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Introduction
[ ]

Goals and outline

This talk, in a nutshell:

A small-x perspective on TMD factorisation for single-inclusive jet production in DIS.

@ First calculation of Sudakov logs in SIDIS with jets and their dependence on the jet
algorithm.

@ New asymmetric jet distance measure which ensures TMD factorisation.

@ Emergence of the DGLAP and CSS evolutions from the small x approach.
= combined small x, CSS and DGLAP evolution within the TMD formalism.
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TMD factorisation for SIDIS at LO
[ leJele]

Single inclusive jet production in DIS

= Measure jets in DIS events and bin in terms of P, measured in Breit (or dipole) frame:

dO.eA%c’JrjctJrX
dXBJ' dQ2dPJ_

= In the case of a hadron measurement, see Jamal Jalilian-Marian's talk just before.

= Also accesses the sea quark TMD at small x in the limit Q% > P?.
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TMD factorisation for SIDIS at LO
[e] lele]

Breit frame and target picture at LO

@ Breit frame: head-on v* 4+ A collision.
#=(0,0,0,q: = Q)

@ Photon absorbed by the struck quark.

@ Quark produced with P, =0 :

dorrtA—atX Ao e} v ' =0Q/2
| = T 0P )y (x) Pa=@/
d°P; LO Q

@ Dominated by aligned jet configurations z = % ~ 1.
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TMD factorisation for SIDIS at LO
[e]e] o]

Breit frame and target picture at LO and small x

@ At small x, rise of the gluon distribution (A ~ 0.2 — 0.3)

xG(x,Q2) A3
TA23 T T

Qsz(X) ~ Qs

>

Py

@ Sea quark comes from a g — q@ splitting.

@ For Q%> P2 > @2, this splitting is DGLAP-like: NN

dorrtA—atX 8m’aeme? as 1 1 X X
= M = | dEPL ()56 (| =, P?
d’P, LO Q? 272 Pt /x - qg(£)€ <€, l>

5/15



TMD factorisation for SIDIS at LO
[efe]e] )

TMD factorisation in SIDIS at LO from the dipole picture

@ Longitudinal boost to the dipole frame with ¢° ~ g, > Q:
~v* — qg splitting+interaction with the "shockwave” (CGC EFT).

@ For Q%> P7,Q?, the CGC result factorises in terms of the (sea) quark TMD x.J,(x, P?)

do A et +X _ 871' aemef / / d? QL ) l:l B P, - (PL — qL) In Pi
d’p, b, (P —(PL—q1)?)  (PLr—qu)?

sea quark TMD

8m’eme; as 1

1
X X 2
Pira. Q@ 2mP? dgpqg(é)ﬁc(ﬁ’PQ
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Jet definition in DIS
[ leJele]

Outline of the NLO computation in the dipole picture

@ NLO calculation at small x for general jet kinematics

performed in .
Lt
S
See Michael Fucilla’s talk after. "
. : - L et
@ Compute the NLO impact factor in the limit \%/
QR*> P2 > Q2 7
* * q h/y e =3
do bt dopfA—arX e NEZ
c((1;2cp _ CEZCP {1 +asZ(Py, Q, R,x*)} .
L NLO + LO .
Ly
@ High energy factorisation with collinearly improved N I

BK/BFKL.
NLO Feynman graphs

@ NLO impact factor depends on the jet definition. 7/15



Jet definition in DIS
[e] Tele]

Jet definitions in DIS

@ Jet definitions designed to ensure factorisation of inclusive jet cross sections in terms of
universal pdf.

@ Longitudinally invariant " generalized-k;" algorithms.
2

AR

R2

_ s 2k 2k _ 2k
dj = mln(ptﬂ-, pt,j) dig = Pt,i

= Many jet analysis at HERA chose longitudinally invariant k; algorithm in the Breit frame.
Ex: as extraction from jet cross-sections,

@ e e~ spherically invariant jet definitions in the Breit frame.

) 1 — cos(6;)
dj = E?k P ——0
j = min(E7 E; )1 —cos(R) ’

dig = E7*
= Recent studies on TMD factorisation with jets use this definition with WTA scheme.
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Jet definition in DIS
[e]e] o]

Known issues with previous options

@ Spherically invariant jet definitions in the Breit frame are not
boost invariant.

= Hard to distinguish beam remnant from forward jets.

@ Longitudinally invariant jet definitions in Breit frame fail to
cluster hadrons in the backward region.

anti-kr (SI)

T e R o

3n/d I w/4
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Jet definition in DIS
[e]e]e] ]

Jet definition in DIS: summary

@ Not all jet definitions ensure factorisation of the fully inclusive jet cross section.

@ Does the same phenomenon arise for TMD factorisation?

Jet def | distance measure | dipole frame NLO clustering condition (R < 1)
2 222
LI C/A dj = S s <1
1—cos(6j) - . MJ?Z2
SI C/A dj = T—cos(ry in Breit frame o <1
new LI jet def dj = M3/ (21 Q*R?)

o M= (ki+k)? zi=(ki-P)/(P-q)=k'/q".

@ Goal: find a jet definition which ensures TMD factorisation of the single inclusive jet
cross-section.
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NLO calculation of jet SIDIS
[ leJele]

Sudakov logarithms in the NLO impact factor

@ NLO Sudakov logs L = In(Q?/P?) depend on the jet definition!
For LI C/A (or anti-k;):
Vit A+ X
dc’zi - . « QsCr {—3L2 + (3 - In(R)) L+ 0(1)]
d°Pr InvLo &P o 7 4 4
while for SI C/A (8 = 2) and our new jet definition (8 = 0)

« O‘;CF [—if 4 (3(1_46/2) + In(R)) L+ 0(1)}

do YT tA—=+X

do YT +A—=+X

da®p,

do YT +A—i+X

= 3
NLO d°Py LO

@ From CSS evolution of the quark TMD alone, we expect the log structure

OéSCF 3

1
L.
T [ 4 + 4 }
= TMD factorisation implies 5 = 0.
New LI jet definition in DIS suitable for TMD factorisation with jets.

@ Sudakov DL for a jet measurement is half the DL for hadron measurement. 11/15



NLO calculation of jet SIDIS
[e] Tele]

Physical interpretation

@ Our new clustering condition equivalent to 6 < Rbjet
with Gjet ~ C,)/qjL

@ Angle of the jet set by its virtuality rather by its T
transverse momentum.
. P
(Naively, fje¢ ~ 2=.)
@ Soft gluons contributing to Sudakov must have
Og > Ojct.
= stronger constraint than 0, > Z’—ﬁ! l

Aligned jet configuration in dipole frame.

@ Jet from the antiquark is backward in the Breit frame.
Must be distinguished from the beam remnant.
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NLO calculation of jet SIDIS
[e]e] o]

Complete NLO result for Q% > P? > Q2

@ The complete NLO corrections are organized as S n
dgritA—i+X dgratA—i+X dgratA—i+X a0a00090”
— = + 2, 5559
2 2 2 2200099%
d°P.  Ixpo d&°PL g d°P, v Uiggagss”
. . - g P
@ Term where P, is given by a g — gg hard collinear splitting e
f A X 2 2 -2 WW\
LALARA G TR
P, | Q@ 22 P2 e T et
X

@ Sudakov logs and finite pieces, for our asymmetric jet clustering definition.

Yr+A—j+X Yr+A—j+X 2 2
do i :do i onsCF {_|2<Q2>+< —|—|(R)>|n<02>
d°Py v APy LO @ 4 P1 4 P1
11
—fl (R)+ 5 - 3l + f| 2(x,) + = In(x*) + (’)(R2)]

@ x, factorisation scale: gluons with z, < x*PJZ_/Q2 resummed with high energy evolution.
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NLO calculation of jet SIDIS
[e]e]e] ]

DGLAP-+CSS resummation

@ Beyond LO, the quark TMD also depends upon the photon virtuality Q2.

® xFq(x, PJ2_, Q?) = number of quarks in the target with given x and P, as probed with a
longitudinal resolution fixed by Q2.

@ Taking derivative w.r.t. In(Q?) and assuming Markovian evolution:

OF(x, P2, Q%) _ Cr [as(P}) [PE » A L
Ton@ 2t P Je AL Fo(x, 1, Q%) b P as(0)Fo(x, P1, Q%)

3 as(P?)C
5M_;.—q()<7pf_7(32)

= "diagonal” version of the CSS equation for the quark TMD from the dipole picture.

+

@ Integrating our 1-loop result up to Q2 yieIdS'

e, @) =, @)+ [ dp’? P [ acpute) 6 (5.1
A2

= DGLAP evolution of the quark pdf from the d|pole picture.
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Conclusion
[ ]

Conclusion

@ Clarifying the jet definition (clustering algorithm) for jet production in SIDIS in the TMD
limit Q% > P3.

@ Calculation of the Sudakov effect for jet production in SIDIS.

@ NLO calculation in the high-energy formalism (dipole picture, CGC).
Conclusions remain valid at moderate x

@ Emergence of the DGLAP and CSS evolutions of the quark TMD from the small-x

approach.
See Edmond lancu's talk tomorrow for similar results in the diffractive case.

THANK YOU!
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