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Overview
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Previous research
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Sample, this time 
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Requirement
HL-LHC (2026��)

.0��#âñĂ3�,1

ÚyXRJ?F5 300 f"#$ → 3000 f"#$
µ�ÕăXRJ?F5 1×10() → 5×10()		,-#.	/#$

Č	¯�ãæd#�1¼x��¤ï 1.7×10$2	345/,-.(3�Ò)

ónôċ"��1Ò¾Ê�Ă$�2h^3Ç����3

å¨�� 	3.0×10$2	345/,-. ����
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“1	345/,-.”means …
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(1 MeV equivalent neutron fluence which would 

result in the deposition of the same non ionizing 
energy causing equivalent damage to the material. 

M.Reinhard)

→l�%70 MeV Proton!/1 MeV
Neutron"���1.5oÙ�

10-4 10-3 10-2 10-1 100 101 102 103 104

E[MeV]

10-5

10-4

10-3

10-2

10-1

100

101

102

103

104

D
(E

)/9
5 

M
eV

m
b

neutrons: Griffin; Konobeyev; Huhtinen
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protons: Summers; Huhtinen

protons
pions: Huhtinen

pions

electrons: Summers

electrons

Displacement damage in Silicon
for neutrons, protons, pions and electrons

A. Vasilescu & G. Lindstroem

proton

neutron
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Proton irradiation 1 

[beam ďCYRIC 7/12,13 

70 MeV, 300 nA
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Proton irradiation 2
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Proton irradiation 3
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Proton irradiation 4
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Vertical (upstream)
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Proton irradiation 5
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Horizontal (upstream)
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Dosimetry 1
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Irradiation¡#4XR#AP<GX Ge¼x��Æ�

[1369 keV#N\<3*1

[=:Co(1173 keV, 1333 keV)�$(L
Cs (662 keV) 

#ãÈ3Ð	�calibration���
-ãÈ
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Dosimetry 3
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Dosimetry 4

[protonÊ�Ă
/1 MeV Neutron equivalent"­Þ�1�

P	
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,-. = DEFGF3	QORS × TEEUVTUGTF3	VREUGTF3 ÷ 0.7

[8IX;\�Ge#¼x{Í#ÓĄ

XQQT,TX3,Y	FQ	ZX	[XGX,GFE = NXSD \× X3XE]Y	FQ	]U--U	EUY
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Dosimetry 5
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Future

[7/26~28 KEK"�protonÊ�¡|kÖö

[8/14~28 CERN"�beamtest

[12¶ Fermi"�50×50 μm#*#pixel sensor beamtest

Have to do

12¶"+���SVXFYA=\O#yðç�^#study

irradiation¡#pixel sensor#w�íä#Ér
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Back up slides
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Sensor type 
summary
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Al � proton #�¥²ĉÚ#`�¦
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Vertical (downstream)
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P	
345
,-. = DEFGF3	QORS × TEEUVTUGTF3	VREUGTF3 ÷ 0.7

DEFGF3	QORS =
(]X3XEUGXV.)PU)×(VX,UY	,F3/G . )

(3R-"XE	FQ.LNO	UGF-)×(,EF//X,GTF3)

]X3XEUGXV.)PU	 =
(PXG	,FR3G/	FQ.)PU	`TGℎ	ZX	VXGX,GFE)

(XQQT,TX3,Y	FQ	ZX	VXGX,GFE)

XQQT,TX3,Y	FQ	ZX	[XGX,GFE = NXSD \× X3XE]Y	FQ	]U--U	EUY

=
(PXG	,FR3G 	FQ{$(Lc/,=:cF})

(\EU3,ℎT3]	QEU,GTF3)×(fTgX	GT-X)×(U,GTgXGY	FQ	/FRE,X@-X/REX-X3G)

P15#ñÞ


