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�VKQ^_OQWXT�JÐA�^fT�b*]±C'DhfkO�UaC2fkWB^_T�eB@BOQJLprKQYkUÆPBD�^_J�O�C�J�UaC']_]˜ZéDrC'KQT�^_YkW�Y'Z

T�bBO�^fUcC2fˆOkG#t OQjkOQD�T�bBOQ]fOQJ�JLp.^_TÐ^fJ
T�bBO�OQ@�fˆOQJÐA�bB^fKÞb>KÞbRC'DrC'KQT�OQD�^&�QO�CSW�^_UaC2fkOkG
A�bB^_J"^_J
^_UVPRYˆD�TÞC'WoTRA�bBOQW

KQYkWBJ�^_@BOQD�^_W�f �oeRC'WoT�^&�LC'T�^_YkW�J�KÞbBOQUVOQJ
Z°YkD�J�KLCS]_^_W�f�KQYXO
�ÆKQ^fOQWXT�J.GYi£t�YkT�O�T�bRC'T�C�UV^_@BD�^_J�OQD �XeRC'WoT�^&�LCST�^_YkW
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C'J�J�^ fkWBJ CVj'C']_eBO{Y'ZF�QOQD�YaT�YaJ�KLC']f^_W�fÆKQYoO
�ÆKQ^_OQWoT�JH^_W�ChWBOQ^�fkb �RYkeBD�bBYXYo@�Y'ZF�QOQD�YRG�ko^_WBKQO

C �QOQD�Ylj“CS]_eBOHY'Z�T�bBOHJ�KLC']_^fW�fûKQYoO
�ÆKQ^_OQWoT�^_UVPB]_^_OQJ9T�bRC'T�T�bBOHKQYkD�D�OQJ�PRYˆWB@B^_W�flKrbB^_]_@.�oeRC'@BT�D�OQOH^_JF�QOQD�Y3p

T�bBO�PBD�YXKQOQJ�JH^fJ*^_WåJ�YkUVOHA�CLMFCSWRC']_Y�fkYˆeBJ�T�Y �5Z�RhO�]$RhZ�Z*A�C.jkOQ]_OQT J�KÞbBOQUVOQJK�Úwˆu-�%G o.�£TH^_J�^_UVPRYkD�TÞC'WoT¨T�Y

�ROlC��B]_O>T�YlKQYo@BOlC'J*UheBKÞbabB^�fˆbBOQDVn®D�OQJ�Yk]feBT�^_YkWa^_WoZ°YkD�UaC'T�^fYkW
pkOkG f3G�OQ@�fkOQJLp3^_WoT�YlT�bBO>Z°DÞC'KQTÞCS][n®A�CLjˆOQ]_OQT

T�DÞC'WBJÊZéYkD�U©G&A�bBOQJ�O�^_@BOLC'J A�^_]_]U�RO>O
�•PB]fYkD�OQ@VZ°eBD�T�bBOQD�OQ]_J�OQA�bBOQD�O	�Úw"�S�gG

yH^_jˆOQW©C'Wå^_UcCMfkO iéZéeBWBKQT�^fYkWaYkD�UVOLC'J�eBD�O/o˜pBT�bBO�@BOQT�OQD�UÆ^fWRC'T�^_YkWVY'ZCd�J�^&�QOQJ�glY'Z�J�e��BD�O�fˆ^_YkWBJ�A�^fT�b

PBD�OQJ�KQD�^J�ROQ@a^_D�D�O�fkeB]¶C'D�^fTgM��'D�O�fˆeB]¶C'D�^¥T%M i®C'J�UVOLC'J�eBD�OQ@T�XMVv�^_PBJ�KrbB^_T��HYkDR �� Yk]_@BOQD�O
�BPRYkWBOQWoT�J"o�^fJ:C>J�e��,n

	�OQKQT�YSZ&_ Q�S[]$K U�RhG�\/]bG!S“C'WRCS]_MXJ�^_J��ðu"2S�gGÐq�WlT�bB^_JÐWBYˆT�Okp'A�O¨@BDrCLA T�bBO�D�OLC'@BOQD �ÎJ\CST�T�OQWoT�^_YkW>T�Y*J�YkUÆO9D�OQKQOQWoT

u"�



0

0.05

0.1

0.15

-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3
alpha

alpha histogram

�T����

?���� �

�

´fŸ“·"«k¬£ŸL �¡£ŸL­3¯® �Ÿ.­¿¢¥¦kÈ�ÄkŸ.¬®ŸL²>ž�¡®ž�¬*÷% �¤.¦“¡£¤Lºk¬�²>ŸLÄBÒÎølÃ{Ÿ.ÈL¦k¢¥¡®ºˆ¹kž�¯�¤Q§

�

Ì Í ¯® �Ÿ.­¥¢¿¦ˆÈ*Â.ž� �¡®¤.¬®¯)§¶¤L¬

´���� �������

�

·��ä´�)��

.

·"¸®«#»Sî ŸLÄˆÄk¬®¤rÉk¢¥²�Ÿ.¡®¢¥¤L¦�¤Q§
µBž�¦kŸH¢¥²>ŸLÈLž�Äˆ­¿¤.¡®¡£ž�¹{ŸL¯�Ÿ�1�) �X1�)�ŸL¬£¬®ŸQ¼.Ò
Ï�¢¥ÈL•kž�¬�¯® �Ÿ.­¿¢¥¦kÈ

²�ŸLÈ.¦k¢¥¡®ºk¹ˆž�¯�æ'¬®ž�Äˆ¬®ž�¯£ž�¦'¡®ž�¹aÑ'¼H¹kŸ.¬®ïLž�¬�Äo¤L¢¥¦'¡®¯�ækŸ.¬®ž�¯®¢¥¡£ºkŸL¡£ž�¹lŸL¡"¤L¬�¦ˆž�ŸL¬�ž�¹ˆÈLž�¯9¤L¬�¢¥¬®¬£ž�ÈLºk­¥Ÿ.¬�¬®ž�È.¢¿¤.¦k¯�¤Q§�¡®•kž

¢¥²>ŸLÈLž˜Ò\´fÑX·"Ï�¢¥¯®¡£¤LÈ.¬®ŸL²�´_¦k¤.¬®²�Ÿ.­¥¢¿ò�ž�¹X·�¤˜§

�




ÌÎÍ

ÂQŸL­¥ºkž�¯"§¶¤L¬"¡®•kž>´�)kæ

.

·
¸®«�»'î ŸLÄˆÄk¬®¤rÉk¢¥²�Ÿ.¡®¢¥¤L¦�¤Q§
µBž�¦kŸˆÒ

C'WB@ajkOQD�MhJ�^�fkWB^1$RKLCSWXT9A¨YˆD�
lYkWVT�bBOHPBD�Y"�B]fOQU,YSZÐKQYkWBJ�T�D�eBKQT�^_W�f i°KQYkWoT�^_WoeBYkeBJ"o\ZéDÞCSKQTÞC']�^_WoT�OQD�PRYˆ]¶C'T�^_YˆW

ZéeBWBKQT�^_YkWBJ�A ^_T�bÁPBD�OQJ�KQD�^J�ROQ@ ]_YXKLCS]  �Yk]f@BOQDHD�O�fkeB]¶C'D�^_T%MFKQYkWB@B^_T�^_YkWBJ	�3)op �S�gG A�bB^_J>bRC'JK�3OQOQW C'KQKQYˆU n

PB]_^_J�bBOQ@��XMlJ�OQjkOQDÞC']BUVOLC'WBJLpˆ^_WBKQ]_eB@B^_W�f{C�c�Z(I*Z(R G!S K��5Z"J:G B I*Z�<�>0? i®yP�£dHk�o�^_WoT�OQD�P3Yk]¶C'T�^fYkWHZ°eBWBKQT�^_YkWBJ.G
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i�P T�YåT�bB^_J�P3Yk^_WoTLp"T�bBO{Z°DÞC'KQTÞCS][n®A�CLjˆOQ]_OQT*T�DÞC'WBJ%Z°YkD�U0bRC'JM�3OQOQWäeBJ�OQ@nT�YFO
�BT�DÞC'P3Yk]¶C'T�OhT�bBOlA�C.jkOQ]_OQT

O
�•PRCSWBJ�^_YkW Y'Z Cå^_UaC2fkO{Z°D�YkU d��QOQD�YkT�b YkD�@BOQDLp gÁ^®G OkG�T�bBOVJ�T�YkD�OQ@(�B]_YoK
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Š

�

p�T�YÁT�bBO d�KQYkUVPB]_OQT�O�g

O
�•PRCSWBJ�^_YkWåY'Z¨T�bBO>^_UaC2fkOkpB^®G OkG���
�ZéYkDHC.�oz“u " �•z“u{PB^1�BOQ]�^_UaC2fkOkGR  Y“A�OQjkOQD.pRT�bBO>Z°DÞC'KQTÞCS][n®A�CLjˆOQ]_OQT

T�DÞC'WBJÊZéYkD�U UaCLM��ROH^_T�OQDrC'T�OQ@VOQjkOQWVZéeBD�T�bBOQD�T�Y{PBD�Yo@BeBKQOûC'@B@B^fT�^_YkWRC']�A�C.jkOQ]_OQT9�B]_YXK

oJLpoOkG fRG�C'PBPBD�Y��B^[n

UcCST�^_YkWBJ�T�Y �

[.3

p3YkD>z�2ku��	"�z�2ku:�ÆD�OQPBD�OQJ�OQWXTrC'T�^_YkWBJ Y'Z�T�bBO�^fUcC2fˆOkp	�

[C[

p�OQT�KkG_G8A�bBOQJ�O�KQYkD�D�OQJ�PRYkWB@

T�YFbB^ fkbBOQD{D�OQJ�Yk]_eBT�^_YkW�C'PBPBD�Y��B^_UcCST�^_YkWBJ�Y'Z�T�bBOV^_UcCMfkOkGVdRYkDlCT$��BOQ@äPB^1�BOQ]�J�^J�QOkpÐT�bBOQM�PROQD�UV^_T{C'W

C'PBPBD�Y��B^_UcCST�O=d��QYXYˆUÆ^_W�f3G g0d�^�fkeBD�OQJVz�� i®C�o{C'WB@�z��aiC�ao�J�bBY“A7C'PBPBD�Y��B^_UaC'T�^_YˆWBJHT�Y �

[.3

C'WB@ �

[C[

D�OQJ�Yk]feBT�^_YkWBJ�Y'Z"T�bBO v�OQWRC�^fUcC2fˆOkG!�®WT�RYˆT�bÆKLCSJ�OQJLp��oz“u "	�oz“u�PB^1�BOQ] �B]fYXK

XJ)ZéD�YkU T�bBO�KQOQWoT�D�O�Y'ZÐOLC'Krb

C'PBPBD�Y��B^_UcCST�^_YkW{bRC.jkOP�ROQOQWåPB]_YkT�T�OQ@
G

� ���H�����
���{
r��5 62�:/4	������

�®W T�bB^_J{PRC'P3OQD CjfkOQWBOQDrC']_^&�QOQ@ KQ]¶C'J�J>Y'Z*C��ÆWBOVT%A¨YMn®@B^_UÆOQWBJ�^_YkWRC']ëZéDrC'KQTÞC'][n®A�C.jkOQ]_OQT�T�DÞCSWBJ%ZéYˆD�UÆJHbRCSJ

�ROQOQWå^_WXT�D�YX@BeBKQOQ@
G^A�bBO�C'KQT�^_YˆWaY'ZÐT�bBOQJ�O �®dHk!n®T%MoPROHYkP3OQDÞC'T�^_YˆWBJ¨YˆWaA:C.jkOQ]fOQT��oeRC'@BT�D�OQOQJ�^_WB@BeBKQOQJHC'W

C'KQT�^_YˆW�^_W�ZéeBWBKQT�^fYkW{J�PRC'KQO"/ÐC RhZ"\(Q�R�RhZ�I
]U<�>0? � @ Kb],+ \"O2I
J�Z�IQD G!]$KLO2I U"Q,I*\5]$KLO2IQD#^fWXjkYˆ]_jX^fW�f�@B^_]¶C'TrC'T�^_YkW
p

J�KLC']_^fW�f CSWB@aUÆ^1�B^_W�f>Y'ZÐYkD�T�bBY�fkYkWRC']�KQYkUVPRYˆWBOQWXT�J�Y'Z"T�bBOH^_UaC2fkO�Z°eBWBKQT�^_YkW
G9i�WB@BOQD�J�eB^_TÞC��B]_OHKQYˆWB@B^[n

T�^_YkWBJ.pRT�bBOlC��VWBO;�£dHkom YˆPROQDÞC'T�YkD*^fJ*KQYkWoT�DÞCSKQT�^_jkOkp3]_OLC'@B^_W�fVT�YFC ZéDrC'KQTÞC']�C'PBPBD�Y��B^_UcCST�^_Y'WaUÆOQT�bBYX@

�RC'J�OQ@�YˆW�T�bBOVKQYk]_]¶C2fˆOûT�bBOQYkD�OQUÁG A�bBOM$��BOQ@nP3Yk^_WoT�A�C.jkOQ]_OQT�T�D�OQO�� b{YSZ:T�bBOlKQYkWoT�DÞC'KQT�^fjkO{YkPROQDÞCST�YkD

O
�•bB^J�B^_T�J¨C 
X^fWB@ÆY'Z>d�J�OQ]¥Z�n®T�^_]_^_W�f�gQ/�^_T�^_J9O
�•PBD�OQJ�J�^&�B]_OHC'J�CHeBWB^_YkWVY'ZÐC'WVeBPBPROQDXd�PRC'D�OQWXThg �B]_YoK%
oJ�A�^fT�b

J�KLC']_OQ@aKQYˆPB^_OQJR�ROQ]fY“AþT�bBOQU©G

A�bBOHKQYkUVPBD�OQJ�J�^fYkWÆUVOQT�bBYo@BJ�OQUÆPB]_Y'MkOQ@h^_WaT�bB^_J�J�T�eB@BMVA�OQD�OP�oeB^_T�O�J�^_UVPB]_OkG"dReBD�T�bBOQD�^_WojkOQJ�T�^�fXC5n

T�^_YkWH^fJ
D�O-�oeB^_D�OQ@H^_W{C�WXeBU��ROQD
Y'ZRC'D�OLCSJ
^_WBKQ]_eB@B^_W�fQ/Hi%z0o3]_OQJ�JÐD�OQJ�T�D�^_KQT�^fjkOÐPRCSD�OQWXT n®KÞbB^_]f@HKQYkW $afkeBDÞC'T�^_YkWBJ

A�bBOQD�O�T�bBOHD�O
$RWBOQUVOQWXT�KLC'WT�RO�CS@RC'PBT�^_jkOkp
i®u!o�C>@BOQTÞC'^_]fOQ@cC'WRCS]_MXJ�^_J�Y'Z"J�OLC'D�KrbB^_W�fTA�D �"WBYkWBJ�OLCSD�KÞbB^fW�f
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YkD�PRC'D�T�^¶CS]ÐJ�OLCSD�KÞbB^fW�fÆY'Z�PRC'D�OQWoTP�XeRCS@BT�D�OQOQJLp i®w!o�T�bBO{D�Yˆ]_O�Y'ZF�XeRCSWXT�^J�LC'T�^_YkWFCSWB@�OQWXT�D�YkPB^_K>KQYX@B^_W�f3p

i���o�O
�BPB]_Yk^fTÞC'T�^_YˆWaY'Z�PRYkJ�J�^&�B]_O>KQYkD�D�OQ]¶CST�^_YkWBJR�3OQT%A¨OQOQWÁT�bBO{T�bBD�OQO�J�OQT�J n��!4 � 4 1Xn�Y'Z�T�bBO
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J�KLCS]_^_W�f

KQYXO
�VKQ^_OQWXT�JLG iI�!o�T�bBOleBJ�OlYSZ:UVYkD�O{T�bRCSW�YkWBOlJ�KLCS]_^_W�faKQYoO
�ÆKQ^_OQWoTHZ°YkD�C fk^fjkOQW,�XeRC'@BT�D�OQOlKQYk]_]±C2fkOkG

dRD�YˆU T�bBOa@B^_J�KQeBJ�J�^fYkWn^fW koOQKQT�^_YkW �Bp)T�bBO.�®dHkom UVOQT�bBYX@ O
�BT�DÞC'P3Yk]¶C'T�OQJ{]_Y'A�Z°D�O-�XeBOQWBKQM A�C.jkOQ]_OQT

KQYXO
�VKQ^_OQWXT�J�ZéD�YkUýC�
XWBY'A�]_OQ@�fˆOHY'Z\bB^ fkbBOQD�Z°D�O-�oeBOQWBKQM.�ROQbRC.jo^_YkeBDLG�A�bBO�O
�BT�DÞCSPRYk]¶CST�OQ@aKQYXO
�VKQ^_OQWXT�J

fkD�Y'A YkDH@BOQKLC.M fkOQYkUVOQT�D�^fKLC']_]_MÆCSKQKQYkD�@B^_W�faT�YaT�bBOûUaC2fkWB^fT�eB@BOQJ*YSZ¨T�bBOlC��ÆWBO{J�KLCS]_^_W�fVZ®C'KQT�YkD�J

�

�

� �

G

dRD�YˆU0T�bBOl@B^_J�KQeBJ�J�^_YkW�^fW koOQKQT�^_YkW+�Bp"T�bBOQJ�OlJ�KLCS]_^_W�fVZ®C'KQT�YkD�J�CSD�Ol^_WoT�^_UaC'T�OQ]_MVD�OQ]¶CST�OQ@�T�YaT�bBOV]_YoKLC']

D�O�fkeB]¶CSD�^_T%M �S^_D�D�O�fkeB]±CLD�^_T®MaPBD�YˆPROQD�T�^fOQJHY'Z�T�bBOÆ^fUcC2fˆOkG{[*J>J�eBKÞb
p"T�bBO ZéDÞCSKQTÞC'][n®A�C.jkOQ]_OQT�T�DÞC'WBJÊZéYkD�U0^_JLp

^_WÁJ�YkUVO�A�C.MkpROQWBKQYo@B^_W�fåOQ@�fkOÆC'WB@ÁJ�UVYXYˆT�bBWBOQJ�J�^_WoZéYˆD�UcCST�^_YkWVY'Z¨T�bBOl^_UaC2fkOkGCm"OQD�bRC'PBJHT�bBOQD�O CSD�O

OQjkOQWW�3OQT�T�OQD�A�CLMoJ�T�YhOQWBKQYX@BO{T�bB^_J�^_UVPRYkD�TÞC'WoT�^_WoZ°YkD�UaC'T�^_YˆWl^_WFT�bBOK�®dHkom T�DÞC'WBJ%Z°YkD�UÁG�q�WBO>UleBJ�T


kOQOQPa^_WVUÆ^fWB@ÆT�bRCST¨T�bBO*@B^_J�KQeBJ�J�^_YkWaA�C'J9jkOQD�MVJ�^_UVPB]_Okp��ROQ^fW�fl]_^_UV^_T�OQ@lT�Yû^fJ�Yk]¶C'T�OQ@lJ�^_W�fkeB]±C'D�^_T�^fOQJLG!�£T

D�OQUaC'^_WBJ
T�YHC'WRC']fM��QO�T�bBYkD�Yke�fkbB]_M�T�bBO�KQYkWBWBOQKQT�^_YˆW;�3OQT%A¨OQOQW{A�C.jkOQ]_OQT
T�DÞC'WBJ%Z°YkD�U J�KLC']_^fW�f�D�OQJ�eB]_T�J�C'WB@

ZéDrC'KQTÞC'][n®A�C.jkOQ]_OQT9T�DÞC'WBJÊZéYkD�UÆJLG��£T*UaC.MÆC']_J�Y��RO{bBOQ]_PoZ°eB]
T�YV@BO
$RWBO;�£dHkom<A�bB^_KrbFOQUVPB]_Y'MlWBYkWB]_^_WBOLCSD

T�DÞC'WBJÊZéYkD�UcC'T�^_Y'WBJ�Y'ZÐA�C.jkOQ]_OQT�J�e��BT�D�OQOQJLG

�®TV^_JÆC']fJ�YÁPRYkJ�J�^&�B]_OaT�Y�eBJ�O d%Z°DÞC'KQTÞCS] �QYoYkUÆ^fW�f�gÁT�YÁOQWBbRC'WBKQOÁ^_UcCMfkOQJ�A�bBOQD�OFbB^�fkb Z°D�O-�oeBOQWBKQM

^_WoZ°YkD�UaC'T�^_YkWxUcC.M+�ROÁ]¶C'K

X^fW�fRG A:bBO©D�OQJ�eB]_T�JlYSZ�J�YkUVOaA¨YˆD�
n^fW T�bB^_JaC'D�OLCõp�C']_YkW�f�A ^_T�bei®w�o n"iI��o

C��RY'jkOkpoA�^f]_]U�RO�D�OQPRYkD�T�OQ@aOQ]_J�OQA�bBOQD�OT�Úw"�S�gG

�®WVKQ]_YkJ�^fW�fHA¨O�@BDÞC.AäT�bBO D�OLC'@BOQD �ÎJ�C'T�T�OQWoT�^_YˆW�T�YHJ�YˆUÆO9D�OQKQOQWXT9A�YkD�
�^fWlA�bB^_Krb{OQ@�fkO*^fWoZéYkD�UcC'T�^_YkW

OQWBKQYX@BOQ@å^_WV]_Y'A=YˆD�@BOQD�N�s>AR�5BPm9?�y KQYoO
�ÆKQ^_OQWoT�J�^_J�eBJ�OQ@aT�Yû^fUÆPBD�Y'jkO T�bBO�ZéDrC'KQTÞC']�C'PBPBD�Y��•^fUcC'T�^_YkW

�Úw�ES�gG A�bBO>eBJ�OHY'Z"ZéDÞCSKQTÞC']�T�DÞC'WBJÊZéYkD�UÆJ9T�Y{OQWBbRC'WBKQOCBPm9?�y�KQYkUVPBD�OQJ�J�OQ@V^_UaC2fkOQJ9^_J*C']_J�YûD�OQPRYkD�T�OQ@
G
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�®T�^_JHClPB]_OLCSJ�eBD�O�T�YÆT�bRCSW�
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