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Figure 3: Leading order Feynman diagrams showing non-resonant production of

pairs of Higgs bosons in the Standard Model: (a) the triangle diagram, featuring

the Higgs boson trilinear self-coupling, labeled with the self-coupling modifier

� ⌘ / and (b) the box diagram, featuring only a loop of quarks.
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 and  combination in ATLASHH → bb̄τ+τ− HH
Serhat Ördek

Topic: FPF
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Very low production rate 
 Not yet experimentally observed⇒

Direct access 
 to Higgs 

 self-coupling!
•Many possible  
final states 

•  balances 
branching fraction 
and background 
rejection

HH

bb̄τ+τ−
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What is Higgs boson pair 
production? Why do we care?

Leading  production mode: gluon fusion HH

Nature 607, 41-47 (2022)

Affects shape of 
Higgs poten^al, so far unknown

Strategy of the 
search for HH → bb̄τ+τ−

Combina^on of searches 
in different  final statesHH

1. Split by leptonic/
hadronic 

decays of  leptonsτ

2. Split by type of  produc^on eventHH

3. Train Boosted Decision Trees 
to separate signal from background

 has highest expected 
sensi-vity to  produc-on as 

predicted by Standard Model

bb̄τ+τ−

HH

Strongest lower bound on 
self-coupling modifier κλ

How far 
can we take it?

Projected -only uncertainty on  
 of at end of HL-LHC

bb̄τ+τ−

κλ ≈ 60 %

Vector-boson 
fusion
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Low-/high-  gluon fusionmHH
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• Mar 2021 - Feb 2023: 
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• Mar 2023 - now: 
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Guiding ques-ons: 
• Is our Universe’s vacuum state stable? 
• Could the electroweak phase transi-on 

have enabled baryon asymmetry? τ
τ

ATLAS 95% CL observed upper limits on  
Run 1: 70  Run 2: 2.9 
Huge improvement, but more precision needed!

μHH
⟶

https://www.nature.com/articles/s41586-022-04899-4

