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Charge: 

1) Do we need BCM' with all its current functionalities?  

2) If needed=“yes”, but assuming we can not install it in time in the current 

position, which de-scoping is suggested to provide at least part of its 
functionality or reduced performance?  
 
Timeline: May 9 schedule review


1. Introduction 
  
	 The BCM’ [1] has been proposed as a successor to the current BCM/BLM installed 
in ATLAS to provide the following functionalities for ATLAS at the HL-LHC: 


- Fast bunch-by-bunch safety system for ATLAS, especially inside the ITk volume

- luminosity measurement (1% level)

- background monitoring at the MIP level. 


During the panel meeting, several opinions were expressed about the relative importance of 
these three functionalities, with the highest importance attached to the safety system.


Since the BCM’ now faces a critical funding problem[1],[2], the main question is whether 
the BCM’ is needed as a safety system for ATLAS, or whether ATLAS could rely on the 
beam loss monitors of the machine (BLM). An additional luminosity monitor and 
background monitoring are strong supporting arguments for building the BCM’.

 

Currently it is assumed that the BCM’ is crucial to protect the ATLAS ITk, since it is 
probably impossible to demonstrate that beam aborts issued by the beam loss monitors of 
the machine would sufficiently protect the ITk for all possible failure modes of the HL-LHC. 

Nevertheless, it is important to understand the most dangerous failure modes of the 
machine and simulate their expected impact on ITk; this is discussed in Section 3.


2. History of BCM use during ATLAS Operations 

Under normal ATLAS running conditions, the shift crew relies on the BCM to deliver the 
“Safe for Beam” flag via the interlock system, as shown in Figure 2.  In particular, the ATLAS 
pixels and SCT are not enabled until safe beam conditions are established.  


On 2 occasions, the BCM has lead to a LHC beam abort.  These were determined to be 
caused by LHC “UFO’s” = Unidentified Falling Objects.  The BCM post-mortem provides 
useful diagnostic information behind the reason for beam abort.


Note that the LHC also provides a Beam Loss Monitor (BLM).  In contrast to the BCM, the 
BLM can only trigger on beam backgrounds and is not sensitive to effects from beam 
collisions at the ATLAS IP;  currently the BCM is the only detector capable of measuring 
this.  Note that the BLM thresholds have been successively raised during running as the 
LHC intensity increased; they are now a factor 3 higher than at the start of ATLAS. 
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Figure 2: BCM in the ATLAS Interlock “Safe for Beam” (courtesy S. Wenig).


Some examples of beam damage to other detectors include the TeVatron at FNAL causing 
physical damage in the detector and possible damage to preamplifiers in ALICE.


3. Expected Beam Loss Scenarios for HL-LHC 

At the HL-LHC, with 7.5x10**34 instantaneous luminosity, the resulting stored energy will be 
700 MJ per beam (>1 A per beam).    Potentially catastrophic HL-LHC beam loss events 
can be classified in two groups:

 


1. Ultra-fast failures such as crab cavity failures or asynchronous beam dumps, and

2. Local events such as any inelastic beam loss close to the experiment.  


In the case of (1), the event could be anywhere in the LHC; the beam loss is mostly in the 
collimation system.  A percentage of beam loss can be at tertiary collimators.  Events 
between the cleaning magnets and the experiment are the most dangerous; examples 
include a crab cavity failure or an asynchronous beam bump


Case (2) include UFO’s or any other non-conformities.  Such events are potentially 
dangerous in combined failure scenarios 
as they are at injection energy.  


Simulations have started to evaluate the 
damage potential of such events, taking 
into account the proposed larger inner 
diameter of the TAS from 34mm (LHC) to 
60mm (HL-LHC), leading to a 3-5 times 
higher flux per lost proton in the tertiary 
collimators, strongly dependant on the 
TAS material. 

(see Figure 3).


This is being compared to 
measurements of damage thresholds for 
ITk  sensors which were performed at 
the HiRadMat facility [10], [11]. 


	 	 	 	 	 Figure 3: Simulations of HL-LHC beam loss (A. Sbrizzi)
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4. Input from Luminosity Group 

ATLAS running experience has proven that a redundancy in the luminosity measurement 
devices is absolutely crucial for reducing the uncertainties and understanding the features 
of all systems. This is particularly relevant in the HL-LHC environment in which we will run 
with pileup spanning over 4 orders of magnitude especially w.r.t. the physics potential.  


In particular, the BCM’ would provide bunch-by-bunch luminosity measurements using a 
“solid proven system”. The other Phase-II upgrade luminosity systems include LUCID, for 
which the design is still quite open and an amount of R&D is still needed  (bismuth fibers 
coating), location of PMTs etc.  Similarly, for the HGTD, this is a completely new system, 
and the systematic uncertainties might not be straightforward to control at the start.  Finally, 
the Pixel Cluster Counting method has not proven successful in ATLAS so far.


In conclusion, the BCM’ is expected to be the baseline luminosity detector for ATLAS at the 
HL-LHC.


5. Constraints from Pixel Installation Schedule 

As shown in Figure 4, BCM’ modules are to be installed in 1 pixel ring 
on each side (each EndCap), for a total of 2 rings.   For the pixel 
Inner System Integration sequence, this follows as (1/2 is two 
Quadrants, EC= Endcap, B=Barrel): 


- EC-A 1/2

- EC-A 2/2

- B 1/2

- B 2/2

- EC-C 1/2

- EC-C 2/2


Figure 4: ITk Pixel Inner System


The BCM’ ring will be loaded on the 4th Quadrant of the EndCaps, according to the 
following schedule:

- EC-A 2/2 : integration July-Oct 2022. BCM ring at SLAC in July 2022 for testing and then 

integration.

- EC-C 2/2 : integration March-May 2023. BCM ring at SLAC in March 2023 for testing and 

then integration
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Following this, the integration on EndCaps at CERN (joining the two halves) is scheduled 
as:

- EC-A: Jan 2023.

- EC-C: Sept 2023.


This schedule is shown schematically in Figure 5.


Figure 5: BCM’ schedule and  installation in ITk pixel system [1],[2].


Late delivery of BCM’ with respect to the baseline of July 2022 would imply:

- 3 months (Oct 2022): no impact.

- March 2023 (when second BCM is expected): this modifies the integration sequence at 

SLAC and CERN, but schedule impact is likely not significant.

- Later than March 2023: would significantly impact the schedule (and cost!). 


6. Possible De-scoping options 

The Time of Flight (TOF) background detection works best for a detector located at z~1.9m, 
corresponding to eta=3.6, see Figure 6.  If the detector were placed instead at the ID 
endplate location (3.4m) the resulting timing would be dangerously close to the 
previous collision.


	 	 	 Figure 6: BCM’ location
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Further details of the 
position and timing are 
given in Figure 7, which 
demonstrates that the ideal 
location is at z=1.9 m (= 
3.75 m / 2).


The figure shows that for a 
timing resolution of 500 ps, 
collisions are clearly 
resolved from upstream 
background.


Figure 7: BCM’ location and 
timing


7. Input from CMS


Currently CMS uses a “BCM1F” beam protection system, similar to that of ATLAS.  As 
shown in Figure 8, BCM1F consists of 24 sensors located at +-z= 1.8m from the IP.  The 
system provides  a fast readout (6.25 ns) to 
distinguish luminosity from machine background. 
During 2015-2016 all sensors were diamond, but 
there were severe problems with efficiency loss in 
2016.  In the EYETS, sensors were replaced and 
upgraded to a mix of polycrystalline diamond, 
single crystal diamond, and silicon.


For the CMS upgrade at the HL-LHC “a safety 
system is foreseen, using radiation hard pcCVD 
diamond or sapphire sensors. A standalone system 
like BCM1F for luminosity and background 
measurement is being discussed.   It is considered 
as being necessary; it would be operated fully 
independently of CMS, and the performance of the 
last two years was very good.”


	 	 	 	 	 	 	 	 Figure 8: BCM1F at CMS:
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8. Conclusion 

The BCM’ remains the baseline for the fast bunch-by-bunch safety system for ATLAS at the 
HL-LHC.  If the BCM’ were not to be built, is not clear the BLM alone would be sufficient to 
protect ATLAS, as it provides a measurement only of background outside the ITk volume, 
and is insensitive to collisions.  Furthermore, the BCM’ is at the closest location (z=+-1.9m) 
to the detector which we want to protect (inside the ITk volume).   


Possible beam losses at the HL-LHC have been simulated, including failures in focusing 
quadruples and crab cavities. An additional risk is that there can be further beam loss 
scenarios not yet foreseen or simulated.


Core funding for BCM’ is fully covered. The main challenge remains to fund the non-CORE 
activities in 2019-2020.  A decision must be made in a very timely manner if the BCM’ is to 
remain compatible with the ITk pixel installation schedule.


The committee concludes that the BCM’ is a very high priority project for the safety of 
ATLAS operations at the HL-LHC. It should be very strongly supported.
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