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TRIGGERING ON LIGHT-BY-LIGHT 
SCATTERING IN THE ATLAS EXPERIMENT

Introduction
 Light-by-light (LbyL) 

scattering is a quantum-
mechanical process with 
a small cross-section, but 
theoretically possible to ob-
serve in ultra-peripheral high 
energy heavy-ion collisions.

 Evidence of LbyL scattering 
in Pb+Pb collisions was 
found by ATLAS in 2017 [1].

 Photons in HI collisions 
come from strong EM field 
originating from relativistic 
Pb ions.

 LbyL final state is 
characterized by:

 Exactly two back-to-back 
(acoplanarity, 
Aco = |1-Δϕ

γγ
/π| < 0.01), 

low energetic photons 
(E

T
 > 2.5 GeV )

 Low diphoton mass 
(M

inv
 > 5 GeV)

 Minor detector activity.

  
  
  
  
  
  
  

Trigger strategy
● Triggering on LbyL is 

challenging due to very low 
photon E

T
.

● Trigger used in 2015 to 
collect data for the LbyL 
analysis required:

• At Level-1: total transverse 
energy (E

T
L1) greater than 

5 GeV (Level-1 TE5 trigger) 
and 200 GeV veto on E

T
L1,

• At High level trigger:
 No more than 1 hit in the 

inner ring of MBTS,
 Maximum 10 hits in Pixel 

detector.
● For 2018 Pb+Pb, the aim is 

to study the impact of 
improved Level-1 calorimeter 
noise settings on the trigger 
performance and optimiza-
tion of E

T
L1 requirement.

Event 
characteristics

● Exclusive pairs of electrons  
have a similar detector 
signature as LbyL photons.

● Such events may be used 
for trigger studies.

● Their main characteristics 
are as follow:

• Low energy of products
• Good correlation between 

particles energy
• Aco < 0.01
• Minor detector activity.

Efficiency in 
2015 Pb+Pb

● Trigger efficiency in 2015 is 
measured using exclusive 
e+e- events passing a dedi-
cated supporting trigger.

● It is presented as a function 
of the sum of transverse 
energy of two EM clusters 
corresponding to the e+e- 
pair.

● Trigger reaches ~20% for 
E

T
cluster1+E

T
cluster2 = 5 GeV and  

~70% for the sum of 6 GeV.

 

Event selection
● Estimate of trigger efficiency 

for improved calorimeter 
noise settings at Level-1 is 
performed with a data 
sample from Xe+Xe 
collisions at        = 5.44 TeV, 
collected in October 2017.

● Exclusive e+e- events for 
efficiency measurement are 
selected using a set of offline 
requirements:

• Minimum bias trigger: 
logical OR of two triggers, 
first one requiring 
E

T
L1 ≤ 4 GeV at Level-1 and 

at least one track at HLT 
and a second one requiring 
E

T
L1 > 4 GeV

• Exactly two oppositely-
charged tracks with 
p

T
 > 1 GeV 

• Tracks matched to EM 
clusters with ΔR < 0.7 

• Minor detector activity, 
described by the sum of p

T
 

of remaining tracks, to be 
less than 2 GeV

• Aco < 0.2.

Trigger rate
 Improvement of calorimeter 

noise settings at Level-1 re-
sults in increased rates of to-
tal transverse energy triggers.

 Necessary rate reduction may 
be achieved by imposing a 
veto on E

T
L1.

 In 2015 Pb+Pb, a veto 
E

T
L1 < 200 GeV reduced rate 

at Level-1 by a factor of 3.5.
 In selected exclusive e+e- 

events, the E
T

L1 distribution 

reaches up to 25 GeV.
 Several thresholds on E

T
L1 are 

considered in the range 70–
200 GeV.

 The higher threshold gives 
more sensitivity for BSM 
searches [2].
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Efficiency in 2017 Xe+Xe
● Trigger efficiency is measured for two items: Level-1 TE4 and 

Level-1 TE5.
● It is presented as a function of the sum of transverse energy of 

two EM clusters corresponding to the e+e- pair.
● The Level-1 TE4 trigger is fully efficient starting from 5 GeV, while 

Level-1 TE5 starting from 8 GeV. 
● Both triggers turn on faster and have higher efficiency in 

comparison to the trigger used in 2015 Pb+Pb.
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