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System overview
CMS Beam Condition Monitor (BCM) system: crrent mete Damage potetial of the beam:
« Transparent extension of LHC Beam Loss (O— BCM1L il ® * Beamenergy 350MJ,  Test: 10cm copper,
BLM. (See box on the right.) diamond Z=+/-1.8 m ' * 3x10%* protons, 7TeV  6x10'2 and 8x10%2
« Measures leakage current in diamonds. ioh valtage r=4.5cm * Melts 500kg copper  protons, 450GeV
* Two subsystems: BCM2 and BCM1L. netelisation — = lls 4 diamonds per side _
e Utilizes the LHC-BLM readout electronics. gp ‘N////;////i///////////////////i//////i’/'7/777)777/1/] LHC Beam Loss Monitor SyStem:
 Diamond detectors are cross calibrated to 3700 lonization chambers
give a directly comparable signal to the BLM.  Main purpose: Preventing quenches of the
. Beam 1 superconducting magnets induced by high
Diamond as detect.or. | | beam losses.
e Standard material for beam monitors in . . + If the beam loss is too high the beam is
HEP detectors. g - CMsALT .
: : T S ol duped automatically.
* Works like a solid stat§ |on|sat|qn chambe% . 43m gap in CMS area
e BCM uses polycrystalline CVD diamonds £ 6| _______________________ _______________________ _______________________ _______________________ _______________________ ....................... -
* Size: 1x1cm? 500um thick, givesasignal 8 ,| = ows Refergnces. o
comparable to a 1m ionisation tube. £ o ATLAS data acquisition card. 12th Workshop on Electronics For LHC
o Bias Voltage Of ZOOV’ Charge Collection E 20 _ ....................... .CDF ...... . ;il__llc(::bE ........... ......... | and FUture Experiments 2006' pp.108-112
: ~ : E BaBar BELLE zeus® =~ = « B.Dehning et al., LHC Beam Loss Monitor System Design
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distance ~210um (at used bias voltage). - 2 S0 2002 z00 200 08 2010 =i 0 BEAM INSTRUMENTATION WORKSHOP 2002: Tenth
Radiation hardness: . Workshop, Vol.648/1p.229-236
. BFMZ IS exposed to hlgh !evel of radiation. | | 7 = +/-14.4m A Abort system:
. Diamonds are very r.adlatlon hard due tf) a high displacement energy . Inner ring: 4 diamonds [\ o & e BCM? active in CMS beam abort.
* High beam Ios§es W'”. not destroy the <.1||amonds.. r=5cm|=— " —  Abort thresholds are set to protect Pixel and
e Monte (.:arlo sqnul@ons g)4f CMzS _[zredlct a halflife of ~6 years at 14TeV Outer ring: 8 diamonds Tracker from too high particle fluxes.
and design Ium|n05|ty (10° em*s™). _ r=238cm * No situation occurred so far that would have
No replacement of diamonds necessary in the next 10-15 years. been bad enough to trigger a beam dump.

Measurements with beam

Typlcal Slgnals durlng one fI": Losses durlng CO"lmator Scan: . . . BCM data and TCT position data for collimator scan 11.03.2011
 BCM2 signal is about 6 times higher than BCM1L. * During machine commissioning 2011 the last collimator in front of CMS 8000 —=————e0mr—cr ;
e BCM signals follows well the luminosity. (TCT) was moved in to measure the collimator position with respect to  sooof — 3MIL +2}) = Horizontal, Beam 1} L ]
BCM2 and BCM1L signals for example fill. (#1718, 17.04.2011) Orb|t ——BCM2 +Z || — Vertical, Beam 1 ? |
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240 fe e ~ o [ Luminosity 350  BCM1L measures the same for +/-Z movements. As expected because
f | é % i C . 2000}
w1 8F ................... ................... ............. ............. 4240 they are Close together Wlth no materlal In between'
[ 3 e BCM?2 sees the signal almost only downstream. This is expected from "™}
st o o I R simulations because the particle shower is generated in the massive = 20
E 15}
N A— — S— — o} e parts of CMS. q 10
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of:00 0250 00 0830 B2 100 1240 movements. -> secondary particle shower go in all directions. Time [HH:MM]
Short time scale beam loss event: Long time scale beam loss event:
 So called UFO (unidentified falling object) events are believed to be dust particles  Bad vacuum conditions increase the beam gas interactions and produce beam
falling into the beam. osses. Oscillating electron cloud can produce spikes in the vacuum pressure.
* They produce beam losses with ~1ms duration. * Duration of several minutes.
* Only one occurred close enough to CMS to give a clear signhal in CMS BCM detectors|.| ¢ In this event high losses seen in BCM detectors due to interaction with the gas.
 Atime scale of “0.3ms can be found by analysing different integration times. (25.10.2010)
Jx10° l12.10.201?, BCM2 data for allinncr diemonds, 81.92ms integration ims 1P i UFO Data for el inner BOH lamonds, offsetsubtracted e Beam gas event can be clea rly distinguished from constant Signal from collisions.
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Background discrimination: Conclusions:
* The different sensitivities of BCM1L and BCM2 with respect towards collision signals and * BCM system works fine, no major problems, no LHC downtime due to
machine induced background allow to extract luminosity and background signal. system failure.
* Inclusion: measurementg,;, = background + collision * No beam aborts so far, the closest was the UFO event with a signal of

measurement,,,, = background * ¢, + collision * c ~25% of the abort threshold. -> LHC delivers a very good beam quality.

* Relative sensitivities c, ¢,
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events. N e o 1 v _ fre — e CMS Detector at the LHC.

e Shown here is the calculated z oot | IO S — =5 : | 3 ? -|| ¢ A.Bell, Beam & Radiation Monitoring for CMS, IEEE Nucl. Sci. Symp .Conf. Rec. (2008) 2322.
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