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* see Carlos’s talk for direct H signals of new physics …. 
here I focus on indirect signatures
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refers to the ability to reveal BSM behaviours. 
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• Going after “sensitivity”, rather than just precision, opens itself new 
opportunities … 
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For H production off-shell or with large momentum transfer Q, μ~O(Q)

⇒ kinematic reach probes large Λ even 

if precision is low

e.g. δOQ =15% at Q=1 TeV ⇒ Λ~2.5 TeV
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Probing large Q: 
Higgs production at large pT

HL-LHC

NB all rates LO



Probing large Q: 
Higgs production at large pT

HL-LHC

NB all rates LO

H→bb plays a special role here, since large BR can maximize the reach in Q~pT
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ATLAS, Evidence for the H→bb decay with the ATLAS detector 
arXiv:1708.03299

CMS, Evidence for the decay of the Higgs Boson to Bottom Quarks
CMS-PAS-HIG-16-044

I will explore these ideas in the context of the 
VH(→bb) signals discussed in the current H→bb 
searches by ATLAS and CMS:

http://arxiv.org/abs/arXiv:1708.03299
http://cds.cern.ch/record/2278170/files/HIG-16-044-pas.pdf
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In presence of a higher-dim op such as:

Mimasu, Sanz, Williams, arXiv:1512.02572v
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beam energy + statistics, at best we can be sensitive to scales
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When Q is limited (e.g. at 7-8 TeV, or as the 13 TeV lum is still 
small), and given that Λ cannot be too small since we would 
have directly seen the new physics, one can only constrain a 
special class of strongly-interacting theories, which generate 
large Wilson coefficients cw. =>> Biekötter, Knochel, Krämer, Liu, Riva, 

arXiv:1406.7320 

This will change at 14 TeV and high lumi ….
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from the ATLAS note:

best S/B and S/√B => focus here on HZ(→)νν 

For simplicity consider only Z+HF bg, others will be suppressed at high pT
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- mbb cut very important!
- loss of efficiency with ΔR cut at large pT

NB rates include (70%)2 ~ 50% 
b-tagging eff 
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Remove ΔR cut => look at fat jets with double b-tag
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at pT>150 GeV:  B=105   S=104   => δ=√B/S~3%
at pT>600 GeV:  B=102   S=102   =>  δ=√B/S~10%
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at pT>150 GeV:  B=105   S=104   => δ=√B/S~3%
at pT>600 GeV:  B=102   S=102   =>  δ=√B/S~10%

δ ~ (pT,min/Λ)2 => Λ ~ pT,min/√δ =>

Λ600/Λ150 = 600/150 * √(3% / 10%) ~ 2.3

While the measurement at pT>150 is 3x more precise, the 
measurement at pT>600 has 2x the reach in sensitivity for Λ 
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• Shapes are also independent of the impact of BSM on BR’s, which 
could compensate the impact on rates for inclusive production

• Shapes are typically less susceptible to theoretical systematics: one can 
often rely on a direct experimental determination of the SM reference 
behaviour, and can benefit from validation of the theoretical SM 
modeling through data/MC comparisons in control samples.

• On the experimental side, systematics of Higgs-tagging algorithm 
efficiency (jet substructure, ML, …) vs pT,H (for S and B) is probably the 
most relevant issue. But measurement of Zbb in the mbb sidebands is 
probably a robust handle ….
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Large pT Higgs in VBF

LD=6 ⇠ cH@V
v
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~2% deviations in B(H→VV*)

⇒ Λ~ 1.8 TeV ⇒ Λ~ 0.8 TeV 

(for c~1)



Large pT Higgs in VBF
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MG5_aMC@NLO 
study by M.Zaro



gg→H at large pT

(See also 
Azatov and Paul arXiv:1309.5273v3)

top squarks in the loop

Grojean, Salvioni, Schlaffer, Weiler arXiv:1312.3317Banfi Martin Sanz, arXiv:1308.4771 

top partners T 
in the loop

LHC14

http://arxiv.org/abs/1309.5273v3
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CMS, Inclusive search for the standard model Higgs boson produced in pp 
collisions at √s=13 TeV using H→bb decays 
CMS-PAS-HIG-17-010

local 1.5σ,  σH→bb= 74+51−49 fb

https://cds.cern.ch/record/2266164
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• Higher lumi and large BR(H→bb) allow us to consider more 
extreme kinematics for Higgs final states

• pT(H) in the range 500-1000 GeV could offer larger sensitivity to 
deviations from SM than inclusive measurements at the limit of 
their syst/stat reach

• more work to be done, in TH and EXP, to assess more 
conclusively the potential of these measurements. Plenty of room 
for improvements

• Contrary to the direct BSM search programme, which will 
approach its asymptotic limits well before the 3ab–1 are collected, 
the study of Higgs properties will dominate the endgame (cfr 
mW,top at Tevatron)
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