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direct/resolved-γ resummed cross section η di�erential cross section conclusion

high-pT -hadron production: µ+ + d→ µ′ + h+− +X

COMPASS at CERN
√
S=17.4GeV

0.2 < y < 0.8

10mrad < θ < 120mrad
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direct- and resolved-γ-contribution

direct-γ-contribution
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Factorization theorem: Long distance e�ects (parton distribution functions fa and
fragmentation functions Dc) decouple from perturbatively calculable short
distance e�ects (partonic cross section σ̂ab).
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direct- and resolved-γ-contribution
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The hadronic cross section is a convolution

p3T dσ

dpT dη
=
∑
a,b,c

∫ 1

xP,min

dxP

∫ 1

xl,min

dxl

∫ 1

x

dz
x̂4T z

2

8v
fa/l(xl)fb/H(xP )Dh/c(z)

ŝdσ̂

dvdw

xT = 2pT /
√
S

ŝ = xlxPS
x̂T = xT

z
√
xlxP

= 2pT
z
√
ŝ

η = η̂ − ln
√

xP
xl

xP,min = e2η/(2eη/xT − 1)
xl,min = xT e

−η/(2− xT eη/xP )
x := zmin = xT /

√
xPxl cosh η̂

v = 1− x̂T
2 e
−η̂

w = 1
v
x̂T
2 e

η̂ partonic threshold: x̂T → 1/ cosh(η̂) ⇒ w → 1

ŝdσ̂
dvdw is calculated in perturbation theory
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ŝdσ̂
dvdw = σB(v)δ(1− w) +

αs
π

[
Alog(v)

(
ln(1−w)
1−w

)
+

+Apl(v, w) 1
(1−w)+

+Adel(v)δ (1− w) +R(v, w)

]

Mellin-N moment space:

σ(N) =

∫ 1

0

dx2T (x2T )N−1
p3T dσ(xT )

dpT

σ(N) =
∑
a,b,c

fN+1
a/l fN+1

b/H D2N+3
h/c σ̂ab→cX(N)

σ̂ab→cX(N) =
1

2

∫ 1

0

dw

∫ 1

0

dv[4v(1− v)w]N+1 ŝdσ̂ab→cX(w, v)

dwdv

σ̂NLOab→cX(N)

σ̂B
=
αs
π

[
Ãlogab→cX ln2N + Ãplab→cX lnN + Cab→cX + O(lnN/N)

]
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in Mellin moment space σ̂/σ̂B:

O(αns ) : αns lnmN m ≤ 2n

σ̂Ndirect/σ̂B =

= 1 +

∞∑
n=1

αns

2n∑
m=0

c̃n,mL
m

= C(αs)exp

{ ∞∑
n=1

αns

n+1∑
m=1

cn,mL
m

}
= C(αs)×

× exp{Lh(1)(αsL)︸ ︷︷ ︸
LL

+h(2)(αsL)

︸ ︷︷ ︸
NLL

+αsh
(3)

(αsL)}

LO 1

NLO αsL
2 αsL

NNLO α2
sL

4 α2
sL
{3,2} α2

sL
...

. . .

Melanie Pfeu�er (Regensburg) Soft-gluon resummation for high-pT hadrons at COMPASSMarch 2012 7 / 15



direct/resolved-γ resummed cross section η di�erential cross section conclusion

in Mellin moment space σ̂/σ̂B:

O(αns ) : αns lnmN m ≤ 2n

σ̂Ndirect/σ̂B =

= 1 +
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n=1

αns

2n∑
m=0

c̃n,mL
m
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αns
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cn,mL
m
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= C(αs)×

× exp{Lh(1)(αsL)︸ ︷︷ ︸
LL

+h(2)(αsL)

︸ ︷︷ ︸
NLL

+αsh
(3)

(αsL)}

LL NLL NNLL . . .

LO 1

NLO αsL
2 αsL

NNLO α2
sL

4 α2
sL
{3,2} α2

sL
... ↓ ↓ . . .

h(1)(αsL) h(2)(αsL)
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resummed partonic cross section: de Florian, Vogelsang '05

σ̂
(res)
ab→cd(N) = Cab→cd∆

a
N∆b

N∆c
NJ

d
N

[∑
I

GIab→cd∆
(int)ab→cd
I N

]
σ̂Bab→cd(N)

→ Kidonakis, Oderda, Sterman '98

ln ∆a
N =

∫ 1

0

zN−1 − 1

1− z

∫ (1−z)2Q2

µ2
f

dq2

q2
Aa(αs(q

2))

ln JdN =

∫ 1

0

zN−1 − 1

1− z

[∫ (1−z)Q2

(1−z)2Q2

dq2

q2
Aa(αs(q

2)) +
1

2
Ba(αs(1− z)Q2)

]

ln ∆
(int)ab→cd
I N =

∫ 1

0

zN−1 − 1

1− z DIab→cd(αs((1− z)2Q2))
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Inverse Mellin transform

fN =
∫ 1

0
dxxN−1f(x)

l
f(x) = 1

2πi

∫
C dNx

−NfN

φ

C1
C2

ReN

ImN

NL

Minimal Prescription

Catani, Mangano, Nason, Trentadue (1996)

de�ne inverse Mellin contour as the left of the Landau pole at
NL = exp(1/2b0αs(µ

2))

all other singularities are to the left of the contour
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rapidity di�erential resummed cross section

p3T dσ

dpT dη
=
∑
abc

∫ 1

0

dxP

∫ 1

0

dxlfa/l(xl)fb/H(xP )×

×
∫ i∞
−i∞

dN
2πi (x

2)−N
∫ 1

0
d(x2)(x2)N−1

∫ 1

x

dz
x̂4T z

2

8v
Dh/c(z)

ŝdσ̂

dvdw

p3T dσ

dpT dη
=
∑
abc

∫ 1

0

dxP

∫ 1

0

dxlfa/l(xl)fb/H(xP )

∫ i∞

−i∞

dN

2πi
(x2)−ND2N+3

h/c w̃(2N, η̂)

with

w̃(2N, η̂) =
1

4 cosh4 η̂

∫ 1

0

dmm2N+3 1

v

ŝdσ̂

dvdw
m := x̂T cosh η̂
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rapidity di�erential resummed cross section

p3T dσ

dpT dη
=
∑
abc

∫ 1

0
dxP

∫ 1

0
dxlfa/l(xl)fb/H (xP )

∫ i∞
−i∞

dN

2πi
x
−2N

D
2N+3
h/c

w̃
(res)
ab→cd(2N, η̂)

→ Laenen, Oderda, Sterman '98

w̃
(res)
ab→cd(2N, η̂) = Cab→cd∆

a
Na∆b

Nb
∆c
NJ

d
NTr

{
HS
†
NSSN

}
σ̂Bab→cd(N)

Na = N (−u
s

) = N

(
− x̂T e

η̂

2

)

Nb = N (− t
s

) = N

(
− x̂T e

−η̂

2

)
Hab→cd: hard scattering functions

Sab→cd: soft functions

SN : wide-angle soft gluons

SN = P exp

[
1
2

∫ ŝ/N2

µ2r

dq2

q2
Γab→cd(η̂, αs(q2))

]
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rapidity di�erential cross section
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Conclusion

higher order calculations are needed in the threshold region due to the

large logarithmic corrections

Resummation allows for the calculation of those contributions to all

orders

rapidity di�erential resummed cross section

further investigation: include ln(N)/N -terms

Melanie Pfeu�er (Regensburg) Soft-gluon resummation for high-pT hadrons at COMPASSMarch 2012 14 / 15



direct/resolved-γ resummed cross section η di�erential cross section conclusion

far infrared Cuto�

Shimizu, Sterman, Vogelsang, Yokoya '05

∆a
N =

∫ 1

0

dz
zN − 1

1− z

∫ (1−z)2M2
a

µ2
f

dk2⊥
k2⊥

Aq

(
αs(k⊥)

)
⇒ hold k⊥ > µ0
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