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Working Principle of a Micromegas (MM)

*MICROMEsh GAseous Structure
detector

.Drift region (z 5 mm): '30V cathode

° lonization of the gasin the drift
region along the particle track

drift

o Low electric field (E = 0.6 kV/cm): (=5mm)
—>separation of the electrons and o ‘ __ esh L ol
ions in the drift region PN N L 0.4mm)

Vi = 45 um/ns (110 nsforsmm) 0 LT T4 T 0T T 0 T o]

*Amplification region (= 128 um):
> High electric field (=50 kV/cm)

—Amplification of the signal by an
electron avalanche
(Gain = 5000-10000)

*Resistive anode layer
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2D Resistive Layer Micromegas (DLC)

*Anode;:

o Resistive layer: Diamond Like
Carbon (DLC)

2 perpendicular readout strip
layers, each with:

o 360 readout strips
o 250 um pitch

*120 um high pillar
*Floating mesh (no bulk)

*Ar:CO, 93:7
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X/Y Strips : Multiple Particles at Same Time

*Two particles at the same time

—Two signatures in each detector
layer (X /Y)

— 1D reconstruction works

charge [ADC counts]

™ o B 8 8 8 &

*2D position reconstruction:
o Combinationof X andY cluster

L.l
45
position

1
20

—Four different possibilities
—2D reconstruction problematic

—>Solution: 3" layer of readout
- strips turned by 45 deg

g &8 § €

200

[swinoa oQy] ebieyo
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X/Y/V Strips : Multiple Particles
X :

1S |

charge [ADC count:

“ ] simulation
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et st E ol —e— X/y/v strips
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, . 5 tomo |dentical charge,
' ¥ S |dentical time
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L g 3 06f °
i R = [ | ®
rwma——, y
£ 538 388 ° m
0.2} 1
[sjunoa nay] ebireyo | m -
% 2 4 6 8 10
number of cluster per event
* New setup:
o X/Y coordinate given by readout strips at the anode o # particles orrect reco
oV coordinate given by readout strips at the mesh location ef ficiency = # particlesyy;

* Unique 2D cluster combination possible
—=Reduction of the number of ambiguities by a factor 2-4

=Further improvement by using charge and time information
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Signal Readout at the Mesh Location

*Segmented mesh difficult to realize

OHV

*Use of a segmented GEM foil instead
of the mesh i :

o Segmentation into strips on one side : : —0
of the foil _q_: = .- 4 : "
o Produced at detector lab at CERN — hv
*The segmented GEM foil is mounted .
on top of the pillars , ] APV
1 |
1 1

*Readout of the GEM strips using \

APVs

—Two amplification steps
° Inside GEM foil

° Inside amplification region of the MM
structure
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Lithographically
etched strips

1 piece

Segmented GEM Foil

Bottom side (segmented) Top side (not segmented)

* Bottom side [segmented]:
o 212 readout strips, connected to APVs via Panasonic connectors
o Strip pitch: 4 GEM holes £ 484 um

* Top side [not segmented]:
o standard GEM foil, 10 cm x 10 cm, 70 um holes, 140 um hole periodicity

o 4 mm thick frame (only on top side)

* Inverse layout exists: strips on top side, bottom side not segmented => works similarly well
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Beam Time H4 October / November 2021

*Four resistive strip Micromegas for

Y [mm]

precision reference tracking
(3x2D & 1x1D)

*|nvestigated detectors:

o Segmented GEM MM Hybrid with
strips on top side of GEM

o Segmented GEM MM Hybrid with
strips on bottom side of GEM

*Determination of detector
efficiency and resolution and pulse
height for:

o different voltage combinations
o different inclinationangles
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Muons: Pulse Height Comparison GEM-MM
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amplification voltage [V]

* Approx. same pulse height for top readout strips and GEM strips
° Pulse height,,, = 1.5 pulse height ggy

*Optimized anode design exists with strip pitch 0.4 mm (not shown here)
° Pulse height,,, = pulse height

—2D particle reconstruction possible
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Efficiency Determination (perpendicular p-track)

AW |
L]
Detl: GEM strips on Det2: GEM strips on
.
1 bottom side ftop side
= —l— top anode strips l..i:.— ) —F+ top anode strips L ‘U_E.E--:
& 0-Op—@ bottom anade strips ..:-A‘""“* Y % 0.9 f—=— bottom anode strips o A"ﬂ‘.& a @
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.- 'J‘ :.
—T— o7 ¥ o g o7t SA 1
06F 4 & osf & @
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amplification voltage [V] amplification voltage [V]

*Efficient event: X¢trqcxk — Xmeasureda <+ 1mm

fFici # ef ficient events
ef ficiency =
Y = dre ference tracks

—=>Approx. same efficiency for top and GEM readout strips

Voltage offset: 20 V for all readout planesat detector with GEM strips on the top side
(assembly of the detector)

—>Efficiency > 90% for GEM readout strips and top readout strips
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Spatial Resolution Determination

E‘ 20_' 7 T T T T T 7 T A | T T T ]
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*Residual: L T | 3
A0 B :
residual = X¢rqck — Xmeasured o887 E
*Resolution determination via a b E
double gaussian fit: B0 800
Position along the Beam [mm]
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Spatial Resolution (perpendicular p-track)

Detl: GEM stnps on bottom snde le@ @E[M] Sitﬁ‘ﬁ@@ @[m it@[p) Sﬁ@]@
— 0 2 T T I I I T T L) 0 2 T
= C = £ £ ']
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amplification voltage [V] amplification voltage [V]
° Uanode =f(UGEM) 20V shift
* Best resolution for Ugg,, =200V, U, ,4.=440V [ I —
° Resgem =80um

° Res anode top = 80 um

* Discrepancy in the resolution between top anode strips and GEM strips
(charge movement on the DLC layer)
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UTPC: Principle (20°)

\ 7

reconstructed angle

o Q0T T T T I ]
@ 5 £ € : N 3
<, 240p E 8 ssof ©=20 =
:,,"é' 200; _'CE 250:_ Uampl=420V E
o R A 1] o ]
L o o ]
180 200F =
160 150F- =
140 100f =
120:—GEM foil l <0 50 A
LI t stri ——_ I 2] NG ]

9% 97 98 99 100 101 102 00 35 30 25 w20 15 10
strip number angle [deg]

* Determination of the angle and position via the strip times

txVarift )
strips*pitch

—>Position: uTPC track at t,,
* influenced by 25 ns jitter (muon trigger uncorrelated with 25 ns clock of APVs)

—angle =90° — atan(
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Angular Resolution YTPC

(26.5° and 20°)

reconstructed angle

— 35 3
g 3
Red E
o E
[=}

=

=1

g

@

g

3,

8

5

2

¢

5

380 390 400 410 420 430 440 450 460 470 3

[+
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*Incident angle 26.5°and 20°

*Angular resolution:
o =2°for ®=20°
o =3°for ®=26.5°
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Spatial Resolution uTPC (20° and 26.5°)

resolution [mm]

£ os-Bottom anode strips E
s %% GEM strips E
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amplification voltage [V]

* UTPC position reconstruction works in principle v/

o 1 mmefficiency >90%

o Betterresolution for GEM strips as for bottom anode strips ©

(low pulse height on bottom anode strips)

* Charge weighted mean spatial resolution (GEM strips):

o 20° resolution=350 um
o 26°: resolution =450 um

* 25 ns trigger Jitter not corrected (+/- 12.5 ns £ 220 um)
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FES5: Ar Escape Peak Analysis

*Investigation of the pulse height
using Fe55

*Two peaks:
o Peak at5.9 keV: y of Fe55

o Peak at 2.9 keV: K, photon (Ar)

5.9 keV
= 2.03
29 keV

*Reconstructed ratio close to 2.03
(top —, and GEM — readout strips)

—>Expected ratio:

-AE—E(FeSS) = 22.2% (FWHM)

—Good energy resolution
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Summary

*Segmented GEM Readout Detector:
o Y-readout with segmented GEM works (tracking efficiency > 90 %)
o X-readout by standard resistive Micromegas anode strips (tracking efficiency > 90 %)

o 2ndY-readout by standard resistive Micromegas anode strips
(off working point => optimized anode design exists)

*Resolution for perpendicular tracks
o 2D trackingwith 6,=75 um = 6, gy pPOssible

*Resolution for inclined tracks
o UTPC possibleonanode stripsand GEM strips
° Anglereconstruction works: 6,4, =2°-3°

o Position determination works:
20°: Gggm < 180 pum
26°: Ggpm < 220 pm

*Next Step: Build X/Y/V detector for reduction of ambiguities
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Backup
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FES5: Ar Escape Peak Analysis

Ar:CO, 93:7

&2 350f U =300V 73000 ) 2} £ 1000 8
= = £ 2 —_ {25008 £ t
= GEM = 5 700 [ UGEM_ZOOV 5 5 5
o Q 2 o =1 30008
o 300 2500 © 3] o o ©
600 [ 12000 800 [
250 w0 2500
500 |
2000 11500 600 [ 2000
11500 400 [
150 400 1500
300 | g r
1000 1000
1000 ool 1000
500 1500 200 -
50 [ t 100© t t {500
. op op \ op
0 1000 2000 3000 4000 5000 6000 % 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
leading cluster charge [ADC counts] leading cluster charge [ADC counts] leading cluster charge [ADC counts]

Pulse height = z Ustrip

signal strips

*Saturated events are discarded (Qg,;,> 1500 ADC counts)
*Highest signals for different Ugg,, without saturated strips are shown

*Escape peak visible for multiple voltages (U, & Uggm)
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Charge and Time Weighted Mean
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* Higher weight for immediate (fast) signal

* Lower weight for charge movement (later) signal

* Weight signal strip < 1/,, and o Q

S, e ———
2%, cEaaa

—>Improvement of the top anode strip resolution

T -

Xtime
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Resolution Determination (Centroid) |l
— 02
% 0161 —¥%— bottom anode strips + GEM strips
§ 014}
g oty
012 + o ¢
0} *oe ¢
oosf * x4, s ¢ *
0.06 |

400 410 420 430 440 450 460
amplification voltage [V]

* Combination GEM strips and bottom anode strips

YceEM Xpulse height geym+YanodeXpulse height gnode
Xpulse height ggpm+pulse height gnode

Ycombined =

*Slightly better resolution

*No larger increase due to big difference in resolution
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resolution [mm]

Spatial Resolution (perpendicular p-track)
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* Resolution depending on pulse height (cluster charge)

* Best Resolution at pulse height = 2000 ADC counts
(not reachable at Uggy=300V)

* Better transparency for GEM foil with higher Uggm
=Compromise needed

* Better resolution for GEM strips as for anode strips
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