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From the movie Particle Fever

2012



THE POST-HIGGS BOSON ERA
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Nature 607, pages 52-59 (2022)

H

https://www.nature.com/articles/s41586-022-04893-w
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THE HIGGS SELF-COUPLING

The Higgs self-coupling 𝜆 determines the shape of the 
energy potential of the Higgs field
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HIGGS PAIRS AT THE LHC
WITH THE ATLAS EXPERIMENT

~ 1 in 1 billion proton-proton collisions @LHC produces a Higgs boson
~ 1 in 1 trillion proton-proton collisions @LHC produces a Higgs boson pair

Need high energy to produce a Higgs boson pair & high luminosity to produce many



21.08.23𝑯𝑯 → 𝒃$𝒃𝜸𝜸

𝑯𝑯 → 𝒃$𝒃𝝉𝝉

𝑯𝑯 → 𝒃$𝒃𝒃$𝒃
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BR ~ 0.26%

BR ~ 33%

BR ~ 7.4%
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HIGGS PAIRS

Phys. Lett. B 843 (2023) 137745 𝜆/𝜆!"=

We are here

We want to 
get here

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub


O(15) charged-particles per p-p interaction 
X # simultaneous p-p interaction
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TRACKS AND VERTICES
The 
building 
blocks 
of the 
LHC 
events



HL-LHC: USING GIGANTIC CAMERAS 
FOR RARE & COMPLEX EVENTS!
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~ 
2 

m

~ 6 m

ATLAS Inner 
Tracker 
(ITk) in 

prepara1on 
for 

HL-LHC
(2029)

200 simultaneous interactions 
per bunch crossing (pile-up)
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BUILDING THE ATLAS ITK

Bare 
local support 

meets 
specifications

𝑻 = −𝟒𝟎. 𝟓 ± 𝟎. 𝟑℃

Late 2020

12

Sam

Fall 2019 Early 2020

V.M.M.CAIRO

Summer 2021 Early 2021
Photo by C. Vernieri
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WHAT’S NEXT?
• Addition of timing layers to HEP detectors 

growing area of interest

• Next step in advancing technologies are real 4-dimensional 
silicon trackers (resolution of O(10	𝜇𝑚) & O(10	𝑝𝑠)) 

• Excellent opportunity during HL-LHC and, in particular, for future energy frontier trackers
• First exploratory studies in ATLAS

 6LPXODWLRQ�3UHOLPLQDU\  6LPXODWLRQ�3UHOLPLQDU\  6LPXODWLRQ�3UHOLPLQDU\  6LPXODWLRQ�3UHOLPLQDU\

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/


 6LPXODWLRQ�3UHOLPLQDU\
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4-DIMENSIONAL TRACKING

Interesting potential 𝐻𝐻 sensitivity increase!

~60% of the times

Bette
r 

perfo
rm

ance

3D

4D

ATL-PHYS-PUB-2023-023 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-023/
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CONCLUSIONS

• Exciting science ahead to track down the Higgs boson properties and 
solve some of the yet-to-be answered questions in Particle Physics

• Interplay between detector design, performance, measurements and 
searches is of paramount importance for LHC physics

2022 …and beyond?2009 20292015

< 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 20 < 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 30 < 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 200< 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 60 < 𝑝𝑖𝑙𝑒 − 𝑢𝑝 > ~ 140
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A HEARTFELT THANKS TO…
…the EPS High Energy Particle Physics Division for this recognition
and to the very many special people, groups, and institutes who share this award with me.

SLAC 
ATLAS

CERN ADP

Bisignano (CS)

(we are 
waaay more 

than this)

(we are almost 
all here)


