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Higgs LFV decay studies
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Overview of results
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ATLAS
→ Using Run 1 data, 20.3 𝑓𝑏−1 @ 8 TeV
→ Decay modes to search for 𝐻 → 𝜇𝜏, 𝑒𝜏:
𝜇𝜏ℎ, 𝑒𝜏ℎ, 𝜇𝜏𝑒 + 𝑒𝜏𝜇 joint search

→ Results obtained are
𝐵𝑅 𝐻 → 𝜇𝜏 < 1.43% at 95% CL
𝐵𝑅 𝐻 → 𝑒𝜏 < 1.04% at 95% CL

→ JHEP 11 (2015) 211
→ EPJ C 77 (2017) 70 latest, includes 
combination with above.

CMS
→ Prior 𝐻 → 𝜇𝜏 study using Run 1 data, 
19.7 𝑓𝑏−1 @ 8 TeV showed a slight excess of 
events with the result

𝐵𝑅 𝐻 → 𝜇𝜏 = 0.84−0.37
+0.39% at 68% CL

𝐵𝑅 𝐻 → 𝜇𝜏 < 1.51% at 95% CL

→ Using Run 2 data, 35.9 𝑓𝑏−1 @ 13 TeV,
decay modes used to search for 𝐻 → 𝜇𝜏, 𝑒𝜏:
𝜇𝜏ℎ, 𝑒𝜏ℎ, 𝜇𝜏𝑙 + 𝑒𝜏𝑙 joint search

→ Results obtained are
𝐵𝑅 𝐻 → 𝜇𝜏 < 0.25% at 95% CL
𝐵𝑅 𝐻 → 𝑒𝜏 < 0.61% at 95% CL

→ JHEP 06 (2018) 001

https://doi.org/10.1007/JHEP11(2015)211
10.1140/epjc/s10052-017-4624-0
https://doi.org/10.1016/j.physletb.2015.07.053
https://doi.org/10.1007/JHEP06(2018)001


CMS analysis: Strategy
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→Main improvement since previous results is the inclusion of signal vs bkg. BDTs in likelihood. 
Tighter cuts and the use of 𝑀𝑐𝑜𝑙 is used as a cross-check method.
→ Categorization based on associated jets: 0-jet, 1-jet, 2-jet ggH (𝑚𝑗𝑗 < 550 GeV), and 2-jet 

VBF (𝑚𝑗𝑗 > 550 GeV)



CMS analysis: Results
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𝐵𝑅 𝐻 → 𝜇𝜏 < 0.25% at 95% CL 𝐵𝑅 𝐻 → 𝑒𝜏 < 0.61% at 95% CL



CMS analysis: Interpretation
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ATLAS analysis: 𝜇𝜏ℎ and 𝑒𝜏ℎ strategy
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→ Events are divided into two signal regions and a W+jets control region in the 𝑚𝑇
𝑙,𝐸𝑇

𝑚𝑖𝑠𝑠

-

𝑚𝑇
𝜏ℎ,𝐸𝑇

𝑚𝑖𝑠𝑠

plane (𝑚𝑇
𝑙,𝐸𝑇

𝑚𝑖𝑠𝑠

= 2𝑝𝑇
𝑙 𝐸𝑇

𝑚𝑖𝑠𝑠 1 − 𝑐𝑜𝑠𝜙 )

→ The likelihood is constructed as a function of the Missing Mass Calculator Mass 𝑚𝑙𝜏
𝑀𝑀𝐶. 

https://doi.org/10.1016/j.nima.2011.07.009


ATLAS analysis: 𝜇𝜏𝑒 and 𝑒𝜏𝜇 strategy
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→ Events are divided in two signal regions: 𝑆𝑅𝑛𝑜𝐽𝑒𝑡𝑠 with no central ( 𝜂𝑗 < 2.4) jets, and 

𝑆𝑅𝑤𝑖𝑡ℎ𝐽𝑒𝑡𝑠 with ≥ 1 central jets with no b-tag.

→ The likelihood is constructed as a function of the collinear mass 𝑚𝑐𝑜𝑙𝑙.
→ Data-driven method exploiting symmetry of SM background 𝜇𝑒 and 𝑒𝜇 processes, up to 
corrections for mis-id leptons or trigger efficiency.



ATLAS analysis: Results
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𝐵𝑅 𝐻 → 𝜇𝜏 < 1.43% at 95% CL𝐵𝑅 𝐻 → 𝑒𝜏 < 1.04% at 95% CL



Higgs FCNC studies
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Overview of results
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ATLAS
→ Prior study on 𝑡 → 𝐻𝑞 (𝑞 = 𝑐, 𝑢) via 𝑡 ҧ𝑡
pair production using Run 1 data, 20.3 𝑓𝑏−1

@ 8 TeV showed no excess of events with 
the results

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.45% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.46% at 95% CL

→ Run 2 result using 36.1 𝑓𝑏−1 @ 13 TeV 
via top pair production with 𝐻 → 𝛾𝛾 decay
→ Results obtained are

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.24% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.22% at 95% CL

→ Also using multi-lepton final states WW, 
ZZ and 𝜏𝜏:

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.19% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.16% at 95% CL

→ JHEP 10 (2017) 129
→ Phys. Rev. D 98 (2018) 032002

CMS
→ Prior study on 𝑡 → 𝐻𝑞 (𝑞 = 𝑐, 𝑢) via 𝑡 ҧ𝑡
pair production using Run 1 data, 19.7 𝑓𝑏−1

@ 8 TeV showed no excess of events with 
the results

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.55% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.40% at 95% CL

→ Run 2 result using 35.9 𝑓𝑏−1 @ 13 TeV 
via single top and top pair production with 
𝐻 → 𝑏ത𝑏 decay
→ Results obtained are

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.47% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.47% at 95% CL

→ JHEP 06 (2018) 102

https://doi.org/10.1007/JHEP12(2015)061
https://doi.org/10.1007/JHEP10(2017)129
https://doi.org/10.1103/PhysRevD.98.032002
https://doi.org/10.1007/JHEP02(2017)079
https://doi.org/10.1007/JHEP06(2018)102


Overview of results
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ATLAS
→ Prior study on 𝑡 → 𝐻𝑞 (𝑞 = 𝑐, 𝑢) via 𝑡 ҧ𝑡
pair production using Run 1 data, 20.3 𝑓𝑏−1

@ 8 TeV showed no excess of events with 
the results

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.45% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.46% at 95% CL

→ Run 2 result using 36.1 𝑓𝑏−1 @ 13 TeV 
via top pair production with 𝐻 → 𝛾𝛾 decay

→ 𝛾𝛾 results:
𝐵𝑅 𝑡 → 𝐻𝑢 < 0.24% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.22% at 95% CL

→Multi-lepton final states WW, ZZ and 𝜏𝜏:
𝐵𝑅 𝑡 → 𝐻𝑢 < 0.19% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.16% at 95% CL

→ JHEP 10 (2017) 129
→ Phys. Rev. D 98 (2018) 032002
→ See also Markus’s talk for tighter results

CMS
→ Prior study on 𝑡 → 𝐻𝑞 (𝑞 = 𝑐, 𝑢) via 𝑡 ҧ𝑡
pair production using Run 1 data, 19.7 𝑓𝑏−1

@ 8 TeV showed no excess of events with 
the results

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.55% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.40% at 95% CL

→ Run 2 result using 35.9 𝑓𝑏−1 @ 13 TeV 
via single top and top pair production with 
𝐻 → 𝑏ത𝑏 decay
→ Results obtained are

𝐵𝑅 𝑡 → 𝐻𝑢 < 0.47% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑐 < 0.47% at 95% CL

→ JHEP 06 (2018) 102

See Gagan Mohanty’s talk for more details

https://doi.org/10.1007/JHEP12(2015)061
https://doi.org/10.1007/JHEP10(2017)129
https://doi.org/10.1103/PhysRevD.98.032002
https://indico.cern.ch/event/684284/contributions/3072751/
https://doi.org/10.1007/JHEP02(2017)079
https://doi.org/10.1007/JHEP06(2018)102
https://indico.cern.ch/event/684284/timetable/#109-cpv-and-fcnc-in-top-quark


Anomalous couplings studies
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𝐻 → 𝑉𝑉 𝑉𝑉 → 𝐻 (VBF) 𝑉∗ → 𝑉𝐻



Overview of results
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ATLAS
→ Different measurements done using 
production or decay in Run 1, e.g. VBF 𝐻(→
𝜏𝜏)

→ Run 2 results using 36.1 𝑓𝑏−1 @ 13 TeV 
using 𝐻 → 𝛾𝛾 or 𝐻 → 4𝑙 decay

→ Results are obtained as part of 
differential cross section measurements 
(fiducial cross sections, simplified template 
cross sections - STXS) and the Effective Field 
Theory approaches Pseudo-Observables -
PO, Higgs characterization frameworks or in 
terms of Wilson coefficients.

→ 4𝑙 inclusive and differential cross section: 
JHEP 10 (2017) 132
→ 4𝑙 couplings: JHEP 03 (2018) 095
→ 𝛾𝛾 couplings: arxiv1802.04146

CMS
→ Different measurements done using 
production or decay information in Run 1, 
e.g. 𝑉𝐻(→ 𝑏ത𝑏)

→ Run 2 result using 80.2 𝑓𝑏−1 @ 13 TeV 
with Run 1 combination most recent result 
using dedicated amplitude formalism

→ Tests fraction of anomalous HVV 
couplings in on-shell Higgs production with 
decay to 4𝑙

→ Joint treatment with Higgs total width Γ𝐻
constraints using the off-shell technique

→ CMS-PAS-HIG-18-002 very recent

https://doi.org/10.1140/epjc/s10052-016-4499-5
https://arxiv.org/abs/1412.6038
http://cds.cern.ch/record/2066980
https://doi.org/10.1007/JHEP07(2013)035
https://doi.org/10.1007/JHEP10(2017)132
https://doi.org/10.1007/JHEP03(2018)095
https://arxiv.org/abs/1802.04146
https://doi.org/10.1016/j.physletb.2016.06.004
http://spin.pha.jhu.edu/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-002/index.html


CMS analysis: HVV couplings
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𝐴(𝐻𝑉𝑉)~ 𝒂𝟏 − 𝑒𝑖𝜙ΛQ
𝑞𝐻
2

Λ𝑄
2 − 𝑒𝑖𝜙Λ1

𝑉𝑉′ 𝜅1𝑞𝑉1
2 + 𝜅2𝑞𝑉2

2

Λ1
2 𝑚𝑉

2𝜖𝑉1
∗ 𝜖𝑉2

∗

+ a2f𝜇𝜈
∗ 1

𝑓∗ 2 ,𝜇𝜈 + a3f𝜇𝜈
∗ 1 ሚ𝑓∗ 2 ,𝜇𝜈

→Any anomalous coupling can be described with an 
effective on-shell cross sectional fraction and a 
phase defined for 2𝑓2𝑓′ decay:

𝑓ai =
𝑎𝑖

2𝜎𝑖

σ𝑗 𝑎𝑗
2
𝜎𝑗

𝜙ai = tan−1 Τ𝑎𝑖 𝑎1

→𝑓Λ𝑄 observable only from off-shell. Others can be 

measured from either on-shell or off-shell.

→ Formalisms used by ATLAS are equivalent with 
different ways of parameterizing AC couplings

Phys. Rev. D 92 (2015) 012004

http://dx.doi.org/10.1103/PhysRevD.92.012004
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CMS analysis: Off-shell technique

On−shell: →
𝑔𝑝𝑟𝑜𝑑
2 𝑔𝑑𝑒𝑐

2

𝑚𝐻
2 Γ𝐻

2 𝑑𝑞𝐻
2 ∝ 𝜇𝑝𝑟𝑜𝑑

→ ΓH ≲ 1 GeV, limited by resolution
→ Very sensitive to production and 
decay kinematics

CMS-PAS-HIG-18-001

Off−shell: →
𝑔𝑝𝑟𝑜𝑑
2 𝑔𝑑𝑒𝑐

2

𝑞𝐻
2 −𝑚𝐻

2 2
𝑑𝑞𝐻

2 ∝ 𝜇𝑝𝑟𝑜𝑑 ⋅ Γ𝐻

→ Resolution is not very important, 
ΓH ≲ 10 MeV feasible
→ AC enhance off-shell yield, 
change 𝑚4𝑙 and other kinematics

YR4

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-001/index.html
https://dx.doi.org/10.23731/CYRM-2017-002
http://dx.doi.org/10.23731/CYRM-2017-002


CMS analysis: Distributions
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When full kinematic information available (𝑚𝐻∗ , 𝑚1, 𝑚2, 𝜃1, 𝜃2, Φ, 𝜃
∗, Φ1), once can 

extract the ME ℳ 2, where 𝑑𝜎 = ℳ 2𝑑Π, and construct either of

𝐷𝐴 𝑣𝑠 𝐵 =
ℳ𝐴

2

ℳ𝐴
2+ ℳ𝐵

2 𝐷𝐴−𝐵 𝑖𝑛𝑡. =
ℳ𝐴+𝐵

2− ℳ𝐴
2− ℳ𝐵

2

ℳ𝐴
2+ ℳ𝐵

2 𝓌 =
ℳ𝑡𝑎𝑟𝑔𝑒𝑡

2

ℳ𝑠𝑎𝑚𝑝𝑙𝑒
2

→ Examples:

→ The CMS 4𝑙 analysis uses MEs from JHUGen/MCFM package for Matrix Element 
Likelihood Approach (MELA).

For background discrimination,

𝐷𝑏𝑘𝑔
𝑘𝑖𝑛 =

𝑃𝑠𝑖𝑔 𝑞𝑙

𝑃𝑠𝑖𝑔 𝑞𝑙 +𝑃𝑞ഥ𝑞 𝑏𝑘𝑔 𝑞𝑙

For categorization,

𝐷2𝑗𝑒𝑡 =
𝑃𝑗𝑗
𝑉𝐵𝐹 𝑞𝑙

𝑃𝑗𝑗
𝑉𝐵𝐹 𝑞𝑙 +𝑃𝑗𝑗

𝐻𝐽𝐽
𝑞𝑙

http://spin.pha.jhu.edu/


CMS analysis: Distributions
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For signal vs bkg.
For SM vs BSM

For SM-BSM int.

For sig.-bkg. int.

On-shell

Off-shell



19

CMS results: 𝑓𝑎𝑖 cos 𝜙𝑎𝑖
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CMS results: 𝑓𝑎𝑖 cos 𝜙𝑎𝑖

On-shell results

On-shell + off-shell combination
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CMS results: 𝑓𝑎3 cos 𝜙𝑎3

On-shell result On-shell + off-shell
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CMS results: 𝑓𝑎2 cos 𝜙𝑎2

On-shell result On-shell + off-shell
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CMS results: 𝑓Λ1 cos 𝜙Λ1

On-shell result On-shell + off-shell
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CMS results: 𝑓Λ1
𝑍𝛾
cos 𝜙Λ1

𝑍𝛾

Only on-shell
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CMS results: Γ𝐻 and 𝑓𝑎𝑖 summary

SM-like couplings

Different HVV couplings
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CMS results: Γ𝐻 and 𝑓𝑎𝑖 joint constraints

Joint 
constraints

on-shell
+

off-shell

Γ𝐻 constraints 
under 

different 
assumptions



ATLAS analyses
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→ Both 4𝑙 and 𝛾𝛾 analyses follow differential cross section measurements.

→ First 4𝑙 analysis mentioned places limits on POs 𝜖𝐿, 𝜖𝑅 and total signal strength 𝜅 pairwise, 
where 𝜖𝐿 and 𝜖𝑅 are contact interaction left- and right-handed couplings. 

→ Second 4𝑙 analysis mentioned places limits on 𝜅𝐴𝑔𝑔, 𝜅𝐻𝑣𝑣 and 𝜅𝐴𝑣𝑣 being the coupling 

strengths of CP-odd Higgs to gluons, CP-even Higgs to EW bosons and CP-odd Higgs to EW 
bosons.

→ 𝛾𝛾 analysis places limits on Wilson coefficients ҧ𝑐𝑔, ǁ𝑐𝑔, ҧ𝑐𝐻𝑊 and ǁ𝑐𝐻𝑊.



ATLAS analyses: Distributions
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ATLAS analysis: 4𝑙 POs
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𝜅 = 1 𝜖𝑅 = 0.48𝜖𝐿



ATLAS analysis: 4𝑙 𝜅
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ATLAS analysis: 4𝑙 𝜅 joint constraints
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ATLAS analysis: 𝛾𝛾 results
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Summary

33

Presented Higgs decay and anomalous couplings studies
→ LFV studies using 𝜇𝜏 and e𝜏:

→ Run 2 results from CMS
→ Run 1 studies from ATLAS

→ FCNC is studied using Run 2 data for both experiments:
→ CMS includes single-top channels, using 𝐻 → 𝑏ത𝑏
→ ATLAS uses 𝐻 → 𝛾𝛾,𝑊𝑊,𝑍𝑍, 𝜏𝜏 for increased sensitivity
→ See Gagan Mohanty’s talk for more details

→ Anomalous Higgs couplings from Run 2 data:
→ HVV anomalous couplings from CMS using production and 

decay
→ ATLAS utilizing differential cross section measurements to 

place constraints on different HVV, Hgg or contact interaction couplings

https://indico.cern.ch/event/684284/timetable/#109-cpv-and-fcnc-in-top-quark


Backup
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Higgs LFV decay studies
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CMS LFV analysis: Results
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ATLAS LFV analysis: Results
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Higgs FCNC studies
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CMS analysis: Strategy
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→ Analysis considers one top with leptonic decay + 𝐻 (ST) or + t(→ 𝐻𝑞) (TT), where the Higgs 
boson decays to 𝑏ത𝑏.

→ Event categorization based on jet multiplicity and how many b-tagged jets:
b2j3, b3j3, b2j4, b3j4, b4j4 (not used in Hut analysis)

→ Two BDTs are trained:

- Using 𝑚𝑏 ത𝑏, 𝑚 𝑡𝑙 , 𝑝𝑇(𝑡
𝑙) in the signal hypothesis, and also 𝑚 𝑡ℎ , Δ𝑅 𝑡𝑙 , 𝑡ℎ for 

background 𝑡 ҧ𝑡 hypothesis, where 𝑡ℎ is the reconstructed hadronic top decay with one b-tagged 
jet and two untagged jets. This is to ensure ~75% correct assignment of b jets

- Charge of the lepton (Hut BDTs), CSVv2 discriminant value of the b jet from the Higgs boson 
with lower 𝑝𝑇, 𝑚𝑏ത𝑏, and the value of BDT from above. This is to use in the likelihood analysis.

→ Final likelihood fit is performed for Hut and Hct couplings, and the 𝑡 ҧ𝑡 + 𝑏ത𝑏 , 𝑡 ҧ𝑡 + 𝑐 ҧ𝑐 and 𝑡 ҧ𝑡 +
𝑙𝑓 (light jets) contributions.



CMS analysis: Example BDT distributions
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Hut BDT Hct BDT
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CMS analysis: Signal strength



CMS analysis: BR constraints

42

BR<0.47 (0.34)%

BR<0.47 (0.44)%



ATLAS analysis: 𝛾𝛾 strategy
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→ Analysis considers one top with leptonic or hadronic decay + t(→ 𝐻𝑞), where the Higgs 
boson decays to 𝛾𝛾.

→ Both top decay channels are categorized into Category 1 for events satisfying top mass 
window requirements in both top pairs, Category 2 for those satisfying only the top mass 
window requirement for the Hq system.

→ In the hadronic top decay channel, smooth parameterizations of 𝑚𝛾𝛾 are used in the final 

likelihood parameterization with full treatment of nuisances.

→ Leptonic channel is statistically limited, so only two bins in 𝑚𝛾𝛾 are used (SR vs two-sided 

sidebands), and the ratio of backgrounds in the SR and sidebands is varied with a free 
parameter.

→ Likelihood scan is done for 𝑡 → 𝐻𝑐 and is re-interpreted for 𝑡 → 𝐻𝑢 with 8% lower 
acceptance (due to b-tagging).



ATLAS analysis: Multi-lepton strategy
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→ Events categorized into 2𝑙𝑆𝑆 (≥ 4 jets of which one or two b-tagged, two SS leptons) and 3𝑙
(≥ 2 jets of which at least one b-tagged, three leptons with sum of charges ±1)

→ Dominant contribution (85% 2𝑙𝑆𝑆 and 71% 3𝑙) from 𝐻 → 𝑊𝑊.

→ Limits placed using a BDT discriminant
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ATLAS analysis: 𝑚𝛾𝛾 distributions
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ATLAS analysis: Multi-lepton distributions
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ATLAS analysis: 𝛾𝛾 results

𝐵𝑅 𝑡 → 𝐻𝑐 < 0.22% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑢 < 0.24% at 95% CL

𝜆𝑡𝑐𝐻 < 0.090 (0.077) at 95% CL
𝜆𝑡𝑢𝐻 < 0.094 (0.079) at 95% CL
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ATLAS analysis: 𝛾𝛾 results

𝐵𝑅 𝑡 → 𝐻𝑐 < 0.22% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑢 < 0.24% at 95% CL

𝜆𝑡𝑐𝐻 < 0.090 (0.077) at 95% CL
𝜆𝑡𝑢𝐻 < 0.094 (0.079) at 95% CL
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ATLAS analysis: Multi-lepton results

𝐵𝑅 𝑡 → 𝐻𝑐 < 0.16% at 95% CL
𝐵𝑅 𝑡 → 𝐻𝑢 < 0.19% at 95% CL



Anomalous couplings studies
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Run I AC combination
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4l+𝑊𝑊 → 2𝑙2𝜈 combination (+𝛾𝛾 for spin-2 couplings)

𝑅𝑎𝑖 =

ൗ𝑎𝑖
𝑊𝑊 𝑎1

𝑊𝑊

ൗ𝑎𝑖
𝑍𝑍 𝑎1

𝑍𝑍 .
ൗ𝑎𝑖

𝑊𝑊 𝑎1
𝑊𝑊

ൗ𝑎𝑖
𝑍𝑍 𝑎1

𝑍𝑍

1+
ൗ𝑎𝑖

𝑊𝑊 𝑎1
𝑊𝑊

ൗ𝑎𝑖
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Phys. Rev. D 92 (2015) 012004

http://dx.doi.org/10.1103/PhysRevD.92.012004


Run I 𝑎3 AC using associated production
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𝑓𝑎3 (68%) [95% CL]
Τ𝑎3

𝑍𝑍 𝑎1
𝑍𝑍 = Τ𝑎3

𝑊𝑊 𝑎1
𝑊𝑊

𝑡 ҧ𝑡𝐻 and 𝑏ത𝑏𝐻 couplings ratio as in SM:
Expected: (0, 0.00050) [0,0.0011]
Observed: (0.00047, 0.0021) [0,0.0034]

V𝐻 → 𝑏ത𝑏
combination with

𝐻 → 𝑉𝑉

𝑓𝑎3 (68%) [95% CL]
Τ𝑎3

𝑍𝑍 𝑎1
𝑍𝑍 = Τ𝑎3

𝑊𝑊 𝑎1
𝑊𝑊

𝑡 ҧ𝑡𝐻 and 𝑏ത𝑏𝐻 couplings unconstrained:
Expected: (0, 0.0062) [0,0.44]
Observed: (0.00011, 0.0021) [0,0.25]

b

b

Phys. Lett. B 759 (2016) 672

http://dx.doi.org/10.1016/j.physletb.2016.06.004


Run I width from off-shell Higgs boson

53

Combination using 4𝑙, and WW or 
ZZ → 2𝑙2𝜈 using on-shell + off-shell 
combination of events

𝜎𝑣𝑣→𝐻→𝑍𝑍
𝑜𝑛−𝑠ℎ𝑒𝑙𝑙 ~ 𝜇𝑣𝑣𝐻

⇒ 𝜎𝑣𝑣→𝐻→𝑍𝑍
𝑜𝑓𝑓−𝑠ℎ𝑒𝑙𝑙

~ 𝜇𝑣𝑣𝐻 × ΓH

Expected Γ𝐻 < 26 MeV
Observed Γ𝐻 < 13 MeV

Phys. Rev. D 92 (2015) 072010

Phys. Rev. D 92 (2015) 012004

- Tight constraints 
on Γ𝐻 with SM-like 

tensor structure
- Significant 

interference effects 
with background 
- New probe for 

BSM physics

𝑫𝒈𝒈 > 𝟎. 𝟔𝟕
Proposed by F. Caola 

and K. Melnikov
using the large off-shell 

tail pointed out by N. 
Kauer and G. Passarino

JHEP 09 (2016) 051

http://dx.doi.org/10.1103/PhysRevD.92.072010
http://dx.doi.org/10.1103/PhysRevD.92.012004
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054024
http://link.springer.com/article/10.1007/JHEP08(2012)116
https://dx.doi.org/10.1007/JHEP09(2016)051


CMS HVV main uncertainties
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Migration uncertainties:
→ Signal 4-20%, largest in ggH in VBF 2-jet 

tagged category 
→ 3-20% in irreducible background, similar 

composition

Overall yield:
→ NNLO K factor uncertainty for gg processes
→ 10% additional uncertainty in gg background
→ 2% BR

Reducible background:
→ 36-43%

Lepton momentum scale:
→ 0.04, 0.3 and 0.1% for 4𝜇, 4𝑒, 2𝑒2𝜇

Lepton energy resolution:
→ 20% on mass measurement

Lepton ID and reco. efficiency:
→ 2.5-9%

Luminosity:
→ 2.3-2.6%


