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] o Il. What are the energy-energy correlators (EECs)? ] )
I. Unravel different QCD scales with jet substructure lll. Why are we interested in EECs?

= EEC jet substructure observable: how is energy distributed within a jet?
= Derived from quantum field theory, & IRC-safe observable — precise
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1. Reconstruct D"-meson candidates from Do
decay daughter tracks using topological 7,
and particle identification selections
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4. Correct for D’-tagged jet reconstruction efficiency Eéos §§ * Lund string-based models PYTHIA and

5. Feed-down correction: beauty feed-down (B — D) estimation using &l30s L — provides the best descrip- | ° S
POWHEG + PYTHIA 8. Corrected for non-prompt D’ reconstruction é%gg | §§ | tion of both EECs? v
efficiency. 01‘0,2 — ”;0,1 — 10 " ';0,1 — = HERWIG: overpredicts in- ‘ HERWIG and

6. Detector effects: Correct Yggc(Ry) for track momentum resolution, angular AL A clusive jets and underpre- SHERPAARADIC

. . . . . . . Hadrons are produced by breaking a Locally color-connected partons form
reSO|Ut|Oﬂ, aﬂd bOth Slr‘lg|e-tl’ack aﬂd palr IﬂefﬁCIeﬂCIeS Charm_tagged Jet EECS ha\/e 2 |OW€I’ amp“tude than inclusive jet EECS dICtS Charm_tagged Jets color string into cilor—ne‘:.ltral haldrons clustersthatdecay into hadrons
D** decay turned Off

7. Removed D™* contribution using the ratio 5 geieaon calculated from —» expected from the “dead-cone effect” - SHERPA AHADIC predicts a peak at lower R, for both EECs — suggests

PYTHIA 8 simulations = Striking peak similarity of charm-tagged and inclusive jet (gluon dominated) later hadronization compared to other models. s * /\
K—+ """ P . AR e ermeav rr——r — com.ple>.< interplay: flavor effects in the shower vs. non-perturbative (@)
..................... ) EEEEEE ] eyt e A
W 1715hpgd,;wv;‘o‘;5 . .:W:. ; . Leadmg .p.:»,\rhcle. pr cut in inclusive Jet at low PT jet’ bias toyvgrds , VII. Summary and outlook -
5= o7 <30 Gevie,y |08 *n,‘* ‘, ] quark-initiated jets — hints at a shift towards light quark-initiated jet MC! —3|7z= "I
Secondary 08"2;99;"“‘ * 2 i * pQCD calculations reproduce general shape, with some tension near peak 1 Charm-tagged vs. inclusive jet EECs: r r r r r r r
iy pi+ OBF x 040" tagged, cnitets . s o] — reflects limitations in the treatment of hadronization * Difference in amplitude — expected from the "dead cone effect” 4
o 0.4F r E = Ratio of charm-tagged to light-quark jets, both quark-initiated, shows = Striking S|m|Iar|ty!n peak po_5|t|qns — complex interplay: flavor effects in the shower —
02k e E significantly more suppression at small angles 8 GUEHPEUTEENS (e ol 2o Sty . ) TS
: ¥ o 2 pQCD calculation comparison to charm-tagged jets — needs improved
o 10° gy = theoretical modeling of heavy quark jets, particularly in the transition
A Outlook: adding beauty-tagged jets and extending to higher pr . with Run 3 region BERKELEY LAB
data will allow a more systematic study of mass effects in parton shower and 3 MC model comparisons show sensitivity to different hadronization . .
Many thanks to Kyle Lee and collaborators for providing the pQCD calculations. hadronization mechanisms ®ecesece®®’




QCD emissions in parton showers are angular ordered.
early splittings (perturbative) —wider (RL 12)
late splittings (non-perturbative) — narrower (R 34)
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1. Energy weighted two particle correlation inside jet
2. Derived from QFT & IRC safe observable— precise

theoretical calculations
3. EECs probes jet dynamics from perturbative (large Ri) to
non-perturbative scales (small RL). R 34
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HF energy-energy correlators

© Scaling behavior identical to massless case for larger R; .
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HF energy-energy correlators

© Scaling behavior identical to massless case for larger R; .

virtuality ~ prR, +m L= R,

A turn-over for R; — mq/py
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HF energy-energy correlators

© Scaling behavior identical to massless case for larger R; .
Pt

virtuality ~ ptR; + m R,

© Aturn-over for R; — mg/py
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Charming enerc correlators
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Charming enerc correlators @ 5 o
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Charming energy-energy correlators D’
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correlators DO

1. Charm-tagged jet EECs have a lower
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correlators DO

1. Charm-tagged jet EECs have a lower

Charming enerqgv-enerc
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correlators D°
1. Charm-tagged jet EECs have a lower
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*pQCD calculation by Kyle Lee and collaborators
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correlators DO

1. Charm-tagged jet EECs have a lower

Charming enerqgv-enerc
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*pQCD calculation by Kyle Lee and collaborators

5. Ratio of charm-tagged to light-quark jets shows significantly more suppression at small angles
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Sensitivity to hadronization vs. parton shower

Lund string hadronization Cluster hadronization

§0

HERWIG
and
SHERPA AHADIC
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Z:EEC(RL

ensitivity to hadronization vs.

D’ — K™ * and charge conj.
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ensitivity to hadronization vs.

D’ — K™ * and charge conj.

in charged jets, anti-k+, R =0.4
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o Lund-string based model provides the best description of both EECs?

varton shower

Lund string hadronization

§O

3= ALICE Preliminary MC models

_ s PYTHIA
Pp. Vs = 13 TeV e x =1 HERWIG
o5k 15<p”"* <30GeV/c 1 SHERPA-LUND

0 =111 SHERPA-AHADI
5< p? <30 GeV/c »'/, S C

HERWIG
and
SHERPA AHADIC

1072 107"

%Probing the shower properties of charm quarks using energy-energy correlators with ALICE Preeti Dhankher % 27 Sept. 2024 | 16



varton shower

Lund string hadronization

ensitivity to hadronization vs.

N

c D’ — K &* and charge coni. 3} ALICE Preliminary MC models
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i ch. jet
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o Lund-string based model provides the best description of both EECs?

© HERWIG: overpredicts inclusive jets and underpredicts charm-tagged jets — Sensitivity to
hadronization vs. parton shower implementations.
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varton shower

Lund string hadronization

ensitivity to hadronization vs.

D’ — K &* and charge coni. 3} ALICE Preliminary MC models

mmmm PYTHIA
in charged jets, anti-k+, R =0.4 pp, ¥s =13 TeV == n:1 HERWIG

i ch. jet
10 < p_cl_h Jet <15 GeV/c, mjetl <05 25 15 < pT J <30 GeV/c mnn SHERPA-LUND

0 =111 SHERPA-AHADI
5< p? <30 GeV/c »'/, S C
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sl DO-tagged jets R ‘0 o 2

mf= |nclusive jets

HERWIG
and
SHERPA AHADIC

1072 107"

O Lund-string based model provides the best description of both EECs?

© HERWIG: overpredicts inclusive jets and underpredicts charm-tagged jets — Sensitivity to
hadronization vs. parton shower implementations.

© SHERPA AHADIC: predicts peak at lower R for both EECs —suggests later hadronization compared
to other models.
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