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► Run-2 combinations

► 𝑯 → 𝜸𝜸

► Standard candles: 𝑯 → 𝜸𝜸 and 𝑯 → 𝒁𝒁 → 𝟒𝒍

► Trigger developments:

► Higgs coupling with 2nd generation quarks:

► Double Higgs: 𝑯𝑯 → 𝟒𝒃

o Legacy HH
o Legacy H
o Full combination of differential cross sections

o New taggers
o VBF and HH parking

o V𝑯 → 𝒄𝒄 merged and resolved
o 𝑽𝑩𝑭𝑯 → 𝒄𝒄

Run-2 Highlights

Run-3 status
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o mass measurement in Full Run-2 Legacy 
o 𝐻 → 𝛾𝛾 + c and Higgs boson coupling to 

charm quarks
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Run-2 combinations
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► Legacy H with all channels and SMEFT 
interpretations
HIG-21-018

Nature result (HIG-22-001):

𝜇 = 0.993!"."$%&"."$' 𝑡ℎ𝑒𝑜𝑟𝑦 !"."$(
&"."$$ 𝑒𝑥𝑝𝑡 !"."()

&"."() (𝑠𝑡𝑎𝑡)

= new since
Nature combination

Expected
observation
at HL-LHC

► Legacy HH with all channels
HIG-20-011
preapproval talk June24

https://cms.cern.ch/iCMS/analysisadmin/cadilines?id=2483&ancode=HIG-21-018&tp=an&line=HIG-21-018
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-001&tp=an&id=2535&ancode=HIG-22-001
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-20-011&tp=an&id=2364&ancode=HIG-20-011
https://indico.cern.ch/event/1360910/contributions/6013505/attachments/2880501/5054293/preapp_HIG-20-011_v2.pdf
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► Full Run-2 combination of fiducial differential cross section
(𝐻 → 𝛾𝛾, 𝐻 → 𝑍𝑍,𝐻 → 𝑊𝑊,𝐻 → 𝜏𝜏)
CMS-PAS-HIG-23-013
no deviations from SM observed

► SMEFT interpretation

energy scale for new physics

ℒ!"#$% = ℒ!" +1
&

𝑐&
Λ'
𝑂&
())

Wilson coeffiecients

SMEFT dim-6 operators

▹ Constraints on linear combinations of EFT 
coefficients → in agreement with SM 
expectations

▹ Energy scale of the new physics they can
constrain

http://cds.cern.ch/record/2905139?ln=en
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H→ 𝜸𝜸 measurements

CMS-HIG-PAS-23-010
▷ Full Run-2 analysis

▷ Probe the Higgs boson coupling with charm quarks

▷ UL on the signal strength
@ 95% CL:

𝝁𝑯𝜸𝜸𝒄 < 𝟐𝟒𝟑 𝟑𝟓𝟓

▷ UL on the coupling modifier
@ 95% CL:

𝒌𝒄 < 𝟑𝟖. 𝟏 (𝟕𝟐. 𝟓)

Higgs mass
▷ Ultra Legacy full Run2
▷ HIG-24-007
▷ Unblinding

M(H) = 125.609 ± 0.14 [0.08 (stat) ± 0.12 (sys)] GeV

𝑯 → 𝜸𝜸 + 𝒄
NEW 

Unblinding

Under investigation
2016_preVPF → Γ* = 0.94!".+(&".,-

https://cds.cern.ch/record/2905239/files/HIG-23-010-pas.pdf
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-24-007&tp=an&id=2801&ancode=HIG-24-007
https://cms-pub-talk.web.cern.ch/t/unblinding-results-step-3/29543


Run-3 searches
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Higgs standard candles
𝑯 → 𝜸𝜸

CMS-PAS-HIG-23-014
▷ Inclusive and differential cross section measurement
▷ 2022 data (34.7 fb-1)
▷ Inclusive cross section in the fiducial phase space

𝜎.&/ = 78 ± 11 𝑠𝑡𝑎𝑡 01
2) 𝑠𝑦𝑠 𝑓𝑏03

𝑯 → 𝒁𝒁 → 𝟒𝒍
CMS-PAS-HIG-24-013
▷ Inclusive and differential cross section measurement
▷ 2022 data (34.7 fb-1)
▷ Inclusive cross section in the fiducial phase space

𝜎.&/ = 2.94 04.6724.18 𝑠𝑡𝑎𝑡 04.''
24.'7 𝑠𝑦𝑠 𝑓𝑏03

https://cds.cern.ch/record/2904882/files/HIG-23-014-pas.pdf
https://cds.cern.ch/record/2904969/files/HIG-24-013-pas.pdf
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Run-3 Higgs physics program
Highest priority goals in Higgs searches:
▷ Higgs coupling to charm quarks

▷ Higgs self coupling

VHcc
boosted

VHcc
resolved

ttHcc
(prelim.)

VBFHcc
(prelim.) ggF Hcc

Run2 results 8.8×SM 19.0×SM 7.8×SM - 38×SM

Run2 + Run3
(500 fb-1) 4.7×SM 10×SM 4.1×SM 7.6×SM 20×SM

c?

(Run-2) Observed limit on 𝑘!:

−1.2 < 𝑘! < 6.5

Higgs potential:  𝑉 = 𝑉" +
#
$
𝑚%
$𝐻$ + 𝜆&𝜐𝐻& + #

'
𝜆'𝐻'

Expected UL
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Trigger developments (1/2)
FLAVOUR TAGGING

▷ DeepJet and ParticleNet trained with HLT features
→ large gain in performance

▷ Deployed online new triggers based on ParticleNet for

▷ All paths with b/c-tagging migrated to
ParticleNet (2024)

▹ 𝐻𝐻 → 4𝑏 and 𝐻𝐻 → 𝑏𝑏𝜏9𝜏9
▹ Boosted 𝐻 → 𝑏𝑏 and 𝐻 → 𝜏9𝜏9
▹ 𝑉𝐵𝐹 𝐻 → 𝑐𝑐 (first c-tagging online)

Data-parking

c-tag b-tag
VBFHbb
efficiency
+10%

CM
S 

D
P-

20
23

/0
89

CMS DP-2023/021
CMS DP-2022/030

http://cds.cern.ch/record/2881092/files/DP2023_089.pdf
http://cds.cern.ch/record/2857440/files/DP2023_021.pdf
http://cds.cern.ch/record/2825704/files/DP2022_030.pdf
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Trigger developments (2/2)

PARKING STRATEGY

▷ HH parking (330 Hz)

▷ VBF parking (1 kHz)

▹ 4j+2b 
modified in 2024 to become more inclusive  

▹ 4jet+1b+1𝝉 (new 2024)

▹ Inclusive triggers with tight requirements
on the VBF jets

▹ Specific triggers
- VBF + 1 loose central object
- Higgs specific VBF triggers (VBFHcc) 

CM
S 

D
P-

20
23

/0
50

http://cds.cern.ch/record/2868787/files/DP2023_050.pdf
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Search for charm decays

𝑽𝑩𝑭 𝑯 → 𝒄𝒄
▷ New trigger with ParticleNet c-tagging
▷ Signal/bkg discrimination with BDT 

based on ParticleNet CvsL and CvsB
scores of the two c-jets and QvsG
scores of the VBF jets

▷ Preliminary expected upper limit on 
the signal strength: 

𝝁𝑽𝑩𝑭𝑯𝒄𝒄 < 𝟑𝟎@ 𝟗𝟓% 𝑪𝑳

⭐ Higgs/Charm workshop in 2024
Resolved 𝑽𝑯 → 𝒄𝒄

▷ new strategy for resolved analyses: PAIReD
▹ New approach to reconstruct decays of 

heavy particles at a large
▹ Define an ellipse in the 𝜂 − 𝜙 plane around

the two AK4 jets 
▹ Exploit correlation between the 

hadronization products of the two c-quarks

Boosted 𝑽𝑯 → 𝒃𝒃/𝒄𝒄
▷ Simultaneous measurement of 𝐻 → 𝑏𝑏 and 𝐻 → 𝑐𝑐

▷ H candidate reconstructed as a AK15 jet tagged
with ParT

▷ Two cc and two bb orthogonal regions defined

Better sensitivity
than ATLAS on 𝜇==

https://indico.cern.ch/event/1347445/
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Search for double Higgs: 𝑯𝑯 → 𝟒𝒃
Resolved

▷ 4j2b trigger with ParticleNet designed for this
analysis

▷ 4 b-jets tagged with ParticleNet
▷ DNN for signal/bkg separation

▷ Expected upper Limit on the signal strength:

𝝁𝑯𝑯𝟒𝒃 < 𝟓. 𝟕𝟎

Boosted
▷ Boosted Hbb trigger with ParticleNet designed for this

analysis

▷ 2 AK8 jets tagged with ParticleNet
▷ DNN multiclass for signal vs QCD and ttbar

discrimination
▷ Simultaneous mass fit across 2022 (35 fb-1) and 2023 

(27 fb-1)
25-30% more sensitive than
Full Run-2 
2 times better scaled to Full 
Run-2 lumi

𝝁𝑯𝑯𝟒𝒃 < 𝟕. 𝟓

HIG-24-010
Preapproval talk 

▷ Expected upper Limit 
on the signal strength:

https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-24-010&tp=an&id=2814&ancode=HIG-24-010
https://indico.cern.ch/event/1360907/
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Conclusions
▷Great effort ongoing for Run-2 HH and H Legacy combinations

▷Full Run-2 combination of fiducial differential cross section

▷Ongoing Full Run-2mass measurement in 𝑯 → 𝜸𝜸 and recent publication 𝑯 → 𝜸𝜸 + 𝒄

▷Standard candles: 𝑯 → 𝜸𝜸 and 𝑯 → 𝒁𝒁 → 𝟒𝒍

▷Trigger developments: new taggers and data-parking

▷Great effort ongoing in 𝑯 → 𝒄𝒄 searches: VH and VBF analyses

▷Great effort ongoing in 𝑯𝑯 → 𝟒𝒃 resolved and boosted searches

No deviations from 
SM observed

Run-2

New triggers, taggers, 
anaysis techniques

Better sensitivity than Run-2 
expected

Run-3



Thank you 
for listening!

14

angela.zaza@cern.ch
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► Run-2 combinations

► 𝑽𝑯 → 𝒃𝒃 differential cross section

► 𝑯 → 𝜸𝜸

► Standard candles: 𝑯 → 𝜸𝜸 and 𝑯 → 𝒁𝒁 → 𝟒𝒍

► Trigger developments:

► Higgs coupling with 2nd generation quarks:

► Double Higgs: 𝑯𝑯 → 𝟒𝒃

o Legacy HH
o Legacy H
o Full combinaeon of differeneal cross seceons

o New taggers
o VBF and HH parking

o V𝑯 → 𝒄𝒄 merged and resolved
o 𝑽𝑩𝑭𝑯 → 𝒄𝒄

Run-2 Highlights

Run-3 status

O
u
t
l
i
n
e

o mass measurement in Full Run-2 Legacy 
o 𝐻 → 𝛾𝛾 + c and Higgs boson coupling to 

charm quarks
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Conclusions
▷Great effort ongoing for Run-2 HH and H Legacy combinations

▷Full Run-2 combination of fiducial differential cross section

▷VHbb fiducial differential cross section

▷Ongoing Full Run-2mass measurement in 𝑯 → 𝜸𝜸 and recent publication 𝑯 → 𝜸𝜸 + 𝒄

▷Standard candles: 𝑯 → 𝜸𝜸 and 𝑯 → 𝒁𝒁 → 𝟒𝒍

▷Trigger developments: new taggers and data-parking

▷Great effort ongoing in 𝑯 → 𝒄𝒄 searches: VH and VBF analyses

▷Great effort ongoing in 𝑯𝑯 → 𝟒𝒃 resolved and boosted searches

No deviations from 
SM observed

Run-2

New triggers, taggers, 
anaysis techniques

Better sensitivity than Run-2 
expected

Run-3
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VH(bb) differential cross section

PhysRevD.109.092011
▷ STXS template
▷ Full Run-2 data
▷ Inclusive signal strength

𝜇 = 1.15(".$"*".$$ → Z = 6.3 (5.6) 𝜎

CMS Italia 2023 2024

Each channel overall 
compatible with the SM

▹ Decorrelaeon of Vb and Vbb
processes

▹ Removal of a sog acevity counter 
with 5 GeV threshold

▹ Correceon of addieonal jet counter 
with 30 GeV threshold

changes:

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.092011
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► Run-2 combinations

► 𝑯 → 𝜸𝜸

► Standard candles: 𝑯 → 𝜸𝜸 and 𝑯 → 𝒁𝒁 → 𝟒𝒍

► Trigger developments:

► Higgs coupling with 2nd generation quarks:

► Double Higgs: 𝑯𝑯 → 𝟒𝒃

o Legacy HH
o Legacy H
o Full combination of differential cross sections

o New taggers
o VBF and HH parking

o V𝑯 → 𝒄𝒄 merged and resolved
o 𝑽𝑩𝑭𝑯 → 𝒄𝒄

Run-2 Highlights

Run-3 status

O
u
t
l
i
n
e

o mass measurement in Full Run-2 Legacy 
o 𝐻 → 𝛾𝛾 + c and Higgs boson coupling to 

charm quarks
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► Legacy H with all channels and SMEFT 
interpretations
HIG-21-018

Nature result (HIG-22-001):

𝜇 = 0.993!"."$%&"."$' 𝑡ℎ𝑒𝑜𝑟𝑦 !"."$(
&"."$$ 𝑒𝑥𝑝𝑡 !"."()

&"."() (𝑠𝑡𝑎𝑡)

► Legacy HH with all channels
HIG-20-011
preapproval talk June24

► Full Run-2 combination of fiducial
differential cross section
(𝐻 → 𝛾𝛾,𝐻 → 𝑍𝑍,𝐻 → 𝑊𝑊,𝐻 → 𝜏𝜏)
CMS-PAS-HIG-23-013
no deviations from SM observed

= new since
Nature combination

Expected
observation
at HL-LHC

https://cms.cern.ch/iCMS/analysisadmin/cadilines?id=2483&ancode=HIG-21-018&tp=an&line=HIG-21-018
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-001&tp=an&id=2535&ancode=HIG-22-001
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-20-011&tp=an&id=2364&ancode=HIG-20-011
https://indico.cern.ch/event/1360910/contributions/6013505/attachments/2880501/5054293/preapp_HIG-20-011_v2.pdf
http://cds.cern.ch/record/2905139?ln=en
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Higgs standard candles Run-2

𝑯 → 𝜸𝜸
CMS-PAS-HIG-23-014
▷ Inclusive and differential cross section measurement
▷ 2022 data (34.7 fb-1)
▷ Inclusive cross section in the fiducial phase space

𝜎.&/ = 73.4 01.821.6 𝑠𝑡𝑎𝑡 0'.'
2'.6 𝑠𝑦𝑠 𝑓𝑏

𝑯 → 𝒁𝒁 → 𝟒𝒍
▷ doi:10.1007/JHEP08(2023)040
▷ Inclusive and differential cross section measurement
▷ Full Run-2 data (138 fb-1)
▷ Inclusive cross section in the fiducial phase space

𝜎.&/ = 2.73 ± 0.22 𝑠𝑡𝑎𝑡 ± 0.15 𝑠𝑦𝑠 𝑓𝑏

https://cds.cern.ch/record/2904882/files/HIG-23-014-pas.pdf
https://link.springer.com/article/10.1007/JHEP08(2023)040
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▹ Higgs mass measurement in 𝑯 → 𝜸𝜸

▹ Run-2 combinations

▹ 𝑯 → 𝜸𝜸 + 𝐜 and Higgs boson coupling to 
charm quarks

▹ 𝑽𝑯 → 𝒃𝒃 differential cross section

▹ Double Higgs: 𝑯𝑯 → 𝒃𝒃𝑽𝑽

▹ Standard candles: 𝑯 → 𝜸𝜸 and 𝑯 → 𝒁𝒁 → 𝟒𝒍

▹ Trigger developments:

▹ Higgs coupling with 2nd generaeon quarks:

▹ Double Higgs: 𝑯𝑯 → 𝟒𝒃

o Full combination of differential cross sections
o Legacy HH
o Legacy H

o VBF and HH parking
o New taggers

o V𝑯 → 𝒄𝒄 merged and resolved
o 𝑽𝑩𝑭𝑯 → 𝒄𝒄

Run-2 Highlights

Run-3 status

O
u
t
l
i
n
e
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Run-2 Highlights
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𝑯 → 𝜸𝜸
▷ Expected Full Run2 mass measurement recently

obtained

▷ Preapproval talk June24

M(H) = 125.38 ± 0.13 [0.08(stat) ± 0.11 (sys)] GeV

Run-2 combinations
▷ Full Run-2 combination of fiducial differential cross 

section (𝐻 → 𝛾𝛾, 𝐻 → 𝑍𝑍,𝐻 → 𝑊𝑊,𝐻 → 𝜏𝜏)
CMS-PAS-HIG-23-013
no deviations from
SM observed

▷ Legacy HH with 
all channels
preapproval talk June24

▷ Legacy H with 
all channels and SMEFT 
interpratations
HIG-21-018

https://indico.cern.ch/event/1360910/contributions/6018601/attachments/2882748/5059696/HIG-24-007_pre-approval.pdf
http://cds.cern.ch/record/2905139?ln=en
https://indico.cern.ch/event/1360910/contributions/6013505/attachments/2880501/5054293/preapp_HIG-20-011_v2.pdf
https://cms.cern.ch/iCMS/analysisadmin/cadilines?id=2483&ancode=HIG-21-018&tp=an&line=HIG-21-018
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Run-2 Highlights
𝑯 → 𝜸𝜸 + 𝒄

CMS-HIG-PAS-23-010
• Full Run-2 analysis
• Probe the Higgs boson coupling with charm quarks

• UL on the signal strength
@ 95% CL:

𝝁𝑯𝜸𝜸𝒄
𝝁𝑯𝜸𝜸𝒄
𝑺𝑴 < 𝟐𝟒𝟑 𝟑𝟓𝟓

• UL on the coupling modifier
@ 95% CL:

𝒌𝒄 < 𝟑𝟖. 𝟏 (𝟕𝟐. 𝟓)

VH(bb) differential cross section

PhysRevD.109.092011
▷ STXS template
▷ Full Run-2 data
▷ Inclusive signal strength

𝜇 = 1.15(".$"*".$$ → Z = 6.3 (5.6) 𝜎

CMS Italia 2023

https://cds.cern.ch/record/2905239/files/HIG-23-010-pas.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.092011
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Run-2 Highlights

𝑯𝑯 → 𝒃𝒃𝑽𝑽
CMS-HIG-PAS-23-012
▷ Aim to constrain 𝑘'@
▷ Full Run-2 analysis in high-𝑚AA regime

▷ All hadronic final states considered
▷ Second largest BR behind 𝐻𝐻 → 4𝑏
▷ 𝐻 → 𝑏𝑏 identification with PNet-MD

▷ 𝐻 → 𝑉𝑉 identification with GloParT

𝑘'@ ∈ −0.04, 2.05 ( 0.05, 1.98 ) @ 95% CL

https://cds.cern.ch/record/2904879/files/HIG-23-012-pas.pdf
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Trigger developments
FLAVOUR TAGGING

▷ DeepJet and ParticleNet trained with HLT features
→ large gain in performance

▷ Deployed online new triggers based on ParticleNet for

▷ All paths with b/c-tagging migrated to ParticleNet (2024)

▹ 𝐻𝐻 → 4𝑏 and 𝐻𝐻 → 𝑏𝑏𝜏9𝜏9
▹ Boosted 𝐻 → 𝑏𝑏 and 𝐻 → 𝜏9𝜏9
▹ 𝑉𝐵𝐹 𝐻 → 𝑐𝑐 (first c-tagging online)

PARKING STRATEGY

▷ HH parking

▷ VBF parking

▹ 4b+2jet  
▹ 4jet+1b+1𝜏

▹ Inclusive triggers with tight 
requirements on the VBF jets

▹ Specific triggers
- VBF + 1 loose central object
- Higgs specific VBF triggers 
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Search for double Higgs: 𝑯𝑯 → 𝟒𝒃
Resolved

▷ 4j2b trigger with ParticleNet designed for this
analysis

▷ 4 b-jets tagged with ParticleNet
▷ DNN for signal/bkg separation

▷ Expected upper Limit on the signal strength:

𝝁𝑯𝑯𝟒𝒃 < 𝟓. 𝟕𝟎

Boosted
▷ Boosted Hbb trigger with ParticleNet designed for this

analysis

▷ 2 AK8 jets tagged with ParticleNet
▷ DNN multiclass for signal vs QCD and ttbar

discrimination
▷ Simultaneous fit across 2022 (35 fb-1) and 2023 (27 fb-1)25-30% more sensitive than

Full Run-2 
2 times better scaled to Full 
Run-2

▹ Mass-fit analysis

𝝁𝑯𝑯𝟒𝒃 < 𝟕. 𝟓𝟔@ 𝟗𝟓% 𝑪𝑳

▹ DNN-fit analysis

𝝁𝑯𝑯𝟒𝒃 < 𝟕. 𝟗𝟔@ 𝟗𝟓% 𝑪𝑳

HIG-24-010
Preapproval talk 

https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-24-010&tp=an&id=2814&ancode=HIG-24-010
https://indico.cern.ch/event/1360907/

