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Anomalous coupling searches started from 
H→ZZ→4ℓ (both production and decay 
couplings) 
Sensitivity improves thanks to access to larger,  

 values ( >  ), where BSM effects are 
enhanced, when using production coupling.
q2 q2 M2

H

2

Higgs Boson Properties

 BSM research 

Neutral 
scalar 

particle
 JPC = 0++

Ref

What happened to 
antimatter? The asymmetry 
between matter and 
antimatter implies CP 
violation. The Standard Model 
(SM) can only partially explain 
the CP violation needed → we 
look for  other sources of  
violation →  
search for  
anomalous  
couplings (AC) 

Ref

MORE-DATA

Since the main sensitivity comes from 
production, the γγ final state becomes an ideal 
choice due to its high efficiency and excellent 

mass resolution, which allow for effective 
background suppression

AC  H → γγDiscovery AC  H → ZZ

+

https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269312X00285/1-s2.0-S0370269312008581/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240327T065553Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYUPXCTTAT/20240327/us-east-1/s3/aws4_request&X-Amz-Signature=0b687399d76bc14a26f7200903aad5cc7ebdd539450c36b1ac0ae0379aaa0223&hash=b1ed6ad5dbf36dfee31c04d3e36527fe2532c013e5d2c47aad21dbd96cb3f181&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269312008581&tid=spdf-e28ea83e-55b1-4ded-b9eb-5445a971d260&sid=636a86753fa3b04755786b167089c6b75ba6gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=13125d5302065501515706&rr=86ad7a33ac3a74ee&cc=it
https://cds.cern.ch/record/1502670/files/PhysRevLett.110.081803.pdf
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Anomalous couplings
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~

Tree level contribution  
𝒂𝟏𝜸𝜸 = 𝒂𝟏𝒈𝒈 = 𝒂𝟏𝒁𝜸 = 𝟎 

Custodial symmetry  
𝒂𝟏𝒛𝒛 = 𝒂𝟏𝑾𝑾

Symmetry and gauge invariance 
properties require 

New physics scale ( )
kiZZ = kiWW, kiγγ = k2γγ = k1gg = k2gg = k1Zγ = 0

Λ1 = 1TeV

 CP even CP odd

Four couplings from each term 

‣  CP even, SM-like (=2) 

‣   CP even 

‣  CP odd 

‣

aVV
1

aVV
2

aVV
3

Λ1

HVV 
COUPLING : 
V = WW,ZZ 

SM

Four anomalous coupling 
parameters:  

 a2, a3, Λ1, ΛZγ
1
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 CP even CP odd

Four couplings from each term 

‣  CP even, SM-like (=2) 

‣   CP even 

‣  CP odd 

‣

aVV
1

aVV
2

aVV
3

Λ1

HVV 
COUPLING : 
V = WW,ZZ 

Hgg COUPLING : V = gg 

Two coupling from 2nd & 3rd 
term 

‣  CP even, SM-like 

‣  CP odd
aVV

2
aVV

3

SM

One anomalous 

coupling:  aggH
3

Four anomalous coupling 
parameters:  

 a2, a3, Λ1, ΛZγ
1

Anomalous couplings
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,      &    μV μf fai =
|ai |

2 σi

∑j=1,2,3,Λ1
|aj |

2 σj
sgn( ai

a1
)

* cross section for the process corresponding to σi = ai = 1

f =
NBSM

N

Parametrization: Effective cross section fractions 

‣ HVV COUPLING  parametrized:a2, a3, Λ1, ΛZγ
1

‣ Hgg COUPLING  parametrized:aggH
3

     &    μf , μV, fa3 f ggH
a3 =

|agg
3 |2

|agg
2 |2 + |agg

3 |2 sgn( agg
3

agg
2

)
By studying the interaction of the Higgs boson with gluons (Hgg), we can probe the 
anomalous CPodd interaction between Higgs and fermions indirectly 

kf(k̃f )

Anomalous couplings
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Comprehensive studies of CP violation, anomalous couplings, and the tensor structure of Higgs have been performed 
previously with other Higgs decay channel 

  ▪ Phys. Rev. D 104, 052004 : 𝐻 → 4ℓ 

  ▪ Phys. Rev. D 108, 032013: 𝐻 → 𝜏𝜏 (with result of 𝑯 → 𝟒ℓ + 𝑯 → 𝝉𝝉) 

  ▪ Eur. Phys. J. C 84 (2024) 779: 𝐻 → WW

+

Phys. Rev. D 104, 052004 Phys. Rev. D 108, 032013

Analysis strategy

PRESELECTION

DISCRIMINANT  
VARIABLE

CATEGORY  
OPTIMIZATION

FIT STRATEGY

RESULTS

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013
https://arxiv.org/abs/2403.00657v2
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013
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Xf
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The sensitivity to the ggH anomalous coupling is indeed maximal for events with VBF-like kinematics. Therefore, 
making the ggH analysis orthogonal to VBF would suppress this sensitivity. 

ggH+2Jets (  )f ggH
a3 , fHtt

CPVBF (  )fa3, fa2, fΛ1
, fZγ

Λ1

To improve clarity, from now on pink will be used for HVV 
(VBF,VH) and blue for the Hgg + 2 jets analysis

DATA 
    UL re-reco from RUN 2  

NON-RESONANT BACKGROUND 
   estimated from Data  

DIPHOTON PRESELECTION 

, |η1,2 | < 2.5 pT /mγγ > 1/3(1/4)

PRESELECTION

Analysis strategy
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MVA : different strategies are applied to each production mode, according to their 
specific requirements

The distributions of the kinematic variables are sensitive to Higgs quantum numbers and  
anomalous couplings→ CP-sensitive variables (  ,  … ) 
MELA  (Matrix Element Likelihood Approach) + MVA  (enhance signal-to-background separation)

Δϕjj, pT(H)

Discriminating variables

ggH+2Jets

BDT Multiclassifier 

§BKG (non-resonant and 
resonant VBF)  

§ ggH SM  

§ ggH BSM (CP-odd) 

VBF and VH-had

Two DNN for the two 
prediction modes 

§BKG (resonant and non-
resonant background)  

§VBF/VH-had SM 

§VBF/VH-had BSM (CP-
odd)   

Separate with 2 BDT 

§ STXS BDT score (to 
separate BKG and VH-lep 
SM) 

§AC BDT score (to 

separate VH-lep BSM and 
VH-lep SM)

VH-lep

DISCRIMINATING VARIABLES
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Discriminating variables
MELA (Matrix Element Likelihood Approach) : For ggH, VBF, VH we can define a set of 7 observables ( ) that fully 
describe the topology 

The method is designed to reduce the number of observables to a minimum, while retaining all important information  

Ωprod

Sensitive to interference 
between SM and BSM 
couplings  

Separate SM and BSM couplings  

DVBF
0−

 is designed to distinguish between CP-even and CP-odd scenarios, but it 
also performs well for other anomalous coupling scenarios ( ). Therefore, 
the same categorization is applied to target all anomalous couplings.

DVBF
0−

a2, Λ1, ΛZγ
1

DISCRIMINATING VARIABLES
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Validation
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The output of the MVA variables has been validated using a sample of  
Z→ee events (where both electrons are reconstructed as photons) and 
non resonant background events. A good agreement between data 
and Monte Carlo simulation is observed, confirming the robustness of 
the modeling 

DISCRIMINATING VARIABLES
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Three-dimensional categorization ( , , ) in 30 bins based on: 

‣ 5 bins in MELA variable  to separate SM  and BSM  states 

‣ 3 bins in standard di-photon MVA ( ) to reduce continuum 
background  

‣ 2 bins in MELA variable  to be sensitive to the sign of the 
interference term 

DggH
0− DggH

STXS DggH
CP

DggH
0−

DggH
STXS

DggH
CP

Categories optimization (Hgg)

CATEGORIES OPTIMIZATION
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Categories optimization (HVV)
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This analysis targets the HVV couplings, whose sensitivity comes from either the VBF, or the associated productions of WH and ZH. 
For both the VBF and VH associated production, the phase space used is the same  
of the Run2 STXS analysis [HIG-19-015]  
→ (STXS AN (i.e. ))μggH, μVBF, μVH, μtop

VBF 5 categories  

for AC 

1 dominated by SM 

2 dominated by BKG 

 2 dominated by BSM 

V(qq)H 5 categories for AC  
2 dominated by SM  3 dominated by BSM 

V(leptons)H categories 

for AC 

4 cat for VH-MET 

4 cat for WH 

2 cat for ZH

Create categories in the 
discriminant phase 
space such that they 
maximize signal 
significance while 
maintaining a minimum 
number of data 
sideband events 

CATEGORIES OPTIMIZATION

https://arxiv.org/abs/2103.06956https://arxiv.org/abs/2103.06956
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Signal and Background modeling 
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Fit each (year x prod. modes × category × vertex-scenario) separately 
and determine optimum number of Gaussians 

discrete profiling method: the choice of 
background function is treated as a systematic 
uncertainty

*When the interaction point is known with a precision worse than 1 cm, the 
resolution on the photon opening angle becomes a non-negligible 
contribution to the mass resolution 

Typical procedure used in all   analyses 

 the procedure applies to both HVV and ggH analyses

H → γγ

FIT STRATEGY
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Fit strategy
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Pk(mγγ; ⃗θk, ⃗μ , fi) = ∑
j

μjP
sig
jk (mγγ; ⃗θjk , fi) + Pbkg

k (mγγ; ⃗θk)

PARAMETERS OF INTEREST: signal strength per process (  = ,  ) + anomalous cross section 
fraction (  ) :  two independent fits are done for HVV and Hgg 
HVV :   ( )  fitted and  ,   are floating 
ggH :   is fitted and  ,  are floating

μj μV μf

fai

fai fa3, fa2, fΛ1, fZγ
Λ1 μV μf

f ggH
a3 μf μV

‣Binned maximum likelihood uses in the fit:

* j = process (VBF,VH,TT,GGH ) 
* k= category 

Psig
jk (mγγ; ⃗θjk , fi) = (1 − fi)P

a1
jk (mγγ; ⃗θjk ) + fiPi

jk(mγγ; ⃗θjk ) − 2 fi(1 − fi)cos(ϕai)P
a1,ai
jk (mγγ; ⃗θjk )

INTERFERENCE

PROBABILITY DENSITY 
FUNCTION

FIT STRATEGY

The systematic uncertainties have a 
limited impact, contributing less than  

10% to the total uncertainty.

     NUISANCE  
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Likelihood scan (Hgg)
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‣Compatible wrt SM prediction ( ) 

‣Comparable limits wrt previous measurement

fai = 0

RESULTS
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Likelihood scan (HVV)

16RESULTS

only one   ( ) is fitted at a 
time while ,   are floating

fai fa3, fa2, fΛ1, fZγ
Λ1

μV μf
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Observed yields
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As shown by the results, the observed curve reaches a higher sensitivity than expected. This    can be attributed to two main 
factors: first, the fitted value of  

 
is higher than expected   (  ∼ 1.37); second the categories with the highest sensitivity exhibit 

an under-fluctuation in   the observed data,  

μV μV

The distribution of events 

weighted by .    

The background contribution, 
estimated from the sideband fit on 
data, has been subtracted. The 
plot displays the comparison with 
the predicted Higgs signal yield 
with = 0 ; = 1

SSM

SSM + B

fa3 fa3

RESULTS
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Floated scans
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H

, mγγ →H 

=1)
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µExpected fix others (
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f
µObserved fix others (
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µExpected float others (
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µObserved float others (
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CMS
Preliminary

 (13 TeV)-1137.6 fb = 125.38 GeV
H

, mγγ →H 

=1)
f
µExpected fix others (

=1)
f
µObserved fix others (

=1)
f
µExpected float others (

=1)
f
µObserved float others (

        Fix others: only one of  

Float others: all  free parameters

fai ≠ 0
fai

RESULTS
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Summary and conclusion
‣ Higgs boson candidates decaying into two photons are analyzed to probe CP-violating effects in both electroweak 

(VBF and VH) and gluon fusion production mechanisms fitting one AC (most stringent) at a time or floating all 
simultaneously (more model independent) 

‣ No significant deviations from the Standard Model predictions are observed. The CP-odd effective fraction in gluon 
fusion production is measured to be   at 68% confidence level. The CP-Odd effective fractions for 
electroweak production is constrained to  at 68% confidence level. 

‣ These results are compatible with previous measurements in other Higgs decay channels 

f ggH
a3 = 0.45+0.47

−0.43
fa3 < 2.1 × 10−4

‣Rapidly growing field with recent advances and possibilities for new interpretations 

‣Analyses are limited by statistical uncertainties, so we expect improvements from the increase 
in data.

Thanks for the attention!

I don’t 
see you
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Systematics
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Psig
jk (mγγ; ⃗θjk , fi) = (1 − fi)P

a1
jk (mγγ; ⃗θjk ) + fiPi

jk(mγγ; ⃗θjk ) + 2 fi(1 − fi)cos(ϕai)P
a1,ai
jk (mγγ; ⃗θjk )

Systematic uncertainties based on the  standard  analysisH → γγ

The systematic uncertainties have a 
limited impact, contributing less than  

10% to the total uncertainty.

15% of the total 
systematics unc

For HVV 20% 
of the total 

systematics unc

5% of the total 
systematics unc

FIT STRATEGY
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Floated scans
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CMS
Preliminary

 (13 TeV)-1137.6 fb = 125.38 GeV
H

, mγγ →H 

=1)
f
µExpected fix others (

=1)
f
µObserved fix others (

=1)
f
µExpected float others (

=1)
f
µObserved float others (

        Fix others: only one of  

Float others: all  free parameters

fai ≠ 0
fai

RESULTS
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Trigger & event Selection

Standard HLT trigger for H->γγ is applied 

The same branch of the flashgg framework is used to 
reconstruct and select diphoton events in both analyses. 

 

diphoton preselection 

, |η1,2 | < 2.5 pT /mγγ > 1/3(1/4)

Hgg Analysis focus on events where the Higgs boson is produced via gluon fusion in 
association with two jets (ggH + 2 jets), radiated from the initial partons. 

This region of phase space provides maximal sensitivity to anomalous ggH couplings. 

2 Jets selection:  
At leas two jets with  ,  , No  cut 

pohotonID MVA>-0.2, 
p1,2

T > 30 GeV |η1,2 | < 4.7 mjj
100 GeV < mγγ < 180 GeV

ggH

HVV analysis uses similar STXS 
(Simplified Template Cross Sections) 
REF phase space to better constrain the 
resonant background, especially the 
ggH production mode. 

VBF


