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The LHC as a photon collider
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LHC as a photon collider

Head-on collision
Partons collide  

to produce new particles

Photons collide  
to produce new particles

Protons ‘miss’

Protons intact  
Lose energy
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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

Types of LHC collision LHC Run 2 
2015-2018

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

pp, FP 220

Bruce et al JPG (2020)

Intensity 
frontier

Energy frontierLHC is world’s highest energy photon collider 
up to ~TeV energies

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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How to find photon collisions?

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

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

muon

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

muon

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

electron
muon

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Tracking detectors are key!
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Veto events with  
additional tracks near 

di-lepton vertex

Tag intact proton

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Forward Proton detectors
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Data taking from 2016/2017:  
• ATLAS Forward Proton (AFP) 
• CMS-TOTEM Precision Proton Spectrometer (CT-PPS) 

Incoming proton E known (6.5 TeV) 
Outgoing proton E measured with forward detector 

 Calculate proton energy loss!→

Central 
detector 

FP FP
Lepton

Lepton

Proton 

~ 200 m

Proton 

Not to scale

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

Key observable: 

ξA,C
AFP = 1 −

Escattered

Ebeam

Protons deflected by 
 LHC magnets

relative energy loss



Lydia Beresford 14

AFP installation

ToF Tracker
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Talk outline 

Beresford & Liu, PRL (2019) Beresford & Liu, PRD (2020)

Tau g-2Dark Matter

PRL (2020)

ℓ= e/μ

pp PbPb
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Outlook 1: Turning light into dark matter 

Beresford, Liu PhysRevLett.123.141801

See also: Ohnemus et al. PLB 328 369-373 (1994), de Favereau de Jeneret et al. arXiv 
0908.2020, Harland-Lang et al. EPJC 72 1969 (2012), Khoze et al. JPhys G 44 055002 
(2017), Harland-Lang et al. JHEP 2019 10 (2019) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.141801
https://www.sciencedirect.com/science/article/abs/pii/0370269394914923?via=ihub
https://arxiv.org/pdf/0908.2020.pdf
https://arxiv.org/pdf/0908.2020.pdf
https://link.springer.com/article/10.1140/epjc/s10052-012-1969-2
https://iopscience.iop.org/article/10.1088/1361-6471/aa6457
https://iopscience.iop.org/article/10.1088/1361-6471/aa6457
https://link.springer.com/article/10.1007/JHEP04(2019)010
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LHC Dark Matter Searches 

Z′ 

q

q̄

q

q̄

Z′ 

q

q̄

χ

χ̄

g
DM mediator searchMono-X SUSY

Examples

Nature of dark matter is a fundamental question in physics 

Search for dark matter (or DM mediator) in LHC collisions 
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Simple Benchmark Model

Charged scalar lepton (slepton)  
Considered scalar electrons & scalar muons in this work

ℓ̃

Fermion  
dark matter  
(neutralino) 

m(ẽL) = m(ẽR) = m(μ̃L) = m(μ̃R)Assume mass degeneracy
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Simple Benchmark Model
Potential explanation for muon g-2 anomaly

Charged  
scalar muon 

Fermion dark matter  
(neutralino) 

γ

μ μχ̃0

μ̃ μ̃μ̃ μ̃
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Motivation 

Slepton

Unexplored dark matter & g-2 favoured regions

M
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e 
(S
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M
)

NB recent  
ATLAS results: 

PRD 101 052005 (2020) 
EPJC 80 123 (2020)

Can produce  
right amount 
of dark matter

Could solve  
muon g-2  
anomaly

Constraints much weaker for right handed sleptons

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
https://arxiv.org/abs/1908.08215
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Why is it so challenging to probe? 

Substantial cross-section: 730 fb (100 GeV slepton) 
100,000 events with 140 fb-1 dataset 

But … 

→

Key differences: Mediator spin, decay channels, DM mass, mediator mass                        

Signal  Background
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Why is it so challenging to probe? 

Key differences:  

Mediator spin: slepton is scalar, W boson is vector 
 Use spin sensitive variable (scalar decays more central) 

Decay channels: pair of sleptons  ; WW   
 Require same flavour leptons 

Dark matter mass: may not be equal to neutrino mass 
Slepton mass: may not be equal to W mass 

                       

→

ℓ̃ℓ̃ → ee, μμ → ee, μμ, eμ
→

Fundamental Hadron Collider problem 
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Don’t know the parton momentum 
 in direction of the beam 

 Use missing transverse momentum 
     
→

Fundamental Hadron Collider problem 

Why is it so challenging to probe? 

Head-on collision
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Why is it so challenging to probe? 

• Don’t have access to initial state kinematics  
     Can only use missing transverse momentum 
• Combine it with lepton kinematics & approx slepton mass using mT2                     

relies on DM mass assumption 

• In  gap mT2 similar shape for sleptons & WW  
• Discrimination very challenging 

 Need more information!     

→

15 ≲ Δm(l̃, χ̃0) ≲ 60

→

Fundamental Hadron Collider problem 
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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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Turning light into dark matter 

Slepton

Dark  
matter

Lepton 
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The holy grail

Fundamental hadron collider problem

Don’t know the parton momentum 
 in direction of the beam 

 Use missing transverse momentum 
     
→

Initial proton E is known (6.5 TeV) 
Measure scattered proton E using  
Forward proton detector 

 Initial state kinematics known 
     Can calculate total missing momentum! 
→

Dark matter is invisible  
to our detectors
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Search strategy

Missing momentum  
4-vector 

Calculated from photon  
& lepton 4-vectors

Initial state photon  
4-vectors  

Calculated from  
proton E loss  

Living the dream: Access initial state & total missing momentum 
                                     Similar to e+e- collider 

Usually impossible in LHC searches!
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Living the dream: Slepton mass

  recently observed  
ATLAS PLB 816 136190 2021
γγ → WW

Slepton mass is measurable
LB JL — Draft November 3, 2018 — 13

�
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˜̀

˜̀

p

p

p

`

�̃0
1

�̃0
1

`

p

FIG. 8. Exclusive pair-production of sleptons ˜̀ via photon–photon fusion. Each slepton decays
directly to a lepton and neutralino �̃0

1.

Calculated from  
proton energy loss 

Illustrative plot: acceptance & efficiencies not applied here, only resolution smearing 
                 

https://www.sciencedirect.com/science/article/pii/S0370269321001301?via=ihub
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Living the dream: DM mass

Dark matter mass is measurable
LB JL — Draft November 3, 2018 — 13
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p

FIG. 8. Exclusive pair-production of sleptons ˜̀ via photon–photon fusion. Each slepton decays
directly to a lepton and neutralino �̃0

1.

Illustrative plot: acceptance & efficiencies not applied here, only resolution smearing 
                 



Lydia Beresford 31

Analysis

Madgraph MC for signal & irreducible  background 

Emulate: Detector acceptance 
                Resolution smearing 
                Reconstruction efficiency  
                Proton soft survival 

Selection cuts: Same flavour di-lepton selection each with pT > 15 GeV 
                          Select more central events to exploit spin difference 

3 signal regions: Target different slepton and DM mass differences        
                             using variables based on  &                          

Count signal and background  Calculate significance  
   

γγ → WW

mγγ Wmiss

→
Details in backup
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Powerful Potential

Potential to probe well motivated blind spot  

Beresford, Liu 
 PRL 123 141801 (2019)
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Slepton

LB JL — Draft November 3, 2018 — 13
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FIG. 8. Exclusive pair-production of sleptons ˜̀ via photon–photon fusion. Each slepton decays
directly to a lepton and neutralino �̃0

1.

-production: Equal cross-sections for left & right handed sleptons!  γγ

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.141801
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PhysRevLett.125.261801

First measurement using AFP

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801


First measurement using AFP

Direct access to protons provides truly new info to exploit! 
• Powerful background rejection  
• Novel constraints on proton soft survival probability

34

 Turning light into matter :) 

Observe  & measure cross-section 
Previous ATLAS measurements don’t tag a proton!   

(γγ → ℓ+ℓ−) + p

Exclusive Single Dissociative

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

Signal Background 

e.g. Z   
       + pileup proton 

→ ℓℓ
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Kinematic correlation

Observe ee+p and +p > 9  in each channel 
 cf CMS-TOTEM 2.6 , 4.3  

μμ σ
σ σ

SR SR

Measured with ATLAS 
ξ±

ll =
mll

s
e±yll

Measured with AFP 
ξA,C

AFP = 1 − Eforward/Ebeam

SR: 95% signal retention  
    85% bkg rejection

Data-driven  
bkg estimate!

https://link.springer.com/article/10.1007/JHEP07(2018)153
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Background rejection

Run 3: Time-of-flight detector will further suppress

Powerful background suppression 
Can see photo-production of di-leptons above Drell-Yan background 
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Results

First step towards diverse program exploiting AFP 

1st LHC cross-section measurements for this process

Fiducial cross-sections   
compared to proton soft survival models 

ξ ∈ [0.035,0.08] [33] Eur. 314 Phys. J. C 76 (2016) 9 
[34] Phys. Lett. B 741 (2015) 66 
[97] Eur. Phys. J. C 80, 925 (2020)
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Outlook 2: Measure tau g-2

Beresford, Liu PhysRevD.102.113008

See also: Aguila, Cornet and Illana PLB (1991), Dyndal et al  PLB (2020)  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
https://www.sciencedirect.com/science/article/abs/pii/037026939191309J?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub
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Measure tau g-2 

    g        =          2           +      loop corrections       

Particles can have intrinsic magnetic moment

μ = g
q

2m
SSpin 1/2 particles: 

Dirac, 1928

ℓ

ℓγ

ℓ

ℓγ
μ . B

How particles interact  
with a magnetic field
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Measure tau g-2 

a =
(g − 2)

2

Anomalous magnetic moment 



Lydia Beresford 42

New particles could be in the loop 

Example: SUSY 

Why is it interesting?

Scalar 
lepton 

Dark matter  

γ

μ μχ̃0

μ̃ μ̃μ̃ μ̃
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Fundamental test of SM 

Electron g-2: 10-8 precision 
                    

Muon g-2: 10-7 precision  
                                                                                 

43

 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? 

Does light couple to  
all lepton generations 

in the same way? 

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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PDG value
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Photo production of tau pairs

Delphi EPJC (2004)

e e

e e

τ

τ

DELPHI 2004, LEP collider

Constraints also set by L3 and OPAL

Cross section 
sensitive to g-2 

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)

What about the tau?  

Sibling rivalry

1-loop, Schwinger  = 0.0012  
Eidelman, Passera MPL (2007) 

a = α/2π

atheory
τ = 0.00117721 (5)

PDG best single experiment constraint 
Delphi EPJC (2004) 
Constraints also set by L3 and OPAL 

Order of magnitude apart 

PDG

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
https://www.sciencedirect.com/science/article/pii/S0370269398007369?via=ihub
https://arxiv.org/abs/hep-ex/9803020
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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) 

48

 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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τ

τ

Di-tau production 
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Cross section 
sensitive to g-2 

Photo production of tau pairs

Z4 ~ 105 (ZPb=82)  
enhancement

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

3E�3E� ���� 7H9

5XQ� ������

(YHQW� ���������

���������� �������� &(67

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 

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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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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Unit normalised

Setting constraints 

Modifying moments alters shape of lepton pT

Lepton ID 
pT( ) > 4.5/3 GeV  

 Suppress hadronic 
backgrounds 

Signal regions  
1  + 1 track 
1  + 2/3 track 

e/μ
→

ℓ
ℓ

MC simulation + delphes

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

Promising prospects Beresford, Liu PRD (2020)

Prospects for PbPb  
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potential
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https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
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Rich LHC photon collision program 

Only the beginning … 
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 The future is bright

W

W

p p

τ

τ γ

γ

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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ATLAS tracking 
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Key discriminant: 
No additional tracks  
near  vertexeμ

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



Lydia Beresford 61

ATLAS Forward Proton (AFP) 

Tracker

ToF 
Cherenkov  
detector 

Flange
Silicon Tracker 

• Within ~2 mm of beam 

• ‘slim-edge’ ~100 μm 

  Use 3D silicon pixels a la the ATLAS insertable B-layer (IBL)→
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Roman pot

Beam size & position 
depends on LHC settings 

Moveable detectors  

Unstable beams:  
Detectors ‘in garage’  
40 mm away   

Stable beams:  
Detectors ~2 mm from beam centre
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TrackerToF

Each plane = 336×80 pixels  
Pixel size of 50×250 μm2 
Thickness of 230 μm 
Active area 1.68 x 2 cm2

Cherenkov detector 
L-shaped quartz bars 
Microchannel Plate PMT 

 30 ps timing resolution∼
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AFP detectors



Lydia Beresford 65



Lydia Beresford 66



Lydia Beresford 67

AFP di-lepton
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AFP di-lepton
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AFP di-lepton
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AFP di-lepton
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AFP Alignment

Global:  

Measurements of tracker, beam  
& roman pot position used 
+ di-muon in situ correction  →

Inter-plane:  

Use differences in track & hit positions  
to correct for mis-alignments 

Station 

4 planes of pixels 

Proton
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AFP Alignment

Global:  

Measurements of tracker, beam  
& roman pot position used 
+ di-muon in situ correction  →

Inter-plane:  

Use differences in track & hit positions  
to correct for mis-alignments 

Station 

4 planes of pixels 

Proton
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AFP Efficiency
AFP side A

Scattered 
proton 

Needed to correct for detector effects 

Station tag and probe:  
• ‘Tag’ track in near station (require exactly 1) 
• Check if track in far (within |xnear-xfar| < 2 mm) 
& vice versa 

Near Far

Lower efficiency in far station due to showers
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Matched candidates 



Lydia Beresford 75

More?

 ATLAS ICHEP highlights

Physics briefing

ICHEP Talk & interview 

ATLAS ICHEP highlights

http://atlas.cern/updates/atlas-news/highlights-ichep2020
https://atlas.cern/updates/physics-briefing/looking-forward-light-matter
https://indico.cern.ch/event/868940/contributions/3816380/attachments/2082699/3498729/mdyndal_2020-07-30_gamma-gamma.pdf
http://cern.ch/go/j9fk
https://www.youtube.com/watch?v=d2eWunbxTcY
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Motivation

Mediator

D
ar

k 
m

at
te

r
Gap in sensitivity for electroweak scale sleptons Link

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/fig_15.png
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 ATLAS current - 2L ISR
Relax mass degeneracy & split 
into left and right handed sleptons 
-> Weaker limits for right handed 
(lower cross-section)

QED production:  
Equal cross-sections for 

left and right handed!  

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 ATLAS current  
- 2L 0 jets

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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Relic abundance and g-2

79

g-2 

Coannihilation

Self-annihilation
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Leptons 
- 2 same flavour ( ) 
- pT > 15 GeV (trigger emulation) 
- | | < 2.5 (tracking acceptance) 
- Smear 4-momentum by 5% or less (resolution) 
- pT dependent reco efficiency parametrised from ATLAS 

Protons/photons 

- Acceptance: 100%  GeV ( , ) 
- Smear photon 4-momentum by 5% (resolution) 
- Proton survival probability parametrised from SUPERCHIC generator

ee, μμ

η

130 ≤ Eγ ≤ 780 0.02 ≲ ξ ≲ 0.12 ξ = 1 −
Eforward

Ebeam

Analysis selection

80
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FIG. 8. Exclusive pair-production of sleptons ˜̀ via photon–photon fusion. Each slepton decays
directly to a lepton and neutralino �̃0
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Mass measurement

81

Harland-Lang et al.  
EPJC 72 1969 (2012)  
new variables ,  

Uses photon & missing 
momentum 4-vectors & 
assume decay topology  
for additional kinematic 
constraints 

 Sharpens tails improving  
signal vs bkg discrimination 

mmax
ℓ̃ mmax

DM

→

https://link.springer.com/article/10.1140/epjc/s10052-012-1969-2
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Signal Regions (SRs) 

Design 3 SRs targeting different mediator and DM mass splittings:                           
small (compressed), medium (corridor) & large 

- small:       > 80 GeV         > 0 GeV         < 1.4 
- medium:   > 120 GeV      > 80 GeV  
- large:        > 130 GeV      > 20 GeV  

In each SR exploit spin difference between S and B (S more central): 
  

                                 evaluated in di-lepton centre-of-mass frame  

82

mmax
mediator mmax

DM mγγ /Wmiss

cos(θ̄ll) < 0.65 θ̄ll

Analysis selection

Barr JHEP 02 042 (2006) 
Melia JHEP 01 143 (2012) 

https://iopscience.iop.org/article/10.1088/1126-6708/2006/02/042
https://link.springer.com/article/10.1007/JHEP01(2012)143
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Soft survival

[58] Khoze et al. EPJC 23 311 (2002)

https://link.springer.com/article/10.1007/s100520100884
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 Tau g-2 SM QED

https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
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 Tau g-2 SMEFT

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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 Backgrounds
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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
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 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

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

Also sensitive to  EDMτ

Modifying moments alters shape of lepton pT

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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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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 SR Break down: aτ

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

95

 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/

