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Plan

• Some background, motivation, discussion questions 

• Laying out of the benchmarks submitted 

• Which of these should be used or modified? 

• What do we still need in terms of benchmarks?



Snowmass has a history of benchmarking

In fact as a wee grad student, one of my first intros to Snowmass was what is SPS1a  

and why do I care? 



Snowmass has a history of benchmarking

Not here to judge prior benchmarks, and now I’m old so…





Why do we want di-Higgs 
benchmarks?
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A fundamental experimental question, what is the Higgs potential?



Unfortunately it’s very difficult and 
it interferes with itself

where the SM Lagrangian corresponds to cV = c2V = 1. More generally, the terms of interest
to all Higgs production modes include
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where the SM corresponds to cV = c2V = 1, ct = 1, �3 = 1 and c2t = cg = c2g = 0. Note in
particular that modifications to the top yukawa coupling, as well as potential new contact
interactions with gluons (cg, c2g) that can arise from integrating out heavy states.

2.1 Di-Higgs Production and the Trilinear Coupling

Figure 1: Diagrams contributing to di-Higgs production via gluon-gluon fusion. An addi-
tional diagram that comes from crossing the top quark box is not shown.

Di-Higgs production can proceed through a number of di↵erent production modes. Es-
sentially, any single-Higgs production mode can be modified by taking the Higgs o↵-shell
and inserting a trilinear interaction, �3. The dominant production mode is via gluon-gluon
fusion, shown in Fig. ??. In addition to the triangle diagram proportional to �3, there is
another diagram resulting from a box of top quarks, which has the same final state and
interferes destructively due to the extra fermion line. The two diagrams scale roughly as
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Despite this interference, the gluon-gluon fusion cross section is still roughly an order of
magnitude greater than the subleading VBF mode, as shown in Fig. ??. The interference
also leads to an interesting shape in the �gg!hh vs. �3 curve, as shown in Fig. ??.

In Fig. ??, we show the gg ! hh cross section as a function of �3 at several di↵erent
orders of the computation (LO, NLO(heft), NLO FTapprox, and the full NLO). Here we can
see that while the overall behavior remains the same going from LO to NLO, the shape of
the curve changes slightly, and the minimum value of �3 even shifts slightly. Perhaps most
importantly, the NLO cross section seems to depend more sensitively on �3 than the LO
computation that we usually work with. The slope |d(�/�SM)/d(�/�SM)| increases from 0.82

3

However, just measuring the SM value 
would be seeing something qualitatively new!

To learn more we need to look at Higgs self-interactions

NEVER SEEN BEFORE IN NATURE! 
Every other particle changes its type when it interacts with itself



Of course if it’s different than the SM prediction  this means BSM
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Many ways BSM physics can alter di-Higgs

Initial state

Intermediate state

Final state



How do we choose benchmarks?

They at least had it “easy” there was an agreed on particle content… 



How do we choose benchmarks?



What’s already being done versus what’s new?

If something is already done - is there a theory connection that points to a certain precision? 





What’s already being done versus what’s new?

If something is already done - is there a theory connection that points to a certain precision? 

(e.g. electroweak phase transition/delayed transition/non-restoration) 

Are there qualitatively new phenomena not considered so far that lead to new experimental 
techniques/needs?

Should we aim benchmarks that exploit different collider options, or is there one 
collider to rule them all?

Are there any motivated reasons we need to push beyond what we have so far?



#Snowmass1982 #Snowmass2058



So…




