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Opening

What I will present:

● The pre-upgrade LHCb experiment and 
Triple-GEM detector

● Operational experience in Run 1 (2010-2012)

● Change of gas system after Run 1

● Operational experience in Run 2 (2015-2018)
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Remembering Fabrizio Murtas, in this 
picture bringing the first GEMs in the 

LHCb cavern for installation



The LHCb experiment pre-upgrade
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● Forward spectrometer (2<η<5) optimized to
exploit the large b and c production 
cross section and study flavour physics 
with high precision

● Muon system used to provide hardware 
muon trigger, estimate of muon(s) pT, 
muon identification at the High Level
Trigger (HLT)

● First muon station (M1) important to 
improve pT estimate at hardware trigger level

● M1 central region (M1R1): 0.6 m2 equipped with 12 chambers (2 gaps of triple-GEM each) of
20x24 cm2 active area

JINST 3 (2008) S08005



LHCb Triple-GEM Detectors
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● Requirements: digital pad readout,
handle up to 0.5 MHz/cm2 with 96% efficiency 
in 20 ns time window

● Gaps: 3 mm (ioniz. ) / 1 mm / 2 mm / 1 mm (ind.)
HV: 435 V / 425V / 415 V
Anode: 192 pads of 1x2.5 cm2

● 2 gas gaps in logical-OR pad-by-pad 
(named Left and Right gap)

● Custom made multichannel HV power supply,
with detector current measured 
only on last GEM foil

● Gas mixture: Ar/CO2/CF4  at 45/15/40 %



Operational experience in Run 1 - HV and currents
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● During Run 1 we started to observe sparking events, found to 
be mainly on the G1 foil

● Continuous sparking could eventually result in a GEM foil short  

● However, in these years of data taking we had few gaps in 
short, 1/2/1 respectively in 2010/2011/2012

● In May 2012 we decided to use symmetrical HV which is safer 
for G1: all foils at 410 V, gain ~ 4300
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Detector A15A1L current vs. time  
recovered by itself 

● What we learned:
○ High rate of sparks in LHCb due to neutron background and low Z material
○ G1 foil usually at higher voltage and more sensitive to discharges
○ Solution was to reduce the gain and put the GEMs at the same voltage



Operational experience in Run 1 - gas
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● During Run 1 we used an open-loop system, 
managed by the CERN Gas group

● We started to observe current jumps in all the detector 
(true gain variations)

● Investigated a gas-related issue: by injecting gas from a 
pre-mixed bottle only on half of the detectors a 20% variation 
of the gain was observed

● It appeared that gain jumps were in coincidence with the change over of the CF4 
bottles

● What we learned:
○ Gas was very critical point, important to improve monitoring
○ Even when using the same gas, 20% current increase and some variations of O2/N2 observed 
○ Use automatic current/luminosity checks and independent gas monitoring

More details on 
Cardini’s presentation 

@ IEEE NSS 2012

https://cds.cern.ch/record/1495057/files/LHCb-TALK-2012-321.pdf
https://cds.cern.ch/record/1495057/files/LHCb-TALK-2012-321.pdf
https://cds.cern.ch/record/1495057/files/LHCb-TALK-2012-321.pdf


Change of the gas system in 2015/2016
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● During 2015 a discussion started for the 
implementation of a gas recirculation system 

● Main aim was to reduce the use of gases 
with a large Global Warming Potential (GWP) 
like CF4

● Useful to gain experience for the future: it was 
the first LHC GEM detector operating in closed loop

● Proposal of usage of a custom-made system, based on closed-loop 
developed for lab/facility setups, possible because of the small 
LHCb-GEM gas volume

○ Same cost as that of the gas used anyhow in open-loop 
operations

●  Installation done at the end 2015/beginning 2016



Operation and debugging in 2015
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● During 2015 LHCb collected a low luminosity (370 pb-1) and we did not have problems of high currents

● We had instead problems of low currents with in two chambers

● First use of the CAEN A1515 tool, a standard SY1527/SY2527 HV module. We prepared a new cable to 
provide a “standard LHCb” detector HV on one side. First time we measured the currents for all 
electrodes after the installation



Operation and debugging in 2015
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● We found one chamber with a problem 
on G2 electrode. We dismount it 
(access not too difficult). One of the 
resistor of the HV filter was broken. 
Fixed and mounted back on the wall

● On another chamber: many pins 
retracted on the plug mounted. Tricky 
access 



Operation and debugging in 2015
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● After the intervention at beginning of 2016 run all GEMs were OK



Operation and debugging in 2016-2018
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● During 2016, 2017 and 2018 we suffered a lot of high currents (soft/hard shorts) on GEM3, that were 
monitored real-time with the possibility to power off immediately the HV supply.

● Unfortunately a short on GEM1,2 could not be measured. This could cause a gain drop but the HV supply 
remained ON.

● Reason not well understood, we suspected a correlation with the gas recirculation system

Normalized to integrated 
luminosity per year

/ f
b-1

Trips error bar:

- Min: # of software 
trips observed

- Max: # of overcurrents 
registered in the 
logbook



Example of GEM recovery with beam 
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● For the MWPC of the muon detector we used the “HV training” technique, consisting of maintaining a 
relatively high current, independently of the presence of beams, by adjusting the HV accordingly

● For GEMs we used the same technique, by slowly increasing the HV and following/waiting the decreasing 
of the current, until the nominal values were reachable

● Example of the recovery of one GEM with beam:

Nominal HV 
and current

GEM A15A2_L GEM A15A2_L



Other examples of GEM recovered with beam
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● In 2017 we observed 15 HV trips (software) of 9 different 
triple-GEMs

● 7 of them were recovered during data taking period, with 
HV training with/without beam

● Two GEMs had severe shorts on G3. Debugged during 
the last days of data taking

Under training

Recovered 
by itself

GEM C15A2_L

GEM A15A1_L GEM C15A2_R



Example of GEM recovery with beam - GEM C18A1L 
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● The chamber C18A1L was declared to have “a strong short” on G3 

● Kept in training but we didn’t manage to put it under normal HV by the end of the year

● It was then connected to to CAEN A1515TG for debugging and monitoring. 
→ Also switch to open loop in the last days of data taking

● Decided to force 410 V on G3 (at the input), slowly varying current in time observed during 
collisions

HV cables to 
GEMs

GEM C18A1_L

C18A1 
controlled with 

CAEN



Pushing GEM C18A1L to the limit
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● Since it was bad, we increased further the voltages: 600 V on G3 (at the input), then kept at 430V. 
Also increased G1 and G2 to 430 V to allow radiation-induced charge to bombard G3

● G3 current decreased, increased again, and then suddenly started to decrease at a faster rate 
→ but only with beam

● Current rapidly went down to ~7 uA before the beams were dumped



Continuing to monitor GEM C18A1L without collisions
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Summary of Run 2 overcurrent issues
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Year Gaps affected Total n. of trips Gaps recovered 
by end of year

Gaps with problems 
at end of year

2015 0 0 - -

2016 5 10-12 5 (100%) 0

2017 9 15-19 7 (78%) 2 (both replaced)

2018 9 11-19 4 (45%) 5

Shorts observed on G3 and G1, no further recovery 
attempt due to end of Run 2

Min: number of software trips observed
Max: number of overcurrents registered in the logbook

● During Run 2 we were able to recover most of the GEMs, even if we withstood with high currents.

● At the end of 2018 there were 5 gaps out of 24 with very high currents (shorts on G1 and G3).

● One chamber in particular was heavily affected (GEM A15A1, gain was practically zero → GEM open for further 
investigation, see Marco Poli Lener’s presentation done on Monday → Sulfur deposition found )

https://indico.cern.ch/event/1237829/contributions/5609606/attachments/2746716/4779524/Ageing_workshop_MPL.pdf


Run 2 gas-related issues
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● During Run 2 we studied the efficiency variation inside the chambers, as the 
ratio between rates of left and right gaps. Observed efficiency variations near 
the corners

● Gas pipes reach the chambers from the external side and the two gaps are 
flushed in series. Due to the corner pattern, the issue is very likely related to 
the gas flush within the gaps

Pad column
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Ratio lateral profile highlights 
variations of about 30%

At this side 
sas goes 
from L to R

● Not clear explanation so far. Studies on damaged chambers could 
help in finding what was happening

Fresh gas 
enters this side 

in first gap 



Run 2 gas-related issues
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● During Run 2 we studied the efficiency variation inside the chambers, as the 
ratio between rates of left and right gaps. Observed efficiency variations near 
the corners

● Gas pipes reach the chambers from the external side and the two gaps are 
flushed in series. Due to the corner pattern, the issue is very likely related to 
the gas flush within the gaps
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Ratio lateral profile highlights 
variations of about 30%

At this side 
sas goes 
from L to R

● Not clear explanation so far. Studies on damaged chambers could 
help in finding what was happening

Fresh gas 
enters this side 

in first gap 

G3 of A15A1R
From Marco Poli 

Lener’s 
presentation done 

on Monday 
https://indico.cern.ch/event/123782
9/contributions/5609606/attachment
s/2746716/4779524/Ageing_worksh
op_MPL.pdf

https://indico.cern.ch/event/1237829/contributions/5609606/attachments/2746716/4779524/Ageing_workshop_MPL.pdf
https://indico.cern.ch/event/1237829/contributions/5609606/attachments/2746716/4779524/Ageing_workshop_MPL.pdf
https://indico.cern.ch/event/1237829/contributions/5609606/attachments/2746716/4779524/Ageing_workshop_MPL.pdf
https://indico.cern.ch/event/1237829/contributions/5609606/attachments/2746716/4779524/Ageing_workshop_MPL.pdf


Conclusions and take-home message
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● The LHCb GEM detectors were operating in very hard conditions, with high irradiation 
(heavy ionizing particle), and long runs. Overall integrated charge (extrapolated): 0.2-0.4 C/cm2

● Run 1: few sparks/overcurrents and soft shorts on G1 →  Tuned the HV working point, improved 
current and gas monitoring.

● Run 2: moved to gas recirculation system, lot of problems of overcurrents and shorts especially on 
G3. Negligible effects on the global efficiency, except at the end of 2018.

Most of the problems have been recovered with HV training during collisions, even in worst cases.

● …but many open questions  (presence of sulfur in other gaps? Why overcurrents with closed loop 
system? Was the 2017 “cure” under radiation possible/easier because the gas was flowing in 
open-loop? Recovery by etching the sulfur deposits or other process involved?)


