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CONTROL

Phase Shifter

450…9766ns

Width
0.5…4.6µs

Delay
450…9766ns

Divider
1:256 / 1:512

Phase Shifter

450…9766ns

Control via

PXI

MACROPULS

13MHz CLOCK

GUN CLOCK

TRIGGER

ADC CLOCK

SAMPLE/HOLD

BPM

analog

electronics

AOUT0

AOUT3

101.5625kHz/

50.78125kHz

101.5625kHz/

50.78125kHz

AI0

AI3

Electronics Modul for BPM Synchronisation

S/H

Inputsignals

from

Stripline BPM

PXI

ADC

AIN15

AIN 0

CLK

TR

16 Channels

4 Channels
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Constant   243.8
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Constant   188.3
Mean   307.5
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93/√2 = 66 ps
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¡ o�b5e-hfj"}Ab#o<o�bOqgi5sgjAc e�j"d�l®dfwae�`�b�hfm+r j�egjAd9t�q\j"lIe�bOl9egjAd9l�qUegd
sgbOh�}Aj"¨=b+e�` b­E)9�M;:/c sgdf«�b#i�eU`�h�qHh�}AsgbOh9o���r0bOb=l�c t r }"j~q�` b#o
?"v=C��²±�d_��bOk�b=s#�Deg` j~q�s�b#hf}"jA¨#h_egjAd9luj~q�l d�e�q�egsgh�jA�9`9e�wxd�sg�	h�sgo
h�l�o®q�d9m�b=e�j"m�bOqHq�b=k�bOsgh�}�d�c�egjAd9l�qH`�h$k9bRegd�r0b�i=d�l�q�j"o b=sgbOo
h�l�oue�bOq�e�b#o¥r0b=wxd�sgb�h®s�b#h�q�d�l�h�r }Ab�q�d�}"t�e�j"d�lue�dnh<i=b=s�eghfj"l
c sgd�r�}AbOm j~qHwxd9t l�oW� � ` b�c s�b#q�bOlIe+q�e-h_egt�q\sgb=c@d�s�e\jAlIegb=l�o q
egdzsgb=k7j"b=�nd9t s�m�hfj"l�h9i�e�j"k7j�egjAb#q({B��j�eg`+sgbOq�c0b#i�e�e�dUo�j=<@bOs�bOlIe
c�h�s�e-qadfw�e�` bH��`�d�}"bUq���q�egb=m {yhfl�o�c sgd��9s�b#q�q�m�h�o�b\q�d�wYhfs#�
� l�d�s-o�b=s	egd�i=d�l7k�bO��e�` b#q�bUh�i5e�j"kIjAe�j"bOq�q�t�iOi5j"l�i�eg}A�9� h+q���b=egi-`
d�w(eg` bUE)9�M;:�c@d9q�j�egs�d9l�c sgd�o�t�i5e�j"d�l�q�jAe�b9��r0b#hfm }"j"l b�� h�l�o
iOhfc jAegh�}�b
>It jAc�m�bOlIe­?"v=CQj~qz��j"k�b=l�jAl���jA�0�Av9� � l�o b5egh�jA}|�*e�`�b
wxd9}A}"d_��jAl���h9i-` j"b=k�bOm�b=lIegqai=h�l�r@bHsgb=c@d�s�e�bOo�m
?A@*BH»C@"DY»CEGF HIEGFKJ�LIMND
LIMu¿ 9D`7�7q�j~i=hf} o b5egh�jA}~qQsgb=�Ihfs-o�jAl��Fe�`�b
d_k9b=s-hf}"}Do�bOq�jA�9l®dfwad�t sRi=d�l7k�bOs�egb=sU`�h$k9b�h�}AsgbOh9o��/r@b=bOl<s�b={
c@d�s�e�b#o\b=}~q�b=��` bOs�bN?AvKC|� � ` b	i=d�l7k�bOs�egb=s(`�h�q(r0bOb=l+m�h�l7t�wYh�i5{
egt s�b#o�wxsgd�m�h+q�e-h�i-��d�w�³f£Rc jAb#i5b#q�d�w�egt l �9q�e�bOl�wxd9jA}*`�h$k7j"l �
£��Av�m�m eg` j"i-�7l b#q�qO�(h�l�o�r0bOjAl �/q�b=c0hfs-h_e�b#o�£��Av�m�mªwxsgd�m
b#h�i-`�dfeg` b=sR�§��jA�0� �9���2ODh�s�j"d�t0q�` d�t0q�j"l �9qad�w�e�` j~qFi5d9l7k�b=s�e�bOs
h�s�b©i=t sgs�bOl9eg}A�¤r@b=j"l �¤o bOq�jA�9l bOoµh�l�o¥e�b#q�egbOoµj"l·d9sgo b=s�egd
�9t�hfs-hflIe�bObQhas�b
>9t�jAsgbOoUi5d7d9}Aj"l �a�	hfe�bOsW¯�d_��dfwKPHvO� �[³�}¦O_m�jAlB�
QRLS@*TUB�V�T
W�¿y� ` bMo t m�cB� i5d9l9e-hfj"l j"l �RhRq�egh�jAl�}Ab#q�q�q�egb=b=}
egt r0bRdfw�wxd�t sF��j"l�o�j"l �Iqae�d�h�}A}"d_�µe�`�bRi5d7d�}"j"l ���	hfe�b=sa¯0d_�H�
�ah�qQiOh�q�eQwxs�d9m¶` j"��`�c t sgj�e���hf}"t m�jAl�jAt m�h_e G b=sg�9h��_h�o�bOm�j"b
�YX � sgb=j"r0bOs��0��¡	e+e�` b�wYh�i=b�o�j"s�b#i�egbOo®egd_�	h�sgo qHe�` b�b=}"bOi5{
egs�d9lpr@bOhfm��	h�q�egh�jAl�}Ab#q�q�q�egb=bO}a¯0hfl �9b�sgj"l �©`�h9q�r0bOb=l¤jAl�{

i5d�sgc@d�s-h_e�b#o/r7�/bO}Ab#i�e�sgd�l�r0b#hfm �	b=}~o�j"l ��e�d�wYh�i=jA}"jAegh_egb�wxt�{
e�t sgbFm�d�t lIegjAl �Hd�w*e�` b�e-hfsg��b=eDk$h9i5t t�m�i-`�h�mRr@b=s#��¡�l�hf}"t�{
m�j"l j"t m�s-h�i-�z�	h9q(i=d�l�q�e�sgt�i�egbOo��§��jA�0� �I�*e�dM` d�}~oHeg` by`�bOh$k7�
o�t m�cu��TU��³f£��I�7���@��` j~i-`©j~qMo�b#q�j"��l�bOo�h_eze�`�b+qghfm�b\egjAm�b
wxd�sHh�c�s�b#i5j~q�b+c0dIq�jAe�j"d�l j"l ��dfwDeg` b�o�t m�c���j�eg`©sgbOq�c0b#i�eze�d
e�` bFbO}Ab#i�egs�d9l+r@bOh�mÎh_­�j~qQh_eDjAegq�i5d�sgsgbOq�c0d9l�o�j"l �M}"d�i=hfe�j"d�l�jAl
i=h$k�b�v�v9v=r�h_e;Ey� G E��
Z @"ML¼�L�D[J*@�H8V�V�T HN\�@*T^]2L�M[¿ °�d9l�q�egs�t0i�e�j"d�l dfwÎh
c t sgc0dIq�b={|r t�jA}AeFegh�s��9b5eFk_h�i=t t m�i-`�hfm+r0bOsO��r�h�q�bOo�d�l/i=d�m�{
m�bOsgi=j"h�}A}"�¶h$k_hfj"}"h�r }"bpc�h�s�e-q�d�w�s-h�o�j~h_egjAd9l¶s�b#q�j~q�eghflIe<hf}"t�{
m�j"l j"t m���j~qat l�o�bOs��ah$��hfl0o�`0h�qar@b=b=l�c�h�s�eg}A��i5d�m�c }"b5egbOoW�
_;@�H8V�V�T`DaV�]2L�»bFKD
EcW2E�dY»bDeM6EGFgfC@"]2EGM6@"DaEGMNh�¿ ¡ q�bOs�jA{
d�t�qRc s�d9r }"b=m e�d©r@b�q�d�}"k�b#o�j"q+` d_��e�d/m�d9t lIeRe�`�j"q\e�t r@b
e�` sgd�t �9`<e�`�b�i=d�l�i=s�b=e�b�i-`0hfl l bO}�d�w�� �[��m }"b=l ��e�`pj"lneg` b
r�h�q�b=m�b=lIe·�§�(j"��� iI�5� � ` j~qnq�d�}"t�e�j"d�l�s�b
>It jAsgbOq�eg` b¢i5d9l�{
q�egs�t�i5e�j"d�l¢d�w\hnq�c@bOi=j"h�}Mm�d_k_hfr�}Ab�egsgh�l�q�c@d�s�e�q���q�egb=m��Fr7�
��` j"i-`�eg` b�h�qgq�b=mRr�}Ab#o©c j"bOi=bOqHd�w�eg` b�k_h�i=t t mªe�t r@bOq+i=hfl
r0b�m�d_k9bOo¤q�egb=cµr7�¥q�egb=cµj"l9egd®e�` j~q�i-`0hfl l bO}§� ¡Fl²h�o o�jA{
e�j"d�l�h�}�o�já<�i=t }Ae���h�s�j~q�b#q�wxs�d9m¶eg` b�wYh�i5eQe�`�hfeDe�`�bOq�b�k$h9i5t t�m
e�t r@bOqU`�h$k9b\egd�i=h�s�sg��i5d9c c0bOsM��j"sgbOqMjAl�d�s-o�b=sMe�d�c sgd7o t�i5b
h/m�hf�9l b5egj"i��9t j~o�jAl���´�b=}~o®wxd9s\e�`�b�c@d9q�j�egs�d9l<r0b#hfm��Qc }"t�q
i5d�j"}~q�m�h9o�b©d�w+i5d9c c0bOs���jAsgb/egd¤i=d�sgs�b#i�e�wxd9s�c@b=s�e�t�s�r j"l �
m�h���l b=e�j~ia´�bO}"o qO�I}Aj"��b�eg`�h_e	o�t bFegdHe�`�b�Eyhfs�e�`�h�l�o�k_hfsgj"d�t�q
m�j~qgi5b=}"}~hfl bOd�t�q�q�e�s-h$��´�b=}~o qO�
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� \�EGW�W�LIM���Q V�F�H
\�L�Mu¿	� ` bUi-` d9c c0bOs�o�bOq�jA�9l�hfl0o�jAegq	c@df{
q�jAe�j"d�l�h_eyeg` bzk$h9i5t t�m e�t r@b��7j"l9egb=l�o bOo�egd+`�d9q�e	hfl0o���t j~o�b
e�` b¤c@d9q�j�egs�d9l r@bOhfm hfe<j�e-q�hf­�j"qO�+`0h�q�r0bOb=l q�j"mRt�}"hfe�bOo
�Y��j"���[³���� � ` j~q©b=­�c0bOs�j"m�b=lIegh�}+q�b5e�t�c j~q©r@b=j"l �·r�t jA}Ae®jAl
d�t sam�bOi-`0hfl j~i=h�}W��d9s���q�` d�cB� � ` bHb=}"bOi5e�sgd�l j~izi5d�m�c@d�l bOlIegq
l b=b#o�bOo�e�d��9b=l bOsghfe�bzc t }~q�b#qas�b
>9t�jAsgbOo�wxd�sFi-` d9c c@b=sad�c@b=s-h_{
e�j"d�l�`�h$k9bzr@b=bOl�o�bOq�jA�9l bOo�h�l�o�hfsgbUi=t sgs�bOl9eg}A��r0bOjAl ��r�t jA}Ae
jAl�d9t sab=}"bOi�egs�d9l j~iM�	d�sg��q�`�d�cB�
� V�f�DY»���B�L�DaLSH¤D
E�M dah�deD
LSTæ¿�� ` bHbOl b=sg��j"bOq�h�l�o�e�` bHegb=m�{
c0d9sgh�}Fhfl�o¤q�c�h_egj"h�}�o�j~q�egs�j"r t�egjAd9l�q�dfwze�` b�c@d9q�jAe�sgd�l¥hfl l jA{
` j"}"hfe�j"d�l¶c `�dfe�d9l�q®i=h�s�sg� h�}A}+e�`�b¤sgba>It j"sgbOo j"l�wxd�sgm�h_e�j"d�l
hfr@d�t�e�e�` b�m�h_e�bOs�j~hf}~q�t l0o�b=s�jAl7k9bOq�e�j"�9h_egjAd9l�� ���|� � ` b=sgb5{
wxd�sgb��fc@d9q�jAe�sgd�l�}AjAwxb5egjAm�bFb=­�c0bOs�j"m�b=lIegqQt0q�j"l �\i5d9m�m�bOsgi=j"h�}A}"�
h$k_hfj"}"h�r }Ab�c `�dfe�d9mRt }Ae�j"c }"jAbOsHe�t�r0b#qRhfl0o�qgi5j"lIe�j"}A}~h_egd�s-q=��hfl�o
i5d9m�m�bOsgi=j"h�}A}"� h$k$h�jA}~hfr�}Ab b=l bOs��9�I{�q�b=l�q�jAe�j"k�b·`�jA�9` c t�s�jAe��
Pzb5{
o�b5egbOi5e�d�s-q�e�d¤m�b#h�q�t sgb/e�`�b6lMd�c�c }AbOs�r s�dIh�o�bOl j"l �pd�w
e�` b�h�l l j"` jA}~h_egjAd9l©s-h�o�j~h_egjAd9lB�*��jA}"}Qr@b+t�q�bOo©e�d�q�b5eHt c©d9t s
m�bOh�q�t sgjAl��©q���q�e�bOm���±Fd_�	b=k9b=s#��h�sgbOh�}�i-`�h�}A}"b=l���b�d�w�e�` j~q
q���q�e�bOm�j"q	egd�o�bOq�jA�9l�h�l�o�jAl�q�egh�}A}Bwxt }A}"��o�j"��jAe�j"¨=b#o�hft�egd�m�h_{
e�j"d�l<hfl0o�o�h_egh�h9ie>It j~q�jAe�j"d�l<q���q�egb=m�q=� � ` j~qHs�b
>It jAsgbOqzeg` b
s�b#hf}"jA¨#h_egjAd9l�d�wQh�c sgh9i�egj"iOhf}Bi5}"j"b=lIe�Ofq�bOs�k9b=sFq��7q�e�bOm k7j~h�i5d9s�{
s�b#q�c@d�l0o�jAl��H`�hfs-o7{(h�l�o�q�d�w�e��	h�s�b9�_e�` b�}"hfe�e�bOsy`�h$k7j"l �Ue�dHr@b
c t sgc0dIq�b={|��sgjAe�e�bOlB�
� d¤o h_egb��Fd9t s�be<@d9s�e-q�`0h$k�b/r@b=bOlµwxd�i5t�q�bOo·d�l¥e�`�b�sgbOh�}�{
jA¨#h_egjAd9l�d�wQc0dIq�jAe�sgd�l�}"j�wxb=e�j"m�b+m�bOh�q�t sgb=m�b=lIe-q=� r0h�q�bOo�d�l/h

qgi-` b=m�bHh�q�q�` d_��l�jAl���jA�0�Dù �
� ` b©`�hfs-o��ahfsgb���j"}"}zi=d�l�q�j"q�e�d�wHhpq�bOs�k9b=s�d9c0bOsghfe�j"l �®e�` b
m�bOh9q�t�s�bOm�bOlIeUq�b5egt cB�(h�l�o©wxd�t s\o�j"��jAe�j"¨=bOsgqzc }"t�qHc@b=s-q�d�l�h�}
i=d�m�c t�egb=s-qFegd�i=d�}"}Ab#i�eHhfl�o©b=k_hf}"t�h_egb\eg` b�o h_e-h �H� d9sUq�t c�{
c@d�s�eO�9wxt s�e�` bOs	c@b=s-q�d�l�h�}0i5d9m�c t�e�bOsgqym�h$��r@bUh�o o�b#o�e�d�hfj~o
eg` b�o h_e-h�h�l�hf}"��q�j~qO� � l�d�s-o�b=sze�d�h9i-` jAbOk�b�h�}"d��9j"iOhf}Qq�b=c�hf{
s-h_egjAd9l�d�wWwxt l�i5e�j"d�l�q	hfl�o�`�jA�9` b=s	q�hfwxb5e���jAl�o�h_egh\`�hfl�o }Aj"l ���
k7j"s�egt�hf}"j"qgh_egjAd9l/q�d9}At e�j"d�l�qzh_eze�` b�q�b=sgk�b=sz��j"}A}�r@b�h9o�d�c�egbOoW�
� ` j~q���j"}A} h�}A}"d_�nj"l�o�b=c@b=l0o�b=lIeDsgt l�{|e�j"m�b	b=l7k7j"s�d9l m�b=lIegq(wxd�s
o�j=<*b=sgb=lIe�egh�q���q�dfw@l b5e��	d�sg�I{�q�bOi=t s�jAe��Hhfl�o�h�o m�j"l j~q�egsghfe�j"d�lB�
� ` b�q�dfw�e��ahfsgb\wYhf}"}~qMj"lIe�d�e���d�o�j=<@bOs�bOlIezc�h�s�e-qKm���v$��q�b=sgk�bOs
i=d�m�c0d9l b=lIe-q+��j"}"}	r@b�s�b
>It jAsgbOo<wxd�s�e�` b�i=d�lIe�sgd�}	dfwMh9o$«�h_{
i=b=l�i=jAb#q=�Bh�t�e�d9m�hfe�j"d�lB�Wh�l�o©o hfegh�q�egd�s-hf�9b��H¡F}"}�e�` b#q�b���j"}A}
sgt l�h9q�h+��j"k�bOl�bOl9egj�e���hfe�eg` bUq�bOs�k9b=s#�	�|����¡ i=}Aj"b=lIea`�h�q�egd
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Ee = 30 MeV
Ie =  65 µA

Ee = 22.5 MeV
Ie = 100 µA
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pvbvhk��bQnVaxl�b�r>s�r>fkZ�jDZ�_4a � _4a�]`\xZ � axl�b�t4bv��h�pMbJnÍr>s[tAa.l[b�pMZ�s�}
ax\.Z+f�pvr�\xt ' %K$£} /5$�¨�:!*���Z+_4a � _4axn�a.l�b�r>s[r�fiZ+j r�s[t t4hkj�hiaxr�f
n.hij+s[r>f&axZ a.l�b�t�bv��hkpvbQnQ��$<s Z+\xt�bv\�a.Z � \xZ>axbQpMa^axl�b�pvr�\xt[n
]`\xZ � l[hij+l�pv_�\.\xbvsma&Z�\&��Z+f�aqr>j+byhksma.bv\.]Xr�pvbDpvZ�s���bQ\oaxbv\qnÍl[r2�+b
|HbvbQsu_[n.bQtu|HbMa�z�bvbvs�a.l�bct4bQ��hkpvbQn�r>s[t
a.l�b hks � _4a�Z�]3a.l[b
pQr>\qt�nv�
�&l�b�_�nobQ\�hisma.bQ\o]Xr+pMb^his�pMfk_[t4bQnAnobQ��bv\qr>f � Z4t4_�fkbQnQ�j«,b�z{hkfif
hksma.\xZ�t�_[pMb^a.l[b � nob � r>\qr�axbvfkw����&l�b�Z � bv\qr�a.Z+\�pvr>s n.bMa�a.l[b
�+Z�fiaxr>j+b¡]`Z+\�pvr�axl�Z4t4b r>s[t r>s�Z4t4b~a.l[\.Z+_�j�lul�hij+lu�+Z�fiaxr�j�b
pvZ�sma.\xZ�fkfibQ\Q� � a axl�b n.r � b�a.h � b+�ma.l�b � l�Z�a.Z4pM_�\x\xbvsma�pvr�s!|Hb
t4h�r>j+s�Z+n.bQt�]`\.Z � r�j�\qr � l�hkp3z{his�t4Z�z7z{hia.l~r�s~r+pvpM_[\xr+pMw^Z>]
*[�i�/, � �
�&l�b^axb ��� bQ\xr>a._�\xb�Z>]Íaxl�b!pvr>a.l�Z4t4b � fk_�j hkn�pvZ�sma.\xZ�fkfkbQtchks
axl�by\qr>s[j�b{]`\xZ � 10* 

	 a.Z^��*�* 
�	 |�w�r�t���_[n�axhis[j�a.l[b � Z�z�bQ\
Z�]�l[r�fiZ+j�bQs,f�r ��� Z�\An.bMa.a.hks�j�r>s9bM¤ � bQpMa.bQt9axb ��� bv\qr�a._[\.b+�
�&l�b �4��Y z{hkfifOpMZ ��� r>\xb&a.l�b � bQr�n._�\xbQt^axb ��� bQ\xr>a._�\xb3r�s[t
axl�b bM¤ � bJpBaxbQt~Z�s�b r>s[t~pvr�fkpv_�fkr>a.bya.l�bD\xb�%m_�hk\.bJt � Z�z�bQ\ ]`Z+\
l[r�fiZ+j�bQs~f�r ��� �

$<sAaxl�b�bQ��r � Z�\qr�a.Z+\�_�s[h�aÍpMZ+sma.\xZ�f � Z4t4_[fib+��_[nobQ\�pvr>s
r�aV¥[\xnoa
noz{hiaxpql^Z�sAa.l�b � Z4t4_�fkb&r�s[t�axl�bvs�pql�Z�Z+n.b�r�s^r+pBaxhi�+b�n.Z�_�\qpMb
� r>hk\Q� �&l�b � Z�z�bQ\~fkZ+r+t4his[j�Z�s7a.l�b9bv��r � Z�\qr�axZ�\~hkn pMZ+s4}
a.\xZ�fkfibJt0z{h�axl�a.l�b9r�pQpM_�\qr�pvw
Z>]!� � «$�&�4h � _�f�aqr>s�bQZ�_[n.fkw��
a.l�b�pM_�\x\.bQsma
r>s[t
��Z�fiaxr�j�b�fkZ+r+t4bQt9Z�s
a.l�b�t4hkn � bvs[n.bv\
z{hifkf
|�b�nol[Z�z{sca.Z�_[n.bv\J�D��bQpQr>_[n.b�axl�b^\.bJnoh�n�aqr>s[pvb�Z>]�bv��r � Z�\qr�}
a.Z�\&h�n���bv\xw�fkZ�z � *�� *�¨ 9 ]`Z+\&�)bvfkfk_�\.hk_ � n.Z�_�\qpMbDr>s[t�*��ª1 9]`Z�\,%�bJnohk_ � n.Z�_[\xpvbJ�B��a.l�b � bQr+no_[\.b � bQsma Z�]�\xbQn.h�n�aqr>s[pvb
h�n
\.bJr>fkhi�QbQt |�w t4bMaxbv\ � hks�hks�jcaxl�b¡�+Z�fiaxr>j+b¡t4h'&HbQ\.bQs[pMb~r�aAaxl�b
a�z�Z�bvs�t�n{Z>]Vbv��r � Z�\qr�axZ�\J�
�&l�b�nol�_4a.a.bv\&h�n � Z���bQt¡|�w!r
noa.b �~� Z>axZ�\J��z{l�hkpql�l[r+n ]`Z+_�\
� Zmnohia.hkZ�s[n��5n�aqr>\.a.hks�j � Z�hks+aJ�mpvZ���bQ\o}<r>fkf(�+pMZ���bQ\Ípvr>a.l�Z4t4byZ�s�fkw
r>s[t�Z � bvs�}£r�fif��Í�&l�b��4��Y pMZ+s+ax\.Z+fkn�axl�b�t4hk\.bJpBa.hkZ�s r>s�t¡axl�b
n�axb � n¡Z>] a.l�b,n�axb ��� Z>axZ�\�a.l[\.Z+_�j�l ' %K$£} /5$�¨�:!*>�
t�hij+h�aqr>f
� Z+\oaqn �
�&l�b^�4�3Yu\xbQr+t�n{��r�pv_�_ � � \xbQnxno_�\xb ]`\xZ � a.l�b
j+r>_[j�b�pMZ+s4}
a.\xZ�fkfibQ\Q�mr>s[t!n.Z a.l[byr�a.a.bQs+axhiZ+s!z{hkfif�|�b3axr>¢+bvs�hks�a.l[b3z{l�Z+fib
� \.b � r>\qr�axhiZ+s � \xZ�pvbQnxn�Z�s!a.l�b pql[r � |�bQ\ ��r�pv_�_ � ���&l�bv\xb�h�n
r
f�r�n.bv\&n.z{h�aqpql¡hks �4�3Y
r>s[t�r^n.pQr>s � Z4t4_�fkbD]`Z�\�a.l[b � bJr�}
no_�\xb � bQs+a5Z>]4axl�b �
� d���t4h�noa.\xhi|�_�a.hkZ�sAZ�]�a.l[b � l[Z>a.Z4pQr�a.l[Z�t�b��
� s�bv¤max\xr¡n.pQr>sc|HZ+r>\qt h�n�_[n.bQt axZ¡noa.bvbQ\�axl�b�¤�}£w�nxpvr�s�s�bv\J�
�&l�b3t4b � Zmnohia.hkZ�s�\qr�a.b{h�n�Z+|4axr�his�bJt
]`\.Z � a.l[by��w4pMZ+s��&l[hkpq¢m}
s�bQnxn���bQr�n._�\xb
���4�{� � |�Zmr>\qt!r>s[t¡nol�Z�z{s~t4hi\xbQpMa.fkw�Z�s�axl�b
� Z+s�hia.Z�\J�
�&l�hkn&pvZ�sma.\xZ�fHnow4noa.b � l[r+nÍ|HbvbQs!a.bJn�axbQt¡his�axl�b � l�Z>axZ4pvr�axl4}
Z�t�b�f�r>|HZ�\qr�axZ�\xw����&l�b&t4bvaxr>hkfkbQt�hks4]`Z+\ � r�axhiZ+sApvr�sA|Hb ]`Z+_�s[t
his \xbM]`bv\xbvs�pMbj6i�C8��
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$<s7�{Z+nxn.bvs[t4Z+\o] z{hk\xt0bQhis�b,no_ � \xr�fibQh�axbvs[t4b�'Íl�Z>axZ�bvfkbv¢ma.\xZ>}
s�bvs[¢2r�s�Z�s[b �(�4�3Y�}�-D_�s���bvsma�z{h�pq¢�bQf�aJ� � hkb�d fibQ¢+ax\.Z+s�bvs
z�bQ\xt�bvsA�+Z�s�bQhis[b � fkbvh�n�ax_�s�jmn.noaxr�\.¢+bvs;�3��}<e�r�n.bv\5r>_�n)bQhis[bv\
� l�Z�a.Z�bvfkbv¢ma.\xh�n.pql�bQs�r>¢ma.hk��bQs %��+nohk_ � a.bQfifk_�\xhkt[n.pql�h�pqlma~r>_�n�}
j�bQf �mn�aJ��t4hkb3r>_4];bQhis�bQ\�'Íl�Z�a.Z+¢2r>a.Z4t4b3r�_4]`j�bJt�r ��� ]²a�hknoaQ� � hkb
r>_[n.j�bQf �mn�axbvs�dÍfkbv¢max\.Z+s�bvs z�bQ\xt4bQs�t�r�s[r�pql � hiaoaxbvf�n~bQhis[bQn~�Z+l�fi\qr>_ � \xbQn.Z�s�r�a.Z+\xn&� %�r2�mhia�w���r>_�]�pvr�����*A�cb<��|HbQnxpql�fkbM}
_�s�hkj>aJ� � r t4hibg�4��Y)} -D_[s � h�a bvhks�bv\us�Z�\ � r>f¡fkbvhia.bQs4}
t4bvs * _ � ]`bv\x¢�r�a.l[Z�t�b
|�bva.\xhibQ|�bQs z{hk\xt���¢�r>s�s t�_�\xpql t�hib
|�bJn.pql[fibQ_�s�hkj�bvs�t4b�~3Z�pql�]`\.b�%+_[bvs��^bvhks « ��\ � bvbQhismax\xr�j���Z�s
j�bJn.pqlG�>a.�va.bvs���* «ª_�s[t � bQl�\5t4_�\qpql�t4hib � l�Z�a.Z�bvfkbv¢ma.\xh�n.pql�b
�4pql�h�pqlma&j+bvs�bQ\.hkbv\.a�z�bv\qt4bQs�� � bQ\Y« �>\ � bQbvhksma.\qr>j
t�bQn=���3}
e�r+nobQ\xn,|�bva.\��>j�a pQr�� *[� .�«$� � _�\xpql n.Z bQhis�b0¢+Z�s��Qbvs4}
a.\xhibQ\oaxb « �>\ � b�%m_�bQfifkb
¢�r>s�s$bQ��bQs+ax_�bvfkf
t�hib0� � \x_�s�j>axb � }
� bQ\xr>a._�\ct4bJn ~�Z+l�fi\qr>_ � \xbQn.Z�s�r�a.Z+\xnQ�{z�bvf�pql�bv\cr>_�]~��� ® *
r>|�j+bv¢ ��l�fia z{hi\qt;��bQ\.\xbvh�pqlmayz�bv\qt4bvs��A� � t4hibJnobJn����vbQs[r>\xhiZ
� \��2��bvsmaxhi� r>_[n.�v_�n.pql�fkhkb H�bQs���z{hk\xt
t4hib *�r�axl�Z4t4b���|�bQ\�bvhks�bvs
� r�nxnohk��bQs * _ � ]`bQ\.|[fiZ4pq¢4n
t�_�\xpql bvhks0�{bQn.bv\x��Z+hi\ � hia��G�[no}
nohkj�b � �maxhkpq¢4noa.Z0&�j+bv¢ ��l�fiaQ�
$<s YVhij��v��h�noa t�r+n *�r>a.l�Z4t4bQs�¢ ��l�f�now4noa.b � t�r�\.j+bQnoa.bQfifiaQ�
� hkb *�r�a.l[Z�t�b z{hk\xtªt�_�\xpql bvhks n � bv�QhibQfifkbQn �&r���Z+s�bMa.ao}
��bv\qn.pql[fi_[nxnxnow4noa.b � h � * ��l�fk¢#�+\ � bv\ � Zmnohia.hkZ�s[hibQ\oaJ� � hkb
|�bQ\ �[l�\.bQs[t4bQs7Y)f ��pql[bvs�nohks[t�¢+Z�s�h�nxpqluj+bM]`Z�\ � a!_[s[t��vbQs4}
a.\xhibQ\.bQs­t4hkb *�r�axl�Z4t4b |Hbvh9j�fkbvh�pql��Qbvhia.hkj�bv\ ��bQ\.j+\ �	H�bv\.a.bQ\
*3Z+smaxr>¢ma��K��pql�b+� t�hib bvhks�bvsª|HbQnxn.bv\xbvs « ��\ � b �[|�bQ\oax\xr�j
j�bQz���l�\.fkbvh�noa.bMaJ� � bv\ � s � \.bJn.nxt4\x_[pq¢
z{hk\qt���Z�s�bQhis[bv\&Y�bQt�bv\
r>_[n.j�b ��|4a�t4hkb�bQhis[b<* \xr>]²a
��Z+s�pvr�� 4�* / r>_�]`|�\.hks�j�aQ�
��bvh � ��bJn�a!t4bJn!��w4n�axb � n^z{hi\qt t4hibc�)b ��� bv\qr�a._[\�r�s t�bv\*�r�axl�Z4t4bvs[n � hia.�Qb � '5Z+nQ�v�J�M��t4b � * ��l�fk¢#�+\ � bv\&� '5Zmnv��1��)_�s[t
t4b � ��a.h�pq¢�noa.Z�&H\xbQn.bv\x��Z+hi\�� '5Z+nQ��4+�!j�b � bJn.n.bvs�_�s[t�t�_�\xpql
bvhks�bK~3bvhk� � r>a.\xZ�s�b�r>sAt4bQ\ *�r>a.l�Z4t4bQs[n � h�ax�vb�bvhks�b�t4bv¥[s�hkbv\.a.b« �>\ � bvf�r�noa&t4bQ\.*�r�axl�Z4t4bD�v_�j+bM]0��l�\.aQ�
$<sgYVhkj[��1�n.his�tgt�hib j�b � bQnxnobQs�bvsgn�aqr�a.hkZ�sK�>\xbvs �)b ��� bv\qr�}
a._�\xbvs��[|�bQ\�t4bQ\!bvfkbv¢max\.h�n.pql[bvs ~�bQhi�QfibQh�ax_�s�j�r�_4]`j�bva.\qr>j+bvs��
��bvhr4�*3« ~�bvhk�vfkbvh�noa._�s�j$|HbMax\*��j>a
t4hkb���b �^� bv\qr�ax_�\
r>s
t4bv\ *�r�axl�Z4t4bvs[n � hia.�Qbupvr[� �v�+* * z�Z+|�bQh^t�hib ��b �^� bv\.}
r�ax_�\At4bJn * ��l�fk¢#�+\ � bv\qn�r>_�]{pQr�� ��* * r>s�n�axbvhkj>a�_�s[t t[r�n
�ma.h�pq¢4n�axZ0&O\.bJnobQ\.�+Z�hk\)|Hbvh�]Xr�noaÍ¢�Z�s�n�aqr>sma.bQs ® * ��*��+bv\x|�fibQhi|�aQ�
� _[\xpqlct4hkbQn.bA�{bv]`bv\xbvs��Qz�bQ\oaxb�hknoa3bQn � ��j�fkh�pql��[t4_�\qpqlc�cbQno}
no_[s�j7t4bv\,��b �^� bv\qr�ax_�\ r � * ��l[fi¢	��\ � bQ\Q� t4hkb
bvhks�j�bva.\qr�}
j�bQs�b « ��\ � bvfkbvh�noa._�s�j,z���l�\xbvs[t t4bJn
��bva.\xhibQ|[n
t�bv\!�4��Y)}
-D_�s0�v_�|HbQnoa.h ��� bQs��g�4Z � h�a~¢2r�s�s0_�sma.bQ\¡r>s[t�bv\xb � bQhis
«,bQ\oa�]0��\�t4hkb t4hkbvfkbv¢ma.\xhknxpql�bQs7��bv\xfi_�n�axb9�+Z�s %��+nohk_ � a.bvfi}
fi_[\.h�t$|HbQnoa.h �^� a9z�bv\qt4bQs���z�bvf�pql�bv\,s�hkpqlma9his�t4bv\9e�hia.bv\.}

r>a._�\5��Z+\.l�r>s[t4bQs�hknoaQ�VdÍhksj« �>\ � b ��|Hbv\.a.\qr>j��Q_ � n._ � \qr>fkbvhi}
axbvs[t4bQs�~�Z�l[fi\qr>_ � \xbQn.Z�s[r>a.Z+\�h�n�a7s�_�\7t4_[\xpql « �>\ � bQno}
ax\xr�l�fi_[s�j�j�bQj�bQ|�bQs���t�r�|Hbvh�t4b��4w�noa.b � b�t4_�\qpql�bQhis�bQs��Ír>¢�_4}
_ � n � r>fiaAj+bMa.\xbvs[s+a^nohks[t;����bvh&t4bQ\Aj�b � bQnxnobQs�bvs �)b ��� bQ\o}
r>a._�\xbv\xl ��l�_�s[j,|HbMax\*��j>a¡t4bQ\r« �>\ � b ��|Hbv\.a.\qr>j t4_�\qpql0t4hib« ��\ � bQnoa.\qr>l[fi_�s[j�s�r�pql t4b � �maxbM]Xr>s�}£��Z�fia.� � r>s�s4}�-DbQn.bMax�
|HbMax\*��j>a¡s�_�\~z�bQs�hij+b � « 6i�C8�� �4Z � h�a�hknoa~bQhis �y_[bvs[pql4}
'Í\xZ��QbQnxn�t4bJn�~3Z�l�fk\xr�_ � \.bJnoZ+s[r�axZ�\qnv� z�bvf�pql�bv\,t4_�\qpql t4hib
« ��\ � bv�+bv\xfi_�n�axfibQhknoa._�s[j t�bv\ ~3Z�pql�]`\.b�%+_[bvs��chks7t4bv\+'Íl�Z>}
axZ�¢�r�axl�Z4t4b�r>_[n.j�bQf �mn�a&z�bQ\xt�bvs�¢#��s[s+axb���r�_[noj+bQnxpql�fkZ+nxnobQs��
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� bv\3�4�3Y�}�-D_�sB'Íl�Z�a.Z�f�r�n.bv\�bv\x�vbQ_�j>a 'Í_�f�nob h ��� no}£��bQ\.bQhkpql
� hia
bvhks�bQ\�«,bQfifkbvs[f���s�j�b!�+Z�s 10¨+15s � � � hkb¡e�bQhknoa._[s�j�t4bQn
e)r�n.bv\qn fihkbvj�a
|�bQh¡bMa�z&r �¦« h � ���3}£��bv\xbvh�pql�� � _�\qpql
t4hkb~n � bv�vhkbvfkfkbB%�r>bJnohk_ � axbvfkfi_[\.h�t�}��4pql�h�pql+aAt�bv\ *�r>a.l�Z4t4b�h�noa
t4hkb �y_[r�s+axbvs[r�_[n.|�bQ_4a.b�]0��\Ír>_�noj+bvf��+noa.b d fibQ¢+ax\.Z+s�bvs�pvr[�i�7�¡�
� hib&e�r+nobQ\xnoa.\qr>l[fi_�s[j{z{hi\qt � h�a
~�hkf�]`b�bvhks�bJnV� � hibQj�bvf�n.w�noa.b � n
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