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m%Y�u�xz[�h�e��*h�[zxz]{�¬egY�w�±�xzv�hix���h�w(w�xzv%[(j�u*��vp]_x�Q¢V�mújif�Y\[(^%u%[���Y�m
j�§-¦ �2��q j�§W[zj���XU`�jZ[�� �0�2�6q~Y\xzY�[(w,�yh�xzY\[,Y�®Bu%]gf£h�e_Y�mBx ° qR�yYl±¬`
[(Y���u*�\Y�wyx(v%YNw8u*[8§¨hZ�¬Y�qRu%jZmd§�u��å^!�Øh�§¨h��¬xzjZ[«j�§��5¨©������Q
V�ege¥q	h�xzY�[z]{h�e{w wzu%[([zjZu%m*��]gm%� xzv%Yâ��Y¬x(Y��¬xzj�[�w:v*h£f�Y0^�Y�Y\m

w(�¬[(Y\Y\m*Y��dx(j6q	]gm%]gq~]g¡\Y«[�h��%]_jBh���x(]_fZY,��Yl�\h£��w��«v%]g��v~�¬jZu%eg���%[(j�k
��u*�\Y�m%Y\u%xz[(j�m*w�QÖ¦�Y�u�xz[(j�m*wN[zYlw8u%e_xz]gm%�ö§­[(j�q [�h��%]_jBh���x(]_fZY~�%Y¬k
�\h£��w,j�u�x�w8]{��Y�x(v%Y6wzv%]gY\e{�Øh�[zY�q	j���Y�[(h�xzY���wzu�ªÖ�¬]gY\mBx(e_�~xzj~�%[(j�k
��u*�\Y	[zYl�¬j�]ge�Y\m%Y�[z�Z]_Ylw6^�Y\egji� jZu%[d��Y¬x(Y���x(j�[�xzv*[zYlw8v%jZeg�CQR¦�Y�u�k
xz[(j�m�wd�%[(j!�%u*�¬Yl�1]gm xzv*Yåwzv%]_Y�eg��^!��v%]_�Zv�k¾Y\m%Y�[z�Z�'�¬jBw8q	]{��k¾[(h£�
qRu*j�m*w×h�[(Y1x(h��Z��Yl�L^!�<xzv*Y�fZY¬x(j:w(�¬]gmBxz]ge_e{hix(j�[×�«]sx(v�h�móY\§ºk
���\]_Y�m*�¬��«@�0��¬ØQp©Ev%Yö�%j�q	]_m�h�mBx~u*mBfZY¬x(jBYl��m%Y�u�xz[(j�m ^*h���XBk
��[(j�u*m*�']{wNY\����Yl��xzYl��xzj¢h�[z]{w8Y~§­[(j�q m%Y\u%xz[(j�m*w��%[(j���u*�\Y�� ^!�
�¬jBw8q	]{��k¾[(h£��q�u%j�mâ]gmZx(Y\[�h��¬xz]gj�m*w×]gmHxzv%Yp�Eh�egegw×j�§�x(v%Y��\h£fBk
Y\[(mCQã�4fZY\mBx(w,��u%Y�x(jRm%Y�u�xz[(j�m�w,�\h�mÖ^�Y6��]{w�x(]_m*��u%]{w8v*Y���]gmÖ�*h�[8x
§­[(j�q j�m%Ylw��%u%YØx(j1�<ª�o'�,w�^�Yl�\h�u�w8Yåm%Y\u�x([zjZm*w�j�§ºxzY�m w(�\h�x8k
xzY�[#]gm¢q	j�[(Y�xzv*h�m¥j�m%Y���Y¬x(Y���x(j�[�h�m*�×]gmBxzY\[�h��¬x6hix�h�^�j�u�x�x(v%Y
w(h�q	Y�[(h�xzY�]_m¢S!]àh�m*�¥��Y�Q4�y�Ø�\j�mBxz[�h�w8x�`��<ª�o'�,wE�yj�u%e{�Øm*j�x
qRu*esx(]_�%egY¬k$w(�\hixzxzY�[�`�h�m��Öwz��h�e{h�[y�¬j�v*Y\[(Y\mBx��<ª�o¢� ]gmZx(Y\[�h��¬xz]gj�m*w
�yj�u%e{�Øj����¬u%[��R­Z¨úq~jZ[zY�j�§ºx(Y\m×]gm×��Y�xzv�h�mö]_m¢S!]C��Y\xzYl��xzjZ[(w�Q
�1Y6[zY���jZ[8x4v%Y�[zY�xzv%Y�h�m*h�e_��wz]gwãj�§Wxzv%Y@�*[(w8x«�yP�o'S	�<ª�o'�ãk

wzY�h�[���vó�%h�x(húx(h�X�Y\mHhix¢S!j�u��%h�mH��u%[(]_m%� xzv*Y���Y\[(]gj!�â����x(j�k
^�Y\[h�0��`@� �0�2�1xzv*[zjZu%��v<cBh�m!u*h�[(�®�0��`@� �0� �*Q0�1Y1j�^�x�h�]gm%Y��
�2�%Q ­ eg]_fZY �*h£�!wö�«]_xzvHxzv*Y §­j�u%['��Yph�m��Lx��yjLS!]N��Y¬x(Y��¬xzj�[�w
j�§Y�(©�ji�yY\[���� ° w8]_�×�\e_jBw8Y\k¾w8x(hZ��X�Yl�¯�Uª��L��Y¬x(Y��¬xzj�[�w�e{h�^�Y\egY��'h�w
�D� ° ��Yl±¬`��S� ° ��Yl±¬`H�;� ° ��Y£±�`��°� ° S!]º±�`H�S� ° ��Yl±�h�m*�¢�;­ ° S!]º±à§­[zjZq
xzjZ�¢x(jØ^�j�x8x(j�qÖ±�QN©àji�yY\[��~�Eh�w�jZ��Y�[(h�xzYl�¥�%[(Y\f!]_jZu*wze_�×]gm1h�m
]{��Y\mBxz]{�\h�eC�¬jZm��*��u*[(h�xz]gj�måh�xExzv%YRSBx�h�m�§­jZ[(�F��m���Y\[(��[(j�u%m��åt�hik
�¬]geg]sx�� ° S��6t=±¬`*hix#h	��Y���xzv×j�§'�.¦Nq���Y¢���/�/�¾Q
�4m%Y�[z�Z�	��h�eg]_^*[(h�xz]gj�m*w���Y�[zY���Y\[z§­j�[(q~Yl�Ø[(Y\��Y�h�xzYl��e_�Ö�%u%[z]gm%�

xzv*Y,[(u%mNu*wz]_m*�6h a8|z| �Eh«�Zh�q	q	h#w8jZu%[(�\Y4�«]_xzvR��]{w8xz]gm*��x(]_fZY,eg]_m%Ylw
hixd��� ­1X�Y�¤ h�m*���2�2�1XZY\¤RQ�©Ev%Y¥Y¬�%�¬Y�e_egY\mBxÖh��Z[zY�Y\q	Y\mBx	^�Y\k
x��yY\Y\m¢�*hix(hØh�m*�¥o¥jZmBxzY~�yh�[zegjÖw8]gqRu*egh�xz]gj�m*w�h�m*�öxzv*YRj�^�w8Y�[8k
fihix(]_jZm~j�§Uxzv%YY�/�%Q �dX�Y�¤ó��hde_]gm%YE§­[(j�qGm%Y\u%xz[(j�m�h��¬xz]gf£h�xz]gj�m	j�§
��Y�]_m*�%]g��hixzYl�	xzv�hixyxzv%Y�Y\m%Y�[z�Z�~��h�eg]_^*[(h�xz]gj�mÖ�Eh�w�h��\�\u%[�hixzY#xzj
�«]_xzv%]gm¥hR§­Y��0��Y\[��¬Y�mBx�Q
©Ev%Y xz[(]_�Z��Y�[¥[(h�xzYpj�mH�%v%jZm%j�m�wz]_�Zm*h�e{wö§­j�[¢xzv%Y��<ª�o'�ãk

wzY�h�[���vÜ�%h�x(h [(u%m*w:�Eh�w��R�%Q��0��¡Z`×�«]sx(v h [zYl�¬j�]ge_k�Y�m%Y\[(���
xzv*[zYlw8v%jZeg� j�§R�P�öX�Y�¤ ° �K�'X�Y\¤Ü§­j�[+���l±�Q¢©Ev*YØqRu*j�mpf�Y\xzj
wz]_�Zm*h�e{w~��Y�[zYö[zYl�¬jZ[(��Yl��]gm:h1x(]_q	Y¥v%]{w�x(j�[(�p^%u��UY\[�§­jZ[	Y�h���v
��Y\xzY��¬xzjZ[Exz[(]_�Z��Y\[lQ=©Ev%Ydw8u%q	q	Y��åf�Y\xzj	[�hixzY�h�^�jif�Y6xzv*[zYlw8v%jZeg�
�Eh�w��R­2�0�Ø�#¡�`�q�h�]_m%eg�1�%u%Y~xzj¢h�q�^%]gY\mBxd�Zh�q	q�h�w�Q	Vyxdxzv%]{w
[�hixzYZ`C�yY~[(Y���Yl��xNh�^�j�u%x���¬ j�§�Y\fZY\mBx(w��«]_xzvphZ�\�¬]{��Y�mZx�h�e=f�Y\xzj
�¬jZ]_m��¬]{��Y\m*�\Y�w=]gm	xzv%Y��2�R Cwã^�Y\§­j�[(Y�hd��Y¬x(Y��¬xzj�[=x([z]g���ZY\[lQàP�hix�hik
®Bu*h�eg]_x��	�\u�x(wy[(Y���Yl��xyxzv%YY�P�0¬ j�§CY�f�Y�mZx�w4x(v*hix«wzv%ji�Lh�m!��w8]g��m
j�§=v%]g��v%Y�[E�%[zY\k�x([z]g���ZY\[Em%jZ]gwzY�j�[E��jBwzwz]g^%e_Yd�*]_egY¬k¾u%�CQ
�1Y	��Y\[z§­j�[(q~Yl�1hö^%eg]gm*�1h�m*h�eg��w8]{w�`W]_m��«v%]{��v'x(v%Y�m!u*�¬egY�h�[8k

[(Y��¬jZ]_eZ[zY���]gj�m�§­j�[àxzv*Y,�<ª�o¢�4k¾wzY�h�[(��vd�%h�x(h«�Eh�w�m%j�x�]_m*wz��Y���x(Y��
u%mBxz]ge=h�egeà�¬u%x(w�h�m*�¢h�m*h�eg��w8]{wEx(v%[zYlw8v*j�e{�%w��yY\[(YR��Y	�*m%Y��¢u*w8]gm%�
±³²]´B±³µ:¶ �Zh�q	q�hØh�m*�¢m*Y\u�x([zjZm1�\h�e_]g^%[�hix(]_jZm*w ° w8Y�Y~t�]g�*Q��l±¬QRV
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�\j�q�^%]_m�hixz]gj�m1j�§E]_jZm%]g¡�hix(]_jZm�k¾�B]gY\e{�'h�m*�1�%v%j�m*j�m�k�xz]gq	]_m%�¥�\u�x(w
[(Y���Yl��x�w#f!]g[8x(u*h�ege_�¥h�e_eã�\h�e_]g^%[�hix(]_jZm¥Y\egY���x([zjZm¢[(Y��¬jZ]_e{w6�«v%]_egY	h���k
�\Y\��x(]_m*�åq	jZw8x�j�§4x(v%Y�m!u*�\e_Ylh�[�[zYl�¬jZ]_e{w\Qd©Ev%Y~�%v%jZm%j�m'xz]gq	]_m%�
�\u�x(wöh�[(Y'^�h�wzY��<jZmL^�j�xzvóxzv%Y��%v%jZm%j�mL[(]{w8Y'xz]gq~Y h�m���xzv%Y
�*v%j�m%jZm¢w�x�h�[zx�xz]gq	Y�[(Y\e{hix(]_fZY�xzjØxzv%Y�]_jZm%]_¡lhix(]_jZm¢w8]g��m*h�e�Q6tà]g��k
u*[zY_�#�%Y\q	j�m*w8xz[�hix(Y�w�xzv%YE[(Y���Yl��xz]gj�m~�\h��*h�^%]geg]sx��dj�§*xzv*Yy�*v%j�m%jZm
w8x(h�[8x�xz]gq	YØ§­jZ[~h���Y���ª��=Q��1Yö[(Y�®Bu%]g[zYl� [zYl�¬j�]geyY\m%Y�[z�Z�1^�Y¬k
x��yY\Y�m]���£r;���0��XZY\¤â§­jZ[6h�ege���Y���Y¬x(Y���x(j�[�w«Y¬�%�\Y\��xP����`*�«v*jZwzY
e{h�[(��Y�[Um%j�]{w8Yã[(Y�®Bu%]g[(Y���h�mdh�m�h�eg�!wz]{w�xzv%[(Y�wzv%j�e{��j�§Ç� �EXZY\¤p]gm�jZ[8k
�%Y\[Cx(j�Y\m�w8u%[(Y,�\j�q	�*h�[�h�^*e_Yã[(Y���Yl��xz]gj�m�Qàt�]_�Zu%[(Y
��wzv%ji��w�h��\j�m�k
wzY\[(fihix(]_fZY�Ylw�x(]_q�hix(Y�j�§yxzv%YÖ�\j�q�^%]_m*Y��1Y>ªÖ�¬]gY\m*�\�'j�§Eh�e_e4�\u�x(w
jZm¢h��<ª�o¢�0w8]g��m*h�e�Q«©Ev%Y~�¬u�x�w#�!]gY\e{�¥hÖwz��Yl��xz[(u%q~k$h£f�Y\[�h��ZY��
Y	��Yl��x(]_fZYöY\����jBw8u%[(YØj�§"�/�%Q �1X!��k$�%h£��w�^�Y\x���Y�Y\ma�/�£r;���2�¢X�Y\¤
§­jZ[�h+­2����Y\¤IÉi�\n��<ª�o¢�=Q
©�h�^%egY	ª#eg]gw8x(w�x(v%Y	j�^*wzY\[(f�Yl�¢[�hixzYlw�j�§�fZY¬x(j�k$h�mBxz]{�¬jZ]_m*�\]g�%Y\mBx



�

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
0

5

10

15

20

25

Ionization Yield

P
ho

no
n 

S
ta

rt 
Ti

m
e 

(µ
s)

8 ( 9K7U��ÿ_*,
0�/#���#F�¾ü8�>�$ü#ü�!$�dýK&£ý��������_!$��#�!$·��\ü�!$��#×
0!bý��sþÊ�O���YË[g�g>Á=�
%£�	�I�N�	C[���	�N!$62�8�\ü�!$�/# ý�&£ý�#iü�� û þ0!s���I��#!þ0���'��#BþÌ`�¸�`¬�-��#Bý���ü����/#2C
���	�N!$62�8�\ü�!$�/#pý�&lý�#iü�� û þ0�\ü����R!N#'ü�
Bý	ý�#Bý���%\
h�8�	#�%�ýÖ���BGi�£���lý�JÌ!$#
þZýzü�ý��(ü����5¹X<�!$#]U°�B��ý���?�7Í4�!$#Bý��Y!$#!þ2!$���\ü�ý	ü�
0�0!$�����ãü�!$�I!$#�%¥�	#!þ
!$�/#0!N·��\ü�!$�/#2C¨
2!bý��sþR����ü���
���ý������Tü�!$#�%'!$#K
�!$%/
�# �����bý��>��C[��ý����/!$��ý�ÎI��!bý�#0�(

��#Bþ~�R�$�B�¤�8�\ü�ý_���;�I!N��!sþ�ý�#iü�!$�Bý�þ"���2���º�	��ý�ý�&£ý�#iü���7

0 20 40 60 80 100
0

0.2

0.4

Recoil Energy (keV)

E
ffi

ci
en

cy

8 ( 9K7.º�ÿZ½SÎI��!bý�#0�(
P�	�*ü�
ZýV���/�K6�!$#Bý�þK���Zü��à���à�Q�O��#0�(ü�!$�/#I�	�X��ý����/!$�
ý�#Zý���%�
i
 6��\ü�
������ãü�
Bý
6��$!$#!þR��#B���T
2��!$� û ���/�$!sþH�=��#BþP�O���ãü�
Zý'�$ý����/#!þ%

#���#0C[6��$!$#!þ¢�	#!���T
2��!$� û þB�	��
Bý�þ��E7hU�
Bý5�¾ü�ý����¬üR���Ê�£ý�JÏ!$�Nþ0�ZýRü��
¹;?/W �E�\�	C[�£ý�J:��#B���T
2��!N�4ü�
0��ý���
��/�sþÇ7

Y\fZY\mBx(w�]gmNx(v%YE�<ª�o¢�ãk$w8Ylh�[���vN�%hix�h%`i�«]_xzv~]_jZm%]g¡�hix(]_jZmN�!]_Y�eg��Y\]_k
xzv*Y\[�]gmöxzv%Y"ÐP�2Ñ'�Bh�q	q�h�^�h�m*� ° �z�Zh�q	q�h�w��Z±�jZ[«^�Y�e_ji�óxzv%]{w
^*h�m*� ° q	jZw8xzeg�úw8u*[8§¨hZ�¬YöY\egY���x([zjZm [(Y��\j�]gegw�±�Q:V�m*h�e_��wz]gw�wzv%ji��w
xzv�hix6h�^�jZu�x�v*h�e_§=xzv%YNwzu%[z§¨h��\YdY\egY���x([zjZm×[zYl�¬j�]ge{wE�«]sx(v¥]_mBxzY�[(hZ��k
xz]gj�m�w4]gmÖj�m%eg�	hNw8]gm%�Ze_Y#�%Y¬xzYl��x(j�[ ° �zwz]_m*��egY�w��Z±ãh�[zY���u*Y�xzjR^�Y\x(h
��Yl�\h£��wEj�§4�¬jZmBx(h�q	]gm*h�mBx�wEj�m¢wzu%[8§¨hZ�¬Ylw\`��«v%]gegYdxzv%YRj�xzv*Y\[�v*h�es§
h�[(Yd§­[(j�q Y\egY��¬xz[(j�m*w#Y���Yl��xzYl�¥§­[(j�q m%Y�]_�ZvB^�j�[(]gm%��q�hixzY�[z]{h�e�^!�
�Zh�q	q	hö[�h£��w ° [zY\§­Y\[([zYl�¢x(j¥h�w��8Y���Y��¬xz[(j�m*w��Z±¬Q���h�q	q	hö[�hix(Y�w
h�[(YR�P�2��¬âv*]_�Zv%Y\[yhixyS!jZu*�%h�m	xzv*h�m�xzv%Y��	��Y�[zY�h�xES��6t�`!�¬jZm�k
wz]gw8xzY�mZx��«]sx(v¥xzv*YRv%]g��v%Y�[6�«m'e_Y�f�Y\e{w#h�x�S!jZu*�%h�m¢h�m*�×x(v%Y�h�^�k
wzY\m*�\Y�j�§�hF�¬k$�¬q~k�xzv%]{��XØh�m*�¬]gY\mBx8k$�4^åe_]gm%Y�[«�«v%]g��v¥wzu%[([zjZu%m*��Yl�
xzv*Y���Y\xzY��¬xzjZ[(wàhix=SÇ�#tyQi©�j�x(h�eBw8u*[8§¨hZ�¬Y¬k¾Y\fZY\mBxC[�hixzYlw�h�x=S!jZu*�%h�m
h�[(Y�h�e{w8j×wzj�q	Y\�«v*h�xdv%]_�Zv%Y\[�x(v*h�m hix�SÇ�#ty`��¬jZm*wz]gw8xzY�mZxd�«]_xzv
xzv*YNh��%��]_xz]gj�m�h�eWY���Yl��x([zjZm*wy§­[zjZqìxzv*Ydv%]_�Zv%Y\[«�Bh�q	q�h~[(h�xzY�Q
�1YØ�\j�q	�%u�x(Y�xzv*YØm!u%qR^�Y\[Rj�§«Y\egY��¬xz[(j�m�k¾[zYl�¬jZ]_eãY�f�Y\mBx�wdY¬�!k

��Y���x(Y�� xzjÜ^�Y q	]{w8]{��Y�mZx(]N��Y�� hZwLm!u*�¬egY�h�[ó[(Y��\j�]gegwó]_m x(v%Y
�<ª�o¢�4k¾wzY�h�[(��vp�%h�x(h¢^�h�wzY��pjZmpxzv%Y¢a8|z|l�Eh¢�\h�e_]g^%[�hixz]gj�m w8Y\x(w
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u�w8Yl�Øx(jÖ��Y¬x(Y\[(q	]_m%YNxzv%Y�x(]_q	]gm%�Ø�¬u%x(w�Q�t*hZ��x(j�[(]_m%�	]gm¢w8��w8xzY�q�k
h�xz]{�dY\[([(j�[�w\`%�yYNYlw�x(]_q�hix(Y"�XÕ �RÐÍ�XÕ ��q	]{w8]{��Y�mZx(]N��Y��¥Y�f�Y\mBx�w�]gm
���,h�m*�dh�xzj�x(h�eZj�§X�XÕ �XÐ��ÇÕ£��q~]{wz]g��Y�mBxz]��*Y��dY�f�Y�mZx�wC]gmdxzv*Y,j�x(v%Y\[
��Y���Y\xzYl��xzjZ[(w�Q�V#wNh×��v%Yl��XU`C��Y�h��%�%eg�¢xzv*YÖwzh�q~Y��\u�x(w�x(j¢h
�%]N�UY\[(Y\mBx4w8Y\x�j�§Wa8|z|l�Eh6��h�eg]_^*[(h�xz]gj�m*w�`i�¬j�mBx�h�]gm%]_m*�"�ZQ ��xz]gq	Y�wãh�w
q�h�mB�¢wzu%[z§¨h��\Y~Y�f�Y�mZx�w�h�w�]gm'x(v%Y��<ª�o¢�ãk$wzY�h�[���v'�%h�x(h*QÖ�6m*Y
Y�f�Y�mZx ° h�x
� �6X�Y\¤�]gm¢���l±à�*h�w(wzY�w=h�ege%�¬u�x�w\`�]_m	h��Z[zY�Y\q	Y\mBx=�«]sx(v
x(v%Yd�%[(Y\f!]gj�u*wyY�w8xz]gq�hix(Y�Q
o¥jZmZx(YØ�yh�[(e_jöw8]gqRu%e{hix(]_jZm*w��%[(Y���]{��x5�R�*Q �0­Öm%Y�u�xz[(j�m*w��%[(j�k

�%u*�¬Yl� §­[(j�q qRu%jZm ]gmBxzY\[�h��¬xz]gj�m*wHjZu�x(wz]g�%Y@xzv%Yìwzv%]_Y�eg�%]_m%�
° q	jZw8xzeg�Öf�Y\xzj�k$h�mBx(]g�\j�]gm*�¬]{��Y\mBx�±�`�h�m*�¯�R�%Q ­ ° f�Y\xzj�k¾�\j�]gm*�¬]{��Y\mBx�±
m*Y\u�x([zjZm*w~�%[zj���u��¬Y�� ]gm*w8]{��Y×x(v%Y¥w8v%]gY\e{��]gm%��§­j�[	x(v%Y¥�<ª�o¢�ãk
wzY�h�[(��vL�*hix(h*QìV�e_xzv%jZu%��vóxzv%YM�2Ö����p[�hix(]_j ]gwö[(j�^%u�w�xl`«xzv%Ylw8Y
m!u%q�^�Y�[(w	v�h£f�Y×h��\j�q	q	j�m §¨h��¬xzj�[	j�§Y�P�'u%m*�\Y\[zx(h�]gmBx��ú��u%Y
x(jpxzv*Y¢��j!jZ[ÖX!m%ji�«e_Yl����Y¥j�§�xzv%Y¢m*Y\u�x([zjZm:�*[zj���u*�¬xz]gj�m<[�hix(Y
h�x�xzv%Ylw8YÖ��Y���xzv�w\QØS!]gm*�\Y~m*j¥f�Y¬x(j�k$�¬jZ]_m*�\]g�%Y\mBx�m!u*�\e_Ylh�[zk�[(Y��\j�]ge
��h�m*�%]g�%h�xzYlwRh�[(YØjZ^*wzY\[(f�Y���]gm�x(v%Yå�<ª�o'�ãk$w8Ylh�[���v �*hix(h*`=xzv%Y
Y\����Yl��xzYl�Lm!u%q�^�Y�[åj�§Nf�Y¬x(j�k$h�mBxz]{�¬jZ]_m��¬]{��Y\mBxØm%Y�u�xz[(j�m�wØq�u*w�x
^�Y � � �*Q ��Y\fZY\mBx(w«h�x��2�H¬Ü�6Q },Q
©Ev%]{w<^%eg]_m�� h�m*h�e_��wz]gw�j�§1x(v%Y×�*[�w�x0S�j�u*�%h�m �yP6o'S ªzª

�<ª�o'�ãk$w8Ylh�[���v��*hix(húw8Y\xå[(Y\f�Ylh�e{w�m%j mBu��¬egY�h�[zk¾[zYl�¬j�]ge«Y\fZY\mBx(w
]gmh�2�%Q ­~X!��k$�ö[(h£�0Y¬����jZwzu%[zY�]gm¥j�u%[���YR��Y¬x(Y��¬xzj�[�w�Q�t�]_�Zu%[(YI�
�%]gwz�%e{h£�!wRxzv*Yå]gj�m%]g¡�h�xz]gj�m��!]gY\e{��j�§#�<ª�o¢�ãk$wzY�h�[���vpY\fZY\mBx(w�]gm
�Z��`X�;�%`�h�m*�F�S�N�«v%]{��vØ�*hZwzw�xzv*Y�w(h�q	Y��¬u�x�w«h��%�%eg]gY���x(j~��h�eg]sk
^*[(h�xz]gj�m��%hix�h�]_mÖt�]g�*Q���Q=V#w,wzv%ji�«m	]gmÖtà]g�*QH��`�xzv%Ylw8Y#�*hix(hdxzj�k
�ZY¬x(v%Y\[��«]sx(vå�¬jZ[z[(Y�wz��j�m*��]gm%�N�%h�x(h�§­jZ[Q�D��w8Y\xyh�m�u%�%��Y\[ye_]gq	]sx
jZmöxzv%YN�<ª�o'�ãk¾mBu��¬egY\j�m¥�\[zjBwzw8k¾wzY��¬xz]gj�möj�§��Ê¨]���Ç����|d�¬q�nNhix
x(v%Y+�2��¬ �6Q }4QWhixdhÖ�<ª�o'�óq�h�w(w6j�§�­0�å��Y\¤IÉi��nN§­jZ[�w(�\h�egh�[
° w8�*]_m�k¾]gm*��Y\��Y\m���Y\mBx�±E�\j�v%Y�[zY�mBxy]gmBxzY\[�h��¬xz]gj�m*wEh�m*�åh~w8x(h�m��%h�[��
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�<ª�o¢��v*h�e_j�Q
V«§ºxzY�[åu*mB^*e_]gm*��]gm%��x(v%Y�mBu��¬egY�h�[zk¾[zYl�¬j�]ge«[(Y\��]gj�m�`«��Y¥§­jZu%m*�

xzv�hixEj�u%[y�%u%e{w8Y\k:�*x8xz]gm%�	h�eg��jZ[z]_xzv%qì��Ylw8]g��m*Y��	x(j�v*h�m*��egY�w(hix(u�k
[�hixzYl�N�%u*egwzY�w�v*hZ�N^�Y\Y\m~]gm*h���fZY\[zxzY�mZx(e_�du�w8Yl�dxzj�h�m�h�eg�B¡�Y�q	jBw�x
j�§�x(v%Yyu%m*w(hixzu*[(h�xzY��N�%u%e{w8Ylw�]gmdxzv*Y��<ª�o¢�4k¾wzY�h�[(��vd�%h�x(h*Qà©Ev%]{w
h�eg��jZ[z]_xzv*q �Z]_fZY�w,wzeg]_�ZvZx(e_�~�yj�[�w8Y�Y�m%Y\[(���~[(Y�wzj�egu�xz]gj�m	x(v*h�m�x(v%Y
]gmZx(Y\m*�%Y��dh�eg��jZ[z]_xzv*qöQC©Ev*Y4e_]gq	]sxà]_mNt�]g�*Q��y^*hZw8Yl��j�m�xzv%Y,^%e_]gm*�
h�m�h�eg�!wz]{w ° wzj�eg]g�	eg]gm%Yl±,�¬j�[([(Y���x(e_��h��\�\j�u%mBx�wã§­j�[4xzv%]{w,Y	��Yl��xlQ���Y
v*h£fZY�h�e{wzjå��Y\[z§­j�[(q	Y��¢höw8Yl�¬jZm*�W`Wm%jZm�k�^*e_]gm*��h�m*h�e_��wz]gw�`Uu*w8]gm%�
xzv*Y�]gmBxzY\m���Y��1�%u%e{w8Y\k:�*x8xz]gm%�×h�eg��jZ[z]_xzv%q h�m��¥xzv*Y	w(h�q	Y�^%e_]gm*�
�¬u%x(w�`�[(Y�wzu%esx(]_m*��]gm�hI�0¬âv*]_�Zv%Y\[ã�<ª�o¢�p�%Y¬xzYl��x(]_jZm�Y	ª��\]_Y�m*�¬�ZQ
©Ev%]{wdh�m*h�e_��wz]gw�[(Y�wzu%e_x(w�]gm�jZm%Y~mBu��¬egY�h�[zk¾[zYl�¬j�]ge=�\h�m���]g�*hixzY ° hix
­ ��X�Y�¤�]_mÊ�S��±¬`��¬jZm*wz]gw8xzY�mZx=�«]_xzv~xzv%YEY\�!��Y��¬xzYl��wzu%[z§¨h��¬Y\k�Y�f�Y�mZx
q	]gwz]{��Y\mBxz]�����hixz]gj�m	®Bu%j�x(Y��~h�^�jif�YZQàt�]_�Zu%[(Y_�6]gm*�¬egu*��Ylw�xzv%Y«jZ��k
xz]gqRu*qK]gmBxzY\[(fih�e
����­.��e_]gq	]sx�^*h�wzY��åj�möx(v%]gw6w8Yl�¬jZm*�öu%m!^%]ghZw8Yl�W`
^%u�x�m*j�m�k¾^%eg]_m*�C`*h�m*h�e_��wz]gw ° �%h�wzv%Y��öeg]_m*Yl±�Q
VyxP­0�å��Y\¤IÉi��n�`Uxzv*Y�wzY�eg]_q	]_x(w�h�[(Y�hÖ§¨h��¬xzj�[�j�§ã§­j�u%[�^�Y\egji�

xzv*Y¢^�Ylw�xå�%[zY�f!]_jZu*w	e_]gq	]sx�wØwzY¬xØ^!�:�,P��,}Z�L�4ª8S%SÒ�������¾`�h�m*�
hú§¨h���x(j�[öj�§RY�]_�ZvBxö^�Y¬xzxzY\[×x(v*h�m0j�u%[×eg]_q	]_x¥�«]sx(vLxzv*Y w(h�q	Y
©àji��Y�[@�#hix«S��#t����/����Qã©Ev%Ylw8Y#�*hix(hR�¬j�mÇ�*[zqGx(v*hixyY\f�Y�mBx(w,�%Y¬k
xzYl��x(Y��1^B�'�yP�o'S1hixNS��#tLh�m*�×x(v%jZwzY~�%Y¬xzYl��x(Y��1^B�¥��P6��}Wk
�L�4ª8S*SN�yY\[(Y�m*j�x,h6�<ª�o¢� w8]g��m*h�e�Q���m���Y\[=x(v%Y«h�w(w8u%q	��x(]_jZm*w

j�§,håw8x(h�m*�%h�[(�×v*h�e_jåq	j!�%Y\e�`Wj�u%[�m%Y\� e_]gq	]sx�w�h�[zY~�¬egY�h�[zeg�å]gm�k
�\j�q	�*h�xz]g^%e_Yd�«]_xzv¢xzv%YN�*u%^%eg]gwzv%Y��¥P#V#o¢V w8]g��m*h�eW[zY���]gj�m)����¦��
]_§«]sx~]gwR��u%Y�x(j'wz��h�e{h�[N�\j�v%Y�[zY�mZxN�<ª�o'��]_mBx(Y\[�h���x(]_jZm*w�Q¥�6u%[
m*Y\��eg]_q	]_x(w=wz]_�Zm%]N���\h�mBx(e_�d�¬jZm*w8xz[�h�]gmNw8u%��Y\[�wz�Bq	q	Y¬x([z]{�4q	j���Y�egw
u*m*��Y\[�wzj�q	Y6xzv%Y�j�[(Y¬x(]g��h�e�§­[(h�q	Y\�yj�[(X!w4xzv*h�x��%e{h��¬Y��yY�h�XÖ�\j�m�k
w8xz[�h�]gmBx(wyj�m¥wz�!q~q	Y\xz[(�Zk¾^%[(Y�h�XB]gm%���*h�[�h�q	Y¬x(Y\[�w °Eá/â£ã0â �£¦!`X���­±�Q
©Ev%]{wE��jZ[zX�]{w«wzu%�%��j�[zxzY��Ø^!��xzv%YN¦6hix(]_jZm*h�eCS��\]_Y�m*�¬Ydt%jZu%m�k

�*hixz]gj�m:u%m*�%Y\[å��[�h�mBxØ¦�j�Q4V6S�©yk��2�H¦.�0�Ç�2�Z`4^!�pxzv*Y'P#Y��*h�[zx8k
q	Y�mZx×j�§~�4m%Y�[z�Z�:u*m*��Y\[×�¬jZmBxz[�h���x�wåP��ãk$V#�'�2��k�¦ ­ZS�t��0�2�2�0�%`
P��ãk$tà�P�0�ik��2�Z�,�_���0� ­0�%`LP��ãk$tà�P�0�ik��Ç�����_�0�0­Ç�/�%`<h�m*� ^!�
t*Y\[(q	]_e{h�^C`«jZ��Y�[(h�xzYl� ^!� xzv%Yä��m%]gf�Y�[(wz]sx(]_YlwØ�«Ylw8Ylh�[���v:V6wzwzj�k
�\]gh�xz]gj�mC`àª$m*��Qg`�u%m*��Y�[~��j�mBxz[�h��¬xN¦�j*QàP6�4k¾V#�'���£k�¦.­B�y�K�2�0�2�2�
�«]_xzvØxzv%Y�P6Y\�*h�[8x(q~Y�mBxyj�§à�4m%Y�[z�Z��Q=©Ev%YY��ª��ú��Y\xzYl��xzjZ[(w��yY\[(Y
§¨h�^%[(]g��hixzYl�	]_m	x(v%Y�S!x(h�m%§­j�[���¦#h�m*j�§¨h�^*[z]{�\h�xz]gj�m�t*hZ�¬]ge_]_x���jZ��Y�[8k
h�xzYl��u%m*�%Y\[	¦6S�tyQã��Yö��Yl��]{�\hix(YØx(v%]{w���h���Y\[�xzj �«j�m:�«jZw(w\`
�«v*j~��h�w(w8Yl�åh£�Eh£�	^�Y\§­j�[(Y�xzv%Ylw8Y�[(Y�wzu%esx�w«�\h�q~Y�x(j~§­[zu%]_xz]gj�m�Q
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