Position reconstruction studies with GEM detectors

and the charge-sensitive VMM3a ASIC
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Radiation deposits energy inside the detector by ionising the gas atoms. / Despite the fine granularity, a bias can be 251 .
The liberated electrons drift towards the readout anode (here: 9 mm o | e S introduced in the reconstructed position This is
distance). The electron cloud diffuses (6 ~ 250 pm, Ar/CO, 70/30%) while Read-oyt pitch (e} . strip widh caused by the loss of charge and position 20 - A
drifting. In addition, the electrons are multiplied inside the holes of the _,_Aﬁ_ A information, due to the discrete readout

GEM (avalanche effect due to a high electric field). This leads to a spread electrodes in combination with a discriminator
of the electrons over the readout anode. With fine pitch granularity level of the readout electronics. A similar
electrodes (here 400 um pitch strips), spatial resolutions of about 100 um ::::::::::::: By TH@ behaviour was already observed with Multi-
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are achieved (with MIPs, binary response). Better spatial resolutions Wire Proportional Chambers (MWPCs)'. This
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(around 40-50 pm with MIPs) can be achieved by using position re- indicates that pure COG to reconstruct the
construction algorithms, e.g. centre-of-gravity (COG). This requires httpstijgigg;%/cemffg position may not be ideal. Q5 o5 -
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electronics, which allows to access the analogue charge information. — Utions/4039478 [1]: doi.org/10.1016/0029-554X(82)90113-6 s (G

Mitigation of the bias effect Odd strip count:  Even strip count: Method a: Neighbouring-Logic (NL) Method b: Q2

forced to stri in-bet tri i i i i i
The loss of charge information can lead to X Torced to strip X in-betweenstrips | Signal above THL triggers readout of adjacent | Change the weight of the charge in the

eEauEEEs T o [pesien (Cesmsiueien, v centre channel below THL. This recovers lost charge | COG formula, to give less impact to the
vl Uiy GO%, e diioranm: methodls have information; should automatically improve the | tails and the charge the just passed the
been teste{i to .rnitigate the bias effect by THL THL position reconstruction THL. Here n = 2 was tested.

improving the position reconstruction on the o O= H o THL THL Y Qx;

event-level without a correction algorithm. . . ol tlo [ lo Xe = XE é,n

a. Feature of the self-triggered VMM3a ASIC? to I i s
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read out the signals on the neighbouring 1 coa 1 coG

channels below threshold (neighbouring- | 1 GOG. NL
logic/trigger)

b. Different weight for the charge in the COG
formula. Give less weight to the tails that lead
to the bias effect; more weight to the channels

with higher charge (more ‘correct’ charge
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Measurements with X-rays Measurements with MIPs
Measurements with soft X-rays (8 keV copper target | Improvement observed also with Edge Measurement with MIPs in beam  “* ! ' ' '
X-ray tube) and line phantom (tilted by 45° with | Spread Function (ESF). The events are telescope (different readout elec-
respect to the readout strips to give no preference to | integrated along 10x0.085 mma2. This tronics, without NL: APV25, still 3 S M% - }1
one readout direction due to Moiré patterns; the | shows, that on a local level, NL and Q2 access to the analogue information %200 L Wr il 'MWW’;
diagonal lines are dead strips/channels). Despite 3 | improve significantly the position re- of the signal). 5
slits in phantom, 4 peaks are observed in the | construction, as the bias effect gets 100 T
transmission profile at 2.5 LP/mm, so one ‘fake peak’ | significantly reduced. Ocog = (47 £ 1) um ‘ . ‘ .
is generated by the modulation effect. With NL and 0 0= (42 + 1) pm % 200 400 600 800 1000 1200
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correctly reconstruct.ed, The .intensity response gets ) e e } . Q2 improves the position resolution with MIPs in COMPASS-like triple-GEM
also more symmetric/less distorted (see especially 3 gl me=@1+18au E }_ detectors?3.
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Both, NL and Q?, improve the position reconstruction with X-rays, despite their different nature.

Numerical studies

Simplified calculations (1D, no noise, geometrical charge collection) were performed to understand limitations of Q2. The strip pitch is 400 pm, the strip width w = 200 pm (50 % charge
collection, as in the readout direction of the experimental set-up). The charge per strip s; is given by @ = 1 ['f e gy with o, the width of the charge cloud and y, the position.

ion: The total charge in the charge cloud is normalised to 1. A THL is applied
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Knowing the initial position of the charge cloud, allows to calculate the displacement of the reconstructed posi
per readout strip. Itis given as fraction of the total charge.
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With this the average displacement for various charge ‘ . . . ‘ . . . . . . . . .
. . L =300pm, THL = 5% , E =150 = =300
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™ H 1 1 | 1 1 | 1 | 1 1 | 1 | 1 D;]—l_ — I | E— 1

position response. The spllfe's, which are c.>bserv'ed' in the 0 200 400 600 800 1000 1200 %5 25 50 75 100 125 150 %00 25 80 75 100 125 150
rig ht plot, correspond to minimal cluster size variations. Position (pm) Relative Threshold Level (%) Relative Threshold Level (%)

SPONSORED 8Y THE

L. Scharenberg, J. Bortfeldt, F. Brunbauer, K. Desch, K. FIéthner, F. Garcia, M. Hracek, D. Janssens, M. Lisowska, M. Lupberger, -
H. Muller, H. Natal da Luz, E. Oliveri, D. Pfeiffer, H. Pulkkinen, L. Ropelewski, J. Samarati, M. van Stenis, A. Utrobicic, R. Veenhof B | oo ”

and Research

UNIVERSITAT lucian.scharenberg@cern.ch




