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Unpolarized semi-inclusive DIS

4
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SIDIS cross section
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DeÞne SIDIS hadron
multiplicities by:
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SIDIS structure functions
Transverse and Longitudinal structure functions: i = T, L

F h
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NLO coefÞcient function

large corrections near thresholdöx, öz ! 1
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◆

+

+ 2 �(1� ẑ)

✓
ln(1� x̂)

1� x̂

◆

+

+2 �(1� x̂)

✓
ln(1� ẑ)
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Altarelli et al.; Furmanski, Petronzio; de Florian et al.

MS scheme
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Threshold Logarithms

8

partonic threshold:   soft gluon radiation from the basic process

Resummation relies on the factorisation of

¥ the matrix element for n-gluon emission in the eikonal approximation

¥ the phase space when the Mellin transform is taken
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1� ẑ
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Mellin Transform Space
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Separate moments           for       :x, zN, M
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NLO coefÞcient function
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double-Mellin transform: C̃T,(1)
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◆

+

+ 2 �(1� ẑ)
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Accuracy of Resummation

11

LO

NLO

NNLO

... ... ... ... ... ...

NkLO ...

Fixed Order

1

↵sL
2 ↵sL ↵s

↵2
sL

4 ↵2
sL

3 ↵2
sL

2 ↵2
sL ! 2

s

↵k
sL

2k ↵k
sL

2k! 1 ! k
sL 2k! 2 ! k

sL 2k! 3 ↵k
sL

2k! 4

O(↵k
s ) : Cknm ⇥ ↵k

s lnn N̄ lnm M̄, where n+m  2k



Introduction                            Perturbative QCD                                    Resummation                                                 ConclusionsQCD Resummation for SIDIS                        Phenomenological Results                                 Annihilation                         ConclusionsQCD Resummation for SIDIS                    Hadron multiplicities                      Longitudinal spin asymmetries                        ConclusionsQCD Resummation for SIDIS                               Annihilation                      Longitudinal spin asymmetries                        Conclusionse+ e!

Accuracy of Resummation
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Threshold Resummation
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in Mellin space: exponentiation of eikonal diagrams
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Threshold Resummation

SIDIS cf. Drell-Yan
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SIDIS threshold resummation similar to its ãcrossedÒ version, 
the Drell-Yan process                          h1 h2 ! `+ `� X Sterman, Vogelsang
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Inverse Mellin Transformation
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¥ Minimal Prescription

¥ Matching procedure
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Landau pole at

Choose contours to the left of the
�NM = 1 $ NM = e1/ (! sb0)�2" E

Catani, Mangano, Nason, Trentadue
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SIDIS      multiplicities, 
COMPASS data

0.041 < x < 0.7 Q2 > 1GeV2

0.1 < y < 0.9 W 2 > 7GeV2

! ±

using MSTWÕ08 PDFs and DSS FFs
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SIDIS      multiplicities, 
HERMES data

! ± 0.023< x < 0.6

0.1 < y < 0.85 W 2 > 10 GeV2

Q2 > 1 GeV2

using MSTWÕ08 PDFs and DSS FFs



Introduction                            Perturbative QCD                                    Resummation                                                 ConclusionsQCD Resummation for SIDIS                        Phenomenological Results                                 Annihilation                         ConclusionsQCD Resummation for SIDIS                    Hadron multiplicities                      Longitudinal spin asymmetries                        ConclusionsQCD Resummation for SIDIS                               Annihilation                      Longitudinal spin asymmetries                        Conclusionse+ e!

18

SIDIS     multiplicities, 
COMPASS kinematics

using MSTWÕ08 PDFs and DSS FFs

0.041 < x < 0.7

Q2 > 1GeV2

0.1 < y < 0.9

W 2 > 7GeV2

! 0

Ratios Th 0 � NLO
NLO
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Hadron multiplicities for e+ e! ! h X

where

Rh
e+ e! !

1
! tot

d2! h

dxE dcos"

! tot =
4"# 2

3Q2 NC

!

q

e2
q

"
1 +

#s

"

#

(c.m.s)xE !
2Ph áq

Q2 =
2Eh"

s

       Single-inclusive         Annhilatione+ e!
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Threshold Resummation:  identical treatment to its ãcrossedÒ analogoue - DIS
after taking Mellin moments inxE
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Nason, Webber; Furmanski, Petronzio

       Single-inclusive         Annhilatione+ e!

Cacciari, Catani
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using DSS FFs

          hadron 
multiplicities
e+ e!

�1 < cos✓ < 1

BELLE, BaBar
p
s = 10.5GeV
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using DSS FFs

Ratios Th 0 � NLO
NLO

          hadron 
multiplicities
e+ e!

�1 < cos✓ < 1

BELLE, BaBar
p
s = 10.5GeV
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using DSS FFs

          hadron 
multiplicities
e+ e!

�1 < cos✓ < 1

BELLE, BaBar
p
s = 10.5GeV

Ratios Th 0 � NLO
NLO
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Outline
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Polarized SIDIS

26

Longitudinal double-spin asymmetry~̀(k)~p(P ) ! `(k! )h(Ph )X
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1 (x, z, Q2) !
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1 (x, z, Q2)
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Structure functions:
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Polarized SIDIS

27
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Analogously for DIS

öx, öz ! 1
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gh, match
1 (x, z, Q2)
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.Matching
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Semi-inclusive DIS asymmetries   A

28
using MRSTÕ02/DSSV PDFs and DSS FFs

Ah
1

proton target 0.2 < z < 0.8
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Inclusive DIS asymmetries   A

29
using MRSTÕ02/DSSV PDFs and DSS FFs

A1

proton target
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Inclusive neutron DIS asymmetries   AA1

using MRSTÕ02/DSSV PDFs and DSS FFs

neutron target

sign change at fairly 
large values of x
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Effect of resummation on      R

31
using MRSTÕ02/DSSV PDFs and DSS FFs

q̃N,res(Q2) !
C̃NLO
q (N,↵s(Q2))

C̃res
q (N,↵s(Q2))

q̃N,NLO (Q2)

DeÞne resummed PDFs by

Sterman, Vogelsang

Rq

Expected to be improved with the
Jefferson Lab 12-GeV upgrade
or an EIC

Ru =
! u + ! øu
u + øu

(x,Q2) =
4g1,p ! g1,n

4F1,p ! F1,n
(x,Q2)
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Conclusions

¥ QCD resummation at NLL for SIDIS hadron multiplicities 
with applications for experiments at COMPASS, HERMES 

¥ signiÞcant effect for          at BELLE and BaBar

¥ decrease of double-longitudinal spin asymmetries for semi-
inclusive DIS

32

e+ e!

arXiv:1212.2099 [hep-ph], arXiv:1304.1373 [hep-ph]
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Integration contours

33

N = cN + zNei�N

CN

tilted contours
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Integration contours

33

Location of the Landau pole as     moves along its contour N

N = cN + zNei�N

CN

CM

tilted contours
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Equivalent result

34

Cacciari, Catani, Trentadue et al.

CT,res
qq (N, M, ! s(Q2

)) = e2qHqq

✓
! s(Q2

),
Q2

µ2

◆
exp

"Z 1

0
dx
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1� "

Z (1�⇠)Q2

Q2

dk2
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+

Z 1

0
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dk2
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0
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0
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where       collects hard virtual correctionsHqq

Hqq

✓
! s,

Q2

µ2

◆
= 1 +

! s

2"
CF

✓
�8 +

" 2

3
+ 3 ln

Q2

µ2

◆
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"

k2
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Expansion to NLL

35

Can be obtained from Drell-Yan by settingøN !
p

øN øM

Exponent:
Z Q2

Q2

N̄M̄

dk2
!

k2
!

Aq
�
↵s(k

2
! )

�
ln

✓
k!

Q

p
N̄M̄

◆

where �NM ⌘ b0 ↵s(µ
2
)

�
log

¯N + log

¯M
�

h(2)
q = . . .h(1)

q =
A(1)

q

2!b 0"
[2" + (1 ! 2" ) ln(1 ! 2" )]

LL NLL

Catani, Trentadue, ...

2

⇡ h(1)
q

✓
�NM

2

◆
�NM

b0↵s(µ2)
+ 2h(2)

q

✓
�NM

2
,
Q2

µ2 ,
Q2

µ2
F

◆
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Resummation for DIS

36

inclusive transverse and longitudinal structure functions: i = T, L

Fi (x, Q2) =
!

f

" 1

x

dx̂
x̂

f
# x

x̂
, µ2

$
C i

f

%
x̂,

Q2

µ2
, ! s(µ2)

&

Resummation - taking single Moments in

CT,res
q = e2qHq

✓
↵s(Q

2
),
Q2

µ2

◆
exp

Z 1

0
d⇠

⇠N � 1

1� ⇠
⇥
(Z (1! ⇠)Q2

Q2

dk2"
k2"

Aq(↵s(k
2
" )) +

1

2

Bq

�
↵s((1� ⇠)Q2

)

�
)#

Furmanski, Petronzio

x
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37

SIDIS     multiplicities, 
COMPASS kinematics

using MSTWÕ08 PDFs and DSS FFs

0.041 < x < 0.7

Q2 > 1GeV2

0.1 < y < 0.9

W 2 > 7GeV2

! 0


