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Early Universe

Motivation

Explore Quantum Chromodynamics (QCD) in
unknown regimes — study QCD phase diagram

Temperature

Investigate properties of nuclear matter at high

temperature (T>170 MeV or 2 x 10*?2 K) and ...
density

Important input for the understanding of the Criical Point
chiral symmetry restoration and the Hadron Gas

deconfinement (transition from hadronic to

. / Vacuum
quark matter) e
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Why neutral mesons?

Meson production in pp should be described by
pQCD at large transverse momentum

— How well do the current pQCD calculations describe
the neutral meson production?
Neutral meson spectra allow to put constraints on
parameters of theoretical models in both
perturbative (NLO, NNLO) and non-perturbative
regime (parton distribution function,
fragmentation function)

= What about fragmentation and hadronization in
modern Monte-Carlo generators?

Hadrons carry information about medium
= Studies of transport properties of quark-gluon matter
= |nitial gluon density 5

= Do we understand hydrodynamic evolution of the
matter produced in Pb-Pb or p-Pb collisions?

= Is centrality evolution or strength of particle
production reproduced?

Test scaling laws S |
— What about very low-p;? :

Disentangle initial/final state effects (quenched) jet
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ALICE detector
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wme  [rs | pcal | PHos [| TPC . Vertex
= Tracking (e*, h¥) = EMCal+DCal (y, n%mn) = PHOS (y, n° n) ~ Pixel

bl o L el

— PCM (y, 7%, ) — Pb-scintillator sampling — PbWO, crystal " VO and ZDC

— TPC - gas drift detector calorimeter spectrometer — Centrali_ty _

— ITS - silicon detector — Trigger — Trigger determination
— Trigger
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Ca Iori meters EMICal + DCal - electromagnetic calorimeter
= Lead (76 layers) scintillator (77 layers) shashlik
—r = Towersize:6cm x6cm x 24.6 cm
= 20 super-modules (10 +4 x 1/3 + 6 x 2/3)
" Acceptance: 80° < ¢< 187°, | | < 0.7 (EMCal)
= Acceptance: 260° < ¢ < 320°, 0.22<| 17| <0.7 (DCal)
» Acceptance: 320° < ¢ < 327°,| n|<0.7 (DCal)
= 428 cm from the beam line
=~ 20 radiation length
= Energy resolution:
O'/E = (4.8i0.8)/E@(11.3i0.5)/\/f®(1.7ir0.3)%.
PHOS — photon spectrometer
= Crystal of lead tungstate (PbWO,)
= 3.5x 64 x 56 crystals of size: 2.2 x 2.2 x 18 cm?3
= Acceptance: 250° < ¢<320° || <0.12
DCal ® Energy resolution: G/E = 1.3/E@3.3/\/E®1.12%

, arXiv:1008.0413 [physics.ins-det](2010).

MCal Pi _ 00.

ALICE E
Y
I
O
wn

s - = Distanceto IP: 4.6 m
EMCal Module

DCal

PHOS crystal
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Tracking System = ITS + TPC

HV electrode (100 kV)

TPC —time projection chamber

= Diameter x Length :5m x5m
fleld cage ) = Acceptance: A¢ = 27, |n|<0.9
readout chamber = Readout chambers: 72

= | = Pad readout (3 types): 557 568
= = Drift field: 400 V/cm
= Maximum drift time: 92 us
= Central electrode HV: 100 kV

= Gas:

\\ g T em = Active volume: 90 m3
= Ne-CO,-N,: 85.7% - 9.5% - 4.8%

ITS — inner tracking system

SSD

= Layout

= 2 layers of pixel detectors

= 2 layers of drift detectors

= 2 layers of strip detectors

= Acceptance: A) =27, |n|<0.9

R_=43.6 cm TS energy resolution: AE/E = 2%
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Triggers and datasets

M B (a ka INT7)- V'3 (TeV) Data Set Used triggers # ovents
= coincidence of signal in both op  ow HCion o L
VOA and VOC PYTHIAS (MC) LHC17e2 + LHC18j3 INT7 0.00 B
) PYTHIAS JJ (MC)  LHC16h3 Mimicking 145 M
EMcal trlgger EMC7 5 Data LHC17p 4+ LHC17q pass 1

= EMCal LO trigger -2x2 pp FAST & CENT(woSDD) INT7 0.83 B
FastOR (4x4 cells) sliding Do LHC170 © LHC1ra bose 1 CFEG 107 M
window AND INT7 PYTHAL(MO)  LHCETRg s iCine
= Threshold 2 GeV PYTHIAS JJ (MC)  LHCi8b8 Mimicking 287 M

EMCEGA. v's (TeV) Data S Used Numb
. 5 e ata oet se umber
u (I-Sheg\?er thresholds: 5and 9 triggers of events
EMCal jet trigger EMCEJE: Pbpp ° Dot LHC150 0-10% 7.36 M
- 10-30% 147 M
= 8x8 FastORs (16 x 16 cells) 30-50% 14.8 M
= Threshold 20 GeV 50-00% 205 M
PHIZ: . Pbpp 5  Data LHC18qr  0-10% 1480 M
= 2x2 FastOR (4x4 cells) sliding 10-30% 17.6 M
window 30-50% 86.6 M
= Threshold 4 GeV 50-90% 341 M

Used MC datasets: Pb-Pb
@ 5 Anchored to 2015: LHC16h4, LHC18el, LHC18el(a,b,c)

@ 7 anchored to 2018: LHC18I8(a4,b2,c2), LHC19h3, LHC19h2(a,b,c)
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Method of photon extraction
= Energy deposit in calorimeter (EMCal, PHOS)

= External conversion electrons,y — e*e" (PCM)

= Radiation length X/X0=(11.4+£0.5) %
=  Small conversion probability (~ 8.5 %) is compensated
by a wide acceptance
= Material budget well known with relative precision of
4.5 %
Variable Requirement
VO-finder On-the-fly
Topology cut no kinks
TPC refit Required
PT > 50 MeV /c
Cut on gciserTee > 60%
findableclusiers
1 cut for tacks and VO |n| < 0.8

Cut on Reony
Cut on Z.ony

5cm < Reony < 180 cm
| Zcony| < 240 cm

Table 2: Summary of track and V? selection cuts.
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Rconv > Zconv ) S( 77cut) - Z0
Zy=7cm
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Electron ID cuts

Variable

Requirement

no, TPC dE/dx (accept)

—3 < noc, <3

no; TPC dE/dx (reject) 0.4 < p<3.5GeV/c:1 < noy
p > 3.5GeV /c: nocut
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Armanteros-Podolanski y selection
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A |PT X P Pl —pL
. 0 gr = o ="L—L
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Methods of neutral meson extraction

= Shower shape
= High p; n® decay pairs - showers overlap

E.o < 6GeV
|

6 < E.o <15 GeV

E.o > 15 GeV

Y ANANNNN-

2019-10-18

2.5 [ T = T T T | T T T T
. = ALICE Performance, 2018/03/29 ,
i p-Pb |5, = 5.02 TeV 107
B Run 1 data (2013)
2F EMCal L1 photon trigger
= " selection == salection
10°

10°

10 20 30 40
E,; (GeV)
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E bin normalised to integral

Giong = 0.5 (niw+ﬂfm + \/{ﬁ%q] — oy )2 —-’Mﬁ:p) ;

Giﬁ=-:::ttﬁ}—c:[t}{ﬂ}._
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" mEMC - T %rr)er ed showers) |
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g
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10° =
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11



2000
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Events / 2 MeV/c?

Methods of neutral meson reconstruction
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ALICE performance
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= signal = background

= event mixing background

== signal after bkg subtraction
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= Invariant mass analysis: M = \/2E1E2(1 —c0s6,,)
= h—y+y (PHOS, EMCal)
" h>y(—e'e)+y(—ete) (PCM)
» Dalitzdecaysh — yy*— y (—e*e) et e
- = Hybrid methods (PHOS + PCM, EMCal +PCM)
C . > 10— 1T T Car 1
3000 To. - :gfré-‘.s<p <0.8 GeVic B m:1.4<p,<1.8 GEV."G_'_
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Neutral meson reconstruction flow

Invariant mass M =,2E.E,(1-cos6,,)
Event mixing to estimate combinatorial background

Extraction of signal (exponent + Gaussian) and background
(polynomial) parameterization

) Mﬁff _MHU:'T]"I i .

a4

M, — M _ -
with G = exp (—t).S( 44 ”}'”> )
':I'l’f'lrf

Corrections based on MC and data
® |n-bunch and out-of-bunch pile-up
= Vertex reconstruction
= Feed-down
= Efficiency and acceptance
= Trigger rejection factor
Merging results from different methods
" Finite p; bin shift
Cross-section: d’oc Niec 11
d[? pT APTEEUW Lin BR




Neutral meson reconstruction flow

Invariant mass M =,2E.E,(1-cos6,,)
Event mixing to estimate combinatorial background
Extraction of signal (exponent + Gaussian) and background

(polynomial) parameterization Background
M?T_M.Tfﬂf?‘]‘]
y=A- (G{M‘ﬂf) +exp( Y ’)(l —G(Myy))0(Mzo y —Myy) |4 B+C - Myy
i My, —M-_o,\~
Signal with G = exp (-:‘),5( i ”}-”))
(Iwyy

Corrections.based on MC and data
® |n-bunch and out-of-bunch pile-up
= Vertex reconstiyction
= Feed-down
= Efficiency and accept
= Trigger rejection factor

Merging results from different methods
" Finite p; bin shift

Cross-section: d’oc Niec 1 1

d[)?’ B pikr APngtl‘ig Ling BR
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Neutral meson reconstruction flow

Invariant mass M =,2E.E,(1-cos6,,)
Event mixing to estimate combinatorial background

Extraction of signal (exponent + Gaussian) and background

(polynomial) parameterization

My — Mn”:'n'. ;
y=A-| G(My)+exp 1 — | (1 _G'LMTIDG{MH“.H_MW] TB+C-Myy

a4

. M" _M 4
Signal with G = exp (—::),5( L *T”"”) )
':Iw'lf'lf

Correctionshased on MC and data
t-of-bunch pile- up

= |n-bunch and
X acrlg ev

= Vertex reconstruct

" Feed-down—> N .—> N,
= Efficiency and acceptance
Merging results from different methods
= Finite p; bin shift
L

Cross-section:

APTSEUIU Lmt BR
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Vertex and pile-up

trigger
norm,trigger _ , trigger VIX,|vz|<10 cm N_.ana _y \J normtrigger (1 _ ;,/?
N evi — Nevt trigger . evt evt ( /u/ )
Nvtx
500 21 . 2% =\ I -
S4000F- 29.10.2017 s , 16.02.2018
35005— INT7, good vertex 150/ e pp, Vs =5TeV ] o
E - INT7 E
3000 E
2500 3 1o°
20003— ”' u
= e
1500 =
10003—
- 10
500
QF\:D L I_‘L:II I_EI’[]I I_EIUI L I_ CII L1 IDI L I1 L1 EIDI — I3|E]I L1 |4|[|| L1 |5[] _250 u IHI 11 1111 J:|| | | 1111 ) 1 Ij:hl 11 | 1111 I;hl 11l 1
E :D v, (cm) 0 5 10 5 20 25 30 \ 40 Dj[‘_GEWCE}D
Main collision peak
Out-of-
. | |
= Correction O(1%) bunch Important at low p;
pile-up = Removed by sophisticated

Physics Selection +
Past/Future protection + SPD

2019-10-18 NZ23 Seminar - Adam Matyja 16



Feed-down correction

17 21 naf 772137
= L po 1.754 + 0.09682
g F pt 1.483 + 0.03076
oeE If&}] p2 0.4468 + 0.02854
. . . T LW p3 1.302 + 0.01678
= Disagreement of K/m ratioin .o | %ﬂ o
E J[
data and MC —J’ Hﬁ%ﬁr _.
o Jﬁr S —
12F JF
1_15 f(x) = Landau(py.p1.p2) + ps.
S IR U ST R B R
0 2 4 6 a 10 12
,CIT(GE"-'J'C]I
© L ALICE Simulation
012 : +-Total 2 I ndf 1862721
- PythiaMC +K B0 0.08293 + 0.05248

. . C , [s=5TeV  +Kiscaled | .
= Correction for ©° coming P o (B oo
- ;MCN

from K% and other strange = 1 =

flpr) =

-7 (pT)P!
particles — O(5%) oo ot ﬁrﬂry r£ 1
i P 4 —
. 0.04 |— -]-@.% F;.+ LTt |
" Currently cocktail based 5 M-ﬁ**ﬁﬁ };ﬁ 1
F3 T '_[ 1

p_ (Gevic)



/| P

Effective efﬂuency efficiency and acceptance

.

rec

€ =2n-Ay A€

. ALICE performance B § - ALICE performance i
E \s=5TeV E @ 209 pp. Vs =5TeV _
- % - S [ Poy " -
- WYy .,..mm. 7 = | " :
L ‘00 ¢ | 5 i . 2
¢ . 30— " . _
107" o ¢ — < ' "*i"@#ﬁ“ ]
- ¢ ....lll*'l 3 s L i
- = N a | ik i i
* ..-'é"' el . : e :
I | O L
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107 i'* E 2 | i
- * - 2 150 J
- ‘e - [
- + ’ = [ i
i I S ] & | ]
10°= " o PCM = -‘5140j -
- - s PHOS ] a | —_— |
- + EMCal : x [ ]
- + PCM-EMCal - & 130 -
‘ | — | I | | 1 |
03 1 2 3 4567 10 20 3040 0.3 2 3 4567810 20 3040
[ (GeVl/c) p. (GeVic)

= Two ways of efficiency calculation:
= Reconstructed as in data
= Validated with MC true

—> Good agreement between data and MC necessary
= Good agreement between MC and MC true necessary
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“p-card

T
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Trigger rejection factor
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PCM

- 10
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Results merging

Triggers are merged at first by weighted average

w=3Y""n

Then systems are merged by BLUE algorithm, taking cross-correlations into

Good agreement between methods
allowed for combined result
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Neutral meson spectra in pp collisions

Q=
A

2 =

E %(pb GeV? )

ALICE

11l
Ga
Ea‘

ALICE

pp, V5 =8 TeV (x107%)
pp, 15 =7 TeV (x10%) tig
pp, 15 = 5 TeV [Prelim.] (x107)

]

= L [E1pp, 15 =7 TeV (109 *
=1pp. 1'§—2?ETeV{x1D}

[=]

-

E pp, Vs = 2.76 TeV (x10)
10:L- [£1pp. V5 = 900 GeV (Pralim.)

describes data, but larger
discrepancy at mid-p; for higher
energies

pp, ¥5 = 900 GeV

- TCM fit - Taallis fit
PYTHIA B.2, Monash 2013
MNLO, PDF: MSTW - FF: DSS14

E - -TCMfit
1P+ Tsallis fit
E — PYTHIA 8.2, Monash 2013

“on 3% _ e i =  Preliminary result for nt° spectrum
jq_ 80 e ] produced at \'s = 5 TeV
“ e "4 = n%andn mesons reconstructed in
E E wide p; range
03: i = Power law dependence at high p;
F o rovi & { = PYTHIA 8.2 Monash 2013 MC
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=

TCM it

e NLO calculations overpredict data
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n

e aF ) —f
f% E = Update on 1 FF desired (as done
Sl e R for pions and kaon)
— ' ER T 0.9, 7 TeV: PLB 717(2012) 162-172.
ERI3 E 2.76 TeV: EPIC 74 (2014) 3108; EPIC 77
5 ;F | : (2017) 339.
P B s 8 TeV: EPIC 78 (2018) 263

Data, Theory

TCM fit
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Data, Theory
=

TCM it
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Theory

B Ei

“]pp, ¥5=8 TeV (x10%
=1pp, V5 =7 TeV (x107)
pp, 15 = 5 TeV [Prelim.] (x107)
pp, V5= 2.76 TeV (x10)

[=]pp, V5= 900 GeV

—-TCMfit  -..Tsallisfit

— PYTHIA 8.2, Monash 2013
-NLO, PDF: MSTW - FF: DSS14

=]
5

(pb GeV?

NLO,
PDF.CTEQEMS
FFAESSS

3
=

d°s
dp

E
)

Y
E [+]pp, 5=8TeV (X109 & K
sL [®lpp, E=7Tev (x109 * &
E [+1pp, Vs =2.76 TeV (x10)
L [=]pp, V5 =900 GeV (Prelim.)

E — PYTHIA 8.2, Monash 2013

ALICE
n—=1

Data, Theory

. 2 1 raz=r el ]
AgmERT=iziz e A e 3 |

111 | 1111 IIIII IIIIII 111 IJ IIIII‘ IIIII‘ IIIIIJ IIIIIJ IIIIIJ IIIII‘ IIIIIJ IIIII‘ IIIII‘ IIIIIII IIIIIJ IIIIIJ IIIII‘ IIIIIJ IIIII‘ 11

Theory, Data
TCM fit

—TCcWMmt T _Tcmm

Data, Theory

TCW it

Data, Theory

Lo L MR T B |
0.3 1 2 3 4567810

Data, Theory

Tsallis fit

L |
03 1 2 3 4567810

L R L i d
2 3 4567810 20 30 40

p, (GeVic)

Neutral meson spectra in pp collisions

Preliminary result for n° spectrum
produced at \s =5 TeV

7% and | mesons reconstructed in
wide p; range

Power law dependence at high p;

PYTHIA 8.2 Monash 2013 MC
describes data, but larger
discrepancy at mid-p; for higher
energies

NLO calculations overpredict data
for both ©t° (20% - 60%) and n
(50% - 100%)
= Update on 1 FF desired (as done
for pions and kaon)

0.9, 7 TeV: PLB 717(2012) 162-172.
2.76 TeV: EPIC 74 (2014) 3108; EPIC 77
(2017) 339.

8 TeV: EPIC 78 (2018) 263

NLO: PRD 91 (2015) 1, 014035
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Meson production in p-
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& 107°
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== DPMJet
107° == HUJING
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....... NLO: EPPS16, DSS14
108 [INLO:nCTEQ, DSS14
— Tsallis fit
1077
nx 10’
o EmEPOS3
10 B= VISHNU
== DPMJet
1072 =u= HIJING
[ INLO: nCTEQ, AESSS
. — Tsallis fit
107

ALICE
p-Pb, NSD, {Sy, = 5.02 TeV

EPIC 78 (2018) 624
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EPOS3: K.Werner et al.,
VISHNU: C.Shen at al,,

—_
o

CGC: T.Lappi et al., PRD88 (2013) 114020.
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PRC89 (2014) 064903.
PRC95 (2017) 014906.

Theory, Data Theory, Data
fit fit

4 \\\IH‘

[ &= VISHNU
s NLO:
EPPS16, DSS14

W

—_

I\\\ill\ll\\\\

ALICE
p-Pb, NSD, {5 = 5.02 TeV

I\\\!II\Il\\\\lI\II‘

Sl
o

nCTEQ AESSS
=+=HJING
==DPMJet

W

—_

10
P, (GeV/c)

3b coII|S|ons at sy, = 5.02 TeV

Wide p; range:
» 0.3 <p;<20 GeV/c (n°)
= 0.7 < p;<20 GeV/c (n)

Data described by Tsallis function

EPOS3 model describes 1Y spectrum (expected)
= m spectrum reproduced for p; < 4 GeV/c

VISHNU (hydro) model describes low-p; range

(expected)

Good description of nt® spectrum by NLO pQCD
calculations, but fails for n in high-p; region
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1 0712

Meson production in centrality classes in p-Pb

0-20% VOA p-Pb, {s,, = 5.02 TeV
ALICE preliminary

IHIIHI‘ \IHLlLLl \HIHH‘ \IHLLI.L‘ IIIIHH‘ HHHII‘ \IHHH‘ I\IHHI‘ LIl \HHHI‘ L1l L

%
[@]r’ —
[C]n x 107 \
-- DPMJet \
— EPOS-LHC
| I I I‘ | | I N I | \| | | |
107" 1 2 3 4567 10 20 30
P, (GeVic)

&N

coII|5|ons at \/SNN =5.02 TeV

(c/GeV)?

310
-

Q.
T102
Q
8107
& 107
107
10°
1077
107
107
1 0—'IO
1 0—1 1

1 Of'l 2

60-100% VOA p-Pb, {s,, =5.02 TeV
ALICE preliminary

3

; ElTCG

E? [E]n x 107

_ -- DPMJet

= —EPOS-LHC

g\\\lll\l | I\I\\II‘ [

310 1 2 3 4567 10 20 30
(GeWc)

Spectra of ¥ and n mesons measured in centrality classes

Extended p; range — up to 40 GeV/c by using PHOS trigger

Both DPMJet and EPOS-LHC underpredict data at high p; for every centrality class
Low p; data better described by EPOS-LHC than DPMJet

2019-10-18
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Neutral meson spectra in Pb-Pb collisions
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ICNES

—— NEQ SHM (V.Begun et al )

T
0-10 %

EQ SHM (V.Begun et al.)

ALICE ‘Plreliminar‘y

Le]

n°:20-40 %

——— NEQ SHM (V.Begun et al )

EQ SHM (V Begun et al)

Ewmm%$

=)
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g [®@ ] :s080%

B —— NEQ SHM (V.Begun etal)

N —— EQ SHM (V.Begun et al )

= | 1

o' 1 2 3 4 56780910 20 30 40
p. (GeVic)

* Preliminary measurement of ©t® spectrum in several 5 centrality
classes at Vs, = 5.02 TeV in the range 0.4 < p; < 30 GeV/c

" Good description of low-p; region, failure or no description of

hi

gh-p; range
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Nuclear modification factor

j ﬂd 7‘ T 17 ‘ T 1T ‘ T T T 177 T T T T \7
Raa(pr) d=N/dptdy|aa & 1.2~ ALICE Preliminary 5
AA(PT) = . 2L ]
(Tan) x d2o/dprdy]yp LIPS C I N — E
—_ H ] _
Neoil = Opp <Tan> "t ]
. 0.8— |
lllustrates medium effect Y, ]
Contains both initial and final state effect °or E
= |nitial state: i.e. Cronin, nuclear shadowing 04y e
= Final state: collisional and radiative energy loss B nh ' EEFTV i
£ oot e e
RAA = 1 — NO m0d|f|cat|0n i %:0;p—PbNSD(ar):iv:1801.07051):
O O‘\ 1| \E‘_)I 1| \1‘0\ L1 \1‘5\ 1| \2‘0\ L1 \2‘5\ 1| \3‘0\
. . . . P, (GeV/e)

Well defined fragmentation function in e

comparison to unidentified hadrons g AN o276 Tev

¢ |70 Le]n
0-100% p-Pb, NSD, {s,,, = 5.02 TeV

Very strong suppression in central Pb-Pb e
collisions above p;~ 3 GeV/c, p; dependent,
largest suppression R,, ~ 0.1 at p; = 7 GeV/c

— Formation of hot and dense QCD matter
Centrality dependence

Similar suppression for two Pb-Pb collision
energies
b b b b b b b Lo Ly Los

Consistent with unity above 2 GeV/c for p-Pb
Agreement with results for charged hadrons L eV
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n® meson RAA in Pb-Pb coI isions at Vs, = 5.02 TeV

. —
r Pb Pbaty_L 5.02 TeV
[ @°: 0-10%

Raa

T pbpnat\f— FRARRAREREN '_- ALICE Preliminary DjordjeviC'

70 :10-20 %

| J o consamtomporas PRC94 (2016) 044908
! ] SlthWBJKP Energy loss in evolving
o8 ] finite-size QGP
s Vitev:
] PRD93 (2016) 074030
I ] Soft-Collinear Effective
--::;::....,....I....,....,....,.... | Theory (SCET) for jet
-+ Pb-Pb at {5 - 5.02 TeV 1 propagation in matter

111 Ll 11 L1 11 L1 1 1 Ll 11 L1l L L1 11 L1 11l L1l 1.1 L1l L1 L1
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
pT (GeV/c) pT (GeVic) P, (GeVic)

= Relatively well described by models
= Centrality dependence reproduced
= Although worsening towards more peripheral collisions
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m; scaling (transverse mass)  my=mz+p;?

Proposed empirical description of - 12

. ﬁ "

hadron production =
= Bourquin, Gaillard, NPB 114 (1976) 334.

Differential cross-section as a function 08
of the transverse mass: 0.6

.1

d3o N 0.4
E—=C(mr+a)”
dp3 ’ 0.2

Cross-section ratio of 1 and n® mesons: "?:T {Gé'@;c}

, PHENIX: PRC 75 (2007) 024909

=
=
r—"
=

L "
a+\/mn2 +pT2 u_gf— -
Rr,/no(pT) = RT[/TCO D.B:— il \ {
a+\/mn02+p72 - i I -

0.4 T T f T
Let foreseen unknown production 0.2
cross-section for not yet measured . L e
_ Op 2 a 6 8 10 12
particles p. (GeV/c)
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EPJC 78 (2018) 263

n/m° ratio and m; scalin

EPJC 78 (2018) 624

o LA —— T T B . ) NIV
§1'OTEB$$H|A;2 M o, (5=8TeY g :AUCE S I?HE'NIX"%‘ ]
T — .2, Monash 2013 ALICE ] = [® ]p-Pb, s, =5.02TeV O d-Au, |s,, = 200 GeV
© — PYTHIA 82, Tune 4C ] 1O ) from m. scaled 2 B
0.6 mmm NLO, PDF:CTEQ6MS _ i -1 ]
B 7° FF:DSS07, n FF:AESSS i [ [*+]pp.Vs=7TeV ]
- O.SpT< u< 2,0T 7 0.8 B 1 ]
0.7 ] [ CERES-TAPS |5, = 29.1 GeV & | .
- i 0.6 o pA Llﬂﬂ ]
0.4 — - pBe b I IR
- ] 0.4_—Qp 4 :Flﬂn“—_
0.2 — i ]
R S - 02r B
0.0 C =0.455 % 0.006 (stat) = 0.014 (sys) . o oF o
07 55 4 5678510 20 30 oo Y Y .
P, (GeV/e) 1 ;JO(GeV/c)
T
. o : 3 3 _ m
PRC 98 (2018) 044901 Empirical law: E d3o/dp3 = C™ f(m;)
S [ oronroe o eretey © = Universal n/n° ratio among systems and energies
2., [=] /° |
2 ﬁ;/rgm m, scaled - = Constant value (C) above p;=3.5 GeV/c
“os L 79 e - = Ratioreproduced by NLO calculations while not
i + ] single spectra
0.6~ i i . . . .
[ ; _% ~ = Observation of m; scaling violation
04 AL JJ ' ] » Significance of 6.20 below 3.5 GeV/c for pp at s = 8 TeV
I — = e . - = Hint of flow at intermediate p; in 0-10 % central in
' pp, \s=2.76 TeV B . .
[% ]/, EPJC 77 (2017) 339 Pb-Pb collisions at \/SNN =2.76 TeV
[ ] L L] .
e v s aserem &ve = Importance of precise measurements
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Summary

ALICE can measure neutral mesons in wide p; range

Measurements allow testing perturbative QCD inspired
models and parameterization of parton distribution and
fragmentation functions

= Higher yield predicted by NLO pQCD for n® (by 20-60%) and m
(by 50-100%)

Data relatively well described by variety of Monte Carlo
generators, however there are some tensions

Centrality, p dependence and suppression strength of
neutral mesons in Pb-Pb reproduced by models

Verte




Ongoing activities
" Facing QM2019 new set of preliminaries is on its way:
* |mproved nt® spectrum in pp and Pb-Pb collisions
"= New m spectrum in pp and Pb-Pb collisions
* New n/n® ratio in pp and Pb-Pb collisions

= Improved R,, for n° in more centrality classes
= New R,, for n in centrality classes

= Paper is being written



New measurements
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New results in pp

NLO, Data
NLO, Data
TCM fit
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New results in Pb-Pb
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Now is the end

Thanks!
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ALICE photon and neutral mesons papers

Neutral mesons

Invariant mass

M, = \/2E1E2(1 —cosf,)

op @ 0.9,7 TeV: PLB 717(2012) 162-172.

pp @ 2.76 TeV:  EPJC 74 (2014) 3108; EPJC 77 (2017) 339.
pp @ 8 TeV: EPJC 78 (2018) 263.

p-Pb @ 5.02 TeV: EPIC 78 (2018) 624.

Pb-Pb @ 2.76 TeV: EPJC 74 (2014) 3108; PRC 98 (2018)044901.

Direct photons

pp @ 2.76, 8 TeV: PRC 99 (2019) 024912.
Pb-Pb @ 2.76 TeV: PLB 754 (2016) 23-248.

Isolated photons pp @ 7 TeV: arXiv:1906.01371.
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Neutral meson R,, in Pb-Pb at Vs,=2.76 TeV

2 I Pb-Pb, ys,, = 2.76 TeV T Pb-Pb, {s,, = 2.76 TeV
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NLO DCZW :

Phys. Lett. B750 (2015) 390-395

WHDG :

Int. J. Mod. Phys. E16 (2007) 2193-2199
Djordjevic :

Phys. Lett. B734 (2014) 286-289

Vitev et al.:

Phys. Rev. D 93, 074030 (2016)

= NLO DCZ describes

suppression in central
Pb-Pb collsions for 7°
but overpredicts n

| = Vitev and Djordjevic

describe both
centralities for w©

| = WHDG model

predictions lie below
measurements
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Meson production in centrality classes
|n p-Pb at \/SNN =5.02 TeV
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» Spectra of 1° and n mesons measured in 4 centrality classes
» Extended p; range — up to 40 GeV/c by using PHOS trigger
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n°® production spectrum In pp @ 5 TeV comparison
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R, fOr p-Pb and Pb-Pb

PRL 110, 082302 (2013)

ALICE, charged particles
" @ p+Pb \s, =5.02TeV, NSD, |n_ |<0.3

1.6 Fa Pb+Pb sy = 2.76 TeV, 0%-5% central, | 1| < 0.8
qa A Pb+Pb \s,,, =2.76 TeV, 70%-80% central, || < 0.8
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Neutral meson spectra in Pb-Pb collisions
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Extended range up to p;=20 GeV/c for n° at \/sNN = 2.76 TeV in comparison to PLB 717

First measurement of the n meson in Pb-Pb collisions at the LHC
Preliminary measurement of nt° spectrum in several centrality classes at \/SNN =5.02 TeV in

Good description of low-p; region, failure or no description of high-p; range
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Method of photon and neutral

Photons

= External conversion electrons ,y — e* e~ (PCM)

= Small conversion probability (~ 8.5 %) is compensated by a
wide acceptance

= Material budget well known with relative precision of 4.5 %
= Radiation length X/X0=(11.4+0.5)%

= Energy deposit in calorimeter (EMCal, PHOS)

2019-10-18 NZ23 Seminar - Adam Matyja

meson extraction

Distribution of conversions
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Centrality estimation in Pb-Pb

Centrality observables
— Charge particle multiplicity in VZERO
— Forward energy in ZDC
— SPD for systematics
Number of particle sources
f x Npart+(1-f)>< N
Number of particles produced by each source
given by Negative Binomial Distribution (u, k)
Glauber model fits to cross-section
— 100% trigger efficiency
— Background is negligible
— ~ 90% of total cross-section
with o, "N = 64 + 5 mb
<1% agreement (0-70%) N,
3.5 % for peripheral (>70%)

Define centrality classes corresponding to
fractions of the inelastic Pb-Pb cross-section

coll

. with Glauber fit

Phys. Rev. C 88, 044909 (2013)
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VZERQ amplitude (a.u.)
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Functions
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® mesons

n0 spectra in Pb-Pb @ Vs, = 2.76 TeV, new result
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10 times more statistics in 2011
(L~ 0.1nb?)

Extended p; range up to 20 GeV/c
Two complementary analyses
methods: EMCal and PCM

Two centrality classes compared

to pp

Compared to NLO pQCD pp
predictions scaled by N,
(PRD 91 (2015) 1, 014035)
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N mesons

N spectra in Pb-Pb @ Vs, = 2.76 TeV
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First n measurement in Pb-Pb
at the LHC

Range: 1< p;< 20 GeV/c

Two complementary systems:
EMCal and PCM

Two centrality classes
compared to pp

Compared to n production of
NLO pQCD pp predictions
scaled by N,

(PRD 91 (2015) 1, 014035)
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Meson R,, in Pb-Pb @ 2.76 TeV

NLO DCZW :

Phys. Lett. B750 (2015) 390-395

WHDG :

Int. J. Mod. Phys. E16 (2007) 2193-2199
Djordjevic :

Phys. Lett. B734 (2014) 286-289

Vitev et al.:

Phys. Rev. D 93, 074030 (2016)
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