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ALICE UPGRADE STRATEGY

Physics program requires 10 nb™" of integrated [}
luminosity of Pb-Pb collisions wrt. the approved|}
program of 1 nb™"

Upgrade of the Upgrade of the Upgrade of the
{ ALICE Experiment ! Inner Tracking System :  Inner Tracking System
i Letter of Intent EH . 4 T

Physics signals of interest are rare,
mostly not triggerable
— Low py (below 1 GeVic), high combinatorial background | giastcesizoz | chamneesnsons - crviiocon;
— Increase rate capabilities for minimum bias
heavy-ion collisions to 50 kHz — 100 kHz

ALICE runs at high luminosity
— Factor 100 increase in statistics (for untriggered probes)

Upgrade of the

— Requires smaller beam pipe, new detectors: ITS, MFT, Time Projection Chamber
upgraded TPC read-out chambers and readout electronics
upgrade for other detectors

— New combined online-offline framework: Q2

Upgrade of the Upgrade of the

Readout & Trigger System

ALICE Experiment

The Muon Forward Tracker

"o

CERN-LHCC-2013-020 ; CERN-LHCC-2013-019; CERN-LHCC-2013-014 ;

Preserve ALICE Un|queneSS ALICE-TDR-016 ALICE-TDR-015 LHCC-1-022-ADD-1
— Low p; measurements and particle identification

_ Full list and details of upgrade strategy:
Upgrade in the 2nd LHC Long Shutdown ALICE Lol. CERN-LHCC-2012-012
(LS2) 2018/19 ’

ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 4



A Large lon Collider Experiment

MOTIVATION FOR A NEW INNER TRACKING SYSTEM ALICE

Improve impact parameter resolution by factor = 3(5) in r-@(z)
— move closer to IP (position of first layer): 39 mm — 22 mm

— reduce material budget X /X, / layer: from ~1.14% ...
... 10 0.3% (inner layers) and to 0.8 % (outer layers)

— reduce pixel size: 50 pm x 425 yum—0O(30 pm x 30 pm)
Improve tracking efficiency and p; resolution at low p;
— increase granularity: 6 layers — 7 layers

Fast readout (now limited at 1 kHz with full ITS):
—  Pb-Pb: up to 100 kHz
—  pp: several 100 kHz

Fast insertion/removal
— possibility to access for yearly maintenance

The new ALICE ITS will fully replace the present ITS !
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French Institutes (CNRS-IN2P3) in the project:
IPHC+Univ. (Strasbourg), LPSC+Univ. (Grenoble)

THE ITS UPGRADE PROJECT MILESTONES ALICE

Project approved by LHCC in Sept. 2012
Technical Design Report approved by LHCC in Dec 2013
Budget approved by CERN Upgrade Cost Group / Upgrade ofthe

U Inner Tracking System
Research Board in March 2014 : " === CDR

Decision on pixel chip architecture: Q2 / 2015 (tbc)

CERN-LHCC-2012-005,
LHCC-G-159, 2012.

Enter production phase in 2016

Installation commissioning 2018/2019

! Upgrade of the

Inner Tracking System TDR

J.Phys. G41
(2014) 087002

CERN-LHCC-2013-024 ;
ALICE-TDR-017
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Present and upgraded IT
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&7/

SUMMARY OF ITS UPGRADE PHYSICS REACH (TDR) ALICE

Current, 0.1nb~! Upgrade, 10nb~!
Observable p%ﬁn statistical p%ﬁn statistical

(GeV/c)  uncertainty  (GeV/c) uncertainty

Heavy Flavour

D meson Raa 1 10% 0 0.3% ..
D meson Raa 4 15 % <2 3% Pb—Pb collisions
D meson from B Raa 3 30 % 2 1% for an |ntegrated
J/w from B Raa 1.5 15% (pp-int.) 1 5% . . -1
BT yield not accessible 3 10% |Um|n0$|ty of 10 nb
Ac Raa not accessible 2 15%
A./DY ratio not accessible 2 15%
Ay, yield not accessible 7 20 % |mproving precision
D meson vy (v2 = 0.2) 1 10 % 0 0.2%
Ds meson vy (v2 = 0.2) not accessible <2 8%
D from B vy (ve = 0.05) not accessible 2 8%
J /1 from B vy (v = 0.05) not accessible 1 60 %
Ac vy (vg = 0.15) not accessible 3 20 % Access to new
Dicloctrons observables
Temperature (intermediate mass) not accessible 10%
Elliptic flow (vy = 0.1) [4] not accessible 10%
Low-mass spectral function [4] not accessible 0.3 20 %
Hypernuclei
AH yield 2 18 % 2 L.7%
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7

PHYSICS PERFORMANCE, PARTICLE PRODUCTION ALICE
Part. Yield dN/dy|y=0 7 (pm) decay channel B.R. .
mb., 0-10% m.b., 0-10% Newly accessible heavy
DO 23, 110 2.3, 11 ~ 120 K7t 3.8% .
Do+ 0, 44 0.9, 44 ~0 Dot 67.7% baryons/mesons in Pb-Pb
D 4.3, 20 0.4, 2.0 ~ 150 P(— KK )r+ 4.4 %(x49 %) il
AF 2.9, 14 0.29, 1.4 ~ 60 pK— 7+ 5.0 % collisions
pK (K9 — 77) 1.15 %(x69.2 %)
At (= pr) 1.1 %(x63.9 %)
B 1.3, 6.2 0.2, 0.9 ~ 500 J/ih(— ete™) + X 1.2 %(x6 %) Pb-Pb, 5.5 TeV,
DY Ko h) + X S0%(x28%) Minimum-bias and 0—10 %
et + X 10.9% o
Bt 06,27 01,04  ~500 D’ (= K+a~)at 0.5%(x3.8%) central collisions, 10 nb-"
B? 0.6, 2.7 0.1, 0.4 ~ 500 D*~ (= Ktr—n)nt 0.3%(x2.6 %)
A? 0.1, 0.5 0.015,0.07  ~400 Af(=»pK 7t)+e +X  9.9%(x5%)
AF (- pK7nt) + 7~ 0.6 %(x5%)
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= Ly =10 nb™, centrality 0-20% 3 £ 4,0 L, = 10 nb™, centrality 0-20% ’é . Lint = 10 b7, centrality 0-10%
& [ 1 & f S —— ]
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108 . E . ; *‘L ]
r ] C [ ] - ]
i 1 2F .
:\\\\u\Mu\u\\\H\\H\\u\H\\H\\\H\H\\\H\\: o Lo b b b b Ly =
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PHYSICS PERFORMANCE, ENERGY LOSS

12y CUMENtALICE results

ALICE D°, D*, D" average, |y|<0.5 ]

Pb-Pb, sy =2.76 TeV ]
Centrality 0-20% -

WHDG rad+coll
=+ POWLANG
memee Cao, Qin, Bass
------- Aichelin et al, Coll+LPM rad |
------- BAMPS
b e TAMU elastlc

) QM St

Significant reduction of
uncertainties, new heavy
baryons/mesons in Pb-Pb
collisions

Pb-Pb, 5.5 TeV, 0-10 %
central collisions, 10 nb-"

P, (GeV/c)

ALICE
s 2prrrrrrrerrrrreeeeeeeee. ALICE ITS TDR |, CERN-LHCC-2013-024
T 18? D0_> K-ﬂ:+ Pb'Pb,\ SNN = 55 TeVi :(( 2: T T T T T ]
1.65 L, = 10 nb™, centrality 0-10% 7 T 48-D"— D%+ Pb-Pb,\[Syy = 5.5 TeV
r ] F L, = 10 nb™, centrality 0-10% 1
1.4F 7 161 E
120 E 147 E
[ 5> 3 12 E
[ ] A -
0.8 = g ]
0 6kﬂ' b 0.8? E
b o# ] 0.6 H E
04F &y —— e 04 [THg _E)_EL [
F g ] C ‘= ]
0.2F E 0.2~ e =
0 111 l 1111 l 1111 l 1111 l 1111 l 1111 I | : L “ . . . L :
0 5 10 15 20 25 30 0y 10
P; (GeVrc) p, (GeV/c)
With ITS upgrade
:(( 2\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ HTHHTHTHTMHMHMHMHMH[HA
g~ Di— K'Kn* Pb-Pb,\s\=2.76 TeV- 3 1.8F Ac— PKT  Pb-Pb,\[sy = 5.5 TeV]
160 L, = 10 nb’, centrality 0-10% | 1.6; Lin = 10 nb™, centrality 0-20%5
140 E 145 3
12F = 1.2F 3
S ; J@r ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, E
0.8 -- = 0.8 H =
0.6 A 0.6~ 'H' =
r . .__.__.__._ E 3 . E
04; - ] 04: u ]
02F  Only stat. uncertainties - 021 gt E
7\ 11 ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ 11 \7 1111111111111111111111111111111111 111111
02 4 6 8 10 12 14 16 18 20 22 24 00 2 4 6 8 10 12 14 16 18 20 22

P, (GeV/c)

ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 11




A Large lon Collider Experiment

=

ALI

CE

PHYSICS PERFORMANCE, HADRONIZATION, FLOW
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PHYSICS PERFORMANCE, DI-LEPTONS ALICE

Excess after background subtraction
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Estimation of the temperature at various phases of system expansion
with 10-20% precision (stat.+syst.)
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ALICE

« ALICE Upgrade strategy and the ITS project
« Detector and physics performance a la TDR

* Pixel chip technology

« |TS Upgrade activities at Strasbourg
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LAYOUT OF THE UPGRADED ITS ALICE

7 layers layout: ~ 12.5 Gigapixels, binary readout
~ 10 m? of silicon

— 3 layers of Inner Barrel
— 4 layers of Outer Barrel

Radial coverage: 22 mm to 400 mm

[ _Outer Barrel

n coverage: |n| < 1.22, for tracks from
90 % most luminous region

Expected radiation level (innermost layer, including a safety
factor 10):
700 krad (TID) and 1 x 10" 1 MeV n,, (NIEL)
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PIXEL TECHNOLOGY ALICE

NWELL NMOS PMOS

ReqUirementS: DIODE TRANSISTOR TRANSISTOR

Choice:

. deep p-well to shield PMOS:

very thin sensors

very high granularity

cover large area

withstand modest radiation level

PWELL NWELL

hL/ DEEP PWELL

Epitaxial Layer P- “‘-\_ -----
monolithic silicon pixel sensors
using Towerdazz 0.18 ym CMOS ALICE, CERN-LHCC-2013-024
Imaging Process Nwell diode output signal: V ~ Q/C
. high-resistivity (1-6 kQcm) epitaxial layer ° minimize charge spread over different pixels

* minimize capacitance
« small diode surface (~ 100x smaller than pixel
area) and large depletion volume

on p-type substrate

true CMOS circuitry in the pixel * Moderate bias voltage on the substrate can

increase depletion zone around the Nwell
charge collection diode
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PIXEL CHIP VERSION UNDER DEVELOPEMENT ALICE

ALICE, CERN-LHCC-2013-024

MISTRAL ASTRAL TR | ALPIDE '_An{g i ‘
_E_{_ZD.D; Lh b Gh b ny L G Gh G Gh Gh B G = O o0Noooong L
L L LU <ARREERRN Ois{0 0150015001510
SEL-J.'; -!; ; ’ rolling o UL LS ' ‘ L' rolling DEDD%:D%D}ED '
%ﬁ = gg =i g | ()03 0303000 st | D000 00§D sk
QQD—D'MD . L G G L L G L L DT global shutter
TUVUUUTY | QO20m000 0004005000
‘ SUZE (Zero Suppression and Enceding) ‘ ‘ SUZE (Zero Suppression and Encoding) Buffering and Interface
Specifications:
- Three pixel chip architectures under development: * Chip size: 15 mm x 30 mm
MISTRAL / ASTRAL and ALPIDE  Pixel pitch: ~ 30 ym
« Sithickness: 50 um
» Decision on the ALICE Pixel Chip architecture « Spatial resolution: ~ 5 pm
for the ITS Upgrade: Q2 / 2015 (tbc) » Power density: < 100 mW/cm?

* Integration time: < 30 us
ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 17
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ALICE

« ALICE Upgrade strategy and the ITS project
« Detector and physics performance a la TDR

* Pixel chip technology

« |TS Upgrade activities at Strasbourg

ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 18



A Large lon Collider Experiment

ITS UPGRADE ACTIVITIES IN STRASBOURG

* Pixel chip R&D (PICSEL group)
» Pixel chip development and test: MISTRAL/ASTRAL

Outer Barrel module production (ALICE + Micro-techniques groups)
» Preparation for assembly

ITS Upgrade software (ALICE group)

 Framework coordination
« Standalone reconstruction framework
» Pixel chip response simulation

Physics performance analysis (ALICE group)

Editorial work: ITS Upgrade TDR (ALICE + PICSEL groups)
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IPHC: MISTRAL / ASTRAL DEVELOPMENT

Several small scale prototypes have been realized and characterized ...

MIMOSA-34 MIMOSA-32FEE MIMOSA-22THRA MIMOSA-22THRB SUZE-02
sensing node & pixel dimensions in-pixel circuitry & end-of-col. discri. double-row read-out sparsification

... fulfilling the ALICE ITS specifications (SNR, radiation hardness, ...)

« FSBBs received in late Q2/2014

« Currently characterized in lab:
« Fabrication yield

¢ o V] . o « Uniformity of chips

ORZ IS e <

FSBB MO

(MISTRAL)

« Test beam at CERN SPS: Oct 2014
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7/

PIXEL CHIP R&D ALTCE

ASTRAL / MISTRAL - MIMOSA-34
ALICE, CERN-LHCC-2013-024

xr 80 > 1.01r ,
> C Tooo = 30°C 8 ; epi. HR 20 um, pixel 22x66 um
2 70 s epi HR 20 um %1 0051 —+— from Signal distribution
8 E —=— epi HR 18 um % r
wn - i L
601 L T T o S S o
S Sr |
50 T 0.995F
- —. i
40 - 0.99-
-| Test beam 0 i
30} DESY 0.985]
| 4.4 GeV e~
C I I I I I \\\‘\\\\‘\ \‘ \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
20 22x27 (8)  22x30(8)  22x33(8) 22x33 (11)  22x44 (11)  22x66 (15) 0'983 4 5 6 7 8 9 10 11 12
pixel (diode) size (un?) Threshold (/noise)
Analogue, no in-pixel pre-amplification and CDS circuitry CDS: correlated

, o : : . double sampling
— sensing node optimisation: pixel size, epitaxial layer characteristics

Pixel size varies from 22 x 27 ym? to 22 x 66 um?

High detection efficiency even for large 22 x 66 um? pixels

- Favourable pixel option for Outer Barrel
ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 21
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IPHC: OUTER BARREL MODULE ASSEMBLY ALICE

The ITS project identified the following module assembly sites: CERN, LBNL,
STFC, CCNU, INFN, IPHC, Korea, Netherlands, Thailand

Outer Barrel Stave

IPHC is committed Power Bus

Module:
to assemble 200-250 out Flexible Printed Circuit

2x7 Pixel Chips
of 1250 modules of the OB

Start of module assembly: 2016,

Half-Stave Left
Half-Stave Right

1 module built and tested / day

ALICE | Rencohtres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 22
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IPHC: MODULE ASSEMBLY PREPARATION ALICE
2014/06

* Adapt the ALICE module assembly procedure to the local infrastructure

* Improvements: automatic placement and alignment of chips,

(interfaced) automatic vacuum control

Planned activities for 2014/Q4 - 2015/Q2

» Tools manufacturing at IPHC

_ o ZEVAC IP500
 Preparation of positioning and vacuum control protocols (precision ~ 5 um)

«  Dummy module assembly: placement, gluing, soldering / laser soldering training

Planned activities for 2015/Q3 — 2016

« Training on common automatic assembly machine and its procurement

« Start of production in 2016 ...

ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 23
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SUMMARY

 The new ALICE ITS with 7 layers of monolithic silicon pixel
detectors will be installed during LS2 of the LHC in 2018/19

completely replacing the present ITS

« Full-scale chip prototypes are currently being characterized leading to a
decision on the ALICE Pixel Chip architecture for the ITS Upgrade
around 2015/ Q2

« ITS Upgrade activities at IPHC: chip R&D, simulation + reconstruction
software, physics performance analysis are extended with the

preparation for module assembly

ALICE | Rencontres QGP-France 2014 | 15-18/9/2014 | Levente Molnar (CNRS IPHC) 24



