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Motivation

Neutral mesons in pp collisions

e Study particle production mechanisms

— Test scaling properties: xr , mr

e Input for theory calculations:
Fragmentation functions (FF)
Parton distribution functions (PDF)

e Essential input for direct photon analyses
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e Collective effects observed in high-multiplicity pp collisions

(Phys. Lett. B 765 (2017) 193)

e Modification of particle production with rising multiplicity

— Study universality of 7]/71'0 ratio
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e Collective effects observed in high-multiplicity pp collisions

(Phys. Lett. B 765 (2017) 193)

e Modification of particle production with rising multiplicity

— Study universality of 7/7° ratio
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_Photon measurement with ALICE in LHC Run 2 (9

ALICE

m°(n) = 77, BR ~ 98.8% (39.4%)
7°(n) — ve*e™, BR ~ 1.2% (0.7%)
w— w7t 7r~, BR ~ 89.3%

Er .:als TeV.
ALICE  EMCalL1 gamma and jt riggered ovent
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_Photon measurement with ALICE in LHC Run 2

ALICE

Electromagnetic calorimeter (EMC = EMCal + DCal)

e Lead-scintillator calorimeter EMCa

e Large acceptance

Photon Spectrometer (PHOS)

e Lead-tungsten crystals

e Good energy resolution

m°(n) = 77, BR ~ 98.8% (39.4%)
7°(n) — ve*e~, BR ~ 1.2% (0.7%)
w— w7t 7r~, BR ~ 89.3%
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ALICE

_Photon measurement with ALICE in LHC Run 2

Photon Conversion Method (PCM)
e Utilizing « conversion probability
of ~ 8%
e Using et VO-tracks
from ITS + TPC
e Excellent energy resolution at low pr

Electromagnetic calorimeter (EMC = EMCal + DCal)

e Lead-scintillator calorimeter EMCa \

e Large acceptance

Photon Spectrometer (PHOS)

e Lead-tungsten crystals

e Good energy resolution

\ 7°(n) — ~vv, BR ~ 98.8% (39.4%)
DCal PHOS 7°(n) = yeTe™, BR =~ 1.2% (0.7%)
g&?ﬁ?mmmmm w— 77, BR ~ 89.3%
ALICE  EMGSlL1 garma an jt rggered svent
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ALICE

_Photon measurement with ALICE in LHC Run 2

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

EMCa

e Utilizing « conversion probability
of ~ 8%

e Using et VO-tracks
from ITS + TPC

e Excellent energy resolution at low pr

e Lead-scintillator calorimeter

e Large acceptance

A\ Photon Spectrometer (PHOS)

e Lead-tungsten crystals

e Good energy resolution

Charged particle measurement

o ITS+TPC 7°(n) — v, BR ~ 98.8% (39.4%)
e PID via dE/dx from TPC DCal PHOS 70(n) — ve'e™, BR ~ 1.2% (0.7%)

System:

Zf.'iif.::émmmm(m w— 771", BR ~ 89.3%

.
ALICE  ENCSILT garmm and jot viggered event
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Neutral meson measurement
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Invariant mass based

e Reconstructing signal by
pairwise photon combination

e Background subtraction + integration around
mass position — Raw yield
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Neutral meson measurement

x10°
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Invariant mass based

e Reconstructing signal by
pairwise photon combination

e Background subtraction + integration around
mass position — Raw yield
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Neutral meson measurement

ALICE
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e Reconstructing signal by

o Yoo e Using EMCal clusters containing both 7° decay photons
pairwise photon combination

— Differentiate between merged 7° and single ~ clusters

e Background subtraction + integration around via long axis of shower ellipse (U|2ong)

mass position — Raw yield
— High 7° purity (> 70%)
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and 7 in pp at /s =

13 TeV
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Combination of 7 (6) reconstruction methods

B = 0.2 T data used to extract 7° down to 0.2 GeV/c

Inv. cross section in pp at /s = 13 TeV

e 7% 0.2 < pr < 200 GeV/c
e n: 0.4 < pr<50GeV/c

NLO calculations from W. Vogelsang
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70 and 7 in pp at /s = 13 TeV
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n/m° ratio

r IR ]
\cmo— —PYTHIA 8.2 Monash 2013 ALICE Preliminary —
[ «-high p_const. pp Vs=13TeV
F —my scaled n from 1€ 1
0.8~ -
0.6— ]
CoEEw ]
04 9
02 -
I high Py const.: 0.477 + 0.003 (stat ) +0.040 (sys ) :
Ll L
0070z 1 5 3 4567810 20 0

P, (GeV/c)

Measurement reaches up to 50 GeV/c
High pr: n/7° = 0.477 £+ 0.04
PYTHIA predicts lower value at high pr

my -scaling not fulfilled
below pr ~ 4 GeV/c
(expected due to feed down)

ALICE
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n/m° ratio
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e Measurement reaches up to 50 GeV/c Comparison to other measurements
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. . . 0
e PYTHIA predicts lower value at high pr — World data at high prt: n/7n° = 0.475 £ 0.005

e mt -scaling not fulfilled
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(expected due to feed down)
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Collision energy dependence: 7 spectra
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w meson in pp at /s = 13 TeV

Counts
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w meson in pp at /s = 13 TeV

ALICE
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w meson in pp at /s

13 TeV

d’c 2 3
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ALICE

e w invariant cross section in pp at /s = 13 TeV
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Unprecedented pr reach and precision
Slight tension to results at lower /s and PYTHIA
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Multiplicity dependence — 7¥ spectra

10°
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e Forward multiplicity dependent spectra
extracted in 12 intervals

— Using VOM high multiplicity triggered data > 0.1%

— 70 pr spectra cover nearly 3 orders of magnitude
depending on multiplicity

e Combination of all available reconstruction methods
via BLUE® method

(1) Combination of spectra using BLUE method Nucl. Instrum. Meth. A 270 (1988) 110
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Multiplicity dependence — 7¥ spectra

ALICE
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Ratio to INEL>0 Comparison to PYTHIA
e Combination of methods directly on the ratios e General ordering and magnitude
— Large fraction of systematic uncert. cancel described by PYTHIA
e Hardening of pr spectra with rising multiplicity Slightly different pr dependence
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Multiplicity dependence of 7 /7"
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Multiplicity dependence of 7 /7"
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Multiplicity dependence of 7 /7"
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1 10 P, (GeVic) <chn/dT' >mull/ (dN, /AN >INEL>0
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Summary

ALICE
T T
[ [e1Data ALICE Preliminary
—— PYTHIA 8.2 Monash 2013 op Is= 13 TeV
NLO 0 —
~ PDF:CT18 - FF: NNFF1.0
- PDF: CT14 - FF: DSS14

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

sl by

e All available reconstruction techniques included | | N \/ﬂ
e Large pr reach for all mesons 15 -
e n/7%in /s = 13 TeV compatible with results

from other collision energies 1.0

e Unprecedented pr reach for w/7° ratio

L
10 20 30

o
[y
[N
©
IN
o
=

e Multiplicity dependence

e T T T
. 0 z [ ALICE Preliminary ]
e Clear ordering of 7~ and nOpT spectra £ \@ pp (5= 13TeV ]
e Slight suppression of n/7" at very high multiplicities £ v i [{.] == E
R 1
& r 4
observed £ 10;@@'5% & I ]
r - + = - Seweso.--""" 4
prmmmennmmEttE Y 09~ 7
.--.----..--_.----" H Data PYTHIA fit range (GeV/c) ]
s oon ; [ @ &= 1<p <3 % ]
oming S r = 3<p<5 1
publication c e LS I sspi<io mult. est. with VOM -
cmaeammmanrmm T ] 2 3 i 5
“. (chh/dq >muII/ <le:h/dn >IMEL)ﬂ
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BACKUP
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Neutral meson measurement

| ALICE
x10°

. . ‘(e 167\ T ‘ L ‘ L B ‘ L ‘ L ",

e Reconstructing signal by S [ ALCEPerformance  10:1.1GeV/c<p, <12GeV/c |

pairwise photon combination 8 1al Brrnos” — Raw real events_|

. F o BG subtracted |

e Photons can be reconstructed with the same method 1ol — Parameterization |
or via two different methods (hybrid methods) F 0

. 10— ™ -

e Background described by: [ b
. . . 8— —

— Mixed event + residual linear background F 1

— In-event rotation technique 6 .

e Signal parameterized with 4:, 1
Gaussian + exponential tail F

2 —

— Tail: (PCM: Bremsstrahlung, EMC: Late conversions) ]
e Integration in fixed window around estimated 0 0.05 0.1 015 Y

O)IZII Gi w%225
. e
mass position a )

M, = \/2E41E 2(1 — cos(©1,2))
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Neutral meson measurement

ALICE
0 e ey
[ ] Reconstructing signal by E r ALI%E performance 10, n: 12 GeVic <p_< 14 GeVic
. . . . 20— =13 TeV —
pairwise photon combination 84T Bven (low) tiggered . Raw real events |
. [ EBMC e BG subtracted |
e Photons can be reconstructed with the same method r — BG scale region |
or via two different methods (hybrid methods) 150 0 - .
. r s 7
e Background described by: C EMC ]
— Mixed event + residual linear background 10l ]
— In-event rotation technique r ]
e Signal parameterized with [ n ]
Gaussian + exponential tail 5 N
— Tail: (PCM: Bremsstrahlung, EMC: Late conversions) [ M ]
e Integration in fixed window around estimated om ’

0 0.1 0.2 0.3 0.4 0.5

e 06 _ 0.7
mass position M,, (GeVic?)

M, = \/2E41E 2(1 — cos(©1,2))
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Neutral meson measurement

ALICE

e Reconstructing signal by ) 30i ALICE Performance R

. T . % “F ppVs=13TeV B

pairwise photon combination 2 vy ]

e Photons can be reconstructed with the same method ~ § 20f- -

or via two different methods (hybrid methods) 20 ]

x I ]

e Background described by: @ 10; B

— Mixed event + residual linear background "“‘1eoi i

— In-event rotation technique S F ]

[} - 4

. . . = 0 ]

e Signal parameterized with S 150 -
Gaussian + exponential tail 2 r ]

3 r 4

. . O 140 -

— Tail: (PCM: Bremsstrahlung, EMC: Late conversions) 2 7F o " ]
< r i s 3

e Integration in fixed window around estimated @ 130~ @ b)
mass position 0z 03 T 5 5 446710 20 a0do.
P, (GeV/c)

e Good agreement between data and simulation

M, = \/2E41E 2(1 — cos(©1,2))
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Neutral meson measurement at high pr
: ALICE
purity based measurement 3 Takzamn ol e
e Utilizing EMCal clusters containing both decay photons g F mevic oY T%‘%ﬁﬁzﬂsed showe,s)f
from 7° (merged 7° cluster) 3o mEMC 2 nagreshowers)
£ wa Yy BG 3
— Differentiate between merged 7° and single v clusters F Flad_BG 1
via long axis of shower ellipse (aﬁmg) 102 4
— High ° purity (> 70%)
107 =
mlow/midvav v hvigh pT SR

0 02 04 06 08 8, 2

o2
Ulong

Correct abundance of background components in simulation

e 7 from n/7° ratio at high pr
e Contribution from prompt photons from ~-Jet MC

e Electrons from weak decays (W™, Z) from Powheg

J. Koenig (IKF Frankfurt) neutral mesons in pp at /s = 13 TeV July 7, 2022 15



Calculating the invariant cross section

ALICE

Ed30' — 1 1 P Fpile—up
dp3 27pT Lint Acrec.
Corrections:
. Newt.
[ ] Lint- UI:I'IE7(.RF)

N0 _ yr®

sec.
AyApt

— Calo triggers: Trigger rejection factor (RF)

via ratio of cluster spectra

P: 7° purity (mEMC only) (> 70%)

Aeec.: Acceptance and reconstruction efficiency

— Efficiency includes energy resolution correction
— PCM efficiency includes conversion probability

(~ 8%)

Fpite-up: Out of bunch pile up correction for PCM

0

e
NSEC .

Secondary 7° from K2, K{ and A

from data-driven cocktail simulation

Y
T

Rejection Factor

PHOS'

L rv-'«--»ﬁk- -+

T
ALICE Performanc:

pp Vs=13Te'

&= 2nnyAE, BR/ P

EMCal
g et
E/ Fitrange (GeV) RF
n/ - pH7MB 35SE<400 11797 £1.77%
./ TLiylowms 35<E<600  4193+268%
E CCiyhighliylow 80<E<100.0 1259:0.77 %
S A S S AR
20 40 60 80 1
E (GeV)
E- ALICE Simulation

EM +
PCM-PHOS +

o
o
<
m
=
)
+

®

PCM-Dalitz »
mEMC

Field configuration
05T 02T
o 0

0.2 1 2345 10

2030 100 200
Py (GeVic)
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Combination of different methods

= e e - ; ———ry —
= " Sléit- sly:slt- pem-pHos 2 sgl ALICE Prellmmary B = I poM st;t- Slvzslt ——— Sg' ALICE Prellmlnary b
© [PHOs s O PCMEMC + O PP ‘@-T{PTGV i O [ prOS ¢ O POMEMC : O PP is=13TeV -
520~EMC ¢ [ PCMDalitz * [ -] E [eMC ¢ O PcMDaiz 3 O =¥
] mEMC = [ B % I 7
a 1 a

&)

1.0kt

02 T 2 3456 10 2030 _ 100 200 04 1 2 3 4567810 20 3
P, (GeV/c) (GeV/c)
e Good agreement between all 7(6) methods
e Dominating systematic uncertainty:

— Material unc.: 5% for PCM and 4.2% for EMC

— Shower overlap and 7° energy resolution:
10-15% for mEMC

— Signal extraction

detector thickness correction

ALICE

J. Koenig (IKF Frankfurt) neutral mesons in pp at /s = 13 TeV July 7, 2022
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frame:MBW

Combination of different methods

&)

1.0kt

-
= stat. syst. stat. syst. ALICE Preli 4
= ¢ [ PCM-PHOS + [ c \Ere ;rglr-}aér\); 4
© [Pioss & POMEMC &+ O PPYS7]

o0l EMC ¢+ O PCM-Daiz : O - W
] mEMC » [ 7
= ]

Data/TCM fit

2030

100 200

t. syst.
a

PCM- PHOS t
[J PCM-EMC %
[J PCM-Dalitz #

&’,

syst. ALICE Prellmlnary B
=

]
(]

pp Vs=13TeV -+
n-yy

P, (GeV/c)

e Good agreement between all 7(6) methods

e Dominating systematic uncertainty:

5% for PCM and 4.2% for EMC

— Material unc.:

— Shower overlap and 7° energy resolution:

10-15% for mEMC
— Signal extraction

detector thickness correction

— Based on statistical and systematical

— Taking correlations between methods

uncertainties

into account

20 30 4
(GeV/ c)

BLUE: Nucl. Instrum. Meth

A 27

ALICE

e Combination of spectra with BLUE method

0 (1988) 110
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https://www.sciencedirect.com/science/article/abs/pii/0168900288900186?via%3Dihub
frame:MBW

w meson signal extraction

ALICE
‘2 fﬂq’u-‘-w-w‘uu‘m“"H’ T T T — . . “H: ms:Auo‘Epre.‘imin;WHH“ “\" T
L ¢ Data 14GeV/c<p_< 16 GeVic | S [ ALICE Performance 4 S T -4 e, 7
§ 40/~ — Fitted BG using ALICE Performance | 2 80 pp (=13 TeV -4 é r oppis=13Tev g M o
L 3rd order polynomial pp Vs=13TeV - E L - e ] & [ o~ e —e— B
- e BG subtracted EMC-L1 (low) triggered | £ 60 , | N
L scaled by 4.0 wo-nnn?, 70 rec w/ EMC | z r ‘qui 1 wio— R -s- s 4
- — signal fit J L ﬁ; g E -+~ s E
- ignal f : 40: (& A % %: ] F + ++++ ]
[ ] 0 ¢ BHR LY +~q;~ 4 r -+ - q
[ ] [a ) ] r + —.— ]
20 7 Gozo- DataMC T 108 Tt =
[ ] 3[R @ O ] £ -~ E
[ 1 2 [ enc ] r o e ]
L i 5 00| PCM-PHOS + ] [ -t ]
108 4 =" PCM-EMC + ] R o PCM
H 1 g [ o, 4+ [ b = PHOS ]
L ] ¥ T e & —¢— B bk D M i -
, R = st S I S s e 3
Ot : = [ ] E .. 4]
T LA A IR IRV LA b)
.65 0.7 0.75 0.8 0.85 n n M| n | L 2 3 4 5678910 20 30 40 50 60
Mx' . “n(GeV/cz) 2 3 4 5678910 20 30 p:(Deggl/iO) pr (GeV/c)
e Using dominant decay channel into 777~ n° (= 89%)
e Inv. mass based 7° measurement done with 5 different methods
e Charged pions measured in central tracking detectors
e Background described by parameterization
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Multiplicity dependence — 7) spectra

ALICE
O AR 7 ° ——— — —
e R S o 10° = ALICE Preliminary mult. est. with VOM 5
T j%}h n-yy- z F pp Vs=13TeV E
(,zc‘i* L == 4 e Fn—-ry B ]
P B o 10
R e E s E
B LT — J . = F
& oL e a Ratio to L
a e | INEL>0 E
1o ¢‘=_==.===:2; -
| t=":‘s . = 10»1? E
F [+170-100% [+150-70% (x 2‘)" ==”mmmi E E
10 [5330-50% (x 29) -30% (x 2°) =B r =— PYTHIA ]
= Ew-zom:z‘) o = [ A
E ooarmnz) oo - 102 [)70-100% [:]50-70%  [:]30-50% (-110-20% [:]5-10% 5
10712)— [510.010.05% (x 2" [£]0-0.01% (x2") - E 1+5% [+10.05-0.1% [+]0-0.01% =
Ll Lol L C | . | ) | .
P, (GeV/c) 1 10 PT (GeVic)
Ratio to min. bias Comparison to PYTHIA
e Combination of methods directly on the ratios e General ordering and magnitude
— Large fraction of systematic uncert. cancel described by PYTHIA
e Hardening of pr spectra with rising multiplicity Slightly different pr dependence
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Data driven reweighing of the detector thickness

ALICE
& ) o . o )
13 Data-driven correction of detector thickness in ALICE (Run 1 &2) _] o Description of detector thickness in simulation
il ALICE PRELIMINARY not perfect
12— pp V5 = 5 TeV — — Largest contribution of the sys. uncertainty
r ] for PCM so far
[ 0.8 -
11 i< - (9% for mesons, 4.5% per photon)
£ et ]
r — b e Data driven correction in several
[ T AN . T ] radial intervals
C . dJ . Lo
wsb- e R o Correction factor Q; used for reweighing of
N E N N R I S B photons in simulation
0 20 00 120 140 160 180
R (em) e Reduces uncertainty to 5% per mesons
and 2.5% per photon
mmaeammmrnemm Ty
i.-..----" i oo“ H
- ng S ]
: publication coming SO7
] rmaaammmnnrm—
U icmmsanmmmeets
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7% and 7 production inside jets

- — : — p— ALICE
\E—o.sé :\AléCdEatF:e“‘minaryv pp. Vs =5.02 TeV | é e Meson production in pp collisions at
0.7 HE [slinclusive = Vs =5TeV
E Wl [o]inside charged jet E
0.6 anti-ky, A = 0.4, E>10 GeV/c = e Strong suppression of /7 inside jets
0.5 = o Detailed studies in pp collisions at
0.4 = v/s = 13 TeV currently ongoing
0.3 =
0.2 -
ot £
0.0 =
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