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What physics has been done with ECAL
• About 10% of LHCb publications involve final states with g, p0 and e±

– ECAL is behaving well, but still doing 
analyses with it is difficult

– Signal yields are 1/20 with 
respect to charged modes
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What can be done in the future
• There is some hunger for

physics with ECAL objects
at LHCb
– The word “ECAL” appears 

about 20 times in the 
document (the same for
word “RICH”)

– Difficult to make 
extrapolations since not 
many publications are 
availiable

2



CKM angle g using photons and p0
• Very important to combine many different decay 

modes as each brings different 
sensitivity to g

• One promising case is 
B±àD*0h± decays:
– Exploit almost perfect 

strong phase difference 
between D*0àD0g and 
D*0àD0p0
[arXiv:hep-ph0409281]

– Very good sensitivity demonstrated from 
an analysis exploiting partial 
reconstruction of D*0

– Great potential with the inclusion
of full reconstructed decays
• Preliminary studies show comparable 

sensitivity to g 3

arXiv:1708.06370

https://arxiv.org/pdf/hep-ph/0409281.pdf
https://arxiv.org/pdf/1708.06370.pdf


• Golden channels to 
measure b and bs are 
BsàJ/y(µ+µ-)K+K- and 
B0àJ/y(µ+µ-)KS

– Companion channels with 
J/yàe+e- have a factor 5-10 
less than J/yàµ+µ- channels 
• L0Trigger inefficiency will go away in the future
• Impact of Bremsstrahlung on mass resolution, decay-time resolution, 

decay time acceptance

– Other channels are B(s)àJ/y{p0,h,h’,w} à efficiency is really an 
issue
• Some mode useful to constraint penguin pollution

Time dependent CPV with B decays
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Similar yields for 
BsàJ/y(e+e-)f

arXiv:1411.0943

arXiv:1607.06314

~2k yields
in 3fb-1

~2k yields
in 3fb-1

https://arxiv.org/pdf/1411.0943.pdf
https://arxiv.org/pdf/1607.06314.pdf


Charmless decays
• Golden channels for the determination 

of CKM angel a
– B0àp0p0 è Need decay vertex, use p0àge+e-

– B+àp+p0 è already investigated with B+àK+p0 but 
limited by BF of normalisation channel

– B0àr+r- è two p0 in the final state
– B0àp+p-p0 è enough to determine a alone, but require 

tagged time-dependent analysis

• Reminder: a determination is affected by a 1o

theoretical uncertainty à Belle-II can achieve it
• Bs modes are unique to LHCb
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[Diego Romero, 
CERN-THESIS-2013-051]

Bs signal

Bd signal

1 fb-1

K+p-p0

B+àK+p0



Radiative penguins
• Radiative bàsg transitions are FCNC
– Sensitive to NP
– Several interesting observables
• Branching fractions: 𝐶! " + 𝐶!′ "

• Photon polarisation: 𝐶!′
• CP asymmetries: 𝐼𝑚(𝐶!)
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Radiative penguins
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arXiv:1904.06697
arXiv:1905.06284

arXiv:1501.03038

Angular analysis B0àK*e+e-

for q2à0 gives information 
on g polarisation

Time-dependent CPV 
with Bsàfg Unique to LHCbUnique to

 LH
Cb

https://arxiv.org/pdf/1904.06697.pdf
https://arxiv.org/pdf/1905.06284.pdf
https://arxiv.org/pdf/1501.03038.pdf


FCNC in bàsl+l-
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arXiv:1903.09252 L = 5 fb-1

https://arxiv.org/pdf/1903.09252.pdf


FCNC in bàsl+l-
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arXiv:1912.08139

𝑹𝒑𝑲 = 𝟎. 𝟖𝟔%𝟎.𝟏𝟏)𝟎.𝟏𝟒 ± 𝟎. 𝟎𝟓
0.1 < q2 < 6 GeV2/c4

https://arxiv.org/pdf/1912.08139.pdf


FCNC in bàsl+l-
• Not only R(X) are sensible quantities

– To really understand the picture, it is important to combine more 
measurements

– Several hints of discrepancies with theory coming from bàsµ+µ- analyses
– Larger statistics fundamental to repeat the analyses with the bàse+e-

– Angular analyses, differential BF, effective lifetime, CP asymmetries
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More on LFV and very rare decays
• Searches for forbidden decays is a powerful and 

complementary tool to R(X) analyses
–

• But also search for allowed but very rare decays
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arXiv:1909.01010 arXiv:1710.04111

arXiv:2003.03999

BàKeµ B(s)àeµ

Bàe+e-

https://arxiv.org/pdf/1909.01010.pdf
https://arxiv.org/pdf/1710.04111.pdf
https://arxiv.org/pdf/2003.03999.pdf


What about charm
• Already investigated the decays with 

muons and will be natural to 
follow-up with electrons
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p+p-µ+µ-

K+K-µ+µ-

arXiv1707.08377

arXiv:1304.6365

https://arxiv.org/pdf/1707.08377.pdf
https://arxiv.org/pdf/1304.6365.pdf
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Charm decays with neutrals
• Radiative decays 

Dà{K*0,r0,f}g
receive contributions 
from short- and long-distance
– BF and ACP can be enhanced by NP in loops
– Test for QCD calculation of long-distance

• Hadronic D0àh+h0 decays
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Short distance Long distance

PRD85,034036

arXiv:1701.01871

https://journals-aps-org.ezproxy.cern.ch/prd/pdf/10.1103/PhysRevD.85.034036
https://arxiv.org/pdf/1701.01871.pdf


Dark photons below 2mµ
• Possible to cover region below 2mµ using 

charm decays D*0 → D0A’(e+e-)
– About 300x109 D*0àD0g per fb-1

– Can use D(*) mass constraint to correct 
bremsstrahlung 

– Very low momentum: electrons emit light 
in RICH while pions don’t

– Both displaced and prompt searches

17

arXiv:1509.06765

https://arxiv.org/pdf/1509.06765.pdf


Physics with strange and ECAL
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arXiv:1808.03477

sàd transition for KSàp0µ+µ-

LHCb-PUB-2016-017 arXiv:hep-ex/0409011 (NA48)

LHCb reach is ~ 10-10

arXiv:1812.07638

https://arxiv.org/pdf/1808.03477.pdf
http://cdsweb.cern.ch/record/2195218/files/LHCb-PUB-2016-017.pdf
https://arxiv.org/pdf/hep-ex/0409011.pdf
https://arxiv.org/pdf/1812.07638.pdf


Spectroscopy and production
• A lot of spectroscopy and production measurements to do with photons and p0

– Radiative decays are a gold mine to study energy levels of excited states and compare 
their BF, aiming to understand quantum numbers

– Study decays of exotics to final states with photons 
– Measure production cross-sections of heavy states, e.g. cbàUg
– Very difficult since soft photons à viable to use g-conversion or Dalitz decays
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ccàJ/ygarXiv:1704.07900
arXiv:1404.0275

X(3872)ày(2S)g

cbàUgarXiv:1409.1408

Considerations on production 
studies are very interesting

also in pPb and PbPb collisions 
(and SMOG)

arXiv:1812.07638

https://arxiv.org/pdf/1704.07900.pdf
https://arxiv.org/pdf/1404.0275.pdf
https://arxiv.org/pdf/1409.1408.pdf
https://arxiv.org/pdf/1812.07638.pdf


Photon-hadron correlation

• Measure photons coming directly from gluons in 
a region where gluon distributions are expected 
to be saturated
– direct photon production: clean probe of parton

densities
– LHCb acceptance is unique to access gluon 

saturation
• ALICE is proposing to build a W-Si ECAL with 

very high granularity for this (but not only) 
measurement à ALICE-PUBLIC-2019-005

21

Jet

Isolated g
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Photon-hadron correlation
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Polarised SMOG
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aiming to install during the LHC LS3 (2024-2026)

arXiv:1901.08002

F. Murgia – 2nd LHCb Heavy Ion Workshop

https://arxiv.org/pdf/1901.08002.pdf
https://agenda.infn.it/event/18734/contributions/98754/attachments/66229/80930/F-Murgia-2ndLHC-HIW-2019-Chia.pdf


Forward and high-pT physics
• LHCb is in a unique forward region 

at the LHC
– Channels with electrons represent 

about 50% of potential statistics
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Forward and high-pT physics
• LHCb is in a unique forward region at the 

LHC
– Several measurements already performed
– Channels with electrons represent about 

50% of potential statistics
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Saturation of ECAL 
ADC affecting also 

determination of jet energy

https://arxiv.org/pdf/1803.05188.pdf
https://arxiv.org/pdf/1608.01484.pdf
https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/pdf/1212.4620.pdf


Experimental considerations
• The just outlined physics programme is a very wide and interesting one

– Difficult to cope with the requests from all 
physics cases

– Channels with p0/e± instead of p+/µ± have
about 10-20 times less yields and worse
resolutions (mass, decay time…)

– Removing L0Trigger in Run3 will help with
efficiency

• What can be done to improve current ECAL 
to cope with Run4 and Run5 conditions?

• Outcome of discussion with several people:
– Better energy resolution
– Finer granularity
– Extended dynamic range
– Time information
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Considerations on time information
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Primary vertices are distributed
on a 2D gaussian à sz ~ 6 cm

à st ~ 0.2 ns

t P
V

[n
s]

zPV [mm]

t P
V

[n
s]

zPV [mm]

Single event example – L = 2x1034 cm-2s-1

Time information is 
fundamental to separate PVs

Resolutions of O(10-20) ps is 
necessary for a good 
sparation of PVs

5 PV in 0.3 ns

4 PV in 2 cm
2 cm ~ 67 ps



Importance of ECAL regions
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B+àh’K+ Simulation B+àK+p0 Simulation

From simulation

B0àK*g Simulation

Comb. Bkg.
reconstructed 
as B0àK*g

Carla Marin

Jason Andres



• From simulation 15-30% loss in reconstruction efficiency is observed for several 
decays moving from Run1 to Run3 conditions
– Clusters compatible with charged tracks are rejected à more tracks more rejected 

clusters
– Time information could bring back efficiency to the Run1 level but need very precise 

resolution O(10-20) ps

Reconstruction efficiency
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Charged track 
extrapolation

Compatibility between 
tracks and clusters

All clusters

All tracks

Electrons and 
associated correct cluster

What if 3D c2 including timing information?
Possible to recover lost efficiency?



Energy resolution
• Energy resolution is the main contributor to mass resolution

– B0/Bs separation
– Spectroscopy

• Similar core resolution for different 
occupancies
– Core resolution intrinsic to ECAL 

technology
– Larger occupancy is main responsible

for larger tails à granularity
– Include time information in

reconstruction may help to separate
overlapping clusters
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Usage of converted phtons
• Possibility to use gàe+e-

conversions or p0àge+e- Dalitz
decay
– Studies going on with charm decay

32

With the statistics of Upgrade2 might 
be a viable option also for B decays

Better mass resolution

Not clear actual improvement in signal 
yields

Tom Hadavizadeh



Neutral PID and g/p0 separation
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resolved

merged

LHCb-PUB-2003-091

resolved

merged

B0àp+p-p0

• Photons are one of main background to merged p0

and vice versa
– 30% of p0 from B0àp+p-p0 are 

merged
• A lot of work going on to improve

g/p0

– Granularity is fundamental
– Z-segmentation

K. Prasanth

https://cds.cern.ch/record/691634/


Neutral PID and g/p0 separation

34

resolved

merged

LHCb-PUB-2003-091
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merged
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g/p0
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g1

g2

https://cds.cern.ch/record/691634/


Electron/positron reconstruction
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• Main problem affecting channels with e± is 
bremsstrahlung of electrons
– Larger backgrounds due to wider 

tails
– Difficult to discriminate between

brem. g and e± produced in secondary 
interactions and not reconstructed

Brem. recovery



Electron/positron reconstruction
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• Main problem affecting channels with e± is 
bremsstrahlung of electrons
– Larger backgrounds due to wider 

tails
– Difficult to discriminate between

brem. g and e± produced in secondary 
interactions and not reconstructed

Brem. recovery

Reduce material budget
in trackers looks the easies solution

What can be achieved with time 
information to associate brem. g and 
reject backgrounds?



Charged PID for e/p discrimination
• Fundamental ingredient to discriminate between p and e± is E/p

– Better energy resolution is important but tails due to occupancy could 
be a problem à feed from soft photons into p-cluster

– Z-segmentation might be also an important leverage since pions
release energy at the end of ECAL
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p

e±
2011

arXiv:1412.6352

arXiv:1705.05802

https://arxiv.org/pdf/1412.6352.pdf
https://arxiv.org/pdf/1705.05802.pdf


Conclusions
• The physics programme that requires ECAL is very wide and 

interesting
– So far ECAL behaved as expected and gave important contributions
– Nevertheless performances are far from those obtained for charged 

tracks
– Important to work on limiting factor of current ECAL

• Making a better ECAL is mandatory to cope with harder conditions 
in future Runs
– Energy resolution and granularity
– Z-segmentation 
– Inclusion of time information

• Already in Run3 and Run4 conditions will be hard
– Some improvement could be implemented already in LS3
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