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26th Deutsche Physikerinnentagung 22 – Karlsruhe
German Conference of Women in Physics

● Over 250 participants
● Vast physics program and career seminars/workshops over 4 days
● https://indico.scc.kit.edu/event/2604/
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SM Di-Higgs production

LHCXSWG FTapprox : full NNLO QCD in the heavy-top-limit with full LO and NLO mass effects
and full mass dependence in the one-loop double real corrections at NNLO

At LO
Trilinear

λHHH

Top Yukawa
yt

(Internal note, NLO heavy top mass limit)
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CP-violation

BSM Di-Higgs production
● Deviations from the SM trilinear coupling and top Yukawa.
● New particles:

CP-violation

SUSY 
excl. +...

● Several new Yukawa coup., masses, widths, trilinear couplings. R2HDM: 6 parameters [SM tril./yuk + BSM tril/yuk/mass/width]
● In CP-violating scenarios, last diagram is expected to be small.

Intermediary scalars
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● Interest to extend resonant searches to include large width/interference 
effects [motivated from several BSM models]

● Interferences in a model independent** way → dependence with trilinear, 
yukawas, masses, widths…

Tasks: 
1) Get the allowed maximum res. prod. XS (pp → H → h_SM h_SM) for mass values of the 

resonance, and ranges of pertinent parameters around these maxima 
2) What is the differential distributions dependence on these parameters [(R2HDM Katerina’s 

talk)]
3) Implement models for MC generators to simulate these signals 

Defined tasks from HH subgroup meeting
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Models:
● R2HDM – One possible heavy resonance (H1, H2, A)
● N2HDM – Two possible heavy resonance (H1, H2, H3, A)
● Generally, models include res., non-res. and interference parts.

Random parameter scans [ScannerS]: 
● Single Higgs: SusHi@NNLO
● Double Higgs: HPAIR@LO [K-factor 2]
● Relevant theoretical constraints
● STU/Single Higgs constraints
● Res. HH contraints applied to NWA points [w/m<5%] [assumes no interf. and SM-like non. res 

contribution]
● Non. res. HH constraints applied to points where res. contribution is less than 10% the full XS 

Models/definitions
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Allowed resonant production
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Allowed resonant production
R2HDM-I

● Left: XS*BR [assumes NWA], Right: Full XS vs. Res. Contribution [NWA]
● Approximation is valid for high XS
● Full discussion of exp. limits on these models: 2112.12515
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First task – preliminary results
● Reference mass values: 260, 500, 1000, 1500, 2000, 2500, 3000 GeV (+/- 5 GeV)
● Look at maximum res. XS: Draw -10% window [not possible due to sample size]

 → Draw – O(10^-1) window

● κλ and  λ112 have the same sign
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Trilinear sign effects
Taken from: Katerina Radchenko [LHC-HH Subgroup meeting 28 Sep. 22]



11

● Larger widths allowed → NWA not valid anymore

Allowed resonant production
N2HDM-I
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First task – preliminary results

N2HDM-I (H2 as res. of interest):

● Larger widths allowed → NWA not valid anymore
● κλ can be 0
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Width effects of the Heavy Higgs
Taken from: Katerina Radchenko [LHC-HH Subgroup meeting 28 Sep. 22]
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Allowed resonant production
N2HDM-I

● H_2 is SM-like
● Very large destructive interferences
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Approximation effects to differential distributions
Taken from: Tania Robens [LHC-HH Subgroup meeting 28 Sep. 22]
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Conclusions [arXiv:2112.12515]
● BSM models allow for more complex phenomenology than SM

• Resonances (maybe more than one)
• Large widths
• Interferences
• Currently exp. analysis consider one resonance, NWA and SM-like HH non. resonant background

● First task: establish a common ground for comparison between BSM models
● Dedicated scans are needed to focus on specific parameter space regions

● Second task: differential distributions dependence with parameters
● Sign of the trilinears affects interference structure
● Large widths/detector smearing flattens the distributions
● Interplay of several resonances (to be done)

● Third task: Implementing a MC generator [implemented by F. Egle]


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16

