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Introduction

@ The study of Higgs production in bb-annihilation channel for mixed
QCD-QED gives an insight to the underlying IR structure in mixed
gauge theory till NNLO.

@ Till NNLO, there exists a nice relation between the color factors of
QCD , charge factors of QED and charge-color factors of mixed
QCD-QED.

@ What happens at N3LO!
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Introduction

@ We extend our study of IR structure of QCD-QED to third order

@ We begin with the renormalisation of the coupling constants when
both the interactions are simultaneously present.
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UV renormalization

@ Solving RG equation we get the renormalization constants till third order
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UV renormalization

@ The renormalization for yukawa coupling,
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@ Z? factorizes UV singularities. But QCD and QED singularities
mix from two loop onwards
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Form factor

@ Aim is to calculate 3; and 7{/) and anomalous dimensions.

@ Follow the same methedology as NNLO - exploit the IR structure
of FF using sudakov K + G eq.

@ Solving RGE for K and G, we get the structure of FF at third order
as
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Form factor

EAS’O) = 517(* gﬁgoA$1 0)) + l3< Boo AP + 5 QA0 ﬂooG(1 o )
e L L)
£09 = 25 (580" + S 5ioA"")
ALt St ) (e
£ = L (S oA 1 2 A1)
AT TS )
/35.3’3) = ;7(— gﬂ%ASO 1)) ( 500A(0 4 *»301A(0 R B 2G\° 1))
A ) ()

A.H. Ajjath, Pooja Mukherjee and V. Ravindrarinfrared structure of SU(N) x U(1) gauge the 31-01-2020 7120



@ From explicit calculation and comparing the scalar and vector FF,
we get AU, 1), 55, 31 and 2B0) 4 fU4) il third order.

G (e) = 2(B" =" + 117+ >l
k=0

@ How to extract the f(/) and B() from virtual corrections!

@ Can we use the abelizanization procedure which we observed for
NNLO?
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Form factor

@ For FF, the abelianization rule are a s follows,
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Cusp anomalous dim.

@ From explicit FF results, we obtain AU),
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e AU) using abelianization rules of FF: Apply the rules to A0,
@ Both results doesn’t match!
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Cusp anomalous dim.

@ Abelianization rule for A() is different than FF for C2n; Tk.
@ Thereis 1 — 1 map bw QCD, QCD-QED and QED for A1
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UV anomalous dim.
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@ The abelianization rules again changes for ~(i, j) for C2n; Tg!
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UV anomalous dimension

@ The abelianization rule for ;
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Soft and collinear anomalous dim.

@ How we proceed to get (/) and BU4) ?
@ Claim : f(i)) satisfies the same abelianization rule as A()
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Conclusion

@ We studied the IR structure of mixed gauge theory at third order
and obtain the universal IR anomalous dimensions.

@ From the explicit computations, we see that there is no simple
abelianization rule, as in NNLO, which connects QCD, QCD-QED
and QED at third order- there is no fermion loop induced diagrams
at second order for mixed QCD-QED.

@ In order to calculate the cross sections for mixed gauge theory, we
need explicit calculation.
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Thank You
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