
•                               may help determine 
the phase of the Higgs-bottom coupling

•                                       comparable to 
background from                    .

• We expect about 100 ATLAS+CMS                  
and            final state events at HL-LHC
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Higgs coupling to charm quark

Newly identified indirect processDirect process

• Higgs coupling to first- and second-generation quarks are yet to be measured.

• Higgs-charm coupling           may deviate significantly from the SM values in new 
physics theories; yet the coupling is only weakly constrained by Higgs production rates.

•                           is sensitive to the Higgs-charm coupling through      decay into     .

•     decays into     , which 
emits a photon and 
forms a

• Amplitude proportional 
to 

Keung, PRD27, 2762 (1983)

•     decays into two 
photons, one of which 
decays into  

• Dependence on           
is negligible

• An order of magnitude larger than the 
direct amplitude

• Interferes destructively with the direct 
amplitude

• Known for many years
• Decay width too small to be observed at 

LHC

Results

c2(µ) = f⊥
V (µ)M(0,v2)(µ) to all orders in αs, rather than through order α2

s, as in Ref. [7],

amounts to about a 10% change in the case of the J/ψ and to about a 4% change in the

case of the Υ(nS) states. Since the corrections to the direct amplitude that arise from c2(µ)

are about 4% in the case of the J/ψ and about 3% in the case of the Υ(nS) states, the

changes to the direct amplitude that result from the use of the Padé-approximant method

are negligible in comparison to the uncertainties.

The results in Ref. [11] for the ratio of the real part of the direct amplitude to the indirect

amplitude are slightly larger than our results for that ratio, by 17%, 7%, 7%, and 8.5% for

the J/ψ, Υ(1S), Υ(2S), and Υ(3S), respectively. These differences are somewhat larger

than our relative uncertainties in the real parts of the direct amplitudes, and they are also

larger than the uncertainties that are given in Ref. [11] for the ratio of the real part of the

direct amplitude to the indirect amplitude.

The results in Ref. [11] for the ratio of the imaginary part of the direct amplitude to the

indirect amplitude differ from our results for that ratio by −12%, 9%, 4%, and 1% for the

J/ψ, Υ(1S), Υ(2S), and Υ(3S), respectively. These differences are well within our relative

uncertainties for the imaginary parts of the direct amplitudes.

As we have already mentioned, there are several possible sources of these differences

between our results for the direct amplitudes and those of Ref. [11]. (1) Our initial scales for

the evolution of f⊥
V (µ) and the LCDAs are different from those in Ref. [11]. (2) Our formula

for the direct amplitude (32) treats cross terms of order α2
s, αsv2, and v4 differently than

does the corresponding formula in Ref. [11]. (3) Our treatment of the order αs and order v2

corrections to the LCDA is different from the model-LCDA treatment of Ref. [11].

V αV βV

J/ψ 11.71 ± 0.16 (0.627+0.092
−0.094) + (0.118+0.054

−0.054)i

Υ(1S) 3.283 ± 0.035 (2.908+0.122
−0.124) + (0.391+0.092

−0.092)i

Υ(2S) 2.155 ± 0.028 (2.036+0.087
−0.089) + (0.293+0.069

−0.069)i

Υ(3S) 1.803 ± 0.023 (1.749+0.077
−0.078) + (0.264+0.062

−0.062)i

TABLE IV: Values of the parameters αV and βV in Γ(H → V + γ) = |αV − βV κQ|2 × 10−10 GeV

for V = J/ψ and Υ(nS).

Our results for the SM decay rates and branching fractions (κQ = 1) are given in Table V.
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• Indirect process calculated from  
                  followed by                    .

•                  can be approximated by  
               .                     can be 
extracted from          leptonic decay.

• Direct process includes relativistic 
corrections of order       and NLL 
resummed to all orders.

• Nonperturbative matrix elements are 
extracted from          leptonic decay.
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