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Outline:

Resummation for inclusive quantities

@ The standard argument [Catani, Ciafaloni, Hautmann (1991)]:
e ky-factorization, BFKL and the gluon Green function

o A different perspective:

@ Collinear factorization
@ lteration & /a Curci, Furmanski, Petronzio (CFP)
o DGLAP-BFKL duality

Extension to rapidity distributions
@ Rapidity and kinematics at small-x

@ Rapidity evolution along a CFP ladder

A phenomenological playground: Higgs
@ Higgs: dominated by large-x region

@ Small-x: control on the m; — oo approximation
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The inclusive case

Resummation:
Inclusive cross sections
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The kt-factorization theorem [Catani, Ciafaloni, Hautmann (1991)]

Power counting plus kinematics at Q% < S:

Universal gluon Green function

kr-factorization formula

dz dkt? [ x O >
= S k
(2 Flakd

g =

@ Process dep. C: off-shell cross section with eikonal gluons

@ Universal gluon Green function F: solution of BFKL equation
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kr-factorization and resummation

Factorization in Mellin space

dz dky?
Z kT2

Undo the convolution in Mellin space — define the

1 00
= M/ dxx"’l/ dkr?(kp2)M-1
0 0

g =

F(z,kt?)

BFKL evolution of F gives the condition M = ~, (%)

Resummed result:

o0 = (3 (%) ) = (s (5)

As

Power series in G — asInx
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Inclusive resummation: A new perspective

@ Do not solve BFKL for F
@ F: CFP t—channel iteration of collinear safe kernels

CFP MS iteration

e kr dependence is now trivial (it comes from the gluon
connecting the kernels +y )
@ Non trivial information now encoded in ~
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Inclusive resummation: A new perspective

MS result for the insertion of n kernels
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@ Small-x information encoded in universal functions (/. ¢)

@ Control over the factorization scale p

@ Easy to incorporate running coupling effects

What is 7

~v is a (generalized) anomalous dimension (residue of a coll. pole)
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Inclusive resummation: A new perspective

The full result exponentiates:

a(N, Q?, as) Zan =~(N, as / degY(Nsas)=1

2
C(N, &, Q% as)R(N,as), with ¢ = kr

Q2

@ The small-x anomalous dimension: BFKL-DGLAP duality
— (N, as) =7s (%)

@ R(N,as) is a scheme dependent factor arising from the O(¢)
contribution of the anomalous dimension
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Rapidity distributions

Resummation:
Rapidity distributions

High-energy resummation for rapidity distributions



® Process dependent
off-shell rapidity
distribution C:
distribution in ¥

<«——————— 7y off — shell rapidity.

.
L .- —
.

/ y partonic rapidity ~ @ Partonic rapidity y

How to relate yy «—— y? I




Rapidity evolution along the ladder

Rapidity evolution at small-x

After each kernel:
@ The effect of Ps(z) on y:
longitudinal boost

@ In the small-x limit: .
y’zy-l—%lnz—i—O(f)

Relating y to y

At small-x the relation is very simple!

1
Vv=y+ 5 Inz125...2,
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A resummed formula

The “right” space

This time everything factorizes in Fourier-Mellin space:

d b, d
ﬁ(N, b) = /dx xN_l/dy e’byé(x,y)
Not a surprise, see collinear factorization!

da o E "/s(N‘F%)—l
ot = [ dms(N+2)51 x

| e (N - ’f) gD (w6, 6,b)

X
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A resummed formula

e j b)_
47\ ) = / d&%(ng)gs(Nﬂ)lx
0

dy
[ den (n-2) g P g

X

Some comments:

@ Non universal part: off-shell rapidity distribution C(N, &, b)
Computed with eikonal off-shell gluons (see inclusive)

For b = 0 — inclusive result OK!
Full MS computation ab initio

Full 1+ dependence under control

Note similarities with collinear factorization!
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Higgs rapidity distribution

A phenomenological
playground:
Higgs rapidity distribution
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Higgs rapidity distribution

Higgs dominated by large-x

Why Higgs rapidity distribution at small-x?
@ Higgs: simplest possible case (1 particle in the final state)

@ Analytic results exist (Anastasiou, Dixon, Melnikov (2003)) —
cross-check of our method!

@ Small-x: very hard gluons — sensitive to finite m, effect
Match small-x to (N)NLO to asses quality of HEFT
(At NLO: Anastasiou, Bucherer, Kunszt (2009))
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Higgs Effective Theory

Point-like approximation and small-x

Small-x: high-energy gluon— can resolve the loop

m; — oo (HEFT) Finite m,
o~ op X (6(1 —x) + cha,s( In2k—1 E) o~ op X <6(1 —x)+ cha‘; In k=t 1)
k = P x
Small-x sensitive to finite m; effects! J

Inclusive: smetal. (2009); Harlander, Ozeren (2009); Pak et al. (2010); Harlander et al. (2010)
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The small-x NLO rapidity distribution: LLx contribution
m; — 0O approximation
Introduce u = exp(—2y)

do Qs

1
E(X, U) = 30'0?

e O L <UH111)]

@ In agreement with Anastasiou, Dixon, Melnikov (2003) v
@ Note that in rapidity distributions small-x # In x!

Finite m,

Our result:
do 1 4m?
i oo(T)er(7)d(u — x) + (u — u) , T= m—{

Different partonic rapidity distributions!
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Matching and K —factor at NLO: Effects at the % level!

_ (1 dowo 1 dono
- \owmo dY ono dY ).

VS =14 TeV

<o
°
8

e V/S=7TeV
® UR = HUF = MK _ _ _
o NNPDF2.0 central set Consistent with Anastasiou et al. (2009)

<o
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Conclusions

A simple recipe for computing resummed rapidity distributions
@ Everything in terms of an

@ Factorization in Fourier-Mellin space

Application: finite m; effects in Higgs rapidity distributions
e NLO: effects within 5%, as in Anastasiou et al. (2009)

@ NNLO: - negligible effects at 7 TeV
- at most 2% at 14 TeV
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Outlook

Extend to other processes: Drell-Yan!

Systematics

Geometric and kinematic acceptance:

A word about low mass Drell-Yan
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LO - NLO - NNLO convergence gets worse as you go to lower masses

Jonathan Anderson / Robert Thorne, VRAP with MRST PDFs
v
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Extend beyond LLx accuracy
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