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Motivations for this R&D programMotivations for this R&D program

At present the only economic way to cover with photon detectors
very large surfaces is to use gaseous photon detectors.

MWPC’s with CsI are successfully used, but:
- the effective gain is moderate (~10,000)
- the efficiency is challenged by aging (~1 mC/cm
- the signal is slow, coming from the ions drift (~100 ns)
- the electrical stability in an experimental environment is limited
and the recovery time after detector trip is long (~1 d)

Performances in terms of rate capability and noise rejection cannot be 
increased without a change of technology, possibly in the direction of:

- using a closed geometry to avoid photon feedback
- minimize ion backflow to the CsI layer
- detecting signals from electron drift  (few ns)
- using simple and robust components
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Motivations for this R&D programMotivations for this R&D program

At present the only economic way to cover with photon detectors
very large surfaces is to use gaseous photon detectors.

MWPC’s with CsI are successfully used, but:
the effective gain is moderate (~10,000)
the efficiency is challenged by aging (~1 mC/cm2)
the signal is slow, coming from the ions drift (~100 ns)
the electrical stability in an experimental environment is limited
and the recovery time after detector trip is long (~1 d)

Performances in terms of rate capability and noise rejection cannot be 
increased without a change of technology, possibly in the direction of:

using a closed geometry to avoid photon feedback
minimize ion backflow to the CsI layer

detecting signals from electron drift  (few ns)
using simple and robust components
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We decided to try using THGEM’sWe decided to try using THGEM’s
and reflective CsI photocathodesand reflective CsI photocathodes

No need of high space resolution ( > 1 mm)
Large area coverage (5.5 m2 for COMPASS RICH)

- industrial production (standard pcb)
- good stiffness
- very robust against discharge damages

For reflective photocathodes,
-no need to keep the window at a fixed potential (2nm Cr 
-possibility of windowless geometry
-higher effective QE (larger pe extraction probability)

ààààsmall photoconversion dead zones possible (~20%; GEM ~ 40%)
Large gain: > 106

About two years ago we started a program to develop a suitable
detector from existing experience and literature on THGEM’s.
First step: testing the performances of THGEM’s as electron multipliers:

- range of attainable gains
- reproducibility and stability in time of the THGEM response
- role of the geometrical parameters:

thickness,    hole diameter,    pitch,    rim size
- dependence on THGEM material and production procedures
- performances in different operating conditions
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We decided to try using THGEM’sWe decided to try using THGEM’s
and reflective CsI photocathodesand reflective CsI photocathodes

no need to keep the window at a fixed potential (2nm Cr àààà-20%)

higher effective QE (larger pe extraction probability)
small photoconversion dead zones possible (~20%; GEM ~ 40%)

About two years ago we started a program to develop a suitable
detector from existing experience and literature on THGEM’s.
First step: testing the performances of THGEM’s as electron multipliers:

reproducibility and stability in time of the THGEM response

thickness,    hole diameter,    pitch,    rim size
dependence on THGEM material and production procedures
performances in different operating conditions

diam

pitch

rim

Picture at the microscope
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SETUP of the initial testsSETUP of the initial tests
Single THGEM layer in the chamber,active surface: 30 x 30 mm
Gas mixture Argon/CO2 (70/30)
Sources: X-Ray (Cu – collimated source) and 55

Two  approaches: gain from signal amplitude spectra 
and from current measurements (pico-ammeters with resolution ~1pA)

tests performed at CERN MPGD Lab. and in Trieste:
more than 30 different THGEMs tested so far

bottom

To detect ionizing particle :
V3< V2< V1<V0

V3

V2

V1

V0

Edrift =  (V3-V2) /d1

Einduction=  (V1-V0) /d2

∆∆∆∆V = V2-V1

d1

d2

THGEM

top

drift gap

induction gap
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30 mm

SETUP of the initial testsSETUP of the initial tests
Single THGEM layer in the chamber,active surface: 30 x 30 mm2;

55Fe (uniform irradiation);
signal amplitude spectra 

ammeters with resolution ~1pA)

ThGEM

55Fe source

tests performed at CERN MPGD Lab. and in Trieste:
more than 30 different THGEMs tested so far
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Data: A7WOR063_B
Model: Gauss 
  
Chî 2/DoF = 8.71997
R^2 =  0.98288
  
y0 0 ±0
xc1 358.38194 ±1.127
w1 59.83813 ±2.33596
A1 1173.67306 ±38.88758
xc2 490.61839 ±0.18222
w2 67.19041 ±0.38037
A2 8612.61426 ±41.12351

ADC channels

GAIN STABILITYGAIN STABILITY (1)(1)

THGEMTHGEM
DiameterDiameter
(mm)(mm)

PitchPitch
(mm)(mm)

RimRim
(mm)(mm)

ThickThick
(mm)(mm)

WW22 0.30.3 0.70.7 0.10.1 0.40.4

It is now clarified that the good stability (within ~20It is now clarified that the good stability (within ~20

ADC 
spectrum

co
un

ts
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1200

5 
h

large variation 
of the gain 
versus time 

It is now clarified that the good stability (within ~20It is now clarified that the good stability (within ~20--30%) is obtained with small rim ( < 20 30%) is obtained with small rim ( < 20 µµµµµµµµm)m)
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GAIN STABILITY  (2)GAIN STABILITY  (2)

Short time gain variation

100 µm rim

START IRRADIATING after 
~10 hours at nominal voltage

diam (mm)diam (mm) pitch (mm)pitch (mm) rim (rim (µµµµµµµµm)m) thick (mm)thick (mm)

0.4 0.8 0 0.4

0.4 0.8 100 0.4
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GAIN STABILITY  (2)GAIN STABILITY  (2)

66

Short time gain variation

55Fe source;
uniform irradiation

irradiation at HV switch on 
(after ~1 day with no 
voltage)

no rim

no rim

Long time gain variation
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Gain ~ 4,000; rate capability ~ 10

1.3 1.4 1.5 1.6 1.7 1.8
100
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G
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Delta V (KV)

 THGEM electro-chem. polished without rim
 THGEM without rim
 THGEM with rim=0.1mm
 THGEM made  of kapton
 THGEM with different geometry

PARAMETERS:
•
•
•
•
•

PARAMETERS:
• Diameter = 0.3 mm
• Pitch= 0.7 mm
• Thickness = 0.4 mm

X-Ray Source: ~1 mm2,  rate ~1.7KHz.

Ar/CO2: 70/30
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Gain ~ 4,000; rate capability ~ 107/mm2

THGEM electro-chem. polished without rim

PARAMETERS:
• Diameter = 0.3 mm
• Pitch= 0.6 mm
• Thickness = 0.6 mm
• Rim = 0 mm
• Gas: Ar/CO2 – 70/30
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PARAMETERS:
• Diameter = 0.3 mm
• Pitch= 0.7 mm
• Thickness = 0.4 mm
• Rim = 0 mm
• Gas: Ar/CO2 – 70/30

120 kHz / mm120 kHz / mm22

120 kHz/ mm120 kHz/ mm22, 300 e, 300 e-- àààààààà single photoelectron single photoelectron 
rates of  rates of  ~35 MHz/ mm~35 MHz/ mm22
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The value of EThe value of Eindind defines the charge shearing defines the charge shearing 
between THGEM bottom and anodebetween THGEM bottom and anode

55Fe source;  uniform irradiation
Rim   = 0.1 mm
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defines the charge shearing defines the charge shearing 
between THGEM bottom and anodebetween THGEM bottom and anode

Diameter   = 0.3 mm
Pitch         = 0.7 mm
Thickness = 0.4 mm
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collection efficiency vs Ecollection efficiency vs Edriftdrift
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smaller holes: Esmaller holes: Edriftdrift critical for ecritical for e
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critical for ecritical for e-- coll. eff.coll. eff.
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ee-- collection efficiencycollection efficiency

1111Fulvio  TESSAROTTO

collection efficiencycollection efficiency
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ee-- collection efficiencycollection efficiency

histogg
Entries  600000
Mean    576.5
RMS     702.2

 / ndf 2χ   1392 / 65
Constant  11.9±  3744 
Mean      1.5±  1404 
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Constant  2.9±   821 
Mean      0.8± 543.2 
Sigma     0.72± 88.59 
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histogg
Entries  600000
Mean    276.1
RMS       249

 / ndf 2χ  216.2 / 199
Constant  2.9±   821 
Mean      0.8± 543.2 
Sigma     0.72± 88.59 

For larger values of the drift field primaries are lost:

currents are lower and spectra become wider and distorted (not gaussian)

This effect is more critical for small values of the hole diameter and large values of the pitch

gaussian fit:

χ2 / ndf = 1.08
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collection efficiencycollection efficiency

histogg
Entries  600000
Mean    576.5
RMS     702.2

 / ndf 2χ   1392 / 65
Constant  11.9±  3744 
Mean      1.5±  1404 
Sigma     1.9±   462 
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histogg
Entries  600000
Mean    576.5
RMS     702.2

 / ndf 2χ   1392 / 65
Constant  11.9±  3744 
Mean      1.5±  1404 
Sigma     1.9±   462 

histogg

For larger values of the drift field primaries are lost:

currents are lower and spectra become wider and distorted (not gaussian)

This effect is more critical for small values of the hole diameter and large values of the pitch

gaussian fit:

χ2 / ndf = 21.8

Single THGEM
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Photocurrent measurements in various gas atmospheres
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1000 2000 3000 4000 5000 6000 7000

Atmosheric pressure; flushing;
Leszek's chamber

E/p (V/cm/bar)

 Ar/CH
4
 80/20

 Ar/CO
2
 70/30

 Ne/CH
4
 77/23

 CH
4

atmospheric pressure,
reproducibility @ 1% level

E(V / cm)

-
─  CH4

─  Ar/CH4,  66/34
─  Ne/CH4, 62/38
─  Ar/CO2,  70/30

Photocurrent measurements in various gas atmospheres
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Setup for single photon detection test Setup for single photon detection test 

CsI coating 

Triple THGEM  (CsI)  Ar/CH4 50/50

Diam=0.4 mm, pitch =0.8, Thick=0.4, rim 

Cathode made of wires 

Pulsed Diode Laser
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Setup for single photon detection test Setup for single photon detection test 

14

anode

driftTHGEM 1

THGEM 2

Etransfer2.0 mm

2.0 mm

CsI 

THGEM 3

2.0 mm

Diam=0.4 mm, pitch =0.8, Thick=0.4, rim ≤10 µm

Pulsed Diode Laser

Geometrical sketch inside the chamber
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UV LIGHT PULSED UV LIGHT PULSED 
SOURCESSOURCES

1.1. Model UV LEDModel UV LED--255 255 
by Seoul Optodevice Co., Ltd, Seoul,by Seoul Optodevice Co., Ltd, Seoul, Korea (South)Korea (South)

§§ Central wavelength: 255 Central wavelength: 255 ±± 10 nm10 nm
§§ Spectral line width: <20nm FWHMSpectral line width: <20nm FWHM

§ also called germicidal ray (disinfection)
§ Applications: Water/Surface 

purification, Laboratory testing 

2.2. PLS 265PLS 265--10 (pulsed LED) 10 (pulsed LED) and and 
controller controller 

by PicoQuant GmbH, Berlin, Germanyby PicoQuant GmbH, Berlin, Germany

§§ 600 ps long pulses600 ps long pulses
§§ up to 40 MHzup to 40 MHz

220 240 260 280 300
0

2000

4000

6000

8000

10000

12000

14000

LASER 269 nm  

 

Co
un

ts

wavelength [nm]

LED 258 nm
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UV LIGHT PULSED UV LIGHT PULSED 

Korea (South)Korea (South)

germicidal ray (disinfection)

220 240 260 280 300
0

2000

4000

6000

8000

10000

12000

14000

LASER 269 nm  

 

Co
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ts

wavelength [nm]

LED 258 nmUV LED-255
peak @ 258 PLS 265-10

peak @ 269

spectrophotometer measurement

220           240             260            280            300  nm



MPGD 2009,      14/06/2009        MPGD 2009,      14/06/2009        -- Kolympari, Crete   Kolympari, Crete   

Amplitude distribution for single photon signalsAmplitude distribution for single photon signals

Triple THGEM

Effective gain = 0.91 · 10

∆V1   = 1600 V
∆V2   = 1600 V
∆V3   = 1500 V

PARAMETERS:
• Diam.     =  0.4 mm
• Pitch      =  0.8 mm
• Thickn.   =  0.4 mm
• Rim        =  10 µm

converted UV photon rate:  4 kHz

Edrift =       0 V/cm
Etr1     = 1500 V/cm
Etr2     = 1500 V/cm
Eind    = 3000 V/cm
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Amplitude distribution for single photon signalsAmplitude distribution for single photon signals

-

stable detector behavior
at gains approaching 106

It’s the gain of a PMT!
Work in progress: in March ’09

(TIPP09) it was 105

Ar/CH4:  50/50

Effective gain = 0.91 · 106
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Time distribution for single photon signalsTime distribution for single photon signals
Triple THGEM

Ar/CH4:  50/50

PARAMETERS:
Diam.     =  0.4 mm
Pitch      =  0.8 mm
Thickn.   =  0.4 mm
Rim        =  10 µm

converted UV photon rate:  3 kHz

TDC bin size:   
pulse width:     

gain  ~  5 · 105
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Time distribution for single photon signalsTime distribution for single photon signals
TDC bin size:   108 ps
pulse width:     600 ps

no detector 
optimisation 
for time response 
performed so far

σ = 10.8 ns
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presently typical charge sharing  presently typical charge sharing  
drift

THGEM 1

THGEM 2

THGEM 3

anode

26%

5%

68%

1%

47%

49%

4%

0%
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presently typical charge sharing  presently typical charge sharing  

Induction

Transfer 1

Transfer 2

Drift

68%
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currents as function of Ecurrents as function of E
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 A n o d ic  C u r r e n t
 B o t t o m 3  C u r r e n t
 T o p 3  C u r r e n t
 T o p 1  C u r r e n t

Triple THGEM

Ar/CH4:  50/50

drift

THGEM 1

THGEM 2

Drift

THGEM 3

anode

photocathode

anodic curr. (inverted)
THGEM 3 bottom (inv.)
THGEM 3 top
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currents as function of Ecurrents as function of Edriftdrift at gain ~10at gain ~1066

- 1 0 1 2 3

E
d r i f t

 (k V )

 A n o d ic  C u r r e n t
 B o t t o m 3  C u r r e n t
 T o p 3  C u r r e n t
 T o p 1  C u r r e n t

converted UV photon rate:  4 kHz

photocathode

anodic curr. (inverted)
THGEM 3 bottom (inv.)
THGEM 3 top

“plateau” of anodic current“plateau” of anodic current
at large gain tooat large gain too
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photoelectron trajectories from a THGEM
photocathode, multiplication switched off
thickness 0.6 mm, diam. 0.4 mm, pitch: 0.8 mm, ∆V = 1500 V
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Electron drift lines from a track

x-Axis [cm]

*
1
0

-3Viewing plane: -y=0x

Gas: CO2 30%, Ar 70%, T=300 K, p=1 atm
Particle: 50 equally spaced points

external field above the THGEM : 0

x cross-section

x

z

ee-- projected trajectoriesprojected trajectories

simulation of photoelectron extraction, Esimulation of photoelectron extraction, E

THGEM

all eall e-- enter the holesenter the holes
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photoelectron trajectories from a THGEM
multiplication switched off

V = 1500 V

y cross-section

external field above the THGEM : 0 x

y

z

y

line of e-

generation

simulation of photoelectron extraction, Esimulation of photoelectron extraction, Edriftdrift=0=0
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Electron drift lines from a track

x-Axis [cm]

*
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Gas: CO2 30%, Ar 70%, T=300 K, p=1 atm
Particle: 50 equally spaced points

y cross-section

external field above the THGEM : 

x cross-section

x

z

ee-- projected trajectoriesprojected trajectories

photoelectron trajectories, Ephotoelectron trajectories, E

THGEM

better photoelectron extraction from the CsIbetter photoelectron extraction from the CsI

but a fraction of the ebut a fraction of the e-- are lostare lost

E
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y
external field above the THGEM : - 500 V/cm

z

y

region of good
e- collection

photoelectron trajectories, Ephotoelectron trajectories, Edriftdrift==--500 V/cm500 V/cm

better photoelectron extraction from the CsIbetter photoelectron extraction from the CsI

are lostare lost

E

region of 
e- losses
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ee-- projected trajectoriesprojected trajectories

photoelectron traj.photoelectron traj.
EEdriftdrift=+500 V/cm=+500 V/cm

THGEM

lowering field intensity:lowering field intensity:
problematic photoelectron problematic photoelectron 

extraction from CsIextraction from CsI

E E
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Photoelectron extraction at low THGEM gainPhotoelectron extraction at low THGEM gain
Anodic current in a THGEM detector versus 
the external electric field applied , 
a measurement 

Ar/CH4:  40/60; 60/40
∆∆∆∆V = 
1kV
1.1, 1.2
1.25, 1.3

1.35
1.5
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Photoelectron extraction at low THGEM gainPhotoelectron extraction at low THGEM gain
Anodic current in a THGEM detector versus 

V = 
1kV
1.1, 1.2
1.25, 1.3

1.35
1.5

The behaviour predicted by the 
simulation is confirmed!
àA clear suggestion to optimise

the detector design

ZOOM
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- optimize the parameters of the THGEM with photoconverting CsI
layer to achieve the maximum photoelectron collection efficiency

- optimize the parameters for the two THGEMs to  be used for
the amplification of the signal to provide large and stable gain

- minimize the ion feedback to the CsI photoconverter

- test the chamber with 100 x 100 mm
experimental environment

- find solutions for the engineering problems related to the
construction of a 600 x 600 mm

- assemble and test a first complete “full size” prototype chamber

PerspectivesPerspectives
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optimize the parameters of the THGEM with photoconverting CsI
layer to achieve the maximum photoelectron collection efficiency

optimize the parameters for the two THGEMs to  be used for
the amplification of the signal to provide large and stable gain

minimize the ion feedback to the CsI photoconverter

test the chamber with 100 x 100 mm2 THGEMs in a real 

find solutions for the engineering problems related to the
construction of a 600 x 600 mm2 test prototype

assemble and test a first complete “full size” prototype chamber

PerspectivesPerspectives
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CsI evaporation on 100 mm x 100 mm THGEMCsI evaporation on 100 mm x 100 mm THGEM
(A. Braem, C. David, M. van Stenis)(A. Braem, C. David, M. van Stenis)
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CsI evaporation on 100 mm x 100 mm THGEMCsI evaporation on 100 mm x 100 mm THGEM
(A. Braem, C. David, M. van Stenis)(A. Braem, C. David, M. van Stenis)

THGEM

protection box



MPGD 2009,      14/06/2009        MPGD 2009,      14/06/2009        -- Kolympari, Crete   Kolympari, Crete   

THE 100 x 100 PROTOTYPE STRUCTURETHE 100 x 100 PROTOTYPE STRUCTURE

Quartz radiator
(truncated cone) 
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THE 100 x 100 PROTOTYPE STRUCTURETHE 100 x 100 PROTOTYPE STRUCTURE
wireswires

11stst THGEM (CsI THGEM (CsI 
here,external here,external 
face)face)

22ndnd THGEMTHGEM

collection anodecollection anode

apertures for gas apertures for gas 
circulationcirculation

readread--outout



MPGD 2009,      14/06/2009        MPGD 2009,      14/06/2009        -- Kolympari, Crete   Kolympari, Crete   

TEST BEAM SETTEST BEAM SET
FOR 100 mm x 100 mm FOR 100 mm x 100 mm 

PROTOTYPESPROTOTYPES
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TEST BEAM SETTEST BEAM SET--UPUP
FOR 100 mm x 100 mm FOR 100 mm x 100 mm 

PROTOTYPESPROTOTYPES
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Al frame

THE FULL SIZETHE FULL SIZE
PROTOTYPEPROTOTYPE
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THGEMs
Stesalite frames

Anode pads
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ConclusionsConclusions

§§ Intense R&D activity towards THGEMIntense R&D activity towards THGEM

§§ The systematic characterization of more than 30 different THGEM’sThe systematic characterization of more than 30 different THGEM’s
with Xwith X--rays allowed to approach the definition of the best parameters.rays allowed to approach the definition of the best parameters.

§§ Detection of single photons:Detection of single photons:
§ gains between 105 and 106 in electrically stable detectors

with  10 µµµµm rim and a triple layer structure
§ time resolution ~ 10 ns
§ effective photoelectron extraction seems possible in methane

mixtures

§§ NO STOPPING POINTS DETECTED, even if still a long way to goNO STOPPING POINTS DETECTED, even if still a long way to go

§§ Medium and large size prototypes are in productionMedium and large size prototypes are in production
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ConclusionsConclusions

Intense R&D activity towards THGEMIntense R&D activity towards THGEM--based photon detectors.based photon detectors.

The systematic characterization of more than 30 different THGEM’sThe systematic characterization of more than 30 different THGEM’s
rays allowed to approach the definition of the best parameters.rays allowed to approach the definition of the best parameters.

in electrically stable detectors
m rim and a triple layer structure

effective photoelectron extraction seems possible in methane-rich

NO STOPPING POINTS DETECTED, even if still a long way to goNO STOPPING POINTS DETECTED, even if still a long way to go

Medium and large size prototypes are in productionMedium and large size prototypes are in production
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