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11 talks in T09+1 Plenary
First dedicated parallel session for UPC in QM series

https://indico.cern.ch/event/895086/sessions/402661/#20220407
https://indico.cern.ch/event/895086/contributions/4615168/


How we ended up here?



Last workshop

← Wishlist (nonexhaustive)

Expectations →



> × 2 at the end



LHC IP2 (ALICE location)

Bound-Free Pair Production

Irony: It’s UPC events that limit luminosity production!

Main beam

Secondary
beam



Done + much more ;D





How UPC events typically look like?



And in comparison with hadronic events?

PbPb produce both the messiest and the cleanest events at the LHC ;D



How we reconstruct leptons from UPC events?
|y| for 
reference



What do we care about |y| at the end?

We’re probing 3 orders of magnitude in Wγp



How are we extracting the signal?

Inv mass
pT

Multi-template fits → high precision reveals mismodelings 

6(!) components

zoom



State-of-the-art comparisons
Last workshop



State-of-the-art comparisons
Last workshop

First NLO



More state-of-the-art comparisons coming..
Hopefully next workshop ;D

CMS



Last workshop wishlist



Beyond expectations of the last workshop ;D



Last workshop



LO NLO bkg



 v4

https://superchic.hepforge.org/superchic4.pdf
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Intermezzo: Centrality in AA & fixed target collisions 
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But UPC events are empty: how do we know how far nuclei are at the end?

● Classified the data into geometric quantities from Glauber MC 
● using deposits in the electromagnetic calorimeter to map the real data

2111.01607



Experimental handle on impact parameter







Worth following up from the last workshop



New high-mass channel: dielectrons
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• Promising candidate for the 𝑎τ = (gτ-2)/2 determination
• “using a large heavy ion collider” for gτ-2 suggested since 90s
•  cross section in UPC receives a Z^4 enhancement relative to pp

• LHC could improve the sensitivity on 𝑎τ relative to LEP
• probe the anomalous τ lepton electric moment too like BELLE

 

Overview of the 𝛾𝛾 → 𝜏𝜏 process

Phys. Lett .B 809 (2020) 135682 (2002.05503)
Phys. Rev. D 102 (2020) 113008 (1908.05180)

Run 2 (2 /nb)

Runs 3+4 (> 10 /nb)

LEP 

𝜏 lepton photoproduction in ultraperipheral collisions (UPC) 
29

Sensitive to photon flux

New channel for BSM: ditaus

https://inspirehep.net/literature/319026
https://arxiv.org/abs/hep-ex/0210066
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● 𝜏𝜏 signal regions can be then defined based on the lepton and/or hadron multiplicity
● dilepton: the lowest reco efficiency
● 1l +1 track: main bkg due to μμ, ee 
● 1l +3 tracks: clean with high enough yield  

30

All channels needed for 
ultimate precision

𝜏’s are multifaceted

μ

3prong

30







Joakim Nystrand (last workshop)



Two words on LbyL scattering (with UPC)
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● BSM at high masses: Increase √s  
● BSM at low couplings: Increase ℒ

● plus taking advantage of reduced pileup, kin. thresholds, and clean final states
● Thanks to Z^4 ~10^7 factor in PbPb, γγ luminosities >>  pp ones at low Wγγ

D. d'Enterria
 UPC: bmin>RA +RB

https://agenda.irmp.ucl.ac.be/event/3186/contributions/3647/


Available LbyL UPC measurements (so far)
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● ATLAS
● 2015 data, 0.48/nb, Nature Phys. 13 (2017) 9, 852-858

● 2018 data, 1.73/nb, Phys.Rev.Lett. 123 (2019) 052001

● 2015+18 data, 2.2/nb,  JHEP 03 (2021) 243

● CMS 
● 2015 data, 0.39/nb,  Phys.Lett.B 797 (2019) 134826

JHEP 03 (2021) 243

LbyL

Even differential studies!



Goals of this analysis 

3636

● ATLAS
● 2015 data, 0.48/nb, Nature Phys. 13 (2017) 9, 852-858

● 2018 data, 1.73/nb, Phys.Rev.Lett. 123 (2019) 052001

● 2015+18 data, 2.2/nb,  JHEP 03 (2021) 243

● CMS 
● 2015 data, 0.39/nb,  Phys.Lett.B 797 (2019) 134826

JHEP 03 (2021) 243

1. How an averaged value compared to theory?
2. Could some SM bkg explain the excess?

LbyL





Trying to explain the excess

3838

● We calculated the inclusive σ for the photoproduction of ηb(1S)
○ σ = (0.19−1.41) 10^−2 nb 
○ range reflects max. and min. of two-photon decay rates, i.e., 0.46 and 0.17 keV

● this contribution isn’t significant 
LbyL



From Snowmass
→
ALICE /LHCb
projection 
interesting

In some future v. of the workshop ;D



We did pretty well with ~⅙ of the data ;D

WG5 YR/Swnowmass22



Backup



+ Coherent 𝜌 0 cross section in XeXe
+ Dissociative J/𝜓 cross section



Sensitivity to the quark contribution [arXiv:2203.11613]

CMS acceptance 
for J/ψ pT = 0

https://arxiv.org/abs/2203.11613


X(6900) → J/ψ J/ψ kinematics [PRD 104 (2021) 114029]

https://doi.org/10.1103/PhysRevD.104.114029


Search for X(6900) → J/ψ J/ψ in CMS

Resonant structures observed in BPH-21-003!!!
Analysis of the full Run 2 data (135 fb-1) 

Large sample of low-pT J/ψ in 2018 PbPb data.
Better S/B and larger cross section ideal for 
tetraquark hunting in UPCs!!! 

https://cms.cern.ch/iCMS/analysisadmin/cadilines?id=2438&ancode=BPH-21-003&tp=an&line=BPH-21-003


vn in the smallest collision systems

Can we go a bit higher in Nch? Can we reproduce with pQCD models ATLAS results?

Phys. Rev. C. 104 (2021) 014903
CMS-HIN-18-008



Measurement of photo-nuclear dijet production in PbPb 

Followup from 2018: Triple-differential cross-sections extracted (xA, zy, HT)
       Comparison to Pythia 8 + nPDFs → Potential to constrain nPDFs

ATLAS-CONF-2022-021

https://cds.cern.ch/record/2806461/




PF algo basic assumption is that particle trajectories are helical
→
Magnetic monopoles would manifest as parabolic → development needed though quite interesting 

1812.07688 

https://arxiv.org/abs/1812.07688


Most sensitive

Cleanest Bkg region in the 
combined fit

CMS: no pT cut at trigger level!







Despite ×4 data set, comparable stats and S/B → much better reco/algo, ZDC cuts?
Important to highlight in the paper maybe 





CMS isn’t using Tauola anymore 

Mariola said not 
necessarily reflecting 
photon fluxes



Comparable 
to CMS
μ = 0.99^+0.16_-0.14



~3 improvement
from m1T-SR



Despite mu’s 
similar 
improvement
from shape 
analysis(?)



Sensitivity to a_tau (Dyndal)




