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Why use Korean GEMs

CERN is not able to have a big production (time and machines)
Purpose: transfer CERN technology to an external company

Possible candidate for production: NewFlex Technology, Ansan,
South Korea

Large production capability of Flexible PCB since 1996
Master of the whole production process

Have facilities for large area circuits

We have tested
small prototypes (6x6cm?)

L. Franconi - A. Marinov - M. Zientek ~ 11/21/2011 3






What a 6x6cm? Korean GEM looks like
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How to compute the gain

G — ’i’rl'n.crde. - At ( :I (L_,'LU) )

¢ Hpry  \Fr(Lw]/0) - o (H,w)

G =effective gain i = readout current

#
#

anode

= number of photons e = electric charge

At = time of counts measurement

Y

o/y — humber of primaries per photon

#y(Lyw/o) _ #~(Hw/o)

#~(Law) — #(H,w)

Where Ratio used to calculate the number of
E, = energy of photons photons at high current without the absorber

<o i 1. to measure the gain
w = ionisation energy of the gas (found in literature) 9
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What we need to compute the gain

Compute the number of counts in condition of high current
on the x-rays filament, without any absorber
This count cannot be straight measured (x-rays rate too high)

It is computed using the attenuation factor’s formulaq,
measuring

counts in low current with the absorber

counts in low current without the absorber

counts in high current with the absorber

Measure the anode current from the PCB readout with a
picoamperemeter
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Single GEM detector (Korea):

Pulse height spectrum (example)

Counts

ADC channels

Single GEM (Korea)

Config: 3-2
Eiiee = 2kV/cm
Einducﬁon I 3kV/cm

Ar+CO, (70-30)

Cu X-rays: V= -10kV, i= 1.6mA
Collimator 2mm (diameter)

Rate: 95 kHz/mm?

Absorber:135 pum Cu

L. Franconi - A. Marinov - M. Zientek ~ 11/21/2011 9



Single GEM detector (Korea):  sige cemiorea

Config: 3-2

Plateau region i

induction
Ar+CQO, (70-30) or (80-20)
Amplification factors:
* for Ar+CO, (70-30): 50

45000 * for Ar+CO, (80-20): 100
40000 Cu X-rays: V= -10kV, i= 1.6mA
Collimator 2mm (diameter)
35000 -
Rate: 85 kHz/mm?
LEDTE Absorber:135 um Cu
E 25000
e
5 20000
15000 Single Korean GEM -
Ar+CO2 (70-30)
10000
Single Korean GEM -
5000 Ar+CO2 (80-20)
o —— . -
250 300 350 400 450 500 550

Voltage across the GEM foil (V)
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Single GEM detector (Korea):
" 2 p Single GEM (Koreaq)
Gain calibration CRE

Einducﬁon = 3kV/cm
Ar+CQO, (70-30) or (80-20)
1000 Amplification factor: 50

Cu X-rays:
= -10kVy,
i =1.6mA
100 ; » Collimator 2mm (diameter)
Rate: 85 kHz/mm?

Effective Gain

10 Single Korean GEM -
Ar+CO2 (70-30)

Single Korean GEM -
Ar+CO2 (80-20)

300 350 400 450 500
Voltage across the GEM foil (V)
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Single GEM detector (Korea): Single GEM (Korea and CERN)
Config: 3-2

Gain calibration Ar+CO, (70-30 or 80-20)
E(drift) = 2kV/cm

comparison Korean and CERN GEMs E(induction) = 3 kV/cm

Cu X-rays: V= -10kV, i=
1.6mA

Collimator 1mm (diameter)
Rate: 85 kHz/mm?

L. Franconi - A. Marinov - M. Zientek ~ 11/21/2011
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Single GEM detector (Korea):
Single GEM (Korea)
Gain stability o= 200,

drift — 2kV/cm
Einducﬁon T 3kV/cm
Ar+CO, (70-30) or (80-20)
Comparison of the gain stability with different gases Amplification factor: 50
=10~

N
o

Cu X-rays: V= -10kV, i= 1.6mA
Collimator émm (diameter)
Rate: 9.6 kHz/mm?

rent (A)

N

Anode Cur

+C0,170-30)

Maximum variation

(relative difference between the
maximum and the minimum points of

the whole range):

* for Ar+CO, (70-30):
5.0%

* for Ar+CO, (80-20):
1000 1500 2000 2500 3000 3500 4000 8.8%
Time (s) P
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Triple GEM detector (Korea):
Pulse height spectra (example) ... conrorea

Config: 3-2-2-2
Ar+CO, (70-30)

iron55 spectrum vs Xray—gun at 3800V Cu X-I’CI)'S: AVE= | Ok\/, i=1.5mA

irons5 Collimator : 1mm (diameter)
Xray—gun

200 250
channels
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Triple GEM detector (Korea):
PlCITeCIU region Triple GEM (Korea)

Config: 3-2-2-2
Ar+CO, (70-30)

=4 Cu X-rays: V= -10kV, i= 1.5mA
Collimator: 1T mm diameter
2000
1500
)
T
Q
S 1000
500 Errors are too
small to be seen
: in the plot
500 550 600 650 700 750

Current across the HV divider (pA)
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Triple GEM detector (Korea):

Gain calibration

100000

10000

1000

100

Effective Gain

10

Current through the HV divider (pA)
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800
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Triple GEM from Korea and
CERN

Config: 3-2-2-2

Ar+CO, (70-30)

For CERN GEM detector

Cu X-rays: V= -10kV, i = 1.6mA
Collimator 1Tmm (diameter)

Rate: 56kHz/mm?

For Korean GEM detector

Cu X-rays: V= -10kV, i = 1.5mA
Collimator 1mm (diameter)

Rate: 442 kHz/mm?

Triple GEM ( Korea)

Triple GEM (CERN)

% variations:
600UA: 26%
650 HA: 59%
700 UA: 101%

7



Triple GEM detector (Korea):
Gain stability

Current (nA)

3 KV - 4 KV
(0] T

Triple GEM (Korea)
Config 3-2-2-2
Ar+CO, (70-30)

lemperature: 22.5 °C
Humidity : 43 %RH

Pressure: 965.2 hPa

Rate = 12kHz/mm?
Collimator : 6mm

Variation (after 6 min): 3.7 %
S o

-800

Jeremie Merlin
Christopher Armaingaud Korean GEMs 15/08/2011
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Conclusion

Korean GEMs have been tested and validated to be as
good as CERN standard GEMs

Future plans

30x30 cm2 Korean GEMs being fabricated

Test large sizes in view of CMS production
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