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Abstract

The status of the CMS RPC Gas Gain Monitoring (GGM) systeneld@ed at the Fras-
cati Laboratory of INFN (Istituto Nazionale di Fisica Nuate) is reported on. The GGM
system is a cosmic ray telescope based on small RPC deteptreted with the same gas
mixture used by the CMS RPC system. The GGM gain and efficianeycontinuously
monitored on-line, thus providing a fast and accurate dateation of any shift in work-

ing point conditions. The construction details and the figsult of GGM commissioning
are described.
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1 Introduction

Design parameters, construction, prototyping and prekmy commissioning results of
the CMS RPC Gas Gain Monitoring (GGM) system are presenfed [t Resistive Plate
Counter (RPC) system is part of the muons detector of the @othgolenoid Spectrome-
ter (CMS) experiment[2] at the Large Hadron Collider (LH@)licler in CERN (Geneva,
Switzerland), with the primary task of providing first lewegger and synchronization.
The CMS RPCs are bakelite-based double-gap RPC with stgoré (for construction
details see [3] and reference therein) operated with 96.2PhKE; - 3.5% Iso-GHy -
0.3% Sk gas mixture humidified at about 40%. The large volume of thelaIlCMS
RPC system and the cost of gas used make mandatory the opes&RPC in a closed-
loop gas system (for a complete description see [4]), in lvthie gas fluxing the gaps is
reused after being purified by a set of filters[5].

The operation of the CMS RPC system is strictly correlatethératio between
the gas mixture components and to the presence of pollutieriacontaminants that can
be be produced inside the gaps during discharges (i.e. Hfupeal by Sk or GH,F,
molecular break-up and further fluorine recombinationguaculated in the closed-loop
or by pollution that can be present in the gas piping systeineg, valves, filters, bub-
blers, etc.) and flushed into the gaps by the gas flow. To mottitopresence of these
contaminants as well as the gas mixture stability, is tloeeemandatory to avoid RPC
damage and to ensure their correct functionality.

A monitoring system of the RPC working point due to changegasf composition
and pollution must provide a faster and sensitive respdraethe CMS RPC system itself
in order to avoid irreversible damage of the whole systenthSuGas Gain Monitoring
system monitors efficiency and signal charge continuouglynleans of a small sized
cosmic ray telescope based on RPC detectors. In the folgpwilh be briefly described
the final setup of the GGM system, its construction detait$ the first results obtained
during its commissioning done at the ISR area (CERN).

2 The Gas Gain Monitoring System

The GGM system is composed by the same type of RPC used in tt& detéctor but
of smaller size (2mm Bakelite gaps, 680 cn?). Twelve gaps are arranged in a stack
located in the CMS gas area (SGX5 building) in the surfacsecto CMS assembly hall
(LHC-P5). The choice to install the system in the surfacéeisd of underground allows
one to profit from maximum cosmic muon rates. In order to emsufast response to
working point shifts with a precision of 10%()? events are are required, corresponding



to about 30 minutes exposure time on surface, to be compatke@wi00-fold lesser rate
underground. The trigger will be provided by four out of tweegaps of the stack, while
the remaining eight gaps will be used to monitor the workingpstability.

The eight gaps are arranged in three sub-system: one stéss{tavo gaps) will be
fluxed with the fresh CMS mixture and its output sent to verite Becond sub-system
(three gaps) will be fluxed with CMS gas coming from the clek®ap gas system and
extracted before the gas purifiers, while the third subesystthree gaps) are operated
with CMS gas extracted from the closed-loop extracted #ftegas filters. The basic idea
is to compare the operation of the three sub-system andpiésthanges are observed,
to send a warning to the experiment. In this way, the gas gwira;md coming from the
CMS RPC detector is monitored by using the two gaps fluxed thighfresh mixture as
reference gaps. This setup will ensure that pressure, ratpe and humidity changes
affecting the gaps behavior do cancel out by comparing teporese of the three sub-
system operating in the same ambient condition.

The monitoring is performed by measuring the charge digioibs of each cham-
ber. The eight gaps will be operated at different high vatadixed for each chamber, in
order to monitor the total range of operating modes of thesg@pe operation mode of the
RPC changes as a function of the voltage applied. A fractidmeoeight gaps will work in
pure avalanche mode, while the remaining will be operateatanche+streamer mode.
Comparison of signal charge distributions and the ratitnefavalanche to streamer com-
ponents of the ADC provides a monitoring of the stability afrking point for changes
due to gas mixture variations.

3 Construction and commissioning

Each chamber of the GGM system consists of a single gap witbldsided pad read-
out: two copper pads are glued on the two opposite exterdaldafithe gap. Fig.1 shows
a sketch of a chamber whose photos are shown in fig.2; the tarn fudanes are used
to reduce the capacity coupling between the pad and the ceppelds. The signal is
read-out by a transformer based circuit A3 (Fig.3). Theuiirc
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Figure 2: Pictures of a GGM gap and chamber. A) a bare gap witH and signal
cables. B) a completed chamber. The gap is sandwiched hetweefoam panels and

fully covered with a copper shield. C) a section of a chambién the two foam panels
visible.

allows to algebraically subtract the two signal, which hapgosite polarities, and
to obtain an output signal with subtraction of the coheremge, with an improvement by
about a factor 4 of the signal to noise ratio. Fig.4 shows ypecal operation mode of
the GGM double-pad readout with positive and negative patiep, and the output pulse
from circuit A3. The output signals from circuit A3 are seata CAEN V965 ADC [7]
for charge analysis. The GGM has been tested with cosmicatdyF and then shipped
to CERN for the final commissioning (fig.5 show the final staskeanbly).
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Figure 3: The electric scheme of the read-out circuit priogjdhe algebraic sum of the
two pad signal (PAD + and PAD -).
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Figure 4: An oscilloscope screen-shot of the two pad sigaaiper traces) which are
effected by a coherent noise and are barely visible on theescrin the lower trace the
coherent noise is highly reduced by A3 circuit. The vertgedle is the same for both
cases 5 mV/div.

Figure 5: A picture of the GGM system ready to be shipped to BRERhe stack is
enclosed into an aluminum box for further shielding.

A typical ADC distribution of a GGM gap is shown in fig.6 for twafferent effective
operating voltage, defined as the high voltage set on the H¥epesupply corrected for
the local atmospheric pressure and temperature. Fig.Gr@spmnding to HY,;=9.9kV



shows a clean avalanche peak well separated from the pedégtélb) shows the charge
distribution at H\.;/=10.7kV with two signal regions corresponding to the avalanche and
to avalanche+streamer mode.
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Figure 6: Typical ADC charge distributions of one GGM chamlértwo operat-

ing voltages. Distribution (a) correspond to HY = 9.9kV while distribution (b) to
HV.;;=10.7kV. In (b) is clearly visible the streamer peak around 1900 ADC channels.
The events on the left of the vertical line (1450 ADC channels in this case) are assumed
to be pure avalanche events.
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Figure 7: Efficiency plot (full dots) of GGM chambers as a fumetof HV.;;. The
efficiency is defined as the ratio between the number of ADC entries albgyeehd the
number of acquired triggers. Open dot plots correspond to the streamer fraction of the
chamber signal as a function of H¥.

Fig.7 shows the GGMS single gap efficiency (full dots), and the ratio between the avalanche
and the streamer component (open circles), as a function of the effective high voltage.



Each point corresponds to a total of 10000 entries in theADIC spectrum. The effi-
ciency is defined as the ratio between the number of triggeidedl by the number of
events aboved,, over ADC pedestal, where,., is the pedestal width. The avalanche
to streamer ratio is defined by counting the number of enitniise avalanche (below the
ADC threshold (fig.6 b) and above the pedestal region) anididiy it by the number of
streamer events above the avalanche threshold. Both efficend avalanche plateau are
in good agreement with previous results [6].

In order to determine the sensitivity of GGM gaps to workingnp shifts, the
avalanche to streamer transition was studied by two metlibesharge method and the
efficiency method. In the charge method, the mean value oABfe charge distribution
in the whole ADC range is studied as a function of HM(fig.8). Each point corresponds
to 10000 events in the whole ADC spectrum. In the plot thregkimg point regions are
identified

1. inefficiency (H\V.;; < 9.7 kV);
2. avalanche (9.7 k& HV sy < 10.6 KV,
3. avalanche+streamer mode (HY > 10.6 kV).

The best sensitivity to working point shifts is achievedhie fivalanche+streamer region,
estimated to be about 25 ADC ch/10 V or 1.2pC/10V.
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Figure 8: Avarege avalanche charge of the eight monitor tlearsignal as a function of
HV.;. The slope is about 25 ADC ch/10 or 1.2pC/10V. Each pointesponds to 10000
triggers.



In the efficiency method, the ADC avalanche event yield igigtias a function of
HV.;r (9). The avalanche signal increases by increasing the H\feapio the gap, until
it reaches a maximum value after which the streamer compaterts to increase. The
9.0kV-10.0kV shows a sensitivity to work point changes gi@ximately 1.3/%/10V.
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Figure 9: Streamer and avalanche yields as a function qfH\Each point corresponds
to 10000 collected triggers. The solid line has a slope of@pmately 130 events/10 V
corresponding to a sensitivity of 1.3%/10V.

4 Conclusions

The status of the Gas Gain Monitoring System for the CMS RP@der has been re-
ported on. The purpose of GGM is to monitor any shift of thekiray point of the CMS
RPC detector. The GGM is being commissioned at CERN and imptato start op-
eration by the end of 2008. Preliminary results show goodisieity to working point
changes. Further tests are in progress to determine thiéggn gas variations.
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