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Our proposal

Beresford, Liu 
 PhysRevD.102.113008

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
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    g        =          2           +      loop corrections       
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 What is g-2?

Charged particles with spin have an intrinsic magnetic moment

μ = g
q

2m
SFor spin 1/2 particles: 

Dirac, 1928

ℓ

ℓγ

ℓ

ℓγ
μ . B

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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a =
(g − 2)

2

Anomalous magnetic moment 

What is g-2?

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Powerful probe of new physics 

New particles could be in the loop 

Example: SUSY 

Scalar Lepton

Dark Matter 

Why is it interesting?
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Fundamental test of SM 

Electron g-2: 10-8 precision 
                    

Muon g-2: 10-7 precision  
                                                                                 

6

 Why is it interesting?

-2.5  discrepancy  σ

up to ~4.2  discrepancy σ

Electron: Odom et at PRL (2006) Bouchendira et al PRL (2011) Aoyama et al PRL (2012) Parker et al Science (2018)

Muon: BNL PRD (2006) J-PARC PTEP (2019) Muon g-2 theory initiative JPhysRept (2020)  BMW collab Nature (2021)

What about the tau? 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.030801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.080801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.111807
https://science.sciencemag.org/content/360/6385/191
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.072003
https://academic.oup.com/ptep/article/2019/5/053C02/5506729
https://www.sciencedirect.com/science/article/pii/S0370157320302556?via=ihub
https://www.nature.com/articles/s41586-021-03418-1
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 ~ 10-13 s  

 ~ 10-6 s 

 Can’t use same technique!

τ

μ

→

Problem: Lifetime

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Solution: Photon collisions

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Solution: Photon collisions
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pe

e

Photons from electromagnetic field surrounding electrons 
collide to produce new particles

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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PDG value
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Photo production of tau pairs

Delphi EPJC (2004)

e e

e e

τ

τ

Cross section 
sensitive to 
moments

DELPHI 2004, LEP collider

Constraints also set by L3 and OPAL

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://pdfs.semanticscholar.org/9ee8/7ca8fa5a4996ebd9a3de4a8a31e552521237.pdf
https://www.sciencedirect.com/science/article/pii/S0370269398007369?via=ihub
https://arxiv.org/abs/hep-ex/9803020
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p
sNN = 5.02 TeV

  aexp
τ = − 0.018 (17)

Discrepancies for electron & muon, what about the tau?  

Sibling Rivalry

1-loop, Schwinger  = 0.0012  
Eidelman, Passera hep-ph/0701260 

a = α/2π

atheory
τ = 0.00117721 (5)

Delphi EPJC (2004) 

PDG value doesn’t test 1-loop QED

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://arxiv.org/abs/hep-ph/0701260
https://pdfs.semanticscholar.org/9ee8/7ca8fa5a4996ebd9a3de4a8a31e552521237.pdf
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Belle II 
. 
Eidelman et al JHEP (2016)  
Chen, Wu JHEP (2019) 

CLIC/ILC/Fcc-ee 
Koksal et al PRD (2018)  
Howard et al LHEP (2019) 
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 Can we beat it?

LHeC/Fcc-he 
Köksal JPhysG (2019)  
Gutiérrez-Rodríguez et al 1903.04135  

Bent crystal 
Fomin et al JHEP (2019)  
Fu et al PRL (2019) 

Many interesting proposals for future

HL-LHC 
Galon, Rajaraman and Tait  
JHEP (2016) 

https://link.springer.com/article/10.1007/JHEP03(2016)140
https://link.springer.com/article/10.1007/JHEP10(2019)089
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.015017
http://journals.andromedapublisher.com/index.php/LHEP/article/view/113
https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://iopscience.iop.org/article/10.1088/1361-6471/ab0b53
https://arxiv.org/pdf/1809.01963.pdf
https://link.springer.com/article/10.1007/JHEP03(2019)156
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801
https://link.springer.com/article/10.1007/JHEP12(2016)111
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What can we do right now?
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https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 The LHC is also a photon collider

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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p

ATLAS 

13 TeV 8.16 TeV 5.02 TeVs

ℒ ~140 fb-1

σ ∝ Z2 ∝ Z4-

~2 nb-1

Z = 82 for Pb

~170 nb-1

p

Pb

Pb

Pb

p

p

The LHC is also a photon collider

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Broadband photon collider

16

 

PbPb
pp

pp, FP 220

Bruce et al JPG (2020)

Intensity 
frontier

Energy frontier

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://arxiv.org/pdf/1812.07688.pdf
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p

ATLAS 

13 TeV 8.16 TeVs

ℒ ~140 fb-1

σ ∝ Z2-

Z = 82 for Pb

~170 nb-1

p

Pb

Pb

Pb

p

p

The LHC is also a photon collider

5.02 TeV

∝

~2 nb-1

Z4

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Head-on PbPb collision 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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All calo cells with ET > 500 MeV shown

Ultra Peripheral PbPb collision 

electron

muon

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Ultra Peripheral PbPb collision 

Super clean with ~ 0 pile-up 

One month to gather dataset 

Low trigger thresholds  Trigger on soft taus!→

Ultra Peripheral PbPb collisions 

 Quantify potential using MC 
MG with modified photon flux + Pythia + Delphes (ATLAS)  
→

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Di-tau Production 
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Photo production of tau pairs

Aguila, Cornet and Illana PLB (1991) 
Beresford, Liu PRD (2020) 

Dyndal et al  PLB (2020)

LHC PbPb

Not yet observed @ LHC 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://www.sciencedirect.com/science/article/abs/pii/037026939191309J?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub
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Leptonic 
 τ± → l±νlντ

3 prong 
 

+ neutral ’s 
τ± → π±π∓π±ντ

π

       46%                                      35%                      19%

1 prong 
 

+ neutral ’s 
τ± → π±ντ

π

Tau decays

Tau is only lepton that 
can decay into hadrons

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Need low pT: e, mu, track > 4.5, 3, 0.5 GeV  

Signal Regions (SRs) 

1  + 1 track 
1  + 2 track 
1  + 3 track 

ℓ
ℓ
ℓ

24

 Signal Regions

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Background mitigation

And veto  &  masses J/ψ Υ

1  + 1 track SRℓ Keep

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Unit normalised

Setting constraints

Modifying moments alters shape of lepton pT

SM effective field theory for modified moments (& SM signal) 

Also sensitive to  EDMτ

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Assume observe SM & quantify constraint using  

Shape analysis strengthens constraints :) 
Split 1  + 1 track SR @ 6 GeV  Coarse shape analysis 

χ2

ℓ →

0.07− 0.06− 0.05− 0.04− 0.03− 0.02− 0.01− 0 0.01 0.02
τ aδ

0

2

4

6

8

10
2 χ

3T combinedland SR1
2Tl1T, SR1lSR1

3Tcombinedl2T and SR1lSR1
 6],[>6] GeV,≤ [∈ lT

1T plSR1

 = 0.1
b
ζ = sζ = 0.0 , τ dδ, 1− = 5.02 TeV, 2 nbs

LB JL

68 % CL

95 % CL

Putting it all together: aτ

Assuming 10% 
systematic 

 for all SRs  
(orthogonal) 

Σχ2

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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       Surpass PDG … or discover tension!  

Putting it all together: aτ σγγ→ττ

σγγ→ee,μμ

Ratio can decrease 
systematics
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Tau g-2 interesting & important 

But barely constrained 

LHC photon collisions promising solution 

For tau g-2 and beyond … 

29

 Summary

τ

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Backup

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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QED @ a range of masses

31

 

PbP
pp

pp, FP 

Bruce et al 1812.07688

Intensity 
frontier

Energy frontier

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://arxiv.org/pdf/1812.07688.pdf
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 SM QED

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 SMEFT

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Photon collisions using MG & SMEFTsim

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf


Lydia Beresford 35

 MG vs Super Chic
Superchic accounts for nuclear finite size, thickness and overlap  

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Cross-section & interference

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Cross-section & interference (zoomed)

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Cutflow

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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To set a constraint need to deviate from SM 

We use SM effective field theory (assumes ) 

Assume observe SM & quantify constraint using  

q2 ≪ Λ2

χ2

χ2 =
(SSM+BSM − SSM)2

B + SSM+BSM + (ζsSSM+BSM)2 + (ζbB)2
χ2

δaτ

Systematics:  ζs = ζb = 5 % ,10 %

Setting constraints

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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EDM = Electric Dipole Moment     
                   

 

Possessed by e.g. water (polarised molecule)   

τ = d × E

41

 Also sensitive to tau EDM

torque electric dipole moment

EDM tells us  
about charge 
distribution

-

+

d = qx

x d

How objects interact  
with an electric field

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Why are EDMs interesting?

Non-zero EDM  CP violation! 
assuming CPT conserved 

→

EDM tiny in SM, observation = New Physics! 

d d

S S

Reverse time 

Further details

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
http://sitn.hms.harvard.edu/flash/2014/looking-closer-the-search-for-the-electron-electric-dipole-moment/
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 Putting it all together: dτ

 for all signal regions (orthogonal) Σχ2

|d | = (e/m )δd   

 |d | < 3.4 × 10−17 e cm  
@ 95% CL 

τ τ τ

τ

Order mag better than DELPHI, competitive with Belle 

Belle PLB (2003) 

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://www.sciencedirect.com/science/article/pii/S0370269302029842?via=ihub

