CEPC vertex detector/si
tracker

Xiangming Sun

Central China Normal University

IAS Program on High Energy Physics 2016



outline

*physics motivation
*CEPC vertex detector
requirement & preCDR
baseline solution
self-support & inside-beam layer
chanllenge
*outlook



physics motivation

vertex

«distinguish short-lifetime particle from background; better measurement

*Higgs->b bbar; Higgs->tau taubar

silicon tracker

sconnect TPC tracks to TOF hits, increase association efficiency



CEPC vertex detector

requirement & preCDR
baseline solution

self-support pixel
detector

iInside-beam layer



CEPC vertex requirement

High impact parameter resolution driven by flavor tagging
ore =5@®10/p - sin®? 6 pm

Imposing stringent requirements on the Vertex detector, including
oSpatial resolution near the interaction point 0 gp <3 1 m — high
granularity (small pixel size)

oMaterial budget <0.15%X,/layer — monolithic pixel sensor (sensor
+ embedded electronics, thinned down to e.g. 50 © m) + air cooling
(power dissipation <50mW/cm?2 )

oLow detector occupancy below 0.5% — high granularity, short
integration time

oRadiation tolerance (pre.): ~1 MRad (T1D),10"? n.,/cm? (NIEL)



Reminder: Detector requirements

Vertex detector specifications:

Parameter

Inner layers

Outer layers

Single point resolution

2.8um

4um

Integration time

20us

Power consumption

50 mW/cm?2 (air cooling)

Material budget

0.15%X /layer

TID radiation tolerance*®

1M krad/ year ?

NIEL radiation tolerance*

10"2n,,/ (cm? year) ?

* safety factor of 5

Silicon tracker specifications:

Parameter

Inner layers

Outer layers

Single point resolution

um

Power consumption

50 mW/cm?2 (air cooling?)

Material budget

0.65%X y/layer




baseline solution

<. . MAPS (CMOS pixel)
N =) i \\\\\\\ carbon fiber structure

| R " = ;‘L\Q\ / / ! . .
P, ATLAS: Si-pixel, Si strip, TRT ;r;; I ; /// IVd S + Optlcal I I n k
" edlwromme] CMS: Si-pixel, Sistrip mup |Allsilicon | [ =¥ wozzm

ALICE: Si pixel, Si drift, Si strip, TPC, (TRD)
STAR: Si-pixel, Si pad, Si strip, TPC

example applications:

STAR HFT
ALICE ITS upgrade

task:
design chip matching CEPC requirement



CMOS MAPS

e i | i Integrated sensor and readout electronics on
lslon =il et j the same silicon bulk with “standard” CMOS
process — low material budget, low power

l_/ DEEP PWELL

N e consumption, low cost ...

L ho < Ultimate (Mimosa 28) installed for STAR
PXL, technology for ALICE ITS Upgrade

« Selected Towerdazz 0.18 1 m CIS technology for R&D, featuring:

o Quadruple well process: deep PWELL shields NWELL of PMOS
transistors, allowing for full CMOS circuitry within active area

o Feature size of 0.18 1 m and 6 metal layers: high-density and low
power

o Thick (20 — 40 1 m ) and high resistivity (1 kQQ  cm) epitaxial layer

o Thin gate oxide (3 nm): radiation tolerance



R&D for CEPC

Resolution (1 m) 10 3
Detection Efficiency 99% >99% ".. g
»
Integration Time (1 s) 100 20
Power Consumption 150 50
(mW/cm?2)
Radiation Tolerance / 1 Mrad/y (TID) . TCAD simulation to guide the
&10'2 ny,/cm?/y

(NIEL) diode optimization and to be
verified with future
measurements (radiation
damage being implemented ...)

Other Options/ideas

tsicrot_71_ Monolithic pixel sensors based
. TowerJazz e e p;&ﬂ“/ L on the SOI technology: fully
osons | oo T depleted sensor (large signal)
CIS0.18 um i and existing design experience
E:?]";ierelz,?e q e A — with SOI detectors for X-ray
mld Of p Al deposit (X-ray, Electron, Alpha, ...) detection
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better position resolution
solution



postion resolution-weighting method

deposit energy vs position
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position resolution

pixel size 10um
ADC bits 9
threshold 3 o
ENC 10e-
diffusion 10um
signal charge

position resolution simulated

0.2um

position resolution from delta electron from IPHC
small pixel measurement

Tum
2000
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vertex resolution

Si layer0 Si layerl Si layer2

vertex resolution:
sigma= ((sita*L1)"2 + (s1*(L1 + L2)/L2)*2 + (s2*L1/L2)*2)*0.5

L1 : distance between vertex and layer1;

L2 : distance between layer1 and layer2 ;

sita : multiple coulomb scattering angle for layer1=1.12*10%-4 for
50um Si 1GeV proton

s1 : position resolution of layer1;

s2 : position resolution of layer2;



multiple Coulomb scattering
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vertex resolution

*f L1=2cm
-£ L2=4cm
t E=1000MeV

Sigma (um)

Ja w [+}
=TT =TT TT

s1=s2 (um)

sigma= ((sita*L1)"*2 + (s1*(L1 + L2)/L2)"2 +
(s2*L1/L2)"2)*0.5
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self-support
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sensor design for selp-support
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detector design requirement

Si layer0

only 6 1 matters

the first layer should be as thin as possible
vacuum between collision point to the first layer

Si layerl

Si layer2



iInside-beam layer

the first layer is put inside
beam pipe

beam pipe
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data rate

1
frameRate = lO4 .=

S
) -7
timeRes =10 - s
. 7 1
hitRate =10 - —
S
adc
hitPerParticle := 3
. . timeBit = log( ! ,2\ = 9.966
ChlpSlZC =3.cm \ frameRate - timeRes
. . e hipSi
plXClSlZC =20 - pm positionBit := log( ;bzlsz ,2) = 10.551
analogBit .= & -
s clkFre := frameRate - (Cl.llpSI.Ze\ =15x10 s :
Kplxel&ze )

dataRate := [2 - (positionBit) + timeBit + analogBit] - hitRate - hitPerParticle = 1.172 x 109 s 1
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readout structure and power
consumption added

priority address encoding
SCA on each column
ADC is for each section

+SourceFollower+SwitchedCa
pacitorArray+ADC on each hits



other challenges for inside-
beam layer

) cooling and vibration
"

» data transmission
?

) radiation hardness
?

) outgasing

?
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outlook

baseline R&D is ongoing

"new" ideas will be explored
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Thank
you for
attention
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resolution (Lm)
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resolution (Lm)
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resolution (um)

resolution VS noise
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resolution (um)
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angle mean of proton in 50um Si6 0
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