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LEP ­ SLC ®i¯��±°³²µ´�¶¸·�¹�d cI_%­Iº�»�ò%� ¼�½¾®$���À¿ ~iÁ ( Â 1) k
¿n��® ¦ ¥�Ã�¦ ¥�§I¨�©�ªI«�¬ Tevatron ®n¯��Ä��Å�ÆG²ÈÇ�É���Ç$­ W ¶¾·�¹�d�c
_F���nxÊ�UËi{iÌ�Å�ÍÎ � 186GeV Ï�Ðn®$Ñ�Ò%Ón� } h<� � ¤
Ô�Õ�Ö�×�Ø d$Ù�Ú�Û�Ü�®n¯��0Ý
Þ¾®n¯��±ß�à�¿ ~ z�{���k

LHC Ý án��w$� âFã�®0Ë%{iÌ�Å�Í Î ����ä�¿ ~ � } h���ãFåÊ¿ ~ �$k�æFç�°%¶�·I¹�d�c�_¸è�¿��
®$�F�é z ��Ì�Å�Í Î�ê ¥ d�ë ì�í��¡hî�IÙ�Ú�Û�Ü�®n¯���Ì�Å�Í Î�ê ¥ d0ß�àn�
æIï é z�{��Id�x�ð�ñ�x�w$ò�ó
®$^�ô�|Iõ Î �,������k} d W ¶¸·�¹�d�cI_Êè0¼�½¾®����nÓn�F®�w��
ö¾÷ ¬�ø s�®����0b�c�d�ù�ú�è�¯�û±ü�ý é |�þ ~%ÿ |Ê�
|F{�k W → eν ��� (2.2 ����� ) x��
÷
zÄû
� ¤
¥ w$b�c��I�
	���Ù�ÚÊè
� } é z�����r��I��è��¡ñ,k��
d��F� ¤
¥ d����F_n���5ûZä����%� ~ ��� ~ xÊ�:�! �"�¿ ~�Á W ¶�·�¹�d$#�ç�%�c
_�d0t�& (2.3 ����� )

®$ù�ú%Ón�$k } d$ù�úÊè�¯�û±üFý%Ón�$��®$ö�÷ ¬nø ®�����b�c�è
Ü é û('�)%Ón��*�ôn������k
LHC d §F¨ ®%¯ y$z�� } �����¾è,+�-��
.!/�d�æ�0F�21Ä�43 Î .5/%�����$k21Ä�43 Î .!/�w�1q�63 Î ö
÷ ¬ h,7 ÿ ~ ��8�9i|$���%�;:�|;< ~ ��k } d�ö�÷ ¬ w$l�=n� 44m �5>À¿ 22m d2?
@BA�è é z�{%��k }
d0����w LHC d §�¨ ®n¯�y$z��2C�Ón�
D!E�| ê ¥ è
+�-�����®$�;EGF�|�ö�÷ ¬ è���H é z�{���k��Id����
öi÷ ¬nø d0b�c�d0_�w�I�ti®0üFý%�i�0zF{�|I{�k�JK�6LNM Á ¯�ñ
® } d�b�c�_�w W ¶�·F¹ c�_id0¼I½F�F�
®$^�ô�®F|�y�zÄû
��kO u%dP1��Q3 Î Í
r��
Æ (http://atlas.kek.jp/) � } dP1��R3 Î ö%÷ ¬ d0æ�s��F�I� SCT (SemiConductor

Tracker: S
T�mBU�V�ö�÷ ¬ ) o¡p�rNW��BX
��r (3.3 ����� ) d
���¸®ZY�<�y Á k�� é z �![�F�w } d SCT

o¡pîr2\¾¯�a SCT oqp�r2W��BX
��rnd����i��� ���� �] (4 ^���� ) è
:�|%y Á k
ö�÷ ¬ d$b�c�è�¯�û±ü
ý é �5.�b�®$_i{�� �i�������Z �]Êè,:�|F{2`�a
X�p
��`Kb�¹�d$������ö�÷ ¬nø d$b�c
_¸è
ü�ý é z!\Äû
�¾w W ¶¸·�¹
c
_¾d$����®�^�ô�|�c�diè�e�0�k%�
�i�Ä� �<��w�� �BW�fFr (4.2 ����� ) h
7 ÿ ~ ��3Pgh 3¾���F®n¯ y�z
i5LÀ¿ ~ �0k%����W!f
r�w C++ à5jn�
k%x ~ z�{������%� �n�������$ �]l� C++ è�0
xiy Á Æ�m�Í�3�aI¹�Íih
{�ñnAn�
:�|;< ~ ��k;[�F�w$Ü é û±b�c�è,'�)%Ón�$��®�Â�oÊè,p�q��Fb�cnd$rÊè× y�z�s�t¾®�� �n��� ���Z 5]Êè
:�|%y Á k��IdZu�v��5w�ã�d�� �n��� ���n¯n���x[�F�d$ �] é Á ���i�
������d�ç�� b�cI_ (4.1 ����� ) d�y�zi� 19 {�| ª é Á kig Á �5} Á ®Z �] é Á �������
���¸hRw�ã�d
� �n��� � ��d$^I_Êè
eFf é Á u!v��;[GF�dZ �] é Á � �i�À� � ��d�ç��
~ 11kg ^5û�|��
�n��t%xny Á k
[�F�d�� �n��� ����w�1q��3 Î .�/n��Ü���®Z�N< ~ ���¡h�|%y Á k
g Á �;[GF w W ¶¾·F¹�d
#�çN% c�_�d0t�&%� � SCT d$b�c
_%x��6�iþF��ùFúÊè,�NM Á k SCT oqpîr%d

b�c�_¾è
�5����®�| ª ¿������Id����i����� ��è,�¾y�z2`�a�X�p<��`�b�¹ è,:n|�y Á k2�
dZu5v 20 {�d0b
c
_�d$| ª ®�� é W ¶¾·�¹�d$#�ç�% c�_�t�&n��\�¯�� 500MeV d;� ~ è
�%Ó��n��tnxiy Á k} d��2����w0�P[GF��
:i|�y Á � �n�������$ �]Ähî� W ¶¾·�¹�c
_id$¼�½F����®;�FÓn�5`�a�X�p
��`Kb
¹0x��Q� � ~%Á u�vÊè
�B��Ón�$k
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Â 1: ElF |Z.�/�®n¯Iy�z W ¶¾·�¹�d�c�_�����dZu�v�k }�~ w 2005 ����dZu�vn������k
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2 ������������� �¢¡¤£¢¥
} d$^���w�g��$� W ¶�·F¹$d�c�_%�Êð
d�E�|ZcNd%è,e§¦
^Fô�������x%èxLNM��;¨i® W ¶�·F¹�d LHC �

d
CP"�®;0�{Fz�L�Mi��k5©!ª¾dZ�n� W ¶¾·�¹�d�c
_Êè$ë
ì����%Ó��Id
��wF|Àû�� W d�#%ç�% c
_Êè
���
Ón��«K¬�h$�Fd$��­��!® © ��| W d$#�ç�% c
_�d$t�&Êè
��Ó�k

2.1 W ¯ °²±G³K´¶µ
· Ò�¸¡� ~ z�{��%�4¹�º�d
»�dZ¼�½�w�¾$0�����k�� ~ w$^2»
� Ô {;»
�B¿�{;»�`ia ¤PÀ »�������k�Á�ÂÃ © ®%¯ ~%ÿn} d�¾$0�d
»nw ê ¥ ®n¯Iy�z�Ä�Å�¿ ~ ��h6Æ�-�� ~ ��k
^B»nw�Í�32Ç¸�
¹�®n¯Iy�z � Ô {;»
w W ¶¾·�¹ `ia Z ¶¾·�¹�®n¯Iy�z��B¿�{;»nw�Í$rn���¾¹�®n¯Iy�z � ¤PÀ »�w�È ¥ ®n¯Iy�z�Ä�Å�¿ ~ ��kÔ {�»ièÉÄ�Å�Ó�� W ¶�·I¹�d�c _iw�Á�Â Ã © d$ÊFuN��|�Ë�3F���2Ì���h
|�y$z�{��0k
¨%d$��®$��Ó�E�®
W ¶¾·�¹�d�c
_ mW w
{50qû�x�d$^�ô�|�b�«���Í ÎÐÏ�Ñ$rGa���Í GF �ÓÒ$g�¹�oi��Í
Ô sin θW `ia�_ ¥¤PÀ�ÕBÖ d$×!t� !Ø���Í α ÙÄhÉ��Ú é z�{���k

GF =
πα√

2

1

M2
W sin2 θW

1

1 − ∆r
(1)

}�} � ∆r w$ÙFÚ�Û�Ü¸è
r%Ó�k W ¶�·�¹�d�c
_Êè<¼�½�®$����Ón�
��®n¯ y�z � }�~ �
d�Ë§3I�
�NÌ ��è�¯
�±¼�½�®ZÛF�%Ón���n��÷�Ü��5Á�Â Ã © d$¼�½�|�öPÝ h�|���k· Ò!¸ � ~ zF{�� W ¶¾·�¹�d�c _�w 80.410±0.032GeV ����� [13] k�Â 1 ® LEP .�/%��d W c
_�d$�
��u�vÊè
��Ó [13] k�1q��3 Î .�/n��w ±0.015GeV d$¼�Þ%����� é ¯�ñFh é z�{�� [2] k

2.2 W ¯ °²±G³Gßáà
CERN(3.1 ����� ) ®ZâPã���d�9 ©Bäæå m%¹ §�¨I©�ªI«�¬ (LHC) w ¦ ¥ h ¦ ¥ è
^�ç�è�����r��
�êé�¾

TeV � §�¨ ¿$�i�$�n��÷�ÜÊ��k } d¸h �<� ¦ ¥ d!��®�����Ç�É���Çih Ã Ç�É���Ç�� Ã�ë é z W ¶¾·�¹$�
CP"�¿ ~ ��k�Â 2 ® W− ¶¾·�¹,CP"�d2Ï�ì$g�¹$í¾¹Pî�gB1�Í�3
ïnè
�%Ó�k�CP"�¿ ~%Á W ¶¾·�¹�w����Fd

W

ν

e
q

q

Â 2: W ¶�·�¹�d
CP"¡hZº�»ÊèÉ�%Ó�Ï�ì$g�¹$í¾¹;î�gB1�Í�3
ï
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º�»�ò Γ � 2GeV ����� Á j�®���Ó¶ð�®�º�»�Ón�$k��Fd�º�»�dZñ�çnd²é(0�� ¤ ¥ hÉòNX
�¡���$ó�®$ºF»%Ó
�$���n� � }$~ è��Êy�z W ¶Ê·�¹�dZô�õ�cI_Êè�ö� B"%Ói��k5¨�dZ� (2) `�a�� (3) ® W+ ¶Ê·�¹0� ¦I¤¥ h,ò�X
�¡� �$ó
®$º�»%Ón�$���qhî� W− ¶¾·�¹$� ¤
¥ h Ã ò�X
�¡� �$ó�®$º�»%Ón������è
�%Ó�k q `ia
q w�Ç�É���Çnh Ã Ç�É���Ç�è
�%Ó�k

qq → W+ → e+νe (2)

qq → W− → e−νe (3)

LHC ��w���rla;óP`�õ�÷
�;øùÎûú��nx��QÍ���d$ã�üPÙ�� � W → eν dZ���%�
��ü 3 × 108 ý CP"�¿ ~ ��k}�~�þ þ$D û�dZ���¸è
í��n��� ~%ÿ ±15MeV d$¼�Þ%� W ¶¾·�¹�d�c
_Êè
Û��%Ón����w
ÿ��n����� [2] k

2.3 W ¯ °²±G³������G´²µ
W ¶¾·�¹�d�c
_ mW è
ö5 �"�Ó%���¸è�Æ�-��0k }�} ��w W � ¤�¥ hÉò2X��¡� ��ó	� 2 mFº�»�Ón��

�
è�Æ�-���kIÂ 3 w W d 2 m�º�»¸è
� é zF{��$k W ¶¾·F¹�d�^�ç�è¾è�Æ�-�� pν è
òNX
�¡���$ó d 4 �;���

W

e

ν

p
e

p
ν

 W �������  �����

Â 3: W ¶¾·�¹�d 2 m�º�»

_�� pe è ¤
¥ d 4 �;����_¡h�Ó���k�Ón��hî� W ¶¾·�¹�dZô�õ�c
_ mW wZ¨�dZ� 4 ����-�� ~ ��k
m2

W = (|pe| + |pν |)2 − (pe + pν)
2

(4)

}�} � pe `ia pν w�� ~�� ~ ¤I¥ `ia!ò�X
�¡� ��ó�d 3 �;�2��_n������k���«���®�w pe `ia pν è
í��
�i� ~�ÿ W ¶�·F¹�d�c�_�è ��j��,�%��÷ZÜ¾�0k ¤�¥ w0b�c�h ¤;À »�®%¯ � ÕFÖI×�Ø ������d���íF��Ó%�
�
��÷�Ü¾��k é x é ��ò�X �¡� �$ó w Ô { Õ�ÖF×�Ø é x é |I{�d
� ��!¾h#"¸ð ÕIÖ�×�Ø ����®$b�c�è%$'& é
z é g�ñ,k } d�����ë
ì�ò�X
�q� �$ó�d$����_ pν è
í��%Ó�����wF÷�Ü
(i{�k
g Á � 7TeV ® ª
« ¿ ~�Á ¦�¥ d
��������r��
�Iw0� ¦�¥ d;��d�Ç�É$��Ç�®�t!& é z�{
z��
.*)%®Iw�� ~��~ d�Ç�É���Ç��Êð ~ !�ð0dP��� r�����è,e�y$z�{��Id�x5<�x��
|I{�k��Id Á j W → eν d$wFã�d�Ç�É��

Ç 2 0�d$l���� r��I�FwZ¸¸���n������|F{ ké x é �GÇ��;ï,+i® -�ë�|Zo ( #�çN% ) d����F_�w#('.n�i���Id����PwFã�d$#�çN%�d0l5���F_iw�/Nm����
��h10I�n���
��k�� } ��#�ç�%Z����_�`iaZ#�ç�%�c
_Êè
��­ é �5#�ç�%�d$l��!� r��I�
�32�Ñ%Ón���¸è�4Ø Ón��k5 �'6!ÁBè�w�Â 4 d$E¾®$��­%Ón��k�Â�d!��d87
9n�,:nx ~%Á ?
@¾w$ö�÷ ¬ è
r%Ó�kGÇ��Pï�w z +�®	;�y
z,< ~ z�{��nh é � §�¨ w#�*7���� } ��h Ón�0k y +�w =�ë�>�%%����� x +�w	?5yn� LHC ��¹�Í d!��ç¸è
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%�û ç2%�®0�!­�¿ ~ z�{��$k θ w0Üid z +%x�� �¾y Á Ô!Þ�� � φ w0Ü�d x +�x�� �¸y Á Ô�Þ������$k
Â 4 ®
��� p w ê ¥ d 3 �;���F_Êè
r%Ó�k

x

y

z

LHC @ �*AB�DC��FEGBHJI%KLG

M'NPO
Q*R ��SLTVU3W

 XDY HJZ%[ E G\HJI

φ

θ

P

 ]�^�_p p

Â 4:
ªF«�¬ .�/�d 6!Á�A�k §�¨ 7%�,�'7qh
|���¯�ñ�®	65Á�AÊè<��­ é � z ç�%�®�Ç��;ï��,< ~ ��k%g Á y

+�w =�ë�>�%n��� � x +�w	?5y�ç�%I������k LHC ��w x +�d	`�=
9
>�® LHC ��¹�Í
d!��ç%�
Ü¸�$k

#�ç�%Z����_ pT w p è x-y y�o�®	a�ù é Á bn������k�Â 5 w x-y y�o¡hQ#�ç�%Z����_ pT è
r é z�{
��k�Â 5 ®�����?Iw$öi÷ ¬ dcb�oÊè
�%Ó�k |pT | w�¨�d$� (5) �
rN�i��k

|pT | = |p| sin θ (5)

g Á � 3 �;���I_ p dZ"�t¾è p = (px, py, pz) h�Ón�ihî��#�çN%Z����_�w 3 �;����_id 2 "�t þ þ�è,e�0 2

¨\�;����_ pT = (px, py) h�|���k
W ¶¾·�¹�d$#�çN% c
_ mW

T w
#�ç�%Z����_Êè
�Êy�z���­%Ón��k5¨�d$� (6) ®$��­Êè
�%Ó�k
m2W

T = (|pe
T | + |pν

T |)
2 − (pe

T + pν
T )

2
(6)

} d$#�ç�% c
_ mW
T wZ� (4) d pe `ia pν è pe

T `ia pν
T ®$���ed�-Fz × y Á _n������k x-y y�on��#�ç

%Z����_�d 2�ÑÊè�Æ�-���ò�X
�q� �$ó�d$#�ç�%Z�!��_Êè�ü ì���®�Ý
Þ%Ón��k¦�¥ d §F¨ ®%¯ y$z W ¶�·F¹���C;"�¿ ~ ¤ ¥ hÉòNX��q����ó�®0ºF» é �2�
d f�d�#�ç2%$���F_%��>n{ ê¥ ��öi÷n¿ ~%Á h�Ón��k�Â 6 w 5 Æ�-Fz�{������¸è,� é z�{���k�Â 6 d3g%{�h\i�w ¤
¥ d	j'k�è,r é �Pt
{�hBi�w��Id	f�d$í��2ÿ���| ê ¥ è
r%Ó�k2ò�X
�q� �$ó�w87'9n�
r�¿ ~ z�{���k§�¨
l d$l!#�ç�%$����_�w�/2m ����y Á h�Ón��hî� §�¨ ª�®$í���¿ ~�Á ê ¥ Î ¤
¥ �nm�o
Ùid$#�çN%Z�
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x

y

PT

0

Â 5: x-y y�o�k pT w 3 �;�!��_Êè x-y y�o�®	a�ù é z
�¡� ~ ��k

��_ pi
T d$�
p¡h,ò�X
�¡� �$ó�d$#�ç�%$����_ pν

T w�¨�dF|P��Ú�®�����k
0 =

∑

i

pi
T + pν

T (7)

pν
T = −

∑

i

pi
T (8)

}�~ ��>i{�#�ç�%Z����_Êè
e�y Á ê ¥ è<lnz�ö�÷
Ó%���n��÷�Ü ~%ÿ �Nò�X
�¡� �
ó��
eK¦8q�y Á #�çN%Z�
��_Êè,'�)%���
��k
� (6) è
õ�A é z�¨�dZ�Êè
�¸��k

mW
T =

√

2 |pe
T | |pν

T | (1 − cos∆φ) (9)

}�} � ∆φ w ¤
¥ h,ò�X
�¡� �$ó�d$#�ç�%Z����_n� x-y y�o ø �
"%Ó
Ô�Þ%������k } dZ��d
x��Q� � ~ �
W ¶¾·�¹�d
#�çN% c�_�d0t!&Êè$Â 7 ®Z��Ó�k�� (5) ¯�� pe

T h pν
T wZ¨�d��n� 3 �;���F_Êè,�¸y�z�rN�n��k

θ w�Ç��Pï,+nx��
dZÔ�Þ%������k
|pe

T | = |pe| sin θ

|pν
T | = |pν | sin θ (10)

>�d$� (10) hQ� (9) ®n¯ ~�ÿ � θ �;9Ê��{\!�ð�Ó�|�<�¦ π/2 ®$_i{\!�ð W ¶¾·F¹�d�#�çN%Z����_iw W ¶
·I¹0d�c�_ mW ®É_�ri� � θ �8s¸¿0{
!�ð mW ¯%�ts¸¿iûî|��0k�Â 7 w PYTHIA g3u¸¹��U�PÑ��¸p��BÌ��
� × y Á W → eν �2�%xÀ�Qö� �" é Á W ¶¸·�¹�dZ#nç�%�c
_¾d$t�&n������k�vi{�Ì Î � Í�3�ï�w�� (9)

d w'x¾è,� é z�{��$k W ¶�·F¹$d�c�_ ( y%{	=�ë�9 ) �{z���Ç�®
|������ } �3| ~ zF{��$k } d�z���Ç�x��
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x

y

e

ν

} ��~���� N

Â 6:
§F¨ ®%¯ y$z�÷$Ü Á ê ¥ k,g�{2?��id$U!V�w ¤�¥ d j�k¸è,r é �
tn{�ëc9iw��Id f�d ê ¥ è,r�Ó�k37

9�wPò�X
�q� �$óFè
r%Ó�k
��� ®I���
t!&�w ¤�¥ hÉòNX��q����ó$��UiaF÷
Ó
Ô!Þ θ d0t!&i® �FÑ�Ó%�0k2�
d0t�&¸è�Â 8 h Â 9 ®$��Ó�k
yn{8=�ë�9¾w
x���d	� � �%d�w5q�÷ é w ¦ ¥ d §�¨ ®n¯Iy�zPCP"�¿ ~%Á W ¶¾·�¹�d�c
_n� Breit-Wigner

t�&¾®�¯Fy�z��i�n�	��vi� · ~nÁ ��dF������k W ¶¸·�¹�d c�� mW � �*���%d�º�»D� Γ( \¾¯P� 2GeV)

èN�Iy�z � Breit-Wigner t�&i��tB&nÓi��E ¥ è Â 10 ®��nÓ�k } d�t�&¾d3��w�º�»\� Γ ®n¯Iy�z�ÛÊg���k
PYTHIA dPf�Ï�É
r �Zd
ã��
��w mW = 80.45GeV � Γ = 2.07115GeV ������k
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Entries  708432
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W transverse mass (truth, reconstructed from e and nu truth)

Â 7: W ¶¾·�¹�d$#�ç�% c���t�&�k��
��w W ¶¾·�¹3�,�����¸h }c� ®����Dz���Ç�������k W ¶¾·�¹3�$#
ç�%��c��t�&�w Breit-Wigner t�&�®n¯
y�z W ¶¾·�¹3�3���Êè�� é þ þ#��-'�,�!&%Ó��8���	�P���
�
ï\�
W  �¡
¢3�,����£ ¤{¥�¦�� y�§39�¨{©	ª ¦�«B¬	��­*®�¬��'§D�8�
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Entries  708432
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Theta Electorn (truth, reconstructed)

¯
8: °�±�� θ �
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Entries  708432
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Theta Nutorino (reconstructed)

¯
9: Å�Æ�¶Ç�cÈ Éc��°�±�� θ �
²D�
°�±ËÊ Ì	Í�£3�
²�³�´#��Î�¶�ÏcÐ�·B¸�£	¹{§3ºB»�¼,½�¾
®�¦*Å�Æ�¶
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Entries  1200000

Mean   7.997e+04
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310×0

10

20

30
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610×

Entries  1200000

Mean   7.997e+04

W mass (truth)

¯
10: Breit-Wigner ��²
�'«8����²���Ñ ÒcÓ��
ÔDÕ3Ö�× W  �¡�¢ Ø8Ù3Ú�£8Û,Ü\¦B�#�
«	Ø���²�Ø#Ý�� W  

¡'¢8Ø#Þ'ß*Ý Γ £#àá¬�§���«�â\� PYTHIA ¼cãcäµå#âBæ W  {¡'¢8Ø3ÙcÚ�ç�¸'è�é��#¬ æ�ª8Ø3� PYTHIA

Ø W  �¡
¢3Ø,Ù�Ú{Ø�ê�ëBì�íî�ïÓ�� 80.45GeV ¼,Þ
ß\Ý�� 2.07155GeV ¼Bð
�8�
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3 ñ ò�óõô÷öùø
�*·���úüû
Æ,ý'¶*þ�ÿ��{£�����������Ì
	'±�����
���� (CERN) ¼\���������1èD¢������������ (LHC)

ç ��!�Ñ�¼Bð*�	�{«3Ø������{�#"�±ÇÊ$"3±Lç %*Ò�&�''ý,í)(�¶ 14TeV ¼*���µå�+��8�{«8Ø
���{£�¨#,�-*.
«c��Í0/#1�243�ç65)7{¨�Ö�Êe¦���8�9{Ø,Û;:*¿=<á���,�>8�9�¼Bð\�8�L«,Ø
8�9��4<Ç���,�*?{®��ËÊA@CB�â
��D
��1
E;FLç�GD§�->HI1>J
â��8�L«,Ø
8�9{Ø>K�1ML%ÂDØ 1 :D��N�O4P�Q���³F´SR�TFå â��D�\é,�,�*U
±
Ø�V4W�¼Bð*�8�
«,Ø
X�¼B�;Y>Z����;�[� èB¢\���������4��¿µ× Ø#ÍM1�]�¼Bð*��³�ç ^=_�N�`{£�<Ç���,�*?{®���Ø
a�bµç

^c_{�8��d;e�£�f��4
�¼hgiL\¬8æ#jhk;l\½4m4?{®*��Ø*n�o;p{¾{«,Ø�?�®*��Ø W → eν Ä;3Cq�Ø*r4sVç6^
_��8�

3.1 tvuxwzy�{}|C~x�iux�i���
2�� CERN ¼*�
���4���1èB¢��������h��� (LHC:Large Hadron Collider) Ø��h!�¿��I�L´1â4-���©�N{«

Ø*�;�;�L� 2007 �V£*�4�CR;��¼�ðD�3� LHC Ø
�)�;����ç ¯ 11 £>��¦8� LHC �=���VØ��4�=��¼��;��¿
27km ðB�8���=� 100m Ø���å�£J��¢3ýcíB¿#�J´eâ;-4�Ç©�NM�
ØË�#¢,ý�íc�*£����;��¿*!=Fµå	â��3�;"�±
Î,¶�Ï
¿>����¦������ ( ���4� ) £
�
?{®���¿#F�³�â)��  ¯ 11 £
� 4 :DØ
?{®���¿>�Få â;-*§=�� �f���

¿>¡=JM,cæ'Ø
� ¯ 11 £
ð;� ATLAS( <}¢��>£ ) ¼Bð;�� 

¯
11: LHC Ø��C�����C 

LHC � 7TeV £
���J¬	æh"�±Vç6¤�¥4���Få�+;-#N�%*Ò�&)'*ý�íI(�¶ 14TeV ç68�2�¦c�� V«,Øh"c±�Î,¶
ÏDØ*¦�§�� 25ns £ 1 ¨ (40MHz) ¼h.�«h�* 'íª©�É�«�¬�­�¶*� 1034cm−2s−1 £
®�¦c��¨�Ö	£�!=¯Vå	â;-
§=�
 {«,Ø,í0©cÉh«#¬=­c¶c¼#N 1 ¨�"�±FÎ,¶cÏ
¿#¦�§�¦=� »�£ 23 ¨DØh",±�����¿>.µ«#�� >���D³F´±° 3 �² �
³Bí´©�É�«h¬c­�¶ (2 × 1033cm−2s−1) ¼*µ�¶�å â)�� 
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¯
12: <i¢��>£*?{®���Ø'·C·�¶
û ¯  �Û�¸c�
¹�Ø�º�»�§*¼�½�¿;�
¼
½�m�?{®
�4N�¾�»�Ø�¼�½D¿�°�¿)ÀBèLÈ

·�¶=Ác¶�N�Â�§*¼�½�¿h�[� è�¢
ÀBèVÈ�·�¶=Ác¶�N�Ã�»�Ø
¼�½�¿Ä©�Æ�¶#ÅL¢\?{®���¼Bð;�� 

3.2 ÆÈÇ�ÉÄÊ´ËÍÌÎ�
¯

12 £�<}¢1�*£*?�®
��Ø�ÏLç ��¦* �«3Ø�?�®��{��Î3¶cÏ>Ð�£�ÑÄ,3æ4� Ò��Vç�¬A-
§C�
 =�AÒ�Ø�Ñ	Ò�ÐLç
"�±FÎ,¶cÏ
¿�ÓBâ)�
 �«8Ø
?�®��{�
Ô�� (

¯
12 Ø�Î3¶cÏ>Ð;Õ�Ö'Ø
�µå ) ¿>° 40m ðF©�Nh×Få ( �6Ò�Ø>ØhÙ )

¿>° 22m N�%
Ú�¿ 7000 ¢�¢3£�®�¦c�� 
?{®��{�,Û�¸)�
¹ ( Î,¶�Ï*Ð�£ ¹�§VÊc«hÚ ) ��¼
½�m�?{®�� (ID:Inner Detector;

¯ Ø
Û�»�Ø�¼�½ ) N*°�¿
ÀBèVÈ�·�¶=Ác¶ (

¯ Ø
¾4»�Ø
¼�½ ) NC�Ü�nè�¢�ÀBèµÈ�·�¶=Ác¶ (
¯ Ø�Â�§*¼�½ ) Nv©�Æ�¶hÅL¢\?{®�� (

¯ Ø
Ã
»{Ø�¼�½ ) Ø�Ý�£�Þ�FVå#â;-'§C�
 {«�â�´�Ø�?�®���Ô�-\��ß}à1í#¼�½ ( � Ò���Ø�¼�½ ) Ê '�¢Ä��á�â é8¸ ( ß
à1í�¼�½�Ø�ã�¹�£
ð;���6ä�Ø
¼�½ ) ³µ´ ä0,*-*§=�� 
��¼
½�m4?{®�����¡�à8É�·���¿4å�³F´çæ�èFå âI� 2T Ø�¿4é�Ø'Ñ\£
ðF©�NM�'Ø*¿�é�£�¨�,*-���êLç6ëÜìí °�U
±LØ	½4mµç6?�®�¦c�> �°�¿MÀDèVÈ�·�¶�Á�¶
�
µ;�
Ú�Ø
×{§�°�±;p{¾>î'±�Ø�'Bý�íM('¶Bç�ï4��¦I�� ð × Ø,°�±4p�¾>î�±Mñ�«,Ø
?{®
��Ø'Ñ�¼�°�¿Î«;â=ò3¶Bç6.�«B¬6-�óIYV©�Nc'*ý�í)(�¶Bç6ô�õ* ��[� è�ö�À

èVÈ�·�¶=Ác¶�¼Cñ π± Ñ ² ±C÷;"�±4N�Ñ�ø
±I1L× Ø*�[� ècö3Ø�'*ý�íI(�¶Bç6ï���õc�� 0ù�âá´ú�[� è�ö3Øð ×�ñ�N0ù,Ø
?Iû
��¼h�[� èCö>«;â=ò8¶Bç6.ªùCü�N�ý0,*-�þ=�h'*ý�í)(�¶
Ø ð ×	ç�ÿ ,*-�ó)Y��� hd�e �
�
¹�Ø�Ôc-BØ
?Iû
�Vç���� üA-���æI©�Æc¶hÅÄöcç=©�Æ�¶hÅÄö�?Iû���¼>?)û�õc�� Îù,Ø
?Iû
��Ø,Û�¼Mñ}¢ è
· � ¿�å{Ø�Ñ �	� �L´ â4-���
�N�ßvà íh¼�½D¼ 3.9T N�'IöÄ�çá�â é	¸6¼�½D¼ 4.1T Ø�¿�éLç3³
��´1âc�
 cù
Ø�¿�é ��� 
*©8Æ�¶#ÅÎö	Ø�����¿������ â���Ø�������� µ��'ÚLç ï��Cõ��
 �� 13

��� U� �¿"!�mLç$#=õ>?
û���Ø%��ç ��õ* 
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&('�)�*,+�-/. 0�1�243�576	849$8:<; 3>=(2"3?5@6�849�8ACB 8ED�=F+�-/.

G�H
 
0 H�I"J 0 H

 
AEB 8ED�=
:<; 3"=

(π
I4JEH%K?L

)

MON H

� 13: U� �¿>!�mVç	#Cõ#?)û��C  ©,ÆQPhÅÄö*ñ�Ôc-\Ø
?Iû
�Vç$R��cõ=�� �î� Mñ���¼
½�m�?cû
� � ñ	½�m
ç	#Få>1�þ�¿�S�¿IÀBèVÈ�·�P=ÁQP�¼=«;â=ò"PBç6.0ù�õ> 

3.3 TVUXWZY\[ Ë ÌÄ�
jhk4l'½�m�?Iû�� (SCT:SemiConductor Tracker) ñ���¼
½�m�?Iû���Ø 1 ¼�½�¼Bð;�� �� 14

� ��¼'½�m
?Iû�� � �]�;� SCT Ø�^;FLç6�cõ>  SCT ñ TRT Ø���¹ � ^4F=õ)��  SCT Ø��
¹ � ñ Pixel ?Iû���¿Dð
� ( � 15)  %� 14

� �=õ � Ö � N SCT ñ�ß}à í#¼�½ ( _;� SCT ß}à í�Ê$@�` ) Ê8ë*ì�ò4P}� SCT(Forward

SCT) Ø�¼�½��<� äM�
 �_4� � f���
D¼�gvL�ü#æ SCT ß}à í � :4þ�-�^=_��� a� 16 Ø�8�]{Ø��h�LçA�Cõ> 
SCT ßià íCñ 4 b � 14,6-��c
 ( � 16 Ø
�#�)ñ 1 bed?����,�-�þ;� ) N*j>ÙD¿,Û#¸c�6¹��f� 30cm N 37.4cm N
44.7cm N 52cm ð;�� h�µå#ñ 147cm

� 1C��  SCT ß à1í�Ø
?Iû
¼�½ËÊ61C��Ø�ñ SCT ß à1í�gDû*Æ%P�í�Ê
@=B�â)��j#k4l�?Iû���¼Bð;�� �� 17

� �'Ø
8�]�Ø>�h�Vç6��õ* 
SCT ß}à í
g\û*Æ%P3í�ñ 4 h�Ø�«µÈ,i;ö�jMöEklP%�V� ä ,�-���
 NQm � 2 h�N%n � 2 h{Ø�jIö�k�Pc¿,º

» 40mrad( £h¬´àçÅ,º ) çpo>,�-QqX
 �CJ�+�-\ð��
 4� 17 Ø*�h� � ñ�m�Ø 2 hD¿�r�7h-�þ;� ( s�» � îc�6�
Õ#��Ø�¼�½ )  �«�È	i4ö	jIöEk]P � ñ 80µm

²>t ¼�£ ¢3È3é	u8¿"vÎ,6-��c
 N4�8â?�<��Ø	wpx�ç ABCDChip

ÊA@=B�â)�*¨Qy�¼"z�{4û�õ*  ABCDChip ¼"z�{4| Y3â�æ"S�}?w
xcñ*îZ
~w�x ����� å â)�� 
ù8Ø SCT ßià í�gBû�Æ4P8í\¿ CarbonFiber Ê\@;B8âc� ]
Ù���û���æ��AÒ���Ø�¹�¥ � õl� ² 1 ì E�gVå�â

�
 Cù3Ø SCT ß}à í�gBû�Æ>P3í�ç$E�g;õ������µÊ 1;��� ÒLç�k��pP}¢±«VÈ
ö%�"P�Ê\@�`>  SCT ß}à í 4 b
ð>J�+�- 2112 h�Ø SCT ßià ípgBû�Æ"P,í*¿�E�gVå�âc�
 4kp�pP}¢ç«�È�ö%�QP � ñ SCT ß}à ípg\û�Æ>P3í����Ø,wpx{ç ?)û��{Ø�� � zl{�ûhõQ��Ø
î�ë]���*ßlP*÷�N�SQ�Lç è?�=õ��	��Ø%�pP*þ í\¿%qX
����#-\ð4�
 

SCT ñ í S�U� �Ø	½;mVç6?Iû�õc� Ä ��� J
â)�* �f���
l�>�=_�æ W → eν Ä43{Ø>S� co�ù,Ø
?Iû*�l�
5)7�� â)�� Äù,Ø%�hNp�>�JÊ�1C��Ø�¿ SCT

��� Y3â)��]\Ù�Ø	Ú ( ]BÙ�Ú : �
Ú�ÂC1����Iñ 4.1 �Vç���� ) �
ð;�� 

W → eν Ä43����6û�-}ì6�4S� �Ø
µ4�
ÚÎñ�� � � 40GeV �BðV
 N0ù,Ø�'*ý�íM(�P4�?�e��ñ���������¿
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TRT

SCT ���� 
Forward SCT

� 14: TRT Ê SCT Ø��=·�P
û*  SCT Ø��¡
�ç TRT ¿?¢�£*� � 1;,*-4þC��  TRT Ê SCT ñ;�6Ò���Ø�¼
½ËÊ��6ä�Ø�¼�½l�V�61C�� 

Pixel ¤¦¥�§

� 15: Pixel ?Iû��Vç"r�+�æ%��  SCT Ø���¼ � Pixel ?Iû���¿Bð;�� 

S% ÇÊç]*Ù�Ø>K=1�¨�©?ª�G � 1;�� Îù	Ø4��N SCT � � Ã ì ]\Ù\¿>«��=õ'â=B�N���Ø
½?�����?�D¿>.´ùe
@¬
ì\1;�� %S% Mñ������?� �l� ,�-�'*ý,í)(�P\ç ÿcþ*N SCT �
ï��µå#â�æ"S% �Ø6µ��
ÚIñ�³ ì/r"­co]� â;-
ü*Y�Ö  
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� 16: SCT ß à1í
gDû\Æ�P,í\¿>Þ4Fµå â�æ SCT ß à í� 

TRT N SCT p�¾ Pixel ?)û
�Iñ
]\Ù�Ú�¿*d�® � äÎ� � Ö � !;¯Vå#â4-4þ;�
 0ü��Îü�N�¯?°{Ø6!C¯
��� Ã
ìeØ ��± ¿*�)7���â�N�8�]�Ø
]\Ù�ÚMñ>²�½ ��³�´ å â;-4þ41�þh 

W µ�¶�ö8Ø3ÙcÚLç�LSO�Ø�·�¸]�>ï��=õ�� � ñ�N W → eν Ä�3]��� ûh-iì ��S% {Ø6µ4�'Ú�¹*?)û��I�
Ø�]
Ù�Ê#Ø�¨�©?ª;G ( K � ���?��� )

��� ,�-V×#Ø�º�¸�³ ì@rQ­Vo]��âc�>��ç N � ìF»�¼Cõc�	½?¾l¹\ð4�� Mù�â
ñ
ðf�$�f¿��;«)©�ÆIà	P4«<À�ö �l� ,*-*HI1�7=�
 ªü	� üúNM«)©�ÆIà	P4«<À>ö �4Á {4|ÄY3â;-4þ=��?)û��
Ø�Â?Ã�Ä�Å;÷�]\Ù�Ä?Å ( ù�âc�#Ø�Ä�ÅVç�û>Å)·ª¢3È$P�Ê@Æ�õ�� ) ¹#�<�IìÈÇ´,
-�þC�{ÊSN�]\ÙcÚ�Ø�»�¼�¹>¤
ü�ìO�e�>1�þh h¤}ü�ì ]BÙDØ
r�sVç�»�¼�õc��� � ñ
¤}ü�þBû>Å)·v¢�È$P\ç�«)©�ÆMà$P4«<À>ö �4Á {4|e£"½¾l¹Bð;�� 
ù3Ø Ä�ç ®
ä�õ��,� � Nc<i¢OÉ*£Dû�â#Ð0öQÊ ílP�u>�Cñ
N SCT ßià í�ØQ�>¥I1�×	ç�Ë?Ì � �C_hN � 
 8

] � �IþBû>Å)·v¢�È$PBç6a�Í}ü æ (4 X���� )  
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ABCDChip

stereo angle
40mrad

Î>Ï%Ð4Ñ�ÒVÓ�Ô�Õ�Ö
80µm ×	Ø

64mm

� 17: SCT ß à1í
gDû
Æ�P,í�Ø>���C 
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4 SCT Ù ÚcÛÝÜßÞáàãâ äæåèç¦éßê
ë"ì�í �pî�ïñð�¹"òlópô"õ SCT öè÷/ø�ù�ú SCT ö\÷7øpû
ü
Æ"ý"ø ì ü>þlÿ����Cý��?Í��	��

���������ü%þ�ÿ�����ý���î���������ý��
 �!	��÷,ý" $#%��&,ò�ó('*)+��,�
(-/.���02143 ì45"687�9ñì�:�;�< �4�5�6�7�9 �,î�0�1�3 ì4=$>�?/@%A�B
@�C%ì 0�1�3$&D�
E�F��HG"I ì�7�9�;"< ���
��J$K$ü>þlÿ����Eý2�,î @L ì�M ó4GNI ; 14O�õ�0+143�P @ L ì�Q8R�ì�=S>�?4;	@ L ë � A8BT? ."�8
�� ì	U	@ �H
S' 7�9�ì�V�W�;< �4�� �!%��÷	ý8 S#%� ; î ë"ì47�9 &HX2��0+1�3+Y4Z ;
ì�[�\�ì4]�^ &�_�`�F��4�aNb ì�c�; î"J%d @ �N�
����ý��%ý�e2����f ? .�õ�0+143 ì GNI�gS&Hh�g�i���h�j�F��4� C+k � @ üQþÿ��%�Cý"&D��f�F���l	m ì�n
o ipó�p�q�&Dr�s+�t�N�����4u�� @ ïñð�P SCT ö\÷/ø ì L ì Z�v ì ü"þlÿ��
�Eý"&/��f k õ ì	U & @�w �*x	y$&t,�

��z�{�F����4|�}���ïfð�P���f k õ SCT ö\÷/ø ì ü>þlÿ����Eý2�~�� ì üQþlÿ��	�$ý ì GNI�gS&H��� k õ����S&H�NF%�

4.1 �����
GNI�g���î @�[�\ P�GNI�YN&D��� k õ���� L � C�ì G"I ì������ X0 (Radiation Length)

ì�� &��"ôQõ
g ;N< �4������ ��î�GNI2&/���2� ì%�	\�ì
�8� ø���ý�P @8������ìt� 18����ô4� ì
�%�8� . @2C�ì
�8� ø+��ý�P  ì

1/e ��ó"��J ;pì ������� ;pì�:�;N< ��� ����� î�GNI��
¡�¢ ì�£�;%@	¤�¥ iN�?î4u ì�¦ (11)
; _�`;+> �4�

X0 =

(

716.4g/cm2
)

· A
Z (Z + 1) ln

(

287/
√

Z
) (11)

ë�ë�;
Z î�����F��tGNI ì�§�\�¨N©N;	@ A î §�\ I�g ;N< �4�ë"ì��
��� &Ds�ª�� k ��G"I ì�«S? &D¬ñôQõ ì P4G"I�g��	ó8��� w 18 � @ r�seó4­®� k � 3 ¯�° ì G"I

& [�\ P��"��F���±�²T&H��F�� ëQì ­ ;�³ G�Ilî ����� X1
0

@
X2

0

@
X3

0 &t´����/F��%� ë%ì ±8²��8� k õ[�\ P%µ�¶4�tGNI�g�î @�³ GNI ì GNI�g Li/X i
0 & V�·�k õ�¸ ì �?óN���"F
ó ��¹

t =
∑

i

ti =
∑

i

Li

X i
0

(12)

�,óN�4��} ì�c�; î�GNI�g t & η(pseudorapidity)
ì�º	» � k ��¼8½�¾�� k*@ SCT öX÷(ø ì GNI�gT&D¿8À

F���õ�Á8� aNb � η
ì h�jS&H��F��

η(pseudorapidity) & ¦ (13)
ì ��'t��h�j�F��4� w 19 � η � θ

ì�º%Â�ì�w &H��F��
η = − ln

(

tan
θ

2

)

(13)

4.2 Ã(ÄÆÅÈÇSÉ�Ê2Ë�ÌÎÍ�Ï(Ð
�N������ý��%ý�e2��0+143�&H��f�F�� :8@ Fpó ��¹ üQþlÿ��	�$ý���f�î8Ñ��ÓÒ4Ô%Õ�Ö ì ±�² @ üQþ�û�×ø (GeoModel) �ÙØNÚ�.���Ò	Û"Ü�Ò��Eý"&t,N

�"òeó � .����pü>þ�û
×%ø�î C++ Ý�Þ ;�ß�U .8��à�K @ üþeÿ��	�$ý���f�¸ C++ &Dá�ô%õ"¼�½�â�Ò�!���â�����ô��"ò�ó � .��4�
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L3

L2

L1

Material3

Material2

Material1

X0
3

X0
2

X0
1

w
18:
[�\ P%GNI���&D����F�� M8\ � [�\ P%µ®¶��tGNI ì g�î�G"I�g2����ô���¿8À ;�> �4�

ë>ì ü>þ�û�×�ølî @ 0+143�&8�N�����%ý��%ý�e+����f k*@
ã ´�F��tä+��å�æ�ó�X�ç�i
ó�þ�Ü?ü"è�é��Ó&ê Á�õ�G ;8< ���	­�ë"Ú @�� l�ì;÷	í @�îtï ó L ì X�ç�i
ó�Z�ð ( F
ó ��¹ þ�Ü�ü�è�é�� ) P%h�j ? .8��à
�4� C+k � C .�- ì G�ñ2��ò k*@ Ltó ó4GNI ; 14O��8
�� @ L ë � B�U ."�8
"� U ó L ì G�ô 7�9 &tõ�ë
�%öS÷	&Hø�ù�F��4�eüQþ�û�×�ø�î��N������ý��%ýte2��üQþeÿ��	�$ýN&Dú���F���ä ì�û"ü�;"< �4�w

20 î�ü>þ�û�×�ø2&t,�

�%��f k õ SCT öX÷(ø ì üQþlÿ��%�$ýN&/ýNþ�ÿ k õ�¸ ì�;"< ���	��f k õ�üþeÿ��	�$ý U -,î�GNI�÷���m�ó L ì G�ô 7�9 &���KÙ1�F : P"14O$�4�

4.3 Ã(ÄÆÅÈÇSÉ�Ê���Ë�Ì��	��

�ë>ì�c�; î�ï�ð�P]üQþeÿ��	�EýN&H��f�F���)��+�>ô%õ������ C?ì ���S&H��F��
J%d����$&H��F��
1.
n
o�� P ß 
põ w qS&��+���N.��4�

2.
w q U - Z�ð ì ìC÷���J�.��tGNI2&�� � �$�4�

3. � � �4ô"õ�Z�ð ì ì$&�¼�½�â�Ò�� k�� 
 M ��X
ç�i
ó w ì ( íC÷ � l�ìeó L )
U - E2�Hì2��� >�� F%�

4. G8I ì! &�"$�4��# ? P w q U - v U -�ó�
�±�²�î�Õ�¬�F����
5. ü"þ�û�×�ø2&�,�
��]ü>þeÿ��	�$ýN&Hú���F��4�

aNb ��ï�ð�P���f k õ�üQþeÿ��%�$ý�� Õ�G�� ì ò ^ &H��F%�
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η1

η2

θ

θ

1

2

η=0

η=inf.η=−inf.

w
19: η � θ

ì�º	Â � η î θ=0
;%$'&�=�@

θ=π
;%(�ì�$'&�= �?óN�4�

• SCT ö\÷(ø
û]ü"��ý>øw
21 � SCT öX÷/ø
û]ü8��ý4ø (

aNb û
ü"��ý4ø�� ú�F )
ì�)8¦�w &H��F4� ë"ì�M ó�*,+�ó�û
ü"��ýø�&�¼�½8â�Ò�!���â%P%- � ó���'t��r'.	ÿ�F��4��r'.�ÿ k õ w & w 22 ����F%�

­�ë"Ú�û]ü8��ý"ø ì Hybrid �/Ø�Ú�.��tZ�v2��î ABCDChip ÷��"��×��0/lý?ó L � � 1 k�132 &D�
E"F���4 U 
4Z�ð�P�5ñô���
"���pü>þlÿ��%�Cý
�?î @�ë .(-	î 1 6 ì87 � k ��h
j k � < ���4h�j�F
�H)��?î ABCDChip ÷2�"�t×2�9/�ý��!��J4.��HG"I+&�:�² k ��;�<8ÿ k õ�G"I+&Dh�j k � @�C�ì�7
&/��E�F��tGNI�� k � < �4�

• SCT ö\÷(ø
SCT öX÷/ø ì />=
ý��  T����?%ý ì p8q2��î�@
ý"Ü4ø�ó L ì�ACB$ì GNINP%D�E�F��4� a"b ��üQþeÿ
�4�Eý"&D��f k õ SCT öè÷@ø�Z�v�� < �DZ�ð ì�F
W &Ù��F��8J�õ @4³ Z�ð F � Õ
G�� ì ò ^ & w 4.3

�t��F%�
– Bracket

SCT öX÷(øpû]ü"�%ý>ø2&�/>=
ý��  T����?Qý���¡4h�F���ä ì!G8ü � ë .
î�H�I�� CoolingPipe

÷ ��J @
ý"Ü4ø]ó L &�¡4h k �8
N�4�
– Doglegû]ü"��ý>ø U -K� � 1 ? .�õ �,L�MN© &�N MN© �!O�P�F�� 132 ó L P%Q�ô��8
��4��R�S ì!T 
U�V ø>� ì ��'�ó4Z�ð
�
– CoolingPipeû]ü"��ý>ø2&�W�X�F���ä ì�Y ÛN¼ �
– CoolingBlockû]ü"��ý>ø�� CoolingPipe

ì�Z8;%[ &�\�]�F���ä ì!G�^�ì Ü�½�¾%é �
ë .T- ZNð ì�w q$&9_N�
õt�
� @ ~�� ì ü"þlÿT�%�Cý��?î8��J�.
ó�
 A�BCì  %`>a # G�^ P < � : P4v U ôõ%��ï�ð%î�b�õ���v U ô%õ�GNI ì47�9 &�üQþeÿ����$ý���c ��d ófe �
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w
20: SCT öX÷(øeü%þeÿ��	�$ýN&�ýNþ
ÿ k õ M8\ � ë .�î HepvisEventViewer �H
T'�g U �Ù&Há�ô��]üþlÿ����Eý"&�h�õ�¸ ì � w �?î SCT

ì öè÷/ø�Z�v�� C�ì�i p2� Ufj�k ý
lnm8Û?ý"ø��	��Ú�.�� î�o�ì Z�v
Ú�h"ë��4�

4.4 �����ÎÍqpsr
ï�ð�P	��f k õ
ü%þeÿ®���$ý (SBG1 � ú�F ) � ~8� ì ü%þ�ÿ����$ý (SBG0 � ú�F )

ì GNI�gT&t��� kõ����$& w 24 ����F�� ë>ì ¼�½�¾��/î SCT öX÷(ø�� º F��tGNI�gS& η
ì�º%» � k ��¼�½�¾�� k õ�¸ ì�;< �4�t ¨ e ì v,ueî SBG0 ü"þ�ÿ��%�Oý (

~�� ì ü"þlÿT�%�Eý )
ì G�I�g�v�u"��;,< £ P 10.34 v X0 ��ó"���

y���� < �Hv�u�î SBG1( ïfð�P�b kwB ��f k õ�ü"þlÿ��%�Eý )
ì G8I�g�v�u ;8< ����;�< £ P 12.31 v X0

��ó"��� t ¨ b ì v�u�î SBG0 � SBG1
ì v�u�&�#wx
õ�¸ ì	;"< ����y�ñ�iN� SBG1 ü>þlÿ��%�Cý ì l"P

GNI�g�P�zf{ k �8
�� M8\ P%v U �4��;�< £ &t�N���+� SBG0 �+K4¸ SBG1
ì lNP%GNI�g ì!| 19

C?ì!}
î | 2 J�õ @ SCT öX÷/ø ì üQþeÿ��	�$ý ì #�gS&�_�` k õ���� @ SBG0 �+K4¸ SBG1

ì�~ '/P | 11kg #B ó�ô%õ : P%v U ô%õ%�ë .�- ì�§�� î SBG1
;3���®k õ @ SBG0 ��î ���(? .]ó U ô%õ @ Õ�G2��î��$J�.��8��g�ó!# G�^ � <

���  1 �8#�g®� G�I	g ì ��� ì J��DÁ8&Ù�"F%��JQõ @� 2 ��î8#�g ì z�{�����õ�F��DZ8ð ì�� 4�&0Q������#�g,z�{ ì�� ó §�� î @ Bracket
a

Dogleg ����geó!# G�^ P���J�.8��
�õ : P�e���- .����  2 &!h��
� @ Bracket � Dogleg

ì #�g2� =S> ó } P < � : P%v U ���
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w
21: SCT öX÷(ø
û]ü���ý>ø ì�)8¦�w �

SCT y�ñ ì #�g SCT öX÷/ø SCT öX÷(ø
û
ü"��ý>ø SCT öX÷/ø�;�<�v X0

SBG0 345 kg 121 kg 27.7 g 10.3 v X0

SBG1 356 kg 132 kg 24.7 g 12.3 v X0}
+3.2 v +9.1 v -11 v +19 v

Õ�G ��{ ��{ 24.77 g

 
1: #�g�ùeú4G"I�g ì ��� ì J+�DÁ	� SCT y�ñ�ùeú>öX÷(ø	Z�v ì ç�� ì #�g�î�v U ô��8
�ó�
	� ë .�î� B�� ñ�P,�3���'� ;N< K @�V #�g�P%¬�h ;+> ó

 U - ;N< �4�

w
22: SCT ö�÷(øpû
ü��Qý>ø+&
¼
½�â�Ò�!
��â ì ä���rw.%ÿ k õ w ì"����S ì Z�v�î w 21 � < � Hybrid

assembly
ì Z�v ;�< �H�9��S ì Z
v�î Baseboard TPG �ÓØ�Ú�.N�DZ�v ;�< �H� w 21 ��î AsBCì ZNð (BeO

facing
a

Datum washer ó L ) P < �	P @Vë .®-4&�:w��² � ���3��S���Z�v�� k �8
��4����S���Z8v��8 
���N�����0/lý (Silicon sensor)

;N< ���
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SCT ���w�

CoolingPipe

PowerTape

Bracket

Dogleg

CoolingBlock

w
23: SCT öX÷(ø���p8q2����
��8
��tZ�ðw��  ="w �

SBG0 SBG1
} ¡�» öX÷(ø�y�ñ�� }

SCT öX÷(ø
û]ü"��ý>ø 27.7 g 24.7 g -3.0 g 2112 -6.3 kg

Bracket 2.13 g 4.94 g +2.81 g 2112 +5.93 kg

CoolingBlock 1.95 g 2.42 g +0.47 g 2112 +0.99 kg

Dogleg 2.25 g 6.96 g +4.71 g 2112 +9.95 kg

PowerTape 36.5 g 37.5 g +0.9 g 176 +0.2 kg

²"_ +10.8 kg

 
2: #�g�ùeú4GNI�g��������"J+�tÁ	�
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w
24: SCT öX÷(ø���GNI�g�v�uN� t ¨ e���v�u�� SBG0 üQþeÿ��	�$ý (

~�� ��üQþlÿ��	�$ý ) ��GNI�g�v
uN��;�< £ P 10.34 v X0 �?óN�%��y+�8� < ��v�u�� SBG1( ¢¤£�P%b k'B �8f k õ�üQþ�ÿ��	�$ý ) ��GNI
g�v�u ;"< ����;�< £ P 12.31 v X0 ��ó"��� t ¨ b ��v,u�� SBG0 � SBG1 ��v�u$&0#wx
õ�¸!� ;"< ���
y�ñ�i�� SBG1 üQþeÿ��	�Eý��%lNP%GNI�g�P�z�{ k �8
�� M8\ P%v U �4�
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5 W→eν ¥§¦©¨«ª­¬¯®­°©±³²µ´�¶§° ·¹¸
º �!» ; � W ¼qg�����½�l'¾	I�g��!¿���E2�4ò k*@ SCT ÀsÁ(ø���GNI�g�P�õ�ë��8Â�ÃS&�_�����ä+�!ÄÅ'Æ�Ç  �!%��Á	ý8 S#%�����"

�������4�È �t�N� Ç ��'H�8Ñ®� Ò%Ô�Õ�Ö���ÉDi	� t �>� ��Ê�Ë,Ì "",���Í�Î�¬
h ;N< ��� C �4ä�� W → eν

:�Ï
U - W ¼�g��!�8½Nlw¾%I%g$&�¿��
E�F���IN�tå�æ�� Å � ��\ �8Ð�Ñ�g��
Y�Z,Ò,Ó�0�1�3 ; ¬�h ? .���� º
� ��\ ��ÐfÑ�g���¬�h���Y4Z,Ò�Ó�0+143���GNI�g���Â�ÃS&!ÔÖÕ��4� º ��Â�Ã�P L � Q8R ��¸%� Å � U	@ �
JSK @ 0+1�3���GNI�g�P 6 O8ÿNF�� U	@ &�_���� : � ��Ê�Ë�Ì "",Ö�8Í�Î�¬�h2��� Æ �%¢8, Å :�;N< �4�
ç�×�Ø ; � SCT À�Á ø>��/�=�Ù��  2�t�%?�Ù���Î R &9Ú ¥ i�� 5 Û�� k Ç,Ü þ]ÿS����Ù�&D,8
	� W → eν:fÏ �� �!4��Á�Ù8 �#%��&�Ä Å>Æ�Ç � º �!Î R ��zf{�� SCT y�ñ���GNI	g2� k ��à2� C 20

º � Ü þeÿ��
�0Ù��!O8ÿ���� Æ � W ¼qg�����½�l'¾%I�g�v�u2��à2� C 500MeV ��d�."P�Ý"d�� : P%v U Æ�Ç �a"b � c�; ��J�d� �!��ÖÁ0Ù� 2#����4l%mS&/�N� @ u��!�,��&/��F�� C�k ��Þ 1 Ä Å	Æ�Ç  �!��ÖÁ�Ù� +#
����ß�àS&D�N���4� C+k � @ W ¼qg��!��½Nl'¾%I�g�v�u�� C �	d
.+&D��F4�%|�}+� C ��d
.��4ò"F�� ��á;%â �4�

5.1 Ï(Ð
Ñ
ãÓÒ�Ô%Õ�Ö ; � @ Õ
Ö U -åä�-Ó.��	×>ÙN���!æ�ç a  �!	��Á�Ù8 S#4� Å L & 1 �w�"J+�4J Æ�Ç!è Y ;Ä Å à('�� k �8
N��� º .�&HÕ�éNF��,��P ATHENA( Ñ��,ê ) �ÙØNÚ�.��'g U ã�ë�è�Ñ�ì ;"< �4� º .w� @

Õ�Ö�×fÙ��3��æ�ç���¸ ¹�í ó � :�@ LHC �%î \ ��ï�ð+��� Æ ��ñ º � :�Ï �� �!	��Á�Ù� $#4� a @ 0�1�3
�!ò�óS&�¿�é�F��� �!	��Á�Ù� S#%� Å L @ Ñ
ã*Ò%Ô%Õ�Ö2��å�æ Å y��qg U ã�ë�è
Ñ�&Hø�ù�F��4� º � M Å
¸%�N& U Á�Ù�� k ÙNé��HØ	ô�� ATHENA

U Á�Ù�� k ÙNé��"Ñ
ãÓÒ%Ô	Õ�Ö2� º�� �8õ	ö+�f��G8ô>÷ � a �
������Ù��3Ù n�o�� ��� Æ ���%� ? ."�8
��4�º � M Å Ñ
ãÓÒ%Ô�Õ�Ö2��ø��q� U Á�Ù�� k ÙNé�&�"$�8ùfú�� @,û ¸�P	H�¶üæ�ç,ýfþ$&�ù8, ;+> � :�;N<
�4��J Ç @ H�¶üæ�ç$¼�½�â�Ò%� a  �!	��Á�ÙN��& ACB ��ÿ�P%ù",NF���� ;	@ À�â��!�'h a C ������P�� B
Ä Å � .����
ÑsãÓÒ	Ô ;  +!	��Á�Ù" S#%��&�Ä Å 'Ó) @+C .�� 4 �'�!������v�Õ$-Ó.
	�� w 25 ��¢¤£4P3Ä Å'Æ�Ç  
!	��Á�Ù8 $#
�������
�������Ü è � Á�Ù����
� (Generation) �>� LHC �,î����0î
���%ï�ð � Ç�! ���>Ý"��	$#����&%>Ù(')�!Ý&*��
	+��,,×�Ø(�f� PYTHIA(

U�V �&- ) �/.10�2)3)4&5�6��87".&9
:3î�����ï<;(=?> W ¼
@<���BAfÝ?�C:EDB�
��F
� �HG"I!Ù�ã�J$K
�8L&M(�(	$N Ï�O %�Ù"'P�8Ý�*Q� Ç �$R�S+TU��V+IwÁ9Ù<�
�8� (Detector Simulation)

��W Ü"XPY Á�ÙE���
�B�
A>ÝZ� Ç #��U�
R
S�T
[��$\E]���	�^���ñ º 	8é Ï ( F<� O�_�`�a � O�b Ñ�cEdÅ1e
) �+fPg���	B�
h O RUSBTi��V�I
j�Ù��1�����<W Geant4(

Ü -���ãHk�l�Ù ) �nm(o���	)��V
IUj�p('Pp
�
q�r��"9�.�	B�
%�s<t�'�u)v�pE���
� (Digitization) ��W�:<RiS�T��UV�Iij8pE���
���
wZh<xPyBzE{|�U}&x�9P:)RiS<�e O+~i���)� 0 O =����)z������&���Eo SCT ��j��E��t�I&p
�i�+F&���B\�]��8y���� OB�)�U� e �(�"�������� %�s<t"'�u<v(pE���
� � }<x�9
R
SBT O+�<���(�B��� ����z����B��<� O8�"� �QJ��E������5&�P�
�+� (Reconstruction) ���E�8�(hn�(W
%"s�t�'
uPv�p)�U�8� O+ &¡ : ���� R
S�T O��)� =¢>£#�� O+¤�¥�¦(§(¨ Y �U©<p � e O�_�ª)«)¬ �$��­�*���� ��� �(�"���P���"o W → eν
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Generation

Detector Simulation

Reconstruction

Digitization

®
25: �UV�Iij$pE���
� O�¯�°iO+± �)��²&³ ��� ²&´�^�µE��=�=�� O W+R
SBT|�UV�Iij�pE�|�
�+�(�"�B�
¶(· p����?JB�&¸Pp O�¹Eº
O+»�¼ ¶(· p�����J��&¸Pp O�¹Eº η = 0 � O+_(`&¦ SCT

¯�° � O�_(`&¦
G1 1 0.567g/cm2 0.07188 X0 0.1848 X0

G5 5 0.945g/cm2 0.09313 X0 0.2026 X0

½
3: G1 � G5

O t
¾U¿Z��Jnp O+À .P�

NE{�=¢>�S&9 Á��BF&�iW)[�Â�Ã�Ä�R
SBT �BÅ ��ÆÇÁÈÃ�Ä���É��B��h O Ã�Ä�=¢> ¤�¥�¦ ��Ê�Ë(� O �ZJ+�(�
�Ì�H5��<�1�
�+�(�"�B�®

26
�

W → eν N"{�=¢>+S<9ÍÁ���F&����ÎU�¢>H�Uy ~ ���8Ï(Ð)Ñ ��yUÒ O �����B��h+��W ATHENA

kij�p&6|Ó�p�� � �"��@Pk �$Ô X -�:i- �/5��+Õ�s
� (Atlantis)
� }<x�9
Æ�=<��y�Ò O �(�"����h O�Ö W

R
SBT O x-y ×�Ø O�Ù Ø���Ú�y�Ò O �(�E�B�

5.2 ÛÝÜßÞáà(â�Ûäã
å1æ?ç è
,�é�ê��"W 2 ë�ì O R
SBT|�UV�Iij�pE�1�
�Pí�î � . W ï|@�� O+ð(ñ�ò�`&¦�ó�ôiO�õ Ñ1í�ö�÷�y
�
1
��ø O R
SBT|�UVPIij$p"���
�+�(WB:)z�ù|-��H5
�
ú�ûU�
q�r�ü(9E.���ýEþ O t�¾U¿Z�PJnp(í+7�.)9

W → eν NE{1í<�UV
Iij�pE���
�"��y
�
2
��ø O R
S�T|�UVBIij�pE�|�
�+�(W�: SCT �Íj�� O ¶(· pÍ���?JB�&¸Pp O�¹Eº í 5

»|� �ÿ:���� �(�
SCT

O�_(`&¦ í�� § ��yEt�¾U¿Z��J/p(í�q?xPy
���� O
	 :���� O tP¾U¿ �&J$p(í G1 tP¾
¿Z�&J$p�: � �?í G5 tP¾i¿ ��J$p1�$m�
|h�� ��� ��� ½ 3� : 2
� O t�¾�¿¢�
J/p O�À .�í � ��Ë"����h O ��V�I�jnp��i�����EW PYTHIA

� }�x+9 W → eν N<{|í
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®
26: - �H5��8Õ�s�� � }P� W → eν NE{ O Ï(Ð&Ñ"���ÇÁ O�� � ½���� üE9E.(� O � TRT ��D O [BÂ �

SCT � Pixel RUSBT��(�"�+���U.BÂ ó �"[�Â�Ã�Ä�R
S�T��(�"�B� a�� =�>�S<9E.(����� O� �&F&���B\¢x
y�Ã�Ä?í�k�s"!1�+��y�Ò O �(�(�B��h O
 �#i� �"�%$�. � ��R
SBT � É¢x�y'&%!|� � �(� � :iD
ü�(�) O
�Ph�* ��+-, ÚQ>HüU� � W�R
SBT O K�u�.�/(�"�B�10UV�Iij$p�032
�4/(W�K�u�.iÒ�5�6
S
71��}�0 �)� x
9E.��B�

1.2× 106 8�9 *;:ÿ:<R
SBT<0�V�Iij$p�032
� � \=:�y��&ú ! O LHC /(W�>�? O�@ ; � }<x�9 � �BAP� �
#�?'C�D ¦i� A 9 � ��C�:�EiW W → eν N�{-F�G"í�Ú�y<. O /�: PYTHIA

O �"u<!IH � }<x�9 W → eν

NE{ O 9 *JF�G"íLK�M � :�y
��R
SBTJ0UV�Iij�p�032
�4/"W)[BÂ�Ã�Ä)R
SBTJF�G�íLK�M � :+y
��h8ü�W�f
g�^�µ O�N�OiO
	 /"�"�B�<F�P-Q(3�J�¿&p�'Pp � e O F�P<0�R�Ó�p(í�w¢h � R
SBT O 0UV�Iij$p�032
� �
W�S�D � ^�µ�C�=)=��B��E�T � y<.�F�? O+¤E¥)¦ W)[BÂ�Ã)Ä�R
SBTJF�G�/VU�W%/-X&� O /PF�P-Q(3�J�¿&pY p §�Z\[ 3��
Q(3�J8¿&p Y p�:ZV�I&pP¾1�HR
S+TiWP¾Uk � :�y
�� yB:¢hEh�/�W W ï�@�� O+ð�ñ�ò�`<¦ í+�E­�* � ��] � :�^�_=` � ��G�I&p ��J�K O+¤"¥�¦ W"t XPY
j�p�032
��^ ��a�b � üU��G�IPp���J+K OB«)¬ ínq?xPy
�&ú�] O ú�ûc/(W Emiss

T

� }<x�9VU�W � üU���
( #
O�d�e W
f<z)ú �"� 0UV
I
jnp�0<2�� �<� x�9�.(��C
: W ïi@)� O8ð"ñ�ò
`P¦�ó)ô%g�O8_(`P¦
O�hi í�ö�÷U� ��j O ��Õ3!�2-`�:$9(WB:�k ó D O ø � íIlE*'/-X&�B��(�m ��d�e í � `8Ë<9�n Á �
• PYTHIA

� } � W → eν NE{1í 1.2 × 106 8B9 * � �B�
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• PYTHIA /(W W → eν N�{ O 9 *JF�G"íLK�M ��� �B�UD O�oiO NE{
W 9 *;: � .P�
• R�SBT<0UV�Iij$p�032
��/(W SCT ��j�� O ¶(· p��p0?J��&¸Pp O+¹Eº C 1

»|O Ò O ` 5
»|O : 2 ë

ì O t�¾U¿Z��Jnp(í�q�0£�
• R�SBT<0UV�Iij�p�032��4/(W�f&g�^�µ O4N�OiO
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