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Standard Model “hypothesis” says these different masses are a consequence of  
different interactions with the non-zero Higgs field all around us
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Protons are lighter than neutrons→ protons are stable.  
Giving us the hydrogen atom, & chemistry and biology as we know it 



Why the Higgs is important — Oxford Physics Alumni Garden Party, July 2022 
 

Gavin Salam 6

d
down

≈ 4.7 MeV/c2

up

≈ 2.2 MeV/c2

uproton:

neutron:

up

≈ 2.2 MeV/c2

u d
down

≈ 4.7 MeV/c2

2.2 MeV 2.2 MeV 4.7 MeV

d
down

≈ 4.7 MeV/c2

up

≈ 2.2 MeV/c2

u

2.2 MeV 4.7 MeV 4.7 MeV

+electromagnetic 
   & strong forces
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Supposedly because up quarks interact more weakly  
with the Higgs field than down quarks

++

++

Protons are lighter than neutrons→ protons are stable.  
Giving us the hydrogen atom, & chemistry and biology as we know it 
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Is the Higgs mechanism actually responsible for these particle masses?
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10 11. Status of Higgs boson physics

Table 11.1: State-of-the-art of the theoretical calculations in the main Higgs
production channels in the SM, and the major MC tools used in the simulations

ggF VBF VH tt̄H

Fixed order: Fixed order: Fixed order: Fixed order:

NNLO QCD + NLO EW NNLO QCD NLO QCD+EW NLO QCD

(HIGLU, iHixs, FeHiPro, HNNLO) (VBF@NNLO) (V2HV and HAWK) (Powheg)

Resummed: Fixed order: Fixed order: (MG5 aMC@NLO)

NNLO + NNLL QCD NLO QCD + NLO EW NNLO QCD

(HRes) (HAWK) (VH@NNLO)

Higgs pT :

NNLO+NNLL

(HqT, HRes)

Jet Veto:

N3LO+NNLL

Figure 11.1: Main Leading Order Feynman diagrams contributing to the Higgs
production in (a) gluon fusion, (b) Vector-boson fusion, (c) Higgs-strahlung (or
associated production with a gauge boson), (d) associated production with a pair
of top (or bottom) quarks, (e-f) production in association with a single top quark.
with top quarks.

December 1, 2017 09:35
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https://cern.ch/gsalam/higgs  
CC BY-SA 4.0

https://cern.ch/gsalam/higgs
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How strongly a top-quark interacts with the Higgs field 
determines how often this reaction happens. 

That makes it possible to test whether that interaction 
strength is as needed to generate the top-quark mass

https://cern.ch/gsalam/higgs
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What is the origin of the vast range of 
quark and lepton masses in the 
Standard Model? 

• Are there modified interactions to the Higgs 
boson and known particles?


• Does the Higgs decay into pairs of quarks 
and leptons with distinct flavours (for 
example, H → μ+τ-)? 

Why is the electroweak interaction so much 
stronger than gravity? 

• Are there new particles close to  the mass of the Higgs 
boson?


• Is the Higgs boson elementary or made of other 
particles?


• Are there anomalies in the interactions of the Higgs 
with the W and Z?

Why is there more 
matter than antimatter in 
the universe? 

• Are there charge-parity 
violating Higgs decays? 


• Are there anomalies in the  
Higgs self-coupling that 
would imply a strong first-
order early-universe 
electroweak phase 
transition?


• Are there multiple Higgs 
sectors?

What is the origin of the 
early-universe inflation? 

• Is the Higgs connected to the 
mechanism that drives inflation?


• Are there any imprints in 
cosmological observations?

What is dark matter? 

• Can the Higgs provide a 
portal  to dark matter or a 
dark sector?


• Is the Higgs lifetime 
consistent with the 
Standard Model? 


• Are there new decay 
modes of the Higgs? 

Higgs     
boson

Why is the Higgs field 
non-zero? 

• Supposedly because the 
Higgs potential makes 
that the lowest energy 
state


• Can we verify the SM 
prediction for the Higgs 
potential?

The Higgs boson as the 
mediator of a fifth force 

• unlike other electroweak 
and strong forces, 
strength of interaction is 
not quantised


• i.e. does not come in 
multiples of some 
elementary charge


