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Why neutral mesons?

Neutral mesons can be reconstructed and identified
through photon decays in wide p; range

op collisions QCD predictions, tuning of PDF and FF,
paseline for p-A and A-A

0-A: looking at collective effects, nuclear effects In
PDF, cold nuclear effects, reference for A-A

A-A: collective effects, parton-medium interaction etc.

All collisions: main input for direct photon and dilepton
cocktalls
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Photon reconstruction in ALICE .

EMCal, DCal Photon Conversion

calorimeter ——2 A RSN 3\ Method (PCM)
Pb/scintillator — | | ‘ ITS and TPC
Salmpling g 3 & " <|r![|) Z 269(’)
calorimeter

In| < 0.7, conversion in
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260" < @ < 327" IM , CESE i 8l conv. probability ~ 8%
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PCM and calorimeter .
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= Using different technologies allows
wide extension of p; range

= Combination of independent results
provides cross-check and
significantly reduces final
uncertainties
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ALICE collaboration: Eur. Phys. J. C (2018) 78:263
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¥ meson measurements in pp

= Spectra measured in pp collisions at
v/$=0.9, 2.76, 5.02, 7 and 8 TeV

“ Pythia 8.2 Monash 2013 reproduces
o o 0@y approximately w© spectra at all energies
Lo onishi-rrosse 4+ ™ NLO pQCD calculations predict ~20-30%
: higher yield
1 DSS14 already incorporates ALICE
pp at 4/s=7 TeV results

2,
-y o

P~ [+ 1pp, Vs =8 TeV (x10%

=)pp, Vs =7 TeV (x10°)
pp, Vs =5 TeV [Prelim.] (x10%)

10%- (=1 pp. ¥s =2.76 TeV (x10)

[(=Jpp, ¥s =900 GeV
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8 TeV ALICE collaboration :
Eur. Phys. J. C (2018) 78:263
2.76 TeV ALICE collaboration :
Eur. Phys. J. C 77 (2017) 339
| | 7 TeV ALICE collaboration :
LA L I Phys. Lett. B 717 (2012) 162-172
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n meson measurements in pp

;{; 1013E| I I || I | 7T I| I I% \Ilg BTeV T T rrTTTT A'Llc'E E
7, F ALICE 3§ _ 3—Dpp o omew
® 107 oW o ®ls LF e 3 -
S F 1 8B 2F - 18 TeV ALICE collaboration :
RS e : . ~ JEPJC (2018) 78:263
B3 [ FF:AESSS : b ——t H +—2.76 TeV ALICE collaboration:
w 107 T peleefeeTTev AEPJC 77 (2017) 339
1f 1Es 17 TeV ALICE collaboration:
2 1PLB717 (2012) 162
10° E 1; ;
3 - ] =
.o : 3;_.pp r 276 TeV E
gl F -
10° 83 2F =
v 1pp, Vs=8TeV (x10°) = E E
10%- (o pp, Vs = 7 TeV (x107) = - e ‘ ]
= = T LI ['Il T T T LI f'\l T
= [+pp, /s =276 TeV (x10) ] ;Epp, /s = 900 GeV (Prelim.) NLO,
= --- TCM fit 182 F Monash2013 =~ ."t;gto
1% Tsallis fit - ag 2F PDF: CTEQ6M5
E — PYTHIA 8.2, Monash 2013 1 e FF:AESSS
L | | i : 1 1 L1 1 11 T l - VI- -IVI |- 1 1 1:
03 1 2 3 4567 10 20 _3040 03 T2 8 4567810 20 3040
p, (GeV/c) p, (GeV/c)

= Pythia 8.2 Monash 2013 reproduces approximately n spectra at all energies
“ NLO pQCD calculations predict ~2x higher yield
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2 Revisiting n-meson FF is necessary
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m.. scalings

+ ALICE preliminary, pp \s =7 TeV
1.2
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e ]ALICEpp,Vs=8TeV < ALICE pp, Vs=7 TeV
# ALICE pp, Vs = 2.76 TeV — ALICE pp m_-scaled, Vs=8TeV

1 e

0.6 [ﬂ
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Cocktail Calculations

0.2 N - - o from m; scaled n°

0. 2 3 6 10 12 14 16 18 20
pT(GeWc)

IIJIIIIJ!III[II'I[I'

{m]

iTe ? PHENIX pp, Vs = 200 GeV
‘ o NA27 pp, E 27.5 GeV

- i s (R Experimental parameterization
pT(Gerc)

<L
I
)]

“ Widely used e.g. in EM cocktalls if

Flatlo

8- ALICE, irﬁ”)damf(w:'lr“)% o
1.6
1.
1.2 ‘ e
T 0
1.0 \__i Hiu:ﬁ- LaSP
0.8 il M=y
L ad oy
0.6 e #ﬁ

hadron spectra are not know
= Holds at high p;>3 GeV/c

= Deviations ~40% at low p;

I|IIIJIII|III|IIIJII]I[II[III|lll|ll_

£
| v 1pp, Vs=8TeV
Cpp. v =7 ToV v 8 TeV ALICE collaboration: EPJC (2018) 78:263
= pp, Vs = 900 GeV (Prelim.) 2.76 TeV ALICE collaboration: EPJC 77 (2017) 339
04 = 5 A 5 & 58510 5030 7 TeV ALICE collaboration: PLB 717 (2012) 162
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‘ 7m0 and U spectra in p- -Pb 5. 02 TeV

i I m E ]
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108L- [#10-100% ---TCM fit N S 10°E" [4]0-100% ---TCM fit =

= [0]0-20% ---TCM fit A8 - [0]0-20% ---TCM fit :
1o-°L (#120-40% --- TCM fit S 10°L [9120-40% = TCM it o

= [@]40-60% --- TCM fit = = [#]40-60% Mt =

o [#]60-100%  --- TCM fit . o [*#]60-100%  ---TCM fit -

10 E | === =] | | | (] R R | | | e 10 gl  HEAER i [ | | | | | EEERRHY e R | I | | ?
3x10™" 1 2 34567 10 20 30 5x10™ 1 2 3 4567810 20 30 40

P, (GeV/c) P, (GeV/c)

“ 70 and n spectra measured in p-Pb collisions in 4 centrality classes:
a - 0] - 0) - 0 - 0
0-20%, 20-40%, 40-60%, 60-100% 0-Pb->7°17: 0-100% NSD:
=  p;range extended up to 40 GeV/c by using PHOS trigger Eur. Phys. J. C (2018) 78: 624

i
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Q , multiplicity dependence

VOA | CL1 yoc

< 1125mtolP . (
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ZNA |77|>8 7 pb S|de VOA: 2. O<|n|<5 1, Pb side CL1: |17|<1 4
g- | T T 3 g- T T B B I‘ | 3 g- T T B | ‘ 3
9 Nc Pb Slde p-Pb, \/_ 5.02 TeV G VOA p-Pb, |s,, = 5.02 TeV = & CL1 p-Pb, {s,, = 5.02 TeV — e
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. : : :
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Qualpr) = S = Visible centrality dependence for estimators with smaller
(Nea) N (pr) d?Nee /dndp; centrality gap
ay

= No trivial autocorrelations with cent. estimator
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\Comparison to models
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EPOS3 describes the data over the entire p; range for 70 and up

Hydrodynamic model (VISHNU) agrees with the data at low p;

NLO pQCD calculations describe the «°0 spectrum, but fail to

!\"_\ | T | II T T T | o e I‘ T T I_
o 1 0-20% VOA p-Pb, |5, = 5.02 TeV &
% 1 ALICE preliminary _
arr. E
=210 3
o Q = =
T 0% =
B ;
LT
& 107 E
10°% .
E ha=
10’9§ ) E
o [@n° o= 3
10 @I x 102 - 1
1011E - DPMJet i
E —EPOS-LHC E
10712? | 1 | S 5 6 ] 1 1 1 | ) [ ‘ | 1 [ |
510~ 1 2 34567 10 20 30
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]
to p= 4 GeVi/c for n
]
m
describe the high p;region for n
]

DPMJet and EPOS-LHC predict smaller yield at high p;at all

centralities

D.Peresunko, Hard Probes 2018

10



Particle-dependent Q ,

. ZNA |n|>8 7, Pb side

VOA: 2.0<[|<5.1, Pb S|de

CL1: [pl<1.4

< <

o = o o =
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0.5 44 — 05 t — 0.5—+ + —
i | 11 J 1 1 ] i i | | 1 1 ] ] RN A’ J 1 1 1 ] i i | | | J 1 1 1 ]

0. 0. 0.

! " p (Gevio) 1 " p (Gevio) 1 " p (Gevio)
g [E T T 7 g [ET L S S| T T Tl T Sl 7 g [ET S| T T | | 7
S | 60-100% Nm“ Pb- S|de p- Pb V_ 5. 02 Tav 4 G | 60-100% VOA p-Pb, {s,, = 5.02 TeV 4 G | 60-100% CL1 p-Pb, |5, = 5.02 TeV 4
L ALICE preliminary [ 4 L ALICE preliminary 4 L ALICE preliminary |
- En" [=n . - En" [=n . - [En .
1.5 ¢ D° ¢ hE — 1.5 ¢ D° ¢ hE — 1.5 ¢ D° ¢ hE —
B s i B Il i B i

10} ] 1.0 L1 1.0
i | : ; i} : _ ]
0 ICEIS, P TEfEg i 0 |
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= Q for w0 and n are similar for all centralities and all estimators

= Qafor h=show a bump at p;~2 GeV/c, (proton contribution ?)  p=- Phys.Rev. C91 (2015) 064905, 2015

D% JHEP 1608 (2016) 078, 2016

= Do-meson is consistent with 70 and 5 trend
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‘ n/7¥ ratio in p-Pb collisions

o 101 T T T e = L | — (o) 10 7 1 1 T T T ] —
& "L CL1p-Pb, {s,, =5.02 TeV . w=  VOAp-Pb, s, =5.02 TeV | .
& [ ALICE preliminary T i ® [ ALICE preliminary ]
0.8 [+]0-100% 4 I D 08— o]y’ 0-20% [+]1/n° 60-100% =
_ == high p_average 0-100% S i g [ & KY/n*0-20% © K/n* 60-100% —% ]
- 0.485+0.015" £ 0.031° . S | 1
0.6_— i By 0 0.6 i KX o
'L ¢ ﬂ. r'r1 F]

B B =l o o e [} ! =
0.4 % MER: - 0.4 -
E ¢ i i
0.2— — 0.2 a
B []0-20% [¢]20-40% ] ]
i [¢]40-60% [+] 60-100% El .

v NPy PP O s PRy P
x10 1 2 3 4 5678910 20 30 40 x10 1 2 3 4 5678910 20 30 40
P (GeV/c) P (GeV/c)

= nplwo ratio shows no centrality dependence
= Same for K+/7=+ ratio
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‘ R,, in Pb-Pb at /s, ,=2.76 and 5.02 TeV .
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[ [S1n°:0-10 % (arXiv:1803.05490) T 7°:10-20 % (Eur. Phys. J. C 74 (2014) 3108) T [©]#°:20-40 % (Eur. Phys. J. C 74 (2014) 3108) i
osf- T T 1 dependence
o8l T 1 = Similar R,,for the
4 7 T 8 two collision
i I ] .
02 Fo] . . energies.
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[ [O]n®:20-50 % (arXiv:1803.05490) T [[©]":40-60 % (Eur. Phys. J. C 74 (2014) 3108) 1, | ]
0.8 -T ol N -
: I I TR b 1 Pb-Pb /s, =2.76 TeV
| ]
4 2010 data:
1 Eur. Phys. J. C (2014) 74:3108
Pb-Pb at 5,0y = 5.02 TeV . 2011 data:
[(®]=°:60-80 % ] .
Pb-Pb at S,y = 2.76 TeV . arXiv:1803.05490
[07] »°: 60-80 % (Eur. Phys. J. C 74 (2014) 3108) ]
Lol b b b b b T b by s by bovn s by s BT a by s by s bovn s buv s byv s I

5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
P, (GeV/c) P, (Gevic) p, (GeVic)
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‘Comparison to D-mesons and hadrons

3
3

12— ALICE Preliminary

L L WL VSR L L ST LR LU S, ) [ o B

11—

0.8

Pb-Pb at |5 = 5.02 TeV “
[+ 1 = |yl<0.125:0-10 %

[ = ] Average D° D*, D™, |y|<0.5: 0-10 % (arXiv:1804.09083)
[ ] Charged particles, [n|<0.8: 0-10 % (arXiv:1802:09145)

|III|II\|IIIT\II|I

3
3

\IIlII

L) RS L] (U e

Pb-Pb at Sy, = 5.02 TeV

[+ ] 9 |y|<0.125: 60-80 %
[ = ] Average D° D*, D™, |y|<0.5: 60-80 % (arXiv:1804.09083)
[ o ] Charged particles, fn|<0.8: 60-80 % (arXiv:1802:09145)

f }
——
1II|III|III|II\|III\II|I

\II|III|

MR R TSN R R TN SR Y O i 8 VS B N R R O
5 10 15 20 25 30

p. (GeV/c)

[ o] Charged particles, [n|<0.8: 30-50 % (arXiv:1802:09145)

T T T T | T T T T | T T ] T | T T T T T T T [ ] I T T T T I ]
12— ALICE Preliminary |
QI HHm == e e e o e e e e
L Pb-Pb at |5y, = 5.02 TeV "Ii
i [+ ] 7 |yl<0.125: 20-50 % 1
0.8 B [ = ] Average D° D*, D™, |y|<0.5: 30-50 % (arXiv:1804.09083) _|

ﬂ

— |
=]

1II|III|I

15 20 25

Wl
o

p. (GeV/c)

Similar suppression at high p>10 GeV/c for all species

Smaller suppression of D-mesons compared to pions

and charged at low p-

9 Quark mass difference?

2 Collective flow and recombination?
9 Soft pion production?

2 Another reason?
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Comparison to theoretical calculations

& f PoPbatysg-s0eTev 1 PoPbatfsg-s502Tev ALIGE Preliminary
“L [@n°: 0-10% 7° :10-20 % i
I R ] mDjordjevic:constanttemperature [ | Both mOdels
: i Djordjevic : Bjorken expansion
1 Dlvier reproduce
] amount of
— suppression, p;
P _an and centrality
st . dependence
TR ST T PO T TR I
m:(t i T LI ] LI ] T I T I T I LI I l--l TTT I TrTT I rTTT ] rrrT I rTTT I L) I I-
1.2~ Pb-Pb at {5, = 5.02 TeV Pb-Pb at |5y, = 5.02 TeV T Pb-Pb at s, = 5.02 TeV 7
L [e]n°: 20-40 % [o]x° : 40-80 % i [#]~° : 60-80 %
e Bt g B :
i . lm,;rv“‘”" 1 Djordjevic et al. :Phys. Rev. C
0.6 1 zes ‘ 1 94, 044908 (2016)
[ Jx‘ ] arXiv:1805.03494:Energy loss

1 in evolving finite-size QGP

Vitev et al.: Phys. Rev. D 93,
074030 (2016): Soft-Collinear

11 I 111 I 1111 I 111 I 111 1 l 1111 I 1 L1 1 1 | L1 1 1 I 111 1 I 111 1 I L1 1 1 I L1 1 1 I 1 L1l I 1111 I 11 1.1 I 1111 I 1111 I | | I I- effective theory for jet
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30 . .
P, (GeV/c) P, (GeV/c) p_(GeV/c) propagatlon N matter.
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Conclusions

w0 and 7 spectra measured in pp collisions
at 4/s=0.9, 2.76, 5.02, 7 and 8 TeV

9 NLO pQCD
70, PDF: MSTW+FF:DSS14 predicts 20-30% higher yield

7) : PDF: CTEQ6MS5+FF: AESSS predicts 2x higher yield

w0 and »n spectra in p-Pb at 1/s,,=5.02 TeV

2 centrality classes 0-20%, 20-40%, 40-60%, 60-100% with ZNA, VOA, CL1
centrality estimators

0 Strong dependence of Q,., on rapidity gap to centrality estimator
2 Consistent with D-mesons within uncertainties

moyield in Pb-Pb 4/sy,=5.02 TeV

0 R, at v/Sy=2.76 and 5.02 TeV are very close

0 Rua Similar to one of D-mesons at p;>10 GeV, but smaller at lower p-
0 Models of Djordjevic et al. and Vitev et al., reproduce p; and centrality dependence
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‘Backup
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Neutral meson measurements in pp

c,z‘ I I T T 1Tl | I | LI I| I I ? \'_ 8T V I ALICE é
5 10 ALICE - g.‘:g.o:mpp ) o E
2 ™ = 7y j Els15E -
O 10" = g2 + 3
2 12 . g "OE : 3
:ggvb.-.m E 0.5:. - % +H =
O, 411 ] = I [ .
210 3 > Q.O‘EDD,\E=7T3V E
3 o =
108 1 _;
. %_z.o_mpp F 276 TeV E
10° Els1sE =
v pp, Vs =8 TeV (x10° se. b A 3
10°E- [ 1pp, Vs = 7 TeV (x109) s F i B E
[+ ]pp, Vs =2.76 TeV (x10) 05, | it — i
10" =] pp, Vs = 900 GeV > Epp s - 900 Gov mNLO.  'PYTHIAB2, -
. --- TCM fit S =20F "ZEFDE‘;EW Monash 20137
10 Tsallis fit ElsisE =
10?t- — PYTHIA 8.2, Monash 2013 S e ity :
B NLO, PDF: MSTW - FF: DSS14 S| E e E
10, 0l L Lol 1 [ ° 0.5, ...1“1'\.’.\..*:.& | T
03 1 2 3 4567 10 20 30 40 0.3 1 2 3 4567810 20 3040
p, (GeVic) P, (GeVic)
8 TeV ALICE collaboration :
= Pythia 8.2 Monash 2013 reproduces approximately both 76 TEU\';-ELhIB(/:SEJ- |C|: (bZOl?_) 78:263
- : e collaboration :
0
w0 and n spectra at all energies Eur. Phys. J. C 77 (2017) 339
= NLO pQCD calculations predict ~20-30% higher yield /TeV ALICE collaboration :
Phys. Lett. B 717 (2012) 162-172
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Spectra vs centrallty, VOA and ZNA %
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