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r = 42.5 mm : IBL Support Tube (IST)

r = 33 mm : IBL Stave

r = 29.3 mm : Inner Positioning Tube (IPT)

r = 24.3 mm : New Beam Pipe

r = 50.5 mm : b-Layer

r = 88.5 mm : Layer-1

r = 122.5 mm : Layer-2
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1� 	��� 

� LHC , 2 Ōʸ+W{_c]H�Bȸ$˞Jg�O�B

13-14TeV) �˞whWaFB 1 × 1034 cm-2s-1)Ĝŕ�$ 2˞015

Ō�<Ëʷ�?>(Run2)��<)˞2019Ō�<ɮǻ�?$

�> Run3)��$,˞�whaF, 2 × 1034 cm-2s-1)(>

�ı%�>�2022 Ō4% LHC Bʥʋ��Ęù),˞ƨȶ

Ȅ) ATLASƻÐą)��$ 300 fb-1£�+b�\Bóŝ�

>�&)(>��

 
� ǳɛ+ATLASÉʫ˖ʉƻÐą,l�xɝȜǨ)ʕ�»�

<˞mP[�ƻÐą˞W�T�ƻÐą˞TRT(Transition 

Radiation Tracker)%ƿų�?$�>�2023Ō£ʼ)HL 

(High Luminosity)-LHC0+Þʟą+E_pQ��dɮǻ

�?$�>˞LH-LHC)��$ǳĎ+W�T�ƻÐą,

ƓĹɂƎ¾)ɍ
<?(���%(�˞TRT,�ɾ��c

)ķť%�(���+�7˞HL-LHC%,˞ATLASÉʫ˖

ʉƻÐąB�1$ƛ��W�T�ƻÐą)ó=ƌ
>�ı

)(!$�>� 
 
� ���˞HL-LHC £Ú)��$8 Run3 BŦˑ)˞mP

[�ƻÐą+ƒɖ�?4%+Ųƺ�ˍ&(!$���Â�  ˞

mP[�ƻÐą, 1 × 1034 cm-2s-1+�whWaF)ķť�>

;	)ɰɮ�?$�>�7 R˞un3)��$�whWaF

 2 × 1034 cm-2s-1)(>&˞ɰɮ�˞ũɎ+µɲĠ&(>�ǭ

)˞ƨÉŀ%,˞FE(Frond-End)^_pB×Ş�>�7)

ø[�U��zX}��)Ĳɟ�?$�> ASIC +b�\

ʋʚňĔ�ʇ�˞ƻÐâǱȿƂ%�(�(>�� 
� £�+ǴǺ�<˞2012Ō�< 2014Ō)��$+ LHC+

W{_c]H�(LS-1)ƫʸ�)˞ƞĪ+mP[�ƻÐą+

ƨÉŀ+�<)É») ƛ˞�)mP[�ƻÐąBG�Yc�

��>�&)(!� (Ċ 1)��+ƛɧ)ʙÞ�>ŀ,

Insertable b-Layer (IBL)[1]&ā-? L˞S-1)��> ATLAS

ƻÐą+E_pQ��d+�ȋ%�>�IBL,ƟƬBþ6 

 

 

 

 

 

 

 

 

 

 

 

� Ċ 1� ƞĪ+mP[�ƻÐą& IBL+ʬɉ�  

 

15 MČ�43 +ȎȚǃʹñÞ�>�ȨɧǁȰ 10 ÁÊ+p

�XIPc%�>�  
� IBL ,ûÚ+Ȓ�ʞ=˞l�xkGp�&ȷ5ȟ$<?

�k_R�XB˞ƞĪ+mP[�ƻÐą+É»)ƃÅ�>

ƜŒĢ�(ǭš%�>��+�7˞ƞĪ+mP[�ƻÐ

ą&,įÆ)ǯȟ)ȷ5ȟ$<?>�7˞ǟıą&�$+

ƾŦ,�mP[�ƻÐą+Ȣ 4 ŀ�%,�>˞�Ɯ%ƨ

ƛ+źɜBó=Å?$�>�[�U� F˞E^_p˞ÎìƜ

Œ˞U�lY˞DAQ('˞23�1$+ɤȳƞĪ+mP

[�ƻÐą&,ǿ(!$�=˞źɜȄ),4!��ƛ��

ƻÐą%�>�  
� ġ��ɾƗ)ķť�>&�	Ȣ�+ȆȄBŕɹ��˞

IBL ,ŖǪ˞ǬǴǟı+�7+ɎÝ˞ǭ) b \Q+ũɎü

�)Ģ��ʀǰ�>�IBL );!$˞ɝȜǨ);=ʕ�

 r=33mm+ªɉ�<ƻÐ%�>;	)(>�7˞̟ ʉ&j�

a_PY+ËƿųɎÝ,ĢŊ)ü��˞ȹƳ&�$ b \Q

ũɎ+ü�ɦʓ4?>(Ċ 2)�IBL, Run2%ǟı�1�

8!&8ʮɤ(ǬǴ+�"%�> H → bb(' b˞\QŤ

ɤ&(>ǬǴ)Ģ��ʀǰ�>�&,ʸʨ�(�� 
 
� Ƭȗ%, 2014Ō 5Ʃ) ATLASƻÐą)ǩ�G�Yc�

��?� IBL)"�$ȵ��>� 
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� Ċ 2� IBLƪ=&ǩ�+Ęù+ tt �ɾ)��> b\Q+ʪžâ 

� Ǳ&ʍ�XI_c+ʾðâǱ+Ww}��W~�ȹƳ� 

 

2� IBL�CT 

� ÚȪ%8ʘ1�;	)˞IBL ,ƞĪ+mP[�ƻÐą+

ƨÉŀ+�<)É»)G�Yc���?>����˞ƞĪ

+mP[�ƻÐą+ƨÉŀ&l�xkGp&+ˁʸ,�!

� 8.5mm%�>�7 �˞+44%, IBLBƃÅ�>�&,

�õɎ%�>��+�7 I˞BLBG�Yc���>�7)˞ 

l�xkGpB 29mm�< 23.5mm+ÉŚ+8+)ɉ�ƌ


>�&)(!�����˞�?%8 14mm +ˁʸ)l�

xkGp&Ç)˞mP[�ŀBƃÅ�>+,ɓˆ+Ƽ%�

>�  
� ʽ<?�ˁʸ)IBLBƃÅ�>�7) I˞BL%,ƻÐąB

l�xkGp&�¬Ē%ȷ5��˞�+Ŝ˞ƞĪ+mP[

�ƻÐą+É»)ƃÅ�>(“Insertable”)&�	ƜŒBƇǸ

����
 
� IBL%,  n

+ -in-n p�e��[�U�& 3D[�U�+ 2

Ȗ˕+[�U�B°Ǹ�>�[�U�+mP[��UGZ

, 50 × 250μm2 %˞ƞĪ+mP[�ƻÐą+mP[��U

GZ%�> 50 × 400μm2&ǌʎ�>& �˞+Ģ��,Ȱ60%

%�>��?�?+[�U�, FE ^_p&j�p�t�

d);!$ƈȾ�?˞zX}���n�_PY&ā-?>

n�NWo�ĖưBɟȌ�>�&%zX}��Bŗ¯>� 
 
� IBL +ƻÐąʫÑ,˞Ya�o&ā-?>[�U��z

X}��Ɛʏ�?� 74.8 × �.88�	�+ʶƜŗ+ȴʶ�ưB

ÊȤ�) 14Ʋʬɉ�>�&%ƿų�?$�>�IBLYa�

o%,l�xʌƜü)"�$�ģʫÑ+ 75%+ːĔ)p�

e��zX}��B°Ǹ� Ú˞Ɯ&ŜƜ+ 25%+ːĔ) 3D

zX}��B°Ǹ�$�>�IBL,Æ¬% 12MmP[�B

ƪ�˞�?ƞĪmP[�ƻÐą+Ȱ 80MmP[�)ƛ�

)ÞA>�&)(>�  

� 14Ʋ+Ya�o,l�xkGp+Ġ»)ʬɉ�?$�>

M�t�nDGj�ɣ+Ȥ(IPT: IBL Positioning Tube)+Ā

=)l�xkGpBɥ	;	)ɰɉ�?>�IBL +ƻÐõ

Ɏȫĉ,   | η |<3.0%�= A˞TLASÉʫ˖ʉƻÐą%�ɔȄ

(ƻÐȫĉ%�>   | η |<2.5;=8ō�ó!$�>�ɝȜǨ

�< IBL4%+ʑĹʶ,ãŚƜü% 1.7% (
 
X/X

0
)%�>� 

 
� IBL)��>ˋŉ)ʮɤ(ɤȳ+�")Îì�>�IBL

,l�xɝȜǨ+ƨʕ¼)ɰɉ�?>�7˞2020Ō4%ʥ

ʋ��Ęù˞[�U�+ƓĹɂƎ¾, 1MeV�ũĩ)ƌȨ

�$
  
5 × 1015 n

eq
cm-2)8ʧ�>��+�7 ʛ˞Ef��âƳ

);>[�U�+ũɎßå&ǥ?ˇǘ);>ȂǫBŻ×�

>�7 ʥ˞ʋÓƫ), -15 oC)˞
  
5 × 1015 n

eq
cm-2+ƓĹɂƎ

¾Bô�>ʥʋƤƫ), -40 oCȕŏ)Îì�(�?-(<

(��  
� �<)˞IBLBATLASƻÐą0G�Yc����Ŝ)˞ 

l�xkGp+�Bʅ˚Ȋț)�>�7)˞qGPEHc

&�	¯ƼBɛ	�l�xkGp+É»),�<��7�

ƍȂS_\�ƭ(Ti/V/Cr+ùʱ)əȌ�?$�>��?B

ȊțǮŰ%Þǫ�>�&%˞S_\�ƭ)ÿȌ�?$�> 
�ȲǬÑĩBʙ�Ð�(qGPEHc)�qGPEHc);

=Ë.�ȲÑĩÿȌõɎ(Ǘũå��T�aF�QˌB

¯=Ð�˞10-7 Pa +ʅ˚ȊțBĲǳ�>��+qGPEH
c%,˞ 200 oCBʅ
>ǫBÞ
>�7˞l�xkGp�
<ŋĐ 8mm+ʈ˅)ɰɉ�?$�>IBLB˚Ǟ�<ĭ>�

7)8ŕÝ(ÎìŤɤ&(>� 
 
� ƞĪ+mP[�ƻÐą%,

 
C

3
F

8
ÎìB°Ǹ�$�>˞

�+ÎìƜŒ%,Ȱ -15 oC4%+ÎìɎÝ��(��7˞

ƛ�(ÎìWYaxBĻÅ�>Ťɤ�>���%˞IBL

%,
 
CO

2
 ǍǙ 2 ȈÎìƜŒ(

 
CO

2
P���Q)BƇǸ���

 
CO

2
P���Q,ÎìâǱ˚�˞Ľ(�ƈɭˌȘ%âǱ

;�[�U��zX}��BÎì�>�&%�>��+

�7˞ÎìkGp+ŚBļ��Ż
>�&õɎ%  ˞Ǭʃ

ʰ+«ǝ)"(>&�	ÖǨ8�>� 
 
� IBL +k_R�XÉʫ,ȹˈBʻ��7)˞ÎìƤ,ȝ

ȳBǘ�$ǠŏB 3%£É)µ";	)�$�>�  
� �?�?+Ya�o+�ȡ),˞ˇč9×Ş¶÷B²Ȼ

�>�7)U�lY�R�o�ƈȾ�?>�U�lY�

R�o�,ʳʬɂ%%�$�= m˞P[�ƻÐą+J�d�

N{_pːĔ;=8Ġ)ʬɂBœ�Ć��7) 5.2m+ʶ�

�>��+�7˞ -40 oC)Îì�$�>ʥʋƤ&qGP

EHc+˂+ǞŏŅ);>ʳɂ+ǫɑŔBɋű�$��Ť

ɤ�>�£�+ǴǺ�<˞Ya�o&U�lY�R�o

�+ʸ)q��ZȄ(řÜBƳ��ǔĒ+n�NWo�Ė

ư°A?$�>��<)˞U�lY�R�o�,l�x

kGp)Ǒ!$4!��ʬɉ�?>+%,(�˞	*=B

"�$ʶ�)®ɡBƂ��$�>�  

62



 503 

� U�lY�R�o�,ˇč²Ȼ9Ǟŏ�Ǡŏzf\�Ǹ

+R�o�(ˇǢR�o�)&˞FE^_p+×Ş�ɷ5Ð�

Ǹ+R�o�(b�\�R�o�)+ 2 "+ȯȼBƂ!$�

>�ˇǢR�o�,ƨȶȄ) HV˞LV˞zf\�ǸWYa

x)�?�?ƈȾ�?>�b�\�R�o�,4�˞j�

�ˇȑM��y�\+ƚˌʫ)ɰɉ�?$�>Äˇğƌą

)ƈȾ�?>���% FE ^_pǸ+¶÷,ˇǍ¶÷BÄ

¶÷)ğƌ�?�Ŝ Ä˞nDGj�%Ȱ 80m Äʊʶ˅?�

DAQJ�Pc�fPY4%ʥ-?>�  
� £�+Ƞ%,�[�U��zX}��+ɣʠ�˞�Ya�

o+ɣʠ�˞�IBL +ȷ5���˞�G�Yc��¯Ƽ�)Ñ

�$˞�?�?+ǗãBȵ��>� 

 

3� �$�&%��!&"�SX 

3.1� IBL��!&"�D;TK 
� IBL zX}��,Ċ 3 )Ȓ�ʞ=˞Ģ��Ñ�$˞[�

U� F˞E^_p z˞X}���n�_PY�<ƿų�?>� 

��%,�?<+ƿųɤȳBȵ��>�  

 

 

 

 

 

 

� Ċ 3� IBLzX}��ƚˌ+ƾŦĊ� 

 

[�U� 

� IBL%,Ȣ 2Ƞ%ȵ���ʞ=  ˞ n
+ -in-n p�e��[�

U�& 3D [�U�+ 2 Ȗ˕+[�U�BǸ�>�ɞ 1 )

IBLzX}��)°Ǹ��[�U�+ǭũB4&7�� 
 
�   n

+ -in-n p�e��[�U�,Ya�o�ģ+ 75%+ː

Ĕ)°Ǹ�?˞̟ ʉƻÐ)��$�ɤ(řÜBƀ	�  n
+ -in-n

p�e��[�U�, n Ē+j�PːĔ)ķ�˞[�U�

ˌ)Q��dˇƽ+�7+  n
+G�p��cBʬɉ� ɠ˞ˌ

) HVˇƽ+�7+ p
+ G�p��cBʬɉ�$�>� 

 
� mP[��[�U�),ȡʫ)ɞˌ&ɠˌ+˚ˇčBÑ

˅�>�7+�ůːĔ�>��+�7˞ƞĪ+mP[�

ƻÐą%,zX}��BYa�o)ʬɉ�>˂)˞˚�Ɯ

ü(rƜü))[�U�+L�j�_pBɰ�>�&%˞l�

xʌƜü+ƪůːĔɈ>;	)�$�>����  ˞ IBL

,l�xkGp8þ7$ 14mm&�	ʽ<?�Yr�Y)

ƃÅ�(�?-(<(��7˞˚�Ɯü)zX}��Bʮ

*$ʬɉ�>�&�õɎ%�>� 
 
� £�+ǴǺ�< I˞BL%,;=�ůːĔ+Ľ(�[�U�

BʷȂ���  n
+ -in-np�e��[�U�),[�U�ȡʫ 

 

� ɞ 1� IBL[�U�+ǭũ� 

�  

 p�e�� 3D 

mP[��UGZ (  �m2 )  50 × 250   50 × 250  

[�U��UGZ ( mm2 )  41.32 × 18.59   20.45 × 18.75  

í5 (  �m ) 200 230 

j�P+Ē nĒ pĒ 
   
)�>˚ˇč+Ñ˅ƿʠɠˌ)ʬɉ�?$�>��+�

7˞ɞˌ+[�U�ƿʠB˚ˇč+Ñ˅ƿʠBʆ
$[�

U�ȡʫ)ʕ#�>�);=˞mP[�ƪůːĔBō�$ 

�ůːĔ+Ùǝ)á7��ƞĪ+mP[�ƻÐą)°Ǹ�

?$�>[�U�%,ȡʫ+  1,100�m�ůːĔ&(!$

��˞IBL%,  200�m4%�ůːĔčɆ�?$�>� 
 
�   n

+ -in-n p�e��[�U�,ƞĪ+mP[�ƻÐą)°

Ǹ�?$�=˞�+ǭũ,ƞ);�Ǵɬ�?$�>�ɣʠ

,ǳĎ+mP[�ƻÐąúǀ˞dG`+ CiS &�	¦ȓ

ƀŖ���  
� 3D[�U�,Ya�o�ȡ+25%+ːĔ)°Ǹ�?$�

>�3D[�U�%,p�e��[�U�+;	)[�U�

ˌ+�») HV BƆ�>+%,(�˞p Ē+[�U��j

�P)ķ�$Q��dˇƽ+�7)  n
+B˞HVˇƽ+�7

)  p
++G�p��cˇƽBj�PÉ)đȇ)ʬɉ�>�&

);!$ț�åBĲǳ�>�ˇƽ,  50�m+ʸˀ%ʬɉ�

?$�>+%˞p�e��[�U�)ǌ1>&˞,>�)

«�ˇč%Æț�å%�>+Ģ�(ǭš%�>��&


-˞ƓĹɂƎ¾Bô�$�(�ǮŰ%˞Æț�åˇč,¿

�) 6V ȕŏ%�>�£�+ǴǺ�<˞ƓĹɂƎ¾)ķ�

$ŕ�&�?$�=˞ǅ�¢+˚Jg�O�Ĳ˙Bƀ	[

�U�&�$ƪÝɨ�?$�>� 
 
� 3D[�U�+ɣʠ,G\�E+FBK& Y˞rG�+CNM

ƀŖ���[�U�+UGZ,źɜȄ(ǈǽ4=Bɋű

�$ɞ 1+ʞ= p˞�e��[�U�+æÑ)(!$�>� 

(�˞˚Jg�O�Ĳ˙%, 3D [�U�BƬƹȄ)Ĳǃ

)°Ǹ�>+, IBLÓ7$&(>� 

 

FE^_p 

� IBL%,FE-I4B&ā-?>FE^_pBƛ�)ʷȂ��� 

[�U��zX}��Bɣʠ�>)��= [˞�U�& FE

^_pBƈȾ�>�7+j�p�t�d,TYcÉ+Ģ�

(ÜùBè7>�±
- IBL%,j�p�t�d)Ɔ�>

ʁǸ,zX}��ɣʠTYc+Ȱ 25%%�>��+TYc

,zX}��+¸Ɨ)ǌ±�$�=˞�ɔȄ)zX}��

+ˌȘ),ǌ±�(���+�7˞ĢˌȘ+ FE ^_pB

ʷȂ%�?-˞�+Ñ��TYcBÙǝ%�>� 

� HL-LHC )��> ATLAS mP[�ƻÐą+Ɂó=Ƨ


%,j�p�t�d+TYc«ǝ,Ģ�(ɸ˓&(!$�
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>��+�7˞FE-I4B ^_p, HL-LHC )��>mP[

�ƻÐą+«TYcåBɨʯ)Å?$ɰɮɛA?˞

  20.2×18.8mm2+ĢˌȘBƂ")ɓ!���?,˞˚Jg

�O�Ĳ˙)°Ǹ�?$�> FE ^_p%8!&8Ģ�(

ˌȘ%�>��+Ģ��Bǌʎ�>&˞ƞĪmP[�ƻÐ

ą+ FE ^_p%�> FE-I3(  7.6×10.8mm2 )&ǌ1$˞ˌ

Șǌ% 4.5¹%�>�  
� FE-I4B^_p, IBM+ 130nmaPh�XBǸ�$�=˞

^_pŖ�=  80×336+mP[��o�_Pē7ʓ4?

$�>���$˞ømP[�É%[�U��<+¶÷BĜ

Ŋ�˞bX\�åBɛ�˞ƨȶȄ)ˇɘūė&�$ 4 l_

c+ TOT(Time-Over-Threshold)ūėBÐÝ�>�IBL%°

Ǹ�>˂), 1 "+ˇǢ�G�£Ġ,˞P�_P˞Tv�

d˞b�\+ 3 �G�+5Ġʫ&ƈȾ�?$�=˞�!

� 3"+×Ş�G�% FE-I4BÉ+ 26,880mP[��1$

Bɷ5Ð��&%�>� 

 

zX}���n�_PY 

� zX}���n�_PY, 2 ŀ+n�NWo�Ėư%˞

FE^_p+×Ş+�7+¶÷ɂ9 LV�G� [˞�U�+

HV �G�Ĳɟ�?$�>�zX}���n�_PY�

+t�bF�Q�k_d,˞FE^_p9Ya�o�n�_

PY+¶÷ɂ&�G|��t�bF�Q%ƈȾ�?>�[

�U��UGZ+ʨ��<˞p�e��zX}��Ǹ& 3D

zX}��Ǹ%Ģ��+ǿ(> 2Ȗ˕+zX}���n�_

PYʷȂ�?��ũɎɳ´)��$ɴ˙WYax&ƈȾ

%�>;	)˞zX}���n�_PY),a��ʫÑ)

TgP\Ĳɟ�?$�>��?,˞zX}��BYa�

o)ɰɉ�>˂),�ɤ(+%˞a��+ʝ�%Òƚ�>

�&)(>� 

 
3.2� ��!&"�SX7I 
� IBL zX}��,XIhjĢī&t�ĢīɣʠBÑƀ

���zX}��+ɣʠŶˎ,£�+ʞ=%�>� 

 

� 4�˞[�U�& FE ^_pBj�p�t�d%ƈȾ�

>�&%qE�zX}��B¯ų�>�p�e��[�U�

)ǌ1$ 3D [�U�+Ģ��,æÑ(+%˞p�e��

[�U�), 2"+ FE^_pB 3˞D[�U�), 1"+

FE^_pj�p�t�d�?>�j�p�t�d, IZM

&�	dG`+¦ȓƀŖ��� 

 

� ǅ) J˞uNWBǸ�$zX}���n�_PYBqE�

zX}��+[�U�»)ʂ=¡�>��+˂˞ǭ) FE

^_p&+�G|��t�bF�QʫÑ),țǍÅ<(

�;	)˞ƈȌƭċ4>4%,p�e��zX}��%

 500gB˞3DzX}��% 350g+ʮ=Bʏ�$��� 

� ƨŜ) F˞E^_p&zX}���n�_PYBƈȾ�>

�7) F˞E^_pǋ)Ȱ 90Ƭ+�G|�Bŷ"��G|�

), Al(99%)-Si(1%)B°Ǹ�$�>���%˞�G|�+

ƈȾŕŏBɹ1>�7) F˞E^_p�%Ĳ˂),°Ǹ�(

�k_d)®Ñ)�G|�Bŷ ˞�G|�Bœ�Ž�˂

)Ťɤ&(>ÝBǟı�>�IBL%, 5g£�+œ�Ž�ŕ

ŏBɤǏ�$�>� 

 

� įų��zX}��,E�wư)ċı�˞ʜƢ(p�Y

^_P�Mj�Bó=¡���(Ċ 4)%˞ǅ)ȵ��>ũɎ

ɳ´ɴ˙Bɛ	� 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
� Ċ 4� p�e��zX}��� 

 
3.3� :QV+W[ 
� zX}��Bɣʠ�>&˞��)ũɎɳ´ɴ˙Bɛ	�

ɴ˙ˍȆ&�$,˞[�U�ɴ˙˞FE ^_p+ã¯ɴ˙˞

ƓĹɂǢBǸ��ɴ˙˞Ǟŏɍũɴ˙Bɛ	� 

 

� 4� [˞�U�+ǭũB IVǟı%ɳ´�>�W�T�[

�U�%, p-n ƈù)ʛjGEYˇčBƆ�>�&%˞ț

�ŀō>���$˞Æț�å��&�@%˞ˇƽʸ)

ǘ?>8?ˇǘ,23�ı)(>���$˞�<)ʛjG

EYˇčB��$��&˞̌ ĩ(�?9c�g�âƳ);!

$˞Ũǧ)8?ˇǘʰĜÞ�>��+Ƥ+ˇčBʼ¥ˇ

č(breakdown voltage)&��˞8�[�U�)<�+Ǝ

¾�>& �˞+ʼ¥ˇčÆț�åˇč;=8«�(=˞

[�U�&�$,ǃɎ�(��IBL%,p�e��[�U�

)ķ�$ 80V£�˞3D[�U�)ķ�$ 20V£�+ʼ¥

ˇčBɤǏ���(�˞�+ʼ¥ˇč,ƓĹɂƎ¾&Ç)

ĜÞ� I˞BL%,5 × 1015n
eq
cm-2+ƓĹɂƎ¾Bô��Ŝ)˞

p�e��[�U�% 1000V£� 3˞D[�U�%180V£

�&(>;	)ɰɮ�?$�>� 

� FE^_p),[�U�+¶÷BĜŊ�>Ee�QʫÑ& 
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N
um

be
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20

40
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100
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140

160

131

77
83

93

39
45

25
32

52

14

45

20 20

33

79

13

29
20

11

38

9
15 17

5

24

7 6
15

All Produced
B.B. Fail.
Other Fails.
Bare Fail.

All Produced
B.B. Fail.
Other Fails.
Bare Fail.

All Produced
B.B. Fail.
Other Fails.
Bare Fail.

PPS CNM FBK

ATLAS IBL Preliminary

Batch Group

L1 L2 L3 L4 L5 L1 L2 L3 L4 L5 L1 L2 L3 L4

Ba
d 

M
od

ul
e 

Fr
ac

tio
n

0
0.2
0.4
0.6
0.8

1

L2): 0.25*Average (Batch 
L2): 0.37*Average (Batch L2): 0.38*Average (Batch 

T�k��\B���Ŝ+bX\�ʫÑ)Ñ�<?>�FE

^_p+ã¯ɴ˙%,Ee�QʫÑ&bX\�ʫÑ)Ȁ©

¶÷BÅÝ�>�&%ĖƬã¯+ȐɶBɛ	�  
� FE +ã¯Ȑɶ%��&�@%˞ 

241Am�<+ X ɂB

Ǹ��ɴ˙Bɛ	��+ɴ˙%,[�U�& FE ^_p+

ťȥBȐɶ�>&Ç)˞˄+mP[�0+j�p+,5Ð

�9˞j�p+ƈȾ�ɖBȐɶ�>� 

� IBL%,£�+ɴ˙)��$ �˞ɖmP[�+Ɨ 1%£

�%�>�&BɤǏ��� 

� ƨŜ)˞zX}��+ǞŏɍũBȐɶ�>�8�Îì�

(�?- z˞X}��, FE^_p+Ȃǫ+�7) LVB²

Ȼ��ǮŰ% 50 oC£�)(>�IBL, − 40 oC�< −15 oC

%+ʥʋŭı�?$�>˞8�<�+ǴǺ%Îìȯ

ǆ4!�Ęù˞�ƤȄ)zX}��+Ǟŏ�ơ�>�

&ɋ
<?>��+�7˞Ǟŏɍũɴ˙%,Ȱ 1 Ɵ��

$ − 40 oC�< + 40 oC) 10Ć2'ǞŏB����$˞�È

ùȂǶ�(��'	�BȐɶ�>� 
 
� (�˞XIhjĢī)��>ũɎɳ´ɴ˙),Ư�łƼ

Ģī+ƬǂýñÞ���IBL %,ƨȶȄ)˞YrEBþ

7$ 18Ʋ+Ya�oBɣʠ��˞�?)Ťɤ&(> 360

¸+zX}��+É˞Ȱ 20%+ɴ˙BƬǂýƀŖ��� 

 
3.4� �$�%�$��(.3 
� Ȱ 200¸+zX}��Bɣʠ��Ǌʿ% 3˞0%+zX}�

�%j�p�t�d+�ÈùÔƢ���[�U�& FE

^_p+�Èù8ùA�>&˞Æ¬+ 60%+zX}��%

�Èù�>&�	�Ű�!���+ă˓,zX}��ɣ

ʠħ4!$��)ÔƢ���7˞p�XIPc+ȽȾB

Ńö��*(�ă˓&(!��  
� ɵ��ɹƵ+ȹƳ˞j�p�t�d)°Ǹ�>ǤǙj

�pʸ)ǉ!$�4!��7%�>�&Ñ�!�(Ċ 5)� 

 

 

 

 

 

 

 

 

 

 

 

 

� Ċ5� j�pĠ?$��zX}��+[�U�»+t�bF� 

� Q�k_d�˛�C%�>&�@)�n��Ǹ+ǤǙǉ!$ 

� �4!$�>� 

j�p�t�d,[�U�&FE^_p+ƈȾk_d)AgSn

+j�pBʏ��Ŝ˞[�U�& FE ^_p+ʈ˅BɹƘ

�(<j�pBǤ��$ǤȌ�>��+˂ Ǥ˞Ǚ(i�]�

n�_PY)BęŇ�˞ʱĿˌ+ʭåɐBǤ���&%i�

]ʱĿˌ)ǤȌ�>+Bà�>����˞ǤǙġ��

>&n�_PYɒ¬[�U�& FE ^_p+ʈ˅B×Ş

�>˂+ǬǴȄſż&(=˞j�p¡�(��  
� �+ă˓BƸƬȄ)ɬǐ�>�7˞IZM %,�n��+

˂)ǤǙBŤɤ&�(�t�]�BƨȶȄ)°Ǹ�>�&

)������˞ă˓ɬǐ4%)Ȱ 6 �ƩBʁ9���7

) I˞BL+ʷȂYRX}��,ĢŊ)ʤ?>�&)(!�� 

 
3.5� SX5O 
� Ã)ȵ���&�= j˞�p�t�d+�Èù+�7)˞

Ȱ 6 �ƩʸɣʠYc_p��8++˞�+Ŝ,ˎɹ)ɣ

ʠƗB¨-� 2˞013Ō 11Ʃ)�1$+ɣʠBį����IBL

)��>zX}��+ɣʠĲɇBĊ 6)4&7>� Ċ 6+

L1+ɣʠj_^+Ǆ)Ȓ�?$�>ʞ=˞j�p�t�d

+�Èù+�7)zX}��ɣʠ+ǈǽ4=,ŖÓp�

e��zX}��% 40% C˞NM+ 3DzX}��% 15%�!

� ƨ˞ȶȄ),p�e��zX}��%75%  ˞ 3DzX}�

�% 60%£�)4%ƒĄ���j�p�t�d+ă˓Bɬ

ǐ��Ŝ+ǈǽ4=+�îć, FE ^_p+�Èù%�!

�� 

 

 

 

 

 

 

 

 

 

 

 

� Ċ 6� ɣʠj_^ǋ+ IBLzX}��+ɣʠĲɇ�PPS,p� 

� e��zX}��B˞CNM& FBK, 3DzX}��BȒ�$ 

� �>��Ǌ,ɣʠ¸Ɨ&�ɖzX}��+¸Ɨ%˞�Ǌǈǽ 

� =Bɞ�$�>�  

 

4� ��&��SX 

4.1� SX7I 
� IBL Ya�o,X}g�oĢīɣʠBƀŖ���Ċ 7

+;	) IBLYa�o,Ģ��Ñ�>&˞Ya�oĖư˞

Ya�o�n�_PY˞��$Ã)ȵ���zX}��)

ĢÕ�?>� 
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� Ċ 7� IBLYa�oƚˌ+ƾŦĊ� 

 

� Ya�oĖư, 74.8 × 1.88cm2+M�t��nK�xB

q�Y)˞�ɫŗ+ƚˌȘBƂ"�Éʫ),^\�+Îì 

kGpʬɉ�?$�>�Æ¬+Ǭʃʰ,ÎìkGp8þ

7$ 0.6%(X/X
0
))Ż
<?$�>��<)˞Ya�oB

ƿʠ¬)Êŗ)ɰɉ�>�7),˞Ya�oĖư+ r Ɯü

+:5,  350�m£É)ȱ4!$�(�?-(<(�� 
 
� zX}��BYa�oĖư)ʏ�>Ú)˞Ya�oĖư

+ƙʒʫÑ)zX}��)¶÷9ˇǢB²Ȼ�>�7+Y

a�o�n�_PYBƈȌ�>��+Ya�o�n�_P

Y,ǬʃʰB«ǝ�>�7)˞FE ^_pǸ+ˇǢ(LV)�

G�E�wʬɂ%ÐƮ$�>� 
 
� Úʘ+&�=˞IBL ,ʽ<?�Yr�Y:
)˚�Ɯü

)zX}��Bʮ*>�&%�(���+�7˞�ůː

ĔBƨļʽ)Ż
>�7)˞øzX}��,  350�m£É+

O{_pʸˀ%Ya�oĖư�)�1>��+˂ F˞E^_

p�<Ȃ�<?>ǫBâǱ;�ʾð�>�7)˞Ya�o

�)ƓǫQ�YBęŇ� �˞+�)zX}��Bɰɉ�>� 

��$˞Ya�oĖư�+ƓǫQ�YBęŇ�$�(�ȧ

ŵ)JuNWBęŇ� z˞X}��&Ya�oBƈȌ�>�  
� n�_PYÉ+¶÷ɂ+ƗBƨļʽ)Ż
>�7) L˞V

&HV,4FE^_pB1"+Q��p&�$ˇǢ�G�Ç

ʞå�?$�>��+448�(�&˞øHVQ��pǋ

)ˇǢBL��Ln��˂)˞ǿ(>HVQ��p)Ŀ�>

˄=ù	[�U�+ȡˌúĝ%ƓˇBʄ��$�4	��

+�7 ǿ˞(>HVQ��p)Ŀ�>zX}��+ěǼ), 

  100�mí+Mpc�+Ñ˅ŀBɰɉ�$�>�  
� zX}��BYa�oĖư�)ɰɉ��Ŝ˞øzX}�

�&Ya�o�n�_PY+¶÷ɂBƈȾ�(�?-(<

(��Ya�oĖư+ƙʒ)ɰɉ�?$�>Ya�o�n

�_PY�<,Ya�o�ˌ)ü�!$˞øzX}��&

ƈȾ�>�7)n�NWo�Ėư+ʇ¨.$�>��+ 

 

 

 

 

 

 

� Ċ 8� IBLYa�o� 

n�NWo�Ėư&zX}���n�_PYBJuNW%

ƈȌ�˞ø¶÷ɂ,�G|��t�bF�Q%ƈȾ�>� 
 
� Ċ 8) IBLYa�oBȒ���ɦ����%,ɻÕ%�

(�˞�ģʫÑ)p�e��zX}��B˞ÚƜ&ŜƜ

+ 4zX}��) 3DzX}��°Ǹ�?$�>� 
 
� ɣʠ�?�Ya�o, CERN)ʐʚ�>Ú) �˞G|�

+ŷ ʸʨ
9ã¯�ɖ+zX}��BȂɦ�>�7)Ȭ

ç(ũɎɴ˙Bɛ	��+ɴ˙, KEK &X}g�oĢī

ƀŖ�˞ĳǞ)��$ FE ^_p+ã¯ɴ˙&[�U�

+ IVǟıBɛ!�� 
 
� �+ɴ˙%ã¯�ɖ+zX}��ɦ"�>&˞ëŐ)

ƛ��zX}��)ɉ�ƌ
$˞Ëŏɴ˙Bɛ	�ƨȶȄ

) 18 Ʋ+Ya�o)ķ�$˞Ȱ 5%+zX}��Bɉ�ƌ


>�&)(!�+% m˞P[�ƻÐąBʷȂ�>)Ŗ�!

$˞�ɖzX}��B�ƌ%�>bVG�)�$���&

Ħ)ʮɤ%�>�Ǵɬ%�>� 

 
4.2� :QV+W[ 
� X}g�oĢī%ĖƬũɎµɲ�?�Ya�o,

CERN 0&ʐʚ�?˞ɵȴ(ɳ´ɴ˙ɛA?��ŖÓ˞

ɴ˙ˍȆ&�$,˞˔Šʵ);>ȆɨȐɶ+Ŝ F˞E^_p

+ƶǇ [˞�U�+ IVǟı  ˞
241Am& 

90Sr+ƓĹɂǢBǸ

��ťȥɴ˙ Ĭ˞İɂBǸ��ťȥɴ˙Bɛ!�����˞

ǅ+Ƞ%ʘ1> FE ^_p+t�bF�Q��G|�+ɏ

˗ɦ"�!$�<,˞ɴ˙Ƥʸ+ȍɆ+�7)Ĭİɂ)

;>ɴ˙,ȉǾ�?���+ɴ˙%,ĳǞ&Ç)˞Ĳǃ%

°Ǹ�>
 
CO

2
P���QBǸ�$˞ −15 oC)Îì��ǮŰ

%ɴ˙Bɛ!��  
� ˔Šʵ+Ȇɨ%ă˓(�?-˞Ȭç( FE ^_p+ã

¯Ȑɶ+Ŝ) F˞E^_pÉ+×Şk�y�\BɹƘ�>�

&%ʺº9 TOT º)ʹ�>ƶǇBɛ	��ɔȄ),ʺº

BŉǞʥʋ%  3,000e)˞-15 oC+«Ǟʥʋ%  �����e)ɰı

�>���$ �˞I"(�5958?8 I:95C->5:9 "-<>5/71)[�U�

Bđȇ)ÅĹ��Ƥ)ŝ<?>ˇɘʰ%�>  16,000e )ķ

�$˞10 TOT( 10 × 25ns +k�YŊ)ŝ<?>;	)Ĝ

ŊąBɹƘ�>��?<+ɴ˙&ƶǇ+ȹƳ,�1$ȣɌ

+��(ǶÐ)ʷȂ��b�\q�Y%�ÂȩǴ�?$�

$˞HIo�o�HVB°!$Ya�o+ũɎB��)Ȑ

ɶ�>�&%�>� 
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4.3� �$�$�%#� &�RZ 
� Ya�o+ɣʠƨȅƫ)Ņ�Ɔ�!� 2013Ō 9Ʃ ũ˞

Ɏɳ´ɴ˙�+ 2 Ʋ+Ya�oÏȹ�˞ȏƎ�>&�	

�Ɣʄ����+Ƥ˞ɴ˙, −15 oC%ɛ!$��˞

<�+ǴǺ%ɴ˙t_PY+ɚɄ5˞���<ĠǍǛ

Å�>�&%ȹˈʄ�!��7%�>�&ÔƢ���

�+ă˓ɒ¬,ɴ˙t_PY+ɚB;=ˏ�(8+)ɉ�

ƌ
>�&%ɬǐ��+�˞�+Ŝ˞ŧ�8;<(��

&Ȃɩ�$�4	�  
� Ïȹ��Ya�o)Ǝ¾(��˔Šʵ%Ȇɨ�$5>

&˞zX}���n�_PY�+�G|��t�bF�Q

Ǹ+k_d)ɏ˗Ǭ¡Ȍ�$�>�&ÔƢ����+

�7˞Ŧ+�7)Ïȹ�$�(� +Ya�o8Ȑɶ��

&�@ �˞?4%ɣʠ�� 13Ʋ�1$+Ya�o%ɏ˗Ǭ

ɦ"�!�(Ċ 9)� 

 

 
� Ċ 9� t�bF�Q��G|�+ɏ˗� 

 
� �+ă˓Ȃɩ��+, IBL B ATLAS ƻÐą)G�Y

c���> 8 �ƩÚ�!�+%˞�,ˋŉ)ʮĢ�!��

�+�7˞��)ɹƵ+�7+\YPnK�Yȹų�?

��  
� ɏ˗ǬʃBɹ1$5>&˞�+Ǭʃ,ǎʭåE�w%�

>�&Ñ�!���?,˞t�bF�Q��G|�)°

Ǹ�$�>E�w&ǎ�+ǎʭĖåù�$%��+%�

@	�&,��)ƊĶ"��ǎ+ʄǢ&�$,˞Ya�

o+Ǟŏɍũɴ˙)��$ǞŏB − 40 oC)��Ƥ)ȹˈ

ʄ�$��%�@	�&Ñ�!�����˞ǎʭåE�

wBŗų�>),˞Ěȳ9n_ȳ('+Ĩ�ǬʃŤɤ&

(>�Ĳ˂)ɏ˗Ǭʃ�<8�?<+Âȳɦ"�!$�

>���� z˞X}���n�_PY('Bɹ1$5$8˞

ƨŜ4%�?<+Ĩ�Ǭʃ+ǛÅȸʊ,Ȃɦ�?(�!�� 
 
� ƞ) IBL+G�Yc��ȆÚ)ʗ!$��+%˞ķȦ

&�$,˞&)��ȹˈBʄ��(�;	)ǠŏȩǴBŢ

Ŏ�>�&)���H�\��Yp��%zX}��BT�

aF�Q�>�&9˞�G|�+ʇBH�\�ȯƈȌÛ%

ɢŕ�>('+ƺ8Ð$��˞¯Ƽ�)��>�G|�

+Òƚ('˞�<(>ǮǒŪåBêŬ�$8�(��&

)(!��ʶƫʥʋ)��$ǠŏȩǴ+5%ɏ˗ʻ�>

+�'	�įÆ),µɲ%�(�˞�+Ǌʿ)��$,

�?£�+ķȦ,�Ĳ��õɎ%�!�� 
 
� (�˞�+ǎʭåE�w,Ŵ�+ǶǗ)˘ƴ5+�>Ǭ

ʃ%�>��&
-˞E�wʴB°Ǹ�$�>	 )ȃ�

Ǭʃ¡Ȍ�>˞�?ǎʭåE�w%�>��+Ęù

,˞ǎʦǎ)þ4?>ĚȳE�w&ǎ+åùBĨ��$

�>� 

 

4.4� RZ��&��,G 
� t�bF�Q��G|�+ɏ˗+ʻǆƜǓ,ǐ4!�˞

ǅ,'	9!$ɏ˗�$�4!�Ya�oB·Ǵ�>�

ă˓&(>�IBL%,YrE8Å?$18Ʋ+Ya�oBɣʠ

�>˞13Ʋɏ˗�$�4!��Ĳ˂)Ĳǃ)°Ǹ�>

+,18Ʋ+É+14Ʋ�˞�?%814Ʋ+Ya�oBǸŮ

�>�7),˞'	�$8ɏ˗��Ya�o+·ǴŤɤ

&(>�ƛ�)Ya�oBĜǷ�>��+zX}��,ƞ

)Ƃ ùA�$�(�!�+%�>� 
 
� ��%˞CERN + DSF(Department of Silicon Facility)

% ă˞˓+�>13Ʋ+Ya�o)"�$ Ȱ˞50%+�G|�

Bŷ ȇ��&)(!�� 
 
� 4�˞ɏ˗�$�>�1$+�G|�Bœ�Ž�˞t�

bF�Q�k_dBP��f�Q�>���$˞�G|�

Bŷ ȇ��&)(>˞zX}��BYa�oĖư�<

ó=Ġ�$�G|�Bŷ"�&,˞�+ƗʰBɋ
>&�

õɎ%�>��+�7 Y˞a�o�&t�bF�Q�vW�

�)ʏ�$˞�G|�Bŷ ȇ�&�	ɗƼBƇǸ��� 
 
� zX}��+�G|�Bŷ ȇ�(�?-(<(�ȧŵ

,˞Ya�oĖư;=8Ġ»)Ȝ�Ð�$�>�7)ˋŉ

)�Įı%˞ʞŉ%�?-�G|�Bŷ"+,ɓˆ+Ƽ%

�>��	�!�Ǯǒ)8ʹA<�˞Ɨ�+�G|��t

�bF�QB�(�$�� DSF +J�XfE���!$˞

�!� 3�Ʃ%�1$+Ya�o+·Ǵį���� 
 
� ·Ǵ�?�Ya�o, KEK &X}g�oĢīɴ˙B

ƀŖ���Ŵ�,ɴ˙WYaxB DSF+P�����x)

ʥ.ʓ5˞·ǴŜ+Ya�oBëŐ)ɴ˙����+ɴ˙

%˞�G|�+ŷ ʸʨ
$�>zX}��B 8 ¸˞�G

|�+ŷ ȇ�+˂)ˊˇǍ% FE ^_pƔ˃��z
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ATLAS IBL Preliminary

X}��B 2 ¸˞[�U�]y�XBô��zX}��

B 2 ¸Ȃɦ����G|�Bŷ ʸʨ!$�>zX}��

,Ëŏ�G|�Bŷ ȇ�˞�?£Ġ+zX}��,X}

g�oĢī%ƛ��8+)ɉ�ƌ
�� 

 

4.5� SX5O 
� Ċ 10) IBL)°Ǹ�?� 14Ʋ+Ya�o)"�$˞ũ

Ɏɳ%ɦ"�!��ɖmP[�+ÜùBȒ��Ya�o+

ɏ˗&�	Ģ�(Ĉˆ�!�˞�1$+Ya�o%�

ɖmP[�+Üù,1%£�% I˞BL+ɤǏBǡ��$��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

� Ċ 10� IBL)°Ǹ�?�Ya�o�+�ɖmP[�+Üù� 

 

5� IBL�M�'� 
 
ƬƮ˞IBL +ȷ5��, 2013 Ō 10 Ʃ)8ʷħ�?>,

�%�!�˞Úʘ+t�bF�Q��G|�+ɏ˗+ă

˓);!$ 2014 Ō 2 Ʃ4%Ƃ ʆ�)(!��ATLAS Ĳ

˙s��0 IBL Bʥ/ƫƟ, 2014 Ō 5 Ʃ 5 Ɵ&ïƹ)ǐ

4!$�=˞ȷ5��ȶ�Ŝ+�_m�Q)��>ƫʸB

ɋ
>&˞ƞ)9=ȇ�+â�(�Ƥƫ4%Ņ�ʗ!$�

���+�7^�x,Æ¬&�$ˋŉ)ɀŔBŕ�<?>

ƫʸȾ���  
 
Ya�oB IPT)ɰɉ�>)Ŗ�= 4˞� 18Ʋ+Ya�

o+	 ũɎ+8!&8;� 14 ƲBʪı�>Ťɤ�>�

�<)˞'+Ya�oB'�)ʬɉ�1��ɋű�(�?

-(<(��IBL %,�ɖmP[�+ƗBƽÝǝ<�&&

8)˞�ɖmP[�%�>��țʸȄ( η , φ ))�ǀ)Ñ

Ɩ�>;	)ʬɉ�>&�	ƜʲBƇ!���?,ȣɌ(Ƕ

Ð)+Ƌƺ�Ĳɟ);>8+%�>�È¬Ȅ),˞�
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Y%Ya�o+ũɎɳ´ɴ˙ʣƄ�$���&)ùA�
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