| Wi Uw,
High-energy scattering Es U8

Collinear gauge-invariant combination vy, = W;_';fm i = W, gfn

After the usoft factorization| Y. — Y, xn. %, — 1, Y.

Xa — YaXa, Y{a > XnYn

Full QCD back-to-back current ') %
%Ft/' - xnyzj]'—\yﬂf)\ﬂ

— XT,KlfC(? P)Yaxa — /dwdm@uw i (w, W),

Opii(w, ") = X,.ld(if — W)Y TY:0(P — w')xa

1. Deep inelastic scattering ¢ — e+ X

q n
K wet
do= ————L"W,,
7= it )

1
Waw(p,q) = —Im T, (p.q)

LL! § T, = fz"/ d%e"f*%Z(pITUﬂ(Z)L(O)]Ip)
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2. Drell-Yan process pp — /10~ X

32120 w d3k;
do = Ots LW H (27)32k9

1 —iger ) — —
W =13 [ e al7,() 1007

spins

Pt

}/n PV,HW; WVY X?’?Co éé&(éf/\

Pe=mip,, 3/%

Ve

= -~ =lldadk JC”)Z) ')e?

(2y Dvel /,ch T
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Double counting issue

A B
In collinear loops, the divergence is of the form  La=_—+"—+f (@:p)
As the momentum vanishes, it matches onto an usoft diagram

with the structure

B _
0 Lot = Tov g(m-p,p).
collinear rue IR divergence
peg @A 1 1
— — - —=0  in scaleless integral
UV R
A C
ulrasft E Lo+ lusott = — +— + f(TL D. ,U,) + g(n D, y,)
g ————X1— €UV fIR
QN

1
Counterterms must be added forgjl ~ divergences
in the effective theory including those from scaleless integrals.

¢ Pull up the usoft mode to the scale @, then subtract
the usoft contribution @A and @.
in the region

collinear

-]

A B B
Q)\ Icol - + - f(Q ,U') IO == T
i UV €UV €IR
) —Ev A B
’ 2 — -Et:rl — .
QA : Iy ey M\{: M

Pullup mechanism used in NRQCD.

r r
— i

i
X

. ] \ , L / dk — / dp Naive integral

~ I ZfHdkaz (i /Hdpz{ wh- Y F (e

V{p:i#0} JeU
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b £ A / d” m-(I+p) = j%-ia
. © T ) @0 @ L[ p)? 07 i)
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1 2 2 5 1 2 2 i
A N
A P 162 emery  em -2 —P2+ er ey Top ¥
. /le M-p
T @D 140 (n- I -pt g+ i0H) (12 +i0F)

P2 2y 1 2
R
1672 €UV €R/ \Epv _pQ np

Sample calculation

D n 1 _ (n+m—1)[ /'0‘-‘ gy m=1 e
f = d~l M (QZJTL(q-ru))m_('n—l)[(wrl)! b (2 2ug )i
: (@2m)P (1 +p)%m -1 /
1 oc D 1(?+2m1'17+mp2+2uﬁvl*(Z+.’r,p+“ﬁ)27:\ S I;pg
= 8n-p | dofl- Y .
7 p/o I( I)/O U/ (%)D (lQ—A2)3 A2
: ' % —1-¢
S i S
' ! o 2\ —1—
1- 1-¢
= g [t [ (o= B2
1672 A oy
] ! 2\ —egy
1 /- €
= [ e L ()
1671‘2 0 euv \1-p
. -1 1 —p2 —€uv
= —22—(n- ’EIRi(i)
1671'2 EIR(n p) €Uy ﬁ,p
. L 2 o
= gt i, L e e
167 €IR np 2 nepl Legy —p 5 7
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1672 { €IREUV  €IR 1 _pZ 1 2 + 1 +

5
+ Jurn - p}

8/13/2010



! / dPl Mm-p _2/ dP 1
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= —Lll dudv(2m}—fi)
162 nep
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Consider 2-2 scattering.

Current operators

Ty M . i T3, P
J
— F - Sy, Wi
T () = pl\WWpyTiepljivwfass (Y~ (]
Inls) =€ ) o Xl
A
: _— ’I;
T il AU L)
Ta, P
My
i J
Now we consider |
r 4 "
4, igee 7 - B i
W= I e Xy (2) 5 X i (2)Xn 5 ;X,—;;,(O)G(a:)ij

In qq scattering, the relevant Wilson lines are given as

-l ~ ~
1(()’7\1171' —_ 1(1 T imn \lnl'nl(J T im \ln'rn
A\ a5 \"Tin "1/ \TTig T 200
13 " Tig 1 T Ty 2704

1 1
- M1 —n-
nS-RT+io)< R+

1 1
x|(1=gng- A )(1- -
K g ng- RT+i0 ng-R+'i(]gn2

w)ii = [(1 —gng-A

A
A,
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[(1 ~ e Ans J RlT + iﬁ) (1 - (U 113 + t'-Ugnl ‘ A)} i'i

1 ]
1—gng- A (1- -A]
X[( g m-RTH'{]) g R+ )j’j

Feynman rule

Py

Mo -
N,

_|_

YT, T) i —2
g b JJ?L3-11+13()711-11+130

+ (eebporg——g)

Radiative corrections

R
x [2(Ta)m(n)m((1,4) +(2,3) - (3,4 - (1, 2)) + cFai,ia,-,j((l,a) +(2A)+1,3)+ (2,4))],

where [z,]):m.
i My
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The basic integral is

le N - 1y 9
A = 52 /70 + s
/ D B T g 1 hy) T

N ni ' n;
———4 | dud J
167 /0 " U(2uvm-nj+2u)\i+20)\j)1+f

16m2\ 2 WMy TNy

_L(nrw)*%( 2 ) / "
1672\ 2 e\n; ny v 2

ni-nj
3 i 2(2)\1-)\3-)*6: i <2+2ﬁ_1])

1672 €2 \n; - m; e ¢

1672

—90:1 Do
where gij:mf”wzl)’il(pﬂzg‘
-5 (=P,

i (ni'nj)e2/mdudv<uv+2wi + 20y )7176
0 ,

Generalization to n-parton scattering

Jet function

Qs 2 2 3
Jy=1+20p( 5+ 21 =
! +4TrF€2+fn—p2+26

S=1+ - Z L % ( . + 2 In —OijTi - T - Pill - p‘jli-z

4t

—~ 2 2 € 2(—pF)(—p;)?
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