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l����(D#����u�������� Y (CERN) 3�h������������� "!$#%!'&( l�"(� LHC )�*�3+
:l-, Large Hadron Collider(LHC) .�h�/�0 27km h�1+2�354 ���76����

14TeV "985u <:8;u�_�`�;�~�����3+

l�,5<�"�4����769��.�h�����"=��>?4 ���76(�@��@
��A�&( l Tevatron -CB�DEA
&9F 7 GH�
IKJ ( ,7L�M�h+85u���N�"�_�`�� 25nsec j�O�P�QRJ9l�M�S->( �RT9U�V9V?W5���
XolZY@-s��37J9l�,[Y5"?\5]
^;G f "`_'a+b(35h LHC 3Z. 2007 cE"ed�f?gh�i jkj���u�l�m'n "ko�p�q�;�j=rts�!"& ( l0h�j���u#";&('�"kQ�u ( �:+ � � ��� ) v�� "=w"O
^Kx0"=y5z�a�"�{}|Ejk~����
P:l�-����ts=!�& ( l�,

LHC j�.9��z:"8_�`'�Z�+
t� h�<�"-O+z:j A Toroidal LHC ApparatuS (ATLAS) O�P��5�}�
��s�!�le, ATLAS O�P8��.=0Ks 44m h�>Rs 22m h;O�P0��"��?��P�A � q
�
���Z.eO����`��� � q
�����9h��:�:d�� ���'. 1TB/hour 3"
R� h9�?&�j�_ ( &����'�"�'^e��q 3'
�l [1] ,9���7.0O#P
�+vX}9�1, �(*`��"�g}�?���`�`�"��3} +¡�!�& ( l�,¢

1.1 [2] .;h�£:+ � � ��uE";&9' -Kh ATLAS 39¤�¥ 3�J9lZ£�+ � � ��uE"���� �o,H"e¦�§
G
N ¨ª©¬«®­ /

√

N ¯�°¬±²©²³µ´²¶¸·0"�Y5Z@3"
�le,tx2"�£�+ � � ��u#"�&�' 37�sh�¦�§�G5�-�+¹:" �¸º -
^:l 5σ ��»���& ( l=,�Y�"=¼Za�#Hh}o�p�q�;�j9_ ( &9� 7=���+¹
3'

l+£�+ � � ��u7.�h N �@k
l9^�#�½ LHC 3}¾�d�j��5¹�3�J�l#-�¿7�:l�,
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 H  →  γ γ 
 ttH (H  →  bb)
 H   →  ZZ(*)   →  4 l

 H   →  ZZ   →  llνν
 H   →  WW   →  lνjj

 H   →  WW(*)   →  lνlν

Total significance

 5 σ

  ∫ L dt = 30 fb-1

 (no K-factors)

ATLAS

¢
1.1: ATLAS 3@"�o'p"q";�"�£:+ � � ��uo"���¹ f �+,�À'ÁK.7£�+�� � �
uo"�&9'@h�Â'ÁK.

N ¨ª©¬«®­ /
√

N ¯�°¬±²©²³µ´²¶¸· ,
A
aKAmh�M�7=�Z¹�k�!Z½?\ ( ¡5Ã53+.`^HÄ h�Å"Æ "=Ç�G
&E�ÉÈZÊ�l
Ë�Ì?�"
�le,

Í�Î9Ï-Ð9Ñ"Ò5Ó�Ô-ÕkÖ�×?Ó�Ø�Ù
( Ú 1.2 Û?Ü�Ý-Þ )
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£�+�� � ��u��}N "0C�D5� N ��k l�^K#k½�h��������
	o���5z�h - ( ]�
��@j`^@le,
������������� Ó�����Ö�×

( Ú 1.2  )

o�p�q�;�3".'��* �tT�!�"
-2"0A�B9C�D7.�h��9* �KT�!#"�";&�'EjkB�$:k l=,��'AKh9¥�F A
M0A�B�C�D?��Y�"�Y�ZE��%7MZse^ ( ^�#É½�hZ<�"Z£�+ � � ��u�.�o�p�q�;�"?��"�3'.`^ ( -
¿��@le,

&�' Ü Ð)( � Ü+*-,/.�021
o�p�q�;E"�£�+�� � ��u .�h
324 0 h ��5 " 0 h
agT V7W��76�" � �@b(�9{�}
"83"
�le,��
A �"¹tAkM?£�+ � � ��u5�7Y
!R#2"0'9u��o����M`^ ( ^K#
½�hZ<9"?£�+ � � ��u7.�o�p�q�;
"?£�+�� � ��u�3+.`^HÄ h`o�p�q�;X�É»��@l
l�m�"?£�+�� � ��u 3"

l#-�¿7�:l�,

Y�!$#2"�G
&E�ÉÈZÊ�l+Y:-s35h`o�p�q�;o�
»?��lÉl�m#" N �E"k¦
85� I a l=,

H

H

H
HHHg

H

H H

H

HHHHg

f

f

H fY

¢
1.2: £
+�� � ��uE":9<;0C�D�h[��*���T=!#":-2"8C�D�""�?> ��"�@A"g<CB��'����b+D`,

A�B�C�D�";h���*
�RT=!�";";&9'�j8 @k�lFE�;�GX�e¹#l�M�S:j�.;h��
* �RT=!�";"�G�3}�$��&
'5��1 ( ,�+0/g< >IH��
>5"0A�B9C�DR�/J #�^�Ã}!"½`^�# ^ ( ,[A�aKA#,�+8/g<|>IH��
> -2"2A�B
C�D5��¥�F
K f ^8����.�h tt̄H L(��"`�93'

le,"<+Y03NM�����3�.�h tt̄H h H → τ−τ+ � q
"
���
35h ,0+�/z<?>OH;�:> -�£�+�� � ��uE"0A
B9C�D#"+P[s5"k¥�F�Q
R5�tx2"���P�3"
�l}a-ÈZÊZM},
M��OS "�����.;h 2 T�j}_ ( &-o�p�q�; -9£:+�� � ��u�j}z ( &NUZÊ(h 3 T 3". LHC ~���� -

ATLAS O#P���"7V�W�j}z ( &<U5Ê l�,5<7AÉ& 4 T�3+. LHC 3:" Higgs ��u#"NL9� < �������Ej
z ( &<X��9k�le, 5 TEj}_ ( &<M�|S-�^@l e�Y C�ZS-KhZ<9"0C�Zo�2� ( & ,2+8/ < >
H���>5"0A�B
C�D�"=¥�FIQIRX��[
\:k�le,�� i j 6 T 3NM����#"8C��X��L�-
S@le,
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2 ������� ���
	���
����
2.1 �������
j
��u�l�m ���IU�k�l
o'p�q�;?�+
$� h�l��������@k�l2��u���A
& �A5 " 1/2 �+�! ��RT�! "" 
$#�%�&('="$�*)
H���)��'
+#=,,%-&('="/.0)�H��1)32546.Z<9!17-!98'z��-:���4<;!= " J>#=,? :���.5s5#-4�Æ@�?\Z]-4BA91!CEDGF$H+I�#6J

(

νe

e

)(

νµ

µ

)(

ντ

τ

)

(

u

d

) (

c

s

) (

t

b

)

KML .ONP�$Q149R-S!T��>U�V!WMDGX�YBZ\[ED^]!_1I@#�`\a\b+c$d$e+#6J�fBg17*g9hMi9`!a\b+c9.j0k `PaPb+c!.Pl k `PaPb+c!.9m�n9`!aPb+c " e�#oJ LPp5qsr Z![PN\t��6:Pu " R*.9m�n9`!a!b
c@R6v��w`!aPb+c�4wx�y+zo{P| "5} #>~�� j�k JMm+n>`Pa!b�c9�!��� ? `!aPb�c@�6]P_PZP[ " e
#B�+�$�������!WoR6� 2.1 �6�+�5D�X1Y [3] J

�9� ]P_1I0#�`!a!b+c U�V$W �\� ( �P�\�\T ) �>�
gluon l k `!a!b+c 1 �+�9�-� (αs) 0

W
j0k `!a!b+c 1

j � (αw) 80.4GeV/c2

Z
j0k `!a!b+c 1

j � (αw) 91.2GeV/c2

γ h>i!`!a!b+c 0 h9� (α) 0

� 2.1: �+�$�
�����!Wo�w�$�PJM�\���<Rw`\aPb$c0�olE�>D���IOJ αs ∼ 1 . αw ∼ 10−6 . α ∼ 10−2

hMi!`9a\b+c�R U(1) . j�k `!a9b$c@R SU(2) .>l k `\a!b$c1R SU(3) �6� � ��DGX1Y!�$�$�� � q z*�9���-g�#6J*hMi9`!a9b$c�� j�k `!a9b$c5DG P¡$I�¢-h j `9a\b$c�R6. SU(2)×U(1)
�

4- +¡£�-g>.�f\¤*¥04-¦@z+¤6Z\[�Ro§9��d 0 ¨P©(ªsz+R9©E«3© k [4]- [6] J0f�¬6¨O­9Z![�4-X LO®
¢ L>¯P°�±!² ��g L ¤Md*­*h j `9a9b$c�¤@³µ´1¶B� � �0¤�·1g@D<¸+¹!ºBI�»9¼w½*U6¾\¿1¨+eEÀÁ­Pf
¬6¨5»+¼B½*U*Z![5¤wÂ\Ã@d*Ä+Å£�-g L [7] J

2.2 Æ@Ç�È+É�Ê5Ë
Ì!Í ¨+Ro­�»+¼B½*Uo¾P¿ ° Y k zo��y@¢oJ
hMi!`9a\b+c,�Î­>hOi!`\a!bPc5D3 $¡ q-L h j `\a9b+c�Ro­ SU(2)×U(1)

� °  P¡£�<g0¢6JoÏÐ }>Ñ$ÒwÓEÔGÕ W<AOm!CED L ­\Ö Ð }>ÑPÒ6Ó�Ô3Õ W3¡MmPCED R � q ­P×+Y1¤BØ5Ù(Ú Ó �����!W>D
W

µ(W± ­ Z0) ­MÛ�ÜBÝ,Þ6¤OØ0Ù,Ú Ó �ß���\W ( à>[ ) D Bµ �^I@¢-J�f\¤$�!½9��W*�\á�WoR6â0¤@ã
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� °��
	 ¢wJ
L1 =L̄γµ

[

i∂µ − g
1

2
τ ·Wµ − g′

Y

2
Bµ

]

L

+ R̄γµ

[

i∂µ − g′
Y

2
Bµ

]

R − 1

4
Wµν ·W

µν − 1

4
BµνBµν (2.1)

¬!¬6¨O­
Bµν ≡ ∂µBν − ∂νBµ

Y : �
���0�-�5¤*¸9H����P[
τ :
j á��0�6U�V$Ws��¸>H����![

¨+e�ÀÁ­!h9� Q �<¤>Q ° â0¤����@d*H�À��@Y>J
Q = τ3 +

Y

2
(2.2)

�
(2.1) ¤����5¤��OC0Rw­ � Wµ ¤�!�"$#&% Ó
' ���>³)(-`9a!b$cMC$­&*�ã)+)� Bµ ¤�!�"$#&% Ó' �1D3� q z k ¢wJ q�,Eq ­E¬B¤ � ° R Ñ!ÒwÓ�Ô3Õ W.-����$�����£�!W*¤B§>�PC@dOÂ!Ã q © k ¤

¨M­!§\�0d 0 ¤ ÑPÒ6Ó�Ô�Õ W/-+���+�������PWMD��P� q z k ¢oJ�f0¬6¨M­!§9�PCED�0 	2143 ã �
�GI�¢�� ­����+��5&6$�£D.798*z qBK � J@f@¬w¨M­��1�$�25�60©�: ;�¨BZ![�¤B§>��D-¸\H1I0¢ L¯$° ­0»!¼w½*U6¾!¿£D=< � JOY K ÀÁ­9�$�P��� � �£D+³Î´1¶ ° 7E¢=>�¨*­oZ\[ ° §O�£DGX Lo® ¢>¤
¨+e+¢wJ

W± ­ Z0
° §9�ED�X LO® ­Pà>[5RB§>� 0 ¤ KPK ¨�e+¢1ã � ©5»+¼B½*U���D=?&@1I�¢ L\¯ ­�Ü!Y

¤9U+�1�9�)� φi D ±P² I�¢wJ L1

° ­\â�¤0ã � ©!U$�1�9�2� ° �1I5¢ SU(2)×U(1) 5&6�©1�$½
�1WB�\á@WMD/0 	�1A3 © 	 gCB9©E«G© k J

L2 =

∣

∣

∣

∣

∣

(

i∂µ − gT ·Wµ − g′
Y

2
Bµ

)

φ

∣

∣

∣

∣

2

− V (φ) (2.3)

¬!¬6¨O­ | |2 ≡ ( )†( ) ¤�D$EP¨+e$¢oJ K>L ­+Ü!Y�¤2�£D-­��C���@�6� Y=1 ¤$á��0�6U�VPW/�Om
C °$K � ¯ ¢�ã � °�FAG J

φ =

(

φ+

φ0

)

φ+ ≡ (φ1 + iφ2)/
√

2

φ0 ≡ (φ3 + iφ4)/
√

2
(2.4)

K>L ­�»+¼B½*U�H�I�W�J�K Ó V (φ) R*­
V (φ) = µ2φ†φ + λ(φ†φ)2 (2.5)

D FAG J L!p5q ­ µ2 < 0
, Y λ > 0 � q ­ φ(x) ¤)L�M�N�O&P φ0 Rw­

φ0 ≡ 1√
2

(

0

v

)

(2.6)

� FAG J
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2.2.1 ���������
	���
����
�+�$� � ���\W*¤o§M�5Ro­ φ(x) ¤2L M N�O�P φ0 D<­ � (2.3) ¤B§M� ° � �+I0¢�C���� ² I@¢/>
¨��w�@¨ } ¢wJ φ0 Rw­ T=1/2 ­ Y=1 ¨�e$¢ L>¯ ­
∣

∣

∣

∣

∣

(

−ig
τ

2
·Wµ − i

2
g′Bµ

)

φ

∣

∣

∣

∣

∣

2

=
1

8

∣

∣

∣

∣

(

gW 3
µ + g′Bµ g(W 1

µ − iW 2
µ)

g(W 1
µ + iW 2

µ) −gW 3
µ + g′Bµ

)(

0

v

)∣

∣

∣

∣

2

=
1

8
v2g2[(W 1

µ )2 + (W 2
µ )2] +

1

8
v2(g′Bµ − gW 3

µ)(g′Bµ − gW 3µ)

=

(

1

2
vg

)2

W+
µ W−µ +

1

8
v2(W 3

µ , Bµ)

(

g2 −gg′

−gg′ g′2

)(

W 3µ

Bµ

)

(2.7)

¬!¬6¨M­ W± = (W 1∓iW 2)/
√

2 D6c k L J � (2.7) ¤wÛ$¡9C�dB��h����P� �����!W*¤o§9�PC@¨�e
¢wJ@f\¤*§>�5Ro­

MW =
1

2
vg (2.8)

d���«/g0¢wJ K>L ­���À^¤��5R W 3
µ � Bµ

° � q z��P�� �¶!¨�e$¢�!
1

8
v2[g2(W 3

µ)2 − 2gg′W 3
µBµ + g′2B2

µ] =
1

8
v2[gW 3

µ − g′Bµ]2 + 0[g′W 3
µ + gBµ]2 (2.9)

�
(2.7) ¤ ��"C�$#�¤�"�#�¤&%�'&P�¤B¡$Y1R 0 ¨+e+¢(!@fBg*) � (2.9)

° ­��5¤*¡9â\�P��¤(+�¨�,¯�- d*­wÛP¡��0¤o¡>â>�9� �<R(.�/ q z k ¢0!<N\t1¶!©2� Zµ � Aµ Rw§>��"�#1)G�& �2�3�¢M¤M¨*­�
(2.9) R*­

1

2
M2

ZZ2
µ +

1

2
M2

AA2
µ (2.10)

�4�w�@¨ } ¢(! �5)76&8�2 q zO­
Aµ =

g′W 3
µ + gBµ

√

g2 + g′2
, ¬!¬6¨ MA = 0 (2.11)

Zµ =
gW 3

µ − g′Bµ
√

g2 + g′2
, ¬!¬6¨ MZ =

1

2
v
√

g2 + g′2 (2.12)

d���«/g0¢(!:9 ��W<;@��½= θW R*­
g′

g
= tan θW (2.13)

¨+e+¢>¤>¨O­�¬<g>).< � �s­ � (2.11) ­ (B.1) R*­
Aµ = cos θWBµ + sin θWW 3

µ (2.14)

Zµ = − sin θWBµ + cos θWW 3
µ (2.15)
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� � ªw¬��3d$º��£¢(!�� - ­ W ­ Z ���\W*¤o§9��¤>Q °�� ­
MW

MZ
= cos θW (2.16)

d���«/g0¢(!

2.2.2 ���
	���
1��
����
ÑPÒwÓ�Ô3Õ Wo¤B§9� � »$¼B½BU��Mm&� , «�� 3 «^g0¢�!�� 3 B���� Ú<W*¤*§9�5R*­5�$½!�1WO�
á@W ° â�¤ SU(2)×U(1) 5�60©��5) ² g0¢(!

L3 = −gff̄H [L̄φR + R̄φ] (2.17)

� � �:)1³s´�¶ ° 7 8ozO­
φ =

√

1

2

(

0

v + h(x)

)

(2.18)

) � (2.17) ��� ² 30¢@� ­5�$½9��W*�!á�W*R6â5¤�ã � ° ©�¢�!
L3 = −

gff̄H√
2

v(L̄R + R̄L) −
gff̄H√

2
(L̄R + R̄L)h (2.19)

¬!¬6¨O­ gff̄H )�­
mf =

gff̄Hv
√

2
(2.20)

¤�ã � °�� ª*�µ­����(ÚGWw¤o§O�1d�� «sg0¢0!+Ù��6�+ÙO¤w§M� � ��� °@q zB¸�����g�¢odO­�Ù �6�
ÙMR j á����6U5V$W��Om��5¤$á5¼����"! ° � q z � §>� )-¸�� q © 	 g$B>©�«�© k !@f!¤ -9¯+°# q k »+¼B½*U��Om&�5)3b�«3© 	 g B\©£«�© k !

φc = −iτ2φ
∗ =

(

φ̄0

φ−

)

−→
√

1

2

(

v + h

0

)

(2.21)

¬*¤�³s´�¶O� � ��¤�7�g ° ã�À ­�Ù$�B�+Ù>¤o§>� � ��� Ú�Wo¤*§>���4��� ° � 3 «/g0¢(!

2.2.3 %'&)(+*-,/.�
����
»+¼O½oU*Z![5¤*§>�5Ro­�»+¼B½*U�H�I�W J&K Ó , «0� 3 «^g@¢�!

V (φ) = µ2φ†φ + λ(φ†φ)2 + . . . (2.22)

¬!¬6¨O­ φ = v + η �>³ ´1¶M� � �0¤271g*)-1 }32 ¬=3,�Î­
m2

h = 2v2λ (2.23)
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)=��¢(!£¬<g , « ! , ¢�ã � ° ­\t � , «-R�»$¼B½BUBZP[5¤B§>��R-� 3 «^g��o­ Ñ$Ò6Ó�Ô�Õ W*¤
§>���4��� °�� ©1¢2�5���>���M�>¨$e�¢�!0f9¤ ->¯ ?
	@¶ °��

 �<g�© 	 g B9©E«3© k !
��� , «Î­��&�����5¤+�P½\�1WB�9á0WwR���¤ � ¤9¨$e�¢�!

L = − 1

4
Wµν · W

µν − 1

4
BµνBµν

+ L̄γµ

(

i∂µ − g
1

2
τ · Wµ − g′

Y

2
Bµ

)

L

+ R̄γµ

(

i∂µ − g′
Y

2
Bµ

)

R

+

∣

∣

∣

∣

∣

(

i∂µ − g
1

2
τ · Wµ − g′

Y

2
Bµ

)

φ

∣

∣

∣

∣

∣

2

− V (φ)

− (G1L̄φR + G2L̄φcR) + h.c (2.24)

L R�Ï Ð }BÑMÒGÓ£Ô/Õ W=�om��\­ R R�Ö Ð }OÑOÒGÓ�ÔGÕ W ¡Om��1¨Pe!¢�!GÛ\¡��@Rw­ W± ­ Z ­ γ ¤�!
"
#&% Ó
' � *5ã +�³2(6`\a!b$c+¨+e$¢(!BÛ��B­9×���Ro­ � �(Ú�W$�*Ù �o��ÙO¤�!�"$#�% Ó
' �w­
*�ã +$f*g(«9� W± ­ Z ­ γ �-¤6`!a\b�c$�@¨+e�À ­>Û�Ü��5R W± ­ Z ­ γ ­<»+¼*½BUoZP[�¤o§9� �µ�
�$­�f q zBÛ
�&�5Ro­ ��� Ú�W�*�ã)+�Ù$�B�+Ù>¤o§9� �>»$¼O½oUBZ\[��<¤w�\�@¨+e+¢(!

2.2.4 %'&)(+*-,/.
»!¼w½oU)�5) ±!² 3@¢$¬$�3¨*­Bh>i9`\a\b$c�� j�k `\a\b$c>)3 P¡ q ­\�$�!� � �5�9W - Ñ>Ò<ÓÔ/Õ W ° §B�
)�� 3 ¢=>�d\¨ } - !!»9¼-½6U)� ° ã�À ­3â@¤*Ü����0¤�`9a>bPc�¤M¹Md���� �^©&8 - !
• �+�$�<`!a!b+c
• ���\`!a!b+c
• ÜPU$���>�6`!a\b�c
• ×�U$���>�6`!a\b�c

¬<g�«<¤ ��� ­$�$�$��`\a!b$c@R LEP ?�	0©�� ° ã0À��� 
!\��d��<g - ! q/,£q ­ Ñ!Ò-ÓEÔGÕ W
�>»$¼O½BU*ZP[5¤"�#�\`Pa!b�c�-9­�»+¼B½*UBZ![�¤5³)(w�!�0¨�e+¢6­�U��1�>�w`!aPb�c@R%$ p"&
!��-g$z k © k !@f\¤ -9¯ ­�¬<g,«'$
(
)�¤-`Pa\b�c*) & ! 3@¢+*
,0d$e�¢�!
��������¨.-�»P¼o½oUoZ\[5¤w§M�/- 1TeV/c2 �.�+¨Pe+¢+¬+�3d",#0£�<g [8] ­ LEP2 ¨$¤�.�1�23 , « 114GeV/c2 � k � �#4 �65�¯ « gPz k ¢ [9] ! LEP ©£��¤+�� 7!\� � �������5¤"8 � , «µ­

95% ¤�9
:/;7< [10] ¨�»$¼O½oU*Z![5¤o§9�=- 200GeV/c2 �#�1¨$e�¢+¬1�Gd*Ä+Å£�-g$z k ¢�! ( >
2.1)
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> 2.1: »+¼B½*U*Z![5¤*§>����� !����=-0»$¼O½oUBZ\[�¤o§9��!��	� - ∆χ2

2.2.5 
���
��
�

(2.20)
° �1y - ã � ° ­ Ñ\Ò�Ó�Ô^Õ Wo¤w§M�/-�»!¼o½oUoZ\[ �<¤����9�\� gf f̄H

° x"��30¢0!
¬*¤2> , «Î­ ���\�!��� ÑPÒ6Ó�Ô3Õ W*¤o§9��¤7< ° -6â5¤ � �1d)��À �1Y�!

gff̄H =

√
2mf

v
(2.25)

gf :
ÑPÒ6Ó�Ô3Õ W��<¤"���!�\�

mf :
ÑPÒ6Ó�ÔGÕ Ww¤B§M�

v : »$¼O½oU���¤)L�M N&O�P+­ v = 246GeV/c2

¬*¤ � , « ! , ¢�ã � ° ­9§M� 2	� ¤@»P¼*½*U��:) 2£¢ -9¯$° - gf ¤�!!�5)<" � *
,@d$e$¢(!5¬¤ � �@d)� À � - © 	 g$Bo­����&�&�5)�� 3 ¢��!t0dBÂ!Ã 30¢6­ ��� 3 ¢�!'� 3 B*­����&��� °
�	��4$¤��\� � �:)���� q4-���� Ó ¨+eP¢<­ MSSM ¨#-6­ Ñ9Ò<Ó£ÔGÕ W�d�á�¼��.� ,! �" W �1¨B­
L M�N�O�P@d$#0©1¢ -9¯ ­ ���\�!� °�% �$�1d	&�«^g
�*­9â�¤ � �:)3X�Y [11] !

gMSSM
bb̄h,τ−τ+h

gSM
bb̄h,τ−τ+h

= − sinα

cos β
(2.26)

gMSSM
tt̄h

gSM
tt̄h

=
cos α

sinβ
(2.27)

�&���&��¤��P�5¤"���!�!���Î­ tan β=45 ­ MA=600GeV/c2 ¤2�!��¤ MSSM ¤����!�\� -�> 2.2

¤�ã � ° ©�¢�! LHC ¨#-6­�'CK*��( � Ù"�6�+ÙO¤+�
�9�\�0¤+!!� -�)+*@¨PeP¢ -9¯ ­ τ Z9[ �G��Ú
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τ
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> 2.2: �&����� � MSSM ¨$¤+���>�9��! �	�1d ÑMÒ�Ó�Ô^Õ Wo¤w§O��!���� -��
�>�\��¨Pe$¢0! �k % d �&�����$­�����¤ % d MSSM ¨+e+¢(!
( � Ù��6��ÙB¤+���9�9� p�	 ) !9� q z k z.-6­2�������1¨ � MSSM ¨ � % �!�1d�& 3 z q � � !
f!¤ -9¯ ­ ÑPÒ6Ó�Ô�Õ W*¤*§9� ° ��30¢ % �P�5)�� � 30¢ -\¯+° -o­P§>��¤wm k Ú<¼ ��� Ù$�B�
ÙM¤����\�!�5) !!��30¢/>@d*m�,@¨$e�¢+¬1�Gd-! , ¢�!
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3 LHC
��� �

ATLAS ���
Ì
	 ¨.- LHC 8����Î­5f1¬w¨�"
�\g�¢ ATLAS ?
	 ° � q zB��y�¢�!

3.1 LHC ���
LHC -6­9U��MU�� ����%!�
���\� ° e+¢ CERN ¨������M¨*­om����$#�% Ó
' �Od √

s = 14TeV

¤��*[����o[! 
"�� 1!#!$ ¨$e+¢�!�¬w¤ 1!#
$ )<c k z�" � ?�	�d LHC 8���¨+eP¢�!
�&%��'�Mh%5¤!~ � d)(�*�d ��+ © -9¯ ­£Ù-,3�/.w©&(�*@d�� «/g0¢BdM­5fBg*)-c k © k t10 -o­32�!�"5)
30¢��54�6
% -o­
J7.>Ù
8(Ú987.9:�;5) 2 ¬5<3z&# % Ó4' ��)>= � -9¯ ¨5?+¢(! 1�# 6�%/@�4�%
¤2�
A$­P¡�B/C,À ° = � #�% ÓA'�D -

U =
4π

3

E4
b

ρ

re

(mec2)3
(3.1)

Eb : E D (+¤�#�% Ó
'!D
re : 4�%5¤GF
H5I�J
ρ : ,&.M½M¤)I�JK © À ­L4�%3MB§�N/@&O�P -�Q�R E D (SM�#�% Ó4'�D M>Ü)T/U�# %�V '!D )XWL= 3�Y�!Z,).�[\IJ5)>]_^3` 3�aCB�WL=
)�b/c7Y�d/@�U�^�Y)@ R_e\fhgji
k�l M"(�m K Ponp]1^�q�r�st@5?5Y\u
vw R ��%3M&x�N�y)4�%3M\z7{�|!}/U5?SY�~ Q�R :�;5�/�t��Y��S�)V�� D W�=�y\�
�/U�^�Y��3���� `pq7Y\uv w R��1� @)�
�5M�?5YX����y R 6L� K �
6��-M��!�����
�-����^�Y\uL�)�������tU5y��!���@) !¡£¢>q
PS~ Q�R �)���'�7�)�o¤ k P�qS¥�a7¦!qo§¨q�P Kª© c_§«a/Y�u�¢¨¬_¢ R!­ �S��Vt� DM��&�/®L��y��&��¤¨¯
°S±/Y>²£³&´ f �¶µ
· D µ ( ¸t¹Gº R�»�¼ ´��¶µ
· D µ ) ½�¥�U!q¾` R
¿ D �µ
· D µ K«À ¦&atY
µ�· D µ¾�Á�3µ�· D µ¨�oÂp !¡S±tY>uLÃ�M!~ Q�R �5���_¤«Ä£§Åq�`ÇÆ-Â R �)�È�É MGÊ�ËtU)���Ì���!�����-M��
�tÍ&��^�Y\u�Î�~ R�¿!Ï �ÐµL· Ï µ¨Ñ�Ò3�tÂG�)�-®�U5y7[GVLÓ´>Í&Ô¾Â«ÕÖ`× !¡
±�Y�Ø�U R [GVLÓ_´ È�É Ø��!��Â«Ù
Ú/U�^�Y�u � §>�\�7���3Ø&Û!°�y����-Ø&Û°-�GÜ5ÝLÆ&Þ
ßtÍ)à�á��>â/PLØ�U R�­ P�Väã)å ¿&æ�ç�Ï ¤ÅèL°S±�Y�Ø�Í!é)ê
USëSY\u

LHC Ø�ì
q)í3î!ï ÏSð ¤Åñ 3.1 �LÎ/ò Q Y\u1ó&Øt�7n¨q�ô_¤¨õtöS½>÷_ø
¤�ù7úL¬�ûtü�±�YGu
(a) ý�þ
ÿ��������	�
þ

WLWL 
�� Ø�
�� ð�� æ5ç�Ï���� ¬1§�����¹G[ f ���/Ø\x��/y 1TeV/c2 �t���	�\d7Í��7¬! Æ"�7Y�uo¢�~�Í# &Æ 1TeV/c2 Ø��L¹�[ f �L�o¤¨Ù�Ú7±-Y�~�$5�&%�'�q)( Ï�* Ø��S��+/� ÏÍ_�«a-,�§.�/%�'/¬/0�Ú5±�1Gu/Ã�Ø�2SØ��!�-y�3 3.1 45ë51Gu
Î&6
{
úLØ W 7�8
´94�x:�
Í 1TeV/2 Ø��S¹<; f �!��¤¨Ä=1�~�$L�&��vLúSØ W 7>8!´\Ø?%
'/q!����+t� Ï y EW ∼ 500GeV 45ë51\u5Ã7ó?4��L�L��+t� Ï Í 500GeV Ø W 7>8!´�¤>Û°5±�1�~�$5����%�'�qtµS· Ï µ�Ø��S�:+/� Ï y Equark ∼ 1TeV 4Së!1\u�¢¨¬_¢@��µ5· Ï µØ?A5ú�����+
� Ï y����-Ø?A7ú
����+/� Ï Ø 1/6 �-�B4Lë51GuSÃ�Ø
~�$��<%�'tq��&��Ø��L�
+/� Ï y Eproton ∼ 6TeV ò�q�1\u
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( Ï:* Ø��L��+/� Ï 7 TeVì � ´�;�Ø��	� 27 km

+äã)å ¿&æ/ç�Ï 1034 cm−2s−1


 �"+äã)å ¿)æ/ç�Ï 100 fb−1/year�
�
8.33 TeslaÊ�Ë���� 40.08 MHz��� / ²ä´�� 1.1×1011

²ä´��
��� 24.95 ns

ñ 3.1: LHC �
���3Ø�í3î!ï ÏSð�Ï u

¢G~�Í	 \Æ:�L����Ø��L��+t� Ï Í�Ô	�#4-Â 7TeV qo§�¦/�
x��
Í 1TeV/2 Ø	��¹�; f �!�-ØÛ�°äÂ����£ò�q!1�u

p p

q

q 0Z

0Z

+W

-WH

q

q

3 3.1: ���Ì� �&��Ê!Ë3Ø�� ��3
(b) !#"�$&%:��'&(

LHC Ø�ì � ´�;�Í:� LEP
g ´���+3¤*)�+ k ¢\~
Â)Ø:45ë51�~�$�4Lë!1Gu

(c) �-,/.�0�132�þ
��¹.; f ���tØGx��5Í 1TeV/c2 Ø/2�4tÂ �?3 3.1 ØX���SÍGÙ�Ú!454�1)½�¥�Ø&+�ã�å ¿\æLçXÏ Í
%�'�4Lë�1>u76tµ g + � 7�8
´98&:�4���¹&; f ����¤�Û�°�¢ (σ ' 100fb) � Higgs �!�7Í Z 7
8!´ª�-��;&<7±	1�=&> ( ;	<
Ü '30%) ¤*?) \Æ\Ù!ÚS± 1>u
ó&Ø@=�>1¤*?Zn×÷1ø�y&� 1TeV/c2

Ø	�S¹/; f �
�1¤>Û�°S± 1�~�$L��y/���!�1¤Å�oóX±)�!�3��yGz 1TeV Ø�����+/� Ï Í/%�'£òq�1\uo¢X¬�¢�Ã�Ø/�5n¨q!�L��+/� Ï ¤.A
ú ¿!Ï �jµ5· Ï µ�y��-ò�ö1�� !¡3A�6/�
²£³)´ f �
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µL· Ï µ�Í�ì"4Së51Gu�6-µ g + � 7=8!´ 8�:�y/��²Z³)´ f � µ�· Ï µ È�É ØG�
��4-Âp�äó:1~�$�� LHC 4>�L¹�; f �
�5Û!°�Ø ���

 Í&Ô¾Â�� 4<�	;&+�Ó_´Z� ;/+�Ó_´ 8
:Zò È >
�-Ø���	
 ¤BA
ú-�5n>��q�1Gu1¢¨¬�¢ �);9+�Ó�´¾� ;9+
Ó1´ 8	:�=�>-y	��¹<;����
��Ø&Û�°��7�
1¨���Z¢¨¬��	� 4&��
 w�� Ø�
����1¤.A�~�q���~�$���²_¹�µ�;!î ¼ ´�� Ø����
Í&ê ¢.��u�vw ��6-µ�� + � 7>8!´ 8�:�=	>�y/�	6�µ�� + � 7>8
´�¤����-¢G~Sµ�· Ï µ�Í��������� w
w� 4����-¢G~ 6tµ�� + � 7)8!´\Ø�x:��ØGz"!��£ò.�_n#� 4 � Ø�
 w�� 
$���_¤BA5úoò.�1n&%' ÍSë"1�u/Î�~&�� w�w(� �)��� ��* ~,+"-ª¹.�ÇØ/�7�!y/��/�Ø"+0-9¹.�ÐÍ� !¡Z¢Xq���ò9�n1% ' Â�ë"1�~�$���²o¹�µ�;�î ¼ ´.�ÇØ)���
Í��/�#4Lë"1Gu5Ã�Ø
~:$/6�µ�� + � 7>8!´ 8�:
4�Û�° �2* 1�=&>1¤ ©(3 1�Ø:4Lë51Gu �
¹/;����
�7Í Z 7�8
´p�/��;&<5± 1*=�>�¤ ©(3 1�Øy/��;�<
ÜtÍ�z 30% ò4� 4/��óSò
ò � Z 7>8!´9�
Í�³�º5�X´p�-�@;
<5± 1�=�>o¤ ©63 1�ò �7�8 Ítµ �¨Ï ´G¬!ú=�L¹�;��)�
�-Ø&x��o¤*)�¯$9 4 4�1)¬ä§ 45ë!1Gu/Ã
ó�4�� ZZ→4µ � 4e

� 2e + 2µ Ø0:�61´;�«¤¨õ�<1òÅ±�1 ( ;�<LÜ '0.4%) uS± 1�òpv	=�� 10 :&61´;� Ù�Ú
± 1�~
$S�?%�'/q:+oã)å ¿&æ�ç�Ï L[cm−2s−1] y/�

:�6�´;� /year = L · σ · ;
<
Ü
L[cm−2s−1] ' 10

100[fb] × (0.3 × 0.004) × 3 × 107[s]

' 10

100 × 10−39[cm2] × 10−3 × 107[s]

' 1034

¢G~�Í  �Æ�� L = 1034[cm−2s−1] Ø<+äã)å ¿&æ�ç�Ï Í/%�'ZòXq!1�u
(d) >0?�@0A�B���A$Cì � ´�;)Ø��&�ty 24km 4Lë�1�¬_§���D,E��!�/yGF>ß,!�H7Í\z ρ ∼ 4km Ø0I2J	K�¤�L ,GóLò��q"1\u
�
��+/� Ï Í 7TeV ØMD"E��!�
Í�ó�Ø,I2J	K_¤�N�A5±#1�~�$L�?%�'
q ��� Ø�O � By

p[GeV/c] = 0.3 ρ[m] B[T ] (3.2)

B[T ] =
p[TeV/c]

0.3ρ[km]
(3.3)

=
7

0.3 × 4
(3.4)

∼ 6 (3.5)

¢G~�Í	 \Æ)Ô��#4-Â 6Tesla Ø �	� Í�%�'	4Së51�Í��QP$R_¤.A�~ A�15�5nX�/� 8.33Tesla Ø �� Í&Ä 12StÍ�4 4�1�T0U�V ��W ¤*?�X�±�1Gu
LHC y ­ �L��+
� Ï � ­ +oã)å ¿)æ
ç)Ï 4Lë�1�~�$<�>��¹<;����
��Ø�Y$Z��[�¨¹Gº �¶µ
· Ï µ �

B ï!8
´GØ�\
÷�� W/Z 7�8
´\Ø)]Lx
Ø � §Åq!1�^$_!Ú�`tÍ��/�#4Lë"1Gu�/��
Â4a$b$c�d_¤�T 3 1e ¢?��\�÷3Ø)f�gGh0i 4Së!12TS�$j0] (SUSY) Ø� 
¡o¤2k"lS± 1�� SUSY �L�3Ø)Y0Z�m_��Â��&�
4Së"1\u
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¢¨¬3¢ � LHC y�� ���S´���î�: »�Ï 4�ë�1�~�$#�!¹&;��\���LÛ�°/Ø ¿ ; � +�:�63´�� �X� ¢ÅÆ<�ñ 3.2 ��ë51L�����\²_¹�µ�;�î5´��&: 6�´ ��Í�	�
#���>Õ	��uLÃ�Ø!~�$)²_¹�µ�;�î5´��ÇØ����LÍ�

'��
s òMm�1�u�Î�~/�7�&� � �&�3Ø\à��	] 
�� Í�v��7ØGÊ�Ë��¾�¨� 23 :�6_´ �����Ç�¾ó:1�~�$��í6::+ � ¸/¹&º�Í)��ó�1&u�ó)Øt���2m0:�61´;��y�ã?��� * � ²�:L¸G� � :&61´;�Gò À ¦ * 1\utÃØ
~�$S�������-Ø������3�>â����_¤����)±�u

 �! Ä"X
Ø�"$# ����

[barn]

p-p à���] 
�� 10−3

O��  �! Ä�X 10−6

E&%  �! Ä�X 10−9

�S¹�;�������Ø)Û�° 10−12

ñ 3.2: '  �! Ä�X
Ø ���

 u
3 3.2 y LHC Ø���'#4Së51Gu/ï�:-´ � ´:;��
y)(
úSØ>Ê
Ë+*7ÍLëä� �&'
Ê!Ë+*/�!y-,�XQ�����Ø ATLAS � CMS ��7 � * � µ!· Ï µ)Ø)\�÷/Ø!~�$
Ø LHC-b ��
����!Ê!Ë/ØG����¤/.	1 ALICE Í0�1 ��* 1\u
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3 3.2: LHC
� ´�;Ðu7ï�:�´ � ´�;���y�(!úLØGÊ!Ë+*SÍLëä���5Ã7ó)�2�����
Í 1 ¬ * 1>u�3��
Ø��� y��)�5������y\�7�)�5���-y/
�:�Ó_´\Ø�	 * 4Lë!1Gu
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3.2 ���������
	
�
��
 4�� ­ �L��+/� Ï \
÷��!47? � \!÷��	45ë51 PT � η � /ET � ∆R ��ú5�!Æ&û
ü/¤\± 1��
���	��4�X��"1��	a����:3 3.3 Ø7Â�Ø�Í�ë51�����*��)�6� � ���	4��)( Ï:*�� ¤ z

� ��ì � ´:;
���! � ¤ x

� �#"�$� � ¤ y
� ò«± 1��Ga ( 3 3.3 %�&�'	3 ) �)(�*5±�1 PT ¤ÅÚ0`
±#1�+�,��&�

x
� ¬1§XØ�-��/. φ òp± 1 r-φ �Ga ( 3 3.3 %#&�0�3 ) Í ?�1 * 12���6� �-Ø43XØ5 � 4�6�7
Í����8�*�9;:�<>=@? 12+�,#�/� y-z A � ( 3 3.3 BDC�E	3 ) F ?@1 * 12� 9>G
H z

��:JI�K -���. θ L ?
1���M HON 6�75� K2P�Q . <�=@? 1�+�,��)� ���J. η − φ A � ,�R�S 9 �	a ( T 3.3 B#E�0�T ) F
X@U I *WV �

y

XZYJ[]\_^J`badcfe
x gJh i4jlk ^Jmonqp

 z gZr4s_tvufw nqp

y

z
θ

X]Yv[x\
y-z y{z

PT

φ

x

y

z

PTcosφ

PTsinφ

r-φ y{z

x

η

φ

∆R

X]Yv[x\
η−φ y{z

2π

0
-5 5

T 3.3: xyz |#}!~ ( %�C!'@T ) � r-φ A�� ( %�C�0�T ) � y-z A���,5��U N z � :vI y �@� K -��/. θ

L ?WV ( BDC!'@T ) �)�
�2� K η − φ A�� ( B;C�0�T )
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3.2.1 ���
	���
�� PT

���������������������! #" ?WV 6�7 K z $�% K'&)(�* F,+ :vI.- U)� H�:/H�/ x
/

y $�% K!&(�* �
0 0 H�1 �32�45�76 V98 3;: 8 U K � /'&�(�*WK x

/
y <�+ K3= < �)> V.? $
% K'&�(�* PT

PT =
√

(PT cos φ)2 + (PT sinφ)2 (3.6)

�@ #" K'A#B ��C#DFE'G V � LHC
��H�I K > VKJ#L�M)N � /  �"5O K'P#Q�&#(#* F9R 6 U)�@M KS�T@U�V)W K!X�Y4K7Z ��[ �]\3^�_ V`&�(�*�/#a5bdc PT

� R 6 1e-@V ��M K S�T PT Fgf�hji �k#l L H�N�m
n E'G N U V �

3.2.2 oqp7r3s
t�u
t�v η

��w'xzy,{zy�� L � /

y ≡ 1

2
ln

(

E + PZ

E − PZ

)

= ln

(

E + PZ

mT

)

= tanh−1

(

Pz

E

)

(3.7)

��|#}~E'G V`* �
> c�/
z ��$�% K ���F���,�!�)� \@^ HON

y−→y + tanh−1 β (3.8)

F�< c���a � H S F5� N dN/dy
���������!����� -@* ��> V � b S �
w'x5y@{zy9�#� X#Y4K'� $

%�L ? $�%��K�#��_ V;K \!� �5a ��#� � /�X#Y
K���* � 2#4 _ V (P � m) L / �
w!x7y�{7y����

y ' 1

2
ln

(

E + Ecosθ

E − Ecosθ

)

=
1

2
ln

(

1

tan2

(

θ
2

)

)

= − ln tan

(

θ

2

)

≡ η (3.9)

L;�#� �]6 V � ��* � 2)4�� S ��w!xzy�{7y����@�q��w!xzy�{7y�� η �.��� G V ���#���)��� �� /��3�#� [ �¢¡5��£�¤¥�¦��§q� f;\7¨ V dN/dη
� −3 ≤ η ≤ 3 ©'ª)« � 8)¬,­ |5��>�® �

3.2.3 ¯�°��)
#�
 �" A © X#Y � ? $
%#© &�(#* PT � 8 �K±d²;³ S -#´ � � S�µ �@¶ U#V#W © X�Y © ET �.· �=�¸�¹ ® � 0 \ - ®��9º)�
>�® � �`»d�K¼ 3.4 ©5¨�½3\ / 0 \ � -�¾ º \ >�® $�%)\ &�(#* �.³ a¿#= µ >�® � � G5� /5�7À � f�h!Á - ²!©2�
�2� ��Â)|z�Ã6 -#´�X)Y µ ³ a9&)(#* µ�Ä b G ¶ ´-)´ S�T ��>
® � � © &�(#* �3Å�Æ &�(#* /ET �K�
Ç;�5È)©z¨7½ -�X�Y µ ­
a ©�É D)Ê _ ® -F¾
� /��7À � f9h'Á � Å�Æ &#()* � �@Ë $5%
\'ÌÃ± ��Í � S �ÏÎzÐ ® � � µ �Ã6�® � �3»q� /�Ñ�aÒ#Ó D�Ê _ ® ¿#= �
� / È G5Ô�G © &)(�* �.Õ)Ö]\!× | _ ®3ØÃ� �!Ù -�´ �
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ΣPT

x

y

�������	�ν

¼
3.4: Å)Æ &�()*

3.2.4 
�v�� ∆R

���5�
∆R � � / �d�
w`x�y'{�y�� �e$�
�� φ

��� S���� �)> c /�� ©�¨�½3\ |�}~E`G7® � (3.3����� ¼
)

∆R ≡
√

(∆η)2 + (∆φ)2 (3.10)X�Y O © ����� /	�� "! f��$#�%
_ ®�& \�' ¸ G5® � �K» �)( (3.9) © η © |�}�» ¾ + »�® ¨�½`\ /
η © O+*Ã�-, ­ ��� - 1 /FZ ��[ � \3��. 1.8 ² O+* µ0/ 1e- ® �

3.3 ATLAS 132�4
A \'��5 S ¨�½3\ /76�n+8 �W�2� ��>)® ATLAS �W��� � LHC \�9�: E3Gz® �4���Ã© ­�a �
>® � ATLAS

�
LHC

�0; � ® J#L�M�N �=<7Ð ® S�T \ � ©z¨�½ -?>�@ �`³���¶ ´ ® �
• A�B � 0-C�+ -7D � � ��À � X�Y © &�(�* � 
�: µ Â�|	E�F -q�,À � X�Y ¤�GIH f ��J��K � �K³ a �
• L Y �NM Y ©PO�Q / È�©�R�S7TVU � / 
�:q� D ��W 1 Â�| _ ®-M�XZY�� h J�� K � �$[7Ð�¶´ ® � ���Ï���?Y�� h J9� K ��� Å�Æ &�(#* � Â#| _ ® S�T \?\�< E3G7® X#Y �$] G -�1 �
� �Ã6�® ¨�½'\ Z ��[�^��	_�O � b ��` �@¶ ´ ® �

• a f [ �bH�c��	H � K�d X#Y ;�e © �� f! f � / M Y �fL Y ©-O�Q µ0g ´0h�i �,Í Ð ® ¨�½
\ / g D � - Ì�j��W���q�`³ a �

LHC
�

25ns \ ­�k0l�m _ ® S�T / ^5� T � £ ! _ � 2 1 _ S�T \ g � -�n É�� � 0fo�p E'Gz® �
ATLAS �
��� � /�l�m�q \@� ´�8 ½ » ¾Ï/Zr0s Ì�j������ / M�XIY5� h J�� K � / ��� �7�0Y� h J�� K � /F�,À � X#Y �4�2� � #)< E3G ¶ ´ ® � ATLAS ©?t�B ¼
�9¼ 3.5

�
> c /�u �W���
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© >�@ ��� 3.3 \ b � T ® �9Ì�j>�
��� © D � ��� 10µm ��� ® � b S / M�XIY�� h J�� K ����
100GeV ©7L Y ©�R�S�T U � +�� F]� 1.2% � ´ ½ D �]© g E ����< � ¶ ´ ® � � �j�5��Y5�

h J�� K ��� t�$�
q���)± � � c�/ 100GeV © �� "! f;©�R�S7T�U � +	� Fz�,¡ � T /9A $ s �
�
5.8%

/�
)A $ s ��� 14% � - ® �

¼
3.5: ATLAS �����@��� E 44m

/ g E
22m © 6�n ������� r�s Ì�j������ / M�X Y5� h J��K � / �������?Y�� h J�� K � /���À � X)Y �
�2� � Ñ�
�� © 
���� X��z� #)< E'G ¶ ´ ® �
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�W��� 
�� 
�: ��w'xzy,{zy�� ª#« � F / +	� FrPs Ì�j��W��� w�H�� T ¡ � T s |η| < 1.7
w�H�� T�� ���A $ s 1.7 < |η| < 2.5 50µm×400µm� �VH��9¤ f9h ! _ ¡ � T s |η| < 1.4
¤ f�h ! _�O�*A $ s 1.4 < |η| < 2.5 80µmP�Q	��
 Ì�j ¡ � T s |η| < 0.7 +�� FA $ s 0.7 < |η| < 2.5 170µmM�X Y
� h J�� K � � B £ T
� � ¡ � T s |η| < 3.2

(
£��9�9xÃy��q�

) 10%√
E

⊕ 0.7%� �;����Y#� h J�� K � �������`�9{Ãy
��� K � T ¡ � T s |η| < 1.7 50%√
E

⊕ 4%� B £ T
� � A $ s 1.5 < |η| < 3.2 50%√
E

⊕ 4%
)A $ s 3.1 < |η| < 4.9 75%√
E

⊕ 5%��À � X)Y �
�2� � h���f �  � ¡z� �	��� |η| < 2.4 10%(1TeV)

� 3.3: ATLAS �$#�<
_ ® �
�2� © 
	�)/ 
�: / η
/ � F �

� M X)Y © &#(#* � Â)| _ ® S�T \ /�Ñ 
	� © 
��	� M�X�� µ ' ¸ G ¶ ´ ® � ­�a � r�s Ì�j
�4����t�BF������� � Á � � ��> c�/qZ ��[ �]\�� Í \ 2Tesla © X ¿ � ��!�_ ® � � M X#Y ©!Ì
j �-X ¿ \�¨ c#"	$ ¾ G / È�© "?i&%(' » ¾ X�Y © &�(#*#/ Ì�jÃ© " µ c $ �+M � µ Â�|7�z6�® ��3»�� / � � Á � �Ï�0M�XIY�� h J�� K � © A \?: »�GÃ® S#T / � � Á � � © J�� \7¨ c / M Y
©*) (	+	
 � ^�Å	, - ² µ ;�6�® �zÈ G \�¨ c M�X Y�� h J�� K � ©�R�S+T U � +�� F µ�-�. �
¶ � b ½ �5È#© S�T � � Á �g� © J
��* � �,Ù ®�/	0*1 -#´ Ø µ�2 b G / ¡ � T s �
� 1

�43 �
� 5 ® J
��* µ �)< E'G ¶ ´ ® �
0�½ ­�a © M�X��]� f ���5� T �9� T �
>�® ��f ���5� T �9� T ��� ���5��Y�� h J�� K � ©��6 \�7 c . 0 ¾ G / � �e����Y
� h J�� K � �98 c;: 0 S � M X)Y ( <Ã\ ��À � X#Y ) ©!Ì�jq�"	$ ®�= f ���
� T �,� T ��>(? © 
���� X	���)>�®*= � G \�¨ c�/*@�A�B4C © h�D � ��EGF \9H

Ð ® � � µ4I�J ®�=LK \NM ��ÀLO,X)Y © Â)|�E�FQP�w!x7y@{Ãy O ª)«��SRUT��WV ® � ´ ½ m�q �
³ a = f#X�YGZ-T�[\Y0T^]�#�_ Ó	` X ¿ ©\a J�b ] ¿	ced ¨efhg^i ® µ ` � a I 4Tesla

d �kj ®*=
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4 LHC ��� ���������������! #"%$'&'(')*�+ I ] LHC
I �-,�.�/�0 d2143�5 �76989: ������; � `2
���
<� d>=@?BA�C4D j 5FEHGI?JA*�K�L I2M<NPORQPS�T ` ��698U: ���WVYX 6-Z\[^]�_ O ]R` d-acb@?BA ; � b V ` �76U8U: �<��Vd�e �

τ
��� d 
�� j 5�fIgchUi>jNd2=k?RA2C4D j 59E

4.1 l�mcnHocpPqsr4tIu�vxw
LHC y �-,�.�/�0 y � �76�82: ������z i ; � 
�� ]|{ 4.1

d<}H5c~4�Sd ` 8 j��Ph [�8 j��h���� `c� ] X j [^��� h���� (VBF)
`

W/Z �x� h�dFa4b i ; � ` tt̄H
; � �	� e y }c5 [12]

E� 
�� �U���4�2���x� { 4.2 y } f [13]
`��H� d � ; � 
�� �F��� OR�4� 59E

{ 4.1: �c628�: �����2z i ; � 
�� : (a) 8 j���h [�8 j���h���� ` (b)
� ] X j [^��� h���� `

(c)tt̄H
; � ` (d)W/Z �x� h\dUacb i ; � E
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σ(pp→H+X) [pb]
√s = 14 TeV

Mt = 175 GeV

CTEQ4M
gg→H

qq→Hqq
qq

_
’→HW

qq
_
→HZ

gg,qq
_
→Htt

_

gg,qq
_
→Hbb

_

MH [GeV]
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{ 4.2: �76>82: ���x�2; � �>��� E���� � �c6�82: ��������� `�� � ��; � �>��� (pb)
E�	�


:8 j���h [ 8 j��Ph���� `�� 
 :
� ] X j [ �x� h���� `�
 
 : tt̄H

; � `�� 
 : W ��� h\d-a4b
i ; �
(1) ���������������������8 j��Ph ����� O! �T i#" T%$ ��6�89: ���'&-�)( � ��*#+ ? i�" E�?-,@? X 6UZ%[ ]�_�.])/H� X10 [ ]�_2.c] & " �!354 .76 O- �8�9 ���x�2:<; "5=#> j@?B�@h � j .�Z ORM ?JAA 628>:�B � O ; �DC 5 
7� y }45�E�EGFci	j�H . �%I|�KJ5L�� 8 j7�kh V�MONQPSRT*�+

C 5�U y 9@V U ;#W 
�� U �>���IV�MXN�:Y;�R 9 A 6>82:�B�Z U �%��V 160GeV/c2 y �2[
20pb y }c5UE ?�,�? A 6�82:�B�Z U �%��V�\]R_^ 5 & 9 8 j7�@h�U  e F7i|jGH . N ~�`:<;GR_^ 3�a�b ^dc-^eR_^ 5FEP?-,@?FG�U�~c� ^ 8 j��Ph�U�fXgih V�j S A " R U y ;�W4����@NQkYlGR_^ S A " R E { 4.2

L 1 " A 9 MH = 350GeV/c2 m�n L7o%pG^�q#rWV�*�+ C 5U � 9
loop

L9zGL)s�t ?JA " 5 X 6�Z [ ]7_�.H] U �%� U d�u L7vKw C 5 T�$ y }c5FE
x�y

A 6F89:2B%Z ?!, ;�Wdl a ^ " T�$�9 A 6U8U:�B#Z U7z � , c-{ A ; T B#Z �#| ��:�;^
PT

O- e B�Z V�*%+ ? ^ " EIG%U T�$�} 6>]�8 44hY~iU2��� V�� ? " 
�� y }H5UE
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(2) ����� � �����#�-� �d�e U ]H_�.c] V
	 " v���
�� y�� { ? T d7e U�� .�� [ �x� h (W/Z)
V ��� ?JA A 6>8:�B�Z V	;#W@l aI5���� y }H59E ���4�>����� A 6>89:�B�Z U �%�IV 160GeV/c2

U���� L
3.5pb

&����! �:�; " E�" T29 N &�N &QI Z J�L)*�+ C 5$# 6-Z [ ]�_�.7]�/�%�& h [ ]�_�.] (
}(' h : [�]c_�.c] )

V|��� C 5 T#$�9 E " FHi>j�H . V*)�+ y N 9 G#UI~W� ^ ]7_�.] U *#+�,�-�� G�a/.10 kdl�R_^dc!^ " EIG%U T#$ A 628�:�B�Z U ����V�:d;�R ^ S A N 9���4�2��� U j�2IV�3 U4��� L�� � 5 &65 5 / , y }c5FE
x�y

� .��%[ �x� h O � { ?BA ��7 ? T ] � .7] � 9
8:9*; {�< y���>�6 X�& ?RA�=�> l a5�EWG�U ��>�6 X � � { ? T � .�� [ �P� h�U ��� U [!?�r & " � :d;�^ PT

O7 e E
N �A@ 9 U ]�_�.7] N�� ` 9:B�9 e "�`DC 9E; {F< y >�G l aW5UE�" T�9 � .�� [ ���hFH
IDU ��� ^ U y 3�4 .�6 U�J$K V�L " E�G#U T�$�8 C 9 L�{ T ��> 6 X UEM L	�F3U � >�6 X V�*#+ ? ^ " EV a c U � , c 9 V U ;�W ��� � A 6-8�:2B%Z UON�P L4Q�R y }H5 T�$�9 m�S�T N L KL l a7A " 5 [14]- [16]

E
(3) tt̄H UEV` ;%Wdl a T X 69ZY[ ]7_�.7] , c 9 A 698U:�B#Z V � { l a�5���� y }75UE I Z J�L f PR *#+ C 5 8 j��@h L ~>5 ����W	V 9 X 6UZ�[ ]�_2.c]R` & A 698�:�B�Z O ;%W ? ^ 3�a5b^YcQ^ " EHG%U T�$ P R U�F�i�jGH . V
)�+ y }75�U y ���c��������k@l " E A 6�89:�B�ZV

160GeV/c2
UYX L	� 9 [

510GeV/c2
U�F�i9jDH . V�)�+O&-^ ` 9 �<�H���<�I� 0.16pb y}H5UE

x�y
X 69Z [ ]7_�.H]J` O[Z�\�] L4^`_ y�" 5�U y 9 X 6�Z�[�]c_�.c] U�a�b ��� U +�cL ~ ` } 6U]<8 4ch<~TU��Yd VYeYf y }�5-Ex?-,P? Z�\�] L�2 ^ R�&�N 8 g�h U =�> j?R�@h V�*#+ C 5 T�$�9<M�N V�i�j & " �lkYm � N }c5FE

(4) W/Z ���%�Yn�o:p�q$U$V]�_7.�] 9 � ]�_7.7] U `Er�s4y ;�WYl a T � .�� [ ��� h�, c 94t L A 6F8F:2B%Z V ��u laW5v��� y }75-E I Z L|�-� ]�_7.�] �O^ "�a ^ " U y 9�w .k[ ]�_�.�]9y }�5 � ]<_).�] &]>_-.�] VF�	� C 5lx L�^ 5JEFG�U T�$ �	�7�F�	���7k�l Ri^ ` 9 A 6 8 :�B�Z V 160GeV/c2U &�;�L
1.2pb

&!^ 5UE I Z [ �5I Z�y�z 0�{�|�< y }c5 Tevatron(
√

s = 1.96TeV ) y � 9V UF��� V|z�^2;#W ��� L%^ 59E
x�y

Z�\�] L�}$~ UE� .�� [ �P� h (W/Z)
V =�> l a�59E
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4.2 l�mcnHocpPqsr����xvxw
� L A 6282:�B�Z U�z������ L =k?JA �W� 59E A 6282:�B�Z ��:�� U���� �
	�� 9 B�Z7` L z� C 5UE@?!,P?�
 Z & A 6289:�B�Z U ( � �2*%+ ? ^ " U y 9 A 6989:�B#Z V 
 Z�� z�� C 5�� 9X 69ZY[ ]�_�.H] 9 � X10 [ ]�_2.c] 9 W �x� h ^ 0 O j .7Z & ?RA2z�� C 5UE A 698�:�B#Z Uz���� ���

(4.1)-(4.4)
UW~W� L�� 375

[17]
E

Γ(H→f f̄) =
NcGF m2

fMH

4π
√

2

(

1 −
4m2

f

M2
H

)3/2

(4.1)

Γ(H→W +W−) =
GF M3

H

8π
√

2

(

1 − 4M2
W

M2
H

)1/2 (

1 − 4M2
W

M2
H

+
12M4

W

M4
H

)

(4.2)

Γ(H→ZZ) =
GF M3

HM2
W

16π
√

2M2
Z

(

1 − 4M2
Z

M2
H

)1/2 (

1 − 4M2
Z

M2
H

+
12M4

W

M4
H

)

(4.3)

Γ(H→γγ) =
α2GF M3

H

128
√

2π3

∣

∣

∣

∣

∣

∑

q

3e2
qIq

(

m2
q

M2
H

)

+ IW

(

M2
W

M2
H

)

∣

∣

∣

∣

∣

2

(4.4)

GF : =�> j@? ( ��G�f
mf : =�> j@?R�@h�U ���
MH :

A 6�82:�B�Z U ���
MW : W �x� h2U ���
MZ : Z �P� h�U �%�

A 6>89:�B�Z U ��� & 9 � B�Z�� U2z�� � U	=
� � { 4.3
UW~W� L%^ ` 9 �7� U4x V���� 59E

(a) 115 < MH < 130GeV/c2A 628�:�B�Z U � XT0 [ ]7_�.H] ` (bb̄) � U)z�� V|z$+ y }c5UE τ−τ+
9

cc̄ � U2z�� N }c5V 9 �
(4.1)

L }c5H~W� L 9 = > je?B��h � U)z�� �x���%� U d
� L C 5FE�" T 3�4 .���Z
(Nc)

L5Nv�! C 5 T�$�9 ����V 4GeV/c2
U � X 0 [^]�_�.7]�� U)z�� �4V�M@N!:�;�R ^ 5FE

(b) 130 < MH < 200GeV/c2

W+W− � U�z�� ��V�"#� A " ; 9 A 6>8|:�B5Z U ���PV W ��� h�U ��� U d%u y }�5
160GeV/c2

U$X L .�$
100 % &7^ ` 9 G�U�C �2[ 70 % L�^ 59E " T�9 ZZ � U2z�� �eN H& ~4� L('�) ?RA " ; 9 MH = 160GeV/c2

U*X L<� � V 5 V 9 G�UFC ��[
30 % U�z�� �'&^ 5UE �

(4.2)
9

(4.3)
, cTr ,454~c� L 9

Br(H→W +W−) : Br(H→ZZ) = 2 : 1
&�^ 59E

(c) MH > 200GeV/c2

MH
V

350GeV/c2 L�^ 5 & 9 tt̄ � U7z!� VYeYfO&-^ 5FE4?�,�? =�> jd? ��h � U7z!� V MHLO�� C 5�U L ` ? 9 � .���[ �I� h � U�z�� � M3
H
LO�� C 5�U y 9 tt̄ � U�z�� V W+W−9

ZZ
O '�* 5�z�� � O,+ 5 V &-�%^ " E
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BR(H)

bb
_

τ+τ−

cc
_

gg

WW

ZZ

tt-

γγ Zγ

MH [GeV]
50 100 200 500 1000
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{ 4.3:
A 6>89:�B�Z U2z�� � E���� � A 6>89:�B#Z U �%� 9 � � � � B�Z�` � U�z�� � y 9 1

L
����� l a7A " 5UE " T�9 � 
 V � .��2�P� h ` 9 	#
 � = > je?B��h `�� U�z�� � y }H5UE
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4.3 tt̄H � H→τ
−
τ

+
�������	�


 * M<N@O Q�S9T U � 9
tt̄H production y ;�Wdl a T A 6U8U:�B#Z V 9 τ−τ+ L z�� C 59fcg�hi>j y }H5UE A 628�:�B�Z U ����V 120GeV/c2

UYX 9 G�U ���c�>�����
σ·Br(H→τ−τ+) = 42.3fb (4.5)

& G�a!.10 :Y;KR_^ " E �H� L τ B�Z & 9dV U>f�gchUi2j U Z�\�] L e " A �c� 5UE

4.4 τ p@q
�

??
L }75H~H� L 9

τ− B#Z � ' Z X h2U�@ gWy 9 :
� h V 1/2
9�� 6 V −e

U B%Z�y }@` 9 τ B
Z & H�����U B#Z � ντ y }759E τ B�Z U ���x� 1.777GeV/c2

9 o��������
ττ = 290.6×10−15secy 9 τ B%Z V 
 |�L m " |�� OQ �S A " T & C 5 & 9 ;�Wdl a�A%, c cτ = 87.1µm

W 3�� SFT C L
z�� C 5FE τ B�Z U z5^ z������ O � 4.1

L " & $ 5UE �
4.1
L 1 " A 9 ' U d7e U�z�� O1' Z X

Z�\�] z�� �
( % )

τ− −→ µ−ν̄µντ 17.4

e−ν̄eντ 17.8

π−ντ 11.1

π−π0ντ 25.4

π−π0π0ντ 9.4

π−π+π−ντ 9.5

π−π+π−π0ντ 9.5

�
4.1: τ B#Z U7z������ & 9 G#U7z�� � E τ B#Z U7z�� � lepton � U�z�� & hadron(π B%Z ) � z� & " � d g�h L)r h�y ; 5UE

� 62] z�� 9�� ` ��� ~ � � 69] z�� y }75FE � ~!� � 6�] z�� y =�> l aW5 B#Z � @ e U ��>�6X O#" W ? 9<V a O
τ $&%(' � &#)+* E � ~ � � 69] z���U J 9 ' U } e � 1 Z �ch 8 9 � U d�e�

3 Z �ch 82y }c5UE V a �-,+. ; {�<<L 1 " A 6 � B�Z U0/ V G�U ,�. O1� C x L�2�3 ?JA "5UE V U4xG, c 9
τ ��> 6 X O54+6 C 5�� L 9 ��>�6 X U ,+. U)f V @ * " T �
} * & " � +�c O7 ?JA " 5UE V U τ − ID

U 9�8 L =k?JA � a�9
A y �4� 59E � ' , c ; {�< y ; { C 5 τ B�ZU�z�� ��� 9

τ− −→l− + ν̄l + ντ (l : e
9
µ) 35%

τ − jet + ντ 65% (4.6)

&7^ 5UE
τ+ B�Z U2z������ � 9 τ− B�Z U�z�� L 1 " A B�Z O � B�Z L�:@; K � aDb�~ R 9 z�����<; R H & y }H5UE
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4.5 �����
8�� y � τ B�Z U2z������ L�� "�	 �c��

��9 
 � y � tt̄H

9
H → τ−τ+ ��������� U Z�\�]L�� "�	 �4�����������! #"�$ . " �&%#W C C(' (

[
4.6 × 10−25sec)

L � � 0  #")$ . " & W+

��� � � z�� C � U y 9 =�> L ,�, � z�� &+* 	 � � U�, � y } ���
t −→bjj (j : lightflavorquarkjet) 67 % . . .

� ~ � � ��" z��
bl+νl (l : e

9
µ) 22 % . . .

'-�.� � ��" z��
(4.7)

� � 0  /"�$ . " U ��> ��� y } � b �#> ��� U 4�6�9 8 L�� "
	 ��0 9 B
L �4�1�2� ' U4���KU

z�� �43657* 	 N 100 % L�^Yc!^ " U � 9 '-�8� � �&" z!� L�9 "
	 9 τ B%Z � U)z!� 3;:+<�L�=a ^�> 
+?A@�B��2� * 

�DC 	 9 tt̄H
9

H → τ−τ+
U Z�\�]�E�F

4.2
U1GIH L�J gAKMLANIO �2�

t t τ τ P � �
ttH→bWbWττ −→ bjj bjj τ -jet ν τ -jet ν 18 %

bjj bjj τ -jet ν lνν 20 %
bjj bjj lνν lνν 5 %
bjj blν τ -jet ν τ -jet ν 13 %
bjj blν τ -jet ν lνν 14 %
bjj blν lνν τ -jet ν 4 %
blν blν τ -jet ν τ -jet ν 2 %
blν blν τ -jet ν lνν 2 %
blν blν lνν lνν 0.6 %

�
4.2: tt̄H Q H → τ−τ+ �1�I�����1R Z�\�]S� l

E
e T µ

@ QAUAV)QAWAUAV R+X 6DE * 	 >�Y�> �
Z�[M\ @�E Q+P�]M^ ��_a` >abc> Hed b ATLAS R ��fhgMi�jAk 36l�<�m2=�n 	

ttH→bWbWττ −→bjj blν τ − jetν lνν 2 o �.� �  /p�irq
blν blν τ − jetν lνν 3 o �.� �  /p�irq (4.8)

R , � R2s�tMu�R�vAw 3cx C�
&�zy n GD{#| @SE2} R2s�t)u 3 2 ~����������)����Q)� R2s�t)u3
3 ~��.�����/����� b6�M� y b2m O ���
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5 �	� 
 �
�����
tt̄H,H → τ−τ+ �1�I������R���� � ���4�  �� ������� � E�F 5.1 R G�H m+Y ��� W !#"�$;Q

τ U�V b&%&m('�)�* _�` >
+ ? Q#,.- m�/ R UAV m PA]IO10 * Q3254 @76.8 + Q 2 o:9<;=$?> p�iq b
tri-lepton mode R2vAwA@ x C +CB

g

g

t

t

t

t

b

b

-W

+W

H -τ
+τ

F
5.1: tt̄H,H → τ−τ+ D1E $�F&G R���� �H$ � $I> � �
���5�C�

J�K �7L&U+V R '�).bNM O5P R&Q R E:S 5.1 R G�H m:T�U OH0 B J5K � L2UAV R '3)1*(VXW Y 0mCY+n�Z Q H→W+W− D.E $(F G�[ R P+] *�\�]CZ^W 0 R @ Q(_�` R M O5P.*Ca , W Y 0 B�b R+ ? Q 115 ≤ MH ≤ 130GeV/c2 R�c�d m&eM>5Z Q y R D1E $7FCG @ ; K 9f>hg�i i g b R(j�k5lm @on�p�q Wsr�t OH0 d *&u�v @�B 0 B
MH 115GeV/c2 120GeV/c2 125GeV/c2 130GeV/c2 140GeV/c2MCO�P

52.1fb 42.3fb 33.3fb 25.2fb 12.7fb

S
5.1:

J�K �CL�UMV R '&)(b tt̄H,H → τ−τ+ DHE $�F3G R MCO�P
w + Q y R DHE $(F3G�x R y K g5����z
$ q b6Y {�H 0o{�| b�}oZ�~

tt̄H(H→WW ), tt̄, tt̄Z, tt̄W , tt̄WW

*&l�� - n 0 B tt̄H,H→WW D.E $�FCG ~ Q J�K �7L�U�V R��.� b5}oZ
~
� �7�&G
x��
0 B�} T} J�K �7L�UAV R P+] m�� 0 W !�"5$ * τ U+V m P+]SOH0 b Q s�t�u * �XW�����m�Y���Z#} w��+�� Q y R D�E $�FCG�x R�j5k5l m R r�t R � m�~ y K g��5�
z�$ q b6Y 0 B tt̄Z Q tt̄WW
% s�t
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u *�� �7��G b �XW ���2m�Y 0 R x�Q��3� $�; � o�g ��� $=x�� @�� b O R *	��
 x
��0 B w + Q
tt̄ Q tt̄W

~�� �7�5G b sMt�u *
�DY 0 R x�QH�&�A$ ; b R����A@�� ] 0 d ~3u�v x.��0 B��5* |6 OH0 � � m tt̄
~
b R M O�P�*�� � ��G R�������� b�boZ�% _a`�� R x�Q�� � m � b O! �" * �

0 B y)y x � � ��GAQ y K g��5�.z
$ q R p $�#%$&G'&f>)( i�* @,+.- }(+�/ R Q MCO�P(b ���
$�;H>10�23F o i�*�i ~ S 5.2 R � � m+Y 0 B

process
MCO�P ��� $A;30%2CF o i�*�i ,PDF,Q2

tt̄H,H → τ−τ+(MH = 115GeV/c2) 52.1fb PYTHIA6.2 [18]+TAUOLA [19]

tt̄H,H → τ−τ+(MH = 140GeV/c2) 12.7fb CTEQ5L [20],Q2 = P 2
Ttop

+ M2
top

tt̄H,H→W−W+(MH = 115GeV/c2) 49.9fb PYTHIA6.2+TAUOLA

tt̄H,H→W−W+(MH = 140GeV/c2) 164fb CTEQ5L,Q2 = P 2
Ttop

+ M2
top

tt̄ 492pb PYTHIA6.2+TAUOLA

CTEQ5L,Q2 = P 2
Ttop

+ M2
top

tt̄Z 656fb COMPHEP4.1 [21]+PYTHIA6.2

tt̄W 468fb +TAUOLA,CTEQ5L

tt̄WW 9.0fb Q2 = 1
3
(P 2

Ttop
+ P 2

Ttop
+ P 2

Tbottom
)

+1
2
(M2

top + M2
top + M2

bottom)

S
5.2: 4%5 }�+76 {�| R p $�#�$&G8&
( i�* boM O�P QH�3�A$ ;30%2&Fzo i�*�i

S
5.2
m ��0 PDF

b�~ 9
Parton Distribution Function : R<; x�� { Q�=
F3G?> i * 7TeV xR�@ VBA R �(G�CA$ , y o3$�L > g
i i g ,

� i >sg�i i g * Q���0!=
F3G8> i @�D Y
E�F ��G @S O B Q2 b�~ W�HSO�0cUMV?I�x R,J�K�L�M ) x���0 B Q2 * _a`��
N HBOQPSR irq 9�& � L�x��{UT b�V N H V7W y 0 E�F�*3a , WYX 0 b � � 0 BZ8[7\ V �Mv v]X P ~ Q � U (ATLFAST �.^ C _�` )
} T +�- }�+ p $a#�$ G'&�( i%* [ N�b

,ac Z � 0 B

5.1 d8egf8h?ikjmlonqp<r?sut	j
y V,v x ~ T 2 o�9<;=$ > p�irq T 3 o:9<;:$^> p�irq x!w.x V ��� $ ; � o�g �Q� $ m&Y � Z6.8 0 B

5.1.1 y%z|{~}z~2�7� �
o:9^;=$ b�~ T
• P electron

T > 5GeV/c, P µ
T > 6GeV/c, |η| < 2.5

• 0�2 K ; V g5�CL *�i<� - ∆R = 0.4 � }	� n�Z � 0 B
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• o:9^;=$ � - ∆R = 0.2
V�� i $7A V T $�& f��
i%* V � G V(� =�FCG'> i * 10GeV ���

b � � jAk @�� +���%�V x T y�z {S}a~��7��� b �)�3B�} � } oo9^;o$ m�~ T B
� "�$ V �	� >

o�9�;�
 K g
�M] m�� 0 %
VH% � {�� 0 B�� 5.2
m ��0 � � m T ! ; � >sg�i i g * +	- , n 0b T R q &�$ U^}oZ B

� "�$ baX 0 B yAy x � Y
��V y i # K g L * [�� 0 B B
� "�$ ~����H*

^������ � V x T � Y��%V y i # K g L � - � n�+���� x D
� "�$ b T o�9^;:$�� ~ 0%2 K ; [b �M] } T� Y���V y i # K gCL @"! 0 B�b�VH� � X o:9 ;=$ V$#�%�m5~ T B

� "�$ V R q &�$

B-meson
(~500µm)

W

lepton
or jet

ν or jet

D-mesonhadronization

Collider 
  Point

Secondary
    vertex

B-jet 

b

�
5.2: b 0%2 K ; V�&('�B

U.W()BV�*,+.-(/1*10�2�� 0 ~�3 x���0 B1b y x B
� "5$ W�)QV o�9<;:$ @�465 � 0 +��Sm T(7V j�k @ ",8 � 0 B

• o:9^;=$ V ∆R = 0.2
V�� i $7A m T PT ≥ 3GeV/c

V�*6+�-�/�*�092�}�X � B
(
�

5.3)

y V j�k @ "�8 � 0 d m1� { T � 
 � � y ����L W�)QV PT ≥ 3GeV/c
V$*,+9-�/1*:� i $�A m; �7Z�} w�� y b&% ��0 * T b	V,E	F#~ � 9 <�x���0 [22]

B
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∆R=0.2

Pt > 3GeV/c

Pt < 3GeV/c

Charged
   track

Not isolated
           lepton

Isolated
        lepton

�
5.3: o�9I;�$ V isolation

j�k B
B
� "�$ V �M] W,) V�����}7+ o�9�;�$ @�4 5 � 0 +��Sm T

∆R=0.2
V6� i $,A m T PT

*
3GeV � } V ;�� K g * 092^}�+ - T ���<}�+ o=9^; $ b�~��	X ,X<W � 0 B

5.1.2 y%z|{~}z~2�7� ���
	���
 ���
���
µ
-(/ T +./BV

PT
��G ~ T b&n��&n�� 5.4

T
5.5
VH� � m�X 0 B w + T�� � g�i i g V 0�2 K ;

( �S� q 0%2 K ; )
T

b 0�2 K ; V PT
�	G @ � 5.6

T
5.7
m����CBy n - V�� � - � � 0 � � m T � �7�5G b y K g5���.z�$ q V ��G m�b�n O P _z` X�� � *��� V x T ��� V j�k @
� +�� d @ "�8 }�+3B

1.
��� }�+ o:9^;o$

• µ
-�/

– PT ≥ 15GeV/c, |η| ≤ 2.5

• +./

– PT ≥ 20GeV/c, |η| ≤ 2.5

2. 0�2 K ;
• q 0%2 K ;

– PT ≥ 15GeV/c, |η| ≤ 4.5

• b 0�2 K ;
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– PT ≥ 15GeV/c, |η| ≤ 2.5

• τ 0�2 K ;
– PT ≥ 45GeV/c

µ
-�/(b +./BV

PT
V ",8 ~ T ATLAS

Z8[7\ V ; f;g�i2jAk @"� +�}=Z � 0 B w + T o:9^;=$b
b
T

τ 0�2 K ; V�� � m�� f � $?> � �.g.& > LI; f K 9���� Z8[7\ (SCT)
*��
u	��X�V x T�


3 �1x 618 +H� � m SCT
V�0(2 � 0 c�d x���0 b � � jMk8� - T |η| ≤ 2.5

b�}=Z � 0 B q 0�2 K
; m Q }=Z
~ T R q &.$A> $�& f"��i�*�i * $ y i }oZ � 0 |η| ≤ 4.5

b � � ",8 * x ` 0 B.� 5.8m�� � ��G��3�A$A; x V real,fake τ 0�2 K ; V PT
��G�@ �6�3B y V�� � - fake τ 0�2 K ; ~ PT*�
 � OBP�� W 0�2^}:Z � 0 y bo* � � 0 B y V fake τ 0�2 K ; @ � � m � b �.+��Sm T τ 0�2 K

; m Q }oZ
~ PT ≥ 45GeV/c
b�� W ",8 }oZ � 0 B τ 0	2 K ; V η

~  Y�V
mode x T �8X 0 j�k@�� }=Z � 0 V x | 6 � 0 B

�
5.4: µ

-�/'V
PT
��G B�����~ µ

-�/'V
PT
B

� � ~
10GeV/c � V ���A$ ;U�Hx T 1 x��	� U}=Z � 0 B

�
5.5:

+9/'V
PT
��G B����#~ µ

-(/BV
PT
B

� � ~
10GeV/c � V ���A$ ;U�Hx T 1 x��	� U}=Z � 0 B
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�
5.6: q 0�2 K ; V PT

��G B
����~

q 0	2 K ; V PT
B � ��~

10GeV/c � V �
��$�; �1x T 1 x���� U<}=Z � 0 B

�
5.7: b 0�2 K ; V PT

��G B
����~

b 0.2 K ; V PT
B � ��~

10GeV/c � V �
��$�; �1x T 1 x ��� U<}=Z � 0 B

�
5.8: τ 0�2 K ; V PT

��G B�����~ τ 0%2 K ; V PT
B � ��~ ∫

Ldt=300fb−1 x V 10GeV/c �V �&��$�; � B ��� *����BV τ 0�2 K ; B	��~ I � �7Z * � � ] , n�+ τ 0%2 K ; B
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5.2 2 p��ql,j������	�
2 o=9 ;o$I> pSi�q ~

ttH→bWbWττ −→ bjj blν τ -jet ν lνν

V1� � m ��] � 0={�|1x�� { T �)� V $ K ; @ ",8 }�+CB

5.2.1 τ 	 � 
 ��� η

τ 0�2 K ; V η ��G ~.� 5.9
V1� � m.X 0 B�� � ��G ~�
Dm ZB[,\ V���
 ��� (η = 0)

m [ Z �
0 * T y K g��5��z
$ q T�� m tt̄ x ~ 2 |������ (|η| = 2.5)

m � W ��G }=Z � 0 B y n.~ 2 ���� m [ + T _z`7�
PT
@�D Y q 0�2 K ; @ τ 0�2 K ; b5}=Z I �1��Z�� � }(+5+�� x��
0 b l�� -n 0 B y V y K g��5��z�$ q @"4�5 � 0 +5�)m T97 V jMk @ "�8 � 0 B

• |ητ ������� | ≤ 1.5

�
5.9: τ 0�2 K ; V η �.G B�� ��~ τ 0�2 K ; V

PT
B � �H~

0.2 � V �3��$#; �1x T 1 x�� � U<}Z � 0 B
�

5.10:
� �(��G�x V q 0�2 K ; V � � B�����~

q 0�2 K ; V � � B � ��~ ∫ Ldt=300fb−1 x V �
��$�; � B

5.2.2 y%z|{~}z~2�7� � , 	���
8� ���
�&��$�; � o�g ��� $ @
� +���� ��}�+ o=9 ;o$ b 0%2 K ; V � m��^}=Z �S� V "�8 @ � 0 B
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• N ��� ��� = 2 (N ��� ��� = Nµ + Ne )

• Nq � � � � ≥ 2, Nb � ����� = 2, Nτ � � � � = 1

q 0%2 K ; ~ � � X - �  � ��]$0(2��Mn � � � B } � }
� 5.10
VH� � m T

PT ≥ 15GeV/c
V

q

0�2 K ; ~ T LHC x ~�� tMu	��s�tMu x V�
��rb5}=Z ��+ � 0 B�b�V5+5� T6 �QV��zb � ��
 }� ",8�x ~ { p m �&��$�; @�� b5}oZA} w�� V x T6 � � } b � � "68 @�� }=Z � 0 B

5.2.3 ~2�7� �������
y V D.E $�F3G
x�� %����rb�X 0 y K g�����z�$ q ~ T tt̄ x��
0 B 2 o:9<;o$?> p)i.q x y n w

x V ��� $�; � o�g �Q� $:x�� �(Z � 0 tt̄
~ T �

5.11
V1� � X �.� ��$ � $<> � �
�
�5� �5x��

0 b l1� - n 0 B

g

g

t

t

b

b

W

W +

l

ν

l

ν

+

-

j

j

τ-jet ( fake )

-

�
5.11: tt̄

V s+tAu B � �^}�+ o=9?;=$ ~  Yab%
W !�"�$ W�).B

q 0�2 K ; ~ ISR � FSR
V � @�� � B

FSR
X Pox�� [ , n.+ q 0%2 K ; @ T

τ 0�2 K ; b � �
�

5.12:
 Y]V o�9I;�$ V�+(* V���B��	��~�+*'V�� T � ��~ ∫

Ldt=300fb−1 x V �C� $#; � B
�

:
� �7��G T � :tt̄

T �
:tt̄Z
T"!

:tt̄W

�
5.11 x ~ T� Y�V � ��}�+ o=9 ;o$ V$+9*�~�# x���0 +�� T +.*'V���~ 0

m<X 0 B y V y b� -=�&� $A; � o�g �Q� $ m � �C+ T � � }�+ o=9 ;o$ V +.*'V$� @�� Z�� 0 b
� 5.12
V1� � m

X 0 B y V ��G � - 7 V j�k @ ",8 � 0 B

•
N %'&�(*)
∑

i

Qi = ±2 Q: �5�H"1oN�I; X o:9^;=$ V +.*
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y V jAk m1� { T � �7�5G b tt̄
V �&��$A; � *���� C i.��i m1� 0 d * [�� 0 BHb&n x % � �Z � 0 tt̄

~ T � Y%V o=9^;o$ * � �
U?V j�k @�� +#}�+ B
� "5$ V � � >�o=9^;�
 K g"��� m��

0 %�V x���0 T�� l1� - n 0 B

5.2.4 MW , Mtop ��� ���
	S�8���
2 �=9 ;o$I>�
���� x ~ T � Y%V ; K 9f> g
i
��g * T t→bW→bjj

� ��� � 0 B����  Y�V q

0�2 K ; T b	V  Y%V q 0�2 K ; � b 0�2 K ; V���� L�M ) � - T W !#"5$ � ; K 9 >hg
i���g V�5T
'�) @������ *3u�v x
��0 B  Y%V q 0�2 K ; � b 0�2 K ; x T ; K 9 > g�i���g V ��T
'�)@ �!� � � 5.13
V1� � �<X 0 B1��" ��G ��] x X^W y K g "�# z�$$� % Mtop = 175GeV/c2 ���

�!% ��g *���Y�B$&�'.~ T y K g "(# z�$)� �1% ; K 9f>sg�i��.g *�092�� 0 +�� x���0 B

�
5.13:

��" �&G T y K g "(# z�$*� x V�+�,�-^}:+ ; K 9I> g�i��
g V '3) ��G B�� ��~ Mbjj

T
� ��~ ∫

Ldt=300fb−1 x V 10GeV/c2 � V�.0/)1 ; � B
}�+�*���Z�+�, - }�+��5T
'&) �3T02 � V7'�) (MW = 80.419GeV/c2

T
Mtop = 175GeV/c2)

V
3 ���^}=Z 7 V54�6 @�� �3B

• |Mjj − MW | ≤ 30GeV/c @
� +�� q 0�2 K ; V � *�7'X?W �08 � Y�092.B
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• |Mbjj − Mtop| ≤ 30GeV/c+���}
q 0�2 K ; ~ � V 4�6 @"� +�� 8 V B

5.2.5 Mτ � � ��� , ��� ���
&�& x 7 V $ K ; @�� 8 �����
• τ 0�2	��
 �3T ��� }
� ����
 1�V +.*���#

� � V $���
�� � 8 }������ T τ 0�2	��
 �YT � ���
� ����
 1���������� � ��� � � ��
 1���!" 3  $#&%(' �*)+�&� T
∆R(τ ,*-	��
 , ���.
 1 )

�&/10�) 8 V ��2�3 � &54�687�!:9&;�!=< � ">&?(@ 4:�����:A�)$4B�59�C �)� 1�DFEHG � > 
 0�'JI*)+� �LK�M8N '��PO N ��QJ���JR*4(��S&9< � " >P?*@ 4�T$U*��VXWLY.Z&� τ
?J@�[P\ 8 [ Z^]=_ �(`+���80 N �&9

τ
?*@ 45�B���PA�)�4

�P9=R�4
T(U �=V�WaYbZ:� ?(@ !�9(�=4
τ ,J-	��
 4&]+_���`�����S���QJ�
�(c 5.14

�
9
τ ,*-d�


�e 9XR0'!�
fX):g$hi�
�1j �k
 1�� ��l�m:n �+���*o$p � q=r � MH = 115GeV/c2 �sQs�P�P9

c
5.14:

+ , -t���u�:�X< � " >5?J@ 4P�(�Jo$p=�BvJw�! 300fb−1 �+4 10GeV/c2 x 4�.(/ 1

Hy �
z "&{�|�4
o$p��

MH = 115GeV/c2 } %&~+� � � ���$)J4$!&9 τ
?J@ 4
T$U } ! "=� ντ

�5�*�
�	9

ν
� � #J�$� |��(~ � K�� }��+� IJ)(�$)$�(S���Q����
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5.3 3 	�

�����������
3
j �k
�� E��s~�� !

ttH→bWbWττ −→ blν blν τ -jet ν lνν

� 4*4=V�� } T*U r �
�� 54!�J~"� ��! 
 �
� E �$#:~��&O N 4 W %'&�� �)( } j ��
���* TU r �B��S59 W %'&+� 4 n ���B� �-,/.  e �$�10��$)P�u0 N } 3
j �.
2� E3�s~�� * 4
T*U�4�

2 5 e / 0
)J4��&9 τ ,*-��X
 4 η 6 |η| < 2.5 e )7�98=);:�< ��= ��I$)��
�JRB4(�BS&9!> � �?A@$B � � 4�C�D*�FEk�HG�I$J � �:�P9;K+L�M } 3 N 4�g(h.�
�8j ��
O� 9APRQX4 b ,(-��X
 �5�� r � e )7�TS�UWVYX=�)Z=�$4B�59� � N 4�[AQ�\J� �^]�} VXW_> � � ?A@HB � � � C$D$�10B�
� &4���~"� � �$] �
��` ��
d��a^b }2c/dfe;g

5.3.1 h$ikjOlnmFoWprq$sFt1u_vwp_xFy
�z�7�'{�| j�� z'} � 4�:A<n~O�1� r g(h����8j-� {��Je
,*-���{ 4 y }2� 4�:A<7~�� ] ��� g
• N ������� = 3

• Nb ����� � = 2, Nτ ����� � = 1

K+L�M } q ,$-r��{ !:���"� �()+�59 q ,$-r�'{ veto
!�� ] ���() g

5.3.2 h$ikjOlnmFoWprq$s τ t1u_vwp_x)���
 &4��J~k����!:9�� # 4
g(h���� j-� {��Je τ ,*-r��{ }�� ��I59 � 4�:�<�~ =srz� �+�10 e�g
•
∑

Q = 0, Q:
j2� {-� 9 τ ,J-��'{ 4)���

����4� �4
o*p�!�c
5.15

4�V�� } � eFg

5.3.3 MZVETO

c
5.15

V�W 9
3
j-� {�� E��J~��_�J4)¡s�)> � � ?�@HB � �L!
9 tt̄Z

��Q e  e �&o+O eFg  &4¢/£ �)¤n¥&I*) e tt̄Z
!�9sc

5.16
4=V/� } 9 Z %�&+� � j-� {�� } T*U���� 6 4 6§¦�¨ ��e�g TU�©^ªf�s4 �A��«H¬'m-­R®f­)¯+°$± � "��!² W h # �(S59 Z %�&+� 4�T*U�O N 4!P # 4bj�� {2�! �A��³z´�µ$«�¬�mO­R®/­�³$¶w· �JQ e�gR/ F��9�� # 4�g*h"�F� j�� {2� 4A¸59��A�f�R¹1�/ºuj^~R>�~A� [ Z e )���j2� {-� � � n�»¼ ��~ ,f.1e c 5.17

4XV/� } 9 tt̄Z
��!

MZ = 91.2GeV/c2 ½ f }f¾ ~+��~ � ¥R� g z ? {�|H�¿  &4�V/��� j2� {2� � ��Q/¥R� e ��I 6rÀ 4!Á!Â 6rÃ�Ä �(SP9 n�» ¼AÅ ~ , l � 6)Æ�ÇRÈ�É }o*p�� I Ä eFg R(4+��S59 � 4�:+<7~ = �F� g
• |Ml,l − MZ | > 10GeV/c2



5. ������{ 4���� 38

c
5.15:

���s4�g(h����8j-� {���e τ
��� �'{ 4;���X42  g v*w ¿ ∫ Ldt = 300fb−1 �$4 �z���7{

y ~ q � I�Q eFg

g

g

t

t

b

b

W

W +

τ

ν

l

ν

+

-

Z
l +

l -

τ-jet

same flavor
opposite charge

c
5.16: tt̄Z

4$º�� �1���'� E
	 ��� ?�@
� g c
5.17:

�+���!¹�9�º8j�~z>�~A� [ ZdgJh �;�
j-� {O� � 4 n�» ¼!Å g�� w ¿ n�» ¼zÅ 9
v*w ¿
∫

Ldt=300fb−1 ��4 5GeV/c2 x 4 �z�n��{ y g
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4�� ]+} V�W tt̄Z
> � � ?A@^B � �a42C$D+�������*Q e�g a � 4!` �/{ ~r� ] �-��ª } 9 τ

� � �
{�e 9;� �J4�g(hW�2�uj�� {O� 4������z���F¹���� 6 f Äf6 4z� n�» ¼!Å ~ , l*m o�p ¿ 95c 5.184�V�� } �f¥z� g
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5.18: τ

��� �1{�e j�� {O� � , l$m�n�» ¼!Å o(p g � w�� n�» ¼!Å 9�v(w ¿ ∫ Ldt=300fb−1 �
4 �!�7�7{Hy g
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5.4 ���
115GeV/c2 ≤ MH ≤ 140GeV/c2 9 ∫ Ldt = 300fb−1 �&9 di-lepton, 3

j-� {�� E���~�� 4��1` �
{ ��4 �!�7�7{Hy ¿�� 5.3-5.6

4�V�� } �f¥z� g
MH 115GeV/c2 120GeV/c2 130GeV/c2 140GeV/c2

H → ττ WW ττ WW ττ WW ττ WW

N ������� = 2 1713 1302 1411 1967 862 3469 446 4666

Nq ����� � ≥ 2 1670 1281 1376 1940 842 3427 436 4613

Nb ����� � = 2 444 390 359 588 222 1072 116 1442

Nτ � ��� � = 1 59.2 10.0 49.5 14.7 31.4 33.1 18.1 42.6
∑

Q
����� �

= ±2 21.5 3.2 18.9 5.1 11.9 12.2 7.3 16.0

MW

B�� � � B 17.9 2.7 16.2 4.4 10.0 10.2 6.3 13.8

Mtop
B	� � � B 13.9 2.3 12.9 3.5 8.1 7.5 5.0 10.8

Qτ ����� � + Q ���O��� = 0 13.4 1.8 12.5 2.4 7.9 5.8 4.9 8.1

�
5.3: 2

j2� {-� E ��~"�_� tt̄H,H→ττ,WW
4
�1` �'{ ��4 �!�7�7{Hy (

∫

Ldt = 300fb−1) g

tt̄ tt̄Z tt̄W tt̄WW

N ���O��� = 2 4240390 10531 8661 270

Nq ����� � ≥ 2 3503400 10155 8189 268

Nb ����� � = 2 452997 2731 2055 82.8

Nτ ����� � = 1 1331 74.1 26.0 2.4
∑

Q
���O� �

= ±2 62.7 7.7 9.9 0.4

MW

B�� � � B 48.4 6.3 7.8 0.4

Mtop
B�� � � B 30.0 4.1 6.0 0

Qτ ��� � � + Q ������� = 0 18.1 3.7 5.1 0

�
5.4: 2

j-� {�� E3�s~��9�z> � � ?A@�B � � 4
�1` �'{ ��4 �!�7�7{Hy (
∫

Ldt = 300fb−1)

P �s4��s~��§~
�"���HJ��B9
LHC

4 6 � È �s4
���1�JQ e CMS
� 6 [ É 4����f��� N �fe e��� r e (

∫

Ldt = 600fb−1) e 9 tt̄H,H → ττ ���$� � |�4
���! �1e �A�7�n{Hy ¿"� 5.7
�sQ

e;g  � N 4 ���7�n{Hy ~�# Ä I {�� � E �H#&~+�B4�$&%��'��4 n �'( ~*)'+ r e 4 m ��9�R*4, }�- �X�$4 ¿ S/B
4�.f�sQ e;g ª c r e �0/�1�2�3 ¿ S/B

4�. }�4 � } ��I�5 W 9 S/B
��6

0 Ä�Æ87 /�1�2�3 ¿�9  �G � e�g tt̄H,→ ττ �:�$� � | ¿ 1&; Å ¿ R � Æ87=< G�� Ä 4!�&9 S/
√

B¿
9  Ä �P9 S/B
��6�0 Ä 4A� {�� � E �H#:~+�P4
$�%��'�X4
� � } Á���I - ���;S+Uf��Q e e> M eFg
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MH 115GeV/c2 120GeV/c2 130GeV/c2 140GeV/c2

H → ττ WW ττ WW ττ WW ττ WW

N ������� = 3 246 166 204 256 101 468 54.3 655

Nb ����� � = 2 53.4 43.4 47.0 66.4 23.6 119 12.8 177

Nτ ����� � = 1 4.6 1.2 4.1 1.5 2.3 2.9 1.2 4.0
∑

Q = 0 4.4 0.9 3.8 1.0 2.2 1.7 1.1 2.4

MZ veto 3.7 0.9 3.3 0.9 1.8 1.5 1.0 2.2

�
5.5: 3

j2� {-� E ��~"�_� tt̄H,H→ττ,WW � �1` �'{ � ���!�7�7{Hy (
∫

Ldt = 300fb−1) g

tt̄ tt̄Z tt̄W tt̄WW

N ������� = 3 15986 1859 606 33.5

Nb ����� � = 2 423 499 105 9.0

Nτ ����� � = 1 4.5 11.6 0.7 0.4
∑

Q = 0 2.3 8.2 0.1 0.4

MZ veto 2.3 1.6 0.1 0

�
5.6: 3

j�� {-� E���~"�_�!> � � ?�@HB � � � �1` �'{ � �A�����n{ y (
∫

Ldt = 300fb−1) g

MH 115GeV/c2 120GeV/c2 130GeV/c2 140GeV/c2

Signal 34.2 31.6 19.4 11.8

Background 67.2 68.4 76.4 82.4

S/
√

B (Poisson) 4.2 3.8 2.2 1.3

S/B 0.5 0.5 0.3 0.1

�
5.7:

∫

Ldt = 600fb−1 � ���!�7�7{Hy
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5.5
��� �������
	��
�����

©��f�0��� ���7�n{Hy ~�# Ä I�� {2� � E �^#5~s� � $'%����1� 7 � U�� � n �&( ~ � �$O0)+ r e;g ¨ � ��$&%����n~*� � r eB} ¿������ σ
~
� � ����� ��� � N � Ä g ������¿ �'� � y

� P�� } 4�� r e � � � � ÁzÂ7~ � � g
σ(tt̄H,H → ττ)∝Y 2

top·Y 2
τ (5.1)

 � Á�Â� �O N ��$ %��'� � n �&( ¿!����� � n � ( O N ;#"���0 e � �5oXO e;g ������¿ τ?*@
� $�%���� } 6 4�� r e ���' � ¿ � � { | E %�&��%$ ��S+U/��Y ²  � ��< � ? >:?(@ ���

τ
?(@ } T(U r e S+U�~ # Ä e � �'&(�*)"G,+ � ��0 e�g �2���/¥
I {-� � E �^#�~J� � $�%����
� n �'( ¿

∆σ

σ
= 2

∆Ytop

Ytop
(5.2)

∆Ytop

Ytop
=

1

2

∆σ

σ
(5.3)

�����1¥:I���$'%���� � n �'( ¿ � ���(� � n ��( �.- o e � e;g�����
� n �'( ���'�f\ } 7 � V/� } ;�"! �1e O c�d1e;g a$b � � �z�n�n{Hy � � �/�$P �o�O1¥&I Ä e e r eFg

NS : event selection
ª � z ? {�| �
y

NB : event selection
ª � > � � ?�@HB � � ��y

NS+B : event selection
ª � z ? {�| +

> � � ?�@HB � � �
y
� , � ���10�~12F�"� e � ¿ NS+B

��Q W3�
NB e � I z�4'5 j^~ z'} � O N76(8  �fe 〈NB〉 ~# Ä eFg; ¿ ���90�~�2;� ¿ � G�� �;: `�|XCR��Y ² �F�'< � �&|s� � ��� NS e NB

�:o�Of¥&I Ä e�gR� ��"����0J~12:O N ;�"  �fe�n ��( (NS+B e NB
� �  �fe 6 � )

~=�
NS e NB

� n ��( ~
;�" r eFg� os| 4�>�z : � ~ L

� z ? {�| � ` ��{ �@?�A εs
~�# Ä e e �

NS = εs·L·σ (5.4)

σ =
NS

εs·L
(5.5)

��Q eFg  (5.5)
O N ����� � n �'( ¿ �

∆σ

σ
=

∆NS

NS
⊕ ∆εs

εs
⊕ ∆L

L
(5.6)

' ∆NS

NS
⊕ ∆εs

εs
(5.7)
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| 4.>Bz : � ~ � n ��( ¿�� 2 � 5 58e 6(8  �/e � ��; ¿ Ã�� �2� g ¨ �@� NS
~

NS+B e NB���w0�� rbe �

NS = NS+B + NB (5.8)

= (NS + NB) + NB (5.9)

��Q e O N �

∆NS = ∆(NS + NB) + ∆NB (5.10)

=
√

NS + NB ⊕ ∆NB (5.11)

 
(5.7)

�
(5.11)

VXW

∆σ

σ
=

√
NS + NB

NS
⊕ ∆NB

NS
⊕ ∆εS

εS
(5.12)

=

√
NS + NB

NS
⊕ NB

NS

∆εB

εB
⊕ ∆εS

εS
(5.13)

e � eFg ; ¿ > � � ?�@HB � � ��y � n ��( �:o�O N � Ä � ���
∆εB

εB
= 10, 20, 30% (5.14)

edr e�g  � ��� �/6Je � � 5.7 � ���7~
	 Ä �� �	� �^� � |^� �"{-� �tE �+#:~�� � $�%����� 7 � U�� � n �'( ~ � �$O�)'+����
��� ¿�� 5.8 � V/� } �/¥!� g
115GeV/c2 120GeV/c2 130GeV/c2 140GeV/c2

∆εB

εB
= 10% 19% 19% 32% 54%

20% 25% 27% 47% 81%

30% 33% 36% 64% 113%

�
5.8: Ytop � n �'( g MH=115

�
120
�

130
�

140GeV/c2 ��� ∆εB/εB=10
�

20
�

30 5 ��� �7~ K� ��� g
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5.19: tt̄H,H → τ−τ+ � �$� � |H� �"{-� � E ��#&~s� � $'%��'� � n ��( g � w ¿ < � ? >?*@
�
¼�Å g v*w ¿ $'%���� ��� � \�� n ��( �JQ e�g
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6 ���
� �=: `&|�C z�4'5 j ~ z�} � ��Y ² �2��0J~*2�~ # Ä I�� tt̄H

�
H → τ−τ+ �:�^� � | �����~
	�¥!� g� � ?
� ?$@ � ¼AÅ � 115GeV/c2 � � �1� LHC � 0�� ��� | 4�>(z : � ~A� � ���Jo � 0+~2 Å �.�� � � �^� � | } V�W {O� ��E �A#
~s� � $'%����/�z> � � ?�@^B � � ���z����{ y � n�'( ~

20% e r e e � 25% � &�����+ � �10 e  e �5o=O�¥R� g
¨ �'� � � ?�� ?*@ � ¼�Å � 115 � 130GeV/c2 ��Q � � �� ��� �H� � |H� {�� � E �$#&~+�

� $'%����1� 25 � 47% � &��/��� � � �1�JQ e�g  �  e O N � tt̄H
�

H → τ−τ+ ���$� � | ¿$'%���� � � � }�� ? � � �H� � |^�sQ e;g� � &!�'~' N } )�G r e ��S'� τ -ID
~��!) r e�� �H�$Q e�g Q����H� # Ä � τ -ID

¿ �
τ
� � �

{ � q
��� �'{ } 4 d I��/� z � ~��z�JQ e e�Ä �����7~ 	n¥
I Ä e�g ��O7� � � � ��{ } ¦�¨ �

e `�C��! �~12P~ ��| | ��y } Á7� I ¿ �"� } K(�  � I�5 N	� �' � :+</� τ -ID }$#�% �F� ]} � e � e�Ä �&��� ² � 6 `BI Ä eFg � m � �sR � ��� ¿ º � � { E z 4/5 j ~ z�} � ~*# Ä � ��/�JQ eFg �2����¥
I.��'�`)( � ���7~�*+I KB� }��s� �^º
| E z94/5 j ~ z'} � } 5 Ä I�� 4!+
� � E > � � ��, > ��-f¨ � 6 K*� }��+� �$.�/f�
0 d21�3 �1� � � �54^� Ä g | | ��y�a�6 }
687 � Ä :+<n~
	k� τ -ID � ���/���:9*��;�< } 	/J �21 Ä e�g
¨ �'�w ��� �H� � |�� ¿ b

� � �'{��>=�?W6 - �1�A@ e;g 9*� ¿ 	�¥ 1 Ä � Ä P ��B�CAD �E�F ~ �
efficiency

~�GIH�J7 KH!L ÄNM ��O�	 �z PH-�^��0 �9� �w �����H� �"QSR �!� ¿ L�G �
ÉUT L>V�W ��� O>XAY:J� AH��+��0 e;g
�+ª�O@�!Q����/� ¿ > ��Z ?A@HB � � �$[ ��( ~ 20%

H+�������	� , O 7 � U�� �)[ ��( O�L
e Y����AJ e�� �f�2@ eFg
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���
� ��� ¿ É�T L�� ���	� ��
�� O ²�
�� ¥ 1 5 
 ¨ J����������������� �O ¿ ��!2O#"%$'& ��!¿ ,  ($)&+*-,�.�V�W�/ �#0 �'1 L32 Y 454�6�798�:�;�<'=�>�?-@�AB&DCKJFEHG-IKJ#L � 1 &NMO 2NO�P�QR$ 1�S 
 =)J3���#T�UWV��� NO�XY?$W�Z)8#['\ D J	]N^(>�_�`�acbed)E M	
 LYfKY�\Y�g J'$�hjik\ O)l H�m�?	n�o'Jep'MFE3!�q'r�st&uhwv�xy&+z 
�{ $�h|iF\ Okl H)O�P�Q}$�h S 

=�Jj��~k�W� QF� ;����-�-�-��GW�98����-�	���F��X3?��W�WZ��w8����F�K���W�-���j�	8��c�#�
=�>�?��w����fk�R&���� $�h3iF\ O)l(¡ ��P�Q $�h S 
 =|¢j��£�¤W¥�/�*�,-.)¦�§�¨�©(ª�«�¬�;
8�[W­�®�¯��k��X�?'°9«#:W±�²k�´³¶µ(;�¬�8#·W¸(�c�5Z����j�	?��-�F8�¹ � ��? CERN

>�83º�»
���F¼¾½N¿ �3ÀwÁ hwv�� 
 r3Âk\�Ã�½ÅÄ-Æ�Ç���¼ 
 =)$ O �k= O ?kÈ9É)&D£W¤W¥�/�*�,-.)¦�§�¨©	ªw«�¬�;�8����|�	���F��X3?�Z��(����X)v�ÊWË�Ì�8 l(¡ ?(°w«�:	±�²9�Í³¶µ(;	¬-JeÎ-Ï-ik\ O
2w���(�K�NP�Q}$eh S 
 =�¢���~'���j² � ;��������-��G-�98YÐ�Ñ�Ò-Ó�Ô��� w��X�? CERN

>	8
Õ�Ö 8 O�× 8#ØÚÙ|¼#Û-�ÚJ($Üh3i9Ý O(l�¡ �#P�Q $eh SRÞ =�¢�ß	= O ? ATLAS àNá �#²(;-��8YâØw�YP�Q $Hh S Þ =|¢�ß
4Wãw��¼ Þ =k$ O r�?�ä	¥(¼3åWæ 1 ÛW�9çWÝ�>W¼è&é?-�F�Yê98�2KJeëF>�ì(í�hR&Üç)b�î OYï-ð
�#ñy&DP�Q-òR$3=|¢jß
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� �

A τ-ID

ATLAS
>�8

τ ������� 8
	������Ú��
W\�h����kE�ß á�� 8 Ö 4.1
�'v���E�r�?

τ
,-.F8������

� ��X
���)8)v38�r���E�ß
 "!�# �"�WÓ

( $ )

τ− −→ µ−ν̄µντ 17.4

e−ν̄eντ 17.8

π−ντ 11.1

π−π0ντ 25.4

π−π0π0ντ 9.4

π−π+π−ντ 9.5

π−π+π−π0ντ 9.5

l MK��8�%�Ê��(8'&"(F8�)�%Ü¼�*,+N��- �/. �"��J�= ¡e× h τ ���0�1� ¡ \2%�ß���3�² � ;�X�45 ±	�7698�;�¬�; ¡ ?�*:+ �	«Y±	��6'8�;	¬�;�>�; ¡"<#O ��3�² � ;�>�� Þ ? PT
X
=">������)î

O
? .98
@¾JBAC%5ßD4FEwX�?
∆R < 0.4

�'G�H	¢FEBI�J(�c�LK�M'>F�e?
Qτ−jet =

∑

i

|pi|·qi (A.1)

qi : N"O�P pi
8'I�Jk8�4FE

(A.2)
I�JF8�4QE9X 5�R �S)�EQT�r Þ �	>/K�M (A.3)

�K�UK�M)>F��E�ß
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