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BCM/BLM		
• 	Beam	Condi@on	Monitor:		
- 2x1	cm2	pCVD	diamond,	4	modules	per	side	

- 	Interac@on	at	Δt	=	0,	25,	..	ns	
- 	background	at	at	Δt	=	2z/c	=	12.5	ns	
	-	High	thr.	(LG	)	vs.	low	thr.	(HG,	single	MIP								
			sensi@vity)		signal	spli[ng		currently	~1:150		

• 	Beam	Loss	Monitor:	
- 	6	diamond	sensors	on	the	ID	end	plate	

-	z=	±	3.46	m		

- 	2	LHCCFC	crate	(one	per	side)	,	1	BLMTC		

- 	HW	and	FW	modifica@on	(ATLAS	specific)	

- >	Current	integra@on	down	to	~40	us	(RS0	running		
																																																																																		sum	0)	
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ATLAS Beam Conditions Monitor Luminosity

ATLAS Beam Loss Monitor

Beam Aborts in 2011

4 BCM detectors installed inside 
PIXEL volume on each side
z=±1.84 m, r=55 mm, @ 45o

FE module

PIXEL

SCT)B.

TRT)B. TRT)End)Cap

SCT)End)Cap

BCM

Agilent MGA-62653 500Mhz 
(gain: 22 dB, NF: 0.9dB)

Mini Circuits GALI-52 
1 GHz (20 dB)

Installation on Pixel support structure

Together with Pixel detector

BCM Detector module

Beam pipe

Pixel

In addition

Collision rate/background rate 
monitoring (with single MIP sensitivity)
Bunch-by-bunch Luminosity 
measurement 
counting tracks, coincidences 
zero counting,…

Triggering:
BCM provides 6 different inputs to 
ATLAS Central Trigger Processor (CTP)
In time coincidences, out of time 
coincidences, high multiplicity,… can be 
programmed in readout board

Main goal – protection of ATLAS

In case of anomalous beam behavior 
and large losses 
Distinguish between interactions and 
background (scraping of collimators, 
beam gas,...)

better than 12.5 ns width+baseline 
restoration

2 detector stations, symmetric in z
TAS (collimator) event: Δt=2z/c=12.5ns
Interaction: Δt = 0, 25, … ns Time

(6ns 6ns

BC)rate

number)of)pp)in)single)BC)(func?on)of)luminosity)

number)of)tracks)per)pp

probability)of)track)going)to)side)A

Main goal

Protection of ATLAS inner detector
8x8mm2 0.5mm thick diamond sensors
6 sensors on each side (A and C) installed 
on ID End Plate
Readout adopted from LHC BLM system 
with minor modifications
Redundant system to BCM – safety only
Require coincidence of 2 channels on side A 
and 2 channels on side C (2+2 condition)
BLM is active in abort logic since March 2010

31/07/2011 – 6:47:02 17/08/2011 – 9:48:19
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2 aborts triggered by ATLAS BLM in 2011
Both very similar in signature
Caused by U.F.O. flying trough the beam
Coming from different beams
Beams extracted ~4 orbits after abort condition

BL
M
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since May 17 BCM is preferred 
detector used in reporting 
ATLAS luminosity

ATLAS BCM
collaboration

Beam 1 (A-->C)

Beam 2 (C-->A)

BCM readout & Beam Abort
Signals from FE modules split into high gain and low gain channels (~1:150)
2 readout drivers (RODs) acquire and process the signals
Beam abort condition is met when 3 LG and 3 HG ch.s have hits on both sides 
simultaneously. This condition is required to happen X times in the last Y BCs.
BCM out of active abort operation since March 2010 (will be back in 2012)

BCM

Instantaneous luminosity delivered to ATLAS in LHC fill 2085 (ATLAS run 
188921), as measured by the vertical BCM modules (BCM-V) and summed 
over all 423 bunches colliding in ATLAS 

Distribution of integrated 
luminosity recorded at different 
average number of proton-proton 
(pp) interactions per bunch 
crossing (<μ>)

4 different luminosity algorithms

OR algorithm - anything detected in BCM
2 XOR algorithms - exclusive hit detection 
on one side  (A or C) of the BCM only
AND algorithm - coincidence between A and 
C side of the detector

x-axis extends over all 3564 slots 
covering the entire LHC beam. The 
bunch-train structure of the beam is 
clearly visible

Beam 2 (C-->A) Beam 1 (A-->C)
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Protection of ATLAS inner detector
8x8mm2 0.5mm thick diamond sensors
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Both very similar in signature
Caused by U.F.O. flying trough the beam
Coming from different beams
Beams extracted ~4 orbits after abort condition
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BCM

Instantaneous luminosity delivered to ATLAS in LHC fill 2085 (ATLAS run 
188921), as measured by the vertical BCM modules (BCM-V) and summed 
over all 423 bunches colliding in ATLAS 

Distribution of integrated 
luminosity recorded at different 
average number of proton-proton 
(pp) interactions per bunch 
crossing (<μ>)

4 different luminosity algorithms

OR algorithm - anything detected in BCM
2 XOR algorithms - exclusive hit detection 
on one side  (A or C) of the BCM only
AND algorithm - coincidence between A and 
C side of the detector

x-axis extends over all 3564 slots 
covering the entire LHC beam. The 
bunch-train structure of the beam is 
clearly visible

Beam 2 (C-->A) Beam 1 (A-->C)
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ATLAS BCM/BLM BA Thresholds

ATLAS BCM – Intro 2

Protection of ATLAS 
In case of anomalous beam 
behaviour and large losses  

Distinguish between interactions 
and background (scraping of 
collimators, beam gas,...) 

Fast signal and baseline restoration 
(<10ns)

In addition 
Collision rate/background rate 
monitoring (with single MIP 
sensitivity) 
Bunch-by-bunch Luminosity 
measurement  

counting charged particles  

Triggering: 
BCM provides 6 different inputs to 
ATLAS Central Trigger Processor (CTP) 
In time coincidences, out of time 
coincidences, high multiplicity,…2 detector stations, symmetric in z 

TAS (collimator) event: Δt=2z/c=12.5ns 

Interaction: Δt = 0, 25, … ns Time

-6ns 6ns

AtrppBXA PrNNN )(L= CA NNN += CA NN ≈

BC rate

number of pp in single BC (function of luminosity)
number of tracks per pp

probability of track going to side A

CERN, BLMTWGM, 10/05/16 3
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z=	±	1.84	m		r	=	5.5	cm			angle	=	45°	



Summary	of	Thresholds	
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• 	SCT	(most	conserva@ve)	damage	threshold:			25	kMIP/cm2	within	25	ns		

- 	based	on	most	unlikely	event	of	all	par@cles	coming	along	Silicon	strips	
- 	see:	heps://indico.cern.ch/event/527184/contribu@ons/	2157821/aeachments/	
	1270537/1882536/BCMBLM-MachineBLMThresholdsMee@ng.pdf	

• 	BCM	threshold:		250	MIP/cm2	within	25	ns	per	low	gain	channel	
		->	sensi@ve	to	single	bunch	losses	

• 	BLM	threshold:		55	kMIP/cm2	within	40	μs		per	channel	

• 	Very	different	thresholds	for	single-bunch/mul@-bunch	LHC	opera@on		



ATLAS	BCM/BLM	BA	condi@ons	
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• 	Beam	Condi@on	Monitor:	
- 	Single	HT	(LG)	channel	threshold	set	to	~250	MIP/cm2	in	25	ns	at	HV	=	1000V	

- 		Basic	3+3	abort	condi@on:		3	or	4	“out-of-@me”	signals	on	A	(or	C)	side	coincident				
																																																				with	3	or	4	“in-@me”	signals	on	the	opposite	side		

- 	BCM		Beam	Abort	algorithm:	basic	3+3	abort	condi@on	met	twice	in	1	orbit	+	1	BC		

->	aker	upgrade	of	BCM	FW,	BCM	re-ac@vated	in	CIBU	in	Dec	2012	

• 	Beam	Loss	Monitor:	
- 	1	MIP	in	BLM	diamond	sensor	(~1fC	charge)	in	40	μs	causes	current	of	~25	pA.		

- 	BLM	thresholds	set	to	~750	nA	(350	bits)	in	40	μs	integra@on	channels	->	55	kMIP/cm2	

- 	Loss	of	Injec@on	Permit:			2/6	BLM	channels	to	exceed	threshold	within	40	μs						
																																																on	A	side	or	C	side	

- 	Loss	of	Beam	permit:		requiring	lost	of	IP	on	both	(A	and	C)	sides	simultaneously		



Threshold	Se[ngs			
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• 		BLM	:	

-	Raised	from	230	to	350	bits	in	2011	via	tuning	of	the	read	out	card	

• 	BCM:	

- 	Change	of	the	nominal	condi@on	(HV,	thresholds)	has	impact	on	luminosity	

- 	Resistor	exchange	to	rise	High	threshold.	vs.	Low	threshold.	signal	spli[ng:		

	->	now	at	~1:150	close	to	the	satura@on	of	the	amplifier	(at	1V,	0.5	kMIP/cm2)	

- 	Change	the	Beam	Abort	Algorithm	at	the	cost	of	detec@ng	single	bunch	
losses	wit	possible	damages	to	ID	ATLAS	systems	

LiOle	‘room’	for	further	aOenuaTon	of		
	the	BCM	'fast	abort'	threshold	

N.Venturi,	49th	BLMTWG	



BCM	Beam	Dump	of	05.10.2015	
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BCM	PM	histograms	
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• 	BCM	removed	the	BP	
at	01h03m41s	

• 	LHC	on	flat-top	with	
		1452	bunches	

• 	LG	PM	histograms	
	vs	@me	show	a	fast		
		Increase	in	hits	

• 	LG	PM	vs	BCID	show	
a	rela@ve	uniform	losses	
slightly	more	in	the	high	
BCID	number	bunches	

• 	6	instances	of	the		
	basic	3+3	abort		
	condi@on	

HG	vs	
BICD	

LG	vs		
BCID	

HG	vs	
Tme	

LG	vs		
Tme	

Last	150	turns	 Last	~1100	turns	

5	us	 40	us	



BCM	Beam	Abort	Time	Structure		
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EARLY	LG	HITS	vs	Tme:	-6	ns	

IN-TIME	LG	HITS	vs	Tme:	+6ns	

C-Side	

C-Side	

A-Side	

A-Side	

Losses	in	beam	2	direc@on:	C->	A	side	
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05102015_010340: Total number of All BCM hits in High gain channels vs time integrated over 5us
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05102015_010340: Total number of All BCM hits in Low gain channels vs time integrated over 5us
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total	number		

	of	hits		
vs	Tme	
[5us]	

BCM	HG		
total	number	

of	hits		
vs	Tme	
[5us]	

BA		
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High\Low		
gain		

channels		
saturate	at		
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BLM	Beam	abort	
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• 	Beam	Abort	Condi@on	met	also	for	the	BLM:	

		->	More	than	350	bits	on	both	side	in	2	channels	simultaneously	

• 	Losses	in	RS0	(running	sum	0)	~2.5	@mes	above	the	threshold	

 
 
BLM abort threshold – 05/10/2015 

! Currently 350 hits on both sides and simultaneous 
in 2 channels (i.e. 2+2) 

CERN, 5/10/2015 ATLAS BCM Abort, 05/10/15 A. Gorišek 5 

si
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BA 
request 

beams 
dumped 

~2.5 orbits 

! 31/07/2011 

! ~10 orbits of rising 
signal 

! Similar levels reached 

! 05/10/2015 

! ~3 orbits rising signal 
! Much faster than in 

2011 

Time evolution 

CERN, 5/10/2015 A. Gorišek 6 ATLAS BCM Abort, 05/10/15 

~3	orbit	rising	signal	



ATLAS	SCT	feed	back	
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• 	HV	was	turned	off	

• 	Few	events	with	preey	high	occupancy	at	01:03:40	am	

• 	~>	10%	occupancy	in	the	largest	event,	which	is	definitely	high...	



LHC	feed	back		
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LHC	DUMPS	AT	~2.1	Gray/s	 BCM	DUMPED	AT	~0.06	Gray/s	
TOTAL	LOSSES:	~0.4	Gray/s	



BCM	Beam	Dump	of	30.09.2016	
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BCM	PM	Histograms		
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• 		During	ramp	up	with	2200	
bunches	at		02h34m10s	

• 	Basic	3+3	beam	abort	
	condi@on		met	~150	@mes	

• 	~20	@mes	above	the	RED	
threshold	for	unclean	dump	

• 	LHC	BLMs	detected	no	
		abnormal	ac@vi@es	

Last	150	turns	 Last	~1100	turns	

HG	vs	
BICD	

LG	vs	
BICD	

5	us	 40	us	

HG	vs	
BICD	

LG	vs	
BICD	

N.Venturi,	49th	BLMTWG	



BCM	Beam	Abort	Time	Structure		
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30092016_023410: Total number of All BCM hits in High gain channels vs time integrated over 5us
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30092016_023410: Total number of -6ns BCM hits in A side modules, Low gain channels vs time integrated over 5us
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30092016_023410: Total number of -6ns BCM hits in C side modules, Low gain channels vs time integrated over 5us
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30092016_023410: Total number of +6ns BCM hits in A side modules, Low gain channels vs time integrated over 5us
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N.Venturi,	49th	BLMTWG	
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channels		
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~1.6k		
in	5μs	bin			



BLM	Beam	Abort			
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• 		BLM	also	met	the	abort	condi@on	(~factor	~3)	

• 	Several	spikes	in	the		BCM	background	rates	

• 	Non	collision	background	also	showed			
			abnormal	ac@vi@es	

Background		Beam	1	

Background	Beam	2	

BLM	BA	
Threshold	
350	bits	

N.Venturi,	49th	BLMTWG	
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• 		BCM	back	in	BIS	since	December	2012	aker	upgrade	of	the	BCM	FW		

• 		BLM	ac@vated	in	April	2010		

• 		ATLAS	BCM	and	BLM	are	complementary	safety	systems		

• 		Thresholds	set	for	protec@on	of	ATLAS	Inner	Detector		
• 		In	these	two	beam	abort	occasions	both	system	met	their	
			respec@ve	beam	abort	condi@on	(one	at	level	of	SCT	damages)	

• 		No	indica@on	of	any	opera@onal	problem	observed	and	no	
			false	beam	dump	so	far	

• 		Not	straighrorward	to	predict	how	losses	seen	in	the	ATLAS					
					BCM/BLM	propagated	to	the	closest	LHC	BLMs	

N.Venturi,	49th	BLMTWG	


