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Abstract. The spatial resolution of GEM based tracking detectors has been simatededeasured. The sim-
ulation includes the GEANT4 based transport of high energy electronscartful accounting for atomic re-
laxation processes including emission of fluorescent photons and Alegtrons and custom post-processing,
including accounting for diusion, gas amplification fluctuations, the distribution of signals on readect e
trodes, electronics noise and a particular algorithm of the final coordazdtelation (center of gravity). The
simulation demonstrates that a minimum of the spatial resolution of about1€an be achieved with strip
pitches from 25Q:m to 300um. For larger pitches the resolution is quickly degrading reaching 8Q:f0at a
pitch of 500um. The spatial resolution of low-material triple-GEM detectors for the DRON facility at the
VEPP-3 storage ring is measured at the extracted beam facility of the MEPgllider. The amount of mate-
rial in these detectors is reduced by etching the copper of the GEMs elestamd using a readout structure on
a thin kapton foil rather than on a glass fibre plate. The exact amounaiafial in one DEUTRON detector is
measured by studying multiple scattering of 100 MeV electrons in it. Thdti@these measurements igX0

= 2.4x1072 corresponding to a thickness of the copper layers of the GEM foilsuon 3The spatial resolution
of one DEUTRON detector is measured with 500 MeV electrons and theumeebgalue is equal to 35 1 ym

for orthogonal tracks.

1 Introduction 2 Simulation studies

The simulation of the spatial resolution of the triple-GEM
Triple-GEM tracking detectors can provide precise mea-detectors was performed in two stages. At first, primary
surements of track positions in high rate environments [1].glectrons with 1 GeX¢ momentum perpendicular to the
These detectors can be produced with a low material budgetector plane, and with randomly distributed initial coor
get that is important for precise tracking in medium and dinates in the detector plane are transported through the
low energy particle and nuclear physics experiments [2].complete model of the detector, that includes the honey-
Experimental data on the spatial resolution of the GEM comp cover with the drift electrode, the drift gap (3 mm),
detectors for relativistic charged patrticles lie in thegan o transport gaps (1.5 mm), and the induction (2 mm) gas
between 5@:m and 10@m (see for example [3]and [4]) gap, three standard GEMs and the readout structure on a
depending on the particular type of the readout structureglass fibre plate (thick version of the detector, Fig. 1). In
gas mixture, electronics, etc. The spatial resolution isf th the simulation of the "thin" detector only 3 mm gas layer
kind of detectors is determined by a combination of manyis left in the first Stage_ The energy depositions Coming
factors, such as: statistics and ranges of primary deltafrom other detector elements, such as the honeycomb with
electrons, transverseftlision of electrons, configuration the drift electrode and the GEMs are removed. However
of the readout structure, noise of the readout electronicsjn the second stage we take into account that the ionisation
fluctuations of the gas amplification, and the particular al- grifts through all GEMs and the induction gap, and dis-
gorithm for the calculation of the track position. In or- tripute the signals using realistic readout strip plane-con
der to determine the optimal set of parameters to get theiguration. After the recording of all energy depositions
best spatial resolution, we have started a systematic simun the drift gap, the second stage is started that includes
lation and experimental study. The present paper presentge introduction of the electron fllision, gas gain fluctu-
preliminary results of the simulations of spatial resauti  ations, the distribution of the signal between the readout
of the triple-GEM detectors with ffierent layouts of the  strips, accounting for the electronic noise, and the calcu-
readout structure as well as experimental results, obdaine |ation of the measured track position with the centre of
with the detector produced for the DEUTRON facility at gravity (COG) method.
the VEPP-3 storage ring at the Budker INP [5]. Three types of the readout plane layouts were used

in the simulation. The first layout contains parallel strips

3e-mail: L.I.Shekhtman@inp.nsk.su with their width equal to the pitch (no gaps between strips)




EPJ Web of Conferences

Gas gap (3 mm Ar+25%C0,) used for simulation of “thin” detector 80—

70|

Honeycomb (5 mm)
.......... Driftelectrode

60—
3mm

...... GEM1 o | ]
-
GEM2 C Y 4 L P

1.5mm — -
GEM3 40

Spatial resolution, um

1.5mm

Glass fiber PCB (1.5mm) F e i

Ar+25%C0, - i e

T R . R T
. i . i Width of strips, um
Figure 1. Schematic view of the model of "thick" detector. The

"thin" detector was simulated with a single 3 mm layer of gas

mixture (marked with pink background in the figure).

Figure 2. Comparison of spatial resolution of "low-material” de-
tector (only 3mm drift gap, black points and curves) and regular

and each of these strips is read out. The second layout als((j)etector with allthe materials (red points and curves).

contains parallel strips but only each second strip is read
out. In the third layout that also contains parallel strips,
only each third strip is read out.

These three layouts correspond to the cases where the g 12 T ————T
full signal is induced on the strips (case 1), half of the sig- 5§ - seawmseo- '
nal is induced on the strips (case 2), and one third of the 3"~ | comemm
signal is induced on the strips (case 3). Case two and three
correspond to the detectors with two layer readout planes
with straight strips and stereo strips like in the detectors S
the DEUTRON facility [6] and in the detectors for the tag- i
ging system of the KEDR experiment at the VEPP-4M [4]. SE-
In these detectors only part of the signal is induced onthe 2

straight strips used for the precise position measuremeni  "°;

. . . . . . B L L1 I L1 11 L1 L i ] L1
in one direction. The rest of the signal is induced at the % s0fo0 150 200 250 300 350 400 450 500 550

stereo strips that are necessary for the position measure R B
ment in the perpendicular direction and were not used in

the present study. In the detectors for the tagging SyStenfkigure 3. Spatial resolution as a function of the strip pitch for

ofthe KEDR due toa _mlstal_(e durl_ng r_nanufacturmg ‘?f the the readout structure of the KEDR TS detectors [4]. The experi-
readout planes the signal induction is very non-uniform mena| point is taken from [4].

and only one third of the signal is in average induced on
the straight strips.

At first the diference between the resolution of the ] ] .
"low material" detector and the thick detector was checked®n the relationship between the charge cluster size and the
for the first layout of the readout plane. In Fig. 2 the reso- StriP pitch. An increase of the number of strips involved
lution as a function of the strip pitch is presented fafet in the (_ZOG calculation explains the s_udd_en changes in the
ent values of the signal to noise ratio. The figure demon-fésolution around and below 1@@n strip pitch. From the
strates that theffect of the low material on the spatial res- {Igures we can see that the best resolution of 1gs#igan

olution is marginal and is only pronounced at strip pitches P& achieved for a strip pitch of 256n. For larger pitches
smaller than 30Qum. All further simulation results are the resolution degrades and the results of the simulation

obtained for the thick detector layout. are worse than the experimental results (Fig. 3 and also

In Fig. 3 the resolution as a function of the strip pitch see below).
is shown for the readout plane of the third type and for
several values of the signal to noise ratio. The experimen3 Experimental results
tal result from [4] for the detector of the tagging system
of KEDR is also shown in the figure. The COG method The amount of material and the spatial resolution of the
used in this simulation for the calculation of the track po- triple-GEM detectors for the DEUTRON photon tagging
sition involved always three strips around the maximum system (PTS) [6] (Fig. 5) were measured at the extracted
of the charge distribution. Results of the simulations for electron beam facility at the VEPP-4M storage ring [7].
the readout structure of the second type are presented iffthree detectors were installed at the test bench. The first
Fig. 4. The so called "flexible" COG method was used and the second were "thin" detectors for the DEUTRON
in this case, with the number of strips involved dependingPTS with the dimensions of the sensitive area of 46D
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Figure 4. Spatial resolution as a function of the strip pitch for Figure 6. Schematic view of the set-up for the measurement of
the readout structure of the DEUTRON PTS detectors [6] (seethe amount of material in the detector.
below).
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Figure 7. Angular distribution of tracks of 100 MeV electrons
scattered in the 2nd detector (see Fig. 6).

Figure5. DEUTRON PTS detector structure and schematic view

of the PCB design. amount of material 0f2.4x10~2 X0. This value corre-
sponds to a copper thickness on the GEM foils and the
PCB of~3 um.

mm? and the third was the detector for the KEDR TS with The spatial resolution of thé2detector was measured
a sensitive area of 12400 mn?. with a similar setup (Fig. 6), but the distances between the

The readout strip structure of the DEUTRON PTS de- dete(_:tors were reduced tar5 mm and the beam energy
tectors is produced on a 58m thick Kapton foil and all was increased to 500 MeV. The first and the third detector
copper layers on the GEM foils and the readout flexi- were used for tracking. Figure 8 demonstrates the resolu-
ble PCB are reduced as much as possible to decrease t ié)n as a function of the track angle after correction for
amount of material. The readout flex is produced in two multiple scattering and for the limited resolution of the
layer technology and the strip pitch in each layer is equaltraCk'ng. dgtectors. The error bgrs n the f|ggre represent
to 0.5 mm. The strips of the stereo layer are shifted bythe statistical errors. The curve in the figure is calculated

250um with respect to the strips of the straight layer. The ;Jsmg rtlhe forrlnula I‘:f th% q#adratll(c sum qf the rﬁso(ljutlon

amount of material in the detector was determined by mea->" orthogonal tracks and the track projection to the detec-

suring the multiple scattering of 100 MeV electrons in the tor plane:s = \/0'(2) + (L * tg(@))?/12), whereoy is equal

experimental set-up shown in Fig. 6. to 35um and L is 3 mm, the thickness of the drift gap.
Due to the multiple scattering the track angles were

changing aftgr pas;ing throug_h the second detector in thgl Conclusions

setup. The distribution of theflierences between the track

angles after the second detector and before the second d&imulation studies show that an ultimate resolution of 10—

tector is shown in Fig. 7. Its width corresponds to an 15 um can be achieved for orthogonal tracks of high en-
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Figure 8. Spatial resolution as a function of the track angle.



