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e Standard Triple-GEM
— Drift gap: 3 mm

— Transfer 1, Transfer 2, Induction gap: 2 mm

* Two 4 channel power supplies
— Drift & each GEM electrode powered indivudually
— 50 pA current resolution (1 nA for GEM 3 bottom)

e Spectrum from GEM 3 bottom
* Anode current read by Keithley pico-ammeter

— 50 pA current resolution
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Setup

Ar/CO, 70/30
Cu x-ray, E, ,, = 8 keV

Cu absorbers with
varying thickness
on rotating disk

_—

Uncollimated
Beam

Fe-55 Source

Cu shield
and collimator

Area continuously Area irradiated
irradiated (Fe-55 source) by Cu x-ray tube
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Measurements

* Fixed gain, variation of
— Induction field: 0.5 kV/cm to 5 kV/cm
— Drift field: 0.1 kV/cm to 5 kV/cm
— Transfer 1 field: 0.5 kV/cm to 5 kV/cm
— Transfer 2 field: 0.5 kV/cm to 5 kV/cm

with other fields and GEM voltages constant

* Changing gain by variation of
— GEM1 voltage: 370V to 410V
— GEM2 voltage: 330V to 370V
— GEMS3 voltage: 290V to 330V

with other GEM voltages and fields constant
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Induction Field Variation
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Effective Gain
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Induction Field Variation

0000 2.0+
000 pememm T ] normalized to gain
] > ]
s h ~ 2
0000 1 R =1 s o at~1E+04 Hz/mm
1 L N c ""'--..,_‘_‘
5000 - -2 g 144 /:
1 4 ./I\"‘\. & ./ \
0000 oy , . i L2 =
1 e I// L} 3] = ]
5000 | opw——" s - a:-m e —— "
] .—,_—:—_-'f""’%ly" S o=
00004 | ofge——aw—=2"" ""e.., E 0.8 .
{ Ta, ) {
5000 -] e 5 g 06+ \
1 ...". ’5 1 ]
a
0000 . Z 0.4-
] ~ - . R ...".,. ]
ol= ~ .
5000 e v, 0.2
| "y
0 F'I~ T L 0.0 Tres T T
1E+04 "o, 1E+05 1E+06 1E+04 Tre, 1E+05 1E+06
Ce, Tea,
Flux (Hz/mm?) Flux (Hz/mm?)
Te " L
Ce, tra,
Yo, .."~
.'~. ..".
100 - Ly “ee.,
b258 tea,
., Ya,
‘= . Ya,
... - + o
80 T,
0.....
b
..
60 e~ e,
\\ ....'.
L2
= e,
404 \ h...
- - L] ..
-a -n T ® “ea,
e L2
[ e - ..'0.
20 4 3%1- .hh'..
L] L] Yo,
I ] # ..
%I%I—I h.,..
0 T T T ...'00
1E+04 1E+05 1E+06 ..,
‘e
Flux (Hz/mm?)
.

Drift
Transfer 1
Transfer 2
Induction

where
are we?

Ar/CO, 70/30

E, = 1.5 kV/cm
E,, = E,, = 3.6 kV/icm
—=—E = 5kV/cm
—=—E =4kV/cm

"—'-.T.E.‘ =3 kV/iem

E, T 2kvV/cm
o
= E,= TkViem e,
L]
E, = 0.5 kVicm
Ll
"y ... .
L}

30000

25000

£ 20000 4

© 4
o

o 15000 4
=

E 10000 -

= |

5000

0 T T T T T T T T 1
0 1 2 3 4 5 6
Induction Field (kV/cm)




Induction Field Variation
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Induction Field Variation
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Drift Field Variation
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Drift Field Variation

50000 4 2.0
45000—- 1.8—-
40000—- 1.6—-
35000 £ 4]
] B (U] ]
< 30000 2 Q 124
E 25000 M?/.?:/- A, % 1.0
é 20000- 2_'__, i J/- E o.a-_
Y ois000]  e-w———aw—"% =T ‘_g" 0.6
100004 2 04
5000—- 0.2:
0 — e 0.0 —__ —
1E+04 1E+05 1E+06 1E+04 1E+05 1E+06
Flux (Hz/mm?) Flux (Hz/mm?)
. Three different regions
0. observable
1) Loss of primaries for
T ol @
£ ;% Ep £0.2 kV/cm
E [
A M\\x 2) Plateau
5 e, \s\ 3) Loss of primaries for
204 AN —
—— T Ep >4 kV/cm
o s o .____“-“_4- ®
PRI = == 3= HE—
1E+04 1E+05 1E+06

Flux (Hz/mm?)

Drift
franster 1
Transfer 2
Induction
AriCO, 70/30
ID =3 mm
Iy =l =1 =2mm
Eyora, = 8 KEV
AV, = 410V
AV, =370V
AVgpy, =330V
T e |

—s—E_ =5kV/icm

—s—E_ =3 kVicm

E, =2 kVicm
—=—E,=1kV/cm

«—E_ =0.2 kVfcm

—=—E, =0.1kV/cm

30000

25000 -r_
20000 I —-'—4-—&-\.
15000

10000

Effective Gain

5000

0 L — T T T
0 1 2 3 4 5

Drift Field (kV/cm)



O W

Transfer 1 Field Variation



Transfer 1 Field Variation
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Transfer 1 Field Variation
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GEM2 Top Current (nA)
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Transfer 1 Field Variation

Problem:

not possible to discriminate

ion from electron current

* Electrons attached to bottom
of GEM 1 for E;; £ 1 kV/cm

* Noions extracted from GEM2

* Probably both!
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Transfer 2 Field Variation
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Transfer 2 Field Variation
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M Comparison Transfer 1 & 2 Field Variation
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GEM 1 Voltage Variation



GEM 1 Voltage Variation
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GEM 1 Voltage Variation
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1) No plateau!
2) Still difference in slopes of

gain increase & decrease

Space charge effect!
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@) M Comparison of GEM 1, 2 & 3 voltage variation

GEM 1 voltage variation GEM 2 voltage variation GEM 3 voltage variation

50000 50000 50000
45000 - 45000 - 45000
40000 - 40000 - 40000
35000 35000 35000
£ 30000 £ 30000 S 30000
3 3 3
© 25000 - = © 25000 - = o 25000 .
z z H
B 20000 - — :\ B 20000 - — /:\ S 20000 4 '/./"\
E O—.—‘Fl’—“/‘/ . \\. E o_._<pl==-——"'/ \. E ._._4.5——“/'/./ /._‘__‘.
15000 . — 15000 = . o 15000 |
* f—;{./'/ ._'=.__.______._1.:=—_.-.-—' /I/ ._._.-.—-—-.'f_;—”./l
P n
10000 1 - -— 100004 ® S 10000 S—m——sm——p—""" -
o= e = .___,_.rf"” - .—j.j_,_,lf— - ~ -f'/
5000 so004 " 5000 -
0 T T 0 T T 0 T T
1E+04 1E+05 1E+06 1E+04 1E+05 1E+06 1E+04 1E+05 1E+06
Flux (Hz/mm?) Flux (Hz/mm?) Flux (Hz/mm?)
18- 18- 18
,<.
1.6 - . = 1.6 164 -
£ 7- = c c
@ 1.4 T 1.4 © 1.4
O '%‘:/ © © .
[ o] [
2 12 H 2 12 2 12
S - = = = 5 ___,#./
L 104 e g —_ €104 L 104 e
w w w
3 0.8 B o8- T 084
Q o [
£ %97 £ 061 £ 06
o [=} o
Z 04 Z 04 Z 04
0.2 02 0.2
0.0 ! : 00 . . 0.0 ‘ .
1E+04 1E+05 1E+06 1E+04 1E+05 1E+06 1E+04 1E+05 1E+06
Flux (Hz/mm?) Flux (Hz/mm?) Flux (Hz/mm?)
25000 25000 25000
£ 20000 £ 20000 © 20000
© © ©
U] U] &
o 15000 o 15000 o 15000
2 2 2
E 10000 E 10000 E 10000 -
ww — ww w —
5000 - 5000 - —_ 5000
0 T T T T T T T T 1 0 T T T T T T T T 1 0 T T T T T T T T 1
350 360 370 380 390 400 410 420 320 330 340 350 360 370 380 280 290 300 310 320 330 340
GEM1 Voltage (V) GEM2 Voltage (V) GEM3 Voltage (V)



O W

Conclusions and Outlook



e Clearly effect related to transparency of GEMs
— Small variations in

plateau regions e %@ o %ZD
(measured at TN = S b L — e
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* Some threshold effect for slopes

* Two effects
— Increase of gain due to space charge

— Change of transparency due to electron and ion
collection/extraction efficiency of each GEM

Induction Field (kV/cm)



Conclusions

* Very important to know the setup
— Expected rates (absorbers!)
— Expected currents (saturation, trips)

 Look at all the data

— Best example: ,,change of slope” for induction field
variation

* Do some estimations
— e.g. charge in volume = order of field change?

* Don‘t put the cart in front of the horse!
— Why start with a triple stage device?



Outlook

* Repetition of measurement with
— Single GEM
— Double GEM (?)
— Triple GEM with more points outside plateaus

 Measurements with different gains

* And now for something completely different...

— Setup currently used to study high rate behaviour of
(single!) Glass GEM and crystalized Glass GEM



