Perturbative QCD
Part IV : NLO computation in DY

Chul Kim

Seoultech

Open KIAS, Pyeong-Chang Summer Institute 2013
Pyeong-Chang, Alpensia Resort, July 13,2013



Matching

s Factorization Theorem for DY
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= At NLO at the parton level
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e Hard function should be infrared finite

® RG behaviors of STF and PDF are each different



NLO Computation

_ Structure function in D dimension
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» Feynman diagrams
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Feynman diagrams to contribute to Fpy at NLO in as. Diagram (a) has a
mirror image as a Hermitian conjugate. Diagrams (b) and (c) have cross dia-
grams with g <> 4, p1 <+ —p2. Diagrams (b) and (c) emit real gluons, which
cross unitary cuts.



= Diagram (a)




= Diagram (b)
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Cancelled by the virtual contribution

- In full theory, on-shell gluon emission contribution gives only infrared
divergence



= Diagram (c)
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s Final result

S (r, Q%) 2ReM, + 2Mj, + 2M, +2[Z8") + RMV15(1 — x)

_ oaCelog 3Ly T
= {5(1 T>{ > (ot 10 50) 4+3}

1+7%2 /1 1 In(1— )

@ (sIR +1n@+lnr) +4T( 1—7

)+ —(1-7)(1-2mn(1 —T))}

® The same IR poles as PDF computation
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- PDF reproduces low energy physics of full QCD



Hard Function at NLO
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- Hard function is the Wilson coefficient of low energy EFT
® Anomalous dimension of the hard function
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Structure functlon is scale invariant



