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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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  32.11    /    24
Constant   243.8
Mean   1744.
Sigma   3.125

68 ps

corr. time (r1+r2)/2 - (r3+r4)/2
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  44.49    /    37
Constant   188.3
Mean   307.5
Sigma   4.057

93/√2 = 66 ps
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Ee = 30 MeV
Ie =  65 µA

Ee = 22.5 MeV
Ie = 100 µA
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hkn 1���* 9 r>s�t /'& � h�n���¨�. 9 ��Y�Z�\ � � � �5�����!� � r>s�t¡axl�bj�\qr�t4hkbvsma � bvsmaxhiZ+s�bQt r�|�Z��+b!r���Y � Z�z�bv\t4hknxn.h � r>a.hkZ�s Z�]10¨=«�h�n)bM¤ � bJpBaxbQt;�5�&l�b�noaxr>a.h�p l[bQr�aVfibJr>¢ z{hkfif�|Hb�fkbQnxn�axl[r>s10*=«$���&l[b^|�r�n.hkp�t4bJnohkj�s9Z>]�a.l�b¡����Y7j+_�s9pv\.w+Z+noaxr>aDz&r�n
r�t4Z � a.bJtD]`\.Z � axl�b d�e���d,pv\.w+Z � Z4t4_�fkbY6 1!8+z{l�h�pqlApMZ+smaxr>hks[n
a�z�Z¡��� 4 -/~��3�&d��4e � pvr2��hia.hkbQnÍr�s[t�h�n�t4bQ��bQfiZ � bJt^]`Z�\ %K«
Z � bv\qr�axhiZ+s¡z{hia.l ��*Í��b<� � bv\ypvr2��h�a�w+�
YVhij��v�An.l�Z�z�n3r~nobJpBaxhiZ+s[r>f5t4\qr2z{his�j�Z�]Ía.l[bpM\xw�Zmn�aqr�aJ�y�&l�b
n�aqr>hks�fkbQnxn^noa.bQbvf{��r�pv_�_ � �+bQnxnobQf&l[r�n�r pMw�fkhis[t�\.h�pvr�f&n.l[r � b
z{h�axlu�+� 4 � fkbvs[j>a.l r>s�t *�� :0. � t�hkr � bva.bQ\Q�^�&l�bF~3b � Z+\oa
r>s[t�a.l[b:/

� �
Z+\oa!r�\.b�Z�sua.Z � Z+s�axl�b \.hkj�lma�l[r>s�tun.hkt�b��

Y�\xZ � a.l�b � Z�\.a{a.l[b�~�b:��Z�z�n�a.l�\xZ�_�j+lcr�l�bQr>a.bv\ � Z�ayr>s[t
a.l�bya�z�Z>} � l[r�n.b3n._ ��� fkw�a._[|�b hks+axZAaxl�b pql�h � s�bQw�Z>]�axl�b/~�b
axr�s�¢O��Y�Z�\�axl�b9pvZ�Z�fkhis�juZ>]�axl�b9a.l�bQ\ � r�f n.l�hkbvf�t;�3fkh %+_[hkt
s�hia.\xZ�j�bQs h�n _[n.bQt;���&l�b ® * *�nol[hibQfkt9pMZ+s[noh�noaxnDZ>]&r�pvw�fihks4}
t4\xhkpQr>f � fHn.l�bvbva�z�bvf�t4bQt^axZ�a�z�ZApMhk\xpv_�f�r>\�ax_�|�bJnÍ¥�fifkbQt�z{hia.l/
�
�Í�&l�byfkh %+_[hktW/

�
axr�s�¢�his~a.l[by_ �[� bQ\ � r>\.a�Z�]�a.l�b � Z4t�}

_�fkb � _[noa�|�b�\xbM¥�fifkbQt r�]²axbv\�r�|�Z+_4a .5l�]`\.Z � Z�_�axn.hkt4b+� �&l�b
fih %m_�h�t /

�
hkn�r�fkn.Z3_[n.bQtA]`Z�\5axl�b{pMZ�Z�fkhks�jyZ�][axl�b � l�Z�a.Z pvr�axl4}

Z4t4b�n�axb � ���&l�b %�n
�
�)b � l�Z�a.Z�b � h�n.n.hkZ�s�fkr2w+bv\�r>s�t^a.l�b�%�_

pvr>a.l�Z4t4b!noa.b � r�\.b�s�Z+\ � r�fÍpMZ�s�t4_[pBaxhis[j[� �&l�b!l�bJr�a�fkZ+r�t
]`\.Z � axl�b,��Y ¥[bQfkt0hksma.Z axl�bQn.b � r�\oaqnv�&bQnoa.h � r�axbQt a.Z |Hb
|�bva�z�bQbvs9��*�r>s�t�1�*=«$�4|�_�\qt4bvs�n�a.l�b�fkh %m_�h�t:/

�
|[r>a.l��

�&l�b�pQr2��h�a�wDhkn � r+n.n.hi�+bvfkw � \xZ>axbQpMa.bQtAr>j+r�his�n�a)r � |�hkbvsma � r�j>}
s�bMaxhkp�¥[bvf�t�n|mw � bQr�s[n�Z>]3r¬,O} � bMaqr>f�nol�hkbvf�t;� � f�r�pvbQt |HbM}
a�z�bQbvs¡a.l�b ® *�* n.l�hibQfkt�r>s�t!axl�b �2r+pM_�_ � ��bJn.n.bvf��$£axn{n._ � }
� \xbQnxnohkZ�s~Z>]Va.l�b�bJr>\.a.l � r>j�s[bMa.h�py¥[bvf�t�z�r+n � bQr�n._�\xbQt;�=$<s
a.l�b \.bQj�hkZ�s z{l�bv\xb a.l�b�/�|7pvr2��hia.hkw�z{hkfif3|�b � fkr+pMbQt���axl�b
\.bJnoh�t4_[r�f � r>j�s[bMa.h�p�¥[bvf�t^hknÍ|�bQfiZ�zg�¦,��
z{l[hkpql�h�n5a.l�b{fkh � hia
t4_�\xhis[jaxl�b�pMZ�Z+f�}<t4Z�z{s 6k�98£�
�&l�bY~�b&aqr>s�¢�h�n � r�t4b&Z�]�axh�aqr>s�hk_ � �V�&l[\.bQb&noaxr�his[fibJn.n�noa.bQbvf
|�bQfifkZ�z�n&r>\xbyhksma.bQj�\qr�a.bJt�]`Z�\&axl�bDa�z�Za._[s�his[j�n.w4n�axb � n&r>s[t
]`Z�\{axl�b � r�sm_�r>fkfiw¡a._�s�bJt�pql�Z+¢�bD¥[fia.bv\DpMbQfif����&l�b�axbvs a.l[his
a.hiaxr�s�hi_ � n � Z+¢�bJn�no_ �[� Z+\oa�axl�b ~�b�axr>s[¢ur>s�t r�fifkZ�z�axl�b
r�t2��_�n�a � bQsma�Z�]yaxl�bcpvr2��hia�w � Zmnohia.hkZ�s����&l�b ��*�¢C« � r�his
� Z�z�bv\�pMZ+_ � fkbv\�z{hkfif{|Hb�a.l�bcnxr � b�a�w � b fihk¢�b~a.l[b�Z+s�b�his
a.l�b�d�e���d�r�pvpvbvfkbv\qr�axZ�\ � Z4t4_[fibJnv�
Y�\xZ � Z�_4aqnoh�t4b!hiaAh�nAr>f�n.Z � Zmn.n.hi|[fib�axZ � Z���b�a.l[b¡pvr>a.l�Z4t4b
no_ ��� Z+\oaAr�s[t pMZ�Z�fkhks�j�now4noa.b � z{l�h�pql
r>fkfiZ�z�nDaxl�b¡r+t2��_[noao}
� bvsma�Z>]Va.l�b � l�Z>axZ�pvr�axl�Z4t4b�z{hia.lc\xbQn � bJpBa&a.Z�axl�bApvr2��hia�w��
Y�Z+\�a.l�r�a�\.bJr�n.Z�s��)a.l�\xbvb~\.Z�axr>a.hkZ�s ]`bvbJt�}�a.l�\xZ�_�j+l bM¤4h�n�a^his
a.l�b�|�r�pq¢4noh�t4b � f�r�a.b�Z�]�axl�b���r�pM_[_ � �+bQnxnobQf(�

o)p����32���L �� · Ã ¼+¸oº�¬o¶ Ã ¹<¹�h²¹.¸x¬v±`° ÃvÂ ®vº&¯v°k¸M½ ÃC> ±`¾�¸�Á+© « e » Â
¬.¶X³ Ã ¹q±(®>±�Î
$<s 10*�*+.�r>s[t^10*�*�¨�axl�b � r�his pvZ ��� Z�s�bQs+aqn3z�bv\xbAZ+\xt�bv\xbQt
r�s[t�]Xr>|[\.h�pvr>a.bQt�� � � l�Z�a.Z�j+\xr � l�Z>];axl�b � r>\.a.fkw�r+n.n.b � |�fkbQt
pv\.w+Z+noaxr�a�h�n � \.bJnobQsma.bQt�his YVhkj[��14�ye)r�axbv\Dhis r�_4a._ � s 10*�*�¨
axl�b pM\xw�Zmn�aqr�a�z�r+n!pMZ ��� fibva.bQfiw r�nxnob � |�fkbQt hks0a.l�bcz�Z�\x¢m}
n.l�Z � � � ��r+pM_�_ � pql�bJpq¢¡r>s[t�axl�bApvZmZ+f�}<t4Z�z{s�z{h�axlcfih %m_�h�t
s�hia.\xZ�j+bvs~z�bQ\.b�pvr�\.\xhkbQt!Z+_4a3n._[pvpvbQnxn�]`_�fkfkw��

o)p����C;��+)�¾ Ã ± Ã9e ¶o®qµ4¾ ÃC> ±`¾4¸ ¬.¶X³ Ã ¹q±(®>±�f2®J¬<Ê>¹<°k¼m¸½�°²±`¾ ±�» Â ° Â�e
¹X³�¹q±�¸o· µ[®M¶q±`¹��4¬q®>±`¾ Ã ¼m¸&¬ Ã�Ã º�¸�¶�® Â ¼ *4® Â�e ¸ >�Ã ¶5µ4¾ Ã ± Ã ¬q®>±`¾ Ã ¼m¸
¸�Ëm¬�¾�® Â�e ¸vÎ
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$<s�axl�bÍw+bQr>\qn¦10*�*�.&r�s[t:10*�*�¨{r&s�bvz � l[Z>a.Z4pQr�a.l[Z�t�bÍfkr�|�Z+\xr>}
axZ�\xw�z�r+n5|�_�hkf�a�his�Z�\qt4bQ\)axZ � \xZ��mh�t4b)%�n

�
��b � l�Z>axZ�pQr�axl�Z4t4b

z{hia.l r�%m_[r�sma._ � b�,!pMhkbvs�pMw ���� d�� ��Z>] � Z�\xb a.l[r�s � � bv\.}
pvbvsma�]`Z+\y��*�*�l[Z�_�\qnÍz�Z�\x¢�his�j�a.h � b3]`Z�\�a.l�b n._ � bQ\xpvZ�s[t�_[pBa.}
hks�j~�3Y0j�_�s � \.Z���bQpBaJ�D��bJpvr>_�nob�hia s�bvbJt�n3_[f�ax\xr¡l�hij+l���r�pM}
_�_ � �)a.l[b � \xb � r�\xr>a.hkZ�s,pql�r � |Hbv\�h�n�hks[noaxr>fkfkbQt9his rcpvfibJr>s
\xZ�Z � Z�]&pvfkr+n.n���*�*�*[�!�&l�h�n � _�fia.h ]`_�s[pBaxhiZ+s pql[r � |�bQ\�his4}
pvfi_[t�bQn{axl�b�bQ�2r � Z+\xr>a.Z+\{_�s�hiaQ�Opvr�axl�Z4t4b�l�bJr�axhis�j�� � %�j+r � �
n.l�_4aoaxbv\Ír>s�t � r+no¢�n._�|[n.w4n�axb � �>hks+axbvj+\xr>a.hks�j3axl�b&]`_�s[pMa.hkZ�s[n
Z�]5pQr�a.l[Z�t�b � \.Z4t4_�pBa.hkZ�s��[t4h�r>j�s[Z+noa.h�pDr�s[t�bv��r>fk_[r>a.hkZ�s�� � �
axZ s�Z�z��Va.l[b¡��r�pv_�_ � his
a.l�b � \.b � r>\qr�axhiZ+s pql[r � |�bQ\Al[r+n
\xbQr+pql�bQt^��* =�� � |[r>\�hks�axl�b pMZ+fkt�n.hia._[r>a.hkZ�s�r>s[t���* =	� � |[r�\hks Z � bv\qr�a.hkZ�s��
�&l�b %�n

�
��b � l�Z>axZ4pvr�axl�Z4t4b � \xZ4t4_[pMa.hkZ�s h�n � bv\.]`Z�\ � bQt

hks a�z�Z7z&r2w�n�� n�aqr>s[t�r�\xt � bva.l�Z4t r�s[t pMZ�}�bQ��r � Z�\qr�a.hkZ�s
� bMaxl�Z4t;� �&l�b9]`Z�\ � bv\ch�n�a.l�b bv��r � Z+\xr>a.hkZ�s�Z�]^r�fi¢�r>fkhks�b
f�r2w�bQ\�Z���bQ\{a.l�bAa.bQfifk_�\xhi_ � f�r2w�bQ\�Z�s n._�|[noa.\qr�axb����&l�bfkr>a.bQ\
h�n�r�t4Z � a.bJt�s�bQz{fiw his %�d � / � l�Z�a.Z�b � h�n.n.hkZ�s f�r>|HZ�\qr�axZ�\xw6k�98yr�s[t � bJr>s[n^axZ bv��r � Z�\qr�axb~axl�b a�z�Z,bQfib � bQsmaxn!n.h � _�fi}
aqr>s�bQZ�_[n.fiw+�&dÍ��bQ\.w � \xb � r�\xr>a.hkZ�s � bva.l�Z4tcs[bvbQt[n{a.l[bnxr � b
� \xbM} � \.Z4pMbJn.n��Va.l�b � \xb � r>\qr�a.hkZ�s~Z>]5pvr�axl�Z4t4b � fk_�j!r>s[t¡a.l[b
n.Z�_�\qpMb^t4bvjmr�nyr>s[t�t�b � Z+n.h�axhiZ+s \qr�a.b^pvr�fihk|�\qr�a.hkZ�s��Hr�s[t a.l[b
� Z+noao}�a.\xbQr>a � bvsma � \xZ�pvbQnxnv�

o)p���� 2���)�¶.¸<µ�®v¶o®>±`° ÃMÂ ¬�¾�®v·jf�¸�¶5° Â ¬.ºk¸x® Â ¶ Ã�Ã ·�Î
�&l�b!n._�\.]Xr�pvb � \.b � r>\qr�axhiZ+s Z>]�a.l�b!pQr�axl�Z4t4b � fi_[j � \.hkZ�\DaxZ
axl�b!t4b � Z+n.hia.hkZ�s h�n ��bQ\.w h ��� Z+\oaqr>smaQ��$<s,Z+_�\ bM¤ � bQ\.h � bvsmaQ�
axl�b�pvr>a.l�Z4t4b � fk_�jmn�r>\xb � r�t�b{Z>] � Z+fiw�|Ot4bvs�_ � Z�\ÍpMZ ��� bv\J�
� h &Obv\xbvsma&b9&ObQpMaxn�Z>]�axl�bQn.bya�z�Z�¢�hks[t�n�Z>]Vno_�|�n�ax\xr>a.b3Z+s�a.l[b
pQr�a.l[Z�t�bb ,�pvhibQs[pMw l[r2�+b�s�Z�aD|HbvbQs,t4bva.bQpMa.bJt�_ � axZ~s[Z�z��
�&l�b � \.Z4pMbJn.n�Z�]5n._�\.]Xr�pMb � \xb � r�\xr>a.hkZ�s~his[pvfi_�t4bQn � Z�fkh�nol�hks�j��
pvfibJr>s�hks�j[��t4bvjmr�nxnohks�j,r�s[t
hkZ�su|�bJr � |HZ � |[r>\qt4hks�j[�
�&l[b
� fk_�jmnAr>\xb � r>s�_[r�fifkw � Z�fkhkn.l�bJt;��r>s[t9axl�b~r2�+bv\qr>j�b^\xZ�_�j+l4}
s�bJn.nr>s[r�fiw��QbQt9|�w � bv¢maxr�¢ � \.Z�¥[fibQ\Apvr�s \.bJr�pql0��:4� 1�s � �
�&l�b � bJpql[r>s[hkpQr>f � Z�fkhkn.l�z{hkfif+|�b t�bv��bQfiZ � bJt noZ�Z�sDaxZ�bvs[n._�\xb
axl�b¡t4h � bvs[n.hiZ+s[r>f _�s�hi]`Z�\ � hia�w9Z>]{r>fkf�pvr>a.l�Z4t4b � fi_�jmnv� � ]²}
axbv\�axl�b � Z�fkh�nol�hks�j��[_�fia.\qr�n.Z�s�h�p�pMfkbQr�s�hks�j!z{hia.l�t4bva.bv\xj�bQsmaxnQ�
� _[\.b�z&r�a.bQ\Dr�s[t � _�\xb^r�fkpvZ�l�Z+fVz{hkfkf�his,a._�\xs9|�b�_[n.bQt;��$<s
axl�b¡pql[r � |Hbv\�axl�b � fk_�j�z{hkfif |�b�t4bvjmr�nxnobJt hks ��r�pM_[_ � r>a
r�|�Z+_4a��*�*�
 %y�H|�_4aDa.l[bA\xbQn.hkt4_�r>f�jmr�n�pvZ�smaxr � his[r>a.hkZ�scz{hkfif

fibJr2��bAr!a.l�hksc¥[f � Z>] �Qs � pQr>\x|�Z+scZ�scaxl�b�no_�\.]Xr�pvb!�Or>s[t
a.l�_[n�hks^]`_4a._�\xb{hkZ�s^|�bJr � |HZ � |[r>\qt4hks�jDz{hifkf�|Hb � bQ\o]`Z+\ � bQt
a.Z!pMfkbQr�s¡axl�b�n._�|[noa.\qr�a.b�n._�\.]Xr�pMbya.Z!r>a.Z � fibQ��bQ\Q�
%�bQn.hi_ � n.Z�_[\xpvb
hkn9pMZ ��� bQ\xpvhkr�ft4h�n � bQs[nobQ\ ]`\xZ � � � d��-DbMaoaxbv\qnv�{r�s[tua.bvfkfk_�\.hk_ � noZ+_�\xpvb hkn�ax_�s�jmn�axbvs0|�Zmr�a!z{hia.l
� bQf�axbQt9��b+���&l�b^n.Z�_[\xpvbQn � _[noaD|Hb�t4bvjmr�nxnobJt his,�2r+pM_�_ �
|mw¡fiZmr�t4hks�jr^n � r�fif;r � Z+_�sma�Z�])l�bJr�axhis�j � Z�z�bQ\�z{l�hkfkbyaxl�b
pvr�axl�Z4t4bcno_[\o]Xr+pMb r>s[t
a.l�b axl�hkpq¢�s�bJn.n � Z�s[h�axZ�\qn^r�\.b pMZ��m}
bv\xbQt |mw r n.l�_4aoaxbv\J� � ]²a.bQ\ca.l�b pql[r � |Hbv\ ��r�pv_�_ � l�r�n
\.bJr�pql�bJt�axZ^��* =	� � |[r>\J�2a.l[b�nol�_4a.a.bv\�h�n�\xb � Z���bJt�]`\xZ � axl�b
a.l�h�pq¢�s�bQnxn � Z�s[h�axZ�\�z{l[hifkbÍaxl�b pvr>a.l�Z4t4b�no_[\o]Xr+pMb�h�n)noa.hkfif � \xZ>}
a.bQpMa.bJt;���&l�bvs�axl�b{l�bQr>a.hks�j � Z�z�bQ\�\.h�nobJnVa.Z�j+bMa�axl�b � \xZ � bv\
t4b � Z+n.h�axhiZ+s�\xr>a.bJn�Z�s0axl�b�axl�hkpq¢�s�bJn.nB&2\qr�axb � Z+s�hia.Z�\qnQ� $<s
Z�_�\Dpvr�n.b���a.l[b�a.bQfifk_�\xhi_ � \qr�axbAh�n3n.bMa r>|HZ�_4a/*��k�vs � &�n3r>s[t
a.l�b�pMbJnohk_ � \qr�a.bAhkn r�nyfkZ�z r�n3r�\.Z+_�s[t¬*[� *[�vs � &>nv� «�l�bvs
a.l�b!bQ��r � Z�\qr�a.hkZ�s9Z>]&axl�b¡n.Z�_�\qpMbJn ¢�bvb � n�aqr>|�fkb��)a.l�b~pvr�axl4}
Z�t�b n._�\.]Xr�pvbyh�n&bM¤ � Z+n.bQt!hks~]`\.Z+s+a{Z�]�a.l�b�n.Z�_[\xpvbQnQ�mr�s[t!axl�b
t4b � Z+n.h�axhiZ+s Z�s pvr�axl�Z4t4b�no_[\o]Xr+pMb�n�aqr>\.axnQ�

o)p��
��;��� Â ¹<°k¼m¸�¯v°k¸M½ ÃC> ±`¾4¸�µ4¶.¸<µ�®v¶o®�±`° ÃMÂ ¬<¾4®v·Ff�¸o¶BÎ
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a�z�Z�bvs�t�n{Z>]Vbv��r � Z�\qr�axZ�\J�
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n�axb � n¡Z>] a.l�b,n�axb ��� Z>axZ�\�a.l[\.Z+_�j�l ' %K$£} /5$�¨�:!*>�
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�&l�b3t4b � Zmnohia.hkZ�s�\qr�a.b{h�n�Z+|4axr�his�bJt]`\.Z � a.l[by��w4pMZ+s��&l[hkpq¢m}
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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\
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t4bvs * _ � ]`bv\x¢�r�a.l[Z�t�b
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�4pql�h�pqlma&j+bvs�bQ\.hkbv\.a�z�bv\qt4bQs�� � bQ\Y« �>\ � bQbvhksma.\qr>jt�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_�bvfkft�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\xtt4hib *�r�axl�Z4t4b���|�bQ\�bvhks�bvs
� r�nxnohk��bQs * _ � ]`bQ\.|[fiZ4pq¢4nt�_�\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|[nt�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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e)r�n.bv\qn fihkbvj�a
|�bQh¡bMa�z&r �¦« h � ���3}£��bv\xbvh�pql�� � _�\qpql
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lG�>s�j+hij+b � \xbvl�_�s�j t4bQ\ * bvhkf � f�r�a.a.bQs9h�noa bQhis[b�'5r�\xr�fifkbvfk��bQ\o}
n.pql�hkbv|[_�s�j t4bQn!��a.\qr>l�f�n�_ � bQhis[hij+b ��hifkfih � bMaxbv\ � ��j+fih�pql��
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s�bva.h�p�nol[hibQfkt~hkn�his[t�hkpQr�a.bJt¡hkscYVhij��b14���&l�b�pQr2��h�a�w�h�n{|�w�]Xr>\
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