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P> Physics outline

The study of Heavy-Flavour (HF) quarks in small systems provides the reference for the ALICE

understanding of their interaction with quark-gluon plasma (QGP).

In pp collisions: P

« test pQCD calculation;

e constrain and validate fragmentation and hadronization models; o

* provide areference for larger systems, such as p-Pb and Pb-Pb. o i

|n p_Pb COIHSIOHSE ) . . e\ /Hadronization

e their production and kinematic properties can be %~ a Fregmentation hadrons GDE® ...
modified by cold nuclear matter (CNM) effects 0 ~o00.

HF-jets and HF-correlations can provide additional information than single parton studies:
- fragmentation and hadronization mechanisms are detailed
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P> ALICE: A Large lon Collider Experiment
ALICE

THE ALICE DETECTOR T a. ITS SPD (Pixel)
= Al b. ITS SDD (Drift)
c. ITS SSD (Strip)

o cwmro - |TS: tracking + vertexing([n] <0.9)
TPC: tracking+PID( |n| <0.9)

TOF:PID(|n|<0.9)

:TS EMCAL: high-pT trigger + electron ID
(Inl<0.7)

E e _& Vo: t.rigge.r+ centrality/multiplicity

o pcal estimation (-3.7<n<-1.7, 2.8<n<5.1)

10. L3 Magnet . . .
12 M e ZDC: centrality estimation(4.8<n <5.7)
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.ZDC

19. ACORDE
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ALICE

Charm-tagged jet
measurements

Trento, 16/11/2021 Antonio Palasciano



p D%- and A{ - tagged jets

« DO0-and At-tagged jet reconstruction: ALICE
b UALARARARARAR RARAE BRARE RARAE B 1 AALBAARERARAE RARES RARRE RAREE B 1 AR RARAR RAARE
020 o o > 1wl AucEPrehmmary 1 3 20F o 5o502Tev 3 s IESg i — G o83
v Identification of charm candidates I I T [ £ SO B i 5<p'_it”?;2”v".i
D = [ -r o) (Bl 2950 ’f L
A > pK? + conj. (B.R. 1.59%)
v' Charged particles are clusterized into jets: ZZj
- to each D% and At corresponds ajet chy [ ]
. . . 2N Tl .
(FaStJet[ antl_kT algorlthm) 1.75 18 1.85 1.9 1.95 2 \\‘\m 1.75 1.8 1.85 19 |5 l-
ALI-PREL-333219 M(Kx) (GeV/c?) M(Kn) (GeV/c?) M(Kn) (GeVic?)
[ ]

Invariant mass analysis to extract the

8 AANAARRS RERES RARRN RARES RARRS BN AR R LA R R R T S Shns LA RALRE RARAN RALRS AR
E 300F ALIGE Preliminary u% o PP f5=502TeV 1 E‘QDO 5<p, ,<6Gevic
+ B D° - K'n* and charge conj. r o
DY%-and AZ-jet raw yield . cration e A4 o pama,
C Il <05 a00r e 1 ™ Sobands 8
lab’
200 3<p <4 GeVic ] 4<p . <5GeVic o 4;:M?Krt;ﬂf# \)<9ci
/ S-d b d b . h d a0k ' 800 normalised to signal region 7
ldeband subtraction metho o sorar-so ]
+ = &
‘/ . . ff . d b 100 —— o0l ]
correction onJet erriciency an eauty o == 1o0f == N == ]
- —0= —O——— —
feed-down =TT o N ol ==
IETE RS PR FERTE FRRRE FERTY R T Lo bensa bbb Do | PR FEET PR FRRT S
0.4 0.5 0.6 0.7 0.8 0.9 1 0.4 0.5 0.6 0.7 0.8 0.8 1

v 2D unfolding (z” , D1chjer) fOr detector effects  © " ™ 7 T
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P DO-tagged jets production cross-section
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= [CIPOWHEG hvq + PYTHIA &
E POWHEG dijet + PYTHIA 6

ALIGE, PP, {s-7Tev.
Charged Jets, Anti-k;, R=0.4 7
<05 B

ith D° P> 3 GeV/c

e Data
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data / theory
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PP at \/— 13 TeV

ALICE Prellmmary
pp, {s=13 TeV
charged jets, anti-k;, A = 0.4, \r}'“l <05

o< 36 GeV/c

+« Data
[ Syst. unc. (data)
o POWHEG+PYTHIAB
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Tch] et

Similar trends of the D? jets cross section with increasing pr . between collision energies
POWHEG hvq CT1IONLO + PYTHIAG
v' good agreement with data

v' increasing compatibility with p;, chjet
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POWHEG dijet + PYTHIAG

v constantly above data points
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v different trend wrt POWHEG hvq
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p DO- tagged jets: parallel momentum fraction

LI S S By B S S

ALICE Prehmlnary
pp, Vs =13 TeV ‘
charged jets, anti-k;, R = 0.4, |rf‘:‘b| <05

with D°, 3 < P, <36 GeVic
15<p__  <50GeV/ic » Data

T.ch. jet [ Syst. unc. (data)
o POWHEG+PYTHIAG

[ Syst. unc. (theory)

> 40— e 5 5 0025
B : ALICE Prellmlnary 1€ :
S 35~ pp Vs=13 TeV ‘ I_T—E V:‘_ L
[s] = charged jets, anti-k, A = 0.4, W:’l <05 1.5[5 C
£ 305 withD’,2<p  <7GeVic ol
= = . 3 C
% 25F  S<Pry, <7 GeVic B -
& 200 | C
150 = -
1.0 « Data = L
/ = o] [ Syst. unc. (data) = =
C J A 0.5t o POWHEG+PYTHIAG 0.005
L — [J Syst. unc. (theory)
I 0.0 -
quark o B e ] o B
T 15 , g 16F
D 14E- T 14
: 1 : 12
ZCh . Den jet pD 8 08 3 o8
=5 5 i — = o0
chjet chjet O.S% oy 'Dli

ALI-PREL-331432 ALI-PREL-331423

From the comparison with POWHEG:

05 06 07 08 0.9 3

o D :
* Asofter fragmentation is observed at small z and small p_and in the low-py ¢,j range.

* Atlarge prqnjec Predictions are compatible within the syst. uncertainties.
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P A{-tagged jets: parallel momentum fraction

®

ALICE
= S .C= —1 L l l ‘I T I T T 177 l T T l L L l T T—]
ch pchjet . pAg 3 - AI+_ICE Preliminary, pp, Vs = 13 TeV . i
Z” = = = % - A (and charge conj.) in charged jets with 0.4 < z{" <1 o
pch]'et . pchjet '°w1 4_anti-kT, R=0.4,|n i <05 —_— ]
P - 7<pd" <15GeVic -
= = s Jet syst. unc. -
The z{ probability density in A} -tagged jets [ <Py < 19GeVIe 1 OPOWHEG+PYTHIAG -
3 ¢ PYTHIA 8 (Monash) il
has been measured with limited precision. - PYTHIA 8 SoftQCD, mode 0
| | ==
> POWHEG and PYTHIA8 (Monash) : [ f _L_
. 1 =¢=_
- harder fragmentation than data - |
> PYTHIA8 SOftOCD 0: | G I I ) I { I S . | I | T [ [ | I : I [ . ) l | Y S S | I L1 :
. 0.5 0.6 0.7 0.8 0.9 1
- good agreement with data [, zZh

Trento, 16/11/2021 Antonio Palasciano



P D%- and A¢-tagged jets: Radial Displacement

Addressing possible modifications of the hadronization through the ((plet % ALICE
radial shape of the jet y

Radial Distance r= \/(<Pjet - <Ptag)2 + (TI,-et - Utag)z i

. e L AN S B Sy w s s _\5 o5 T T T T T T T ] T T T 1 ] % T — T T T T T T T T
g 25;ALICE Preliminary ] 2 r ALICE Preliminary 13 6/~ ALIGE Preliminary ]
© L D’tagged charged jets, anti-k;, R = 0.4 1 © I Astagged charged jets, anti-k;, A = 0.4 4 © [ A}, D°-tagged charged jets, anti- k, R=0.4
;izofnw“”aseevm 0l <05 N 2.1 20—7<p"h<15GeWc Il <05 . 2‘@ 5_7<p'”<15<3ewc n,|<05 .
= :6<pD<1EGeWc [y|<08 = 6<p © <12 GeV/c, [y\<08 1 = f6<p“D<12GeWC Url<08
- r m data, pp, Vs = 13 TeV 1 F m data, pp, Vs = 13 TeV 1 = F

15 e, = PYTHIA 8 Monash ] L] ST e =1 PYTHIA 8 Monash - © 4Ar .
C H == PYTHIA 8 SoftQCD, mode 2 == PYTHIA 8 SoftQCD, mode 2 g [ W data, pp, ¥s=13TeV 7]
- E N 1 ® [ -wPYTHIAS Monash ]
10__ ' - 10? ! — QD ;-- PYTHIA 8 SoftQCD, mode 2 - 2
: : 1 C | 1% ]
5 : = 5 A, S - 2 E
- T W e - =LA LAY ‘HllHllFI N r
L ! 4 C i ] L
L H N
r s e e e L : ] B —
07 T Un PR T T TR KN RO A TN R R R SR R :\‘ ] Evooow by ]
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
ALT-PREL-489755 radial distance r radial distance r radial distance r

ALI-PREL-4B89789

ls there a dependence of the Af / D? as function of the radial distance?
- Are baryons produced less collimated than mesons w.r.t. the direction of the jet?
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p D-tagged jets in p—Pb at \/s = 5.02 TeV

YA B
S [ ALICE Preliminary B g o 3 x | ALICE Preliminary ]
% 10°Ep-Po, VS = 5.02 TeV ) § & ALICE Prellminary " £ r D°-tagged jets, | 5,,, = 5.02 TeV, p_ >3 GeV/c 7
o} Charged Jets, Anti-k;, R = 0.3, |rf‘::’|<0.6 . = charged jets, anti-ky, A =0.3, [, [<0.6 | o | charged jets, anti-k., A = 0.3, |1 ‘1;0”06 1
o 10EwithD’, 3<p <36 GeVie 3T £ == i 0°. 3 36 GoV/ - 2  anti-kr, A =03, |1 | <0. .
E ' Data 3 oS [ =m w ! <p1‘0"< evie E | » A, Pb-Pb0-20% (p-Pb data reference) ]
= K * — = -
e 1E Syst. Unc. (data) EE- S —— pp.\5=502TeV (scaledby A) 1 . A (op data reference) ]
S F o POWHEG+PYTHIA6 x A T | === —— pPb\5,=502TeV, y, =0465 e 4
107 [ Syst. Unc. (theory) E 107 E L :
& 8 ] E 3 L % i
e = E K — . i _@_ ]
104!; | n _; 1072:_ - 1._..............TBT.... ...~_$___.............. ............__....
. TV : = e - H‘H 1
E’ 2‘:' . E i | 05; ;
R R T : 0% ~L
E e L E— e — g 1
© o5k = TR P PR SRS PR SRR N - H El—El— ]
E i L 5 10 15 20 25 30 35 40 45 50 o N e e b b v b b b B
0570 15 20 25 30 35 40 . (GeVic) 0 5 10 15 20 25 30 35 40 45 50
p"‘-ﬁh Jet (GeVic) PREL-309078 T ALI-PREL-311507 IC’T‘ch jet (GeVic)
« POWHEG well reproduce p-Pb measurements.
« The differential p—Pb cross section isin agreement with the pp(scaled by A)within statistical
uncertainties.
 The nuclear modification factor Ryp, & 10ver the py e interval.
[

The D%jet R, is also shown.
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p HF-electron jets in p—Pb at 5 = 5.02 TeV

In p—Pb, possible modification to the jet shape or spectrum could evidence cold nuclear ~ ALICE
matter effects.

e jetbroadening: dependence on R (jet cone size)
* jetsuppression: modification to the pr, ;s SpECtrum

w
)

n
'S

£ F ®  R=-03 17"|<06, y°|<0.6 @ E - ® ppis=502TeV
o L : g © 22| ALICE Preliminary PP, \s
2sF- ALICE Preliminary ®  R=04, |"|<0.5, |y°<0.6 * oF. Charged Jets, Anti-k; ® p-Pb,|s,, =502TeV
b PP sy =502TeV ®  A-06, [7"<0.3, |yI<0.6 © .. F R=037<06 0 POWHEG+PYTHIA8
E C_harged Jets, Anti-k; =06, 1r771<03, ly"I<0. ;)A 18 g_ 0.6, |7?J'Et‘<0_3 *
2 withcb — e, 4 < P, < 18 GeV/c o 16 withcb —e 4< P, < 18 GeV/c, |y®|<0.6
L % 145 '
15— © 12
r [ ] F ®
. $ é . i
e A ook .. !
C ) ’ 06 —§— . ¢ T
0.5_— i 0A4:_, T ? 1 {}
C 0.2F
ALI-PREL-322365 pT,ch iet(GeV/(j pT!Ch iEt( evie
ALI-PREL-322384
R,p, notdependent onjetR No evident modification to the jet shape
depending on the collision system
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P HF-electron jets in p—Pb at VSo. =5.02TeV

In p—Pb, possible modification to the jet shape or spectrum could evidence cold nuclear
matter effects.

« jet broadening: dependence on R(jet cone size)
* jetsuppression: modification to the pr, ;s SpECtrum

ALICE

No evidences of modification of
the jet in small system
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ALI-PREL-322365 T,chijet T.chjet

ALI-PREL-322384

No evident modification to the jet shape
depending on the collision system
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R,p, notdependentonjetR

y.
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ALICE

Azimuthal
correlations
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P D - charged particles azimuthal correlations

@ article ALICE

Final state particles are studied by means of their angular
distribution with respect to the direction of the tagged D meson

By relating an HF hadron to other particles produced in the
same event, information can be retrieved about:

> the fragmentation of the tagged HF quark; fE’? : nderlying

> the fragmentation of the other HF quark; | . event
> the underlying event. side

[ A R AR R T

. . .. ) assoc [ Average D, D", D~ ALICE ]

Differential description of the peaks shape with p. 6 —— pp, \5 = 5.02 TeV .

. L . . s C b2 <05, A <1 ]

Characterization of the jet shape and its composition _ 5 5<p$<8Geglc'p:mmme% E

B [ andf=138 ot .

5T 4; — - Near side 7]

In p—Pb, find modifications to the correlation shape induced by &3 ¢ st ]

CNM effects ‘_|2a E E

\\\ +4% scale uncertainty

GO_LLJ T i

NPT e T
. . 0.5 1 1.5 2 2.5 3
Trento, 16/11/2021 Antonio Palasciano Ag (rad) ‘ﬁ



P D - charged particles azimuthal correlations

How are they extracted? =
y ) ‘>\’ 700 4<p <5 GeV/c ALICE
* Reconstruction of D-meson candidates 2 o :
D® - K~r* + conj. (B.R. 3.95%) = s00f JHEP 01
D* - K "™ + conj. (B.R.9.38%) 2 400 (2012) 128
D** - D%zt - K w*w* + conj. (B.R.2.67%) I 500 -
« |dentification of associated(charged) particles = %
— 2D correlations are computed (A, An) - :
q q 01.7 175 1.8 1.85 1.9 1.95 2 2.05 2.1
* Sideband subtraction; Invariant Mass (Kr) (GeV/c?)
Corrections for: . Example of Event-Mixing technique , .
pp, Vs=13 TeV 1 GeV/c < passoe vigg

2 i T
Kg-h correlations

* Event Mixing: limited detector acceptance and

00

A 1

detector spatial inhomogeneities

* Reconstruction and tracking efficiency
* Contamination from secondary particles

* Beauty feed-down contribution

2 ~0. 2 3 g
ALI-PUB-495510-1 AR AN et AN

arXiv:2107.11209
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https://arxiv.org/abs/2107.11209

P D - charged particles azimuthal correlations
ppandp Pbat\/——SOZTeV

ALICE

The azimuthal correlations are then fitted asf AUCE T Nearside i i
.dering é % pij;'%uacew: i _‘_0,3?35::\:?:\,‘,505__ 1<pc<2GeVic  E 2<pie<3CeVic

consi : g 2 M L I oot i 3
« ageneralized gaussian(A@ = 0); K S | ”'%”’“’”'"4@ i i
» astandard gaussian(A@ =), B i= P [
« constant baseline ¢ os " 1 EPJC 80 (2020) 979
providing an estimation of the yields and the ~ %.; Eﬁ#—t@: ig :@::$: [ gt Z. e :% _

. E 0.2k + 3 + E
widths of the two peaks. €% i i —

Consistent values of the yield and peak width in = =Foe
pp and p—Pb collisions are observed in all

Kinematic ranges.

—> no significant impact from cold-nuclear-
matter effects on the charm fragmentation
arises with current statistics.

Trento, 16/11/2021
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P D - charged particles azimuthal correlations

p—Pb at/s=5.02 TeV
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35F ALICE F p-Pb, {5, = 5.02 TeV T-096<)° <004, a7 < L
L +  o03<pmectGeVie T P > 1 GeVie 3
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D-h as function of the collision centrality

p—Pb distribution shapes are compatible within
statistical uncertainties. The yield and peak width do
not show a dependence on the collision centrality

- No apparent modification to the charm

fragmentation i
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P HFe-charged particles azimuthal correlation distributions

Electron sources are: ALICE
* semi-leptonic decays of heavy-flavour hadrons Phys. Lett. B 754 (2016)
* background contributions mainly come from: AARANRARRARS RS S L I T ——
= Dalitz decays of light neutral mesons tao A2 ATt B <A CT A
= photon conversionin the detector material g0 * 6<p<8GVe ] ol §08 <Py <06 GeVic |
280:— + 1, 1 *::::=....-.-§
Starting from the inclusive e spectrum, e-h E| sok * 1 §1035 e .
correlation distributions are built. = ] + o
Several corrections are performed: 40:— + . Elocton candidates 1 10 * Uikesion
o Event—Mixing, 20;“* + .+ agrone i " Like-sign
. Efﬁc]ency, Hﬂ! 4 ++++ ] * {lefere{nce Photonic
« Contamination from: oa iy e tlantavatansinats| 07 05047006 0,06 0.1 0.12 0.14
* secondary particles; Elp o Mg, (GeV/c?)

. hadrons: E/p distribution for estimating non-HFe identified thrugh M.,
the hadron contamination
. non-HFe.

Their contribution to the measured e-h correlation distribution is evaluated and subtracted after a proper
normalization to get the HFe-h correlation distributions.
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P HFe-charged particles azimuthal correlation distributions
LALICE
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P HFe-charged particles azimuthal correlation distributions

___NearSide Away Side
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P HFe-charged particles azimuthal correlation distributions
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Azimuthal correlations between heavy-flavour decay The jet-induced correlation peaks are removed by
electrons with charged particles are computed in subtracting the LM from the HM distribution and
two multiplicity classes considering p-Pb collisions: fitting the resulting distribution with a Fourier
e HM(high multiplicity, 0-20%) decomposition.
*  LM(low multiplicity, 60-100%) Azimuthal Anysotropy is found:

v,5 =0.0040+0.0007(stat)
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P HFe-charged particles azimuthal correlation distributions
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Azimuthal correlations between heavy-flavour decay
electrons with charged particles are computed in
two multiplicity classes considering p-Pb collisions:

- HM(high multiplicity, 0-20%)

. LM(low multiplicity, 60-100%)

Trento, 16/11/2021
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HFe v, islargerthan zero
(about 5o significance in 1.5 <pf<4GeV/c )
- Comparable with charged particles and muons

LICE

Can this be interpreted as a final state effects ?

y.



P Summary

 HF-tagged jets:
v" Most of theoretical predictions successfully describe the experimental cross section;
v' softer fragmentation at low Pr chiet is observed with respect to model predictions;
v" Hints of possible modifications of hadronization through radial displacement
measurements;
v" no modification in HF-tagged jets induced by CNM in p—Pb;

 HF-hazimuthal correlation distribution: ; o
v' Fragmentation differential study vs p; and p; i
v' D-h: negligible impact observed with current statistics of CNM;
v' HFe-h first measurements in pp at y/s=5.02 TeV;
v" Anisotropic flow for HFe in p—Pb, possible final state effect.
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ALICE

Thanks
for your attention
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p D-tagged jets in Pb-Pb at \/s = 5.02 TeV
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v' Strong suppression of D°-tagged jets in central Pb—Pb collisions.
v DY%jets Ryp compatible within statistical uncertainties with Ry from D mesons
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p D - charged particles azimuthal correlations

Comparison of NS yields and widths with several
model predictions

— Different shower ordering, hadronisation
approach, MPI treatment, UE description

NS yields:

*PYTHIA8 and POWHEG+PYTHIA8 both provide an
overall good description

*About 10% larger yields for POWHEG NLO w.r.t. LO —
more collinear production via GS

. tends to underestimate the NS yields at low
p4(D)and at high p{assoc)

*£POS overestimates the yields over the whole p+
range

NS widths:

 Overall, all models describe the peak width within
uncertainties

Trento, 16/11/2021
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P HFe-charged particles azimuthal correlation distributions
ALICE

Azimuthal correlations of heavyflavour decay electrons and charged particles in central
(0-20%)and semi-central(20-50%) Pb—Pb collisions at \/syy =5.02 TeV.
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P HFe-charged particles azimuthal correlation distributions

Azimuthal correlations of heavyflavour decay electrons and charged particles in central

ALICE

(0-20%)and semi-central(20-50%) Pb—Pb collisions at \/syy =5.02 TeV.
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Near-side yields in 0-20% and 20-50% Pb—Pb
collisions compared to p—Pb collisions at

VSNN~ H5.02 TeV

v' Hint of enhancement of yield in central Pb
— Pb collisions at low-p3°%°¢

v" Hints of NS yield hierarchy among collision
systems, at low p3°°°¢, with large

uncertainties



P HFe-charged particles azimuthal correlation distributions

Azimuthal correlations of heavyflavour decay electrons and charged particles in central ALICE

(0-20%)and semi-central(20-50%) Pb — Pb collisions at 1/syy =5.02 TeV.
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Near-side yields in 0-20% and 20-50% Pb—Pb
collisions compared to p—Pb collisions at

VSNN~ H5.02 TeV
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