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Since 2017

New topics in 2018: 
Colliding Vs non-colliding bunches
LHCb
Time tagging
Extreme pile-up density in ATLAS and CMS
Luminosity calibration
Bunch-by-bunch luminosity fluctuations

Meenakshi Narain replaced P. Azzi as CMS EDQ co-chair 

Simone Griso & Sarah Demers invited as new ATLAS 
Upgrade physics convenors.

    



Status in 2017
The effective pile-up density
  = Collision + Fill average 
allows to estimate detector performance after 
parametrizing with simulations: 

 

Scenarios’ effective Pile-up density ranges between 0.8 – 2.1 
 

ATLAS





Machine report

http://www.nrcresearchpress.com/doi/abs/10.1139/cjp-2018-0291#.W7c8o2N_I8p

Preprint: https://cds.cern.ch/record/2301928/files/CERN-ACC-2018-0003.pdf

http://www.nrcresearchpress.com/doi/abs/10.1139/cjp-2018-0291#.W7c8o2N_I8p
https://cds.cern.ch/record/2301928/files/CERN-ACC-2018-0003.pdf


Baselines: Nominal and ultimate
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Baseline and 'No CC' scenario    
with round optics

Project goals comfortably reached
Absence of CC doubles pile-up density and 
reduces integrated lumi by 13%-24%.

Flat optics is a performance booster...  



Flat & CC: Nominal and ultimate
β*=7.5/18cm (490 µrad, 11.4σ)

Same pile-up density with 2-4% more integrated luminosity 



Flat without CC:
β*=7.5/31.5cm (410 µrad,12.6σ)

Integrated luminosity between 249 and 293 fb-1 with larger 
pile-up density by 20-30% w.r.t. baselines. Needs 
verification with beam-beam simulation.
Wire or octupoles would improve the performance. 
 



Non-colliding bunches I
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How different can non-colliding bunches be w.r.t. colliding bunches? 



Non-colliding bunches II



Non-colliding bunches:
Machine view

In the current baseline non-colliding bunches 
are stable with same beam parameters as 
colliding bunches

Nevertheless having lower intensity non-
colliding bunches might be useful for future 
baselines or for buying margins 
  



LHCb



LHCb options



From machine side: External crossing angles can be optimized to 
reduce differences between the 2 cases. 



 

 Significant impact of PU density on tau-ID, similarly for 
muons, jets and missing energy. 

 CMS timing system allows to reduce impact of PU density.

      CMS: Benefit of time tagging



ATLAS: Muon isolation at high density

On-going 

study



Luminosity calibration for HL-LHC
Anne Dabrowski, David Stickland CERN

Goal: Reach 1.5% systematic errors in luminosity

Approach: Reduce uncertainties where possible 
and perform emittance scans regularly.

Current assumption for β* in VdM is about 20m. 
Today’s 20% uncertainty on β* could be improved 
to 5%.  







Combined β* and offset leveling to 
alleviate optics commissioning?

 Compatible with emittance scans when offset=0



HL-LHC bunch-to-bunch luminosity 
variations 

● Detectors assume up to ±5% lumi variation
● Tolerances do not exist in HL-LHC or LIU
● LIU has assumed to provide similar relative 

beam parameter variations as for present LHC 
beams

● What is this today? Previous references?         
Is it an issue?
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PARAMETERSPARAMETERS

Tolerance in Tolerance in 
bunch bunch 

intensity:intensity:
10%10%

Tolerance in Tolerance in 
long. long. 

emittance:emittance:
20%20%

Tolerance in Tolerance in 
trans. trans. 

emittance:emittance:
20%20%

E. Metral, 
OP Shutdown
Lecture 3/4/2008



LHC bunch-to-bunch lumi variations 

ATLAS
rms=7.5%

CMS
rms=8.7%

Larger variation than ±5% could increase trigger

rate requirements at PU=200. To be followed-up.

Peak luminosityPeak luminosity



Bunch-to-bunch lumi variations from 
Beam-Beam long range in HL-LHC

 Beam-beam long-range effects in bunch-to-
bunch luminosity will be in the shadow of bunch 
intensity and emittance variations.  



Summary and outlook

Different non-colliding bunches OK if needed 
So far detector performance still degrades 
linearly at extreme pile-up density values → 
Effective pile-up density is a good figure of merit. 

LHCb also observes pile-up density effects
Bunch-by-bunch luminosity fluctuations issues to 
be followed up  

Common report based on ATLAS, CMS, LHCb 
and machine publications in 2019
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