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• A highly boosted electric field can be represented as 
a flux of photons

! Find such fields near LHC Pb’s and p’s!
• This is the “equivalent photon approximation” (EPA)
• !"#$#%&'#(()*)#%*&+,#-)./&0%&)%$/,/*$)%1&0-/%2/&$#&
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Data Type
(for LHC 
Run 2)

𝒔 (per 
nucleon)

~Max photon E

𝑬𝒎𝒂𝒙 ≈
𝜸
𝑹

Photon flux 
factor: ∝ 𝒁𝟒

Integrated 
luminosity 

[nb%&]

Typical num. of 
interactions per 
bunch crossing
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! !"#$%&'()*+,"-$.&**."$/"(*,).$)/*&0&*#other than product of ! ! collision
! There may be some forward activity
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Process Goals and Motivation

F!"#$%&'()*A',%-.*E0-+%#1'-.G
PbPb γγ → 𝜇!𝜇" Pb ∗ Pb ∗
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! ./0123143'51236)7'8)19:4)8)20
! Measure incoming photon fluxes
! /)29;0;<)'0='>;?>)4'=43)4'@=44)@0;=29

“='B31KOPK='B31*>#411)0'.B”
PbPb γγ → 𝛾𝛾 Pb ∗ Pb ∗
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! /0:3A'1'+4=@)99'0>10'=26A'+4=@))39'<;1'6==+9';2'/B
! Sensitive to BSM physics
! C)4)':9)3'0='constrain axion-like particle (ALP) models
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! Novel use of forward proton tagging
! Study cross-section suppression 3:)'0='133;0;=216'
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https://arxiv.org/abs/2008.05355
http://cds.cern.ch/record/2727859
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! STARLIGHT MC tends to overpredict the rate of forward activity
! Use of this measurement will allow for improved modelling of photon 

fluxes and reduction of uncertainties for measurements of rarer 
processes!
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! This is not the first observation of LByL
scattering, which was formalized by 
ATLAS in 2019
• Evidence from ATLAS and CMS in 2017 and 

2018 respectively
! Improvements in this analysis:

• Combination of 2015 and 2018 data = 
more luminosity

• Improved diphoton mass and single 
photon energy range increases signal yield 
by 50%

• Presentation of differential distributions
• Constraints on ALPs
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6'721*48*$'721*&#911):'.7*/0'12*34345
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https://arxiv.org/abs/1904.03536
https://arxiv.org/abs/1702.01625
https://arxiv.org/abs/1810.04602
https://arxiv.org/abs/2008.05355
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Selection Notes
! B:90'>1<)'0P='+>=0=29'P;0>'+(

V'&$#'W)*
! N;+>=0=2'8199'V'#'W)*

/)6)@0;=2'=D'+>=0=29

! *)0='=2'041@X9'P;0>'+( V',%%'
B)*'Q 𝜂 < 2.5R

! *)0='=2'+;O)6'041@X9'P;0>'+( V'#%'
B)*'P;0>;2' 𝜂 =D'%$#'=D'1'+>=0=2

L1@0=4'=D'10- 4)3:@0;=2';2'
𝛾𝛾 → 𝑒.𝑒% "1@X?4=:23

! 𝑝/
00 Y','W)*'D=4'𝑚00 < 12W)*

! 𝑝/
00 Y'&'W)*'D=4'𝑚00 > 12W)*

Z)3:@)'"1@X?4=:23'D4=8'
@16=4;8)0)4'2=;9)'123'
@=98;@'41A9

! [@=+61214;0A\'1 − 12""
3

< 0.01 (='4)3:@)'gg → 𝛾𝛾
"1@X?4=:23

6'721*48*$'721*&#911):'.7*/0'12*34345

• F#('6$#*%-&*61&(2%1$,''%'#1)&,3%&'
120 ± 17 stat. ± 13 syst. ± 4 lumi. 30

! :4)$*1'#-4# ! " # " +6$1'0%2-'0#6>#?($'1:.%2
! @*-*#-4#-.'41>#1*-%4#4;#$%&# ' %()

A'TT)0).1'4$*#0-&&*&)#1'-.*+'&10'O%1'-.&U**
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H:!IJ K!EK8787K5LQN

https://arxiv.org/abs/2008.05355
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https://arxiv.org/abs/2008.05355


• First observation of this rare process!
! Previous evidence from ATLAS and CMS in 2016

• A key difference from the PbPb data is ")1" !9
! Use normal LHC pp data: 20-60 collisions per crossing
! There will be a lot of detector activity from the PU (e.g. 

tracks and calo hits)
! !"#$ " #%&'()%*$(+,-.&)%*+,#$)"*$%'&+/0%*$#&$+&

'%$%)1(,%&%2*."#(3($4&5(%$)-*6#7

• Signal selection:
! Tag ! 1 " 2 pairs with #3455> 30 GeV (#3455as a 

MET/neutrino proxy)
! 8%4&#(9,-$")%:&No tracks near leptons with #3 > 500 MeV

• 60)%&30':1,#2%.;&QCD-induced WW events with no 
tracks mimic the signal

• </%$,0(&'"0((/%1/;Physics modelling of events with 
few or no tracks
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https://arxiv.org/abs/1607.03745
https://arxiv.org/abs/1604.04464
http://cds.cern.ch/record/2727859


Modelling challenge Reason

E'$)%/ ! W%&1*,-+)$*+).&'1P*-T*104#X&*'.*O)4,&/-1 #-00)#1$P*C&-$%1'-.?*&3'T1*
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Background modeling:
R#I#(8"2$(/;).1(3#$YY$+/*$
FZ$0+;48,-./*$&S$1+H5)#1$
1-$2"+2$15#;2,.H$-'$
/.H[2,+;41 H+2;"#1$(/$&S$
+/*$*+2+

Signal modeling:
%K2,+;2$*(11-;(+2(3#$1;+)#$
'+;2-,$0<$;-H5+,(/8$8 ##
15#;2,+$?8 ## / * 9 : $B$-'$
*(G)#52-/$#3#/21$I(2"$D$
2,+;41$+8+(/12$\D$2,+;41

http://cds.cern.ch/record/2727859
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DA.HA &'(' $ @A.FI

DA.HB &)&'$ :F
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! Cross section measured in fiducial region 0.035 < 𝜉$%&− 𝜉'' < 0.08:
• 𝜎<<=>?@A. = 11.0 ± 2.6 stat. ± 1.2 syst. ± 0.3 lumi. fb
• 𝜎BB=>?@A. = 7.2 ± 1.6 stat. ± 0.9 syst. ± 0.2 lumi. fb

! Data favors Dyndal-Schoeffel soft-survival probability
• 𝑆CDEF modifies EPA 𝜎 prediction due to strong force interactions between protons
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HI)TN
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https://cds.cern.ch/record/2727863?ln=en
https://arxiv.org/abs/1601.03772
https://arxiv.org/abs/1410.2983


! Practically, photon-photon fusion 
measurements have given us:
• A new observation of a rare SM process
• Precision data for improving models
• Constraints on BSM physics and ALP 

limits
• Data using a new detector component

! Photon-induced physics provides an 
interesting way to !"#$%&'()&*+,&
-./&!012342

! For the future:
• ~=>?&@#,/&.0$0&4)$"&AB!&+#**)3(/&)%&

C2%&D-> better precision in pp studies
• Use AFP in 𝛾𝛾 → 𝑊𝑊 analysis and use 
𝛾𝛾 → 𝑊𝑊 for BSM constraints

• Use exclusive dileptons for BSM 
constraints (e.g. DM/SUSY search)

• Many other detailed studies possible!
!<

A-.#$%&'-.&

!().1*+'&/$4P*T-0*4.*!"#$%&'()*RR*)().1U**J-1'#)*
13)*$4#X*-T*104#X&*40-%.+*13)*)$)#10-.*4.+*,%-.U

https://link.springer.com/article/10.1007/JHEP04(2019)010
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.141801
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! Results from PbPb data-taking
! ML&1CG%J0(X%,C+8(!$+HC&#%+8N(1212 33 , 4D4@ 12 ∗ 12 ∗

• [K\NY+\/ +VEVE+D]R^.%!,%0#%5(*#%7602&1%&3%M#7)#50#$

! 4%D9#KF2K4%D9#(=&"##0$%8DN(1212 33 , "" 12 ∗ 12 ∗

• [K\NY+\/ +VEVE+D]Z^.%"))7'.__1*'U1#$3U1"_$#1,$*_V`DaZDb

! Results from pp data-taking
! ML&1CG%J0(YY(B$+HC&#%+8N(55 "" , - D- @ 5 ∗ 5 ∗

• [;!?;M +KcYS+VEVE+E]R^.%"))7'.__1*'U1#$3U1"_$#1,$*_V`V`RZa

! ML&1CG%J0(H%K10B#+8(B$+HC&#%+8("GG+&%"#0H(I%#9("(#"DD0H(:+$I"$H(
B$+#+8N(55 "" , 6D6@ 5 5 ∗

• [;!?;M +KcYS+VEVE+ETD^.%"))7'.__1*'U1#$3U1"_$#1,$*_V`V`Rb]

D)0)&1*?E6?F*G)&%$1&

https://cds.cern.ch/record/2719516
https://cds.cern.ch/record/2727859
https://cds.cern.ch/record/2727863
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! High PU conditions (in pp) makes tracking computationally expensive
• Putting a minimum track pT cut of 500 MeV reduces tracking time and storage
• BUT ~1/2 of UE tracks have pT < 500 MeV ,/'#%*$,2'$)%1&$"/*/&$,0':*&4#2(.&

)@+,#-/&/?'(2*)-)$8&*/(/'$)#%
! Algorithm has been developed to perform low-pt tracking (down to ~100 

MeV) in events of interest to an analysis
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