y
HhKM{FA9TOTvE
GJU�L�R`PIHZ[fY
HhTOA9R
p pQ[=C�C 2�U�{
[=GJUaR
W�Lo k?�U �f^# �Ch��U=W
T9K%$
¢�U=G�HhCJAO^aYa?�HhL�T9K=�=?JY
H�L�HhCJA9^=WfU]b�?JY�H�Y
HhTOA9R
p�E
TD[]W"?�Y�[aC&['d�K"u
E�[aCJC�TOA9W
HBG�R
W
W�AOW
^kb�GJUapª?�Y
HBY
HhTOA9R
p�GJHrPIK�PIT9A9W
^'TOA9W
H�[]?&?JY�H
x'd�[=GBT9HS�=HhT´?JU�?JY
HkHhW"?JG�KMU]b(?JY�HZPIUaT9LoPIUapfE
GJHrCJCJU=G\Chi&�3Y
A9C
d�K�E�[=C�CvTOA9W
H3PS[]W/d`H}R�CJHhLk?JU![=G�?�AnVePIAD[]T9TOKXA9W�PIG�Hh[aC�H�?JY
H}pQ[=C�C
2�U�{ []deU��=H�?JY�HkC�?\[]d
A9TOAO?�KQ?�Y
GJHrC�Y�U=TDLMU=b�­/^# ]CSi��3Y
ADCFT9Hh[=L�C

?JUk[]W_U��=HhG�[=TOT"E
G�HhC�C�R�GJH3C�?\[]d
T9HFPIG�K=U"C�?\[�?�U=EeHSG\[�?JA9U=W��]C�Y
U�{FW
AOW-¢(AO^`i` �i

»&¼9½`¾14�À'&�ÓJÅ�Ä�Ä5ÇrÓJÅ�ÎÏÊlÆ#"
ÅBÑJÓmÙ�ÔSÄ\ÆÐÉ�Æ&ÎÏÊMÓJÅ% 9É�Æ�ÎOÔSÊ�ÆÐÔfÆ#"
Å�"
Å  ÏÎ�ÇrÍ
ÍZÉIÄ�Ä)(�Ô�
�+%��ÔSÓ�ÉFÍZÉIÄ�Ä�(�Ô*
,+�ÓJÅJÉ]Æ�Å�Ó�Æ#"�ÉSÊZÉ\È"È�Ó�Ô-��+/.�ÆÐÔ102+*3rÄ
Æ#"�Å&È�ÓJÅ�Ä�Ä5ÇhÓJÅ�Ä\ÆÐÉaÌSÎ  nÎ54SÅ�ÄFÉSÓ�Ô]ÇrÊ�Ë )7698!× + )BÍfÌrÉSÓ
�3Y
H�T9AD�aR�A9L'Y�HST9AOR
p£b�G�U=p ?�Y
H�Y
HhTOA9R
p�E
TD[]W"?(A9C�?JG\[]W�CJEeU=GJ?JHhL
�"AD[-[�?JG\[]W`C�b�HhGkTOA9W
HQ?�Uo?JY
H7[=PSPSHST9HSG\[�?�U=GXY�[]T9T�i��3Y
HhGJHf?�Y
H
Y
HST9AOR�p ADC'PIU�U=T9HhL�L�U�{FWlV�W`[]T9TOK-?�U�?JY
H� ,"ßT9HS�aHST�d�KlHI��u
E�[]W�CJA9U=WM��[=TO�aHhC3[]W�L7ADC�?�Y�[]WoL�ADC�?�GJA9d
R�?�HhLM?JU_?JY�HXL
A ��HSG�HSW"?
PIG�K=UaC�?�[]?/pfU�L�R
T9HhChi²�3Y
ADC/ADC/?JY
H�E
TD[=PSHM{FY
HhGJH�E
G�U=d
T9HSpQC
{FAn?�Y+?�Y
H-T9U=W
^t?JA9pfHlPIUaWa?�AOW�R
UaR�CfU=EeHSG\[�?�AOUaW�C_U]b!?JY
H-Y
HSu
TOA9R
p E�T9[=Wa?fY�[��aH7deHSHhW+Uad�C�HhGJ�aHhL²V�G�C�?hi��3Y
HoHI��E�[=W�C�A9U=W
U=G_V�T9TF��[=TO�aH�b�UaG/?�Y
H-PIG�K=U"C�?\[�?/Y`[=L�?�U0d`H�U=EeHSW
HrL�pfUaGJH
?JUQ~=HhHSE7?JY
HXV`TOTvTOHh�=HST#PSU=W�C�?�[=W"?hi&¢
R�G�?�Y
HSG�pfU=G�H�?�Y
A9CBp_Hr[]W
��[=TOR�HMC�Y�Anb¹?\CZ[=PhPIADL�HSW"?\[]T9TOK�U��=HSGX?�AOpfHaio§¶C�HrPIU=W`L0AOW�L
A9Ph[�u
?JU=G}{3[=C}[ZC�?JHh[aL�A9TOKQL�G�U=E
A9W
^kE�GJHrCJCJR
G�H�[�?}?JY
H�HSW"?�GJK_U]b#?�Y
H
HI��E�[]W`C�A9U=W�?JR�GJd
A9W
HrC��Xxk[]W`L-� � i��3Y�A9C�TOHr[=L
C3?�U�A9W�PIG�Hh[aC�u
AOW
^aTOKkL
AnN�PIR�Tn?�U=EeHSG\[�?�AOUaWkPIU=W`L�An?�AOUaW�C(U]b�?�Y
H�Y�HST9AOR
p�E�T9[=Wa?r�
d`Hh^=A9W
W
A9W
^'{FAn?�YQ[]W_U��=HSG\[]T9T�E`U�{}HSG�G�HhL�R`P5?JA9U=WfR
E_?�UX[!bm[=AOTOu
R
GJHQU=b3?JY
HQY
HhTOA9R
p E
TD[]W"?/L�R
Hf?�UlR
W�C�?�[=d
T9HQU=EeHSG\[�?JA9U=WtU]b
?JR
G�d
A9W
Hk�Xx=i
��R
G�A9W
^Q?JY�HkpQ[]A9Wa?�HSW�[=W�PIHZE`HhGJA9U�L7A9WlCJR
pfp_HhG� =¡=¡a /pQ[=C�u
C�A9�=H�AOpfE
R�GJAO?JA9HhCX¥�pQ[=AOW
T9KQ{3[�?JHhG\©&Y�[��=H!d`HhHSWMb�U=R
W�L7A9W7L�AOb¹u
b�HSG�HSW"?�CJHhP5?�AOUaW�C&U=b�?JY
H!E
T9[=W"?h�"{FY
A9P\Y�PSU=R
TDLf^=A9�=HB[kGJHr[=CJU=W�u
[]d
T9HZHS��E�T9[=W�[�?�AOUaW-b�U=G!?JY
H_G�HSEeU=GJ?JHhLlH���HhP5?\CSiX�BE�?JU�W
U�{'�
?JY
H�CJU=R�G�PSH7U=b!?�Y
H-AOpfE
R�GJAO?JA9HhCQADCQW
U=?M�"R
An?�HlPIT9Hh[=Ghi«��W�u
L�HSGBL�ADC�PIR�C�C�A9U=W�[]W�L�b�R
GJ?JY
HhGFAOW��=HrC�?�AO^"[�?�AOUaWM[]G�H!E`[]GJ?JADPIR
TD[]G
TOHr[]~�C�¥�UaW
HQ{3[=CXb�UaR
W�LtAOW0?�Y
HMPSU=pfE
G�HhC�C�UaGXCJHhPI?JA9U=W`©I��?�Y
H
PIU=W`C�?\[]W"?�T9Hh[]~�[=^=H'G\[�?JH'U=b�?JY
H_PIU=pfE
T9HI?�HkE
TD[]W"?�U��aHSGF?�AOpfH
U=G�EeUaC�CJAOd
T9K_U=EeHSG\[�?JA9U=W`[]T
E
G�U=d�TOHhpfC�{FAn?�YQ?JY�H�E
R
G�AOV�HSG}C�HrP5u
?JA9U=W²U=b}?�Y
HME�T9[=Wa?ril§Fb¹?�HSG/?JY
H7pf[=AOW"?�HSW�[=W�PIH�A9W²CJR
pfp_HhG
 ]¡=¡" �?JY�H7PIT9Hh[=W
HhL²E
T9[=W"?/{3[=CkUaE`HhG�[]?JHrL0R
W�P\Y�[=W
^=HrL�[]W�L
C�?\[]d
T9KZU��aHSG&[XEeHSG�AOU�L_U]b � pfU=W"?JYf{FAO?JYQE
G�HhC�CJR
GJHFC�?�[=d
AOT9AO?�K
TOA9~=HMCJY
U�{FW0A9W0?JY
HMCJHhPSU=W�LtY�[=TnbFU=bF¢(A9^�i� �io�BU�{}HS�=HhGh�v[�?
?JY
H7HSW�L0U=b3KaHh[=G/ ]¡a¡a M?JY
H7E
R
G�An?�K�E
G�U=d
T9HSp�[]G�UaCJHQ[]^a[=AOW
[]W�L�ADCFC�?�AOT9T#R
W�L
HSGBA9W��=HhC�?JA9^a[]?JA9U=W#i

­



.0�#	�� �J�������a�!
a��	 � ��	(�
�����ß���Û�
�B��� ���3����	(����� �B
����´
 ��	����
��2 � <1�	��
�
��
;���
`4t2�����;a6 � ����
��'2���8�:
<r;�����
���2�����
 ��� �����

§Fb¹?�HSG/L
A9CJpQ[]W"?JT9AOW�^7?�Y
HQ?�HhC�?Zd`Hr[]pfT9AOW
Ha�v{FY�A9P\Y0{3[=C'R�CJHhL
?JUoHhC�?�[=d
T9A9CJY�[=W�L�P\Y`[]G\[=P5?�HSG�AO�hHk?�Y
Hfd`Hr[]p°b�G�U=p°?�Y
H_V�G\C�?
TOA9W�[aP]�7L
R
GJA9W
^Û =¡=¡" �?JY
H|V`G�C�?�deHh[]pfT9AOW�H�CJHhP5?�AOUaWß[�b¹?�HSG
TOA9W�[aP�x�A9W�PIT9R�L�A9W
^�?JY
H�W"R`PIT9Hh[]G7E
Y�K�C�ADPSCMd`Hr[]pfTOA9W
Ht{�HhGJH
AOW`C�?\[]T9TOHrL´i�>@?�� C3pQ[]A9WoPSU=pfEeU=W
HhWa?\CF[]G�Hf�
uf?JY�H'��[aPIR
R�p�CJK�C�?JHhp ¥�E�R
pfE�CS����[=TO�aHhCh��?JR
deHhCkiSiSi\©
uf?JY�Hkd`Hr[]p)U=E�?�A9Ph[]TvHST9HSpfHSW"?�C/¥mL�A9EeU=T9HhCh�e�"R�[aL�GJR�E`UaTOHrCS�
C�?JHSHhGJHhG\©
uf?JY�Hkd`Hr[]p L�AD[]^=W�UaC�?JADPSCk¥mE`U"C�AO?JA9U=W-[]W`L-PIR
G�GJHhW"?Bp_UaW�u
AO?JU=G\Ch���"A9HS{BC�PIG�HSHhW�C\©
uf?JY�H'pf[=^=W
HS?JADPXP\Y
A9Ph[]W
H
uf?JY�H)deHh[=p L�R
pfE ¥���[=PSR
R
p P\Y�[=pZdeHSG {FAn?�Y ?�Y
H
^=G\[]E�Y
An?�H²L�R
pfE#�/d`HhGJK�T9TOA9R
p {FAOW`L�U�{'�'?JY�H+PIU�UaT9[=Wa?
PIA9G\PIR
AO?B[]W�L7?JY�H'G�[aL�A9[]?JA9U=W�C�Y
A9HSTDL�A9W
^"©
uf?JY�H�d
G�HSpQC�C�?�G�[=Y
T9R
W
^²G\[=L�AD[�?�U=Gr�Fd`Hr[]p CJY�R�?�?�HSG-[]W�L
Y�[=G�L�HhW
HSG

�|An?�Y|?JY�H�[���[]A9T9[=d
T9HlHI��EeHSG�AOHhW�PIH�CJHI?J?JA9W
^�R�E|?JY
H�d`Hr[]p_u
TOA9W
HÛA9C�W
U�{ G�U=R�?�AOW
Hª{�UaGJ~�i ��U�{�Hh�=HSGr�tAOW�C�?�[=TOT9A9W
^�[
/]E�[=G�?�A9PSTOHSuÐb�G�HSH,/��!�B¨ CJK�C�?JHhp G�Hh�"R
A9GJHrC�PS[]G�HIb�R�TOTQPIT9Hh[=W�u
AOW�^²[]W�L$pfU=R�Wa?�AOW�^�E
GJU�PSHhL�R
G�HhCfA9W|TD[]pfAOW`[]GJu 2�U�{)P\Y�[]p_u
d`HhG�ChiM¤l[=AOW�PSp_EeU=W�HSW"?�C'T9A9~=Hf?JY�HQpf[=^=W
HS?JADPQP\Y
ADPS[]W�H/?�Y
H
d
G�HSpQCJC�?JG\[]Y�TOR
W�^�G\[=L
A9[]?JU=G'[=W�L�?JY
H7¦=¡�~"� deHh[=pÞL�R
pfE
{�HhGJH�W
Hh{�?�Uf?JY
Hkc����3c+PSGJHh{'i
�3Y
HkpQ[]^aW
HI?�A9PZP\Y
A9Ph[]W
Hkb�U=G�d�R
W�P\Y�PSU=pfE
G�HhC�C�A9U=WoPIUaW�C�ADC�?�C
U]bvb�U=R
GBL�A9EeU=T9H'pf[=^=W
HS?�CF[=W�L7[_TD[]G�^=H�2`[�?B��[aPIR
R
p)P\Y�[]p_u
d`HhG'pQ[]W�R�bm[=PI?JR
G�HhL�d�K��B§!Ý�¢��Xw�> "fi�>�WtUaG�L
HSG�?JUoG�HI?�[=AOW
?JY
H�{FA9L�?JY«U=b'?JY
HtP\Y�[]p/d`HhGM[]^"[]A9W�C�?M?JY
Ht[�?JY�p_U"C�E�Y
HSG�A9P
E
G�HhC�C�R
G�H�AO?�{}[aC´W
HrPIHhC�C�[]G�KB?JU![�?�?\[=P\Y'CJU=pfH&G�HSHSW
b�U=G\PIHSpfHhWa?
GJA9d�CF{FY`[�?�Y�[aL�?JU�deH/L
U=W
Hk[]b¹?JHSG�?JY
H/pQ[]^=W�HI?�[]T9A9^=W
pfHSW"?
{}[aC}HhC�?�[]d�TOADC�Y�HhL´i
>�W°?JY�HÛPIHhW"?JG\[]T�CJHhPI?JA9U=W¯U=bt?�Y
HÛP\Y�A9Ph[]W
Hª[ßp_U��aHh[=d
TOH
��AOHh{BCJPSGJHhHSWßb�UaG$U=E�?�A9Ph[]T�?JG\[]W�CJAO?JA9U=W¶G\[=L
A9[]?JA9U=W¶{3[=C�A9W�u
C�?\[]T9TOHrL´i�§�W�[]T9R
pfAOW�R
p)b�UaAOT�C�?�GJHS?�P\Y
HrLoU=W�[=W-U���[]T#b�G\[]pfH
PS[=W-d`H/p_U��aHhLo{FAO?JYl{FA9G�HhCBU��aHSG3?�Y
HZ{FY
UaTOH/{FA9L�?JYlU=b(?�Y
H
P\Y�[]p/d`HhGhi��3Y
H/L
GJA9�=HZCJK�C�?�HSpo��E`U"C�AO?JA9U=W�C�HhW�C�UaG![=W�LlC�?JU=E
E`U"C�AO?JA9U=WQCJ{FAn?\P\Y
HhC�[=GJH3A9W�C�?�[]T9T9HhLfHh[aC�A9T9KZ[=PhPIHhC�CJAOd
T9H3U=R�?\C�ADL�H
?JY
H���[aPIR
R�pÜP\Y�[=pZdeHSGri��3Y
H�Ph[]pfHSG\[tA9CMpfU=R
W"?JHrL�AOW«[
V
��HhLXEeUaCJAn?�AOUaWX�"A9HS{FA9W
^F?�Y
H�b�UaAOTa�"AD[B[3E
G�ADC�p�?JY�[]?�ADC#pfU��=HrL

[=TOUaW
^f{FAn?�Y-?JY
H/CJPSGJHhHSW#��?�Y�R�CS�`K�AOHhT9L�A9W
^M[QPSU=W�C�?�[=W"?B�"A9HS{3u
A9W
^QL�ADC�?\[]W�PSHX[=W�LoPIUaW�C�?\[]W"?FpQ[]^=W�AnV`Ph[�?�AOUaW#i
�3Y
H�d
G�HSpQC�C�?�G�[=Y
TOR�W
^kG\[=L�AD[�?�U=G�PSU=W�CJADC�?\C�U=bv[kTD[=L
L
HSG}{FAn?�Y
� L�A �eHhGJHhWa?(?JY�AOW/b�U=A9T9Cv?�Y�[�?�PS[=WZdeH}A9W�CJHSGJ?JHrLkA9Wa?�U�?�Y
H3d`Hr[]p
E�[]?JY#i��3Y
H!b�U=A9TDC}[=GJH�p_UaR
W"?JHrL�U=W�[k{3[�?�HSG3PIU�U=T9HhL�PSU=E
EeHSG
b�G\[]pfH_?JY�[]?ZPS[=W�deHQpfU��=HhL�d�K�[o�XsªL�G�AO�aH=i��3Y
HQL�G�A9�=H=�
EeUaCJAn?�AOUaW�CJHSW`C�UaG}[=W�LMHhW�LoC�{FAO?�P\Y�HhC3[]G�HXp_UaR
W"?JHrLMUaR�?�CJA9L
H
?�Y
H!��[aPIR
R
pßP\Y`[]pZdeHSG3CJUZ?�Y�[�?F[]d
G\[=CJA9U=W�PS[=W
W
U=?}E
G�U�L�R�PSH
L�R`C�?BE�[=G�?�A9PSTOHrCSi
�3Y
HkC�[�b�HXUaE`HhG�[]?JA9U=W�U]b(?JY
H'd
G�HSpQC�C�?�G�[=Y
T9R
W
^_G�[aL�A9[]?JUaG}G�HIu
�"R
A9GJHrCQ[�PIUaW�C�ADL�HhG�[=d
TOH-L�AD[]^aW
UaC�?JADP�H���U=GJ?hi��vU0?JR�W
Ho?JY
H
deHh[=pºE`U"C�AO?JA9U=W$[]W�L+C�EeU]?�CJAO�hH�[�G\[=L�AD[�?�U=G/b�U=A9T3b�U=GfU=E�?�Anu
Ph[]T�?JG\[]W`C�AO?JA9U=W0G\[=L�AD[�?�AOUaWtPh[]W0d`HQA9W�CJHSGJ?JHrLt[]?'?JY
H�?�[]G�^=HS?
EeUaCJAn?�AOUaW#i�§�T9CJU�?�Y
HZG\[=L�AD[�?�U=GBAO?�CJHSTOb&HSpfAO?�C!U=E�?�A9Ph[]Tv?JG\[]W�CJAOu
?�AOUaW_G\[=L
A9[]?JA9U=WZ{FY�A9P\YfADC�R�CJHhLZ?JU'pfU=W
AO?JUaG�?JY
HFdeHh[=pªEeUaCJAnu
?�AOUaW�UaWM?�Y
HkG\[=L�AD[�?�U=G}?JY�GJUaR
^=Yo[fpfAOG�GJUaG3p_UaR
W"?JHrL7A9W�?JY
H
d�[aP\~�{}[=G�LoL�A9GJHrP5?�AOUaW#ik¢
UaG!T9U�{3u�pfHhTn?�AOW
^M?�[=GJ^aHI?!pQ[]?JHSG�AD[]TDC
[QE�K�G�U=pfHI?�HSG�[=TOT9U�{BCB[]W-Uad�CJHSG���[]?JA9U=WoU]b�?�Y
Hkb�UaAOT�?JHSpfE
G\[�u
?�R
GJH![�?&?�Y
H�deHh[=p CJE`U=?hi��}HhCJA9L
HhC���[=PSR
R
p�^a[=R
^=HrC�C�Hh�=HhG�[=T
?�Y
HSG�pfU�PSU=R
E�TOHrCZ[]G�HQA9W�C�?\[]T9TOHrL0?JU�p_UaW
AO?JU=GZ?JY
H7d`Hr[]pfT9AOW
H
?�U�{}[=G�L
C�?JY�H�L�R
pfE�{FY
ADP\Y�ADC'Y
Hr[�?JHrL�d�K�C�PS[]?�?�HSG�HhL�HST9HhP5u
?�GJUaW�CSi
�3Y
H!d`Hr[]pßL�R�p_E7A9C�pQ[=L�H!U]bv[=W�ADC�UaT9[]?JHhL�^=G\[]E
Y
AO?JH�d
TOU�P\~
pfU=R�Wa?�HhL7AOW`C�ADL�Hk[_{}[]?JHhG3PSU�U=T9HhL7��[aPIR
R�p�P\Y�[=pZdeHSGri��3Y�H
Y
Hr[�?l?�G�[=W�C�b�HSGlb�G�U=p ?�Y
H+L�R�p_E ?JU«?�Y
H+PSU�U=T9AOW
^�p_HrL�AD[
{}U=G�~�Cvd�K/?JY
HhGJpQ[=T
G�[aL�AD[�?JA9U=W��]U=W
T9K=i��3Y
HBP\Y�[=pZdeHSG&ADC&CJHSE�u
[=G�[]?JHhL'b�GJUap£?JY
H3deHh[]pfT9AOW�H3�!�B¨$d�Kk[�deHSG�K�TOT9A9R
p {FA9W�L�U�{
?�Y�[�?�ADCv{}[]?JHSGvPIU�U=T9HhL'[aC#{}HST9TÐi(¢
U=GvG�[aL�AD[�?JA9U=W'CJY
A9HSTDL�AOW�^F?JY
H
{FY
UaTOHXCJHI?JR�E7ADC3C�R
G�G�U=R
W�L
HhLQd�K-xh¡_PIp¶U]b�A9GJUaWMHS��PSHSE�?}b�U=G
?�Y
H7d`[=P\~�{}[=G�L0L�A9G�HhP5?�AOUaW²{FY
HhGJH7HhCJE`HrPIAD[]T9TOK�CJY�[]EeHhL�T9Hh[aL
d
T9U�P\~�CF[]G�H!R�CJHhL#i
¢�U=GB?�Y
HZdeHh[=p)L
R
pfE�PIU�UaTOA9W
^�[�CJHSE�[=G�[]?JHZPSTOU"C�HrL-PIU�U=T9A9W
^
PSAOG\PIR
AO?Z{3[=C/C�HS?ZR
E²{FY
ADP\Y²ADC'?�Y
HSG�pQ[]T9TOK0PIUaR
E
T9HhL0?�U-?JY
H
pQ[]A9WZPSU"UaTOA9W
^�C�K�C�?JHSp£d�K'[BY
Hr[�?�HI�
P\Y�[=W
^=HhGhi#�3Y
H3[]pfUaR
W"?
U=b#{}[]?JHSG}A9W�?JY�H!E
G�A9pf[=GJK_T9U"UaE�ADC}CJR�N�PIA9HSW"?�?JUf[=PSPSHSE�?�?JY
H
PSU=W�CJA9L
HSG\[]d
T9HBG�HhCJA9L�R`[]T�Y�Hh[�?}U]b#?�Y
H�Y
U]?}^=G\[]E
Y
AO?JH�d
TOU�P\~fA9W
Ph[=CJH/U=b3[�EeU�{�HhG!bm[=AOT9R
G�H=iQ¢
UaGX?JY
ADC'PS[aC�Ha�´?JY�HQGJHrL�R
W�L
[=W"?
{3[�?�HSG}E
R
pfE�C3U]b�?JY
H�E
G�AOpQ[]G�KQPIU�U=TD[]W"?3TOU�UaE7[]G�H�EeU�{}HSG�HhL
d�KM[_d�[aP\~"R�E�CJR
E
E
T9K=i

Be
am

du
mp

Ra
dia

tor

K e r n p h y s i k -
B e a m l i n e

Vie
ws

cre
en

Sc
hik

an
eL i n a c  1 -  B e a m l i n e

Lin
ac 

1

Be
am

du
mp

-
Kü

hlu
ng

»&¼9½e¾r¿�À'� "
Å�Ì=ÅJÉSÍ. ÏÎÏÊ
Å�Ò9Ó�ÔIÍ�Æ#"
Å �aÓ�Ä\Æ(ÉrÑ\Ñ5Å% DÅ�Ó�É]ÆÐÔSÓ�ÍZÔ]Ë
Ç1 DÅ3ÆÐÔZÆ#"
Å�ÌSÓJÅ�Í'Ä�Ä\Æ�Ó�É!"� �ÇrÊ�+�Ó�É�Ë�Î9É�ÆÐÔSÓ�ÉSÊ�Ë7Ì=Å�ÉIÍÛË
ÇrÍ�È +

�



.0��	�� ,k��
�
�� ����������������� 
+�����),k���B� �=���!���´	(�
����� �t��	����'�#��
²	(��*o,/.0*
132\4�6O8�:
;a< 
��'2 ��8�:�� ��6 � 
��
2��};=698":�;�� �

�3Y
HlC�[�b�Ho[]W`L�G�HST9A9[=d
T9H�UaE`HhG�[]?JA9U=W+U]b�?�Y
Hl[=PhPIHhTOHhG�[]?JU=G/A9C
HrCJCJHSW"?JAD[]T�b�U=G�[²R�CJHSGMbm[=PIA9T9An?�K�TOA9~=H�?JY
Htc��v�}c�G\[=L
A9[]?JA9U=W
CJU=R
G\PIHai��3Y
H!pQ[aP\Y
AOW�HXCJY
UaR
T9LMGJR�W7U��aHSG�pQ[=W"K�CJY
AOb¹?�CF[=W�L
b�UaG�TOUaW
^0E`HhGJA9U�L
Cf{FAO?JY«PIUaW�C�?�[]W"?�[]W`L+G�HSE�GJU�L�R�PSAOd�TOHoE�[]u
G\[]pfHI?�HSG\CSi��3Y
H�bm[=PSAOT9AO?�KQpZR�C�?}deH'[]d
T9H!?JU_d`HXU=EeHSG\[�?�HhLMd"K
[�pfAOW�AOp/R
p W�R
p/d`HhG'U]b�?�G�[=AOW�HhL�U=EeHSG\[�?JUaG�ChiZ�}HhPh[]R�CJH_U]b
?�Y
H-HI��?JG�HSpfHhTOK�Y
A9^=Y+d`Hr[]p EeU�{}HSG-¥�pQ[��´i �a¡�~"��©_[=W�L
?�Y
HMHhTOHrP5?JG�U=W�HhW
HSG�^=KtG\[]W
^aHQU]bkxr¦	� �"¡�¤lHS¨ß?�Y
HME�GJHh�=HSW
u
?�AOUaW+U=b�d`Hr[]p T9UaC�CJHhC/AOW�?JY
HodeHh[]p TOA9W
H�E
T9[�K�Cf[tC�EeHhPSA9[=T
G�U=T9H=i���R�HF?JUX?�Y
H�[��=HhG�[=^=H}HST9HhPI?JG�U=WfE`HhW
HI?�G�[]?JA9U=WQL�HhE�?JY�[]?
?�Y
HhCJHXHSW
HhGJ^aAOHrC}[=E
E
G�U���AOpQ[�?�HST9K_?JY
HXb�R
T9T#deHh[=pßE`U�{}HSGFPh[]W
deH�L�HSEeUaCJAO?JHhL�A9Wa?�U�?JY
Hf��[=PSR
R
p E�AOEeHhChi_§�E�[]GJ?Xb�GJUap°?JY�H
E
G�U�L�R�PI?JA9U=W�U=bZA9U=W
A9�SA9W
^�G\[=L
A9[]?JA9U=W�[=W�L«[=PI?JA9��[�?JA9U=W��B?JY�H
��[=PSR
R
p)E
A9E`HrC�PS[=Wod`H'pfHSTO?JHrL´i}>@?�A9CBAOW
Hh��An?\[]d
T9HX?JY�[]?B?JY�H
��[=PSR
R
p CJK�C�?�HSpo�&[]W�L²AOW+E�[]GJ?JADPIR
TD[]GZ?JY
HoCJR
E`HhG�PSU=W�L
R�P5?Ju
A9W
^7[aPSPSHST9HSG\[�?JUaG�PS[���AO?JA9HhCh�`{}U=R�T9L-deHfPIU=W"?\[]pfAOW`[�?JHrL´i!�3Y�H
G�HhCJR
TO?�{}U=R
TDLfd`H�T9U=W
^ZL
U�{FW�uÐ?�AOpfHrC�[]W`L�C�R�d�C�?\[]W"?JAD[]TePIU"C�?\C
b�UaGFGJHhE�[]A9G�Chi
¤-R�Tn?�AOE
T9H3C�K�C�?JHSpQC�b�U=G�?JY
H}pfHh[=CJR
G�HSpfHSW"?�U=b�?JY
H�d`Hr[]p£T9UaC�C
{}HSG�H�?JHrC�?�HhL/[�?�?�Y
H�c����3c-deHh[=p T9A9W
H=i(�3Y
HhCJH�{}HSG�H&E
Y
U=?JU=u
p/R
Tn?�AOE�TOA9HSG\Cf¥m��¤�©5��s�U=pfE�?�U=W�L
AOU�L�HrC/¥@s}��©_µOxI¸�[]W�L�TOUaW
^
A9U=W
A9�h[]?JA9U=W P\Y�[]p/d`HhG�C�¥m�#>Js3©tµ  �¸'PIUaW�C�?�GJR`P5?JHrL|b�G�U=p []A9GJu
V�T9T9HhL�Y
A9^=Y�b�GJHr�"R
HSW�PSKMPS[=d
T9HhChi

���

��Y
U]?�U=p/R
Tn?�AOE�TOA9HSG\CF¥mc�TOHrP5?JG�U=W/?JR�d`HrC�� � ¡=�}©#{}HSG�H3AOW�u
C�?�[=TOT9HhL�[=E
E
G�U���A9pQ[�?�HST9K � pº[�{}[�Kob�G�U=pÞ?JY
HMd`Hr[]p TOA9W
H=i
�!R
H!?JUk?�Y
H�W
U=W
T9A9W
Hh[=G�deHSY�[���A9U=R
G�U]b´?�Y
H���¤¯CJAO^aW�[]TDC�C�[�?Ju
R
G\[�?�AOUaWkH���HhPI?�C(A9W'?JY
H3��¤ßE
GJUad
T9HSpQCv[=E
EeHh[]G([�?(�=HSG�K�Y
AO^aY
L�U"C�H�G�[]?JHhChi�§}?��=HhGJKZbm[=C�?�A9W�PIG�Hh[aC�A9W
^k[]W`LQHI��?JG�HSpfHhTOK/Y
AO^aY
deHh[=p±T9UaC�CJHhCf?�Y
H���¤ � C7CJ[]?JR
G\[�?�H-d`HSb�U=G�H-?JY�H�W
HrPIHhC�C�[]G�K

C�A9^=W�[=T�TOHh�=HST(b�UaG!?�Y
HQ[=PhPIHST9HSG\[�?�U=G�C�Y�R�?Ju�U��0ADCXG�Hh[=P\Y�HhL´i'>�W
[=L
L�AO?JA9U=W���?JY
HkPSU=W"?JA9W�R
U=R`C�pfUaW
An?�U=G�AOW�^_U=b�?�Y
H'd`Hr[]p�E
AOEeH
PS[]W�deH'^=R�[=G�[=Wa?�HSHrL�U=W�TOK�{FY�HSWoR�CJAOW
^Q[_TD[]G�^=H�W"R�pZdeHSGFU]b
L�HI?�HhP5?�U=G\CF¥��/xF��¤)EeHSG�pfHI?�HSG5©�L�R
H3?�U!?�Y
H�C�?JG�U=W
^XL�HhE`HhW�u
L�HSW�PSHMU=bF?JY
H7p_UaW
AO?JU=G_C�A9^=W`[]T&UaW�?JY
H�L�ADC�?\[]W�PSH�d`HS?�{�HhHSW
��¤�[]W�LM?JY�H'TOU�PS[]?JA9U=W�U]bv?JY
H'deHh[=p¶T9UaC�CSi
��� 
fs�UapfE�?JUaW L�AOU�L�HrCl{}HSG�H�AOW`C�?\[]T9TOHrL C�A9pfAOTD[]G�?JU|?�Y
H
��¤ � CSi/�3Y
HSKlCJY
U�{}HhLl[7�=HhGJKo^=U�U�L-T9AOW�Hh[]GXdeHSY�[���A9U=R
G�R
E
?JU|HI��?�GJHhp_HhTOK�Y
AO^aY£d`Hr[]p T9UaC�CoT9HS�=HhT9Chi¯�3Y
H�s�U=pfE�?�U=W
L�AOU�L�HrCZHS��Y
AOd�An?f[]W�[=W
^=T9HML�HhE`HhW�L�HSW"?QC�A9^=W`[]T�[=W�L0?�Y"R`C/[
L�AOG�HhPI?JA9U=W�[=T
P\Y�[]G\[=PI?JHhGJADC�?�A9P�d�[aC�HrLZUaW/?�Y
HF^=HhU=pfHI?�GJK'U=b`?�Y
H
L�HI?�HhP5?�U=Grik�3Y
ADC�Ph[]W�d`HfR�CJHhL�AOW�U=G\L�HSG!?JUoC�R�E`HhGJ��ADC�H_PIHSGJu
?�[]A9WQC�Hh^=pfHSW"?\CvU=b`?�Y
H3d`Hr[]pÛTOA9W
HF{FAO?JY_AOW�PSGJHr[=CJHhL_C�HhW�CJAn?�AO�"u
An?�Kai(Ý�HS�=HhG�?�Y
HST9HhC�Ch��?JY
H3PIG�R�PIAD[]T�L�ADC�[=L���[]W"?\[]^=H�GJHhpf[=AOW`C�?�Y
H
CJ[=p_H![=C�b�UaG&?JY�H���¤�i"§«PIUapfE
TOHS?JHBdeHh[=pÛT9A9W
HBpfU=W
AO?JUaGJA9W
^
{FAn?�Y�[]E
E�GJU���A9pf[]?JHhTOKtPIU=W`C�?\[]W"?/CJHSW�CJAn?�AO��AO?�K�ADC_[�?�?\[]A9W�[]d�TOH
U=W
T9K�{FAO?JYl[_�=HhGJKQTD[]G�^=H�W�R
pZdeHSGBU=b(L�HS?JHrP5?JUaG�Chi
��� � 
v§�AOGJu�V�TOT9HhLlY
AO^aY-b�G�Hh�"R
HSW`PIKoPS[]d�TOHrCBU]b�?�Y
Hk?�K�EeH/§�W�u
L�GJHh{¶����¦�u�¦]¡�¥mL�AD[]pfHI?�HSG� = 
i  -p_p�©/{}HSG�HMpfU=R
W"?�HhL�[=E�u
E
GJU��´iª =¡�PIp [�{}[�K�E�[]G\[]T9TOHhTF?JU�?JY
H�d`Hr[]p±E
A9E`Haiª�3Y
H
PS[]d�TOHrCF{�HhGJH'UaE`HhG�[]?JHrL7[aCFAOUaW
A9�h[�?�AOUaW-P\Y�[]p/d`HhG�CF[=E
E
T9K"A9W
^
[7Y�AO^aY��=UaTn?\[]^aHZ?�UM?�Y
HfAOW
W�HSGkPIUaW�L�R�PI?JUaGX[=W�LlpfHr[=CJR
GJA9W
^
?JY
HlA9U=W�AO�r[�?JA9U=W|PSR
GJG�HSW"?ri��3Y
HlL�HS?JHrP5?JUaGMCJY
U�{�HrL+[0�aHSG�K
^=U�U�L«T9AOW
Hr[]G�d`HhY�[���AOUaR
GMR�E�?�U²?JY�HtpQ[]��A9pZR�p E`U"CJCJAOd�TOH
d`Hr[]p T9UaC�CQ¥m¡�i �"¦7pf§ß{FAn?�Y�x� �¤-HS¨X©5iv�!R
Hf?�Uo?JY
HQADL�Hh[=T
^=HSUapfHI?JG�ADPS[]T�PIU=W`C�?�HST9T9[]?JA9U=W#�v?JY
H��3��¤ CJAO^aW�[]T���[=GJA9HhL�[=E�u
E
GJU���A9pQ[�?JHhTOK-UaW
T9K -X¦]¡���[=TOUaW
^M?�Y
Hfd`Hr[]pfT9AOW
Ha�#{FY
ADP\Y�ADC
PS[]R`C�HrLMd�K�?�Y
H'A9W
Y
U=pfUa^=HSW�U=R�C3L�ADC�?�GJA9d
R�?�AOUaWoU]b�[�?�?�HSW�R�[]?�u
AOW
^QpQ[]?JHSG�AD[]T�¥�pQ[]^aW
HI?\CS��2`[]W
^aHhChi5iSi\©5i

»&¼9½e¾�¿�À��ÐÊ"Ä\ÆÐÉ�  OÉ�Æ�Î9ÔIÊMÔSÒ´Â���&�É]Æ&Æ#"�Å�ÁvÂ`Ã�Á$Ì=Å�ÉIÍ. ÏÎnÊ�Å

y



�3Y
H�GJHrC�EeU=W�CJH7?JA9p_HoU=b![]T9T}?JY
G�HSH-L�HS?JHhPI?JUaG�C/A9CQCJR�N�PIA9HSW"?
b�U=GFbm[aC�?XC�Y�R�?Ju�U��tCJK�C�?�HSp�¥��'xSpQC\©5iF�3Y
HZ��>Js�{}[aC�P\Y
U"C�HhW
d`HrPS[=R�C�H_U]b�?JY
Hf[]d
A9T9An?�Ko?�U7pfU=W�An?�U=G�?JY
HfHhWa?�AOG�HZdeHh[=pfTOA9W
H
{FAn?�Y-?JY�H_C�[]pfHZCJY�R�?�L�U�{FW�TOHh�=HST([]W�L-?JY
H_C�pQ[]T9T(W"R�pZdeHSG
U]b&HhTOHrP5?JG�U=W�A9PhC3?JY�[]?!ADC�G�Hh�"R
A9G�HhL�b�U=G�C�R`P\Y�[�CJK�C�?JHhpoi!�3Y
H
§BW�L
GJHh{���� �]u�¦]¡�¥mL
A9[=p_HS?JHhG'xr �iÏ­kp_p�©3��HST9A9[]�7PS[=d
TOHX{3[=C
C�HhTOHrP5?�HhL�b�U=G_?JY
H-A9U=W�AO�r[�?JA9U=W�P\Y�[]p/d`HhG-µ � ¸�i|�3Y
H-CJK�C�?JHhp
{}[aC�CJHS^ap_HhW"?JHhL7PIUaGJG�HhCJE`UaW�L�A9W
^X?JU/?JY�H!T9U=^aA9Ph[]T`CJHhPI?JA9U=W
A9W
^
U]bF?�Y
H�c����3c�deHh[=p_T9A9W
HhCh�&[=L
L
AOW
^tC�UapfH7CJHS^=pfHhWa?\Ck{FAO?JY
C�EeHhPSA9[=T�CJY
A9HSTDL�A9W
^�PIUaW�L�AO?JA9U=W�Ct¥�Hai ^`iªTD[]G�^=H�P\Y�A9Ph[]W
Hl��[aP5u
R
R
p P\Y`[]pZdeHSG5©5i+¢vA9^�iFxoCJY
U�{BC/?JY
HoA9W�C�?\[]T9TOHrL+��>Js A9W�[
d`Hr[]pfT9AOW
HoCJHhP5?�AOUaW�deHSY
A9W�L�?JY
H-PSGJKaU=pfU�L�R
T9H=i��3Y
HoPS[]d�TOH
A9C!PIU��aHSG�HhL�{FAn?�Y�[QE
TD[=C�?JADPX?�R
d`H/?JUME
GJHh�=HhWa?�L
[]pQ[]^aHk[]W�L
?JUfE
G�U���A9L�H�Y
A9^=Yo�=UaTn?\[]^aH�A9W�C�R�T9[]?JA9U=W#i�>@?B{3[=C}pfU=R
W"?�HhL�[=C
PIT9UaCJHST9K_[aC�EeUaC�CJAOd
T9H/¥Ð[]E
E�GJU��´i� ]¡=¡kp_p�©&?JU/?JY
H!d`Hr[]pfT9AOW
Hai
�3Y
H�Ph[]d
T9H-{}[aCQA9W�C�?\[]T9TOHrL${FAn?�Y
A9W|?JY
H�AOG�U=W$KaU=~=HoU=b�?�Y
H
L�A9E`UaTOHfpQ[]^aW
HI?\C�?JU-[��=UaA9Ll?JY
HhAOGkCJY
A9HSTDL�AOW�^�H!�eHrP5?rif¢(A9^�i� 
C�Y�U�{BCk?�Y
H-�}�v¤ CJAO^aW�[]T3U=b�?�{}U�L�HS?JHhPI?JUaGfCJHhPI?JA9U=W�C_{FAO?JY
[]GJ?JAOV`PIAD[]T9T9K�E
GJU�L�R`PIHhL�deHh[=p T9UaC�C_[]?ML�A �eHhGJHhWa?�T9U�PS[]?JA9U=W�C

[=TOUaW
^Z?�Y
Hkc��v�3c�deHh[=p¶T9AOW
Hai
�3Y
H�CJY�R�?�u@U ��?�Y
G�HhCJY
U=TDLtU]b}?JY
H�CJK�C�?�HSp¯{3[=C'CJHI?kUaW0¡�i �"¦
®vs T9UaC�CXP\Y�[]G�^=HZAOW"?JHh^=G\[�?�HhL-U��aHSG_xh¡=¡MpQCSik>�WtPIUaW�C�ADL�HhG�[]u
?�AOUaWMU]b�[]T9T 2�R�P5?�R�[�?�AOUaW�C}U]bv?JY
H'CJAO^aW�[]T�[ZpQ[]��A9pZR�pßd`Hr[]p
T9UaC�CQPIR
G�G�HSW"?QU]b'�
i·¦t®#§ AOW�s�� U=EeHSG\[�?�AOUaW�[]?lxr t¤-HS¨
deHh[=p�HhW
HSG�^=K�ADCF?�U=T9HSG\[�?�HhL´i�>�Wo?JY
H/{�UaG�C�?BPS[=CJHQxh¡a¡_� U]b
?�Y
HSG�pQ[]T#EeU�{�HhGB[]G�H'L�HSEeUaCJAn?�HhLoA9W"?JU�[]W�K�deHh[=p�T9A9W
HkPIUap/u
EeU=W
HhW"?�ChiM�3Y�R�CS�([oCJ[]b�HQU=EeHSG\[�?JA9U=WtU]b}?JY�H�[=PSPSHST9HSG\[�?�U=GXA9C
HhW�C�R�GJHrL´i
w�A9W�PSHZ?�Y
H_CJK�C�?�HSp �=HhGJKoCJHSW�CJAn?�AO�aHST9Kop_Hr[=CJR
G�HhC!d`Hr[]p TOU"CJC
PSR
GJG�HSW"?\C#U]b�b�Hh{²®#§k�r{}H�E
TD[]WZ?JU!L
HS�=HhTOUaEk[�CJHhPSU=W�LkCJK�C�?�HSp
b�UaGZU=W
u�T9AOW�H�pfU=W
AO?JUaGJA9W
^o?JY�HMdeHh[]p ?�G�[=W�C�pfADCJCJA9U=W�L�R
G�AOW�^
[aPSPIHhTOHhG�[]?JUaG�U=EeHSG\[�?JA9U=W�i(�3Y
ADC�CJK�C�?�HSp�ADC�L�A9��A9L�HrLQA9Wa?�UZCJHhP5u
?�AOUaW�C�{FAO?JYt[�T9HSW
^=?JY�U]b�¡�i ¦fp¯[=W�L�[7C�EeHhPSA9[=T(CJHSG�AD[]T�G�Hh[aL
UaR�?}HhTOHrP5?�GJUaW
A9PhC}A9C3R
W`L�HSGFL�Hh�=HST9U=E�p_HhW"?Xµ �]¸@i��3Y"R`CF[ZEeUaCJAnu
?�AOUaW�G�HhCJU=T9�=HrL-pfHh[=CJR
G�HSpfHSW"?'U]b�?JY
HfdeHh[=p T9UaC�C!deHhPSU=pfHhC
EeUaC�C�A9d
T9H=i��3Y
HZUaE`HhG�[]?JU=G!{FAOT9T(d`Hf[]d
T9Hk?�Ukg�R�L
^=H/[=W�LlPSU=GJu
G�HhPI?/?�Y
H-�aR`[]T9An?�K�U=b�d`Hr[]pº?�G�[=W�CJp_ADC�C�A9U=W²{FY�AOT9HoGJR
W�W
AOW�^
?�Y
H'pQ[=P\Y
A9W
HXAOWoY
A9^=Y�deHh[]p�E`U�{}HSG3pfU�L�H=i

»&¼9½e¾14
ÀkÃ�Â ' Ä�Î +�Ê�É! vÒ9Ó�ÔSÍ°Æ#"�Å�Ä�ÉSÍ/Å_Ì=Å�ÉIÍ  OÔSÄ�Ä�ÑhÇrÓ�ÓJÅ�Ê�Æ�É�Æ
Ë�Î��eÅ�ÓJÅ�Ê�Æ  OÔ�Ñ\É]Æ�ÎOÔIÊ"Ä�É! OÔSÊ�+/Æ#"�Å�Ì=Å�ÉIÍ� ÏÎÏÊ
Å�+��`Ç,  
ÉSÊ�Ë'Ô5È�Å�Ê_ÑJÎÏÓ��
Ñ  9Å�Ä}ÉSÓJÅ}Í/Å�ÉIÄ5ÇrÓJÅ\Ë 
#Î¹Æ#"MË]Î��eÅ�ÓJÅ�Ê�Æ(Ñ\É=Ì1 9Å�ÄJÅ�ÑSÆ�ÎOÔSÊaÄ + � "�Å3Ô5È�Å�Ê
ÑJÎÏÓ�Ñ  9Å}ÄJÅ�ÑSÆ�ÎOÔIÊ-Ì=Å  OÔSÊ�+�ÄBÆÐÔZÆ#"
Å}Ñ ""ÎOÑ\ÉIÊ
Å � ÉrÑhÇaÇrÍ Ñ "�ÉIÍfÌ=Å�Ó +

è·é�ê�� ñ �vã�	"ä�
�á\äfá ë
��� ñ�� �Së á\æ ë
� á���á � ïrî��'á\ä ë æ(â9ã�ï�� ë�ì á���� ��� ����� �
 �ð�!#" �  ïhäaâDáJã�á\ä"å\á ð%$&� �('�	aã�) ð�*@é òròrò,+
è óIê.- ñ à�/ï � âDá�á ë
��� ñ���� �� �1032&�4� ö ò ó,5�ð�ô,6]é ò,7rò
è ôSê�ë�ì"í æ�ã�á\î�ïSã ë5ð î�ñ éhé
è öhê�ë�ì"í æ�ã�á\î�ïSã ë5ð î�ñ é\ô

xh¡



�º	����!����� �"�����������F����� �B
=����� �a� %��
������� �����

 � �)���3
 .0�#	�� ,k��
�
 �º���������&��

� 2������8":��
;���
���2��
	`6 � ��<����� ��;���
���2��	��
���69;=< 
��k2��3�����`;��
:����`;��

�3Y
H+Y
A9^=Y PIUaW"?JA9W"R�U=R�C-deHh[=p EeU�{}HSGlR
E ?JU �"¡$~"� []?
c����3c-G�Hh�"R
A9GJHrC#[FG�HST9A9[=d
TOH�deHh[=p£TOU"CJCvL�HI?�HhP5?�AOUaWkC�K�C�?JHhp�?�U
E
G�HS�aHSW"?kL
[]pQ[=^=H_U]b}?JY
HQdeHh[=p¯TOA9W
Hai�c���E`HhGJA9HSW`PIHhC�pQ[=L
H
CJU0bm[]GQY�[��aH-C�Y
U�{FW+?JY`[�?Q?�{}UtA9W�L�HhE`HhW�L�HhWa?r�FGJHrL�R
W�L�[]W"?
CJK�C�?�HSpQC3U]b�d`Hr[]p�TOU"CJC}pfU=W
AO?JUaG�CF[=GJHXW
HhHhL�HrL´i
�3Y
HfV`G�C�?XCJK�C�?�HSp¯R`C�HrCXTOUaW
^7A9U=W�AO�r[�?JA9U=W0P\Y�[=pZdeHSG\C![=TOUaW
^
?�Y
H�deHh[]pÞTOA9W
Hai7§BW�K�d`Hr[]p T9UaC�CXA9W�?�Y
H�deHh[=p T9AOW
HQE�GJU=u
L�R`PIHhC}d
G�HSpQC�C�?�G�[=Y
T9R
W
^Z{FY�A9P\Y7^=HSW�HSG\[�?JHrC�[_PIR�GJG�HSW"?�A9Wo[]W
A9U=W
A9�h[]?JA9U=W0P\Y�[]p/d`HhGhiQ�3Y
H�PSR
G�GJHhWa?'ADC'pfHh[aC�R
G�HhL#i_>@b}?JY�H
deHh[=p TOU"CJC(HS��PSHSHrL
C�[�PSHSGJ?�[=AOW/TOHh�=HST���?�Y
H3d`Hr[]p ADC�C�{FAO?�P\Y
HrL
U��(i
�3Y
HkCJHhPSU=W�L�CJK�C�?JHhpßpfHh[aC�R
G�HhC�?�Y
H'd`Hr[]p)PIR
G�GJHhW"?F[]?BL�Anb¹u
b�HhGJHhWa?fEeUaCJAn?�AOUaW�C/[=TOUaW
^l?�Y
H�d`Hr[]p�TOA9W
Hai²�3Y
H7L�A ��HSG�HSW�PSH
deHI?�{}HSHhW/[=L�g�[=PIHhW"?vpfHh[aC�R
G�HSpfHhWa?(E`U"C�AO?JA9U=W`C�ADC(p_UaW
AO?JU=G�HhL#i
>@bB?�Y
HoL�A ��HSG�HSW`PIHMHS�
PIHSHrL
C_[�PIHhG�?\[]A9W²T9HS�=HhTÐ��?�Y
H�d`Hr[]p�A9C
[=T9CJUQC�{FAO?�P\Y
HrLMU��(i
§}?kc��v�3c�CJHS�aHSG\[]T(d`Hr[]p¯E�[]?JY�C!?�U7?�Y
HQL�A �eHhGJHhWa?'HS��EeHSG�AOu
pfHSW"?\CBPS[=W7deH'P\Y
U�UaCJHSW#i��3Y
HhGJHSb�U=G�H=��[]W�L�[]TDCJU/deHhPh[]R�CJHXU]b
T9U�PS[]TaT9[�KaU=R�?�PSU=pfE
T9HI��AO?JA9HhC´?�Y
H�deHh[=p�T9UaC�C#pfUaW
An?�U=G(C�K�C�?JHSp
ADC�CJHS^ap_HhW"?JHhL#i(�3Y
H!c����3ctdeHh[]p T9UaC�C�pfU=W
AO?JUaG�CJP\Y�HSpfHFA9C
CJY
U�{FW�AOW-¢(AO^`i#x=i
§�W�L�G�HS{��!� �=u�¦=¡-?�K�EeH�qB¢ªPS[]d�TOH�A9CfR`C�HrL�[=Cf[=W�A9U=W
A9�h[]u
?�AOUaW+P\Y�[=pZdeHSGrit�3Y
H�A9W
W
HSGfPIUaW�L�R�PI?JUaG/ADC_U=W
T9K�PIHSW"?�HSG�HhL
d�Kl[7Y
HST9A9Ph[]T�E
TD[=C�?JADP/CJE�[aPIHSGriZw�U7?JY
HQPh[]d
T9Hkb�UaGJpQCX[]Wt[]A9G
V�T9T9HhL/AOUaW
AO�r[�?�AOUaWZP\Y�[]p/d`HhGv{FY�A9P\Y_A9C(UaE`HhG�[]?JHhLk{FAn?�Y_[�Y
AO^aY
�aU=TO?�[]^aH!U=b}xX~�¨Zi
�3Y
HfHhTOHrP5?JG�U=W�A9PhC�ADC'L�HhCJA9^=W
HrL-?JUoCJ{FAn?\P\Y�U ��?�Y
Hfd`Hr[]p¯[]?
[/d`Hr[]pßT9UaC�C�U]b(��i ¦k®#§ {FY
A9P\YoPIUaGJG�HhCJEeU=W�L
C&?JU�x	� U=b#?JY�H

b�R
TOTe�a¦=¡!®#§«d`Hr[]pÛPSR
G�GJHhWa?ri(§�W
U]?�Y
HSG�L�HhCJAO^aWQPIG�An?�HSG�A9[�{3[=C
?JU-C�{FAO?�P\Y�U ��?�Y
Hfd`Hr[]p°A9W+x_pQCX{FY
HSW0�a¦=¡�®#§ ¥�xr¡=¡��_©
d`Hr[]pªT9UaC�C�U�PSPSR
GJHrCSi(�3Y
HhCJHFPIG�An?�HSG�A9[!^a[��aH}[!?�AOpfHBPIUaW�C�?�[]W"?
U]b�xr¡=¡QpQC�b�U=GXC�A9^=W�[=TvA9W"?JHh^=G\[�?JA9U=W²¥ÐC�HhH�µOxI¸�©5iX�vHhC�?�C!pf[aL�H
[�?}?JY
H�[=PSPSHST9HSG\[�?�U=G�CJY
U�{}HhL_?JY`[�?F[ZCJHSW�CJAn?�AO��AO?�KfU]b�[]E�E
GJU���u
AOpQ[�?�HST9K � ¨�EeHSGX®#§ AOUaW
A9�h[�?�AOUaW�PIR�GJG�HSW"?!ADCXW
HhHhL�HrL´iZ�}K
PIT9HS�=HhG�Ph[]d
T9AOW�^kU]b´?�Y
H!L�HS?JHrP5?JUaG�AO?}{3[=C�E`U"CJCJA9d
TOHB?JUZG�HhL
R�PIH
?JY
H-W
UaA9CJHl[]W`L�U=?JY
HhGQHSG�GJUaG�C/?JU0A9W�CJAO^aW
AnVePS[]W"?QT9HS�=HhT9Chi«§
d
TOU�P\~ML
A9[=^=G\[]p�ADCBC�Y�U�{FW7A9W-¢vA9^�i� 
i
�3Y
Hk{FY
UaTOHkdeHh[=p¶T9UaC�CBL�HS?JHhPI?JA9U=WlCJK�C�?�HSp)A9CBL
AO��ADL�HhLoA9W"?JU
C�Hh�=HSG\[]T&CJHS^apfHSW"?�CX?�U-pQ[�?�P\Yt?�Y
H�E
Y�K�C�ADPS[=T�T9[�KaU=R�?'U=b}?�Y
H
[=PSPSHST9HSG\[�?�U=Gri_��E0?JUl ]�oP\Y�[=pZdeHSG\CX{FAn?�Y�?�Y
HSA9GkHhTOHrP5?JG�U=W�A9P
p_U�L�R�T9Cf[]G�H�W
U�{�E�T9[=W
W
HhL#it�vUtPSU=pfEeHSW�C�[�?�H7CJHSW�CJAn?�AO��AO?�K
?JU=T9HSG\[]W`PIHhC�?�Y
Hf?JG�HhCJY
UaT9L�U]b3HS�aHSG�K-p_U�L�R�TOH�ADC'[=L�g�R�C�?\[]d
T9H
{FAn?�Y/g�R�p_EeHSG\C3A9W�x� kHr�aR`[]T´C�?�HSE�C3U=b( ]� �ÛU��=HhG}[_G\[]W
^aH�U]b
x=�9xr¦/[]W�LMA9C3CJY
U�{FWMUaW7[f��c�� L
A9CJE
TD[�K=i�§BTDC�U/?JY�H�pfU�L�R
T9H
C�?\[�?JH'ADCFCJAO^aW�[]T9HhL7d�KM��c�� � CSi
>�WQU=G\L�HSG�?�UkE
G�HS�=HhW"?�L
[]pQ[]^aH}?JU'?�Y
H�CJK�C�?JHhpo�a[]T9T
?�Y
HBHhTOHrP5u
?JG�U=W
ADPSC�{}[aC�AOW`C�?\[]T9TOHrL/UaR�?�CJADL�HF?JY�H![=PhPIHhTOHhG�[]?JU=G�HhW�PIT9UaCJR
G�H=i
w�E`HrPIAD[]T�PS[=GJHkADC�?�[]~aHSWo?�UMpQ[]~aH'?JY
H_C�K�C�?JHhp)A9W"?JG�AOW`C�ADPS[=TOT9K
CJ[]b�H=iF§BW�KoPS[]d�TOHkHhGJG�U=G\C3U=G�Y
AO^aY-�=UaTn?\[]^=H�bm[=AOT9R
G�HhCB[=GJHkL�HSu
?JHhPI?JHrL´i�§|pfU�L
R
TOHBb�R
W�P5?�AOUaW�P\Y
HhP\~_PS[=W_deHBA9W
AO?JAD[�?JHrL_b�GJUap
?JY
H_[=PSPSHST9HSG\[�?�U=GBPIUaW"?JG�U=T#[]W`L-C�Y
UaR
TDLod`H_L�U=W
HZd`HSb�U=G�HkHS�"u
HSG�K�d`Hr[]p¶?JA9p_H'G�R
W#i
�&G\[=P5?�A9Ph[]T�HI��EeHSG�AOHhW�PIH'{3[=C3^"[]A9W
HhL7{FAO?JY � L�HI?�HhPI?JU=G\CFL�R
GJu
AOW
^�z�pfU=W"?�Y�CBU=b&d`Hr[]p U=EeHSG\[�?�AOUaW#i��3Y
H_C�K�C�?JHSp {}U=G�~=HrL
�=HSG�K�G�HST9A9[=d
T9K�[]W�L�W
UQL
[=pf[=^=HXU�PSPSR
GJHrL´i

I n j e c t o r L i n a c  1
2 0 M e V

L i n a c  2
4 0  M e V

R a d i a t o r

R a d i a t o r s

R a d i a t o r

2 5 0 k e V

b e a m  c u r r e n t  m o n i t o r
c a b l e  i o n i z a t i o n  c h a m b e r s

I R - F E L

P o s i -
t r o n s

  X -
R a y sR a d i a t i o n

P h y s i c s

N e u t r o n s
I n f r a r e d

N u c l e a r
P h y s i c s

E x p e r i m e n t
E l e c t r o n i c s

B e a m  C o n t r o l

A c c e l e r a t o r

d u m p  w i t h  c u r r e n t  m o n i t o r

»&¼9½e¾�¿�À&Ã�Å�ÉSÍ  OÔSÄ�Ä�ÍZÔSÊaÎ¹ÆÐÔSÓ&ÄmÙ�Ä\Æ�Å�Í£Ò¹ÔIÓ}Á�ÂeÃ(Á$+

x=x



1 G
 


=
 =


Test HV


1 kV
 1 V

=


-1 V


Test


620 k
 


1 M
 


3 M
 


33 nF


-


+


-


+


-


+


1


Reset


Inter-

lock


U


Sensi-

tivity


U

HV


Detector


Signal cable


High voltage supply


 
=100 ms


»&¼9½`¾14�À�Ã  OÔ�Ñ���Ë�Î9É9+�Ó�ÉIÍªÒDÔSÓFÆ#"
Å
Ñ�ÉaÌ1 9Å�Î9ÔIÊ"Î54IÉ�Æ�Î9ÔIÊ�Ñ "�ÉSÍ_Ì=Å�Ó�Å  9Å�Ñ��
Æ�Ó�ÔIÊ"ÎOÑJÄ +

§£C�HrPIU=W`L´�
PIUap_E�TOHS?JHST9KQA9W�L�HSEeHSW`L�HSW"?�CJK�C�?JHhpßU]b(pfU=W
AO?JUaG�u
AOW�^�d`Hr[]p T9UaC�CFA9C!d�[aC�HrLoU=WlPIR�GJG�HSW"?!L�A ��HSG�HSW�PSHkpfHh[=CJR
G�HIu
pfHSW"?�Chi7¢(A9^�i � CJY
U�{BC�?JY�HML�HhCJA9^=W�?�[]~�A9W
^o?JY�HML�A �eHhGJHhW�PIH
d`HS?�{�HhHSWf[��% �XC�?JG�AOE
T9A9W
H3p_UaW
AO?JU=GF¥ÐC�HhHXµ  �¸�©([]W�Lk?JY
HFdeHh[=p
L�R
pfE-[=CF[=W7HS��[=pfE
TOHai
c�[aP\Y�P\Y�[]W
W�HST�PIU=pfE
G�A9�SHhC�[]WMq�¢�[]pfE
T9An?�R�L�H!L
HI?JHrP5?�U=G�b�U=G
?JY
H��% �QC�?JG�AOE�TOA9W
HXpfU=W
AO?JUaG�CF[=W�L7[Q�v¢²PIR�GJG�HSW"?FpfHh[=CJR
G�HIu
pfHSW"?�b�U=G�R�CJHF{FAO?JY�[�d`Hr[]p L�R
pfE#i��3Y
H�CJHST9HhPI?JA9U=W_A9C&L
U=W
H
d�K!g�R�p_EeHSG\Chi��3Y�H![]pfE
T9AO?JR�L�HXPIUaW"?JG�U=T9TOHhG�C�b�UaG&?�Y
H�PSR
G�GJHhWa?
PS[=TOA9d
G\[�?JA9U=WQY`[��=HF?�UZdeH�P\Y�[=W
^=HrLQ[=PhPIU=G\L�A9W
^=T9K=i�§«pfU�L�R
T9H
b�R
W�PI?JA9U=W²P\Y
HrP\~lA9CkE`U"CJCJAOd�TOHQR�CJA9W
^o?JHrC�?ZCJAO^aW�[]TDC�b�G�U=p¯?�Y
H
[=PhPIHST9HSG\[�?�U=G}PIU=W"?�GJUaTÐi��3Y
H'C�A9^=W`[]TDC��vHhC�?'x�[=W�L� /CJAOp/R
T9[]?JH
[]W�HSG�GJUaG'¥¹bm[]A9T9HhLoPS[=d
TOHXUaGBPIU=W�W
HhPI?JU=G5©�AOW-P\Y�[=W
W
HST�xXUaG� �i
��[=dZ?�HhC�?�C�U=b`?�Y
HBqB¢�E�[]GJ?&C�Y
U�{}HhL_[]WfR
W�Anb�UaGJpfAO?�KkU]b�d`U=?JY
P\Y�[]W�W
HSTDC&U=b�¡
i �"¦ �ª[�?!x=i ��� �B��U��=HhG�[kL�K�W�[=p_ADPBG\[]W�^=HBU=b
� xXL
��i��3Y
HX?�HSpfE`HhG�[]?JR
G�H'PIU�HIN�PSAOHhWa?FADC�-�¡
i ¡a ��  ��Ss!i
��HrC�?\CZ[]?Z?JY�H7[=PhPIHhTOHhG�[]?JU=G'{FAO?JY²?�{�U��% ��C�?�GJA9E
T9AOW
HMp_UaW�u
An?�U=G\ClCJY
U�{�HrL�[=W�AOW"?�HS^=G\[]TZW
U=W
T9A9W
Hh[=GJAO?�K«U]b�- � i ¦��³EeHSG
P\Y�[]W�W
HST�[]W`L -�¡�i ¦��)L�A ��HSG�HSW`PIH_d`HS?�{�HhHSW�?JY
H_?�{}UoP\Y`[]W�u
W
HSTDCfU��=HhGQ[�deHh[=pÜPSR
GJG�HSW"?fG�[=W
^=HoU=b/xh¡a¡
i5ihiJz=¡a¡�®#§Zi&>@?
C�Y�U=R
TDL d`H+W
U]?�HhL�?JY�[]?�?�Y
H²pfHh[aC�R
G�HSpfHhWa?�[aPSPSR
G�[aPIK«ADC
¡
i·¦ �Ûb�UaGF?JY�HhCJH'p_Hr[=CJR
G�HSpfHSW"?�Chi��3Y
HkCJA9^=W�[=T#L�HSEeHSW�L
HSW�PSK

UaW7?�Y
HkpfADPIG�UQE
R
TDC�H'G\[�?�H'A9C - � i ¡��Ûb�UaGBU=W
H/P\Y�[]W
W�HST�[=W�L
-�¡�i ¦��ªb�U=G3?JY�HkL�A ��HSG�HSW`PIH'deHI?�{}HSHSW7?JY�HX?�{�UQP\Y�[=W
W
HSTDChi
�3Y
H�HST9HhPI?JG�U=W d�R
W�P\Y AOWª?JY
H$A9W�g�HhPI?JU=G0ADCtpZR�P\YÛTOUaW
^=HhG
?�Y�[]W«A9W«?�Y
H�[aPSPSHST9HSG\[�?JUaGM[]W`L|AOW�2�R
HSW`PIHhCM?JY�H�pfHh[aC�R�GJHSu
pfHSW"?\C�{FAO?JYª?JY
H	�� ��C�?JG�AOE
T9A9W
H+pfUaW
An?�U=G�AOWª?JY
H�AOW]g�HhP5u
?�U=Gri��|Y
HSW�?JY�HZC�R�d
Y�[]G�pfU=W
ADP�d
R
W�P\Y�HSGF�=UaTn?\[]^aH!ADCF��[]G�AOHrL
{FAO?JY
A9Wt a¦�-X¦�~"¨Û?JY�H_CJAO^aW�[]T�P\Y�[=W
^=HrC�T9HhC�CB?�Y�[]W+x=i·¦ �)[]?
�"¡=¡l®#§)deHh[=p PIR
G�G�HSW"?hi²>�W$PIUapfE�[]G�A9CJU=W²?JY
H-CJAO^aW�[]TDC_U]b
?�Y
H�L
HI?JHrP5?�U=G\C_[]b¹?JHhGZ?�Y
H�V�G�C�?Q[=PSPSHST9HSG\[�?�U=G/C�?�[=^=H�P\Y�[]W
^aH
d�K�T9HhC�C}?JY�[=W-¡
i·¦ �Mi
�3Y
HF[aPSPIR�G�[aPIKXU]b
?�Y
H3d`Hr[]pªPSR
G�GJHhWa?�pfHh[aC�R
G�HSpfHhWa?�[]T9T9U�{BC
[�pfAOW�AOp/R
p CJ{FAO?�P\Y�u@U ��?�GJHrC�Y�U=TDL/U=b´ 
i ¦���¥Ð 
xF®#§!©(b�UaG�?JY
H
L�A ��HSG�HSW�PSH}deHI?�{}HSHhWZ?�Y
HFC�?�GJA9E
T9AOW�HFp_UaW
AO?JU=G�A9WZ?�Y
HFA9W�g�HhPI?JU=G
[=W�L�?�Y
H'C�?�GJA9E
T9AOW�H�pfUaW
An?�U=G3A9W7?�Y
HXW�R�PIT9Hh[=G}E�Y"K�CJA9PhC3d`Hr[]p
E�[]?JY#i
§ pfAOW�AOp/R
pß?�GJHrC�Y
UaT9L7U]b�¦ � ¥ �" /®#§!©3PSU=R
TDL7d`H'R�CJHhLMb�U=G
?�Y
H!L�A ��HSG�HSW�PSHBd`HS?�{�HhHSWQ?�Y
H!C�?JG�A9E
TOA9W
HBpfUaW
An?�U=G�AOWQ?�Y
H�W�R�u
PSTOHr[]G'E
Y�K�C�ADPSCkd`Hr[]p E`[�?JY�[=W�Lt?JY
HQdeHh[=p L
R
pfE�AOWt?JY�A9C
E�[]?JY#i|�3Y
ADCQADCfE`U"CJCJA9d
TOHodeHhPh[]R�CJH�?JY
H-A9W�L�A9��A9L�R`[]TBHhGJG�U=G\C
L�UaW�� ?X[aL
L-A9Wl?JY�A9CXPS[aC�Hai'c&�=HhW-b�U=GX[]W�AOW`C�HhG�?�HhLo?\[]G�^=HI?�An?
ADC3E`U"CJCJA9d
TOH�?�UQR�C�H�?�Y
A9CF?JG�HhCJY
U=TDL´i

1 . 3  G H z

L F  P a r t

R F  P a r t
A d j .

L e v e l
D e t e c t o r

R F  P a r t

L F  P a r t

T e s t  1

T e s t  2
t  I n t e r l o c k

B P

A d j .1 k

l / 4  S t r i p l i n eM o n i t o r

B e a m d u m p

p o s i t i v e
T r e s h o l d I n t e r l o c k

I n t e r f a c e

1

n e g a t i v e
T r e s h o l d

B e a m d u m p
c u r r e n t  m e a s u r e m e n t

C h a n n e l
2

I n t e r l o c k
T r i g g e r

C h a n n e l
1

F a s t  D i f -
f e r e n c e

S l o w  D i f -
f e r e n c e

t  = 1 s
»&¼9½e¾�
�À/Ã  OÔ�Ñ���Ë]ÎOÉ9+�Ó�ÉSÍ�ÔIÒBÆ#"�Å
Ì=Å�ÉSÍ ÑhÇrÓ�ÓJÅ�Ê
ÆBË]Î��eÅ�ÓJÅ�Ê�Ñ5ÅXÍ/Å�É��
Ä5ÇrÓJÅ�Í/Å�Ê
Æ%+

è·é�ê�ë�ì"í æ�ã�á\î�ïSã ë5ð î�ñ(ò
è óIê�ë�ì"í æ�ã�á\î�ïSã ë5ð î�ñ é õ�â�ñ

xr 



� .0�#	�� ,Z��
�
 � ����������� 
+�����),k���B�����������J�B	 �����v
a� ���F�
�����
�'2 ��8�:�� ��6 ��
`132�4�698":�;=<

§}?&c��v�3cB�rd`Hr[]p�T9UaC�C�ADC(p_Hr[=CJR
G�HhLkA9Wk?�{}U!L
A ��HSG�HSW"?�{}[�K�Chi
��U=W
^!AOUaW
AO�r[�?�AOUaW/P\Y�[=pZdeHSG\C�¥m��>Js3©vpf[aL�H&b�G�U=p PSUa[]��AD[]T"PS[]u
d
T9Hk{FAO?JY�[=AOG!L�AOHhTOHrP5?�GJADP'[]G�H'R�CJHhL�?JU�L
HI?JHrP5?�d`Hr[]p¶T9UaC�CB[]?
PSGJAO?JADPS[=TeCJAn?�HhC�[]T9U=W
^'?�Y
H�pQ[aP\Y
AOW�H=i(>�WQ?JY
H�C�HrPIUaW�LQC�K�C�?JHhp��
deHh[=p�PIR�GJG�HSW"?3A9C3pfHh[aC�R�GJHrL7[]?}?�Y
G�HSH'L�A �eHhGJHhWa?FT9U�PS[�?�AOUaW�Chi
�3Y
H}C�R�p CJAO^aW�[]TDC�b�G�U=p�?�{�UBC�?JG�A9E
TOA9W
H&deHh[=p£E`U"C�AO?JA9U=W'pfU=W
u
AO?JUaG�C3[]W`LQ?JY�H!W�R�PSTOHr[]G}E
Y�K�CJADPSC�d`Hr[]p¶L�R�p_E�PIR
G�G�HSW"?�C}[]G�H
PSU=pfE�[]G�HhL#iv§|L�A �eHhGJHhW�PIH3A9WQPIR
G�GJHhW"?�[]?�?JY
HrC�H3EeU=A9Wa?\C�AOW`L�Anu
Ph[�?JHrC�?JY`[�?&EeU=GJ?JA9U=W�C(U]be?JY�HFHST9HhP5?�GJUaW/deHh[=pÛ[=GJH3T9UaC�?�CJU=pfHSu
{FY
HhGJHai�§BdeU��=H'[/PSHSGJ?�[=AOW7TOHh�=HSTe?�Y
H'AOW"?�HSG�TOU�P\~fA9C}?�GJA9^=^aHSG�HhL
[=W�L7?JY
H'deHh[=p�ADCFC�{FAO?�P\Y�HhL�U ��i��}U]?�Y�~�A9W�L
CFU=b(pfHr[=CJR
GJHSu
pfHSW"?Z[=GJHfL�HhC�PIG�A9d`HrLlA9W0L
HI?�[=AOT�HhT9CJHS{FY�HSG�H/A9W�?�Y
ADC'[]W
W�R�[=T
G�HSEeU=GJ?hi
§�W
Hh{ÞCJK�C�?�HSp U]b_d`Hr[]p T9UaC�C�pfHh[=CJR
G�HSpfHSW"?oY�[=CodeHSHhW
d
R�AOTO?7[]W`L+ADCQPIR�GJG�HSW"?JT9K�?�HhC�?JHhL$[]?Mc����3c�i(>�W|L�A ��HSG�HSW�PSH
?�U'?JY
H!U]?�Y
HSG�CJK�C�?�HSpQC�AO?�Y�[aC&['T9U=W
^aAn?�R�L�A9W�[]T�GJHrC�UaTOR�?�AOUaWfU]b
?�Y
HZT9U�PS[�?�AOUaWo{FY
HSG�HX?JY
HZd`Hr[]p)TOU"CJCFU�PhPIR
G\CSi}�#A9~=H'b�UaGF?JY�H
��>Js!�(A9U=W�AO�r[�?JA9U=W²P\Y`[]pZdeHSG\CkpQ[aL�H�b�G�U=pº§BW`L�GJHh{¶�BHhTOAD[��
µOxI¸�PSUa[���AD[]T�PS[=d
TOHf[]G�HZR`C�HrL�[aC�L
HI?JHrP5?�U=G\CSiZ�3Y�H/E
G�A9W�PIA9E
T9H
U=bv?�Y
HkL�HI?�HhPI?JU=G\C3ADCFC�~aHI?�P\Y�HhL7AOW-¢(AO^`i´x=i

c o a x  s e c t i o n s

I 2I 1 I 3
I _ s u m
U  h v

s e p a r a t o r

c o m m o n  g r o u n d»&¼9½e¾�¿�À &#Ó�ÎÏÊ�ÑJÎ È� 9Å�ÔIÒ�Æ#"�Å²ÄJÅ�ÑSÆ�ÎOÔIÊ
Å\Ë�Ì=Å�ÉSÍ  OÔSÄ�Ä²ÍZÔSÊaÎ�ÆÐÔIÓ
� Ã�Â '���+
�3Y
H_U=R
?JHSGXPIUaW�L�R�PI?JUaG!U=b�?JY
HfPIU"[���A9[=TvPh[]d
T9HZADCXPIR�?XHS�aHSG�K
¦=¡=¡lpfpºT9Hh[���A9W
^�[�¦ pfpº^a[=E²d`HS?�{�HhHSW+Hh[=P\Y+C�HrP5?JA9U=W��
?�Y
HkA9W
W
HSG!PIU=W`L�R�P5?�U=GFG�HSpQ[]A9W�C3R
W"?�U=R�P\Y
HrL´i���T9[aC�?�A9PXCJHSE�[]u
G\[�?�U=G\C&[]G�HBR�CJHhLf?�UkV
�_?JY�H�CJK�C�?�HSp p_HrP\Y�[]W�A9Ph[]T9TOKai(§�Y
AO^aY
�aU=TO?�[]^aHkADC![=E
E
T9AOHrLldeHI?�{}HSHSWl?JY
H_AOW�W
HSGXPIUaW�L�R�PI?JU=G�[]W�L�[
PSU=pfpfU=WQ^=G�U=R�W�L_TOA9W
H=i�c�[=P\YQC�HrP5?�AOUaWQA9C�PIU=W�W
HhPI?JHhL_?�U'?JY�H
^aGJUaR
W�L�TOA9W
Hf?JY�GJUaR
^=Y0[oGJHrC�ADC�?JU=Grif�3Y"R`CS�vAOUaW
A9C�[�?�AOUaWtPSR
GJu

GJHhWa?�PS[=W'd`H�p_Hr[=CJR
G�HhL�b�U=GvHS�aHSG�K�Ph[]d
T9H�CJHhP5?�AOUaWZCJHSE�[=G�[]?JHST9K
[=CF[_�=UaTn?\[]^=HX[=PSGJU"CJC�?�Y
Hk[=PhPIU=G\L�A9W
^_GJHrC�ADC�?�U=Gri
�3Y
HML
[]?�[-[=Ph�"R
A9CJAO?JA9U=WtHST9HhP5?�GJUaW
ADPSCkPSU=W�CJA9C�?�CkU]b3U=W
HQpQ[=C�u
?JHSGF[=W�LQpZR�Tn?�AOE
T9H'C�TD[��=H�p_U�L�R�TOHrCSi��3Y
H�pfU�L
R
TOHrC3[]G�H!PIUaW�u
W
HhPI?JHhL���AD[�C�?�[=W�L
[]G\L�q!w �a�"¦�CJHSG�A9[=T3d
R�Chi�§)d
T9U�P\~�L�AD[�u
^=G\[]p U=b�?�Y
H�HhTOHrP5?JG�U=W�A9PhCXA9C/C�Y
U�{FWtA9W²¢vA9^�i� �i��3Y
H�PIUaGJH
L�HS��ADPIHoU]b�Hh[=P\Y�pfU�L�R
T9H�ADCQ[]W$§��F¤lc�� µ  �¸��]u�d�An?�qF>�w�s
PIU=W"?�GJUaTOT9HSG�{FAn?�Y�AOW"?�HS^=G\[�?�HhL-xr¡�u@d
AO?�§��'s!�
¦�xr 'd"K"?�H!c�c���u
qFj�¤ []W�L w���qB§�¤ []W`Lª��~"d�K"?JH�U]b7AOW�u�CJK�C�?JHhp E
G�U]u
^=G\[]pfpQ[]d
T9H²¢���§!w
� pfHSpfU=G�K=i c�[=P\Y£pfU�L�R
T9H�Y�[aCl[]W
R
W
AD�aR�HZL�HS��ADPIHZ[aL
L�G�HhC�CSi}�3Y
ADC�[=L�L�GJHrCJCJA9W
^QA9CBR�C�HrL�?JUM[=R�u
?JU=pQ[]?JADPS[]T9T9K0L
HI?JHrP5?�L�Hh�"ADPIHrCk?�Y�[�?Q[]G�H7PSU=W
W�HhP5?�HhL0?�U�?�Y
H
d
R�Chi �3Y�R�Ch�3W
U�P\Y�[=W
^=HrCfAOW«CJU]b¹?JuZU=G�Y`[]G\L�{}[=GJHo[]G�H-G�HIu
�aR�AOG�HhLQAOb#?�Y
H!CJK�C�?�HSp�A9C�HI��?�HSW�L�HrLQd�KQPIU=W�W
HhPI?JA9W
^'b�R
GJ?JY
HhG
p_U�L�R�TOHrCFAOW�?�Y
HXb�R�?JR�GJHai
�3Y
HXb�GJUaW"?BHSW�L�U]b(?JY�HkC�TD[��=HXpfU�L�R
T9H'A9CB[fL�A ��HSG�HSW"?JAD[]T#UaE�u
HSG\[�?JA9U=W`[]Tv[=pfE
TOAOV�HhG/¥�UaE�u�[]pfE`©5i�§ÛCJY
A9HSTDL�HhL-?�{FA9C�?JHrL-E�[]A9G
PS[]d�TOH�PIU=W�W
HhPI?�C�?JY
H�U=E�u�[]pfE�A9W
E
R
?�?�HSG�p_A9W�[=T9C�?JUZ?JY
HXC�HhW�u
C�UaGkGJHrC�ADC�?JU=Gri7§�pfE
TOAOV`Ph[�?JA9U=W²Ph[]W0deH���[]G�AOHrL�deHI?�{}HSHhW|xh¡
[]W�L�xh¡=¡�i!�3Y
H/U=R�?�E
R�?XU]b&?�Y
Hf[]pfE
T9AnV�HhG!ADC�PIU=W�W
HhPI?JHhL-?JU
?JY
HX§��'s!i
�3Y
H�pf[]��AOp/R
p�§��'s|C�[]pfE
T9AOW
^/G�[]?JH!A9C�xr¦=¡=¡a¡
CJ[=p_E�TOHrCfE`HhG�C�HrPIU=W`L+[]?_b�R�TOTBG�HhCJU=T9R�?�AOUaW#�&?�Y
Ho?JHrC�?QpfU�L�u
R
TOHrCf[]G�H7G�R
W
W
A9W
^t[�?oxh¡=¡��B�ai²>�W²?�Y
Hod�[=CJA9PMpfU�L
H=�&?�Y
H
C�TD[��=HSu@PSU=W"?JG�U=T9TOHhGQE`HhG�b�UaGJp [ 2�Ua[]?JA9W
^+[��aHSG\[]^aAOW
^`iÛ¤-A9W
AOu
pZR
p¯[=W�L-pQ[���A9pZR
p°EeHh[=~�Y�U=TDLob�R
W�PI?JA9U=W�CXPS[=WldeH_[aP5?JAOu
��[]?JHrL´i+§)T9AOW
H7?JG\[]W`CJPSHSA9�=HSGfL�Hh�"ADPIH7?JG\[]W`C�TD[�?�HhCZ?JY
H-�F�F�
C�A9^=W�[=T9C/b�G�U=pº?�Y
HlPIUaW"?JG�U=T9TOHhG/?�U�L�A ��HSG�HSW"?�A9[=TBq�w �a�"¦ld�R�C
TOHh�=HST�iMq�w �a�a¦7d
R`CkC�?\[]W�L�[]G\L�{3[=C'P\Y
U"C�HhW�deHhPh[]R�CJHfU]b3An?\C
GJR
^a^=HrL�W
HhC�CFA9W-W
U=ADCJK7HhW"��A9GJUaW
pfHSW"?hiF§}?B?�Y
H/L�[�?�[�G�[]?JH'U]b
x=xr¦-~��3[=R�L´�v?JY
H7TOHhW
^]?�Y²U]bF?�Y
HMd
R`CZPS[=d
T9H�A9C/T9AOpfAO?JHhL�?JU
[]deU=R�?�xr¦]¡a¡�p {FY�A9P\YQADC�pfUaGJH3?�Y
HSWMCJR�N�PIA9HSW"?�b�U=G&?�Y
HBR�CJH
[�?(c����3cBih§BT9T"CJT9[��aH�pfU�L
R
TOHrC�[=GJH&A9W�C�?�[=TOT9HhLXUaWX?JY
H�^=G�U=R
W�L
d`HhTOU�{|?�Y
HXd`Hr[]pßT9A9W
H!A9W7?JY
H'[=PhPIHhTOHhG�[]?JU=G}PS[��aH=i��3Y
HSK�[=GJH
PIU��=HhGJHrL0{FAn?�Y�T9Hh[aL�d
T9U�P\~�CZ?JU�d`H�E
G�U]?JHrP5?�HhL²[=^a[]A9W�C�?ZG\[�u
L�A9[]?JA9U=W#i|w"?\[]W�L
[=G�L�qB� �"¦�E�[�?\P\Y�Ph[]d
T9H�A9CfR�CJHhL+b�UaG_d�R�C
AOW"?JHhG�PSU=W
W�HhP5?�AOUaW#i

8 b i t  R I S C -
C o n t r o l l e r
A T 9 0 S 8 5 3 5

R S 4 8 5 - B u s

R S 4 8 5 - B u s
T r a n s c e i v e r

S l a v e - M o d u l e

d i f f e r e n t i a l
O P - A m p .

V o l t a g e
R e g u l a t o r

8 b i t  R I S C -
C o n t r o l l e r
A T 9 0 S 8 5 3 5

R S 4 8 5 - B u s
T r a n s c e i v e r

M a s t e r - M o d u l e
D C - D C
c o n v e r t e r

R S 2 3 2 - L e v e l
T r a n s v e r t e r t o  P C

1 1 5  k B a u d

1 2 . . 3 0  V

»&¼9½e¾14�À��}Ñ9�"ÇrÎÏÄ�Î¹Æ�ÎOÔSÊMÅ  9Å�ÑIÆ�Ó�ÔSÊ"ÎOÑJÄ�
#Ì1 OÔ�Ñ��QË�Î9É9+�Ó�ÉIÍ +

x �



�3Y
HBpQ[=C�?JHhG&pfU�L�R
T9HBY�[]W`L�TOHrC�?�Y
H�L
[]?�[X?�G�[=W�C�b�HhG&E
G�U]?�U�PSU=T
{FAn?�Yk?�Y
H}CJTD[��=H�pfU�L�R
T9HhCh�]P\Y
HrP\~�CJR
p�PS[=T9PSR
TD[�?JA9U=W`C#b�UaG(L
[]?�[
��[]T9A9L�AO?�K��=HSG�AOV`PS[]?JA9U=W-[]W�L-PSU=W
W�HhP5?\CF?�UM[QpfU=W
AO?JUaGJA9W
^��3s
��A9[-[=WtUaE�?JADPS[=T&ADC�UaT9[]?JHhL0q�w�  �  �d�R�CSi��3Y
H�^"[]T9��[=W
ADPfA9CJU]u
T9[]?JHrLZEeU�{�HhG&C�R�E
E
T9KZADC�[]TDC�UXY
U"C�?�HhL/U=W_?JY
HFpQ[aC�?�HSG�d`U"[]G\L´i
�3Y
HlADC�UaT9[]?JA9U=W$ADCQW
HhPSHhC�CJ[=GJK²?JU²pQ[]~aHo?JY
H�Y
A9^=Y$�=UaTn?\[]^=H
^=G�U=R
W`LMG�HI?�R
GJW�?�Y
HkU=W�TOK7^=G�U=R
W�L7T9AOW
Hkb�U=GF?�Y
Hk{FY
UaTOHkCJK�C�u
?JHhp�i

»&¼9½e¾ 
�À/�"Ñ�ÓJÅ\Å�Ê"Ä "�Ô]Æ(ÔSÒvÆ#"
Å�Æ�ÎÏÍ/Å3ËaÔIÍZÉSÎÏÊ_ÓJÅJÑ\ÔSÓJËaÅ�Ó +

�3Y
H�CJU]b¹?�{3[]G�H_R�C�HrL�b�U=GX?JY�HfV�G�C�?'?JHrC�?k{3[=C'PSGJHr[�?�HhL�{FAn?�Y
�!�&¨�HSHai��|Y
HSW�?JY�HkC�U=b¹?�{}[=GJH!A9CFC�?�[=G�?�HhL�AO?�C�PS[]W`C�?�Y
H'd
R�C
b�UaGZL�HS��ADPIHrCSio�3Y
ADC'A9CZGJHhE`Hr[�?�HhLtE`HhGJA9U�L�ADPS[]T9T9K=io�3Y
H�pQ[]A9W
?\[=CJ~�U]b3?�Y
H7CJU]b¹?�{3[]G�HfA9Ck?JUlG�Hh[aLtL�[�?�[�b�G�U=pÞ?JY�H�pQ[=C�?JHSG
pfU�L�R
T9HM[]W`L0pf[=~=Hf?�Y
HSp���A9CJA9d
TOH�?JU-?�Y
HMpQ[=P\Y�AOW
HQUaE`HhG�u
[]?JU=Grik�3Y
Hf[]pfE
T9An?�R�L�HfU]b}d`Hr[]p°T9UaC�CX[�?XHh[=P\Y�E`U"C�AO?JA9U=W�A9C
L�ADCJE
T9[�KaHhL0A9W�d�[=GJ^aG�[=E
Y�PIUaTOR
pfW�Chit>�W+[=L�L�An?�AOUaW�?JU�?JY�[]?h�
?�Y
H�TD[]E�CJH�U]bB[=p_E�TOAO?JR�L
H7P\Y�[=W
^=H�Ph[]W�deHQ?JG\[=PSHhL0A9W0?JA9p_H
L�UapQ[]A9WtG�HhPSU=G\L�HSG\ChiM§ßC�PIG�HSHSW`C�Y
U=?kU]b}?JG�HSHQ?�AOpfHML
U=pQ[]A9W
G�HhPSU=G\L�HSG\CBL�R
G�A9W
^M[]Wl?�K"E�A9Ph[]T(HST9HhP5?�GJUaW
ADPSCF?�HhC�?�E�GJU�PIHrL�R
G�H
ADCFC�Y�U�{FW7A9W-¢vA9^�i � i
¢�U=G/?JY
ADC/?JHhC�?h��[�L�HS?JHrP5?JUaG_C�?JG�A9W
^�U=bB?JY
G�HSH�C�HrP5?�AOUaW�C_{}[aC
pfU=R�Wa?�HhL�E�[]G\[]T9TOHhT�?�U�?JY
Htd`Hr[]p T9A9W
Ht[]?l[+L�ADC�?�[]W`PIHtU]b
[=d`UaR�?'xr¦]¡_pfpoi&§�C�?�HSHhGJHhGh�
[=d`UaR�?� _pßR
E�C�?JG�Hh[=p¶U]bv?JY
H
L�HS?JHrP5?JUaG�{3[=C�R�C�HrL_?JU/^=HSW�HSG\[�?JHFT9UaC�C&U=b � ®#§�PS{$HST9HhP5?�GJUaW
deHh[=pÞ[�?_L�A ��HSG�HSW"?ZEeUaCJAO?JA9U=W�Chi��3Y�H�C�?�HSHSG�HSG/PIR
G�GJHhW"?k{}[aC
A9W�PIG�Hh[aC�HrL´��?JY�R�C�?JY
H3deHh[]pÛTOU"CJC(pfU��=HrLkb�G�U=pÛL�U�{FW�C�?JG�Hh[]p
?�U7pfU=G�H_R
E�C�?JG�Hh[]p°EeUaCJAO?JA9U=W�ChiZ§�C'CJY
U�{FW�AOW0¢(AO^`i � ��?JY
H
pfUaC�?�L
U�{FW�C�?�GJHr[]p°L�HS?JHhPI?JUaGh�´�3��¤ � �´L�HI?�HhP5?\C�d`Hr[]p TOU"CJC
V�G\C�?hi3��[�?�HSG�[=pfE
TOAO?JR`L�HkA9Wl�}�v¤� _G�A9CJHhCF{FY�AOT9HZ[]pfE
T9AO?JR�L�H
A9W_�3�v¤ � A9C&L
GJUaE
E
A9W
^�i(¢vA9W�[=TOT9K'?JY�HBC�A9^=W�[=T�AOWQ�3��¤²x}G�ADC�HrC
R
W"?�AOTF[t�#>Js�L�HS?JHrP5?JUaG_V�GJHrL�?�Y
H7A9W"?JHhGJT9U�P\~�b�UaGfHI�
PIHrCJCJAO�aH
deHh[=pßTOU"CJChi
>@?�ADCQE
TD[]W
W�HhL�?JU�A9W�C�?\[]T9T�[=CfpQ[=W"K+L�HI?�HhP5?�U=G\CQ[]W�L$CJT9[��aH
pfU�L�R
T9HhC�[=C�GJHr�aR�AOG�HhL�?�U7PIU��aHSGF?�Y
HZ{FY�U=T9HZdeHh[]p T9AOW�H=i�>@?
{FA9TOT�?�Y
HSWtdeHQE`U"CJCJAOd�TOH/b�U=GX?�Y
Hfpf[aP\Y
A9W
HfU=EeHSG\[�?JUaG�?�U-C�HhH
{FY
HhGJH}deHh[]pªA9C�T9UaC�?({FAO?JYQ[!GJHrC�UaTOR
?JA9U=WZU=b`deHI?J?JHSG�?�Y�[]W_U=W�H
pfHI?�HSGri

è·é�ê������ ñ � ä��=ã�á � ñ å\ï��
è óIê������ ñ �Së �'á � ñ å\ï��

x �



�����F�J
������)�&�Q�
��� �t�	�J
a���$�v�B�#�
	(�
�������\�&�$*-,Z.0*
��2 �	��
���69;=<

�!R
H'?�U_pfUaGJHXE
G�HhPSA9CJH'L�HIV�W�HhL´�`Y
AO^aY
HSGFG�Hh�"R
A9G�HSpfHSW"?�C3[=W�L
b�G�U=p�?JY
H'^"[�?�Y
HSG�HhL�HI��EeHSG�AOHhW�PIH'{FAO?JYo?�Y
HZc����3c$[=PSPSHST9HSGJu
[]?JU=G�?�Y
HFE
R
TDCJHF^=HSW�HSG\[�?JA9U=W/{}[aC�GJHh��A9CJAn?�HhL´i(>�pfE
G�U��=HSpfHhWa?\C
{}HSG�HQW
HSHrL�HhLtb�UaGZd
R�W�P\Y0?JU-d
R�W�P\Yog�An?J?JHhG_[=W�L�b�U=GZE�Y�[=CJH
C�?�[=d
AOT9AO?�KtdeHI?�{}HSHhW²^=R�W�[]W�L�[=PSPSHST9HSG\[�?�U=GkPS[���AO?JA9HhCkb�U=Gf[]T9T
?�Y
H��"R
AO?JHtL�A ��HSG�HSW"?�U=EeHSG\[�?JA9W
^²pfU�L�HrC�U]bZc����3cBi��3Y
HSK

{�HhGJHQEeUaC�C�A9d
T9H�d�KtCJA9^=W
AOV`PS[=W"?kY�[]G\L�{3[]G�H_E�GJUa^=G�HhC�C'[]W�L�[
W
HS{'��PSU=pfpfU=W�AOW"?JHhG�bm[aPIH_C�?\[]W�L
[=G�Llb�U=G�bm[=C�?XE
R
TDC�H/?JG\[]W�C�u
p_ADC�C�A9U=W#i��BTO?JA9pf[]?JHhTOK+d
R
W�P\Y$?�Utd�R
W�P\Y0g�AO?�?JHhGMPIUaR
TDL+deH
GJHrL�R�PIHrL�d"K7[Zbm[aP5?�U=GFU]b �Q[]W�L7?�Y
H'E
Y�[aC�H'C�?�[]d�AOT9An?�K7PIU=R�T9L
d`HkA9pfE
G�U��=HhL7A9Wo?JY
HkC�[]pfH'U=G\L�HhGhi&�3Y
HZd
TOU�P\~�L�A9[=^=G\[]p�ADC
C�Y
U�{FW�A9Wo¢(A9^�i#xai

V C X 0
P L L

2 6  M H z
D i v i d e r
1 : 1  b i s  1 : 2 5 6
c o n s t .  p h a s e

fib
re 

op
tic

s

f i b r e  o p t i c s
T r a n s .

T r a n s .
R e c .

R e c .

H a r m o n i c  b u n c h e r ,
C a v i t i e s

f i b r e  o p t i c s

P u l s
f o r m e r

S u b h a r m o n i c  
b u n c h e r

f i b r e  o p t i c s

5 0  W

o p t .
l i n k

o p t .
l i n k

R e c .

T r a n s .

o p t .
l i n k

o p t .
L i n k

O C X 0
1 3  M H z

V C X 0
P L L

1 , 3  G H z
P L L

2 6 0  M H z
P L L

2 6 0  M H z

o p t .
L i n k

o p t .
l i n k

P u l s
f o r m e r

 A m p l i f i e r

L e v e l
d e t e c t o r

G u n

U G a t e

H i g h  V o l t a g e  P l a t f o r m
- 2 5 0  k V

T r i g g e r  
f o r  e x p e r i m e n t sT r i g g e r  

f o r  e x p e r i m e n t s

I n t e r l o c k
»&¼9½e¾�¿�À&Ã  9Ô�Ñ��fË]ÎOÉ�+rÓ�ÉSÍÛÔSÒ�Æ#"�Å�È´Ç1 nÄJÅ/+]Å�Ê
Å�Ó�É]Æ�ÎOÔSÊfÒDÔSÓBÆ#"
Å�Á�ÂeÃ(Á�ÉrÑ\Ñ\Å  9Å�Ó�É]ÆÐÔIÓ +

��� �������
	��
	������������
¢�U=G�T9[]?JHSG�E
TD[]W
W�HhL� MPIUaTOUaR
G!HS��E`HhGJA9pfHSW"?�C�[�pfADPIG�UME
R
TDCJH
G\[�?�H�U=b� ]z�¤l���}ADC�W
HhHhL�HrLk?�U�UaE`HhG�[]?JHF �¢�c���C�[�?Fx � ¤l���
pfADPIG�U_E�R
T9CJH'G\[�?JH'CJAOp/R
TO?�[]W�HSU=R`C�T9K=i
�3Y
H0pfADPIG�U�E
R
TDCJHtG\[�?�H�U=b_ ]z�¤l�B�tADCo^=HSW�HSG\[�?JHrL|d�K«[
�����0{FAO?JYl[f�=UaTn?\[]^aHXPSU=W"?JG�U=T9T9HhLo ]zQ¤l���Z�"R�[]GJ?J�'U"CJPSAOT9T9[]u
?�U=Gri��3Y�H! ]zk¤��B�������-Y�[aC�?�Y
HBb�UaTOT9U�{FAOW�^3g�An?J?JHSG3L
[]?�[Xb�UaG
?�Y
H�b�U=T9TOU�{FA9W
^/PSR�?�u@U �ob�G�Hh�"R
HhW�PIA9HhC�U]b#?�Y
HXW
U=ADCJH!CJE`HrP5?JG�R
p
¥Ð§BT9T9[=W�¨&[=GJAD[]W`PIHr©I�

����� x�~����Q� ¡
i �O� E�C
����� xh¡_~��B�f� ¡
i � �/E�C
����� xh¡=¡/~��B�Q� ¡
i �" ZE�C

R e f e r e c e  I N
1 3  M H z

V C O
d i v i d e r

P h a s e -
d e t e c t o r

R e f e r e n c e  
d i v i d e r

L o o p
f i l t e r

f   = 1  k H z

c l o c k
f i l t e r

1 3  M H z

V C X O
2 6  M H z O u t

B u f f e r

1  :  1 1  :  2

c

»&¼9½`¾14�À&Ã  OÔ�Ñ��QË�Î9É9+�Ó�ÉIÍ ÔIÒ(Æ#"
Å3Ö 6	'��241&�ÂeÂ +

xr¦



����� ����������� 	 � � ��	
	
��� �
	 	��
§ßCJK"W`P\Y
GJUaW
U=R`C�PSU=R
W"?�HSGk[]T9T9U�{BCk[�GJHrL�R�P5?�AOUaW�U]b}?JY
HMp_AOu
PIG�UQE
R
TDC�HZG�[]?JHXb�G�U=p x � ¤l���7¥�TD[�?�HSG! =zQ¤l�B��©FA9W-d
A9W�[]G�K
C�?�HSE�Ck?JA9TOT�x=�· =¦=z
ilc&��EeHSG�A9HSW�PSH�C�Y
U�{BCk?JY�[]?/d�K0C�{FAO?�P\Y
A9W
^
?JY
HfL�A9��A9L�HhGXG�[]?JA9U�?JY�H/E
G�U=E`[]^a[]?JA9U=Wo?�AOpfHQC�Y�U=R
TDL�P\Y�[=W
^=H
d�K�TOHrCJC}?�Y�[]W -/x�¦kE�Chi

O u t p u tI n p u t 8  b i t  s y n c h r o n o u s
c o u n t e r

r e m o t e  s e t  c o u n t

l e v e l
c o n v e r t e r

l e v e l
c o n v e r t e r

»&¼9½e¾ 
�À&Ã  OÔ�Ñ���Ë]ÎOÉ9+�Ó�ÉSÍÛÔIÒ(Æ#"
Å�ÄmÙ�Ê�Ñ%"aÓ�ÔSÊ�Ô]ÇrÄ�Ñ\Ô]ÇrÊ�Æ�Å�Ó +
�3Y
H�b�U=T9TOU�{FA9W
^fG�HhCJR
Tn?\C3{�HhGJHXpfHh[aC�R�GJHrL´�

� E
G�U=E�[=^a[]?JA9U=WQ?�AOpfHk[]E�E
GJU���A9pQ[�?JHhTOKM /W�C

� P\Y�[=W
^=H!b�GJUap xa�Ox!?JU-xa�  a¦]zZb�U=G'x � ¤l�����'xh¡_E�C
� ?JHhpfE`HhG�[]?JR
G�H'L�GJAOb¹?�[]E�E
GJU���A9pQ[�?JHhTOKM 
i ¦/E�C9 �L
HS^

� pQ[���A9pZR
pßA9W
E
R
?Bb�GJHr�"R
HSW�PSK��By=¡a¡/¤��B�

� g�AO?�?JHhG�b�UaG�xa�Ox&G\[�?�AOUBb�U=G#?�Y
H&b�UaTOT9U�{FA9W
^BPIR�?Ju�U��/b�G�Hh�"R
HhW�u
PIA9HhC3U=bv?�Y
H'W
UaA9CJH'C�EeHhPI?JG�R
po�

� � � x�~��B�Q� ¡�iOx�­kE`C
� � � xr¡Z~��B�Q� ¡�i �  ZE`C
� � � xr¡=¡k~����Q� ¡�i ¦a¦ZE`C


����
��	����
��� 	��
�3Y
H'E
R
TDCJHZC�Y`[]EeHSGF^=HhW
HSG\[�?�HhCF[QCJE`HrPIAD[]T´b�UaGJpfHrL�CJA9^=W�[=T�[�?
?JY
HfpfADPIG�U7E
R�T9CJHfG�[]?JHf{FY
ADP\Y�ADC�R�C�HrLl?�Uod
R
A9T9L�?JY�HfCJE
A9~=H
E
R
TDC�HrC�b�U=GX?�Y
HQ^=R
W0^aGJADL´iQ�3Y
HfE
R
TDC�H�CJY�[=E`HfADC'pQ[=L�Hfd�K
L�HSTD[�Kf?JA9pfH'L�A ��HSG�HSW`PIHhC}deHI?�{}HSHhW�L�A ��HSG�HSW"?3PSUa[]��AD[]T�PS[=d
T9HhC
[]W�L7T9U=^=ADPS[=T´E
G�U�PSHhC�C�A9W
^`i

I n p u t

4 n s 4 n s
-  0 , 4  V

+ 0 , 4  V
&

1  n s

5  n s

5  n s

1  n s O u t p u tl e v e l
c o n v e r t e r

»&¼9½e¾��eÀ&Ã  OÔ�Ñ���Ë]ÎOÉ9+�Ó�ÉSÍÛÔIÒ(Æ#"
Å�È�Ç, ÏÄJÅ�Ò¹ÔIÓ�Í/Å�Ó +

� �
���
� ����� �����
§BW7U=E�?�A9Ph[]TeTOA9W
~QR�CJHhC}[]W�UaE�?JADPS[=T�?�G�[=W�CJp_AO?�?�HSGF[]W`L�[]W�UaE�u
?JADPS[=T´GJHrPIHSA9�=HhGhi��3Y
H�?JG\[]W`C�pfADCJCJAOUaWMUaE`HhG�[]?JHhC}{FAO?JYoT9AO^aYa?FU=b
�a =¡lW
pÜ{}[��aHST9HSW
^=?JY�[=W�L�R`C�HrC_[tp/R
Tn?�AOpfU�L�Ho^=TD[=C/V�d�GJH
{FAn?�Y�[MCJA9�SHkU=b�za �i·¦� �xr a¦Z®´poi�§BWlUaE�?JADPS[=T(PSU=W
W
HrP5?�U=G![aP5u
PIUaG�L�A9W
^X?�U'?JY
H�¢�w�¤l§�C�?�[=W�L
[=G�L/b�U=G}CJPSGJHh{�g�UaAOW"?\C�ADC&R�CJHhL
{FY
ADP\Y|^=A9�=HhCQ[�PIU=W�W
HhPI?JA9U=W$GJHhE
G�U�L
R�PIA9d
A9TOAO?�K+U=bk[]E
E
G�U���Anu
pQ[�?JHhTOK�xh¡_E�Chi

I n p u t F i b r e  o p t i c s
8 2 0  n m

m u l t i m o d e

O p t i c a l  T r a n s m i t t e r

O p t i c a l  R e c e i v e r

l e v e l
c o n v e r t e r

F i b r e  o p t i c s
8 2 0  n m

m u l t i m o d e
O u t p u t

T I A * )

T C A * * )

* )  T r a n s  I m p e d a n c e  A m p l i f i e r

* * )  T r a n s  C o n d u c t a n c e  A m p l i f i e r

l e v e l
c o n v e r t e r

»&¼9½e¾! �À�Ã  OÔ�Ñ �QË]ÎOÉ�+rÓ�ÉSÍªÔSÒ�Æ#"�Å}Ô5ÈeÆ�ÎOÑ\É!  nÎÏÊ �=Ä +
§�W�HI��EeHSG�AOpfHhWa?_pQ[�KtdeH7?JG�AO^a^=HSG�HhL0d�Kt?JY�H7pfADPIG�U�E
R
TDCJH
G\[�?�H�UaG_?JY
H-pQ[=PSGJU0E
R�T9CJHSGri|�3Y
Ho?JG\[]W�CJpfA9C�CJAOUaW�U]b'CJR�P\Y
[=GJd
AO?JG\[]G�KtE
R
TDC�HoL�R�?�K0bm[aP5?JUaG�C/G�Hh�"R
A9GJHrCZ[t�Xs�PSU=R
E�TOA9W
^�i
�}HhPh[]R�CJH�PIUapfp_HhG�PSA9[=T&U=E
?JADPS[]T�GJHrPIHhAO�aHSG\C�b�U=G/�'sÛ[]G�H�W
U=?
[���[]A9TD[]d
T9H'[_�"R�[aC�Av�Xs�PIUaR
E
T9AOW�^_{3[=C3G�Hh[=TOA9�SHrL�d"K7HS��[]T9R�[]u
?�AOUaW7U=bv?�Y
H'TOHr[=L�A9W
^Q[]W`L�?�Y
HX?JG\[]A9TOA9W
^fHhL
^=HXU]b(?JY
HkCJA9^=W�[=TÐi
�3Y
H�b�UaTOT9U�{FAOW�^_G�HhCJR
TO?�C3{}HSG�HXp_Hr[=CJR
G�HhL´�

� E�GJUaE�[]^"[�?JA9U=W�?�AOpfH�[=E
E
G�U���AOpQ[�?�HST9KZxr¡FW�C([�?�x�p V�d
G�H
T9HSW�^]?JY

� P\Y`[]W
^aH�b�G�U=p¯xa�Ox�?�U-x=�· =¦]zkb�U=Gkx � ¤��B���'xh¡/E�C
� ?�HSpfEeHSG\[�?JR�GJH'L�G�Anb¹?�[=E
E
G�U���AOpQ[�?�HST9KM �i·¦/E�C- ]L�HS^

� pQ[]��A9pZR�pßU=EeHSG\[�?�AOW
^_b�G�Hh�"R
HhW�PIK��'x�¦]¡_¤l�B�

� g�AO?�?�HSG�[]?Bx=�9x3G�[]?JA9U!b�UaG�?JY
H3b�UaTOT9U�{FA9W
^'PIR�?Ju�U���b�GJHr�"R
HSW�u
PSAOHrC3U]b(?JY
H'W�U=ADC�H'CJE`HrP5?JG�R
po�

� � � x!~��B�Q� ¡
i9x=x�E�C
��� � xh¡/~����Q� ¡
i· ]y/E�C
��� � xh¡=¡Z~��B�Q� ¡
i �a ZE�C

"$# � � 	&%(' � � � 	��
�3Y
HX ]z/¤l�B�X���v�lA9W7¢(AO^`i�x![=PI?�C3[=C}[]W�V�Tn?�HSG}b�U=G�?JY�H�g�AO?�u
?�HSG3b�G�U=p�?�Y
HkU=E
?JADPS[]T´T9A9W
~7[=W�L7[aL
L
C3Y
ADCFU�{FW/g�An?J?JHhGhi��3Y�H
b�UaTOT9U�{FAOW�^/G�HhCJR
TO?�C3{}HSG�H�pfHr[=CJR
GJHrL7[]?3?JY
Hk�����tU=R�?�E
R�?r�

��� � x!~��B�Q� ¡
i �"¦ZE�C
��� � xh¡/~����Q� ¡
i·¦= ZE�C
� � � xh¡=¡Z~��B�Q� ¡
i·¦=¦ZE�C

�3Y
ADC(g�AO?�?JHhGBADCFP\Y�[]W
^aHhLMd"K�?JY
H'pfADPIG�U_E�R
T9CJHXG�[]?JH'L�A9��A9L�HhGhi
¢�U=GX[ML�A9��A9L�A9W
^�G�[]?JA9UMU=b} ��9x7¥�x � ¤��B�fU=R�?�E
R�?5©F?�Y
H_V�W�[]T
G�HhCJR
TO?vADC#b�UaG#?JY�H}L�A ��HSG�HSW"?(PSR�?�u@U �_b�GJHr�"R
HSW�PSAOHrC�U=b�?JY
H�W
U=ADCJH
CJE`HrP5?�GJR
po�

� � � x!~��B�Q� ¡
i � �/E�C
� � � xh¡/~����Q� ¡
i �ay/E�C
� � � xh¡=¡Z~��B�Q� ¡
i z"­kE�C

xhz



�����
�\�&��� 	������ �&�Q�
�B��. � � � �����e���
�����J�´

132���������
\:
;���� 	�
 �'2���8�:�� ��6 �

>@?�{3[=C([]T9GJHr[=L�K�GJHhE`UaG�?�HhL/[]deU=R�?�E
G�U]?JU=?�K�E
AOW�^B{�UaGJ~XUaWk?JY�H
�3��¤±HhTOHrP5?JG�U=W�A9PhCQµnxa�  �¸�iQ>@?k{3[=C'L�HrPIADL�HhL�?�U-GJR
Wt?�Y
H�[=PIu
PSHST9HSG\[�?JUaGBW
U=?�U=W
T9KM{FAO?JY�Hh[]G�T9AOHhGFE
T9[=W
HhLoG�HSEeHI?�An?�AOUaW-G�[]?JHrC
x � ¤l���B[]W�L_ ]za¡!¤l���3d
R�?&[]TDC�U�{FAO?JYfGJHrL�R�PSHhLkG�HSEeHI?�An?�AOUaW
G\[�?�H=i��3Y
H/G�[]?JHkp/R�C�?�[]T9{3[�K�C3deH/[7C�R�d�u�Y`[]G�p_UaW
ADPXU]b�?JY�H
b�R
W`L
[]pfHSW"?\[]T�b�G�Hh�"R
HSW`PIK-x=i � � �B�=i&Ý�U�{«AO?3ADC3EeUaC�C�A9d
T9H�?�U
UaE`HhG�[]?JHZ[]?�GJHhE`HS?JAO?JA9U=W-G\[�?�H�x �  ���¤��B�=�e{FY
HhGJH���Ph[]W-deH
 
� �`� ���Oxrz
� �  �� z �o[]W`L|xr =�
i->@?fA9CZGJHr�aR�AOG�HhLt?�Y�[�?_?JY
H��3��¤
CJK�C�?�HSp�CJR
E
EeU=GJ?�CF[=W�K�U]bv?JY
HrC�H'UaE`HhG�[]?JA9U=WMpfU�L�HrCSi

log.
amp.

BPM

ID1300 AD8313VNA25

25 dB
gain

8 MHz
BW

1,3 GHz
to DC

LT1630

offset gain

LT1630

ADC

S&H

AD783

CPCI 510L
12 bit

Heliax

about 30 m

»&¼9½e¾�¿�À'� "�Å}Ã & '�Å% DÅJÑSÆ�Ó�ÔSÊaÎ9Ñ�Ä}Ä�Ñ "
Å�Í/Å!+
§ßPSU=G�HfHST9HSpfHSW"?ZU=b�?�Y
HM�3��¤±HST9HhPI?JG�U=W
ADPSCXADCk[oT9U=^"[]G�An?�Y�u
pfADP�L�HS?JHrP5?JUaG�§!�!� � x � pQ[=L�H�d�K«§BW�[=TOUa^+�!HS��A9PSHhC7>�W�P]i
µ � ¸@i(�3Y�H�T9U=^a[=GJAO?JY�p_ADP&L�HS?JHrP5?JUaGvADC�[�L�A9G�HhP5?�qB¢�?JU��Xs�PIU=W
u
�aHSGJ?JHSG�G\[�?�HhL/R
EZ?�Uk �i·¦ � ���=i��3[]W�L�{FADL�?�Y_U=b�?�Y
HF§���� � x �
ADCZ[=d`UaR�?�xh¡o¤l���=io�3Y�[�?kpfHh[=W�C'AOb3?JY
HQpfADPIG�U=E
R
TDCJHfb�GJHSu
�"R
HhW�PIK/A9C�T9HhC�C(?JY`[]Wox � ¤l���FU=R�?�E
R�?��aU=TO?�[]^aH�U=b`?�Y
HFT9U=^a[]u
G�An?�Y
pfA9P�L�HS?JHhPI?JUaG�b�UaTOT9U�{BC�?�Y
H!pfADPIG�U=E
R�T9CJHF?JA9pfH�C�?JG�R�PI?JR
G�H
U=b!?�Y
H-d`Hr[]poi��vU�HSW�[=d
T9H7?�Y
Hl§��'sß?JU²C�[]pfE
T9H-[�?Q?JY�H
E
G�U=EeHSG�?JA9pfH�CJU=pfH�P\Y`[]W
^aHhC&A9W�?�Y
HX�}��¤°HST9HhPI?JG�U=W
ADPF{}HSG�H
L�UaW
H=i�§�PI?JR�[=T�T9[�KaU=R�?�U=b
?JY�H}�3��¤¶HST9HhPI?JG�U=W
ADP&ADCvCJY
U�{FW/U=W
?�Y
Hk¢(AO^`i#x=i�¢(AOG\C�?BU]b([=TOT�?�Y
Hk§��'s�A9CFCJK�W�P\Y
G�U=W
A9�SHrLQ?�U�[]W
HS�"?�HSG�W�[]T�PIT9U�P\~�i(§!L
L�AO?JA9U=W�[=TOT9KQ[kCJ[=pfE
TOH�[]W�L�Y
U=TDL�[]pfE
T9AOu
V�HhGFA9CBd
R
A9Tn?BA9WM?�UQE
G�U��"ADL�H�HSW
UaR
^=Y7?JA9pfHXb�U=G}?JY�Hk§��'s$?�U
pQ[]~aHQpfHh[=CJR
G�HSpfHSW"?\CSi��3Y
HMC�[]pfE
T9HM[]W�LtY
UaT9L�[=pfE
TOAOV�HhG
ADC�CJK�W�P\Y
G�U=W
A9�SHrLf{FAn?�YQ?JY�H!pfADPIG�U=E
R
TDCJHFb�GJHr�"R
HSW�PSK_[aC&{}HST9TÐi
c�[=P\Y0�}��¤ HhTOHrP5?�GJUaW
A9PhCXd`U"[]G\L�Y`[=Ck[=W�A9W�L�A9��A9L�R`[]T�L�HhT9[�K
T9AOW�HF?JUkPSU=pfE`HhW�C�[�?JH}b�UaG�?JY
HBL
A ��HSG�HSW"?�[=GJG�AO��A9W
^!?JA9p_H�U]b´[]W
HhTOHrP5?JG�U=W�d
R
W`P\Y+?�U0?JY
Hl�3��¤�i�s�Y�[]W�^=A9W
^t?JY
H-HhTOHrP5?JG�U=W
u
ADPSCXTD[�K=UaR�?XPh[]W�TOHr[=L�?JU-[7P\Y`[]W
^aH/A9W�?�Y
HQC�A9^=W`[]T(?JUoW
UaA9CJH
G\[�?�AOUk[=W�L_Y
HSW�PSH�PS[=WQ[ ��HhP5?�GJHrC�UaTOR�?�AOUaW/U=b�?JY
HBdeHh[=pÛEeUaCJAOu
?�AOUaWlpfHh[=CJR
G�HSpfHSW"?\CSiF¢
UaGF?JY`[�?!G�Hh[aC�UaW�[]b¹?JHhG�pQ[]~�A9W
^Q?JY�H
P\Y�[=W
^=HrCQA9W$?JY
H��3��¤ HhTOHrP5?�GJUaW
A9PhCQAO?MY�[=L+?�U²d`Hl?JHhC�?JHrL
[=^a[]A9W#i
¢(A9G�C�?vU=b�[]T9T={}H�P\Y�[=G�[aP5?JHhGJA9�SHrL!?JY
H�GJHrC�UaTOR�?�AOUaW'U]b�?JY�H}�3��¤²i
�!HSEeHSW�L
HSW�PSH�U]b�?�Y
H��3��¤�CJAO^aW�[]T=[]?�x=i � � �B��U=WX?JY�H&d`Hr[]p
PSR
GJG�HSW"?�ADC´~�W
U�{FW#i(��UFpQ[=~=H�?�Y
H�P\Y�[=G�[aP5?JHhGJA9�h[]?JA9U=W#�h[]WkqB¢
Ph[]d
T9H!{FY�A9P\Y�L�HST9AO�aHSG\C�?JY
HX�3��¤ CJA9^=W�[=T�b�G�U=p�?�Y
H'[=PSPSHST9HSGJu
[]?JU=G�PS[��aHX?JU�?�Y
HZHhTOHrP5?�GJUaW
A9PhCBADC!PSU=W
W�HhP5?�HhLoUaW-?JY
H_�3��¤
CJA9L
HF?JUZ[=W�qB¢t^=HhW
HSG\[�?�U=G���A9['[ �]u@{}[�KZCJE
T9An?J?JHhGhi�§}?�?�HSW�R�[]u
?�AOUaW-U]b(?JY
HZCJE
T9An?J?JHhG![]W`L�PSU=W
W�HhP5?�AOW�^�PS[]d�TOHrCFA9CBp_Hr[=CJR
G�HhL
{FAO?JYM[aPSPSR
G�[aPIK/U]b�[]deU=R
?�¡
i9x�L
�}poi��3Y"R`CS�a?JY
H�qB¢t^=HhW
HSGJu
[]?JU=GBCJR
d�C�?JAO?JR
?JHhCF[=W*/=A9L
Hh[]T //d`Hr[]poi�w�A9W�PIHX?�Y
HX^=HSW�HSG\[�?JUaG
ADCX�=HhGJK-C�?�[]d�TOHfA9Wl?JY�HfCJHSW`C�H_U]b3qB¢|EeU�{�HhG!T9HS�aHST�U=W
HQPh[]W
pfHh[aC�R�GJH�[aPSPSR
G�[aPIK�U]b�?�Y
H�EeUaCJAn?�AOUaWkpfHh[aC�R
G�HSpfHhWa?\CS�r{FY
ADP\Y
ADC3L�HIV�W�HhL�UaW
T9KQd"K_?�Y
H!HhTOHrP5?�GJUaW
A9PhC�W�U=ADC�H�[]W�L7§��'s$L�A9^=AO?

C�A9�SHai/>@?kADC'[]T9pfUaC�?�W
U=?'E`U"CJCJAOd�TOH_?JUopfHh[aC�R�GJH/?JY
HQG�HhCJU=T9R�u
?JA9U=W�U=b#?JY
H!HST9HhPI?JG�U=W
ADPSC�An?\C�HhTnb�{FAO?JYMd`Hr[]pßCJAOW�PSHB?�Y
H�deHh[=p
[]T9{}[�K�C'Y�[aCkEeUaCJAn?�AOUaWog�An?J?JHhGh��{FY
ADP\Y²W
U�{�[]?/c��v�}c A9C/[�?
TOHr[=C�?�U=W
HFUaG�L
HSG�U]b´pQ[]^aW
AO?JR�L�HFY�AO^aY
HSG�?�Y�[]Wf?�Y
H��3��¤ [aP5u
PIR
G\[=PSK=i0�3Y
HMdeHh[=pºE`U"C�AO?JA9U=W²ADC_pfHh[=CJR
G�HhL0U��aHSG/CJHS�aHSG\[]T
p_A9T9TOADC�HrPIUaW�L
C�[]W�Lo?�Y
H/C�?�[=W�L
[=G�L-L�Hh��A9[]?JA9U=W-U]b�CJR�P\YlpfHr[�u
C�R
G�HSpfHhWa?\C�A9C�L�HIV�W�HhLf[=C(?�Y
HF�}��¤ [=PSPSR
G\[=PIKai��3Y
HFHr�aR�AO�"u
[]T9HSW"?�deHh[]p PIR�GJG�HSW"?�ADC�Ph[]TDPIR
TD[�?�HhL7b�GJUap¶?�Y
HZEeU�{}HSGBT9HS�aHST
U]bk?�Y
H�qB¢�^aHSW
HhG�[]?JUaG�R�CJAOW
^�[�Ph[]T9AOd
G\[�?�AOUaW#�F{FY
ADP\Y«{3[=C
L�U=W
HQdeHIb�UaGJHf{FAO?JY0?�Y
HQHST9HhPI?JG�U=Wtd`Hr[]poiMqFHrC�R
TO?�CkU]bFC�R�P\Y
p_Hr[=CJR
G�HSpfHSW"?�CZb�U=G/d`U=?JY+�=HSGJ?JADPS[=T�[=W�L²Y
UaGJA9�SUaW"?�[]T�E
T9[=W
H
U]b´U=W
H�U]b�?JY
H��3��¤)d`U"[]G\L
C&[=GJHBCJY
U�{FWQU=W_?�Y
H!¢(A9^�i" 
i(§!C
U=W
HkPh[]W-C�HhHX?JY
H/[=PSPSR
G\[=PIKMA9CFdeHI?J?JHhGB?JY`[]W0xh¡a¡/®´p)AOb(?�Y
H
d`Hr[]p�PIR
G�GJHhW"?kA9CZp_UaGJHf?�Y�[]W � ¡o®#§ki(ÝBU]?�HQ?JY`[�?/G�HhCJU=T9R�u
?JA9U=W�U]b}?JY�H�E`U"C�AO?JA9U=W0pfHh[aC�R�GJHhp_HhW"?�CXADCkdeHI?�?�HSG'?�Y�[]W0?�Y
H
[=PSPSR
G\[=PIK_[]W�LQ?JY
H!GJHr�aR�AOG�HhL_G�HhCJU=T9R�?JA9U=WQADC�[=d`UaR�?!xr¡=¡X®´poi
w�AOW`PIHXHS�aHSG�K��}��¤¯HhTOHrP5?JG�U�L�HXY�[=C}U�{FW7HST9HhP5?�GJADPS[=T´P\Y�[]A9W7AO?
A9C�A9pfE`UaG�?\[]W"?v?�UXpf[=~=H�?JY
HFL�A ��HSG�HSW�PSH�deHI?�{}HSHhWZ?�Y
HFP\Y�[]A9W�C
[=CFCJpf[=TOT#[aC3E`U"CJCJA9d
TOH�b�UaGB[=PSPSR
G\[�?JH�deHh[]p¶p_Hr[=CJR
G�HSpfHSW"?�Chi
�3Y
HBL�HS��AD[�?�AOUaW_U=beL�A ��HSG�HSW"?�P\Y�[]W�W
HSTDC�U=W_U=W�HB�}��¤¶deUa[=G�L
A9C�?�K�E
A9Ph[]T9TOK�T9HhC�CB?�Y�[]W�¦��Mi�c&�aHSG�K7P\Y�[=W
W
HSTvE`HhG�b�UaGJpQ[=W�PIH
A9C(pfHh[aC�R
G�HhLZ[]W�Lk?JY
H3�3��¤¶CJU]b¹?�{3[]G�H�?\[]~=HrC#?�Y
H3L�A ��HSG�HSW`PIH
AOW�?JU�[aPSPSU=R
W"?hi

»&¼9½`¾14�À��3Ñ�ÑhÇrÓ�ÉhÑ@Ù�ÔSÒ�Æ#"
Å�ÈeÔSÄ�Î¹Æ�ÎOÔSÊfÍ/Å�ÉIÄ5ÇrÓJÅ�Í/Å�Ê
Æ�Ä +
§BT9T`?�HhC�?�C�Y�[��=H!C�Y
U�{FWf?�Y�[�?}?JY�H�pfU�L�AnV`HhLM�3��¤ HST9HhP5?�GJUaW�u
A9PhCXE
GJU���ADL�HZdeHh[=p¯EeUaCJAn?�AOUaW�pfHh[aC�R�GJHhp_HhW"?�C!{FAn?�YtG�HhCJU=T9R�u
?JA9U=WtpZR�P\Y�d`HS?�?JHhGX?JY�[=W�G�Hh�"R
A9G�HhL´iZ�3{}HSW"?�K-R
W�An?\CXU]b�?�Y
H
�}��¤ HST9HhP5?�GJUaW
ADPSCf{}HSG�H�pQ[=W"R
bm[=P5?�R
G�HhL´i«§ E�[=G�?�U=b!?�Y
H
HST9HhP5?�GJUaW
ADPSC�ADC�[=TOG�Hh[aL�KZA9W�C�?�[]T9T9HhLQ[�?}c����3c0[]W`LfU=EeHSG\[�?JA9W
^
xh¡=¡ � U]b(?JY�H'd`Hr[]pß?�AOpfHai�ÝBHh{�deUa[=G�L�C3U]b(?JY
H'HhTOHrP5?JG�U=W�A9P
[]G�H�A9W�C�?�[=TOT9HhL�[=CFCJU�U=Wo[=C3G�Hh�"R
A9GJHrL´i

è·é�ê 0�ñ " � ë 	aæ ì á\ä�
�ï!á ë � � ñ ð 0#ã�ï�å�á\á � í ä�)ræ�ïhâ � ��0 �
 0ó��	�]érð�
 ã�á\äaï,' � á ð�ó��	�=é
è óIê 0�ñ " � ë 	aæ ì á\ä�
�ï!á ë � � ñ ð 0#ã�ï�å�á\á � í ä�)ræ�ïhâ � �
� ó�����ó]ð 2}î ë ïhä ð �}á ��� ïhã�
 ð"ó�����ó
è ôSê ����� ñ � ä ��� ï�)añ å\ï,�

x�­



�«��
������)	��	�°	����`�������v�e�����
�����Q�
�B��. � � 
��F
a����� 
"�&��� 
0	��
�
132���� �	��
�:�;���� 	

§ÛCJK�C�?�HSp°U=b�C�?�GJA9E
T9AOW
H_deHh[]p°EeUaCJAO?JA9U=W�pfUaW
An?�U=G\C/¥Ð�3��¤�©
A9CXA9W�C�?�[=TOT9HhLt[�?Zc����3cÛµOxI¸@if>�W�?�Y
ADC'W
U]?�H_?JY
H�CJU]b¹?�{3[]G�H/ADC
L�HhC�PIG�A9d`HrLo{FY
A9P\YoE
G�U���A9L
HhC3?�Y
HkU=EeHSG\[�?�U=GB{FAO?JYo?�Y
HkA9W�b�U=GJu
pQ[�?JA9U=W�U=d
?�[]A9W
HrL�b�G�U=p¶?JY
Hk�3��¤²i
j!W
HfPS[]W0CJE
TOAO?X?JY
HQCJU]b¹?�{3[]G�HZA9W"?JU�?�{�U�pQ[]A9W�E`[]GJ?�Chi/�3Y
H
V�G\C�?XU=W
H_ADC�?�Y
HfL
[�?\[7[aPS�"R
ADC�AO?JA9U=W�¥m�B§��X©�E�[]GJ?h��?�Y
HfC�HrP5u
U=W�LkA9Cv?JY�H}R`C�HhGvA9W"?JHSGJbm[=PSH=i(�3Y
H}CJU]b¹?�{3[]G�H�C�P\Y
HSpQ[]?JADP&ADC(L
HIu
E
ADP5?JHrLZUaW_¢(A9^�i�x=i��3Y
HF�3��¤�C�U=b¹?�{}[=GJH�A9C�G�Hh[=TOA9�SHrL'AOWf��[=d�u
¨�>�c����´{FY
A9P\Y�A9CX[=W�Uad�g�HhPI?�UaGJA9HSW"?JHrLl^aG�[=E
Y
ADPkE
G�U=^aG�[=p/u
pfAOW
^tTD[]W
^aR�[]^aH�µ  �¸@i+c&�aHSG�K��}��¤ L�HhTOA9�=HhG�CZb�U=R�G_d�GJU"[=L�u
d�[]W`L7qB¢�C�A9^=W�[=T9Chi���U/?JG�Hh[]?3?JY
Hhp��
?JY
H'�3��¤ÞHST9HhPI?JG�U=W
ADPSC
Y�[=CX[oCJAOW
^aTOH_HST9HhPI?JG�A9Ph[]T&P\Y�[=AOW�b�U=G'Hh�=HSG�K-P\Y�[]W�W
HST�i_�3Y�R�Ch�
?JY
HhGJHX[]G�H!b�U=R
GB�'s|CJAO^aW�[]TDC�b�HhLM?JUQ[]W`[]T9U=^k?�UQL�AO^aAn?\[]T´PIUaW�u
�=HhG�?�HSG\Ct¥Ð§��'s}C�©Ii �3Y
H²�B§�� PIUaW�CJA9C�?�CoU=b_CJAn�£�B§��Fc��
s}�}s�>@u�¦�xr¡=�-deUa[=G�L
C}A9W-s�UapfE�[=PI?F�3s�>�C�?�[]W`L
[]G\L�{FAO?JY0xhz
xr �u�d
AO?}§!�Xs}C}Hr[=P\Y#i�w�Uk?�Y
H!?JU]?\[]T�W�R
pZdeHSG}U]b(§�s}� P\Y`[]W�u
W
HSTDC3A9WM?�Y
Hk�3��¤ [aPS�"R
ADC�AO?JA9U=WoL
[]?�[_C�K�C�?JHSp¶A9CFyaz
i���UfG�HIu
L�R�PSH�?JY
H�qB¢oPS[]d�TOH�T9HSW
^=?JY'b�G�U=p�?JY
H}�3��¤Û?JY
H�HST9HhPI?JG�U=W
ADPSC
A9C!E
TD[=PSHhLlA9Wl?�{}U7L
A ��HSG�HSW"?fxhy�/MP\Y�[=C�C�ADCBW�Hh[]GX[=PhPIHhTOHhG�[]?JU=G
d
R�?�UaR�?�CJADL�HF?JY�H�[=PhPIHST9HSG\[�?�U=G�PS[��aH=i(ÝBHI��?&?�U'?JY�HBHST9HhPI?JG�U=W�u
A9PhC3����>�P\Y�[=C�C�ADC�{FAn?�Y�?JY�HX§!�Xs}CF[=GJH!TOU�Ph[�?JHrL´i��}U]?JY����!>
P\Y�[=C�CJA9CB[=GJH/PIU=W�W
HhPI?JHhL-?JUM[7�B§��ÛPIU=pfE
R
?JHSG���A9[�U=E�?�A9Ph[]T
V�deHSGkR�CJA9W
^�[-CJUlPS[]T9T9HhL0�}s�>�d
G�A9L�^aH=io�3Y
H�L�ADC�?\[]W�PSH�deHIu
?�{�HhHSW'?�Y
H3�B§���PIUap_E�R�?JHhG�[=W�Lk����>#pfU�L�R
T9H}Ph[]WkdeH}�=HSG�K
Y
A9^=Y�{FAO?JY�U=R�?'A9Wa?�GJU�L�R`PIA9W
^7HS��?JG\[�W
UaA9CJH/A9Wl?�Y
HfpfHh[=CJR
G�HIu
pfHSW"?/L
[]?�[
iM>�W0bm[=P5?_[]T9T�§��'sªd`U"[]G\L
CX{�UaGJ~�TOA9~=HMCJAO?�?JA9W
^
U=WoU=W�HkC�A9W
^=T9Hk�}s�>�d
R�C�U]b(?JY
HZ��§�� PSU=pfE
R�?�HSGri�§�L
��[=W�u
?�[=^=HhCZU]bF?�Y
H7�3s�>'d
R�C_[]G�H�Y
A9^=Y²EeUaC�C�A9d
T9H7L
[]?�[l?JG\[]W�C�b�HSG
G�[]?JHa�r{FY�A9P\Y_PS[]WZd`H}R
Ek?�U��/x � ¡B¤l�1 ]Cv[=W�L'G�HSTD[�?JA9�=HhTOK�T9U�{
PIU"C�?ril§BW²§��'s C�[]pfE
T9HhCZ�3��¤ C�A9^=W�[=T9Ck{FAn?�Y�b�GJHr�"R
HSW�PSK
xh¡�x=i·¦]za a¦&~����=��{FY
ADP\YkADC´?JY�H}CJpQ[]T9TOHrC�?�R`C�HrLkC�R�deL�A9��A9CJA9U=WkU=b
?JY
H7x � ¤��B�/C�?�[=W�L
[=G�LoG�HSEeHI?�An?�AOUaWlG�[]?JHai��3Y�R�CB?�Y
H/§!�Xs
CJ[=pfE
TOA9W
^oADCZ[]T9{3[�K�CXCJK�W�P\Y
G�U=W
A9�SHrL�{FAO?JY0?�Y
HQpfA9PSGJUaE
R
TDC�H
U]bB?�Y
Ho[=PSPSHST9HSG\[�?�U=Grit�3Y
Ho��[=d
¨�>�c�� E
G�U=^aG�[=pfC/[=PhPIU=p_u
E
T9A9CJY�?JY
HXb�UaTOT9U�{FAOW�^_�B§��£b�R
W�PI?JA9U=W�Ch�
u�PIUaW�V�^=R�GJH�?JY�HX§!�Xs}Ch�
u&pfU=W
AO?JUaG3?JY
H'E
G�U=EeHSGFUaE`HhG�[]?JA9U=W7U]b�[]T9T#§��'s}CS�
u�PIUapZd
A9W
H�?JY
HkL�[�?�[/b�G�U=p)[]T9T#§��'s}CB[�b¹?�HSGB[=PhPS�"R
ADC�AO?JA9U=W��
u�C�Y`[]G�H!?�Y
H'pfHh[aC�R
G�HSpfHhWa?FL
[]?�[
i
�3Y
H�E�GJUa^=G\[]p Uad�?�[=AOW`C�A9W�b�U=G�pQ[�?JA9U=W�[]deU=R�?7?JY
H�pf[aPIG�U]u
E
R
TDC�H�TOHhW
^]?�Yk[]W�L'[=d`UaR�?#?JY�H&d`Hr[]p pfU�L
H�¥�s��ºUaG#E
R
TDC�HrL�©
b�GJUap)?JY
H_pQ[]A9W�c��v�3c«PIUaWa?�GJUaTvCJK�C�?�HSp)?JUoPIUaW�V�^=R�GJH'?�Y
H

§!�Xs}Chi«�3Y
Ho?JU=?�[=T�L
[�?\[tG�[]?JHoA9CM[]deU=R�?M ]¡0¤l�1 ]Cf{FAn?�Y
pQ[���A9pZR
p°[aPS�"R
ADC�AO?JA9U=W-?�AOpfHfU]b�[=d`UaR�? �a¡�pQChiX>�W�¢(AO^`i�x
?�Y
H«E
G�U=^aG�[=p A9C�GJHhE
G�HhCJHSW"?JHrLÛd�KÛ?JY
H�HST9HSpfHSW"? /a�3��¤
�B§�� /�i
§!CZpfHSW"?�AOUaW
HhL²[=d`U��aH=��[]W�U]?JY�HSG_E�[]GJ?ZU]b�?JY
H��}��¤ CJU]b¹?�u
{3[]G�HZADC�?JY
HQR`C�HhG�A9W"?JHhG�bm[aPIH=if�3Y
ADCXA9C'[oCJHI?'U]b}E
G�U=^=G\[]pQCh�
{FY
ADP\Y�E
GJU���ADL�H�?JY
H'R`C�HhGF{FAn?�Yo?JY
H'A9W�b�U=G�pQ[�?�AOUaW7Uad�?�[=AOW
HrL
b�G�U=p¶?JY
HZ�3��¤ÞpfHr[=CJR
GJHhpfHSW"?�Chi��3[=CJA9Ph[]T9TOKa��?JY�HZL
[�?\[Q[]G�H
?�G�[=W�C�b�HhGJG�HhL�b�G�U=p£?�Y
H3�B§��$PIUapfE
R�?JHhG�?�U�[=W�KXPSTOA9HSW"?�PIUap/u
E
R
?JHSG(��A9[BW
HI?�{}U=G�~!R`C�A9W
^B?�Y
H���[�?\[aw�U�P\~aHI?#?�HhP\Y
W
UaTOUa^=Kfµ � ¸�i
�3Y
ADC�bm[=P5?3pQ[]~aHhC�?�Y
HXC�K�C�?JHSp��aHSG�K 2�HS��AOd
T9H=i��3Y
H�W�R
pZdeHSG
U=b�PIU=pfE
R
?JHSG\CBR`C�A9W
^Q?�Y
H/�3��¤ p_Hr[=CJR
G�HSpfHSW"?�C�A9C�R
W
T9AOp_u
AO?JHrL´i�>@?BA9CF[=T9CJUfE`U"CJCJA9d
TOH�?�U�C�Y�[=GJH!?JY�HkL
[�?\[_[=W�L7?JUfpfU=W�u
AO?JUaG�?�Y
HXpQ[=P\Y
A9W
HXC�?\[�?JR`C3�"AD[/>�Wa?�HSG�W
HI?ri�j!W�PIH!?JY�H!b�UaGJpQ[]?
U=b(?�Y
H/L�[�?�[�E
R
d
T9A9CJY
HrL-d�KM?�Y
H/�B§��ªADCB~�W
U�{FW-Hh�=HSG�K=UaW
H
Ph[]WM{FG�AO?JHXY
ADC�U�{FW�[]E
E�TOADPS[]?JA9U=W7[=W�L7R�C�H!?JY�HXL�[�?�[�i&§£C�HS?
U=b�C�R�P\Y7[]E
E
T9ADPS[�?�AOUaW�C&{3[=C�{FG�An?J?JHSWMAOW���[]d�¨�>�c&�³b�UaG�G�U=R
u
?�AOW
H�d`Hr[]p�Uad�CJHSG���[]?JA9U=WXL�R
G�AOW�^Fpf[aP\Y
A9W
H�U=EeHSG\[�?�AOUaW#i�¢(AOG\C�?
U=bv?�Y
HSp C�Y�U�{BC}?JY
H'deHh[=p¶EeUaCJAn?�AOUaWo[=W�L�AOW"?�HSW�CJAn?�KMb�U=G�[=TOT
�3��¤ C�A9pZR
TO?�[=W
HSUaR�CJTOKa�&[��=HSG\[]^aHhLtU��=HhG/[�pf[aPIG�U=E
R�T9CJH�U=G
�X =¡7pQCZAOW0?�Y
HMPS[aC�HQU=b!s��¬UaE`HhG�[]?JA9U=W#io§ßCJHhPSU=W�LtU=W�H
E
G�U���A9L
HFp_UaGJHBL
HI?�[=AOT9HhLfA9W�b�UaGJpQ[�?�AOUaWfb�U=G�[=W�K_CJAOW�^=T9HB�}��¤
CJY
U�{FA9W
^k?�Y
HXd`Hr[]p�EeUaCJAn?�AOUaW7[]W`L�?�Y
H!deHh[=p¶PIR�GJG�HSW"?}[aC3[
b�R
W`P5?JA9U=W�U]b�?JA9pfHZ{FAO?JY
A9W�[�L
[]?�[�[aPS�"R
ADC�AO?JA9U=W�iBj!W�HkpfU=G�H
E
G�U=^aG�[=p�ADC�R�CJHhL-?�U�L
A9CJE
TD[�Ko?JY
H_G�[�{�UaR�?JE�R�?'�=U=TO?�[=^=H/U]b
?�Y
HM�3��¤±HST9HhPI?JG�U=W
ADPSChiM�3Y
ADCZ[=E
E
T9A9Ph[�?�AOUaW�ADCk�aHSG�KlR�CJHIb�R
T
b�UaG/CJHI?�?�AOW�^�R
E#�&?JR
W
A9W
^t[]W�L²L
HSd
R
^a^=A9W
^-?�Y
H��3��¤³HST9HhP5u
?�GJUaW
A9PhCSi��3Y
H'[]E�E
TOADPS[]?JA9U=W�C�R�CJH�?�Y
H'��[=d
¨�>�c�� U=E�?�AOUaW�?�U
PSU=pfpZR
W�A9Ph[�?JHZ{FAn?�Ylc��
PIHhTÐiF�|Y
HhW-?JY�H/�3��¤�HhTOHrP5?JG�U=W�A9PhC
ADCfPS[]T9A9d
G�[]?JHrL�?JY�HoPh[]T9AOd�G�[]?JA9U=W²G�HhCJR
TO?�Cf[]G�H7C�[��=HrL�AOW�U=W�H
c&��PSHST�V�TOHai��3Y
A9C3c&��PSHST�V�TOH�ADC�G�Hh[aLfd"K_?�Y
H��3��¤¯[]E
E�TOADPS[]u
?�AOUaW�CFL�R
G�AOW�^/?�Y
HSA9GBA9W
AO?JAD[]T9AO�r[�?JA9U=W�i
§!CvpfHhWa?�AOUaW
HhL#��?JY
HF[=E
E
T9A9Ph[�?JA9U=W`C(Ph[]W/d`H3A9W�C�?\[]T9TOHrLkUaW/[]W�K
PSU=pfE
R�?�HSG#A9W�PIT9R�L�A9W
^F?�Y
H&�|A9WesFs�PIT9AOHhW"?vC�?\[�?�AOUaW�CSiv��UFE
G�HIu
�aHSW"?�[]W�K/AOW"?JHhG�b�HhGJHhW�PIH�d`HS?�{�HhHSWf?JY�H��|A9WesFs�[]W�LQ[Z�}��¤
[=E
E
T9A9Ph[�?JA9U=W��aHh�=HSG�KQ[]E
E�TOADPS[]?JA9U=W�ADC�?JHhC�?JHrLQb�UaGFs}����R�C�[]^aH
UaWM[kC�?�[]W`L
[]G\LQ�|A9WesFs�PIT9AOHhW"?3PSU=pfE
R�?�HSGri(�3Y
H�R�C�[]^aH�L�HIu
EeHSW�L�CFU=W7?JY
H'[aPS�"R
ADC�AO?JA9U=W7?JA9pfH'd
R�?BW
Hh�=HSG3HS��PSHSHrL
C � ¡ ��i
è·é�ê 0´ñ " � ë 	aæ ì á\ä�
�ï�á ë
��� ñ ð 0´ã�ï�å\á\á � í ä�)ræ�ïhâ � ��0 �� �ó��	�]é


 ã�á\äaï,' � á ð�ó��	�=é
è óIê������ ñ ä í ñ å�ï,� 6 � � ' � í á ��6
è ôSê������ ñ ä í ñ å�ï,� 6 � �Së � æ�ï�å 
�á ë 6

»&¼9½e¾�¿�À � "�Å�Ã)& 'ÜÄmÙ�Ä��
Æ�Å�Í�Ä�ÔSÒmÆ 
´ÉSÓJÅ}Ä\Æ�Ó5Ç�ÑSÆ�ÇhÓJÅ!+

xh�



,k���B�����������J�B	 � �t�B	�
"� �}%�	���� � ��	 �%�B
"�J
0	(�+*-,Z.0*
�k2 ��;=:��
;�� ��
�132�4�698�:
;=< 
 ��2 �};=698�:
;�� �

�!R
H�?�U�?JY
HÛ[=PSPSHST9HSG\[�?�AOUaW¶E
G�AOW`PIA9E
TOH ?JY
H T9U=W�^=AO?JR�L�A9W�[=T
E
Y`[=CJH²C�E�[aPIH�U=bf[=W HhTOHrP5?�GJUaW deHh[=p []?-?JY
H�HI��An?lU=b�[]W
qB¢ª[=PSPSHST9HSG\[�?�U=G/CJY
U�{BC_[�C�?JG�U=W
^tPIUaGJG�HSTD[�?�AOUaW�{FY
A9P\Y$L�HSu
EeHSW�L�C-U=W�?JY
H�[aP5?JR`[]Tk[=PhPIHhTOHhG�[]?JU=G7?JR�W
AOW�^�i �3Y
HSG�HIb�UaGJHa�
pfHh[aC�R�GJHhp_HhW"?�C/U]b�CJA9W
^=T9HME�[=G�[=pfHI?JHhG�C_[=C/HSW�HSG�^=K�C�E�GJHr[=L
[=W�Lkd
R�W�P\YZT9HSW
^=?JY_L�U!W�U]?�L�HST9AO�aHSG(HSW
UaR
^=YZAOW�b�UaGJpQ[]?JA9U=W'?�U
g�R�L
^=H}?JY
H3�"R�[]T9AO?�K'U]b
?�Y
H�deHh[=p£b�U=G�[]E�E
TOADPS[]?JA9U=W�CvT9AO~aH�b�G�HSHSu
HhTOHrP5?JG�U=W�TD[=CJHSG\C�UaG3b�U=GFd
R�W�P\Y�PSU=pfE
G�HhC�C�A9U=W7R�CJAOW
^Q[_pQ[]^=u
W
HS?JADP7P\Y�A9Ph[]W
Hait��HSG�H=��{}H7L�HrCJPSGJA9d`H�[�C�PS[=W
W
A9W
^�pfHI?�Y
U�L
R�CJHhL-?JU�^"[]A9Wo?JY
H_PIU=pfE
T9HI?�HkE
Y�[aC�H/C�E�[aPIHkA9W�b�UaGJpQ[�?�AOUaWoU]b
?�Y
Hkc��v�}c�deHh[=p�i
�3Y
H$pQ[]A9W TOUaW
^=AO?JR�L
AOW�[=TQd`Hr[]p E`[]G\[]pfHI?�HSG\C�[aC�HhW
HSG�^=K
CJE
G�Hh[=L#�Fd
R
W�P\Y|T9HSW
^=?JY«[=W�L$HSpfAO?�?�[=W�PIHt[]G�HlL�HI?�HSG�pfAOW
HrL
d�Kt?JY
H7�aR`[]T9An?�KtU]bF?�Y
HMA9W�g�HhPI?JHrL�d`Hr[]pº[]W`Lt?JY
H�PS[]E
?JR
G�H
E
G�U�PIHrCJC!U]b�?JY
H_d`Hr[]p°A9W"?JU7?JY
H_?JY�Hfq�¢�V�HSTDL�U=b&?JY�H/V`G�C�?
Ph[��"AO?�K=i+§}?fAO?�CfHS��An?f?JY�H�deHh[=p []T9G�Hh[=L
KtY`[=C_GJHhT9[]?JA9��A9C�?JADP
HhW
HSG�^=K�¥¹?JUkL�[�?JH!�'¤-HS¨X©�[]W�L_AO?�C�TOUaW
^=AO?JR�L
AOW�[=T
HSpfAO?�?\[]W�PSH
ADCFHhC�CJHSW"?JAD[]T9TOKfV���HrL´i&ÝBU�{'��UaW
H'c��v�}c�PIG�K=UapfU�L
R
TOHXPIUap_u
E
G�ADC�HrC´?�{}U�PIUap_E�TOHS?JHST9KXAOW`L�HSEeHSW�L
HSW"?�[aPSPSHST9HSG\[�?JUaG#PS[���AO?JA9HhChi
�3Y
ADCXU=EeHSW`C�?JY
HfU=E�E`UaG�?�R
W
AO?�K=�´?�U7R�CJH_?JY
HQCJHhPSU=W�L�PS[���An?�K
[aCQ[]W|[]W�[=TOK��hHSG_?JU²L�HS?JHhGJpfA9W
Ho?JY
H-deHh[=p E
G�U=EeHSGJ?JA9HhCf[]?
?�Y
H'HI��AO?BU]b(?JY
HXV�G\C�?3UaW
H=i
>�W7?JY
H�W
UaGJpQ[]TepfU�L�H!U=b�U=EeHSG\[�?�AOUaWQ?JY�H�E�Y�[=CJH�U=b�?JY�H�CJHhPIu
UaW�L$PS[���An?�K�ADCQ[=L�g�R�C�?�HhL�C�Ut?�Y�[�?Q?�Y
Hod`Hr[]pÜCJAO?�CfU=W+?JY�H
PSGJHrC�?XU]b&?�Y
Hf[=PSPSHST9HSG\[�?�AOW
^�V�HSTDL´ik�BU�{}HS�aHSGr�`AO?'A9C�EeUaC�C�A9d
T9H
?�U0L
HI?JR�W
H�?JY
HoE
Y�[aC�Ho{FY
ADP\Y�K�A9HSTDL
C_?�{}U�H!�eHrP5?�Chi+¢(A9G�C�?h�
?�Y
H/[��aHSG\[]^=HXdeHh[=p�HhW
HSG�^=K7A9C�[=PhPIU=G\L�A9W
^=T9K�G�HhL�R`PIHhL#iB��R
?
A9Wl[=L
L
An?�AOUaWM?�Uf?JY�[]?h��[=W�HhW
HSG�^=K7C�T9U=EeHXA9CFA9pfE`U"C�HrL7?JUf?JY�H
deHh[=pÛP\Y�[=W
^=A9W
^�?JY
HFHhW
HSG�^=KZU]b�?�Y
UaCJHFHST9HhPI?JG�U=W�C�{FY�A9P\YQL�HSu
��AD[�?JH7b�G�U=p�?JY�H7pfHh[=W�E
Y`[=CJH7U=bB?JY
H�d
R
W`P\Y#i�§�Cf¢(A9^�i3x
A9TOT9R�C�?JG\[�?�HhCh�#pfHh[=CJR
G�HhL�HSW
HhGJ^aKlC�EeHhPI?JG\[oPIU=W"?\[]A9W�L�A �eHhGJHhW"?
E
G�U]g�HrP5?�AOUaW�CFU]b�?�Y
HkT9U=W
^aAn?�R�L�A9W�[]TvE
Y�[aC�HZCJE�[aPIH'H���HhPI?JA9�=HhTOK
K�A9HSTDL�AOW�^_L�A ��HSG�HSW"?��J��AOHh{FAOW
^_[]W
^aTOHrC /kU]b#?�Y
H�L
A9C�?JG�AOd�R�?JA9U=W#i

-6 -4 -2 0 2 4 6 8

-150

-100

-50

0

50

100

150

δt / ps

δE
 / 

ke
V

0.5°

40.5°

-20.4°

RC.11
Phase

»&¼9½e¾�¿�À$'�ÅJÉSÄ5ÇrÓJÅ�ËfÅ�Ê
Å�Ó +IÙQÄ�È�Å�ÑSÆ�Ó�É
Ò¹ÔIÓFË�Î��eÅ�ÓJÅ�Ê�Æ�È�"�ÉIÄJÅ�ÄJÅIÆ�Æ�ÎÏÊ�+rÄ}ÔIÒ�Æ#"
Å
ÄJÅ�Ñ\ÔIÊ
Ë7ÉhÑ\Ñ5Å  9Å�Ó�É�ÆÐÔSÓ�Ñ\É � Î�Æ·Ù�ÆÐÔ�+]ÅIÆ#"
Å�Ó 
#Î�Æ#"�Æ#"
ÅFÓJÅ�Ñ\ÔSÊaÄ\Æ�Ó5Ç�ÑSÆ�Å�Ë
È�"�ÉSÄJÅ �¹Ä�È�ÉhÑ5ÅFË"Å�Ê"Ä�Î¹ÆÏÙ�ÔSÒ�Æ#"�Å3Å  9Å�ÑSÆ�Ó�ÔIÊ-Ì=Å�ÉIÍ +

��HXY�[��aH�pfHh[aC�R
G�HhL7[ZCJHI?FU]b�xr¦ZHSW
HhGJ^aKfCJEeHhP5?�G�[/PIU��aHSG�AOW
^
[7E�Y�[=CJH_CJE�[=W�U]b3z=¡7L�HS^aGJHhHhChiZ�3Y
Hfd`Hr[]p¯HhW
HSG�^=K-[]?�?�Y
H
HI��An?�U]be?JY
HFV`G�C�?�PS[���AO?�Kk{}[aC��'¤-HS¨|{FAO?JYf?�Y
H�CJHhPSU=W�LfPS[��"u
An?�KM[aPSPSHST9HSG\[�?JA9W
^/d"K � iIihi �Q¤-HS¨�L�HhE`HhW�L�A9W
^fU=W�An?\C3E
Y�[aC�H
C�HS?�?JA9W
^`i��3Y
HQd
R
W�P\Y�P\Y�[=GJ^aH/{3[=C�� � � Ees£b�U=Gk[=TOT&pfHr[�u
C�R
G�HSpfHhWa?\CSi���CJAOW�^l[]W�A9pf[=^=HfG�HhPIUaW�C�?JG�R�P5?�AOUaWt[=TO^aU=G�An?�Y
p
TOA9~=H_?JY�HQU=W
HrC!R`C�HrL�A9W �Bu@G�[�Ko?�U=pfU=^aG�[=E
Y�K=��{�HfY�[��aH/Uad�u
?�[]A9W
HrLt[�PIUapfE
TOHS?JHfpQ[]E
E�AOW
^oU=b�?JY�HQTOUaW
^=AO?JR�L
AOW�[=T�E
Y�[aC�H
C�E�[aPIH�b�G�U=p�?�Y
H'pfHh[=CJR
G�HhL7HSW
HhGJ^aKMCJE`HrP5?JG\[
i
¢
G�U=p ?JY�H+G�HhPSU=W�C�?JG�R�P5?�HhL�E�Y�[=CJH+CJE�[=PSH+L�ADC�?JG�AOd
R
?JA9U=WªAO?
A9C-W�U�{ÞEeUaC�C�A9d
T9Ht?JU|U=d
?�[]A9W�C�Hh�=HhG�[=T�E`[]G\[]pfHI?�HSG\C7{FY�A9P\Y
[]G�H�PSU=pfpfU=W
T9KfR�C�HrL�?�U_P\Y`[]G\[=P5?�HSG�AO�hH�CJR�P\Y7L�ADC�?JG�AOd
R
?JA9U=W�Chi
�BU�{}HS�=HhGh�FL�R�Hl?JU+W
U=ADCJH�[]W�L«d�[=P\~�^=G�U=R�W�L�AOW|?�Y
H�pfHr[�u
C�R
G�HhLtHhW
HSG�^=K�CJEeHhP5?�G�[��#?�Y
H�E
Y�[aC�H�CJE�[aPIHQG�HhPIUaW�C�?JG�R�P5?�AOUaW
C�Y
U�{BCQCJE
R
G�A9U=R�CfL�HhW�C�AO?JA9HhCQbm[]GfU �«?�Y
H-pQ[]A9W+deHh[=poi«��U
GJHrL�R�PIHk?JY
HkA9W�2�R�HSW�PSHkU]b�?JY�UaCJHk[]GJ?JAObm[=P5?\C3?JY�HZT9U�{�HrC�?BL�HhW�u
C�AO?JA9HhCFA9W�?JY
H/L�A9C�?JG�A9d
R�?JA9U=Wo{}HSG�H'P\Y
U=E
EeHhL#�
GJHS?�[=AOW
A9W
^Qya¦��
U]bF?JY�H�L�ADC�?JG�AOd
R
?JA9U=W²A9W"?JHS^aG�[=TÐit¢
UaGk?JY�A9CfP\Y
UaE
E`HrL²L�ADC�?�GJAOu
d
R�?JA9U=W�[kT9U=W
^aAn?�R�L�A9W�[]TeHSpfAO?�?\[]W�PSH����
	�� � ¦=¡'~=Hh¨�E�C�{3[=C
PIU=pfE
R
?JHhL#iF>@?�Y�[=CF?JU�deH/PSU=W�CJA9L
HSG�HhL´�
Y�U�{�Hh�=HSGr��?�Y�[�?B?�Y
H
P\Y
U=E
E�AOW
^oAO?�CJHSTOb�G�HhL�R`PIHhC!?�Y
H�PIUap_E�R�?JHrL�Hhp_AO?�?\[]W�PSH=if§�C�u
C�R
pfA9W
^l^"[]R�C�C�AD[]W�L�ADC�?JG�AOd
R
?JA9U=W�Ck?JY
HM[=pfU=R
W"?ZU=b}?�Y
ADCkG�HIu
L�R�P5?�AOUaWQPS[]W_deH}HrC�?�AOpQ[]?JHhLf[=W�Lk?�Y
HFPIUap_E�R�?JHrL/HhpfAn?J?�[]W`PIH
PS[]W�d`HQPSU=G�GJHrP5?JHrL-b�UaG!?�Y
ADCXHSG�GJUaGhiX>@b�UaW
HfL�U�HhC�?JY`[�?h��U=W
H
[]G�GJA9�=HrC}[]?3?JY
HkCJU]u�PS[=TOT9HhL7PIU=G�HXHSpfAO?�?�[=W�PIH�¥ÐC�HhH'¢vA9^�ie =©5i

0.7 0.75 0.8 0.85 0.9 0.95
core percentage

30

40

50

60

e
m
i
t
t
a
n
c
e
�
k
e
V
p
s

»&¼9½`¾14�À�&#ÔSÓJÅBÅ�Í'Î¹Æ�ÆÐÉSÊ�Ñ5Å3Ñ\ÔSÍ�È�ÇaÆ�Å\Ë 
#Î¹Æ#"MÔSÊ� ÙMÑ\ÔSÊaÄ�Î9Ë"Å�Ó�ÎÏÊ�+_É
Ñ\Å�Ó\ÆÐÉSÎÏÊ�Ñ\ÔIÓJÅ}Ò9Ó�ÉrÑIÆ�Î9ÔIÊMÔSÒ(Æ#"�Å�È�"�ÉSÄJÅ�Ä�È
ÉrÑ5ÅFË�ÎnÄ\Æ�Ó�ÎmÌ=ÇaÆ�ÎOÔSÊ +
�3Y
A9CZPIU=G�HQHSpfAO?�?\[]W�PSHQA9CkC�?�[=d
T9Hfb�U=GkT9U�{ b�G\[=PI?JA9U=W�C'U=b�?�Y
H
d`Hr[]pÛCJY
U�{FA9W
^!?JY�[]?�?JY
HFpQ[]A9WfE�[]GJ?�U]be?JY
HFdeHh[=p deHSY�[��aHhC
[]E
E
G�U���AOpQ[]?JHST9K�^"[]R�C�CJA9[=W#i ��U�{�Hh�=HhGh�3AObkU=W
H�PSU=W�CJADL�HSG�HhC
p_UaGJH/?JY`[]W��a¡���U=b&?JY
HfG�HhPSU=W�C�?JG�R�P5?�HhL-E�Y�[=CJH_CJE�[aPIHfL�A9C�u
?JG�AOd
R
?JA9U=W�?JY
H-HhpfAn?J?�[]W`PIHo^=G�U�{BCfC�R
d`C�?\[]W"?JAD[]T9TOKai��3Y�A9CfADC
HI�
[=PI?JT9K²?JY�H-d`HhY�[���AOUaR
GQU=W
H-{}U=R�T9L�HI��EeHhPI?�b�U=G�[0deHh[=p
{FAn?�Y²T9[=GJ^aHf?�[=AOTDCSi-¢�U=GZ[=TOT�E
G�[aP5?�A9Ph[]T&E
R�GJEeUaC�C�HrCX?JY�HMT9U=W
^
?�[]A9TDC�[]G�HBA9GJG�HST9HS��[=Wa?�[=W�LfpQ[]A9W
T9KfPh[]R�CJHhLfd�K/?JY
H!pfHh[=CJR
G�HIu
p_HhW"?�pfHI?JY�U�L#i�w�U��=UaW
HBPS[=WQPIU=W`PIT9R�L�H3?JY`[�?�[=W_HhpfAn?J?�[]W`PIH
U]b
� �
	�� �  a¦}~=Hh¨�E�CvA9C�d`HrC�?vV
?(?JU�L�HrCJPSGJA9deH&?JY�H�pfHh[aC�R
G�HhL
��[=TOR�HhChi��3Y�H�d�R
W�P\YMT9HSW�^]?JY7{}[aC�HrC�?�AOpQ[]?JHhLM?JU�� � x�� yZE�C
d
R�?�Ph[]WodeHkGJHrL�R�PSHhL�?JU�� �Ûx'E�CBR�CJA9W
^�[fpQ[]^=W�HI?JADPkP\Y
AOu
PS[]W�H=i

xhy



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

���! #"%$'&'(*)+&-,/.0.1$324$353,6 8795;:<�=7?>@$A53,� #:#79BC,D2E,FB%GH #"%$+$324$0.I J5K7IBMLN$?,FOP:<�Q,/RK,F:S2T,NLD2#$0U� #"%$@OV,F:<B�WX76.IYZ�=7IW* J"%$
[ 7I5]\^,6 _&'(`)a&-:<�b�]"N:SW8 J:<B6cdWT5K7IOe #"%$a,/.0.1$324$353,6 8795fL6YZ:<24GgYh>i j7� J"%$'�?$9 kYh>l79W` J"%$!G/:Sm*$A5K$AB% *$]nZ>@$A5]:SOM$AB% X,F2
,F5K$?,F��,FB%G�LN$?,FOo2S:<B%$A�hprqi,1s0795d.179Bg J5]:tL�YN #:#79BN�u j7v #"N:<�u t,D�]\l.07IOM$wWT5K7IOx J"%$dy@z_{|:SBN�h #:t kYN 8$A�� #"C,� [ :<2S2LN$}YZ�K$A5]�f79W@ J"g$f&'(*)+&~W#,/.3:S2<:t ��H,F� [ $A2<2�,F�rWT5?79Oe7EYN #�]:4GN$}YF�K$35k�hp}��"N:S2#$rOM7I�h Q79W@ J"g$+�?.3:#$ABg J:<�g.�,F�X>@$1.9 J�
79W} #"N:<� [ 795]\-,F5?$}>QYNLF2<:S�]"%$1G-$A2<�K$ [ "%$35?$0U� #"N:<�^.�"C,0>b 8$35��]"C,D2<2Qc�:XR9$^,M5?$8>�5?$3�K$ABg t,� #:tR9$V7�RI$350R9:4$ [ 79Wd J"%$
YZ�K$A5d,�.9 J:XRI:t J:4$3�f,6 @&=(*)+&fp

� ,� kYZ53,D2<2��ZU! #"%$^"�:Sc�"N2S:Sc�"g w79Wd J"N:S�}��$K,F5
,F5K$� J"%$
�N5]�0 �$kn�>Q$35k:<Ov$3Bg J�
,� u J"%$^)a5K$AOo�k�h J5A,F"N2XYZB�ciW#,�.3:<2S:t ��/p
� $9 ^Y0>PL1�� J"%$^�jBN�h #:t ]Y� 8$v79W � YE.324$K,F5�,DB%G-�d,/G�5K79B��@"Z���]:#.A�V79Wu J"%$�y@z_{}U+ J"�:<�ML�$K,FOH2<:SB%$�"C,F�ML�$0$AB
 J"%$l�N5k�h �79B%$� 87�LN$1.079Ov$�7K>Q$353,6 J:#7IBC,F2�,� M #"%$-$AB%G�79W���$K,F5l�6���9�6p�)dY� o,D2<�K7� #"%$i:SBN�h X,F2<2�,� J:479B�79W
 J"%$}{�,�G/:T,� #:#79B��@"Z�N�k:#.A��LN$?,FOH2<:<Bg$�,FB%G� #"%$}OH:#GE�#:<BNWT5A,F5K$1GVyQ&'( [ $35?$
.07IB% #:<BgYE$1Ggpw)f7E J"�W#,/.3:S2<:t #:#$A��,F5K$$]nZ>Q$0.9 j$0Gv 87�GN$32S:tRI$35@�N5k�h 'L�$K,FOH�@:<B���$K,F5r�6���D�Ep`�jB� J"g$=B%$9YN #5K79BH2T,�LN795A,� 87I58�^,dB%$9YN #5K79B^c�$AB%$35A,� 87I5 [ ,F��hYE.1.0$A�]�]W8YF2<2���>bYN _:<Bg 87}7?>@$A53,� #:#79B�p+ `"%$f$324$0.I J5K7IBlL�$K,DOo2S:<B%$! 87� J"%$=Bg$9YN #5K79BH2T,NL�795A,� 8795j�^,FB%G
,dB%$9YN #5K79B
c�$3Bg$353,6 8795H t,D5kc�$I w,D5K$^GN$A�]:Sc�B%$0Gi:<B�.0792S2T,NL�795A,� J:479B [ :X J"¡ J"%$�¢d5?$3�KG�$3B� g$0.�"�BN:#.?,F2�£`BN:XR9$35k�]:X ��Ep � $ [ 2¤�,/GNGN$1G¥ 87� J"%$o,�.0.07/YZBg �79W!&'(*)+&¦,F5K$}>�2T,DBN�V j7M:<B��h t,D2<2=,V>QYF2<�K$1G§>Q79�]:X J5K7IB��K7/YZ5K.1$�:<B�.0792S2T,NL�7953,6 J:#7IB
[ :t #"� #"%$�£`BN:XR9$35k�]:X ����d,F2S2#$3�1��:t k 8$AB�L�$35�cCp

¨I©



¨K¨



���������
	���
������������������������ ���!�#"$�����%�&�'����()�!*�+!�!,-��()./�0*����21
3�46587898:<;'=�>?=�;�@/A�BC4EDGFH =�I8J�A�KL4NM!@ H�O6O ;�A?PQ4ERGFI�J�S'TU;�@/AV5V4�WXI�TUTUY H =�AVMZ4�3�J O ;2[\A

RZ4ED]4N58789�Y^T_TUY`=�>\A�a#4E5�7&9�J�T_bU;�A�c�40adI�>?=�;�@/A�ce40adI�>�=�;�@gf�f

hLi�jXkml�npo`q^o`r�stkvu'wxr�i�jXy�w�u�z�{�nNr�o^u�|}u2k�~�wEjp���E��rEwEl�i�q^{�|���l2r
�����L��i�l'�!~?jpj_|tz�jU�0o^��|�j_zdkvu'w�|8{�npq`jUl2w����0r�wE{�nNrE{�wEjej���y?jpw��
o^��jp|&rE�<{���o`|��Gy�i�u�r�u�|���o^|�z�{�npj_z�wEj_l'nNrEo`u'|��!��{�n6i�l'�]�������/���
�m|&{�n�q^j_l2w)wEj_��u�|�l2|�npjQ��{�u'w�jU��npjp|�npjU���������0�����������m�V���m|8{�n�q^j_l�w
y�i�u2r�u8jp�?jUnNr6��l2|�zdy�i�u2rEu�|���o^|�z�{�npj_zd���E��o`u'|�����| ¨2 ' 1¨ ��r�i�j
~?j_l��¡q`o^|�j�o`|¢r�i�j�l'npn�j_q`j_wEl2r�u'wgi�l�q`q¤£Ll���l��E�0j_�]~�q^j_z¥~&s
rEi�jxz�jpy�l�w0rE�xj_|&r!kvu�w<j���y?jpwEo`��j_|'r6l2q\kml�npo`q^o¦rEo`jU�¤l2|�z�~8s�r�i�j
z�j_y�l2w�r���j_|'r�u�k§r�i�j�wEl'z�o^l2r�o^u�|���u�{�wEnpjx�����L���/hLi�j���l2o^|
npu���y�u'|�jp|&r6�)�0{�n6ixl��\r�i�jC~?j_l��x��z�o�l2�'|�u'�0r�o�nQj_q`j_��jp|&rE�_�¨r�i�j
£Ll¨rEjpw���npu&u'q`jUz©w6l�z�o�l¨rEu�wxi�u�q�z�jpwx£�o`r�i�r�i�wEjpj�w6l�z�o�l¨rEu�wxy�u��
��o¦rEo`u'|��$ª ©p« ��r�i�j�~�jUl2�¡��i8{�r0rEjpw�¬­i�l�wEz�j_|�jpwtª ¨¨« �!r�i�j�jpq^j_n��
rEw�u'|®~�jUl2�¯z�{���y¥l�|�z�r�i�j�n�u'|�o^n_l2q!npu�q^q`o^��l¨rEu�w�kvu'wGr�i�j
~�wEjp���E��rEwEl�i�q^{�|��d��l�z�j�u�kCy�{�w�j�l2q^{���o^|�o`{��°ª ± « £CjpwEj�o`|��
�0rEl�q`q^j_z/�
��|²rEi�j³j���y?jpwEo`��j_|'r6l2q!l�w�jUl���r�i�j�~?j_l��´q^o^|�j³~?jpi�o^|�z�r�i�j
npu�q^q`o^��l¨r�u'wZ£Ll��Zn�u'�xy�q`jpr�j_z��$hLi�jXy?u�q�l2wEo^�El¨rEo`u'|©��u�|�o`r�u'w
ª µ « �&r�i�j�r�{�~?j�kvu�w�r�w6l2|���y�u'w0rEo`|���r�i�j<y�i�u�r�u'|G~�jUl2�%o^|g¶¨l�n��

{�{��d�§rEi�j�y�i�u�r�u'|}~?j_l��·z�{���y¸ª ¹ « l2|�z�l$º!l2���»hLq��xz�jp�
r�j_n�r�u'w�kvu�w!�xu'|�o`r�u�wEo^|��xr�i�j�¼�u���y�r�u'|�����n_l¨r0rEjpwEj_zXo`|�n�o�z�jp|&r
y�i�u2rEu�|���ª ½ « £�j_w�j<o`|���r6l2q^q`jUz/�
¾�u�wLrEi�j���j_l'�0{�wEjp��j_|'r�u�k\rEi�jen6i�l2w6l�n�r�j_w�o���rEo^n��³wEl'z�o�l¨r�o^u�|
u2k¤r�i�j�|&{�n�q^o^z�jU��r�u©~?j��0r�{�z�o`jUz®l©�0jpr�{�y®u�k<i�o^��i���y�{�w�o`r�s
��jpwE��l2|�o^{��¿�»À!Á�Â<j­�!z�j�r�jUnNrEu�w6�ZªÄÃ « £Ll����xu'{�|&r�jUz/�]¾�u'{�w
À!Á�Â<j�z�j�rEj_nNrEu�w6�)l2wEj�z�j_��o^��|�jUz]kvu'wQj���y?jpwEo`��j_|'r6�)£�o`r�i�y?u2�
q^l�w�o��0jUz�~�wEjp���E��rEwEl�i�q`{�|��gl2|�z�l2wEjey�q�l�npj_ztl¨r<Å  'Æ w�j_q^l2r�o^¶�j
r�u�r�i�je~�jUl2�Çz�o`wEj_n�r�o^u�|�l2|�z�l2r!Å  &Æ r�u�j_l'n6iXu�r�i�j_w_���§l�n6i
u2kÈr�i�jU�0j¤kvu'{�w�z�j�rEj_n�r�u�w6�L£�o`r�i�l2|�j�ÉGn�o^jp|�n�sgu�k ©U � QÊ wEjpq`�
l¨r�o^¶�jxrEu³l�±'Ë�Ì¢±�Ëdº�l2�¤z�j�rEj_nNrEu�w�o����0{�w�wEu�{�|�z�j_zt~8s�l2|
j_�Enpl2y?j�����{�y�y�wEj_�E�0o^u�|$��i�o`j_q^z©npu�|���o���rEo`|���u�kCj_o`�'i&r]~�o��0�Z{�r�i
��jpwE��l2|�l2r�jd��npo`|&rEo`q^q^l2r�o^u�|²z�j�rEj_n�r�u�w6�_��ÍÇ��k�rEi®À!Á�Â<j�z�jp�
r�j_n�r�u'w�o���y?u'��o¦rEo`u'|�j_z�l¨r © ±  &Æ £�o¦rEi�wEj_��y�jUnNr�rEuGrEi�j]~?j_l��
z�o`wEj_n�r�o^u�|Go^|gu'wEz�jpwQrEu]j_|�l2~�q^j�rEi�j<�xjUl���{�wEjp��jp|&r�u�k�l2|��'{��
q^l�w<z�o��0r�wEo`~�{�r�o^u�|���u2kQrEi�jZ��w6l­s��p�<hLi�jxz�j�r�jUnNrEu�w¤�0jpr�{�yto`|
r�i�j�jp�8y?jpwEo^�xj_|&rEl2q�l�w�jUl]o�����i�u¨£�|�o`|�¾Èo`��� © �
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£Cl'��npl�w�wEo`jUzGu'{�r!u�|Xr�i�je|8{�n�q^o^z�j������8w!l¨r!l�|djpq^j_nNrEw�u'|Xj_|��
jpwE��stu2k ©]¨�� j��Z�ÈÍ ����wEl­st�0y?j_n�r�wE{�� �xjUl���{�wEj_z�o`|
r�i�o��
j���y?jpwEo`��jp|&r]o��x�0i�u¨£�|©o^|
¾Èo`��� ¨ �
	tjXu�~���jpwE¶�jUz�rEwEl�|���o¦�
r�o^u�|����8|�u¨£�|]kvw�u'�¸y�w�j_¶8o`u'{�����rE{�z�o^j_�Lª 
 « l��È£�j_q`q�l'�\��jp¶'jpw6l2q
l�z�z�o¦rEo`u'|�l2qVrEwEl�|��0o`r�o^u�|���o^|�r�i�j�w6l2|���j<kvw�u'�ÇÃer�u ©K©�� j��]�
hLi�j<j���y�j_w�o^��jp|&rE�Ll�w�j¤npl�w�wEo`jUz�u�|X£�o¦rEiGrEi�j¤o`|8¶�jU��rEo`�&l¨rEo`u'|
u2k���u�q^s8~?z�j_|8{�� o^��u2rEu�y?j_�G£�o`r�i¥¶­l�w�o^u�{��G|�j_{�r�wEu�|®|8{��x�
~�j_wE�_�³hLi�jU�0jGo^|8¶�jU��rEo`�&l¨r�o^u�|��el2o^� r�u³o�z�jp|&rEo¦kvs$j���npo¦r6l¨r�o^u�|

��u�z�j_��l¨r$i�o^��i�j_wtj_|�jpwE��o^j_�³r�i�l�| wEj_l'n6i�j_z¸o^| y�w�j_¶&o^u�{��
�0r�{�z�o`jU�©ª Å « l�|�z¥r�i8{��_��rEu²��j�rd|�j_£ o^|�kvu�wE��l¨r�o^u�|#l2~?u�{�r
rEi�jLy�w�u�r�u'|���|�jp{�rEw�u'|eo`|&rEjpw6l�nNrEo`u'|]l2|�zeo`rE��o^|���{�j_|�n�jLu�|]r�i�j
y�wEu�y?jpw�r�o^j_��u2k�r�i�j�|8{�npq`jUl2w¤��l2|8s&��~?u�z�s³�0s��0r�j_�����8y?j_n�o�l2q
j_�xy�i�l���o^�\o���q�l2o�z�u�|er�i�jL�0jUl2w6n6i¤kvu�wÈjpq^j_n�r�wEo^n�l2|�z���l���|�jpr�o�n
z�o^y?u�q^j��0r�wEjp|���r�i�o^|gl2|�z�l�~�u¨¶'jLr�i�j<w6l2|��'j�u2kVr�i�j�y�l2w�r�o�n�q^j��
��jpy�l�wEl2r�o^u�|©rEi�wEj_��i�u�q�z��_�§£�i�o�n6i}��l­s l�q^��u�i�l­¶�j�o`��y�q^o�npl¨�
rEo`u'|��Qkvu'w§wEj_l'nNr�o^u�|�w6l¨rEj_�§o`��y?u�w�rEl2|&r�kvu�wQrEi�j<jpq^jp��jp|&r�y�w�u��
z�{�nNr�o^u�|do^|grEi�j�{�|�o^¶�j_wE��j��
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� {�wd�'u'l2q�£Cl'�GrEu��0r�{�z�s²r�i�j�w6l�z�o�l¨rEo`u'|�y�wEu�~�q^jp���gr�i�l2r
l�w�o��0j¤l2wEu�{�|�z�rEi�j�|8{�n�q^j_l�wCy�i&s���o^n_�C~�jUl2� q^o`|�j¤z�{�w�o^|��xr�i�j
y�wEu�z�{�n�r�o^u�|�u2k/|8{�npq`jUl2wQ~�wEjp���E��rEwEl�i�q^{�|�����hLi�o��Q~?j_l��-q^o`|�j
£�o^q`q/~?j¤{���j_zg��o^|Xr�i�j<��w6��rLy�q�l�npj!��kvu�w�|8{�npq`jUl2wCw�jU�0u'|�l2|�n�j
��{�u�wEj_�En�jp|�n�j��mº��!¾���jp�8y?jpwEo^�xj_|&rE�Ll2|�zg�Ql¨r�l]q�l¨rEjpw��0rEl2�'j
�xkvu�wgr�i�j���rE{�z�s²u2kejp�8u�r�o�n�|8{�n�q^jpo<¶8o^l
~�w�j_�����0r�w6l2i�q^{�|����
o^|�z�{�npj_z�y�i�u�r�u�������o^u�|��
��|�u�w6z�jpw<rEudl'����j_�E�<l2q^qQl���y�jUnNrE�<wEj_l�q`o���rEo^n_l2q^q`s'�/£�j�i�l­¶'jerEu
r6lS��j¤o^|&r�u�l�n_n�u�{�|'r�lZ¶­l�w�o^j�r�sgu2k\y?u'�E��o`~�q^j<~�jUl2� q^u'�E�0jU�Co`|��
i�j_w�j_|&r\o^|er�i�j�l�n_n�j_q`j_wEl2r�u�w�q^l­s'u�{�r\l�|�z�u'y�j_wEl2r�o^u�|¤r�u'��jpr�i�j_w
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o^��y�q^j��
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r�i�jenpu�|��0rEl�|&r���l���|�jpr�o�n<��jpq�z�o`|drEi�j]Â¤�§Í�º!hd±�� ¨I© ��o`�Z{��
q^l2r�o^u�|��ÈrEi�j�n�u'��y�q`jpr�jL��l2�'|�j�rEo^n���j_q^z�npl�wEz���ª ¨¨« i�l­¶�jC~�j_jp|
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u�kÈl2~?u�{�r!Å>
 Ê rEwEl�|��0��o�����o^u�|gw6l¨rEj�npl2|�|�u2r�~?j¤kv{�q¦��q`q^j_z�l2r
j_|�jpwE��o^j_�Cq^u¨£�j_w�rEi�l2| ¨� �� j��]�
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Entry beam dump
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Í²n6i�l�|�|�jpq^o^|���w6l�z�o^l2r�o^u�|X��¼s�!�È�0u'{�w6n�j§o���~?jpo^|���z�jp¶'jpq^u�y?j_z
l2rx�§�\�L�#o`|
u'wEz�jpwerEu³y?jpw�kvu�wE� ��jUl���{�w�j_��jp|&rE��u�k����L�
¶¨l2q^{�jU�!u�k � {�l���o¦����u�|�u�n6i�wEu���l¨rEo^n<y�i�u2r�u'|���o`|�rEi�j]j_|�jpwE��s
w6l2|��'j�u2k ©_ �
�©U �  ��j�� ª ©p« �E��j_q`o�l2~�q`j!�0r�{�z�o`jU�Qu�kVw6l�z�o`u'~�o`u��
q^u��'o^n_l2q&j��Vj_nNr6��u�|Zq`o^¶8o`|��¤n�j_q`q��È|�jpjUzeo^w�w6l�z�o^l2r�o^u�|]z�u&�0j�wEl2r�jU�
u�k  
� ©�
f© Â<s�¬­��o^|e£�i�j_w�jCl!��{�ÉGn�o^jp|&r�q^s�q`u¨£©q^jp¶'jpq&u2k�~�l'nX�&�
�'w�u'{�|�z³w6l�z�o^l2r�o^u�|}�my�u'q`s�n6i�wEu���l2r�o�ne~�wEjp���E��rEwEl�i�q`{�|��Xl�|�z
|�j_{�r�wEu�|��E�]o`| r�i�j�j���y?jpwEo`��j_|'r6l2q�l2wEj_l³o^�xwEj � {�o^w�jUz/��hLi�j
~�l'nX�8��wEu�{�|�zej � {�o^¶­l�q`j_|&r�z�u&�0jCw6l¨r�jL��i�u�{�q�z]npu�|&r�wEo^~�{�r�jCq^j_�E�
rEi�l2|d¹ Ê r�u]r�i�j<~�o^u�q^u���o�npl�q�jp�?jUnNr_�8o�� j'�)±  �  ����¶�¬¨iGo^|Gr�i�j
£Cu�w6��r�n_l���j<�En�j_|�l2wEo`u�l¨r!lG¼s�#z�u&�0j¤w6l¨r�j¤u�k   � © Â<s�¬­��o`|��
hLi�j ~�jUl2� z�{���y¸u2k�r�i�j
jpq^j_n�r�wEu�|#~�jUl2� �0o`r�{�l¨r�jUz o`|��
��o^z�j�rEi�j¤£Cl�q`qVu�k�r�i�j �!l�z�o�l¨rEo`u'|XÁQi8s���o^n_��n_l­¶�j!o���lZwEl2r�i�j_w
�0r�wEu�|��t�0u'{�wEnpj�u2k�y�i�u�r�u'| l���£Cjpq^qLl���|�j_{�r�wEu�|©w6l�z�o^l2r�o^u�|
£�i�o�n6i��\r�i�j_w�jpkvu�wEj��\i�l��¤rEu�~�jgj�ÉGn�o^jp|&r�q^s$�0i�o^jpq�z�jUz�rEu³jp|��
l�~�q`je��{�n6i�o`|8¶'j_�0r�o^�'l¨rEo`u'|��¤�m��jpj�¾Èo`��� © ���
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n_l2q�n�u'|�z�o`r�o^u�|��_�)� � {�o^¶¨l2q^jp|&r�z�u'��j�w6l¨rEj_�Ll¨r�rEi�j��0{�w0kml'n�j<u2k
rEi�j!~?j_l���z�{��xy�¶'j_�E�0j_q�i�l­¶'j�~�j_jp|gn_l2q�n�{�q�l¨rEj_zx�]sx��j_l2|��
u�k � u�|&r�j©¼Cl2wEq`u
��o^�]{�q�l¨rEo`u'|��G{���o^|��
rEi�jt¾�� ����Í npu8z�j
ª ¨­« l2|�zgl��E�0{���o^|��ele��l2�8o^�]{��%l­¶'jpw6l2�'j�~?j_l��%np{�wEw�j_|'r�u2k
¨ ¹   ��Í®l¨rQl!��l2�8o^�]{�� jpq^j_n�r�wEu�|xjp|�j_w��'s<u�k/¹  �� j��]�2hLi�j
wEj_��{�q`r�o^|��g¶¨l2q^{�jU�<l���u�{�|&r!rEu�¹  �  �8¶�¬¨i�kvu�w<y�i�u�r�u�|���l�|�z
µ   �8¶�¬­idkvu'w�|�jp{�rEw�u'|��p�<À�j_|�n�j'��rEi�j]|�j_n�jU���El2wEsgw6l�z�o^l2r�o^u�|
��i�o^jpq�z�o`|��eu2k?r�i�j!jpq^j_nNrEw�u'|Z~?j_l���z�{���y�i�l���rEue�0o^�]{�q¦r6l2|�jp�
u'{��0q^sewEj_z�{�n�jCr�i�jLo^|���{�j_|�n�j�u�k�rEi�j_��jL~�l�nX�8��wEu�{�|�zen�u'��y�u��
|�j_|&rE��~8s�kml�n�r�u'wE�\u2k�r�i�jLu�w6z�j_wÈu�k ©U �� q 
�©U �� y �ÈÍ�����{���o`|��
lXr�j_|&r�i$¶¨l2q^{�j�l¨r0rEjp|8{�l2r�o^u�|�q`j_|��2rEi²�»h)���È�<u2kC±   np� kvu'w
npu�|�npw�jpr�j�ª ± « rEi�o��/£�u'{�q�z¤w�j � {�o`wEj)l�£Cl�q`q2r�i�o�nX�8|�j_�E�/u2k�l2~?u�{�r© � ¨ � £�i�o�n6i�£Cu�{�q^z�wEj_z�{�npj�r�i�jX�0y�l'n�j�kvu'wej���y?jpwEo`��jp|&r6�
npu�|���o^z�jpw6l2~�q^s��
��l­s'jpw � l¨r�j_w�o�l2q hLi�o^nX�8|�jU���N¬¨np� Í��È¬2h)���
© ÁQ~ ©_    � µ8Ã
¨ ÁQ~ ½   � ¨ 
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��o��pj_z]��l�|�z�£�o�n6ie��rEw�{�n�r�{�wEj§u�k8r�i�jL�0i�o`j_q^z�o^|���£Ll2q^q'npu�|&rEl�o`|��
o^|�����jp¶'jpw6l2qQq�l­s�j_wE�¤u�k�z�o¦�VjpwEjp|&r]��l¨rEjpwEo^l�q^�e£�i�jpwEjGi�o^��i����
j_q`j_�xj_|&rE�§l�~���u�wE~]rEi�j�y�i�u�r�u�|��Ql2|�zxq�l­s�j_wE�)npu�|&rEl�o`|�o^|��¤i8s&�
z�wEu��'jp|�j�j��Vj_n�r�o^¶�jpq^s<r�i�j_w���l�q`o��pj§r�i�jC|�jp{�r�wEu�|]��y�jUnNrEw�{�� rEu

w�jUl�n6i]l�q^l�w��'j§w6l¨rEj§u2k�|�jp{�rEw�u'|Zn_l2y�rE{�w�j'���8{�npn�jU����o^¶�jpq^s��­rEi�j
����wEl­s��L~?jpo^|���jp��o`r0rEj_z³z�{�w�o^|���|�j_{�r�wEu�|�npl�y�r�{�w�j�wEj_l'nNr�o^u�|
�vj�� ��� ¨ � ¨K¨ � j�� l¨r ] À<��i�l­¶'jXrEu$~�j�l�~���u�wE~�jUz ~8s
rEi�j
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hLi�jC�El2|�z�£�o^n6iZ��rEw�{�n�r�{�wEj�n6i�u'��jp|eo��È��o^¶�jp|�o^|ZhÈl2~�� © ��¼Cl2q`�
n�{�q�l¨rEo`|���r�i�jC��l'n�wEu'�En�u�y�o^nQl2r0rEjp|8{�l¨rEo`u'|Znpw�u&���È�0jUnNrEo`u'|��\kvu�w
r�i�j�q^l­s'jpw6��u�|�j�u'~�rEl�o`|�j_�)rEi�j!y�l2w�r�o�l2q�l2r0r�j_|8{�l¨rEo`u'|�q`j_|��2rEi��
�mÍ!�È�Ckvu�w�|�jp{�rEw�u'|XwEjp��u¨¶¨l2qVo^|�{�|�o¦r6��u2k)h)���®�»h\l�~�� © ���
�\l­s�j_w � l¨rEjpwEo^l�q hLi�o�nX�8|�j_�E�6¬2n�� Í!��¬¨h)���
© Á§~ ¨1¨ ±�� ½'¹
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hLi�j!n�u'w�wEj_��y?u�|�z�o^|��<o`|&rEjp��w6l2q�Í��dkvu�w§y�i�u2rEu�|�l¨r�r�j_|&{�l¨r�o^u�|
l2wEjt�'o`¶'jp| o`|#h\l�~�� ¨ � ��s¢�0{�����o^|��²{�y#u2k]rEi�j$y�l2w��
r�o�l2q�Í!�¥¶­l�q`{�j_�xu�|�j�npl�|
jp¶¨l2q^{�l2r�jGrEi�jdl¨r0rEjp|8{�l2r�o^u�|©kml'nN�
r�u�w6��kvu�w�rEi�jLn�u���y?u�|�j_|&rE��u�k�~�l�nX�8�'w�u'{�|�z<wEl'z�o�l¨r�o^u�|�£�i�o^n6i
l2��u�{�|&rLr�u ©�� ¹ZÌ ©U �� y l�|�zXµ � ±]Ì ©_ 
� y kvu�w�y�i�u�r�u'|��Ll2|�z
|�jp{�rEw�u'|��_��wEj_��y�jUnNrEo`¶'jpq^s��L��|³wEj_��{�q¦r�j � {�o^¶­l�q`j_|&r�z�u'��jew6l¨rEj_�
u2k�Ã2¹X� �8¶�¬­i
l�|�z © ÃX� �8¶�¬­i©l2wEj�u�~�r6l2o^|�j_z$~?jpi�o`|�z�rEi�j
wEl'z�o^l2r�o^u�|���i�o^jpq�z®u2k¤r�i�j�~?j_l2�¯z�{��xy¥£�i�l¨r�jp¶�j_|&r�{�l�q`q^s
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�xu'��jp|&r�{��´r�jUn6i�|�o � {�j_�_�Lo»� j��¢r�i�j���u�y�y�q`j_wg~�wEu'l'z�jp|�o`|��
n�u�o^|�npo^z�j_|�n�j���y?j_nNrEw�u&��npu�y8s]l�|�z�Í � � ¼¥�ml���j�����u���jp|&rE{��
n�u�wEwEjpq�l¨r�o^u�|?�Zª ©�« � ��o`|�npj�r�i�jGw�j � {�o`wEj_z�n�u'{�|&r]w6l¨r�j�u�kCrEi�j
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n�u���y�l�w�jUz�rEuXrEi�j�q^o¦kvjpr�o^�xjG��y?j_nNrEw�u'��j�r�j_w_�\l2|$l�z�z�o`r�o^u�|�l2q
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~�w�jUlS���_��o»� j��Gz�{�w�o^|���r�i�j�y�j_w�o^u�z��¤£�i�jp|�rEi�jG�§�\�C� j_q`jUnN�
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r�i�jt¶&o`rEl�q�o^|'rEjpwEj_�0rgu2k¤rEi�j³y?u'��o¦rEw�u'|²npu����]{�|�o¦r�s�o^|²r�i�o��
|�jp£ y�u&�0o`r�wEu�|d��u�{�w6n�j'�
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� |�j u�k�r�i�jn��j_s#y�l2w6l2��j�rEjpw6�³u�k�r�i�j²�0{�y�j_wEnpu�|�z�{�nNr�o^|��
�§�\�C��l�n_n�j_q`j_wEl2r�u�wÈo���o¦r6� � {�l���o¦��n�£ u�y?jpw6l¨r�o^u�|�l¨rQl<wEjpy?j�r�o`�
r�o^u�|xwEl2r�jLu2k © ± � À����)hLi�o��)o^�)l<�'w�jUl¨r)l�z�¶¨l2|&r6l2��jLo^|xnpu��x�
y�l2wEo��0u'|¤r�u�kvu�wE�xj_w\�'jp|�j_wEl2r�o^u�|��\u2k�l'npnpjpq^jpw6l¨r�u'wE��u�y?jpw6l¨rEo`|��
o`|Zl���l�n�wEu8¬¨��o^npw�u���~�{�|�n6i�wEjp�'o`��j'�\�§��y?j_n�o�l2q^q^s!£�i�j_|]z�wEo`¶&�
o`|��tl�kvwEjpjp��j_q`jUnNrEw�u'|©q^l'�0j_wX�m¾����\��£�o`r�i��0{�n6i l � {�l'�0o`��np£
��rEw�jUl2� u�k�jpq^j_n�r�wEu�|���~�{�|�n6i�j_�_�?r�i�j�u'y�r�o�npl�qÈu'{�r�y�{�r�u2k§rEi�j
q^l'�0j_w§j_�xo��E�0o^u�|�o��§jp��y�jUnNr�jUz�r�uZy�wEu¨¶&o�z�j�lZ��r6l2~�q^j�npu�i�j_w�j_|'r
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{�|�z�j_w!n�u'|��0r�wE{�nNrEo`u'|�l2r!�§���L�²l2wEj¤j���y?j_nNrEj_zXr�u�j_��o¦r�npu2�
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y�{���y�~?j_l��d�?£�i�o`q^j]rEi�j�n6i�l2|��'j_�!u2kQrEi�jZu'y�r�o�npl�q\y�w�u'y�j_w0�
r�o^j_�<u2k§r�i�j��El2��y�q^jxl�w�jZ�xu'|�o`r�u�wEj_z³£�o¦rEi�lgr�o^��j���z�jpq�l­s�jUz
y�wEu�~?j]~?j_l2�d�eÍ�n�u'�x��u'|�z�o���rEo`|�n�r�o^u�|to^�<��l�z�jx~?j�r�£Cjpjp|
�0o^|��'q`jp��npu�q^u�{�w¤u�wZz�jp�'jp|�j_wEl2r�j�y�{���y���y�wEu�~?j�j���y�j_w�o^��jp|&rE�_�
£�i�jpwEjL~�u�r�i�y�{���y�l2|�z]y�wEu�~?jL£Cl­¶'jpq^jp|���r�i���l�w�j�r�i�j��El2��j
l2|�z�r�£Cu2��n�u'q`u'{�w�u�w!|�u�|���z�j_��jp|�jpw6l¨r�j¤y�{��xy���y�wEu�~?jejp�8y?jpw��
o`��j_|'r6�p��£�i�jpwEj�r�i�j_s l2wEj�z�o`�?j_w�j_|'rU��hLi�j�q^l2r0r�j_w�j���y�j_w�o`�
��jp|&rE��w�j � {�o`wEjLr�£Cu]�0s8|�n6i�w�u'|&s �_j_zxy�{�q��0j<�0u'{�w6n�j_�_��hLi�jpwEj��
kvu�wEjerEi�j��0s8|�n6i�wEu�|�o9�Ul¨r�o^u�|�u�k§y�{�q���j_ztq^l'�0j_wE�!u�y?jpw6l¨r�o^|��Xo`|
r�i�j�¶8o^��o^~�q`jXu�w]r�i�j���� i�l'�e~?jpj_| j_�0rEl�~�q^o^��i�j_z l¨rx��jp¶'jpw6l2q
¾��§� kml�n�o^q^o¦rEo`jU�¤o`|tr�i�j�q�l��0r�s�j_l�wE�_�]hLi�jZ��w6��rez�j_��u�|��0r�w6l¨�
r�o^u�|²u2k���s&|�n6i�w�u'|�o��po^|��©l�km��q^l'�0j_w�r�u
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£�o¦rEielCr�o^��o`|�� ��o¦r�r�jpwÈu2k�±�y��§ª ©p« �ÈhLi�j)��w6��r���{�~���y�o�n�u&�0jUn�u�|�z
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q^l'�0j_w��0u'{�wEnpj_��£�u'{�q�zg~?j�i�o^��i�q^sgz�jU�0o^w�jUl2~�q^j�����o`|�n�j<r�i�o���l2q`�
q`u¨£���r�i�jZi�o`�'i�j_�0r���jp��o`~�o^q^o¦r�s�o`|³r�i�jx�0s��0r�jp�Ç{�|�z�jpw!o^|8¶�jU���
r�o^�'l2r�o^u�|��&j�� ���^�2kvu'wC��jp��o�n�u�|�z�{�nNrEu�w§��y?j_nNrEw�u&��npu�y8s��&l�y�{���y
£Cl­¶'jpq^jp|���r�i©o^|
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r�j_wE��{�~�~�l�|�zdrEwEl�|��0o`r�o^u�|���o^|tl � {�l�|&r�{�� �0r�wE{�nNrE{�wEj��?£�i�o`q^j
r�i�j¤y�wEu�~?j¤£Cl­¶'jpq^jp|���r�iGo��Cr�{�|�j_zXr�u�l�|Xo^|&r�jpwE~�l�|�zGrEwEl�|���o¦�
r�o^u�|G£�i�o^n6iXi�l���l]n�u'���xu'|g�0rEl¨rEj!£�o`r�igr�i�j<o`|&rEjpw6�0{�~�~�l2|�z
r�w6l2|���o`r�o^u�|��²hLi8{��xr�i�jdwEjpq�l¨��l¨rEo`u'|}z�s8|�l���o^n_�Zu�k<jp��n�o`r�j_z
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npl�q`q^j_z � {�l2|&rE{��°n_l��Enpl'z�j�q^l'�0j_wE�_�¢�CjU�0o�z�jdr�i�o^���0y?j_n�r�wEu2�
��npu�y�o�n�l2y�y�q^o�npl¨rEo`u'|���l$��s8|�n6i�wEu�|�o��pjUz©kvjp�]r�u&�0jUn�u�|�z q�l���jpw
npl�| ~?j�{��0jUz
rEu©z�j�rEjpwE�xo^|�j�r�i�j�j_q`jUnNrEw�u'| ~�{�|�n6i�q^jp|��2r�i
o¦r6�0j_q¦k�ª ±�� µ « l���£Cjpq^qLl'�xr�u$n6i�l2w6l�n�r�j_w�o��pjgr�i�j�¾��§� y�{�q���j_�
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q�l���jpw©��s8�0r�j_���©i�l­¶�j²~?jpj_|�j � {�o`y�y�jUz
£�o`r�i
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|�o��pj�r�i�j_� rEu�r�i�j!w�j_y�jpr�o`r�o^u�|�w6l¨r�j!u2kVr�i�j��§���L�©l'npn�j_q`j_wEl2�
rEu�wU���Cu2r�i¤q�l���jpw6��l2wEj �¤jpwEw0��q^jp|���j��xu�z�j_q`u�nX�'j_z<hLo�� ��l�y�y�i�o^wEj
q�l���jpw6��y�{���y?j_z²~8s
kvwEj � {�j_|�n�s&��z�u�{�~�q`jUz/�Cz�o`u�z�j³y�{���y�jUz
np£¥º!zgq^l'�0j_wE�_�ÈhLi�j<wEjpy?j�rEo¦rEo`u'|gw6l¨rEj!u2k\r�i�jU�0j<q�l���jpw6�§o��L�0jpr
rEu³ÃS
 � À ���\£�i�o�n6i$npu�wEw�jU�0y?u�|�z���rEu�½grEo`��jU�¤r�i�j�wEjpy?j�rEo¦�
rEo`u'|�w6l¨rEj¤u2kÈr�i�jej_q`jUnNrEw�u'|X~�{�|�n6i�j_�_��rEi8{���l2q^q^u¨£�o`|���n�wEu'�E�0�
npu�wEw�j_q^l2r�o^u�|�j���y?jpwEo`��j_|'r6��£�o¦rEixl<z�{�r�sZn�s�n�q^jLu2k?½��\¾�u�wÈr�i�j
��s8|�n6i�wEu�|�o��_l2r�o^u�|�� © ± � À ��l2wEjZz�j_w�o^¶�jUzdkvwEu�� r�i�jx�����L�
��¾Çj_q`jUnNr�wEu�|�o^n_�³£�i�o�n6i l�n�rE�tl���r�i�j}��l'��rEjpwtu'�En�o^q`q�l¨rEu�wU�
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�O�-�W� � �s���û���(�-���c���_�7�®�-�7�-�s�7� � �s���A�����-���c�-���g�B�-�O�����7�-�7�
���/�W���X�D�O�����7���s�-�W���c�_�>�-�³�X�W� � � � �9�>�X�O�7�O���A���g�K�
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 D�����-�g�"� � �R�����(¤Dým¤
�W�����È�1�1�B�O�A�W�µ�/�K�O��� � ���-�7�R���1���-���/�
´UàDò �-�>���m�j�7�G�/�1��±D�!Þ � �1�1�3�9�3�1�/�O�������-���-���m�c���A�(~G�_�1�
´��r§ ���>�A�-�_���1� �A� ���U�O�����������O� �-���m�������j�(�7���O���s���È���D�>�Aÿ!�s�"Û
�s�W� � ���-�7�c��� � �-� � �s���/�O�1�D� � �O�/�_���g���È�O��� êK§���ë³¤R¦]§u�7� � Û
�7� � �/�-�_���1�s�] D���R���s���-���O�s���s���7�O��� �c�_���O�(�7��� � � � �j�7���1�"�g�
� �(� � ���-�7����� � �"���c�A�-�µ�����Xÿ��s�B�O�A�W� � �7�����-���/��±/à������c�����3�
�_�1� � �1�>�g�j�-��� ô �A�"�O�7���_�{�-�����1�1���-���"���1�3���O���1�Aíg�m�-�_���]�
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 D�����c�U�-�-�7���>���-�R�-�����s�O�7���1���1�B�O�A���¯�-�Yé²¥>��~�ìY�������-��� � �s�XÛ
�O�-�W� �W����©A«X¬9�1�-�s�¯�s�/�s�-�_��� �-� �A� ���O�_�>�¡���1�/�-�&�s�m�-�1�����s�s�
 D���{���>�m���W�3�/�W�s���/�c�O�����9���m�O�7�O�_� � �/�O�µ�����_���
åU�1���U�-���
�7æ��7�A�s�1�X�W� � �W��� � �A�È�XÛ²�-�_���°�/���´�O���W���s�����s�O���/�U�/�_�1��� � �W�
�m���7�����¯�RÞj� ß  G� ���R���-�7���_�7���1���1�B�O�����c�A�-�¯� � �/�1���c�_���O�
����� � �����Y�_�A� �7ð(�� D���7�O�X�È�W�-� �Q�c�O�såU���_�-�g�Rï�ð � �W�"�s� � �A�W�U�R�È�W�
� � �g�B�-�O�������-�>�>���B�-�_���]�r D�1� � ���-�7�R�1���j�(± �oë³¶�í.���
� 3�¦]~
�U�-�7� �_� �/�-�W�Dé"«sà@µ/ñ��1��ì��c�A�-���W���>�A�-�_���D��� � �"�D���>�>� � ���W�U�_�����
�>�_�>�>�XÛÓ�������!�s�£�/��� � �Q�1�s�O�s�����1�¯���j�/�È� � �{�È�O�såU���s�1�X�¯�>����Û
��� �_���1��ÝÓ�����O�����1�X�g����� � �-�s�Y�m�9± �Wñ���� �c�A�-� µ��1� � �s���/�O�
���1� ´Wà¯�������/ü��_�o�1� �7�1�7�O�����µ D�1�xÞj�-ßs ]�����1�/�-� � �)���s�
�����W�¯�-���o�-���³�-���-�À���7�9�/�����W� � ��ÛÓ�7�W�/�-�s�{�X�W���!�7� �7� � �_�1�>�s�
�c�A�-�x«sàD���û�>���/���X�O�7�G���1��«pµj��� � �7�1�/�-�]�G D�����G�7� � �_�1�>�s�
�A�O�-� � ���_���1�/�-���/�K�9�7����� � �_�s�m�-�g���7�m�O���>�>���W�-�-�7� ��� �W��� � �����
±W±/à ��� � �W���1���c���_�3���7��� � �c���m���g�9�_�1�"���>�D�m���7�����û�È�O���
�O���R�1�-�s�1�/�3�m�O�A�W�9�3�1�/� � �s�G�_�U�-���O���j�-�g�"�W�1�m�O���]�s�)�U�A�����m���1�
�s�/� � �����W���U�-�s���-�1�7�O� � �����g�/�1�D���r�(�O���-�g���K�
 D�����>�s���U�"�A�-�_���x�/���O����Þj� ß  G� � �)�W�7�3�������-���Y��� � �>ÛÓ�7�W�m�O�s�
�s�m�-�1�������-���-�À���7�(�D���Y�>���1���_�£�-�����7�/�-���>�>�����O�7�1���O�/�-�_���
�3�1��� � �7� � �£�-� � �-�såU���s�U�� G�µ�/���ªÞj���s�m�/�!���3�m�-�_���]�� D�1�
�3�1��� � �7���1�W�®�/�®�A�W�´�1�����ó�/�1�®�£�-�A�O�����A�1� �-� ��� �A���/Û
�O�A�W�ó���������  D�1�³�m���X�1��� ���-�g�-�-���O���j�W��«sà áKâ�ã � � �/�g�
ÝÕ�&�O���£�3���/� � �7�µ�-���s�-�£�R�s�-�¯�È�W�����s�)�����W�O�/�-�W�O���È�W�µ�-� � Û
� ���O�A�����/�����7�/�g�"�_��� éÀ�s�/�s�-�_��� �3���O�����/�-�gìX����åU�1���"�Oí��W�"Û
�7� �_� �/�-�W�9�-�°���g���-���O�µ�7�m�/�!���3�m�O�A�W�¡�O�/�-�����1� � �)���7�9�-�����3�UÛ
���g�-���/�1�®�¡�7�/�-���>�>�����g�m�O�A�����  D�����s�)�����W�O�/�-�W���_�®�1�-�
�7��� � � � �x���m���s�M�_�ª�È�O���U�o�/�D�O���x�s�m�-�1����� � �M���������A��Û
� � �m�O���g�c ]���1�W�"�-�7�³�7��� � ���/�O�����1�x�O���o�s�)�����W�O�/�-�W�O�j���g�m�-�g�
�O���7� ���1���O���7�_���O�7���!�7�3�m�-�1�-�g� �7��� � � � �(���s�W�"�1�-�g�K�Y§��
�����s�"�O���-���_�M�È�-�W�W�����R�O���µ�7�/�-���>�>���>�7�1���s�£�O���µ�"�_í7�����1�
�!�W�-�Q�O�A�W���/�1�O��� Þj� ß  G���"�!�/�g�GÝÓ���D����� � �-� ���"�g���W�r�/��� � �s�XÛ
�O�-�W�°�X� �A� �s�X�-���g��~���� �-���m�������O���U�"���µ���_���£��� � �O�����9�7��� � �
� �9�/��� � �_�s�K�
 D���{�/�_� �j�W���-�£���-�>�>���X�����
� � ���>��±/à���� �O���_�3�¡�-�����
���cÞj� ß  G�(�c�A�-��µµ��� �>���/���7�-�7���7�7�U�-�3� � �-�x�-�1���s�m�O���>�>�
�-���-�À���X�W� øj�X�È�W�-�(�>�7�!�W�-�Q�O�A�W���-�1�(�7�/�-���>�>�(�j�W�����g�m�O�s�¯�O�
�³�-�7���!�7�3�m�O���-�x�/�o«)±/à��7Þ �� D���x�>�s���U�"�A�-�_�����j�W�(�"�O���"�O�s�
�c�A�-�&�O���³�O� �_� �1�-�_���¯�� D���³�-�7���!�7�3�m�O���-�°�/���-�1�°�7�m������Û
�3�m�O�����D�����"���7�X�g�-�-�_��� � �³�_�1�X�O�s�W�"�g�°�1�W�O� �  ]���s�)�����W�O�/�-�_���
�1�����!�7���g�K�÷ D���£�s�m�/�!���3�m�-�_���&�D���{�"�-���1���g�ó�A�9�-���¡�>�7Û
�-�A�O�s�³�-�����3�����s�O�Y�/��«gàµ��� �D���Y�O�s�W�3���s�K��§��î�-�7�Y�O�1�m���-�1�
Þj���7�m�/�!���3�m�O�A�W�x�D���D�!�7�-�È���O���s�{�A�¯�O���9�O�/�����j�)�W��� ���"Û
�_���£Þj�9�>�s���U�"�A�-�_���M�O��� � �)���7���D����� �A� �����_�1�m�O�s�¡�c�A�-�¡�-�1�
� ���-�7� � �s�������1���-���������/�O�9�X���O�O�7�U���j�W�r�������A�-�W�-�g�K�� D�1�
Þj�j�7�m�����W�O�/�-�_�����j�W���!�7�-�È���O���s���1�W�O� � �-�1� ���1�/�-���X���O�O�7�U�
�O�m�O���O�/�-�g�K�GòM�D�È���1�1���-�1�/���A���O���c�È� �_� �m�c�A���Y�È�s�´���_�U���-�s�
�O���������/�O���7���O�-�s�W�D�>�O�����!�s�x�>�m�c���-��� � ����� �Wà�è����]�Q� � �
�È�W�-���7�c�m� � ���W�
 D���c�����A�����O� ��� �7�%�>���O�A�1� �O�����s�)�����W�O�/�-�_���(���-�>�7�s�O�r�j�W�
�O��� �3�/�1�_���_�1�X�O�s�W�"�c���K�-��� �m���X�1��� ���-�g�-�-���O�������O�o� � �����
«gà>á��(� � �/�g�9 ]�{���O�7���s�U�����È���-�-���s�����7���3���1�m�-�_���]�!�A���j�W�
���g�X�g�-�O�/�O�c�-���A�1�7�-�g���-���-�����s�m�/�!���3�m�-�W�!�-�7���!�7�3�m�O���-�g�K���s�-�
� � �m� � ���°ò£���-���_���¡�-���m�o�O��� � ���ª�m���7����� �D�����O���x�O�s�/Û
�-�����È�W���O��� � �m�ûåU�1�/�U�O�����Xæµ�X�_�7�1�7�¯�/� � �s�O���O�1�/�
«mè¨�/�

�-���D���O�>�>�1�X�g�9���1�/�-���7�/�-���>�>�g�7��~����-�-�1�7�O���W�-�W�g�-���D�O�7���O�/Û
�>�1�X� � � � �A���µ���]�-�1�Y�s�m�/�!���3�m�-�_���x���O���7�s�O�R���1���-�������s�3�1���>Û
�_�s� � �!�W�-�Q�O�A�W�{�W�7�7���O�W�X���j�7�O� �1�1�-�/�-�����À�W�B�O���O���
 D����åW���/�U�-���Ü�Xæµ�X�_�7���X�ª�/�Y�-�1�{�1�-�s�1�/�O�s�������/�O�ª�7�m�O�>Û
�����s�9�j�7�O�����s�W�"���O�s�M�_�¡�-�������-�s�1�/�3�m�O�A�W�M�3���/� � �7�(�/�1�
�A�1�-���>���-�����������-�{�����£�c���7�O�(�-�����_�1�"� � �/�-�s�M�7�/�-���>�>��� � Û
� �m�Ú�-���/��� � ���9���_�����W� � �O�����c�����-��� �"�K��� � ���/���-�1� �7�)���A���
�X��� � � � �j�1�-�s�K�r~��A���>«j�-���m���]�-���D�O�s�-� � �����!�YåW���/�U�-���¢�7�îÛ
���X�_�7�1�7�����s���-���O�7���7�U�r�A�o�-���D���O�7���/�3�m�-�_���9�3���/� � �7�r�c�A�-�
��� � �A�W�W� � �{�>�X�È�>�7�1�"�g� � ���-�7���-�!�/�s�
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�����O�_�����O�����1�-�(�����-�����������-�¯�7�/�-���>�>���A�°�-���µ¥>��~®�����
�R�£� � �-�7�O���g���O�1�m�x�-���£�������-���7���-�O�7�U� ���1�B�O�1�m�O�s�&�c�A�-�
�-��� � �W�"�s� �-����� �!�W�-�Q�O�A�W�³���³�-�����7�m�O���>�>���� D�������_�����W���/Û
���7�1�7�A���9�_��� � �-�Y�U���-� ��� �c�_�o�O���c�������-���W�O�����o���1�O���c�7�m�O���>�>�
�m�î�-�s���1�-���A��~��A���1±>�
ë����O�o�-���"�-�s���m�-���o�"�-���>�A�g�������-���(�����/�O���s�����O�"�_�������W���/Û
���7�1�7�A���x�j�7�O�����s�"�È�W�-���g� � �¯�O�7�/�1���A�1���-���o�È���7�1�-�s� � ���-�7�
� �g�/� ���X�O�W�O�Y�-�1���7�/�-���>�>�W�¯ D�1�s�-�����g���-���O�7���7�U�O�9�R�s�-�
�>�������A�¡�O���µ���O�7�1���O�/�-�_���¡�3�1�/� � �s�o�/���¡�c�Q�O�¡�-���{�7�m�O�>Û
�������A�¡�O���µ�7�)���A���³�c�Q�O�ª��� � �������W���"�j�1� � �K�� D�1�7�O� � �£�
�U�_�-�-�1� � �7�m�O���>�>���j�W���1�-�s�°�-�����7���-��� � ���-�7� � �s�/�ù���U�"�AÛ
�-�_�����W���-�1� �7�/�-���>�>�W�céÀ§c�î�O�7�j�-�1� ���m�m� ��� �����_�-�O���j�9�1���"�
�/� � ���-�7� � �g�/� �D�����>�_�-�g�B�O�s�
�W�U�-�£� �1�W�-�g�-�7�7�1�7�x�O�X�O�7�7�
�c�Q�O�x���X�����3�>�_�1�m�O�����s�-��� ì�~��_�1��ño���O�s�-�7�U�3�����W�������s���7�A���
���g���-���O�7���7�U�O�r�s�/�O�-�_�s�o���>���_�o�O���c���O�7�1���O�/�-�_���o�3���/� � �7�g�
 D�����X�_�3�X� � �/�9�>���"�-�O� � ���-�_���ª�/�W�-�s�s���c�A�-�¡�-�1�{Þj� ß  ]�µ�-�!�/�
�>�_�����X�-�s������µM��� � ���{�ª�O�7�W�A�W�Ú�c�A�-� ���A�W�óåU�1�/�U�-�1�
�Xæµ�X�_�7�1�7�£�D�����È�����1�
���ª���1���"���>�W�¯ D�1�µ�������-�°�7���-�O�7�U�
�>�_�"�-�O� � �>�-�_�����D�/�]�O���9�7�/�-���>�>�����s�W�"�1�-�g�µ�_���O���������¯�7�)�UÛ
�Q�����c�A�-����� � �������/���o�/�1� � �_�s�9�"�>�1� � �(�/�O�R�-���m�c���_�(~��A���p´1�
 D���o�>�Aÿ!�s�-�s�U���1� � �����A� �����7�1�7�s���-�����>�_�"�-�O� � �>�-�_����� � �>�Y�A�
� ���-�³�7�W�"�g�c�����A�W��åW���/�U�-��� �Xæµ�X�_�7���X�x�/�c�-��� � �m�j�7� � �X�î�
�1�/�-�c�/���-���9�s�m�-�1�����Y���c�����"� ��� ���

µ/ñ
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power meter

photo cathode

video camera 1

quartz vacuum window
insertable mirror

Reference screen
with 0.5 mm
scale greed

electron beam

quartz plate
reflects 4% of the
laser light

mirror  remotely
controlled with a
piezo motors

mirror in the beam line
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�s� � �X� � �m�O�A�W�x���D~��_�1�K« � �>�c�c�A�-�x�-�����_�W�O�7�3���X�-�_��� � �X���j�7�s�
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Liquid  Helium plant

Beam extraction

Shield cooling

Photo cathode

Cryostat

Cavity

Laser system

RF generation

RF control
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Mains power subsystems Power or efficiency

Mains power Helium plant 106 kW

Beam power (100kW)  + RF loss of
the cavity and power coupler

100,3 kW

Sum 206,3 kW

Efficiency of beam power (100kW) 48,5   %

Mains power klystron power supply 400 kW

+ Mains power helium plant 506 kW

Total efficiency:

mains power to beam power
19,8  %
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