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2ALICE TPC upgrade

A Large Ion Collider Experiment at CERN

ph.ed.ac.uk

● Study the physics of strongly 
interactng mater at extreme energy 
densites (QGP)

●  Comprehensive study of the hadrons, 
electrons, muons and photons 
produced in the collisions

● Investgaton of the Pb-Pb collisions at a 
center-of-mass energy of 5.5 TeV per 
nucleon pair

● Study of the p-p collisions both as a
comparison with Pb-Pb collisions and
in physics areas where Alice is compettve 
with other LHC experiments.
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ALICE detector
SIZE: 16 x 16 x 26 m

WEIGHT: 10 000 t

TPC (Time Projecton Chamber) – main device in the ALICE “central barrel” for tracking and PID
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TPC principles

Working principle of a TPC (by O. Schafer) – www.lctpc.org

E-feld

B-feld

● Two  coo rd inates  (x ,y ) g iven  by the  p ro ject o n  o n  th e  pad  p lan e

● T h ird  co o rd inate  (z) g iven  by  d rif  t m e and  d rif  ve lo city  (z =  vd rif x    tdrif )

Pe rfect  fo r  H I  Co llis ion s :

– alm o st w h o le  vo lu m e is act ve

– m in im al rad iat o n len gth
(F C , gas)

– easy  p at ern  reco gn it o n  
(co nt n u o u s tracks)

– P ID  inform at on from  ion izat on  
m easu rem e nts
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ALICE TPC 
5 m

2 x 18 IROCs
Inner Read Out Chambers
50 cm × 47 cm (29 cm)

2 x 18 OROCs
Outer Read Out Chambers
114 cm × 87 cm (47 cm)

GAS:
● Ne-CO2  (90-10)
● 90 m3

● vdrif = 2.73 cm/μs (@ 400 V/cm)

5 m
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MWPC readout
● Mult Wire Proportonal Chamber 

with pad readout

● 3 wire planes: gatng, cathode, anode

● Gatng-wire grid prevents back 
drifing ions from the amplifcaton 
stage to distort the drif feld
(IBF suppression ~ 10-5)

● Nominal gain: 7 – 8 k

● Gatng → low trigger rates:

– 300 Hz for Pb-Pb

– 1.4 kHz for p-p
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ALICE upgrade plans afer LS2*

”T he proposed  upgrad e o f A L IC E  w o u ld  fa cilita te  read-o ut at 5 0k H z, which  
necessitates a  m ajo r upgrad e o f the  T P C, nam ely  the  rep lacem ent o f th e 
ex ist ng  rea dout cham b ers w ith  G as  E lectron  M u ltp lie r  (G EM ) detectors. 
Furtherm ore, a ll centra l detectors w ill requ ire  an  (e lectron ics) upgrade by 
sw itch ing  to  a  fu lly  p ipe lined read”

Minutes of the 109th LHC Committee meeting, 22.03.2012

* LS2 – 2nd Long Shutdown of the LHC (2017-2018), when the LHC will be upgraded to the highest luminosities. 
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Gas Electron Multplier
F. Sauli, NIM A 386 (1997) 531

● Thin polyimide foil (Kapton®)
~ 50 μm

● Cu-clad on both sides
~ 5 μm

● Photolithography: 
~ 104 holes/cm2

● “Standard” GEM foil:
– Inner/Outer hole diameter

50/70 μm
– Pitch

140 μm
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GEM principles

GARFIELD/MAGBOLTZ simulaton: 2 e - entering the GEM hole

– Ehole up to 100 kV/cm with ΔVGEM = 500 V (hole-size dependency)

– Ehole >> Eabove → most of the ions are collected on the top side of GEM

– Ebelow > Eabove → electron extracton is improved
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Introducton summary
● ALICE TPC will operate at a factor 100 higher readout rate afer LS2

– 2 MHz in p-p and 50 kHz in Pb-Pb collisions
– no gatng and contnuous readout

● GEMs as an alternatve for MWPC readout
– no issue with rate capability
– possibility to efciently block ions
– lower (efectve) since signal is produced by electrons (fast) + lower noise

● Issues for GEM upgrade
– dE/dx resoluton for PID (Nov./Dec. 2012)
– stability under LHC conditons (Jan./Feb. 2013)
– gain stability (charging up, rate dependence)
– IBF (ongoing measurements, simulatons)
– new electronics (polarity, contnuous readout)
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GEM – IROC prototype @ TUM

GEM foils for IROC prototype

✔ 3 single-mask, large-size foils

✔ Inner/Outer hole diameter: 50/70 μm

✔ Pitch: 140 μm

✔ 18 sectors (top side segmented), ~100 cm2 each

✔ 2 mm frames (G10 fiber glass) glued on bottom side

✔ Additional frame (spacer) between pad plane and bottom foil
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Quality Assurance
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Gluing procedure
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Framed GEM foil
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HV supply
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HV setngs

“Standard” settings
- stability-optimized
- decreasing gain in GEMs
- moderate transfer fields

“IBF” settings
- IBF optimized (4 %) 
- increasing gain in GEMs
- high filed assymmetry
  (low TRANSFER2 field)

HV settings for a gain of 2000 in Ne-CO
2
 (90-10)



17ALICE TPC UPGRADE

Commissioning in the lab
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Preparaton to the test beam 
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PS test beam
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PS test beam
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dE/dx measurements

dE/dx measurements
● Gain equalizaton using tracks
● No T/P correcton
● Truncated mean of cluster charge (5 - 70 %)
● For comparison: 

IROC only in ALICE TPC σE/E ≈ 9.5 % (high η)
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Test under LHC conditons

● p-Pb period 2013 (3 weeks)
● Prototype installed at the ALCIE cavern under the beam pipe (η ≈ 2.6)
● 200 kHz interaction rate
● Particle rate ~5000 kHz per rapidity unit
● Standalone readout: waveforms, discharges, trips

● Trig. Rate < 10 Hz (recording highest signals)

704 pads
211 cm2

preamp Attenuator
(factor 16)

Amplifier Oscilloscope
CH1

Oscilloscope
CH2

Passive
splitter
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LHC beamtme

Last signal recorded
before trip

GAIN < 900

Amplitude
spectrum
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● 23 HV trips occurred 
(+ 8 during the PS beam time)

– 20 at lowest “IBF” settings, 2 at “standard”,
1 while ramping up

– 21 with beam, 2 without

– All including G1 (absolute voltages?)

– Highly ionizing particles?
(heavy fragments)

Example of amplitude spectrum

Importance of QA

● 7 “shorts”  developed in the GEM-foils
– 1 x GEM1; 3 x GEM2; 3 x GEM3;
– Shorts developed in the sectors with 

problems at the QA – HV step; 
– No correlatons with foil defects found
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summary & outlook 
– but not fnish yet – 

● F irst GEM  IROC prototype for ALICE designed, assemb led and operated

● Good dE/dx resolution has been demonstrated with beams at the CERN PS

● Stability under LHC conditions tested during p-Pb beamtime

● Issues to be addressed:

– Stability of the GEM  system  (TUM, CERN)
● discharge probability 
● discharge propagation (FEE protection)

– IBF – optimization in progress (TUM, CERN, Frankfurt)

– HV supply
● Definition of assembly procedure for IROCs and OROCs under way



25ALICE TPC UPGRADE

IB for triple GEM
Number of ions drifing back from the amplifcaton stage to the actve volume of the detector

should be minimized in order to avoid major distortons of the drif feld

IB<3%

M. Ball et al. (TUM)
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IB for quadruple GEM

Picture from the TDR
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Standard vs. Large Pitch GEMs
140 um vs. 280 um

“Better” holes misalignment 
c a n b e a c h i e v e d i n 
combination of standard (S) 
and Large Pitch (LP) GEMs
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Best IB up to date
(S-LP-LP-S)

Pictures from the TDR, 

Still, optimization (improvement) in energy resolution AND stability needed

IB ~ 0.3%
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Further IB minimizaton?

● COBRA

● MICROMEGAS

● DIFFERENT
GEOMETRIES
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Discharge probability studies at TUM

10x10 cm2

Modular detector

Alpha source – gas mantle enriched in Thorium
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First results – Ar-CO2 (70-30)

COMPARISON TO THE PUBLISHED DATA:
S. Bachmann et al., NIM A 479 (2002) 294
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● In  p rogress

– N e -CO2, N e-C O2-N2

– 3- an d  4 -G E M  stack
– IB F  vs stand ard  set n gs
– M any o ther p aram eters
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TDR – baseline solutons

● B ase lin e  so lu t o n , p resented  in  th e  T D R :

– 4 G E M s (stab ility  +  IB )
– N e-C O2-N2 (90 -1 0-5) (stab ility  +  IB )
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Coming soon: GEM-OROC
● 4  tm es  la rge r  than  IRO C !!!
● 3  independen t  fo ils  (fram es) pe r

am p lif cat o n  stage
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GRACIAS!



36ALICE TPC UPGRADE

● Designed to cope with rapidity densites approaching dN ch/dy = 8000 at √s = 5.5 TeV

● Including secondaries, this amounts to 20000 tracks in one interacton in the TPC acceptance
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Recent actvites, TDR, baseline solutons

● ION BACKFLOW
● Defnitons

– Efectve gain

– Ion Backfow

– Epsilon – number of ions drifing back into the drif 
region from the amplifcaton stage per incoming 
electron

● Expectatons (LoI): 0.25% at the gain of 2000
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IB measurements

Picture from the TDR
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Ampere-meters

New batch (after some improvements) in preparation at TUM/E18
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Stability and long-term operaton
● HV Supply 
→  safe trip after the discharge

– Independent HV channe ls

– Resistor chain

– Active HV divider

– + fast shutdown

●

E. Corradi et al., NIM A 572 (2007) 96 H. Muller, RD51 Miniweek, 23.04.2013

SRS AVD“Frascati” Active HV Divider
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