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Motivation 

• Possibility to construct / upgrade TPC without Gating 
Grid but with “acceptable” Space Charge Distortions.  

    ALICE TPC upgrade program. 

 

• Gas Cherenkov / RICH Detectors without “windows” (like 
PHENIX HBD) 
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Constrains 
 

• TPC 
  -- preserve ( or improve) momentum reconstruction performance in a 
compromise with read-out pad size (number of FEE channels) 
 -- minimize IBF ( < 0.5%) for an average Gas Amplification (<GA>) ~2000 
( S/N ratio). It means: ϵ - parameter < 10. 
 -- preserve dE/dX performance: E-resolution for Fe55  σ/Mean <= 12%. 
 -- can be used for different options of TPC “working” gas mixtures 
 
• Cherenkov / RICH 
   -- CsI as UV – convertor 
   -- 2d – 3d readout 
   -- <GA> ~ n * 105 
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What was known ~two years ago 

• Multi GEMs setup: 
    -- Detail study from Novosibirsk team: the best IBF for 3-GEM setup and drift field >0.1 kV/cm:  
             >1.%       ( A. Bondar, et al, NIM A496 (2003), 325 ) 
 
    -- careful and comprehensive 4 years R&D;  CERN, TUM and Frankfurt teams:  
         3-GEM setup, drift field = 0.4 kV/cm;  IBF ~1.% 
         4-GEM setup, drift field = 0.4 kV/cm:  IBF = (0.6-0.7)%  
          and control E-resolution. 
          At least factor 10 improvement.   ( TDR ALICE TPC, CERN-LHCC-2013-020) 
 
• COBRA GEMs 
     -- some basic R&D from Tokyo. 
     -- IBF is much below 1% but resolution and charge up are issues.  
  
• MicroMeshGas (MMG).  
    -- IBF ~ 1% its own (close to fields ratio) 
    -- but sparking, and there is no charge spread on a readout board  
        (“destroy” Pt-reconstruction performance). 
 
•  GEM + MMG available data; “COMPASS” experience. 
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• Proposed: 2 GEMs + MMG. 
   IBF {(1%) & (10%)}  0.1% 

    2 GEMs gas amplification ~5  MMG gas amplification ~400 
         ( all detectors are in a very “comfortable” condition from HV point of view 
  minimize sparking probability. As an example: GEM+MMG setup in 
COMPASS ) 
•    2 GEMs will “provide” additional spread of electrons on the Mesh surface 
 improve Pt reconstruction (with Chevron pad shape) and minimize 
sparking probability.  
 
 

•  TPC response simulation was done (as precise as possible) to check micro-
pattern technology for gas amplification option in a comparison with MWPCh 
(dPt/Pt and dE/dX performance ). 

• ( all details are in appendix)  
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Drift   0.4 kV/cm 

Transfer  < 4.0 kV/cm 

Induction  < 0.5 kV/cm 

MMG amplification  ~32 kV/cm 

dV ~ (180-250) V* 

dV ~ (150-230) V* 

dV ~ 360--420 V* 

2 mm 

4 mm 

125 ϻm, 450 LPI 

GEM 1 ** 

GEM 2 

MMG (From RD-51) 

8 mm 

Cathode 

FLUKE 189 

All 5 strips; I_anode.   

FLUKE 189 

I_cath 

 HV 

 Ground 

Radioactive source(s) 

PA with spark protection 
1 strip, 2 x 10 cm2  

Strip readout 

Q ini  “I_cath. ini.” 

Q gem-gem. 

Q mmg  I anode. 
 MMG only (“I_an_mmg”) 

 HV 

* -- for Ne + CO2 gas 6 ** - GEM foils are in 90deg rotation position 

“Q” means “primary 
ionization” 

   Setup for IBF and E-resolution measurements of combined 2 GEMs + MMG. 



2 GEMs+MMG;   Ne+CO2(10%); Fe55 
Example of Spectrum (E tr = 1.5 kV/cm) 

ADC, Channel 

       14%  8.5%                                12.%    Sigma/ Mean  
 Gaussian Fit,  Red  
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 GA GEM 1 ~= 0.52 
 GA (GEM 2 & GEM 1) ~= 3.2 
 GA GEM2 ~= 6.15 



Red points : I cathode / I anode, %; Sr90 

Blue boxes: FWHM / Mean, Fe55 

MMG Mesh HV, V 

Sigma / Mean = 11.% 

E drift = 0.4 kV / cm 
E transfer = 3.5 kV / cm 
E induction = 0.125 kV /cm 
 
<G.A.> = (5.5+/- 0.5) * e3 
( tune GEM voltages to keep GA the 
 same) 

 

First measurements with Ar+CO2(30%) 
   Fe55 and Sr90 sources.  
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IBF performance and energy resolution 
Ne + CO2(10%) 
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4 GEMs setup  
(ALICE TPC upgrade TDR) 
 <GA> ~2000 

2 GEMs + MMG setup, <GA> ~5000 



Ne+CO2(10%) 
Edrift =0.4 kV/cm,  Etran. = 3.0 kV/cm, Eind.=0.075 kV/cm 

<GA> ~ 2000. 

σ/ Mean, %, Fe55 

IBF, %, Sr90 10 

Blue:         dV GEM2 = 190 V 
Red:          dV GEM2 = 210 V 
Green:      dV GEM2 = 220 V 
Magenta: dV GEM2 = 230 V 
 V MMG and dV GEM1 are varying 
 
 

Black: “some optimization” 
 



Comparison for different gas mixtures 
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 σ / Mean, % 

IBF, % 

Red:  Ne + CO2 + CH4 (80-10-10) 
Black:  Ne + CO2(10%) 
Blue:  Ne + CO2 + N2 (90-10-5) 
Magenta: Ne + CO2 + CF4 (80-10-10) 



What was done more,  
and more data available 

• Data for Ne+CO2+N2 (90-10-5) 
  -- is any reason to continue study for this gas mixture ? 
  --  Gain sensitivity was checked to: 
           N2 (+/- 1%),  d(voltages) all three amplification steps, and Gas pressure.  
 
• Data for Ne+CO2+CH4 (80-10-10), C10, P10 
 
• Small (10x10 cm2) detector with the same pad and via structure as IROC; 

test sparking and E-resolution with collimated Fe55 source. 
 

• 3  small (10x10 cm2) detectors to test different pad size / shape options. 
 

•  Participation in a preparation of IROC (ALICE TPC) read-out board with 
MMG mesh for test-beam. 
 

• In a parallel 2 detectors with 21x26 cm2 active size (available GEM foils 
from HBD ) were prepared and tested (preliminary data for the chamber 
with 5 cm drift distance and 10 mm distance between GEM2 and MMG 
mesh) 
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  4 GEMs  2 GEMs + MMG 
 (no R-layer) 

 IBF    (0.6 - 0.7)%  0.3% 

 <GA>    2000  2000  

 ϵ - parameter    12 - 14   6 

 E – resolution  <12%  <12% 

 Gas Mixture  
( 3 components)  

 Ne+CO2+N2 
( Et “problem”  with + CF4) 

Ne+CO2+N2, Ne+CO2, 
Ne+CF4, Ne+CO2+CH4 

 Sparking ( Am241) 
 
 Sparking, test-beam 
   Ne+CO2+N2 
 
Possible main problem 

 <3.*10 -9 

 
 ~6.4*10 -12 

 
  
short sector of the foil  

< 3.*10 -7  (Ne+CO2) 
< 2.*10 -8 (Ne+CO2+C2H4) 
~ 3.5*10 -10 

 
   
lost FEE channel 

 Pad structure  Any, but improvement with 
Chevron  

 Not Chevron 
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CERN test-beam.  Prototypes 
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• 4-GEM configuration (baseline ALICE TPC upgrade choice) 
– Full-sized inner-readout chamber, 2nd test beam  

• 2-GEM+MMG configuration 
– Yale Prototypes: Two 21x26cm 2-GEM+MMG chambers 

  

 
 
 
 
 
 
 
• Beam test: November-December 2014 at CERN 

– PS beam for dE/dX, SPS for sparking rate 

30 The ALICE Collaboration

Figure 4.2: Schematic picture of ahybrid IROC prototype (HIROC).

4.1.3 Yale prototypes

Two identical medium-size detectors were constructed at Yale University to allow dedicated studies of

thehybrid 2GEM+MM structure. In contrast to theHIROC, theMicromegasof theYaleprototypes were

produced in bulk technology. Both detectors were operated and tested simultaneously during the test

beam campaign. The readout structure of the Yale prototypes with an active area of 21⇥26cm2 each

(i.e. > 3times smaller than the HIROC prototype) follows the schematics shown in Fig. 4.3. In the Yale

prototypes, the transfer gap between GEM2 and the Micromegas is 10mm to enhance diffusion of the

charge cloud and thus lower the charge density at the mesh with the aim to improve the stability against

electrical discharges.

Figure 4.3: Schematic picture of a2GEM+MM Yale prototype

4.2 Discharge studies with large-size prototypes

The discharge behaviour of the four prototypes described in Sec. 4.1 was evaluated in a test beam at

the CERN-SPS. All detectors were operated with a Ne-CO2-N2 (90-10-5) gas mixture. The discharge

probability was measured using showers of hadrons produced by a high-intensity secondary pion beam

with a momentum of 150GeV/c impinging on a 30-40cm thick iron absorber. The average beam inten-

sity was⇠6⇥106 particles per spill (⇠5s), resulting in an average in-spill rate of ⇠1.2MHz. During

the two-week RD51 test beam campaign, a total of 36h of dedicated data taking was allocated for the

ALICE TPC tests.

The beam time was divided into two parts. In the first part, the 4-GEM IROC together with the Yale

prototypes were tested. In the second part, the Yale prototypes were replaced by the HIROC prototype.

Schematic drawings of both setups and a photo of the experimental area are shown in Fig. 4.4 and

Fig. 4.5, respectively.

The particle flux into the 4-GEM IROC chamber was calibrated by recording the current at the anode

pad plane (without iron absorber) as a function of the counts measured in the beam scintillators. The

IROC anode current was recorded continuously. Hadron showers were created by the pion beam hitting

the40cm iron absorber (30cm at thebeginning of thebeam time). On average, 20 shower particles were

observed per incoming beam particle. They are emitted preferentially in the direction perpendicular

to the detector plane. The integral of the chamber current over the whole beam period gives the total

number of accumulated particles NSPS
tot = (4.7± 0.2)⇥1011. This number can be compared to the total

TPC Upgrade TDR Addendum 29

Figure 4.1: Schematic picture of the 4-GEM IROC.

and s (55Fe), including the new baseline settings for the S-LP-LP-S configuration (see Sec. 3.1.1) for

which IB =0.63% and s (55Fe)=11.3%. The other settings were defined by the ion backflow and 55Fe

resolution of the S-LP-LP-S configuration as presented in Fig 5.4 of the TPC Upgrade TDR [1]. They

include extreme values of those parameters which are studied to identify possible performance limits

of the detector. The voltage and field settings, and the corresponding values for IB and s (55Fe) are

summarized in Tab. 4.1. A resistor chain was used to supply the potentials on the subsequent GEM

electrodes.

IB s (55Fe) DUGEM3/ DUGEM4 DUGEM1 DUGEM2 DUGEM3 DUGEM4 ET1 ET2 ET3 Eind

(%) (%) (V) (V) (V) (V) (kV/cm) (kV/cm) (kV/cm) (kV/cm)

0.63 11.3 0.8 275 240 254 317 2 3 1 4

0.34 17.0 0.8 225 235 304 382 4 2 0.1 4

0.51 13.8 0.8 255 235 292 364 4 2 0.1 4

0.65 12.1 0.8 275 235 284 345 4 2 0.1 4

0.98 10.4 0.8 305 235 271 339 4 2 0.1 4

2.05 9.1 0.8 315 285 240 300 4 2 0.1 4

0.76 12.0 0.95 275 235 308 323 4 2 0.1 4

Table 4.1: Voltage settings for different values of IB and s (55Fe). For details see text.

4.1.2 HIROC prototype

The HIROC prototype is a full-size IROC equipped with a hybrid 2GEM+MM readout structure. The

main goal of thisdevelopment wasto test theperformanceof afull-sizedetector of this typeafter promis-

ing results with 10⇥10cm2 detectors were presented (see Sec. 9.3 on alternative R&D in the TPC up-

grade TDR [1]).

A schematic drawing of theHIROC detector isshown in Fig. 4.2. TheHIROC prototypewasconstructed

using an aluminium body with pad plane from a spare IROC of the ALICE TPC where the wire planes

wereremoved. Theactivearea is identical to that of the4-GEM IROC. After removal of thewireplanes,

several modifications to the pad plane were applied, i.e. the signal vias were filled with glue to avoid

trapping of dust particles and afterwards the pad plane was polished. These measures became necessary

to limit the dark currents during the commissioning HV tests to a tolerable level.

The Micromegas used to construct the stack is a so-called pre-stretched 400 LPI (lines per inch) Mi-

cromegas with 128µm pillars attached to the mesh in a photolithographic process, and a 10mm wide

spacer framefollowing theshapeof thepad plane. Themesh wasproduced and glued to thepad plane at

thePH-DT Micro-Pattern Technologies workshop at CERN. On top of themesh, astack of two standard

pitch GEM foils and a cover electrode were mounted (glued). An additional 2mm frame was inserted

between GEM2 and the mesh, resulting in a transfer gap of 4mm between both structures.

The HIROC was installed in a test box similar to the one of the 4-GEM IROC, which contains a drift

cathodeand arectangular field cage. Thedrift distance is⇠10.8cm. Two wallsof the test box, closest to

the parallel sides of the chamber, were machined to install mylar windows for measurements with beam

and radioactivesources.

  Cathode with field cage 



PID Performance.  1.0 GeV/c PS beam: Results 

• Separation: 
 

 
• Yale 2-GEM+MMG Prototypes:  

– Sπe = 3.6 (Preliminary) 
– Ongoing questions: 

• Origin of excess low-Q clusters 
• Cause of gain map correlations 

• 4-GEM:  
– Sπe = 4.4 
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TPC status - ALICE week 2015 Jens Wiechula 37

TPC upgrade
PS test beam – dE/dx performance

dE/dx performance as expected from simulation

Same performance as present MWPC IROC

Physics performance not compromised up to σ=14%

→ Allow for operation of IROC / OROC at different working points

IB=0.34%

IB=0.65%

IB=0.51%

PS beamtime (Nov. 2014) 
A. Mathis - HK 22.3, Tuesday, 15:00 

! Secondary e±, ± beam; 1, 2, 3 GeV/c 

! dE/dx performance as expected from 
simulations 

! Relative energy resolution as in present MWPC 

! Physics performance not compromised up to 
(55Fe) = 14 % 

4-GEM IROC 

2-GEM + MMG IROC 

Cherenkov 

Beam 

TPC status - ALICE week 2015 Jens Wiechula 37

TPC upgrade
PS test beam – dE/dx performance

dE/dx performance as expected from simulation

Same performance as present MWPC IROC

Physics performance not compromised up to σ=14%

→ Allow for operation of IROC / OROC at different working points

IB=0.34%

IB=0.65%

IB=0.51%
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<dE/dx>

4-GEM

<dE/dx> 

(ADC per cluster) 

(Preliminary) 



SPS Beam Test: Sparking Rate 
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• SPS beam: 150 GeV/c pions 
incident on Fe absorber       
(hadrons & EM showers) 
– Beam perpendicular to pad plane 

– Ne-CO2-N2 (90-10-5) 

 Oscilloscope records spark signal 

 ~5 x 1011 chamber particles 
accumulated in test beam 

– 1 month of Pb-Pb in ALICE: 
~7x1011 per GEM sector 

SPS beamtime 
A. Deisting- HK 22.1, Tuesday, 14:30 

! 150 GeV/c pion beam hitting Fe absorber 

! ~5×1011 particles accumulated  

! Comparable to the number of particles expected in the TPC during a 
typical yearly Pb-Pb run at a collision rate of 50 kHz (per GEM stack) 

! Discharge probability: (6.4±3.7)×10-12 per incoming hadron 

! Estimate for RUN3: 

! 650 discharges in the TPC per typical yearly Pb-Pb run 

! 5 per stack 

! Save operation guaranteed 

TPC status - ALICE week 2015 Jens Wiechula 36

TPC upgrade
Test beam campaign

Test beam studies at 
PS and SPS with full-
sized IROC prototype

dE/dx performance

Discharge probability

I

I ⇡ .

I

⇠ ( ± )⇥ /

I

⇠ . ⇥ /

I

⇠ . ⇥ /
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Sparking Rate: Results 

• 2-GEM+MMG: 
– At optimal HV setting: P~3.5 x 10-10 per chamber particle 

• Spark rate depends on hadron interaction with MMG mesh 
  

– Spark does not harm MMG, but gives dead time (~μs) 
 
 
 

 
 
 

• 4-GEM:  
– ~6.4 x 10-12 per chamber particle (3 sparks observed) 
– Dead time ~ seconds to minutes 
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From Jona Bortfedt (RD-51) presentation  
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From Jona Bortfedt presentation 
 
 

 We are going to measure these parameters with 4x6 mm2 pad read-out structure, and apply HV to Mesh.    



Plan of activities 
( 2 GEMs + MMG setup) 

• 2  small (10x10 cm2) detectors to test all parameters with R-layer 
(different MΩ/ sq) for TPC application ( each pad-row -- as a strip ). 

 

• Measure MMG high voltage drop in a case of sparking with 4x6 mm2 
“floating” pad read-out structure. 

 

• Preparation for next test-beam (FNAL !?). 

   

• Start to prepare the setup for UV – Detector(s).   
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• Stop here. 

• Back up slides and Appendix. 
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MMG + GEM spark rate test, Purdue University team + Y.G. 
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Ne+CO2(10%),   MMG – GEM 1( top) voltage scan, 
 keep gas amplification . 

Fe55,  Sigma/Mean, % 

IBF, %,   Sr90    

IBF, % 

Fe55,  Sigma/Mean, % Anode current, nA 

MMG, V 

MMG, V MMG, V 

        
       Drift field = 0.4 kV/cm 
       Transfer field = 2.5 kV/cm 
       Induction Field = 0.1 kV/cm 
       dV2 (GEM) = 200 V 
 

        <GA> = 5.5+/-0.5      
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Ne+CO2(10%) 
Edrift =0.4 kV/cm,  Etran. = 3.0 kV/cm, Eind.=0.075 kV/cm 

<GA> ~ 2000. 
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Data from black points p12. 
 
  dV GEM1 and 2 are varying 

MMG, V 

<GA> 

IBF, % 

 σ / Mean, % 



Ne+CO2(10%):  Transfer field scan (GEM – GEM) 
V MMG = 400 V, dV GEM1 = 210 V, dV GEM2 = 195 V, Eind.=0.075 kV/cm  
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 σ / Mean, % 

IBF, % 

<GA> 

E trans., kV/cm 

“Star” points: 
Increase V MMG to get <GA> ~ 2000 



E transfer, kV/cm E transfer, kV/cm 

Fe55;  FWHM/Mean, % 

<Gas Amplification> x  2.5 *103 IBF, %;    Sr90 

Anode current, nA 

2 GEMs+MMG;   Ne+CF4(10%) 
Transfer E-field  Scan V mesh = 496 V 

Drift field = 0.4 kV/cm 
Induction Field = 0.125 kV/cm 
dV1 (GEM) = 200 V 
dV2 (GEM) = 230 V  
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2 GEMs + MMG spark test setup, 241Am 
Distance Cathode – Top GEM ~ 4 cm. 

( follow recommendations from Collaboration) 

Different  scalers, CAMAC ADC   
To control / collect data from all gas  
amplification detectors, rate,  
and gas amplification values. 
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IBF calculation  

•  IBF = ( I_cath – I_cath_ini – I_offset – I_cath_mmg_only ) / 

                 ( I_anode – I_anode_mmg_only – I_offset ) 

• Contribution from Q_gem_gem ignored 

• IBF precision (in our measurements) ~ 10% 

Example: ( Ne + CO2(10%)),  V mmg = 400 V, dV GEM1 = 210 V,  dV GEM2 = 175 V 
  E transf. = 3. kV/cm,   E ind. = 0.15 kV/cm 
 
 (HV ON,  No Source) 
  I_anode_offset =  0.05 nA,    I_cath_offset = 0.0016 nA   
 
Source ON;  MMG mesh,  E induction, E drift ON ( All GEM voltages are the same): 
   I_anode_mmg_only = - 3.21 nA (400 V),     I_cath_ini. = 0.012 nA  
 
 All Voltages ON:      I_anode = - 27.78 nA ,     I_cath = 0.083 nA 
 
    IBF = ( 0.083 – 0.012 – 0.0016) / ( 27.78 – 3.21  + 0.05 ) = 0.29% 
 
   <GA> (current ratio ) = ( 27.78 – 3.21) / 0.012 = 2049.  
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E– resolution (Fe55,  σ/Mean). 
Gas Amplification. 

ADC for 10, 20, 30, 40 mv pulse;  
C = 4.5 pF connected to readout strip;  
   Gauss Fit, σ = 1.75 ch.  

“mv”e-3 * 4.5 e-12 = K * (6.0 e3 / ϵ ) * 1.6e-19 
    ϵ = 35.5 ev (Ne+CO2(10%));  
       = 26. ev (Ar+CO2(10%)) 

Pulser data, line fit; 
“mv”  = 0.098 *ADC – 0.4 
 
ADC offset = 4.0 ch. 
 

ADC 

 Example:  Fe55 spectrum,  
 Gauss Fit:   Mean = 134.8,  σ = 16.13 
                   { SQRT(16.13**2 – 1.75**2) = 16.04 } 

 Res: 16.13/(134.8 -4) = 12.3% 
 
 “mv” = 0.098 * 134.8 – 0.4 = 12.81 
 <GA> (K) = 2131. 

30 

q = V *C =  
 = K (“gas amplification”) * N ioniz. Electrons 

   



Two examples of Fe55 spectrum 

V MMG = 390 V (see table) V MMG = 420 V (see table) 
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Ne+CO2(10%);  Induction field scan (GEM – MMG) 
V MMG = 400 V,  Etran.=3.0 kV/cm . 

Green points: <GA> from currents ratio 
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 σ / Mean, % 

IBF, % 

<GA> 

dV GEM1, V 

dV GEM2, V 

V MMG, V 

E ind. kV/cm E ind. kV/cm 



Can we discuss TPC working gas (for micro-pattern gas amplification technology) ?! 
(may be there is a sense to check TESLA, NA-49 experience with Ar+CO2+CH4 gas mixture) 

  

• Gas mixture         Electron drift velocity, cm/us       T diffusion        L diffusion 
                                     ( E-field  -- 0.4 kV/cm)                             0.5 T B-field.                       
 
•  Ne+CO2+N2                   2.6                                                             217                         220    
          (90-10-5)     
 
•  Ne+CO2+CH4                 2.9                                                            208                         232 
          (90-10-5) 
 
•  Ne+CO2+CH4                 4.0                                                            270                         240 
          (90-5-10) 

 
•  Ne+CO2+CH4                 3.05                                                          210                        230 
           (90-10-10) 
 
 
•  Ne+CH4                           3.4                                                            400                       280 
          (91-9)  (0.3 kV/cm  plateau) 
 
 

Lowest Ionization Potential (eV):   Ne – 21.56,  CO2 – 13.81,   CH4 – 12.99 
 
Mobility (Ne+CH4, 10%) / Mobility (Ne+CO2, 10%) = 1.17   {Wigner RCP group data and       
G. Schultz, G. Charpak and F. Sauli,  Rev. Phys. Appl. (France) 12, 67 (1977) } 33 

(keeping in mind that CF4 was not recommended to be used for ALICE TPC)  



2 GEMs+MMG; (Setup #2).  Ne+CO2(10%); Sr90 and Fe55 
Transfer E-field  Scan 

V mesh = 485 V 
Drift field = 0.4 kV/cm 
Induction Field = 0.125 kV/cm 
dV1 (GEM) = 195 V 
dV2 (GEM) = 225 V 
 
Red points: Fe55 
Blue points: Sr90  

E transfer, kV/cm 

IBF, % 

Anode current, nA 

34 



From Jona Bortfedt (RD51) presentation  
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•  TPC response simulation details. 

• First step.  
•  For all options of TPC readout pad size and shape look-up tables were prepared. Charge on 3x3 pad structures 

was simulated as a function of single electron position on the  “central” pad (“face” of the “first” GEM foil): 
• Select the nearest GEM hole and simulate the position in the hole  
• Simulate gas amplification (Polya distribution + some parameters using GARFIELD GEM simulation results) 
• Transfer each e- after the amplification step to the next GEM foil (diffusion parameters are from GARFIELD) 
• Select a hole for the next GEM foil 
• Repeat gas amplification and electron transfer steps for the second, third (and forth) GEM foils (or MMG). 
• “Collect” electrons on pad structure 
•   
• This was repeated for a few hundreds positions, and 1000 times for every initial position.  
• The parameters for this simulation step are: readout structure geometry, E-field, average amplification for each 

foil, diffusion. Each foil was randomly rotated and shifted to skip alignment issues. 
•   

• Second step.  
• GEANT3 was used to describe ITS and TPC geometry and materials. Then a single pion track from the primary 

interaction vertex inside the 0.5 T B-field in selected limits for Pt and rapidity is simulated. For the simulated track 
input-output points in space for all (“active”) ITS detectors and TPC pad-rows were saved as a output structure 
together with track parameters. Repeat  to obtain sufficient statistics. 

•   

• Third step. 
• To simulate ITS detector response a simple “fast” (Gaussain) hit smearing was used. 
• For each TPC pad-row the number and position of “ionization” electrons were simulated as a function of gas 

mixture parameters and particle momentum (βɣ) including so-called δ–electrons *). Using diffusion parameters 
and drift speed for the working TPC gas mixture the position on the face of first GEM foil can be generated for 
each ionization electron; and a look-up table is used to select a pad response (in number of electrons) and arrival 
time (including simulating FEE response). When this procedure was finished for all ionization electrons, the 
pedestal with noise was added to each active pad. Then cluster finding and coordinate reconstruction were done. 
Using all smeared hits from ITS and reconstructed hits from TPC, a helix fit and momentum reconstruction were 
done. All needed information is saved for next analysis step. 

• *) all details can be found: H.Bichsel, NIM A562 (2006) 154. 
•     http://faculty.washington.edu/hbichsel/ 
•   
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Momentum Reconstruction 
ALICE, ITS+TPC 

( 100% hit & track finding efficiency) 

dPt/Pt 

Pt, GeV/c Pt, GeV/c 

 Red: wires read-out option; Ne+CO2(10%) 
 Blue: 3-GEMs; Ne+CO2(10%) 
 Green: 2-GEMs+MMG; 
Ne+CO2(10%)+CH4(5%), 
 chevron (6 zigzags) 
 
 (dPt/Pt) / (dPt/Pt) wires 
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Momentum Reconstruction 
ALICE, ITS+TPC 

( 100% hit & track finding efficiency) 

dPt/Pt 

Pt, GeV/c 
Pt, GeV/c 

 Red: wires read-out option; Ne+CO2(10%) 
 Blue: 3-GEMs; Ne+CO2(10%) 
 Green: 2-GEMs+MMG; 
Ne+CO2(10%)+CH4(5%), 
 chevron (6 zigzags) 
 
 dPt/Pt 

4 GEMs:  rectangle ,   Chevron pads 
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