ELTE Particle Physics Seminar — 11 Dec 2019, Budapest Hungary

Heavy-flavour measurements
with the ALICE experiment at the LHC
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Heavy-flavour (HF) probes

X. Zhu et al, PLB 647 366 (2007)

= Heavy quarks are produced early 1L
1 __ 10 5 E_..Electrn\u:reak.sym'?etty..br}eak?ing_...............f__._._._.............._E-. o
T, ~ 72m ,~0.1 fm << Togp ™ 5-10 fm S T :
Collins, Soper, Sterman, NPB 263 (1986) 37. E 104 _ _
= Heavy quarks are (almost) conserved g | c
E s . :
m >> Togp (m~1.5 GeV, my,~5 GeV) ‘g; | g ]
= No flavour changing g K d ” |
= Negligible thermal production T T e i
i i i i i é ‘U : ]
— Very little production or destruction in the sQGP bt
Rapp, Hees, ISBN:978-981-4293-28-0 1 10 0°  10° 10 10°

Total quark mass (MeV)
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Heavy-flavour (HF) probes

X. Zhu et al, PLB 647 366 (2007)

. Heavy quarks are produced early . Hgg\,;m ' l g
10 5 E_..Electrm:reak.symr?et[y..hma}%ing_..._...........é__._._._..._......_...__5. A
Teh l/zmcb~01fm<<rQGP 5-10 fm s P11 | | 4
Collins, Soper, Sterman, NPB 263 (1986) 37. E 104_5_
= Heavy quarks are (almost) conserved g | g .
R 3 =
m >> Togp (m~1.5 GeV, my~5 GeV) ’g | g L
« No flavour changing : 2
i i - e | Lo o o ]
= Negligible thermal production T T R T e ey
— Very little production or destruction in the sSQGP LIS O [P0 DO O PP
Rapp, Hees, ISBN:978-981-4293-28-0 1 10 10°  10°  10*  10°
Total quark mass (MeV)
= Transport through the whole system q
= Heavy quark kinematics in the sQGP " % e

Access to transport properties of the system
...exits the medium also at low momenta

Hadronization (fragmentation, coalescence) /

Heavy vs. light? Charm vs. bottom?
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Heavy-flavour (HF) probes

X. Zhu et al, PLB 647 366 (2007)

= Heavy quarks are produced early v | || Ll
Tc’b N 1/2 mc,b"’ 01 fm << TQGPN 5_10 frn %_ 105_Eleatrnvreaksymmetrybma}ung_
Collins, Soper, Sterman, NPB 263 (1986) 37. 2 ¢ : b A
= Heavy quarks are (almost) conserved % o 3 =
m>> Togp (m~1.5 GeV, my~5 GeV) 5 s |
= No flavour changing 8" | T
= Negligible thermal production T o i o weomg.
— Very little production or destruction in the sQGP 1 Ll il Sonil senslh sl
Rapp, Hees, ISBN:978-981-4293-28-0 1 10 10 10 10 10
Total quark mass (MeV)
= Transport through the whole system q

* Heavy quark kinematics in the sQGP " &
= Access to transport properties of the system

= _..exits the medium also at low momenta
» Hadronization (fragmentation, coalescence) /

= Heavy vs. light? Charm vs. bottom?

Penetrating probes down to low momenta!
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Experimental access to open HF

= Heavy quarks (c,b) hadronize into mesons (D,B) or baryons (A....)
= These hadrons later decay weakly into light mesons

= Experimental access:
identification of decay products

Indirect: semi-
leptonic decay P
Pe

hadronic channel
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Experimental access to open HF

= Heavy quarks (c,b) hadronize into mesons (D,B) or baryons (A....)
= These hadrons later decay weakly into light mesons

= Experimental access:
identification of decay products

Indirect: semi-
leptonic decay 5

¢cb—>u  BR~11%
c,b—e BR~11% |,

' Direct:
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Experimental access to open HF

= Heavy quarks (c,b) hadronize into mesons (D,B) or baryons (A....)
= These hadrons later decay weakly into light mesons

= Experimental access:
identification of decay products

(]

Indirect: semi-
leptonic decay &

o

Direct:

hadronic channel

DO — K@+ BR ~ 3.9%

D**— DO (—-K-n")m* BR ~ 2.6%

Dt —- K-ntn* BR ~ 9.5%

D¢t — O(—K"K-)n* BR ~ 2.3%

A, — pKKint BR ~ 6.2%
— pK? BR ~ 1.6%
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Experimental access to open HF

= Heavy quarks (c,b) hadronize into mesons (D,B) or baryons (A....)
= These hadrons later decay weakly into light mesons

= Experimental access:

identification of decay products finding the location of the decay
(secondary vertex)

Indirect: semi-
leptonic decay

hadronic channel

Primary vertex

Lifetime of heavy quarks  ¢t(D) ~ 100-300 mm
ct(B) ~400-500 mm
Secondary vertex resolution <100 mm
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ALICE

—

I’W NS
: i /e

A dedicated heavy-ion experiment at the LHC, excellent PID
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ALICE

EMCal: energy, electron ID Pt e Heavy quark lifetimes: ¢t(D) ~ 100-300 wm
ct(B) ~400-500 pm
Secondary vertex resolution: ~100 um

ITS: charged-particle
tracking, secondary vertex

' fJ Heq>

TRD: hadron rejection by
transition radiation

TPC: charged-particle
tracking, identification

- .

¥ <
’

Muon spectrometer:
- forward: -4<y<-2.5
~ muon trigger and tracking

A dedicated heavy-ion experiment at the LHC, excellent PID

TOF: identification by
precise time of flight

n

central barrel: |#|<0.9
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Heavy flavour in small systems

Production cross sections in pp collisions " Fngmentation
. Primary (vacuum) pQCD benChmark f‘ g ”Oh-peﬂurbatlve-
—> A"4 X,

X2 lfB “<_

Hard Scatter | a
(perturbative) ! B o—
= sy Parton Distribution

in nucleon
(non-perturbative)
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Heavy flavour in small systems

PrOdUCtion cross SeCtions in pp co"iSions v.Fragmemation
* Primary (vacuum) pQCD benchmark - I prapETn

fA: X4

X2 |fB<—
Hard Scatter foe)

HF production vs. event activity porurative) | A o
= Interplay between hard and soft processes e ~ {onperuratve)
= Link between initial and final state , ,
= Role of collective effects in small collision ~ *% [
systems with high multiplicity? MPI? %
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Heavy flavour in small systems

Production cross sections in pp collisions

-~ Fragmentation
- Primary (Vacuum) pQCD benChmaI’k f ‘ f (non-perturbative)
— "IA] x,
1 . Ha‘;\av‘?’lcatter ! - |'fB.:
HF production vs. event activity )| gDt
= Interplay between hard and soft processes - (non-perturbative
= Link between initial and final state 538\
= Role of collective effects in small collision ~ *%, (.
systems with high multiplicity? MPI? %
Jet and correlation observables '. =
| @& ~4=-
= Fragmentation of charm vs. light quarks Y { “//
» Properties of jets with charm content W, j/ o
= Contribution of gluon splitting to HF yields ‘A | R
tis T
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Heavy flavour in small systems

Production cross sections in pp collisions

* Primary (vacuum) pQCD benchmark

HF production vs. event activity
» |nterplay between hard and soft processes
= Link between initial and final state

= Role of collective effects in small collision
systems with high multiplicity? MPI?

Jet and correlation observables
* Fragmentation of charm vs. light quarks
» Properties of jets with charm content
= Contribution of gluon splitting to HF yields

Mesons and baryons
= Tests of fragmentation models

o Fragmentation
2 (non-perturbative)
-—->‘ f A: X, Z \
Nod X2 |fB,"_______'

Hard Scatter ; e
perturbative) ; S e o
; Parton Distribution
in nucleon
o (non-perturbative)
o e
- .«
® ‘,‘ °
( JoN
.;!;:.'
. n"/f» “

s ’.{' P— Away Side
‘{. ..:3 A >
.90 -z

o & -
£ S 7
&‘ %) / /
“ J
~ \
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D (charmed) mesons in QCD vacuum

Eur.Phys.J. C79 (2019) no.5, 388

I E NNy ; 3 < SRBRE = T - 5 = 3 e 5
pp. [s=5.02TeV | < f5=502Tev 1 T -502TeV | o =502TeV -
= % PP i % 0] D+ pp, \s=5.02Te b ;q; 0l D + pp, \s=5.02 Te N
7 @ . Cc Fm E ok s
Prompt DY, 1yi<0.5 3 g Frompt D', 1j30.5 'Dé 10k 9 Prompt D', |y]<0.5 = g 10k Prompt D, |y|<0.5
—=— ALICE 3 = SN ALIGE B o - —=— ALIGE E = - i AELCE 3
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FONLL: JHEP 10 (2012) 137 GM-VFNS SACOT-m;: kT-factorization: GM-VFNS mod pR,F:
JHEP 05 (2018) PRD 98, no. 1 (2018)  JHEP 12 (2017); NPB925 (2017)

Vs=5.02 TeV pp: new, high-precision D, D**, D*, D,;* measurements
= DO down to low momenta (p>0 GeV/c): no topological cuts, only PID
= New reference for heavy-ion systems (p-Pb and Pb-Pb)

A detailed test of pQCD models
= Data well described by models based on factorization
» Data provide strong restriction for models
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Heavy Flavor in ALICE

HF electrons and muons

\ ALICE, pp, \s =5.02 TeV, p*«cbin25<y <4 N
N ]
E. JHEP 09 (2019) 008 E
E E
E E
e .
L = wecbFONLL \Q'w\é"u 4
F — — p*ec, FONLL e 1
L --e- pfeb, FONLL e e
F 2.1% normalization uncertainty notincluded ~ ~~3x ]
0 2 4 6 8 10 12 14 16 18 20

P, (GeV/ce)

= FONLL pQCD describes beauty
electrons and beauty/charm ratio

= Agreement for electrons at mid-
rapidity and muons at 2.5<y<4

16
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D-tagged and b tagged Jets

T
ALICE Prellminary

0
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Py, (@evie) § E S Toevidy
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= 1sE
D-tagged jetss @ || |1 !
“ ospd E
054015 20 25 30 35 40 45 50

= D-jets are jets tagged with the reconstruction of D%-mesons at 5, 7 and 13 TeV
* b-jets tagged based on impact parameter
= POWHEG(HVQ)+PYTHIAG6(Perugial1) describes both adequately

= Strongly restricts models
=> unique opportunity to study flavor-dependent jet properties

Reference for nuclear modification
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Baryon-to-meson ratio: A */D9, E_.9/D0

o I I ] I 1 1 | I 1 I I I I T ] I
9 1 2__ ALICE Preliminary Multiplicity classes: || < 1.0 __
+ - pp, Vs=13TeV, 0.5 Data: 4 o
<Q S PP i< dN_/dn: [ min—max], mean -] :‘COIDO
B [ syst. from data —8— [ 1.4- 7.5], 39 ] 1 g
1 [ Syst. fram B feed-down —&— [ 8.4-24.3],13.7 | & 10° " d ! I s * i T X ¥ ¥ T ¥ T ¥ T El o=
L —&— [24.5-45.8], 28.1 i % ALICE Preliminary « Data 3 o 3 g
i A OIDO 7 = pp, Vs =5.02 TeV 777 PYTHIAS Monash2013 default 4 © @ <
0.8 C PYTHIAS (dN,,/di mean): — s 5 3 T
Or Monash: Mode2: | 1 10 |y| < 0.5 S PYTHIAS Mode 2 - | g 8 -
- B\ E - : s E 3 g ;’8
- = | ] ‘-—B - =3 ~
-13.0 129 = 1 v ©®
0-6_ 1 'lI] _3 O - N
L -=27.9 .2?3 - i 0] X an©
B JHEP 08 (2015) 003 % > \ I-JI:J % 2
oooooo&ood or .
i \ + 7.0% une. on multiplicity estimation not shown | =] iﬂ A AR AR 0.0.0.6‘ 3 .ozc.o ssuw
04 +- + 5.5% une. on BR not shown o !:_‘_, // L . ~
L b — o .| [-°]
&5 10 7 <. 2
L i =53
= A I
v
0.2 — -
= - 10_5 i i i (s B o i
- - . S o 0 2 4 6 8
i | | J L2y ] G
Ll 1 L1 L1 L1 L1l ev'}'c
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= =.9DO0 as well as A;*/D0are underestimated by models based on ee
collisions: Does charm hadronization depend on collision system?

= PYTHIAS8 with string formation beyond leading colour approximation?
Christiansen, Skands, JHEP 1508 (2015) 003

» Feed-down from augmented set of charm-baryon states?
He, Rapp, 1902.08889

= Detailed measurement of charm baryons provide valuable input for theoretical
understanding of HF fragmentation
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D-h angular correlations

arXiv:1910.14403 Trigger EALICE | WNearside
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o - 3 ALICE Away side F
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D meson P (GeVric) D meson = (GeVic) D meson P (GeVic) D meson P (GeVic)

= Near-side peak narrowing with increasing pP
= Away-side yields increase with p;P value

* No significant difference between D-h correlation parameters
In pp and p-Pb systems
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D-h in PYTHIA: prompt/non-prompt D
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D-h in PYTHIA: prompt/non prompt D

= Higher per-trigger yields and
baseline for non-prompt D mesons
= Shapes: significantly different at

- ALICE Simulation
| pp,\s=>5.02TeV

5— O.3<pf‘°‘°°' GeV/c
- 3<pP<5 GeVic
al— Anl <1
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D Prompt D
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_I 1 I  Ls e o | I | 20 SN L I 1] i RIS | I 11 11 I LS el I [ | I_
0 -1 0 1 2 3 4
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E Frajna (ALICE), https://indi.to/tHf8p

the near side at low py.
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Heavy Flavor in ALICE

D-h in PYTHIA: prompt/non- prompt D
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D-h in PYTHIA: partonic processes
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Partonic processes in PYTHIA 8
» |nitial-state radiation

= Final-state radiation
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D-h in PYTHIA: partonic processes

= Near-side yield: significant FSR
contribution (at higher ptrigger),
= Away-side yield: MPI contribution

= Away-side width: increased by
parton-level effects - mainly ISR

= Baseline: contributions of ISR, FSR
and MPI effects to underlying event i
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Probability Density

theory / data

R. Vértesi

Heavy Flavor in ALICE

Charm fragmentatlon
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* Comparison to model POWHEG hvg CT10NLO + PYTHIAG
» Softer fragmentation in data for low p;
* Model consistent with data at higher p;
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Charm fragmentation
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« Fragmentation of D mesons T T Pajer - Pebjet
* Comparison to model POWHEG hvg CT10NLO + PYTHIAG
» Softer fragmentation in data for low p;
* Model consistent with data at higher p;

+ A.tagged jets at 13 TeV - first measurement at the LHC
 EXxciting prospects for high luminosity LHC run
« Comparison to models seems to favor PYTHIA with softer settings
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Jet structure vs. multiplicity

1.3F  pp ¥5=7 TeV, p': 180-200 GeV/c
—e— Monash

1.2 Monash-CR1

—o— Monash-CR2

11 —o— Monash-CRoff

—o— Monash-MPloff CRoff

Z Varga, RV, GG Barnafaldi,
Adv.High Energy Phys.
2019 (2019) 6731362

= PYTHIAS,

20 30 40 50 60 70 80 90
H IJ I N G++ Event multiplicity NCh

= Radial structure of light-flavor jets y(N_,)
= Significantly influenced by
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Jet structure vs. multiplicity

. 04
1.3F  pp ¥5=7 TeV, p': 180-200 GeVi/c
< —e— Monash 0.35F
o 12 Monash-CR1 =
I —a- Monash-CR2 T 0.3
> 1.1 —o— Monash-CRoff =
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Adv.High Energy Phys. € 8 F
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= PYTHIAS,
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Event multiplicity NCh

= Radial structure of light-flavor jets y(N_,)
= Significantly influenced by
= Multiplicity-scaled jet size measure R, (pr)

* Does not depend on any physical settings for LF
(generator, tune, CR/MPI, jet algorithm etc.)

E Ry vS-Jetp_
-o- Monash
o MonashStar
Ce 4C
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Heavy Flavor in ALICE

Jet structure vs. multiplicity

Z Varga, RV, GG Barnafoldi,
Universe 5 (2019) no.5, 132

Momentum fraction ¥(r=0.2)

= PYTHIAS,
HIJING++

—
N

pp fs=7 TeV, p!"': 30-40 GeV/c
—o— Monash
—o— leading
leading-c
—e— leading-b

—

0-2165030 40 50 60 70 80 90

Event multiplicity NCh

29

0.4r
035;_ R;, vs. jet P,
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Transverse momentum p

= Radial structure of heavy-flavor jets y(N,,)
» |Integral structures splitting for the three flavors (If,c,b)
= Multiplicity-scaled jet size measure R, (pr)
» Strong dependence of the split on momentum
= Heavy flavor jet structures sensitive to fragmentation

‘f‘ (GeV/c)



ELTE Particle Phyics seminar '19 R. Vértesi Heavy Flavor in ALICE 30

Jet structure vs. multiplicity

, 0.4r
pp ¥s=7 TeV, p'*': 30-40 GeV/c - vs. iet
L = R'fIX J pT
) 1.2 —e— Monash 0.35 —e-Monash
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= Radial structure of heavy-flavor jets y(N.,)

» |ntegral structures splitting for the three flavors (lIf,c,b)
= Multiplicity-scaled jet size measure R, (pr)

» Strong dependence of the split on momentum
» Heavy flavor jet structures sensitive to fragmentation

Flavor-inclusive analysis underway in ALICE 13 TeV pp
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Underlying event w/ identified triggers

" ol A) MPI off a %8|« PYTHIAS8 simulations, 7 TeV pp
of transverse side ¢ * * |- Identify a trigger: =, p, D or B
"E ™ u| * Examine particle production in
' . ' ' = | underlying event (transverse side)
P A. No MPI case
- B « particle production clearly ordered
A oo by flavor of trigger

A Misak, https://indi.to/nSCNc i 3
leading jet track .
@ =10
Near
Aip =m /3
Transverss
Aip = 2m /3

Avway
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Underlymg event w/ identified triggers

c
_uan-s-BF < PYTHIAS simulations, 7 TeV pp
L g * |dentify a trigger: =, p, D or B
P « Examine particle production in
¥ B) MPlon, CRoff | Underlying event (transverse side)
3; transverse side A. No MPI case:
s @ nee « particle production clearly ordered
| - p’ .
Ny s o by flavor of trigger
; Pﬁ'm'@ga( B. No CR case:
A Misak, https://indi.to/nSCNc b_ * flavor ordering levelled.
proed et ; « Agrees with traditional assumption:
_: UE does not depend on leading
Near E hard process
Ap =nf3
Transverse
Ap = 2m/3

Avway
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Underlying event w/ identified triggers

c

121
i .P'."- aEE
0.8} ‘. |
J C) MPI on, CR on
06— 5 .
r transverse side
1l : —@- nrransve £
0.4, " —.—m rrrrrrrrr p
__ .-n1 rrrrrrrrr D-meson
— n transverse, B-meson
LW i I | Vit i

A Misak, https://indi.to/nSCNc

leading jet track

@ =10

MNear
Aip =m /3
Transverss
Aip = 2m /3
Avway

« PYTHIA8 simulations, 7 TeV pp
* |dentify a trigger: 7, p, D or B
« Examine particle production in

underlying event (transverse side)
A. No MPI case:

« particle production clearly ordered
by flavor of trigger

B. No CR case:

« flavor ordering levelled.

« Agrees with traditional assumption:
UE does not depend on leading
hard process

C. Physical case (both MPI & CR)

* Flavor-dependence (re)introduced
by color reconnection

« Similar effect seen in LF & strange
Ortiz, Valencia, Palomo, PRD 99 (2019), 034027
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HF fragmentation and underlying event

effect of MPI A Misak, https://indi.to/nSCNc

N near: * to p*, D-meson and B-meson MPloff vs CRoft

N_neai _2_ratio_MPloff
nnnnn 186
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N transverse: n= to p*, D-meson and B-meson MPloff vs CRoff -c
N_trans_4_to_2_ratio_MPloff
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» Relative effect of multiple-parton interactions
* Near side: flavor-dependent radiation/fragmentation
 Transverse side: LF and HF separated
sensitive to color charge effects (quark vs gluon jets)
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HF fragmentation and underlying event

A Misak, https://indi.to/nSCNc
effect of MPI » NP effect of CR
N near: * to p*, D-meson and B-meson MPloff vs CRoft N near: * to p*, D-meson and B-meson ratio CRoff
N_near, 2 _ratio_MPloff near, 2 _ratio_CRalf
i H g3t % 1, D-mason and B-meson MFol vs CRer) E‘r::neﬁ 31722 m ~——@— Hnear ©* 1 p*, D-meson and B-meson ratia CRft E;:::G 3,523
- e Dev 2.308 v Sl e I =1 2.35
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N transverse: n* to p*, D-meson and B-meson MPloff vs CRoff -c
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» Relative effect of multiple-parton interactions
* Near side: flavor-dependent radiation/fragmentation
 Transverse side: LF and HF separated
sensitive to color charge effects (quark vs gluon jets)
« Color reconnection: same relative effect in jets and the UE
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p-Pb collisions: CNM effects?

= Nuclear modification
= PDF modification:

(anti)shadowing, gluon saturation .. ..
= Energy loss in CNM, =
kr-broadening ? 1

Baseline for hot nuclear effects <"

O:I | Lol Lol vl R
107 107 107 107 107 1
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p-Pb collisions: CNM effects?

= Nuclear modification

= PDF modification:
(anti)shadowing, gluon saturation .0 —%.. " /\[w
| y|

* Energy loss in CNM,
kr-broadening

Baseline for hot nuclear effects

Pb

Ry (x,0*=1.69 GeV?)

S o © o ~
S N R N o~ N
Q—!T!|III[ TTTT 1T llllll
2, i
~ F
S K S
4.\_ E) §
kg E
S B
~ F
S
~ F
Q'_

» Multiplicity-dependence?
= Any hot droplets?

» Origin of collectivity in small systems?
» Disentangle initial and final state effects
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R. Vértesi

HFE in p-Pb collisions

3 | LI B | I LI | LI I I LI B I LI I | LI I LI
- p-Pb, |5, = 5.02 TeV
Fbec = (e’ +e)2, -1.06 < Yos <014

ALICE

2.5 -» Minimum bias trigger (PLB 754(2016)81) ]
- - Trigger E gy > 7 GeV

2r -+ Trigger E S > 11 GeV -

i .Normalisation uncertainty arXv:1910.14399
. PRC 916 (2015) 064905/
%150 s

o
JT- i3

7 Incoherent multiple scattering

3 Coherent scattering + CNM energy loss -

FONLL + EPS09NLO shadowing i

i — Blast wave calculation i
0 L1 E 1 1 | L1 ’ L1 [ L1 | L1 L I L1 | Ll | L1 L I L1 1 | L
0 2 4 6 8 10 12 14 16 18 20

P (GeV/c)

Heavy Flavor in ALICE
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3 ® ALICEbgc —(e" +e )2
e PHENIXb.c - (8" + &}z 0-20% 20-40%
2.5 m  ALICE charged particles
=
2
&
?E. 1.:5 S I
OQ. + - =
= } i
ALICE
PP, | 5y, = 502 TeV
1.06 < < 014
OB Ran
3
25 40-60% 60-100% (ALICE)
a BO-88% (PHENIX)
<
o 2
= |
n: 1.5 o
3 gt [ o ;
© =$"€ o I
0.5

 normalisation uncertainty
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= HFE production in p-Pb collisions:
No modification w.r.t. pp collisions within uncertainties

= Q,p, consistent with unity at all centralities
= More radial flow in PHENIX d-Au than at the LHC ?

1 L 1
10 12 14 16

p. (GeVic)

PHENIX: PRL109 24 (2012) 242301
Kang et al:PLB 740(2015)23

38

Sharma et al: PRC 80(2009) 054902

FONLL: JHEP 9805(1998)007
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b-tagged jets

ALICE Preliminary
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RV (ALICE), arXiv:1910.01981

—
o
o

= b-tagged jet cross section and R, measured for 10 <p; <100 GeV/c
» Tagging based on reconstructed secondary vertex

= Data is well described by POWHEG simulatons within uncertainties
" R p, consistent with unity within uncertainties in the measured p; range
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Asymuthal anisotropy in p-Pb

PRL 122, 072301
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e —8— (cb) = e, | <08, A <12 ] AV N . gl
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0.15 C —+— u, Pb-going -4 << -2515<ag <5 ] -_-1"_0‘:‘.:_'\.0_08 :_ e ] p-going _:
g —— £ > C & # & [ * | Pb-going .
= u - 0.06 |~ o $ =
0.1F =1 = ] E 8 :
: ELEIL & n ] 0.04F o * R 4 -
0.05 Mg T H— L L . 0.02F =
L o ] C 8
" . 0 =
o ~] E 2
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= Collectivity of HFE and HFM in small systems
c,b—e at mid-rapidity, c,b—pu forward/
» Values of e and u v, comparable with each other within uncertainties
» Low-p;: comparable to charged hadrons
» Mid-p: about half the charged hadron v,
» Tendency of smaller p-going than Pb-going v,
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Heavy ions: hot nuclear effects

= Nuclear modification
1 dN AA / de

N coll> dV, PP / dpr
= Collisional energy loss

= Energy loss via gluon radiation p*p Avh
= Dead cone effect — expected mass ordering:
AE>AE >AE>AE, —? Ry \"<R, " <R,,"
= Color charge effect (HF is mostly quarks <=> gluon contribution in LF)
= Change of fragmentation: Baryons, jets

fi=]
]
p
o '\E E

Raa(pr) = <

&8

41
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= Nuclear modification

Heavy ions: hot nuclear effects

1 dNAA/de

Ncoll> dep/de
Collisional energy loss
Energy loss via gluon radiation pp A
Dead cone effect — expected mass ordering:

AE>AE >AE>AE, —? Ry \"<R, " <R,,"
Color charge effect (HF is mostly quarks <=> gluon contribution in LF)
Change of fragmentation: Baryons, jets

Raa(pr) = <

= Collectivity: strongly coupled medium => substantial v,

gt
d3p 2w prdprdy

d3N 1 d*N (1 + 2 Z Up, COS (H(SO - WR)))

n=1
Un = (cos(n(p — ¥r)))
Does heavy flavour flow?

In what stage does it pick up flow? |
= Does it thermalize with the medium? X
= Do heavy quarks coalesce with flowing light quarks?

42
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Pb-PDb: Suppressmn of charm
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{sl —w— oD ] 1.45 30-50% .
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................................................................................................................ mI— il . penpheral ]
] 0.8 :-:: ‘H‘ e
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= DO measurements down to p~0
= High-p,. Suppression pattern similar to light flavor
= Mass ordering? Expected AE>AE, but observed Ry " = RyAP

= Low-p;: Charm suppression is significantly weaker than light flavor
» Coalescence of light and charm quarks?

43
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Pb-Pb: Suppression of D mesons

5.02 TeV
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= DO measurements down to p~0
= High-p,. Suppression pattern similar to light flavor
= Mass ordering? Expected AE>AE_ but observed Ry "= RyP

= Low-p;: Charm suppression is significantly weaker than light flavor
= Coalescence of light and charm quarks?
= Several models give good description, low discrimination power
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Prompt and non-prompt D mesons

| | T T T 1 ] r 1 1 T | a1 1 1 _I

Preliminary Non-prompt D°
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* Non-prompt D mesons: access to beauty suppression in Pb-Pb collisions
* Intermediate p: non-prompt DO is less suppressed than prompt D?
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* Non-prompt D mesons: access to beauty suppression in Pb-Pb collisions
* Intermediate p: non-prompt DO is less suppressed than prompt D?

non-prompt / Hprompt
AA

AA

R

R. Vértesi

Prompt and non-prompt D mesons
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30T ALICE Preliminary D° meson
i Pb-Pb, Sy = 5.02 TeV -
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 Calculations including flavour dependent energy loss describe it
» Ratio helps cancel some of the model and data uncertainties

Heavy Flavor in ALICE

46
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Charm and Beauty HF electrons
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= Significant (c,b)—e suppression in Pb-Pb collisions from medium to high p;
= Note: Results in p-Pb collisions are consistent with unity

» Separated beauty-decay electrons hint a weaker b-quark suppression
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Charm and Beauty - HF electrons
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= Significant (c,b)—e suppression in Pb-Pb collisions from medium to high p;
= Note: Results in p-Pb collisions are consistent with unity

= Separated beauty-decay electrons hint a weaker b-quark suppression

= Models describe both (c,b)—e and b(—c)—e within uncertainties
» Difference understood by quark mass dependent energy loss
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R. Vértesi

Heavy Flavor in ALICE

Production of A, in Pb-Pb collisions
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we SHM (AL Andronic et al.)
- PYTHIA8 SoftQCD, Mode0
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T

« Charged baryon/meson ratio A./D,
* mid-p;: tendency of moderate increase
from pp to central Pb-Pb collisions
* Models include recombination follow the same trend as data

 Hint of baryon to meson enhancement

49
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Heavy-flavor azimuthal anisotropy

R. Vértesi Heavy Flavor in ALICE
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= D mesons flow: A significant v, of D mesons is observed at the LHC
= D-meson v, is qualitatively similar to charged partice v, at Vsyy=5.02 TeV

= Heavy-flavor electrons flow: A significant v, observed at the LHC
= HFE v, at Vsxy=2.76 TeV and Vsxx=5.02 TeV agree within uncertainties
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Azimuthal anisotropy of D: and Rxa
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= D mesons flow: A significant v, of D mesons is observed at the LHC
= D-meson v, is qualitatively similar to charged particle v, at Vsyn=5.02 TeV

= Models in which charm picks up flow via recombination or collisional
energy loss do better in reproducing R, , and v, simultaneously

R, and v, together provide strong constraints on models



ELTE Particle Phyics seminar '19 R. Vértesi Heavy Flavor in ALICE 52

Azimuthal anisotropy of HFE: c vs. b
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= HFE: significant v, of both the charm and beauty contributions

» Several models describe HFE v, (charm and beauty contributions)
= Separated beauty-electron contribution to the v, qualitatively similar
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Summary

QCD vacuum: pp collisions at Vs=5.02, 7, 8 and 13 TeV
= D-meson, HFE, HFM spectra adequately described by pQCD models
» HF-tagged jets: information about fragmentation, model development
» Charmed baryons: Unexpected enhancement, recent model explanation
= Simulation studies: importance of differential jet and UE measurements
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Summary

QCD vacuum: pp collisions at Vs=5.02, 7, 8 and 13 TeV
= D-meson, HFE, HFM spectra adequately described by pQCD models
» HF-tagged jets: information about fragmentation, model development
» Charmed baryons: Unexpected enhancement, recent model explanation
= Simulation studies: importance of differential jet and UE measurements

Nuclear modification in p-Pb collisions at Vsyx=5.02 TeV
= Nuclear modification by cold nuclear matter
» R, consistent with unity at mid-rapidity for D mesons, HFE, b-jets
= Correlations in pp and pPb are consistent
= Collectivity: substantial HF v, in small systems: final state effect?
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Summary

QCD vacuum: pp collisions at Vs=5.02, 7, 8 and 13 TeV
= D-meson, HFE, HFM spectra adequately described by pQCD models
» HF-tagged jets: information about fragmentation, model development
» Charmed baryons: Unexpected enhancement, recent model explanation
= Simulation studies: importance of differential jet and UE measurements

Nuclear modification in p-Pb collisions at Vsyx=5.02 TeV
= Nuclear modification by cold nuclear matter
» R, consistent with unity at mid-rapidity for D mesons, HFE, b-jets
= Correlations in pp and pPb are consistent
= Collectivity. substantial HF v, in small systems: final state effect?

Medium effects in Pb-Pb collisions at Vsxx=5.02 TeV
= Energy loss: No ordering in high-p, suppression: R, ,"~R, ,
Ordering at lower p; ranges : R, ,b7¢ >R, \be—e
= Collectivity and coalescence:
* R,, atlow p,. hints coalescence with the flowing medium
 Significant azimuthal anisothropy — v, & R, constrain models
* A.: HF Barion over meson enhancement hinted by data
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ALICE Upgrade for Run-3 and Run 4

2015 2016 ] 2017 2018 2020 23 2024 2025 2026 202 2028 2029
LIS Japnc ]”” . DOLLRBD ””] ““ FRAp DAL LaHORE:
. ! | I l . ITIT1 HI Il I HAEN! |

Run 2: LPb—Pb:1-O nb-1 Run 3: Lpbpb—Gonb1 Run 4: .Lpb pb—70nb1

hhhhhhhhhhhhhhhhhhhhhhh

= Up to 50 kHz Pb-Pb interaction rate ;gj{rﬂlf-!ﬁ-‘ifg‘
» Requested Pb-Pb luminosity: 13 nb-1 (50-100x Run2 Pb-Pb)

* |[mproved tracking efficiency and resolution at low pT

= Detector upgrades: ITS, TPC, MFT, FIT

= Faster, continouos readout
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ALICE Upgrade for Run-3 and Run 4

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

TF IR AP | INEDNUS .:-‘u’-;n*-\ DE DG u.[v'-: 'u\-.; :v.‘: i u\;a:-.‘n‘.!‘.?--l. I ISk AB0E DUS0C! :*. : TEDU u;;u: :n 1:; :\.‘- ‘-T:a:x:u: ;:.:-f--:-’.‘ TP A NERgCrcenn WIo [P AR I [TA n‘j.n.: ¥ WA S TALS IO I LA '4 SJOIN]CL I [F M A I [Al SO0
’ H H ‘ I H H[ T ‘ H ‘ i
| EYETS ‘ ‘ Ls2 ‘ H 153 ‘

Run 2: LvaF‘b = 1.0 nb-1 Run 3: J:Pb-Pb = 6.0 nb-1 Run 4: -‘L-F’b-Pb = 7.0 nb1

Shutdown/Technical stop

= Up to 50 kHz Pb-Pb interaction rate s

B R SR IEn iy ISP

» Requested Pb-Pb luminosity: 13 nb-1 (50-100x Run2 Pb-Pb)
* |[mproved tracking efficiency and resolution at low pT
= Detector upgrades: ITS, TPC, MFT, FIT
= Faster, continouos readout
ITS upgrade eor(')o;ected performance .2 expected premsmn 2
e _ 3 s(z 'fii:ALlc:E ] xy 8 % ALICE Upgrade Slmulatlon =
= 350 E\ I S ntlf‘ (data) ] 1. 6;;‘ + 0-10% Pb-Pb, |5, =5.5TeV, L, =10nb™ 3
é 300 \ J dut-;u TS 1.4;‘-' '-.' -
:3) 250 ' 125 3
%200 1t
£ 150 8'2_
& 100 e "
st IR "‘-om- 1 0'2:
W {0 %
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Physics reach after LS2 (2019-20)

Current, 0.1nb ™! Upgrade, 10nb !
Observable p%‘i“ statistical pe statistical

(GeV/c)  uncertainty  (GeV/c) uncertainty

Heavy Flavour

D meson Raa 1 10% 0 0.3%
Ds meson Raa 4 15 % =2 3%
D meson from B Raa 3 30% 2 1%
J/1 from B Raa 1.5 15% (ogeint) 1 5%
BT yield not accessible 3 10 %
Ac Raa not accessible 2 15 %
A /DO ratio not accessible 2 15%
Ay yield not accessible 7 20%
D meson vy (v9 = 0.2) 1 10 % 0 0.2%
Ds meson v (vy = 0.2) not accessible < 2 8%
D from B v (ve = 0.05) not accessible 2 8%
J /1 from B ve (v2 = 0.05) not accessible 1 60 %
A vo (v =0.15) not accessible 3 20 %
Dielectrons
Temperature (intermediate mass) not accessible 10 %
Elliptic flow (v2 = 0.1) [4] not accessible 10 %
Low-mass spectral function [4] not accessible .23 20 %
Hypernuclei
AH yield 2 18 % 2 L7%

ALICE ITS upgrade TDR
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ITS performance

. . 8 | I I I I | i I I I 1 I T I I | T I I I l
= Semiconducting technology L | ALICE, 0-20% Po-Pb, (5= 276 TeV
= " 15<p <2.0GeV/c
wi10%F o Data —c—e E
= Resolves secondary vertex F — Conversion electrons £ —b (-¢) e
- — Dalitz electrons s H‘- — Sum
L &i.

heavy quark lifetimes: c¢t(D) ~100-300 mm \. ;

ct(B) ~ 400-500 mm ”'x

Secondary vertex resolution: ~100 mm *

| |
g oy ALICE I‘ 't..,
"—’350 o '! ] i ---#--- Cument ITS, Z (Pb-Pb data, 2011) | | ‘
C L ‘ S BCETYYYEE rade: ;
S, 1] s R La il mm
2 | =i, o 2fp,

DB oo ds o I e s it RIS 1R R © 1L ) S N R | LTS Y [ A S I8
q;J) E P EE |1|||||l‘||||||i1
S 200} L LI -0.1 -0.05 0 0.05 0.1
S L d, x sign(charge x field) (cm)
o 150 :_ EIE S SN . JHEP 07 (2017) 052

100 — Distribution of electron track DCA

: (distance of closest approach to
Sop primary vertex).
ob— i il y MC template fitting allows for
10 1 10 statistical separation of charm and

p, (GeV/c) beauty contributions.
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p+ spectrum of D mesons

Eur.Phys.J. C77 (2017) 550

6\ 103 § T | T T T T ] T T T T I T T T T | T T T T I T T T T I T l§

- = ALICE =

> L = pp, \s=7 TeV g

& 10° g ly|<0.5 =

P S ]

3 - rﬂ e D° ]
s YE . D E D —K-m BR ~3.9%

= = =
o - s D*x5 - D* — DV (—»K-n")n*  BR~2.6%
g] 1 E_ —m—_:_* . D; _E D+ —> K77E+ Tt BR ~ 95%
L F . 1 | Dy > ®(—K'K)n* BR~23%

10" —Sme—ww =

L — 4

1072 = * 3.5% lumi. unc. not shown * —=

E BF%| syst. unc. nlot shown I I I I I E

0 5 10 15 20 25 30 35
[ (GeV/e)

Recent high-precision measurements in pp at Vs=7 GeV:
Reference for heavier systems (p-Pb and Pb-Pb)

= DO at very low p; (<1 GeV/c): PID only,
no vertex reconstruction or topological cuts
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Heavy Flavor in ALICE

D mesons at different energies (pp)

H

2.3% lumi, + 2.5% BR uncertainty not shown
' " PO TS TR

ALICE Preliminary, pp, \s=5 TeV
Prompt D, |y|<0.5

—=— data
FONLL

{,

VI 0 O T T O W N0

10 15 20 25
P; (GeV/c)

I ¥ T
pp. Vs=7 TeV

Prompt D, |y|<0.5
—s=— ALICE

[] FONLL

_+ 3.5% lumi, + 1.0% BR uncertainty not shown

el el e Lo by e ) b ol

0 5 10 15 20 25 30 35
p. (GeVic)

arXiv:1702.00766

D-meson production cross section
Down to p; =0 for D% at 7 TeV
pQCD calculations describe the data within uncertainties
data uncertainties much lower than theoretical one

=~ stat. unc.

E []syst. unc.
[ [[JFONLL

ALICE Preliminary
Prompt D™, pp \s=13 TeV =

ly| <0.5

; +5% L, +1.3% BR uncertainty (not shown)

T B
Lo

30 35
p, (GeVic)

62
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b

-jet tag

>\ .1 0 :_! T T T | T T T T | T T T | _-é
8 £ ALICE simulation =
o E PYTHIA + HUING, p-Pb |5, = 5.02 TeV :
&‘;__) L 3 track vertex, P, ”mﬂ GeV/c ny"“x, >10, o,,,<0.02 cm -
o = most displaced vertex in jet 3
L - . O - Rt -
1 E 3
F R L - 3
E — 7
10° E
10° | N e Ty
E—o0——rov77 - Jet flavour: 3
- Anti-k;, R=0.4 -+-beauty 3
104 L ,J<05 ~+-charm 5
= ° < light quarks and gluons 3
- 1 1 1 l L1 l |- 1 I 1 1 i1 ] |- - | 1 i1 1
20 25 30 35 40 45 50
9" (GeV/e
pT. iet ( )
q} - T T T T | T T T T | T T T T ‘ T T T | T T T T I T :
© = ALICE simulation ]
o I PYTHIA + HUING, p-Pb \ s, = 5.02 TeV ]
[
s 3trackvertex,p_  >1GeVic
E 10—1 = most displaced vertex in jet =
12} - 3
E B ]
10° E
- Anti-k;, R=0.4 .
- 30<pi“"l<40 GeVic, n_|<0.54
[ + e et i
3 Jet flavour:
10° —+-charm =
E -4 light quarks and gluons 3
1 | A Y NN N (SN N HANS CN O O TN () [N O QMY VU N (Y

Ll
0.1 0.2 0.3 0.4 0.5

b-jet efficiency

R. Vértesi

Secondary vertex

Impact parameter
R

Primary vertex

Heavy Flavor in ALICE

ging performance

Jet axis

\/’
>

Decay length

Secondary vertex method

= L,, : projection of decay length
on the (x,y) plane
= L,,/0L: significance of L,
" O, . Secondary vertex dispersion
b : T T T T ‘ T T T T | T T T T | T T T T ‘ T T T T | T T T T | =
7 B ALICE simulation 7]
= 2 PYTHIA + HUING, p-Pb | 5y, = 5.02 TeV -
2 i t = 3 track vertex, P GeV/ic  Anti-k;, R=0.4 ]
£ 10 E et mostdisplaced vertex in jet Pl >20 GeVic, in_|<0.5 3
'-5 :. 'D'-.-t"'... o i E
(48] - - '."*_‘__._ -
-3 - S g - }-‘+++_._-.+".. -
o 10—2 E_ -D-_D_ _._Hl . 0-*_.__.__’*::
- ‘G-D-_D_ *+H‘_ i ]
r o . ]
i Gﬂomﬂ_ﬁaﬂﬂ—ﬂ“ﬂ
103 | Jet flavour: Poo-
0 £ —— beauty 3
- —+— charm ]
. —#— light quarks and gluons ]
1 0—4 1 L ‘ 1 1 1 | L 'l 1 L | 1 'l I L ‘ | 1 1 L | L L 1 1 |
0 5 10 15 20 25 30
Lyloy,

63
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CNM effects in p-Pb collisions?

g 1 .8 L T 1T | LI | LI | T 1T | T 1T I T 1T I T T T 1 | T i :
Q:Q- C  ALICE Preliminary  p-Pb, sy = 5.02 TeV & ik E 1 Auce
1.6~ - prompt D mesons, -0.96<y__<0.04 B . 1 | ] pPbs=502Tev
L =2 t ¥ 1 -09<y_ <004
|

Prompt D mesens

1.4 i
F 2 e | 1 ]
1.2k M’H T = 'j-_. *-&t } . M &y ;i
F _,.-" am+ ] ..’M" .‘_ﬂq‘ "T{ R Syst. on didp_

W |
g :E r: i &  Charged particles
2’ % & 0.3:— -+ { 7 Syst. on diidp.
- F .
~9 o s =
§ g ,':g’ 06: 0-10% ZM energy ]
0.8 - Average D°, D*, D™ ; g § Q C:r% . a:—l ' __'
06;7_, // measured pp reference at s = 5.02 TeV ] E g EE ”:_E_ __
- / & oo |4E- .5..
0 4—_/ - -+ CGC (Fuijii-Watanabe) 1 4 E sxg B ]
"/ —— FONLL with EPPS16 nPDF g G >0 s Mé* .S, T
! g - - SOZ25 b g
0 oL Kang et al.: incoherent multiple scattering d so60sS vy :
J— Vltev etal.: power corr. + k__broad + CNM Eloss 2 0.8 '-
_I 111 | \\\\\\\\\\\\\\\\ | IIIIIIII | I I_ D.G': -':—
b 20-40% ZN tz‘nna'rgg.r : 40 -60% ZN energy
0 5 10 15 20 25 30 35 b ] ]
p (GeV/C) ! 10 P, (GeVi cJ‘ ’° P, {Ge\-’ €)

= D-meson production in p-Pb collisions:
No modification w.r.t. pp collisions within uncertainties

* No indication of CNM effects from intermediate to high p;
» Data described by several models containing CNM effects
= Hint of Qcp > 1 for central collisions (1.50 at 3<pT< 8 GeV/c)

= similar to light hadrons
= Radial flow? Initial or final-state effect?
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Hot effects in p-Pb collisions?

_01 _8 T 1T I LI | T 1T ‘ T 1T I T T 1T I LI | T T 1T I T
o r L. 7] o n T 5 1) T ]
CCQ ©  ALICE Preliminary  p-Pb, s, =5.02 TeV ] o 18- I o ALICE
— — E 1 | 1 ~Pb, =5.02 TeV
1.6 Prompt D mesons, -0.96<y _ <0.04 - 1.6k 3 [ e Vo =
cms 3 ] % -096 <y <0.04
{ dL 1 I| &ms
] i 1 il* | ] B Prompt D mesens
B 1-2;_ ..’.ﬁgwﬁw ';" ._JM"..“%"ﬁ } '; | | Syst. on diidp.
— AT A 'Ezf—; *]_*_- o Bl ssonT,,)
: :q:FI' <l, rz = . &  Charged particles
] + ________________________________________ I_: - 9 B; _:_ { _ Syst, on didp_
S ] N 0.6F I 3
T a- : 0-10% ZN energy 1 10-20% ZN energy 1
NS ] NG . o : 1 : 1
- ;,-';': - AverageD’,D",D” § § o e 3
"J measured pp reference at Vs = 5.02 TeV 8 :,; 1.8 it of _
O ] ~ o F ] ]
iy 2o 14f X E
1 - ] S : = ; 5
—m uke — o af = s ). & ]
0.4% ] &3 A g LAY l} ]
L == POWLANG (HTL) 1 w2 g’ “:ag "'ﬁ U RIS i*_ =
0.2j 1 o gl ok ¥ 1 a
I POWLANG (IQCD) i -8 -§ g
T | L1 | [ ‘ L1 | [ | L1 | L1l | L] =0a 0'6; 20-40% ZN energy ?_ 40-60% ZN energy E
0 5 10 15 20 25 30 35 - = e
1 10 Fey 1 10 r
p_(GeVic) p_{GeV/c)
P, (GeV/c) ; x

= D-meson production in p-Pb collisions:
No modification w.r.t. pp collisions within uncertainties

* No indication of CNM effects from intermediate to high p;
» Data described by several models containing CNM effects

= A model including small-volume QGP formation
also describes data (but not favored by)
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CNM effects - Forward, backward

M -qoi M :

(forward) (backward)
o] =L L LU DL L L DAL L DL LR B L Neo) Frrrrrrrrrrrryrrr1rrrr[1rr1o1r 1119
DC% 24 Ep-Pb | sy = 5.02 TeV ALICE 1 0:% 2.4 p-Pb | s, = 5.02 TeV ALICE 3
22F . . = 22F | , -
5 :_u—eHF, 2.03<y__ <3.53 (p-going) x~10-5 3 sF wrHF,-4.46 < y < -2.96 (Pb-going) x~10-2 3
1.8F ——— pp rescaled reference = 1.8E —— pp rescaled reference =
1.6 —— Pp p,-extrapolated reference 16E —-— pp p,-extrapolated reference =
1.4F o4 14F ¥ 3
1.2F 10 4 12F s -
1 Epeeee K q{ [ TRt 5 e s et ||| nin =
= — — e a E = R e L r
0.8F  &sess - 1 08F i -
0.6 F-————=: NLO (MNR) with EPS09 shadowing = 0.6 E-——": NLO (MNR) with EPS09 shadowing =
04F Vitev: coherent scattering + ky broad + CNM Eloss 3 0.4 E_E:::E Kang et al.: incoherent multiple scattering =
O.§ E__l Syst?matic ulncertairlwty on n?rmaliza}tion | E 0.2 - uummmm Systematic uncertainty on normalization =
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -, 1 1 I L 1 1 I 1 L 1 I 1 L 1 I 1 1 1 I L 1 L I 1 1 1 I f 1 L I_
6o =2 4 6 8 10 12 14 16 % T2 T4 6 8 10 12 14 16
PLB 770 (2017) 459 pT (GeV/c) Models: MNR: NPB 373 (1992) 295 p. (GeV/c)

Vitev, PRC 80 (2009) 064906
Kang, PLB 740 (2015) 23

= Heavy-flavour decay muons probe the nPDFs at different x values

= Forward production is consistent with no nuclear modification

= Hint of an enhancement of HF muons at backward rapidity at low p;
= Measurements described by models within uncertainties
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Flavour/mass dependence - hadrons

peripheral central peripheral central
< 1 .4 T T | T T | L | T T ‘ T T ‘ T T ] T T T ‘ T T T { 1 _4 110 | TTT 1T | rTT11 | TTT1 | L | T T T 1 T 1T 1 | TTT1T
< r 1 < .
@+ Pb-Pb,\s\=276TeV 2 @ | Pb-Pb, \sy,=2.76 TeV 1
1.2 A T (ALlCE) 8<p_|_<16 GeV/e, |y|<08 | 1.2 n D mesons (AL'CE) 8<p_|_<16 GeV/e, |y|405 .
- . = @ Non-prompt Jhy (CMS) g
L @ Dmesons{ALICE) B<p <16:GeV/c, [v]<0.5 i " 6.5<p_<30 GeV/c, ly|<1.2 EPJC 77 (2017) 252 i
1— (empty) filled boxes: (un)correlated syst. uncert. 1 ’ B (empty) filled boxes: (un)correlated syst. uncert. 8
- i L Djordjevic etal. Physletsrs7@o1g208 - N
i i B — - D mesons . b
B i B = = Non-prompt J/y . )
0.8 — B0 W e Non-prompt J/y with c quark energy loss - 1 © O
O 8 o N
- - - n N~
L 4 B Pl
- — -~ B—-Jly I
0.6/ - 0.6 --Trﬁx:ﬂ:__g -4 =93
- 1 - & =B== 1 SE=
- ] SR *":H:“‘*n- 1 £8¢
0.4 7  50-80% " pe < ttrenr e ~=Z=1 88
. 04 ey i = <~ 2
§ : - D =Sy, B a5t
- 40-50% e e i . 40-50% \H“--.___ Mg i, 1 T2
| . o Tuay, ..-.._.......\ L (-] -~ a‘uh -0 Q
0.27 30-40% 20-30% i@ -.:.:..:. \: ] 0.2 __ 30-40% 50-30% E “'-____‘.‘:-: __ i |.|J E
i _ , 10-20% - . 10-20% Cuno
n* shifted by +10in (N__ ) 0-10% ~ (%) 50-100% for non-prompt J/y ° 0-10% | O = O
7| [ENEN N AT AN A AN NN F|)a|n| [ENENENENE AN AN R ANES B AN AT |7 i | | | | | | | ° <0 =
L 111 L1 11 Ll L1 1111 1111 1111 L1l 1 L1 11
0O 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
(N__) (N
h D Pen R h=R D<p B ™
~] = <
RAA RAA AA AA AA

= D-meson suppression at high p; consistent with pions

Understanding: different fragmentation, p-spectrum shape, color charge effects
level out expected ordering

= B—J/p suppression at high p; is weaker (note the |y| range)

Model understanding: different parton masses cause different energy loss in
similar kinematic range
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Coalescence of strange and charm

gf24 IIIIII| T T IIIIII| T T T

- | + B T T | 1 T I T ]
0: o 23_ ALICE Preliminary E % 1 8:— ALICE Prellmmary |y|<05 E
- : . 1.6/ :
B i r* 0-10% 7
1. 8: D% D, D*" average D} 7] 1.4 30-50% ]

1.6 ® data + data e
E «vst PHSD waet PHSD E ] 2—_ o pp, Vs=5.02 TeV, Eur. Phys. J. C (2019) 79: 388_—
1 4:— o [ TAMU Ctamu o [ ]
B — : o G oo ] - E
1 2;/ = \_\strﬂn e _Ds"' atania atania _E 1: g
| e > "; [L] T ppreterence 7 0.8 .
- . 2 1Y|  Filled markers: measured - =t B
O 8_— r i :- 4 :, [ :Open markers: pT~extrapoIated ] 0 6 = "’ 4$\ ]
o6k P = Nl . - H g
A T Y ﬂ? f.
0. 25__::222'. ....... ‘ & ﬁ%; 0.2 +4.7% BR uncertainty not shown -
E i '..': E - | 1 L1l 1 I - ]

0 Lol 1 1 L1 aaal | 1 (-
1 10 L 19

P, (GeV/ce) P, (GeV/e)

= Strangeness enhancement expected to show up in coalescence

= Hint of a weaker Dg suppression than for non-strange D mesons
» No evidence of centrality-dependence

» Consistent with a strangeness-enhancement scenario with coalescence
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D-h correlations - reconstruction

Trigger
2
1 d* Ngssoc
A Nirigger dApdATn
Associated
z‘)gnné..‘....‘..‘.‘....‘....‘....,.‘..,.‘..: 11443,7_.‘..,.”.,..‘.,...._7 NE ‘:.‘.‘,....,....‘.‘.‘,....‘....,....,:
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Comparsion to Monte Carlo simulations (near-side)

PYTHIAG: LO generator with initial and final state parton 3 gi:AUCE Near side § ¥ PP s=502TeV ¥ g l<05 a0l <1 3
shower, Lund string fragmentation. § Gp PTOTOSCVE 08 sATTSGeVie o Teppe20eVie o 2sppeSCeVie
PYTHIAS: also includes multiple-parton interactions and B 25F -l VAL SN
improved colour reconnection description. § E —5— E i e I o POWHEG LO+PYTHIAG ]
HERWIG 7: NLO including heavy flavor, cluster hadronisation < L= E ——— = —m 3
model, the showering ordering is different from PYTHIA o5t % L T - T e ol
(angular ordering with respect to pyordering). © 22;— 2 o
POWHEG+PYTHIA: NLO calculation of hard processes, o 5_(_: 15: : ] i ;
followed by Lund fragmentation. 2% 1af i i H ;
POWHEG LO+PYTHIA: hard process stopped at the LO o8 "3 E E3 ¥ E
level, Lund fragmentation. é % 8-21 - %ﬂ#;—@— 3 %:E%ﬁf i By —f— i e ;
3D+1 viscous hydrodynamical evolution starting from &8 0af ¥ + ¥ 3
flux tube initial conditions, which are generated in the Gribov- 812;;— e A A A SR A A
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fragmentation and parton shower § 0.2f I i + —— 3
. Best description by POWHEG+PYTHIA6, POWHEG LO 0.1E + + + ]
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Comparsion to Monte Carlo simulations (away-side)

4.5 ! : d
o <05, |An| <1

PYTHIAG: LO generator with initial and final state parton 4L ALICE Away side 3 I —e—pp1s=502Tev i 3
shower, Lund string fragmentation. 3 32: pr COREEdE 3 esSpTTSLeen £ ASgpTeabsle § ST eaesle
PYTHIAS: also includes multiple-parton interactions and 8 2sf % E iiall ol
improved colour reconnection description. 8 ] g: ——— i E ' F —o— POWHEG LO+PYTHIAG 3
HERWIG 7: NLO including heavy flavor, cluster hadronisation < ¢ 3 i = ;

model, the showering ordering is different from PYTHIA 0-“032 e, -a-:.‘$= et ﬂ‘% U ... —}

(angular ordering with respect to pyordering). o 1.85 E R 4 N E
POWHEG+PYTHIA: NLO calculation of hard processes, oF 1:2;: ¥ : i %: ] 3
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POWHEG LO+PYTHIA: hard process stopped at the LO S8 a Eﬁ—@—%: E] n ] ﬁ@iﬁ ] E]L 3
level, Lund fragmentation. £3 0.6f + i i H _B_ ]

3D+1 viscous hydrodynamical evolution starting from i ooE k3 E3 i { %

flux tube initial conditions, which are generated in the Gribov- - X T

Regge multiple scattering framework. T ost 3 ; I g# @ T ]
Near-side and away-side: sensitivity to g % Mi ] —_—— $=a= Y ﬁf@f_g_m 1
fragmentation and parton shower § % T T E3 il
. Best description by POWHEG+PYTHIA6, POWHEG LO . 0.2F ¥ T T ]

+ PYTHIAG6 and PYTHIAS8 & Yields typically A e na et O B S S i L ARAsasaaTy
underestimated by HERWIG & NLO models predict 1.6¢ PR T + ¥ ]

slightly broader peaks & EPOS3 typically overpredicts
. thepiiglds (Perugia11) overpredicts both the yields and

widths & PYTHIAS (4C) overpredicts low-p; yields and
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PYTHIAG: LO generator with initial and final state parton
shower, Lund string fragmentation.
PYTHIAS: also includes multiple-parton interactions and
improved colour reconnection description.
HERWIG 7: NLO including heavy flavor, cluster hadronisation
model, the showering ordering is different from PYTHIA
(angular ordering with respect to pyordering).
POWHEG+PYTHIA: NLO calculation of hard processes,
followed by Lund fragmentation.
POWHEG LO+PYTHIA: hard process stopped at the LO
level, Lund fragmentation.

3D+1 viscous hydrodynamical evolution starting from
flux tube initial conditions, which are generated in the Gribov-
Regge multiple scattering framework.

Near-side and away-side: sensitivity to fragmentation
and parton shower
+ Best description by POWHEG+PYTHIA6, POWHEG LO +
PYTHIA6 and PYTHIA8 & Yields typically underestimated
by HERWIG & NLO models predict slightly broader peaks &
EPOS3 typically overpredicts the yields
« PYTHIAG (Perugiai1) overpredicts both the yields and
widths & PYTHIAS (4C) overpredicts low-pr yields and

Baseline: Sensitive to the underlying event
. pr®sc<1 GeV: best description by PYTHIA
. pr*ssee>1 GeV: best description by HERWIG
. POWHEG NLO and LO are the same in all ranges (not
trivial since influence expected from NLO charm
contributions)

R. Vértesi

Heavy Flavor in ALICE

Comparsion to Monte Carlo simulations (baseline)
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Near-side peak width

Near-side peak width
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CORRELATIONS USING PYTHIA 8 - different tunes

T T 3
E ALICE Simulation - 40 =
E pp. {5=5.02 TeV 3 o5
D_3<p:”“'6e\ﬁc == Monash E %
Elangl <1 = MonashStar 3 2
E 3 .
3 £
E 215
= | 8
F _?__! 1
L e e bt
4 & 8 10 12 14 16 18 20 22 24 o
D meson pT(Gewc]
T T 0.8
_ALICE Simulation - 40 3
pp. {5=5.02 TeV E 0.7
E 2<p;==u.q3 GeVic == Monash 3 -
langl <1 “= MonashStar 3 )
F E L 05
+ E £
E E 2 04
- 3 o
=i & B 0.3
- 4 :I'\_ ; 02
E E 0.1
Sl s clee Terelpe e ausple dlasid
4 & 8 10 12 14 16 18 20 22 24 1]

D meson pT(GeV.*c:]

Heavy Flavor in ALICE
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* Near side peaks are similarly predicted
« Significantly lower baseline for MonashStar (~20% at max)
 Different underlying events
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Different colour reconnection modes
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HF fragmentation: Lund vs. Peterson model
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D-meson ylelds VS. multlpllc:lty (pp)

(®N/d ydp.) / (d*N/d ydp.)

B feed-down unc.

&

Production vs. multiplicity of D mesons and muons steeper than linear
Same trend for non-prompt (B—)J/¥ as well as prompt J/W¥ yields
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— No strong flavour dependence

— Enhancement is likely to be related to cc, bb production processes,

Heavy Flavor in ALICE

L ALICE pp \S = 7 TeV

T ¢ Average D°, D*, D** meson |y|<0.5, 2<p_<4 GeV/c
I 4 PromptJ/y — e*e, |y|<0.9, pT>O

m

L = i
- [ -- +6%/-3% normalization unc. not shown -
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E B fraction hypothesis: x 1/2 (2) at low (high) multiplicity 3
= JHEP 09 (2015) 148—

45 6 7 8

is not strongly influenced by hadronisation
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Yields vs. multlpllc:lty N p Pb models
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multiplicity at mid-rapidity multiplicity at backward rapidity
(Pb-going): test auto-correlations

= Multiplicity at mid-rapidity: similar enhancement in p-Pb and pp collisions
= Multiplicity at backward rapidity: linear-like, less rapid increase in p-Pb coll.
= EPOS with hydro evolution: qualitatively good description in both cases



