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The Fast Beam Conditions Monitor, BCM1F, is one of the beam conditions and radiation monitors installed in and around
the CMS detector. It is installed near the beam pipe, inside the central tracker and monitors the flux of particles with
nanosecond time resolution. It was designed to give a fast response of the beam halo and collision product intensities.
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Since November 2009, when the LHC restarted running with beams and providing proton-proton collisions, BCM1F has . :
been recording data from beam-halo and collision particles. Fig. 2: BCMIF planes in CMS at +1.8m away from IP
The CMS Beam Conditions and Radiation Monitoring System (BRM)[1] The Fast Beam Conditions Monitor (BCM1F) [3][4]

The CMS detector [2] is equipped with a safety system, BRM, that monitors the beam Four modules, consisting of: sensor, pre-amplifier and optical driver, sit around the
conditions and radiation level to prevent damages in case of adverse beam conditions by beam pipe at 4.5cm from nominal beam axis and on both sides of the IP at a distance
initiating beam aborts or shutting down vulnerable sub-detectors. BRM is composed of of +1.8m. o o ¥
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Fig. 1: Locations and specifications of RADMON: 18 modules around UXC pI"OdUCTS and deliver CMS BCKD1 to LHC. .
BRM sub-systems. . , Passive elements
BCM: Beam Conditions Monitor, Medipix: 4 modules
BSC: Beam Scintillation Counter,
BPTX : Fast beam pick-up. - 1] >

BCM2 & BSC2 (-
Position: z=+14.4 m
Time resolution:

BCM2->40ps, BSC->ns [T -l
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Requirements: radiation hard components,
low power dissipation, detection of single
relativistic particles bunch by bunch.
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Pre-amplifier + optical driver
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Fig. 3: Sensor and front-end electronics are assembled to a module and mounted in CMS.
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Back-end: the optical signal is converted into electrical signal and is processed and and shaper = i - Q P
stored independently of the CMS framework. The main data-acquisition devices ,||_,H_L] Lowpass FE ASIC 2] .. 8 [ LTrgerd |
are: scalers, ADCs and TDCs. Fig. 4: The readout chain of BCMIF. On the left the front-end , consists of sensor, radlatzon hard pre-amplifiier
and optical driver. On the right, the back-end composed of the data readout devices: scaler, LUT, ADC and TDC.
BCMI1F performance
Signal sampling and amplitude spectra Timing information
The sensor signals are digitized in a CAEN v1721 flash ADC. Discriminated sensor signals are time digitized by a multi-hit TDC CAEN v767 board
The amplitude spectra with colliding bunches show a pedestal peak around zero for with 0.8ns resolution using the LHC orbit as trigger. Using the arrival time
the baseline and a sighal region with the maximum at the position of a MIP. distribution of he hits mapped to an orbit, the bunch number identification is done
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Fig. With of arrival time distribution (6ns) and front-end saturation peak on the right. Fig.10:Hit rate as a function of bunch number
obtained from 50ns colliding bunches The Albedo effect
ADC data are used for characterization and maintenance: baseline monitoring, test = After collisions, long tails of 2.12 ps decay are observed. Simulations using the FLUKA
pulse readout, signal spectra (for SNR estimation or signal-noise separation), = Monte Carlo [5] describe the tails as being produced by neutrons, photons, electrons and
performance studies. positrons
Sensitivity of the system to beam conditions
- . Par'ﬂc.le rafes . . BCMIF showed to be very sensitive to beam conditions inside CMS such as vacuum
Dlsc.rlmma’red sensor signals are counted in a CAEN v5608B scaler and the hit rate is quality, collimator and van der Meer scans. Also, BCMIF delivers a fast luminosity
provided to the CMS control room and to LHC as BCKDI. estimate S LT fast
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0" 50 100 150 200 250 300 = e“?r?]i ) ’ @ 8 % imelm | The BCMIF, has been used as a beam conditions monitoring tool since the LHC
Fig. 8:. Hit rate with the scalers during an LHC fill. Fig. 9: Rates after beam dump: de-activation of restart in autumn 2009. Thanks to the data acquisition architecture, i provudes:
Different steps of fill are reflected by BCMIF. material around BCMIF occurs for ~40hours rates, bunch identification and luminosity estimation to the CMS operators and
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