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Introduction

ALICE

Nuclear modification factor of light neutral-meson spectra up to high
transverse momentum in p—Pb collisions at /syy = 8.16 TeV

pr spectra measured up to 200 GeV/c (7°) and 50 GeV/c (n)
Extension of 7% spectrum in pp /s = 8 TeV
n/7° ratio
Nuclear modification factor Rya

Paper on arXiv since April 7, 2021

arXiv:2104.03116

Inclusive 7° and 7 production in p-Pb /syy = 5.02 TeV
Nuclear modification factor Roa (Eur. Phys. J. C (2018) 78: 624)

Multiplicity dependent Q,a (preliminary 2018)
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Motivation

ALICE
eps s . & [ ALICE, 1
Nuclear modification factor in p-Pb [ [#1p-Pb, {5y = 5.02 TeV [EPJC 78 (2018) 624] ]
i . L. . 1.5— [ ]0-10% Pb-Pb, ﬁ:S.OZ TeV (preliminary) —
e Probing theories on initial and final state effects: r 1
— Gluon saturation (CGC) C M e O
— pr broadening (Cronin effect) 0F I{ ””””” o ’+’ AL S R 7
— Energy | [ ]
ergy loss r L, b, p-Pb, {Sy=5.02 TeV ]|
H 0.5 ALICE (JHEP 1811 (2018) 013)_]
o Constrains on nuclear PDFs i T2 OMS GhieP 1706 (2017 038) ]
e Baseline measurement for Pb-Pb L ® ]
L. ) Ll ]
' ) 0 — rrees qu) 00533 T2 3456710 20 30 100 200
13 without 7 — nCTEQ15np (Quad.) p. (GeV/c)
. 0 @ PHENIX 2007n®
. with 7
N p-Pb at \/syn = 8.16 TeV
3 . .
< | B ] e Direct comparison to p-Pb \/syn = 5.02 TeV
03 — Energy dependence
08 e Lower and higher x reach than in /syy = 5.02 TeV
Phys. Rev, D 93, 085037
o7 2 4 6 8 10 12 14 16
pr [Gev]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.085037

_Photon measurement with ALICE in LHC Run 2

ALICE
Electromagnetic calorimeter (EMCal + DCal) Photon Conversion Method (PCM)
EMCa \ e Utilizing v conversion probability

of ~ 8%

e Using e® VO-tracks
from ITS + TPC

e Electron PID via dE/dx from TPC
o Acceptance: |n| < 0.9

e Lead-scintillator calorimeter

e EMCal acceptance:
|n| < 0.7
Ap = 107°

Run 1: Ap = 100°

e DCal acceptance:

022 < || <07 N
Ay = 60°
and
In| < 0.7 Photon Spectrometer (PHOS)
Ap=T7° e Lead-tungsten crystals
e Acceptance:
DCal PHOS In| < 0.12
Ok Ap =170°
ystons: b o Run 1: A = 60°

ALICE  EMGSlL1 garma an jt rggered svent
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Neutral meson measurement with ALICE

ALICE
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8 [londmea ™ Champmoems 1 8 LRRWman™™ Chmmemeems 1 3 UL poPb, [S,=8.16 TeV Q; 1
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2150— —
g ]
Invariant mass based reconstruction techniques o r ]
140 —
w 140 _ _ e ]
e Background described by mixed event technique & E b S S 55 P 3
+ residual linear background 180 | L]
03 2 3 4567810 20 30 40

e Signal parameterized with p, (GeVic)
Gaussian + exponential tail

e Integration around estimated mass position

[ My, = V2ELE(1 = cos(@12)) |
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Neutral meson measurement with ALICE

1 H H ‘Q 7\ LA L L L L L L L I L L L L L B} \7
Purity based reconstruction technique £ ALICE\fiﬂuIation 100 < p, < 10 Gevic

. , . . .. Q Ep-Pb, sy =8.16 TeV 3

e Opening angle of 7° decay 7's decreasing with rising pr ;’ £ MEMC, EMG-L1 triggered jﬁo';zers ]

£ [ on ]

. - o e

e Using merged EMCal clusters at high pr S étBEGGBG .

. . . E —Had. E

— Differentiate merged 7° from single ~ clusters F 0 1
. . . 2

via long axis of shower ellipse (0jong) 107 3

— High =° purity (> 80%) r 1

107 E

_low/mid pr _ high pr f :

i 107 E

10562 04 06 08 2

‘EMC7aI granularity

s oot g

n-mesons, e from weak

e Correct abundance in MC simulation for:

decays and prompt photons

e Extensive studies of EMCal:
Energy response at very high energies and shower shape description

ALICE
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Corrections

ALICE
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ALICE Performance
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% L1y (igh)Ly (ow) 55<p, <500 3445004
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Fit range (GeV/c) RF

* L gt (RF)
— Calo triggers: Trigger rejection factor (RF) i
via ratio of cluster spectra
e P: 7° purity (mMEMC only) (> 80%) °
e Acc.: Acceptance and reconstruction efficiency
— Efficiency includes energy resolution correction
— PCM efficiency includes conversion probability
(=~ 8%)
® Fpie-up: Out of bunch pile up correction for PCM
° N_Ze'c Secondary 7° from K2, K? and A

from data-driven cocktail simulation
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Combination of different methods

ALICE

= F T T T AN = = T T T T R
s  [¢JPCM p-Pb, {5 =8.16 TeV - s  [&JPCM p-Pb, {5 =8.16 TeV -
E [ [=PHOS ﬂ ALICE 8 L EEI\H/IgS ﬂ ALICE
Z2.0— +JEMC | - Z20- ¢ \ n—
& [ [#PCM-EMC e ™ & | [3]JPCM-EMC RE ]
S [ [-JmEMC ] g L 1
15- 0 15 ]
10—+ - 1.0 .
0.5;‘ Ll Ll L) ‘; 0.5;‘\ , | , M ‘;
03 T 2 3456 10 2030 100 200 07 1 2 3 4567890 20 30 4050
p; (GeV/c) p; (GeV/c)
e Good agreement between all 5(4) methods
e Dominating systematic uncertainty:
— Material unc.: 9% for PCM and 4.2% for EMC
— Shower overlap and 7° energy resolution:
7-10% for mEMC
— Signal extraction
_new paper: arXiv:2104.03116
J. Koenig (IKF Frankfurt) 70 and 7 in p-Pb collisions April 14, 2021 8
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Comblnatlon of different methods

ALICE
= O R B 2 F T T — T 1
s p—Pb\(ST,N 816TeV— s p—Pb, {Syy = 8.16 TeV |
z [ ALICE 1 3 ALIGE |
=Pl ] [P ]
<20 e ] <20 i ]
& ] & ]
°r ] °r ]
1.5 0 1.5 —
r T r n 1
10 o — B]\ ENRTICS ;Lﬁwﬁ
0.5;”””\ L L) . 0.5;‘\ , | , M ‘;
03 T 2 3456 10 2030 100 200 0.7 1 2 8 4567890 20 30 4050
p; (GeV/c) p; (GeV/c)
o Good agreement between all 5(4) methods o Combination of spectra with BLUE method
e Dominating systematic uncertainty: — Based on statistical and systematical
— Material unc.: 9% for PCM and 4.2% for EMC uncertainties
0 .. — Taking correlations between methods
— Shower overlap and 7 energy resolution: .
7-10% for mEMC into account
— Signal extraction
new paper: arXiv:2104.03116 BLUE: Nucl. Instrum. Meth. A 270 (1988) 110

J. Koenig (IKF Frankfurt) 70 and 7 in p-Pb collisions April 14, 2021 8
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Invariant cross section

ALICE
o OWET T T T T T T L Fivwa | eromounc 19% p-Pb, s =816TeV | E|. [Eowa == nom ine 19% 5P, {5y =816 TeV |
NQ 10 = ALICE | sEee Moo CTEQ15 - FF:DSS14 ALICT\E"; = MCor: CTEQ15 - FF:AESSS ALIC'Ef
> L \‘\“E‘N p-Pb, {s\=8.16 TeV ] 8 S PVTHIA.; H SR ;THIA.S . ;
8 F norm.unc.1.9% 4 F [ — PDF:nCTEQ15 . = b = PDFnCTEQIS o :’7 ]
10" P — 20— — PDF:nCTEQ Y [ — PDF:nCTEQ
8 " L = ®104 % _ F ) . o
oG el s, pp. V5=8TeV | 1o (NE 2N [
‘OUJ‘O 10°¢ K norm. unc. 2.6% r \ O\ r
e m® E 1.0f !T!—«—\én_% 7 et =
107 (x 10 n — E e ] L
= TCMfit --- | 3 T s 02030 11‘1(%\6;1) 07 545 6 TE%0 20 ao(éo\?/o;
I a eV/c) eV/c)
100 T, = " 8
F B e Inv. cross section in p-Pb /syy = 8.16 TeV
10°— =
- : - o 7% 0.4 < pr < 200 GeV/c
10— X - .
O PYTHIAB N ] e n: 1.0 < pr <50 GeV/c
[ --- PDF:nCTEQ15 = B
107 ONLO “\& X&E N e Extended pp reference at /s =8 TeV up to
-~ p-Pb, PDF:nCTEQ15 - FF:DSS14 \ . . .
= z;,, e o DS *&& e pr = 200 GeV/c compared to previous publication
10°= n NLO EE
P POEnCTEQIS FAESSS o e NLO overshoots data
107 - .
03 ““‘1 5 g;g‘”;‘o 2030 “‘1‘(‘,0 506 e PYTHIA 8 does not describe shape of spectra
P; (GeV/c)
new paper: arXiv:2104.03116 NLO calculations from W. Vogelsang
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n/m° ratio

ALICE
T — ———
=09 C=1p-Pb, ﬁ =8.16 TeVv —from m; scallng ALICE 4
E high P, const: 0.48 +0.01 3
0.8=— PYTHIAS —
FE —— PDF:nCTEQ15 E
0.7 —— PDFnCTEQ -
E  NLO, PDF:nCTEQ RN e | E
0.6; rrrrr T0: FF:DSS07, i: FF:AESSS g a: + o
0.5 o [ e |
g \\\/@ I S AR ] E
0.4 — T | o
0% E
025 e
E [gb Copp Vs=8TeV E
0.1= high p_ const: 0.47 £ 0.01 —
E. 1 \ R | , ... 4

07 1 2 3 4 5678910 20 30 4050
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e Good agreement between pp /s = 8 TeV
and p-Pb /sny = 8.16 TeV

e High pr const:
p-Pb: 0.48 £ 0.01
pp: 0.47 £ 0.01

— No system dependence observed
_new paper: arXiv:2104.03116
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n/m° ratio

ALICE
u— . T —— : — @ — — ——)
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e Good agreement between pp /s = 8 TeV
and p-Pb /sy = 8.16 TeV

e High pr const:
p-Pb: 0.48 £+ 0.01
pp: 0.47 £ 0.01

— No system dependence observed
new paper: arXiv:2104.03116

1n/m% in p-A collisions

e Universal behavior for all collision energies

e High pr world average slightly below value for
p-Pb /syn = 8.16 TeV

— Most measurements not fully in saturation range
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Nuclear modification factor

ALICE
e Rya for 7° and 7 in agreement 2
- e Roa = L Soor jdom

e Significant suppression at low pr pA — App dprdy / dprdy
e No suppression for pr > 10 GeV/c
o Systematic uncertainties for 7° below 5% for £q 5 ——rrry ——— —

most of pr range o "L ALICE, p-Pb, m 8.16 TeV [norm. unc. 3.4% |
o pp reference scaled from /s = 8 TeV to i %1"7911::};\/:00; 1

match center of mass energy and rapidity T '

window

Comparison to theory

e Low pr suppression in agreement with CGC 05—
and FCEL (energy loss) models i

—— 10 CGC, k fac., FF:DSS LO ]
L F-J 0 FCEL, y =-05,9g - g9

and NLO calculations | W (- T® NLO, PDF:EPPS16/CT14 - FF:DSS14 |
\“E
L == F--] ™ NLO, PDF:nCTEQ15/CT14 - FF:DSS14 |
0 0.3 1 2 34567 10 20 30 100 200
P, (GeV/c)
new paper: arXiv:2104.03116 Theory calculations from: T. Lappi and H. Mintysaari (CGC) - arxiv:1309.6963, F. Arleo et. al. (FCEL) arxiv:2003.06337
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Nuclear modification factor

comparison

ALICE
Comparison to p-Pb /syy = 5.02 TeV n:§ Fance T
. . [ 1p-Pb, {5y, = 5.02 TeV [EPJC 78 (2018) 624] ]
e Factor 10 higher pr reach in p-Pb \/syy = 8.16 TeV 18— —cac, m FF:DSS LO .
| F=JFCEL, y=-05g9 - g9 1
— Probing larger Q? at high pr and lower x at low pr L ]
. . - . 1.08 -
e Low pr suppression compatible within uncertainties s 1
— Data hints at larger suppression in /syn = 8.16 TeV [ ]
. 0.5— —
(Large norm. unc. from interpolated pp /s = 5 TeV ref.) F ﬂ [s1p-Pb, (s =8.16 TeV 1
8.16 TeV / 55.02 TeV L ANE — CGC, k; fac., FF:DSS LO ]
[ REETV/REZ TV = 0.93 & 0.02 + 0.06200m | - e EOFCEL s e ]
> = = oY L] L) |
& [ aucew 0932 0.02 ] 03 T 2 34567 10 20 30 100 200
S« 14 Ceadata oS NDF 030 ] p, (GeVic)
B™ L = NLO, EPPS16/CT14+KKP ]
= [ £--1NLO, nCTEQ15/CT14+KKP i
3 [ £==1 NLO, NNNPDF2/CT14+KKP 1
8 .
e 12 b Comparison to theory
e [ ] .
E i e Energy loss model predicts only very small energy
10
dependence
o8 e CGC model predicts stronger energy dependence
r norm. unc. 6.2%

04 1 2 3 4 5678610 Géo

_new paper: arXiv:2104.03116

— Gluon saturation effects or

stronger shadowing
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Nuclear modification factor - comparison

ALICE

g F
u;°1.5_ (e 10, ALICE, p-Pb, VSNN =8.16 TeV [arXiv:2104.03116] e
™, ALICE, p-Pb, {5y = 5.02 TeV [EPJC 78 (2018) 624]

e No enhancement above unity observed
unlike charged hadrons from CMS L

e No strong suppression at -

108 . A | }:— g Pyt _i’ il
u‘gﬁ-ﬂll
mid/high pr observed -

— Negligible final state effects in p-Pb

0.5 p—Pb,t \Syn = 5.02 TeV
h*, ALICE [JHEP 1811 (2018) 013]
h*, CMS [JHEP 1704 (2017) 039]

03 T2 3 4567 10 20 30

| L
100 _ 200
P, (GeV/c)

_new paper: arXiv:2104.03116
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Results from p-Pb /syn = 5.02 TeV

ALICE
© | N, Pb-side, p-Pb, |s,, =5.02 TeV ] © L VOA, p-Pb, {5, =5.02 TeV ]
L ALICE preliminary 4 L ALICE preliminary 4
L v 1 L - 1
1.5— h brid — 15— —
[ pRELIMINARY y ] [ ]
i ] dp 1
os 4 05 4
[ [+]0-100%[+]0-20%  [+]20-40% | [ [+)0-100%[+]0-20%  [+]20-40% |
F , [£140-60%[3]60-100% 1 F | [£140-60%[3160-100% 1
0 P, (GeVvic) 0 P, (GeVvic)
Results Ongoing analyzes
e Published paper with LHC-Run 1 data e LHC-Run 2 p-Pb dataset: 6x more stat.
e Preliminary results for multiplicity dependent e pp data at same center of mass energy
analysis with different estimators currently beingy analyzed
mult _ Popey s d?op — R ing norm. uncertain
A <Nmult> by /dedy educing norm. uncertainty
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Summary

Outlook: Large dataset in p-Pb /syn = 5.02 TeV
and pp ref. at same center of mass energy currently analyzed

Ripy

7% and 7 meson differential invariant cross section in p-Pb
/sun = 8.16 TeV and pp /s = 8 TeV

— Highest identified particle pr spectra

n/7° ratio for pp /s =8 TeV , p-Pb /syn = 8.16 TeV g
and /syn = 5.02 TeV in agreement
Roa in p-Pb /syn = 8.16 TeV :

— No suppression/enhancement for pr > 10 GeV/c
— Hint at larger suppression at low pr
than in p-Pb \/syn = 5.02 TeV
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P S manry H -+ 1
&
Yol2- [¢] 1 data -
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J. Koenig (IKF Frankfurt)

70 and 7 in p-Pb collisions

April 14, 2021 15



Backup

ALICE

J. Koenig (IKF Frankfurt) 70 and 7 in p-Pb collisions April 14, 2021 16



Addltlonal plots for pp /s =

8 TeV
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e Good agreement between all methods for 7° and 7

e MC describes peak properties observed in data

ALICE
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Scalmg factor for pp /s = 8 TeV Ry calculation (®

T —
+ PYTHIA8 Monash2013

o T0(|y<0.8)

------ scaling func. (only CMS)

o 1 (-0.3<y<1.3/]y|<0.8)
EIEIEE scaling func. (CMS+rapidity)
n(ly<0.8)

NLO

| —e— PDF:CT14 (|y|<0.8)

7

Ratio of Spectra 8.16 TeV / 8 TeV

1.05
. M,m%*%‘%*
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3308,
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2030 4

00
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e Scaling factor applied to pp /s = 8 TeV for shifting the spectrum

to 4/s= 8.16 TeV and to correct rapidity range

ALICE
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xample invariant mass distributions

ALICE

x10° x10* x10°
2 T T T 2 T T T 250 T T T 2 T T T
£ 35-ALICE w12<p <14GeVic § £ [ ALICE ™ 14<p <16GeVic ] § W 14<p <16GeVic ] £ [ ALICE :12GeVic<p, <14 GeVic
8 frPosw=816TeV  _Rawrealevents 1 3 [P Po.\Sw=816TeV  _ Rawrealevents | 3 —Raw real events | 3 14-PPb.{5,=8.16TeV  _ Raw real events |
30f- EMC-L1 triggered o Mixed event+ 4[-MB triggered o Mixed event+ ] o Mixed event + MB triggered o Mixed event +
EMC remain. PCM remain. BG 400-pcm-EMC remain. PHOS main.
@ BG subtracted © BG subtracted [ © BG subtracted 12 @ BG subtracted
F —Fit 3 —Fit E —Fit —Fit
25) r
- 4 st 4 "
200 E
[ !
r 2= 4
15 r d
10 F
L 4 100 4
: C 2
[ *%0esnns H
0.2 0.05 7 0.15 02 005 01 0.15 02 005 02
oy (GeV/c?) M, (GeV/c?) M, (GeVi/c?) M, (GeV/c?)
x10° x10° x10°
2 T T AR T T T T T T 2 FTT T T T T T 2 T T T T T T
< n:20<p <25GeVic 1 § [ ALICE n:3<p < 4GeVic { § [ALCE n12<p <16GeVic { § [ ALICE 17:3GeV/c < p, <4 GeVic
8 . —Raw real events | 3 5 ([ P~Pb: {Syy=8.16 TeV —Rawrealevents ] 81 o[ . —Rawrealevents ] § 9 P-PD. {5 =8.16 TeV — Raw real events
3.5-EMGC-L1 triggered o Mixed event+ o MB triggered o Mixed event + “T"EMC-L1 triggered o Mixed event + MB triggered o Mixed event +
main. PCM remain F PCM-EMC main PHOS' remain.
30k @ BG subtracted o BG sublracted F  BG subtracted 4 © BG sublracted |
—Fit —Fit - —Fit B —Fit
06— ] 9
0 ; WM e o
o8- 3 :
0.0 § e, +*
0.0 | o £ aaWE b Coivol i | | te h |
035 04 045 05 055 04 045 05 05 035 04 045 05 05

8] u 4 | il
035 04 045 05 055 06 065 0.6 ‘E) 65 06 0.65 06 0.65
v (GeV/c?) M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)

J. Koenig (IKF Frankfurt) 70 and 7 in p-Pb collisions April 14, 2021 19



n/7° world average

ALICE
pp collisions p-A collisions

@ ——————r — @ [T T T
=, ,__CERN ISR/SPS Fermilab ALICE . =4 o__ O ALICE, p-Pb, {5y = 8.16 TeV high p_world average 7|
12 op (s-2aGev % PpVE=138GeV o ppVE=8Tev | 1A Lo gﬁonev cg p10459+00§6 E
[ Opp (5=243Gev © PP.Vs=194GeV o pp,Vs=7TeV - r ' s 1N e = DA ]
1.0 1 o5 \s_243Gey ¢ PP Vs=316GeV x pp, (s=502TeV ] 1.0 * PHENIX, d-Au, s, =02TeV ]
E oy Egyﬁzao'eeev & pp,Vs=527GeV & pp, Vs=2.76TeV - [ & TAPS/CERES, p-Au, |5, = 29.1 GeV B
05f- & pp 132 53 Gev 3 08 ° TAPS/CERES, p-Be, |s,, = 29.1 GeV =

F % PP, Vs =53 GeV ] F Fermilab b
0.6 7 PP, Vs =62.4 GeV = 0.6~ O p-Be, 5, = 38.8 GeV -

E e pp’«@fgifévv ] E @ pBe,|5,=31.6GeV ]
0.4 % PPIS= e — 0.4— % p-Be, |s,, =30.7 GeV .

C 7] £ < pC,V5,=19.4GeV ]
09 i 0.9 © pAl Y5, =19.4 GeV M ]

C ¢¢,_“>¢"— ] L % pBe, sw-194GevéB<§3 ]
0.0V~ 0 PHE high Py world average | 0.0 % =0 -

L p+p(p)—>1c°( )+X & W8 1 = 200 Gev c, n_04e7+001o ] O (d)+A—>n°(n)+X ]

c PR | L |\||\‘ ‘“ L vl L Lol L L1l -

03 1 5 3 4567810 0.02 01 02 T 2 345 10 2030

ALI-PREL-484264 pT (GeV/C) ALI-DER-484259 pT (GeV/C)

J. Koenig (IKF Frankfurt) 70 and 7 in p-Pb collisions April 14, 2021 20



x7-scaling

ALICE

- T T T - L] e LN R m s ~ T T
r:’ 10 ALICE .:’ 10t ALICE L 8 |5,=8Tev \5;=7Tev (5,=502TevV  |5,=276TevV
2 pp - 10X A pp - X S F ®5,=09Tev 0 |5=09Tev - |5,=09TeV = |5,=09TeV
& 10 8TeV (Prel.)woy [+] o 10 &, (5,=2.76 TeV O |5,=2.76 TeV + |5,=2.76 TeV E
2 7 TeV o) [o] | 10 - % (5,=5.02TeV « |s,=502TeV
o 5.02 TeV (Prel.) ca) o 2% m=rTev E
| 510* 276TeVin [114  SB 108 = * w*% CHH # o
W o 09Tev [3] w0 ;g,w’! " tf:,» L
10" 107 a+ E|
10° 107 o+ 1- i E
10° 101 | ' 5209 Tev
F (5=2.76 Te 3
10 107 min. x, for it (5= 5.02 Tev
1 e 1 [5=7Tev 22n=5.03%006 ]
e 1 ) As=8Tev 7, ALICE preliminary
bt
10° 2«0 10°  2x10° 102 2x10°
10 1 T
_F [F18TeV (Prel) -
1) E 7 Tev =
109 Tsallis fit 107 5.02 TeV (Prel.) == 2
— PYTHIA 8.2, Monash 2013 1o9p- (1276 Tev = XT — 4P1
W NLO, PDF: MSTW - FF: DSS14 [=10.9 Tev = \/E
Ll Ll Ll 10710l Lol M| Lo
03 1 2 3456 10 2030 100 200 107 10° E
P, (GeVvic) Xp
70 and 7 in p-Pb collisions April 14, 2021 21

J. Koenig (IKF Frankfurt)



