
1

The 𝛾𝛾 contribution to the Higgs 
discovery with the ATLAS detector
(a personal overview)

HiggsDiscovery@10 
Birmingham, June 30 and July 1, 2022
L. Carminati (Universita’ Degli Studi and INFN, Milano ) 

…. and many others (N. Berger, M. Delmastro, M. Escalier, L. Fayard, J. Schaarschmidt, , K. Tackmann, J. 
Tanaka, H. Torres, H. Wang) 



To make a long story…longer
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From ATLAS Detector, Physics and 
Performance  TDR back in 1999

https://cds.cern.ch/record/391177


To make a long story…longer
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In principle the analysis itself is quite simple : look for two 
high pT photons 

❏ Trigger: two clusters with ET
ϒ1 > 20(35) ET

ϒ1>20(25) 
compatible with showers initiated by a photon (loose 
selection)  

❏ Both photons with |𝜂|<2.37 (1.37<|𝜂|<1.56 excluded)
❏ Both photon candidates are calibrated: ET

ϒ1 > 40 GeV 
(leading)  and ET

ϒ2 > 30 GeV (subleading) 
❏ Both photon candidates are required to fulfill 

identification criteria (tight selection)
❏ Both photon candidates are required to be isolated ( 

low hadronic activity around the candidate)
❏ Select a discriminating variable (invariant mass ) 

❏ Categorisation of the events
❏ Model signal and background invariant mass 

distributions with functional forms in each category 
❏ Fit to data !



To make a long story…longer
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From ATLAS Detector, Physics and 
Performance  TDR back in 1999

1-Excellent energy 
resolution

2-Excellent angular 
resolution

3-Powerful particle 
identification capability

https://cds.cern.ch/record/391177


To make a long story…longer
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2-The EM calorimeter is 
longitudinally segmented 
allowing the photon 
direction measurement

3-The calorimeter has a 
very fine first layer to 
reject neutral pions 

1-The EM calorimeter is a 
sampling calorimeter so quite 
poor sampling term, constant 
term is the key point here ! 



1-calorimeter energy resolution
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Constant term requirements met 
only through a maniacal 

characterization of each single 
component and  assembly



2-direction resolution
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The determination of the interaction vertex is crucial for the invariant mass calculation : for di-photon events 
( especially in high pileup conditions ) might not be a good idea to rely on tracking 

     

Interaction vertex from the EM Calo alone by a 
common vertex fit of the two photons +  
beam-spot constraint : z = 0, σz = 5.6 cm.

 



3-photon identification, background rejection
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Photon identification through criteria on variables quantifying the shower development in the calorimeter ( 
shower shapes ) 



To make a long story…longer
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To make a long story…longer
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A long and hard road : testbeams !
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Long testbeam campaign to understand and improve the the detector performance   

‘local’ 
performance

‘global’ 
performance

‘local’ performance

http://arxiv.org/abs/0709.1094v1
http://arxiv.org/abs/0709.1094v1
http://arxiv.org/abs/physics/0608012v1


A long and hard road : testbeams !
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Measurement of pi0 rejection capability on testbeam data : create pseudo-pi0s from single photons showers

Teastbeam 
measurements paper

https://arxiv.org/pdf/physics/0505127


First data 900 GeV : the first di-photon resonance 
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The analysis is based on a data sample collected at √s = 900 GeV. The sample requires good data quality for the 
electromagnetic calorimeter and hadronic calorimeters. The solenoidal field is required to be at its nominal value. The data 
sample consists of 493,683 collision candidates which corresponds to an integrated luminosity of approximately 11.5 μb−1.

ATLAS-CONF-2010-006

https://cds.cern.ch/record/1273999


The first evidence of prompt photon production
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ATLAS-CONF-2010-077

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-077/


First measurement of prompt di-photon production
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First diphoton paper

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2011-05/


First measurement of prompt di-photon production
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First diphoton paper

I think a few things that I remember particularly on the 
physics side:

- the long discussions how to assign a proper 
uncertainty to the background model choice and 
introduction of the spurious signal uncertainty

- the check on the dip just left of the peak, and 
whether or not this was indicating some problem 
(e.g. affecting the background shape, or pointing 
to us having made some mistake)

[K. Tackmann]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2011-05/


Higgs search is on : June 2011, 0.209 fb-1
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PLHC results

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-085/


Higgs search is on : August 2011, 1.08 fb-1
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Primary vertex from calo pointing : 
𝜎Z ≈ 1.6 cm (better with converted 
photons). Impact of the angle 
measurement on invariant mass 
resolution negligible compared to 
the photon energy resolution

'EPS 2011' paper

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2011-04/


Higgs search is on : December 2011, 4.9 fb-1
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'Council" paper

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-02/


Eagerly waiting for new data
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Frenetic activity on several fronts in the first half of 2012 :

❏ Optimised pt selection
❏ Robust photonID menu to reduce 

the impact of pileup
❏ Topological cluster based isolation
❏ Improved conversion 

reconstruction
❏ Primary vertex selection 

combining calo pointing and 
Sumpt2

❏ New “VBF” category
❏ Background modelling and 

uncertainty

Kerstin Tackmann, Hyy 
meeting, May 10, 2012



Towards unblinding
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Junichi Tanaka (convener), 
Hyy meeting introduction, 
May 29, 2012



Towards unblinding
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Junichi Tanaka (convener), 
Hyy meeting introduction, 
May 31, 2012

The decision was taken !



Towards unblinding
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Junichi Tanaka, 
Hyy convener



Checks, checks, checks
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July 4, 45 pages 
presentation

July 4, 65 pages 
presentation

To be honest, as a convener of HSG1, I 
definitely needed to avoid making a false 
"discovery", so I also spent much time for 
x-checks of data…

[J. Tanaka]

I think the thoughts were all about "what if 
we have a bug somewhere", or "what if we 
missed something", "what if this isn't real" 
etc. In fact, I think we performed checks all 
the way until the night before the discovery. 
Well, I'm glad we weren't wrong.

[J. Schaarschmidt]



The last mile
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Junichi Tanaka (convener), 
Hyy meeting introduction, 
June 26, 2012



The big day

26

1.8 +/- 0.52.5 expected, 4.5 
observed



The seminar
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Courtesy of M. 
Delmastro



The big day
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I don't think I have a lot of documents from that time 
(somehow there was too much to do at the time to 
keep records :-). My main story about that time is that 
on July 4th I was so exhausted that I was sleeping at 
home at the time of the big announcement :-) ) 
[ N. Berger ]

On the non-physics side I remember the sleep 
deprivation, including falling asleep during dinner 
(literally, at the table, around 7 pm) and sleeping 14 
hours non-stop one night (also literally) after delivering 
some new version of the conf note draft. I was more 
sleep deprived during the Higgs discovery than a few 
months ago right after my daughter was born.
[K. Tackmann]

I don't think I have a lot of documents from that time 
(somehow there was too much to do at the time to 
keep records :-). My main story about that time is that 
on July 4th I was so exhausted that I was sleeping at 
home at the time of the big announcement :-) ) 
[ N. Berger ]

On the non-physics side I remember the sleep 
deprivation, including falling asleep during dinner 
(literally, at the table, around 7 pm) and sleeping 14 
hours non-stop one night (also literally) after delivering 
some new version of the conf note draft. I was more 
sleep deprived during the Higgs discovery than a few 
months ago right after my daughter was born.
[K. Tackmann]

Courtesy of M. 
Delmastro



Celebrations
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Courtesy of M. 
Delmastro



Conclusions
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❏ The discovery of the Higgs boson was a real groundbreaking milestone in HEP, it was fantastic for me 
to be part of this

❏ Higgs to diphoton channel was expected to be important since the beginning although with large 
uncertainties. Basically the real bet was on the detector performance : the detectors have maintained 
their promises !

❏ This giant effort only possible through a worldwide collaboration based on respect, information 
exchange, discussions inside a team of dedicated and passionate physicists, engineers, technicians, 
computing experts.

❏ Personal comment: I was lucky enough to have see the electromagnetic calorimeter parts on a table, 
follow the assembling, test-beams and the fist physics analyses. I’m honored for the opportunity I had 
to work within this environment, I certainly learned from my colleagues much more than I gave back !  



What are we measuring now
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What are we measuring now
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What are we measuring now
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To make a long story…longer
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Letter of intent, 
1992

http://cds.cern.ch/record/291061/files/cm-p00043027.pdf


To make a long story…longer
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Technical 
proposal, 1994

https://cds.cern.ch/record/290968/files/cer-0212025%202.pdf
https://cds.cern.ch/record/290968/files/cer-0212025%202.pdf


To make a long story…longer
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From ATLAS Detector, Physics and 
Performance  TDR back in 1999

How we imagined a 120 GeV 
boson in 100 fb-1 of data in 1999

https://cds.cern.ch/record/391177


A long and hard road : testbeams !

37

Teastbeam 
measurements paper

https://arxiv.org/pdf/physics/0505127


Towards unblinding
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“I needed a kind of x-check by Kostas but I remember that Kostas told 
me like "...ask H->gamgam to discover the Higgs..." (but I don't 
remember the exact phrase...) because around May (?) or June (?) 2012, 
there was no clear evidence in the 4l-channel...
To be honest, I could not enjoy the discovery so much before July 4th.
(As you know, H->gamgam has many BG, so the peak is not relatively 
clear comparing to 4l. We have to rely on p0-value in a sense.
Of course, a clear peak of the 4l-channel reassured me.)

{(If Kostas does not remember or I'm wrong, please let me know. I need to update my 
memory...)}”

[J. Tanaka]



To make a long story…longer
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CSC notes, 2008

http://cds.cern.ch/record/1125884

