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n Physics motivation of Higgs precise measurement
Ø Search the deviation from the SM by:
・Coupling constant of Higgs
・Fiducial differential cross-section

n Difficulty of VH measurement
Ø Low VH cross-section ✕ branching ratio
・H à bb channel earns enough statistic

à Need to constrain huge background
n Thanks to LHC’s huge statistic, able to challenge other channels
・Other Higgs decays (eg. WW, ττ, cc …)

n Key of VH analysis to measure properties with higher precision
è Improving particle identification performance
è Better constraint on background

Vector boson associated Higgs (VH) production
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[Nature volume 607, pages 52–59 (2022)]

~87 % ~7 % ~4 % ~1 % ~0.05 %
cross-section fraction :

https://www.nature.com/articles/s41586-022-04893-w
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VH analyses overview with full Run2 in ATLAS 
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[arXiv:1610.07922v2]
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[Nature volume 607, pages 52–59 (2022)]

n Identification framework upgraded: b-jet, c-jet, τ ID, etc…
n 1st VH measurements performed with full Run2 dataset

Ø Integrated luminosity: 140 fb-1, Centre of mass: 13 TeV
n Some 2nd updated analyses also performed

exploiting improved analysis techniques for better precision
n All major Higgs decays in VH production are analysed
n All results are consistent with SM prediction within their uncertainties
< VH analyses >  very new and interesting analyses
V(lep) ,H(bb/cc) : ATLAS-CONF-2024-010
V(had) ,H(bb)      : Phys. Rev. Lett. 132 (2024) 131802
V(lep/had),H(WW)    : ATLAS-CONF-2022-067
V(lep) ,H(ττ)       : Phys. Lett. B 855 (2024) 138817
V(had)      ,H(ττ) : arXiv:2407.16320

V(lep/had),H(ZZ)      : Eur. Phys. J. C 80 (2020) 957
V(lep/had),H(γγ)      : JHEP 07 (2023) 088

V(lep) ,H(μμ)      : Phys. Lett. B 812 (2021) 135980

2nd

1st

1st

1st
1st

1st

2nd

* 1st :The first publication for the mode with full Run2, 2nd :The second publication for the mode with full Run2

2nd

https://arxiv.org/abs/1610.07922v2
https://www.nature.com/articles/s41586-022-04893-w
http://cds.cern.ch/record/2905263
https://link.aps.org/doi/10.1103/PhysRevLett.132.131802
https://cds.cern.ch/record/2842519
https://www.sciencedirect.com/science/article/pii/S0370269324003757?via=ihub
https://arxiv.org/abs/2407.16320
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://link.springer.com/article/10.1007/JHEP07(2023)088
https://doi.org/10.1016/j.physletb.2020.135980
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VH,Hàbb/cc
Very latest V(lep)H->hadron analysis
in ATLAS
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What’s new in VH, Hàbb/cc analysis?
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n Analysis strategy and techniques
Ø Combined fit with VH,Hàbb and VH,Hàcc

à Better constraint on background events with CRs in VH,Hàcc
Ø New flavour tagging algorithm

à Better tagging performance for hadronic final states
Ø Final discriminant MVA: Re-optimize in resolved VH,Hàbb

and first apply in VH,Hàcc, boosted VH,Hàbb
n Results

Ø Updated precise measurement of signal strength (µ!"## , µ!"$$ ) from previous result *1*2

Ø Differential cross-section measurement for VH production
・Updated result from previous result *1

・New result with new additional split bins
*1 ATLAS-CONF-2021-051
*2 Eur. Phys. J. C 82 (2022) 71

𝜇!"## = $𝜎!"%&'()*&+×𝐵"→##%&'()*&+

σ!"-.×𝐵"→##-.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
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Analysis strategy
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Leptonic decay : 
Z  à νν (0-lepton)
W à lν (1-lepton)
Z  à ll (2-lepton)

* l = e, μ (τ in 1-lepton)
[Eur. Phys. J. C 82 (2022) 717]

[Phys. Lett. B 816 (2021) 136204][Eur. Phys. J. C 81 (2021) 178]

Flavour
tagging

c-tag

b-tag

pTV75 GeV 400 GeV

Fit all regions (59 SRs, 97 CRs) simultaneously 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
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Flavour tagging
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[Eur. Phys. J. C (2023) 83:681]

70% eff. for b-jet

b-tag, c-tag WPs
BG rejection improved x2

Primary vertex

Heavy-flavour-jet feature

Secondary
vertex

Impact
Parameter

(d0)

d0

n Updated the flavour tagging algorithm (MV2c à DL1r)
Ø Deep neural network to tag b-, c-, light-jets using b-, c-jet kinematic features as training inputs

n b-tag working point (WP) and c-tag WP
are obtained orthogonally

b-tag
score

c-tag
score

70% b-jet efficiency

45% c-jet
efficiency

b-tag
loose

c-tag
loose

Untagged

https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1
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Inclusive result of VH,Hàbb
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n Fitted signal and background get good closure with data

n Uncertainty of signal strength estimation (VH,Hàbb) ~15 %
Ø Improved ~14 % from previous analysis [ATLAS-CONF-2021-051]

n WH,Hàbb observed first time

7.4(8.0)σ

4.9(5.7)σ

5.3(5.5)σ
Obs.(Exp.)
Significance

http://cds.cern.ch/record/2905263
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/


Aoto Tanaka (U-Tokyo)

Inclusive result of VH,Hàcc
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n Fitted signal and background get good closure with data

n VH,Hàcc observed (expected) limits at 95 % CL: 11.2 (10.4) x SM
Ø Improved x 3 from previous analysis [Eur. Phys. J. C 82 (2022) 717]

n As cross-check of this analysis, VZ,Zàcc first observed; 5.2σ 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
http://cds.cern.ch/record/2905263
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Fiducial differential cross-section measurement
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n Since enough statistic available in V(lep)H,H->bb, 
fiducial differential cross-section measurement also performed

n Simplified Template Cross-Section (STXS) framework
・Divide phase space into simplified “bins”
・STXS bins defined by whole LHC group
・Minimize theoretical dependency
・Maximize BSM sensitivity
・Combine ATLAS and CMS results to verify theory models

n pTV bin
・BSM sensitivity in High pTV region after SMEFT interpretation

n ISR nJet bin
・Reduce QCD scale’s huge variation ISR nJets

pTV

p p
V

l,ν

H

l,ν

ISR jets
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Updated STXS result (only split in pT
V)
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[ATLAS-CONF-2021-051] [ATLAS-CONF-2024-010]

n Added new bin; WH, 75<𝑝/
0,2<150 GeV

n New split in high pT region; 𝑝/ > 600 GeV

n Good agreement with SM prediction
n Uncertainty of observed cross-section in major bins: ~30 - ~80 %

Uncertainty:
max. ~10 %

improved
in the same bin

pTV spectrum cross-section plot

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
http://cds.cern.ch/record/2905263
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New STXS result (split in pT
V x nJet)

30 Sep. 2024LHC Days in Split 12 /17

1−10

1

10

210

310

410

510

 [f
b]

le
p

V B
 × 

bbH B
 × i

σ

ATLAS Preliminary
-1=13 TeV, 140 fbs

V = W V = Z
0J 0J 0J 1J≥  1J≥  1J≥

 leptons cross-sections→ bb, V →VH, H 
Observed Tot. unc. Stat. unc.

Expected Theo. unc.

1−
0
1
2

R
at

io
 to

 S
M

 

<150 GeV

W,tT

75<p
<250 GeV

W,tT

150<p
<400 GeV

W,tT

250<p
<600 GeV

W,tT

400<p >600 GeV

W,tT
p

<150 GeV

Z,t
T

75<p
<250 GeV

Z,t
T

150<p
<400 GeV

Z,t
T

250<p
<600 GeV

Z,t
T

400<p >600 GeV

Z,t
T
p

[ATLAS-CONF-2024-010]

n New split with number of additional jets (nJets)

n The statistics of ZH is enough to split with nJets
n Good agreement with SM prediction
n Uncertainty of ZH, nJ = 0 bins: ~50 %
n Uncertainty of ZH, nJ ≧ 1 bins: ~60 - ~400 %

n In the future, STXS bin in WH will split with nJets
with enough statistic

pTV x nJ(ZH) spectrum cross-section plot

http://cds.cern.ch/record/2905263
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Latest results of
the other VH measurements
Thanks to 
・Improved particle identification framework in the ATLAS
・(For rare decays’ analyses) LHC’s huge statistic
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Analyses of other channels
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n V(had)H, Hà bb analysis [Phys. Rev. Lett. 132 (2024) 131802]
𝜇!"## = 1.39 34.66

78.49 +0.63
−0.63 𝑠𝑡𝑎𝑡. +0.80−0.61 𝑠𝑦𝑠𝑡.

Ø Measured signal strength is consistent with SM prediction
Ø Systematic uncertainty is dominant

・Major uncertainties: b-tag scale factor, data-driven multi-jet estimation
à More chance for precise measurement in boosted all-hadronic phase space

n V(lep/had)H, HàWW analysis [ATLAS-CONF-2022-067]
𝜇!"00 = 0.92 34.9:

74.9; +0.21
−0.20 𝑠𝑡𝑎𝑡. +0.13−0.11 𝑠𝑦𝑠𝑡.

Ø Combined V(leptonic decay)*1 and V(hadronic decay) analyses
Ø Measured signal strength is consistent with SM prediction
Ø Statistical uncertainty is dominant

*1 Phys. Lett. B 798 (2019) 134949 

https://link.aps.org/doi/10.1103/PhysRevLett.132.131802
https://cds.cern.ch/record/2842519
https://www.sciencedirect.com/science/article/pii/S0370269319306719?via%3Dihub
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Analyses relating to Hàττ
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[ATL-PHYS-PUB-2019-033]

n Hadronic tau (τhad) identification upgraded from BDT-based to RNN-based
Ø New framework, widely used in τhad-related analyses in the ATLAS

n V(lep)H, Hà ττ analysis [Phys. Lett. B 855 (2024) 138817]
𝜇!"<< = 1.28 34.:=

74.:> +0.30
−0.29 𝑠𝑡𝑎𝑡. +0.25−0.21 𝑠𝑦𝑠𝑡.

Ø Measured signal strength is consistent with SM prediction
Ø Statistical uncertainty is dominant

n V(had)H, Hàττ analysis [arXiv:2407.16320]
𝜇!"<< = 0.91 34.=4

74.=: +0.53
−0.51 𝑠𝑡𝑎𝑡. +0.35−0.33 𝑠𝑦𝑠𝑡.

Ø Measured signal strength is consistent with SM prediction
Ø Statistical uncertainty is dominant

Better
performance

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
https://www.sciencedirect.com/science/article/pii/S0370269324003757?via=ihub
https://arxiv.org/abs/2407.16320
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Recap of full Run2 VH measurement results 
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2nd

1st

1st

1st

1st

1st

2nd

2nd

* 1st :The first publication for the mode with full Run2, 2nd :The second publication for the mode with full Run2

V(lep) ,H(bb/cc) ATLAS-CONF-2024-010

V(had) ,H(bb)      Phys. Rev. Lett. 132 (2024) 131802

V(lep/had),H(WW)    ATLAS-CONF-2022-067

V(lep) ,H(ττ)       Phys. Lett. B 855 (2024) 138817

V(had)      ,H(ττ) arXiv:2407.16320

V(lep/had),H(ZZ)      Eur. Phys. J. C 80 (2020) 957

V(lep/had),H(γγ)      JHEP 07 (2023) 088

V(lep) ,H(μμ)      Phys. Lett. B 812 (2021) 135980

V H  A n a l y s e s Signal strength (μ) Significance R e f e r e n c e s

𝜇!"## = 1.39 34.66
78.49

𝜇!"## = 0.91 34.8?
74.8=

𝜇!"$$ = 1.0 3;.9
7;.?

𝜇!"00 = 0.92 34.9:
74.9;

𝜇!"@@ = 1.28 34.:=
74.:>

𝜇!"@@ = 0.91 34.=4
74.=:

𝜇!"AA = 1.43 34.>?
78.8=

𝜇0"
BB = 1.5 34.;

74.=

𝜇!"
CC = 5.0 3:.;

7:.;

Inclusive Observed

7.4 σ

4.6 σ

95% CL upper limit
11.3 xSM

1.7 σ

4.2 σ

(Not published)

(Not published)

𝜇A"
BB = −0.2 34.;

74.= (Not published)

(1.2 σ)
(combined H production)

http://cds.cern.ch/record/2905263
https://link.aps.org/doi/10.1103/PhysRevLett.132.131802
https://cds.cern.ch/record/2842519
https://www.sciencedirect.com/science/article/pii/S0370269324003757?via=ihub
https://arxiv.org/abs/2407.16320
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://link.springer.com/article/10.1007/JHEP07(2023)088
https://doi.org/10.1016/j.physletb.2020.135980
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Conclusion
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n Latest and wonderful results for VH production measurement are available
with full Run2 dataset with the ATLAS experiment

Ø Thanks to LHC’s huge statistic and updated particle identification used in the ATLAS
n All results are consistent with SM prediction

Hàbb : Systematic uncertainty dominant; New analysis technique demanded
Other decays : Statistic limited; Looking forward to seeing results with Run3 dataset !!

W(lep)H,Hàbb V(had)H,Hà2μ2e W(lep)H,Hàbb boosted
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Thank you for listening!!

Steve Jurvetson - The Spanish Fortress in Hvar, Croatiaby

https://www.flickr.com/people/44124348109@N01
https://www.flickr.com/photos/jurvetson/48482399717/
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Backup
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V(lep/had)H, HàWW analysis - strategy

30 Sep. 2024LHC Days in Split 20

・4 channels to target different signal signature (Total 8 regions)
・MVA is used in all regions
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[ATLAS-CONF-2022-067]
*1 previous: Phys. Lett. B 798 (2019) 134949 

https://cds.cern.ch/record/2842519
https://www.sciencedirect.com/science/article/pii/S0370269319306719?via%3Dihub
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V(lep/had)H, HàWW analysis - results
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・Statistical uncertainty is dominant in all POIs
・Inclusive (VH) signal strength is consistent with SM prediction within its uncertainty

4.6(4.7)σ

1.5(3.3)σ

4.6(3.1)σ

Obs.(Exp.)
Significance

[ATLAS-CONF-2022-067]

https://cds.cern.ch/record/2842519
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V(lep)H, Hàττ analysis
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・τhad identification upgraded from BDT-based to RNN-based 
・Fit simultaneously in 4 regions (ZH, WH) ✕ (τhadτhad, τlepτhad)
・Neural Network used for final discriminant variable

・Fitted signal and background get good agreement with data
・Statistical uncertainty is still dominant

4.2(3.6)σ
Obs.(Exp.)

[ATL-PHYS-PUB-2019-033]

Significance

[Phys. Lett. B 855 (2024) 138817]

https://cds.cern.ch/record/2688062/files/ATL-PHYS-PUB-2019-033.pdf
https://www.sciencedirect.com/science/article/pii/S0370269324003757?via=ihub
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0 1 2 3 4 5 6
SMB)×σ/(measB)×σ(

Combined

ttH

VBF

VH

ggF 0.94 0.32+
0.27− ( 0.15+

0.15−
0.28+
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0.09− )

ATLAS -1 = 13 TeV, 140 fbs
p-value = 99%

ττ→H
Tot. Syst. Theory

Tot. ( Stat. Syst. )

V(had)H, Hàττ analysis
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Production mode ggF ttH VBF VH

Best-fit value 0.94 0.77 0.93 0.91

Total uncertainty ±0.30 ±0.97 ±0.16 ±0.62

Statistical uncertainty ±0.15 ±0.82 ±0.12 ±0.52

Total systematic uncertainty ±0.26 ±0.51 ±0.11 ±0.34

Samples size ±0.09 ±0.32 ±0.03 ±0.25

Theoretical uncertainty in signal ±0.19 ±0.14 ±0.10 ±0.13

Jet and ⇢miss

T
±0.12 ±0.14 ±0.03 ±0.11

Hadronic g-lepton decays ±0.05 ±0.09 ±0.01 ±0.04

Misidentified g-lepton background ±0.05 ±0.05 ±0.02 ±0.11

Luminosity ±0.01 ±0.01 ±0.01 ±0.02

Theoretical uncertainty in top-quark processes ±0.01 ±0.30 – ±0.02

Theoretical uncertainty in / + jets processes ±0.03 ±0.07 – ±0.02

Flavour tagging ±0.02 ±0.05 ±0.01 ±0.01

Electrons and muons ±0.02 ±0.01 ±0.01 ±0.02

Production mode ggF ttH VBF VH

Best-fit value 0.94 0.77 0.93 0.91

Total uncertainty ±0.30 ±0.97 ±0.16 ±0.62

Statistical uncertainty ±0.15 ±0.82 ±0.12 ±0.52

Total systematic uncertainty ±0.26 ±0.51 ±0.11 ±0.34

Samples size ±0.09 ±0.32 ±0.03 ±0.25

Theoretical uncertainty in signal ±0.19 ±0.14 ±0.10 ±0.13

Jet and ⇢miss

T
±0.12 ±0.14 ±0.03 ±0.11

Hadronic g-lepton decays ±0.05 ±0.09 ±0.01 ±0.04

Misidentified g-lepton background ±0.05 ±0.05 ±0.02 ±0.11

Luminosity ±0.01 ±0.01 ±0.01 ±0.02

Theoretical uncertainty in top-quark processes ±0.01 ±0.30 – ±0.02

Theoretical uncertainty in / + jets processes ±0.03 ±0.07 – ±0.02

Flavour tagging ±0.02 ±0.05 ±0.01 ±0.01

Electrons and muons ±0.02 ±0.01 ±0.01 ±0.02

This analysis focused on the STXS measurement in ggF, VBF production, which have enough statistic

VH results
・No big update from previous analysis [JHEP 08 (2022) 175]
・Statistical uncertainty is dominant

[arXiv:2407.16320]

https://arxiv.org/abs/2201.08269
https://arxiv.org/abs/2407.16320
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VH, Hàbb/cc

LHC Days in Split 2430 Sep. 2024

* V(had)H(bb) shown in the Higgs Hunting 2023 by Andrea
* V(lep)H(bb/cc) shown in the ICHEP 2024 by Francesco

https://indico.ijclab.in2p3.fr/event/9063/timetable/?view=standard
https://indico.cern.ch/event/1291157/contributions/5876813/
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Profit of STXS measurement 
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[Eur. Phys. J. C 81 (2021) 178]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
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Main background events 
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0,1,2-lepton 0,1-lepton

0,2-lepton0,1,2-lepton

0,1,2-lepton

Z->bb, Mbb=~90 GeV
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Event categorization
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[ATLAS-CONF-2024-010]
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Constrain on background events
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Detailed analysis regions
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MC sample list
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Process ME generator ME PDF PS and UE Cross-section
Hadronisation tune order

Signal, mass set to 125GeV and bb̄ branching fraction to 58%

qq ! V H PowhegBox v2 [53] + NNPDF3.0NLO
(?)

Pythia 8.245 AZNLO NNLO(QCD)(†)+
GoSam [54]+ [55] [56] [57] NLO(EW) [58,59,60,61,62,63,64]
MiNLO [65,66]

gg ! ZH PowhegBox v2 NNPDF3.0NLO
(?)

Pythia 8.245 AZNLO NLO+
NLL [67,68,69,70,71]

Top quark, mass set to 172.5GeV

tt̄ PowhegBox v2 [72] NNPDF3.0NLO Pythia 8.230 A14 [73] NNLO+NNLL [74]
s-chan. single top PowhegBox v2 [75] NNPDF3.0NLO Pythia 8.230 A14 NLO [76]
t-chan. single top PowhegBox v2 [75] NNPDF3.0NLO Pythia 8.230 A14 NNLO [77]
Wt PowhegBox v2 [78] NNPDF3.0NLO Pythia 8.230 A14 Approx. NNLO+NNLL [79]

Vector boson + jets

V+ jets Sherpa 2.2.11 NNPDF3.0NNLO Sherpa 2.2.11 Default NNLO [80]
[81,82,83] [84,85]

Diboson

qq ! V V Sherpa 2.2.11 NNPDF3.0NNLO Sherpa 2.2.11 Default NLO(‡)

gg ! V V Sherpa 2.2.2 NNPDF3.0NNLO Sherpa 2.2.2 Default NLO(‡)
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Jet energy correction

30 Sep. 2024LHC Days in Split 31

0 20 40 60 80 100 120 140 160 180 200
 [GeV]bbm

0

2

4

6

8

10

Ev
en

ts
 / 

5 
G

eV

Standard Calibration
Muon-in-jet Correction
PtReco Correction
Kinematic Fit
FSR recovery

std.
σ)/σ-

std.
σ [GeV]     (σ     

     
16.7        0%
14.9        11%
14.0        16%
9.6          42%
9.1          46%

ATLAS Simulation Preliminary
-1 = 13 TeV, 140.0 fbs

 llbb→ ZH →qq 
2 leptons, 2 jets, BB-tag

 < 400 GeVV
T

 p≤150 GeV 
SR

0 20 40 60 80 100 120 140 160 180 200
 [GeV]ccm

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18
0.2

Ev
en

ts
 / 

5 
G

eV

Standard Calibration
Muon-in-jet Correction
Kinematic Fit
FSR recovery

std.
σ)/σ-

std.
σ [GeV]     (σ     

     
13.8        0%
13.3        4%
9.3          33%
8.8          37%

ATLAS Simulation Preliminary
-1 = 13 TeV, 140.0 fbs

 llcc→ ZH →qq 
C-tag

T
2 leptons, 2 jets, C

 < 400 GeVV
T

 p≤150 GeV 
SR

[ATLAS-CONF-2024-010]



Aoto Tanaka (U-Tokyo)

Event migration in STXS measurement
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4.0σ

5.3σ

Latest CMS result
[Phys. Rev. D 109 (2024) 092011]

Last ATLAS VH->bb resolved
[Eur. Phys. J. C 81 (2021) 178]

This analysis
[ATLAS-CONF-2024-010]

6.7σ
(6.7)

6.3(5.6)σ

Last ATLAS VH->bb resolved+boosted
[ATLAS-CONF-2021-051]

μ(VHbb) = 1.00 +0.18 –0.17   6.4(6.3)σ

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
bb
VH
µ

b b→Comb. VH, H

b b→ZH, H

b b→WH, H

0.14−
+0.16  0.91    , 0.10−

+0.10                               0.11−
+0.12                                          (           )         

0.20−
+0.23  0.87    , 0.15−

+0.15                               0.14−
+0.18                                          (           )         

0.19−
+0.21  0.95    , 0.14−

+0.14                               0.13−
+0.15                                          (           )         

  Tot. ( Stat., Syst. )Total Stat.

ATLASPreliminary -1=13 TeV, 140.0 fbs, c/cb b→VH, H

7.4(8.0)σ

4.9(5.7)σ

5.3(5.5)σ
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0.4 0.6 0.8 1 1.2 1.4 1.6

bb
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µ
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cc VH
µ

Observed 95% CL.
Expected 95% CL.
Observed 68% CL.
Expected 68% CL.

SM
Observed Bestfit

)=(0.91,1.0)cc
VH

µ,bb
VH

µ(
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g(

L)
∆-

68% CL

95% CL

Observed, 95% CI: [-4.2, 4.2]
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ATLAS Preliminary
-1 = 13 TeV, 140 fbs

c/cb b→VH, H

[ATLAS-CONF-2024-010]
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0 5 10 15 20 25 30 35 40

)c c→VH(H 
µ95% CL limit on 

Observed 14.4
Expected 7.60
Combined

Observed 16.9
Expected 8.75
Merged-jet

Observed 13.9
Expected 19.0
Resolved-jet

Observed 18.3
Expected 12.6
0L

Observed 19.1
Expected 11.5
1L

Observed 20.4
Expected 14.3
2L

Observed Median expected
                      68% expected   
                      95% expected   

CMS
 (13 TeV)-1138 fb

0 5 10 15 20 25 30 35
cc
VH
µ95% C.L. limit on 

σ 1±
σ 2±

Observed
Expected

ATLAS Preliminary
-1=13 TeV, 140 fbs

c/cb b→VH, H 

0 lepton
 SM×Exp.= 17 
 SM×Obs.= 14 

1 lepton
 SM×Exp.= 17 
 SM×Obs.= 20 

2 lepton
 SM×Exp.= 18 
 SM×Obs.= 22 

Combination
 SM×Exp.= 10 
 SM×Obs.= 11 

[ATLAS-CONF-2024-010]

𝜇!"$$ = 1.0 3;.9
7;.?

[Phys. Rev. Lett. 131 (2023) 061801]

𝜇!"$$ = 7.7 3:.;
7:.6

http://cds.cern.ch/record/2905263
http://dx.doi.org/10.1103/PhysRevLett.131.061801
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Source of uncertainty
�µ

V H,H ! bb̄ WH,H ! bb̄ ZH,H ! bb̄ V H,H ! cc̄

Total 0.151 0.200 0.220 5.29

Statistical 0.097 0.139 0.151 3.94

Systematic 0.116 0.144 0.160 3.53

Statistical uncertainties

Data statistical 0.089 0.129 0.137 3.70

tt̄ eµ control region 0.009 0.004 0.020 0.06

Background floating normalisations 0.034 0.049 0.040 1.23

Other V H floating normalisation 0.007 0.013 0.007 0.24

Simulation samples size 0.023 0.034 0.030 1.61

Experimental uncertainties

Jets 0.028 0.035 0.030 1.00

E
miss
T 0.009 0.004 0.018 0.24

Leptons 0.004 0.002 0.008 0.23

b-tagging

b-jets 0.020 0.018 0.026 0.30

c-jets 0.013 0.017 0.012 0.73

light-flavour jets 0.006 0.009 0.008 0.67

Pile-up 0.009 0.017 0.003 0.24

Luminosity 0.006 0.007 0.006 0.08

Theoretical and modelling uncertainties

Signal 0.073 0.066 0.112 0.56

Z + jets 0.039 0.017 0.079 1.76

W + jets 0.055 0.087 0.027 1.41

tt̄ and Wt 0.018 0.032 0.018 1.03

Single top quark (s-, t-ch.) 0.010 0.018 0.003 0.15

Diboson 0.032 0.040 0.048 0.51

Multi-jet 0.006 0.010 0.005 0.57

[ATLAS-CONF-2024-010]ATLAS

CMS VHcc [Phys. Rev. Lett. 131 (2023) 061801]

Dµ
Background (theory) +0.043 �0.043
Signal (theory) +0.088 �0.059
MC sample size +0.078 �0.078
Simulation modeling +0.059 �0.059
b tagging +0.050 �0.046
Jet energy resolution +0.036 �0.028
Int. luminosity +0.032 �0.027
Jet energy scale +0.025 �0.025
Lepton ident. +0.008 �0.007
Trigger (~pmiss

T ) +0.002 �0.001

CMS VHbb [Phys. Rev. D 109 (2024) 092011]

http://dx.doi.org/10.1103/PhysRevLett.131.061801
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Latest CMS result
[Phys. Rev. D 109 (2024) 092011]

This analysis
[ATLAS-CONF-2024-010]
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STXS region SM prediction Measurement Stat. unc. Syst. unc. [fb]
Process p

V , t
T interval N

t
jet [fb] [fb] [fb] Th. sig. Th. bkg. Exp.

W (`⌫)H

75–150 GeV �0 79 .2 ± 2.8 3 ± 100 41 13 88 35
150–250 GeV �0 24.3 ± 1.0 23 ± 10 7 2 7 3
250–400 GeV �0 5.90 ± 0.25 7.9 ± 2.0 1.8 0.5 0.8 0.3
400–600 GeV �0 1.03 ± 0.05 -0.11 ± 0.54 0.46 0.05 0.24 0.09
> 600 GeV �0 0.20 ± 0.01 0.26 ± 0.21 0.20 0.02 0.04 0.03

Z(``/⌫⌫)H

75–150 GeV
�0 50.7 ± 3.9 51 ± 32 24 8 19 11
=0 29.9 ± 2.5 38 ± 22 17 4 12 6
�1 20.7 ± 2.6 6 ± 25 25 6 9 8

150–250 GeV
�0 18.7 ± 2.3 18 ± 6.0 4.5 2.5 3.0 1.0
=0 9.0. ± 1.3 8.0 ± 3.2 2.7 0.9 1.4 0.5
�1 9.7 ± 1.9 11 ± 7.3 6.0 2.1 3.4 1.5

250–400 GeV
�0 4.15 ± 0.45 3.5 ± 1.5 1.3 0.5 0.5 0.2
=0 1.70 ± 0.22 1.31 ± 0.72 0.65 0.16 0.25 0.10
�1 2.45 ± 0.45 2.6 ± 2.1 1.9 0.4 0.7 0.3

400–600 GeV �0 0.62 ± 0.05 0.60 ± 0.40 0.37 0.07 0.12 0.08

> 600 GeV �0 0.11 ± 0.01 -0.10 ± 0.12 0.12 0.01 0.03 0.01

[ATLAS-CONF-2024-010]
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STXS region post-fit expected observed

WH, 75 GeV < p
V,t
T < 150GeV 0.8 � 0.0 �

WH, 150 GeV < p
V,t
T < 250GeV 2.4 � 2.3 �

WH, 250 GeV < p
V,t
T < 400GeV 3.2 � 4.4 �

WH, 400 GeV < p
V,t
T < 600GeV 1.6 � -0.2 �

WH, p
V,t
T > 600GeV 1.0 � 1.5 �

ZH, 75 GeV < p
V,t
T < 150GeV, 0 jet 1.4 � 1.8 �

ZH, 75 GeV < p
V,t
T < 150GeV, � 1 jet 0.9 � 0.3 �

ZH, 150 GeV < p
V,t
T < 250GeV, 0 jet 3.0 � 2.8 �

ZH, 150 GeV < p
V,t
T < 250GeV, � 1 jet 1.4 � 1.7 �

ZH, 250 GeV < p
V,t
T < 400GeV, 0 jet 2.7 � 2.0 �

ZH, 250 GeV < p
V,t
T < 400GeV, � 1 jet 1.3 � 1.3 �

ZH, 400 GeV < p
V,t
T < 600GeV 1.7 � 1.7 �

ZH, p
V,t
T > 600GeV 0.8 � -0.7 �

STXS region post-fit expected observed

WH, 75 GeV < p
V,t
T < 150GeV 0.7 � 0.0 �

WH, 150 GeV < p
V,t
T < 250GeV 2.4 � 2.3 �

WH, 250 GeV < p
V,t
T < 400GeV 3.2 � 4.4 �

WH, 400 GeV < p
V,t
T < 600GeV 1.6 � -0.2 �

WH, p
V,t
T > 600GeV 1.0 � 1.5 �

ZH, 75 GeV < p
V,t
T < 150GeV 1.6 � 1.6 �

ZH, 150 GeV < p
V,t
T < 250GeV 3.5 � 3.4 �

ZH, 250 GeV < p
V,t
T < 400GeV 3.3 � 2.7 �

ZH, 400 GeV < p
V,t
T < 600GeV 1.7 � 1.7 �

ZH, p
V,t
T > 600GeV 0.8 � -0.7 �

[ATLAS-CONF-2024-010]


