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Many opportunities ahead
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2mt and 2mZ thresholds

Since                            one naively expects very small off-shell rates�H/mH ⇠ 3⇥ 10�5
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Interference gg→H*→ZZ with background gg→ZZ

2mt and 2mZ thresholds

 [GeV]µ4m
80 90 100 110 120 130 140

a.
u.

 / 
0.

5 
G

eV

0

0.02

0.04

0.06

0.08

0.1

0.12

 = 125 GeVHm
Gaussian fit

ATLAS Preliminary
Simulation

 = 8 TeV)s (µ4→ZZ*→H

 0.02) GeV±m = (124.88 
 0.02) GeV± = (1.62 σ

: 16%σ 2±fraction outside 

with Z mass constraint

Since                            one naively expects very small off-shell rates�H/mH ⇠ 3⇥ 10�5

Off-Shell Higgs Production

�off�shell
H!4`

�H!4`
⇠ 15%Spectacular fail of the NWA:

Campbell, Ellis, Williams ’13; Kauer, Passarino ’12; 

Caola, Melnikov ’13; Englert, Spannowsky ’14 



LHCP - 21.05.2019Dorival Gonçalves

Off-Shell Higgs Production

Off-shell Higgs carries information on the H couplings at different energy scales

mh 2mZ 2mt m4l

m�1
h ⇠ 10�16cm

L. Gonçalves
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What is the new physics scale?

mh 2mZ 2mt m4l

Off-shell Higgs carries information on the H couplings at different energy scales

L. Gonçalves
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Buschmann, Gonçalves, Kuttimalai, Schonherr, Krauss, Plehn ’14; Azatov, Grojean, Paul, Salvioni '14 
Englert, Soreq, Spannowsky ’14; Corbett, Eboli, Gonçalves, Fraile, Plehn, Rauch ’15
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Is it a portal to a hidden world?

Hidden states could show up in the scale dependence of Higgs couplings, 	
or more broadly in Higgs production processes through quantum corrections

mh>2mS: strong sensitivity 
mh<2mS: sensitivity suppressed

SM Dark 
sector

h S

S

mh 2mZ 2mt

L. Gonçalves

m4l
2mS

Gonçalves, Han, Mukhopadhyay (PRL ’18, PRD ’18)
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Hidden states could show up in the scale dependence of Higgs couplings, 	
or more broadly in Higgs production processes through quantum corrections

SM Dark 
sector

Off-shell probe to Naturalness:

�m2
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�m2
h =

⇤2

16⇡2
(�6y2t + �S)

If                           singlet is like stop	
Alleviate the “little hierarchy” problem

Works for the maximally hidden scenario!

100 150 200 250 300 350
0

2

4

6

8

10

mS @GeVD

l S
Hm h2
L

2s off-shell

14 TeV
L=3 ab-1

27 TeV
L=15 ab-1

m2
h = (m0

h)
2 + �m2

h

Is it natural?

Is it a portal to a hidden world?

Is it natural?

Gonçalves, Han, Mukhopadhyay (PRL ’18, PRD ’18)
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H
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Higher order calculations Efficient analysis technics

…

H

Astill, Bizoń, Re, Zanderighi ‘18

Gonçalves, Krauss, Kuttimalai, Maierhoefer ’15

QCD corrections are dynamic and 
fundamental for robust predictions

Paths towards precision

b

b̄
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BR(H→bb)~58%:  Largest, yet very challenging Higgs decay (overwhelming QCD backgrounds)

Butterworth, Davison, Rubin, Salam (2008) - BDRS method

Jet substructure revolution    

Despite the huge theoretical/experimental effort, it is still challenging to access the BR(H→bb) 	
Only last year, ATLAS/CMS claimed observation (and it required a major combination with several channels) 

AnalysisData Current sensitivity

H

ATLAS '18

b

b̄

Paths towards precision
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Lepton angular distribution works as an analyser, 
probing underlying production dynamics 
encoded in the Ai coefficients: ZH(bb) vs Zbb

Role of the Z polarization in the H→bb measurement

Dorival Gonçalves

Z polarization displays a rich amount of information (8 multipoles coef.) and is not systematically limited        
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experimental uncertainties. It can be promptly 
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Gonçalves, Nakamura PRD ’18
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It directly generalizes to other relevant searches such as Z(ll)H(inv):	
Does not depend on the Higgs decay, only on the Z polarization

Boosting the H→inv searches with Z boson polarization

Gonçalves, Nakamura PRD ‘19
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Expected HL-LHC precisions:ttH channel observation (2018):

Direct CP measurement of Higgs-top coupling

Can we go beyond and directly measure Higgs-top CP structure at the LHC?
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Direct CP measurement of Higgs-top coupling
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New powerful observables and reconstruction: 
sensitive to |cosα|<0.7 Gonçalves, Kong, Kim ’18

Buckley, Gonçalves (PRL ’15)

Boosted Higgs study nicely match with Higgs-top CP-measurement
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Summary

Dorival Gonçalves

The Higgs boson is a new particle type. Likely a portal to new physics!

Off-shell Higgs - New probe to the maximally hidden Higgs portal scenario. May display 
connections to hierarchy problem, DM…

Comprehensive Z polarization: can significantly improve the LHC sensitivity to ZH(bb) & ZH(inv). 
Small experimental uncertainties. Can be promptly included in ATLAS and CMS studies

Direct Higgs-top CP-measurement: Analogously to Higgs-top signal strength measurement, ttH 
provides direct probe Higgs-top CP-structure. Relevant target for forthcoming experimental analyses
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Thank you for your attention!


