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Outline

* BM@N overview

* The principle of GEM detectors working

* Gas Electron Multiplier (GEM) for trajectories reconstruction
* Investigation of the GEM performance

(hit efficiency and spatial resolution)



Physics possibilities at the Nuclotron
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Target and TO detector

Analyzing magnet

MRPC-1

ZDC

BM@N setup

* Central tracker (GEM) inside analyzing
magnet to reconstruct AA interactions

* Outer tracker (DCH, CPC) behind magnet to
link central tracks to ToF detectors

* ToF system based on mRPC chambers and TO
detectors to 1dentify hadrons and light nucleus

« ZDC calorimeter to measure centrality of AA
collisions and form trigger

* Detectors to form TO, L1 centrality trigger
and beam monitors

* Electromagnetic calorimeter for y,e+e-

* MWPC chambers were used as beam trajectory
detectors




The Gas Electron Multiplier (GEM)
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. magnetic field - 0.5 T

Electric field in the region of Schematics of single GEM detector
the holes of 2 GEM electrode with Cartesian two-dimensional strip
readout.

Simulation of electron shift in magnetic field

The basic requirements for the tracking system are:

- capability of stable operation in conditions of high radiation loadings up to 10°> Hz/cm?;
- maximum possible geometrical acceptance within the BM@N experiment dimensions;
- good timing (5-10ns) and spatial resolution (100 -150 microns).



Track-segment building algorithm (Mag.field off)

Reconstructed hit coordinate (measurement) :
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Collecting X & X hits located around straight line we build spatial track-segments.



GEM Spatial Resolution & Hit Efficiency

Hit Efficiency per layer (from segments):
GEM hit efficiency per Layer is calculated for events where track-segments were reconstructed and defined as ratio:

(Number of the reconstructed hits in a Layer) /
(Number of track-segments).

Numerator 1 1 1 0 10
Segment-x—x—x—o-—x—o— =)  Hit Efficiency
Demoninator 1 1 1 1 1 1

Spatial resolution calculation:

Resolution in the current layer calculated from the residual (A) between the measured coordinate (hit)
and the predicted track coordinate from straight line fit .

AI- @ @ - hits used for fit

X - predicted track
coordinate in the layer



Testing of efficiency calculation algorithm with MC
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GEM hit efficiency per layer with Nuclotron data

Ar + CO, Ar + Isobutane
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Resolution for GEM with Ar + CO, (Nuclotron data)

Cluster width in station 3(X) |

X layers X" layers
L Entri A 85856 [E=EpEE ResolXp_3
= ; ntries B esolXp_.
3500 = Mean -0.08269 Entries 35516
- :?2,\9?1 . 112%3722 3000 :_ ....................................................................................... Metan 0.07088
3000 | Constant 3483 +19.0 - indf o 02-?;3
2500; o '\Sni‘;?:a _0-l0-16357i 0.0010 I 2500 - éonstant 3134 + 163
= g I - Mean 0 £
20005 Best 3 3 | | | 2000 - Sigma____|0.1896 < 0.0010
- X-resolution 1500 | 0 T N
- 1 164 um 10005 | 19;0 pm
500 o s - 500
| TS RS = < A N o
-2 15 -1 -05 05 1 15 - nﬁ 2 15 1 05 0 05 1 15 2
ResolX_9 | ResolXp_9 mm
B ‘ ResolX 9 3000 SRR SO oreereeneeeeeee e ResolXp_9
- ntries L 3 Entries 79864
2500 :_ .................................................................................... nEn eta h } 07;:2: : | Enti oo 56
r B : : RMS 0.3949
- ?xidf 59.(5)54222 2500 - Y 2/ nat 326.1/36
2000~ Worst T constant 2510 +15.2 - : ‘ Constant 2738 +14.8
B ﬁ ; | Mean -004475 +0.00119 | 2000 . — . Miee::a o.oo1rns +nn+nn883
1500 - XV-{ESOIVUtiOn, SO WO rslrgn,],a T - | = | ;0'196 e
I O 1500 e
oo [\ 199um | © | 198um
0E P | — .
“2 15 -1 -05 0.5 1 15 2 -2 -15 1 -05 O 0.5 1 1.5 2
mm mm

[ |
160} ] X cluster width in station 3
140} Entries 346940
12001 Mean 1.826
100¢ RMS 1.048
80:
60;
40F =
20F
00 2 4 6 8 10 12 14 16 18 20
clust width
A 800um

Viz V12

=231 um

A - GEM strip width

10



Resolution for GEM with Ar + Isobutane (Nuclotron data)
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Conclusions

GEM detector performance in BM@N experiment with Nuclotron data was
studied:

» Satisfied hit efficiency per layer 90-97%;

* Spatial resolution 160-200 microns with gas mixture Ar + CO,;
* Good spatial resolution 80-120 microns with gas mixture Ar + Isobutane.

Next step: physical processes reconstruction with mag.field data.



Thank you for your attention!



