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The ALICE detector

ALICE upgrade strategy for LHC
Runs 3 (& 4)
Key upgrade items:
— Inner Tracking System upgrade
— Muon system upgrade with MFT

— Time Projection Chamber upgrade

* Reconstruction scheme and expected
performance

Summary and Outlook

Content

ALICE upgrade
Letter of Intent

Upgrade of the

ALICE Experiment



The ALICE detector now

ALICE is the dedicated heavy-ion experiment at the LHC

18 sub-detectors

Limited readout rate capability
pp mnimum bias: ~ 1kHz
Pb-Pb minimum bias: ~500 Hz 3




. ALICE upgrade strategy (1)

Motivation: Focus on high-precision
measurements of rare probes at low p;

— can not be selected with hardware trigger
— need to record large sample of events
« Target: Pb-Pb recorded luminosity: = 10 nb-’
de of th
— gain in statistics: factor 100 for selected probes! K)E;aCEOEtx?Jeri ment
— plus pp and p-A data =

« Strategy:

— read out all Pb-Pb interactions at a maximum
rate of 50 kHz with a minimum-bias trigger or
continuously (TPC)

— perform online data reduction

ALICE upgrade
Letter of Intent

*  When: 2" LHC Long Shutdown (LS2): 2018/19

- Upgrade Letter Of Intent : CERN-LHCC-2012-12
 MFT Addendum to the Lol: CERN-LHCC-2013-014



% ALICE upgrade strategy (2)

» ALICE key upgrade items discussed
here
—  new, !\igh-resolution, low-material Inner fﬁg;ﬂﬁmystem #:?2:%;;; ;};i) .
Tracking System (ITS) Cont G e g
— upgrade of Time Projection Chamber (TPC)

— new Muon Forward Tracker (MFT): a silicon
telescope in front of hadron absorber in the
acceptance of the Muon Spectrometer

=N W

: ALICE de TDRs, MFT LOI addend
* More upgrade items upgrade TDRs addendum

— upgrade of the online systems (O?)

— upgrade of the forward trigger detectors
(FIT) and ZDC

— upgrade of read-out electronics of: TRD, o
Upgrade of the Upgrade of the
TOF, PHOS and Muon Spectrometer Readout & Trigger System ALICE Experiment
Addendum to the Letter of Intent

— upgrade of the offline reconstruction

and analysis framework &
g

The Muon Forward Tracker
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Increase statistics

Example: Low mass di-electrons

Suppress combinatorial background (r° Dalitz decays, photon conversion)
Reduce systematic uncertainty from semi-leptonic charm decays

— improved secondary vertex resolution
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ITS upgrade objectives (1)

« Current ITS: 2 layers each of Silicon Pixel, Silicon Drift and Silicon
micro-Strip Detectors. Rate limitation: around 1kHz

« ITS upgrade objectives:

1.

2.
3.
4.

improve impact parameter resolution, in particular at low p;
improve tracking efficiency and p; resolution at low p;

increase read-out rate: 1 kHz < 50 kHz in Pb-Pb, 200 kHz in pp
easier maintenance



ITS upgrade objectives (2)

Current ITS: 2 layers each of Silicon Pixel, Silicon Drift and Silicon
micro-Strip Detectors. Rate limitation: around 1kHz

ITS upgrade objectives:
1. improve impact parameter resolution, in particular at low p;
2. improve tracking efficiency and p; resolution at low p;
3. increase read-out rate: 1 kHz < 50 kHz in Pb-Pb, 200 kHz in pp
4. easier maintenance

Implementation:

Monolithic Active Pixel Sensors (MAPS)

increase number of layers: 6 2 7

reduced pixel size: 50 x 425 um? =» ¢ (30 x 30 um?)

reduced material budget, in particular for the 3 innermost layers

— silicon thickness: 50 um
— X/X, =114 % 2> 0.3 % per layer for the first layers

first layer closer to IP (r,= 39 mm = 22 mm)
— smaller beam pipe: 29 mm = 18.2 mm



Beam pipe

~

Outer Barrel

New ITS layout

25 Gpixels
Area: ~10m?2

Inner barrel: 3
layers

Outer barrel:
2+2 layers

In| = 1.22 for
tracks from 90%
most luminous
region

r coverage:
22 - 430 mm

For more details see:
*  Presentation by J. W. Van Hoorne, Tue 3 Jun, 17:10 and
* Poster by A. Collu
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ALICE MFT upgrade

ALICE muon arm: detect
muons in the forward range
(-4.0 < n <-2.5)

MFT = Muon Forward Tracker

11



Muon Forward Tracker
(MFT) design objectives:
Increase pointing accuracy
for the muon tracks, in
particular at low p;

MFT concept (1)

Hadron Absorber

Collision
region

L

Muon Spectrometer

12



Muon Forward Tracker
(MFT) design objectives:
Increase pointing accuracy
for the muon tracks, in
particular at low p;

Implementation: 5-plane
silicon telescope in front of
the hadron absorber

MFT concept (2)

Hadron Absorber

Collision
region

/

%/_/

Muon Forward Tracker

Muon Spectrometer

13



Muon Forward Tracker

(MFT) design objectives:
Increase pointing accuracy

for the muon tracks, in
particular at low p;

Implementation: 5-plane
silicon telescope in front of

the hadron absorber

Absorber

MFT concept (3)

Hadron Absorber
Collision
region
-

Muon Forward Tracker

Muon Spectrometer

Plane Int. radius Ext. radius Z location Pixel pitch Thickness

(cm) (cm) (cm) (um) (% of X))
0 2.5 11.0 -50
1 2.5 12.3 -58
2 3.0 13.7 -66 25 0.4
3 3.5 14.6 -72
4 3.5 15.5 -76

MFT baseline simulation set-up
14



MFT layout

Air cooling
In / out

enso ilicium, kapton
50um thick

Flexible circuit,
aluminium, kapton

FEE and
optical links

57um thick
Ladder support
(different mz'toerial Example of the structure of a half
thickness, conductivity) disk assembled from ladders

|
[ ]

- Pixel sensors assembled on flexible
circuits to form ladders

5 planes assembled from ladders
Pixel chip: Same technology as for ITS
(MAPS)

Optimized for low-material thickness

Absorber

15



ALICE TPC upgrade

16



Diameter: 5 m, length: 5 m
Acceptance: |n]| < 0.9, Ap = 2n
Gas: Ne-CO, (90-10) in Run1

Drift field = 400 V/cm
— Diffusion: o7 ® 0 = 0.2 mm/y/cm
— vy = 2.7 cm/us, max. drift time: 92 us

TPC overview

Read-out Chambers: Total = 36 x 2
— outer (OROC): 18 x 2
— inner (IROC): 18 x 2

Pad sizes: 4 x 7.5 mm?2, 6 x 10 (15) mm?
Channel number: 557 568

Currently: MWPC + gating grid

operation
— Rate limitation: few kHz
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TPC upgrade objectives

Standard GEM
Pitch=140um
Hole ¢=70um

TPC upgrade objectives:
— continuous read-out
— retain physics performance

Replace MWPC read- out system with
micro-pattern gaseous detectors

Advantages:
— reduced ion backflow (IBF)
— high rate capability
— no long ion tail
Requirements for read-out system:
— IBF < 1% at gain 2000
— dE/dx resolution < 12% (o) for 55Fe
— Stable operation under LHC condition

Simulated
avalanche [« . .
in GEM hole ’ T 18




Extensive studies started in 2012

1. technology choice

« Baseline: Stacks of standard (S) and large-pitch

(LP) GEM foils
« 2 GEM + MicroMegas (MMG)
« COBRA-GEM

ion backflow

gain stability

discharge probability
large-size prototype
» single mask technology

v hWN

electronics R&D

N o

garfield simulations

8. physics and performance
simulations

Collaboration with RD51 at CERN
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Simulations 19




IBF and energy resolution studies for
baseline solution (4 GEM stack)
* S-LP-LP-S configuration

— S: standard GEM foils

— LP: large Pitch
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IBF (%)

2mm |« |BF optimized settings: High E;; &
- Erz, 10W Er3, Vems = Vaemz = Veems
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T |« Achieved performance: 0.6 - 0.8 %
IBF at o (5.9 keV) ~ 12 %
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Space charge distortions

*  With required IBF < 1% still considerable space charge in TPC

For 50kHz Pb-Pb collisions ion pile-up in the drift volume from on average 8000
events (t.. =160ms)

ion

« Atsmall rand z, dr=20 cm and dr$p = 8 cm
For the largest fraction of drift volume: dr<10 cm
« Corrections to few 10 are required to achieve final resolution (o (r¢) = 200 pm)

200F
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Distortions (cm) in r and r¢ for 1% of IBF at gain = 2000 (¢=20)
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% Run3 reconstruction scheme

Reconstruction Stage 1

TPC » ceeding | Track Data Reconstruction and
. ASESEREEERASE ter Findi ITLLLYD i i LTI t i o o
electronlcs uster Finding = Seeding / Tracking = Data om?ressmn calibration flow for
T T : TPC data
T - Dead channel map - Scaled average space-charge distortion map z
- Drift velocity
- Pedestals - Pad-by-pad gain equalization
- Chamber by-chamber Update interval O(15min)

gain equalization (HV)

-
— e e e e e e e e e e e e e e e e e e e e e e e e e —

Reconstruction Stage 2

- High-resolution space-charge distortion map
- ITS-TRD external track reference
Update interval O(5ms)

Data taking Online Systems Data analysis

« Two stage reconstruction scheme
1. Cluster finding and cluster-to-track association in the TPC
» data compression by factor 20 : 1 TB/s > 50 GB/s
» use scaled average space-charge distortion map
2. Full tracking with matching to inner and outer detectors (ITS and TRD)

 full space-charge distortion calibration
* use high resolution space-charge map (time interval ~5 ms) 29



prected TPC performance (1)

*  pr resolution practically recovered after  Simulation: space charge fluctuations in
24 reconstruction stage TPC (~3%) are taken into account
(N, .dN_/dn, etc)

RARRNRARRNRARANRARRNRAREN LAY RARRY RAREE RARRY RARL) lllllllllllllllllllllllllllllllllllllllllllllllll AR LARANRARAN RAREY RARRN RARAN LALRY RAREY RARLY RARR"

S - central events at 50 kHz
(o) 0.02... .......................................................
e - O TPC standalone
¢ [ = TPC constrained
g [ O TPC+ITS
D015 --rrrrrrrrr R
0.01_.. ........................................................................................................... et sl P T P PP TIPS TITITI I IIIISIIIITIIIIIIIIISIITITYTY
2 5 i
L und)
0.005_ .................... 5 n XD e EEE ARty AR o = Ry -
Residual distortions F!F Residual distor- |
after 15t reco stage o+ tions after 2" reco stage
o IIllllIllIIIIIIIIIIIIllllllllllllllIIIIIIIIIIlllI llllIllllIllllllllll||l|IllllIlllllllllllllllllll IIIIIIIIIIIlIIIlIIIIIllIIllllIIIIlIIlIlIIIIlIlIII
0 01 02 03 04 05 06 0.7 08 0.9 01 02 03 0.4 05 06 0.7 0.8 09 01 02 03 04 05 06 0.7 0.8 09 1
1/p_(GeVic)" 1p_(GeV/c)’ 1/p_(GeVic)’
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Simulation: space charge fluctuations in

TPC (~3%) are taken into account
(N.,wdN./dn, etc)

* ITS-TPC track matching retained
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Summary and outlook

Major upgrade of the ALICE detector for installation in 2018/19
— high statistics, high precision measurements in Pb-Pb give access to rare
channels

Detector modifications to inspect up to 50 kHz Pb-Pb collisions
— ship all data to online systems either continuously or upon minimum-bias
trigger

Key detector items:
— New ITS, based on MAPS (7 layers, around 10 m?)
— New TPC endplates, based on micro-pattern gaseous detectors and new
electronics for continuous read-out
— New Muon Forward Tracker (5-plane muon silicon telescope, based on
MAPS) in front of hadron absorber, in the acceptance of the Muon
Spectrometer

Technical Design Reports (define construction design)

— ITS TDR accepted in spring 2014
— Readout + trigger system TDR and TPC TDR submitted



More slides



LHC Long shutdown 2:
— Starts in July 2018
— Duration: 18 months + 3 months beam commissioning

2015 2016 2017 2018 2019 2020 2021
a1 [a2 |a3 |a4 |a1 [a2 [a3 [a4 |a1 [a2 |3 [a4 |a1 [a2 [@3 a4 |a1 a2 [a3 {a4 |a1 [a2 [@3 |4 |a1 |2 [a3 |04

LHC
Injectors
2022 2023 2024 2025 2026 2027 2028
a1 |2 [a3 |4 |a1 |a2 {a3 [a4 |a1 [a2 @3 {a4 a1 |2 [a3 |4 |a1 [a2 |3 [a4 |a1 a2 [a3 |4 |a1 |@2 [a3 |a4
LHC
Injectors
2029 2030 2031 2032 2033 2034 2035
a1 [a2 [a3 |a4 |a1 [a2 [a3 {a4 |a1 [a2 [a3 [a4 |a1 a2 [@3 |04 |a1 |2 |@3 [a4 |01 [a2 {a3 a4 a1 {02 |a3 |a4
LHC
Injectors

LHC schedule

27



TPC: Garfield Simulations

« Garfield++/Magboltz simulations for different 4GEM setups (S-LP-LP-S)
— Field calculation by ANSYS

— IBF quantitatively well 0,050 ——F——— 11—

LL L ]
described by simulations 2 g o45¢ —e—Meas S-S-LP-S | ]
H - —o0— Sim1 S-S-LP-S .
using Garfield++ 0.040 F o Sim2S-SLP-S | -
: —o0— Sim3 S-S-LP-S

0.035F

0.030 |

0.025

—a— Meas S-LP-LP-S
0.020 - | —o0— Sim1 S-LP-LP-S
0 01 5 . —o— Sim2 S-LP-LP-S
' —o— Sim3 S-LP-LP-S

0.010 E
0.005 g’% ;
R T

E_. (kV/cm)

28
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TPC IBF - Rate Dependence (1)

Measurement

1
o s CERN
. W b
Drlft plane g Og:_ ................................................. ; .........................
T - W w/o Filter
_ Drift region i 80mm<..;.% 0.8 E-,, ........ . ........ ".wl Ag ............
o I O W L 170
GEM1 E_ : " w/ Cu
Transfer reg|0n1 0:0 0.6 El.-j,, ........ . ................ Bw Mo i
; GEM2 Fmi wi Al
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GEM3 _
04 __\\ ........ Ar/COZ (70/30) .....
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0.3 :_..‘_ ........... .... ........
oo B g
- : T mim :
- : : : [ =
0“_—.11.\/.\# ........
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o

5000 10000 15000 20000 25000 30000 35000 40000 45004
haa (MA) 29



%TPC IBF - Rate Dependence (2)

Poisson equation:

Ar/CO, (70/30) Ap(r) = —27)
1
910 ::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::: 880
'::f:::::::::::T:‘:::‘::&:::::::f::::'.::::::::::::::: .
o1 For homogenous space charge density
: : ’ and parallel plate boundary conditions:
........................ SRR NS SR
2 Q . 2L d
10 _08 E(z) = Eaige — 2'0— + 4
i %:::::E:::::::::::: EEQ €0
L e mmacogom DO
Sesnmpmiisn S T .
10 -2 -1 2 N { d < ..... —_‘\Lé\
10 10 1 10 10 E ; )
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10°°

Expected after LS2: 5000 fC/cm?

Ar/CO, (70/30)

102 Esenibin

-+ fon backflgw vs.p_ x d (fClem?)
- —@— ¢ =3mm, Ar-CO (70-30)

—6— ¢=80mm, Ar-C02(70-30)
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10°
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%\}i\rPC: IBF — Rate Dependence (3)

Poisson equation:

For homogenous space charge density
and parallel plate boundary conditions:

z < d
E(Z) — Edrift — — +
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_TPC: dE/dx with 3GEM Prototvpe

[\

— pions p= 1GeV/c =
400; —— electrons G=5000 =

TRIPLE GEM T | T B A R R
STACK Tot (dE/dx)
T "
SPACER :'_'\ : 1GeV e —— g:'igg
morane B 19 B
IROC ALUBODY % 12:_ —e— Std (gain/69%*100%)
g s
o %‘ R
B 1of ———
o -
ofF
* Prototype IROC with 3 singlemask GEMs 13
* Beam test at CERN Proton Synchrotron of
(e/n/p) in 2012
+ Good e/n separation 3 . _
*  Ogg/ax/ <dE/dx> ~ 10.5% 1o
- Comparable to the current TPC resolution (~9.5% of ‘
withIROC) F—+————————————————————




| Alternative: 2 GEM + MicroMegas

* IBF and Resolution studies
— Vume r Veem « transfer field E;
— IBF < 0.2% at o(5.9keV) ~12 %
feasible

R/A source(s) *Fe to check gain, %°Sr to measure IBF

| Cathode - HV
8 mm Drift 0.4 kV/cm
FLUKE 189
TORGEM -~ - - = oo == v~ (200:250)V
2 mm Mid GEM Transfer < 3.0 kV/cm
) e e e ———- dv~200V
4 mm Induction ~0.1 kV/cm

MMGAS (From RD-51)

125 um, 450 LPI dv~350-500V

Strip readout

CSPA l

l Ground
FLUKE 189

= 05
045
0.35
0.3
0.25
0.2
0.15
0.1
0.05

>

- -
N A

o/Mean for *Fe (%)
N A O © ;

$O

w

Large-scale solution and operational

stability still to be verified

Ne-CO, (90-10)
Gain~1850 - 2150 |

—____‘_____

I
|I

- €

(q;

m
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A
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g

250

260

270

280

290
UMMG (v)
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% TPC read-out ASIC: SAMPA

«  SAMPA ASIC integrates preamplifier/shaper and ALTRO ADC + DSP
— pos / neg polarity
— continuous / triggered read-out
— SAR ADC (10 or 20 MSPS)

* First MPW submission in April

|
\\\\ . SAMPA i
I -
‘:"'.'. 32 khannels ‘e—— 1 Bias _W\-:
I }—
=== dp | )
§ L0 R, o1
- |
[t W r=-
::Izé‘d | | Gt 320Mbs (
oy | Shaper 10b) Buffer | Elinki<--{]1 SAMPA faml
‘}"“ - ADC DSP [PtBuffer § Elink~>{]
== /\ L H o 8 (
ICa b ., + /\ 10MSPS || PrBuffer [ Elmk“’[]l
= : g = CSA Control & Trigger Buffer E Elinkl~— I::II
1 I
: e B ! SAMPA
~ Virr. V, N—
:FE C Shaping time control + Gain control REF REF 10s -:

Schematic of Front End Card with
5 SAMPA chips and GBT system

34

SAMPA functional blocks




TPC: SAMPA parameters

RUN1 RuUN3
(measured) (requirement)

Signal polarity Pos Neg
Detector capacitance (range) (PP 12-335 12—-33.5
S:N ratio for MIPs  (IROC) 14:1 20:1

(OROC 6x 10 mm? pads) 20:1 30:1

(OROC 6x15mm? pads) 28:1 30:1
MIP signal (fC) 1.5-314 2.1-32
System noise (at 18.5 pF, incl. ADC) 670e 670e
PASA conversion gain (at 18 pF) (mV/fC) 12.74 20 (30)
PASA return to baseline (ns) < 550 <500
PASA average baseline value (mV) 100 100
PASA channel-to-channel baseline variation (o) (mV) 18 18
PASA shaping order -+ 4
PASA peaking time (ns) 160 160 (80)
PASA crosstalk <0.1%" <02%
PASA integrated non-linearity 0.2% <1%
ENC (PASA only, at 12 pF) 385e 385e
ADC voltage range (differential) V) 2 2
ADC linear range (differential) (fO) 160 100 (67)
ADC number of bits 10 10
ADC sampling rate (MHz) 10 (2.5, 5, 20) 10 (20)
Power consumption (analog & digital) (mW/ch) | 35 <35

Parameters for the current FE chips (measured) and for Run3 (SAMPA)

39



ALICE read-out system

* GBT: custom radiation-hard optical link
« Common Read-out Unit (CRU)

— interfaces on-detector electronics, online farm (O2) and

trigger system

— high performance FPGA processors
— multi-gigabit optical I/0
— system evaluation based

Cavern | Counting room

AMCA40 system (LHCb)
as candidate for CRU

1 Stratix V GX
36 optical inputs and
36 optical outputs at up to 10 Gbits/s
Slow control through PCle

Serial Link
(10-40 GbE, IB)

(PCle Gen3)

36

|
on AMC40 / TELL40 I
system (LHCDb) _Cr:gntr:: I
using ATCA crates Procge%sor I
|
|
trigger link |
l GBT (ITS) GBT (TPC): l
Front-End S
& Control I
|
Front-End | > Common
& Control | Read-out
; Unit - GBT
Front-End ! S
& Control | GBTs :
|



% ALICE online farm in Run3

Triggers
(LO, L1)

v

v

v v

v v

Trigger Detectors ’

ITS
TPC
TRD
EMC
PHO
TOF

Muon

1

~ 2500 links
in total

—t—
10 GB/s

‘-ﬁé,

__H,

FLP

FLP

FLP

FLP

FLP

FLP

FLP

FLP

~ 250 FLPs
(First Level Processors)

—F>

>10 Gb/s
EE—
—
p—

Farm
———3Network
—>

—>

—>

10 Gb/s

~ 1250 EPNs

+> EPN —>

-—)»EPN'—)

—> EPN |—>o

—> EPN —>

Storage
Network

2
7

The ALICE
Online Offline
(0?) farm

—>

—

N/

(Event Processing nodes)

Data
storage

\

Data
Storage
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“ALICE online systems in Run3 (2)

/f[1\\\

« The 2 reconstruction stages are carried out on the O? computing farm
- Data bandwidth:

Detector Input to Online Peak Output to Local Avg. output to computing

System (GByte/s) Data Storage (GByte/s) center (GByte/s)
TPC 1000 50.0 8.0
TRD 81.5 10.0 1.6
ITS 40 10.0 1.6
Others 25 12.5 2.0
Total 1146.5 82.5 13.2

*  LHC luminosity variation during fill and efficiency taken into account for average output to
computing center



