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Why study track functions?

Track-based measurements:

Superior angular resolution

Remove pile-up effects

© IR unsafe: the measurement includes

just a subset of the final state particles. Use track tunctions
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Why study track functions?
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Why study track functions?
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Why study track functions?

20 ATLAS Collaboration

9.3 Comparison of track-based and calorimeter-based measurements

On a jet-by-jet basis, the value of the all-particles and charged-particles jet substructure observables are
largely uncorrelated. However, due to isospin symmetry, the probability distributions for all-particles and
charged-particles distributions are nearly identical. This is studied by comparing the unfolded distribution<
for the cluster-based and track-based measurements, which are showm i~ T 10NS exist at the

which includes both jets in the diiat e=-+- = since Nno traCk"

hink - * . . 1 t. HOWCVCI’ . o
s d within the j€ for precision Q
soft radia 4 measurements arc still ewanarrack-based

{ime, calorlmetef base or the track-based observables are significantly

ortne calorimeter-based observables, particularly for higher values of 8, where more

soft radiation is included within the jet. However; since no track-based calculations exist at the present
time, calorimeter-based measurements are still useful for precision QCD studies.
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What are track functions?

Track functions describes the momentum fraction x of initial parton / that is converted
into tracks, i.e. p"" = xp" + O(Aocp)

Independent of the hard process
Non-perturbative objects that can describe hadronization
Normalized: /Ti(zv)dm =1

Can be used for any subset of the final state particles




What are track functions?

©® Track functions have already been studied at order (vg  ’13 Chang, Procura, Thaler, Waalewijn

] ] . _l I I | | | | | I I | I | | | I _
@ Evolution consistent with parton shower 4.0 100 - 1000 GeV .
- ---- Pythia 1000 GeV .. i
- —— Pythia 100 GeV
| | 3.0F .... Pythia 10 GeV -
® At higher orders the evolution ; 100 » 10 GeV :
becomes increasingly non-linear 20¢ .
Tg(x) - Vi WS
lu 2 - g/ \\ * ]
—1, D agl, 1,1, 1.0} A\
d:u - e -
0.0 ! "' | 1 l | 1 1 I | L1 1 | [

® Goal: Find the full evolution at a?




How to use track functions?

The cross section for an IRC safe observable ‘e’ measured using partons:

L@ = X [ gt - edtnt )

4( The cross section for the same observable measured using only tracks:

do da']\[ A %
de :Zj\;/dHNdHN/Hd:ET roote = etnbn )

IR divergences are subtracted in ¢ (absorbed in 15 )




How to use track functions?

® | Otrack function @ NLO track function
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03 — 03 & Tq(o) Q) Tq(o) X Tg(O) _|_ 0o X Tq(l) X Tq(o)

Note that 09 = 09




Track function evolution

Two independent calculations to extract the track function evolution at Ozg

19 Moult, Zhu, Dixon
'20 Chen, Moult, Zhang, Zhu

EEC cross section| = i |Jet function
Methods agree

Correlation between energy deposits Direct calculation of the track jet function
14 Ritzmann, Waalewijn
Tracking can easily be incorporated with Matching the IR-poles gives the track
moments of Track functions. function evolution at oz?
Ei — /dﬂ?z CB,,,TZ(SBZ)EZ = Tz(l)Ez Q(z) T(2) + Z J(I)Jk ® T(l)T(O)]

| Z T2 e @ [T 0T T,




Track function evolution

dhclluzTg[laH] = 799[17N]Tg[1aﬂ] T Z’qu[laﬂ](Tqi 1, pul +T5 (1, p]),

dlrcllng[Z’“ | =5 (2 T (2, 1] + (ZW)Q :CA( 8¢ ig A 2617558> - gcA”fTF: Ty[1, u]Ty[1, u] +

dleQTg[B,u] 1S5 [3, T3, 1] + (Z‘ﬁ)2 :Ci (2443 217587r2 | 72;3?) — gcAnfTF: T, (2, u|T,[1, p]
+ (Z_;)Q :CATf (213102551 ﬁwz) CFTfi? g[l,u];Tqi (1, )Ty, (1, ] + ...

For the first moment the evolution is the same as fragmentation functions up to all
orders in perturbation theory.

® At LO the evolution is the same as for fragmentation functions

The evolution of the track function up to third moment can be expressed in terms
of moments of splitting functions.
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Track function at order ozz

S
The evolution of T[1] The evolution of T[2]
0025t~ Preliminary Results | o044} Preliminary Results -
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Predictions for track EEC at order o/

— LO
— LO+NLO

© First track-based event shape at NLO

0.20
| Track EEC, Q=2000 GeV

(T,=0.60, T, V=0.62)
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Predictions for track EEC at order o/

Track EEC
EEC

' f The shape of this ratio contains
1? ® information about the track
“ functions.

Q=2000 GeV, LO+NLO

ﬁ Negative ratio is not a physical
- ©® choice of the track function
values

0.0 | 02 | 04 06 | 08 | L0




Track function in observables

13 Chang, Procura, Thaler, Waalewijn

et e~ — hadrons
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Energy fraction w of charged particles

Very sensitive to the track function

do /dA¢ |pb/deg]
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‘21 Chien, Rahn, S2V2, Shao, Waalewijn, Wu

LHC 13TeV, pp — Z + Jwra + X

hadron full

-------- hadron track

pr.J > 60Ge\/, |77J| < 2
R=0.5

Azimuthal angle in V + jet with WTA axis

(Almost) insensitive to track functions

116/17|



Summary

Track functions can be used to
calculate track-based observables

Superior angular resolution

Removes pile-up

Evolution for moments of2 track
functions extended to v S

Higher precision

Strong check on formalism

Outlook

Resummation for track-based
observables (EEC type)

We are able to calculate the jet
constants at ag for track EEC

Can be used for any subset of final
state hadrons




Backup: T from EEC

do E
EEC measurement: . ;/da

Track EEC measurement:

d _ [~—= E;E;
d—Z:;/dHN’O’N Z szé(z

_ EN:/dHN oN E Eéfja(z

Requiring the poles to cancel fixes T, 2, 1)

EJ5(Z

1— cosxij)

lllustration at order (x4

1 do
00 dz
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Backup: Jet Consants EEC

Extracting jet constants from the factorisation of the EEC measurement

Q2

22
2 ’“)'H($7F7N)°

Q° L
2z, In =, 1 =/ dx z°J(In
( 2 ) 0 ( M

2 2 2
where E(z, In —Q,M) = 1 dz’ do (z’, In —2,u)
T o0 Jo dz T



Backup: Track functions

0 0
> [ar[% (s - o) Pesta)] [ w1 dza T @1, T (22,10

. 2
Toreuv R X 8|z —zz1 — (1 — 2)x2],

N\

Expected due to scaleless integrals beyond LO



Track EEC
EEC

Backup: Plot TEEC

EiE,
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