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CMS GEM Project :

GE1/1
- 144 large triple-GEM detectors
- Etacoveragel1l.6<n<2.2

- High-rate environment (103-10° Hz/cmZ)

+ GE2/1 — 72 or 144 detectors - kHz/cm?
+ MEO - 216 detectors — MHz/cm?

yid S

Aging issues :
- Classical Aging (for gas detectors)

resolution loss , low rate capability ...)

Expected rate @HL-LHC : several kHz/cm?

MPGD2015 J. A. Merlin

15/10/2015

- production of polymers in the plasmas surrounding the GEM holes
- potential effects : gain losses, non-uniformity, self-sustained discharges, dark current,

Charge 20 years: Rate*Primaries*Gain*Time*e = 100 mC/cm?

Ar
- ‘ Impurmes

Chemical reactions

CF
$ & recombinations
Gas Mixture ‘

Polymers : big
sticky molecules

On behalf of the CMS GEM collaboration
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Introduction

Classical aging :

- Many input parameters + Many processes

- Unknown parameters (pollution)

- Strongly depends on the conditions of operation

= No simulation tools / reliable models for aging predictions
- Need to measure aging for a given configuration

How to measure longevity of detectors :
—> Measure various properties of the detector at different accumulated charges
- Monitor gas gain stability during the irradiation

Classical aging :

- Accelerate aging with strong radiation

/N\ High acceleration factors reduce polymer production rate

- Study outgassing of chamber materials to ensure a clean detection volume and prevent

aging

MPGD2015 J. A. Merlin 3
15/10/2015 On behalf of the CMS GEM collaboration
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GIF (CERN / Meyrin) GIF++ (CERN / Prevessin) Facilities :
NV \ s L Wi ey T GIF
AR \" 1" G6zkevphotons || . es2kev h," Lo 37Cs - 566 GBq
[LGas U IS ‘ ' 662 keV photons
P , \ Detector : GE1/1-IV (4th
=" - ; ;,' H GElo/ldetector A A 8 = generation)
o\ GasINfouT  [r AI‘/COZ/CF4 (45:15:40)
(107 y/cm2@30 cm)
GE1/1 detector
Control detectors :
- e GiF ++
Y/ omg ol 137Cs - 14 TBq
X 1 662 keV photons
{| Detector: GE1/1-1V
Zaud , Ar/CO, (70:30)
¢ o, 1 [sraccronsJj| (10°V/€m*@50 cm)
Aging experiments :
- Initial study at GIF (7 months) — GE1/1-lll (3" generation) = test the setup / extract aging
parameter
- Aging test at GIF (12 months) // Aging test at GIF++ (6 months) — GE1/1-IVs

15/10/2015 On behalf of the CMS GEM collaboration
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| L]
SWPC  amplifier shaper © e al Aging Test DAQ :
delay i - Spectrum every week
logic velo ®) (0] .
|8 EJ“C'FBU' - Anode Current every 5 min
00 N— b = > T°, P, RH every 1 min
dual timer 1) ogge o
v = g = 2 millions of points (10 months)
GE1/1-IlV
Programmable Logic GE1/1-IlV
Controller
TQC ik —
Nat. Instr. %} P mbac qﬁb ﬁ) B _?][2_ Jj .
PR(_)'I:EC"I'E_D IRRADIATED
DAQ humi. % SECTOR SECTORS

Conditions of operation :

—> Effective gain : 2x104

— Current measured for 128 OR-ed strips using Keithley 6487 pA-meter (Labview interface)
- Additional spectra measurements : pre-amp + shaper ORTEC = ADC LeCroy (NIM+ VME)
- Environment monitoring : PLC Siemens S7 (WinCC)

MPGD2015 J. A. Merlin 5
15/10/2015 On behalf of the CMS GEM collaboration
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Keithley 6487 (series) PLC
Anode current file T/P/RH file
Charge after Fluctuations of
amplification (gain) the environment
Conversion Conversion
Anode current file T/P/RH file

Coincidence

General file

Contains all the data
for a given event

Normalization and Zsup.

Zero-suppressed file

Analysis :

- Convert all the data to the
same format

- Organized the data in ROOT
tree

- Do event selection (ZS, slope)
- Find correlation gain/enviro.
(iterative process)

- Perform TP corrections

- Calculate the accumulated
charge

- Produce the plots

|—> Correlation

G =f(T,P)

> Correction | plots

MPGD2015

J. A. Merlin

15/10/2015 On behalf of the CMS GEM collaboration
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DAQ & Analysis lli

—
T/P[°C/mbar] | Gain, T/Pvstime | Anode current [A] x104 C .
SCARRARERN WM NE 18 W ® Highlight the correlation between
= Initial study (GIF) GE1/1-1l B - Gain (Townsend coeff.)
- g P36 . . .
oE. B . —> Baseline fluctuations (HV, electronics)
E Aa = and the environment (T,P)
E V. VL, &
i P 3
i - Remove only environment fluctuations
2 —10.26
..... —p.24 Correlation histogram
, \ ‘ = 7000 _ Constant 2871+ 21.9
o . A3 18 . " - Fit 1| Mean 0.9958 + 0.0001
GIED 5§ o 85 g 830 33,8 60001 Sigma  0.02231+ 0.00012
§ 55 S S - _ Constant ~ 574.8+3.9
] v s000F- Fit 2| mean 1.116 £ 0.002
g| E G - Sigma 0.2057 + 0.0009
51" E - meas C
§ o= G, A @(BOX1/P+B1xT) 4000:—
% " - B Raw data
B2 " dpspbti——" 3000:_ : & Corrected data
',—é 0‘; W 2000 =
2 = I 1 i Correlation between C 1
- I I gain and 1/P (already 1000:_ 7
Y E i ! i corrected with T) - 2. Fit 2
— I I 0 % 7 / / 7
*E : ;I 4 ) 07 08 09 1 11 12 13 14 15 16
g U U 1 NP USRI EUIRN .1”;1[%r;ba.r]y1o Normalized anode current
MPGD2015 J. A. Merlin 7
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Sector 2 : Normalized and corrected Gain

|
g 1:5 Normalized and corrected with environment fluctuations Aging test at GIF :
3 o0 TestatGIF GE1/1-IV-CERNOO1 @ gain 2x10*
Ar/CO,/CF, (45:15:40%)
) e O e e Sector 2 (in front of the source)
N il 12 months of sustained irradiation
06F Total accumulated charge : 50 mC/cm?
- 10 CMS years (HL-LHC)
025 - No aging effects observed
0

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Accumulated Charge [C/cm?]

Sector 3 : Normalized Gain

s = Normalized only, correlation and correction in preparation Aging test at GIF++ :
§ .o TestatGlF++ GE1/1-IV-CERN002 @ gain 2x10%
Ar/CO, (70:30%)
s R B Sector 3 (in front of the source)
= e B e 6 months of sustained irradiation
E Total accumulated charge : 54 mC/cm?
0af - 11 CMS years (HL-LHC)
02F - No aging effects observed
0

| | | | I ! | ! | | I | I ! | ! | |
0.01 0.02 0.03 0.04 0.05

Accumulated Charge [C/cm?]
PGDZU0I5 J.A. Merlin 8
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GE1/1-1V-CERNOO1 (GIF test)
Observations |

GE1/1-1V after GIF irradiation

- No gain loss

- Normal behaviour in test beam

- Comparable gain uniformity between
before & after sustained irradiation

- No loss of GEM tension after 2 years of
intense activities (aging test, test beams,
calibrations ...)

- Oxidation effects on the external HV circuit

(sustained operation in air)

- solved with PU coating

Incident during installation at new facility

- Wrong gas mixture injected in the detector
by external group (not CMSGEM)

- 93% of Ar instead of 70%

= Not safe operation region

- Detector shows several short-circuits due
to destructive discharges

Copper oxidation

MPGD2015
15/10/2015

J. A. Merlin 9
On behalf of the CMS GEM collaboration



GE1/1-IV-CERNOO1 (GIF test)
Observations |
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Indications
of Si in the
deposits

- Small deposits around
hole rims

- Deposition growing
from hole edge

- Cubic structures /
build up

MPGD2015 J. A. Merlin
15/10/2015 On behalf of the CMS GEM collaboration
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GE1/1-IV-CERNOO1 (GIF test)

Observations Il

Rare & localized

‘Compact Muon Solenoid

Rare and localized
deposits:

- Long-term effect ?
(classical aging ?)

- Instantaneous effect ?
(discharges during
incident)

Perfectly clean foil around

MPGD2015
15/10/2015

J. A. Merlin
On behalf of the CMS GEM collaboration

11



GE1/1-1V-CERNOO1 (GIF test)
Observations llI
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\

ee
— Clean foil outside the

white regions (>99% of
the foil)

- both in irradiated and
non irradiated areas

= No indications of HF-
etching

- Normal operation of the

detector

GEM 1 Bottom | .~~~

20 um

HOO0000000
S0000000000
000000000 0C
50000000000
00000000000

3

GEM bottom

MPGD2015 J. A. Merlin 12
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Summary & plans :

- 2 tests performed at GIF/GIF++ with GE1/1 generation IV:

- Ar/CO,/CF, (45:15:40%) => no performance loss after equivalent of 10 CMS years (HL-
LHC)
- Opening of the chamber :
- GEM foils essentially clean
(Standard oxidation of the copper under radiations)
(Small and rare deposits in the irradiated zone — due to sustained operation ? Discharges during
the incident ? Effect of outgassing PU CellPack ?)

- Ar/CO, (70:30%) = no performance loss after 11 CMS years (HL-LHC)
- Test ongoing

- Charge accumulation up to 100 mC/cm? (20 CMS years)

- 3rd experiment at CMS GEM laboratory with GE1/1 generation V:
- With different gas mixtures
- Xray source (AMPTEK miniX) with variable power
- Perform local irradiation at different dose rate (i.e. different acceleration of aging)
- First tests foreseen before the end of 2015

MPGD2015 J. A. Merlin
15/10/2015 On behalf of the CMS GEM collaboration
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Pullout
Washer Brass Polyurethane
O-ring VITON polyimide NUVOVERNE

/ $~—_ Panasonic
Connector
/ $~—— Readout strips
Copper

Soldering
........ Tin + Lead + Ag

GEM foil
Kapton + copper

N \_—_
Silver glue 10MQ resistors

EPO-TEK H20E Alumina substrate

Drift electrode

I - \ [ Copper
w \ Spring Contact probes \
Polyamide Gold plated brass PCB EPOXY

reinforced glass  Brass nickle Screws and nuts DE156

fiber plated SS A2 Soldering
18% chromium + 8% nickel 60% Tin + 40% Lead

GE1/1-V (VI) cross-section with materials

Outgassing test :

Outgassing materials
—>contamination—> premature

aging

— All materials must be tested

— Outgassing Box contains
samples of materials (about
10x the amount in GE1/1)

— Possible pollution is identified
with SWPCs

Procedure :

—> Calibration of the SWPCs

- Purity check with SWPC

- Insertion of the sample

- 2 weeks at room temperature

- 2 weeks at 50°C

A min. 2 months/sample + 2-3 weeks possible cleaning

Gas flow rate : 2L/h

GIF Zone

Temperature
Regulator A==

=

GIF Zon?

HV

+ADC

Ar/CO2/CF4 - 45-15-40

P g

Materials :

- Nitrile Butadiene
- INOX A2

- Polyamide

- Nickel Plated Brass

-l

(swec)
o=
Outgassing Box
(0.B) 55Fe
[Temperature & Humidity Probes @
"""""" "1 :
] [0 -
1 |
E— T :

- Ethyl Cyanoacrylate
- Polyether

- Syainless Steel 316
- FR4 Substrate GC-MS
- Fiberglass

Amplifier

t
i
1
t
1
b
1
1
P
1
1
1
1
1
1
.

MPGD2015 J. A. Merlin

15/10/2015 On behalf of the CMS GEM collaboration
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Outgassing setups

GIF (CERN / Meyrin) TIF (CERN / Meyrin)
- / "Y P £
?r =] \ 5o ‘,-;
— ol
/r AL -‘ ‘ “JJ ;":-fl
' o - 3 Y
FFFF ; | oS \ ,*'
o (R / . Ui 2
b » ’: ~:\\ ‘I
o7) ,,‘ | i
b e - s <Al v
f A : -
_ ,; %ﬁﬁ,%
| 4 ‘ \* :
< | —— S >
‘»ﬁ-
MPGD2015 J. A. Merlin
15/10/2015 On behalf of the CMS GEM collaboration

Setups :

GIF-2013

1 outgassing channel
1 SWPC+GEM 10x10
PLC

Gas Chromatograph
- 3 materials tested

TIF — Today

4 outgassing channels
3 SWPCs

PLC

- 6 materials tested

15
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Materials and samples:

- Clean metallic supports
- 10x the amount present in GE1/1s
- Makx. surface in contact with gas

Preparation of the samples
DAQ & Analysis

= 4 weeks of purity check of entire system before inserting samples in the setup

Frez‘nnnr\,’ .
‘ DAQ & Analysis (similar to aging experiments) 000 SWPC Entries 225280
Ar/CO2/CF4 (45:15:40)
1000 5SFe 3.5 MBq

pre- S C
SWPC amplifier shaper attenuator £ o0
delay 4 i C
— logic veto O 8 to | Peak position
- gate 8 E CPU ,000:_
SWPC amplifier discriminator OR > m - Measurement
______ aTTTTTTTT T dual timer 5! o':' L T — T T R— s
] (=¥} 5 5
b e e e e e £ ADC channel
MPGD2015 J. A. Merlin 16
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Typical results

Normalized Mean

Tested material :

CellPack URETHAN (Art n°124017)

= Normalized and

PU used to cover internal frames
to prevent dust & leakage current

= ‘ corrected
% | PU CellPack 124017
3 — Fast and permanent gain drop
3 —> Pollution affecting SWPC
T :
£ | Sample
=, | temperature : 50°C
o :
= .
No correction due to
b System environment monitoring Power
failure system maintenance E cut
o | | | P RN S PSRRI B
0 100 200 300 400 500 600 700
Time [hour|
— SEM observations i
2 T LA L L L LI LI BL AL BN B
. E Tested material : Room T°C < - 50°C 3 = we suspect PU Cellpack as the
= o [0 NUVOVERRE = || culprit for deposits observed in
=" E i ::,, :t 3 | GE1/1-IV-CERNOO1 after GIF test
DD p—
1 it ! =
T E 7 | PUNUVOVERN
N 08 :— = .
TEU 0s - | wm== Normalized only = - No gain drop
5 pLc || — N‘:Irma“zed and = | = No dark current
Z ., inte | t i .
= | B . 3 | > accepted material
Time [Hours]
MPGD2015 J. A. Merlin 17
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General results

O-ring VITON

Polyurethane CellPack 124017
Polyurethane NUVOVERN

Silver Glue MSDS_polytec EC
Soldering mask Elpemer 2567 (+FR4)
Strip cover Krempel KDF 0/25/25HT
Washers Polyamide

Used externally on GE1/1 Kapton tape

Used externally on GE1/1 Teflon tape

OK

NOT OK

oK

OK

oK

oK

Analysis ongoing
Analysis ongoing

Analysis ongoing

Next steps :

Testing different types of grease that can be used to prevent VITON O-ring from drying

MPGD2015 J. A. Merlin
15/10/2015 On behalf of the CMS GEM collaboration



/IEH‘ UNIVERSITE DE STRASBOURG
Institut Pluridisciplinaire
Hubert CURIEN
STRASBOURG

Applications :

- Extend the outgassing setup

- Reliable tool for gas quality monitoring
Requirements

— Clean materials (no glue/soldering)
— Standard materials (low cost)

— Easy replacement of the wire

- Compatible with Fe55 / Cd109
sources

MPGD2015 J. A. Merlin

19
15/10/2015 On behalf of the CMS GEM collaboration
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Summary, Conclusions and plans

- An extensive study on aging of CMS GEM detectors is ongoing :
- The aging preparatory work with GE1/1 proto-Illl (resistant up to 7mC/cm?)
- Aging test at GIF - GE1/1 proto-IV (resistant up to 50mC/cm?) Ar/CO,/CF,
- Aging test at GIF++ - GE1/1 proto-IV (resistant up to 55mC/cm?2) Ar/CO,

- Investigations to identify rare deposits on GEM foils

— Continue irradiation up to 100 mC/cm? (20 CMS years) and further

—> Start fast and controlled aging campaign with Xray source

- Outgassing studies started in parallel to validate GE1/1 materials :
- 6 materials already tested (1 rejected)
- 3in the analysis process
- 3 more materials in preparation
(New design for clean and cheap SWPC for outgassing studies and gas monitoring system)
- All detector components used in the GE1/1 construction and in contact with the gas are
now certified not to outgas

— Aging results give confidence that GE1/1 will not suffer any gain loss for at least 10
years of operation at HL-LHC

Thank you

MPGD2015 J. A. Merlin 20
15/10/2015 On behalf of the CMS GEM collaboration
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GE1/1- prototype IV:
- Size : 99x(22-45) cm?
- Gap configuration :

3/1/2/1
- 24 readout sectors
(3072 channels)
- No Glue/No Spacers
Effective Gain Rate (Hz)
1.E+05 4000
Ar/CO2 (70/30)
T°:21.1°C - 3500
1.6+04 —P:954 hPa 3000
Hu: 31%
Xray 8keV - 2500
1.E+03 Ar/COZ/CF4 2000
(45/15/40) - 1500
T°:21.9°C
1.E+02 AR 1000
Hu: 32% - 500
1.E+01 - . . Xray 8keV 0
550 600 650 700 750 800
Divider current (uA)
MPGD2015 J. A. Merlin 22
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| cMs GE11 efficiency performance, VFAT nclocks=4 . Single Mask GEM performance

690 700 710 720 730 740 750 60
1 T T TT T T 1T T T T
~100 - 1 > Tl I I F———W
- °\; E o - E‘-:09: :;//'
90— %0/ =4 -
g 805 g o/ NS y A//' ~nfa
g W GE1/1-I g E GE1/1-1I -/ 47 GEV1-IV
W 2oF W o / 0.7F
3 Tl
eo:_ u:»— ’ 0.6 / { sigmoi i
= E % // lp—z'
50F sl 0.5 % 1+ exp(p0 * (x + p1))
40 E b 0.4 = / / —a Eff: 0.9848 + 0.0022
E = Gas mixture, detector gap sizes (mm) :/ /
305_ sl / A70)€0 (30 ‘ 0.3; / — e Sigma4 Eff: 0.9874 + 0.0051
E = N E — % Sigma5 Eff: 0.9837 = 0.0015
20 » 0.2%
F F - — = Sigma6 Eff: 0.9841 = 0.0019
10F --j 0.1
eo:'lf'lololdlzlolo'o'ls'olo'olwololsl'ululo"e'olo'ol;ololdla'olo'o“alulu'o'iolooo '."",.I..“"..i..‘““.l..‘”'ul.. ‘,,..“,.i.“‘,’:““ OE|||||||||||||||||||| L b b b
2900 2950 3000 3050 3100 3150 3200 3250 3300 3350 340(

Galn Gain -HVpin

_ - 1

Efficiency fully compatible with standard double-mask GEM detectors

Eff > 97% for Ar/CO2 (70/30) and Ar/CO2/CF4 (45/15/40)

MPGD2015 J. A. Merlin
15/10/2015 On behalf of the CMS GEM collaboration
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CMS GEM Test Beam summary
Residuals

Space Resolution of the CMS GE1/1 chamber |i 257.3/86 GE11_II Residual(x) GE1/1 Spatial Resolution " GEMResidual[mm]
E 900__ :onstant 822.1+123 = 90f T - = r ) Entries 1302
2 - ean 0.1396£0.0041 | = - - 1400 — xZ | ndf 929,611
2 i RMS 07412 0.01898 | 00 - Mean -0.02642 + 00026
T00E 700 #* [t searsst| | GE1/1-1ll Sigma  0.2761+0.002
soof_ 60 i Constant 8321-:3.38 1000}
00k = :’:. o.oasz;o.o::; soo; GELLIV
: GE1L T1-3/1/2/1 1540, 10) = C | Thr=t2 vfet units
400 40 Arco2cFacas:15:48) [ g
C MuonBeanmiSGev-Ka€18_11 600 lcomp=100 0=276 im
3005_ ™ g::i::-:::s:r:_u © | Ges MixAr/co2/CF4 ~pitch/ V12
200 zo;—'"“" “ra (6.8 W 45715740
100 10} 20—
,,EJJ, il O:r—n;L._I“f“"UfP s 3 L’J"“;.a_.m“r',, C
5 Residual distributi 4[ ‘r; -3 2 1 o 1 Hit ?d 1] 3] 0-5 ‘-4 “‘SMI J_:ZHM.M;; 0 1 } T 3 4 5
esidual distribution [mm resigual [mm
e . A Position Difference Fine Strips
2 \. : N e
GE1/1 residuals fully compatible with expected values | : 77 readout
(depending on the readout pitch) o
100—
- Detectors show residuals < 100 um with ZigZag wof-
60—
readout board ot
201
: llllllllll

PDOO -800 600 -400  -200 0 200 400 600 800 1000
Position Difference [ pm]

MPGD2015 J. A. Merlin 24
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CMS GEM Test Beam summary
Time resolution

| Standard GEM Timing Performance Distribution between the clocks |

ClockDistr
Entrics 5
.;. - 100 — Mean 2.292e-16
g L i — RMS 0.2062
= N ! ) . —
o Gas mixture, detector gap sizes (mm) 0, .
_g s \ L 96.6554A) Trlgger
3 C \‘ »— Ar(70):CO,(30) 3121212 80— .
@ - \ = synchronized
E 20— \!\ Ar(45):CO(15):CF (40) 31/2/1 : Wi th th e
gL \ s electronics
“C x\ B - Probability to
C | 40— read the event
10— L
. _ the central clock
: > L
r 20— cycle
s
i | | 1 B | 1.67229% | 1.67223%
" ‘ 2 : 4 ’ ‘A % 3 2 =] ) 1 2 3 4
E... [kV/icm]

GE1/1 Time resolution < 5 ns in Ar/CO2/CF4 with gap configuration 3/1/2/1

Synchronous measurements shows > 96% probability to detect events in the same clock
cycle

MPGD2015

J. A. Merlin
15/10/2015
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& 10x10 GEM Reference measurements
Discharge probability

X

Disch-G SDTGEM

1.E+06 B 1289/

1E02 ¥ ~Efféctive’gain 1= i . ;
b . M o source: T Sauli, NIM A 479 (2092) 294-308

Triple-GEM (10x10 cm2) N = [ Ar-CO, 70-30 ,

CERN foils g ! 9

Holes: 70um (Cu) 50um (Kapton) ! P 2 ? ‘ i

1E03 +— . / . ! ! A

i Pitch: 140um ! " % 107 W

double-mask } . 2 e : :
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Monitoring gas purity in GE11 gas tubing:

Normalized Mean

lII[III[I

—> Significant gain drop observed in reference
SWPCs (input and output of GE11)

- Presence of C, O, F, S, Ca and K on the aged
wires

NORMALIZED MEAN [u.a]

Mean [ADC Channel)

CORRECTED MEAN [u.a]

My

SWPC INPUT : gain vs. time

=3
©

o
©

g
o

Investigations : | | . [ . | | 1
-> No aging during the gas line check I
-> Faster aging on output SWPC
-> gas flowrate<1L/h

o
o

o
b
O_III]|IIII|IIII|I]II|III

Normalized Mean

NORMALIZED MEAN [u.a]

CORRECTED MEAN [u.a]

— Outgassing from GE11 ?
- need outgassing studies to identify the
source of pollution
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Mean [ADC Channel)
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gainvs. ti

o

Fast gain drop with the SWPCs but NO aging
was observed with the GEM
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SWPC at GEM INPUT : SEM analysis

EHT = 500 kV Input wire - left arrow Mag= 650X = EHT = 500 kV

Input wire - middle arrow Mag= 650X . EHT= 500kV Input wire - right right Mag= 650X
/\ wD=29mm Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA N wp=29mm Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA |_| W N wD=17mm Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOV/
Signal A = SE2 1 month Date :30 Jul 2013

Signal A = SE2 1 month _Date :30 Jul 2013 Signal A = SE2 1 month Date :31 Jul 2013

INPUT WIRE (SWPC1) o FeS HV

GAS >

'

Pall pa1=31.66um - . Pa 31.97 um
: SRS - s el
m EHT = 500kV Input wire - left arrow Mag= 200KX 2pm EHT = 5.00kV Input wire - middle arrow Mag= 200KX - EHT = 5.00kV Input wire - right right Mag= 200K X
4 W/ wD=29mm Gas:Ar/CO2/CF4 (45/15/40) Barbora smrow&@ H WA wb=29mm Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA( 2] H W /V WD=17mm Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA
Signal A = SE2 1 month Date :30 Jul 2013 Signal A = SE2 1 month Date :30 Jul 2013 Signal A = SE2 1 month Date :31 Jul 2013
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‘Compact Muon Solenoid

Output wire - left arrow Mag= 650X | EHT = 5.00 kV
Gas:ArlCO2/CF4 (45/15/40) Barbora BARTOVA{ ) )| F———— WD = 34 mm
1 month Date :31 Jul 2013 __Signal A = SE2

Output wire - middle arrow Mag= 650X EHT = 500kV Output wire - right amow Mag= 650X

Gas:A/CO2/CF4 (45/15/40) Barbora BARTOVA! | W_/\ wD=31mm Gas:ArlCOICF4 (45/15/40) Barbora BARTOVA
_dmonth Date :31 Jul 2013 W8 | = _Signal A = SE2 1 month _ _ 31 Jul 2013

Output wire - left arow Mag= 2.00 KX ) EHT= 500KV Output wire - middle arrow Mag= 200KX - Oulput wire - right amow Mag= 200KX
Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA! /) wD=34mm Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA H =N = 3; Gas:Ar/CO2/CF4 (45/15/40) Barbora BARTOVA
1 month Date -31 Jul 2013 g | Signal SE2 1 month Date :31 Jul 2013 1 month Date -31 Jul 2013
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