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Motivation

• Measuring the couplings of the 125-GeV 
Higgs boson to SM particles  one of the 
main goals of LHC


• But the couplings are not directly accessible, 
experiments measure signal strengths

→

[              2207.00043]

• When Higgs bosons are produced on-shell 
the signal strength depends on the total 
decay width of the Higgs

[2207.00092]
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 blind direction  ⟹

• Assuming universal Higgs coupling 
modifiers  and κ μon ∼ 1

see also: [Azatov et al `22]
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• SM prediction for the Higgs width:    MeV


• CMS upper limit on Higgs width in the on-shell  channel at :

ΓH = 4.1

gg → H → ZZ* 95 %

Direct measurement of the Higgs width
[CERN Yellow Reports V2]

[             2409.13663]
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[             2409.13663]

Direct limits are orders of 
magnitude weaker than SM 

prediction

Indirect measurements

https://arxiv.org/abs/1610.07922
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Indirect off-shell width measurement
• Off-shell cross section of  enhanced 

by threshold effects


• Can be exploited to measure the Higgs width 


• Requires assumption

gg → H → VV

ΓH
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[Kauer, Passarino `12]
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• Measured by CMS & ATLAS
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[ATLAS 2412.01548]
• Our study: Can we have a sizeable exotic/undetected Higgs width but in 

agreement with current off-shell measurements? 

[Logan `14], [Englert, Spannowsky `14], [Englert, Soreq, Spannowsky `14], [Cacciapaglia et al `14], [Gainer et al `15], 
[Azatov et al `15], [Buschmann et al `15], [Gonçalves, Han, Mukhopadhyay `18], [Anisha et al `26], …

• Various studies for BSM physics in off-shell region, e.g

http://arxiv.org/abs/1307.4935
http://arxiv.org/abs/1206.4803
https://arxiv.org/abs/2304.01532
https://arxiv.org/2409.13663
https://arxiv.org/abs/2412.01548
https://arxiv.org/abs/1412.7577
http://arxiv.org/abs/1405.0285
https://arxiv.org/abs/1410.5440
http://arxiv.org/abs/1406.1757
http://arxiv.org/abs/1403.4951
http://arxiv.org/abs/1410.5806
https://arxiv.org/pdf/1710.02149
http://arxiv.org/abs/2510.00686
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Scrutinising the indirect width measurement
• Focus on off-shell  with only top loop  relevant Higgs couplings: 


• To allow for a larger Higgs width we need to decrease the off-shell rate

gg → H → ZZ ⟹ κt, κZ
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• Allow deviations on ,  and try to reduce off-shell rate by introducing scalars:


➡ Propagating BSM scalar 


➡ Modification of the Higgs gluon-fusion  due to a BSM coloured scalar


➡ Modification the Higgs propagator with a scalar-singlet loop contribution

κt κZ

gg → S → ZZ

gg → H

Representative 
models with 

minimal 
interactions with 

SM fields
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• Simple extension with a scalar singlet coupled to top-quarks and  boson:Z

Propagating Scalar Singlet in the ZZ channel

<latexit sha1_base64="ablI8+57zwKf9eT9DYeIgzV4pqk="></latexit>

tZ + CSttCSZZ = 1

<latexit sha1_base64="4BgF5KxzQvCya8l2gvRo2cZB6v4="></latexit>
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• Unitarity of  channel requires the sum rule:tt̄ → ZZ

• Model implemented with FeynRules and NLOCT
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[Logan `14]

https://feynrules.irmp.ucl.ac.be
https://feynrules.irmp.ucl.ac.be
https://arxiv.org/abs/1412.7577
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Propagating Scalar Singlet in the ZZ channel
• Destructive interference could decrease the off-shell rate depending on 


• Simulations for  level with   GeV with MadGraph5_aMC@NLO


• Size and location of resonance is important

mS, κt, κZ

gg → ZZ mZZ > 220

[Logan `14]
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MH +MS

MSM
H

= tZ � (tZ � 1)
p2 �m2

H

p2 �m2
S
+ imS�S

Analytical (no box interference):
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Using Madgraph5_aMC@NLO

https://arxiv.org/abs/1412.7577
https://launchpad.net/mg5amcnlo
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• To check compatibility with , define the ratio:


• Upper limit on  from ATLAS off-shell signal strength:


• Compare with limits from HiggsBounds* assuming only decays to top-quarks and  bosons

μoff < 2.4

R

Z

Impact of propagating scalar on Higgs width
<latexit sha1_base64="3hGuYxfsE1yRjBPRhqHd6Na3PEk="></latexit>

R(tZ , CSttCSZZ) =
�gg!ZZ(tZ , CSttCSZZ)

�SM
gg!ZZ

<latexit sha1_base64="fUFqIGoSnoIMNY5wgvS0CAhuKG4="></latexit>

Rup =
�(0,0) +

p
µup
o↵ �(2,0) + µup

o↵ �(4,0)

�(0,0) + �(2,0) + �(4,0)
= 3.4

*modified to include [CMS-PAS-HIG-24-002]

allowed region

(HiggsBounds)

upper limit 

including scalar

Limit without

scalar

https://inspirehep.net/literature/2809675
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• Assuming no impact on on-shell signal strength from , we 
can use:


• Experimental bounds on on-shell signal strength (combined  
2  from  channel):


• Re-interpreted upper bound on  as upper bound on 
Higgs width using on-shell results

S

σ 4ℓ

κtκZ

Impact of propagating scalar on Higgs width

<latexit sha1_base64="76NlXJx+io31U288ksBT7Tt0Q6s="></latexit>

µon =
2
t
2
Z

�H/�SM
H

<latexit sha1_base64="Qcfqbx34wZR1rFegTGIqGCQna1M="></latexit>

µATLAS
on = 1.01+0.23

�0.20

For heavy scalars the presence of 
a resonance increases the off-shell 

rate and results on a stronger 
bound on ΓH

‣ For low masses the resonance is outside the off-shell region 
and interference decreases the rate  weaker bound on 


‣ HiggsBounds limits require  (but are model-
dependent)

→ ΓH

ΓH /ΓH
SM ≲ 4
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<latexit sha1_base64="eUc1Ssm79ROTHvjqhWU6vTwIV84=">AAACDHicbVC7TgJBFJ31ifhCLW0mEhOrdZcoWlgQLaQxwSiPBJDMDgNMmNndzNw1kg0fYOOv2FhojK0fYOffOMAWCp5kkpNzzs2de7xQcA2O823NzS8sLi2nVtKra+sbm5mt7YoOIkVZmQYiUDWPaCa4z8rAQbBaqBiRnmBVr38x8qv3TGke+LcwCFlTkq7PO5wSMFIrk21cEilJq4gP8YTeNYA9QHxzNTTiGc7Zxybl2M4YeJa4CcmiBKVW5qvRDmgkmQ9UEK3rrhNCMyYKOBVsmG5EmoWE9kmX1Q31iWS6GY+PGeJ9o7RxJ1Dm+YDH6u+JmEitB9IzSUmgp6e9kfifV4+gc9qMuR9GwHw6WdSJBIYAj5rBba4YBTEwhFDFzV8x7RFFKJj+0qYEd/rkWVLJ2W7ezl8fZQvnSR0ptIv20AFy0QkqoCIqoTKi6BE9o1f0Zj1ZL9a79TGJzlnJzA76A+vzB6bqmXc=</latexit>

!H/!SM
H

< 2.5

[ATLAS 2004.03447]

https://arxiv.org/pdf/2004.03447
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• Investigate simple extension with coloured scalar  
(triplet under SU(3): 

Sc

Gluon fusion modification: coloured scalar

<latexit sha1_base64="MgwE+SNLeD3YHrKk0uejjJV0JQQ="></latexit>

L � DµScD
µS̄c �m2

Sc
ScS̄c + �Sc�

†�S†
cSc

Sc h

g

g

Sc

h

g

gleads to gluon-fusion modification

• No sum rule imposed in this scenario


• Similar parameterisation for the cross section gg → ZZ
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• Define ratio similar to previous case:


• Upper limits on    from κt = κZ = κ

Impact of propagating scalar on Higgs width
<latexit sha1_base64="qf+7Q3Hf9Zk30btHRkm2IHzodCM="></latexit>

R(t,Z ,�Sc) =
�gg!ZZ(t,Z ,�Sc)

�SM
gg!ZZ

<latexit sha1_base64="op2UX0wIrQHtg/DzzGqyigGpSVU=">AAACGHicbVDLSgMxFM34rPVVdekmWARFqTOC6MJF0Y1LX1WhU4c7aWpDMzMhuSOWoX+hG3/FjQtF3Hbn35g+EF8HQg7n3ENyT6ikMOi6H87I6Nj4xGRuKj89Mzs3X1hYvDBJqhmvsEQm+ioEw6WIeQUFSn6lNIcolPwybB32/Mtbro1I4nNsK16L4CYWDcEArRQUtk7X/BYoBZv065Y2XocgOwtYZ53u09NrH/kdZqnq5INC0S25fdC/xBuSYnnF37j/KLePg0LXrycsjXiMTIIxVc9VWMtAo2CSd/J+argC1oIbXrU0hoibWtZfrENXrVKnjUTbEyPtq98TGUTGtKPQTkaATfPb64n/edUUG3u1TMQqRR6zwUONVFJMaK8lWheaM5RtS4BpYf9KWRM0MLRd9krwfq/8l1xsl7ydknti2zggA+TIMlkha8Qju6RMjsgxqRBGHsgTeSGvzqPz7Lw574PREWeYWSI/4HQ/AcYkofo=</latexit>

R(,,�Sc) < Rup
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• Connecting to Higgs width more complicated:

Coloured Scalar: on-shell

<latexit sha1_base64="K2gcxL7VhuC9QXef9V9Aw1lW/gc="></latexit>

µggF
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2
V
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����t +
�Scv

2 [1 + ⌧Scf(⌧Sc)]

m2
H
[1 + (⌧t � 1)f(⌧t)]

����
2

• We use our allowed range of  and require that the on-shell 
signal strengths lie within the ATLAS CL bounds

κ2

95 %
[ATLAS 2004.03447]
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<latexit sha1_base64="P9rUpSwLRlZr6+SDaQdm3Vtf1Cs="></latexit>
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• VBF on-shell signal strength:
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Coloured Scalar: impact on Higgs width
• We obtain the upper bound on the total Higgs width compatible with both on-shell and off-shell results
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1

2

3

4

5

6

7

8

Mass range that is not 
shown results in large 

on-shell signal-strengths

incompatible with 
experimental limits

Overall weaker limit than 
before, but this is because 

we do not use the 
combined on-shell signal 

strength

<latexit sha1_base64="C+Ve3/WmWG1qQJBHCPpJRHITRy8="></latexit>

�H/�SM
H

< 2.5

• Decays of the coloured scalar to fermions require non-zero hypercharge and triplets under SU(3) 
can not decay to gluons

• The coloured scalar could hadronise with a fractional electric charge 
  bounds are around 1 TeV [CMS 1609.08382]⟹

https://arxiv.org/abs/1609.08382
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• Scalar singlet modifying the Higgs propagator at 1-loop through Higgs portal coupling:

Loop modification of Higgs propagator: Higgs portal
<latexit sha1_base64="lUS8ISBsFpYmaHU9MfPrYjc6NJA="></latexit>
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• Higgs amplitude  modification factor:gg → H → ZZ

• Introduced in UFO model as form-factor in order to 
calculate  process with Higgs/box interference 


• Similar cross section parameterisation as before

gg → ZZ
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• Upper limits similar to previous cases:


• Much smaller impact on  even at relatively large couplings κ2 λS

Impact of propagating scalar on Higgs width
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We could again use the on-
shell signal strength to obtain a 

limit on 

 However, given the small 

impact on , we would not get 
a large impact on 

ΓH
→

κ2
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• A direct determination of the Higgs width is not possible in the near future 
                                                need to rely on indirect bounds  from the off-shell  channel


• Effects in the off-shell  channel that decrease the total rate, could allow for enhanced Higgs 
couplings and thus a larger Higgs width  


• We assessed the impact on the Higgs width from three (non-exhaustive)  simplified scenarios:


➡ An additional propagating scalar 


➡ Modification of the Higgs gluon-fusion  due to a coloured scalar


➡ Modification the Higgs propagator with a scalar loop contribution


• Overall, the indirect Higgs width limit remains robust, except for effects arising from scalars with relatively 
low masses  however searches for such scalars can widen the validity of the Higgs width limit

→ ZZ

gg → ZZ
ΓH

gg → S → ZZ

gg → H

→

Conclusions

<latexit sha1_base64="KvMnzmywPRIWk3mxaiSspZCvvFs="></latexit>

} Reduction of off-shell 
rate from interference 

effects
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Conclusions

Thank you !
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• Large interference between  and background  creates a mass shift in 


• Can compare the peaks in  and  channels and use the shift to probe 


• Method limited by current mass resolution

gg → H → γγ gg → γγ mγγ

γγ 4ℓ ΓH

Indirect width measurement: mass shift
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[Dixon, Li `13] [ATL-PHYS-PUB-2016-009]

[Dixon, Li `13]

https://arxiv.org/pdf/1305.3854
https://cds.cern.ch/record/2146386
https://arxiv.org/pdf/1305.3854
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• Investigate simple extension with coloured scalar : Sc

Gluon fusion modification: comparison

<latexit sha1_base64="MgwE+SNLeD3YHrKk0uejjJV0JQQ="></latexit>

L � DµScD
µS̄c �m2

Sc
ScS̄c + �Sc�

†�S†
cSc

Sc h

g

g

Sc

h

g

g
leads to gluon-fusion modification

• Perturbativity is more complicated than before, we do not 
enforce a sum-rule  

Simple analytical setup: 

<latexit sha1_base64="3ijpywMZz79+NTV88/TeULWReZs="></latexit>

øM = ! Z

!
! t +

" Sc v2 [1 + #Sc f (#Sc )]
m2

H [1 + ( #t ! 1)f (#t )]

"

<latexit sha1_base64="KrGMWzdHvDW49y1ey6SdmULEzg0="></latexit>

! i = 4m2
i /p 2

Hfor

<latexit sha1_base64="tn8+dYNi7xJJdI3P9CZD4GweTzw="></latexit>

f(⌧i) =

8
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arcsin2 ⌧�1/2

i ⌧i > 1

� 1
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h
log 1+

p
1�⌧i

1�
p
1�⌧i

� i⇡
i2

⌧i < 1

Modification of SM Higgs contribution:

Loop function:

<latexit sha1_base64="VFHuKRt9S6UefXTMdhfWHpAxNBE="></latexit>

d! gg! ZZ (" t , " Z , #Sc ) =

d! (0 ,0) + " t " Z d! (2 ,0) + " 2
t " 2

Z d! (4 ,0)

+ " Z #Sc d! (1 ,1) + " t " 2
Z #Sc d! (3 ,1)

+ " 2
Z #2

Sc
d! (2 ,2)

Numerical setup: 

 Can compare when box-contributions are not 
included (i.e. only , ,  )
→

dσ(4,0) dσ(3,1) dσ(2,2)

Parameterised cross section for :gg → ZZ
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Coloured scalar: comparison with analytical

Simple analytical setup: Numerical setup: 

!"" #"" $"" %"" &"" '"" (""
")!

")$

")&

")(

*)"

*)!

*)$

*)&

!"" #"" $"" %"" &"" '"" (""
")!

")$

")&

")(

*)"

*)!

*)$

*)&

<latexit sha1_base64="xuZYw2olKK+ffHIgaUB3EMFcRY0="></latexit>

ø M

• For small masses negative induces negative interference (and 
vice-versa for large masses)

λSc
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Coloured scalar  limitsκ2
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• Increasing  does not necessarily increase upper limit on λSc
κ2
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Analytical setup: Numerical setup: 
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<latexit sha1_base64="xuZYw2olKK+ffHIgaUB3EMFcRY0="></latexit>

ø M
Higgs portal: comparison with analytical
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• Check implementation without any box contributions
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• Increasing  quickly leads to issues with perturbative unitarity in many models


• Allowed in Georgi-Machacek models

κV

[Logan, Rentala `15]
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limits obtained using results of [ATLAS 2312.00420] 

(VBF production of  with decays to WW)H±±

5

low mass constraints from

[OPAL hep-ex/0206022]

Enhancing κV

https://arxiv.org/abs/1502.01275
https://arxiv.org/pdf/2312.00420
https://arxiv.org/abs/hep-ex/0206022

