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ALICE Inner Tracking System Upgrade

Biao Zhang
Central China Normal University

@ 2019 Wuhan
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Outline

* Physics motivation

* ALICE ITS Upgrade

v ALPIDE Pixel Chip
v" New ITS layout and components

v Assembly and commissioning

* OB HIC assembly and testing at CCNU

* Summary and outlook

OCt.10 2019 CNPC2019 @Wuhan



......
ST £

HMPID
EMCal
DCal
9. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17.AD

18.ZDC

19. ACORDE

ONOGAWNE

ALICE Detector:
v" Central Barrel: [n| < 0.9
v" Muon spectrometer: -4.0<n <-2.5

v Forward detectors: trigger, centrality
OCt.10 2019

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
. C. ITS SSD (Strip)
d. VOand TO

e. FMD

Run 1 (2009 - 2013)

Pb-Pb @ Vs, = 2.76 TeV

p-Pb @ Vs, =5.02 TeV

pp @Vs=0.9,2.76,7, 8 TeV

Run 2 (2015 - 2018)

Pb-Pb @ Vs, =5.02 TeV
Xe-Xe @ Vs, =5.44 TeV

p-Pb @ Vs,,, =5.02, 8.16 TeV

pp @Vs=5,13 TeV

Operation in Run 1 and Run 2:
v Tracking and PID in large kinematic
range

v High resolution vertex reconstruction
CNPC2019 @Wuhan



Physics Motivation

§2_2_ru|||

- Current ALICE detector:

v integrated luminosity ~ 0.1 nb-"
v Max readout rate ~ 1 kHz (ITS and TPC)

- Present limits:

v charm difficult for p=>0 (background is
too large)

v resolution not sufficient for charmed
baryons at low p; (A, ct= 60 pm)

v A, impossible in Pb-Pb collisions
(insufficient statistics and resolution)

V...

| v Integrated luminosity ~ 10 nb-

OCt.10 2019

10.1007/JHEP10(2018)174

x o
1.8
1.6f

1.4}

|

TI T[T T T[T T T[T T rrTT [TT T[T rr[rrrrrrim]

| AleE
0-10% Pb-Pb, sy, =5.02 TeV
lyl<0.5 .
...PHSD, Average D°, D*, D**
- PHSD, D}
—TAMU, Average D°, D*, D**
TAMU, D!

Filled markers: pp rescaled reference

| |1|.| | NN NN FEEE AR FNEEE N
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P, (GeV/c)

50

2_

s

« 0-80% Pb-Pb, {5 = 5.02 TeV, |y|<0.5

pp, Vs =7 TeV, |y|<0.5
(JHEP 04 (2018) 108)

. P-Pb, VS = 5.02 TeV, -0.96<y<0.04

(JHEP 04 (2018) 108)

ALICE

I<|_|
B

+ -

0

1 L L 1 I L
2 4 6 8 10 12
Phys.Lett. B793 (2019) 212-223GeV/c)
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New ITS Performance »

nLICE

ITS (Run1/Run2)
SPD - Silicon Pi |

xel Detector
SDD - Silicon Drift Detector

1. Improve impact parameter resolution

* Get closer to IP (position of first layer)
» Reduce material budget
» Reduce pixel size

2. Improve tracking efficiency and p; resolution at low p;
3. Increase read-out capabilities

ITS (Run1i/Run2) ITS Upgrade
Number of layers 6 (pixel, drift, ustrip) 7 (MAPS*)
Rapidity range In| < 0.9 In| < 1.3
Material budget per layer 1.14% (SPD) 0.35% (IL)
Distance to interaction point 39 mm 22 mm
Pixel size 50 x 425 um? 29 x 27 um?
Spatial resolution 12umx 100 um™* 5 um x5 um
Max. readout speed Pb-Pb 1 kHz 100 kHz

*SPD * Monolithic Active

Pixel Sensors

OCt.10 2019 CNPC2019 @Wuhan



: 1 'IT"TTALIC'EIE

\ Run1/Run2 ITS (data)

300F \ -ittsi| Upgraded ITS &

250f ~r(p}\--~ A i
o N :

H—

-

Pointing Resolution
N
o
o

0: i A L i ddi
10 1

» Pointing resolution improved by
* 6 times in z direction for pr< 1 GeV/c
3 times in r¢ direction for pr<1 GeV/c

OCt.10 2019

» ITS standalone tracking efficiency
significantly increased for pt < 1 GeV/c

< 100f 77 T _
> » *
g ol |
& 80F NN —
9 [ / Run1/Run2 ITS (data) ‘
= L / Upgraded ITS _
@ [ / | Poratel = i
o> 60
= [ x7 | 1
3] , /
g 40 - .
e _| j
o 20r B
3 | |
c r
Q 0 A—A‘l/ll | iiil
? 10" 1 10
p, (GeVrc)
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MAPS manufactured

Hybrid Pixel Detector

front-end
chip

p weII

n-well

pixel
detector

article
ﬁack N. Wermers/Univ. of Bonn

MAPS:

hard radiation, low material budget, low power consumption, fast readout, high
spatial resolution

OCt.10 2019 CNPC2019 @Wuhan



A )

ALICE

1024 pixel columns BIGDE TRANSISTOR: / TRANSISTOR

LH OO OO O U

LK U UL (OO U
e Of 100 100 00} o |
o 2 2 2 3 continuous
~ e U L (U U [ U (D or
) 3 ool ool ool 1o external trigger ool Layer p-

RO OO OO O :

T— T T T MAPS manufactured in Tower-
Bias, Data Buffering, Interface JaZZ 180 nm CMOS
ALPIDE (ALICE Plxel DEtector)
(1B: 50 um thick; OB: 100 pum thick) v 130,000 pixel/cm?
20mm v’ Spatial resolution: ~5 um (3-D)

v’ Integration time: < 10 ps
T J—— v’ Fake-hit rate: ~101° pixel/event
v' Power: ~ 300 nW/pixel

15mm

ads over matrix

OCt.10 2019 CNPC2019 @Wuhan 8



Resolution («m)

2
t
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____________________________________________  egegip—
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__________________________________________________ Q
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- X
T D e etk L 10 &
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- —o— —eo— W7-R10 Non imadiated <
- —s— —a— WI-R7 Non Imadiated 107 =
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- | | | 1 10°
100 200 300 400 500
Threshold (e )
6
VBB:'SV :

W7-R17 TID Iradiated, 206 krad
W7-RS TID Imadiated, 205 krad
W7-R38 TID Iradiated, 462 krad
W7-R41 TID Irradiated, 509 krad
WB-RS NIEL, 1.7e+13 1MeV n, / e’
W8-R7 NIEL, 1.7e+13 1MeV n_/ em’

"11111 L1l 11111

OCt.10 2019

1 1 1 1 1 1 1 L
400 500 0

Threshold (e)

Average Cluster Size (Pixel)

ALICE

Detection efficiency stays
at 100% over wide range
of threshold value

Fake-hit rate is below 10"
/pixel/event (requirement
106)

Average cluster sizes vary
between 1 and 3 pixels (for
MIPs)

Resolution of ~5um at a
threshold of 200 electrons
Irradiated chips (NIEL/TID)
show no degradation in
resolution/efficiency

CNPC2019 @Wuhan



New ITS layout and components

Outer Layers
(OL)

ALICE
7-layer barrel geometry based on MAPS

Middle Layers
(ML)

Outer Barrel
(OB)

|

Inner Layers

(IL)

Inner Barrel
(1B)

Aug.18 2019

»Inner Barrel (IB) : 3 layers

»Outer Barrel (OB] : 4 layers

» r coverage: (min) 22 - (max] 394 mm
» N coverage: (min) 1.3 - (max) 2.5

» 12.6 Gigapixels

» Total active area ~ 10 m?

QPT 2019 @Enshi
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New ITS layout and components

ALICE
7-layer barrel geometry based on MAPS

g ®== | Outer Layers
- - (OL)
- - - Outer Barrel
. (OB)
7 e = | Middle Layers
/ Vs - N\ (ML)
/'l 7,
Il 77z
‘ , I l Inner Layers Inner Barrel
S (L) ®
Inner Barrel

» 48 staves

» 9 ALPIDE chips on 1 row per stave

» chip thickness: 50 um

» stave length: 290 mm

» distance from IP: [min) 22 - (max) 42 mm

:

\

Tilted staves with overlap

Aug.18 2019

»Inner Barrel (IB) : 3 layers

»Outer Barrel (OB] : 4 layers

» r coverage: (min) 22 - (max] 394 mm
» N coverage: (min) 1.3 - (max) 2.5

» 12.6 Gigapixels

» Total active area ~ 10 m?

QPT 2019 @Enshi
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€)) New ITS layout and components

e S

ALICE

/A"’“ OU‘ijLLa)Vefs 7-layer barrel geometry based on MAPS
// o Outer Barre »Inner Barrel (IB] : 3 layers
Vi // . = | Middie Layers »Outer Barrel (OB] : 4 layers
i /ﬂ.»"" (ML) »r coverage: (min) 22 - (max) 394 mm

’,,/ ,/// » N coverage: (min) 1.3 - (max) 2.5

| » 12.6 Gigapixels
l' l , , Inner Layers Inner Barrel : js)
I 1 I1 7 (IL) (IB) » Total active area~ 10 m

Inner Barrel

» 48 staves

» 9 ALPIDE chips on 1 row per stave

» chip thickness: 50 um

» stave length: 290 mm

» distance from IP: [min) 22 - (max) 42 mm

:

|Hybrid Integrated Circuit (HIC) | : Inner Barrel HIC ¢ :

nff i
Tilted staves with overlap

Aug.18 2019 QPT 2019 @Enshi



New ITS layout and components

- "::: OUt%LLa)VefS 7-layer barrel geometry based on MAPS
////"' | Outer Barre »Inner Barrel (IB) : 3 layers
. e = | Middle Layers »Outer Barrel (OB] : 4 layers
/7 /’;,., (ML) »r coverage: (min) 22 - (max) 394 mm
I/ ,/ //// » N coverage: (min) 1.3 - (max) 2.5
It 2 p—— — » 12.6 Gigapixels
I'1 11 7 (L) i » Total active area ~ 10 m2

QOuter Barrel

» 54 staves in ML + 90 staves in OL

» ML: 56 ALPIDE chips on 2 rows per stave in ML
» OL: 98 ALPIDE chips on 2 rows per stave in OL
» chip thickness: 100 um

» stave length: 843 - 1473 mm

» distance from IP: (min) 194 - [max]) 394 mm

Power bus /
. /

ALPIDE chips

Hybrid Integrated Circuit (HIC) [—

Cold plate

<

Half-Stave

Tilted staves with overlap

Aug.18 2019 QPT 2019 @Enshi 13



New ITS layout and components

- ":: OUt%LSVe'S 7-layer barrel geometry based on MAPS
PR Outer Barrel »Inner Barrel (IB] : 3 layers
2 27 L [Viaderayen o8 »Outer Barrel (OB) : 4 layers
/ / /"/,,.. (ML) »r coverage: (min) 22 - (max) 394 mm
i~ e » N coverage: (min) 1.3 - (max) 2.5
Il 77z
Fl 1! » 12.6 Gigapixels
Inner Layers Inner Barrel . 2

<t <t<1 (IL) (1B) » Total active area ~ 10 m

Outer Barrel Stave

Outer Barrel HIC

QOuter Barrel

» 54 staves in ML + 90 staves in OL

» ML: 56 ALPIDE chips on 2 rows per stave in ML
» OL: 98 ALPIDE chips on 2 rows per stave in OL
» chip thickness: 100 um

» stave length: 843 - 1473 mm

» distance from IP: (min) 194 - (max]) 394 mm

Power bus /

Fre /
" /' ,"I )

| Hybrid Integrated Gircuit (HIC) |—{ 1 piog crins

Cold plate

Tilted staves with overlap

Aug.18 2019 QPT 2019 @Enshi



Progress of ITS upgrade project

Ql TCE
/ALPIDE chips _ Outer Barrel HICs and Staves
» Institutes: » Total # of chips tested: ~70000 TP
; » institutes:
» D~
50 um: CERN Total # of wafers: ~1700 Bari (IT), Liverpool (UK. Pusan (KR), Strasbourg (FR),
K Total yield: 63.7%

100 um: Yonsei, Pusan § Seri yield: d ; 42018 Wuhan (CN).-

. » oeries test ended in mi » ~2500 HICs assembled with a yield of 85%

60000{ Z;ZZ. N [wote

<0000 11692 worng MICs needed 10 assedly the detector

G | 2286 amembied HICs assuming o total yield of 74%

anooo X 2 158 spare

.:; 8 [TOTAL = ~2500 MICs 10 be smembled

2! Production completed! §

- Z | |

. ‘Promction completed! ‘
CALENDAR WEEK
'Inner Barrel HICs and Staves ~——ASSEMBLED (2521) —— DETECTOR GRADE (2142) — 2500 HICs

» Institutes: CERN » Stave institutes:

Berkeley (US), Daresbury (UK), Frascati (IT), Nikhef (NL), Turin (IT)

95 st bled with a vield of 73%
» 95 staves assembled with a yield o ° » Yield above 90%

» Enough for 2 fully working copies of 1B

140 » OL stave production almost completed

o o s o e e e . » ML stave production will end by September 2019

120 r

110 ‘ .ﬂ g "’:‘ """"""""""""""""""" i |

100 Production completed! o~ D W e ML) —— ML(DG) Pos

%0 L ~ . —=— Ol{al) —— OL(DG) g

80 ... oi :

” p’, A IB-2 o — — e

60 J"".. e “* §

50 "’ | w 75}

40 o sab

20 ..ﬂffl :

10 = 10; 8
0 5 10 15 20 25 0 3 4 45 0 S 60 65 70 75 80 )

weeks from production start

Aug.18 2019 QPT 2019 @Enshi
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IB-HL-O  IB-HL-1

v Cooling plant, Power and Read-out racks, Trigger and DAQ system be constructed for testing
v DCS and DAQ systems: development of full functionalities ongoing

v Commissioning before installation: data taking with cosmic rays and calibration scans

v Fully automative data quality control flow under preparation

v It have started in May.2019, and scheduled to be completed in May.2020

Aug.18 2019 QPT 2019 @Enshi 17



Effort from CCNU on ALICE/ITS

—3 =y (="} :
—{ /1 - {1 i

BRLPIDE pixel chip

0.5 x 106 pixels

Chip alignment

Liang. Yalei. Wenjlng\ Wenjmg\ Biao

ai. Jun. Yaping (CCNU coordinate on the

ITS OB HIC production). Daming




1. Chip Alignment

\ = |

¥ 1 - -~
1.5 hours/HI o

L 4 ALPIDE chips)
4. Wire-bonding
. oy SNy -
*‘.' '
0 o4
\ & |
o |

1.5 hours/HiE<w 2. e ———
- bonded)iﬁ

P 5. Qualification & endurance 6.Qualified ITS OB HIC

e testing

JCL.10 2019 CNPC2019 @Wuhan




1. Chip Alignment

chips total result distribution

) = h
€ 100} Entries 1526
g B Mean 3.135
B Std Dev 0.7013
i n 2 1 ndf 37.43 /40
8o~ Prob 0.5866
= Constant 86.72 + 2.79
N Mean 3.156 = 0.018
60— | Sigma  0.6871+ 0.0135
40—
1 ﬁh».\
0 i L A_AJMH ’ | L
0 1 2 3 4 5 6
Accuracy(um)

4. Wire-bonding

average force of pull test

Mireshold dssibuton

ALICE

3. Pre-curing & fuIIy curing

Peel test - Summary all HICs

Bari

Module count
~

P——
HEHH

£is
]

T T
ThveshoMDAC)

G R LA LLLJ LA L LA

=y
Eniries 2502
Nean 4%
S1d Dov 01836
¥ It 74.08 142
Prob 0.00%39
Coratant w438
Moan 435350004
Sigra. 18222 0,000

OCt.10 2019

5. Qualification & endurance
testing

CNPC2019 @Wuhan

Average it

CCNU 1PHC Liverpoo Pusan

Overall HIC Yield - WUHAN
Yield: 80%

6. Qualified ITS OB HIC



Effort from CCNU on ALICE/ITS

e
7 N\

ALICE

, |...welcome “new” ITS

o Efforts on ALPIDE chip design since 2012

Take charge of 20% ALICE/ITS OB HIC module assembly and test (~10000 ALPIDE chips)
Pre-series production started in Dec. 2017

Series production started in April, 2018, and have been completed in June, 2019
HICs have been constructed and tested, production yield around 80%

Calibration, alignment and commissioning are ongoing at CERN
OCt.10 2019 CNPC2019 @Wuhan 21




Summary

* Requirements of the new ITS

v Improve vertex and tracking performance

v Enable Pb-Pb collision readout rate at 100 kHZ
* ALICE ITS upgrade project

v Staves of IB and OB have been constructed

v’ Commissioning and calibration are ongoing
OB HIC production and testing at CCNU

v Series production ended successfully at the end of June

v All qualified HICs have been delivered to stave construction site, production yield ~ 80%

v  Continue to put effort on the ITS commissioning & calibration

v Contribute to development next generation MAPS chip of ultra-thin wafer -scale

Thank you for your attention!

OCt.10 2019 CNPC2019 @Wuhan
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Outlook: Bending silicon!

ALICE

Driving requirements of ITS2 upgrade

— Reduce material budget

— Move closer to beam-line

can be pushed further using technologies that are quickly becoming mature
— Silicon stitching a sensors of ~ 10x10 cm2

— Thinning to ~30 ym a cylindrical sensors

OCt.10 2019 CNPC2019 @Wuhan 23



Cylindrical
Structural Shell

Half Barrels

Beam pipe Inner/Outer Radius (mm) 16.0/16.5

IB Layer Parameters Layer O Layer 1 Layer 2
Radial position (mm) 18.0 24.0 30.0
Length (sensitive area) (mm) 300

Pseudo-rapidity coverage +2.5 2.3 +2.0
Active area (cm?) 610 816 1016
Pixel sensors dimensions (mm?2) 280 x 56.5 280 x 75.5 280 x 94
Number of sensors per layer 2

Pixel size (um?) 0O (10x 10)

OCt.10 2019

CNPC2019 @Wuhan
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Thank you!

OCt.10 2019
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