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QCD Resummation for SIDIS

Unpolarized semi-inclusive DIS
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QCD Resummation for SIDIS

SIDIS cross section
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QCD Resummation for SIDIS

SIDIS structure functions

Transverse and Longitudinal structure functions: 7', L

! 1 gn 1 s df d # P o 2 "

| dp  Ldel Tx - Q
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/ hard-scattering coefbcient function:
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QCD Resummation for SIDIS

NLO coefbcient function

R P Iy

Iarge corrections near threShOldﬁ, ol 1 Altarelli et al.; Furmanski, Petronzio; de Florian et al.
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MS scheme
! In(1—2) ! In(1—2)
dz f(z) = dz (f(z) — f(1)) EBERHARD KARLS
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QCD Resummation for SIDIS

Threshold Logarithms

! ! (Qz) 2k 1 2k! 1
kthorder: 14 —x) (1“ G Z)> SR g (1“ G X)> |
1-2 . 1 —X .
e (In™(1 —X) In"(1—2)
!s< T % >+( T3 )+ m-+n=2k! 2
k® spoils perturbative convergence even fag! 1

B, 8! 1 partonic threshold: soft gluon radiation from the basic process o
2k°

available phase space limitation: %) + (1! 2)" 5

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 EBERHARD KARLS
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QCD Resummation for SIDIS

Mellin Transform Space

Separate momentsl, M for,z Altarelli et al.; Stratmann,Vogelsang
. P P
Fih(N,M,QQ)! de N’ 1 dz M 1Fih(x,z,Q2)
0 0
N 2N s, M2 ® Q° >
I f!
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0
. 1
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L Q2 5 P O L "
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QCD Resummation for SIDIS

NLO coefbcient function

Iarge corrections near threshold, ! 1 Altarelli et al.; Furmanski, Petronzio; de Florian et al.

ClM(®,8) ! €2 Cr

" 861" 8)6(1" 8) +26(1 — 7) (ln(l_’%))
_|_

1—2
~ (In(1 —z2) 2

-

. - ' 12 " _
double-Mellin transform: CcZ®(N,M)! eCp " 8+ + InN +lnM#2

N = Ne"®, M = Me'?
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QCD Resummation for SIDIS

Accuracy of Resummation

O(af) : Crnm X ¥ In" N In™ M, where n+m < 2k
Fixed Order
LO 1
NLO Oést aSL aS
NNLO  ofL'  olL*  olL*  ofL 2
NkLO o/;LQk &ELZk! 1 | §L2k! 2 l §L2k! 3 OégLZk! 4
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QCD Resummation for SIDIS

Accuracy of Resummation

O(ak) : Clnm X o/; In" N In"™ M, where n+m < 2k

Fixed Order
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QCD Resummation for SIDIS

Threshold Resummation

In Mellin space: exponentiation of eikonal diagrams

Q" k2 Lodt [ o i
/ k—z'Aq <! s(kiz)) {/f.z T [e o M@Z o 1]
0 ! o7

2
&L SN, M1 Q) = 2H,, (! Q). %) exp

+ lnN—I—lnM}]
| * 2
where A, )= ZE2AD + 2 A@D 4+
Q2 | 5 n2 2 5
qu (! S,F) = 1"‘2TCF (—8+?—|—3IHF> —|-O(! S)
L . 1 Ck ! _ _
LL approximation, bxe@s : = Cli™(N,M,! s(Q?)) ~exp | = ——(In N + In M)?
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QCD Resummation for SIDIS

Threshold Resummation

¢ Integration for:

/ /
SIDIS :ﬁ cf. Drell-Yan
- U
1 k 2 ! I_i i
/k2%[e_N5—M!Q'—2! 1]+InM+InM kzcig e—N<. !Qz)_l ol N
' - — 2k ki
~2 Ky VNM% +In %q) A ! 2[Ko (N?'>+In (51@‘)]
( —_
N | NM

SIDIS threshold resummation similar to its dcrossedO version,
the Drell-Yan process h, — ¢ ¢~ X Sterman, Vogelsang UI{ff{;‘ﬁgg‘fT@AT
14 TUBINGEN




QCD Resummation for SIDIS

Inverse Mellin Transformation

¥Minimal Pl’eSCFip’[ion Catani, Mangano, Nason, Trentadue

dN dM ., =
f?(x,z,Q%:/ ST N/ o2 FINMLQ?)
Cn “* Cym <

Choose contours to the left of the
Landau pole at\wy =1 < NM = ¢!/ sp)=2"5

¥I\/Iatching procedure damatch _ (do_resum 4 dO‘NLO) | Jo'esum
O(! s)
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QCD Resummation for SIDIS

SIDIS *

multiplicities, 0.041<x< 0.7 Q%> 1GeV?

COMPASS data 0.1<y<0.9  W2> 7GeV?
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QCD Resummation for SIDIS

SIDIF * multiplicities, 0023<x< 06 @?>1GeV?

HERMES data 01<y< 0.85 W2> 10Ge\?
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QCD Resummation for SIDIS

O " " o B I I I I I ) | 1 1 1 1 1 | | | I I
SIDIS © multiplicities, S s | |
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e” e~ Annihilation

Single-inclusive e  Annhilation

Hadron multiplicities fore"e ! hX

1 d2rh
RQ* e’ | T
| ot dxe dcos
2Py a 2E
where Xg | 52 aE —gh (c.m.s)
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e” e~ Annihilation

Single-inclusive e  Annhilation

d2! h #$2 . 1+0032 T . , o ,
- — + "
dxgdcos' Q2 Ne 2 o7 (xe, Q%) +sin“" B (xe, Q7)
| 1 ~ F :b yav 2 w
A . Z X N X
Where Fih(XE,QZ) — TDP F ,uz q Z’Q—Z’! S(HZ)
foxe £ Z H

Nason, Webber; Furmanski, Petronzio

Threshold Resummation: identical treatment to its AcrossedO analogoue - DIS
after taking Mellin moments iz  Cacciari, Catani

- 12 52
except for a change i =
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e” e~ Annihilation

e" € hadron
multiplicities

—1<cosh <1

BELLE, BaBar
Vs =10.5GeV

using DSS FFs
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e” e~ Annihilation

N hadron Ratio (m*+m7)/2 multiplicity in e*e™ at VS=10.5 GeV
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e” e~ Annihilation

et € hadron Ratio (7" +m")/2 multiplicity in e'e” at VS=10.5 GeV
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Longitudinal spin asymmetries

Outline

¥ Longitudinal spin asymmetries
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Longitudinal spin asymmetries

Polarized SIDIS

Longitudinal double-spin asymmetry/(k)p(P) — (k') h(Pn) X

/

h X, Z, QZ
A?_ (X, Z, QZ) | Iglh( 2)
1 (X,Z,Q )
Structure functions: 2FM(x,z,0%) = FM(x,z,Q?)
| 1 qe 1 s 7 b # N rv 2 >
- d® dp X Z ... Q
h 2\ — e g | ~2 h, “ 2 | ) =~ | 2
zgl(X’Z’Q ) m . D : f m’u Df D’IJ' Q f K)’ D’ MZ’ S(u )
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Longitudinal spin asymmetries

Polarized SIDIS

e ! CI(X Q%)Dg(z,Q%) + ! &x,Q*)Dg(z, QZ)
CI(X Q2)D§(z,Q%) + B(x, Q?)Dg(z, QZ)

Leading-order  Ah =

q

NLO large terms near the partonic threshold, ! 1

In(L" %)
1" %

In(1" 8"
1" b

ACY (8, B) = CY (B, B)! €Cr 2(1" K) Lo11" B

+

2
+
1" %)+(1" D).

$
"Bl B)I(1" B

92 match (X, zZ Qz)
Flh match (X, zZ Qz)

Matching A"™%(x,z,Q?)!
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Longitudinal spin asymmetries
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(gl/Fl)proton

Longitudinal spin asymmetries

Inclusive DIS asymmetridy

1.0 | | L | I 1 1 1 L B B | I | | L L
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Longitudinal spin asymmetries

Inclusive neutron DIS asymmetrids

0.6

sign change at fairly i
large values of x - e
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(gl/Fl)neutron

Resummed

NLO

Hall—-A data
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Longitudinal spin asymmetries

Effect of resummation oik,,

Debne resummed PDFs by Ho
- R
i Cy™° (N, s (@) . :
N ,res QZ ! g N,NLO QZ
g (Q) G (N, s (Q2) (@) o
Sterman,Vogelsang
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Ru - u+ @ (x7Q )_ 4F1,p I Fl,n (chQ ) 0.0
R4
Expected to be improved with the _o5
Jefferson Lab 12-GeV upgrade
or an EIC
-1.0
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Conclusions

Conclusions

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

¥ signibcant effect f&" €  at BELLE and BaBar

¥ decrease of double-longitudinal spin asymmetries for ser
Inclusive DIS

arXiv:1212.2099 [hep-ph], arXiv:1304.1373 [hep-ph] EBERHARD KARLS
UNIVERSITAT
32 TUBINGEN




Integration contours
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tilted contours N = cy + zy€e®™
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Conclusions

Integration contours

S(N) o

tilted contours N = cy + zy€e®™

Location of the Landau pole & moves along its contdur i i
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Conclusions

Equivalent result

CEI=INML1 (@) = &t (1.(@2) 32)6”’ [/ ey | o dkk22 Aol +(kD)

QQ

LM @907 g2
wlat [ A @)
0 . QZ n

/dx /d'

"S(QF(1-#(1-1)))

where Hyq collects hard virtual corrections

2 | n 2 2
qu(!s,ii)_u ( 8+3+31n§>+0( ;)
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Conclusions

Expansion to NLL

Can be obtained from Drell-Yan by setting® ! v ¥¥

Q% dk? , ko —

Exponent: 2/@_2 ?Aq (as(kf)) In ) NM
2 2
~ ) AN M ANM + 242 )\NM, 9 : Q2
T\ 2 ) boas(p?) T 2 T2 g

L NLL

where AN = bo s (1) (1ogN + log M)
0 _ A @
hg :2!b0" 2" + (1! 2")In(1! 2")] hy = ...
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Conclusions

Resummation for DIS

Inclusive transverse and longitudinal structure functiansT’, L

Furmanski, Petronzio

Resummation - taking single Momentin

e — 2, (as(QQ% M_j) exp [/01 dgﬁN -1 {/(“ il %Aq(%(k? )) + %Bq (as((1 = 6)Q?)) }]

1-¢ 2
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Conclusions

7° SIDIS Multiplicity
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