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(W)HOLE NEW FIELD
GEM-OROC chambers for ALICE TPC

assembly and testing at GSI, 2016-2018
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TPC idea
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Time Projection Chamber: principle of operation
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Time Projection Chamber: principle of operation
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ALICE Time Projection Chamber
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TPC upgrade 
after Run 2
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getting rid of gating grid
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● gating grid limits the maximum rate of a wire-based TPC
● use several amplification stages, keep total gain low, reduce 

ion backflow (IBF) by the choice of electric fields 

implementation: 4 Gas Electron Multiplier (GEM) foils

50 micron thick insulating foil with holes
Cu layers on both sides, ~300 V applied 
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wire chamber GEM chamber

grid open grid closed

gain 8000 0 2000

ion backflow 0.13 <0.0001 <0.01

getting rid of gating grid



why at GSI?
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underground training in Darmstadt breweries
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communication skills
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trained to work at height, using eye protection 
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ability to understand and memorize complex schemes
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accustomed to increased (cosmic) radiation environment  
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immunity to highly corrosive substances
(Chinese New Year celebration)
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excellent motoric skills and sharp sensory awareness
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…and one more asset of GSI:
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big and well equipped detector lab
+ expertise of its team



production
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ALICE TPC upgrade project structure
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ALICE TPC upgrade - a very logistic-intensive project
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weightlifting and bodybuilding
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nature powers: wind and sun
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project equipment

Zagreb box

        testbox

voltage divider boxesHV testbox                                                                             

trabox

pandabox



30 years of ALICE at GSI, D. Miskowiec, 3-Nov-2026

basic GEM test: leakage current at 500 V
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good GEM so-so GEM
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GEM framing
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frame putting GEM on top of frame

alignment curing 
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OROC assembly
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cleaning padplane

trimming GEM

adding a GEM

cleaning with N2
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covering soldering HV connections

tightening nylon screws done done
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OROC tests at GSI
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moving an x-ray gun at 10 kV
moving a 55Fe source of 6 keV x-rays
monitoring currents of padplane and cathode

two x-ray guns at 60 kV, full illumination
monitoring currents of padplane and cathode
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completion of the OROC assembly and tests  

● 2015  planning
● 2016  planning and preparing
● 2017  3 OROCs assembled
● 2018  17 OROCs assembled

last OROC shipped to CERN in 
October 2018, one month before the 
start of the shutdown
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20 detectors were delivered to CERN

Riedstädter Echo 22.11.18



30 years of ALICE at GSI, D. Miskowiec, 3-Nov-2026

32

Alena           Andre                 Andreas        Bernd                Bogdan            Daniel             Dariusz            

Holger                    Joerg              Lilit             Lukas           Manuel              Michael          Pascal

Pradip             Rajendra          Sebastian         Silvia        Thomas            Thomi               Vladimir
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personal summary: how well did things work?
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what expectation reality

flushing volumes with gas rest gas = exp(-t/tau) so-so

building tight volumes you can debug by sniffing sniffing worked only for big holes

keeping things clean if you keep things clean, 
nothing bad can happen

if you keep things clean, you 
reduce the probability that 
something bad happens

electric discharges in 
equipment

just keep distance and 
isolation, then OK

calculate and test carefully, use a 
safety margin, then OK

electric discharges in gas absent statistical

bringing life into things 
("Frankenstein effect") 

put things together, apply HV, 
wake them up to live

yes!
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bringing life into things ("Frankenstein effect")
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APS  Physics, "Life is Physics", January 11, 2019

following this definition, gaseous chambers are living beings

under HV, they always wake up

GSI



end



30 years of ALICE at GSI, D. Miskowiec, 3-Nov-2026 36

upgrade of the TPC

36 IROCs and 36 OROCs to be replaced with new GEM chambers
GSI assembling 20 OROCs

Outer Readout 
Chamber (OROC)

Inner Readout 
Chamber (IROC)
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ALICE Time Projection Chamber upgrade 2019

outer readout chamber (OROC)

inner readout chamber (IROC)

GSI contribution:
● frame 160 OROC3 GEM foils (= 100% of all)
● assemble and commission 20 OROCs (= 50% of all)

OROC3 GEM foil
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advanced GEM tests: optical scan
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   hole-size map   

standard pitch

large pitch

clear anticorrelation between 
hole size and single-GEM gain 

...gets lost once several GEMs 
are stacked together

hole diameter (μm)
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GEM database documenting 923 foils
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OROC tests
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● gain uniformity 11% (standard deviation), requirement <20%
● average ion backflow  0.5%, requirement <1%

OROC/23 gain map OROC/23 ion-backflow map
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● gain exponential within 300-15000, nominal gain 2000
● energy resolution 12-14%, requirement <12%

gain curves       energy resolution with 55Fe source

co
un

ts
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long x-ray irradiation at high intensity, chamber stable

full illumination with x-rays, pad current 10 nA/cm2
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encountered problems
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       OROC/10 gain hotspot       OROC/00 missing segments
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encountered problems
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2.1 kV between GEM3 top
poor fix of the GEM1 top wire 

discharges between adjacent HV wires leakage current test sensitive to room light

not really a problem


