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Motivation

  Precise measurements of the Higgs boson properties are crucial part of the      
 physics program at LCH

Differential cross sections such as Higgs p
T
 spectrum are of prime interest

 Serves as bench mark spectrum in various experimental analyses

 Provides a model independent way to search for BSM in the Higgs sector
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Motivation
Challenges for theory:

 QCD corrections to                are large: 

 Calculation of the inclusive cross sections has been pushed up to N3LO

 However experimental measurements at LHC apply kinematic selection cuts on Higgs      
   decay products

   ATLAS fiducial cuts for 

  

Needs to account properly for the complete interplay of QCD and O(1) fiducial effects

[Anastasiou, Duhr, Dulta, Furlan, Gerhmann, Herzog, Lazopoulos, Mistlberger ‘15-’18]
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Goal

Consider                        with ATLAS fiducial cuts:

Goal:

Compute fiducial spectrum in                           at 

Compute total fiducial cross section at 

Previous state of the art was                           and             , respectively
[Chen et al.’18, Bizon et al. ‘18, Gutierre-Reyes et al. ‘19, Becher, Neumann ‘20]

[Billis, BD, Ebert, Michel, Tackmann, ‘21]



Theory overviewTheory overview
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Higgs p
T
 Spectrum

 Close to Born kinematics
 dressed with soft and collinear emissions

 Use EFT approaches (SCET):

 Described by H + (1-jet) kinematics

 Perturbative fixed order (FO) calculation  

Resummation region Fixed order region

 Systematic expansion in power of q
T

 Cross section factorizes

 Resumes large logarithms for dominant singular corrections
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Theory: Framework

 Dominant top mass dependence →rescale with the exact leading order (rEFT):

Integrate out the top

quark in                  limit

 QCD current in EFT:
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Theory: Framework

                  → acceptance factor encoding the higgs decay and fiducial cuts (    )

                               Production and decay of the Higgs factorize

 → hadronic structure function encoding the                   production process 

 Only depends on the higgs rapidity (     ) and transverse momentum (      )
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Higgs p
T
 Spectrum

same hadronic structure enters the leading power and fiducial power corrections

Expand the cross section in powers of
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Higgs p
T
 Spectrum

Leading Power:

  Leading order + as { virtual corrections + real radiation (log enhanced / singular) } 

  Predicted by factorization theorem in SCET:
Hard function: includes the Wilson coefficient from matching SCET onto rEFT

Beam functions: collinear initial state radiations 
Soft function: isotropic soft radiations

 systematically resumes log-enhanced singular terms to all order in perturbation theory 

 all ingredients are know for analysis at 

Expand the cross section in powers of

[see  2102.08039 for all references]
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Higgs p
T
 Spectrum

Linear (fiducial) power corrections:

 Still logarithmic divergent (but integrable for      →0 ) 

 Also predicted by the factorization theorem for 

 Can be resummed to the same order as leading power corrections

 Can be included in the q
T
-subtraction techniques (i.e. total cross section) 

Expand the cross section in powers of

[Ebert, Michel, Stewart, Tackmann ‘20]
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Higgs p
T
 Spectrum

Quadratic and higher order power corrections:

 Non-singular (vanishes for      → 0)

 Extracted from H + (1-jet) calculations in fixed order perturbation theory

Expand the cross section in powers of
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Higgs p
T
 Spectrum

Quadratic and higher order power corrections:

 Non-singular (vanishes for      → 0)

 Extracted from H + (1-jet) calculations in fixed order perturbation theory
   fixed order input:

NLO and NNLO results are well known
At N3LLO, used the existing binned results from NNLOjet (not precise enough towards small      )

Expand the cross section in powers of

A priori not a problem for determining       spectrum where
However we need a better control on the spectrum for                        to have a 
reliable determination for the total cross section (to integrate over the spectrum)

[Dulat, Lionetti,Mistlberger, Pelloni, Specchia ‘17]

[Chen et al ‘15-’16-’18 , Bizon et al ‘18]
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Higgs p
T
 Spectrum

Quadratic and higher order power corrections:

 Non-singular (vanishes for      → 0)

 Extracted from H + (1-jet) calculations in fixed order perturbation theory
   

Expand the cross section in powers of

Key Idea: fit non-singular data to well known form at subleading powers 

 
 

 more precise data at higher       to control the non-singular in the deep IR limit
 allows an analytic integration over the spectrum down to              to determine total cross section



Numerical resultsNumerical results
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Fiducial p
T 
Spectrum

 Total uncertainty is  
 Observe excellent perturbative convergence and uncertainty coverage
 Devided the branching ratio out of data [LHC Higgs Cross Section WG, 1610.07922] 
 Data are corrected for other production channels, photon isolation efficiency [ATLAS, 1802.04146]
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Error Budget

 Major reductions in the resummation and fixed order uncertainties (note the y axis scales)
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Total Cross Section

 Total cross section:  

 Fiducial power corrections induce resummation effects in the total cross section  



19/22          Hamburg 2021

Total Cross Section

 Total cross section:  

 Fiducial power corrections induce resummation effects in the total cross section  

 Inclusive cross section: resummation effects formally cancel (computable in FO)

 fiducial cross section: fiducial cuts resolve the resummation effects (derived quantity)
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Total XS: Resummation Effects

20/22
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Total Cross Section

 Total cross section:  

Final results for total fiducial Higgs cross section at 
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Comparison to q
T
 slicing

Usual slicing approach to       subtractions: 

Uses                           and neglects the fiducial and nonsingular corrections!

Very bad approximation (unfeasible) already at         and        (        )      
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 Results for fiducial p
T
 spectrum for                    at 

– Significant reduction in perturbative uncertainties

– Good agreement with ATLAS preliminary data

 

Summary

Thank you for your attention!

 Total fiducial cross section at 

– Poor convergence in FO due to fiducial power corrections induced by the 
experimental acceptance factor

– Improved convergence by resumming all linear power corrections 

 



Backup slidesBackup slides
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Linear fiducial power correction
Consider

Is the azimuthal angle between        and  

The linear term breaks the azimuthal symmetry (one can not expand and average it out)
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Total XS: Resummation Effects
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Fit results at NNLO
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Fit results at N3LO
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