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LHC ATLAS HL-LHC

50um x 50um pixel sensor
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A Toroidal LHC ApparatuS(ATLAS)
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•

• (TGC,RPC)
• (MDT)
•

•
•

HL-LHC(2025~)

High Luminosity LHC
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LHC->HL-LHC
(5 1014 1MeV neq/cm2

-> 1.7 1015 1MeV neq/cm2)
->

2026 HL-LHC

vertex

-> (50um x 
400um)

HL-LHC 10 ~ 3000fb-1

LHC run 10 )

Luminosity ~ 
5x1034cm-2 s-1
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o

Pixel size ~ 18um

Detector Under Test(DUT)

Trigger Logic Unit(TLU)
DUT

Testbeam Setup



50um x 50um sensor

50um x 250um
→Φ z

50um x 50um

→ FEI4

→3x1015 1-MeV neq/cm2
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450um

50um

Zoom

Structure

Type2 Small OffsetType1 No Offset Type5 No Bias Type6 25um x100um 
Small Offset

25um
100um
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Type1 1000V

Proton Irrad 3x1015 1MeV neq/cm2

Type5 1000V Type6 1000V

Type2 1000V
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Type1 1000V

Proton Irrad 3x1015 1MeV neq/cm2

Type5 1000V Type6 1000V

Type2 1000V

Type1 : bias-rail 
Type2 : bias-rail 

Type5 : 
→ Charge sharing
Type6 : 
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εloss

1.
5Gaussian + constant Fit2. (∫ Fit. func dx)/ 100um

Efficiency Loss per Pixel εloss

→εloss

Ex. Type5 1000V
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εloss vs HV
HV -> 1000V

98%

50um x 50um : type1(no offset) > type2(Small offset) > type5(no bias)
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Type1

Type2

Type5

Type6

εloss vs HV
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Type1

Type2

Type5

Type6

Mean    
~ 3000e

Mean  
~ 2600e

Type6 : 

→ KEK109RJ4 < KEK111RJ3
→ 



KEK111RJ3 th3000e

εloss vs HV
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Type1

Type2

Type5

Type6

Mean    
~ 3000e

Mean  
~ 2600e

Type6 : 

→ 
→ Charge sharing

type6 HV=1000V

4point
charge sharing

3point 
charge sharing
-> th2600

Total charge
~ 10000e
-> 10ke/3~3.3ke

KEK109RJ4 : th2600e

HL-LHC(2026 ~)

50um x 250um Φ z
“50um x 50um”

→ 50um x 250um
50um x 50um

~3.0E+15neq/cm2

50um x 250um

type1(no offset)  > type2(small offset) > type5(no bias)

→ 98% type2

→ 
Charge sharing
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Back up

2017/1/242017Jan CiRfSE Workshop

15

Large Hadron Collider(LHC)
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27km
100m

-
2010 ~2012 8TeV

13TeV

100m



A Toroidal LHC ApparatuS(ATLAS)

44m 25m
7000t

Higgs
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Full depletion voltage

320um SCT CV
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Ex) 1E+15 neq/cm2

Pre-anneal 3E+15 neq/cm2
1200V



HL-LHC
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HL-LHC Luminosity~3000fb-1

(ATL-UPGRADE-PUB-2014-003 )

3 4

Max 1MGy(HL-LHC run)

HL-LHC
CYRIC@

~ 3 1015 1MeV neq/cm2

→HL-LHC
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70MeV proton beam

HL-LHC

70MeV proton beam
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Fixed oxide charge : 

Interface trapped charge : + or -
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SiO2
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Si

+ + + + + +

Interface trapped charge

γ-ray

Fixed oxide charge1.

2.

3. Dead 
layer

USBpix

CERN   125Gev pion beam

DESY 4GeV electron beam
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o

18.4 18.4um2, 1152 576

Detector Under Test(DUT)

Cooling box

Trigger Logic Unit(TLU) NI crate

DAQ
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Detector 
Control 
System(DCS)
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EUTelescope

raw clustering rotation
alignment tracking

TBmon2
EUTelsescope
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TBmon2

EUTelescope

Bump bonding

Back up Ni/In Bump-bonding
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εloss vs HV
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Type1

Type2

Type5

Type6

Mean    
~ 3000e

Mean  
~ 2600e

Type6 : 

→ 
→ Charge sharing

type6 HV=1000V
KEK109RJ4 : th2600e,  KEK111RJ3 th3000e


