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Outline

MAPS-based Inner Tracker for STCF

R&D of MAPS
> Prototype chip design
» Simulation of MAPS & ITKM

Detector Module & Mechanics

Conclusions

2024/11/19 FTCF 2024, Guangzhou 2
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] _ _ _ High luminosity brings challenges
- STCF: next generation e*e" collider in China to all detectors, especially the

» Detailed study of T-c physics Inner Tracker
> Precise tests to the SM

> Searching for new physics > Extremely low material budget

> High event rate capability
» Ecn=2~7 GeV » Good radiation tolerance

» Peaking luminosity >0.5X103>cm2s!

291cm >

| Two ITK options:
= 3 MPGD-based ITK (ITKW)
«=-—t{ > MAPS-based ITK (ITKM)

105 ¢cm >

PID (RICH) |

85cm

20 cm

16 ci
11(9.8) cm
6(3.6) cmi”

i

~Tm

2024/11/19 FTCF 2024, Guangzhou 3
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MAPS-based Inner Tracker for STCF

Requirements for Inner Tracker Requirements for MAPS
» ~0.3% X, per layer » Power consumption
> 0,<100um | > <100mW/cm?
» Tracking efficiency >90% » Moderate position resolution
@100MeV/c » Good timing of ~50ns
> Hit rate 800kHz/cm?, TID 0.6Mrad/y, » Detection of energy
NIEL 3.5X10%°n,,/cm?/y deposition
gj;rltslé::‘eg NMOS PMOS Monolithic Active Pixel Sensor
oxide v' Mature CMOS technology

v' Highly integrated
v Small pixel pitch
v Low material budget
v" High SNR
v

L= ———
Chweil el

deep p well

small collection electrode MAPS
chosen as baseline design for ITKM

2024/11/19 FTCF 2024, Guangzhou 4
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Conceptual design of ITKM

MDC @ 196mm

Beam Pipe @ 31mm _
> A three layer design at

Min Area/cm?2 present
radlus/mm > Single chip size

ITKM1 583.9 ~2cm><2cm
» Covering polar angle
ITKM2 98 32 30 3892.7 20° -160°
ITKM3 160 52 48 10120.9 > Total area: 15000cm?
» 3600 chips

2024/11/19 FTCF 2024, Guangzhou 5



Chip design overview

FRBEZLAL*XS

University of Science and Technology of China

Prototype MAPS design under three different technologies

N
e ™~
TJ180nm BCIS90nm GSMC130nm
« Mature process in HEP - Domestic techno - Domestic techno
(ALPIDE, TJ-Monopix)  Low res EPI (1092:cm) « High res substrate,

Baseline techno
Low res substrate +
high res (>1kS:-cm) EPI

Submitted in
March 2024
¢ | Chip to return
in December

2024

2024/11/19 FTCF 2024, Guangzhou

Submission
delayed to
December 2024

no EPI

W LLLT LTI CCTET AT T A

Submitted in
September 2024 |

Chip to return in
= March 2025




TJ180-Chip Overview

FRBEZLAL*XS

University of Science and Technology of China

« Compare different pixel geometry & connection

=

B ] BEE

A: 28X 30 B: Pixel-based C: Pixel-based
170X 31 96X 60

Metal line connected
v' small input
capacitance

B

D: Strip-based E: Strip-based
170X 31 96 X 60

Nwell (active) connected
v' faster charge collection

Nwell size=2um

Chip1 Chip2 Chip3 Chip4
Four flavors of prototype chips: el
. Pixel size )
. . .1%30. 4X59, .0x31,
power consumption Sensor A E C D B A+B+C+D+E
> Chip 2 & 3: Enlarged pixel Pixel array 16X 30 8x 12 8x 12 60X 8 60X 7 Mixed
SIZ?' tlmmg with TOA’ TOT Readout Column-drain Column-drain Column-drain Analog
> Chip 4: Analog readout for readout
SEeNsor performance ToA & ToT x v v x
mparison i
compariso Chip area 1.5x1.4 2.5%1.6 2.8x3.1 1.2x1.4
(mm?)
2024/11/19 FTCF 2024, Guangzhou 7

spacing=2um




TJ180-Full functional chip

Chip 2 & 3

Lailin Xu, 2024FTCF-Hefei

Column-drain readout

20MHz clock distributed to the pixel
array

LE & TE timestamp recorded (8+8 bits)

Power consumption estimation for
2X2 cm? chip

> Metal line connected: 46.2mW/cm?
> Nwell connected: 55.7mW/cm?

>99% readout efficiency
@8.72MHz/cm?

Tokenin

Data Bus

Detector

i

A
” ROM_ROW |-

SRAM_LE |1

Edge SRAM_TE |1+

Digital Logic
LJ[ Y

Control signal

AV

Eo(

Eo(

Q

EoQC

FSM | [ Fsm FSM | [ FsMm

I
Gray Counter+Driver e |7 |

Token out

d

Timing ability o_,.,~22.0ns

\/
Bias DACs - -
\Velo) - Data Processing 2 >< 2 plXEIS |n
& e
20 Registers £7
Parcty ouble column
| LVDS |
TimeStamp /
Analeg-bias _______ Analeghias—
‘. | Inject Token(Nor)& Token(Nor)& Inject . 4
Front end Co WfIEMgdule TimeStamp Timestamp | | ModyleCoffig Front end
NGNS NN THXRRRTTFIITRES N XXX S22 RezzZ N XXX N XXX SR SRR IR R IR R R R IR RS R R R
0% XXX XX TN ST 200 "m:: ::3:‘? 2P OTTTNTTOTOTIOTOTO TS ST TN SJTOTTee ST 222550 "m:::

> Ojitrer~8.1ns (Q;,;=600e7)

» Orpc~14.4ns

» ory~14.5ns (Q;;=600e7)

Inject | | Token(Nand)& Token(Nand) & Inject
Front end Module | | Timestmp TimeStamp | | Module Front end
» -
Dataout

2024/11/19

FTCF 2024, Guangzhou



https://indico.pnp.ustc.edu.cn/event/91/

TJ180-Characterization chip

Chip 4
« To study performance of different pixel layout

« 5x5 array for each type of pixel
« Pure analog readout: source follower + matrix parallel

readout 001 6

|

VRESHT |n Plxel D | GRS ChhhhhhhID f G GammmmmmmmmSmSmS_———9

il D | GRS  GEhhhhhhhhmD f Ghhhm» g Gmmmm_——090w—;,

|B|Aﬁ|l: IBIAS3 D | D | D § D i ———

: ‘l D | GRS ChhhhhhhID f G GammmmmmmmmSmSmS_———9
: 4{[: SRetaietets | seteiatets | sreseteiets | sreteseters | sretetesets lolololale
| ROW_NSEL COL_NSEL SRt | S | G | S | xasasesas 0lololo]e
I l: = Sletaiatets | seteiatets | sreseteiets | sreteteters | sreteteses lololola]e
: ) } out SRt | S | S | S | xasasasass 0lololo]e
| OUTA | :— .................................._.
l ) CoacCcSacSacSac oo
: el lsssls sl el lessliaes] @SS | SSde | Gdns | S | SSds)
e e S L | ==========ciaciacoacsacaa
Signal @it | ot | atdte | atdte | atdie
=141+t
@it | atdis | aldte | atdte | atdie
MASK# MAS@|I:MASKL| —|[: ey g e | spgas | oppes | ssgas | Ssgas
IBIAS2 el lessbaslsiaslsieslassis] efdts | o2dae | osdae | aSdas | asdas
Lo I 3 1 3 1 3 | 3 Jemeo]cageos] acqes | amee | et
vss : VES CQ'“”?” i 1 11 e | e

ROW:1 circuit

2024/11/19 FTCF 2024, Guangzhou
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BCIS90-Chip Overview

| Analog ) Digital
- Two flavors of prototype chips 2'éec'osdzel’ml80d>? jdoe“"‘gsitive . TOA & TOT
> Full-function chip volta ep 9 P * Column drain
. g _ « 500MHz in-pixel VCO for
» Pure analog readout chip - Independently adjustable fine LE timing
pixel threshold & discharge . VCO frequency calibration
> time
ad
{ _______________________________ -~

Token In

\i

500um Bandgap | shift || 1°c |[_Buffer | HVgsser (e ey
DACs Reg || Test || Test Pixel |
[Bias || Bias J[Bfas |---------------eeeeee- [Bias |[Bias |[Bias [ Bias | -+----r-r------ [Bias] | - Cac DUt i ‘H—{ -
| Token & Read Logic
TESTJ_ -

I

I

| 1, )
| = |[TOw VCO Control Logic
L f

I

Active Metal

ToT 12-bit g
...... Correct Shift
1920um 64 %8 64 %8 \\ IN}ECT — > ﬁl = @‘ VCO Counter
\

— e — — — — — —— —— —— — —— —— —— —— —— —— —— —— —— —— —— —— —— — —— — — — — — —

I 3

i

Periphery Time stamp
Foc mmelc B : o el — EoC « Token readout « 20MHz
Digital Periphery | —  control - 8-bit Gray code
500um PLL | LVDS | Bandgap « Data assembly
Pad « 500Mbps LVDS

2024/11/19 2880um FTCF 2024, Guangzhou 10



GSMC130-Chip Overview

A 30%28

B: Strip-based(170=31)

C: Pixel-based (170=31)

D: 33x33

Ch|p4

Novel super pixel design

33X 33 um? pixel
500MHz VCO for fine LE

timing
« Expected power consumption
~40mW/cm?
Super Pixel jokenin R

Digital legic1 (red)| f— 1
Digital logic1 (blue)| f—"—
Digital logic2 (red)|
Digital logic? (blue)| —"—
Digital logic3 (red)| —"—
Digital logic? (blue)] —"—

W
Token out

Chip1 Chip2 Chip3 Chip4
Pixel size 17030 30%28 Mixed 33.2x33.2
(MM Xpm)
Sensor B C A A+B+C D
Pixel "1 60x8 | 60x8 | 60x48 Mixed 576X 144
array
Column-
Readout | Column-drain Column- Analog drain
drain (Super pixel
based)
ToA & % N « v
ToT
Chip
area 5.25X4.4 4.3X2.2 4.2X4.9 21.0X6.0
(mm?)
2024/11/19

FTCF 2024, Guangzhou

Super ---------

pixel
2 g O g B e B O = e

FSM FsSM FSh FSM
| Gray Counter+Driver |
gl 4

[(Bies bacs | v

EED Config. Data Processing
& Registers —
PLL 'l Pixel Config. |
SLVS

11
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GSMC130-Designh concept

« Towards finer timing & higher spatial
resolution with low power consumption

AMP

Comparator

¢ HOW |S that pOSS|bIe? Timestamps
& Databus Digital Readout Logic
« Super pixel design! e

A
Y

A
L =_ ____________ .I
I | | | | | | | | | | | | | | | | | | | | | | | |

Channel combined " m = = m o E|EoEmoEoEEE
through OR logic> low
power consumption

A
Y
A

A
Y

A
Y

v" Reduced readout
channel = low
power consumption «

A
Y

A
Y

Y
A
Y

v' In pixel VCO - fine v Common VCO in super e
timing pixel - fine timing 4
x Large pixel ©> high v Small pixel > low - rEEEAR)EREERREC
noise, low spatial sensor capacitance, e R
resolution high spatial resolution mEEEREERER SR
Peripheral Circuit Peripheral Circuit

2024/11/19 FTCF 2024, Guangzhou 12



GSMC130-Super Pixel

FRBEZLAL*XS

University of Science and Technology of China

. 6 groups
» Pixel array 576 rows by 144 columns Subsection ) | > pixel 182
. . . > pixel 3&4
« Each super pixel with 6x12 pixels (33.2X33.2 um?2) v/l red M\ L
sectionl f | .| > pixel 11&12
\ 7 \| subsection
| blue |
Dy Dy D b b Dy B by ey | D e o Super |/ — section2
B e o e Nl S e s M S Ay I pixel ) ’
- (RED) [ ] e A
| D D D oD oD e o oy o o> o] o> - section3
> [ D |- (o D | (o - - b g
= 3 4 7 8 11 12 || |BLue_evenssos Digital logic L)
i b | ewe . . Ve
A R R R S S S o - Non-adjacent pixels’ discriminator
b bbb b o> oD o> o> oD [ [ob- oD | ’ output combined through OR gate
B HE - Pixel address info:
« 10-bit subsection address
« 3-bit group address
« 1-bit pixel parity

2024/11/19

FTCF 2024, Guangzhou

v' Simultaneous hits in a 3x4 range can

be readout correctly .
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GSMC130-Super Pixel

_ _ Cluster size
- Expected average cluster size ~2.3 pixels distribution
(threshold 150e") from MC

+ Hit loss rate <1% @ 8.5MHz/cm?2 (more than 10 simulation

times ITKM count rate)

clusterx 5

data loss(%)

100 1 o !
—e— analog pile cluster y
90 F ——=eo—— digital pile
—=e— data loss due to late copy
80 - —e— total data loss P
£ column-drain
70l ‘% 150 1R .
ol H - Considerably
. £ 100 reduced power
wl é - consumption w.r.t
super pixe .
w0l & %0 column-drain
20l g % architecture
ol _ g - _ o .+ Digital power
20 o Hitrate (MHit/
pe—e—t—t—t—t—t—tttt 2 S " Clock frequency (MHz) ’ rate (MHlem™) <20mW/Cm2
5 10 15 20

Hit rate(MHz/cm?)

2024/11/19 FTCF 2024, Guangzhou 14



MAPS test setup

FRBEZLAL*XS

University of Science and Technology of China

» Adaptor board + chip carrier board
« Common adaptor board design for different chips

» Clock signal
» Power supply

» Test points

« Data acquisition through FPGA development board

Adaptor

Power

ova

Chip On board

o4

Data

KC705

Power

| Clock

Analog test

Clock

o4

Kintex-7 FPGA

Clock

1GB
DDR3

JTAG
Interface

IPBus

PC

2024/11/19

FTCF 2024, Guangzhou

e
“'whg f
e

- B -
= e =

L
;

Adaptor board

Chip carrier
board

MAPS
characterization
setup (other
chips under test)

15
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MAPS simulation-MIP response

eff_det_inpixelpos

m)

-
o
I
—_
a

1GeV u~ perpendicularly,
randomly incident

» Tonization & charge collection
simulation under STCF- B
OSCAR framework

0.98

—_
(=]

0.96

[3,]

0.94

RPhi direction(u
RPhi direction(um)

o
o

0.92

.

-15 -10 -5 0 5 10 15 15 -10 -5 10 15
Z direction(um)

TJ180NM 14 pixel detection effBCIS§

det |np|xelpos

irection(um)

eff_det_inpixelpos effICIenCY@300e

’g 158 =
2 10 B
o § [ 0.96
@ 096 o
2cm £ s S S
= 0.94 i 0.94
o 0 o Y
o 0.92 0.92
-5 -5
09 " 09
8 088 0.88
h. I 19 A - 0.86 et
Chip plane 15 -0 5 0 5 10 15 -5 <10 50 5 10 15

Z direction(um)

Modified-TJ180nm

2024/11/19 FTCF 2024, Guangzhou 16

Z direction(um)



efficiency

Resolution rphi(um)

MAPS simulation-MIP response

X Bl

3¢
/
“'«.4 >

FRBEZLAL*XS

University of Science and Technology of China

and 1

detection_efficiency 0

-
T | T

P PPN AN SAATEN AUV SN o s = e |
100 150 200 250 300 350 400 450 500

threshold(e)

Resolution_rphi_0

b o o N
o o, aa o o1 N O o
RN R RN RN RN R

N
‘\I

b L b s b e b L

100 150 200 250 300 350 400 450 500
threshold(e)

2024/11/19

cluster size

Resolution z(um)

IS

et
5

w

n
o

35

30

25

20

N
L L

—_
3
T TT

cluster_size 0

—a— TJ 30 30
—— GSMC_30x30 In close contact with
BCIS_30x30 foundry for techno

—e— TJ_active_170_30 improvement

TJ metal 170 30

e L s L b b L |

100 150 200 250 300 350 400 450 500
threshold(e)

Resolution_z_0

;\\ml‘\\\\‘\ll\‘\\\\‘ll\\‘-\\-\lll

100 150 200 250 300 350 400 450 500
threshold(e)

Comparison of different technos

& pixel design
Good detection efficiency for
all technos except for BCIS90,
>98% @300e" threshold

« Spatial resolution varies from
4um to 8um in the 30um
pitch direction

 In the 170um pitch direction,
spatial resolution ~30um

FTCF 2024, Guangzhou 17



ITKM simulation

« Preliminary geometry design by DD4hep

« Chip + Flex + Carbon fiber support
> ~0.27% X, for layer 1&2
> ~0.29% X, for layer 3

« Full digitization process considering pre-

amplifier response

-3E-08
-4E-08
-5E-08
-6E-08
-7E-08
-8E-08

-1E-07

current signal

1E-08

0 Py
B NEEYINRR Y I N eIl Iasnsg
Fog PPN S AICR DR BONTORGaND®
-1E R R R M mn oot ST

-2E-08

-9E-08

current signal

1E-09

-1E-09
-2E-09
-3E-09
-4E-09
-5E-09

-6E-09

TOA vs charge

5

(=]

h_toa vs_charge

Entries 9315

Wean x 1256

TOA(s)

Meany 1214807

Sid Devx  BEgd C

Sad Dev 7 418208

0.7

0.6

0.5

0.4

0.3

0.2

0.1

|||\|||||||||||\||||\||||\||||\||||\||||\|\||\|\|i

I\II‘IIIIlI\IIII\IIIIIII\ 1 | 0
0 1000 2000 3000 4000 5000 6000 7000 8000 800010000
charge(e)

TOT(s)

TOT vs charge

B
ap10
35—
L h_tot_vs_charge
30— -
L Entries aals
[ Mean x 1256
25 Meany 7567208
- SudDevx 2294
C Sd Dev W 314206
20—
15—
10—
5
ol o beo b b b b b b

charge(e)

125C

120C

={15C

0
0 1000 2000 3000 4000 5000 6000 7000 8000 900010000



ITKM simulation-Results

» Pixel type:
» TJ180nm, 170X 30 ym?, n-well
connect
« Simulation settings:
» 1GeV u=, 8 range 20° -160°
> Pixel threshold: 300e-

v' Average detection efficiency
99.2%

v Position resolution:
0,=33.5um, 0,,=6.8um

v' Time resolution (sensor only)
/7.1ns

2024/11/19

efficiency

=350
o B
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Module design & simulation

« Stave design based on ALICE ITS2 inner barrel
« FEA with ANSYS

Thermal simulation @ 60mW/cm?2

3.83e+01
3.60e+01

3.37e+01
3.14e+01
2.91e+01
2.69e+01
2.46e+01

2.23e+01
2.00e+01

B 5~ 2 AN

—_——

« Sagitta 167um @ F=0.2N concentrated load
« Chip temperature < 42.8 (59.5)°C for flow rate of 2m/s (1m/s)

2024/11/19 FTCF 2024, Guangzhou 20
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Mechanical design

 Basic structure: detector barrel + service half-barrel
« Guide rail for module installation

Guide rail

Outer cage

Further design &
optimization
ongoing

« layer structure

« endcap support
« cooling channels

Inner service \ 4 half-barrel

half-barrel
| 1 (layer 2&3)
2024/11/19 ( ayer ) FTCF 2024, Guangzhou 21
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Conclusions

MAPS-based inner tracker for STCF is under R&D, aiming at:
> 0,,<100pm
> time resolution ~50ns
> power consumption <100mW/cm?
> material budget ~0.3% X, per layer

Prototype chips design almost finished for 3 technologies. Thorough chip
characterization to begin in this year.

MAPS simulation shows promising results. Further technology optimization ongoing.

Module design & simulation just beginning. ITKM mechanics also under design.

2024/11/19 FTCF 2024, Guangzhou 22
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Conclusions

MAPS-based inner tracker for STCF is under R&D, aiming at:
> 0,,<100pm
> time resolution ~50ns
> power consumption <100mW/cm?
> material budget ~0.3% X, per layer

Prototype chips design almost finished for 3 technologies. Thorough chip
characterization to begin in this year.

MAPS simulation shows promising results. Further technology optimization ongoing.

Module design & simulation just beginning. ITKM mechanics also under design.

2024/11/19 FTCF 2024, Guangzhou 23
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Considerations for STCF MAPS

Low material budget
> Power consumption <100mW/cm?
» Thin silicon layer ~ 50um

HR-MAPS or HV-MAPS?

e o ; High hit rate
electronics | » Fast readout speed

\ | Pile-up event separation
p-substrate i > Time resolution ~50ns

i > Fast charge collection

| » Record TOA & TOT information

charge 1

signal CMOS | Moderate position resolution
electronics | » Enlarge pixel size if necessary
| (especially in z direction)

p - substrate

Other considerations
| » Technology availability
> Cost-effective

2024/11/19 FTCF 2024, Guangzhou 25
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Chip Performance Overview

Techno Pixel type Power Threshold/e- MISMATCH/e | 0; */ns
Consumption*/
(mW/cm?2)
TJ180nm n-well connect 55.7 309.0 11.4 5.7 22.0(Q;;=600¢e")
170X 30
metal line connect 46.2 313.7 11.1 5.7 24.6(Q;;=600¢e")
170X 30
BCIS90nm n-well connect ~64 198.6 26.6 25 39.1(Q,;=300¢e")
180X 30
metal line connect ~64 133.2 14.9 13 9.45(Q;,;=300¢")
180X 30
GSMC130nm super pixel ~40 153.6 5.1 5.8 1.60(Q,;,;=400e")
33X33

* Power consumption estimated for full-size (2cmX2cm) chip
* Time resolution contributed by electronics: o/, = 0fiter + 0w + 0fpc + 061k, the value largely

depends on the injected charge
2024/11/19 FTCF 2024, Guangzhou 26
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University of Science and Technology of China

« TCAD simulation in different
technologies

« Pixel size: 30X30 pm?
« N-well size 2um
« NW-DPW spacing 2lum

Techno Sensor
capacitance

TJ180nm 2.67fF :"’”“‘f“i;"f:’TJlSOﬂm ,
BCIS90Nm 1.70fF - .
GSMC130nm 2.68fF | —
Modified-TJ180nm 1.97fF
V.,,=0.8V V., =-6V £ -
v - X \\\ //_,, - — 1 =
GSMC130nm Modified-TJ180nm

2024/11/19 FTCF 2024, Guangzhou (fOF comparlson)27



TJ180-Analog Front-end

FRBEZLAL*XS

University of Science and Technology of China

« Open-loop amplifier + current comparator (referencing ALPIDE and TJ-Monopix)

 For 170X 30 n-well connect pixel

> Threshold=309.0e-, ENC=11.4e-, MISMATCH=5.7e" | _
> Analog power consumption ~26 mW/cm?

F—_——— e e —— —

Amplifier
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BCIS90-Fine timing with VCO

Vetrl

« Gated VCO in each pixel with 500MHz clock S N |
« VCO counts recorded between = QM}T/‘E‘%‘P’E‘_
> Hit LE and system clock rising edge
» System clock low bit flip
- In pixel time info: 1. | Timestamp X 3C X X 0 X
> 8-bit LE & 8-bit TE coarse timestamp & — T-5<0> [ | |
> 6-bit TOA VCO count VCO Hit .
> 6-bit Clock Period VCO cou.mt\ frequency - it —
ToA . calibration ~  VCO_EN
° — _ Neounter . _TS<0> - |
ToA = ToArs NLo T veo _ [~~~
v' Accurate TOA timing independent of VCO VvCO | TOoA Cntr_EN
frequency & Counter ToA .
« Timing ability 0,,.,~9.45ns (metal line Counter | OO
connect) T_Cntr_EN |
. Counter_ T 0 15
ToA_TS_SW l
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MAPS simulation-Charge collection
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Fe-55 X-ray incident, result for
TJ180nm small pixel

Good energy resolution for
5.9keV X-ray expected

Charge collection largely
depend on depletion volume &
in-pixel position
Insights for MAPS optimization:
» Larger spacing
> Individual n-well diode implant
» Extra n-blanket layer

| ]
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ITKM geometry

- Geometry constructed by DD4hep / Simulation
> Stave width 2.2cm l

> Chip size 2X2 cm? Ggom.etry — Digitization

> Pixel geometry: 170X 30 um2 TJ180nm techno ervice l

» Material budget 0.27% X, per layer \ :

J ©%o P | Reconstruction
2.2cm
L 100um epoxy (glue)
. 200um Kapton (flex)
. —— 50um Al (metal)
“———— 10um Si (electronics)
) 2cm '\ 50um Si (sensor)
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Cluster size
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« Simulation settings:
» 1GeV u~, 6 range 20° -160°
» Pixel threshold: 300e-

ClusterSizeMap_total pos_1D

B Entries _1 5021_35
1.6 JP Mean 89.96
C + Mean y 1.188
14— e 15t Dev 35.42
L e " |stdDevy 0.4628
12 e o
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0.4
0.2
0 : L 11 ‘ L 11 | L 11 | L 1| ‘ L 11 | L 11 ‘ L1 1 | L1 1 | L1 1
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theta

Cluster size vs. polar angle
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Clustering performance in local coordinate

o
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ITKM background estimation

« Background simulation carried out under
OSCAR framework

« Three types of backgrounds combined:
Touschek (main background),
Luminosity, Beam-gas

« Background hit rate in terms of fired pixels
@ 300e" threshold

Three layers of ITKM
Average hit rate

per unit area / NIEL/
(kHz/cm?2) TID/ (Mrad/y) (Neg/CM?/Y)
ITKM1 671.0 0.585 3.44 %1010
ITKM2 20.44 5.54x10-3 7.86X10°
ITKM3 3.35 8.93X 104 1.05Xx 1010

Values are likely to vary due to interaction region re-design
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