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SIDIS with jets

In SIDIS, replacing the final hadron by a jet, involves replacing
the TMD FF by a TMD jet function

do(ep — ehX)

d() dx dz dqgr

[Gutierrez-Reyes, Scimemi, WW, Zoppl]

Conditions:
Use winner-take-all scheme

0 ~ qr/Q < R, otherwise
jet boundary effects and z < 1




Winner-Take-All scheme
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Default: Jet axis along jet momentum, so recoiled by
in jet = non-global logarithms

Winner-Take-All (WTA) recombination [saiam; Bertolini, Chan, Thaler]

(TAll if £y > Fo

e "= ke if By > B

Now jet recoiled by all soft radiation = sensible large R limit



(Dis)advantages of using jets

v Nonperturbative momentum fraction z does not enter

v Same N3LL adCCUracy Ccan be achieved [Gutierrez-Reyes, Scimemi, WW, Zoppi]
(two-loop jet function extracted from EVENT?2)

Leading nonp. effects from Collins-Soper kernel
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Benefits of track-based measurements at the LHC

Superior angular resolution

Pile-up removal

All particles
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Calculations for track-based observables

Track function formalism for calculating track-based
observables has been studied at O(as) (chang, Procura, Thaler, ww,

Track function T;(x, 1) describes momentum fraction = of
initial parton 7 converted to tracks, i.e. p" = zp" + O(Agcp)

Nonperturbative, process-independent function

1
Sum rule:/ deT;(x) =1
0



Similar but different from fragmentation functions

Track function encodes correlations between hadrons

N
_|_
0 7;0(372)
Connection to fragmentation functions:

1 1
/ de x T;(x, pn) = Z / drx D; p(x, 1)
0 0

charged h



Similar but different from fragmentation functions

Track function encodes correlations between hadrons
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Connection to fragmentation functions:

1 1
/ de x T;(x, pn) = Z / drx D; p(x, 1)
0 0

charged h

1 1
/ dz 2 Tj(x, 1) = Z / dz 2 Di_p(x, 1)
0 0

charged h
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Example application: track thrust
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[Chang, Procura, Thaler, WW]|

small effect from switching to tracks except in nonpert. peak
region (due to phenomenological track functions).

Complicated dependence on track functions:
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Track-based TMD jet function

Due to WTA scheme, switching to tracks only modifies jet
function = Anomalous dimension must be the same.

Indeed, it only changes by a constant:

1 2
TN (Gr) = JM(Gr) + 6%(Gr)4Ck /O da In

1l —=x 1l —=x

1
/ le Tq(zla :u)
0

1
X / dzo Ty(22, 1)|O(z12 — 22(1 — x)) — O(z — %)]
0 [Chien, Rahn, Schrijnder van Velzen, Shao, WW, Wu]

Effect of switching to tracks will be small, and can treated
IN a simple manner
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Track function formalism at O(a%)

Direct track function calculation in dimensional regularization
results in scaleless integrals 1/eyy — 1/e1g = 0

Track jet function J;(s, ) differential in invariant mass s of all
particles and momentum fraction x of charged particles

Same renormalization as invariant mass jet function J;(s)
from consistency of factorization in SCET

Remaining 1 /¢ poles are infrared and cancel when
matching G onto track functions

2 2 1 1 0 2 0 0 0
J® _ 7 >+ZJ< ) & TOTO + 352, @ TOTOTO)
1,k

This fixes the IR poles, and thus UV poles, of T,
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Track function evolution at O(a)
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Nonlinear evolution (leading order): T k(1 — 2)

X 5[$ — 2r1 — (1 — Z)ZL’Q] [Chang, Procura, Thaler, WW]|

Compare to extraction from Pythia (in absence of data)
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Track function evolution in moments

Taking integer moments of evolution equation:

d
dln u

5 Ti(N, ) = ]Zk/dz Z—;Pji(z) /dxl T (w1, 1) /dzz:g Ty (zo, )21 — (1 — 2)xa]™
- ]Zk/dz Z_;Pji(z) ; Ti(n, p) Tie(N =, p) (]X) 21— )N

Fragmentation function evolution only has n = 0 term,
and this term has same coefticient for track functions

Beyond leading order (ignoring flavor)

d
dIn ,UQ T(37 :u) — CST(Ba :LL) T CQlT(27 M)T(la :u) T ClllT(17 M)T(la M)T(la :u)

Goal to determine unknown coefficients
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Shift symmetry of evolution

Energy conservation implies evolution has symmetry r— T+ a

d
dln 2 {Z}/ [1dzm dem 70, (2 + D) Yisiri ({2 )

X 5(1 — sz) O(x — mezm)

m

15



Shift symmetry of evolution

Energy conservation implies evolution has symmetry r— T+ a

d
dln 2 {Z}/ [1dzm dem 70, (2 + D) Yisiri ({2 )

X 5(1 — sz) O(x — mezm)

m

Make manifest by using shift-invariant central moments
A=Ty(1) = Ty(1), 0:(2) =T;(2) — T;(1)%,

E.g. evolution of the first two moments reads:

dlrclilzﬂ A = [=74q(2) = 744(2)|A

i (00) = (2l ) () = (050




Results for evolution O(

;)

Central moments:

[Li, Moult, Schrijnder van Velzen, WW, Zhu]
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Example application: Energy-energy correlator

Weighted cross section in ete- collisions

_—Z/da ](5)( 0;) @EZ
b

[Basham Brown, Ellis, Love] J

Tracks are essential to measure EEC at small angles.

Conversion to tracks is simple:

E;, — /(ﬁlgzﬁZ (x;) x; By = T;(1) E;

[Chen, Moult, Zhang, Zhu]
Collinear limit x = 0 involves T;(2)

Generalizing, N-point energy correlators involve at most the
Nth moment of track functions
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Results for track-based EEC

First O(a?) result for track-based measurement:

AEEC on Charged Particles

Ratio to NLO

AEEC(cos x) = EEC(cos x) — EEC(— cos x)

Cancellation of IR poles provides check on NLO evolution
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Conclusions and outlook

Using jets, instead of hadrons, in SIDIS avoids nonperturbative
momentum fraction z, with same NSLL precision

Track-based measurements overcome limited resolution for
neutral particles, and only modify TMD jet function constant

Track function formalism is being extended to O(a?2), and has
been applied to the EEC

Thank you!



