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Motivation

Photon detection applications
* Astrophysics

 Material Research

Intentsity

36
Energy (keV)

EX

» Particle Physics

XMM Newton: X-ray signal coming from the Perseus
galaxy cluster (from [1])

— efficient photon detection with high spatial resolution
— use of Micro-Pattern Gaseous Detectors
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Motivation

* Micro-Pattern Gaseous Detector: extremely good spatial resolution and high-rate capability
* gas — low density — poor detection efficiency for photons — p(gas) << p(solid)
* 1dea: increase detection efficiency by solid converter layers

converter layers
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multiple converter layers in detector
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The GEM Detector Principle

* Gaseous Electron Multiplier

* amplification by GEM foils:

{1 ®Electrons

{ ®lons

o)

* copper plated Kapton foils

* electron amplification factor per foil: 20
— 3 foils — 20°= 8000

—
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The GEM Detector Principle

* Gaseous Electron Multiplier 2%
Window | 2 ] High
. . . T $voltage
d ampllﬁcatlon by GEM fOllS: Conversion & drift area
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®Electrons Transfer area 1
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gRESHPALARARS i “’f cEMfoil [ @ @ @ @D C}C(:
fr ‘\). 0 E_ L hd i1 9 Wem Induction area
' o o o o Readout board with | - I I
readout strips ——
* copper plated Kapton foils from [3] . anplficss
* electron amplification factor per foil: 20 « advantages: — excellent spatial resolution
— 3 foils — 203 = 8000 (< 100 um)

N — high-rate capability
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Photon Detection Process

copper .o .
: BB : * first attempt: optimize detection for £, = 59.5 keV
IR VN R M W (Am241-source)
ot@e | eCtHC effect .......................................................................
.................. ....................................................................... ([ SOlid Copper layer enhances detection efﬁCienCy

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

terng

compared to pure argon due to:

— higher mass attenuation coefficient

SE TN D . S SO SO SO S M(AI’) ~0.001 Cm—l
................................................................. —~ _1
N 1L(Cu) =20 cm
10? 10° 4 10°
photon energy [MeV]
data from [4] — Photoelectric effect: a,p, ~ Z >

aim: enhance detection efficiency by multiple solid converter layers with high-Z coating
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Perpendicular Layer Setup

=4 T|T}T|T

| amplification and readout area GEM 2D

T e~ 0.5%

object

point source

 —

<€ - —

1. high guidance efficiency (optimized electric field)

2. enable 3D position reconstruction (adapted setup)

3. high detection efficiency when using many layers, € = 0.5 % per layer
— material optimization
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Simulation: Material Optimization

point source

object

FR4

* Geant4 simulation: particle-matter interaction
* 59.5 keV photons

* converter layer: 1550 um FR4, 35 um Cu
(industrial availaible) and 5 mm gas

* clectrons created in interaction process

— for detection electrons have to reach gas volume
— optimization between creation and extraction
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Electron Creation

point source
object

FR4

Simulation Setup

[| — Electron creation in FR4
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|| — Electron creation in Cu s i
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Position x [mm]

homogenous electron creation
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Electron Creation and Extraction
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Simulation Setup homogenous electron creation only electrons created in the last
5 um in Cu can reach gas
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Simulation: Material Optimization

107 T e T s SRR

e ¢ creation rate increases with thickness

Rate

H—e— Conversion [ :-

—— Extiraction

10_2 ::::::::;::::::3;:: ::::E: " o9 .
* ¢~ extraction rate saturates

10_3 = TRNEEE . A """ SR Il . . . R
* material optimization necessary:

IS O3 3 AN 0 OO OO — maximize number of extracted electrons
A R R T — minimize unnecessary material

10 IR SRR IR
107 107 107 107

Cu thickness [mm]
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Measurement Setup

Electron Guiding
— structured copper-plated layer with
guiding E-field:

— copper strips on Printed Circuit
| Board (PCB)
{ — connected with resistors

— positioning in detector
— 1550 pm FR4 and 35 pm Cu
— 5 layers perpendicular arrangement

converter layers
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Measurement Results

Position z [mm]

 source

X, Z - anode plane

500 30 20 to o

7020 80 40 50
Position x [mm]

irradiation with Am-241 (59.5 keV photons)

—10
—9
g * dy=600V
—7 _ .
s ° Dbink boxes: assumed converter layer position
5 :
i only hits below converter layers
3 ) ) .
, layer 1s working — electrons are guided down
1 : :
0 * 1nvestigate

— influence of d,
— influence of layer thickness
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Measurement: Voltage Dependency

S + irradiation with Am-241 (59.5 keV photons)
g 7F L
S eof s + 1550 um FR4 and 35 um Cu
= 503— 8

40;_ . * increasing d, — higher trigger rate

sa ©

e e s b0 * dy> 600 V: saturation starts
d, [V]
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e e n_+ irradiation with Am-241 (59.5 keV photons)
® 1550/35 f f : '

Measurement: Layer Thicknesses

PCB thickness [um]  Cu thickness [pum]

—
N

® 300/35 i ]

100/35  |........ S T @ . _
® 100/18 ]
les0i35 | — — ® H— i

* normalization to 1550 pm FR4 layer, d, =0V

-
N

—
o

o different thicknesses for PCB and Cu

Relative trigger rate

(0 ¢]

 PCB materials:
FR4: 1550 um and 300 pum

""""""""" S """"""""" o """"""""" - Kapton: 100 pm and 50 um

o

H

N
|
o
L1 |

. _ , , — material optimization leads to
L L L L L I L L L L I 1 L ] L I 1 L ] L l '] L L L I ] L L L
0 100 200 300 400 500 600 improvement by a factor of 5

Katrin Penski 14



Summary and Outlook

o

— electron guiding with converter layers 1s working £ ;
. . . O B0 20 0 A a0 O

— material optimization necessary T Position x [m]
o o CL110t-:1ickness [mrr11;)_‘ § 142—' I: ;225’3’:; i
— improvement by factor 5 achievable using thin Kapton layers § ;- .

4 V]

Outlook
* 1mprove agreement between simulation and measurement to understand physical processes
» achieve 3D-position reconstruction
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Thank you for your attention!
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Comparison: Material Optimization

Measurement Simulation
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i d, [V]
* Simulation: particle-matter interaction (Geant4), electric fields (ANSYS), electron drift (Garfield++)

* only 1550 um FR4 shows a different behaviour, all other layer types perform similar
— reason for difference in simulation and measurement still under investigation
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Appendix

inverted
Micromegas
technology clectric field cage

ﬁ -1000V
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|
|
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— photon conversion: le- — inverted Micromegas amplification: =10° e-— transparency: = 10 e —
further ionization: = 103 drift e’

— voltages and geometries have to be optimized
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Appendix

Optimization of structured converter foils .
o >
* coating, thickness, design ! .
* minimization of dead material ?
* direction memory of photoelectric effect: low-Z Mylarfoil

_ D) . — J[a-.u]
JO.8) = A-Feinte (Y10 1-VIZH
(1= Bcost)?  2,/1— 52(1 — fcosh)? o
: — 59 keV
N 2(1 — /1 —5?) o/ 35 keV/
4(1 — Bcosb)(1 — B cosb)3 ol — 150 keV
' — 660 keV
50 100 150  ldagroes ]
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Simulation: Photon Conversion Efficiency .

50 keV
hotons
% % % % % ' % % ’ * on top of GEM foil: 0-4 stacked layers vs. 4

tilted layers

tilted layers

- ————— -
N
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e 20 um thick copper layers

N

* irradiation with 50 keV photons

l NS

— &= 0.5 % per copper layer
20 layers — =10 %

ox ] Ayiqeqoad

number of electrons
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20 30 40 50
position x [mm]
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Simulation: Principle of Electron Guiding

Geometry: Tilted Converter Cathodes

diffx [V]

diffx [V]

amplification and readout area

E-field

electron guiding by voltages diff, and diff,

electron drift direction described by electric field

vectors

voltage dependent electron extraction (on the right

for diff, = 400 V)
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number of extracted electrons

10?

10

30

| result

electron endpoint distribution below converter layers

— diff,= 80V
— diff =115V
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