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ALICE

a Neutral mesons and direct photons as probes of hadronic matter

© The ALICE experiment

© Neutral mesons in pp collisions

© Neutral mesons in Pb-Pb collisions

© Direct photons in Pb-Pb collisions

© Conclusions

L. Ronflette Neutral meson and direct photons measurements



Neutral mesons and direct photons as probes of hadronic matter

ALICE
pp collisions
@ Test pQCD
@ Constrain Parton Distribution Functions and Fragmentation Functions
@ Reference for Pb-Pb analysis
. ~

Pb-Pb collisions

o 7° and 7 production
> Probe the matter via parton energy loss

@ Direct photon (prompt and thermal) production
> Low pt access to thermal photon measurement
m probes the medium properties
> Higher p7 access to prompt photon measurement

| is a reference for jet quenching
B tests the N, scaling assumption
B tests possible initial state modifications

A\
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ALICE experiment
ALICE

Z0C
\116m from L

.-

@ Charged particles: ITS and TPC
@ Electromagnetic particles: EMCal and PHOS
@ Centrality via multiplicity: VO
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Photon measurement

ElectroMagnetic CALorimeter (EMCal) ALICE
@ Pb/scintillator sampling calorimeter
@ |n| < 0.7 and 80° < ¢ < 180°
\ ° % =0.017® % ® % (NIM 615 (2010) 6-13)
9 Intermediate to high pr
PHOton Spectrometer (PHOS)
@ PbWO;, crystal calorimeter =
o |n] < 0.13 and 260° < ¢ < 320° 7@4 )
o 0.033 _ 0.018 Y e AN T
OEZO.Oll@W@T _\
(1IMPA 29 (2014) 1430044) S s
@ Intermediate to high pr "
§ ] G Photon Conversion Method (PCM)
e‘ @ Conversion probability ~ 8.5%
@ (UMPA 29 (2014) 1430044)
@ || < 0.9 and 0° < ¢ < 360°
@ Low to intermediate pr
run 104782, event 2248 X(cm)
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Invariant mass reconstruction

Invariant mass reconstruction from decay photons ALICE

EMCAL 7° and 7 invariant mass
PCM and PHOS, #° invariant mass in pp and |n Pb Pb collisions

Pb-Pb collisions E
W M0 W O e HO . 2 4T Centrality Coom
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= Combination of independent measurement using different detectors/methods J
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7% and 7 in pp collisions with PCM-+PHOS: cross section
. ALICE

T T T

ALICE Preliminary

n

(pb GeV?c?)

- - - PYTHIAB.1854C

S c

x PYTHIAB.185 Monash - » [ S A ey S
d ) NLODOCD&MSTW(DSS‘4(|I=D'/2): >
i 810" NLO pQCD + MSTW + DSS14 (1 =2p ) § 8
) —— Tsallis fit B o 10‘
%, E 2
| 0|
E I 0
3 w @ 7w and 7 cross
4 10’
k| .
E 1o section measurement
i /5 =09, 2.76, 7 TeV
|
3 0
. 10 @ 7 at /s =8 TeV
~
- 10°
ALICE pp 15 =8TeV N puesTTe)
ALICE pp 15 = 7 TeV (PLB 717 (2012)) x 10" E 07| combineaspee. VR
ALICE pp 15 = 276 TeV (EPJ74-3108 (2014) x 10" § e
AUCEpp15= 09 TeV (PLB 717 (2012) x 10° 8 10 :tg::;‘v,'

— pQCD calculations
(PRD 91 (2015) 014035) do
not reproduce the data for
larger /s at high pr

ns=7TeV

~ o

Data / Fit

- P - - -
DN NN DN NG D

Data / Fit

» o

1
Py {Gevic)

Data / Fit

°

arxiv:1205.5724

10 p_(GeVic)
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7% and 7 in pp collisions with PCM+PHOS: /7° ratio

ALICE
19 °’E__1.o andnyy—e'e e'e  ALICE Preliminary
= % PP, 15 =2.76 TeV.
0.8 ALICE 0.8 ALICE
0.6 | 0.6|
] At i | |
.4 oo L 04 00000 ceodesades ek
¥
«* e ALICE, =7 TeV #*ﬁ
02 ... NLOW=05p 02 Loy CoaplemaTe™V
[ NLOW=2p, e
b 2 3 3 8 10 12 12 o
P, (GeVie) ! 2 s ¢ B, (GeV/c)
PLB 717 (2012) 162-172 arxiv:1205.5724
@ 7/7° ratio reduces influence of the PDF choice in the pQCD calculation
o PDF:CTEQ6MS5,FF:AES for n
@ PDF:CTEQ6MS5,FF:DSS for 7°
= Measurements and pQCD NLO calculation show similar trend at both /s J
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7% in Pb-Pb collisions with PCM+4PHOS: invariant yield

10*

(GeVic)?

10°

10

d°N
2t N, p.dp dy

10

1

@m [ lpp Vs=2.76 TeV

= - - Tsallis fit
_ = y
L] - — power law fit

[¢] 0- 5% Pb-Pb {s5,,=2.76 TeV x 27
#| 5-10% Pb-Pb \s,,=2.76 TeV x 2°

10-20% Pb-Pb {5, = 2.76 TeV x 2°
[+]20-40% Pb-Pb (s, = 2.76 TeV x 2
[]40-60% Pb-Pb |s,, = 2.76 TeV x 2'
[2]60-80% Pb-Pb |5, = 2.76 TeV x 2°
- - fits to Pb-Pb

1

EPJC 74 (2014) 3108
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P, (GeV/c)

ALICE

@ 2010 data

@ Pb-Pb spectra measurement at
\/SNN = 2.76 TeV

@ pp spectrum /syy = 2.76 TeV as
reference in the nuclear modification
factor

= Nuclear modification factor to quantify
nuclear effects

d*Naa/dprdy

R =
M T T Tan > do2,/dprdy




79 in Pb-Pb collisions with PCM+PHOS: Raxa

g 2 9 ALICE PoPo ALICE
o Pb-Pb {5, = 2.76 TeV. [s] 0- 5% 20 E: 0-10% Pb-
2 [+]20-40% 20 80 {5, =276 T
(5160 - 80% 0 7 PHENIX 0-10% Au-Au
1.0 o |5,=200GeV ¢ |s,=62.4GeV
: 15 4 o |5, =39GeV
TWAS8  0-13% Pb-Pb
08  Ys,=17.3GeV
™ e ——
04 + +
0.2 ﬁ : i 4 % %
= sandt Withood o
0. 2 7 6 ] 70 T2 4 6 8 0 12 14
P, (GeV/c) P, (GeV/c)
EPJC 74 (2014) 3108 EPJC 74 (2014) 3108

@ Suppression at high pr and increasing with the centrality

= increasing medium energy loss with centrality J

@ Stronger suppression than at PHENIX (PRL 109 (2012) 152301 and PRL 101 (2008) 232301)
and SPS (PRL 100 (2008) 242301)

= increasing medium energy loss with /syy J
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7% and 7 in Pb-Pb collisions with PCM+EMCAL: invariant yield

o 10°F T T Emmmnasi 3 § 10T T Ummmns 3 ALICE
L F ALICE Prelimi E| Q ALICE Prelimi E|
S it e roinnsy $ e uoe sy 3
=~ E - Pb-Pb, {s,,=2.76 TeV - ~ Pb-Pb, {s,,=2.76 TeV
53 10 - T [ 010% E = e o .
% %.- 15 e [5]20-50% i % %.- - []20-50% 3
S P e S EES E
,_Z"wo‘;» . '.m - _; -z —— 3
& F e e E & S E
ur’g - =\ q i 3
WO > T ]
104k N\ N e 3
E e E [= =R 1
105 PP, VS = 2.76 TeV S - P, VS = 2.76 TeV oo wm L F
£ [#]EPJC 74 (2014) 3108 hN =\® A\ 3 [+]1JPG 38 (2011) 124076 oo @@ g
106 PQCDNLO p=p_ =\ 4 pQCD NLO = p_ oo E
E PDF: MSTW, FF: DSS14 s =\ 3 PDF: MSTW, FF: DSS07 w ]
107k PRD 91014035 N PRD 91014035 ?
E scaledby<N_> 3 scaled by <N_> 3
ot s s sesio a0 w0 Wiot s bereho 30 w0
p; (GeVic) p; (GeVic)
@ 2011 data with x10 statistics
@ Higher pr 7° measurement compatible with PCM+PHOS results
@ First 7 measurement
= Comparison with pQCD calculation (PRD 91 014035) shows suppression
both for 7° and 7
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7% and 7 in Pb-Pb collisions with PCM+EMCAL: 7/7° ratio

T
T Pb-Pb, |5, = 2.76 TeV.

= 0-10%
[120-50%

pp. V5=7TeV
[+]PLB 717 (2012) 162

ALICE Preliminary |

Particle ratio

1 i L
3 4 5678910 20
p, (GeVic)

T
o
Pb-Pb, |5, = 2.76 TeV

[Ewr’, 0-10%
[ [*]wr’,20-50%

K/nt, 0-10%
PLB 736 (2014) 196

ALICE Preliminary |

1 i L
3 4 5678910 20
p, (GeVic)

o= -
Pb-Pb, 5,,=2.76 TeV  NLODCZW (1,=0.6fm) |
=] 0-10% 0-10% 1
arXiv:1506.00838 |

0. []2050%

06—

0.4

02—

ALICE Preliminary |

ol L
2 3 4 5678910 20
p, (GeVic)

@ pQCD NLO calculations at high pr with energy loss reproduce the data
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ALICE

@ Comparison with other ALICE results on K* /7%
(PLB 736 (2014) 196) shows similar behaviour

@ Comparison with pp n/7° ratio measurement
shows comparable values
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Direct photons measurement in Pb-Pb collisions with PCM+PHQOS:

R, comparison with pQCD

1
Ydirect = Yincl — "Ydecay = (1 - R_)'Yincl
Y

with R'y _ Yinel _ ’Zincl "Ygecay
“Ydecay T param T param

@ Combination of PCM and PHOS
independent measurements

@ R, comparison to pQCD NLO
theoretical predictions shows good
agreement at high pr

ALICE

L 0720%‘ Pb-Pb {s,, = 2.76 TeV

L [®]ALICE

— NLO pQCD PDF: CTEQ6MS5 FF: GRV

I JETPHOX PDF: CT10, FF: BFG2
JETPHOX nPDF: EPS09, FF: BFG2

(all scaled by N,

L 20-40“% Pb-Pb |s,, = 2.76 TeV
[ s ALICE

L — NLO pQCD PDF: CTEQ6MS5 FF: GRV
ETPHOX PDF: CT10, FF: BFG2
JETPHOX nPDF: EPS09, FF: BFG2
(all scaled by N,

- [C+]ALICE
NLO pQCD PDF: CTEQBMS FF: GRV
ETPHOX PDF: CT10, FF: BFG2

ETPHOX nPDF: EPS09, FF: BFG2
(all scaled by N,

| IR AU UM SRS R UI FETI S SIS R

PLB 754 (2016) 235-248
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Direct photons in Pb-Pb collisions with PCM+PHOQOS: comparison with

pQCD ALICE
& ETT T[T T [T T[T T[T TT[TT T [TTT[§
o E Pb-Pb Vs, = 2.76 TeV 3
- [¢] 0-20% ALICE — PDF: CTEQ6MS, FF: GRV =
(Y] [+]20-40% ALICE - - (n)PDF: CTEQ6.1 M/EPS09,7

[+140-80% ALICE ~ FF:BFG2

JETPHOX

7/PDF: CT10, FF: BFG2
nPDF: EPS09, FF: BFG2
(all scaled by N,

@ At high pr good agreement with pQCD
calculations

= Excess of yield at low p7 attributed to
thermal photons J

ool ol el vl ool ol vl el ool sl

o
-
Wl

P, (GeVic)

PLB 754 (2016) 235-248
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Direct photons in Pb-Pb collisions with PCM+PHQOS: comparison with

models

@ Comparison with different models
including thermal photon radiation

> Van Hees et al.: space-time evolution
70 = 0.2fm/c, temperatures
To = 682,641,461 MeV for the
0-20%, 20-40% and 40-80%

> Chatterjee et al.: (2+1D)
hydrodynamics model with fluctuating
initial conditions, 7o = 0.14fm/c,
To ~ 740,680 MeV for the 0-20%
and 20-40%

> Paquet et al.: (241D) hydrodynamics
model with IP-Glasma initial
conditions, 19 = 0.4fm/c,
To ~ 385,350 MeV for the 0-20%
and 20-40%

> Linnyk et al.: evolution of the
collisions described microscopically

ALICE

T

--- Linnyk et al.

-.v. Hees et al. PRC 85(2012) 064910

R e o e R
Pb-Pb s, =2.76 TeV Aexp(-p/Te)

[®] 0-20% ALICE — 0-20% |
[+20-40% ALICE —20-40% 3

Paquet et al.
arXiv:1509.06738

arXiv:1504.05699 -~ Chatterjee etal.

NPA 933(2015) 256  + JHEP 1305(2013) 030

ol b b b Lo Lo Lol

R B A e AL e AL S

p, (GeV/c)

Phys. Lett. B 754 (2016) 235-248

= Spectrum in agreement with models including QGP formation with an initial J

temperature > 350 MeV
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Direct photons in Pb-Pb collisions with PCM+PHOS: /s dependence

B B o O S e B — — —. ALICE
o & ! ‘
L r e @ 10 E
% 1ol B [e]ALIcE | = ER [F]ALICE E
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N E E E E
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PLB 754 (2016) 235-248
@ At low pr, exponential fit of the excess in the direct photon yield

@ Comparison with PHENIX results (PRL104 (2010)132301 and PRC91/6 (2015) 064904)

= Increasing inverse slope parameter with \/syy for 0-20% and 20-40% centrality cIassesJ
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Conclusions

ALICE

Neutral mesons in pp collisions

@ Compatible with pQCD models for the lower pr values

& Good agreement of 1/7° ratio measurement with the pQCD calculations
.

Neutral mesons in Pb-Pb collisions

o 7° measurement with PCM+PHOS and PCM+EMCAL

& Suppression observed with 7° Raa increasing in the most central collisions and with

higher v/ SNN
@ 7 measurement with PCM+EMCAL

Direct photons in Pb-Pb collisions
@ Direct photon excess below 3 GeV/c in the most central collisions attributed to
thermal photons
@ Spectrum in agreement with models including QGP formation
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ALICE

Thank you for your attention!
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ALICE

Back up
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Direct photon measurement in Pb-Pb collisions with PCM+PHOS: R,
cocktail ALICE

% R s e B e e e e I B S L B -
all decay y |

70— vy (e'e)
-y (Wry.eteya’yy)
o =’ (1)

n' = py (@Y, 1Y)

o - my (', oY)

p -y (', m)

1
Ydirect = Yincl — "Ydecay = (1 - R_)'Yincl .
Y

PERFORMANCE

30/07/2012

I

with R’Y = Tincl — Yinel “Ydecay

0 0
Ydecay Tparam T param

0-40% Pb-Pb, (S, = 2.76 TeV
- | | 1 n
6 8

12 14
Py (GeVr/c)

4

10

all decay y

0 - vy (e'ey)

-y ('ry.eteya’yy)
PERFoRMANCE 0y (m)

1/08/2012 n' = py (@Y, 7Y)

0 - my (%, wy)

L Py (1, )
@ 7) meson contribution assuming L

transverse mass scaling or that n pr wz!gc_\__v_vw
A
5‘

9 obtained via calculations based

Ydecay
0

T param
on MC simulations anchored to data

have the same shape as Kg spectrum 10°

| | Ll T 1]

14 16
P, (GeV/c)
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Direct photon in Pb-Pb collisions with PCM+PHOS: R,

— - -
0-20% Pb-Pb s, = 2.76 TeV

1.

o

[BR : i
20-40% Pb-Pb |5, = 2.76 TeV

PRI AN RS T

1.5—
o< [
1.0—
fF——+ t + +— =
[ 40-80% Pb-Pb |s,, = 2.76 TeV ]
1.5— —
1.0~ G |

Phys. Lett. B 754 (2016) 235-248
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0
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@ PHOS and PCM individual results
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