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q1fTM]YPC1S�MPEjD<MPS<} I5fTG<R5Y8f1E&EjS_OQCTG<R1KdO�G-yhO�D<RhH]KdgiS�MQGlYPK^DFRTH F^;HG H]fB%h%<S~HnY�YPCTGlY Y8C1S�O�MPDFHPH{H8S_O /Y8KND<R:KNHLWTM8DFWhDFM]YPK^DFRTG-y
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Present(Exclusive)
Mizoi et al(Exclusive) [6]
R.N.Boyd, et al. (Inclusive) [4]
X.Gu, et al. (Inclusive) [5]
8Li(α,n)11B(G.S.) [3]
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K `T- } Rhk8UPU�� MPS_GFO©YPK^DFR��²G<O�S~H�YPC1S�C1K1%FC1S_H]Y?� DFf1yND<E @ @ G-MPM8KNS�M�D-��Y8CTKNHLOQCTG<K^R�} G<RTg
Y8CTS CTG<y � / yNK � S D-�B+��
KwKNH D<R1y A / s5t)EjH43lYPC1S�MPS�� DFM8SF}~K^Y�KNH(G�O�MPfTO�KNG<y5H]Y8S_W K^R�RwfTO�yNS�D5H A R5Y8C1S~H]KdH_�
���' �� 56.�7 (4/ �i% =s=O�����B8:% /-=	� . 24#�%<=?*J=
[ YLKNHLGxO�D<RTg1K YPK^DFRr� D<MpY8CTSjH A R5Y8C1S~H]KdH�D<� C1S~G¡|5KNS�MpS�yNS�EjS�R5YQH�YPCTGlY?G H]f ��O�K^S_RFYLRwf1E @ S�M
D-��H8S�S_gZRwfTO�yNS�K @ S G¡|lG-KNydG @ yNS<��[ Y�CTGFH @ S_S�R @ S_y^KNS�|FS_gxY8CTG-Y�D<R1y A CTS_G¡| A }wKNM8DFR0/ WXS_G<c�S�yNS�/
EjS�R5YPH)G<M8S�D-�
KNEjWhDFM]YQG-RTO�S�GFH H8S�S~g�RwfTO�y^S_Kb� )�D[{+S�|FS�M~}FRTS�Y {+D<MPcjO_G-ydO�f1ydGlYPK^DFRTH M8S~O�S�R5YPy A
O�G<M8MPKNS_g?DFfiY @5A B S�MQG<HPG�{)GJS�Y�G-y � F H G H8f2%h%FS_H]Y YPCTGlY�MPS_G<O�Y8KND<RTH(D<�Ty^K&%<C5Y�R1S�f1Y8MPD<R0/ M8KdOQC�Rwf0/O�yNS�K�O_G-R K^R68Tf1S�RhO�SLY8CTSLG @ f1RTgTG-RTO�S�WTM8S~giKNO�Y8KND<RTH)D<� C1S~G¡|wK^S_M+S_y^S_EjS�R5YPH @wA G�� f1yNy�D<MQgiS_M
D-� E�G�%FR1K^Y8fTgiSF��B)C1S_H8S�O�G<yNO�f1yNG-Y8KND<RTH G-MPS @ G<H8S_gjDFRjH8f1WXS�MPR1Dl|lGLEjDwg1S�ydH G<HPH8f1EjK^R2%LYPCTGlY
O�DFRTgiK^Y8KND<RTH @ S�Y {+S�S�RrY8C1S�S�iW1yNDFH8K^DFRrH]CTDwOQcF/ {+G¡|FS G-RTg Y8C1SjH]fTM]�²GFO�S D<�{Y8C1S�M8S_E�G-KNR1K^RB%
O�DFM8S:9 GxR1SJ{ R1S_fiY8MPD<RrH]YPG<M/9 �²G¡|<DFf1M - WTG-M8Y8KdO�yNS_HpG-RTg � M8S_S�R1S_fiY8MPD<RTH�Dl|<S_M�C1S_G¡| A
RwfTO�yNS�K }XY8CwfTH�O�DFRTHnYPK YPfiY8KNR2% G-RrKdgiS_G<y S_Rw|5KNMPD<R1EjS�R5Y�� DFM�YPC1Sa3�/ W1MPDwO�S_HPHpG<RTg - / O_G-WiYPf1MPS
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q(K1%Ff1MPS ; � �1��VJS~G<O�Y8KND<RvWTGlYPCF{)G A H�yNS_GFgiKNR2%xYPD O�G-M @ D<R KdH8D-Y8DFWhS~H���q(K1%Ff1M8S�YPG<c<S_R � MPD<EF H G
MPS_G<O�Y8KND<RTH `�- #&% TJ[ RwKWQwQ k���[\RjY8C1S�S~G-yNK^S_M H]YPGh%<SJD-� YPC1S�S�iW1yNDFH8KND<R�}<Y8C1S - / W1MPDwO�S_HPH�KdH giDFE$/
KNRTG-R5Y_} @ fiY�K YLH]yND[{�H�giD[{JR G<H�Y8C1S Y8S�EjWXS�MQGlYPf1M8S�giM8DFWTH @ S�yND[{ G @ D<fiY���a ; t A I&G<RTg
Y8CTS�R giS�� S_MPH+YPDjY8C1S,3�/ W1MPDwO�S_HPH��
#pR1S D<��Y8C1S�O�M8K^Y8KdO�G<y H]Y8S_WTH�KNRrH]S_S_g�RwfTO�y^S_K @ MPS�S~giK^RB%�KNH Un� �p�hm�RTgiS�Mf3�/ W1MPDiO�S~H8HpO�D<RhgiK /
Y8KND<RhH�}<Y8C1S�KNR1K^Y8KdG-yhM8S~G<O©YPK^DFR�WhGlY]YPS�MPRjy^S~G<giKNR2%LY8DjUn�¡� OQCTG<R2%<S~H{O�DFRTH8KNgiS_MPG @ y A O�DFE�WhG-MPS_g
Y8DZY8CTS - / WTM8DiO�S~H8HpS�Rw|wKNM8DFR1EjS�R5Y_� B)C1Sj��K1/\� OQCTG-KNRrKdH�G<EjD<R2%xY8C1D5H]S @ S~O�DFE�KNR2% EjDFH]Y
KNE�WXD<M8YPG<R5Y)KNR Y8C1KdH�O_G<H8S ` H]S_S B%<f1MPS ; ���<k��

-+` Y n ��k b �
K ` R n ��k + ��K `�- n]R k UPU �
B)CwfTH_} YPC1S O�D<EjWTG-MQGlYPK^|FS�y A K^EjW1MPD @ G @ yNS�Y8C1MPS�SJ/ @ Dig A MPS_GFO©YPK^DFR -+`�- R�} � k A �+SrO_G-R @ S
@wA WTG<HPH]S~g �*#pRTS D<�1Y8C1S)cFS A MPS_G<O�Y8KND<RTH
Y8D @ S)K^Rw|<S~HnYPK1%5GlYPS_g?KNR�DFMPg1S�M Y8DLG-yNy^D[{ S~HnYPK^E�G-Y8S_H
D-�(Y8CTS M8S~G<O�Y8KND<R 8TD[{ KdHJYPC1S�MPS�� DFM8S,+_��K `�- } RhkPU8U_� � D<M {JC1KdOQC Y8C1S�B ���+B)[8� giS�Y8S_O�Y8DFMJKNH
W1MPK^E�G<M8KNy Ax@ S_K^R2%�giS_|<S_y^DFWhS~g �

��� � � *J� �:�!����	������ ��,�� $'�?,�,{�����
	 � 	
B)C1KdH�MPS�WXD<M8Y�� DiO�fhH]S~H�D<RrY8C1S${ DFM8c�O�DFE�WTy^S�Y8S_g gif1MPK^R2%ZGx�-t>{+S�S_c�K^R5Y8S_M8RhH]C1KNWrGlYpY8C1S
BJVJ[nmporq F^; t G �²GFO�KNy^K^Y A ��� @ MPK^S��pD<f1Y8yNK^R1S�D<��Y8CTSrB ���+B)[8�&g1S�Y8S~O©YPD<M�giS_|<S�yND<WTE�S_R5Y
W1MPD �nS~O©Y�KdH>%<KN|<S_R#KNR OQCTG-W1Y8S�Mx�1� [ YxKNRTO�yNfTgiS~H�S�� D<M8YPH�W1fiYxKNR giS�|FS�yND<W1KNR2%vY8C1S:g1GlYQG
G<O�I5f1KNH8K^Y8KND<R7KNR2G�Y8S~HnYjOQCTG-E @ S_M�H8S�Y8fTW ` H8S_O�Y8KND<R#�1� swk©}�G<Ha{ S_y^y+G<H EjS~G<H8f1M8S_EjS�R5YPH?D<�
Y8CTS�H8K1%FRTG-y f1RTgiS_Mp|lG<M A KNR2%xO�DFRTgiK^Y8KND<RTH ` H8S_O�Y8KND<R:�1� �Fk©����R1D<Y8C1S_MpE�G-KNRrYPD<W1KdO({)G<H�Y8C1S
O�G<yNO�f1ydGlY8KND<R D<�?Y8C1SvS�yNS_O�Y8MPKNO TS�ydg KNR YPC1S:giMPK^� Y MPSJ%FK^DFR D-�?Y8CTS W1MPD<WXDFH8S_g B(���+B)[8�
giS�Y8S_O�Y8DFM�Y8DxY8S~HnYLH]S_|<S�MQG-y giS_H8K1%FR D<WiYPK^DFRTH ` H8S_O©YPK^DFRr�1���<k�}XG<RTg D-�{GZO�G-yNK @ MPG-Y8KND<R O�fTM8|FS
� D<M�Y8C1S g1S�MPK^|lGlYPK^DFR#D<�?K^DFR#YPMPGFOQciH�� M8DFE�Y8CTS�Y8KNE�S:H]K&%<RTG<yNH ` H]S~O©YPK^DFR �1� �Fk©� q KNRTG<y^y A }
Y8CTS @ GFH]KdOj� S_G-Y8f1MPS_H�D-��G sSb2g�uwv�x H8K^E�f1yNG-Y8KND<R7D<�+YPC1SZg1S�Y8S~O©YPD<Ma{+S�MPS�KNEjW1y^S_EjS�R5Y8S~g` OQChG-WiYPS�MJs5k��
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B)C1S�BJVJ[nmporqv��R1Rwf1ydG-M+� ChG-E @ S�M{� D<M�YPC1S�B MPGFOQc5KNR2%LG-RTg�[ngiS_R5Y8K�hO�G-Y8KND<RjD-� � CTG<M %FS_ga G-M8Y8KdO�yNS_H ` B ���+B)[8�)k�} O�f1M8MPS�R5YPy A f1RTgiS_MZgiS_|<S�yND<WTE�S_R5YxGlY�Y8CTS:m�RTK^|FS�MQH]K^Y A D-���{DFM8c` mpI kxG<RTg BJV�[nm�orq+})KNH�G#O�D<E @ KNR1S_g KND<RTK^�~GlY8KND<R OQCTG-E @ S_M G<RTg�Y8KNEjS:WTM8D �nS_O©YPK^DFR
OQCTG<E @ S�M {JK^Y8CxG�O A y^KNRTgiMPKdO�G-yhgiS_H8K1%FR F ;F; } ; � G ����R�KNRTO�KdgiS�R5Y @ S_G<E D<� K^DFRTH{MPf1RTH K^R5Y8D�G
%FGFH Ty^yNS_g�YPG<M %FS�Y�M8S�%<KND<R�G-yND<R2%�K YQH�M8D<YPG-Y8KND<R�G �iKNH `�� k�{JC1S�MPS+K^R5Y8S_MPGFO©YPK^DFRTH�{JK YPC�YPC1Sl%FGFH
YPG<M %FS�Y�DiO�O�f1M~�c' �nS_O�Y8KNy^S~H�G-MPS?S�EjK^Y]YPS_g KNR5Y8DjY8CTS�giMPK � YpM8S�%<KND<R H]fTM8MPD<f1RhgiK^RB%jY8C1S?YQG-M %<S�Y
MPSJ%<KND<R
}�{JC1S_M8SF} E�G-KNR1y A:@wA K^DFR1K^�~GlYPK^DFRvD<�)Y8C1Sxg1M8K^� Ya%FGFH�}
Y8C1S A %FMPGFgifTG<y^y A yNDFH8SjY8C1S_K^M
cwK^RTS�Y8KdO?S_R1S�M % A G-RTg G<M8S?S_|<S�R5YPfTG-yNy A HnYPD<W1WXS_g���B)C1S S�yNS_O�Y8MPD<RTH %<S�RTS�MQGlY8S~g�gif1S?YPD�Y8C1S
KND<R1KN�_G-Y8KND<R ` G$# K81 KwRHXxTJ[PO4Q kJg1M8K^� Y�Y8D[{)G-MQg1H)G-RTDwg1S�HnYPM8KNWTH�H8K^Y8fTG-Y8S_g DFR�Y8C1S KNRTH8KNg1S?D-��Y8C1S
O A yNK^RhgiS�M @ G-MPMPS�y }-Y8CTS�KNM+giMPK^� Y Y8KNEjS�KNRTgiKdO�G-Y8KNR2% YPC1SpyNDiO�G-Y8KND<R�D-� YPC1S�KNM+W1M8DigifhO©Y8KND<R
�(B)C1S
G-MPMQG-R2%FS�EjS�R5Y�S�Rw|wKNH8KND<R1S~gjK^RTO�y^fhgiS_H s / G<R1Rwf1yNG<M O�DFW1WXS�M G<R1DigiS�MPK^RB%?WTG<g1H G-yND<R2%LYPC1S �G �iKdHJW1MPK^R5YPS_g D<R5Y8D�GZ� ; t�W1ydGlY8SF�+��R G-�_K^E�fiY8ChG-y
H8f @ giK^|wKdH]KND<R�KdH�G<yNH8D�O�D<RhO�S�KN|lG @ yNS�3hK YKdH)|5K^YPG<y K^R O_G<H8S�YPC1S?OQCTG-E @ S_MJKNH)fTH8S_gx� D<MJMPS_GFO©YPK^DFRTH KNRw|<DFy^|wKNR2%�CTK1%FC G<R1DigiS?O�D<fTRFYPK^RB%
MQGlY8S~H�S �iO�S�S~giK^RB%�Y8CTS�MPS_G<g1D<fiYpH8WXS�S_grD-� GxH8KNR2%<yNS�H]Y8MPK^W
�p��ydH8DT}XK �{YPC1S�g1KNH]Y8MPK @ fiY8KND<RrD<�
S �nS~O©YPK^yNS_H?KdHLS�iWXS_O�Y8S_g:YPD @ S�G<H A EjE�S�Y8MPKNO<}�S<��%T�jK^R WXDFHPH]K @ yNSjS�iWhS_M8KNEjS�R5YPH({JK YPCvWXD�/
ydG-MPK^�_S_g @ S_G<EjH_}XY8C1S ��KNRi� D<MPE�GlY8KND<R E�fTH]Y @ S�D @ YQG-KNR1S_g �a#�YPC1S�M {JKNH8S YPC1SjO A y^KNRTgiMPKdO�G-y
ydG A D<f1Y+YQG-cFS_HJG<g1|¡G<R5YPG�%FSLD-�(Y8C1S MPD-YQGlYPK^DFRTG-y H A EjEjS�YPM A � ��RTD-Y8CTS�M�WXDFHPH]K @ yNS G-W1WTM8D5G<OQC

q(K1%Ff1MPS �i� ; �:B)CTM8S_S�/\giK^EjS_RTH]KND<RhG-y�O�fiY /\G�{+G A |5KNSJ{ ` y^S�� YQk�G<RTg HPOQC1S�E�GlYPKNO H]KdgiSr|wKNSJ{` MPK&%<C5YQk D-�(Y8CTS B ���+B)[8� giS�YPS_O�Y8D<M�OQChG-E @ S�M~��B G<c<S_R�� MPD<E F^;<;HG �

H
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q(K1%Ff1MPS �i���i���.HPOQC1S�E�GlYPKNOZgiKdG�%<MQG-E H8C1D[{JK^RB% H]K&%<RhG-ydH � MPD<E B(���+B)[8��� H�G-R1DigiS~H�G<y /
yND[{JK^R2%ZY8CTS�YPMPGFOQcwK^R2% G-RTg:KdgiS�R5Y8K�hO_GlY8KND<RvD-�+OQCTG-M %<S~grWTG<M]YPKNO�y^S~H��a)�S�MPS<} YPK^EjSjKdHK{JK YPC
MPS_H8WhS~O©Y)Y8DjYPC1S?yNGFHnY�G<R1DigiS<�{B(G-cFS�R�� MPD<E F ; � G �

Y8D giS�YPS�MPEjK^R1S�Y8C1SjG-�_K^E�fiY8C:O�DwD<MQgiKNRTGlYPS KNHpfTH8K^RB% @ GFOQcF%5G-EjEjD<R0/ Y A WhS G<R1DigiS_HpG<H�giS�/
HPO�MPK @ S_gZK^R�MPS��n� F^; � G �
B)C1S�O_GlYPC1DigiS�KdH�� DFM8EjS_g @wA G H8S�WTG<MPG-Y8KNR2%L� D<KNy @ S�Y {+S�S_R�Y8C1S�YPG-M %<S�Y G-Rhg�giM8K^� Y MPSJ%FK^DFRTH_}
D<M @wA fTH8K^R2%LG-R�G-MPMPG A D-�XO�GlYPC1DigiS<{JK^MPS_H_}-giS�WXS�RhgiK^RB%�DFR YPC1SJG-W1W1yNKdO�GlYPK^DFR D-�hY8C1S)OQCTG<E$/
@ S�M~�+[\RrY8C1S ydGlY8Y8S_MpO�GFH]SF}TD<��O�D<f1MQH8S<} @ D-YPC Y8C1S YPG-M %<S�YpG-Rhg Y8C1S�g1M8K^� YpMPSJ%FK^DFR E�fTH]Y @ S
TyNy^S~gq{JK YPC Y8C1S�HPG-EjS>%FGFH���[ Y�CTG<H @ S�S_R H]C1D[{JR F^;<;WG YPCTGlY�G O_G�%FS�D<�)G<W1W1MPD<W1MPKdGlY8S_y A@ KdG<H8S_g�GFg1giK^Y8KND<RTG<yB{JKNM8S~H�}wGlY)G�H8y^K&%<C5YPy A H]E�G<y^yNS�M MPGFgiK^fhH{YPCTG-R�YPC1SpO_GlYPC1DigiS {JKNM8S~H�}wO�DFy /
yNS_O©YQH)G-yNy @ S_G<E S�yNS_O�Y8MPD<RTH435Y8CwfTH Y8CTS A G<M8SpW1M8S_|<S_RFYPS_g�� M8DFE S�R5Y8S_M8KNR2% YPC1S?giMPK � YJMPSJ%<KND<R
�
B)C1SxOQChG-M %<SjO�D<yNyNS_O©YPS_g @wA YPC1SxG<R1DigiS_H g1S�WXS�RTg1H D<R Y8CTS�S�R1S_M % A yNDFHPH ` YPC1SxH]Y8D<WTW1K^RB%
WXD[{ S_M�g � ElgA5Xk�D-��Y8CTSrS �nS~O©Y8KNyNS_H_} @wA {JCTKNOQC�EjS_G<RTH�K^Y�KNH�WXDFHPH8K @ yNS�Y8D KdgiS�R5YPK � A Y8C1S
S �nS~O©YPK^yNS?H]WXS_O�K^S~H���B)C1S�Y8KNEjS�H8K&%<RTG<yNH+D-�
Y8C1S?G-MPMPK^|lG-yXD-�
Y8C1S G�/ S�yNS_O©YPM8DFRTH+GlYJO�D<RhH]S~O�fiYPK^|FS
G-RTDwg1S_H�S_RTG @ y^S?YPC1S�giS�Y8S_M8EjKNRTGlYPK^DFR D-��Y8C1S�WTG-M8Y8KdO�yNS?YPMPG �nS_O©YPD<M A }1K^��Y8CTS S�yNS_O�Y8MPD<RrgiMPK � Y
|<S_y^DiO�K Y A KdHLYQG-c<S_R K^R5Y8DrGFO�O�D<f1R5Y_���pH({JKNy^y @ S�H8C1D[{JR�}
Y8C1S�S_y^S~O©YPM8DFRvgiMPK^� Y Y8KNEjS�KNH?D<�
Y8CTS?D<MQgiS�M)D-� ��H_}iKb�1SF�{H]yND[{ O�D<EjWTG<M8S~g�Y8DjYPC1S?WTGFH8HPG�%FS�D-�(Y8CTS?K^DFR��
� TMQH]YpHnYQG�%FS?D-�{OQCTG-M %<S?H8K1%FRTG-y G-EjW1yNK hO_GlYPK^DFR KNH�W1M8Dl|wKdgiS_g @wA GZ�LG<H ' y^S~O©Y8MPD<R o fTy /
Y8KNW1yNK^S_M ` �K' o k F ; s G W1ydG<O�S_g GlY�G�H8C1DFM]Y�giKdHnYQG-RTO�S�� MPD<E Y8C1S G<R1DigiSpWhG<g1H_� ' HPH]S_R5Y8KdG-yNy A }
Gj�K' o KNH)G 8TS�iK @ y^S �<t � E � DFK^y D<� KdH]DFyNG-Y8KNR2%�E�GlYPS�MPKNG<y�{JK YPCxYPC1K^R�O�DFRTgifTO�Y8KNR2%�yNG A S�MQH
D<R7S_K YPC1S�M�H]KdgiS @ S�Y {+S�S_R {JC1KNOQC G�CTK1%FC7|<D<y^YPGh%<S�KdH G-WTW1y^KNS_g���B)CTS�MPSxG-MPS�C1D<yNS_H({JK YPC
G giKdG-EjS�Y8S�MxD-���-t � E G-RTg ; �-t � E W1K^YPOQC�Y8CTM8DFf2%<C {JC1KdOQC S�yNS_O�Y8MPD<RTH�O_G-R�YPMPG¡|FS�y �
B)C1S�HnYPM8DFR2%�yNDwO_G-y S�yNS_O©YPM8KdO hS�ydgrO�G<fTH]S~HJYPC1S�E.Y8DZE�f1y^Y8KNW1y A @wA YPC1S�G¡|lG<yNG<RTOQC1S?S�� S_O�Y_�
B)C1S_M8S�� D<MPS<}�D<R1y A D<R1Sx� f1M]YPC1S�MjH]YPG�%FS�D-��H8K1%FRTG-y+G-EjW1yNK XO�GlYPK^DFR KdH�MPS�I5f1KNM8S~g }*{JC1KdOQC7KNH
W1MPDl|wKNgiS~g @wA G�W1MPS_G<EjW @ DFG<MPg �



������� ��� 
�� � ��� � � � ��� � � ����������� 
 ;F;

-

+

q(K1%Ff1MPS��i� �1��B)C1SpS�yNS_O©YPM8KdO�hS�ydg�y^S~G<giKNR2%�Y8D�S_y^S~O©YPM8DFR�H]K&%<RTG<yXG<EjW1y^K�hO_GlY8KND<RZGlY+G��K' o7�
q(K1%Ff1MPSpYQG-cFS�RZ� M8DFE F ; � G �

B)C1Sjg1GlYQGZG I5f1KNH8K^Y8KND<R ` �����Lk�O�D<EjW1MPKdH]S~H�s / /\OQCTG-R1RTS�y 8XG<H8C0/ �p�L� @ D5G-MQg1H�} HPG-EjW1yNK^RB%Y8CTS�H]CTG<WhS)D<�TY8CTS+WTf1yNH8S_H�g1S�yNK^|FS�MPS_g�Y8C1MPD<f2%FC YPC1SJW1MPS_G-EjW1yNK�TS�MQH��(o D<MPS�Dl|FS�M~}�YPC1S 8hGFH]C0/
���?� YPG<c<S_HLO_G-MPS�D<� YPC1SjY8KNEjSxG-Rhg:OQCTG<M %FS�KNRi� DFM8E�GlYPK^DFR S�wY8MQG<O�Y8KND<R���B)C1S�H8D-� Y {)G-MPS
WTG<M]Y�D-�hY8C1SJ����� KNH(YQG-cFS�R�DFR @wA G�o [n����e F ; � G H A H]Y8S_E�}[{JK YPCjV #�o:' F^; � G GFO©Y8KNR2%?G<HG�O�D<Rw|FS�R1KNS�R5Y KNR5Y8S_M]�²GFO�S @ S�Y { S_S�R�or[n���pe�G-RTg�V #,#�B F ; . G �(B)C1S+ydGlY]YPS�M�KdH(G�H]YPG-Rhg1G-MQgWTGFOQc¡Gh%<Sp� D<M�g1G-YPGjG-RhG-y A H8KdHV{JKdgiS_y A fTH]S~g K^R RwfTO�yNS_G<MJW1C A H8KdO�H_�


e��
 " �9�9����*J��	������
B)C1S TMQH]Y R5fhO�yNS_G-M?MPS_GFO©YPK^DFR YPD @ S�EjS_GFH]fTM8S~g KNR B ���+B)[8� {JKNy^y @ SW+~��K `�- } RhkPU8U���}�KNR
Y8CTS O-� E ��S_R1S�M % A MQG-RB%<S�D-��t1� s�YPD���orS�z��hB)C1KNHJO�D<MPM8S~H]WXD<Rhg1H Y8D�G + ��K @ S~G-E S_R1S�M % A
D-��tT� ; ��YPD ; � ; � o S_zKklf��4)�K1%FC1S�M @ S~G-E�K^R5Y8S_RTH8K YPK^S~H ` f1W Y8D ; t`bjW1WTHQk?O�G<R @ S�fhH]S~gY8ChG-R K^R W1MPS�|wKND<fTHLS �iWhS_M8KNEjS�R5YPH F . G H8KNRTO�S @ S_G-E WTG-M8Y8KdO�yNS_H?G<M8SjR1D<Y?Y8MQG<OQcFS_g } YPCTG-RTcwH
Y8DZY8CTS�H8S�WTG<MPG-Y8KND<R D<�{YPG<M %FS�Y�G<RTg g1M8K^� Y�MPSJ%FK^DFR��LB)C1S�YQG-M %<S�Yf%FGFH�KNRrYPC1KdHpKNRTH]YPG<RTO�S�KNH
C1S_y^KNf1E��p� A fTH8K^R2%xY8C1S�H8G<EjS(%FGFHJ� D<MLgiS�Y8S_O�Y8DFMpG-Rhg�YPG<M %FS�Y_}XB ���+B)[8��O_G-R @ S�DFWhS_M /
GlYPS_g:K^R G4{JK^RhgiD[{Jy^S~H8H�EjDigiS<} Kb� SF�${JK^Y8C7O_GlY8CTDwg1SS{JKNMPS_H�MPG-Y8C1S_M�Y8CTG<RvG�H8S�WTG<MPG-Y8KNR2%
� D<KNy ��� A Y8C1KdHLEjS_G-RhH�}XY8CTS�S_R1S�M % A G-Y]Y8S_RwfTGlYPK^DFR D-� Y8C1SjS �nS~O©YPK^yNS_HLO�G<R @ SjS�yNK^EjKNRTGlYPS_g �
�l# � KdH?G<g1giS~g G<H?G I5f1S�RTOQCTK^R2% %5G<HLKNRvDFMPg1S�M�Y8DrH8f1W1W1MPS_HPH�W1C1D<Y8D<RhH?M8S~H]fTy YPK^R2% � MPD<E
GlYPD<EjKdO?S�1O�K^YPG-Y8KND<R���B
S~HnYQH�WXS�M8� D<MPEjS_grG-YpG�YPS_H]Y�OQCTG<E @ S�M ` H]S_S�H8S_O�Y8KND<R �i� s5k A KNS�ydgiS~g
Y8CTS?C1K1%FC1S_H]Y�H]K&%<RhG-y�G-EjW1yNK�hO�G-Y8KND<R4{JC1S�R Y8CTS()�S�kF�l# � MPG-Y8KNDS{)G<HcHFt?>tk ; t?> F^;<;WG �
B)C1SLE�G-KNR H8D<fTMPO�S�D-� @ G<OQcQ%FM8DFf1RTg�KdH+S�ydG<H]Y8KdO�HPO�G-Y]YPS�MPK^R2%h}FCTD[{ S_|<S�M~}wH]KNRTO�S?HPO�G-Y]Y8S_M8S~g -
WTG<M]YPKNO�y^S~H {JKNy^y @ S�KNR:O�DFK^RhO�KdgiS�RTO�S({JK^Y8C S_yNGFHnYPKNOa+_�
Kb} G-Rhg Y8C1St+��
K S_R1S�M % A y^D5H8HpgiK �XS_MPH
H8K1%FR1K XO�G-R5YPy A � MPD<E UPU©��}5Y8C1S~H]S�S�|FS�R5YPH+O�G<R @ SLg1KNHPO�MPK^EjKNRTGlYPS_gj� MPD<E&YPC1SLgiS_H8K^MPS_gxM8S~G<O�/
Y8KND<RhH�� o DFf1R5Y8KNR2%ZG<R:G<M8MQG A D<� @ KdH]E�fiY8C %<S_M8E�G-RhGlY8S ` �J�(#Lk�H8O�K^R5Y8KNyNyNG-Y8KND<R giS�Y8S~O©Y8DFMPH
G-MPD<fTRTg�YPC1S B(���+B)[8� OQCTG<E @ S�M�G<y^yND[{�H � D<MJYPC1S giS�YPS_O�Y8KND<R�D-� � S�|FS�R5YPH+� MPD<E S�1O�K^Y8S~g
H]YPGlYPS_H D-� Y8CTS�MPS_G<O�Y8KND<RjW1MPDigifTO©Y~��B)C1KNH W1MPDl|wKNgiS~H{G O�D<KNRTO�KdgiS�RhO�S�H8K1%FRTG-y %<KN|wK^R2%L� fTM]YPC1S�M
KNRTgiKdO�GlYPK^DFRZD<��{JCTS�Y8CTS�MJD<MJRTD-Y�G-R S�|FS�R5YJKNHJY8D @ S O�D<RTH8KdgiS�MPS_g �
��RTD-Y8CTS�M W1M8DFWhD5H]S~g MPS_G<O�Y8KND<R KdH b��+S jpW S_yNGFHnYPKNO:H8O_GlY8Y8S�MPKNR2% F^;_/ G }�� DFM^{JC1KdOQC G2C A /
giMPDh%FS�Rj%FGFHJYQG-M %<S�YpKNHpR1S�S~giS_g��pB)C1S�giM8K^� YLM8S�%<KND<R {JK^yNy(Y8C1S_R @ S�H8S�WTG<MPG-Y8S~g @wA G�YPC1KNR
� D<KNy �{B)C1KNH�D<WiYPK^DFR�}iC1D[{+S�|<S_M_}F{JKNy^y�RTD-Y @ S giKNHPO�fhH8H8S_gZK^R YPC1KNH�M8S_WhDFM]Y~�
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q K&%<fTM8S �i� sT��B)C1SL[]ei��� �²G<O�K^yNK^Y A GlY�BJVJ[nmporq+�Tq(K1%Ff1MPSpYQG-cFS�RZ� M8DFE F ; H G �

e��-  &����� � "%$ ���?*��U�_�Q	i����	% >������ �

�+Y YPC1S�S�Rhg:D<�J�<t<t5�xDFM?S_G<M8y A KNR �-t<tF�1}
G B(���+B)[8� W1MPD-Y8D<Y A WhSjKdH�HPOQC1S_gifTy^S~g YPD @ S
G<HPH8S�E @ y^S~g G-RTg�EjD<f1R5Y8S~g DFR�G @ S~G-E yNK^R1S+D-�TY8C1S+[nH]D<Y8DFWhSJewS�WhG-MQGlY8DFM G<RTg��pO�O�S_y^S_MPG-Y8DFM` []e1���)k F^; H G GlY BJV�[nm�orq+�wB)C1KNH{�²G<O�K^yNK Y A KdH O_G-WTG @ y^SJD<�
giS�yNKN|<S�MPKNR2% @ S~G-E�H{D<� MPGFgiK^D5G<O�/Y8KN|<S�K^DFRTH {JK^Y8C:EjGFH8H8S_H�f1W Y8DZ�<t�f G<RTg�S�RTS�M %<KNS_H @ S�Y {+S�S_R t1� ; �<��G-RTg ; � �<��o S�z,k¡f��� �<t<t�o S�z W1M8D<Y8DFR @ S_G<E�GFO�O�S�yNS�MQGlY8S~g KNR Y8CTSxBJVJ[nm�o q E�G-KNR O A O�y^D<Y8MPD<RvKNH?fhH]S~g
Y8DxW1M8DigifhO�S�G�|¡G<M8KNS�Y A D-�{RwfTO�y^S_K�{JC1S_RrHnYPS�S_M8S~g�D<R5Y8DxG<R []ei��� YPG<M %FS�Y~��� E�G<HPH�H8S�W0/
G-MQGlYPD<M�G-yNy^D[{�H�Y8C1S�OQC1DFKNO�S�D<� D<RTS�WTG<M]YPKNO�f1ydG-M�K^DFR:H8WhS~O�KNS_HP{JK YPC:CTK1%FC W1MPS_O�KNH8K^DFRr� MPD<E
Y8CTDFH8S?S�wY8MQG<O�Y8S_gZ� MPD<E YPC1S KND<R H8D<f1MQO�SF� q1DFMJY8C1S?RwfTO�y^S~G-M�GFHnYPM8DFW1C A H]KdO�H+S�iWXS�MPK^EjS_RFYQH�}
G�W1f1ydH]S~gZH]Y8MPfTO�Y8f1MPSpKdH)KNE�WXDFH8S_gZD<RZY8CTS @ S_G<E @wA G�W1M8SJ/ @ f1RTOQC1S_M_}iG�MPGFgiKND�� MPS�I5f1S_RTO A
I5fTG<g1M8f1WXD<yNS ` V�q �Lk
G-RTg�H]S_|<S�MQG-y5H]f @ H]S�I5f1S�R5Y @ f1RTOQC1S_MPH_� B)C1S+giMPK � Y(Y8f @ S+y^KNRTG<O ` ��BJ� k
Y8CTS�R:GFO�O�S�yNS�MQGlY8S~H)Y8CTS @ S_G<E YPDxK^YPHLgiS~H]K&%<RTG-Y8S~g�S�R1S_M % A } G-RTg�YPC1S�C1K1%FCrS�RTS�M % A @ S~G-E
Y8MQG-RhH]WXD<M8YLH A HnYPS�E ` ) ' �)B�k�YPG<c<S~HpK^Y?Y8D S�K^Y8CTS�MLY8CTSj��V����(# ! F �-t G DFM?BJm���� F � ;WGS�iWXS�MPK^EjS_RFY~�
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	 $&��� ��v��,
�^���5� � "$#�%��^%B2A���
� W1ydG-RTG<MjY8S~HnYxOQCTG<E @ S�M�H8S�MP|<S~H�GFH�G H]S�Y8f1W Y8D7KNRw|<S~HnYPK1%5GlY8SZY8CTSj%FG<HjEjK �wY8f1MPS<} Y8C1S
W1MPS_HPH]fTM8S G-RTg TS�ydg#g1S�WXS�RTgiS_RTO�S�D<��Y8C1S H8K1%FRTG-ydH_}{G-RTg Y8D:Y8S_H]YjY8C1S ��������B)C1SZY8S~HnY
OQCTG<E @ S�M�giMPK � Y�|<DFy^fTE�SZKNH�G @ DFfiY��-t7a �-tvO�E {JK^Y8C�G:C1S�K&%<C5YjD-�L�:O�E�� � �K' o
� D<KNyJEjD<f1R5YPS_g��vE�E G @ Dl|<SZY8C1S � EjE G<R1DigiS HnYPM8KNWTH�O�Dl|FS�MQH�G<R G<O©YPK^|FS g1S�Y8S~O©YPK^DFR
G-MPS_G�D-� / a / O�E�} K �hSF� ; ��G-RTDwg1S_H�O�G-R @ S�fTH8S_g �?�K' o�G<RTg G<R1DigiS_HpG-MPS � S~g @wA G
O�DFEjE�DFRZWXD[{+S�MJH]fTW1W1y A {JK YPCxYPC1S?|<DFy YQG�%FS�MQGlY8KND @ S_K^R2%  �wS~g�YPD��1� �1����R )�z @ DFG<MPg }
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q(K1%Ff1MPSZ�i���i��eiOQC1S_EjG-Y8KdO�|wK^S�{&D-�JY8CTSZB(���+B)[8� YPS_H]Y�OQCTG<E @ S�M~�rB A W1KdO�G<y{D<WXS�MQGlYPK^DFR
WTG<MPG<E�S�Y8S_MPHjG-MPS�������� �
	 � �-tFt z%G<RTg������� l������ ��� @ S�Y {+S�S_RUHFt<tvz%G-RTg ; �<t<t:z�}giS_WhS_RTgiKNR2%:DFR7Y8CTS^%5G<H WTM8S~H8H8f1MPS F �F� G � mpH]fhG-yNy A }�Y8C1S�OQCTG-E @ S_M�KdH�D<WXS�MQGlY8S~g7GlYt%FGFHW1MPS_HPH]fTM8S~H @ S�Y {+S�S_R ; t<t�E @ G-MJG-RTg�G-Y8EjDFH8W1C1S_M8KdO�WTM8S~H8H8f1MPS<�

{JC1KdOQC G-ydH8D�O�D<EjW1MPKdH]S~HJY8CTKNHp|<DFy YQG�%<S g1K^|wKdgiS�M~}Xg1S_O�DFf1W1yNS_H�Y8C1S�G-R1DigiS�H]K&%<RTG<yNH_� ' |<S�R5YQH
G-MPSP%<S�RTS�MQGlY8S~g @wA Gj� d�U©��E - H8D<f1MQO�S ` �1� s / ��o S�zLk©}1EjDl|lG @ yNS�WhS_M8WXS�RTg1KNO�f1yNG<M+Y8D�Y8C1SG-RTDwg1S�HnYPM8KNWTH_�(� ; ��� E'Y8CTKNOQcjo A yNG<M{� DFK^yXO�Dl|<S_MPH(YPC1S�� MPD<R5Y D<� Y8C1S�H]DFf1MPO�S<}Fy^S~G<giKNR2%LY8D
giKNM8S~O©YPK^DFRTG-y�HnYPMPGh%h%Fy^KNR2%�D<� Y8CTS - WTG<M]YPKNO�y^S~HpGFHP{ S_y^y�G<H�Y8D G<RrS�R1S_M % A M8S~gifTO�Y8KND<R�� ��R
S�wYPS�MPRTG-y %5G<HLCTG<RTgiyNK^R2%rH A HnYPS�E c<S�S_WTH�Y8CTSW%FGFHLE�K �wY8f1MPS�GlYaHFtFk ; t4)�S�kF�l# � {JK YPC G8TD[{ D-��G @ D<fiY��-tFt�O�E���klE�KNR��
�^���5�� � �<2L��� �����S* =s*|24* /-.
a MPS�|wKND<fTH�G-W1WTy^KdO�G-Y8KND<RTH�D-�JY8CTSxYPS_H]Y�OQCTG<E @ S�M�KNRTO�y^fTg1SZKNRw|<S_H]Y8K&%FG-Y8KND<RTH D-��YPC1SZH8K1%FRTG-y
giS_WhS_RTgiS�RhO�SvD<R YPC1S �K' o j�G-RTDwg1S |<DFy YQG�%FS G-RTg Y8C1Sq%FGFHxEjK �5YPf1MPS:G-Rhg W1MPS_HPH]fTM8SF�
o DFM8S_Dl|<S�M~}iYPC1S�|FD<y^YPG�%FS?MPG<R2%<S?KNR:{JC1KdOQC YPC1S��K' o KNHpD<WXS�MQGlYPK^DFRTG-y {JK^Y8CrY8C1SjH]K&%<RhG-ydH
@ S�KNR2%�giKdHnYPK^R2%Ff1KdH]CTG @ yNSp� MPD<E @ G<OQcQ%<MPD<fTRTg�R1DFKNH8S<}0{)G<H)S~HnYQG @ yNKdH]C1S~g F^;<;HG �
[\R DFMPgiS_M?Y8DvG-yNy^D[{'� DFM Y8CTSZH8K^E�f1y YQG-R1S_D<fTH�D @ H8S�MP|lGlYPK^DFRvD<��H]K&%<RhG-ydH?� MPD<E�f1W7Y8D � D<f1M
O�DFRTH8S_O�f1Y8KN|<S�G-RTDwg1S�HnYPM8KNWTH_}5G<R�G-RTG<y^D %<f1S)S_y^S~O©Y8MPD<RTKNO_H{H]S�Y8f1WZ{+GFH{G<HPH]S_E @ yNS_g�GFH{H8C1D[{JR
KNR B%<fTM8S��1� �T��B)C1S KNR1W1fiYQHpG<M8S WXDFH8K^Y8KN|<S�H8K1%FRTG-ydH�giS_y^KN|<S_M8S~g @wA YPC1S$)�z @ DFG-MQg�G-RTg G
H8f @ H8S�I5f1S�R5Y)� D<fTM�OQCTG-R1RTS�y�W1MPS_G<EjW1y^K�TS_M @ DFG<MPg ` H8S�S  %<f1MPSL�1� .<k©�
q1DFM?� f1M8Y8C1S_M�W1MPDiO�S~H8H8K^RB%wU_} Y8C1SxH8K&%<RTG<yNH?RTS�S_gvYPD @ SxK^Rw|<S_M]YPS_g G-RhgvG<EjW1y^K�TS~g } @ S�� D<MPS
@ S�KNR2%j� S_g�KNR5Y8D�GjWhS~G-cF/\H]S_RTH]KNR2%�G-RhG-yNDh%<fTS�/\giK1%FK YQG-y O�DFR5|FS�M8Y8S_M ` ���?�)kl{JC1KdOQC giK&%<K^Y8KN��S_H
Y8CTS)H8K&%<RTG<y1H]KN��SF�*#pR�Y8D<W�D-�hY8CTG-Y_}5G�YPK^EjS�/\giK&%<K^YPG<y1O�D<Rw|FS�M8Y8S�M ` BJ�?�)k(KdH�fTH]S~g YPDLS�wY8MQG<O�Y
Y8CTS)Y8KNE�SJKNRi� DFM8E�GlYPK^DFR�� MPD<E y^D %<KdO�G<y5WTf1yNH8S_H_��B)C1SJyNG-Y]YPS�M{G-MPSc%<S_R1S�MQGlYPS_g @wA G�O�D<RTH]YPG<R5Y
� MQG<O©YPK^DFR:giKdHPO�MPK^EjKNRTGlYPD<M ` �+q���k�} Y8MPK1% %<S_M8KNR2%xGZy^D %<KdO�G<y
YPK^EjKNR2% H]K&%<RTG<y(GFHLH]DwD<R:G<HpY8C1S
��� * * # � *b���J� '4?���(b� * �.%:2 � * # �"!-�4- # � �$#"% 8 '��4(/;L�",©�Q��� �48¡���$���4-$%�'4* 3��L*	''&-�"( �+*b�.'�%l�Q� C
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TENNELEC
TC 455
Quad CFD

Delay

Delay

4 channels

Test Chamber

Preamplifier

16

HV Board

LeCroy
2259A
12 chan. ADC

LeCroy
2228A
8 chan. TDC

Model 429A
LeCroy

Login Fan−In/
Fan−Out

DelayLeCroy
Model 612A
12 channel
PM amplifier

LeCroy
Model 428F
Linear Fan−In/
Fan−Out

Model 621BLP
LeCroy

Quad
Discriminator

Model 1500 CAMAC Crate

MIDAS DAQ Software Frontend

q(K1%Ff1MPS?�1� �T��B)C1S ����� G<RTG-yNDh%Ff1S�S�yNS_O©YPM8DFR1KdO�HJGlY)YPC1S B ���+B)[8� Y8S~HnY�OQChG-E @ S�M~��B A W0/
KdO�G-y WTf1yNH8S H8CTG-WXS_HJG-� Y8S�MJS~G<OQC EjDwg1f1y^S G<M8SLKNRTgiKdO�G-Y8S_gZKNR�gTG<H8C1S_gZW1MPK^R5Y_�

D<MPK&%<KNRTG-y�H]K&%<RhG-y�CTG<HLMPKdH]S_RrY8D G�O�S_M]YQG-KNRr� MQG<O�Y8KND<R D<� K^YPHLWXS_G<c G-EjW1yNK YPfTgiS ` H8S�S B%Ff1MPS
�i� / k����J� YPS�MpY8CTG-Y_}hY8C1S�W1f1ydH]S~H�G-MPS H8CTG-WXS_grG<y^yND[{JKNR2%jY8C1S�H]K&%<RhG-ydH)� M8DFE � DFf1MpOQChG-R1R1S_yNH
Y8D?Dl|FS�MPyNG<W�}-H8DpYPCTGlY H8f @ H8S�I5f1S_R5Y8y A }lYPC1S�H8CTG-WXS_g�W1f1ydH]S~H{O�G<R @ SJW1MPDiO�S~H8H8S_g @wA GLy^D %<KdO�G<y
#�V2Y8D?W1MPDigifTO�S+YPC1SJM8S�I5f1K^MPS_g����?�#G-RTg�BJ�?� %5GlY8S~H��(B)C1S����?�#G-RTg�BJ�?�7EjDigif1yNS_H
G-MPSJEjD<f1R5YPS_gjKNRxG��+��o ���2O�MPG-Y8S�O�D<R1RTS_O©YPS_g�YPD�G a �p}FD<R>{JC1KdOQCjY8C1S�o [n����e������
H8D-� Y {)G-MPS�� MPD<R5Y8S_RTg MPf1RTH_� B)C1S g1GlYQG WTM8DiO�S~H8H8KNR2%rKdH�G<O�O�D<EjW1yNKNH8C1S~g @wA Vl#�oD' G<RTg
V #,#�BL�
q1MPD<E B%Ff1M8S��i� .�K YLO�G<R @ S�H]S_S�R�Y8ChGlY�YPC1S�H8K&%<RTG<y H8CTG-WXS D-��YPC1S hMPH]YpOQCTG<R1R1S�y(giK �XS_MPH
� MPD<E Y8C1S D<Y8C1S_MPH_�JB)C1KdH�W1MPD @ yNS�E.KdH�gif1S Y8DxG�g1S�� S_O�Y�KNR Y8C1S�W1M8S~G-EjW @ DFG-MQg �)B)C1S�MPS�/
� D<MPS<}iDFR1y A Y8C1S?D<Y8C1S_M)Y8C1MPS�S OQChG-R1R1S_yNH)O_G-R @ S?fhH]S~gZ{JC1S_R G-RTG<y A H8K^R2%�Y8CTS g1GlYQG1�
��H�YPC1SZS_y^S~O©YPM8DFR1KNO_H f1WB%<MQG<giSZR1S_G<M8S~g7O�D<EjW1yNS�YPK^DFR�}�YPC1S��K' o � D<KNyJH]fhg1giS�RTy A �²G-KNyNS_g �
[ Y {)G<H+M8S_EjDl|<S_g�� M8DFE Y8CTS OQCTG-E @ S_M_} @ fiY�O�D<f1ydg R1D-Y @ S?M8S_fTH8S_gZS�|<S_R G-� Y8S_MJM8S_WhS~GlY8S~g
GlY8Y8S_E�W1YPHLYPDrO�yNS_G-RvK^Y�fTH8K^R2% G<RvfTy YPMPGFH]DFR1KNO @ G-Y8C���[\RhH]WXS_O�Y8KND<R f1RTgiS_M�G�EjKNO�M8D5H8O�D<WXS
giKdgrR1D<Y�MPS�|FS_G<y
S�|wKdgiS�RhO�S�D-� W1C A H8KNO_G-y�g1G-E�G�%FS<�K)�D[{+S�|FS�M~}XGFHpH8DwD<R GFH�YPC1S�OQChG-E @ S�M
{)G<H+M8S~G<HPH]S_E @ yNS_g�}FYPC1S?MPS_H8KNH]YPG<RTO�S @ S�Y { S_S�R Y8CTSpY {+D�O�DFRTgifTO�Y8KNR2%jyNG A S�MQH WXS�MQH]KdH]Y8S_gxY8D
giMPD<W#Y8D G:� SJ{ c���}<{JC1S�MPS GlY�yNS_G<H]Y�H]S_|<S_MPG<yJ��� {+D<f1ydg @ S S �wWXS_O�Y8S~g � ��yNy��K' o
CTG<RTgiyNK^R2%${+GFH�WXS�M8� D<MPE�S~g�GlY+O�yNS_G-RxM8DwD<E'O�DFRTgiK^Y8KND<RTH_� '{|<S_R5Y8fTG<y^y A }FK^R�DFMPg1S�M{YPD E�G-cFS
Y8CTS OQCTG-E @ S_MJD<WXS�MQGlY8KND<RhG-y }wG�R1S�{ �K' o%� DFK^y
CTG<gxY8D @ S @ f1KNy Y�KNR��
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 ; �

q(K1%Ff1MPS��1� .i�j#�HPO�KNy^yNDFHPO�DFWhS H8O�M8S_S�RTH8C1D<Y_�ZH8KNR2%<yNSZS_|<S_RFYjW1MPS_G<E�WTy^K�TS_g H8K1%FRTG-ydH � MPD<E!s
H8fTO�O�S_HPH]KN|<S G<R1DigiS_H ` �K' o j�G-RTDwg1S |<DFy YQG�%FS � ; s5t<t z�}+WTM8S~H8H8f1MPS � ; tFt<t7E @ G-M©k©�B)C1S�H]CTG<WhS�D-� Y8C1S�H]K&%<RhG-yTDFRjY8C1S�TMQHnY OQChG-R1R1S_yhKdH g1f1S�YPD�H]DFEjS�giS�� S~O©Y+K^R�YPC1S�WTM8S~G-EjW
@ DFG-MQg �

q(K1%Ff1MPS7�1� / � #�H8O�K^yNy^D5H8O�D<WXS:HPO�MPS�S_RTH]CTD-Y_� H8K^RB%<yNSvS_|<S_RFY yNDiO�K&%FG-y�YPK^EjS H8K1%FRTG-ydH ` Gl� YPS�M
�+q���k�� MPD<E s H]fTO_O�S~H8H8K^|FSZG<R1DigiS_H ` �K' o j�G-R1DigiSZ|<DFy YQG�%<S ��; �Ft<t z�}(WTM8S~H8H8f1MPS �
; tFt<t�E @ G<MQk��



������� ��� 
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 ; �

q(K1%Ff1MPSL�1� HT�(VJS_yNG-Y8KN|<S�H]K&%<RTG<y�%FG-KNR�W1MPDl|wKNg1S_g @wA Y8CTSpYPS_H]Y)OQChG-E @ S�MJ�K' o%� D<M)yND[{ %FGFH
W1MPS_HPH]fTM8S~H�� ! fTE @ S�MQH KNR7Y8C1S O�KNMPO�y^S~H MPS�W1MPS_H8S�R5Y?YPC1SxW1MPS_HPH8f1M8S�KNR E @ G-M~}(g1K^|wKdgiS_g @wA
; tFt1��B(G-c<S_R�� MPD<E F �F� G �

e��� ��� � � ������ � � � ���
� yNS_G-MPy A }�YPC1SxH8K1%FRTG-yE%FG-KNRv�²G<O�Y8D<M�W1M8DigifhO�S_g @wA Y8C1SZ�K' o giS�WXS�Rhg1H DFR:YPC1SxG<W1W1yNK^S~g
|<DFy YQG�%FS<} G-RTg:G-ydH]DZD<R Y8C1St%FGFH�WTM8S~H8H8f1MPS<� a MPS�|wKND<fTH�EjS_G<H8f1MPS�EjS�R5YQH F �<� G MPS_H8f1y^Y8S~grKNRY8CTSZg1G-YPG H8C1D[{JR7KNR B%Ff1MPSZ�i� H1}�O�Dl|FS�MPK^RB%�Y8C1S y^D[{c/ W1MPS_HPH]fTM8SjMQG-R2%FS�� M8DFE ; t<t�E @ G-MY8Dv�-t<t�E @ G-M~� u K^Y8C7YPC1SxKNEjW1M8Dl|FS_g ����� S�yNS_O�Y8MPD<R1KdO�H�giS_HPO�MPK @ S~g K^R2H8S_O�Y8KND<R2�1� sh� �1}
Y8CTS_H8S TRhgiK^RB%FHK{+S�MPS�O�DFEjW1y^S_EjS�R5Y8S~g @wA EjS_GFH]f1MPS�EjS_RFYQH�S �wY8S�RhgiK^RB%x� MPD<E �<t<t�E @ G-M
Y8D ; tFt<t E @ G<M_�:B)C1SZG<W1W1MPDFG<OQC OQC1D5H]S_R {+GFH?Y8D YPG<c<Sx�p�L�'H8WhS~O©YPMPG D<�JY8C1S H]S~O�DFRTg
OQCTG<R1R1S�y ` YPC1S TMQHnY+D<R1SP{+GFH{R1D<Y+fhH]S~gxgif1SpY8D�Y8C1SLgiS�� S_O©YJKNR�YPC1SpWTM8S~G-EjW @ DFG-MQgTk GlYJG
O�DFRTH]YPG-R5Y - H8D<f1MQO�S�giKdH]YPG-RhO�S�D<��s5��EjE'� M8DFE YPC1SpO�D<MPM8S~H]WXD<RTg1K^R2% G<R1DigiS�H]Y8MPK^W
�(VJS�� S�M
Y8D G<W1WhS_RTgiK �:� � ; � D<M?G-RvDl|<S_M8|wKNSJ{ D<� Y8CTS�g1GlYQG�YQG-c<S_R:G<RTgrYPD G-W1WXS�RTg1K �:��� �x� DFM G
yNKNH]Y8KNR2%�D-� Y8C1S H8WXS_O©YPMPG�D @ YPG<K^R1S~g �
��H�S�iWXS_O©YPS_g }TY8C1S����?��H]K&%<RTG<y�C1S_K1%FCFY�KdH�ydG-M %<S_Ml{JK YPC C1K&%<C1S_M�|<DFy YQG�%<S~H�}iMPS_H8f1y^Y8KNR2%�KNR
G H]C1K^� Y?D-�{YPC1S�C1KNH]Y8D %<MQG-E WXS_G-c�YPDZCTK1%FC1S�M?OQCTG<R1R1S�ydH_�LqTD<MLS�|FS�M A W1M8S~H8H8f1MPS�H]Y8S_W�} Y8C1S
H8WhS~O©Y8MQG�YQG-cFS�R G-YLgiK � S�MPS�R5YL�K' o j�G-R1DigiS�|<DFy YQG�%<S~H {+S�MPS�HPO�G-yNS_g Y8D |5KdH8fTG-yNy A E�GlYQOQC
Y8CTS?D<R1S?GlY ; �-tFt zp��G<O�O�D<MQgiKNR2% YPD

C1KdHnYPDh%FMPG<E�� � ��� � � F � G � C1KNH]Y8D %<MQG-E F � E�

	 G E�
�	
{JC1S_M8S�C1KdH]Y8Dh%FMPG<E F � G M8S_W1MPS_H8S�R5YPH�YPC1S�Rwf1E @ S�M�D-�)S�|<S_R5YPH?MPSJ%FKNH]Y8S_M8S~g:G-Y?Y8C1S � / Y8C C1KdH /Y8D %<MQG-E&OQCTG-RTR1S�y �(B D�GFO�O�D<f1R5Y{� DFM{Y8CTSpgiK �XS_M8S_RTO�SpK^RZK^RTK YPKNG<yhKND<R1KN�_G-Y8KND<R�G<RTg�W1MPS_HPH]fTM8SF}
Y8CTS�HPO�G-yNKNR2%j�²G<O�Y8D<MQH�
� F � G � D<M�Y8C1S�EjG-YPOQC1KNR2%�D<� H]KNE�f1ydGlYPS_g H8WhS~O©YPMPG�G-YpgiK �XS_M8S_RFYP%FGFHW1MPS_HPH]fTM8S~HJY8DxY8C1S�D<R1S�GlY ; tFt<tjE @ G-M {+S�MPS�fhH]S~g �pB)C1S A G-MPS(%<KN|<S_R K^R YPG @ y^Sj�i� ; G<RTg{+S�MPSpE�f1y YPK^WTy^KNS_g @wA Y8C1SLWTG<MPG<E�S�Y8S_MPH D @ YQG-KNR1S_g�� D<M+Y8CTS�S �iWhS_M8KNEjS�R5YPG<yXg1G-YPGT}iR1D<MPE�G-y1/
KN��KNR2%�G<y^y g1G-YPG�Y8D ; t<tFt?E @ G<M+G<RTg ; �-tFt?z��i� %FG<K^R��²GFO©YPD<M+K^R G-M @ K YPMPG<M A f1R1K^YPH+KdH Y8C1S_R
°���'4*b�K* # �+* * # �����RE ,5'©� * �42©� �.- 8 3p�B?N�40L*>'�(�O:C O=- ���Q�����"( * # �4% * # �����RE����4%:' ;¡� ,5'©� * �42©��C
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q(K1%Ff1MPS��1� ; t1� '��1G-EjW1yNSZD<���p�L� H]WXS_O�Y8MQG G-RTg Y8C1SrHPO�G<y^KNR2%vW1M8DiO�S_gif1MPS<� B)C1S |<S_M A
H8CTG-MPWZWXS_G<cxG-MPD<fTRTgZOQChG-R1R1S_y ; tFt�KdH @ G<OQcQ%FM8DFf1RTg�RTD<KdH]SF�

�LGFH)W1M8S~H8H8f1MPS F E @ G-M G 
�
; t<t t1� t /�<t<t t1� ; ��Ft<t t1���<�
s5t<t t1� �-s
�<t<t t1� sF�
�Ft<t t1���-�.-t<t t1� �-s
/ t<t t1� .-�
HFt<t t1� /</
; t<t<t ;

B(G @ yNSv�1� ; �2eiO�G<y^KNR2%7�²GFO©Y8DFMPHxD @ YQG-KNR1S_g � M8DFE H8KNE�f1ydGlYPS_g H8WXS_O©YPMPG7� D<M�giK � S�MPS�R5Y %FGFH
W1MPS_HPH]fTM8S~H F � G � ewS_SpYPS�wYJ� D<M)� fTM]YPC1S�M�S �iW1yNG<RTGlYPK^DFR��
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q(K1%Ff1MPSL�1� ;F; ��VJS�ydGlYPK^|FSpH8K1%FRTG-y�%FG<K^R ; E 
�	 
 � W1MPDl|wKNg1S_g @wA YPC1SL�K' o7�iB)C1SLf1W1WXS�M)S�RhgD-��S~G<OQCrO�fTM8|FS?KNH �nfTH]Y�H8C1D<M8Y�D-��YPC1S�W1MPS_HPH8f1M8SJ/ g1S�WXS�RTgiS_R5Y @ M8S~G-cigiD[{JR�|<DFy YQG�%FS?D-��Y8C1S
�K' o �XB)C1S�y^D[{+S_H]Y�D<RTS D<M�Y { D�g1G-YPGxWhDFK^R5YPH�D-�{S~G<OQC O�f1MP|<S�G-MPS y^S~H8H�M8S_y^KdG @ y^S�g1f1S?Y8D
GjgiMPD<W K^R Y8CTS O�D<fTRFYPK^RB%�MQGlYPS<}1H8S�S?G-WTWhS_RTgiK � � � ; �

%<KN|<S_R @wA
%FG<K^R � ;
�	 
 �

B)C1S�S�MPM8DFM{D<RxY8C1KdH MPG-Y8C1S_M+O�M8fTg1S�W1MPDiO�S_g1f1M8SpKNH S_H]Y8KNE�GlYPS_g�YPD @ S�G<W1W1MPD �iK^E�GlYPS�y A ; t?>G-Rhg MPS�W1MPS_H8S�R5YQH�YPC1Sjf1RTO�S_M]YQG-KNR5Y A K^Rv|wKNH8fTG-yNy A EjG-YPOQC1KNR2%�GZHPO�G<y^S~grC1KdH]Y8Dh%FMPG<E.Y8D G-R0/
D-YPC1S�M�D<R1SF�xB)C1S�MPS_H8f1y YQH?G-MPS�H]fTE�E�G<M8KN��S~g KNRvYPG @ y^S~H � � ; G-RTg ��� �1}(G<RTg:Y8C1S�O�D<MPM8SJ/H8WhDFRTgiKNR2%�O�f1MP|<S_H+G-MPSLH]C1D[{JRxK^R B%<fTM8S?�i� ;<; � ! D-Y8SpY8ChGlY)Y8C1SL|lG-yNf1S~H+G<yNH8D�O�D<R5YPG<K^RxY8C1SH8K1%FRTG-y�G<E�WTy^K�hO�G-Y8KND<R�gif1SLYPD�YPC1S?S�yNS_O�Y8MPD<R1KdO�H_�
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q1DFMjY8C1S giS~gifTO�Y8KND<R D-��Y8C1S�S �nS~O©YPK^yNS�Y8MQG<OQciH�� M8DFE Y8C1SrG<R1DigiSZY8KNE�SJ/ D<� / 8hK1%FCFY ` B #�q�k
H8K1%FRTG-ydH)K YpKNHpO�MPfTO�KdG-y YPD�cwR1D[{ YPC1S S�yNS_O�Y8MPD<R giMPK � Yp|<S�yNDiO�K^Y A KNR�Y8C1S,%5G<HJEjK �wY8f1MPS?fTH8S_g }
{JC1KdOQC HnYPM8DFR2%<y A giS_WhS_RTg1H�DFR Y8C1S yNDiO�G<y S�yNS_O©YPM8KdO TS_yNg H]Y8MPS�R2%<Y8C�� B)C1S�MPS�� DFM8SF}wY8C1S hS�ydg
KNR�Y8CTS�B(���+B)[8��giMPK � Y)MPSJ%<KND<R�E�fTH]Y @ SpcwR1D[{JRZG<H+G<O�O�f1MQGlY8S_y A G<H WXDFHPH]K @ yNS<�{ewKNRTO�SpY8C1S
S�RhO�yNDFH8f1M8S @ S_C1KNRTg YPC1S+S�RTg�O�G<WTH
E�fTH]Y @ S)S�yNS_O©YPM8KdO�G<y^y A %<MPD<f1RhgiS_gLYPDpWTM8Dl|wKdgiS H8C1KNS�ydgiK^RB%
G�%5G-KNRTH]Y Y8C1SZD<fiYQH]KdgiS�S_Rw|5KNMPD<R1EjS�R5Y~} YPC1S hS�ydg {JK^yNy @ S giKNH]Y8DFM]YPS_g R1S~G-M�Y8C1SZS�RTg1H_}{G<H
O�DFEjWTG-MPS_gZY8DjYPC1S KdgiS_G<y TS_yNg YPCTGlYf{ DFf1yNg @ S � DFf1RTg�KNR�Y8C1S KNR5Y8S_MPH8WTG<O�S @ S�Y { S_S�R�Y {+D
O�DFRTO�S_R5Y8MPKNO�OQCTG-M %<S~grO A yNK^RTg1S�MQH ` KNgiS~G-y�S�yNS_O�Y8MPKNO�O�DFRTgifTO�Y8DFMPHQkJD<� KNR TR1K^Y8SjyNS�R2%<Y8C�� B)C1S
ydGlY]YPS�M�O_G-R @ S O_G-ydO�f1ydGlYPS_g fTH8K^R2%��LG<fTH8H �iydG�{

���� �	� ` �T� ; k
{JC1S_M8S
�� giS_R1D-YPS_H Y8CTS S_y^S~O©Y8MPKdO giKdH8W1yNGFO�S_E�S_R5Y TS_yNg�G-RTg � Y8C1S+S�yNS_O�Y8MPKNO+OQCTG<M %FS giS�RhH]K^Y A �'EI5fTG-Y8KND<R ` �1� ; k�KNH�KNRFYPSJ%FMPG-Y8S_grDl|<S�MpGZO�D<RTO�S�R5Y8MPKNO�O A y^KNRTgiMPKdO�G-y(|<DFy^fTE�S�D-�{YPC1S�y^S_R2%-YPC� G-Rhg�MPGFgiK^fhHl3${JK^Y8C� U�� 3 � � � } {JC1S�MPS�� U KdH)Y8C1S�MPGFgiK^fhHJD-��Y8CTS K^RTR1S�M�O A y^KNRTgiS_M_}G-Rhg�� � YPC1S�MQG<giKNfTH?D<�)Y8C1S�DFfiY8S_M�DFR1S<� u K YPC���giS�RTD-Y8KNR2%�YPC1SxS_y^S~O©Y8MPKdO�OQCTG-M %<SjyNK^R1SgiS_RTH]K^Y A S_RTO�yNDFH8S_g @wA YPC1S�KNRFYPSJ%FMPG-Y8KND<R�|FD<yNf1EjS�G-RTgjg �
�G?H]fTM]�²GFO�S)|<S~O©Y8DFM�S�yNS�EjS�R5Y~}-Y8CTKNHA K^S_yNgTH�� ��� � � M 	 �����g� ����� 	 ���g �
 � �����~���w3�� �
q1fTM]YPC1S�MPEjD<MPS<}iG<HPH]fTE�KNR2%�Y8C1SLE�GlYPS�MPKNG<y @ S�Y { S_S�RxY8C1SLY {+D�O A y^KNRTgiS_MPH Y8D @ S giKNS�yNS_O©YPM8KdO-}
Y8CTS+S_y^S~O©YPM8KdO TS_yNg�}�{JC1KdOQC�WXD<KNRFYQH�K^R�Y8C1S)MQG<giKdG-ywgiKNM8S~O©YPK^DFR�}lKNH � DFf1RTg?YPD @ S)W1MPD<WXD<M8Y8KND<RTG<y
Y8Dt3 � U-�{B)CwfTH_}iY8C1S?S_y^S~O©YPM8KdO�WhD<Y8S�R5YPKNG<y KNH

� ` 3-k � - yNR 3 ` �T� �Fk

; H
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 � ��� ��� �<t

{JK^Y8CLY8CTS O�DFRTHnYQG-R5YPH - G-RTg  @ S�KNR2%�giS�Y8S�MPEjK^RTS_g @wA YPC1S @ D<f1RTgTG-M A O�DFRTgiK^Y8KND<R � ` � U k �� U G-RTg � ` � � k � � � YPDjGFgiC1S_M8S�Y8D
;- � y^R � �� U � ;

� � f � U; �
;� U S �iW � � U

� � f � U
��yNR � �� U �

B)C1SxOQChG-M %<Sjy^KNR1Sxg1S�RTH8K Y A KdH G-ydH]Drg1S�Y8S_M8EjKNR1S_g @wA Y8C1SZG @ Dl|<S�O�DFRTgiK^Y8KND<RTH @ fiY�D<�)RTD
KNRFYPS�MPS_H]YJK^R Y8CTKNH�O�D<R5Y8S �wY_�

-���
 �  ��,����Z�_�� 	���� � ���S� � � � ���-��,K �Q	i�
'^�� � � "$#�%�� %<;�8���� 7 �/��� � ,!%
[\RjD<MQgiS�M(YPD O�G-ydO�fTyNG-Y8S+Y8C1SJS_y^S~O©YPM8KdO)WhD<Y8S_RFYPKNG<yTgiKdHnYPM8K @ fiYPK^DFR�KNR�Y8C1S�W1M8DFWhD5H]S~g�B(���+B)[8�
O�DFR B%Ff1MPG-Y8KND<R�}TK Y�KdH�RTS_O�S~H8HPG-M A YPD�YPG<c<S?KNRFYPDxG<O_O�DFf1R5YJY8C1S�GFO©YPfTG-y %FS�DFE�S�Y8M A KNR EjD<MPS
giS�YPG-KNy ���pf1SjY8D K YQH?O�DFE�WTy^S �wK^Y A }�G<RvG<RTG-y A Y8KdO�G<W1W1MPDFGFOQCrKNH�R1D<YL� S_G<H8K @ y^SF��[\RTH]Y8S~G<g } G
Rwf1EjS�MPKNO_G-y EjS�YPC1Dig }iYPC1S q(K^R1K^Y8S(' y^S_EjS�R5Y�o S�YPC1Dig ` q*' o k�}1KdH)S�EjW1yND A S_g��
`cb2d e g�i U F �-�i}i�ls G KdH G q*' o�H]D<� Y {+G<M8SJWTGFOQclG�%<S)YPCTGlY)G-yNy^D[{�H�� D<M{YPC1SpH8WXS_O�K�hO_GlY8KND<R�D<�
G(%FS�DFE�S�Y8M A KNR�f1WxY8D?YPC1M8S_SpH8WTG<O�S�giKNEjS�RTH8K^DFRTH_}5GFHE{+S�yNyhGFH K^YPH W1MPD<WXS�M8Y8KNS_H_}h{JC1KdOQCW{JKNy^y
giS_WhS_RTg�D<R�YPC1S W1C A H]KdO�H�E�DigiS�fTH]S~g �+[\R�Y8C1KdH�KNRTH]YPG-RhO�S<}�`cb2d e g�i KdH�fhH]S~gZKNR�Y8CTS��<�
S�yNS_O�Y8MPDFH]YPG-Y8KdO�HpE�DigiSF��B)C1Sj|<DFy YQG�%FS_H�G<W1W1yNK^S~g YPD�H8f1M8�²G<O�S_H�O�G-R @ SjH8WhS~O�K�TS_g } G<HP{ S_y^y
G<H�Y8CTS�giKNS�yNS_O�Y8MPKNO�WhS_M8EjK^Y]YPK^|wK^Y A D<� H8f @ |<D<yNf1EjS_H_�P#pfiYPW1fiYLD-�{YPC1S�MPS_H8f1y^YPHpKNHpW1MPDl|wKNgiS~g
KNR�Y8CTSp� DFM8E&D<�
|lG-MPK^DFfTH WTy^D<Y+DFWiY8KND<RTH_}wK^RhO�yNfTgiKNR2%�YPC1SLWhD<Y8S_RFYPKNG<y giKNH]Y8MPK @ fiY8KND<R G-RTg�Y8C1S
S�yNS_O�Y8MPKNO TS_yNg�y^KNR1S~H�����g1g1K YPK^DFRTG-yNy A }h`cb2d e g�ijG-yNyND[{�H�� DFM(S �wY8S�MPRTG<ywG<RTG-y A H]KdH D-�1YPC1SJg1GlYQG
@wA W1MPK^R5YPK^R2%jYPC1SLM8S~H]fTy YPK^R2%j|lG-yNf1S~H)Y8D TyNS<�
'^�� �� ��% ; 8 ���	� / ,�% 8J=
[\R G-R S�� D<M8Y�Y8D7O�DFR5YPG-KNR#Y8C1SrO_G-ydO�f1ydGlYPK^DFR2YPK^EjSrG-Rhg#EjS_E�DFM A O�D<RhH]f1EjWiYPK^DFR2YPD @ S
E�G-RTGh%<S~G @ yNS @wA G�H]YPG-Rhg1G-MQg giS~H]c5YPD<W a �+�-} YPC1SW`cb2d e g�i EjDigiS�ydHLD-� Y8C1S�B(���+B)[8�
giMPK � Y�MPSJ%FK^DFRZ{+S�MPS?giS_H8K1%FR1S_gxY8D�� S~GlY8fTM8SLD<RTy A YPC1S G-EjDFf1R5Y)D<�(O�D<EjW1yNS�iK Y A R1S�S~giS_gZ� D<M
Y8CTS�WTf1M8WXDFH8S�D<�(O_G-ydO�f1ydGlYPK^R2%�Y8C1S?HPG-Kdg�� MPK^RB%<S�S�� S_O©YQH+D<R�YPC1SLS�yNS_O�Y8MPKNO�TS�ydg ��B)C1S?O�G-Y8C0/
DigiS4{JK^MPS_HS{+S�MPSxMPS�W1ydG<O�S_g @wA GvH]KNEjW1y^S�O A yNK^RhgiS�Mt{JK^Y8C MPGFgiK^fhH � U � ; t EjE�} G<RTgY8CTSL�K' o {+GFH DFEjK Y8Y8S_g��{B)C1S�MQG<giKNfTH D-��YPC1S�D<fiYPS�M)O A y^KNRTgiS_M MPS�WTM8S~H]S_RFYPK^RB%?Y8C1SLG-RTDwg1S
H8f1M]�²GFO�SS{+GFH?OQC1DFH8S�R Y8D @ S � � � �-tZEjE ���&|FD<y^YPG�%FS�D<�V/n�-tFt�z KdH?G-W1W1yNKNS_g Y8D Y8C1S
O�G-Y8C1DigiSF}+G<RTg %<MPD<f1RTg Y8DvY8CTSrG-R1DigiSF��B)CTSZYPf @ S<}c{JC1KdOQC#S �5YPS�RTgTHjY8D7Gvy^S_R2%-YPC#D<�
�-t�O�E }(KdH?S�RTO�y^D5H]S~g:G-Y?Y8C1SjYPD<W7G-Rhg @ D-Y8Y8DFE @wA � EjE Y8C1KdOQc S_RTg O�G-WhH?O�D<RhH]KdHnYPK^RB%
D-� GZgiKNS�yNS_O©YPM8KdO `�
 � � ; t5k©��B)C1S�S�RhO�yNDFH8f1M8SF}B{JC1KdOQCrCTGFH %FM8DFf1RTg�WXD-YPS�R5Y8KdG-y } KNHpW1ydG<O�S~g
; t�EjE @ S_C1KNRTg YPC1S�E���B)C1KNR�MPK^R2%�HnYPM8fhO©Y8fTM8S~H(O_G-MPM A KNR2%�WXD-YPS�R5Y8KdG-ydH� � }¡YPCTGlY�� DFy^yND[{ Y8C1S
yNDh%FG<M8K^Y8CTE�KdO)W1MPDh%FM8S~H8H8K^DFR ` �1���<k©}wG-MPS�G<gTgiS_gjDFR�YPC1S�KNRTH8KNg1SJ�²G<O�S�D-� Y8CTS�O�G<WTH��{� D<R B%<f0/
MQGlY8KND<RhH*{JK YPC�YPC1MPS�S<}5H]K � }FG<RTg�R1K^RTSJM8KNR2%LWTG<gTH�CTG¡|<S @ S�S�R�KNRw|<S~HnYPK1%5GlY8S~g�G<RTgjO�DFE�WhG-MPS_g
Y8D�DFR1St{JK YPC1D<fiY G<R A WTG<g1H_�jB)C1SjS�1G<O�Y?H8WXS_O�K�hO_GlY8KND<RhH?G-MPS$%FK^|FS�R KNR G-W1WXS�RTg1K � �p� ; �
! D<Y8S?YPCTGlY~}TYQG-cwKNR2%�G<gi|lG<RFYQG�%FS�D<��Y8C1S�H A EjE�S�Y8M A }TY8C1S�O�G-ydO�fTyNG-Y8KND<RTH)� DFMJY8CTS�H]K �Q/+G<RTg
� FX�"(>-b�.'�% O:C.A°+!$# � ���40 # �.%¡�K6�- �"; * # (/'�6�2 # '�6:*���'�- *$'4?�* # � � '�(�� &�(b�1-b�"% *b�";��.%�* # �.-	( ��&@'�(/*�(>6:%�-��5�.% 6:<L�4%�;?^�8�+*/6�(b�1-���A�C O �����$- �.%:2©��� &�(/' 0n�"->-/'�( �4%�;�D:A1M9E�� '4?�� � E C��X���"%5*)3�'4?�- ��� &J�J�n��'�(/37H O���� P����4-�Q���.' 08�+*b�"; */'J�40"01'©��' ;l�+*b�������! #"%$ C
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R1KNR1S�/ MPK^R2%FS_gjEjDigiS�ydH+G-MPS @ G<H8S_g�D<R�DFR1S�CTG<y ��D<� Y8C1S�O A yNK^RTg1S�M+D<R1y A ��q1MPD<E Y8CTSp|FD<y^YPG�%FS
giKdHnYPM8K @ fiYPK^DFRTH�D @ YPG<K^RTS_g ` H8S�S  %<f1MPS��1� ; k+DFR1S�O_G-R�K^EjEjS_g1KNG-Y8S�y A TRTg�YPCTGlYpG<W1W1MPD<W1MPK1/GlYPS�y A�@ KNGFH]S~grS_RTgrO�G<W MPK^RB%FH�H8f1W1WXD<M8Y�Y8C1S�S�yNS_O�Y8MPKNO TS�ydg G-YpYPC1S�S~g0%<S~H�}XYPC5fhH�C1S_y^WTK^R2%
Y8DjKNEjW1M8Dl|FS�Y8C1S TS_yNg f1RTK � DFM8EjK^Y A �
'^�� �' " (A�/���^*J.�, � 8:,!/-(+*|24#5;
[\R D<MQgiS�M�YPD�� f1M]YPC1S�M GFH8H8S_HPHLG-RTg I5fTG<RFYPK � A Y8C1S�fTR1K � DFM8EjK^Y A D-�+Y8CTS�S�yNS_O©YPM8KdO TS�ydgvD @ /
YPG<K^RTS_g }<Y8C1SJgiMPK � Y�YPK^EjSJD<�XS_y^S~O©Y8MPD<RhH�{JCTS�R�Y8MQG¡|<S_y^yNK^RB%�� MPD<E YPC1SJO�G-Y8C1DigiS)YPDpYPC1S�G-RTDwg1S
{)G<HLO�G<yNO�f1yNG-Y8S~g }�G<HP{+S�yNy{G<HpY8C1SjE�G �iKNE�f1E%g1S�|wKNG-Y8KND<R�� � D<� TS_yNg:y^KNR1S~H�� M8DFE Y8C1S_K^M
H]YPG-M8Y8KNR2%jC1S_K1%FCFY~�
`cb2d e g�i W1MPDl|wKNg1S_H Y8C1S � ? } � B }1G-RTg ��� O�DFEjWhDFR1S�R5YPH+D<��Y8C1SLMPS_H8f1y^Y8KNR2%�S_y^S~O©YPM8KdO�hS�ydg
GlYjS�I5f1KdgiKdHnYQG-R5Yt%<MPKNg7WXD<KNR5YPH_} G-yND<RB%:{JK YPC2YPC1S�O�G-M8Y8S~H]KdG-R#O�DwD<MQgiKNRTGlYPS_H D<��Y8CTS_H8S^%FM8Kdg
WXD<KNRFYQH��{B)CTS � G �iKNH)WXD<KNR5YPHJG<y^DFR2%�Y8C1S?MPD-YQGlY8KND<RhG-y H A EjEjS�YPM A G �iKNHc{JK^Y8C Y8CTSLY { DjS�Rhg
O�G<WTHjW1ydG<O�S_g GlY � � tvE G<RTg � � t _ �:E � [\R#Y8CTKNH�KNRTH]YPG<RTO�SF} DFR1y A Y8C1Srg1G-YPGvKNRY8CTS 6 � t�W1yNG<R1S,{+S�MPS�fhH]S~g }iYPG<cwK^R2%�GFgi|lG-R5YPGh%<S�D-�(Y8C1S?MPD-YQGlYPK^DFRTG-y�H A E�EjS�Y8M A D-�(Y8C1SW1MPD @ yNS�E���B)C1SJ� DFy^yND[{JK^RB%?y^DwD<W�G<y1%FD<MPK YPC1E|{)G<H�KNEjW1y^S_EjS�R5Y8S~g�K^RZ� j j ` H8S�S�G<W1WXS�RTgiK �
��� �Fk Y8D�Y8MQG<OQcjY8CTS�hS�ydgxyNK^RTS_HJG-Rhg�YPD�O_G-ydO�f1ydGlYPSpYPC1S�KNM)E�G �iK^E�f1E giS_|wKNG-Y8KND<R�� � � MPD<E
Y8CTS�KNMpH]YPG-M8Y8KNR2%jWXD<KNRFY ` 5 � 	 � ��	 � � U } 6 � 	 � ��	 � tT} � � 	 � � 	 k�}hG<H { S_y^y(G<H)YPC1S S�yNS_O�Y8MPD<R giMPK � YY8KNEjS G-yND<R2%�YPC1S TS�ydg y^KNR1S_H_�
; � � ?jG-RTg � � YQG-cFSpYPC1S?|lG-yNf1S_Hc%FK^|FS�RZ� D<M)YPC1S O�yNDFH8S_H]Yl%<MPKNgZWhDFK^R5YQ�-�
�1��B)C1S${JKdgwYPC G 57D<� GZH]Y8S_W:KNR 5 g1K^MPS_O�Y8KND<R KdHLc<S_WiY?GlYLY8C1S�O�D<RTH]YPG<RFY 57giKdHnYQG-RTO�S
@ S�Y { S_S�R4%<MPKNgZWhDFK^R5YQH�}TG<RTg G � � `���� E � ? k G 5
�

�T��B)C1S�giMPK � Y YPK^EjS�KdH?KNRTO�MPS_GFH]S~g @5A - G 5 � jOG � � E�� `�� ��	� k�}�{JCTS�MPS
� giS�R1D<Y8S~HLY8C1S
giM8K^� Y�|<S_y^DiO�K Y A D<�(G<R S_y^S~O©YPM8DFR G<W1W1MPD �wKNE�GlYPS_g�� MPD<E S�iWhS_M8KNEjS�R5YPG<y�g1GlYQG F �F� G Y8D
� `$� k � t _ H�E H � U�E¡z E � U ` H]S_S� %<f1MPS?�1� �Fk©�

sh� 5rG-RTg � G-MPSLK^RTO�M8S~G<H8S_g @5A G 5 G-RTg G � }iM8S~H]WXS_O�Y8KN|<S�y A �
�1��VJS�EjS�E @ S_M�� � � � � � 	 � � 	�f ��� K^�1K^Y KdH
ydG-M %<S_M Y8CTG<R�G-R A � � W1M8S_|wK^DFfTH]y A D @ YQG-KNR1S_g �
�T����D�YPD ; �

B)C1KdH�yND5DFW {JKNyNy @ S S �iS_O�f1Y8S_gU{JC1KNyNS � U � 5 � � � G-RTg�t � � � yNS�R2%<Y8C�D-��Y8C1S
OQCTG<E @ S�M~�
'^�� ��� -D% =$�S8|24=
VJS�� S�MLY8D�B%Ff1MPS_HL�1� s G<RTgv�1����� DFM�WTy^D<YPHLD-� Y8C1SjMPS_H8f1y^YPH_��B)C1S A H8C1D[{ Y8ChGlY_}
K^R D<MQgiS_M
Y8DxM8S~gifTO�SLYPC1S?� MPK^RB%<S S �XS~O©YpO_G-fTH8S_g @wA YPC1S�S_RTg O�G<WTHJD-�(Y8CTS�B(���+B)[8� giMPK^� YpMPSJ%<KND<R
}
K^Y KNH?giS~H]KNMQG @ yNS�Y8D�K^RhHnYQG-yNy{G-R1Rwf1ydG-M O�D<RTgifhO©Y8KNR2%�MPK^R2%�WTGFg1HLD<R:Y8CTS�S�RTgvO�G<WTH��j[ �+Y8C1S
|<DFy YQG�%FS_H�G<W1W1yNK^S~g7YPDrY8CTS�E 1Y�Y8CTSZyNDh%5G-MPK YPC1EjKNOxW1M8D %<MPS_HPH]KND<R D<��Y8C1S WXD-Y8S_R5Y8KdG-y }�Y8C1S
KNR 8Tf1S_RTO�S�D-�
DFR1y A Y8C1MPS�S�WTG<gTH KdH)H]f#��O�K^S_R5Y YPD�O�D<RTH8KNg1S�MQG @ y A KNEjW1MPDl|<S�YPC1SLf1R1K^� D<MPEjK Y A
D-�hY8C1S)S_y^S~O©Y8MPKdO TS_yNg�}lY8CwfTH�KNRTO�MPS_GFH]KNR2%�Y8C1SJH8S�RTH8K YPK^|FS+g1S�Y8S~O©YPK^DFR�G<M8S~G1�
�pg1giK^Y8KND<RTG<yiWTG<g1H
CTG¡|FS�H8y^K&%<C5YPS�MJS�� S_O�YPH_�
³� * # �4-�%�'4*	8-�n�"%N;¡�n�n�J�1; %¡�"0]�"-/- �4(/3�*>' &:(>' ,_�.;¡�&?J'�( �.%5* �"( & '©� �+*b�.'�% C��_�.%�0n�&* # �B% 6¡�B8<�"($'4? 2�(b�.;

&@'©�.% */-$08�4%�8-� �.%:01(b�]�4- �";�,_�.(/*/6l�Q��� 3��4(>8~� *>( �4( ��� 3 � * # �.- * �4- �708�4%�8-�����"? * *>' �����! #"%$ C
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` GFk ` @ k

` O_k ` gTk

q(K1%Ff1MPS��T� ; �(B)C1S�MPS_H8f1y YPK^RB%�|FD<y^YPG�%FSpgiKdH]Y8MPK @ f1Y8KND<RZ{JK^Y8C ` G5k R1D�MPKNR2%FH_} ` @ k+��MPKNR2%FH_} ` O_k�jMPK^R2%5H�}1G<RTg ` gTklHjMPKNR2%FH+YPDjH8f1W1WXD<M8YJY8CTS?S�yNS_O©YPM8KdO TS_yNg�GlYJYPC1S?S�Rhg O_G-WTH_� ILS A f1R1K^YPH
G-MPSL|<DFy YQH��
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xδ
zδ

x

z

E

q(K1%Ff1MPS �1���i� B)C1S TS_yNg�y^KNR1S Y8MQG<OQcwKNR2%�G-y&%<DFM8K^Y8CTE �(B)C1S g1D-YPH�H8C1D[{JR�G<M8S�YPC1S<%<MPKNg?WXD<KNR5YPH
{JC1S_M8S �� |lG-yNf1S_HJG<M8SLG¡|lG-KNyNG @ y^S ` G-MPM8D[{�HQk©��G 5rG-RTg G � giS_R1D-YPSLY8C1S,{JKdgwY8C�D<�(GjHnYPS�W�KNR5rG-Rhg � g1K^MPS_O�Y8KND<R�}iMPS_H8WhS~O©YPK^|FS�y A ��B)C1S?H]DFy^Kdg y^KNR1SLKNRTgiKdO�GlYPS_H)YPC1S TS_yNg yNK^R1SL� DFf1RTg �

q(K1%Ff1MPS��1� �1� �pM8K^� Y�|<S_y^DiO�K Y A � `$� k D-�)S � K^R7G<R ��M kF�l# � %FG<H E�K �wY8f1MPS<}
YPG<c<S�Rv� MPD<EF �<�w}�B%<fTM8S��F� G �(B)C1S�G @ H8��KdHPH8GKI5fTG-R5YPK Y A KNH � E � KNR�cwzKk-O�EZklG-Y8E�}FG<RTg�Y8CTS�D<MQgiKNRTGlYPSJKNH
� `�� k(K^R�O�EZk ��H_��B)C1S ; t?> �l# � O�f1MP|<S K^R�Y8CTS MQG-R2%FS � � �-t<t�zKk-O�E GlY�GlYPEjDFH8W1C1S�MPKdO
W1MPS_HPH]fTM8S�KNH�G-W1W1MPD �iK^E�G-Y8S�y A � `�� k�� t _ H�E.H ��UUE¡z E ��U �
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` GFk
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de
lta

_z
 [m

]

z_start [m]
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