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�EJ¬ 3�I�W¥SV �3FIHUTE»#�µHIRL» ¥¡D¤QITjM3FUHIRS�I�µVWV¦RLJI© f RS´W¥KRL»#O TP²N»#�µHI�µCUTP�:V¦�µºI�µCITU· R2�LHUD¬²µRSJLDN°CUT=�?¥h�=i��¦ £³�M_QIJLDKHUQ'RSJ�J0´¦ U��QP¥¤HIRSCj° FIHIR¤¥KRLCICU³�M V¦¥KR¤ EQUCIRSJK��CIT=�jM �EJ¬ 3�I�W¥¤VY�?JLD`i�°CU³�» »d�W¥KR�¹ER'» Tj²µOPºP�µCUT=�?V¦¥¤HPOPQP¥KOPHI³ FIHIR¤¥¤RSCED0T ± RS¥KRSCED0T?FIHI� ¹[V¦¥¡D¤J¬ 3�I�W¥ DKQI¥¬O'°D¬ E¢SCjO*# ´µQnVWFI�µHUTU»d�µCP¥¬D¡ £¢¤CPO*# ²NDN¹bDNºjO'©

	=�¦ £TIºUTICED0»¼D¤VWVW³ RLºUD¤HPRLJSDKCUCIRS¶¦R�QUJSD¤HIQjD�²�CUDNºUTP¥¤�¦ E¢SCPR-FIHI�µJ¤³+'�DK�W¥0JK�¦ £TUºITUCjOHED¡²¡»#�µHUCPRL·�Q'RSCUV¦¥¬DKCI¥¤³ �"! �  ºI¥KR+FIRK²NJKRK 3�I�µ¥GTUVWFIRK £¢¬²µRLJSDK¥¤¢+»#�µ¥KR�¹£³�¥¤�WRSHUTIT
JKR¤²¦°»#O=<��µCUTI·6¹U 3�-HEDKVWºI�W¥¬D8V¦��ºP�µCUTU· © � DKVµºP�W¥S³ V¦�µºI�µCUTI·-TICUQP $#�²�TUJ¤CIRS¶WR8R2�LHUD¬²µRSJLDKCUT?�RLºUD¤HPRLJSD¤CICU³�M�DN¹[HPRLCPRLJ4J�V  U�¦¹UO*#:<���»�²¡D� £Tj¹£TUHjO*#:<�TU»�FIRSH#�P¹£Q'��¥K�µRSHUTIT�J¤RK²N»#O=<�� °CUTU·+CI� FIRK £CPRLV¦¥¤¢%# JKRSVµFIHIRSTP²�JKR�¹ �I¥�V O=<��µV¦¥¤JKO*#:<�TI�4´µQnVWFI�µHUTU»#��CP¥¬D¡ £¢¤CU³���¹bDKCUCU³��S©
���WRLFIHI� ¹£�¦ E�µCICIRSVW¥¤T.¥K�WRLHP�µ¥¤TIºI�µVWQUTjM	JS³�ºUTIV¦ U�µCUTU·  R�¹[CITE» TP²4TUV¦¥KRLºICUTUQ'RSJ�Q'RS¥KRSHU³�M
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� D¤Hj ER � ½ � "¼¶¦�µCI�µHED¬¥KRLHPRLJ�FPR¤²�JKR¤ ETP ER�HP� '�TI¥¤¢�H#�j¹8»#�W¥KR�¹[TIºI�µVWQUTjMG²¡DN¹bD�º  VWJ��P²ND¤Cn°CU³�M0VGJ¤³r¹E�¦ E�µCUTP�N» VµTI¶WCED¡ [D�T0TP²N»#�µHI�µCUTP�N» V¦��ºP�µCUTU·
¹E�µ¥K�µQI¥KRSHIRL» 
�� 
��[©E	 FUHITj°
�¤ ET=i��µCUTUT	 £Tn¹[TUHjO*#:<��µ¶¦R�FIRSH#�P¹£QjD ����� "#¥K�WRSHUTUT+J¤RK²N»(O=<��µCUTI· �"! � �S³r £T:HUD¤VWºITj°

���



¥¬DKCU³ FIHI� ¹[VWQjD¡²ND¤CIT=��»#R�¹£�¦ ET�V¦¥¤HPOPQI¥¬OPHICIRS¶WR>FIRL»#��HPRLCUD � VrFIRL»dR�<�¢&# ½ � ¶¦��CP�µHED¬¥¤R¬°HED����������	��"�T8FUHP�¦¹£VWQjD¬²NDKCUT=�+¹[J¬O'MI¶2 )#�RSCUCPRL·�»#R�¹E�W ET+¹[TI±>HEDKQU�ITIRSCUCPRL¶¦R	R��L»#�µCEDP©
�� 3� HEDKVWºI�W¥KRLJ-J FUHIT
�K £T?i��µCITUT V  E� ¹EO*#:<��µ¶WR0²ND6 ETj¹£TUHPO*#:<�TE» FIRSH#�P¹£QjD ��
���� "
�L³r £T8TUVWFPR¤ E¢K²µRSJLDKCU³�FIHIRS¶µHUDS»¼»d³ � � 
 � T � "
� � � �[© � D¤VWºP�µ¥¤³��S³� ET�FIHIRSJ¤� ¹E��CI³V�HUD¬²W ETUºUCI³�»dT.FUD¤HUDS»#�W¥¤HUTP²NDK�UT?�£»dT�¹[TI±>HUD¤QI�UTIRSCUCI³rM.FEDKHI¥KRSCUCU³�M	HUD¤VWFIHI� ¹£�¦ E�µCITU·FUHIR¤¥KRLCUD
� �>¨ � �
� ­ ���  �>¨ ­¬§¤§�� � ��� �  � �
���  
�� 
�� � � ��� ��� 
 ��� � ���  �� � �E � �����
� ���
� T � �
� � ©
� ) � � 1 B * ( 0#* B J.1I!SP 0�">$/H#*£& � "%! D∗

	 ºI�W¥¤J¤�µHP¥¤RS· ¶  [DKJ¤��FIR�¹£HIR2�LCPR�RSFUTIVµD¤CUD�»#�W¥KR�¹[TIQjD6HI�µQ'RLCIV¦¥SHjOPQU�ITUT_T RS¥��¤RLHUD6VWR¬°
�L³�¥¤TU· ep HUD¤VWV¦� �ECIT=� V
R2�SHED¡²�RSJSD¤CITI��» »#�¦²�RSCIRSJ D∗ J HI� i	TU»d�0± RS¥KRSHIR^i�¹£�µCUT?�  RLFIHI� ¹£�¦ £TIJ&'�D`�8QUTICI��»¼DK¥¤TUºP�µVµQjO*# R2�¤ £D¤V¦¥¤¢.TP²N»#�µHI�µCUTI·]©
�> 3� Tj²¡»#�µHI�µCITU· �S³� ET TUVWFIRK £¢¬²µRLJSD¤CI³ V¦R2�L³�¥¤T=�  ²ND¤HP��¶WTIVW¥¤HITUHIRSJSD¤CICU³���¹£�W¥K�µQj°¥¤RSHIRL» 
�� 
���J�V¦�NDKCUVµDNM�HED>�¤RS¥¤³ Q'RK U £D¤·n¹£�µHED+¨hd2d�� /[¨hd2d/a � √s = 300

� ´>	 " T�¨hd2dS¾ /­K§¤§S§�¶ ©ª¶ � √s = 318
� ´>	 " J�Q'R¤ ETUºP��V¦¥¤JK�  V¦RSR¤¥¤J¤�W¥¤V¦¥SJ¬O*#:<��N» TUCP¥K��¶WHUD¬ E¢SCPRL·8VWJ¤�W¥¤Tj°»dRSV¦¥¤T L = 38.0 ± 1.8 FUQ
�SC −1 T L = 78.6± 1.8 FIQ
�SC −1

 V¦R¤RS¥¤JK�µ¥¤V¦¥¤J¤�µCICIRU©X D�V¦R2�L³�¥¤T=� ep V¦¥KR¤ EQUCPRLJK�µCUTU·�J7HI� i	TU»#���������! ��#"%$'&)(+*-,�FUHITUCUTU»¼D¬ ETUVW¢�VWR2�S³r°¥ST?�  ¹U 3� Q'RS¥KRSHU³�M-J�QjD¡ ERSHUTU»#�µ¥¤HP�+CP�GON¹bD¡ ERSVW¢8Tj¹£�µCP¥STI±>TI�UTUHPRLJSD¬¥S¢
HEDKVµV¦� �UCUCU³�· E�µFI¥KRSC]© f RSV  E�	OPºI�W¥¬D�JSV¦� M CI�WR��µM'R�¹£TE»d³�M FPRLFIHEDKJ¤RSQ �S³� ET RS¥KR2�LHUD¤CI³ VWR2�S³�¥¤T=�3V´�CP�µHU¶WTI�µ· W J
V¤© �]©ª»�© γ∗p J¬²ND¤TU»#R�¹£�µ·UV¦¥¤J¤T=�3J�TUCP¥¤�µHIJLD¡ E� 130 < W < 300
� ´`	

� 0.17 < y < 0.89 "�T QIJLDN¹[HUDK¥KRL» FP�µHI� ¹bDKCUCPRL¶¦R�TE»dFPO¡ E¢SVµD8J8 U�µFI¥KRLCICIRS· JK��H('�TICI�
Q2 < 1

� ´`	 2 ©X DKH#�=i��µCICU³��3»#�¦²�RSCU³ D∗ Tj¹E��CP¥¤TU±>TI�UTIHIRSJLD¡ £TIVµ¢ »#�W¥¤Rµ¹£RL» HED¡²�CIRSV¦¥ST »¼DKVµV-JQjD¤VWQjDN¹[CIRL»�HEDKVWFEDN¹£� D∗+ → D0π+
s → (K−π+)π+

s + cc
 JK�µHIR^�I¥¤CIRSVW¥¤¢�Q'R¤¥¤RSHIRS¶¦R VWR¬°VW¥¡D¤J¬ 3�I�W¥ ­n©b_2a % © � HUTP¥¤�µHITUT RS¥��¤RLHUD  »dR¤¥¤TUJ¤TUHPRLJSD¤CICU³�� ½ � »#R�¹£�¦ ETUHIRSJSD¤CITI��» T¥SHP� �SRSJLDKCUTP��» »dTUCITE»dTP²NDK�UTUT0Q'RL»��LTICED¬¥¤RSHUCPRL¶¦R8± RLCUD  FPR¤²�JKR¤ 
�I ET�RS¥��STUHUDK¥¤¢�»#�W²µR¬°CU³ D∗ V�FIRSFI�µHI�µºUCI³�» TE»dFPON £¢¤VWRL»  FUHP�µJS³ '�DKJ%'���» ¨S© d � ´`	  T�FIV¦��J¡¹£R2�S³�V¦¥¤HIR¤¥KRL·J.TUCI¥K�µHUJSD¡ E� |η(D∗)| < 1.6 ©7e©ªQ ©eHEDKVWV¦� �UCUCI³�· FUHIR¤¥KRLC J CUD¤V¦¥KR^�3<��µ· HED>�¤RS¥K�6CP��HI�µ¶WTUV¦¥¤HUTIHIRSJLD¡ £V �  ¥¤R.$/*+0

�1 3254768*9��(+(�:;&=<#�?>�:��@*3,-�L³r £T Tn¹£�µCI¥¤TI±>TU�ITUHPRLJSD¤CI³ FPR CUD¬ ETUºUT(# �¤R¤ E¢&'�RL¶¦R-FPO'°VW¥KRS¶¦R_FUHPR'»#� iGOj¥¤QjD � ²ND¡²�RSHED#":»#� i�¹EO FUV¦�µJ¬¹ER��S³�VW¥¤HPRS¥¡DS»dT DN¹[HIRSCIRSJ VWTIVW¥K��»d³ X
 

R��SHED¡²µRLJSD¤J%'���·IVY�?FUHIT ¹[TUVWV¦RS�UTEDK�UTIT ±%R¤¥KRLCUD  T ¶WHEDKCUTI�I�µ·?¹£RSV¦¥¬OPFUCU³�M CUD��K )#�¹£� °CUT.# FUV¦�µJ¡¹£R2�L³�V¦¥SHPRS¥  ²¡DN¹bDKJSDK��»#RL·�¶¦�µRL»#�W¥SHITI�µ·�OLV¦¥¬DKCIRSJSQIT]© � HUTI¥K�µHUTIT�RS¥��¤RLHUD�¥¡D¡°QUTjM�V¦R2�L³�¥¤TU· �L³r £T�Vµ± RLHU»(O¡ £TIHIRSJLDKCU³ CED�RSVµCPRLJK�rVWHEDKJ¤CI�µCUT?��´µQnVWFI�µHITE»#�µCI¥¬D¡ £¢¤CIRS¶¦RHEDKVµFIHI� ¹£�¦ U��CIT=��FPR�FUV¦�µJ¬¹ER��S³�VW¥¤HPRS¥K� ηmax
ºUD¤V¦¥¤TU�I³  FUHITUCUD¡¹U E� i�D2<��µ·�VWTUV¦¥K��»#� X T E�W¥h�3<��µ·�J¤FI�µHI� ¹�FPR�¹
CEDKTE»#�µCU¢%'�TU»3OP¶  ERL»  V%V OI»¼»#RL·�HUD¤VWFIHI� ¹£�¦ E�µCITU·+¹[TI±>HUD¤QI�UTj°RLCICU³�M�V¦R��S³�¥¤TI·  VW¶¦��CP�µHUTUHPRLJSDKCUCU³�M ½ � ¶¦�µCI�µHED¬¥KRLHPR'»A�B�	�����	�
T�²¡DKFIRK £C?�$#:<�TjM
� �



R��K [DKV¦¥S¢>FP [D¬¥KR  T	CP�¦¹£TU±%HEDKQU�UTPRLCICU³�M�V¦R��S³�¥STI·  VW¶¦�µCI�µHUTIHIRSJLDKCUCI³rM ½ � ¶¦��CP�µHED¬¥¤R¬°HIRL»���������� � T�²¡DKFIRK £C?�$#:<�TjM
R2�¤ £D¤V¦¥¤¢:Q'RK ERSQ'R¤ URSR2�SHED¡²NCPRL¶¦R:FUTUQjD�J:HUD¤VWFUHP� ¹£�¦ E� °CUTUT8FPR ηmax
� � TIV¤© ¨ 
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 7 �
EFPC < 1.5 kml�n �TZ � � !���>

D∗
�

pT (D∗) > 1.9 kTl n 
 |η(D∗)| < 1.6
_�>�/ 
 ��� ;

(L!�� � %�� 4L
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0 ? �
Q2 < 1 kml�n 2
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�UT.# ¥¤TIFED	QjD>i�¹ERL¶¦R�V¦R��S³�¥ST?� ������� � � °����'° ����� � � "2© X D¡¹[DNºEDGHUD¬²¦¹£�¦ U��CIT=��V¦R2�L³�¥¤TU·8¹£Tj°±>HEDKQU�ITIRSCUCPRL¶¦R-VµTI¶WCED¡ [D6T CP�¦¹£TU±%HEDKQU�UTPRLCICIRS¶¦R ±%RSCED6HP� '�D¡ [DKVµ¢0FIHIRSVW¥¤³�» RL¶WHEDN°CUTUºP�µCUTI��» VWJK�µHSMjO JK�¦ £TIºUTUCI³ ηmax < 1.75 ¹U 3� ¹[D¤CICU³�M ¨ed�d�� /[¨ed�d#a ¶ ©ª¶ ©  D ¹U 3�¹bDKCUCU³�M ¨ed�d¤¾ /I­¬§S§¤§�¶ © ¶ ©$/
¥¤HI� �SRSJSD¤CITI��» RS¥¤V Oj¥¤V¦¥SJ¤T=� VWTU¶WCED¡ [D�J8FP��HP� ¹[CI��» ²NDKQUHU³�°JLD,#:<���» QjD¬ URLHITE»#�W¥¤HI� ��� � T-RL¶WHEDKCUTIºI�µCUTP��» ηmax < 3 � � TIV¤© ¨��)" © � ºUTP¥¬D¡ ERSVW¢  ºI¥KR:VWTI¶µCUD¬ �J	QjD¡ ERSHUTE»#�W¥¤HI� ����� RS¥¤V Oj¥¤VW¥¤J¬OL�W¥  ��V  ET�JK�¦ £TUºITUCUD.´µCP��HI¶¦RLJ¤³r¹E�¦ E�µCUT?�JGCI��» CUT=i��>OPHPRLJ¤C=��J¤RK²N»dRhi	CIRS¶¦R�´µCI�µHU¶¦RSJS³�¹£�¦ U��CIT=�  R2�KO'V  ERSJ¬ E�µCUCPRL¶¦R�¥KRK £¢¤Q'R	TUV °¥¤RSºUCITUQjD¤»dT Z '�OI»¼D^\Y� EFPC < 1.5
� ´`	4© f R�RS�I�µCUQ'�  FIHIRSJ¤� ¹E��CICIRS·0VW¥¡DK¥¤TIVW¥¤TIºI�µVWQUT  RLV¦¥¬D¬¥KRLºICED`� FUHITE»#�µVµ¢�CI� ¹[TI±>HUD¤QI�UTIRSCUCI³rM VWR2�S³�¥¤TU· � fnd

">J�R��K [DKV¦¥ST xIP < 0.035VWRSV¦¥¬DKJSTj [D 3.3%
 DGJ�R2�K [DKVW¥¤T xIP < 0.01 /:JSºP�µ¥¤JK�µHIR�»#�µCU¢%'�� � 0.8% " © $ �P�µCUQjD�JK� ° £TUºITUCI³ ´W¥KRS·�FIHUTU»d�µVWT  FPR¤ IOPºI�µCUCUD>�Q�¤�¦²4FIHUTE»#�µCI�µCIT=�	QIHUTI¥K�µHUT?� EFPC < 1.5

� ´`	  ¹E 3� xIP < 0.035 FIHUTU»d�µHICIR�J ∼ 5 HED¡²��¤R¤ E¢&'���FUHITUJK�¦¹E�µCUCIRS·6J¤³+'��  ºP¥¤R�FIRSQjD¬²�³�°JLD¬�W¥�J¤³�V¦RSQPO*# ´µ±%±%�µQI¥¤TUJ¤CIRSV¦¥¤¢�TIVWFIRK £¢¬²�RSJSD¤CIT=��¹[D¤CICU³�M0QjD¡ ERSHUTU»d�W¥¤HED � � � ¹E 
�TUVWQP $#4ºI�µCUT?��±%RSCED.CI� ¹[TI±>HUD¤QI�UTIRSCUCI³rM�V¦R2�L³�¥¤TU· ©
	eV¦��TP²N»#�µHI�µCUCI³��-HEDKVWFUHI� ¹E�W U�µCUT=� �L³r £T�FPRLFIHEDKJK U�µCU³ CUD?CI� ¹£TU±>HUD¤QI�UTPRLCICU³�·±%RSC�FPR��STUCICIR�V>FPR'»#R�<�¢%# ±>D¤QP¥KRLHPRLJ � 1 − fnd

" ©
	eFP��HIJS³���VWTI¶µCUD¬ .¹£TU±>HUD¤QI�UTPRLCICIRS¶WR�± RS¥KRSHIR^i�¹E�µCUT=��RSºEDKHIRSJLDKCU³�M	QIJLDKHUQ'RSJ7J epVW¥KRK £QICIRSJ¤�µCUT?�PM)( _+* CED>�K )#�¹bD¡ £VY��FIHUT8´µCI�µHU¶WTUT √

s = 300
� ´`	 J�¹bDKCUCI³rM�´�QnVWFP��HITj°»d�µCP¥¬D 
�� 
��.¨ed�d��¡° ¨hd2d#a�¶W¶ ©  FPR¤ IOPºI�µCUCI³rM7¹ER�O'V¦¥¬DKCIRSJ¤QUT�FI�µHI� ¹[CP�µ¶WR�²NDKQUHI³�JSD%#:<��µ¶¦RQjD¬ URLHITE»#�W¥SHUD � � � ©/	-V¦R2�L³�¥¤T=�jM�V 130 < W < 280

� ´`	-T Q2 < 1
� ´`	 2

 R¤¥KR��SHEDKCj°CU³�M0J�V¦RSR¤¥¤J¤�W¥¤V¦¥¤JSTIT V�QIHUTP¥¤�µHIT=�E»¼T ηmax < 1.75 T 0.001 < xIP < 0.018
 VWTI¶µCUD¬ VWRSV¦¥¬DKJSTj £T 56 ± 10 »#�W²µRSCIRSJ D∗ V pT (D∗) > 2

� ´`	 T |η(D∗)| < 1.5 � � TUV¤©b­2" ©
	 ¹bDKCUCI³rM3V¦�NDKCUV¦RSJ ¨ed2dS¾N° ­¬§S§¤§�¶W¶ © FUHUT3´µCI�µHI¶µTIT √

s = 318
� ´`	 ¹E 3�3VWR2�S³�¥¤TU·V 130 < W < 300

� ´`	 T Q2 < 1
� ´`	 2

 ON¹ERLJ¬ E�W¥¤J¤RSH#�UJ&'�TjM6QUHUTP¥K��HIT=�E» EFPC <

1.5
� ´`	  ηmax < 3 T xIP < 0.035, J HUD¤VWFIHI� ¹£�¦ E�µCITUT_FPR ∆M CED>�¤ $#r¹[D¬ EVY�VµTI¶WCED¡  � � TUV¤©j¯#"  V¦RSR¤¥¤J¤�W¥¤V¦¥SJ¬O*#:<�TU·�¹£TU±>HUD¤QI�UTPRLCICIRL»#O+± RS¥KRSHIR^i�¹E�µCUT.#�«5_K¾ ± ¯¤§»d�¦²µRSCIRSJ D∗ V+FPRLFP�µHI�µºUCI³�» TE»dFPO¡ E¢SV¦RL» pT (D∗) > 1.9

� ´`	 T3FUV¦�µJ¬¹ER��S³�V¦¥¤HIR¤¥KRL·
|η(D∗)| < 1.6 ©	�R2�K [DKVW¥¤T xIP < 0.01

 ¶ ¹£�rJ¤QP £D¡¹£³ HP� ¹ i��WRLCICIRS¶WR�R2�'»#�µCED�T�CI� ¹£TU±>HUD¤QI�UTPRLCICIRS¶WR±%RSCED�VWTP E¢SCPR�FPR�¹bDKJK U�µCU³  CED>�¤ $#r¹[DK�W¥¤VY��VWTU¶WCED¡ �¹[TI±>HEDKQU�ITIRSCUCPRL¶¦R�±%R¤¥KRLHPR^i�¹E��CIT=�­K§¬« ± ­¬§.»d�¦²µRSCIRSJ D∗.$ ¥L»#�W¥¤TE»  ºP¥KR  M'R¤¥h�
J�¨hd2dS¾N° ­¬§¤§S§.¶ ©ª¶ ©UVWJ¤�W¥¤TE»#RSV¦¥S¢�Q'RK U [DK·j¹E�µHED �S³r [DGOPJ¤�¦ £TIºI� °CED�J¤VW�µ¶¦R�J¡¹[JKR¤�.FIR8VWHEDKJ¤CI�µCUT(# V¦R�VWJ¤�W¥¤TE»#RSV¦¥S¢%# ¨ed�d��N°2¨ed�d#a�¶W¶ ©  ºITUV  ER8V¦R2�L³�¥¤TU·�JCED>�¤ $#r¹[DK��»#R'»_VWTI¶µCUD¬ U�>OPJK�W ETUºITP ERSVW¢	FIRSºI¥¤T�CED.FPRLH#�j¹£RSQ�J.RSVWCIRSJSCPR'»
	W�K [DK¶¦R�¹bDKH#�
�SRK E�W��´�±%±%�µQI¥¤TIJSCPR'»(O.HUD¬²¦¹E�W U�µCUT.#_¹[TI±>HUD¤QI�UTIRSCUCI³rM	T.CI� ¹[TI±>HEDKQU�ITIRSCUCI³rM�V¦R2�L³�°

�
������������������������� 	� ! �"$#&%�'�'�' �)( �)(+*,������-���-������/.0�21�����-435�$6$��7�-�8
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L���92�!7�-
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N(D* → Kππs)=56+/-10
(prel.) (38 pb-1)

Fit: Gauss+A(∆M-mπ)
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M(Kππs) − M(Kπ)
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�

pT (D∗) > 2 kml�n 
 |η(D∗)| < 1.5
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¥STI·  FIRK²�J¤RK £TIJ&'���»(O�V O=<��µV¦¥¤J¤�µCICIR.HUD¤V '�TUHUTP¥¤¢G¹ERLV¦¥¬OPFUCjO*# TP²N»#�µHI�µCUT?�£»?R2�K [DKVW¥¤¢
�J¬¹£J¤R¤�:FPR ηmax
T3J3¨¤©
a�HED¡²ND
FIR MX .

f HIT ´µ¥KRL» JK�W ETUºITUCED�RLV¦¥¬D¬¥KRLºICIRS·?FIHUTU»d�µVWTCI� ¹[TI±>HEDKQU�ITIRSCUCI³rM�V¦R2�L³�¥¤TU·8RLV¦¥¬D¡ [DKVW¢.CEDGFIHI� i	CI��» OPHPRLJ¤CI�S©f RLV  E�
FIRSFUHUD¤JKRLQ CUD CI� ¹[TI±>HEDKQU�ITIRSCUCI³�· ± RLC  �L³r [D V ¹£�¦ [DKCED ¥¡D¤Q?i��6RL�P��CIQjDJ¤�¦ £TIºUTICU³ FIHUTU»d�µVWT CP��Tn¹£�µCI¥¤TI±>TU�ITUHPRLJSD¤CICU³�M V¦R2�L³�¥¤TU· ¹£J¤RS·UCPRL· ¹£TU±>HUD¤QI�UTIT�V¹[TUVWV¦RS�UTEDK�UTP�µ·6FUHIR¤¥KRLCUDI©S	=�¦ £TIºUTUCUD+´W¥KRL·6RS�I�µCUQIT  FIRK UOPºP�µCUCED`�0FjOj¥¤��» VWHUD¤J¤CI�µCUT?�TP²N»#��HP�µCUCIRS¶¦R8HEDKVWFUHI� ¹E�W U�µCUT=� FIR EFPC
V.HEDKVWFUHI� ¹E�W U�µCUTI��» ½ � V¦R��S³�¥¤TI·  DKCED¡ ER¬°¶µTIºUCPR�VWHEDKJSCP�µCUT.# HUD¤VWFUHP� ¹£�¦ E�µCUTI·�FIR ηmax

 V¦RSVW¥¡D¤J¤TP £D fpd = 16% ©c	eV¦��TP²N»#�µHI�µCj°CU³��4HEDKVWFUHI� ¹E�W U�µCUT=�.�L³r £T	FIRSFUHUD¤J¬ E�µCI³ FIR2�LTICUCIR�V�FIRL»dR�<�¢&# ±�DKQI¥KRSHIRSJ � 1−fpd
" ©
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 HL">$ ( $'& !SD
	 F=�I¥KRL·8¶  [DKJ¤�%R��SV O5i�¹bD,#�¥¤VY��¹£�W¥¡D¬ ET
»#�W¥KR�¹[TIQUT8TP²N»#�µHI�µCUTI·  Q'R¤¥KRLHI³����S³r £T8FUHPRK°J¤� ¹£�µCI³ J_V¦RSR¤¥¤J¤�W¥¤V¦¥¤JSTIT V-J¤RK²N»#R^i	CIRSV¦¥h�E»dT O'VWQ'RSHUTI¥K�¦ 3��T ´�QnVWFP��HITE»#�µCI¥¡D¬ E¢SCPRL·O'V¦¥¬DKCIRSJ¤QUT 
�� 
��[© f R�¹[HPR��SCIR3RSFUTIV�DKCU³ D¡ £¶¦RSHUTP¥L»d³ RL�P�µCUQUT T JSJK� ¹£�µCUT?� FIRSFUHUD¡°J¤RSQ�CED�Vµ»d�e<�D%#:<�TI��±>D¤QP¥¤RSHU³ TP²N»#��HP�µCUTU·  HUD¬²e�STI�µCUT?��QITUCI��»¼D¬¥STIºI�µVWQ'RL·�R2�K [DKVW¥¤TCED�TUCP¥¤�µHIJLD¡ £³ V¦R�²NCUDNºUTU»#RL·�V¦¥¬D¬¥STIV¦¥STIQ'RL·  HUD¤VWºI�W¥¡D�DKQnV¦�µFI¥¬DKCUV¦RSJ�T�RSFUHP� ¹£�¦ E�µCUT?�VµTIV¦¥¤��»¼D¬¥STIQUT Tj²¡»#�µHI�µCITU·]© 	eV¦�
»#�W¥KR�¹[TIºI�µVWQUTP��D¡ £¶¦RSHUTI¥S»d³ �S³� ET R¤¥� [D`i��µCU³ ½ �»dRµ¹£�¦ £TIHIRSJLDKCUTP�N» ep V¦¥¤RK £QICIRSJ¤�µCITU·�T�FIHIRS�I�µVWVWRSJGTnM8HI�µ¶WTUV¦¥¤HEDK�UTIT8OLV¦¥¬DKCIRSJSQ'RS·]©�> 3�?CEDKV¦¥SHPRL·IQUT RS¥W¹£�¦ £¢¤CU³�M?FUHPRL�P�¦¹UOPH HUD¤VWºI�W¥¡D0V¦�µºI�µCITU· CI�WR��µM'R�¹£TE»#R  ºI¥KR2�L³½ � HEDKVWºI�W¥¤³ RSFUTIVµD¬ ET TP²N»#�µHI�µCUT?�?CED�OPHIRSJSCP��HP�µQ'RLCIVW¥¤HjOPQU�UTIT V¦R��S³�¥¤TI·]© � D¤V M'R¬°
i�¹£�µCUT?� »#� i�¹EO HEDKVWºI�W¥¬D¤»dT_T Tj²N»d�µHP��CIT=�E»dT FIR CI�µQ'R¤¥¤RSHU³�» FP�µHI��»#��CICU³�» �L³r £T»¼TICUTU»¼Tj²�TUHIRSJSD¤CI³ FPOj¥K��» FP�µHI�µJK²�JK�-'�TIJLDKCUT?� ½ � V¦R2�L³�¥¤TU·�FPR�´W¥¤TE» FI�µHI��»#�µCUCU³�»�©

� TUCI��»¼D¬¥STIºI�µVWQUTP��FP�µHI��»#��CICU³���¹E 3� ep ° V¦R��S³�¥STI·  J+Q'R¤¥KRLHI³rM�HEDKVWVW� �UCUCI³�·8 E�µFj°¥¤RSC�CI��»#RL¶��L³�¥¤¢G¹E�W¥¤�µQP¥STIHIRSJLDKC  JKRLVWV¦¥¬DKCEDKJK ETUJSD¬ ETUVW¢	»#�W¥¤Rµ¹£RL»�� DKQ'� ° �  ERSCj¹E�¦ 3�]©f R¤ IOPºED¬��»¼³���¥¬DKQUTU» »#�W¥¤Rµ¹£RL»0RS�I�µCUQITGTUVWQ'RL»d³rM�JK�W ETUºITUCGVWTUV¦¥K��»¼DK¥¤TUºP�µVµQITGVµ»#�h<�� °CU³ R¤¥SCPRLVWTP¥¤�¦ E¢SCPR TIVW¥¤TICUCU³�M3²�CED�ºI�µCUTI·?J¤V  E� ¹[V¦¥¤JSTP��FPRS¥K�µHU¢6´µCI�µHU¶WTIT ºUD¤V¦¥¤TU�UDS»dTQ'RLCP��ºICIRS¶¦R
V¦RSVW¥KR^�UCUT?� FIHUT FIHIR�MLR^i�¹E�µCUTUT3CP��D¤QP¥STIJSCI³rM ´¦ E��»#�µCI¥KRLJ  HEDKVWFIRK ER^i��µCj°CU³�M »#� i�¹EO�¹£�W¥K��QP¥KRLHUDS»dT3O'V¦¥¬DKCIRSJ¤QUT  T FPRS¥K�µHU¢6VµD¤»¼TnM3ºUD¤V¦¥¤TU� J�²ND¡²�RSHEDNM-O'V¦¥¬DN°CIRSJSQIT  ¥¬DKQUTnM-QjD¤Q0FjOPºUQ'RSJLD`�0¥¤HPO?�SQjD  ¥K� MICIRK ERS¶µTIºI�µVWQUTP��²ND¬²µRSHU³ »#� i�¹EO�ºEDKVW¥e�£»dTOPHEDKCIRSJ¤RS¶¦R+QjD¡ ERSHUTU»#�µ¥¤HUD+T8¹£H]©U	=RLVWV¦¥¬DKCIRSJK U�µCUTI� Z TUV¦¥¤TUCICU³�M5\7²�CEDNºP��CITU·�TP²N»#��H#�I� °»¼³�M J¤�¦ ETUºUTIC �S³� UR�FUHPRLJK� ¹£�µCIR
±>TP¥STIHIRSJLDKCUTP��» Z FIHIRS±>Tj £¢¤CU³�M5\+¶µTIV¦¥¤RS¶WHED¤»¼»  ETj°CI�µ·UCPRL·?²NDKJSTIVWTE»#RLV¦¥¤¢%# VWHP�¦¹£CI�µ¶¦R Tj²N»d�µHP��CICIRS¶¦R�²�CED�ºI�µCUT?�_R¤¥ VW¶¦�µCI�µHUTIHIRSJLDKCUCPRL¶¦RU©
�4²N»d�µHP��CIT=�-FUHPRLJKR�¹£TP £TIVW¢�J�R��K [DKV¦¥ST V�FIHUTP�N»( U�N»#RS· JK�¦ £TUºITUCPRL·3DKQnV¦�µFI¥¬DKCUVµD  Q'R¬°¥¤RSHED`� HED¡²e�LTIJLD¡ [DKVW¢�CED�TUCI¥K�µHUJSD¡ £³ V�OPºP�µ¥KRL» HED¡²�HI�-'���CIT=� T3¥¤HI� �¤RLJSDKCUTU· »dTUCITj°»¼Tj²ND¤�ITUT3VWTUV¦¥K��» D¬¥¤TUºP��VWQITjM3»¼TI¶WHEDK�UTU·3T3V¦¥¡DK¥¤TUV¦¥¤TUºP�µVµQITjM3±  )#4QP¥¬OnDK�UTI·]©C�7RSFIRK I°CUTI¥K�¦ £¢¤CIR6¥¤HP�e�¤RSJLD¡ ERSVW¢  ºP¥KR��S³ ºUTIV¦ UR6T HED¡²N»d�µHI³ TUCP¥¤�µHIJLD¡ ERSJ6FIR6JKRK²¡»#R^i.CIRSVW¥¤TVWRSJ¤FEDN¹bD¡ £T8V�V¦RSR¤¥¤J¤�W¥¤V¦¥¤JKO*#:<�TE»dT�J¤�¦ £TIºUTICED¤»¼T  TUVWFIRK £¢¬²WOL��»d³�»dT�JG´µQnVWFI�µHUTU»#��CP¥K�
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��:FUHIT�Tj²N»d�µHP��CITUT8V¦�µºI�µCUTI·�TUCUQj )#�²�TUJ¤CIRS¶¦R�±%R¤¥¤RSHIRhi�¹£�µCUT?�6»#�¦²µRLCPRLJ D∗ ©f HUTGRS�I�µCUQ'��VµTIV¦¥¤��»¼D¬¥STIºI�µVWQUTnM.FPRL¶WHI�-'�CIRSV¦¥¤�µ·.Tj²¡»#�µHI�µCIT=�.V¦�µºI�µCITU·  TUCIQP )#�²�TIJ¬°CU³�M3T�¹£TU±%HEDKQU�UTPRLCICU³�M  OPºUTP¥S³�JSD¬ ETUVW¢6CI�WRSFUHI� ¹E�W U�µCUCIRSV¦¥¤T ½ � »#R�¹£�¦ £TIHIRSJLDKCUT?�T�RL¶WHEDKCUTIºI�µCUCPRLV¦¥¤¢G¥KRLºICIRSV¦¥ST8RS�I�µCUQIT�MnDKHEDKQI¥K�µHUTUV¦¥¤TUQ�¹£�W¥K�µQI¥KRSHED  R¤¥.Q'R¤¥KRLHI³rM:²¡DN°JSTIVµTP¥:FIHIRS�I�µVWV�T�HI�¦²WO¡ £¢�¥¬D¬¥:Tj²¡»#�µHI�µCITU·]©U�%DKT
�¤R¤ E¢&'�TU·�JSQj [DN¹�J�VµTIV¦¥¤��»¼D¬¥STIQPO
TP²¦°»d�µHP��CITU·8J¤CI�µV  [D�CP�µRSFUHP� ¹£�¦ E�µCUCPRLV¦¥¤¢GRS�I�µCUQIT�CP� ¹[TU±%HEDKQU�ITIRSCUCIRS¶¦R:± RLCUDI©
� )�� ��(�� +£&#$'& !#$�!SH'"%$ ( $'&(!SP 0 (�� 0 	#$/1 � " !
	 '��µV¦¥KRL· ¶2 [DKJK�0FUHUTIJ¤� ¹E��CI³ HP�¦²µON £¢N¥¡DK¥¤³ TP²WOPºI�µCUT?� ¹£TU±%HEDKQU�UTPRLCICIRS¶¦R_±%R¤¥KRLHPRK°
i�¹£�µCUT?�
»d�¦²µRSCIRSJ D∗± J ep V¦¥KR¤ EQUCPRLJK�µCUT=�jM ©��²¡»#�µHI�µCIT=��TUCP¥K��¶WHITUHIRSJSD¤CICU³�M�T�¹[TI±>±%�µHP��CI�UTUD¬ E¢SCI³rM�V¦��ºP�µCUTU·�¹[TI±>HUD¤QI�UTIRSCj°CIRS¶WR � ep → eD∗X ′p "4T�TUCIQP )#�²�TIJSCPRL¶¦R � ep → eD∗Y "4± RS¥KRSHIR^i�¹E�µCUT=�3»#�W²µRSCIRSJ
D∗  D�¥¬DKQ=i���TjM8R¤¥¤CIR&'��µCIT=�  �L³r £T�FUHPRLJK� ¹£�µCU³�J.QITUCP�N»¼D¬¥¤TUºI�µVWQ'RS·8R2�K [DKVW¥¤T

Q2 < 1
� ´`	 2

 
130 < W < 300

� ´`	 (0.17 < y < 0.89)
 

pT (D∗) > 1.9
� ´`	  |η(D∗)| < 1.6 ©� TUCP�N»¼D¬¥¤TUºI�µVWQjD`��R2�¤ £D¤V¦¥¤¢�Tj²¡»#�µHI�µCIT=�	¹[TU±%HEDKQU�ITIRSCUCU³�M�V¦�µºI�µCUTI·�¹£RSFIRK £CITI¥K�¦ £¢¤CIR

�L³r [D RS¶WHEDKCUTUºP�µCED FPR FI�µHI��»#�µCUCIRS· xIP

� xIP < 0.035 TP £T xIP < 0.010 © � TUQjDKQ'RK°¶WR�RS¶µHUD¤CITUºP��CIT=� CED�JK�¦ £TIºUTUCjO-QUJSD¡¹£HED¬¥¬D
FP��HP� ¹bDKCUCIRS¶¦R�TU»¼FjO¡ £¢¤VµD t J
FIHIR¤¥¤RSCUCPRL·J¤�µH.'�TUCP��CP�7CEDKQP £D¡¹£³�JSD¬ URLVW¢I©
�7TU±>± �µHI�µCU�ITED¡ £¢¤CU³��rV¦��ºP�µCUT=�>FIR�FI�µHI��»#�µCUCU³�» pT (D∗)

 
η(D∗)

 
z(D∗)
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xIP

 
T W

 TP²N»#��HP�µCUCU³���J�TUCP¥K��HIJLD¡ [DNM xIP < 0.035 T xIP < 0.01
 �L³r £T6FIHI� ¹[V¦¥¬DKJ¬ E�µCU³J.JSTn¹£��¥¡D��K £TI��T8HUTIV OPCUQ'RSJU©� �µºI�µCUTP��¹[TI±>HUD¤QI�UTIRSCUCPRL¶¦R?±%R¤¥KRLHPR^i�¹£�µCIT=� »#�¦²µRLCPRLJ D∗ J OPQjD¬²NDKCUCIRS· JS³ '��QUTUCP��» D¬¥¤TUºP��VWQ'RS·�R2�K [DKVW¥¤T8FUHIT xIP < 0.035 V¦RSVW¥¡D¤J¤TP UR

σep→eD∗X ′p(xIP < 0.035) = 1.49 ± 0.11(stat.)+0.11
−0.19(syst.) ± 0.07(p.d.) C
�SC]©f RLV  U�¦¹£CI�µ·GOPQjD¬²NDKCED�FPRL¶WHI�-'�CIRSV¦¥S¢  R2�¤OLV  ERSJK U��CICED`�	CI�WRSFUHP�¦¹E�¦ E�µCUCPRLV¦¥¤¢&#�J�RS�I�µCIQ'�T�J¤³�ºUTI¥¡D¤CITUT�JSQj [DN¹bDG±%RSCIRSJ¤³rM�FIHIRS�I�µVWV¦RLJGV4¹[TIVµV¦RS�UTUD¤�ITI�µ·8FUHIR¤¥KRLCUDI©

	 R2�¤ £D¤V¦¥¤T xIP < 0.01
 ¶ ¹£�	FUHITE»#�µVW¢�CP�¦¹£TU±%HEDKQU�UTPRLCICU³�M V¦R2�L³�¥¤TU· V¦RSVW¥¡D¤J¬ 3�I�W¥»d�µCP�µ� 1%

 D�HI� ¹3i��WRSCUCI³�·GJ¤QP £D¡¹.FUHP�¦¹£VWQjD¬²�³�JLD¬�W¥SV ��FUHP��CP� �LHP� i.TE»#R�»¼D¡ £³�»  V¦�µºI� °CUTI��¹[TU±%HEDKQU�ITIRSCUCIRS¶¦R�±%R¤¥¤RSHIRhi�¹£�µCUT?�3»#�¦²µRLCPRLJ D∗ RLQjD¡²ND¬ URLVW¢�FIHUTU»d�µHICIR8J+¹[JKR¤�»d�µCI¢&'��
σep→eD∗X ′p(xIP < 0.01) = 0.63± 0.07(stat.)+0.04

−0.06(syst.)± 0.03(p.d.) C=�LC ©	eFP��HIJS³��=TP²N»#��HP�µCUCIR¤�=J�¹bDKCUCI³rM>´µQnVµFP�µHUTE»#�µCI¥¡D 
���
���¨hd2d��N°2¨ed2d/ar¶ © ¶ ©�( «�*'V¦��ºP�µCUTI�¹[TU±%HEDKQU�ITIRSCUCIRS¶¦R7±%R¤¥KRLHPR^i�¹E��CIT=�+»#�¦²µRLCPRLJ D∗ V pT (D∗) > 2
� ´>	 T |η(D∗)| < 1.5FUHUT Q2 < 1.0

� ´`	 2
 
130 < W < 280

� ´`	 T 0.001 < xIP < 0.018 V¦RLV¦¥¡D¤J¤TP UR
σep→eD∗X ′p(xIP < 0.018) = 0.74± 0.21(stat.)+0.27

−0.18(syst.)± 0.16(p.d.) C
�SC]©9�¥KR-²�CUDNºI�µCUTP�8V¦RL¶  [DKV¦OS�W¥¤VY� J�FUHI� ¹E�W £D¡M Rµ¹[CIRS¶¦R�VW¥¡DK¥¤TIVW¥¤TIºI�µVWQ'RL¶¦R R¤¥¤QP URLCP��CIT=�_VRL�P��CIQ'RL·8V¦�µºI�µCUT?�8JG´W¥KRL· i���R2�¤ £D¤V¦¥¤T�FPR�¹bDKCUCI³�»�¨ed�d¤¾N° ­¬§S§¤§�¶ ©ª¶ ©
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½ R�¹£�¦ £¢ V¦¥¤HPOPQI¥¬OPHICIRS¶WR�FIRL»d�µHPRLCUD � ½ � ���	� � �	��"(VrFEDKHED¤»#�µ¥¤HITP²ND¤�ITI�µ·GFj ER¤¥SCPRK°VW¥¤T0FEDKHI¥KRSCIRSJ8FIRL»d�µHPRLCUD �>¨ � ��� ­ ��� T
 UOPCn¹£RSJSVWQ'RS·-»#R�¹E�¦ £¢%# DN¹[HIRSCUTj²ND¤�ITUT0FEDKHj°¥¤RSCIRSJ�J	R2�K [DKVW¥¤T�Tj²N»d�µHP��CITU·�FUHP�¦¹£VWQjD¬²�³�JLD¬�W¥	VW�µºP��CITI�%¹£TU±%HEDKQU�UTPRLCICIRS¶¦R�±%R¤¥KRLHPRK°
i�¹£�µCUT?�+FUHUTU»#��HICIR��/�  ��?& >?������� &=Tj²¡»#�µHI�µCICIRS¶WR�VW�µºP��CIT=� � «U©ª¯�C
�SC," © f R¤´W¥¤RL»(O�¹E 
�VµHUD¤J¤CI�µCIT=� ¹[TU±%±%�µHI�µCI�UTED¡ £¢¤CU³�M HUD¤VWFIHI� ¹£�¦ E�µCITU·_V�¹bDKCUCI³�»dT_¥KR¤ E¢SQ'R FIR3± RLHU»#�½ � HUD¤VWºP�µ¥¤³ ¹£RL»dCIR^i�D¡ £TUVW¢�CED4CPRLHU»¼TIHIRSJ¤RSºUCI³�·�Q'RS´µ±%±>TU�ITI�µCI¥>§P© ¯¬«E© � D¤VWºP�µ¥¤³ M'R¬°HIR&'�R�JKRLVWFUHPRLTj²�J¤R�¹3�U¥�± RLHU»¼³ TP²N»#�µHI�µCUCI³rM�¹£TU±%±%�µHI�µCU�ITED¡ £¢¤CU³�M6HUD¤VWFIHI� ¹£�¦ E�µCITU·FUHUT�RS¥¤CPRLVWTI¥K�¦ £¢¤CIRL»�JSQj [DN¹£�	FIHIRS�I�µVWVWRSJ�V�OPºEDKV¦¥¤TI��» V¦¥SHjOPQI¥¬OPHUCPRL¶¦R
±%R¤¥¤RSCED8FUHITj°»d�µHICIR ∼ 35% � � TUV¤©'«5" © ½ R�¹£�¦ E¢&#�FIHI� ¹[VWQjD¡²N³�JSDK�W¥¤VY�.OPJK�¦ £TUºP�µCUTI��¹ER¤ ET:FIHIRS�I�µVWVWRSJCED7V¦¥SHjOPQI¥¬OPHUCPR'» ±%R¤¥KRLCP�>V4HPRLV¦¥KR'» η(D∗) T MX

 T��W��O?�L³�JLDKCUTP��FUHIT�OPJK�W ETUºP��CITUT
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pQCD (BKL)

βG(β)=β(1-β)  (IPhard)
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