HARD
% PROBES
—2020——

International Conference on Hard and Electromagnetic Probes of High-Energy Nuclear CoII|S|ons
31 May 2020 to 6 June 2020 @ Online '

Light meson nuclear modification factor i
in p-Pb collisions over an unprecedented
pr range with ALICE

OAK

RI Nicolas Schmidt (ORNL/IKF) GOETHE 3%
DGE for the ALICE Collaboration UNIVERSITAT

FRANKFURT AM MAIN

National Laboratory



OAK

7% and 77 meson production with ALICE RIDGE

ALICE e
New results in this talk

Inclusive 7° and 7 meson p, spectra
in pp, v/s = 8 TeV and p-Pb, ,/sxy = 8.16 TeV

measured up to pr = 200 GeV/c for 7 and 50 GeV/c for n
at mid-rapidity: |y1ab| < 0.8, Ayems = —0.465

Minimum bias and EMCal-L1 triggered data
2012 pp, /s =8 TeV: Lint ~ 615 nb™?
2016 p-Pb \/sxn = 8.16 TeV:  Zni ~ 160 nb—+ NEW!

n/7° ratio in p-Pb, ,/sxn = 8.16 TeV up to 50 GeV/c

comparison to NLO and Pythia 8

7% and 1 nuclear modification factor R, at /sy = 8.16 TeV
up to very high p,

comparison to theory and measurements in p-Pb, \/snyn = 5.02 TeV
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Nuclear modification factor

ALICE

o Both spectra at same energy and kinematic region

o Probes initial and final state effects
— (anti-)shadowing

OAK
RIDGE

National Laboratory

— —
ALICE, °

[#]p-Pb, {5y = 5.02 TeV (EPIC 78 (2018) 624)
[]0-10% Pb-Pb, s, = 5.02 TeV (preliminary)

Roa

1.

il

— gluon saturation (CGC)
— pr-broadening (Cronin)
— energy loss (cold matter)
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Motivation for our measurement

o Baseline for more differential measurements

o Probe lower x and larger Q? than previous measurements

at /snny = 5.02 TeV
— new constraints on nuclear PDFs at low and high x

Light neutral mesons in p-Pb 8.16 TeV.


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.085037

Measuring photons, 7° and 7 mesons with ALICE %%

ALICE National Laboratory

Photon Conversion Method
(PCM)

@ Central barrel based tracks

EMCal calorimeter
(EMC)

@ Pb/scintillator

. . 0 ITS: silicon detectors around IP
sampling calorimeter

O TPC: large time projection chamber
— provides e* PID via dE/dx

9 |n| < 0.9 and full azimuth

@ Large acceptance but low
resolution

@ Granularity

0.014 x 0.014 mrad? @ conversion in detector material

— conv. probability ~ 8%

Photon Spectrometer
(PHOS)

O Lead tungstate crystals

DCal calorimeter

@ Extension of EMCal since 2015
— located opposite in azimuth

@ High resolution but small acceptance

@ Granularity:
P— An x Ap = 0.004 x 0.004 mrad?
Timestamp:2016-11-26 17:58:45(UTC)

ALICE Enca! Lt gamma tiggered event
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Measuring photons, 7° and 17 mesons with ALICE PRIDGE

ALICE National Laboratory
s
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@ Event mixing for combinatorial
background

O Signal fitted with:
Gaussian+exponential+linear

@ Excess in invariant mass
around 70 and 5 mass

O Signal extraction in
narrow pr bins

O Integration in wide range for raw
yields

Run:266438
2016-11.26 17:56:16(UTC)
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Measuring photons, 7’ and 17 mesons with ALICE
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ALICE National Laboratory
x10° x10°
LT e e e s e e BN i S T — T T —] @ N B e e e e e B e e
S 1o ALpltb:Er o Tev 7:14.00 GeV/e < p_ < 16.00 GeVic _| § 30— ALICE performance % — S [ ALPKb:Er srev T 0.60 GeV/c < p_ <0.80 Gevic |
S| pPb 5, =8Te 1 S - R 3 p-Pb, 5, =8 Te
O [ EmCiiiggered i ] 2t glgpb'y;NN =8.16Tev + 1 O 4f MBtisgeres e
r remain. 4 2 r - . i - [ remain ]
101 lgi? subtracted . = 20 peuk Wldth i I : LE? subtracted ]
[ 14 BT T ] r 1
ol 2 1 % L bR _,_ﬁ $ ] 3l -
r 7 F Yo, + 4 r 1
- < X 3 > & 2 2
[ 1 © 100 $+¢“+w$§¥m 4%0 3 [ ]
- EMC A S
5 0 ] C o-o—e ] 2 ]
F ™ ] Fa ) B r ]
F Bl Aof‘)””u\ , | , M r 1
a B Tt t F— t —F [ ]
C 1 o F De;ta MC 1 L ]
[ s EGM o : = ]
21 s 4 b ]
r < [ PCM-EMC + & 1 ]
[ c T . ] ]
: 2150~ peak position - o
0.05 o. 0.2 s F ] 0.05 0.1 0.15 0.2
M,, (Gevic?) o L 4 M,, (Gevic?)
Sad- 4
st E b0 eeetesann o Bl B
e E b) R ]
L Y ]
o, L, M N,
0.3 1 2 3 4 567840 20 30 40
[ (GeVic)
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@ High resolution with PCM
@ Very good agreement between data and MC

o 70 extraction with EMC limited to pr < 20
GeV/c due to EMCal resolution

Light neutral mesons in p-Pb 8.16 TeV

June 4, 2020



. OAK
(] 0 [ ]
~ Measuring 7" mesons via merged EMCal clusters 'RIDGE
T e g
£ ALICE simulation 100.0 GeV/c < p_< 130.0 GeV/c J
0 . . Fen [ =8Tey ! — Clusters ]
o 70 opening angles for pr > 20 GeV/c smaller than EMCal resolution [ E,’E‘C L1 iggered EMC & " ]
ol on 7
O Long axis of cluster (cr|2°"g) used as discriminator Wk m 0 YRS T
r —Had. BG 1
— rejection of clusters with ‘7|2ong < 0.2 [ 0 ) ]
1072 W, 7T > 80%

Infinite grunulurﬁty ‘

¢ Zastance (cotlengi

N. Schmidt (ORNL;

aistance (bl langh]

@ Nonlinearity of EMCal energy 43
response important at high
energies
— first single particle analysis
at Ecuster > 50 GeV/c
— extensive studies on
testbeam data and laboratory

0-2
setup ong
@ Shower shape well described in MC with additional detector effect
emulations (cross talk)
Light neutral mesons in p-Pb 8.16 TeV. 6/13




Correction factors

ALICE
& [ ALICE performance T 51009 p-Pb, [5.. = 8 Tev
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Q@ Zint: Integrated luminosity with trigger rejection factor RF
— EMCal gamma triggers: EG2 (RF ~ 278) and EG1 (RF ~ 950)

Fit range (GeVic) Trigger rejection
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~ Neutral meson spectra in p-Pb PRIDGE
Comparison of individual measurements
2 T T T T = = F T T T T T
SF pem | S pPb(5,=816Tev | S F eow  SHOS pPb s, =86Tev |
O_ - EMC [ | ALICE Preliminary - O, EMC ¢ ALICE Preliminary -
Ez O— PCM-EMC + [ 0] =20~ PCM-EMC + [ n-J
F mEMC * b 3 L 1
15 . 18- | 3
B ] o]
1.0 . 1
L J 0.5— 1
05— 9 r ]
| | Ll ] £y L] , ]
0.3 1 2 3456 10 2030 100 200 07 1 3 4 567890 20 30 4050
[N (GeVic) P, (GeVic)
@ Comparison of different methods via ratio to fit of
combined spectrum
— agreement within uncertainties of all methods
o Dominating systematic uncertainties:
— Yield extraction and material unc. of 9% for PCM and
4.2% EMC
— Shower overlap and 7° energy resolution of 7-10% for
mEMC
TCM: two component model fit - EPJC 75 (2015) 166
June 4, 8/13
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Neutral meson spectra in p-Pb RIDGE

ALICE
Combination of measurements

= F ™ T = = F | T T
E r p-Pb, |s, = 8.16 TeV ] “2' r p-Pb, s\, =8.16 TeV ]
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@ Comparison of different methods via ratio to fit of .. . . .
P o Combination of 4(3) reconstruction techniques via

combined spectrum
— agreement within uncertainties of all methods
o Dominating systematic uncertainties:
— Yield extraction and material unc. of 9% for PCM and

BLUE method for 7%(n)

— accounted for correlation of uncertainties
@ Total uncertainty of final spectra:

— ~ 7% for 7° and ~ 10% for n

4.2% EMC
— Shower overlap and 7° energy resolution of 7-10% for ° reach: 70 : 0.4 < pr < 200 GeV/c
mEMC pr “|n:1.0< pr <50 GeV/c

TCM: two component model fit - EPJC 75 (2015) 166
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Comparison to theory
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Neutral meson spectra and 7/7° ratio

Theory, Data
TCM fit

OAK
FRIDGE

National Laboratory

o 7% and m inv. cross-sections in p-Pb, \/syN = 8.16 TeV

o Extended 70 reference measurement up to 200 GeV/c (was 35
GeV/c [epic 78 (2018) 263] ) in pp, v/S = 8 TeV with mEMC

@ NLO overestimates spectra while Pythia underpredicts at low pr
— updated 1 FF needed

T T T T T
[ [3JData w===norm.unc.1.9% p-Pb, s =8.16TeV ] [ [e]Data ===norm.unc.1.9%  p-Pb, {s  =8.16 TeV |
I NLO ALICE Preliminary 1 [ NLO ALICE Preliminary _|
25 PDE.CT10 - FF:DSS14 ] | ==PDFCTEQ6MS - FRAESSS i
[ PYTHAB - 1 3 PyTHIAS e —
[ — PDFCTEQ1S 1 [ —PoFncTEQIS ~ ]
20— — PDF:EPPS16 +4 [ — PDFEPPSI6 ]
L 1 2= 7
15 4 r 7

1.of 1 1=
B R L L L
7

30 40 50
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NLO calculations from W. Vogelsang
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https://doi.org/10.1140/epjc/s10052-018-5612-8

ALICE

Comparison to theory
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TCM: two component model fit - EPJC 75 (2015) 166
N. Schmidt (ORNL/IKF)

Neutral meson spectra and 7/7° ratio
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National Laboratory

70 and m inv. cross-sections in p-Pb, /sy = 8.16 TeV

Extended 70 reference measurement up to 200 GeV/c (was 35

GeV/c [epic 78 (2018) 263] ) in pp, v/S = 8 TeV with mEMC

— high pr value: 0.50 £ 0.02

NLO overestimates spectra while Pythia underpredicts at low pr

Qo
<)
Q
— updated 1 FF needed
Qo n/rro ratio measured up to 50 GeV/c

— consistent with ratio from pp

=

<}

PYTHIA 8
—— PDF:CTEQ1S
—— PDF:EPPS16

O, PDF:CTEQ6MS

o © © ©o o © © ©

e p-Pb, {5, =8.16 TeV
high P, const: 0.50 + 0.02

T FE.DSS07, 1 FRAESSS |
ol S A

ALICE Preliminary

n/m°

Copp, \s=8TeV
high P, const: 0.47 +0.01

Light neutral mesons in p-Pb 8.16 TeV
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NLO calculations from W. Vogelsang
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. Nuclear Modification Factor

ALICE
Comparison to theory

<
@ Rypy calculated with pp, /s = 8 TeV referenceﬂ:g
scaled for center of mass energy and rapidity
shift obtained from Pythia 8 1.5

@ Systematic uncertainties < 5% for most of pr
range
O 1) meson R,p, compatible with 70 Rypy,

@ Low pr suppression consistent with CGC and
energy loss (FCEL) calculations

1.0

@ No modification for pr > 10 GeV/c observed
within uncertainties
— negligible final state effects

0.5

@ Provides new constrains for nPDF uncertainty

OAK
FRIDGE

National Laboratory

at low (x < 1072) and high x

| ALICE Preliminary, p-Pb, {S, = 8.16 TeV
[ [eJm, -1.3<y<0.3
[0 /n,-1.3<y<0.3

-] T® NLO, PDF:EPPS16 - FF:KKP, p = P, —

1° NLO, PDF:nCTEQ - FF:KKP, jt = P,

— 100 CGC, k, fac., FF:DSS LO
- T FCEL, y =-0.5, gg - gg

100260
P, (GeVic)

! C ol ! L
2 34567 10 20 30

Theory calculations from: T. Lappi and H. Mantysaari (CGC) - arxiv:1309.6963, F. Arleo et. al. (FCEL) - arxiv:2003.06337

N. Schmidt (ORNL/IKF)

Light neutral mesons in p-Pb 8.16 TeV
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https://arxiv.org/abs/1309.6963
http://arxiv.org/abs/2003.06337
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Nuclear Modification Factor £RIDGE

ALICE
Comparison to p-Pb, ,/syy = 5.02 TeV

< ‘
o [ ALICE Preliminar

™
p-Pb, \s\, = 5.02 TeV (EPJC 78 (2018) 624) _
@ Order of magnitude higher pr reach of new 1.51— CGC, kT’f\‘a’\é" FF:DSS LO _
measurement FoE] FCEL7 y =-0.5, 99 - g9 —
— probing larger Q? at high pr and lower - b,
x at low pr i ]
1.0 —
0.5 —
B ) [e]p-Pb, \s\, =8.16 TeV 1
i — CGC, k, fac., FF:DSS LO ]
L £-]FCEL,y=-0599 - gg .
R | ! C ol ! R | !
00753 1 2 34567 10 20 30 100 200

p_ (GeVic)
T
Theory calculations from: T. Lappi and H. Mantysaari (CGC) - arxiv:1309.6963, F. Arleo et. al. (FCEL) -arxiv:2003.06337
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~ Nuclear Modification Factor PRIDGE
Comparison to p-Pb, ,/syy = 5.02 TeV m‘é:
10

< T 0_9; ™ ]

o ALl - ™ |

. . = L |

@ Order of magnitude higher pr reach of new 1.5— 0.8— —

measurement S TETI R S .

— probing larger Q? at high pr and lower - L. . . b,

x at low pr 08 1 2 3 4 5 6 78 b,

O Stronger low pr suppression consistent with 10 -~ “I’n - —

CGC and FCEL calculations Bk 1

— possible stronger shadowing or gluon i ]

saturation effects in the higher center of B |

mass system 0.5— —

— only minimally larger energy loss in cold - [#]p-Pb, \sy, = 8.16 TeV .
nuclear matter predicted - [¢] — CGC, k, fac., FF:DSS LO

L f-]FCEL,y=-05,9g9 ~ g9 i

0. 0.3 2 3 4567 10 20 30 100 200

p. (Gevic)

Theory calculations from: T. Lappi and H. Mantysaari (CGC) - arxiv:1309.6963, F. Arleo et. al. (FCEL) -arxiv:2003.06337
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Nuclear Modification Factor £RIDGE

ALICE
Comparison to charged hadrons and Pb-Pb

< — — —T
o [ ALICE, ]
L [e]p-Pb, \sy, = 8.16 TeV (preliminary) |
1.5— ng \sht,)N =b5.02 TeV ((E)ZJC 78 (2018) 624) —
- -10% Pb-Pb, VS =5.02 TeV (preliminary) ]
@ Compared to CMS charged hadrons no high pr o NN 1
enhancement for 70 and 7 observed within B P I - R 7
H H I~ )83 B =B = .
uncertainties 1.0k~ I 7777777777 i K3 by 1 ]
@ Strong suppression from Pb-Pb not present in - ‘ § T b,
p-Pb B ! 7]
— negligible final state effects in the small i = h*, p-Pb, ys\, =5.02 TeV ]
collision system 0.5 [% ] ALICE (JHEP 1811 (2018) 013)_|
- 0 [ = | CMS (JHEP 1704 (2017) 039)
i . ]
R | L R | L R | L
0. 0.3 1 2 34567 10 20 30 100 200

P, (GeVic)
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ALICE

T (pb Gev2 ¢3)

d’c
dp

E

Summary

LTI LA EALs 7* and 1) meson differential invariant cross sections
ALICE Preliminary 3 presented for unprecedented p; ranges
10 P-PD. Sy, = 8.16 Tev 4 in p-Pb, /sx~ = 8.16 TeV and pp, /s = 8 TeV
™[] 4
10 (x 10’1)'1 o n/70 ratio reported with high pr ratio of 0.50 4 0.02
pp, s =8 TeV
norm. unc. 2.6% Q@ Rypy consistent with unity for pr > 10 GeV/c

[

— low pr suppression stronger compared to \/syn = 5.02 TeV

TCM fit --- consistent with energy loss and CGC calculations

@ Provides new input to constrain nuclear PDF’s at low and high x

N. Schmidt (ORN

< T — T —
o [ ALCE Preliminary, p-Pb, \s,, = 8.16 TeV 4
15 [e]1®, -1.3<y<0.3 N
“L [2]n,-1.3<y<0.3 4
— PDFEPPSL16 r b
— PDF:NCTEQ15 r ]
T NLO O ]
- p-Pb, PDF:CT10 - FF:DSS14 = i
pp, PDF:MSTWO8 - FF:DSS14 r B
NLO Y r P ]
- PDF:CTEQGMS - FF:AESSS 0.5— {1 T® NLO, PDF:EPPS16 - FF:KKP, 1= p, —
Ll Ll Ll = L )] T NLO, PDF:nCTEQ - FRKKP, = P ]
2 345 10 2030 100 200 r — 11 CGC, k, fac., FF:DSS LO ]
p, (Gevic) L [~ TP FCEL, y =-05,99 - gg ]
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\’ References RIDGE

o NLO calculations
— Werner Vogelsang
(CT10/DSS14,MSTW08/DSS14,CTEQ6M5/AESSS)

o Energy loss calculations (FCEL)
— F. Arleo et. al. - arxiv:2003.06337

o Color glass condensate calculations (CGC)
— T. Lappi and H. Mantysaari - arxiv:1309.6963

Thank you for all theory inputs!
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F‘.%ﬂ%mE Extended reference measurement ‘RIDGE
o Extension of published pp, /s = 8 TeV
measurement using the mEMC analysis
— pr reach increased from 35 GeV/c to 200 GeV/c
g Frr stat‘ ‘és‘/s‘é pp" \[‘g‘:“s“TeV ] g - I II‘“‘DZ‘;{“&‘ " —‘norm.‘ur‘w‘. ég“)n ‘ ;)P‘v \‘E“z‘S‘TeV ]
2.0— i — = 2.0— — PYTHIA 8.2, Monash 2013 ALICE Preliminary —|
O+ ESMS . % ALICE Prejl_lpmlnary 7 F="1 — PYTHIA8.2, Tune 4C - W
% L EMC . [ =W S © | mEINLO, PDF:MSTWO8 - FF:DSS14 ]
s | PCM-EMC + [ 2 0.5p <p<2p
0,5 mEMC « O F

1.0
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Light neutral mesons in p-Pb 8.16 TeV.
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