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CTpYKTYpa MIOOHHOTO AeTekTopd. CermeHTauus Kamep no
BbICOKOBOAbTHOMY HAMNpPsHKeHUo. OCHOBHble TpeboBAHMSA K

BbICOKOBOAbTHOMY NMUTAHMUIO.

Conceptual design of a CMS EMU CSC
trapezoidal chambers

ey length up to 3.4 m

fi{ width up to1.5m

6 planes per chamber

9.5 mm gas gap (per plane)

6.7 to 16.0 mm strip width
strips run radially to measure
¢=coordinate with ~100 um precision

50 pm wires spaced by 3.2 mm
5 to 16 wires ganged in groups
wires measure r=coordinate

gas Ar(40%)+C0,(50%)+CF (10%)
HV~3.6 kV (Q_.. . ~110fC, Q_ . ~140 fC)

cathode anode

Chambers

Number
of chambers

Planes
per chamber

Number
of HV segments
per chamber

ME1/1

72

6

1

ME1/2 ME1/3 ME2/1 ME3/1 ME4/1 ME4/2
72 72 36 36 36 72
6 6 é é 6 6
2 3 3 3 3 5

Overall numbers of HV segments for muon endcaps

13392




TexHn4eckmne Tpeb6oBAHUA HO CUCTEMY BbICOKOBOALTHOIO
HANpPs)XeHUsA AASl MIOOHHbIX KOMEP TopueBoro aAetekropa CMS
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KoHuenuus noctpoeHus BbiICOKOBOAbTHOU cuctembl (UF/PNPI option)
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MoAHAA KOHOUrypaLLMS BbICOKOBOAbTHOU CUCTEMDI.

Primary supply - 8
Master board - 50
Distributer board - 320

Mo yTBepXxAeHHuio akcnepToB: 3a 6oaee 4yem 10-TU AeTHUU CPOK
pAa60oTbl BbICOKOBOAbTHAS CUCTEMA NOKA3AACA BbICOKYIO HOAEXHOCTD
U YAOOCTBO B SKCNAYATALMUM.




3a4eM HYXXKHO MOAEPHU3ALLUA BbICOKOBOAbTHOU CUCTEMbDI?

1. B cBs3u ¢ nosbiwweHnem ceetmmocTn LHC (HL-LHC) Bo3pacTaloT TOKU B KOMepax
U, KOK CA€ACTBME, AOAXHA ObITb NOBbILLEHA HAFPY304HAS CNOCOOHOCTDb
BbICOKOBOAbTHbIX OAOKOB MO BbIXOAHOMY TOKY.

Mpu MAOKCMMAABHBIX 3ArPY3KAaxX KOMEp 0COOEHHO B KPUTUHECKOM pPEXUME
OKQ3bIBAIOTCS FAGBHbIe pacnpeaseAuTeAu (Master Boards).

2. B MIOOHOM AeTeKTope BBOAUTCS HOBbIM TUN KAOMEP, BbIMOAHEHHbIX NO
Triple GEM TexHoAoruu (144 kamepsbl NO 7 BbICOKOBOAbTHbIX CETMEHTOB)
Tpebyowmux AONOAHUTEAbHO 1008 BbICOKOBOAbTHbIX KOHAAOB AASl UX MUTAHMS.

3. MIOOHHOU KOAAQBOpALLMEN NPUHATO peLueHne 30MEeHUTb PaHee
UCMOAb3yeMble AASl BbICOKOBOAbTHOIo NUTAHUA Kamep MET/1 moAyAu
( Ha 6ase CAEN cucTtemsbl) Ha BapuaHT UF/PNPI cuctemsl.

4. HekoTopble BbICOKOBOAbTHbIE KOMMOHEHTbI (PAAMOAETAAU) CHATDbI C
NPOU3IBOACTBA, YTO B NePCNEKTUBE NMPUBEAET K TPYAHOCTSIM C PEMOHTOM
MOAYAEM.




KoHuenuus MOAEPHN3IALUN BbICOKOBOAbTHON CUCTEMDI
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MoAyAb HV SPS

BbICOKOBOAbTHbIU CETMEHTUPOBAHHDbIU
UCTOYHMK HANPAXKEHMUS

1. TexHu4yeckue xapaktepuctuku HV SPS.

Yucno BbIXOA0B BbICOKOBOJIbTHOTO HanpAXeHUs -9
MaKcumanbHoe BbIXOAHOE HamnpaAXKeHUe Nno Kaxkaomy Bbixoay - 4kB.

MaKcumanbHbIN BbIXOAHOM TOK NO KaXXA0My BbiXoay - 2.5mA

Anana3oH ynpasneHuA BbIXOAHbIM HanpAXXeHnem - 0B- 4k
TOYHOCTb YCTAaHOBKM BbIXOAHOIO HaNpPAXKeHUsa +/-1B
TOYHOCTb MOHUTOPUPOBAHUA BbIXOAHOIO HaNPAXeHUA +/-1.5B
TOYHOCTb MOHUTOPUPOBAHMUA BbIXOAHOIO TOKA - 10 mKA |
Nynbcauyum He 6onee -100mB

3alwmTa OT Neperpy3oK No HaNPAXeHUK U TOKY
- Nporpammupyercs.

MepeKknioueHne NONAPHOCTH +/- - nporpammupyeTca E&‘

Mopaynb paboTtaet nog ynpasneHmem Linux PCl-exress Host KapTbl.
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HV SPS RDB-GEM
DbecnevYyuBaeT BbICOKOBOAbTHOE NMUTAHUE Ob6ecneunBaeT BbICOKOBO/IbTHOE NUTaHUeE
9-v RDB-GEM

4-x GEM Kamep
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Specification of the UF/PNPI GE1/1 HV system.

Number of output channels in the system 144 chambers * 7 outputs = 1008
channels

Output channel organization 4 chambers per distribution board

Nominal output voltages

-3760 V Drift Catode

-2860 V GEM1 TOP

-2410V GEM1 BOT

-2060 V GEM2 TOP

-1620 V GEM2 BOT

-920 V GEM3 TOP

-500 V GEM3 BOT

Absolute maximum voltage between top and bottom foil of the GEM 450 V
Absolute maximum voltage across drift, transfer and induction regions 2000
Vv

Voltage settings, resolution, each output 1 V

Voltage adjustment, individually for each output Vhominal +/- 100 mV
Maximum output current per output, Imax 150 yA

GEM current leak tolerance up to two shorted segments per chamber, 100 uA
leakage current

Individual output turn-off (trip) timeout

Programmable, with the step of 20 ms, up to 5 sec

Trip level software programmable From 1 pA to 150 uA

Trip Level setting resolution 1 yA

Voltage measurement, individually for each ouput via software, resolution 1 V
Current measurement, individually for each output via software, resolution 1
MA

Rate of voltage change 2 to 100 V/s

Maximum HV ripple 20 mV p-p, bandwidth: 100 Hz to 20 MHz



CMS-GEM HV System REVIEW
PeBpanb 2015

1.UF/PNPI collaboration. 2. INFN/CAEN company collaboration

205KSF

270KSF

Approved for GE1/1




UF/PNPI HV system
Master boards and ME1/1 HV power upgrade

RDB-36




UcnbITaHUSA NnpPpOTOTUNOB MOAYAel:i BbICOKOBOAbTHOW CUCTEMbI
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CTeHA ANA KaAM6POBKM MpoToTnn cucTembl BbICOKOBO/ILTHOIO MpoToTun cucTembl BbICOKOBOJIbTHOIO
BbICOKOBO/IbTHbIX MOAYNE nutaHua(UF/PNPI) gna CMS GEM nutaHua(UF/PNPI) gha CMS CSC
eTeKTopa
(CERN, BLD.904) - P (CERN, BLD.904)

( CERN, nyuoK SPS)



TecTbl NPOTOTUNA BbICOKOBOABTHOM CUCTEMbI HA YycTaHoBKe GIF++ B LLEPHe
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Gamma Irradiation Facility GIF++ at CERN

BEAM UP TO 100 GEV/C, 14TBQ CESIUM
SOURCE ATTENUATION FACTOR FROM ZERO
O 50.000



Pe3yAbTaTbl TECTOB MIOOHHbIX Kamep M1/1 u M2/1 ny4ke GIF++

Tests:

Y YV

YVVV

Ul/PNPI- VS- CAEN

Testing with two chambers:
<+ ME1/1
<+ ME2/1
+* 100 meter HV cable to ME1/1 chamber (mimicking P5 setup)

test 40 with external trigger and TMB dumps (beam on, source off)
This lets us monitor the following:
+* chamber efficiency
+* gain (cluster charge)
+* resolution
+* CFEB pedestals
This test was done at
+* ME1/1 test voltages: 2800V, 2900V, 2950V
+* ME2/1 test voltages: 3500V, 3600V, 3700V
Dark rates (tests 11, 11c, 15, 27s) with single-layer trigger
Above tests done with TMB dumps
tests with source (high current)

monitor current measurement stability in ME1/1



Pe3yAbTATbl TECTOB

npoToTUNA BbICOKOBOAbTHOMU CUCTEMbI

ME+2.1._17_: 11_AFEBNoise Singles Rate

ME+2.1._17_: CFEBO02 ROl - overall pedestals
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Test: 11_AFEBNoise

Result: Singles Rate

Datafile: /raid/data/currentfese_00000001_EmuRUIO1_Test_L1e_000_171C
Run: 2017-10-04 15:48:07

Analysis: 20017-10-04 15:48:26, version 2.0
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Pe3yAbTATbl TECTOB NMPOTOTUNA BbICOKOBOABTHOU CUCTEMDI
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Xapakrtepuctuku kamep npu pabore ¢ npororunom UF/PNPI
BbICOKOBOABTHOU CUCTEMbI MPAKTUYECKHN HE OTANHAIOTCSH OT
XapaktTepucTuk npu paborte kamep ¢ HV CAEN

Performance of chambers with UF/PNPI prototype is very similar to that  with CAEN
reference system




Mass production in PNPI

Budget Profile for Muon HV system upgrade

Date of availability Amount Currency

2017 9 MAH. py6.
2018 10 MAH. py6.
2019 8 MAH. py6.

Budget Profile for ME1/1 upgrade

Date of availability Amount Currency

2017 4 MAH. py6.
2018 6 MAH. py6.
2019 4 MAH. py6.

UToro 47 MAH. py6.
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