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Introduction

Charged—particle multiplicity dependence to study:
- Parficle production mechanism

- Multiple parton inferactions (MPI)

- Inferplay befween soft and hard processes

T/ produciton in pp collisions at vs = 13 TeVv
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The ALICE Detector

Charged=—particle multiplicity is measured:
Mid—vapidity: number of SPD (the first fwo
layers of the 1TS) tracklets

Forward rapidity: sum of amplifudes in the
Vo scinfillator arvays -

Heavy flavours are studied at :
Mid—rapidity: |yl < 0.5, 0.9 ..
Forward vapidify: 2,5 < ¢ < 4

Central barrel, Inl < 0.9 :

— ITS: Tracking, verfexing, mulfiplicity

— TPC: Tracking, PID Muon Spectrometer, —4< n < 2,5 :
— EMCal: High—p. electrons, friggering, PID

— Muon Tracker

Smaller detectors : — Muon Identfifier (triggering)
~ Vo, To, 2DC. — Open heavy flavours and quarkonia
— W/Z bosons

— Event activity characterization

— Low mass resonances



Analysis strategy

Multiplicity estimation - SPD tracklets

14 Ty o~ i .
10 I I I I I I I l—E
s o ¢ e ALI;E\ESerfgr_?:\r;ce i ag 2 ALICE Performance : COYYGC‘hOVl 'FOY OIG*GC*OV
% g y raw ,VS= 3. 10” e I . .
% § 12 = ( NTrackIets> _ _e I pp, \'s 13 TeV E |V\6‘FF|C|6V\CI*
()Zl— Vﬁ" 3 g 10 E
Sl ‘ - o[ g "N 4 = Equalize acceplance and
il L s ul o corre ]
3 LS “ i war | T?ackcftt:g = {:ﬁ ' \ a\- — -‘»
= L S 5 etticlency along The z—verTex
g8 7 £ o Sl 10°E  Minimum bias 3. - : :
2 T Minimum bias | g .;-:?. ; OllV@C‘hOV\
T T T T TS T T 0 0 20 40 60 80 100 120 140 160
Cuarien (Cm) Nriackiets




Analysis strategy

Multiplicity estimation - SPD tracklets
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Analysis strategy

Signal extraction
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- Clear signal peak at both mid—rapidity and forward rapidity
- A combined fit is applied to disentangle signal and background



pp collisions




Inclusive J/y and Y production vs

multiplicity
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Inclusive J/y and Y production vs

multiplicity

Double vatio of charged—particle mulfiplicity dependence to study:
- Relative production in ferms of mass and flavor content
- Excited To ground state production
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Measurements performed at forward rapidity, i.e. with y—gap:
- Left: No dependence on mass and quark confent
= Right: Y(28)/Y(1S) vatio is compatible with unify within current uncertainties
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Semi-leptonic decay: B <« HF vs

multiplicity
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- Low mulfiplicity : Similar multiplicity dependence as T/y and Y

- High multiplicify : Stronger Than linear increase

—> The increase appears sligntly faster at mid—vrapidity than at forward,
which is similar To what is observed for T/y

-y Need to study the role of jet fragmentation in T/¢ production



p—Pb collisions




Inclusive )/p production vs
multiplicity
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- Independent of transverse momentum within uncertainties

- Faster than linear increase with the charged—particle multiplicity at central rapidity

- Similar trend as pp collisions



Introduce an n—gap be’rween D meson anol muh‘lp\non’w

*
*
L
~~
o
S
N\
~
0o
(0
w
X
[

(*N/dydp.) / (dPN/d ydp))

B feed-down unc.

- Independent of p. within uncertainties

45

77 T T T T | L T T 1 I [ ]
- ALICE P Pb s =5. 02 TeV ]
gl Average D",D" D*+ meson [y |<O 5 ]
F - 1<p < 2 GeVic .
- 2<pT< 4 GeV/c ]
5 & 4<p_ < 8GeVic ]
C - 8<pT< 12 GeV/c =
af- 12<pT< 24 GeV/c =
3 =
2F =
1= ) —
X T,
7’" 1 I 11 1 I 1 1 I . | 111 ‘ 1)1 I I 111 ‘ 11 |7
0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity
0.2F =
O === S E
02f o S
A . . J . l —
0 0.5 1 1.5 2 25 3 3 5 4
VOA / <NVOA>

/&F 7 : I T 17T | T | L [ T T 1T I T T | Trrr I T T rT I T T :
o 5 C ALICE ]
= . ]
LS C 2<p <4 GeV/e, |y |<0 5 ]
= ¢ pp \ s=7TeV ]
%5 O  D’meson —
el C tpr\sNN_SOZTeV "
::T— 4F-  Average D°, D*, D** meson P
Q - -'_,-" |
o C K3 ]
> 30 E*j —
S - o .
Z ol -
O - S .
~— - cuigl +6%0-3% (3.1%) in pp (p-Pb) ]
= "_,_' normalisation unc. not shown -
1 - e + 3% (5.0%) unc. in pp (p-Pb) ]
C - on Nyg/{Nyo) (N, /(N y0,)) not shown |
. 4_1"I'-iﬁl 11 11 ! | I T ! 111 1 1 | 111 ! | 'l ! 1111 | 111 I_
2 0.4F B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity
> = =
c 02 —
3 o T

o E e i
L -04F : : ‘ : : N

m 0 0.5 1 15 2 55 3 35 4

4.5

NVO/ <Nvo>’ N VOA/ <NVOA>

= Consistent with a linear growth as a function of multiplicity
- Increase faster in pp than p-Pb collisions at backward rapidity



L B L B L L B L L L B L L L B L B TTTT T R R N N L N N N R R N R R R R R

~ [ u ~ F T T ]
S 14:‘ ALICE T - EPOS without hydro 7] S - ALIEJEMT v $ - -EPOS without hydro 3
S 1of P-Pb | Sy, =5.02TeV T —EPOS with hydro ] > B PFo\Sy=>0=T€ T —EPOS with hydro E
D 12r « D' theson N ] D I = D meson 1 1
NZ :_ B feed-down and normalisation _:_ 7 NZ 5__ B feed-down and normalisation o 7
E 10 o uncertainties not shown - - E n uncertainties not shown £ =
< I ] ~ 4 - _
] i g ) e -
ie r ) /,—" I / . ) i S 3:_ ?é?ff T /; = _:
S 6 s T > f ¢ - ]
2 P T P ] 2 F el A ]
% - " J Pt T - o . % 2F "l!'»"* T "/'“' E
F - + 42 g E ? i ;o b
~ L g T - ] - i o T E
4 o 1<p <2GeVicl _a 2<p, <4GeV/c P 1<p <2CeVicy ,’,«/ 2<pr<4GeVic |
'pﬂ'.’u...u..,|....\..k.u....u....u..”d'.".”..‘.|. N | | 14 == T T | ] ] | [ A | ] eyl e
/ﬁ— I L L B L B B B B L Y R I B T T T /\’_ [T N T T T T T T T T T T H
o 14F + ] Q 5
© L © 6 =Y 3
>\ [ T ] >\ r I ]
o e S ; ;
= L = 5 - =
% 10F T - % E
h E :_/ 4r- ¥ _,?5-'-
~ 8- . £ . 7 - ]
—_—— Ir E > —_ e -
Q'_ [ / ] / 3 ] Q'_ o) . -~ mn . m{”{d’”“' b
2% P Pl 2 & b 5
2 4 /-‘.";”'- + "'_/_‘,‘-::T‘—‘ b g 2F y ;Mf 3
2 L 'cfx - I / Pl ] N -!"'r "?f«”
o of . T - . © t 4<p_<8GeV/c e 8<p. <12 GeVic 1
= 4 4<p _<8GeV/ic] =" 8<p_<12GeV/c] = 1 T - . :
‘.ﬂ’.‘l....l...d....\..‘.|....|....|..‘.‘-ﬂ’.‘|.‘\.I....IH..I....\y...l..ul.r Ly Liiiy

0 1 2 3 4 5 6 7 1 2 A3 b f 7 IR B R N X SO (- T - ¥ W= Y-
(dN/cn) / AN _ /dn C(dN/dn) / (N /di)) Nyoa ! (N0 Nyon ! (N«

- The measurements agree with the EP0OS3 model calculations within uncertainties

- At central vapidity, the results at high multiplicity are better reproduced by the
calculations including hydrodynamic evolufion —> faster than linear increase

- At backward rapidity, the calculations evaluate an approximately linear increase




Summary

= Heavy flavour production as a function of mulfiplicity is an inferesting
observable for understanding parficle production mechanism, the correlation
between sott and hard QCD processes

- ALICE has measured the heavy flavour production at several energies in small
systems
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Summary

« Heavy flavour production as a tunction of multiplicify is an interesting observable
for understanding particle production mechanism, the correlation befween sott
and hard QCD processes

« ALICE has measured the heavy tlavour production at several energies in small
systems

- Linear increase with multiplicity highlights the importance of MPI




Summary

« Heavy flavor production as a function ot multiplicity is an inferesting observable
for understanding particle production mechanism, the correlation befween sott
and hard QCD processes

« ALICE has measured the heavy tlavour production at several energies in small
systems

= Linear increase with mulfiplicity highlights the importance of MPI
- Stronger than linear increase could be explained by:
—> Auto—correlation with associated mulfiplicity production

—> Sott parficle safuration

—> Bias trom jet fragmentation/decay daughters ’ E
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Summary

« Heavy flavour production as a tunction of multiplicify is an interesting observable
for understanding particle production mechanism, the correlation befween sott
and hard QCD processes

« ALICE has measured the heavy tlavour production at several energies in small
systems

= Linear increase with mulfiplicity highlights the importance of MPI
= Stronger than linear increase could be explained by:
—> Auto—corvrelation with associated mulfiplicity production
—> Sott parficle saturation
—> Bias tfrom jet fragmentation/decay daughters
- The Y analysis will be finalized by analyzing the full stafistics
in view of publication




Summary

- Heavy flavour production as a function of multiplicity is an inferesting observable
for understanding particle production mechanism, the correlation befween sott
and hard QCD processes

- ALICE has measured the heavy flavour production at several energies in small
systems

- Linear increase with multiplicity highlights the importance of MPI
- Stronger than linear increase could be explained by:
—> Auto—correlation with associated mulfiplicity production
—> Sott parficle safuration
—> Bias from Jet fragmentation/decay daughters
- The Y analysis will be finalized by analyzing the full stafistics
in view of publication

Thank you
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ALICE Preliminary
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T/y in pp collisions at vs -
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production (‘compression of x—axis*)
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linear with the charged multiplicity reduces particle multiplicity

—>  This could fie in with hints of a QaP—like arXivi02,03414
behavior in high—multiplicity pp events
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Model predictions for D-meson

i Ferveiro and Pajares, PRC s (2012) 034903;
i Sjostrand and Mrenna, Comput, Phys. Comm, 178 (2008) €52; :
i Drescher, Hladik, Ostapchenko, Pierog and Werner, Phys. Rept, 350 (2001) 43 E

D—meson production in pp collisions at vs = 9 TeVv
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The ALICE Detector

Charged—particle multiplicity is
measured using the number ot SPD (fhe
first two layers of fhe 1TS) tracklets in
Inl < 1

Heavy—Tflavors are studied at :
Mid—rapidify: [yl < 0.9

Forward rapidify: 2,5 ¢ y < 4

Central barrel, Inl < 0.9 :

— ITS: Tracking, verfexing, multiplicity
— TPC: Tracking, PID

— EMCal: High—p. electrons, triggering, PID Muon Speo‘\'yome“’ey, —4< N < 2,5 :

Smaller detectors : — Muon Tracker
— Muon Identfifier (triggering)

— Open heavy flavours and quarkonia
- W/Z bosons
— Low mass resonances

- Vo, To, 2DC.
— Event activity characterization
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on N\,,JI(NVO) (NVDA/(NVOA)) not shown
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B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity
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2 25
NVO/ <Nvo>’ N VOA/

Introduce an n gap between D—meson and multiplicity

Increase faster in pp than p-Pb
collisions at backward rapidity
—> Different pseudorapidity
infervals of the mulfiplicity
measurement

—> The initial conditions of the
collision are affected by the
presence of the Pb nucleus

—> Multiple binary nucleon-nucleon
inferactions per p-Pb collision



Summary

- ALICE has measured The heavy—tlavor production at several energies in small
systems
—> pp collisions: HF measured al central rapidity shows a stronger than linear
increase with multiplicity, while at forward rapidify, keeps a linear increase
frend, except muon—based analysis
—> p—Pb collisions:
Quarkonia measured at forward rapidity, keeps increasing linearly for Pb—
going side, but a saturafion frend for p—qgoing side;
Open heavy—Tflavor production shows dependence of multiplicity estimator: at
mid—vapidify = fasfer fthan linearly increase; at forward rapidity - linear
Increase

- 1t is of inferest to investigate more about this details

Thank you
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