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Introduction
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Global fit by the 
CKMfitter collaboration 
(updated January 2015)

★ Long-long time ago (31 July 2000 at ICHEP in Osaka)… 
– first measurement of CP-violation in B-system: 

★ Indirect searches for New Physics via a combination of measurements 
BaBar result
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Introduction: BSM Physics
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★ Precision studies of the Higgs boson properties: BSM/NP discovery? 
– flavor problem has NP solutions that affect Higgs partial rates
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Why is MJupiter >> MMercury?

Are there new phenomena behind flavor 
problem? Or not?
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Introduction: experiment
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★ Precision studies of the Higgs boson properties: NP discovery? 
– experiment: expect (sub)percent-level measurements

– far future: exclusive decays?

Ruan, 1411.5606 

– need to know the SM values very well

B(h ! J/ �) = (2.95± 0.17)⇥ 10�6

B(h ! ⌥(1S)�) = (4.61+1.76
�1.23)⇥ 10�9

Kagan et al 1406.1722  
Bodwin et al 1407.6695 
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Introduction
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Baikov, Chetyrkin, Kuhn 
PRL 96 012003 (2006)

★ Precision studies of the Higgs boson properties: NP discovery? 
– need to know the SM values very well (as = αs(mH)/π~0.0336)

★ Appreciable dependence upon input parameters, e.g. for 

S.Q. Wang et al  
arXiv:1308.6364 [hep-ph]
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Introduction
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Baikov, Chetyrkin, Kuhn

★ Precision studies of the Higgs boson properties: NP discovery? 
– need to know the SM values very well (as = αs(mH)/π~0.0336)

★ SM results depend on several external input parameters 
– quark masses are extracted from low energy data 

– lattice?  
– QCD Sum Rules? PDG? 

– correlations among input parameters?  
– inflation of systematic errors?

★ Maybe there is a better way to arrange the calculation?

Lepage, Mackenzie, Peskin
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PDG (Quark Masses review)
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Global fit

★ A powerful way to extract parameters is a global fit 
– need to minimize the chi-square function

★ In what follows, let us concentrate on H → bb/cc partial widths

– … which includes calculation inputs…

– … and fit observables

input observables:
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Eliminating quark masses 

★ Let us understand theoretical uncertainties of input observables  
– concentrate on quark masses from low-energy observables

– … which can be solved for quark masses 

– … which can be then eliminated from the Higgs observables

★ We choose to deal with 
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Eliminating quark masses

★ Find low-energy observables that are sensitive to quark masses 
– (moments of) semileptonic b/c decay rates, QQ production rates, etc.  

We shall use:

where
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Quark masses and moments of R(s)

★ Moments of R(s) can be obtained from experimental data 

– where, e.g. in the narrow width approximation (NWA),

with

★ At the moment need to use a combination of NWA, data, and pQCD results

★ What does it have to do with the quark masses?
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Quark masses and moments of R(s)

★ Assuming (global) quark-hadron duality, can calculate moments in QCD 
– moments are related to derivatives of the correlation function

– use operator-product expansion of the correlation function

– … to get the “QCD expression” for the moments 

★ Scales at which mQ and αs are renormalized should be considered 
independently to avoid bias in the uncertainty estimate Dehnadi, Hoang, Mateu, 

Zebarjad, 1102.2264 
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Quark masses and moments of R(s)

★ Assuming (global) quark-hadron duality, can calculate moments in QCD 
– moments are related to derivatives of the correlation function

– use operator-product expansion of the correlation function

– … to get the “QCD expression” for the moments 

★ Calculated moments exhibit dependence on scales       and 
– thus, Higgs observables will be sensitive to them as well
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Non-perturbative corrections

★ Sensitivity of moments to non-perturbative parameters? 
– depends on what moment we are dealing with

– … but for low-order moments dependence is not large

For

get

★ For b-quark the dependence is negligible, for c-quark it is sub-percent
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Eliminating quark masses 
★ Let us understand theoretical uncertainties of input observables  

– concentrate on quark masses from low-energy observables

– … which can be solved for quark masses 

– … which can be then eliminated from the Higgs partial   
widths in favor of direct observables (moments in our case) 
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Numerics: input parameters

★ Now let us see what we can get out of this numerically
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Parametric dependence

PRD91, 073001 (2015)



Alexey Petrov (WSU & MCTP) ICHEP 2016, Chicago, 3-10 August 20163

Parametric dependence

PRD91, 073001 (2015)
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Parametric dependence

★ How to deal with low-energy scale uncertainties?  
– vary scales, BLM/principle of maximum conformality, convergence test, etc?

PRD91, 073001 (2015)
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Conclusions

1

Ø We are entering the era of precision Higgs studies 
– Higgs as part of the Intensity Frontier?  

• observation of discrepancies in Higgs observables from New Physics 
• understanding of uncertainties of low-energy inputs  

Ø Global fits to Higgs/LE observables to avoid using “processed numbers"  
– study Higgs partial widths with direct inputs from low energy   

• issues in proper selection of renormalization scale  
• …which result in uncertainties of partial widths 

Ø New data from Belle-II on R(s) is welcome - reduce uncertainty 
Ø More data from ATLAS/CMS then Fcc-ee/CEPC on Higgs partial widths 

Ø Maybe Higgs will show us the first glimpses of New Physics… 
Ø                                                         ...but then again, maybe not.
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Thank you for your attention!

0

Hopefully, I did better than him...
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