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๏ I used to work on Flavor physics, but not since I left BaBar in 
2007 

๏ So, don’t expect a review of recent Flavor results by ATLAS and 
CMS 

๏ My contribution is more an ongoing effort, on what you will see 
around the end 

๏ Thanks to those who are working on flavor @ATLAS and @CMS, who 
provided me with inputs and helped me preparing this talk 

๏ S. Malvezzi and M. Margoni from CMS 

๏ U. De Sanctis and J. Walder from ATLAS

About this call
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๏ Flavor physics is part of ATLAS and CMS physics programs since 
day-0 

๏ Plans ahead of data taking to explore B(s) oscillations in 
all-tracks final states 

๏ Dedicated trigger for B(s)!μμ decays 

๏ B!K*ℓℓ angular analysis 

๏ Plus many other topics (b production, spectroscopy, etc) 

๏ About 15% of the bandwidth is allocated to B Physics 

๏ Dedicated L1 soft-muon triggers to keep sensitivity with 
increased luminosity

What was done so far
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Bs→μμ status & perspectives

 4

๏ General purpose experiments can be competitive on favourable final states 

๏ Dimuon is the quintessence of low-pT experimental cleaners @LHC 

๏ More statistics will allow to improve these results 

๏ New trigger functionalities (e.g., tracking @L1) will allow to deal with 200 PU 
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Figure 9: (a) Likelihood contours for the simultaneous fit to B(B0
s ! µ+µ�) and B(B0 ! µ+µ�), for values of

�2� ln (L) equal to 2.3, 6.2 and 11.8, with the SM projection and its uncertainties are included. (b) Neyman
contours in the plane B(B0

s ! µ+µ�),B(B0 ! µ+µ�) for 68.3%, 95.5% and 99.7% coverage. The red (inner
side) contours are statistical uncertainty only, while the blue (outer side) set is including statistical and systematic
uncertainties.

13 Combination with the Run 1 result

The likelihood of the current result is combined with the likelihood from the Run 1 result [15]. The only
common parameters in the combination are the fitted B (B0

(s) ! µ+µ� ) and the combination of external
inputs Fext = B(B+ ! J/ K+) ⇥ B(J/ ! µ+µ�) ⇥ fu

fs
= (2.35 ± 0.14) ⇥ 10�4. Except for Fext,

all nuisance parameters are treated as uncorrelated between the two likelihoods, with both likelihoods
including their individual parameterizations of systematic e�ects. A negligible change in the results is
found when all sources of systematic uncertainty are assumed to be fully correlated.

The maximum of the combined likelihood is found for:

B(B0
s ! µ+µ�) = (2.8 ± 0.7) ⇥ 10�9 ,

B(B0 ! µ+µ�) = (�1.9 ± 1.6) ⇥ 10�10 .

Figure 10 shows the likelihood contours for the combination with the Run 1 result for the simultaneous fit
to B(B0

s ! µ+µ�) and B(B0 ! µ+µ�), for values of �2� ln (L) equal to 2.3, 6.2 and 11.8, relative to the
maximum of the likelihood. The contours for the Run 2 2015-2016 result are overlaid for comparison.

When applying the same 1D Neyman construction of section 12 to this combined likelihood, the 68.3%
confidence interval for B(B0

s ! µ+µ�) obtained is:

B(B0
s ! µ+µ�) =

⇣
2.8+0.8
�0.7

⌘
⇥ 10�9 .

The maximum of the likelihood is unconstrained and allowed to access the unphysical (negative) region.

The upper limit on B(B0 ! µ+µ�) is determined with the same Neyman procedure, yielding:

B(B0 ! µ+µ�) < 2.1 ⇥ 10�10 .

22
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ATL-PHYS-PUB-2018-005

๏ General purpose experiments can be competitive on favourable final states 

๏ Dimuon is the quintessence of low-pT experimental cleaners @LHC 

๏ More statistics will allow to improve these results 

๏ New trigger functionalities (e.g., tracking @L1) will allow to deal with 200 PU 
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Figure 6: Comparison of 68.3% (solid), 95.5% (dashed) and 99.7% (dotted) confidence level profiled likelihood
ratio contours for the working point at ⇥60 Run 1 statistics. This corresponds to the ’intermediate’ HL-LHC
extrapolation, based on yield projections for the (6GeV, 10GeV) dimuon trigger. Red contours do not include the
systematic uncertainties, which are then included in the blue ellipsoids. The black point shows the SM theoretical
prediction and its uncertainty [2].
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Bs→μμ status & perspectives

http://cdsweb.cern.ch/record/2317211/files/ATL-PHYS-PUB-2018-005.pdf


Why can’t ATLAS & CMS do as much as LHCb? 

๏ Detector limitation: experiments designed to do something else, namely 
cover 10-1000 GeV range. Going below 10 GeV (e.g., with electrons and 
muons) requires effort 

๏ This is where the problem is today and the work has to go  

๏ Limited trigger bandwidth (general purpose vs. dedicated experiments) 

๏ New ideas are opening new opportunities. Not the biggest problem 
today. More about this later 

๏ Needed customisation (reconstruction, trigger, etc.) vs working force 
(<50 people) 

๏ Clearly, growing interest in flavor (thanks to LHCb anomalies) is 
helping here. Still, there is much to do in view of HL-LHC

Going beyond
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๏ Muons are most friendly low-pT objects 
(good resolution + cleanness) 

๏ Dedicated L1 triggers in place for 
low-pT dimuon systems (not easy with 
electrons) 

๏ Established sensitivity to low-mass 
resonances, etc. 

๏ Muons are the essential handle for 
Flavor physics in ATLAS & CMS

Muon Reconstruction

 7CERN-EP-2018-058
μ+μ+

7.3 High pT: momentum scale with collisions 21

as a result of the modifications to the Tune-P algorithm in addition to the improved alignment
of both the inner tracker [27] and the muon system [1].
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Figure 9: The RMS of R(q/pT) as a function of pT for cosmic rays recorded in 2015, using
the inner tracker fit only (squares) and including the muon system using the Tune-P algorithm
(circles). The vertical error bars represent the statistical uncertainties of the RMS.

7.3 High pT: momentum scale with collisions

Biases in the scale of the momentum measurement at high pT arising from an inaccurate mea-
surement of the track curvature are probed by looking for distortions in the shape of the q/pT
spectrum. A technique called the “endpoint method” was developed and used extensively in
Run 1, using cosmic ray data to quantify the bias at high pT [1, 2]. However, since cosmic rays
predominantly cross the barrel region of the detector, they cannot be used effectively to deter-
mine the momentum scale in the endcaps. Therefore, a generalized version of the endpoint
method has been developed to be used with collisions.

The generalized endpoint method uses prompt dimuons selected from a sample of events col-
lected with the single-muon trigger (see Section 9). Both muons must satisfy the loose tracker
relative isolation criteria and at least one of the muons is required to have pT > 200 GeV. This
sample is primarily composed of muons from Z/g ⇤ decays, with a minor contribution from
dileptonic decays of tt pairs and from diboson production.

Each muon from the event that has pT > 200 GeV is used to fill a binned distribution of q/pT.
The q/pT data spectrum is compared to multiple samples of simulated muons. Each sample, i,

Dimuon invariant mass spectrum

CMS Collaboration Plots with 2018 data - 5

CMS-DP-2018-036

https://arxiv.org/pdf/1804.04528.pdf
https://cds.cern.ch/record/2628143/files/DP2018_036.pdf


๏ Electron reconstruction at ATLAS & 
CMS is about matching a track to >= 1 
ECAL deposit 

๏ At low pT, the track might not even 
make it to ECAL 

๏ At low pT, ECAL deposits are very 
low-energetic: difficult to 
disentangle them from noise, pileup, 
etc

Electron Reconstruction
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Overview

CMS Electron and Photon

Performance at 13 TeV

Introduction

Reconstruction

Identification
Typical electron and photon patterns

in a particle detector like CMS.

Introduction Reconstruction Identification Conclusions gg 2/ 20

Electron Selection E�ciencies in Reprocessed 2016 Data

Electron cut based identification before and after 2016 data reprocessing:

• Data/MC agreement substantially improved due to final calibrations applied.

Introduction Reconstruction Identification Conclusions gg 18/ 20

Tight WP before Tight WP after

More info at this linke+

γ

https://indico.cern.ch/event/642256/contributions/2958315/attachments/1653220/2645260/calor_2018_cms_egamma_rembser.pdf


๏ The first limitation for extensive B-physics program is collecting 
the events 

๏ CMS & ATLAS store 1000 evt/sec. About 15% are dedicated to B 
physics 

๏ One cannot increase this fraction (i.e., sacrificing Higgs, EW, 
QCD, and BSM high-pT physics)

The trigger bottleneck
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High-Level  

Trigger
L1 

trig
ger

1 KHz  
1 MB/evt

40 MHz

100 KHz



๏ Since 2010, CMS is taking special “scouting” streams: 

๏ Run reconstruction in trigger farm (muons, jets, …) 

๏ Write object features (e.g., four momenta) rather than the full event 

๏ Few KB traded for 1 MB: can write thousands more 

๏ Same paradigm now by ATLAS (TLA), LHCb (TurboStream + upgrade) and ALICE

“New ideas": Scouting
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High-Level  

Trigger farm

full event

L1 trig
ger

Scouting

1 KHz  
1 MB/evt

1/100 the 
events size 

x6 more events 

40 MHz

100 KHz



“New ideas": parking
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CMS-DP-2012/022

Data Parking Triggers (1) 
Trigger Selec@on  

for Data Parking 
Main Physics Mo@va@on 

Average Rate 

(Hz) over 

typical LHC fill 

Tighter / complementary 

version in the “core” 

trigger menu 

Mjj>650 GeV , |Δηjj|>3.5  
Generic final state produced via 

Vector Boson Fusion (VBF) 
130 

QuadJet75_55_38_20:  

1 b‐jet + 2 “VBF” jets 

At least 4 jets with pT>50 

GeV (QuadJet50) 

Pair produc0on of stops  top 

(hadronic decay) + neutralino in 

models with small mass splicng 

between stop and neutralino 

75 

QuadJet60 + DiJet20  

OR 

QuadJet70 

R2*MR>45 GeV  

+  

R2>0.09 

Extend SUSY hadronic searches 

with “razor” variables (MR,R
2): 

compressed mass spectra and 

light stop searches 

20 

R2*MR>55 GeV +  

R2>0.09 +  

MR>150 GeV 

HT>200 GeV , αT>0.57 
Extend SUSY hadronic searches 

with αT variable 
10 

HT>250 GeV , αT>0.55  

HT>250 GeV , αT>0.57 

HT>300 GeV , αT>0.53 

HT>350 GeV , αT>0.52 

HT>400 GeV , αT>0.51 

Dimuon: pT(µ1) > 13 GeV , 

pT(µ2) > 8 GeV 

PDF constrains using Drell‐Yan 

events at low Mµµ

10 
pT(µ1) > 17 GeV  

pT(µ2) > 8 GeV 

DiTau: pT(τ1,2) > 35 GeV,    

|η(τ1,2)|<2.1, isola@on, 

Ntrk(ΔR<0.15)<5  

Include 3‐prong tau decays. 

hττ measurements: i.e. spin, 

parity, CP measurement 

25 

1‐prong decay (Ntrk<3)   

OR “same” but pT(τ1,2)>30 

GeV + 1 jet pT>30 GeV 
3 

Data Parking Triggers (2) 

Trigger Selec@on  

for Data Parking 
Main Physics Mo@va@on 

Average Rate 

(Hz) over 

typical LHC fill 

Tighter / complementary 

version in the “core” 

trigger menu 

µ+µ‐ : pT(µµ)>5 GeV,  

|y(µµ)<2.5|, ΔR<2 , 

mµµ≈mΨ’[3.35,4.05] GeV 

Quarkonium physics  

(polariza0on, χc, χb,  exo0c  

states, etc..) 

5 

Dimuon triggers  

pT(µ1/2) > 17/8 GeV  

(high pT Ψ’) 

µ+µ‐ : pT(µµ)>8 GeV,  

|y(µµ)<2.5|, ΔR<2 ,  

mµµ≈mJ/Ψ [2.8,3.35] GeV

As above  35 

Dimuon triggers (high pT 

J/Ψ) or displaced triggers 

for J/Ψ from B decays 

µ+µ‐ : pT(µµ)>5 GeV,  

|y(µµ)<2.5|, ΔR<2 ,  

mµµ≈mΥ [8.5,11.5] GeV

As above  10  pT(µ
+µ‐)>7 GeV  

µ+µ‐ : pT(µ)>3.5 GeV,  

|η(µ)<2.2|, pT(µµ)>6.9 GeV, 

displaced vertex wrt beam,  

mµµ = [1.0,4.8] GeV 

Rare  B  decays  with  low 

mass dimuons (displaced)
20 

pT(µ)>4 GeV 

mµµ≈mJ/Ψ [2.9,3.3] GeV 

1 jet + 1 muon: 

pT(jet)>20 (60) GeV,  

pT(µ)>4 GeV, ΔR(µ,jet)<0.4  

Prescale = 300 (30)  

Select unbiased sample of 

signal (hadronic decays of 

D’s, B’s)  using the recoil of a 

triggered b‐jet  

10 (5) 

2 jets + 1 muon: 

 pT(jet)>20,40,70 GeV 

pT(µ)>5 GeV, 

ΔR(µ,jet)<0.4 ,  

larger prescale 

4 

Core Physics and Data Parking at CMS 
•  The “core” proton‐proton (pp) physics program of CMS at √s=8 TeV is realized 

using collision data collected at an average event rate of 300‐350 Hz                                 

[corresponding to a peak (average over‐the‐fill) LHC instantaneous luminosity of 

approximately 7�1033 (4�1033 ) cm‐2 s‐1]  

•  The core data are promptly reconstructed at CERN Tier0 and are generally 

available within 48 hours for physics analysis 

•  Extra 300‐350 Hz of “parked” data are collected to extend the physics program: 

standard model measurements and searches for new physics 

•  The triggers defining the parked datasets are either a looser version of the core 

physics triggers (for instance with reduced pT thresholds on the reconstructed 

objects) or brand‐new triggers with small overlap with the rest 

•  These data are temporarily “parked”, wai0ng to be reconstructed towards the 

end of the 2012‐13 data taking (or earlier, if compu0ng resources are available) 

•  This provides a complementary set of collision events to perform new physics 

analyses or improve the exis0ng ones (thanks to the increased acceptance) 

during the 2013‐14 LHC shutdown 
2 

๏ Limitation to write 1000 
evt/sec is not the trigger 
itself 

๏ The problem is computing 
resources downstream 

๏ Disk & CPU power 

๏ In 2012, both ATLAS&CMS 
took more data, counting 
on shutdown computing 
pledges & opportunistic 
computing resources to 
process them

https://cds.cern.ch/record/1480607/files/DP2012_022.pdf
http://www.apple.com


D. Zanzi ATLAS Trigger in 2017/18 - ICHEP2018

‣ After few hours of collisions, L1 rate and HLT 
processing slots free up thanks to luminosity 
exponential decay 

‣ High-rate and CPU-intensive triggers can be 
enabled within the data storage output 
limitation 

‣ Strategy is used for the Trigger-level Analysis 
(ATL-DAQ-PUB-2017-003) 
- tiny event size with only information on HLT jets, 

collected by low-pt single jet trigger at an HLT rate 
up to 13 kHz when luminosity is below 1.0x1034 

- total HLT output bandwidth is only marginally 
increased by these additional events 

‣ End-of-fill strategy used for triggers for B-
physics signals (high processing power 
needed)

End-of-fill Triggers

10

End of fill

ATLAS data taking in 2018

 12 D.Zanzi  @ICHEP 2018



Dark Ma
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L1+HLT Trigger performance
Trigger status in 2018 

● Smooth running since May, only minor updates to the trigger have been implemented
● Total L1 trigger rate around  95 kHz at 2.0e34

○ Some trigger thresholds have been lowered (mainly single EG, MET, di-tau), 
improving turn ons at HLT

○ Single electron with 28 GeV pT has been added at HLT (L1 pT > 26 GeV)
● HLT physics streams peak rate around 1.8 kHz at 2.0e34

○ Still around 1.1 kHz averaged over a 12h fill
● Updated L1 and HLT strategy to park an unbiased sample of b-quark enriched sample 

with increased rate and purity (max rate ~5 kHz)

• Smooth running - only minor updates to trigger have been implemented.
• L1 trigger rate reaching 95 kHz at 2×1034 cm-2 s-1

• We been able to lower L1 thresholds for single Egamma, MET, di-tau to 
improve HLT turn-on curves.

• HLT rate reaching 1.8 kHz at 2×1034 cm-2 s-1 - averaging 1.1 kHz over 12h fill
• We are "parking" an unbiased sample of B mesons for future analysis

• rates reach 5 kHz, so far we have recorded over 9B events.

L1 HLT data
parking

CMS data taking in 2018

 13J. Hirschauer @LPCC Open Session

https://indico.cern.ch/event/744723/contributions/3077439/attachments/1714201/2764846/hirschauer_cms_lhcc_12sep2018.pdf
https://indico.cern.ch/event/744723/contributions/3077439/attachments/1714201/2764846/hirschauer_cms_lhcc_12sep2018.pdf


๏ B physics is a relevant part of CMS and ATLAS physics 
program, but it’s not all of it 

๏ Limited resources, small number of people involved, 
detectors mostly designed to do something else 

๏ LHCb anomalies are raising interest and new ideas are 
emerging 

๏ Take more data (online processing + delayed 
reconstruction) 

๏ And figure out what to do with them

Conclusions
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