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« Motivation
« The ALICE experiment

e Results: measurements of

e charmonium (J/) production at central and forward rapidity,
 and open (prompt D, c—=J/Pp, b—=J/P) heavy-flavour production at central rapidity
e vs. multiplicity at central and forward rapidity,
 in pp and p-Pb collisions.
 Comparison with models
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Results in pp collisions at 7 TeV
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The results of D9, D+ and D*+ are consistent within uncertainties.
- Increase of D-meson yields with charged-particle multiplicity at mid rapidity:
- faster-than-linear increase at large multiplicities,

- independent of pr within uncertainties. ALICE. JHEP 09 (2015) 148.

Error bars: statistical uncertainty.
Vertical size of boxes : systematic uncertainties but feed-down.
Bottom panels lines: relative feed-down systematic uncertainties.
Not shown : systematic uncertainty on (dN/dn)/<dN/dn). and normalisation.
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Introducing an n gap on the multiplicity measurement
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range than heavy-flavour yields (minimise the influence of heavy-quark
fragmentation and heavy-flavour hadron decays in the multiplicity estimation).

Qualitatively similar increasing trend of D-meson yields when an n gap is

introduced between the regions where the D mesons and the multiplicity are

measured.

Error bars: statistical uncertainty.
Vertical size of boxes : systematic uncertainties but feed-down.
Bottom panels lines: relative feed-down systematic uncertainties.
Not shown : systematic uncertainty on (dN/dn)/<dN/dn). and normalisation.
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ALICE, JHEP 09 (2015) 148.
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Quarkonia vs. multiplicity
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The fraction of non-prompt J/Y in the inclusive yields shows no multiplicity

dependence with muItipIicity within uncertainties. ALICE, Phys.Lett. B712 (2012) 165-175

Error bars: statistical uncertainty. ALICE, JHEP 09 (2015) 148.

Horizontal size of boxes : systematic uncertainty on (dN/dn)/<dN/dnp.
Vertical size of boxes : systematic uncertainties but feed-down.
Not shown : normalisation systematic uncertainty:.
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Comparison of open and hidden heavy flavours
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- Similar increase of open charm, open beauty and charmonia yields as a function
of charged-particle multiplicity at mid rapidity.

- Caveats: different rapidity and pr interval of the measurements.

Likely related to heavy-flavour production processes, and not significantly
influenced by hadronisation.

Error bars: statistical uncertainty.
Vertical size of boxes : systematic uncertainties but feed-down.
Bottom panels lines: relative feed-down systematic uncertainties.
Not shown : systematic uncertainty on (dN/dn)/<dN/dn). and normalisation.

ALICE, Phys.Lett. B712 (2012) 165-175
ALICE, JHEP 09 (2015) 148.
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Results in p-Pb collisions at 5.02 TeV



* Asin pp collisions,

Heavy-flavour production in p-Pb collisions

HF yield expected to scale with the number of binary
nucleon-nucleon collisions.

Nuclear environment influence (p-Pb collisions):

shadowing (PDF modifications in nuclei) and gluon
saturation,

energy loss (initial/final state or coherent),

nuclear absorption.

Observable:
RAB _ 1 dNAB/de _ 1 dNAB/de
(Ta) dopp/dpr (Neon)aB dNpp/dpr
Measurements:

prompt D-meson Rypp is close to unity at high pr

J/Y suppression (Ryrn<1) at positive y (p-going,
low-x in Pb nucleus) and low pr.

Relatively well described by models including cold
nuclear matter effects.
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Open charm vs. multiplicity
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- Increase of D-meson yields with charged-particle multiplicity at mid rapidity:
- slightly faster-than-linear increase at large multiplicities,
- independent of pr within uncertainties.

Error bars: statistical uncertainty.
Vertical size of boxes : systematic uncertainties but feed-down.
Bottom panels lines: relative feed-down systematic uncertainties.
Not shown : systematic uncertainty on /dn)/<dN/dn). and normalisation. o
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Introducing an n gap on the multiplicity measurement
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* TJest auto-correlations on the multiplicity estimation.

- Nearly linear increase with multiplicity at backward rapidity
(Pb-going direction).
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Error bars: statistical uncertainty.

Vertical size of boxes : systematic uncertainties but feed-down.
Bottom panels lines: relative feed-down systematic uncertainties.
Not shown : systematic uncertainty on (dN/dn)/<dN/dn). and normalisation.
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2 [ 4ppis=7Tev ] S g GeYic 1V /<05 5
NZ 20~  2<p <4 GeVic i C\JZ 5 FIZ))p meson d: t
E " pr ﬁ 5.02 TeV . E " & p-Pb, \' S 502TeV p -a a
— B Preliminary, 2<p_<4 GeV/c 7 = - AverageND D' D** meson i
2,_ 15— pp data = 4 Preliminary
3 . s F 3 o P-Ph data
% B _ > 3
S 10— — _§ - ao- ]
S % p-Pb data ; & 2 = -
~ - T ] ~ - capdl’ +6%1-3% (3.1%) in pp (p-Pb) ]
5 __ = & .- “ " +6%/-3% (3.1%) in pp (p-Pb) __ - . -t normalization unc. not shown =
| & - normalization unc. not shown | 1 L “,—":": + 3% (5.0%) unc. in pp (p-Pb) |
L l_‘.—-"' 6% (3%) unc. in pp (p-Pb) | » .-.." on Nvo/<Nvo> (NVOA/<NV0A>) not shown —
L i n (dN, h/dr])/(chh/dn} not shown _ CoL .
i ___..;..' | ! | L ! L ! L | | L ! L ! L A 17 |-|.T TN AN T T AN A I A O —
2 o 4 B fraction hypothesis in pp and p-Pb: x 1/2 ( ) at low (high) multiplicity — % 0.4 B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity
2 o2 2 o2f -
3 3
© ?
= Ee]
g o4f - S -0 -
S T S S S S S m 0 05 1 15 2 25 3 35 4 45
(dN,/dn) / (AN _/d) Nyo/(Nyg Nyoa/ (N o0

Multiplicity at mid rapidity: similar trend for D-meson results in pp and p-Pb collisions.

Multiplicity at large (backward) rapidities:

measured in different n ranges in pp and p-Pb collisions,

SPD
faster increase of D-meson yields in pp m|<1.4
than in p-Pb collisions.
Error bars: statistical uncertainty.
Vertical size of boxes : systematic uncertainties but feed-down. VOC
Bottom panels lines: relative feed-down systematic uncertainties. VOA
-3.7<n<-1.7 2.0<n<5.1

Not shown : systematic uncertainty on (dN/dn)/<(dN/dn). and normalisation.
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Quarkonia vs. multiplicity

1.15

—~ b E - _ )
5 " Inclusive JAp — u* i, p-Pb {Sy=5.02 TeV, 0 < p, <15 GeVic ) Z - Inclusive JAp — u* p-Pb. M = 5..02 TeV,0<p_<15GeV/c
=4 5 . 2.03<y <353, p-going direction /" "ol 1A . 208< Voms < 3:93, p-gomg.dlrecj'tlon_
= - - oms ~ " 9 ) 9 S Je’ < - = -446<y_  <-2.96, Pb-going direction
S - = -4.46< Y o < 2.96, Pb-going direction e Z B
~ : ¢" 1 S - 1 05 _ n
N i JAY 2y, -4.46<y<-2.96 .. " o - @
© B e - —
© - .o $ B
R L 0.95}- JAP —puy, -4.46<y<-2.96
- [ N
- =" JAp 9 pp, 2.03<y<3.53 0.9F- J/P 2 pp, 2.03<y<3.53
: C o I
1= =’ ALICE Preliminary j ALICE Preliminary
- . - + 3.1 % normalization unc. not shown 0.851 L T | T I I I S R
0 _)r | | | | | | | | | | | | | | | | | | | | | | | | | | O 1 2 3 4 5
0 1 2 3 4 5 dN/dn/ ( chh/dT] )

dN,/dn / (dN_/dn )

J/Y yields vs. multiplicity (with multiplicity measured at mid rapidity):
increase of J/{ yields measured at backward rapidity (Pb-going direction),
deviation of the linear increase at forward rapidity (p-going direction).

J/Y average pr, pi/{pr>, increases with multiplicity and seems to saturate at
about (dNch/dn)/< dNew/dn)~1.5, independently of J/Y rapidity.

Error bars: statistical uncertainty.

Note: J/ yields measured in
the p-going direction probe
low-x gluons

Horizontal size of boxes : systematic uncertainty on (dN/dn)/<dN/dn).

Vertical size of boxes : systematic uncertainties but feed-down.
Not shown : normalisation systematic uncertainty:.

= - 5 S~

s Y e N e e
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Quarkonla |n ' PP and P- Pb colhsmns

: p Pbdata‘ e . , IS P O S AN PR S - data'

-~ 6 > |> 10
5‘ C Inclusive JAp — u* ', p-Pb Sy =5.02TeV, 0< p_< 15 GeV/c . O |O ALICE pp \s=7 TeV
s L L it =l = r
S 5 . 203<y_ <358, p-going direction e <| =< .
% L« -446<y__<-2.96, Pb-going direction . Zﬂ Z_J - B Jy—uw(25<y<4) .
N Lo U O | ® Jny—e*e (lyl <0.9)
NI J/P 2 UM, -4.46<y<-2.96 i
< Ot e i J/Y —ee, lyl<0.9
> 3l . Normalization uncert.: 1.5%
2 .
© B '¢' 5 | -
B ¢I;] Cel |$ "4'
2__ ,gl' ] B ,—"‘
: =™ JWp >y, 2.03<y<3.53
1= :,,f" ALICE Preliminary 8 .o 'J/l].l o, 2.5<yi<4
[ ] é‘ — "' L] [ ]
- . * 3.1 % normalization unc. not shown . e L
0_,|‘ | | | | | | | | | | | | | | | | | | | | | | | | | | — "“
0 1 2 3 4 5 N I |
dN/dn / ( chh/dn ) O‘ ' ' ' 5 : : : 4 : :
dN,,/dn
Multiplicity at mid rapidity: (dN_ /dn)

similar trend for J/{ yields measured in pp and p-Pb collisions at backward
rapidity (Pb-going direction),

deviation of J/Y yields measured at forward rapidity (p-going direction).

ALICE, Phys.Lett. B712 (2012) 165-175

Error bars: statistical uncertainty.

Note: J/ yields measured in

the p-going direction probe
low-x gluons Vertical size of boxes : systematic uncertainties but feed-down.
Not shown normahsat1on systemat1c uncertamty

Horizontal size of boxes : systematic uncertainty on (dN/dn)/<dN/dn).
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Comparison of open vs hidden heavy flavours

N |
o1

~ " L L L
Q. 14 ALICE Preliminary

p-Pb data © p-Pb s, = 5.02 TeV

12

|||||||||||||||||I||||I||||||||||||||
ALICE, pp Vs =7 TeV

¢ Average D, D*, D*" meson lyl<0.5, 2<p <4 GeV/c

¢ Jhy — e'e, lyl<0.9, pT>O

¢ Jhp — W, 25<y<4.0, p >0 m

pp data

N
o

¢ Average D°, D*, D* meson

|ylab|<0.5, 2_<pT<4 GeV/c D mesonS,
¢ JW — utu, 2.5<ylab<4.0, pT>0

b Jhp — wy, -4.0<y <25, p >0 [{']

¥||||||||_

10 yl<0.5

D mesons, lyl<0.5

JA - uy, -4.46y<-2.96
® . wa

—_
o

J/Pp —ee, lyl<0.9

(*N/dydp.) / (d"N/dy
(0]
(*N/dydp.) / (N/dydp_) §
o

TTTTT T T II|"'|'blll|lll|III|III|III|III|III
e

®© g . J/P 2y, 2.5<y<4.0
-
2 27 Jry iy, 2.03<y<3.53 ° . E
Lo ol +3.1% norma'I’Htion unc.l:gtHcRNn - _<y< - @;——"/ .
Y + 3% unc. on dN/dn / < dN/dy > not shown | m .- +6%/-3% normalization unc. not shown |
3 I ! T ! T ! [ ",'/ + 6% unc. on (dN/dn) / (dN/dT]) not shown _|
8 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity = o 14"!""!""!'"'!""!""!""!""!""
2 0.2 = S 0-45— B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
g 0 = g 0.2:— —
o = o 0%
5 -0.2 — Q o
S C
“gj -0-4 1 1 1 1 . 8 _0.2:_ E
m 0 1 2 3 4 5 6 P S . . . E
0 1 2 3 4

dN_ /dn / (dN_/dn) 5 6 7 8 9
i ch (AN, /cn) / (AN_ /)

- Heavy-flavour yields increase with charged-particle multiplicity at mid rapidity;

- similar trend in pp collisions,

- in p-Pb collisions, D mesons increase faster than J/.

In particular for J/{ yields measured at forward rapidity (p-going direction).

.. ) ALICE, JHEP 09 (2015) 148.
Error bars: statistical uncertainty. ALICE, Phys.Lett. B712 (2012) 165-175

Note: J/ ll) y|eld.s mgasu red in Vertical size of boxes : systematic uncertainties but feed-down.
the p-going direction probe Bottom panels lines: relative feed-down systematic uncertainties.
low-x gluons Not shown : systematic uncertainty on (dN/dn)/<(dN/dn). and normalisation.
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Comparison with models



J/Y in pp collisions vs. percolation model

e Percolation:

* interactions driven by the

A . ;
%10 fpi:,ﬁ::f':aﬂcﬂ't';b’ JAY —»gé, lyl<0.9 ethange of colour s_;ogrces
> Percolation in (strings ~ MPI scenario);
| ,_ PP,
Y 8| mid rapidity  the strings have a finite spatial
% | Percolation in pp, extension and can interact,
3 6l forward fapidity  at high density the coherence
- leads to a reduction of their
- Linear bghaviour number, i.e. a reduction of
4 _ charged-particle multiplicity,
| < I —pp, 2.5<y<4  heavy-flavours are less
2 affected due to the smaller
_ transverse size of hard
: pp data SOources;
0L e e
0 S 4 S 6 ¢ faster-than-linear increase of J/{
(ANe,/dn)i<(AN,/cn)> yield with multiplicity
ALICE, Phys.Lett. B712 (2012) 165-175 E. G. Ferreiro and C. Pajares, Phys.Rev. C86 (2012) 034903.
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(d°N/d ydp_) / (PN/d ydp.)

(d*N/d ydp_) / (PN/d ydp_)

D mesons |n PP colllsmns VS. models

E G Ferrelro and C PaJares Phys Rev C86 (2012) 034903
E. G. Ferreiro and C. Pajares, arXiv:1501.03381 (2015).

_IIIIIIIIIIIIIIIIIIIIIIIIIII||||||||||’|||||||||l_lIII|IIII|IIII|IIII|IIII|IIII|IIII|I1’II|IIII II_
20 ALICE ’f T = Percolation, p_>0 ;] B
18- Pp \s=7TeV i + - .EPOS 3.099 i 3
o " D meson s T —EPOS3.099 +Hydro W , E

~ B feed-down and normalization , T -+ PYTHIA8.157 4 .
14F uncertainties not shown  ; T i’ =
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8__ K4 .- T ’ JPEAa—
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6 '$'/’,/’/ -+ f'/ .,2,/”/ -
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u g T Sl ;
2- v 1<p <2GeVict :V 2<p_<4GeV/c
20F ; i ' -
’ 8: ] T ALICE, JHEP 09 (2015)148 E
16f K + J E

C ; el ’ 3
14E !! K
121 g o ‘ E

: B
10:_ !! o E ’!' E

8- E E E
6F . '\'::» o x '&é &/, ]
aF o T it :

X y" T (y\"’ ]

2r : 4<p_<8GeVicF 8<p_<12GeV/c

EmﬁlllllllllllllllllllII|-II-III|IIII|IIII|||::I’mIII|IIII|IIII|IIII|IIII|-I—IIII|IIII|IIII|II:

0O 12 3 45 6 7 8 9 1 2 3 4 5 6 7 8 9
(dN/dm) / (dN_ /cn) (dN/dm) / (dN_ /cn)

Percolation:

e interactions driven by the exchange
of colour sources (strings ~ MP|
scenario);

e the strings have a finite spatial
extension and can interact,

EPOS 3 (event generator) w

Initial conditions

Hydrodynamical evolution:
PYTHIA 8:
e SoftQCD process selection,
e including colour reconnection,
« as well as MPI,

e and diffractive processes

H. Drescher, M. Hladik, S. Ostapchenko, T. Pierog, and K. Werner, Phys.Rept. 350 (2001) 93-289 T. Sjostrand, S. Mrenna, and P. Z. Skands,

K. Werner, B. Guiot, I. Karpenko, and T. Pierog, Phys.Rev. C89 (2014) 064903

Comput.Phys.Commun. 178 (2008) 852—-867
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Non-prompt J/§ in pp collisions vs. models

—_
Qo

ALICE
ppis=7TeV | PYTHIA 8.157

—_
(®))

¥ non-prompt J/p

F
Q B ’
O . |
> B i
2 i
< 14 o —
A B Normalization T
E B uncertainties not shown i
< 12 - PYTHIA 8:
3+ [ Pppdata § .
S 1o0f 1 - « SoftQCD process selection,
N y . . .
§ 8- - * including colour reconnection,
T 4 N « aswell as MPI,
A Pty R  and diffractive processes
o [-FI - £ nearly linear trend of B-hadron
S : yield with multiplicity.
_~1ﬁ:1r* | I I | | I I | | I | | I | | I | | L1 1 I_
0 1 2 3 4 5 6 7
(dN_/dn) / <chh/dn)
ALICE, JHEP 09 (2015) 148. T. Sjostrand, S. Mrenna, and P. Z. Skands, Comput.Phys.Commun. 178 (2008) 852-867
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More detalls on PYTHIA 8

D hadrons, B hadrons
Pl T T 1 |Spllllt gqnltlrlllblllltllolnlsl |||||| SQlllllt gollrltlrlllbllltlllorlllsl T 17
> 12~ pyTHIA 8.157 SOFTQCD T 7
I 1 A B-
B [ MPIFSR/ISR/ Colour ON T nverageB-mesons
< . diffractive processes included + = First hard process
o 10 pp Vs =7 TeV — - MPI -
~ | Average D-mesons 1 —IsrFESR
> 8 - First hard process 1 _
'C\J L = MPI -
- == Gluon splitting from hard process . :
P ’
T [ —ISRIFSR L T = T
41 R - ]
i ] DAL
i g7 ] - : f
o 57 RSOR— —+ j —
L / | »?' N
% T F?’ :

—_
N

[ -- 1<p_<2 GeV/c
- 2<p <4 GeV/c

[ — 4<pT<8 GeVl/c

| — 8<p <12 GeV/c
....... 12<p <20 GeV/c

—h
A » (o¢] o
T LI LI T

(d*N/d ydp.) / (PN/d ydp.)
N

. Average D-mesons all contributions

1 Average D-mesons hard process

I 8<p <12 GeV/c

[ == 1<pT<2 GeV/c i
| == 2<pT<4 GeV/c -
M — 4<pT<8 GeV/c ]

[ 12<p_<20 GeV/c .

5

6

(dN/dn) / (dN _/cin)

D mésons, all processes, D mesons, first hard process,
dependence |

3 4 5 6
(dN /) / (AN _/dn)

Calculation: SoftQCD process
selection, including colour reconnection
and diffractive processes.

Contributions of:

first hard process = hardest
process

¢ weak dependence on
multiplicity (slight increase at low
multiplicities followed by a
saturation)

MPI =~ subsequent hard process
€¢ increasing trend vs. multiplicity

gluon splitting from hard process
€¢ increasing trend vs. multiplicity

initial and final-state radiation
€¢ increasing trend vs. multiplicity

T. Sjostrand, S. Mrenna, and P. Z. Skands,
Comput.Phys.Commun. 178 (2008) 852-867
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D mesons in p-Pb collisions vs. models
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EPOS 3 with initial conditions and hydrodynamic evolution estimates:
a faster-than-linear increase of D-meson yields with multiplicity at mid rapidity,

approximately linear trend with multiplicity at backward rapidity (reduced
influence of hydro on charged-particle production at forward rapidity).

H. Drescher, M. Hladik, S. Ostapchenko, T. Pierog, and K. Werner, Phys.Rept. 350 (2001) 93-289
K. Werner, B. Guiot, I. Karpenko, and T. Pierog. Phys.Rev. C89 (2014) 064903
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Heavy-flavour hadron yield increases with charged-particle multiplicity in pp
collisions

Faster-than-linear increase at high multiplicities.

Similar trend for open and hidden heavy-flavours
= related to charm and beauty production mechanisms (small influence of
hadronisation)

Models including multiple parton interactions reproduce the measurements.

In p-Pb collisions, heavy-flavour hadron yield increases with charged-particle
multiplicity at mid rapidity

D mesons increase faster than J/y.
In particular for J/¢ yields measured at forward rapidity (p-going direction).

J/Y average princreases with multiplicity and seems to saturate at high
multiplicities, independently of J/{ rapidity.

EPOS 3 calculations reproduce the observed D-meson trend.
Missing model calculations for beauty-hadron and charmonia production.

Future directions: higher multiplicities, higher Vs, fine pr intervals, angular
correlations,...
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