Present and future GEM activities in Aachen

Dmitry Eliseev, Thomas Hebbeker, Kerstin Hoepfner, Henning Keller, Giovanni Mocellin, Moritz Seidel
on behalf of the CMS Muon Group
I1l. Physikalisches Institut A, RWTH Aachen University

lll. Physikalisches
Institut A

Technology of Gas Electron Multiplier Detection principle and simulation

Gas Electron Multipliers (GEMs) belong to The GEM detection principle relies on
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of three GEM foils is inserted. rations using the Garfield toolkit [2].

The GE1/1 Project

For the installation of GE1/1 in CMS in 2019 and 2020, 144

In the upcoming years, the LHC will
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capability of GEM detector exceeds Figure 3: Quadrant of the CMS detector showing MEtEe sl Chuks: 1 ota T LS O _en - Figure 5: The GE1/1 station

10 kHz/mm? which are typical for upgraded Muon forward stations with GEM detectors in caps. This is resulting in a consisting of long (pink) and
red dashed box. [1] small overlap of two neighboring chambers. The GE1/1 stati- short (cyan) modules. [1]

Multiwire Proportional Chambers.
P on consists of alternating long and short modules.

Quality Control tests in Aachen

Aachen has been selected and approved to be one of the testing sites for GE1/1 mass production. After assembly and checks of individual components
such as the GEM foils, the GEM chambers were sent to Aachen. In total, 21 long GE1/1 detectors have been tested in Aachen. Checks of the gas
tightness (Fig. 7) and the HV integrity, as well as measurements on the gas gain uniformity by illuminating the whole detector surface area with an X-ray
gun have been perfor-

u 106 - - - - - - - - - v - - - - - - - - 100 T T T T T T T T T T T T T T T T
med (Fig. 8 and 9). . CMS GE1/1 Production Long Chambers % Data ?M-‘g %E_l/ﬁ Prgduction Long Chambers - -. 379% Uniformity
: - Tested in Aachen ‘ ested in Aachen - = 509 i i
: M . 50% Uniformit
Testing the response ' Gas: Ar/CO. (70/30) T so| G3S: AF/CO: (70/30) & Data g
: : - : : X-ray Target: Ag —_ - A-ray rarget. Ag
'Iz\lgur:e t6- GEch unlformlty is of utmost 10° k' IMON = 660 A (after P/T correction) . X Gain: 600
achen team with . : = i
Importance conside- & =
_ < € 60} -
ring the large area covered by one de- 3 . ] S
10 3 - b 4 - v C e emmm e e e - .- - - —-————— = = = === -
tector. M I T T I T A P
i i A [} ¥ A - I A 3 aol
O A A E L A ¥ & 2 ______________________________________
g 4 A 4 = A A A o
- o lCM'S GIEl/ll Plrodluctlionll_o:ng 'Cha:mblers' lllll - 3 - % - [
< [ Tested in Aachen ] 10 3 F g‘:) -
~ - P(t) = Po *exp(—t/T) ] X : 20 B | - [ | [ ] m
2 102} Gas: CO; ] i | m B B " om | - =
Z -
%101;-.-----. -- .----'5 102 ! 1 1 1 ] ! 1 L 1 1 I L 1 1 1 ! 0 | ] 1 !
S . . . : S &F 5 &N &y & 5§ 22 S 2 2 35 2 2 8 > L 5 02 Ly S 5T L2 3 L2 L2 5 2 2 8
» | $§§5 5§ 8§ 5558555588 § §§§ &8 s§FFSFESFESSFEES
3 0% - -— - - . T Y Y A Y Y Y A A S & & &§ &£ &§F £ £ £ £ £ £ £ £ £ 5
g | A - - - § 88§ 8§88 58§88 58888 8
o .:C?z a.:e.; .'% . Detector Serial Number Detector Serial Number
§ & 886 ::;* f f gsgglﬁNg gbg 3 A 4 Figure 8: Effective Gas Gain of tested GE1/1 chambers. To measure the gas gain the Figure 9: Response Uniformity of GE1/1 chambers tested in Aachen. To measure the gas
etector seria umper I I . c . . .
. standard QC5 methodology for GE1/1 production is used. The error bars represent the i the standard QC5 methodology for GE1/1 production is used. The standard deviation
Figure 7: Leakage test results of GE1/1 detectors standard deviation of the gain distribution of the entire chamber, while the triangles ¢ ihe gain distribution is used as a measure for the response uniformity
tested in Aachen. show the extrema of that distribution.

References

[1] A. Colaleo, A. Safanov, A.Sharma, and M
Tytgat. CMS Technical Design Report for the
Muon Endcap GEM Upgrade.

mic test stand is in progress. Operating the stand offers the possibility of precision measurements ——-

. - _ [2] Rob Veenhof et al., Garfield++ Toolkit,
on tracking capabilites of GEM detectors, complementary to the tests with the X-ray gun.

http://garfieldpp.web.cern.ch/ garfieldpp/

Figure 10: Aachen Cosmic
stand.

3 $ F?cégral Ministry
E of Education
(2019 LHCC Meeting, CERN henning.keller@cern.ch and Research




