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Physics motivation

ALICE

* HF mesons

e Heavy quarks (b,c) are mostly produced in hard scatterings at the initial stage of
the collision

* measurement down to prp = 0
* Production cross section can be calculated within pQCD
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Physics motivation

HF mesons
Heavy quarks (b,c) are mostly produced in hard scatterings at the initial stage of

* measurement down to prp = 0

the collision

Production cross section can be calculated within pQCD

 HF-tagged jets
* Measurement of jets from hard scattering down to very low pr et

* which helps in constraining the jet background (even in large systems)

* Experimental input for gluon-to-hadron Fragmentation Function (g = D°) and

gluon PDF at low x

Quark-enhanced jet sample (w.r.t inclusive jets & gluon-induced showers)
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Physics motivation

HF

mesons

Heavy quarks (b,c) are mostly produced in hard scatterings at the initial stage of
the collision

measurement down to prp = 0
Production cross section can be calculated within pQCD

HF-tagged jets

pp:

PA:

AA
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Measurement of jets from hard scattering down to very low pr je¢
* which helps in constraining the jet background (even in large systems)

Experimental input for gluon-to-hadron Fragmentation Function (g = D°) and
gluon PDF at low x

Quark-enhanced jet sample (w.r.t inclusive jets & gluon-induced showers)

pQCD test
Cold-Nuclear-Matter effects

: Probe of Quark-Gluon Plasma
Flavour and mass dependence of jet quenching
* Redistribution of the lost energy
Collisional energy loss might be important! (JHEP 1907 (2019) 148)
Measurement of radiative energy loss at low pp .~ Talk By N. Zardoshti
* dead cone effect Tue. 9:20
Modification of the fragmentation and HF jet structure in the medium
Additional information, complementary to Ry, and v,

J. Kvapil, Heavy Flavour Jets and Correlations
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https://indico.cern.ch/event/792436/contributions/3535703/

The ALICE DETECTOR %

THE ALICE DETECTOR i, a. 175 5PD (Pix) ALICE
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d. VO and TO
e P « ITS |n] < 0.9
* Vertexing and tracking
2~ — S FO - TPC|n| < 0.9
I e * Tracking and PID

TOF |n| < 0.9

 PID
- EMCAL |n| < 0.7
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AL /DO-tagged charged jets

« A¥/DO%-tagged charged jet reconstruction:
« At/D°daughters in event replaced with A¥ /DO

% 450 T T T T T L L % B00F T EMELELEL B B B RO R B LRI B I 3
. = E AOLICE Prellmlnary E = [ pp, ¥s=13TeV 1 = 700 m S:ggal;iglson :Sfcnalr;::g 3
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. T oeof o=11.5%05MeV/c? IOt 1 & ¢ ]
time - ZZZ; e . 300F E “ 400? —
. . F S/B (20) = 2. [ S/B(20) = 3. ] F S/B (20) = 4. 3
« All charged tracks are clustered into jets R o Y E R
.. . 3 s ] 200F 3
-> every At /D° meson is in a jet ook + 1 * E ;
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0 — ot : ] 1 L e 3 "v -
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« Af - pK2+ conj. (B.R. 1.59%) o e m (Beve ) (Gele
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* |nvariant mass analyS|S to extract AC/D ‘Jet raw 2 0.oF ALICE Preliminary  POWHEG: b, <7GeVie E
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Spectrum usi 0.8f— charged jets, anti-k; 5<pv <7 GeV/c _f % 0.14 ALICE Prlenminary,plp,\@:mTelzv l l A
g E_ R= 004 |rfet| <05 3<pT,D°<36 GeV/c _E g E Ag.(and charge conj.) in charged jets with 0.4 < z{" < 1 E
* Side band method for background subtraction § %7 wimo 15<p, <S0GeVic | § 012 A-04 <00 .
. . . . 8 06;_ . o —; g : : T,iet: Ve :
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R —
ALICE, pp, Vs = 7 TeV

T T T

° ° — 10—
0 : 5 "B
DO-tagged jets: cross-section 'k smnii.
S Il <05 |
R with D°, p_ >3 GeVic -
« POWHEG HVQ CT10NLO + PYTHIA6 I : ALICE
« Data above central POWHEG value g0 =g 7 TEV E
i 1 Published:
* POWHEG Dijet CT10NLO + PYTHIAb6 e Data se—
J e PDO\tNHEG hvq + PYTHIA 6 E JHEP 1908 (2019) 133
* Data below central POWHEG value - (5 POWHEG il +PYTHIAG o
* Consistent trend between energies 8 22@ SEE
O 3
S 1.5 o il E
* Note: 5.02 TeV (pypo > 3 GeV/c, R = 0.3) iRl b ;
’ 0.5
7TeV (prpo > 3 GeV/c, R = 0.4) e
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H P : i i jet 1 © charged jets, anti- =04, 7 <0. 3
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difference from the central POWHEG o5 - Data S s E Syet. unc. (daa) :
) ) ) *olg e i gg;-l :ECG ((Ij:’a\:?')HIAG . %10735_ o o POWHEG+PYTHIAS ]
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DO-tagged jets: z; " brobability density -z
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A} -tagged jets: z{" probability density ..zm=

pch jet “ Pchijet

» A} -tagged jets z{" probability density at 13 TeV Prjet € (7 — 15) GeV/c ALICE
* R=0.4 Pas € (3—15)GeV/c
* First measurement of A in jets at LHC o B
* Measurement with large uncertainties. 013 - ALICE Preliminary, pp, {s = 13 TeV NEVY
 Exciting prospects for high luminosity LHC run! TZ’% 4:_2;t.(ind;har§ic|oyzt)| I: ghsarged oot _
« Comparison to model 2 T ;:"1<:2 o | eret i
« POWHEG hvg CT10NLO + PYTHIA6 I o S hvrtins b -
* Softer fragmentation in data - #PYTHIA 8 SoftQGD, mode 0
* Seems to favor PYTHIA with softer settings L | . o
* Allow to put constrains on models 2:_ =" ——— :
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b-tagged jets: Methods overview

e Selection strategy: ALICE

« Most displaced Secondary Vertex (SV) Qo
Secondary vertex
Ly

e 3 prongs, p-Pb 2016 data at 5.02 TeV
Primary vertex

L
1. Displacement significance: SLy, = Gﬂ
L

Xy
/ 2
2. Dispersion of SV: ag, = Zi(do,i)

—T 7 T T T T T T T T

E 10 = ALICE Preliminary V 20 < pihf:% <25GeV/c =
% f S Lylo, >7, 0, <0.03cm 3
> 15 p-Pbat|s,=5.02TeV 3
2 E M e S anti-k; charged jets 3
> L, paliiag VUL L oee e -
S 107 Ty, FT R=0.4,[7%| <05 -
£ F +++=F 3
Qo -
g 107 —tFjes T + =
< = —— Cjets 3
& ool [F —nbiets _+_'*' _
- — Fit + E
— L — .I IRaAW .da.ta | I Ti_l — i
(i E
: b
g 1 e ey —o——i—_'_+ |
= E +1 E
g % i 5 3 7} 5

Invariant mass of secondary vertex (GeV/c?)
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b-tagged jets: Methods overview

e Selection strategy: ALICE
 Most displaced Secondary Vertex (SV)

# tracks originated from the secondary

e 3 prongs, p-Pb 2016 data at 5.02 Te\LI vertex
1. Displacement significance: SLy, = —= .
O'ny Jet Axis
] ) 2 axis perpendicular
2. Dispersion of SV: a5y = /Zi(do l-) Secondary vertex to the jet axis 4 &
. . ’ L T : secondary production point
* Track counting algorithm (IP) e A
* |t uses the large Impact Parameter (IP) of the b- Primary vertex 5<0
hadrons, pp 2016 data at 5.02 TeV
1. Evaluate a discriminator sdy,, = sign(dyy * Pjet)dxy
2. Sort the_sdXy of the tracks inside the jet in S L ey i e ] £ 0E ALICE Praliminary
descendlng order. % E SV ny,(,;'i‘ 7,04 <0030m] 3 £, =t " Chargedb jets, Antiky, R=0.4, I |<0.5
3. Ajetis tagged as a b-jet if the Nth most displaced z ot g i Jq_glp‘*o (GeVic)
track with IP larger than a threshold parameter & b ottt A-o4pm<os ol Tl
dthreshold z E Tt 3 3 e
Xy § 102 — LFjets ++‘f‘ 3 -
09_ E cj_ets 3 0
10° 3 — tl;ijtets 'f' E Tagged jets
= _ s Rawdata 4 B 1: —3— Data
LI:_' 3 E ----- Fit.ResuIl
s 2 I F oletempte
Ee] 1: T e — +—— — +_1_ 1 —— If-jet Template
E o5 i 2 3 4 5 10 T T 0 e e 18 20
Invariant mass of secondary vertex (GeV/c?) -In(JP)
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b-tagged jets: Methods overview

e Selection strategy: ALICE

 Most displaced Secondary Vertex (SV)
e 3 prongs, p-Pb 2016 data at 5.02 TeV

# tracks originated from the secondary
vertex

. . L
1. Displacement significance: SLy, = —= .
O'ny Jet Axis
. ] 2 axis perpendicular
2. Dispersion of SV: Ogy = /Zi(do,i) Secondary vertex to the jet axis 'szcondary N

* Track counting algorithm (IP)

* |t uses the large Impact Parameter (IP) of the b- Primary vertex BERNGLLT
hadrons, pp 2016 data at 5.02 TeV S

1. Evaluate a discriminator sdy, = sign(d—x_y) *Djet)dxy
2. Sort the sdyy of the tracks inside the jet in

yyyyyyyyyyyyyyyyyyyyyyyy

: > 10 reliminar e pscevie o B 1C°F ALICE Prelimi
descending order. g "E T QY P R 8 LT chargedbiet, Anidy, Anod. iy <05
3. Ajetis tagged as a b-jet if the Nth most displaced ' R e T g 5 Pt (O
track with IP larger than a threshold parameter 8ol e R-04 <05 2 0 o, e
dthreshold z it = E b
Xy E 102 — LFjets LAE= =
. [ F cjets 3
* Correction strategy R + - 1 Tagged jos
* Secondary Vertex s IR s . E e
. « . . . ; 2 4 —_— b-jet Template
* Tagging efficiency is determined from PYTHIA+EPOS  § || 4o ceme v+ + [ —cleiTempie
. . . : E he — - 41 E jet Template
* Tagging purity based on a data-driven method and g % - g i I L T T
POWH EG Invariant mass of secondary vertex (GeV/c?) -In(JP)

* Impact Parameter
» data-driven methods for both efficiency and purity
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b-tagged jets: cross-section and Ry,

pp hvq

* Consistent with theory prediction

* POWHEG HVQ EPSO9NLO + PYTHIAG (SV)
* POWHEG HVQ CT14NLO + PYTHIAS (IP)

6/11/2019 Quark Matter, Wuhan
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b-tagged jets: cross-section and Ry,

* Consistent with theory prediction

pp dijet ALICE

_ T T T B B e ‘n, —
S 107 ALICE Preliminary NE - g 10° S ALICE'Pre"m'inary o ‘N EW
* POWHEG HVQ EPSO9NLO + PYTHIAG6 (SV) 3 bp, (5 =502 TeV 3 (e S00 T
2 10+ Charged b jets, Anti-ky, A=0.4, [ [<0.5 é 104 Charged b jets, Anti-ky, R=0.4, |1 [<0.5
* POWHEG HVQ CT14NLO + PYTHIAS (IP) J5 1 B
ol 5 — 5|a-
S 10 E S 10°
e =
« POWHEG Dijet EPPS16 + PYTHIAS8 (CT14NLO for IP) :
10° —+ et E 10° 4 biet
Syst. Unc. (Data) E Syst. Unc. (Data)
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o 2E : b ]
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G 14E S 18E
of 1z g o8 128
g2 Er 1 Sw 4
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3 05 2 06
< ozf n . Q 82
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% 101 = ALICE Preliminary = g - ALICE Preliminary 3
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é . E charged b-jets, anti-k;, A = 0.4 3 E 00 C charged b-jets, anti-k;, R = 0.4 N
5F ERI:
=2 C ] K107 =
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S 105k 4 5100 =
© E 3 E 3
e S AN AN A A AR AR AR
E = E - E
2.5k = sD;ist;matic uncertainty E 2% T ysematc unserary E
F 3 E —— POWHEG dijet EPPS16 7
— —— POWHEG HVQ 1 & o . . =
ks 2r ] POWHEG systematic uncertainty B § E EJ POWHEG systematic uncertainty E
2 15E ER- E
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b-tagged jets: cross-section and Ry,

* Consistent with theory prediction

pp hvg

pp dijet ALICE

§ T AlcePaimnay N EW B 4 aceremnay  NEW
* POWHEG HVQ EPSO9NLO + PYTHIAG (SV) ] o, 15 = 5.02 TeV 3 o {5502 Tov
2 Charged b jets, Anti-ky, A=04, I [<0.5 é 104 Charged b jets, Anti-ky, R=0.4, [, |<0.5
* POWHEG HVQ CT14NLO + PYTHIAS (IP) J5 1 B
.. “I18 10 = 3 05
 POWHEG Dijet EPPS16 + PYTHIA8 (CT14NLO for IP) :
10° —4bjet _E 10°° —4bjet
2 H H Syst. Unc. (Dats) 3 st. Unc. (Data)
* b-jet production is not affected by cold- i st e K [ it W
yst. Unc. (Theory, Scale varlations 3 [ syst. Unc. (Theory, Scale variations) 3
nuclear-matter effect within the current ¢ b I :
S 168 g 1
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uncertainties 8 , 8
9 03 5 N S g4
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. p-Pb, {5, = 5.02 TeV 3 e T
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HFe-jets: Final state effects?

~ LA L B LB BB B B
* Observed positive v, of heavy flavours (leptonic channel) in i T A ALICE
p-Pb collisions at 5.02 TeV o qgh ©2 60100 Eizriiiln;:z_’.:;f; i |<'<55 E
* Indicate final-state effects in small system? - - | | 1 Published:
* in case of final-state effects we could also see a 0.1F H—H_ -| Phys. Rev. Lett. 122,
suppression of jet spectra : @Hﬁig—*»—[ﬂi | 072301 (2019)
* Jets with different R (jet cone size) is sensitive to modification of 0'05;% —=— rL R
jet shape — broadening 03_ T B
« Measured jets containing electrons from heavy-flavour T2 s 4 s e
hadron decays (HFe-jets) with various jet resolution P, (GeVic)

parameters

Poster: S. Sakai
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HFe-jets: Final state effects?

[\ L L L L L L L

0_2__ ALICE

* Observed positive v, of heavy flavours (leptonic channel) in  pPb, (s =502 TeV e oSt ALICE
p-Pb collisions at 5.02 TeV [ (0:20%) - (60100%) ¢ . pgong-4<n<-25 15<an<5 ]
) 0.15~ —+— 1, Pb-going -4 < <-25,15<|An <5 —]
* Indicate final-state effects in small system? i —m— 1 Published:
* in case of final-state effects we could also see a 0.1F H—H_ - Phys. Rew. Lett. 122,
suppression of jet spectra - Eﬁﬁ%ﬁ—“‘—[ﬂi 1 072301 (2019)
. . . o " e 0.051 — 18— -+ =
* Jets with different R (jet cone size) is sensitive to modification of :_% rL ]
jet shape — broadening 0:_ T ]
. .. L I | P IR | ]
* Measured jets containing electrons from heavy-flavour 1 2 3 4 5 6
hadron decays (HFe-jets) with various jet resolution P, (GeV/c)
parameters o o |
o 2 55_ ALICE Preliminary : Z:Zj ::t::z: :):::ZZ
1. Rdependence of Ryp}, Topmasyesery
* No modification of pr j.; spectrum of HFe-jet in p-Pb 2 witheb e d<p,, <18Geve
| E ° ¢ H )
r—— i _____ S [ .
E L]
045_—

PR,
Pt en jc-n(G'eV/C(3

Poster: S. Sakai
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HFe-jets: Final state effects?

[\ T T T

——— — T T
0_2__ALICE

* Observed positive v, of heavy flavours (leptonic channel) in  pPb, (s =502 TeV e oSt ALICE
p-Pb collisions at 5.02 TeV [ (0-20%)- (60-100%) 4, pgoing-4< 7<-25,15<anl<5 ]
0.15~ —+— 1, Pb-going -4 < <-25,15<|An <5 —]
* Indicate final-state effects in small system? i —m— 1 Published:
* in case of final-state effects we could also see a 0.1~ H—H_ - Phys. Rev. Lett. 122,
suppression of jet spectra . 05}_ %Eﬁ#ig—*—ﬁi l _ 072301 (2019)
* Jets with different R (jet cone size) is sensitive to modification of L =+ ]
jet shape — broadening 0:_ T ]
. .. L L P | | N [
* Measured jets containing electrons from heavy-flavour 1 2 4 5 6
hadron decays (HFe-jets) with various jet resolution P, (GeV/c)
parameters o o , o 24
deoend £ R  F ACepemnay L T LU0 | g ALCE Peimnay . ey
1. R ependence O pPb E g-:aerLZN\TeTs?.AoﬁtiT:Y ® R-06103)06 | B | F gfg'g’ Inj:rgg O POWHEG+PYTHIAS
* No modification of pr ;. spectrum of HFe-jet in p-Pb 2 witheb e d<p,, <18Geve S 16 with cb e, 4< p,, <18 GeV/c, |y°<0.6
C o 14
. 15— =
2. o(R=0.3)/0(R = 0.6) in pp and p-Pb g . T ! “E ?
* No modification of jet shape of heavy-flavour jets 1' """"" e = - ) i zz;b + ) .
° o o ° ° 0‘5:_ 4=9 B ;1 o
* we observe that there is no modification of the jet spectra | i *
H 0O‘I‘I1IOII‘IZIO‘lIISIOIIII“&IO“IISIOIIII( SRR S W AT l Lol b 0
in small system ST -

* System not large enough where parton lose energy in p-Pb

collisions? .
Poster: S. Sakai
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Physics motivation: D-h correlation €
ALICE

e Correlation of “trigger” D mesons with “associated”
charged particles
e alternate and complementary approach to study D-tagged jets

IIII|IIII|IIII|IIII|IIIIIIIII|III

5 | ]
o — .. * —
=14 ALICE Preliminary Average D°, D*, D* ]
C
s E ]
810 8 < p? <16 GeV/c, p3*>° > 1 GeV/c ]
>3
1._ _ —
2 = F —+— pp, \s =5.02 TeV, [chmS| <05 i
sl —— P-Pb, |5y =5.02TeV,-0.96 < y° <0.04 h
C B B baseline-subtraction unc. ]
06— =+ v 4y, scale uncertainty E'EE|E -
0.4 $E|E -
o % =+
o T -
C | | .| | I | | I | | I | | I I | | L1 1 I-
0 0.5 1 1.5 2 2.5 3
A (rad)
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Physics motivation: D-h correlation €

: . : . ALICE
e Correlation of “trigger” D mesons with “associated”
charged particles
e alternate and complementary approach to study D-tagged jets
v%‘ _I T T T | T T 1T | T T 1T | T T 1T | T 1T I T 1T ] T I_
* highly sensitive to the charm production mechanism 5[, ALICE Preliminary Average D%, D, D™ ]
* At leading order (LO) Sray 8<pR<16GeVi P> 1 Gevio =
s o [ i<t .
* The quark pair is produced back-to-back in azimuthal angle %i 1 | pp.15=502TeV, b2 |<05 .
* The near-side peak (A¢, An) = (0,0) is containing the D-meson 2082_ | p-Pb, | 5y =502 TV, -0.96 < y°,_<0.04 g
trigger and the other particles produced from the fragmentation T B I baseline-subtraction unc. ]
of its parent c or € quark 0s[- R o pr— E;'E .
e The away-side peak A¢p = m is obtained from the particles 043_ T + E
contained in the recoiling jet. r I == ’
0.2:— i + —:
- T = :
T M o o B ol
:I L1 1 | .| | | | | | | I | | I I | | L1 1 I:
0 0.5 1 1.5 2 2.5 3 Ao (rad)
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Physics motivation: D-h correlation £

e Correlation of “trigger” D mesons with “associated”

charged particles

e alternate and complementary approach to study D-tagged jets

* highly sensitive to the charm production mechanism

* Atleading order (LO)

* The quark pair is produced back-to-back in azimuthal angle

* The near-side peak (A¢, An) = (0,0) is containing the D-meson
trigger and the other particles produced from the fragmentation

of its parent c or € quark

e The away-side peak A¢p = m is obtained from the particles

contained in the recoiling jet.

* At next-to-leading order (NLO) the correlation pattern can be

modified by:

* The “gluon splitting” (broader and higher near-side peak)
* The radiation of a hard gluon (broadening of near- and away-side)

e Flavour excitation (flatter contribution than LO in Ag)
* Gluon recoil (small bump in away-side)

6/11/2019 Quark Matter, Wuhan

J. Kvapil, Heavy Flavour Jets and Correlations

v%\ L T T 1T | T T 1T | T T 1T | T T 1T | T 1T I T 1T I T [_
o — . . * —
731'4_ ALICE Preliminary Average D°, D*, D™* ]
£ _
[} -
840k 8 < p? <16 GeV/c, p3*° > 1 GeV/c -
S o An| < 1 .
3t ]
> s = —} PP, 15=5.02TeV, y° | <05 -
sl —— P-Pb, |5y =5.02TeV,-0.96 < y° <0.04 h
C B B baseline-subtraction unc. ]
0.6 $ j:ﬁ j:j: scale uncertainty E.EE% ]
0.4 $E|E =
o4 * s
N S R S oy i -
Cova v v b b v b b o]

0 0.5 1 1.5 2 2.5 3
A (rad)
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D-h correlation: Analysis overview

prp € 3 —5) (5—-8) (8—-16) (16 24) H LI(\E

* D-h correlation in pp at 5.02 TeV

EPOS 3

HERWIG 7 1
y° <05, jAn| <1 3

« D% - K~mtt+ conj.
« Dt > K™t it + conj.

« D** -5 Dtt - K™n* nwt + conj.

+4% i
_49, Scale uncertainty

. . L ;‘ALIICE Average D°, D", D’l+ 5<pP<8GeVic -- 8< PP <16 Gevic. -:- 16 < pD < 24 GeVlc 3
1. reconstruction and selection of D mesons & e<s<scu
H H £ P> 0.3 GeVie _— : i ' — POWHEG+PYTHIA6
a n d p rl m a ry C h a rge d p a rt I C | e S § E oppT,\sNN =5.02 TeV — Ei;::z:' $E:;gzl1a(;2011 _:_ _ POWHEG+LO+PYTHIA6 T .baseline-subtraction uncertainty
S E E
1R
%3

O \S GO R ) |
7 YRARRE N TTTTTT

0 +4% )
ﬁ.,ﬁ: scale uncertainty 49, Scale uncertainty

1 dN
ND
o

1

1

1

1

\

i

T

1

1

1

1

1

1

1

1

1

1

F '3<}J$<éeev'/c 5'<p$'<eelewc' b 8 <pP<16GeVic ¥ 16<p§<24 GeV/c
* Associated particles are all charged primary 15F  0a<peer <1 Govic 03<pciGevic T 0a<pciGevc T 03<pt<iGevic
p ad rt IC | es 1 jf’ scale uncertainty j:;: scale uncertainty jf’ scale uncertainty jj" scale uncertainty .

* Excluding D decay products

assoc . _1
aho - baseline (rad™)

Yo i o TG ‘3
Ol
o
1z
. t t + t T T T £ T T T T T T T T
5 3<p$<5GeV/c E 5<p$<BGeV/c 3 8<p$<16(3eV/c 16<p$<24GeV/c
g 1 1< p:““ <2GeVic E 1< p:‘m <2GeVic __ 1< pfs“ <2GeVic 1< p;‘:m <2GeVic
Q 3 r
% 0.8 tg:f; scale uncertainty j:;: scale uncertainty j:f; scale uncertainty tg:j: scale uncertainty
g 06
| 0.4
ilg 02
8
P ICHEY el . it o chi il S 65 s o uiinininiini- il 4 4 0l il O i
S E
o0 —0.2 3
FIZ E
-0.4 E
9 -+ t HAHHHHHAHRAA AR A
R 1 3<p$<5GeV/c T 5<pD<SGeV/c T 8<p$<1GGeV/c 16<p°<24GeV/c 1
E 0.8 2< p:sm <3GeVic I 2< pass"c <3GeVic d 2< passoc <3GeVic 2< passoc <3 GeVic 1
@ : o ] o o
% 0.6 tgof; scale uncertainty 1 fg.,ﬁ scale uncertainty I gof’ scale uncertainty ié: scale uncertainty 1
:
> 04 1
§ =3 0 2 -
2
%S
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o
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NEW paper! ArXiv:1910.14403 0.2
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D-h correlation: Analysis overview

* D-h correlation in pp at 5.02 TeV

1. reconstruction and selection of D mesons
and primary charged particles
« D% - K~mtt+ conj.
« Dt > K™t it + conj.
« D** -5 Dtt - K™n* nwt + conj.
* Associated particles are all charged primary
particles
* Excluding D decay products

evaluation of azimuthal-correlation
distribution

* Efficiency as a function pt and multiplicity

* Side-band method for background subtraction
* Correction on Feed-down contribution

2.

NEW paper! ArXiv:1910.14403

6/11/2019 Quark Matter, Wuhan

— baseline (rad'1)

4 dNassoc
Ny dA¢

baseline (rad'1)

ldNESSOC
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— baseline (rad'1)

dNassoc
dAg

L
ND

— baseline (rad'1)

dNassoc
dAg

Np

-0.2
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Prp € (3 -5) (5—-8)

T T T T T
5< p? <8GeVic
pfs“ >0.3 GeV/c

= ALICE Average D°, D", D
3<pP<5GeVic

T
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—— PYTHIAG, Perugia 2011
—— PYTHIAS, Tune 4C
HERWIG 7
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2E o i<05 ppi<i
1
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j.,z scale uncertainty 4, Scale uncertainty
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_49, Scale uncertainty
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_4v, Scale uncertainty
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D-h correlation: Analysis overview

* D-h correlation in pp at 5.02 TeV Pro€B3-5)  (5-8) 8-16) 16-29Q)ICE

* Excluding D decay products

SSOC

dne

2. evaluation of azimuthal-correlation
distribution

* Efficiency as a function pt and multiplicity

R . < 5;—A|_I|CEI Av(;rageIDO, DI*, D’l+ 5|< p? I< 8 GIeV/cI -- 8 I< p? <I 16 GeV/cI ¥ 1I6 < p? < 24IGeV/c b
1. reconstruction and selection of D mesons &} s<s<sco prbosoae o prhosoae ki preloscevie
. . [} C [
an d rimaryv C h aree d a r't IC | es S 3E P> 03 GeVie —— PYTHIAG, Perugia 2011 § —— POWHEG+PYTHIA6 | ;
p y g p @ [ ®pp,\s,,=502TeV —— PYTHIA8, Tune 4C . — POWHEG LO+PYTHIA6 11| [baseline-subtraction uncertainty
- ; o o HERWIG 7 3 EPOS 3 .
¢ DO - K T[++ conj. | 25 b Gl < 05, 1A < 1 4% .
2 ls C . 4% ) _49, Scale uncertainty
b D+ - K_T[+ T[+ + CO nJ Z 3 = ﬁ.,ﬁ: scale uncertainty _49, Scale uncertainty
a 3
*+ - . £ OF--* ok Tteegegee?®™ - I agegeet .
* D - D" —» K™t " + conj. ettt et b
. . . ‘j’; F 3<pP<5GeVic 5<p><8GeVic E 8<pP< 16 GeV/c 16 < pP < 24 GeVic
* Associated particles are all charged primary B 15 oa<hee<iceve 03<pmeciGevic T 03<pm < Gevie 03<p <1 Gevic ]
. [0) o o o, [ o) Y ]
p a rt | C | es % 1 j.,f; scale uncertainty j.,;: scale uncertainty j.,f: scale uncertainty jé: scale uncertainty .
g :
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'l 1 1 1
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1 1
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D
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\

* Side-band method for background subtraction
* Correction on Feed-down contribution s i
3. extraction of correlation properties via fits ™ -0ttt i
to the average D-meson azimuthal- B rereetomm | geseeaome | 2esie<somo 2 <o
correlation distributions % 06k scaeunceramy 1 S scale ncerainy #6% < cale uncertainty
* Generalizes Gaussian (near side) + Gaussian o4
(away side) + constant fit %f: 0'2 \

NEW paper! ArXiv:1910.14403 B I R R - I - N N
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D-h correlation: Comparison to models

PYTHIA: LO, LL p; ordering of parton showers, Lund
string model for hadronization

HERWIG: NLO, angular ordering of parton showers,

cluster hadronization model

POWHEG: NLO, coupled to PYTHIA for parton
showers and hadronization

EPOS: string fragmentation, normally hadronized
corona” and collectively hadronized “core

Most of the models provide a fair description of
the two correlation peaks
e POWHEG+PYTHIA6 and PYTHIAS provide the best
description

* the best candidates for building model references for
PbPb studies

* HERWIG misses completely the near-side peak yield at
low prp and high pr assoc

* EPOS predicts too Iarﬁe near-side yields and
gualitatively too small away-side yields

NEW paper! ArXiv:1910.14403
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ot

pp, near side

CALICE  Near side §

Associated yield
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T —e—pp,\s=502TeV ¥
1<p3=*<2GeVic E]
—=— PYTHIA6, Perugia 2011 +

3 —&5— POWHEG+PYTHIA6
3 —©— POWHEG LO+PYTHIAG 3

—— PYTHIAS8, Tune 4C

-ALICE
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bl <05 jAn <1 3
2< pfs‘” <3 GeV/c

HERWIG 7

EPOS 3

T I AT T

Ratio of yields to
POWHEG+PYTHIA6

Peak width (rad)

Ratio of widths to
POWHEG+PYTHIAG
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D-meson P, (GeVl/c)
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D-h correlation: Comparison to models

pp, away side

ot

PYTHIA: LO, LL p; ordering of parton showers, Lund o SS———— |
string model for hadronization o I AT e croin ] renicscons T 2emmcocmn
HERWIG: NLO, angular ordering of parton showers, % -5 % | ISl S
cluster hadronization model 2 s == 1 1 i § o powEs LosPYTHAS
< E s —— == i :
POWHEG: NLO, coupled to PYTHIA for parton R ST 211/ es VO A0 vt NN —
showers and hadronization 2l g i '
. : . SE 14f N . S e
EPOS: string fragmentation, normally hadronized fi12 g o= ICF o 3 e =
corona” and collectively hadronized “core stoq M8t 1 ff— | m Ppm |
g9 0% i i :
Most of the models provide a fair description of ot f e SNSRI ,_H_,
the two correlation peaks -1
- POWHEG+PYTHIAG and PYTHIAS provide the best C b g bt -
description 2 o ; ] Tem—— |
 the best candidates for building model references for £ b ; ]
PbPb studies o  SNRTRSRTTSTOTTRTSOURITIE SUURSSSURSTOOTROOOTOOTE AONTTOOOTOOPOOPOO:
e HERWIG misses completely the near-side peak yield at A
low pr,p and high pr assoc oF 14 i
e EPOS predicts too large near-side yields and L Bl TSI S O
qualitatively too smaﬁ away-side yields Eg ok e EE:EF 1 %
50
NEW paper! ArXiv:1910.14403 19 ST N M
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Conclusion

* D-tagged jets ALICE

* pr differential cross-section consistent with theory
* D-meson jet momentum fraction in pp shows softer fragmentation in data for low pr et
* Pb-Pb: analysis of the 2018 data starting now
Af-tagged jets
* First measurement of A{ in jets at LHC
 Allow to put constrains on models
b-jets
* First measurement in ALICE

* Good agreement with POWHEG+PYTHIA
* Rypp indicating no cold nuclear matter effects

HFe-jets
 Measurement indicated no final state effects in small systems

D-h correlation
* Best description given by POWHEG+PYTHIA6 and PYTHIA8
* Paper released! ArXiv:1910.14403

Looking forward to theoretical predictions for these observables !
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DO-tagged jets: 5.02 TeV — additional plots

T T T T T T T T
0.14— ALICE Preliminary ® Data N EW
0 12: pp, Vs =5.02 TeV Sys. Unc. (data) .
""" charged jets, anti-k;, R=0.4, |n‘°'\<05 O POWHEG+PYTHIAG
0.1- with D, 2<p_ <7 GeVic [ 'sys. une. theory)
L 5<p <7 GeV/c 3
[ T.chjet —
0.08- 3
C ¢
0.06]- —
0.04— (] A ¢ o
o ]
0.02 o ° =
o .
0 =
S B RSP R RS R
1.4F E
1.2F E
1 E
1 + ¢ [} LI
0.8¢ ' i E
0.6F O]
0.4F 5 o Q e S
0.2F =
04 05 06 07 08 09
zch
Il
F— T T LA AL L AL R L L A L
0.016_ ALICE F’rellmlnary ® Data N EW
E PP Vs =5.02 TeV Sys. Unc. (data) 3
0~014— charged jets, anti-k;, R=0.4, [7/|<0.5 O POWHEG+PYTHIAS —
0.012/— with D°, 5 < P, < 15GeVic [ sys. une. theory)
a 10<pTh‘<15GeV/c 3
0.01— ' 3
E | .
0.008— t + + —]
0.006— —
- o o .
0.004[ ¢ © 3
0.002F © =
o —
S P S R RSN R
1.6 3
1.4F E
1.2 I E
o ¢ | ]t
0.6F = 2 Q LR
0.4E 5
04 05 06 0.7 08 09
ch

e
E

©
o
o

6/11/2019 Quark Matter, Wuhan

dzgh dn

theory / data

theory / data

FrrrTr T T T T T
[ ALICE Preliminary ® Data N EW
0.05:— pp, Vs =5.02 TeV Sys. Unc. (data) —:
[ charged jets, anti-k;, R=0.4, |n‘°‘ |<0.5 © POWHEG+PYTHIA6 —
0.04]- with D°, 3<p_ <10 GeV/e ['sys. une. theory) 7
F 7<p <10 GeV/c .
- T.chjet -
0.03 =
E $ ¢
0.02]— ¢ -
C ¢ o
0.01 ¢ o o o E
C o ]
o -
S R RN BRI B
14E B
1.2E | -
L [Pt
98¢ o o 3
0.6F o] E
0.4 Q E
0.2E E
0.4 0.5 0.6 0.7 0.8 0.9
zch
Il
0007+t
I ALICE Preliminary ® Data N EW
0.006_— pp, Vs =5.02 TeV Sys. Unc. (data) —
| charged jets, anti-k;, R=0.4, |r]“’l |<0.5 © POWHEG+PYTHIAG I
0.005/— with D°, 5 < p, <36 GeVic [T sys. unc. theory)
F 15<p <50 GeV/c .
0.004[— Tehjet 4
0.003= —
0.002f é o $ 3
0.001]. ¢ $ -
o =
T S S R
2.5F 5
2F .
1.5F =
oy R e .
0.55 E
03 05 06 0.7 08 0.9

zch
Il

5
E

©
o
o

dzdn

theory / data

theory / data

0_14 [— ALICE Prellmlnary . Data g
- pp, Vs=5.02 TeV Sys. Unc. (data) 7 o _’g
0'12: charged jets, anti-ky, R=0.6, [7/%]<0.3 O POWHEGHPYTHIAS " ag8—
04f_ WithD%2<p <7 GeVic [ sys. une. theory) °
Tt 5<pTcmel<7GeV/c 7
0.08— ]
0.06— + + ]
0.04— i
o 5 L I
0.02|- o o o g
o =
P S U S R ©
2t 1 3
1 + + >
oa) L 2
E o 3 (5
0. o) E £
L :
05 06 07 08 09 K
ch
2
. o
L L B B BB L |
0'03: ALICE Preliminary ® Data N EW: ét
L pp, Vs=5.02 TeV Sys. Unc. (data) : o|©
0.025— ols—
[ charged jets, anti-k;, R=0.6, In’e‘\<03 O POWHEG+PYTHIAG S
E withD’,5<p_<15GeV/c [ sys. une. theory)
0'02:_ 10<p. <15 GeV/c B
0.015— + ]
0.01 =
L + o 31
0.005— g =
- (e}
o =
= I — =
i
Bl + 11. ) 3 g‘
0.8F E @
0.6F e 5 o3 =
0.4F =
0.2E E
04 05 06 0.7 08 0.9
zch

J. Kvapil, Heavy Flavour Jets and Correlations

NEW

T

0.07[— ALICE Preliminary ® Data N EW
pp, Vs =5.02 TeV Sys. Un_. . I C E
0.06 L
charged jets, anti-k;, R=0.6, [1/%<0.3 o POWHEG+PY]*'A! E.
0.05F- WithD’,3<p__,<10GeV/c ) sys. une. gheory)
7<p <10 GeV/c =
T.chjet .
0.04 3
0.03 + 3
0.02— [J =
E o o o P—
0.01 p
oF —
P Y E P I R
1.4F E
1.2F i =
1 P + * + + 1
5 ! E
0.8F =
0.6 o E
0.4F o =
0.2 e
04 05 06 07 0.8 0.9 A
C
Il
S B B B L
0101— ALICE Prellmlnary ® Data N EW
L pp, Vs=5.02 TeV Sys. Unc. (data)
[ charged jets, anti-k;, R=0.6, 1% 1<0.3 O POWHEG+PYTHIAG |
0.008— with D°, 5 < p_, < 36 GeV/c [ sys. une. theoy)  —
o i
= 15<p e <50GeV/c -
0.006 B
0.004|" + + -
- (] + le) _
0.002— o -
o i
C T @
0_ p—
25F E
2F 3
1.5 E
" ¢ [t ' ]
0.5E 2 —
0.4 05 06 0.7 08 09 K
zCh
Il
17



Probability Density

theory / data

Probability Density

theory / data

DO-tagged jet

NEW

Sys. Unc. (data)

—

1.4
1.2

57 pp, Vs = 5.02 TeV

- charged jets, anti-k;, R=0.4, |n1°'\<05 O POWHEG+PYTHIA6
:] Sys. Unc. (theory)

[ ALICE Preliminary ® Data

[— with D°, 3<p <10 GeV/c
- 7<p <10 GeV/ic

T.chjet

H
-

|II|\

1

IIIIIIIIIIIII

-

|IIII|IIII|I |IIII|I

(AN

0.8

o
o))
[TTTTT

0.

-

|I|\|‘I|

1.6

1.2

—

0.8

il

4 05 0.6 0.7 08

ALICE F’rehmlnaw ® Data
pp, Vs =5.02 TeV

L with D°, 3<p ,<10GeVic

r 7<pTch o< 10 GeV/c

WIII

Sys. Unc. (data)

charged jets, anti-k;, R=0.6, |,,J°‘|<o 3 O POWHEG+PYTHIA6
|:| Sys. Unc. (theory)

i

-
=

T[T

0.6
0.4

NI

05 0.6 0.7 0.8

6/11/2019 Quark Matter, Wuhan

0
=

Probability Density

theory / data

Probability Density

theory / data

J;

N

[ pp, Vs =5.02 TeV

— with D%, 5< p ,<15GeV/c

IIII

-

® Data
Sys. Unc. (data) -

charged jets, anti-k;, R=0.4, |n‘°‘ |<0.5 © POWHEG+PYTHIA6

D Sys. Unc. (theory)

0

10<p, ot < 15 GeV/c

II|IIII|I

%

] e P U EE N B
1.4F E
1.2F =

1 ® | ¢ [

0.8; L E
0.6F

04 05 06 07 038 09

zch
Il
(L L L AL L
I ALICE Preliminary ® Data N EW
C pp, Vs =5.02 TeV Sys. Unc. (aara)
I charged jets, anti-k;, R=0.6, |r]“’l |<0.3 © POWHEG+PYTHIAG
C withD’,5<p < 15GeVic [ sys. unc. (theory)
3‘_ 10 < pT.chjet< 15 GeV/c

-

H”

|

i
"

1.4

O

1.2

—

0.8

0.6

o
N[TTTTT]T

zch

0.4

do R
do R=0.6

Ratio

. do R=0
Ratlod B=0

<|© T T T T T T
39 - ALICE Preliminary E
£ o6 NEW -
ol b 2-5[ pp.1s=502TeV -
Uov [ charged jets, anti-y, 7] < 09-R B
= [ with D°, 2<p ,<7GeVc ]
o o
[ 5<p. < 7 GeV/c ! |
T.chiet
C e Data ]
15— Sys. Unc. (data) 1
S o POWHEG+PYTHIA6 n
r [ Sys. Unc. (theory) ]
1 po== =
. b ]
- —_— -
0.5 —
—_— i
o b b b e b b 0
0.4 0.5 0.6 0.7 0.8 0.9 1
Zh
I
<o T T T T T
39 - ALICE Preliminary
e o NEW
ol 25_— pp, Vs =5.02 TeV
-UOU I charged jets, anti-k;, |rf|:L| <0.9-R .
s [ with D°, 5<p ,<15GeVic ]
o o ]
L 1O<pT." (<15(3eV/c |I
r e Data ]
1 5; Sys. Unc. (data) ]
“E o POWHEG+PYTHIA6 * —~
C [ Sys. Unc. (theory) ]
il 4: ]
0.5 ¢ —
s i
oo b b b e b L w0
0.4

J. Kvapil, Heavy Flavour Jets and Correlations

%

s: 5.02 TeV — additional plots

F ot e NEW
ALICE

L B s s e B B ) e

ALICE Preliminary N EW b

pp, Vs =5.02 TeV

charged jets, anti-k,, |rf‘::7| <0.9-R
with D°, 3 < P, < 10 GeVic
7<p. < 10 GeV/c

T jet

n
&)

[Tr T[T rrr [ rrrrprors

=

e Data
Sys. Unc. (data)
o POWHEG+PYTHIA6
[ Sys. Unc. (theory)

0.5

|

E....\wlllllxwwI....\wu.I..x
0.5 0.6 0.7 0.8 0.9

0.4

N

S

L s s s e B B O N B

ALICE Preliminary N EW

pp, Vs =5.02 TeV

charged jets, anti-k,, |1f‘:L| <0.9-R
with D%, 5 < Pry< 36 GeV/c
15<p. < 50 GeV/c

Tieh jet [

e Data

o POWHEG+PYTHIA6
[ Sys. Unc. (theory)

e

Sys. Unc. (data) *

LI L L L B L NN B B

0.5

|

I:uuuu\wluululwwluuuulwluulull
0.5 0.6 0.7 0.8 0.9

0.4

N,

18

L



Probability Density

theory / data

DO-tagged jets: 13 TeV — additional plots
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Acceptance x Efficiency

Acceptance x Efficiency

D°-tagged jets: 13 TeV — additional plots
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DO-tagged jets: 5.02 TeV —R
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b-tagged jets: Secondary Vertex
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AT -tagged jets
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b-tagged jets: Impact Parameter
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