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ØIntroduction
Ø𝛾𝛾 → 𝜏𝜏 and 𝜏 anomalous electromagnetic moments 

constraints
based on CMS-PAS-HIN-24-011, Rep. Prog. Phys. 87 (2024) 107801

Ø𝛾𝛾 → 𝑊𝑊 and quartic coupling constraints
based on CMS-PAS-SMP-24-019

ØSummary
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• Provide a pure electroweak environment
• 𝜎(𝛾𝛾) ∝ log!( 𝑆)
• 𝜎(𝛾𝛾) ∝ 𝑍"
• Quasi-real photon,𝑞# ≈ 0
• 𝑚$$O(10GeV) @ PbPb 5.02TeV
   𝑚$$O(100GeV) @ pp 13TeV
• Process signature:

-Large impact parameter (b) →no Multi-Parton
Interaction

-opposite sign(OS) and back to back 𝑊±𝑊∓/𝜏±𝜏∓

Photon-induced Processes

3
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𝛾𝛾 → 𝜏𝜏 and 𝜏 anomalous magnetic 
moments constraints

𝛾𝛾 → 𝑊𝑊zongsheng.he@cern.ch Photon-induced processes with CMS



l Measurements of  (g-2)e agreement with SM of 12 
significant digits

• Many BSMs predict the enhancement of τ
e.g. Yukawa-like coupling:'!

"

'#
" ≈280

⟹probe for New Physics 
• Constraints on (g-2)τ in e+e- collisions:

-DELPHI@LEP: -0.052<aτ<0.013(95%CL)

Anomalous Electromagnetic Moments of 𝜏
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µ=g !
"#S

𝑎$ =
%$&"
"

• aτ and dτ can be probed from γττ vertex
• 𝛾𝛾 → 𝜏𝜏 process contains 2 γττ vertices
• Constraints on electromagnetic moments 𝑎$ & 
𝑑$ with SMEFT

EPS-HEP

𝑑!: edm, electric 
dipole moment of 𝜏
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𝛾𝛾 → 𝜏𝜏 in Pb-Pb collisions at 𝑠=5.02TeV 
with integrated luminosity = 1.7𝑛𝑏!"

CMS-PAS-HIN-24-011
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• Final states: 𝜇+3prong, 𝜇+1prong, 𝜇+e, 
e+3prong

• Integrated Luminosity: 1.7𝑛𝑏() (404 𝜇𝑏() in 
the previous study)

• Gain from 𝒁𝟒 enhancement, Low pileup, 
Low background

• Estimate background with data-driven method

EPS-HEP
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Analysis Overview

Phys. Rev. Lett. 131 (2023) 151803
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Fiducial Cross Section Measurement and Constraint on 𝑎) from PbPb Data
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Fiducial selections:
• 𝜏 𝑝">1GeV
• 𝜏 |𝜂|<3

𝜎#$%&'$() = 447*++,+-𝜇𝑏
𝑎!=−35*+.,+/×10*0

zongsheng.he@cern.ch Photon-induced processes with CMS
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𝛾𝛾 → 𝜏𝜏 in pp collisions at 𝑠=13TeV with 
integrated luminosity = 138 𝑓𝑏!"

Rep. Prog. Phys. 87 (2024) 107801
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https://iopscience.iop.org/article/10.1088/1361-6633/ad6fcb
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Combine 4 ττ final states: 𝑒𝜇, 𝑒𝜏+, 𝜇𝜏+, 𝜏+𝜏+

l Acoplanarity A = 𝟏 − |𝚫𝚽|
𝝅
≈ 𝟎

l Exclusive selection of SR:
l opposite sign 𝜏0𝜏(
l A<0.015
l 𝑁123456 = 0,1 in the 0.1 cm width window of the 

di-τ vertex
(Ntracks: number of extra charged tracks)

EPS-HEP

Analysis Overview

Hadronic decay

zongsheng.he@cern.ch Photon-induced processes with CMS



First Observation of 𝛾𝛾 → 𝜏𝜏 in pp collisions 
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5.3σ observed, 6.5σ expected
Based on 𝑚786 distribution for 4 final states with nTrk=0,1

Large improvement over LEP and LHC PbPb

d! = (−0.62 ± 0.63)×10"#$𝑒𝑐𝑚

d! = (−0.0 ± 1.7)×10"#$𝑒𝑐𝑚

Approaching Belle precision

EPS-HEP

much larger BSM effect on larger 𝑚!!

zongsheng.he@cern.ch Photon-induced processes with CMS
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𝛾𝛾 → 𝑊𝑊 in pp collisions at 𝑠=13TeV 
with integrated luminosity = 138 𝑓𝑏!"

EPS-HEP

CMS-SMP-24-019

zongsheng.he@cern.ch Photon-induced processes with CMS



Photon-induced W Pair Production and EFT Description

In standard model photon-induced WW produced 
via trilinear and quartic gauge couplings. 

zongsheng.he@cern.ch 𝛾𝛾 → 𝑊𝑊

• Run1 results used an effective Lagrangian with 
dim-6 operators:

• We use the latest recommendation on dim-8 operators from 
LHC EFT WG Note
• The LEP like dim-6 operators can be related to 
linear dim-8 operators
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https://www.sciencedirect.com/science/article/pii/037026939291978I
https://www.sciencedirect.com/science/article/pii/037026939291978I
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https://arxiv.org/abs/2411.02483
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• Final State: eμ (based on the eμ channel of 𝛾𝛾 → 𝜏𝜏 study)
Ø opposite sign 𝑒±𝜇∓
Ø low activity (low 𝑵𝒕𝒓𝒂𝒄𝒌𝒔) around e𝜇 vertex
Ø Acoplanarity = 1-|?@|

A
• Use μμ final state as control channel to derive following corrections

Taken from 𝜏 g-2 study 
Ø Acoplanarity correction
Ø Beam spot 
Ø Pileup 𝑁123456BC correction
Derived for this analysis
Ø Hard scattering 𝑁123456DE correction

l Measure 𝛾𝛾 → 𝑊𝑊 from observed 𝑝;!< shape & yield

Analysis Overview

14
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Event Selections 

Heavier mass of W than 𝜏

15
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N$%&'(): number of tracks with 
|dz|<0.05cm to the di-W vertex, 
reconstructed as (z(e)+z(μ))/2, removing 
tracks used to build lepton candidates.

A>0.015 𝑵𝒕𝒓𝒂𝒌𝒄𝒔=0

zongsheng.he@cern.ch Photon-induced processes with CMS



𝑁BCDEFGHI /𝑁BCDEFGJK Correction
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windows far from the di-μ vertex to discard the 
tracks from the hard scattering interactions
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5−10

4−10

3−10

2−10

1−10

1A.
U

.  (13 TeV)1−2018, 59.8 fbCMSPreliminary

Observed
 (BS-corr.)µµ →Z 
 (uncorr.)µµ →Z 

| < 15 GeVZ m− µµ|m
7.4 cm− z < ≤7.5 −

0 5 10 15 20 25 30 35 40 45 50
Number of pileup tracks

0.6
0.8

1
1.2
1.4
1.6

O
bs

. /
 S

im
.

EPS-HEP

Correct events with 
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…
…

Final corrections
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𝑝LMN Distribution in CR 

Only statistical uncertainty shown, prefit
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Systematic Uncertainties

18
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Inclusive Cross Section Measurement

• Statistical and systematic uncertainties are shown
• Last bin contains overflows
• The observed significance is over 7σ, first observation of 𝛾𝛾 → 𝑊𝑊 at CMS 
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Inclusive cross section of 𝛾𝛾 →
𝑊𝑊 with all W decay modes 
𝜎8F4GH687I = 658.8(JJ.J0L).J fb
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Fiducial Cross Section Measurement

• Fiducial region definition:
Ø eμ final state from W
Ø leading lepton 𝑝">24GeV
Ø subleading lepton 𝑝">15GeV
Ø |𝜂? |<2.5
Ø |𝜂@ |<2.4
Ø 0 extra track
Ø A>0.015
Ø Δ𝑅(𝑒, 𝜇)>0.5
Ø mA@>20GeV

• Signal events in the fiducial region: 94%
• Treat signal events outside the fiducial region as 

background
• 𝜎GHI = 4.1 ± 0.5 fb

20
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Constraints on Quartic Coupling

First constraints on 
f-odd parameters, 
indicated by tilde

21
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𝑝"?@ distribution of 𝛾𝛾 → 𝑊𝑊
with nonzero EFT parameters

Maximum likelihood fit

zongsheng.he@cern.ch Photon-induced processes with CMS
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Comparison of Constraints on  Quartic Coupling

The constraints are ranked 
with respect to the 
sensitivity, on top are the 
most sensitive constraints.

Tight constraints on 𝑓'#,
𝑓'!, 𝑓1", 𝑓1M, 𝑓1J

40− 20− 0 20 40 60 80
]  -4aQGC Limits @95% C.L. [TeV

4Λ / M,0f

4Λ / M,1f

4Λ / M,2f

4Λ / M,3f

4Λ / M,4f

4Λ / M,5f

4Λ / M,7f

channel limits TeV
boundU

WV&ZV+jj (CMS-SMP-22-011) [-0.539, 0.534] ∞

WV&ZV+jj (CMS-SMP-22-011) [-1.590, 1.620] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.703, 0.703] ∞

WV&ZV+jj (CMS-SMP-22-011) [-2.550, 2.550] ∞

WV&ZV+jj (CMS-SMP-22-011) [-1.480, 1.480] ∞

WV&ZV+jj (CMS-SMP-22-011) [-2.140, 2.130] ∞

WV&ZV+jj (CMS-SMP-22-011) [-2.630, 2.580] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-2.700, 2.900] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-4.100, 4.200] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-5.400, 5.800] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-5.700, 6.000] ∞

+jj (PRD 108 (2023) 032017)γW [-5.600, 5.500] 1.7

+jj (PRD 108 (2023) 032017)γW [-7.800, 8.100] 2.1

+jj (PRD 108 (2023) 032017)γW [-1.900, 1.900] 2.0

+jj (PRD 108 (2023) 032017)γW [-2.700, 2.700] 2.7

+jj (PRD 108 (2023) 032017)γW [-3.700, 3.600] 2.3

+jj (PRD 108 (2023) 032017)γW [-3.900, 3.900] 2.7

+jj (PRD 108 (2023) 032017)γW [-14.00, 14.00] 2.2

+jj (PRD (2021) 072001)γZ [-15.80, 16.00] 1.3

+jj (PRD (2021) 072001)γZ [-35.00, 34.70] 1.5

+jj (PRD (2021) 072001)γZ [-6.550, 6.490] 1.5

+jj (PRD (2021) 072001)γZ [-13.00, 13.00] 1.8

+jj (PRD (2021) 072001)γZ [-13.00, 12.70] 1.7

+jj (PRD (2021) 072001)γZ [-22.20, 21.30] 1.7

+jj (PRD (2021) 072001)γZ [-56.60, 55.90] 1.6

VV(had) (JHEP 07 (2023) 229)→γγ [-66.00, 66.00] ∞

VV(had) (JHEP 07 (2023) 229)→γγ [-245.5, 245.5] ∞

VV(had) (JHEP 07 (2023) 229)→γγ [-9.800, 9.800] ∞

VV(had) (JHEP 07 (2023) 229)→γγ [-73.00, 73.00] ∞

VV(had) (JHEP 07 (2023) 229)→γγ [-36.00, 36.00] ∞

VV(had) (JHEP 07 (2023) 229)→γγ [-67.00, 67.00] ∞

VV(had) (JHEP 07 (2023) 229)→γγ [-490.9, 490.9] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-3.470, 3.470] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-13.11, 12.88] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-0.530, 0.530] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-2.000, 1.960] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-1.910, 1.920] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-3.560, 3.620] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-25.76, 26.22] ∞

10×

10×

10×

10×

100×

10×

10×

10×

100×

10×

CMS Preliminary, July 2025

10− 5− 0 5 10 15
]  -4aQGC Limits @95% C.L. [TeV

4Λ / T,0f
4Λ / T,1f
4Λ / T,2f
4Λ / T,3f
4Λ / T,4f
4Λ / T,5f
4Λ / T,6f
4Λ / T,7f
4Λ / T,8f
4Λ / T,9f

channel limits TeV
boundU

WV&ZV+jj (CMS-SMP-22-011) [-0.138, 0.127] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.140, 0.147] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.331, 0.332] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.305, 0.305] ∞

WV&ZV+jj (CMS-SMP-22-011) [-1.400, 1.350] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.382, 0.373] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.794, 0.775] ∞

WV&ZV+jj (CMS-SMP-22-011) [-1.340, 1.290] ∞

WV&ZV+jj (CMS-SMP-22-011) [-0.670, 0.670] ∞

WV&ZV+jj (CMS-SMP-22-011) [-1.470, 1.450] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-1.100, 1.600] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-0.690, 0.970] ∞

WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-1.600, 3.100] ∞

+jj (PRD 108 (2023) 032017)γW [-0.470, 0.510] 1.9

+jj (PRD 108 (2023) 032017)γW [-0.310, 0.340] 2.5

+jj (PRD 108 (2023) 032017)γW [-0.850, 1.000] 2.3

+jj (PRD 108 (2023) 032017)γW [-0.310, 0.330] 2.6

+jj (PRD 108 (2023) 032017)γW [-0.250, 0.270] 2.9

+jj (PRD 108 (2023) 032017)γW [-0.670, 0.730] 3.1

+jj (PRD (2021) 072001)γZ [-0.640, 0.570] 1.9

+jj (PRD (2021) 072001)γZ [-0.810, 0.900] 2.0

+jj (PRD (2021) 072001)γZ [-1.680, 1.540] 1.9

+jj (PRD (2021) 072001)γZ [-0.580, 0.640] 2.2

+jj (PRD (2021) 072001)γZ [-1.300, 1.330] 2.0

+jj (PRD (2021) 072001)γZ [-2.150, 2.430] 2.2

+jj (PRD (2021) 072001)γZ [-0.470, 0.470] 1.8

+jj (PRD (2021) 072001)γZ [-0.910, 0.910] 1.9

 (JHEP 10 (2021) 174)γγ, ZγγW [-1.300, 1.300] ∞

 (JHEP 10 (2021) 174)γγ, ZγγW [-1.700, 1.660] ∞

 (JHEP 10 (2021) 174)γγ, ZγγW [-3.640, 3.640] ∞

 (JHEP 10 (2021) 174)γγ, ZγγW [-0.520, 0.600] ∞

 (JHEP 10 (2021) 174)γγ, ZγγW [-0.600, 0.680] ∞

 (JHEP 10 (2021) 174)γγ, ZγγW [-1.160, 1.160] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-0.560, 0.450] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-1.820, 1.700] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-2.150, 1.680] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-2.840, 2.070] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-0.870, 0.630] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-0.170, 0.140] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-0.560, 0.520] ∞

) (CMS-SMP-24-019)µWW(e→γγ [-0.660, 0.510] ∞

CMS Preliminary, July 2025
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Summary
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l The CMS Collaboration has used the 𝛾𝛾 → 𝜏𝜏 events in heavy ion collisions to constrain the τ
electromagnetic moments: 𝑎$ = −35()N0)L×10(!at 68% CL

l The CMS Collaboration has first observed 𝜸𝜸 → 𝝉𝝉 process in pp collisions with 
over 5σ

𝑎$ = 0.9(!.)0!.#×10(! at 68% CL
−0.0042 < 𝑎$< 0.0062 at 95% CL
−1.7×10()Jecm<dτ<1.7×10()Jecm

• First observation of 𝛾𝛾→𝑊𝑊 at CMS with over 7σ
• Observed inclusive cross section is 658.8(JJ.J0L).J fb
• First constraints on f-odd parameters
• Tight constraints on 𝑓'#[-0.53, 0.53], 𝑓'![-2.00, 1.96], 𝑓1"[-0.87, 0.63], 𝑓1M[-0.17, 0.14], 𝑓1J[-

0.66, 0.51] 𝑇𝑒𝑉("

EPS-HEPzongsheng.he@cern.ch Photon-induced processes with CMS



24

Thanks for listening
&

Welcome all comments
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BSM effect
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Electromagnetic ultra-peripheral collisions(UPC)
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• provide a pure QED(electrodynamics) environment
• 𝜎 𝛾𝛾 ∝ 𝑍M, 𝜎(𝛾𝛾) ∝ logN( 𝑆), much larger luminosities of pp collisions than PbPb

collisions
• quasi-real photon,𝑞" ≈ 0
• max(longitudinal) γ energiesEO ≈80GeV(PbPb),2.5TeV(pp)
• much larger BSM effect on larger 𝑚))
• process signature:

-opposite sign(OS) 𝜏±𝜏∓

-back-to-back in azimuthal plane: ΔΦ ≈ 𝜋
-low activity around ττ vertex

zongsheng.he@cern.ch Photon-induced processes with CMS



Signal Simulation pp
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EPS-HEP

• Only elastic events are generated using 
gammaUPC, data-driven method to 
include the dissociative component and 
SUPERCHIC for cross-check 

• aτ & dτ interpretation using the EFT 
approach with the SMEFTsim package, 
simplifying with 𝐶)R=0 since the linear 
combination of 𝐶)S and 𝐶)R:

𝛿𝑎) ∝
𝑅𝑒 𝐶)S
Λ" , 𝛿𝑑) ∝

𝐼𝑚[𝐶)S]
Λ"

elastic semi-dissociative fully-dissociative

zongsheng.he@cern.ch Photon-induced processes with CMS

https://arxiv.org/abs/2207.03012
https://link.springer.com/article/10.1140/epjc/s10052-020-08455-0
https://www.arxiv.org/abs/1709.06492


Basic Selections pp 
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EPS-HEP

Acoplanarity Correction

29

𝐴 = 1 − |
𝜙
𝜋
|

The correction is derived as a function 
of acoplanarity by fitting the data/MC 
ratio. 
It is kept constant above 0.35. 
It modifies the Drell-Yan 
normalizations in various 𝑝; ranges 
(the corrections are different in 
different 𝑝; ranges), but keeps the 
overall Drell-Yan normalization 
constant.
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Beam Spot Correction
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Pileup Track Multiplicity Correction
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windows far from the di-µ vertex to discard the tracks from 
the hard scattering interactions in |𝑚@@ −𝑚B|<15GeV
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Photon-induced Process Correction pp
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• scan aτ & dτ values through matrix element
reweightging in two independent 1D grids of 100
points for 𝐶!C:

𝑅𝑒 𝐶!C ∈ −40,40 , 𝐼𝑚 𝐶!C ∈ [−40,40]
• result independent from of choice of Λ, 𝐶!C & 𝐶!D scale

with ΛE, but we fix Λ=2TeV in event generation
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Backgrounds pp
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EPS-HEP

• MC simulation
-Drell-Yan(Z/𝛾∗ → 𝑙𝑙):dominant at low mass
-exclusive 𝛾𝛾 → 𝑒𝑒, 𝜇𝜇,𝑊𝑊 production
-inclusive WW production(small)

• data-driven: misidentified hadronic jets
-𝑗 → 𝜏[:𝑒𝜏[,𝜇𝜏[,𝜏[𝜏[ channels
-𝑗 → 𝑒/𝜇:𝑒𝜇 channels

hadronic 𝜏F jet hadronic 
quark/gluon jet
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Misidentified τh Background
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• MFs measured in separate CRs
-W+jets:𝑚">75GeV
-QCD:SS, 𝑚"<75GeV
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Jet-fake eμ background pp

35

Anti-isolated the μ to get the 
OS-to-SS as fake factors

Anti-isolated the e with isolated μ and 
anti-isolated μ to correct the effect of the 
shift of the μ isolation

Derive the 𝑁78('9: dependence of the 
OS-to-SS

l reweigh SS events with SF made of 3 multiplicative terms
l OS/SS SF measured in events with anti-isolated μ
l correction for μ inverted isolation
l Ntracks corretions
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Leading Systematics on the signal significance pp

36

shape uncertainty of the elastic rescaling: the difference 
between the flat factor and the linear factor 

uncertainty of the 𝑁78('9:=> correction is taken to have the same 
magnitude as the relative fraction of 𝛾𝛾 → 𝜇𝜇/𝑊𝑊 in the 
correction derived region.
𝑁78('9: extrapolation of the jet→ 𝜏F MF estimate jet mis-ID 
background(up to ~20%)

Real and fake 𝜏F identification (at low 𝑁78('9:)
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nTrk=0 pp
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nTrk=1 pp
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