
Bounding the Higgs width through interference effects 

Prospects for the (HL-)LHC

18th MCnet Meeting 
23 January 2019 

Enrico Bothmann 

Lance Dixon, Stefan Höche, Silvan Kuttimalai



SHERPA overview

!2

Overview

Hard process

Parton shower

Hadronization

MPI
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[Gleisberg et al. 0811.4622]

automated: LO, NLO QCD  
(3.0: NLO EW, DY/DIS NNLO QCD) 
tree generators (Amegic & Comix)  
external loop libraries

parton showers (CS & Dire) 
QED (YFS resummation & shower)

Sjöstrand-Zijl model

Cluster fragmentation 
& Lund String interf.

Hadron Decays

Phase-space or EFTs 
YFS QED corrections

1

2

3
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⤳ each “MC point” gives a fully differential simulated event

https://inspirehep.net/search?p=f%20e%200811.4622


Motivation

‣ Higgs mostly produced through gluon fusion at LHC 

‣ H→ɣɣ decay of high relevance due to clean  
final state 

‣ measure mass peak MH with good accuracy 

‣ can not measure width directly, 𝛤H  < O(10-2) ⨉ exp. resolution 

‣ Higgs might couple to unknown states ⤳  𝛤H > 𝛤HSM 

‣ on-shell signal cross section ~g2/𝛤H ⤳ coupling-width degeneracy 

‣ break degeneracy 

‣ complement with off-shell measurements (somewhat model-
dependent interpretation) 

➡ take interference effects into account, which scale like ~g
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Motivation

‣ Q: estimates for bounds at fixed-order 
already exist, are they robust? 

‣ particle-level prediction, realistic analysis cuts 

‣ Sherpa S-MC@NLO with NLO calculation impl’d 
[Dixon, Li 1305.3854 (2013)] 

‣ background 0j@NLO, ≤3j@LO CKKW-L 

‣ estimate (HL-)LHC reach using toy experiments 

‣ explore possibility of a direct line shape fit
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Overview: Mass shift through interference
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observation: interference of 
gg→H→ɣɣ with gg→quark loop→ɣɣ 
⇒ Higgs mass peak in mɣɣ shifts: 

ΔMH = − 150 MeV (LO)

[Martin 1208.1533 (2012)]



Overview: Mass shift through interference

!5

observation: interference of 
gg→H→ɣɣ with gg→quark loop→ɣɣ 
⇒ Higgs mass peak in mɣɣ shifts: 

ΔMH = − 150 MeV (LO)

[Martin 1208.1533 (2012)]

∼ 30 × ΓSM
H (4 MeV)

∼ 0.1 × σres (1.7 GeV)
∼ 2.5 × mγγ

H uncert . (0.4 GeV at 36 fb−1 13 TeV)
[ATLAS 1806.00242]



Overview: Mass shift through interference

!5

observation: interference of 
gg→H→ɣɣ with gg→quark loop→ɣɣ 
⇒ Higgs mass peak in mɣɣ shifts: 

ΔMH = − 150 MeV (LO)

[Martin 1208.1533 (2012)]

120 122 124 126 128 130

1: Breit-Wigner 
peak

2: shifted Breit- 
Wigner peak

3: smeared 
shifted peak

ΔMH

σres

∼ 30 × ΓSM
H (4 MeV)

∼ 0.1 × σres (1.7 GeV)
∼ 2.5 × mγγ

H uncert . (0.4 GeV at 36 fb−1 13 TeV)
[ATLAS 1806.00242]



Overview: Mass shift through interference

!5

observation: interference of 
gg→H→ɣɣ with gg→quark loop→ɣɣ 
⇒ Higgs mass peak in mɣɣ shifts: 

ΔMH = − 150 MeV (LO)

[Martin 1208.1533 (2012)]

(reduced due to large signal K factor) 

observation: fixing signal event yield 
𝛤H  bound independent from further 
assumptions on couplings and/or 
decay modes

ΔMH = − 70 MeV (NLO)

[Dixon, Li 1305.3854 (2013)]
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Why is the peak shifting?
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ℳ =
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Why should we care?

‣ BSM: factors cg, cɣ for Hgg, Hɣɣ couplings (SM: 1) 

‣ let cg, cɣ, 𝛤H vary, but keep measured signal yield fixed: 𝜇ɣɣ  ≈ 1 
 
 
 
 

‣ 𝜎I very small, can be neglected for 𝛤H ≲ 100 𝛤HSM
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BSM parametrisation = SM × signal yield
(cgcγ)2σS

mHΓH
+ cgcγσI = ( σS

mHΓSM
H

+ σI) μγγ

⇒ cgcγ = μγγ
ΓH

ΓSM
H

and with ΔmH ∼ cgcγ → ΔmH ∼ μγγ
ΓH

ΓSM
H

⇒ bound on 𝛤H independent from further 
assumptions on couplings and/or decay modes

[Dixon, Li 1305.3854 (2013)]



A reference value for mH
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we need a comparison value to 
extract 𝛥mH = mHshifted - mHactual 

‣ ɣɣj has smaller relative magnitude 
of interference 

‣ … and opposite sign of 
interference for qg- and gg-
initiated channels ⇒ cancellation 

⤳ pT,H cut dependent mass shift
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‣ extract shift within gg→H→ɣɣ(j) channel by comparing large pT 
bin and low pT bin

‣ projection to HL-LHC (3 ab-1): 95 % CL limit for  𝛤H ≤15 𝛤HSM

‣ but fixed-order unreliable for low pT ⤳ how stable when 
including resummation (& hadronisation?) effects
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pT extraction for fixed-order & resummed
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[Dixon, Li 1305.3854]
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pT extraction for fixed-order & resummed

!9

Γ = ΓSM

Sherpa MC@NLO (parton-level)

preliminary  
HL-LHC (3 ab-1)

[Dixon, Li 1305.3854] [Cieri et al 1706.07331]



pT extraction for fixed-order & resummed

!9

Γ = ΓSM

Sherpa MC@NLO (parton-level)

preliminary  
HL-LHC (3 ab-1)

Sherpa MC@NLO (parton-level)

preliminary 
HL-LHC (3 ab-1)

[Dixon, Li 1305.3854] [Cieri et al 1706.07331]



pT extraction for fixed-order & resummed

!9

Γ = ΓSM

Sherpa MC@NLO (parton-level)

preliminary  
HL-LHC (3 ab-1)

Sherpa MC@NLO (parton-level)

preliminary 
HL-LHC (3 ab-1)
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⤳ fixed-order bound 𝛤H ≤ 15 𝛤HSM degrades after 
resummation to 𝛤H ≤ 32 𝛤HSM 

(will suffer from  theory uncertainties due to matching 
uncertainties; observable effectively LO, NLO not available



Go back to the mɣɣ distribution?

‣ can we just go back to the mɣɣ distribution and fit something 
that includes the shape distortion?? ⤳ all data in fiducial region  

‣ convolution of Lorentzian with Gaussian  
⇒ Faddeeva function: 

‣ sole theoretical input: 𝜎R , 𝜎S , 𝜎I 

‣ fit to (MC) data
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𝒮 =
w(z−) − w(z+)

2 2π σ
with z∓ =

mγγ ∓ MH

2 σ
, MH = m2

H − i mHΓH

ℱ = N [ Re{𝒮}
Re{𝒩}

+ NRS
Im{𝒮}
Im{𝒩} ] where NRS = σR (σS cgγ

ΓH,SM

ΓH
+ σI)

−1

w(z) = e−z2erfc(−iz)



GOF comparison for Faddeeva vs. Gaussian
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preliminary  
Sherpa MC@NLO (parton-level)

Faddeeva fit

preliminary 
Sherpa MC@NLO (parton-level)

Gauss fit

⤳ Residuals reduced by factor > 4 by using Faddeeva function



Direct-fit method result
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⤳ HL-LHC bound using direct-fit method: 𝛤H ≤ 8 𝛤HSM
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Conclusions

‣ interference-induced Higgs peak shift 

‣ extract the shift ⇒ model-independent bound on 𝛤H 

‣ HL-LHC bounds (preliminary) 
‣ e.g. by comparing shift in high-/low H pT 

‣ fixed-order bound 𝛤H ≤ 15 𝛤HSM degrades after 
resummation to 𝛤H ≤ 32 𝛤HSM 

‣ or by directly fitting distorted peak in mɣɣ 

‣ looks like 𝛤H ≤ 8 𝛤HSM
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Back-up
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Interference contributions

!15

[Dixon 1305.3854]



Matching uncertainties

!16

50 100 150 200
pmin
? [GeV]

�100

�80

�60

�40

�20

0
D

M
(p

?
>

pm
in

?
)

[M
eV

]

PRELIMINARY
SHERPA

Fixed order
MC@NLO · CS shower
MC@NLO · Dire shower

⤳ large matching uncertainties, can be traced back to the 
large radiative corrections to the signal at NLO



NLO „fudge” factor for real-emission events
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include universal higher-order corrections in all components 
of the NLO calculation and subtracted the overlap

[Magnea, Sterman Phys. 
Rev. D42, 4222 (1990)]



Background prediction
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[ATLAS 1704.03839]


