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GAS: 
~90 m3 

Ne-CO2  (90-10) in RUN1 
vdrift  = 2.73 cm/µs (@ 400 V/cm) 
Maximum drift time: ~92 µs 

2 x 18  
Inner Read Out Chambers 

2 x 18  
Outer Read Out Chambers  

557568 pads 
 
4 x 7.5 mm2 (IROC) 
6 x 10 mm2 (OROC) 
6 x 15 mm2 (OROC) 

ALICE TPC 

•  Designed for charged-particle tracking and dE/dx measurement in Pb-Pb collisions with 
dNch/dη=8000, σ(dE/dx)/(dE/dx)<10% 

 
•  Employs gating grid to block backdrifting ions 

•  Rate limitations: < 3.5 kHz (in p-p), ~500 Hz (in Pb-Pb) 

OROC 

IROC 

Drift field: 400 V/cm 

5 m 

5 m 
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ALICE TPC upgrade for RUN3 
Operate ALICE at high luminosity  
(L=6×1027 cm-2s-1) 

¡ Record all minimum bias events 
50 kHz Pb-Pb collisions (100× higher than present) 

¡ Event pile-up in TPC: ~5 overlapping events 

¡ No gating and continuous readout with GEMs 

Requirements for GEM readout: 

¡ Operate at the gain of 2000 in Ne-CO2-N2 

¡ IBF < 1% at Gain = 2000 àε= 20 

¡ σE/E < 12% for 55Fe 

¡ Stable operation under LHC conditions 

¡ + new electronics (negative polarity, self-triggered) 

¡ + novel calibration and online reconstruction schemes  
(data compression by factor 20 and space charge distortions) 

A"Large"Ion"Collider"Experiment"

Outline�

•  ALICE upgrade after Long Shutdown 2 (LS2) 
•  ALICE TPC upgrade  
   with micro-pattern gaseous  
   detectors 
•  Status of R&D activities 
•  Summary and Outlook 

��

http://cds.cern.ch/record/1622286 

ALICE TPC Upgrade  
Technical Design Report  

(submitted in 2013)�

Submitted to LHCC  
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GEM (Gas Electron Multiplier) 
F. Sauli (1996) 

Future Challenges in Tracking and Trigger Concepts Jens Wiechula 8

GEM detectors
Working Principle

http://gdd.web.cern.ch/GDD/

70
μm

14
0μ
m

 Gas Electron Multiplier: micro-pattern gas detector
 Holes act as multiplication channels

 Up to ΔU≈500V 

 Fields up to ~100kV/cm

 Intrinsic ion blocking

-

+

Low field: 400 V/cm

High field: 4 kV/cm

ΔU

•  Thin polyimide foil (Kapton®) ~50 µm 
•  Cu-clad on both sides ~5 µm 
•  Photolithography: ~104 holes/cm2 

 
Typical GEM geometry: 
•  Inner/Outer hole diameter: 50/70 µm 
•  Pitch: 140 µm 

•  Ehole up to 100 kV/cm with  
ΔVGEM = 500 V 

 
•  Ehole >> Eabove  

most of the ions are collected 
on the top side of GEM 

 
•  Ebelow > Eabove 

electron extraction is 
improved 
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Baseline solution: 4GEM setup 

�  Baseline solution performance: 
◦  IBF = 0.6 % 

◦  σE/E < 12 % for 5.9 keV (55Fe) 
◦  Sufficient margin for a fine tuning of 

voltages (e.g. for stability). 

�  R&D continues: 
◦  Different aspect ratios 

◦  Different GEM geometries 

◦  Gap distances 

�  Alternative R&D 
◦  COBRA GEMs 

◦  2GEM + Micromegas 

A"Large"Ion"Collider"Experiment"

IBF and Energy Resolution�
•  Systematic studies for 4 GEM 

–  different foil configurations, VGEM, transfer field ET 

•  IBF optimized setting = high ET1 & ET2, and low ET3, 
VGEM1<VGEM2<VGEM3<VGEM4 

–  0.6-0.8% IBF and  
σ(5.9keV)=11-12% 

���

4 GEM 
S-LP-LP-S�

ET1 = 2000 V/cm 
ET2 = 3000 V/cm 
ET3 = 1000 V/cm 
EIND = 4000 V/cm 
 

ΔVGEM1 

44 The ALICE Collaboration

confirmed by the pulseheight data of a single-wire proportional counter used as reference (left panel).
The wire counter data is used to correct the gain variations of the GEM detector. In Fig. 5.3 the corrected
GEM gain is shown for a period of about 21 hours, just after the gain was increased. Within this time
the corrected gain remains very stable, within 0.45 %, as indicated by the fit of the right panel of the
figure. Thus, no settling time is observed after changing the operating conditions. It should be noted that
a humidity level of about 180 ppm of water was maintained for the entire period.

5.1.3 Results of ion backflow measurements

Baseline solution

A suitable working point in terms of ion backflow and local energy resolution was found by utilizing a
quadruple GEM system in which the foils in layer 1 and 4 have a standard hole pitch (Standard, 140 µm),
whereas the foils in layer 2 and 3 have a hole pitch that is two times larger (Large Pitch, 280 µm). This
arrangement, denoted S-LP-LP-S, allows to block ions efficiently by employing asymmetric transfer
fields and foils with low optical transparency. An increasing sequence of gas gains down the GEM stack
helps reducing the ion backflow since ions created in the inner two layers are blocked more efficiently.
On the other hand, the efficiency for electron transmission, in particular in the first two layers, is also
affected by this configuration. Therefore, a combined optimization with respect to both ion backflow and
energy resolution is mandatory.
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Figure 5.4: Correlation between ion backflow and energy resolution at 5.9 keV in a quadruple S-LP-LP-S GEM in Ne-CO2-N2
(90-10-5) for various settings of DUGEM2. The voltage on GEM 1 increases for a given setting between 225 and
315 V from left to right. The voltages on GEM 3 and GEM 4 are adjusted to achieve a total effective gain of 2000,
while keeping their ratio fixed. The transfer and induction fields are 4, 2, 0.1 and 4 kV/cm, respectively.

In Fig. 5.4 the ion backflow and energy resolution at 5.9 keV obtained with a S-LP-LP-S arrangement are
summarised for various voltage settings, illustrating the competing mechanisms of electron transmission
and ion blocking. The results are obtained in a Ne-CO2-N2 (90-10-5) gas mixture for different com-
binations of DUGEM1 and DUGEM2, and at different ratios DUGEM3/DUGEM4 . Clearly the ion backflow
improves for lower gains at GEM 1 and GEM 2, while the energy resolution deteriorates accordingly.
Typical values of ion backflow around 0.7 % at energy resolutions of ⇠12 % are reached. This per-
formance fulfills the requirements for maximum allowable space-charge distortions and proper dE/dx

ΔVG1>ΔVG2~ΔVG3<<ΔVG4  
 
G = 2000 

  

Harald&Appelshäuser,&RD51&Collabora6on&Mee6ng,&CERN,&June&18,&2014& 12&

TDR&baseline&solu6on:&4IGEM&stack&&Preparations for GEM4 Gas-Studies Conclusion

The Large Pitch GEM

MB, Julia Bloemer, Korbinian Eckstein, Andreas Hönle — Ion Back-Flow measurements at TUM 20/22

Triple'GEM+principle+of+operation+

� Fast%electron%signal%(polarity!)%
� %
�����
����	�%
� ��������	�
����������electrods�%
�%Gas%gain%about%a%factor%3%lower%than%
in%MWPC%

GEMs%are%made%of%a%copperAkaptonAcopper%
sandwich,%with%holes%etched%into%it%

Electron%microscope%photograph%of%a%GEM%foil%

20%
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Standard&GEM&(S)&
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Work done so far …. 

� Characterization of a single mask triple 
GEM detector 

� Long-term stability test of the GEM 
detector  
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GEM detector 
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Set-up 
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Block diagram for count rate 
measurement 
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Fe-55	
X-ray	source	 GEM	detector	

Discriminator	Scalar	

Pre-Amp	

Amplifier	



Block diagram for anode current 
measurement 
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Fe-55		
X-ray	source	 GEM	detector	 Pico	ammeter	

RATE	used	in	this	
formula	is	the	
maximum	count	rate	
at	saturaIon	region	



Count Rate Vs. Voltage 

Gas:	Ar/CO2	70/30	
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Gain Vs. Global Voltage 
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Long term stability test 
�  Long term stability test is done with Fe55  

source (100 mCi or 3.7 GBq) 
� Gas: Ar/CO2 70/30 
� Constant applied voltage to the divider: 

-4300 V 
� Anode current is measured with and 

without source continuously (using Keithley 
6485 Pico-ammeter) 

�  Temperature, pressure and relative humidity 
are measured continuously 
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Anode current and T/p Vs. time 



Gain Vs. T/p 



Normalized gain Vs.  
dQ
dA
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Normalized gain = measured gain/p0exp(p1T/p) 



Distribution of Normalized gain  



Temperature, Pressure and Relative 
Humidity measurement 
�  Temperature sensor – ds18b20  One Wire digital 

Thermometer (Accuracy: ±0. 5oC) 
�  Pressure Sensor – BMP180 Atmospheric Sensor (Accuracy: 

0.02 hPa) 
�  Relative Humidity Sensor – DHT11 (Accuracy: ± 5%) 
�  Microcontroller – Atmega 328p 
 
 
�  The Microcontroller takes the data from the sensors and 

displays on the Output 16 X 2 character LCD. The device 
operates on 5V DC supply. 

�  Programme is written in C and uploaded via ISP programmer. 
�  The microcontroller is a 8bit microcontroller running at 

16MHz . 
�  Circuit Diagram follows- 
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Circuit Diagram of the Temperature, 
Pressure and Humidity sensor 



The data logger 
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 Preliminary results 
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Summary 
�  ~2.5 mC/mm2 charge is accumulated in ~150 hours of 

operation 
�  No ageing is observed 
�  One instrument is built to measure the ambient 

parameters 

Future plan 
�  To build 4-GEM detector prototype 
�  Long-term test of 4-GEM detector  
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Gain Vs. Applied Voltage 
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Normalized gain = measured gain/p0exp(p1T/p) 


