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Particle production at LHC energies

o Initial state:

. . . . : e Collectivity in small systems
e Invariant cross section of identified particles

e Multiplicity dependence of particle pr spectra e Particle pr spectra in high-multiplicity

events

e Fragmentation (parton — hadrons)

e Particle ratios (n/7°, w/x°, ..)

— Universality of fragmentation function (FF)?
e Inside-jet meson production:

— Direct access to FF



Neutral meson measurement with ALICE

e Measurable over large pr range

— Precise probe to study particle production
mechanisms (PDF, FF)

e Crucial input for direct photon
and dielectron cocktail



Motivation

Neutral meson measurement with ALICE

In this talk:

e Measurable over large pr range

. . . e Inclusive neutral meson cross sections
— Precise probe to study particle production

mechanisms (PDF, FF) e Multiplicity dependence

e Crucial input for direct photon e In-jet meson production

and dielectron cocktail



Photons and mesons with ALICE in Run 2




Photons and mesons with ALICE in Run 2

Electromagnetic calorimeter (EMC = EMCal + DCal)
EMCal

e |ead-scintillator calorimeter

e large acceptance
|n| < 0.7, A¢p ~ 107° + 67°

— Photon and neutral jet
measurement

Photon Spectrometer (PHOS)

e PbWOQ, crystals
— 7y measurement

DCal ( e Fine granularity: 7° decay  shower
g 126 755070 separation up to pr = 50 GeV/c

ALICE  ENCAIi1 gamm and ot riggered event 3



Photons and mesons with ALICE in Run 2

Electromagnetic calorimeter (EMC = EMCal + DCal) Photon Conversion Method (PCM)

EMCal e Utilizing v conversion probability

of ~ 8%
— Reconstruct v via et VO-tracks
from ITS + TPC

e Excellent energy resolution at low pr:
o(E,)/Ey =~ 1.5%

e |ead-scintillator calorimeter

e large acceptance
|n| < 0.7, A¢p ~ 107° + 67°

— Photon and neutral jet
measurement

Photon Spectrometer (PHOS)

e PbWOQ, crystals
— 7y measurement

DCal ( e Fine granularity: 7° decay  shower
g 126 755070 separation up to pr = 50 GeV/c

System: P’:ﬁ—
ALICE  ENCAIi1 gamm and ot riggered event 3



Photons and mesons with ALICE in Run 2

Electromagnetic calorimeter (EMC = EMCal + DCal) Photon Conversion Method (PCM)
EMCal

e Utilizing v conversion probability
of ~ 8%

— Reconstruct v via et VO-tracks
from ITS + TPC

e Excellent energy resolution at low pr:
o(E,)/Ey =~ 1.5%

e |ead-scintillator calorimeter

e large acceptance
|n| < 0.7, A¢p ~ 107° + 67°

— Photon and neutral jet
measurement

Photon Spectrometer (PHOS)

Charged-particle measurement e PbWOQ, crystals

— 7y measurement

o ITS+TPC /
DCal e Fine granularity: 7° decay  shower

PID via dE fi TP
* v G5 from TPIC Tinesanpe0ie separation up to pr = 50 GeV/c

e Rec. tracks for charged jet measurement — ALICE iR it wajo vigorodvom 3



n and w in pp at /s = 13 TeV
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e PYTHIA8 overestimates and does not describe spectral shape ,
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in pp at /s = 13 TeV
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e Combination of various reconstruction methods
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e B =02 T data used to extract 7° down to pr = 0.2 GeV/c
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Particle ratios
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e Measurements in pp at v/s = 13 TeV reach up to pr = 50 GeV/c

° 7]/7r0: No significant dependence on collision energy

° w/7r°: Hint of collision energy dependence
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Multiplicity dependence — 7° spectra
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e Highest multiplicities (0-0.01%):
~ 53 x <chh/d'r]>ine|

o 70 spectra from pr = 0.4 up to 50200 GeV/c

— Hardening of pr spectra with rising multiplicity



ratio to INEL>0

Multiplicity dependence — 7° spectra: ratio to inclusive

e Ratio of 7° spectra in mult. intervals to inclusive

— Hardening of pr spectra with rising multiplicity
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Comparison to PYTHIA

e General ordering and magnitude
described by PYTHIA

e Slightly different pr dependence



Multiplicity dependence of 7/7°
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n/7° extracted for all multiplicity intervals
Hint at multiplicity ordering visible

Slight suppression at low pr at high
multiplicities

Larger fraction of 7° feed-down from heavier
particles (7, w, pT)

Described qualitatively by PYTHIA



Neutral mesons inside jets

ELe” =5, , . PDF.® PDF, ®doas.cx @FFF (2, Q)

Observables

e Full jet momentum — Q

e Correlation of meson inside jet cone with jet momentum

Lz = PP
s en e ‘pjetl
. T— e Reconstruction of mesons inside jet cone
VoA RN (R =0.4)
s //
/S
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7° mesons inside jets
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eory)/param to incl.
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mesons inside jets - ratio to incl.
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Comparison to PYTHIA

e General ordering and magnitude described

e Contribution to inclusive spectrum
peaks at lower pr

— Hint for softer fragmentation in PYTHIA
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and n mesons inside jets — Fragmentation
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e First measurement of 7° and n fragmentation functions
at LHC energies

e For pr je > 20 GeV/c:

Only small dependence on pr, jet
12



7% and n mesons inside jets — Fragmentation
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Summary

T T
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p Vs =13 TeV

e 7w, n and w mesons in pp at /s = 13 TeV

ratio to INEL>0

e pr spectra measured over wide pr range

with small uncertainties
e Hint of collision energy dependence of w/x°

e Multiplicity dependence of ©° and 7 production
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e Precise spectra up to high multiplicities (0-0.01%) L L L
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e Slight multiplicity dependence of n/x°

. o 0 ° i =
— Driven by feed-down into 7 % 14F min, max) Prm (Gev/c) " "ALICE Preliminary -
= | @[5,10] @10, 20] pp Vs=13TeV 4
121~ [3[20, 50] [#(50, 100] =
e 7w and mn production inside jets A P THIA 82 X
e Clear dependence of /7% on pr, jet “E 1
. " 06
— Driven by feed-down into 7° g
: . a 0.4
e First measurement of fragmentation functions E
— full jets:
0% anti-ky, E:J%Szt bl
L

0 0.2 0.4 0.6 0.8 1



BACKUP

15



Raw signal extraction — Inv. mass based

x10° 2800 -
N L L I L L I § [ ALICE performance ®:13GeV/c<p_<17GeVic ]
S [ ALICE performance T n: 12 GeV/c < p < 14GeVic 7 S [ pp. Vs=13TeV f Ir } 7
3 20[~ pp I5=13 Tev | ©700~ PHOS-LO triggered —— jawreal events -
O L EMC-L1 (low) triggered — Raw real events | [ m9recw/ PCM, PHOS —— Fitted BGusing
L EmC o Rotation BG L 2nd order polynomial -
[ ® BG subtracted ] 600 e BG subtracted 3
— BG scale region r PCM- —— Signal fit 1
r — Fit 7 F w i
- ool :
r 400 -
~ r B
102 F ]
- 00 3
2 F ]
S 200 -
8 F ]
5 b 1
- 100 4
1%} i
z ]
= n
AR AT Y I I D I e e 1y le T
0¢ 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88
M., . .(GeVic?)

e Reconstructing signal by combining measured decay particles

e Background subtraction + integration around mass position
— Raw yield
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https://iopscience.iop.org/article/10.1088/1748-0221/18/08/P08007

Raw signal extraction — Purity-based
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e Using EMCal clusters containing both 7° decay photons

— Differentiate between merged 7° and single ~ clusters

via long axis of shower ellipse (oﬁmg)

— High =° purity (> 70%)
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merged showers)
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Multiplicity dependence of 7/7°
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