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Success of QCD factorization (single scattering)

= Recall: Structure function in Deep Inelastic Scattering
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Success of QCD factorization (single scattering)

= Prediction: single inclusive jet production in pp collisions
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Prediction power of pQCD!



Semi-Inclusive Deep Inelastic Scattering

= Complements to DIS
Flavor separation of partonic contribution

= Opportunity to study hadronization

Probe of nuclear medium properties



SIDIS at leading twist

e(L1) + A(P) = e(Ls) + h(4y) + X
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Four possible regions of gluon momentum:
1. collinear to initial quark (PDF)

2. collinear to final quark (FF)

3. soft (IR singularities cancel)

4. hard (NLO correction)



= Redefinition of nonperturbative function

Dimensional regullarizalltion: n=4-—2¢
MS - scheme: - =—+n{dr) —p

FF: Dgy(zn,p%) = Do(zn) + —
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= DGLAP evolution
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SIDIS: probe of nuclear medium effect
U Multiple scattering with/out radiation:
L S

/ % Long-distance fragmentation
Short-distance hard scattering

Pl < O(Q2 ) Induced radiation modifies the fragmentation

First scattering determines the parton
production rate

2 2
In (Q / P ) Modifies DGLAP evolution of the
Fragmentation function — “energy loss”
[t I Chang, Deng, Wang, PRC 2014
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Energy loss in cold nuclear matter
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Transverse momentum broadening

= Transverse momentum broadening (TMB)
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Double scattering in SIDIS

- Final state multiple scattering

(@
Single scattering

Double scattering

= Twist-4 factorization formalism

oP ~ g9 ® Hy ® Dy,



Double scattering leading order

= [eading order contribution
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Provide a way to measure the T-4 quark-gluon correlation function.
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Double scattering NLO

= Virtual (7 d]agrams Kang, Wang, Wang, Xing, PRL 112, 102001 (2014)
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= Real (69 diagrams)
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Phase space identification and renormalization

= Soft divergence: p_g --> 0 LLL o o
Real + virtual =0 / g

= collinear divergence |: p_g // p_q collinear to FS
1 el

~25(1 = #)Tyy(,0,0)Pyq(2) / §
lM—S n=4—2¢
5 as 1 : vz )
Dijq(zns 15) = Dhyg(2n) = 5 (g +In %) / — Peq(£)Dnse(z)  Redefinition of FF

|

,ugaDh/q(Zhan) o / dz

ou? Cor

~ Faa(®)Diya(z, 1°) DGLAP of FF

12



= collinear divergence ll: p_g // k_qg

— 281 = £)Pagorag(8) ® Tog Dy (2) 301 = )Py (&)T10(2:0.0)Daya(2)

€

New splitting kernel
qu—>qg ® qu
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Redefinition of T-4 quark-gluon correlation function
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Full NLO at twist-4 in SIDIS

: . .
Factorization ; > nonperturbative

> perturbative
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Multiple scattering hard part coefficients and medium properties can be factorized!!!

14



= Evolution equation for g-g correlation function - NEW

1
Qg dx T
—qu(xBa 0,0, Mf) = Gy / ? [qu—>qg ® qu + qu(£13>ng(CU, 0,0, M?")}

e
LB

= SIDIS VS DY: Final state vs initial state

Same renormalization result for q-g
correlation function at NLO , indicating
ghat is universal, independent of the hard
process.
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Discussion - Evolution of jet transport parameter

= Related to Jet transport parameter J. Casalderrey-Solana and X.-N. Wang (2008)
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= Evolution equation of jet transport parameter
0 dx
M?T@TQQ(QCB’O’O’“?) 27r/

i
Ca 4
Pag—rqg ® Tyg =Pyq(2)Tyy(x,0,0) + — —Tyo(zB, 2 — 25,0) —
2 [(1-2)4

{qu—mg ® Tqg + qu( ) gg(ma 0,0, M?‘)}

m [qu(x, 0,z — )

+ Tye(zB,z — B, — mB)]} +2C460(1 — 2)Ty4(x,0,0)

1. Soft radiation limit (2 — 1)
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2. Evolution of ghat in intermediate-x
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Energy dependence - consistent with earlier expectation zp~1/FE
J. Casalderrey-Solana and X.-N. Wang (2008)
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Different channels to probe T-4 parton-parton correlation function

SIDIS DY J/Psi

L p-Pb \§,, = 5.02 TeV, inclusive Jiy, 0<p_<15 GeV/c
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Summary

= Verify QCD factorization beyond leading twist

= |dentify QCD evolution of nuclear g-g correlation
function

= Probe QCD dynamics for multiple scattering
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