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l Flavor dependence in QCD showers

Gluon-initiated shower Quark-initiated shower

, CaS|m|r color factors

Gluon-initiated showers are expected ‘,‘
| to have a broader and softer j
| fragmentation profile than quark- lf
B |n|t|ated showers |
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l Flavor dependence in QCD showers

Gluon-initiated shower Quark-initiated shower Heavy-quark-initiated shower
e =, A g
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, CaS|m|r color factors * Mass effects

A harder fragmentation is expected in low |
energy heavy-quark initiated showers due to |
the presence of the dead-cone effect

| Gluon-initiated showers are expected 1
| to have a broader and softer ‘
| fragmentation profile than quark- |
B |n|t|ated showers ]

| Mass effects are domlnant at Iow pT
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lon Collider Experimen
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lon Collider Experiment
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Charm jet measurements with ALICE
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Reclustering step 1 ~— Reclustering step 2

Challenges of Measurement:
» Determining the dynamic direction —
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Fully reclustered jet
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— Charm quark Dead-cone effect

Gluon emissions are
suppressed in a cone
with 6, = mQ/E

% Gluon emission vertex
e Emitted gluon

Radiator
91 > 92 > > 95

ERadiator,1 > ... >E Radiator,5
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Reclustering step 1 ~_—, Reclustering step 2
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* use declustering procedure W e
with Cambridge/Aachen <~ )
algorithm % ........... -

Cambridge/Aachen clusters
constituents based solely on their ~ — Chamquark

%  Gluon emission vertex
angular distance from one another -~ emitedgiuon

91 > 92> >¢95

% We” mOtivated by QC D ERadiator,1 > e >ERadiator,S

Dead-cone effect

Gluon emissions are
suppressed in a cone
with 04 = mQ/E

Radiator
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First direct observation of the dead-cone effect
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l Probe mass and color effects with heavy-flavor jets

Jet Angularities :
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l Probe mass and color effects with heavy-flavor jets

Jet Angularities :

= (pT’i )

i€jet PT jet
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l Probe mass and color effects with heavy-flavor jets
Jet Angularities : Where is the pr in the jet?

1 = Z ( pT,i )K< ARjet,i)a
’ pT,jet Rjet

1€]et
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| Probe mass and color effects with heavy-flavor jets
Jet Angularities : Where is the pr in the jet?

1 = Z ( pT,i >K< ARjet,i)a
’ pT,jet Rjet

1€]et
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l Probe mass and color effects with heavy-flavor jets
Jet Angularities : Where is the pr in the jet?

1 = Z (pT,i )(ARjet,i)a
’ pT,jet Rjet
a tunable |
- Z 70" ﬂparameter.l
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| Probe mass and color effects with heavy-flavor jets
Jet Angularities : Where is the pr in the jet?

1 = Z (pT,i )(ARjet,i)a
’ pT,jet Rjet

1€]et

a tunable |

_ a parameter!
1€jet

Dead-cone
suppression
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' Probe mass and color effects with heavy-flavor jets
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' Results: Probing f

lavor effects with anqularit
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l Results: Probing flavor effects with anqularit

> - b 6 B . .
Jet Angularities : OIS g = D'tagged ALICE Preiminary -
@ _ . (s
~l&~ [ @ Semi-incl. PP, Vs=25.02TeV .
/1 — 90{ ) :— — PYTHIA 8 charged jets, anti-k, R = 0.4 —:
a Zi i i 1O<p;hJet 20 GeV/c, |77 |<05

i€jet Ctonable 4r 5<p¥ <20 GeV/c, Iy 1<08 -
parameter - —

DO tagged jets: charm jets

N W

Semi-incl.

-
CUILUINUIWOGS
|IIII|IIIIIIIIIIIIIIIIIII ITTrrrd 1 1 I 1T 1 1 |

1 1 1 1 | 1 1 1 1 | 1 1 1 I | 1 1 I I | 1 1 I I | _?
0 0.1 0.2 0.3 0.4 0.5

‘Measured in Data‘ o

% Charm-tagged jet substructure with ALICE Preeti Dhankher %



l Results: Probing flavor effects with anqularit
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l Results: Probing flavor effects with anqularit
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l Results:
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l Results: Probing flavor effects
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l Results: Probinc flavor effects W|th an ularlt
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l Results: Probing flavor effects with anqularit
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QCD emissions in parton showers are angular ordered.
early splittings (perturbative) —wider (R 12)
late splittings (hon-perturbative) — narrower (R 34)
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l Energy-enerqgy correlator

QCD emissions in parton showers are angular ordered.
early splittings (perturbative) —wider (R 12)
late splittings (hon-perturbative) — narrower (R 34)
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QCD emissions in parton showers are angular ordered.
early splittings (perturbative) —wider (R 12)
late splittings (hon-perturbative) — narrower (R 34)
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QCD emissions in parton showers are angular ordered.
early splittings (perturbative) —wider (R 12)
late splittings (non-perturbative) — narrower (R 34)

l Energy-enerqgy correlato
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Perturbative Non- perturbatlve Njet N . . E h t
L,] s Energy weig
Hard process Parton shower Confinement Soft contribution (MPI, UE) power
>> 0(1GeV) > 0(1GeV) ~ 0(1GeV) A RL,ij — \/ A iJz —|— Ar]ljz suppressed by energy weight

Pt1PT12

p’lz“,jet
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 R.) to
non-perturbative scales (small RL).
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I HF energy-energy correlator

© Scaling behavior identical to massless case for larger R; .
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5. Ratio of charm-tagged to light-quark jets shows significantly more suppression at small angles
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I Sensitivity to Hadronization vs. Parton Shower
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3= ALICE Preliminary MC models
op, Vs = 13 TeV — IF;\E/EWI\G
o 5f 15<p" " <30GeV/c 1 SHERPA-LUND
5<p” <30Gevic &, Oho AARADIC
2
1.5
HERWIG
and
1 SHERPA AHADIC
0.5kza
0 1
10™ 10”
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I Sensitivity to Hadronization vs. Parton Showe

Lund string hadronization

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

ch. jet
1O<pCh jet <15 GeVi/c, m |<05 D 5 ‘|5§p_r J < 30 GeV/c i SHERPA-LUND

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

Z:EEC(RL

5<p " <15 GeVie, |y |<08 ,\"Q"
=l= D’-tagged jets R . 2

mf= |nclusive jets

1.5
HERWIG
and
1 SHERPA AHADIC
D.5kzar
» 0
1072 107 1072 10

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

ensitivity to Hadronization vs. Parton Shower

Lund string hadronization

oy D’ - K x* and charge conj. 3}- ALICE Preliminary MC models
O , _ , == PYTHIA
NHJJ IN charged jetS, antl-kT, R=04 PP, E:h :e? TeV == n:1 HERWIG
10 < p" < 15 GeV/c, I <05 2.5 19<p,  <30GeVie wn SHEREAEURD o
A DO [ | I'I | -
5 < p$ <15 GeV/c, |yDO| <0.8 w;‘-‘:- -.‘ S < p; < 30 GeV/c o',
S
sl DO-tagged jets ‘0 e 2
D
mf= |nclusive jets R -
~ 1.5
HERWIG
and
1 SHERPA AHADIC
0.5lza s
‘ 0
1072 107 10°° 10
R, R,

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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SenS|t|V|t to Hadronization vs. Parton Shower

Lund string hadronization

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

ch. jet
1O<pch jet <15 GeVi/c, |77 |<05 D 5 ‘|5§p_r J < 30 GeV/c i SHERPA-LUND

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

Z:EEC(RL

5<p " <15 GeV/e, |y |<08 ;\“'3"
== D’ -tagged jets

N\

1‘1.‘

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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l What is next?
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l Largest challenge - Hadronization!
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I Largest challenge - Hadronization!

Hadronization/
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ALICE measured Charmed

I Largest challenge - Hadronization! baryon to meson ratio

» 0.8 s
O

_l I 1 1 1 1 [ | _
, : 7 . + 0 -
Hadronization/ = 0.7 FAHICE /\c/Dr oy - A
] w Y- r o , 1S = e -
Confinement c oo . oofeoiaTev
Parton shower _..»"Ney* 206} . )
“““““““““ | . 3 G
""" ' »0.5¢
2~ F
004
O
0.3¢
0.2}
0.1F
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ALICE measured Charmed

I Largest challenge - Hadronization! baryon to meson ratio

8 0.8 _l I ] | | ] lol | L I _
. . J N + -
Hadronization/ = - ALICE Ac/D - AT
. © 0.7 o pp, s=5TeV - C
Confinement — = . op (5=13TeV
Parton shower ... “NO 206} N Q
‘‘‘‘‘‘‘‘ Y W 3 - Q
,,,,,,,, : »n 0.5
""""""" S Nk - 7y :
“““““““ '.. 0 Ha:.drons 90.4 :
e, | E O X
Hara-Parton 4 O: 0.3F
"""""" | :
........... E BR% 0.2
""""" \Y 10O; 0.1}
— '::%,.0: '

| | ] | | 1 1 1 I
1 10
p_(GeVic)

Enhanced production of baryon to meson
ratio in hadronic collisions compared to
ete- collider

Universality broken!
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ALICE measured Charmed

L

dronization!

Q
—

est challenge - Ha

baryon to meson ratio

0 —'gg PYTHIA 8 Monash 2013 8 0.8 R0
Ll m _ onas O - +
% O 2F pp. fs=13TeV -&-07 __AL|CE /:)C/Dr_ST ' Ag_
8 anti-k;, R =04 » — D Pp, ¥Is=o 1€
X il 6 15§pr“"jet<SOGeV/C, |77-et|50-5 - - g 0 6 i N:,‘ ® pp, G — 13 TeV
‘ © 1.4 @ lightinit full jets | ..' = VYt . Q
v S o -
2 2 —&@— charm-init full jei ()] - e
1E s N »n 05
0.8 beauty-init fullljets e :
0.6 00.4 ¢
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0.2 0.3}
q 1 1 E
charm jets 0.8T 0.2 .
light jets 06} -
B4H 0.1F
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light Jets 0:2_ (o I I Lo gl
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Enhanced production of baryon to meson
ratio in hadronic collisions compared to
ete- collider

With Run3 high precision charm
measurements and access to
beauty measurement

Universality broken!
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' ALICE measured Charmed

Largest challenge - Hadronization! |~ " " .. atio

(H"ig:_' 2.2 ALICE, ;)p,\{§=13lTev " MC models | — 80'8 ] e~ i
25 F o .. ~ —PYTHIA = - ALICE  A¢/D : AT
© oF D — K xn*and charge conj.  ..... HERWIG — ©0.7F (s = - C
s F SHERPA-LUND 3 = : ° pp,¥s=5TeV
~|=" 4 qF_ incharged jets, anti-k-, R=0.4 =~ ] - - = (s = -
< 1.8f ncharge ’ T -w= SHERPA-AHADIC{ & : e pp, Is=13TeV
- 10 < p" <15 GeVie, n_| <0.5 1 206¢F \ -
1 6F = P; Mgyl =99 - O - ; - e
F 5=p2 <15Gevic,ly |<08 ] 0 05 F -/ lyl < 0.5 -
1.4 @~ D tagged jets \ 1 o : :
- - (]) . = -
1.2 == inclusive jets 4 004772 , -
- s ©oak | : :
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al

: . . Enh d ducti fb t
With Run3 high precision charm nhanced proauction of baryon 1o meson

measurements and access to ratio in hadronic collisions compared to
beauty measurement e+e- collider

- Systematically probe hadronization ‘ Universality broken!
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Thank you for your attention!
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I EECs modified in p-Pb at low jet pr1 bin

- Significant difference between EECs 3 T a
. @)  ALICE Preliminary ]
In p'Pb ComparEd tO pp! m p—Pb and pp \/?W=5_02 TeV
: ~  anti-k, ch jets, R = 0.4 i
- Jet structure appears to be altered 3 1.2 anl pairs, p™ > 1 GeVie -
only in the lowest jet p. range O T
e o LL]
- Initial state effect?
- some models lead to a qualitatively
similar effect
- Fj ? @ -+' |
Final state effect: 1144 ¢ 2 ange )
- modification is qualitatively * 08 | | o 0 60 covie
consistent with ALICE measurement * —4— (60, 80) GeV/c -
o | | I R | |
of HM/MB z_, in pp 0 -
R

L
*arXiv:2311.13322
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I Higher-twist formalism reproduces the data

- HT calculations” of final-state

. . Q% i ALICE ;Drelimlinarly I h _
interactions from Yu Fu et al. show p-Pb and pp |[$,,=5.02TeV
: : ~_ 1.2~ anti-k, chjets, R=04,20 < p>"™ <40 GeVic —
a stronger effect 1s possible £ L all pairs, p™ > 1.0 GeVic _
@,
- R, (nuclear modification of nPDF) L | -ep-Popp
is chosen to be 0.85 (for x=0.01) R I - il
- G is 0.02 GeV?*/fm (BDMPS 1997) ‘ \
- Lisvaried (R, is 5.5 fm) 2.’%- tes
. . . 0.8 — HT, §=0.02 GeV*/fm, L=3 fm —
- Simulation (e.g. JETSCAPE) required i —— HT,3=002GeV?/im, L=4fm
. . . HT, g=0.02 GeV"/im, L=5 fm
for a more realistic estimate! ]
1072 107"
* models provided by Yu Fu, Berndt Mueller, and Chathuranga Sirimanna R

L
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| HF tagaging with ALICE

1. Charm meson(DO)/baryon(Aj) reconstruction and selection by topological cuts
and PID on decay daughters.

DV > K + 7t

&

PC




| HF tagqing with ALICE

1. Charm meson(DO)/baryon(Aj) reconstruction and selection by topological cuts

and PID on decay daughters.

DV > K + 7t

X
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| HF tagging with ALICE

1. Charm meson(DO)/baryon(Aj) reconstruction and selection by topological cuts
and PID on decay daughters.

2. Charm-tagged jet reconstruction using anti-kt algorithm. -
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| HF tagging with ALICE

. Charm meson(DO)/baryon(A+) reconstruction and selection by topological cuts

and PID on decay daughters.

Charm-tagged jet reconstruction using anti-kt algorithm.

Subtract combinatorial background from fake daughter pairs using sideband
subtraction technigue in invariant mass distribution.

71signal region
[]sideband (SB)

30 - in charged jets, anti- kr, R=0.4 —signal + background -
_ — background

[ 10 < p" " <20 GeVre, n <05 ;
o 8 < p° <12 GeVie, y /=08 B

W
&)

- D° - K x*and charge con,;.

Entries per 5 MeV/c?

- 7 —

- g% —

15— ) —

- S —
S

40 %
. . . : . 2
# Charm-ta GeV/c? Preeti Dhankher % 80




| HF tagging with ALICE

. Charm meson(DO)/baryon(A+) reconstruction and selection by topological cuts

and PID on decay daughters.

Charm-tagged jet reconstruction using anti-kt algorithm.

Subtract combinatorial background from fake daughter pairs using sideband
subtraction technigue in invariant mass distribution.

| | | | | | | | | | | | | | | | | | | | | | | | |
71 signal region
[]sideband (SB)

in charged jets, anti-k;, R = 0.4 — Signal + background
— background

1ospf‘ < 20 GeVi/e, n <05

| | | | | | | | | | | | | | | | | | | | | |
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| HF tagging with ALICE

. Charm meson(DO)/baryon(A+) reconstruction and selection by topological cuts

and PID on decay daughters.

Charm-tagged jet reconstruction using anti-kt algorithm.

Subtract combinatorial background from fake daughter pairs using sideband
subtraction technigue in invariant mass distribution.

| | | | | | | | | | | | | | | | | | | | | | | | |
71 signal region
[]sideband (SB)

in charged jets, anti-k;, R = 0.4 — Signal + background
— background

1ospf‘ < 20 GeVi/e, n <05

| | | | | | | | | | | | | | | | | | | | | |
ALICE Preliminary . .
[1 signal region

PP: s =5.02 TeV O sideband (SB)
D" — K" " and charge conj. o signal — SB
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| HF tagging with ALICE

. Charm meson(DO)/baryon(A+) reconstruction and selection by topological cuts

and PID on decay daughters.

2. Charm-tagged jet reconstruction using anti-kt algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband
subtraction technique in invariant mass distribution.

. Efficiency correction: Charm(D% /A [)-tagged jet reconstruction efficiency

correction
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HF tagging with ALICE

1. Charm meson(DO)/baryon(Aj) reconstruction and sele

o
~

Acceptance x Efficiency

and PID on decay daughters.
2. Charm-tagged jet reconstruction using anti-kt algoritt

0

3. Subtract combinatorial background from fake daughti °t

subtraction technique in invariant mass distribution.

correction

o
&)

o
W

0

Efficiency correction: Charm(D% A 7)-tagged jet reconstruction efficiency

2F

ALICE, pp, Vs =13 TeV

D° — K & and charge conj.

in charged jets, anti-kT, R=04
Inch.jetl <0.5

—=— feed-down

—e— prompt

o Efficiency of the D9 cut selections is strongly dependent on D%-meson pr

» sideband-subtracted distributions are corrected by the D° reconstruction

and selection efficiency in narrow DO pr intervals
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| HF tagging with ALICE

. Charm meson(DO)/baryon(A+) reconstruction and selection by topological cuts

and PID on decay daughters.

2. Charm-tagged jet reconstruction using anti-kt algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband
subtraction technique in invariant mass distribution.

4. Efficiency correction: Charm(DO/Aj)—tagged jet reconstruction efficiency
correction

5. Estimating B —D%/ decays: Evaluate and subtract feed-down contribution
using POWHEG + PYTHIA simulations
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| HF tagging with ALICE

DO *

‘0
*
.
L 3
L 3
“ LS
L 3
““““
L
.
A
.
A
P

DO decay length

L)
L)
“
““““
.
at

Prompt D® meson * Feed-down DO meson X

(initiated by a scattered (initiated by a scattered
charm quark) beauty quark)
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| HF tagging with ALICE

. Charm meson(DO)/baryon(A+) reconstruction and selection by topological cuts

and PID on decay daughters.

2. Charm-tagged jet reconstruction using anti-kt algorithm.

3. Subtract combinatorial background from fake daughter pairs using sideband
subtraction technique in invariant mass distribution.

4. Efficiency correction: Charm(DO/Aj)—tagged jet reconstruction efficiency
correction

5. Estimating B —D9A " decays: Evaluate and subtract feed-down contribution

using POWHEG + PYTHIA simulations
6. Detector effects correction: Correcting for detector effects using unfolding
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Probe mass and color effects with hea

-flavor jets

The position of peak quantified by fitting with following function:

(0] *exp

-0.5*pow ( (log (x

X) +

11) /1021,

2) where

Amplitude of the f|t functlon = [0°

ALICE pp \IE 13 TeV

- D’ K x*and charge conj.
[ in charged jets, anti-k;, R=
ch. jet

A 1OSp,5

2F = D°- -tagged jets

<15 GeV/c, |n |<05
- 5<p <15 GeV/c, |y |<08

L ALICE, pp, s=13TeV

| D°— K =+ and charge conj.

0.4 1 - in charged jets, anti-k;, R=0.4
' I 15<p " <30 GeVie, n /<05
- 5<p <30 GeV/c, |y|<08

[ - D% -tagged jets

and RL value corresponding to peak= e-[1]

I == Inclusive jets
| — Light-quark jet

L R =0.209 +0.023
"I peak amplitude = 1.537 + 0.044F

- eal +
. L = V. T V. 3 —+—
[ peak amplitude = 1.659

R™% = 0.184 + 0.005

R =0.175

- = Inclusive jets
| = Light-quark jet

peak amplitude = 2.269
RP** = 0.100 .
r'ﬁl-_'_ ‘Z‘I.;‘ T L. o

+
-

- - peak amplitude = 1.167 +0.222 /¥ I
- R™=0.149 +0.042 +"' :
| peak amplitude = 1.967 + 0.06
- RM=0.127 £ 0.007 T+

O
wy - .
= % . . - ALICE, pp, Vs=13 TeV
S~ 16 D - K n* and charge conj. — . D0 S Kt and charge con;.
1.4 10<p <15GeV/c |n|<05 : . i 15<p et <3OGeV/c Inl<05
C 5<p0<15GeV/c Iy|<08 ] - 5<p’ <30 GeVic, |y|<08
1.2 —m- Dtagged jets T [ - Dtagged jets
1B —f— Inclusive jets with p-° > 5 GeV/ ] = 1.5 —{ =& Inclusive jets with p>°>5 GeV
- — Lignt-quark je o F | . = Light-quark jet +
— , (- i )
0.8 - peal: amplitude = 0.933 £ 0.110 + @ 1 [ peakamplitude =1.167+0222 /4
- R**_0200+00 - peak -
0.6 — - R =0.149 £ 0.042
- Pealz ampHucs = 1,548 29. ﬁ E | peak amplitude = 2.013 + 0.063/_.%
0.4 FNB =0.173 +0.004 —+— Joshk R = 0.129 + 0.007 _,_"'
- Peak amplitude = 1.69°5 + 1 peak amplitude = 2.269 -4
ea
0.2 Rl =0.175 e 1 H »™*=0.100
- - i L™ B
O m-f—- I 1 IIII I O_ ;,-A, A _____

10°°

[ ALICE, pp, Vs= 13 TeV

107 1072

1072

it iIncludes statistical and systematic
uncertainties.

Peak amplitude of HF jets is more than
significance of 50(3.50) away from inclusive jets
and 6.60(50) away from LF jets in 10-15(15-30)
GeV/c pt bin = Significant suppression = Mass
effect (Dead-cone effect)

Most probable value (MPV) of peak position
of HF jets is significance of 10(0.50) away from
inclusive jets and 1.50(1.20) away from LF jets in
10-15(15-30) GeV/c pt bin = Peak difference
between HF and Inclusive jet are small. Consistent
ithin 10 significance.

MPV shift to lower RL with leading track pt cut at
low jet pr.
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