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�õÀÖõ



�õÀÖõ
ø BB̄ ý�ûöøÃõ ´Ô� À � ó� � ¤¢ �¤ ü��¡ ´� Ö ê� õ 1 B ý�ûù�ÚÈ þ� õ¥� Â �¡� ý�û¢ ¤¢
BABAR ø BELLE 2 ý�ûùøÂð �î ý¤�Ï �� ;À÷��µª�¢ �¤ �ú÷� ¥� Û¬�� ý�ûüª���ø ü¨¤Â�
ü��¡ �� �¤ �ú÷� ý�ûüª���ø ø À��î À�ó�� BB̄ ý�Â� �¤ 3 ¢�Àþø¤ ¢¤��Ü�õ ×þ ¥� Ç�� À÷��µÆ÷���
¢�Àã� ,Â��Â� ¤�Ãû �� À¬ ùÀ�þ � ñ�¨ ¸�� �� �¨ À÷���üõ Ã�÷ 4LHC .À�þ�Þ÷ Û�Ü½� ø �þÃ¹�
ËÖ÷ ,ý��¡�ª ´±Æ÷) �ú÷� �� ¯��Âõ üØþÃ�ê ý�û´�Þî ø Àû¢ Çþ�Ãê� �¤ BB̄ ¢�Àþø¤
ù�¤ À�÷���üõ ¢�Àä� ßþ� .]1[ Àþ�Þ÷ ýÂ�ð ù¥�À÷� ¢�þ¥ üÜ�¡ ´ì¢ �� �¤ (ùÂ�è ø CP Ý�ÖµÆõ
¥� Â��Âê ×þÃ�ê ý�Â� ü�Â¹� ý�ûÀû�ª ßµê�þ �þ ø (SM) ¢¤�À÷�µ¨� ñÀõ ö¢�õ¥� ý�Â� �¤ ü��¡
�¤ �ú÷� �±ì �î üØþÃ�ê ý�û´�Þî Âþ¢�Öõ �� ¢�ªüõ ô¥� ßþ�Â���� .À÷¥�¨ Ýû�Âê ,¢¤�À÷�µ¨� ñÀõ

.À÷¢Âð �±¨�½õ ý¢�þ¥ ´ì¢ �� SM ¥� Â��Âê ý�ûñÀõ ø SM ÕþÂÏ ¥� Ýþ¢Âî Âî£

¤¢ �õ �î Àª�� ü÷ø¤¢�û ø ü÷�µ³ó �±ª ,ü÷�µ³ó üª���ø á�÷ �¨ ý�¤�¢ À÷���üõ B öøÃõ
ü¨¤Â� ý�Â� .¢�¢ Ý�û��¡ ¤�Âì �ãó�Îõ ¢¤�õ �¤ ü÷ø¤¢�û ø ü÷�µ³ó �±ª ý�ûüª���ø �ó�¨¤ ßþ�
�µª�÷ �ú÷� üª���ø ý��õ�¢ �Àµ�� ¤¢ �î ´¨� ô¥� �ûüª���ø ßþ� �� ¯��Âõ üØþÃ�ê ý�û´�Þî
6 ý�ì Ç�îÝûÂ� Ýû ø 5 Ó�ã®øÂµØó� Ç�îÝûÂ� Ýû �ûüª���ø ßþ� ô�¹÷� ¤¢ �î �¹÷� ¥� .¢�ª
ý�ûý¦Â÷� ¤¢ ø 7 üó�µ¡� Â�è üµ�û�õ ß�þ�� ý�ûý¦Â÷� ¤¢ ý�ì Ç�îÝûÂ� ø À÷¤�¢ ´îÂª

B-factory 1

Collabration 2

event 3

Large Hadron Collider 4

electroweak 5

strong 6

non-perturbative 7

2



¤�Ã�� ¥� ö� ¤¢ �î ¢�ªüõ �µª�÷ 9 Â��õ �þÂÑ÷ ¤¢ üª���ø ý��õ�¢ ,¢¤�¢ 8 üó�µ¡� üµ�û�õ ���
11 ©¤�¹�ú�¥�� ùøÂð �þÂÑ÷ ø (OPE)10 ÂÚÜÞä �Â® Û¬�� ÍÆ� À�÷�õ ü±¨��õ ýÂÑ÷
´ÞÆì ø¢ �� üª���ø ý��õ�¢ ý¥�¨ �À�OPE Ýúõ ý�þ�Ãõ ¥� .]49, 48, 35[ ¢�ªüõ ù¢�Ôµ¨�
ý�ûý¦Â÷� �� ¯��Âõ ,¢Â� ù���î üØþÃ�ê ý�ûÝú¨ .Àª��üõ 13¢Â� À�Ü� ø 12¢Â� ù���î ý�ûÝú¨
Ci(µ) °þ�Â® .À÷Â�ðüõ ¤�Âì ,Ci(µ) ,15ö�ÆÜþø °þ�Â® ¤¢ �î À�ª��üõ 14 µ §��Öõ ¥� Â����
�±¨�½õ ©¤�¹�ú�¥�� ùøÂð �þÂÑ÷ ¥� ù¢�Ôµ¨� �� ,À÷¥�¨üõ �¤ üª���ø ��õ�¢ üó�µ¡� ´ÞÆì �î
üª�÷ ü÷��õÂê ø¢ �þ ø ü÷��õÂê ¤�ú� ý�ûÂÚÜÞä �� Ã�÷ ¢Â� À�Ü� üØþÃ�ê ý�ûÝú¨ .À÷¢Âðüõ
ø ��óø� ý�ûöøÃõ ß�� �î À÷¢ÂðüõÂ� 16 Â��õ �þÂÑ÷ ¤¢ ¢���õ ßÞ�þ�ê ý�û¤�¢�Þ÷ ¥� ùÀ÷�ª
Â�è ´ÞÆì ø À�ª��üõ µ ¥� ÂµÞî ý�ûý¦Â÷� �� ¯��Âõ �ûÝú¨ �÷�ð ßþ� .À÷��µêÂð ¤�Âì üþ�ú÷
´¨¢ �� �¹�µ÷ ßþ� ü�Þ® ¤�Ï �� ��� ¶½� á�Þ¹õ ¥� .À÷¥�¨üõ �¤ üª���ø ý��õ�¢ üó�µ¡�
¢�Þ÷ ù¢�Ôµ¨� ,Heff ,Â��õ ü÷�µÜ�õ�û ¥� ö���üõ üª���ø ý��õ�¢ ö¢¤ø� ´¨¢ �� ý�Â� �î Àþ�üõ
.¢Âî �±¨�½õ Ûõ�î ¤�Ï �� �¤ üª���ø ý��õ�¢ üþ�ú÷ ø ��óø� ý�ûöøÃõ ß�� ö� ö¢�¢ ¤�Âì �� ø
ü÷��õÂê ¤�ú� ý�ûÂÚÜÞä Ûõ�ª �î ´¨� üî¤��î ¤�Áð ý�Â� üª���ø ý��õ�¢ ,Â��õ ü÷�µÜ�õ�û
�� SM ¤¢ Â��õ ý�þÂÑ÷ .¢�ªüõ �ú÷� �� ¯��Âõ ö�ÆÜþø °þ�Â® ø °¨��õ ü÷��õÂê ø¢ �þ ø

.´¨� �µêÂð ¤�Âì �ãó�Îõ ¢¤�õ (2) ÛÊê ¤¢ Û�ÊÔ�

ü÷��õÂê ø¢ �þ ø ü÷��õÂê ¤�ú� ý�ûÂÚÜÞä �� üó�µ¡� Â�è ´ÞÆì Àª �µÔð �î ¤�Ï ö�Þû
.¢¤�¢ ¯�±�¤� ,À÷�ªüõ ùÀ÷��¡ üÆþÂ��õ Â¬��ä �î üþ�ú÷ ø ��óø� ý�ûöøÃõ ß�� �µêÂð ¤�Âì
öøÃõ ¤�Áð �� ¯��Âõ �î À÷�ªüõ Âû�Ò ¤�Áð ¤�µ¡�¨ â���� üÆþÂ��õ Â¬��ä ßþ� �±¨�½õ ¤¢

perturbative 8

effective theory 9

Operator Product Expansion 10

Renormalization Group 11

short distance 12

long distance 13

scale 14

Wilson coefficient 15

.´Æ�÷ ý¦Â÷�Â� �þ ø ß�Ú�¨ ��¤£ ¥� ýÂ�� �û¤�¢�Þ÷ ßþ� ¤¢16

3



â��� � ¤¢ .À�ª� � �µª�¢ í�Âµª� ÂÒ� ÷ í¤��î ×þ ¤¢ Ýû � � �î ´¨� ÂÚþ¢ öøÃõ ×þ �� B
.¢¤�¢ ¢��ø �ú÷� ß�� ö��Üð ý�ó¢�±õ ø �ûöøÃõ ßþ� ü÷ø¤¢ ¤�µ¡�¨ �� â��¤ ü��ä�Ï� ¤�µ¡�¨
�ûñÀõ ßþ� ý�ÜÞ� ¥� .À÷¢Âðüõ �±¨�½õ üó�µ¡� Â�è QCD ý�û©ø¤ ÕþÂÏ ¥� â���� ßþ�
¤� µ¡�¨ â��� � �õ ñ�·õ ¤�Ï �� .À�ª��üõ ]7[19LQCD ø ]5, 4[18LCSR ,]3, 2[173PSR

ø ]24[ Bc → D∗
s,d`

+`− ü÷�µ ³ ó � ±ª ý�ûüª� ��ø ý�Â� ,3PSR ñÀõ ¥� ù¢�Ô µ¨� � � �¤ ¤�Áð
Bq → Dq(D∗

q)V ø Bq → Dq(D∗
q)P ü÷ø¤¢�û ý�ûüª���ø �þ ø ]25[ Bc → D1s`

+`−(νν̄)

.Ýþ�ù¢Âî ��Æ� ¢¤�À÷�µ¨� ñÀõ ¤¢ �¤Br ¤�ÀÖõ �ú÷� ¥� ù¢�Ôµ¨� �� Å³¨ ,Ýþ�ù¢¤ø� ´¨¢ �� ]26[
À ÷�ªüõ ü�¤�¡ öøÃõ ø¢ Ûõ�ª �î B öøÃõ ü÷ø¤¢�û ý�ûüª� ��ø üÆþÂ �� õ Â¬� �ä ¤¢
�� ¯��Âõ �î À÷�ªüõ ¢¤�ø QCD ��½�½Ê� ¥� ÂÚþ¢ ý��µ¨¢ ,¤�Áð ¤�µ¡�¨ â���� Â� ùø�ä
.20À÷��µª�À÷ üÈÖ÷ ¤�µ¡�¨ â���� ¢�¹þ�¤¢ �î ´¨� üî¤��î ý�ûÍ¡ ß�� ö��Üð ý�ó¢�±õ
�û©ø¤ ßþ� ßþÂµÞúõ .¢Âî ù¢�Ôµ¨� üÔÜµ¿õ ý�û©ø¤ ¥� ö���üõ �ú÷� ý�±¨�½õ ý�Â�
]20, 19, 18[23PQCD ,]16, 15, 14[22QCDF ,]12, 11, 10, 9, 8[21GF:¥� À��¤�±ä
¤¢ ý��¡�ª ´±Æ÷ �±¨�½õ ý�Â� �¤ 25NF ©ø¤ ñ�·õ ¤�Ï �� �õ .]23, 22, 21[24SCET ø
ö¢¤ø� ´¨¢ �� ý�Â� �¤ GF ©ø¤ ,]26[ Bq → Dq(D∗

q)V ø Bq → Dq(D∗
q)P ý�ûüª���ø

Û� ý�Â � �¤ QCDF ©ø¤ ø ]27[ Bs ü÷ø¤¢� û ý� ûüª� ��ø ¤¢ ý¤�¢Â � í¤�� î Â �� ¤�À Ö õ
QCDF ø GF ,NF ý�û©ø¤ .Ýþ�ù¢Â� ¤�î �� ]28[ B → φK∗ üª���ø ¤¢ üðÀ�±Îì ý�Þãõ

.À÷��µêÂð ¤�Âì �ãó�Îõ ¢¤�õ Ûõ�î ���þÃ� �� (3) ÛÊê ¤¢
26 FCNC Ûõ�ª �î (b → s(d)`¯̀ �þ ø b → s(d)qq̄) b → s(d) ¤�Áð B öøÃõ üª���ø ¤¢

3 Points QCD Sum Rules 17

Light Cone QCD Sum Rules 18

Lattice QCD 19

Factorization) üþ�Àµ�� ýÀ��¤�µ¡�¨ ©ø¤ ,�µê¤ ¤�î �� ©ø¤ ¢�È÷ à�½ó ��½�½Ê� �÷�ð ßþ� Â�� Âð� 20
.¢¤�¢ ô�÷ ]17, 16, 14[ (Naive

Generelaized Factorization 21

QCD Factorization 22

Perturbative QCD 23

Soft Collinear Effective Theory 24

Naive Factorization 25

Falavor Changing Neutral Current 26
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