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Outline ALICE

0 Present and future of ALICE

Q Inner Tracking System upgrade
e Features of the new tracker: detectors, modules and staves

@ Expected physics performance
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ALICE - Run 2 (2015-2018) ALICE

» ALICE is an experiment at the Large Hadron Collider
(LHC) at CERN, Geneva.

» ALICE was specifically designed to study the nuclear
matter at high densities and temperatures: Quark
Gluon Plasma (QGP).

» Present setup (LHC Run 2):

— Central Barrel (|n]| < 1):

o vertexing, tracking, particle identification.
— Muon spectrometer: 2.5 < n < 4.0.
— Detectors for timing and centrality determination

SE=was

i ITS (Inner Tracking System)

i TPC (Time-Projection Chamber)

i TOF (Time of Flight)

i TRD (Transition Radiation Detector)
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AEVES

— Silicon Pixel Detectors (SPD)
— Silicon Drift Detectors (SDD)
— Silicon Strip Detectors (SSD)
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ALICE - Run 3 (2021-2023) ALICE

» Physics goals

— High-precision measurements of rare signals
with main focus on the low pt region.

— High-precision measurements of QGP

Upgrade of the
ALICE Experiment

properties.
— Target luminosity (Pb-Pb {/syn = 5.5 TeV): 10
nb,

— Heavy-flavour and quarkonia at very low pr.
— Improve vertexing and tracking capabilities.

etk > pgrade strategy (2019-2020 during LS2)

— New high-resolution, low-material thickness
ITS

— Upgrade of the TPC with Gas Electron
Multipliers (GEM)

— Upgrade of the readout electronics of TRD,
\ TOF, PHOS, and Muon spectrometer.

i .IrT:c(ermer T;ac!(mg. SyStEm) b i — Upgrade of the forward trigger detectors and
i ( Ime-Projection Cham er) ] trigger system for high-rate operations

i TOF (Time Of F“ght). : l — Upgrade of the Online and Offline Systems:

I TRD (Transition Radiation Detector) p HLT, DAQ, trigger system, software

’

--------------------------------------
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ITS Upgrade: design objectives ¢z«

» Limits é 300
— SDD max readout speed: 1 kHz g 250,
— Material budget: 1.1% X, T 2000 1N
— Spatial resolution for secondary vertex reconstrunction (e.g. £ 1501
Ac cT ~ 60 pm) £ 1005
50+
» Design objectives: present vs new ITS ol
10
— Readout rate: 1 kHz = up to 400 kHz (pp), 50 kHz (Pb-Pb)
— Improve impact parameter resolution by a factor ~5in z and ! //’j:/‘
~3inre at ptr = 500 MeV /c 80 / //
o Material budget: 1.1% X, 2 0.3% X, (inner layers) 60 0%

Current ITS

Efficiency (%)

o Pixel size: 50x425 um? = ~30x30 um?
o Closer to the vertex (first layer radius): 39 mm = 22 mm

— Improve tracking efficiency and pt resolution at low p: 20 /
o Increase granularity: 6 layers = 7 layers ‘

IB: X/X,= 0.3%; OB: X/X = 0.8% |

T~

IB: X7X,= 0.3%; OB: X/X = 1.0%|-

¥ , IB: X/X,= 0.3%; OB: X/X = 1.2%
O i i T I A I T N A O A
0.05 0.1 0.2 1 2 3456 10
Transverse Momentum, P, (GeV/c)
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New ITS layout ALICE

» 7 layers of Monolithic Active Pixel Sensors (MAPS)
— 3 Inner Layers (Inner Barrel)
— 2 Middle + 2 Outer layers (Outer Barrel)

Outer layers

Middle layers

» Total area: ~ 10 m?
» |n| coverage: |n| < 1.22

» 1 coverage: 22 — 400 mm

Beam pipe O - 2

Flexible PCB - FPC

9 sensors

Cold Plate

- Space Frame
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ALPIDE chip

|(Periphery) Bias, Readout, Control

K Cern-INFN-China collaboration Matrix size  512x1024 pixels

»Towerlazz 0.18 um CMOS imaging process
— High resistivity (1 = 6 kQ - cm) p-type epitaxial layer (25 um) on p-type substrate.
— Small n-well diode (2 um diameter), ~100 times smaller than pixel = small capacitance (~fF)
— Reverse bias voltage to substrate: —6V < Vgg < OV
— Deep PWELL shields NWELL of PMOS transistor (full CMOS circuitry within active area)
— Fast (~2us) data driven encoder for pixel matrix readout
— Pixel signal amplified and digitized at a pixel level 2 low power consumption (< 40 mW/cmz)
— Data sent towards periphery to the Data Transmission Unit (Serializer + PLL + LVDS driver)
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ALPIDE Chlp ALICE

/ B%EDLE NMOS PMOS B%EDLE 1024 pixel columns — 400 Mb/s (OB), 1.2

LH I O O O
E’WELL NWELL%WELL j EVRST (HH] CHH - [HH] [HH] Gb/S (IB) data Output
DEEP PWELL DEEP /PWELL — Ves DED DED DE’D DED — 1 1
2N / 0|50 0|20 010 O/ic Trlggfer-e.d or continuous
Lo \ oifgl tlEt gt t|E acquisition
L A0E0 O G0 O™ — 50 um (IB), 100 pm
| Diffisian 3 00 OF0 - ORI0 OlEo um (1B), 100
Eptanal LayarP- Np ~ 10" cm =3 (CHEDD CHEDD - CHED N (OB) thick
(1 O Oy i O
|(Periphery) Bias, Readout, Control | o ;
K Cern-INFN-China collaboration Matrix size  512x1024 pixels

»Towerlazz 0.18 um CMOS imaging process
— High resistivity (1 = 6 k) - cm) p-type epitaxial layer (25 um) on p-type substrate.
— Small n-well diode (2 um diameter), ~100 times smaller than pixel = small capacitance (~fF)
— Reverse bias voltage to substrate: —6V < Vgg < 0V
— Deep PWELL shields NWELL of PMOS transistor (full CMOS circuitry within active area)
— Fast (~2us) data driven encoder for pixel matrix readout
— Pixel signal amplified and digitized at a pixel level 2 low power consumption (< 40 mW/cm?)
— Data sent towards periphery to the Data Transmission Unit (Serializer + PLL + LVDS driver)
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Inner barrel - first 3 layers

»Inner barrel Hybrid Integrated Circuit (HIC)
— 9 ALPIDE chips

— 1 Flex circuit for data, clock, control signal transmission o i
and chip powering P F
— Chip — Flex connection with wire bonds saof- y -
— Good performance after 1 year operation (aging test) 250 -
= -
150—
- 1000
100}
50— 5000
G: | 1 | | 0

1 1 ' 1 1 1 L 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1
50 100 150 200 250 300
Before [e]

o~ Chip threshold correlation:
é‘ § After vs before aging test
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Inner barrel - first 3 layers

P .;\-';.

»Inner barrel Hybrid Integrated Circuit (HIC)
— 9 ALPIDE chips

— 1 Flex circuit for data, clock, control signal transmission
and chip powering

— Chip — Flex connection with wire bonds
— Good performance after 1 year operation (aging test)

»Inner barrel stave

— One HIC is glued on the space frame incorporating a cold
plate for chip cooling (water cooling)

— Three cylindrical layers
— 48 Staves in total
(?ERNE? Third half-layer from the beam pipe
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S|

Third half-layer from the beam pipe
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~ Outer Barrel - HIC assembly ALICE

7

» Outer barrel HIC
— 14 (7x2) ALPIDE chips Mool _mfW___)__

— 1 Flex circuit for data, clock, control signal
transmission and chip powering

— Master-slave architecture

— Chip — Flex connection with glue + wire bonds
(line connections, ~70 pads per chip)

—_

—_— I
- )
~0 "

F U B L N E-. ¥ e\l
i “wimi wp N o
= - T4 4 SFR A AF
YEEE W ‘-[P
RN cnipgiun _

~ -

Bari
Pusan/Inha
Wuhan
Strasbourg
Liverpool

g

®» O

(

I

E.
YVYVYVYY

4th European Nuclear Physics Conference| 04.09.2018 | Ivan Ravasenga 13



A Large Ion Collider Experiment ‘ . —%

Outer Barrel — Half-Stave/Stave assembly ALICE

»Quter barrel Half-Stave (HS)
— OL-HS: 7 HICs, ML-HS: 4 HICs.

— HICs are aligned and glued onto a Cold Plate with
10-20 um precision

— 98 (OL), 56 (ML) ALPIDE chips on HSs

— ~5.1%x107 30x30 pum? pixels on 1 OL-HS

P Y G > LBNL, Berkeley
g ;-@_g » INFN, Torino
o) ;4,;,,’: 2;@@ » LNF, Frascati
o & @dg, > STFC, Daresbury e 3
‘?b&ﬁ %  Nikhef, Amsterdam » HIC alignment station
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Outer Barrel — Half-Stave/Stave\ assembly
1|

» Outer barrel Stave (90 OL + 54 ML)

— 2 HSs aligned and glued onto a carbon fiber Space Frame
(support structure) with about 100 um precision

— Soldering of Power-Bus to cross-cables for chip powering

— Flipping of the Power Bus
» HS flipping

5 e
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Outer Barrel — Half-Stave/Stave as§eulmtl)lly_  AUCE

10 e

—@— Mod-1 (OBHIG-BR000313)
—@— Mod-2 (OBHIC-AR000274)
— @— Mod-3 (OBHIC-AR000269)
—@— Mod-4 (OBHIC-AR000273)
—@— Mod-5 (OBHIC-AR000271)

Mod-6 (OBHIC-AR000270)

» Outer barrel Stave (90 OL + 54 ML)

— 2 HSs aligned and glued onto a carbon fiber Space Frame

— @— Mod-7 (OBHIG-AR000272)

Lo b linnd

Chip noise of the OB HIC
3

E- ]
(support structure) with about 100 um precision ] S e
. . . S N P LN e o UL FPC S, el
— Soldering of Power-Bus to cross-cables for chip powering N NS N N
L —
— Flipping of the Power Bus £ ) ) 3
Electrical test H = Chip average noise e
— Electrical test e g £ =
ol b b b b b b e bvwen by bowne b b ben w1471
'l - 3 H H “ 1 0 1 2 3 4 5 6 7 8 9 10 11 12 C;r?lp nurher
I Example for pper in Torino !
I » Average noise is uniform for I -
I . . I ol e Moas (ontioanonceos | —|
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: HICs : S 00— —o_ s (oo roooern | —]
i » Same conclusion for the & F .
' I 2 —
\ average threshold I g r ]
\ U — . T
N e —————————————— - so—  Chip average threshold -
| A~ _
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H eavy'f| avour. B mesons :r Not measured with present setup! E ALICE

» Access to beauty at low pt will be achieved via:
— Inclusive channels: displaced / /1 and D mesons, muons/electrons from B semi-leptonic decays

— Exclusive channels
— B - DY + X (BR =~ 60%) - reconstruction down to pp = 0
— B* > J/P(- ee) + K* (BR = 0.1%) - reconstruction down to pr = 0
— BT > D%+ 1" (BR = 0.48%) with D° - K*n~ (BR =~ 3.88%) -> full kinematic reconstruction down to pr =

2—-3GeV/c
300 o 1 1 | : : 2 5 assuming recorded pp reference with 12 higher significance than Pb-Pb
> C Trrryrrrr[rrrr|rrrrr[rrrrr[yrrrr[yrrrr[rrrr (__Ilf\lllf\lll\\Ilf\\IIf\WIIf\WlIf\IlIf\I_
L) - ALICE Upgrade, Pb-Pb, \s,, = 5.5 TeV 2 i ALICE Simulation 1 o ) ALICE Simulation i
= - NN ©
S 250 -l =10 nb™, 0-1 OO{I.i . 8 r - U\gade - ] : - vagade - 1
& B = Pb-Pb, |s,, = 5.5 TeV L Pb-Pb, {5, = 5.5 TeV -
C - - Y - c ’ NN N 20 1 NN
'§ - + B J/W(— ee) +K 21 0* 3 L, = 10 nb™, centrality 0-10 % : L= 10 nb”, centrality 0-10 % |
€ 2004 r { D' (D' =K*T) ] i B* =D (D' —K'n) 1
w B i + + i 1.5+ + projected statistical uncertainty —
150— % + " . i 2.76 TeV, Uphoff et al., Phys.Lett.B 717
- H I ,ﬁ' + 1 M*h W2.76 TeV, He et al., arXivi1208.0256 1
s L 4 1.0 _ =
100 4 105+ ] % Bt > DO+t
T Bf > J/W(—) ee)+Ki |y |<08 :% + ~O + 1 i A ]
N Bt F - n i e )
50~ 0 < p_(B") <2 GeVic ow - B D" +m {1 050 P et )
- ALICE Simulation Pr I | i
0_'—' b Lo b b b bev i Lo b I I
48 49 5 51 52 53 54 55 56 57 10

cloon v e by bva el ol 7II\\|II\\|I|\\|I\\\|I\\\ll\\\ll\\lll\\l7
10 15 20 25 30 35 40 900510 15 20 25 30 35 40
M(eeK)(GeV/c?) P, (GeV/c) p, (GeVic)
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Conclusions ALICE

» 7 layers of the new ITS will be equipped with monolithic pixels
(~ 30x30 um? each)

» ALPIDE showed an efficiency > 99 % even after 10X lifetime
Non-lonizing Energy Loss (NIEL) dose

» Inner Barrel
— 3 half-layers assembled

» Quter Barrel
— Mechanical tools developed and fully working for 5 sites
— Stave production is proceeding within the schedule (end: April 2019)
— Stave tests are showing a good performance of the HICs

» All activities are registered in a database with results and,
functional and physical statuses of the components

» Heavy-quark baryons and mesons (A, Ay, B) will become
measurable with the new setup
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Backup slides ALICE
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Pixel-chip requirements ALICE

Silicon thickness 50 um 100 um
Spatial resolution 5um 10 um ~5um
Chip dimension 15 x 30 mm?
Power density <300 mW /cm? <100 mW /cm? <40 mW /cm?
Event-time resolution <30 us ~ 2 Us
Detection efficiency >99 % &
Fake-hit rate’ < 107° /event/pixel <<< 107° /event/pixel
NIEL radiation tolerance® 1.7 x 103 1MeV Neg/cm*  10'% 1MeV n,,/cm? S
TID radiation tolerance” 2.7 Mrad 100 krad Tested at 350 krad

*number revised w.r.t TDR
® with a safety factor of 10 (load integrated over the approved program = 6 years of operation), number revised w.r.t TDR
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From prototype to final ALPIDE ALICE

Aug 2016
ALPIDE

e Full-scale prototype (512x1024 pixels)
* 4 sectors with different pixel geometries/characteristics
e No final interface

e 4 sectors with different pixel geometries/characteristics
e Final interface: allows integration into ITS modules
* No high-speed output link (1.2 Gbit/sec replaced by 40 Mbit/s)

* 8 sectors with different pixel geometries/characteristics
e Final interface including 1.2 Gbit/s high-speed output

J

e Final chip version. Full matrix with same pixel type (pALPIDE-3 sector 5) \

e High-speed serial output: 400Mb/s (OB) — 600Mb/s or 1.2Gb/s (IB)
e Pixel pitch: ~29 X 27 um?

e Ultra-low power consumption (<40 mW/cm?2)

e Triggered or continuous acquisition

pALPIDE2

Final ALPIDE

3x Multi event

Reset

buffer

|

|

|

|

I

|

1

' } | oUT_D

—&— Collection | } | Hit Storage
t diode ! | Latch

|

|

|

|

| |
|
i 1
|
230 oF | o STATE
| PX_IN OUT_A 1 >
}
|
|
|
|
|
|

OUT_A 5-10 us
b ~2 s peaking time < >

OouUT_D |
threshold —_—

) A\ STROBE |_|

t> 100 us

> t > t
Block diagram of the ALPIDE pixel cell
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ALPIDE test beam results

ALPIDE (Vgg = —3 V)

Efficiency  Fake-hit Rate @ V__=-3V
—_—— —e— W7 R1OEﬁcn Irradiated
—_ —=—  W7-R7 Non Irradiated
—— ——e—  W7-R17 TID Irradiated, 206 krad
—— —fF—  W7-R5 TID Irradiated, 205 krad
—A— —+A—  W7-R38 TID Irradiated, 462 krad

\ —— ——  W7-R41 TID Irradiated, 509 krad

YR —— —6— WB8-R5 NIEL, 17e+131Mean/cm
W8-R7 NIEL, 1.7e+13 1MeV n_ /cm

Non irradiated

]
| &
<

BaAN—SRadiR- R Clas- A :.: o—E-E—g
[10 Pixels masked

oy ey Ny, .
100 200 300 400 500
Threshold ()

» NIEL and TID effects on efficiency and fake-
hit rate @Cern PS

— Fake-hit rate < 107 19/pixel/event after
masking 10 pixels

— Efficiency close to 100% on a wide range of
thresholds

104

10°

107

10°®

10°

10—10

1041

10—12

Fake-Hit Rate/Pixel/Event

Resolution (um)

ALICE

ALPIDE (Vgg = —3 V)

=T on irradiated
Resolution Cluster Size @ V,,=-3V
—e— —e— W7 R10 Non Irradiated

—e— — W7 R17 TID Irradiated, 206 krad
—8— —B—  W7-R5TID Irradiated, 205 krad
—t— —#A—  W7-R38 TID Irradiated, 462 krad
— ——  W7-R41 TID Irradiated, 509 krad
—_— —— WB8-RSNIEL, 17e+131Mean/cm
W8-R7 NIEL, 1.7e+13 1MeV n_ /cm

100 200 300 400 500
Threshold (¢)

» NIEL and TID effects on resolution and
cluster size @Cern PS

— Good resolution also after irradiation:
~5 — 6 um (for MIPs)

— Average cluster size:
~1 — 3 pixels (using centre-of gravity)

Performance fully satisfies the constraints on the pixel chip even after TID and NIEL irradiation!
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Inner and Outer Barrel Staves ALICE

uuuuuuuuuuu

Beam pipe

Half-Stave Left

Half-Stave Right

Inner Barrel Stave
(no Half-Staves)

1 Outer Barrel Stave
= 2 Half-Staves

— 3 lInner Layers

(Inner Barrel)
— 2 Middle + 2 Outer layers

(Outer Barrel)

90 Outer layer
STAVES

54 Middle layer
STAVES

48 Inner layer
STAVES

Stave to stave | i Half-Stave to Half-Stave [ ’-‘,‘
i=1906 ym i = 1744 um /ﬂ ”!
0=1264pum 0 = 834 um

‘ h——_——_———
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OB Module & FPC: data, clock and control lines ALICE

MODID = 001 MODID = 010 MODID = 011 MODID = 100 MODID = 101 MODID = 110 MODID = 111

||||| (NN | ) ) | S ) ) | (S ) | T Tt e e e e o |

| -
MODID = 011

) I -
DID = 101

| |t o
MODID = 010

i ——

MODID = 111

|
i| [ lr.ﬂl-l I
DD = 110

|7 Control (trigger)
h Clclck

CHIPID <mod> 1110 <mod> 1101 <mod> 1100 <mod> 1011 <mod> 1010 <mod> 1001 dmias 1000 CHIFID <mod> 1110 <mod= 1101 <ma

slave | “slave | “slave | "slave | “slave | “slave” | master

master | slave slave slave | slave slave | slave
CHIFID | 0000 <mods 0001 <mod> 0010 <mod= 0011 <mod> 0100 <mod= 0101 <mod> 0110 CHIPID ndd=| 0000 <mod=_0001 <ma

Clock
Control (trigger)

CLK and CTRL from the end of stave to master chip.
: »
N e — — ! i

Int.
= \ Internal |
> DATA z, \ ek L
“‘ad‘ out 1 I
N oo s L
g —_—
e ———————— 1

MODULE_ID lines

&
' \
.
oy
o
27
Oe L4
¥
i
»

Module-Module
interconnection pads

[RANESASRANRRARY

Master
Chip

« Two independent rows of 7 chips:
1 and 6 slave per row

* Data (@400 Mb/s) are sent out only
from the master (master-slave
internal communication)

* 40 MHz clock arrives at the master
and it is regenerated and sent to the
slaves

e Control line is bidirectional and
serves to:
U provide write and read access to

Internal registers, commands,
configuration and memories

[ distribute trigger commands or other
broadcast synchronous signals

— Data, Control and Clock lines are
routed on the FPC (Cu lines 18 um
thick) that is wire-bonded to chip pads
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IB Module & FPC: data, clock and control lines ALice

Control (including trigger)
-~

I T [0 [0 I [ [T [ ] * One rows of 9 chips: all
I master | master | ‘master | ‘master | master | master | ‘master | master | ‘master masters
CHIPID  000_0000 000_0001 000_0010  000_0011 000_0100 000_0101 000_0110 000_0111 000_1000
HSDATASL
HSDATAO HSDATA2 HSDATM‘ HsDATAs| > DATAY HSDATAT  Data (@12 Gb/S) are sent
HSDATA1 Sebaias
out from each master

e 40 MHz clock arrives at all
the masters

* Control line is bidirectional
and all masters share it.

— Data, Control and Clock
lines are routed on the FPC
(Al lines 25 um thick) that is
wire-bonded to chip pads

T e

-
(CORENC D)
a4

-, 4 4w=- e

@ @ @ o -—-eee e ‘D

100 Q (0402)

100 Q (0402)
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Readout electronics

Inner layers
1.2 Gb/s data
40 MHz clock

One way, passive optical
splitting, no busy back

GBT

Position of

o uter Barrel

Data (960 Mb/s max)

Outer layers (3,4,5,6)
400 Mb/s data

40 MHz clock Identical Readout Units (RU)
cover the full ITS

1 Readout Unit
per Stave

the RUs

= Data (9.6 Gb/s max)

330cm from
interaction
point

Rad levels

IData (9.6 Gb/s max) Rad Ievels

TID: <10 krad

VAV ANl | Vasvd

TID: 1 Mrad
Fluency: ~10'3 1MeV n,,/cm?

Fluency: < 10'2 1MeV n,,/cm?
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PID with pixel cluster shapes ALICE

M peszoan | P eeysaoan {0 o I e Present ITS: PID is performed via dE/dx in
of ey T ] e R e | the four outermost layers (SDD + SSD)
o wandofor °He |+ New ITS: digital readout adopted =
and *He are T3agg|ng ofi‘\eawly ionizing particles (e.g.
o R —— He and “He) thanks to the analysis of
" 1 those of pions > the cluster sizes/shapes associated to
d - 3 light nuclei PID their track:
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Counts / 4 MeV/c?

Hypernuclei: 3H, 4H, {He via mesonic weak —%ﬁ

decays
70000¢ . : : .
" ALICE Upgrade Nuc.I(?l that contain at least a strange baryon (hyperon) in
60000k additions to protons and neutrons: the hyperon-nucleon
~ Po-Pb, ysyy =55 TeV interaction plays a role in understanding the structure of
50000 Centrality 0-10 %
- Integrated luminosity : 10 nb™ neUtron Sta I'S.
40000}, * Present detector: only allows the detection of 3H and I—S;H
30000 with poor significance. The detection of heavier (anti)-
: 3 - - . -
— SH—> °He+m hypernuclei is precluded with the present statistics

* New ITS detector

10000 2+ p<i10 BBV O Very large statistics of minimum-bias Pb-Pb events will be

L AH o PfHe+n collected after LS2
Y96 298 3 302 304 306 UImproved tracking resolution will allow a better separation of
Invariant Mass(*He, ') (GeV/c?)

the reconstructed signal decays from the combinatorial
background - significance improvement
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A Large lon Collider Experiment %

Heavy-flavour baryon: A, - pK™n™ ALICE

»cT =~ 60um — BR = 5%: challenging! High tracking precision needed to separate the
secondary vertex.

» Present detector:
— Not observed in Pb-Pb because of the very large combinatorial background

» New detector:

— In Pb-Pb most-central collisions: S/B improves by a factor 400 (2 < pr < 4 GeV/c), significance
improves by a factor 5-10 (pt > 2 GeV/c)

— Reconstruction of the A, down to ppr = 2 GeV/c
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