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Motivation

Micro-Pattern Gaseous Detectors:

Extremely good spatial and temporal resolution
High-rate capability
But: naturally low gas density = poor detection of neutral particles as photons

Improvement by inserting high-Z converter layers
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amplification and readout area GEM 2D
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converter layers sketch converter layers in detector
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GEM Detector

Gaseous Electron Multiplier %zv
Cathode/Window | Z | High
voltage
Conversion & drift area
GEMfoﬂDDDDDDDDGf]
Transfer area 1
GEM foi <:><:><:><:><:>C><:>lei
nsfer area 2
GEMfoﬂDCDCDDDDDDC<
0 Induction area
o - N ~ Readout board withl = | T
- . readout strips [ »
Copper plated Kapton foil with holes Adapted e
. _ : from [2] i
Amplification via locally strong e-fields advantages:

Amplification factor of 20 per Foll = excellent spatial resolution (< 100 pm)
Wi+ 3foils = 20° = 8000 = high-rate capability
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Converter Layers

Substrate material Is FR4 or Flex-PCB (Polyimide similar to Kapton)
Copper strips (0.4 mm width & distance) each connected over 22 M)

resistors
Applied voltage d,, results in guiding field
contact pads 22MQ resistors
—
d, Cu st
i u strip
Effective area: 20mm * 100mm 3001(/] 35
Combinations off: \

50/100 um Flex-PCB or 300/1550 um FR4
18/35 um copper Xsub Xcu

Nick Schneider




Detector Setup

Gas mixture: Ar/CO, 93/7 %
Am-241 source
Here shown: 100/18 layers

The layers are put under
stress to pull them straight

= Better guiding properties

Self-triggering on the bottom
side of the lowest GEM foll

Readout via APV chips
connected to a scalable
readout system

source | AP
holder "3

| High-voltage
; connections

readout
d APV chips

converter
layers
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Simulation

Geant4:
Photon-Matter interaction
Position & energy of created electrons
Modelled after real detector setup

ANSYS:
Application of electrical potential
Electrical fields between converter layers
Equipotential lines shown for d,, = 600V
along layers + 200V drift

Garfield++:
Import electrons from Geant4

Import electric fields from ANSYS
Simulates resulting drift
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Simulation: Thickness .

# Events with >1 e~ reaching active gas volume

Total conversion eff|C|enCy ~ # Events with y entering active gas volume

Au exceeds Cu for < 30 um
But: Too much metal Is detrimental .

Steep rise at the beginning

Thickness smaller than the range of
e- in Cu/Au 0.008

Kapton has nearly no effect 0-005F

Without layers: 0.46 %

Cu layers: 0.88% = 1.9x w/o
Au layers: 1.24% = 2.7x w/o 05 ———

50/18 and 50/35 as good as 300/35 thickness of Cu/Au/Kapton [um]
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Measurements
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Relative trigger rate
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- m 100/18
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d, [V]

d, [V
Thinner layers with more copper 1550/35 behave nearly like measutec

perform better _
All other layers differ strongly from
= Improvement by a factor of up to measurements

~ 7 compared with 1550/35 = Further investigation needed
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Conclusion & Outlook
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Conversion simulations indicate potential to increase the efficiency
from = 0.46% to = 0.88% with copper or to = 1.24% with gold

The measurements indicate that FR4 that thinner substrates with more
copper are favourable, due to less passive material and more active
material

But mechanical stability must be considered for optimal guiding fields

A maximum increase In trigger rate of a factor = 7 is achieved
between standard (1550/35) and optimized converter layers

Trigger rate simulations predict all layers behaving the same except
for 1550/35, which isn’t reflected in the measurements

Further investigation of the simulation and potential unknown
measurement effects
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Simulation: Width

The efficiency for Au is higher than
for Cu, as expected

Efficiency rises with increasing Wldth
and decreasing distance between the
Strips

[ Cu (const. 50 um Kapton, 18 um Cu)

Mo layer

™ Au {const. 50 um Kapton, 18 um Au) |

Small dip at the end

Loss of surface area due to connecting
strips

total efficiency
o
S

Further improvement by over a factor
of 2

Cu layers: 1.17% = 2.5x w/o 0:004

AU | - 1.26% = 2.7 / 0 100 200 300 400 500 600 700 800
LLLLLL U 1ayets. 1.2070 X WIO width of Cu/Au [um]
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Motivation

* For detecting neutral particles semiconductor
and scintillator detectors are mostly used

* Both have the drawback, that they are costly
and aren’t easily scalable

* Gaseous detectors are cheaper to produce
and can get scaled to m? dimensions

* But they suffer from poor detection efficiency for
neutral particles due to the low density of gases

= Aim: Increase the photon detection
efficiency by using converter layers

12/07/2023 NICK SCHNEIDER



Detector Setup: GEM foil

* Gaseous Electron Multiplier
* Double sided copper plated Kapton foil with holes
* Electrical potential difference of ~300V is applied

* Amplification via resulting locally strong e-fields
* Amplification factor of 20 per Foil
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Detector Setup: Triple GEM Setup

* 3 GEM foils 27
= Amplification of 203 = 8000 . .

- Advantages: Conversion & diift area e
* Excellent spatial resolution (< 100 pm) el D O O O O 6.0 @ Cli:

* High-rate capability

Transfer area 1

> No resistive coating on readout strips

meDDDDDDD&i

needed
Transfer area 2
* Disadvantage: GEM bl [ @ @ @ © (OO Gi:
* A discharge could melt through a GEM foil At s
and render it useless Readout board with L
readout strips  »
Adapted []:’ :&;ﬁﬁ?: t

from [1]
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Photon Detection

» Optimization for 60 keV photons 10 s
D i ! I [ | T
: 10}
* 60 keV photons mainly undergo 5 N N _ _
. 2 1) R — — s T
photoelectric effect i e _Phbtoslectric effect. -
O-PhOtONZ _é 10
= a high-Z materials are better 2 ) Omp‘;”" SCaering " pair creatipn
- :
* Idea: Insert solid converter layersina & 1o
GEM Detector to better convert 60 §1D‘3j
keV photons into electrons 5107
910k : . _
= use copper plated layers S oL

h t103 10* M \}05
Data from [3] photon energy [MeV]
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Simulation: Converter Layers

1200 E — Electron creation in FR4 """" k """""" _: ° F R4 m ate r| a I as Ca rr| erm ate r| a I

| — Electron creation in Cu

100f—— I 7 - Cuas main converter material

sool

1 * Here: 1550 um FR4 + 35 um Cu

S =

Number of electrons

4005_ ........... ? ............... éwmw?wmm?www?wmwéwmwé ....... “M?Mm{

200:. ........... ; AAAAAAAAAAAAAAA éwmwéwmw?wmw?wmwéwmwé ....... ”w?ww{

O 0204 06808 1 12 14 16 1.8
From [4] Position x [mm]
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Simulation: Electron Extraction
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800 _, ___________________ 10_2 — :
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p— 3 o H B o - = B
g g g g g e o T R S A S -
:!00 s P s CAORURUROOR WRUPRORU ORI | . .ococconcoonnenoeethon oo sanetanes o — : : : : : : :
H n : B : e s s e enane R R e T E PP P EEETEE L E LR .-
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g : - e e e R RLETY PEDY PR e : 2 -

—— i i

IEPRPRRPIN S [ PRI PR S S B
1828 153 1532 1534 1536 1538 154 10"1404 ' 16%

107 107
From [4] Position x [mm] From [4] Cu thickness [mm]
* No extraction out of the FR4 * Only the last 5 um are effective = Material

optimization necessar
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Detector setup

* GEM Detector filled with a gas mixture of Ar/C0, 93 /7%
- 370 kBg Am?*! source emitting 60 keV photons inside the detector

* Converter layers are placed perpendicular to the photons
* Electron guiding is crucial for detection = use of electric guidance field

A U

point source
object

' 1 i ]
z ¥ v v v v
amplification and readout area GEM 2D

12/07/2023 NICK SCHNEIDER
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Layer geometry

pa——

contact pads 22MQ resistors

i Width: w

l'i'””””\
7

il

:IDistance:d gy
d

Cu strip
* Effective area: 20 mm = 100 mm

* Layer total hight: h; = 20.4 mm

#Strips = 25—

Thickness|of

substrate] xqy,s * Layer total length: [; = 135 mm

Thickness of
copper: Xcy

* Potential d,, applicable for electron guidance field

NICK SCHNEIDER
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Detector Setup

- Here shown: 100/18

source

| High- voltage
connectlons

- The layers are put under stress to
pull them straight
= Better guiding properties

- Self-triggering on the bottom side
of the lowest GEM foil

- Readout via APV chips connected to
a scalable readout system

converter o oSSR readout
layers % 5 | APV chips
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Detector Setup

Detector is built up in climatised
cabinet

Able to control air temperature and\
relative moisture

Standard operating conditions: X o
T =25+03°C N\ /s
RH =25+ 3% |

\\\\\

Pressure still dependent on o= —
environment —— N Faa
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Measurement

2D reconstructed photon position 1D reconstructed photon position profile
g 2 i 1B0 AR | DLRAE | EAEAE | LA R RAARE RAAAE M
E 12 5 n ' : .
X 40t 5 2500 L[} e —
o L B 7]
% 30} o N .
2 10 o B -
i L 20004 —
20 -
S [ ]
10} _ _ 18 ® _ -
¥ ol o : S 1500HI-- 4 H-+H -5 —
ok S - _
6 Qo ” _
"l * 10005 —
—20 4 L -
-30 500 -_ _-
2 — -
40 : : : -
0 40 -30 20 10 A0A 10 20 30 40 50 ° 50 -40 -30 20 -10 O 10 20 30 40 50
position Z [mm] Position x [mm]

= electron guiding is working
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Layer Geometry: d,,

* d,, produces the drift field guiding the
electrons to the amplification region

oo0f=| * 10035 283 [ ... T T S

Trigger Rate [HZ]

* The higher d,, the higher the drift 200F
velocity 180
* With constant production rate of 160
electrons, higher d,, values lead to 140

saturation of trigger rate
120

100

80

] 1L 'l 'l 'l I 1 1 ] 1 I '] 1L 1 'l I Il ] 'l 'l I 1 'l ] 1 I 'l 1 ] 1 I 1
0 100 200 300 400 500 600
d [V]
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Simulation: Geant4

Photon-Matter interaction
Position of created electrons
Modelled after real detector setup |

Spherical source emitting 60 keV
photonin 4m




Simulation: Geant4: Electron Creation

* Position of all electrons that reach the E
active gas volume o

* Layers are nearly not visible due to 3
them being 100 pum thick 20}

= all electrons need to be guided down
to the amplification stage

-40
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ANSYS

Calculation of the E-field between the
layers

Garfield++

Takes the field of ANSYS and the positions
of Geant4

Simulates the electron drift in gas




Simulation: Results

1D e- end-position after drift (after Garfield++) 1D e- end-position after drift (after Garfield++)

2 by N T ! AR !
G 35 o ed 1300 @ 100135 [ i @

— o) - .
8 30 kil S — — — — — — — H— ] ..é 120:_ ................. ..................... ..................... ..................... ...................... ........
o E S S N ] S

-g o5 . ............... .............. .............. .............. .............. .............. ............. A g 1 105
2 | ko) 100 :_ ................. ................... . ................... ..................... ...................... ........

20 . .. B ............... ............... ............... .............. .............. .............. ............. - b E
LYl e L e

15 Hi L ol o o _ e ] o) :
e e B BOE

S5 -
10 . . | .. 1. '\. ............ \ .............. ; .............. . .............. = ............. . .g 70 :_‘ --------------------- ‘ ..................... ' --------------------- ‘: ........

N N H N N H i ; % m E N N N N N N

Y S T T M _ 60F- S — S

Wy b g e D 1 IS W RO R S T
2 3

e yR— 0406500 300400606600
From [4] Position x [cm] From [4] diff, [V]
= Simulation and measurement show same behaviour with different d y
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Material Investigation
o Xapmateial X

Terminology:

1550/35 1550 um, FR4 35 um

/ 300/35 300 um, FR4 35 um
100/18 100 um, Kapton 18 um

100/35 100 um, Kapton 35 um

Xsub Xcu 50/18 50 um, Kapton 18 um
50/35 50 um, Kapton 35 um

* All layers havew = 0.4 mmand d = 0.4 mm
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Measurement: Layer Investigation

~ A I N LR T | T 5
* Worst performance for 1550 um E 220:_ e 1550/35 274): i N ._:
and 300 um thick FR4 layers o | ® 3003595 | z a ¢ 3
. . S 200F—| o 100/35_28.3 | o SR SR A
* More passive material 5 E | o 100118 313 | ] ¢ 3
6 180:_. o 50/35_19.4 , ................. , ................ . ................. .,_:
* 35 um of Cu perform better than D 60—l 2 S8 114 |l
18 um of Cu = 140 :_ ................ , .................................. _:
* More active material 120 E_ ................................... . ................................... _E
* 50 um thick layers are slightly worse E ¢ 3
. 8OF— S SO N A
than 100 um thick layers = . * =
. o BOF— T S SOOI RO RPN OPRRPPR -
* Less geometrically stable = Less efficient E ¢ =
guiding 40 :_.,. .................................. LT LTy TP PR PPPPPPPP ; ................................... ._:
20 :_' ................. ® s e P : _:
1 PR R R T R TN T N TR T T T T T N N T R TN W T ST N N

= Improvement by a factor of up to 0 100 200 300 400 500 600

~ 5.5 comiare with 1550i35 d, [V]
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Measurement: Comparison with
Simulation

.................... .................... ................... . 50/35

: : : 50/18
. . . _ . P AP R B B B B B
| IS T N T T S T N T N T N T SO NN T NN SN T T NS N T R R '

3 o0 500 500 00 =5 00 0 100 200 300 400 500 600 700
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£ EFir—=e T e S ! :
& 14| 1950735 2741 L IR S— p— : g + + -
- - | « 30013595 | | | . n ; : n ]
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e - | o 100/18_31.3 | : = 5 13 N : ]
= | e 5035_194 | i 1S o AU IR NS S S 7
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oS | . 12 F -
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¥ [ ‘ 13 : x ¥ 1550735 | 1
) . T — AR S S S o] ; " 4 300/35 ]
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Measurement: Comparison W|tk
Simulation E T T N

All normalised to 1550/35 (get rid of systematics) SR S N N N
1550/35 behave nearly identical 6‘ """"""""" T """"""""" ‘

of| ¢ 10035283 |1 — S _— -
L] « 100/18_31.3 | : z : -

e 50/35 194 |

il - I — S ]
01 - s0m18_114 | ; -

Relative Trigger Rate

In the simulation all but 1550/35 perform very similar b
More difference in the measured data S B D PUUS IUR e NP

Simulation and measurement disagree on the
performance of 300/35

Simulation indicates that 50/18 & 50/35 would
ideally be as efficient as 100/35

Not ideal guiding in the measurement

% 15507357 3
; | | + 300/35

m 100/18 |-

T — e — ®5035 |

- 50/18 .
05- ........ PP EPEEETE EPEEEE BT

= Work in progress = further investigations needed Fronﬁ [4]“’“ 206500400 506 600 100

Simulated relative trigger rate
N
!

12/07/2023 NICK SCHNEIDER 31




Simulation: Geant4: Thickness & Material

* Total efficiency: a least 1 electron reaches gas

* Au exceeds Cu for < 30 um
* But: Too much metal is detrimental

> Steep rise at the beginning
* Thickness smaller than the range of e- in Cu

* Kapton has nearly no effect

* Without layers: 0.46 %
* Culayers: 0.88% = 1.9x w/o
* Aulayers: 1.24% = 2.7x w/o

* 50/18 and 50/35 as good as 300/35

12/07/2023

total efficiency

NICK SCHNEIDER

l L] L) L I L] L] L] l L] LS Ll I
PPt SOV e, ®  Cu(const 50 um Kapton)
- E : i Kapton (const. 18 um Cu)
- O Mo layer
E 5 : Au (const. 50 um Kapton)
_.-..................; ........................ ? ............ " K.aplﬂl‘l {COI'IS‘. 1BUITI AU)
' : u 300 um FR4 /35 um Cu
u 1550 um FR4 /35 um Cu

thickness of Cu/Au/Kapton [um)]
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Simulation: Geant4: Width & Distance

* The efficiency for Au is higher than for 3 L LA
Cu, as expected 3 T
- Efficiency rises with increasing width %G ©  ueonst s0um apion. 18um A |
and decreasing distance betweenthe & 00— — T———
strips L 0.009F T —
.......... SN DVl ot R R N
* Small dip at the end B gy
* Loss of surface area due to connecting strips SR .‘.o‘::,.-'". """""""""""""""""""""""""""""""""""""""""""""""""""""""

--------------------------------------------------------------------------------------------------------------

* Further improvement by over a factor of 2
* Cu layers: 1.17% = 2.5x w/o

...................................................................................................................

* Au layers: 1.26% = 2.7x w/o

width of Cu/Au [um]
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Motivation

*Problem: Not all produced electrons
reach the gas

~'|—— Creation in Cu
—— Extraction from H
N I Cuto Gas

—_ —_
o )]
o o
o (=)

;

* CSDA-range of 50 keV electrons in Cu
is~ 7.75 um [5]
* 50 keVV = 59.5 keV — EK—Shell

IV SO ——
Cu Gas

600

Number of electrons

5pm

* CSDA-range of 50 keV electrons in ;

I e M T T DR P B
1%28 153 1532 1534 1536 1538 1.54
Position x [mm]
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Measurement: AllClusterCharge

* Black: AllClusterCharge, large Det., p———

50 / 18 |aye rS’ d y = 400 V 4000 EGEMX_A]ICIusterCharge ;::Les 11:::;- 4000
3500 | —— oemx_Alciustercharge Std Dev 14534 3500
* Red: AllClusterCharge, small Det., Iniegral _1.092405
- 3000
50/18 layers, d, = 400 V 0 Enwies——Toooe
2500 - Std Dev 19387 2500
* Would expect two peaks megra_rouests)
2000 i
* 50 keV from Cu (k-shell)
1500 | 4 1500
* 60 keV from Ar
1000 41000
500 4 500
0 : 0°
0 2 4 6 8 10
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Measurement: AllClusterCharge

% Primary_Electron_Energy_in_Cu Entries 86173

S o b | —— e cwoosoen|[Entries  3937]
.g ——+—— Primary_Electron_Energy_in_Active_gas Entries 4351

S ) e | N N O

‘ | |||||l||“

0 0.01 0.02 0. 03 0.04 0.05 0.06
Energy [MeV]
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Simulation
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