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> Physics motivation (- Why neutral mesons and direct photons?)
» ALICE @ the LHC
» Photon reconstruction (PCM, EMCal, PHOS)

» Published neutral meson measurements by ALICE up to now

H pp (QCD vacuum)
m p-Pb (cold nuclear effects)
m Pb-Pb (QGP creation - QCD medium effects)

» Direct photon measurements by ALICE
m Pb-Pb (hot QCD medium — thermal photons)

» Summary & outlook
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Physics motivation

ALICE

> List of observables:
B Direct Photons: | 7Y

¢ Photonyields, R, R v Photons escape the QCD medium basically
pPb .
incl unaffected, produced at every stage of the collision
® R, = 7 - very interesting probe
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pPb .
incl unaffected, produced at every stage of the collision
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Spectra (invariant yields / production cross sections)

Particle ratios

Integrated yields / mean p,

Important input for direct photons, dielectrons, HF electrons = dominant background
Neutral meson spectra are measured over wide p_ ranges, no other identified particle

spectra are available with comparable momentum reach
- important input for fragmentation function fits
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> pp/ p-Pb/Pb-Pb measurements
B Each system is unique, need all of them to develop full, consistent picture
B Disentangle initial/final state effects in nuclear modification of spectra in Pb-Pb collisions
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Physics motivation

ALICE

> List of observables:

B Direct Photons: | 7Y

¢ Photonyields, R, R v Photons escape the QCD medium basically
pPb .
incl unaffected, produced at every stage of the collision
® R, = 7 - very interesting probe

m Neutral mesons: | 7°(n) — vy

*

RN N ¢ o

,)/decay

Spectra (invariant yields / production cross sections)

Particle ratios

Integrated yields / mean p,

Important input for direct photons, dielectrons, HF electrons = dominant background
Neutral meson spectra are measured over wide p_ ranges, no other identified particle

spectra are available with comparable momentum reach
- important input for fragmentation function fits

> pp/ p-Pb/Pb-Pb measurements
B Each system is unique, need all of them to develop full, consistent picture
B Disentangle initial/final state effects in nuclear modification of spectra in Pb-Pb collisions

> Different collision energies
B Test pQCD NLO / generator (PYTHIA,...) predictions
B Test scaling laws/predictions — evolution of spectra with /s
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> Relevant detectors for

— e B reported analyses located at
- central barrel

M > VO/TO detectors: MB trigger

and luminometers

ABSORBER

» ITS/TPC - precise tracking + PID
> EMCal/PHOS - electromagnetic calorimeters

B Triggering capabilities
- extend high momentum reach

Daniel Miihlheim | Neutral Mesons & Direct Photons with ALICE| September 03, 2017 3



ALICE @ the LHC

_

pp p-Pb Pb-Pb
0.9 TeV - -
2.76 TeV - 2.76 TeV
\ - 5.02 TeV -
7 TeV - -
= 8 TeV - .
|

> Relevant detectors for
— reported analyses located at
S ;. i central barrel
?” ) N » VO/TO detectors: MB trigger
and luminometers

» ITS/TPC - precise tracking + PID

» EMCal/PHOS - electromagnetic calorimeters Photon reconstruction via
W Triggering capabilities three independent methods
- extend high momentum reach

Daniel Miihlheim | Neutral Mesons & Direct Photons with ALICE| September 03, 2017 3
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Photon reconstruction in ALICE using... e

track

(1) ... Photon Conversion Method (PCM)

> Pair charged particles with large impact
parameter, if DCA small - V° candidate

» Background mainly combinatorial, use
discriminators in analysis to primarily select
photon candidates from V°sample on...
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Photon reconstruction in ALICE using...

track

(1) ... Photon Conversion Method (PCM)

> Pair charged particles with large impact
parameter, if DCA small - V° candidate

» Background mainly combinatorial, use
discriminators in analysis to primarily select
photon candidates from V°sample on...

B General criteria

B Tracklevel =

10
p (GeV/c)
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Photon reconstruction in ALICE using... iz

track

(1) ... Photon Conversion Method (PCM)

> Pair charged particles with large impact
parameter, if DCA small - V° candidate

» Background mainly combinatorial, use !
discriminators in analysis to primarily select
photon candidates from V°sample on...

B General criteria

+ track

B Track level =

B Photon topology B ——— === ———rmm oS oo
> High purities in pp (>99%) .3 = & B BT e

> Most central Pb-Pb (>91%) = - 9 LowiRnns 3

> | In] <0.9,0 < p <27

> Excellent resolution,
butP_~8.5%

conv

10 0»1 0.8 -0.6 -04-02 0 02 04 O.@ 0.8 _1
) (GeV/c) o= (P,_'P,_)/(PL+PL)
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Photon reconstruction in ALICE using... iz
(2) ... Electromagnetic Calorimeter (EMCal) —» 1

m | |n| <0.67,Ap = 100°

B Shashlik calorimeter (lead/scintillator)

B Cell dimensions: An x Ap = 0.0143 x 0.0143
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Photon reconstruction in ALICE using... aiice
(2) ... Electromagnetic Calorimeter (EMCal) —»

m | |n| <0.67,Ap = 100°

B Shashlik calorimeter (lead/scintillator)

B Cell dimensions: An x Ap = 0.0143 x 0.0143

(3) ... Photon Spectrometer (PHOS)
m | |n| <0.12, Ap = 60°
B |ead tungstate crystals = very good resolution
B Cell dimensions: An x Ay = 0.004 x 0.004
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Photon reconstruction in ALICE using... ALICE
(2) ... Electromagnetic Calorimeter (EMCal) —»

m | |n <0.67,Ap =100°

B Shashlik calorimeter (lead/scintillator)

B Cell dimensions: An x Ap = 0.0143 x 0.0143

(3) ... Photon Spectrometer (PHOS)
m | |n] <0.12, Ap = 60°
B |ead tungstate crystals = very good resolution
B Cell dimensions: An x Ay = 0.004 x 0.004

> Cells with deposited energy are grouped in clusters
- photon candidates

P :
' |l 550 MeV
L. 450 MeV

. . , .l 350 MeVv
> Trigger capabilities - select events with energy W 250 MeV

deposited above a threshold . I 150 MeV

40 MeV
i foMeV )
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Meson reconstruction

» Invariant mass of two photon
candidates:

M’Y’Y — \/QE’YlE’YQ(l _ COS@’Yl’Yz)

» Event mixing for uncorrelated
background (use different
event pools - mult., z-bin,...)

> Fit with exponential +
Gaussian + pol1
— mass position, width
- bin counting for raw yields

» Pairing two photons from
PCM / PHOS / EMCal during
reconstruction

pp@8TeV - neutral pion

ALICE

x10° x10°
2 T T | T T T T { T T T T | T T T T [ T T T T [_ ﬂ CT T [ T T T T | T T T T I T T T T ‘ T T T T |ﬁ
S [ ALICE performance % 0.5 GeV/c < p < 0.6 GeV/c J §3.0 ALICE performance 7% 9.0 GeV/c < p < 10.0 GeV/c —|
S 18— pp, (s=8TeV —Rawrealevents | § | PP, Vs=8TeV — Raw real events -
[ MB trigger o Mixed event BG r EMC-LO trigger o Mixed event BG
1.6 PCM Remain.BG | ¢ EMC Remain. BG = ]
r e BG subtracted ~L e BG subtracted |
1 aF — Fit - — Fit
r 2.0 -
1.2 7 B ]
1o ERREE -
0.8 ] C ]
L 1 10 .
0.6 4 ]
r b 0.5— —
0.2; sl . :_ L )
0' = s A e T 007 l 1 1 1 | 1 1 1 1 | 1 1 1 1 l I 1 1 1 |
0.2 0.25 0.05 0.2 0.25
M, (GeV/c?) M,, (GeV/c?)
2 [T T | T T T T { T T T T ‘ T T T T ‘ T T T T ‘7 2 60_ T T ‘ T T T T | T T T T { T T T T | T T T T .'_
S 40 ALICE performance  n%22.0 GeV/c<p,<26.0GeV/ic | § [ ALICE performance 7% 30.0 GeV/c < p_<35.0 GeV/c ]
8 pp, s =8TeV — Raw real events - 8 [ pp, Vs=8TeV — Raw real events |
a5 PHOS-LO trigger o Mixed event BG - 50— EMC-L1 trigger o Mixed event BG —|
L PHOS Remain. BG E - PCM-EMC Remain. BG 1
C e BG subtracted C e BG subtracted
n —_Fit = — Fit B
30
251
20F
15F
10F
5¢
Us
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Meson reconstruction

» Invariant mass of two photon
candidates:

M’Y’Y — \/QE’YlE’YQ(l _ COS@’Yl’Yz)

» Event mixing for uncorrelated
background (use different
event pools - mult., z-bin,...)

> Fit with exponential +
Gaussian + pol1
— mass position, width
- bin counting for raw yields

» Pairing two photons from
PCM / PHOS / EMCal during
reconstruction

» Additionally: “hybrid” methods
- PCM + calorimeter
— combine advantages from
both methods
- important cross-check

x10° x10°
2 T T T T { T T T T | T T T T [ T T T T [_ ‘g CT T [ T T T T | T T T T I T T T T ‘ T T T T |ﬁ
S [ ALICE performance % 0.5 GeV/c < p < 0.6 GeV/c J §3.0 ALICE performance 7% 9.0 GeV/c < p < 10.0 GeV/c —|
S 1.8~ pp, \s=8TeV —Rawrealevents | § | PP, Vs=8TeV — Raw real events -
 MB trigger o Mixed event BG [ EMC-LO trigger o Mixed event BG
1.6~ PCM Remain. BG - 25— EMC Remain. BG |
r e BG subtracted L e BG subtracted |
4 — Fit — Fit ]
. 2.0 -
1.2~ . L
1o ERREE
0.8— =
C ] 1.0F
0.6 4
0.4 - L
r b 0.5
0.2— " R — »
v L oSS
- s A e T al =1 1 1 1 1 1 1 1 |
0.2 0.25 0.05 0.1 0.15 0.2 0.25
M, (GeV/c?) M,, (GeV/c?)
2 C | T T ‘ T T T ‘ T T T T ‘ T T T T ‘7 2 60_ ‘ | ‘ | T T T T .'_
S 40 ALICE performance  n%22.0 GeV/c<p,<26.0GeV/ic | § [ ALICE performance 7% 30.0 GeV/c < p_<35.0 GeV/c ]
8 E pe Vs=8TeV —Rawrealevents 1 § [ pp. Vs=8TeV — Raw real events |
a5 PHOS-LO trigger o Mixed event BG - 50— EMC-L1 trigger o Mixed event BG —|
F PHOS Remain. BG B  PCM-EMC Remain. BG b
e BG subtracted C e BG subtracted
— Fit — Fit

15F

pp@8TeV - neutral pion

ALICE

02 025
M., (GeVi/c?)
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Meson reconstruction

» Invariant mass of two photon
candidates:

M’Y’Y — \/QE’YlE’YQ(l _ COS@’Yl’Yz)

» Event mixing for uncorrelated
background (use different
event pools - mult., z-bin,...)

> Fit with exponential +
Gaussian + pol1
— mass position, width
- bin counting for raw yields

» Pairing two photons from
PCM / PHOS / EMCal during
reconstruction

» Additionally: “hybrid” methods
- PCM + calorimeter
— combine advantages from
both methods
— important cross-check
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Results - neutral mesons pp@8TeV

ALICE

newly on arXiv: 1708.08745, :

};ubmitted 0 EPIC » High momentum reach for m® and n
~ e — B Combining 4 methods with 4 different triggers
v F — PYTHIA 8.2, Monash 20137 > _ 0
. 1011?  PYTHIAB2, Tune 4G 2 PCM, EMCal, PCM-EMCal, PHOS (119
& ok mwpQODNLO > MB + Calorimeter triggers:

a 9? 1 pQCD NLO 7 - EMCal (~2, ~8 GeV) and PHOS (~4 GeV)
e 10 2 PDF: CTEQ6MS, FF: AESSS 5
Tt -
w = E
10 =
10°- =
10°E =
10°E =
103;5 pp, Vs =8 TeV E;
f ALICE &
10 E norm. unc. 2.6% E
!
O S x 109 E
1L --- TCM fit -
= Tsallis fit 3
10 1l I Lol | L1
3x10™ 1 2 34567 10 20 30
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Results - neutral mesons pp@8TeV

newly on arXiv: 1708.08745,
submitted to EPJC

E | I I TTTT I | | I T TTT | I I | E
= — PYTHIA 8.2, Monash 20134
E — PYTHIA 8.2, Tune 4C =
= i «° pQCD NLO 3
= PDF: MSTW, FF: DSS14 E
- n pQCD NLO 3
E PDF: CTEQ6MS5, FF: AESSS =
= =
= =
1 E
= =
;E pp, Vs =8 TeV E;
= ALICE 3
? norm. unc. 2.6% E;
L Ll N\
E [e]n(x107) 3
L- --- TCM fit -
8 Tsallis fit 3
E_| I I | 1 | | I | 1 1 =
3x10™" 1 2 34567 10 20 30

ALICE
» High momentum reach for m® and n
B Combining 4 methods with 4 different triggers
> PCM, EMCal, PCM-EMCal, PHOS (11°)
> MB + Calorimeter triggers:
- EMCal (~2, ~8 GeV) and PHOS (~4 GeV)

» Precise reference data for LHC Run 2 p-Pb @
8TeV; total uncertainties (at ~3 GeV/c):

- ~ 5% for m° - ~10% for n and n/m°
o T T T T T T | T T T T T T T I T
\;1 .0— &1 Data pp, 's=8TeV |
| — PYTHIA 8.2, Monash 2013 ALICE |
" PYTHIA 8.2, Tune 4C ]
0.8/ mm NLO, PDF:CTEQ6M5 ]
L n° FF:DSS07, ) FF:AESSS i
- 0.5pT <u< 2pT -
0.6— +‘ —
| 1 ¢ | ]
B ‘+o“\¢‘ : e ‘ 1 |
0.4 p—r = ]
0.2 Clpr > 35 GeV/e) = 0455
B - ¢ +  0.00641q: |
B +  0.0144y5 |
O.O_ 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 y 1
0.4 1 2 3 4 5678910 20 30
p. (GeV/c)
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Results - neutral mesons pp@STeV

newly on arXiv: 1708.08745,
submitted to EPJC

> Data fitted with TCM (Tsallis), comparisons to:

B PYTHIA8.2 Monash2013 + Tune4C

®  pQCD NLO calculations (FF:DSS14 / AESSS)

Theory, Data
TCM fit

1.5

1.0

- —
o Data = NOrM. UNC. 26/ pp, \s=8TeV |
— PYTHIA 8.2, Monash 2013 ALICE |
— PYTHIA 8.2, Tune 4C © Sy

[ NLO, PDF:MSTWO08 - FF:DSS14
O.5pT <p< 2pT

11 1 | I | | [

L | I Lo |
1 2 3 4567810

20 30 40
[ (GeVic)
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Results - neutral mesons pp@8TeV ALTCE

newly on arXiv: 1708.08745, © - T
submitted to EPJC 1= 2_0__ ; IE\a(?HIE 2 Ol\r/gn:;? 220?30 PP I aLicE
. . . . >= L —— PYTHIA 8.2, Tune 4C o —=yy
> Data fitted with TCM (Tsallis), comparisons to: g2 |- ==}.0. PoFMSTWos - FrDSS14 ]
B PYTHIA8.2 Monash2013 + Tune4C B i
B  pQCD NLO calculations (FF:DSS14 / AESSS) 15— _
10— m t & _:

L | L | | L
0.3 1 2 3 4567810 20 30 40

P, (GeV/c)
m T T T T L | T T T T T LI | T T T
T “e |Data === norm. unc. 2.6% pp, Vs =8 TeV
Qs — PYTHIA 8.2, Monash 2013 ALICE
== — PYTHIA 8.2, Tune 4C n-vy
o ;3 NLO, PDF:CTEQ8MS - FF: AESSS
o 9 TR, T T IITL
= COHR= 0.5 P g e

k=P

—_

III|IIII|III\|IIII

1 1 1 1 1 L1 | 1 1 1 1 1 1 11 | 1 1 1
0.3 1 2 3 4567810 20 30 40
[ (GeV/c)
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Results - neutral mesons pp@STeV

newly on arXiv: 1708.08745, o manas T
® - ° t === NOM. UN °o ,Vs=8TeV -
submitted to EPJC alg, L = P\a(TaHlAszolvlon:sﬁ 2013 PP NUcE ]
. . . . E'Z = L —— PYTHIA 8.2, Tune 4C ™ —=yy
> Data fitted with TCM (Tsallis), comparisons to: g2 |- ==}.0. PoFMSTWos - FrDSS14 -
B PYTHIA8.2 Monash2013 + Tune4C St .
. 1.5— —
B  pQCD NLO calculations (FF:DSS14 / AESSS) . ]
» Observation of m_scaling violation... - )
m ... with significance of 6.20 below 3.5 GeV/c 10— ! & ]

03 5 3 4567670 20 3040
P, (GeV/c)
K] L T T T T T UL ] s T T T T ! ‘o"""l J T ]
Bia « ALCER, (5= ToV - (1), V), 1 Bl [ o, oy 138
C ] >= | — PYTHIA8.2, Tune 4C n-=7vy
1.2 F - o@ 3 NLO, PDF:CTEQ6MS - FF:AESSS —
o ﬂ¢++ ++J + . gl | --n=05p R e .
%* o +++w E F ke :
0.8— i+ +w ‘ + - 4 N
0.6 . — i i
0.4 FTLL - i i
C ] T == —
02__ __ _ —
0'0__0'4""'1' 55 4 5678610 20 3_ R E— 5 4 5678 T K
. p. (Gevie) 0.3 1 2 3 4567810 2£r ( (35% \;1/00)
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Results - neutral mesons pp@STeV

newly on arXiv: 1708.08745,

submitted to EPJC

> Data fitted with TCM (Tsallis), comparisons to:

B PYTHIA8.2 Monash2013 + Tune4C
B  pQCD NLO calculations (FF:DSS14 / AESSS)

» Observation of m_scaling violation...
.. with significance of 6.20 below 3.5 GeV/c

> Universality of n/m°ratio
B NA27, PHENIX, ALICE within uncertainties

%
~

1.0
=

0.8

0.6

0.4

0.2

_\Il ALICE pp \F 8TeV <= ALICE pp, Vs = 7TeV
+ ALICE pp, Vs =2.76 TeV — ALICE PP m, -scaled, s = 8 TeV

LI %

|III|IIIIIII|III|III|

0.0

= ¢¢¢+ -t o PHENIX pp, Vs = 200 GeV
5 NA27 pp, Vs = 27.5 GeV

1 1 1 1 1 I| 1 1 1 1 1 1 1 ||

04 1 2 3 4 5678910 20

P, (GeV/c)

Theory, Data
TCM fit

1.5

1.0

Theory, Data
TCM fit

—_

T
° Data === NOrM. UNC. 2 6%

— PYTHIA 8.2, Monash 2013

—— PYTHIA 8.2, Tune 4C

I NLO, PDF:MSTWO0S8 - FF:DSS14

O.5pT <u< 2pT

11 1 | I | | [

L | ! Lo |
1 2 3 4567810

20 30 40

- 77T 4 4000

NLO, PDF: CTEQ6M5 FF: AESSS

--u 05p, T
“H=p,
= 2p

p. (GeV/c)
T T T T T T | T T T T T T
"o |Data === norm. unc. 2.6% pp, (s =8 TeV
— PYTHIA 8.2, Monash 2013 ALICE
—— PYTHIA 8.2, Tune 4C n-—-vy

5 S5 A 567810 20 30 40
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Results - neutral mesons pp@2.76TeV  auce
EPJC77 (2017) no.5, 339 > High momentum reach for m° and n
~ 10g T — R B Combining 5 methods with 8 different
B — PYTHIA 8.2 triggers (MB + calorimeter)
¢ 10 Monash 2013 . . .
E o 70 pQCD NLO > Including new EMCal single cluster analysis
- PDF: MSTW, FF: DSS14 (both t®decay photons in one cluster) for high
& 10 n pQCD NLO . . .
OB PDF. GrEQEMS. FF: AESSS momentum reach (16-40 GeV/c in this analysis)
T T
w 107
10°
10°
10*
10°
10°
10L- PP: (s =276 TeV
ALICE
1 Norm. unc. 2.5%
1 EITCO
1075 &0 (x 107)
1072 --- TCM fit
IIIIIII| | IIIIIII| | | I I |
3x10™" 1 2 34567 10 20 30
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EPJC77 (2017) no.5, 339

;\1012§| T T T T T T | T T
[§) 10112 — PYTHIA 8.2
L Monash 2013
8 1010 7° pQCD NLO
o 9 PDF: MSTW, FF: DSS14
g 10 n pQCD NLO
O % g PDF: CTEQ6MS5, FF: AESSS
o 510
u-l 107
10°
10°
10*
10°
10°
10 PP (s =276 TeV
ALICE
1 Norm. unc. 2.5%
0
107 = 2
[o]n (x 10%)
1072 === TCM flt
| I | || | | | | || | | |1 1
3x10™ 1 2 34567 10 20 30

[ (GeV/c)

Results - neutral mesons pp@2.76TeV

ALICE

» High momentum reach for m® and n
B Combining 5 methods with 8 different
triggers (MB + calorimeter)
» Including new EMCal single cluster analysis
(both t®decay photons in one cluster) for high
momentum reach (16-40 GeV/c in this analysis)

» Improved reference data for Pb-Pb @ 2.76TeV;
total uncertainties (at ~3 GeV/c):
- ~ 5% for m° - ~15% for n and n/m°



A Large lon Collider Experiment

EPJC77 (2017) no.5, 339
;\1012§|||||||| T T T T | T T
o 1011: — PYTHIA 8.2
L Monash 2013
8 1010 7° pQCD NLO
o 9 PDF: MSTW, FF: DSS14
g 10 n pQCD NLO
O % g PDF: CTEQ6MS5, FF: AESSS

o 510
u-l 107
10°
10°
10*
10°
10°
10 PP Vs =2.76TeV
ALICE
1 Norm. unc. 2.5%
0
107 = 2
[o]n (x 10%)
1072 === TCM flt
|||||||| | |||||||| | | I I |
3x10™ 1 2 34567 10 20 30

[ (GeV/c)

>

Results - neutral mesons pp@2.76TeV ;4

High momentum reach for m® and n
B Combining 5 methods with 8 different
triggers (MB + calorimeter)

Including new EMCal single cluster analysis
(both t®decay photons in one cluster) for high
momentum reach (16-40 GeV/c in this analysis)

Improved reference data for Pb-Pb @ 2.76TeV;
total uncertainties (at ~3 GeV/c):

- ~ 5% for mt°

- ~15% for r] and r]/n0

o
B 10
=

Fits and 08
comparisons
as for 8 TeV °¢
paper
available

0.2

— PYTHIA 8.2, Monash 2013

ALICE pp Vs=2. 76 TeV
NLO, PDF:CTEQ6M5
n° FF: DSS07, n FF: AESSS

oyt

_$
~o—
E 1 | L1 1 | L1 1 |

i H o ALICE, pp, Vs =7 TeV
Universality b > PHENIX. pp, 15 < 0.2 TeV
0 R I R 1A 11 (R
Of r]/T[ p. (GeV/c)
O o e = 0.4T4 £ 0.015(stat) + 0.024(sys)
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IIIII| IIIIII

ALICE

[+ lpp, Vs =8 TeV (x10°)
(e ]pp, Vs =7 TeV (x10?)
pp, Vs = 2.76 TeV (x10)
(= ]pp, Vs = 900 GeV
--- TCM fit

Tsallis fit
— PYTHIA 8.2, Monash 2013
I NLO, PDF: MSTW - FF: DSS14

IIIIIII| | lIIIIII|

| | |
0.3 1 2 3 4567 10 20 30 40
P, (GeV/c)

> 0.9 +7 TeV measurement:

PLB717 (2012) 162-172

(pb GeV?2 c’)
3 o o

d’c
E
_ dp?
o

10°
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ALICE

IIIIII T T I

[+ 1pp, Vs =8 TeV (x10%)
[e]pp, Vs =7 TeV (x10?)
pp, Vs = 2.76 TeV (x10)
[=]pp, Vs =900 GeV
--- TCM fit

Tsallis fit

IIIIIII| | [

— PYTHIA 8.2, Monash 2013

IIIIII I T T

ALICE
n—-vy
NLO,

PDF:CTEQ6M5
FF:AESSS

| |IIIIII| | IIIIIII| 1 IIIIIII‘ 1 IIIIIII| | I\IIIII| 1 IIIIIH| 1 IIIIIII| | IIIIIII| | \IIIIII| | IIIHII‘ 1 IIIIIII|

o
w

1 2 3

> ALICE neutral meson pp m

Comparison with PYTHIAS8.2
NLO calculations

| |
4567 10 20 30 40

P, (GeV/c)

measurements (run 1)
Monash2013 and recent pQCD
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ALICE
0 — vy

Data, Theory Data, Theory Data, Theory

Data, Theory

Epp,\/_ 8TeV |

I |||l| II|||III

IIIII IIIIIIII

Epp,\/— 7TeV |

L ,
E- pp, Vs = 2.76 TeV

| " I
"+ T

.l f I
1+ T

oo E L= |pp. 15 = 800 Gev mNLO,  —PYTHIAB2, E
= FF DSS14 Monash 2013 -
=15 =
'91.0 Jl‘/.} *» it

0-5 | 1 ) I I | I L 1 1 I I | 1 I 1 -

0.3 2 3 4567810 20 30 40
P (GeV/c)

» DSS14 - D. de Florian et al.

“Parton-to-Pion Fragmentation Reloaded”

[PRD91 (2015) no. 1, 014035]

Data, Theory Data, Theory Data, Theory

Data, Theory

pp analyses

TCM fit TCM fit TCM fit

TCM fit

s=8Tev .
_Epp -y
: 4 OQ-A- - ;LW :
C + =<
I l 1 lI | 1
- T ™ T -
Epp, Vs = 7TeV -
E H ————+++H E
pr, 52276 Tev ]
- *—L\.\L T =t =
_ T ¥ * * K K ]
-+t -+ ——+—
[~ ] pp, s = 900 GeV NLO, .
- PYTHIA82, SRR Pr
" Monash 2013 - ChIBp ]
- PDF:CTEQ6MS5
- B FF:AESSS 1
L l~—»-i—— i
: g | :
0.3 1 2 3 4567810 20 30 40

P, (GeV/c)
With all new data from Run1
energies - update of n
fragmentation functions desired
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Results - neutral mesons p-Pb@5.02TeV

> Disentangle

Preliminary - paper in preparation
y - pap prep cold nuclear

Data/Fit

lIlT!Il T T IIIIIII T

ALICE Preliminary
p-Pb sy = 5.02 TeV

effects

» Combining 6
methods
— PCM-Dalitz

[+ INSD =°

ALICE

[ = INSDn
— Tsallis Fit

— n° EPOS3
— n EPOS3

bbb ccomd commd ommd omd od omd ol ol ol ol

0.5 .

1
0pT (GeV/e)

Clear deviation of EPOS3 above
4 GeV/c - treatment needs to be revisited
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> Disentangle

Preliminary - paper in preparation

o

R

~

Results - neutral mesons p-Pb@5.02TeV

- ALICE Prel|m|nary

0.8—

T T ‘ T T ‘ T T | T

[® |p-Pb\s,, =5.02TeV
[O]ppis=7TeV
¢ p-Auys,, =29.1 GeV
¢ p-Be \s,,=29.1GeV
— p-Pb\ s, = 5.02 TeV - EPOS3
n from m_scaled n0:
----- p-Pb \s, =5.02 TeV
--ppis=7TeV ¥

III‘III 1 | L1 1 | L1 |

|

10
P, (GeV/c)

cold nuclear

~ T T T 1T T I| T T T T T T III T ;
S effects
> OB ALICE Preliminary = -
e £ o-Pb (5, =5.02Tev o » Combining 6
13 1ot - methods
2l E E — PCM-Dalitz
T|T u -

F1072% —= . .

- = » Universality
~Z 107 E of n/meratio

= C .

N —4 .
10 3 » myscaling
10_5§E [~ ]NSD n° E violation
1o [=INSDm -

= — Tsallis Fit 3
107 — 7 EPOS3 =
10,8; —— n EPOS3 ;

E 2,05 E

£ 15¢ E

0 1o0p b
0.5 . , =

10pT (GeV/e)
> Clear deviation of EPOS3 above

4 GeV/c - treatment needs to be revisited
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Preliminary - paper in preparation

lIlTlIl T T

ALICE Preliminary
p-Pb sy = 5.02 TeV

IIIIIII

3
= 10°

& o

10° [Z]NSD n°
- ]NSD
— Tsallis Fit
— n® EPOS3
— n EPOS3

107°
1077

1078

2.0
1.5
1.0
0.5 .

Data/Fit

AREENARRRRIRRERAN \IHILI.I] IIHIIJ.[| IIIIILI.L| IIIIILI.I.| I\IHLI.IJ IIIHLI.IJ \IHILI.I] \IHIU.[' IIIIIU.l| IIIIIL|.|.|_|_

P, (GeV/e)

» Clear deviation of EPOS3 above

Results - neutral mesons p-Pb@5.02TeV

> Disentangle <¢

~

> Universality
of n/moratio

» myscaling

cold nuclear = [®1p-Poys,=502Tev N

"L [O]ppis=7TeV ]

effeCt§ . - ¢ p-Au\s,,=29.1 GeV .

» Combining 6 . ¢ pBe \s,=29.1Gev ’
) i n from m_scaled n’: ]

- PCM-Dalitz [ ... p-Pbys,,=5.02Tev ]

© ---ppis=7TeV i

- ALICE Prel|m|nary

|

. . 0.0
1 10
violation b (Gevic)
> R ,, consistent with theory predictions
W|th|n (large) uncertalntles ~1 for >ZGeV/c
al5 UL RN N B RE A R B Tt
> p- Pb helps to °~&' - ALICE Preliminary |
disentangle [« ] NSD, p-Pb |5, =5.02TeV |
between initial / ., . e I S
final state effects [ , ' } i
in quenching | P rses Ao 1
o Shmee -
> Improve NPDFs r JHEP 15207 (20912(;?73 Phys.Rov. DB8 (2013) 114020 ]
S S (R - R R TSR T R

4 GeV/c - treatment needs to be revisited
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Results - neutral mesons Pb-Pb@2.76TeV auic:

10"
102
107
10*
10°
10°
107
10

10°

"
B b [e]pp Vs=2.76 TeV |

- - Tsallis fit
— power law fit E

[e] 0- 5% Pb-Pb {s, =2.76 TeV x 2’
(] 5-10% Pb-Pb {s,, =2.76 TeV x 2°
- |~ 10-20% Pb-Pb {s,, = 2.76 TeV x 2° X
- [+]20-40% Pb-Pb |s,, = 2.76 TeV x 22 N
[¢]40-60% Pb-Pb {s,, =2.76 TeV x 2
- [m]60-80% Pb-Pb |s,, =2.76 TeV x 2° e

| --fits to Pb-Pb | i
| |

1 10
P, (GeV/c)

EPJC74 (2014) no.10, 3108

» m° measurement very important input for
direct photons
m Stat. +sys. unc. dominate R,

» Suppression of neutral mesons in more
central events

<

| | ‘
£, Pb-Pb|s,=276TeV [e] 0- 5%n° )
[+ ] 20 - 40% n°
=] 60 - 80% n°
1.0
0.8 B
0.6 e *l.
i l
0.4
¢— ¢ I $ T ' ]
0.2 ]
| | | ‘ ‘
0.G5 > 4 6 8 10 12
P, (GeV/c)
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...via double ratio:

incl incl deca

o | S and
R7 - ~decay 0 / 0

Y T 7-‘-pama'm

» Many uncertainties cancel, but material budget
biggest source of uncertainty for PCM — 4.5%
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Direct photon analyses

...via double ratio:

incl incl deca

Y |y S and
R7 - ~decay 0 / 0

Y T 7-‘-pama'm

» Many uncertainties cancel, but material budget
biggest source of uncertainty for PCM — 4.5%

...via T°-tagging: N incl
g8ing < ef > (W—Tag)
— Dat
R’Y p— ata

» Material related uncertainties cancel,
but EMCal uncertainties enter
> Triggering capabilities of EMCal
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Direct photon analyses

...via double ratio:

incl

Y
R7 o fydecay

incl deca
Y / S and
0 0
T 7-‘-pa,ra'm

» Many uncertainties cancel, but material budget
biggest source of uncertainty for PCM — 4.5%

...via i-tagging: Ninel
NT »-28
v Data

ALICE

> Needed for all measurements:
“decay photon cocktail”

m All relevant decay photon

sources included, however
m° and n dominate source
of decay photons

Important to measure
neutral meson spectra with
highest precision possible

If particle not measured,
use m_scaling,

R, =

(

hadron
Nyseren
NmY
v Sim

i

E
dp3

= C" f(mr)

» Material related uncertainties cancel,
but EMCal uncertainties enter
> Triggering capabilities of EMCal

special caution needed as
we know the limitations!
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Direct photon analyses

PLB754 (2016) 235-248 " 0-20% Pb-Pb {55, 2.76 TeV
. e JALICE
- —— NLO pQCD PDF: CTEQ6M5 FF: GRV

> At low momenta (<3 GeV/c) 1.5— JETPHOX PDF: CT10, FF: BFG2
) . = JETPHOX nPDF: EPS09, FF: BFG2
¢ 40-80%: no significant access - ool
at an - 00 =
y pT 10_ _______________________________________________
¢ 20-40%: excess of 1.50 i | |
] f I I f t—t—+——
¢ 0-20%: excess of 2.60 | 20-40% Pb-Pb |s,,=2.76 TeV
[+ ]ALICE
n NLO pQCD PDF: CTEQ6MS5 FF: GRV
1.5— JETPHOX PDF: CT10, FF: BFG2 *
-~ | JETPHOX nPDF: EPS09, FF: BFG2
© L (all scaled by N,)
1.0— - - P 3 L e

40—804/0 Pb-Pb |s,, =2.76 TeV
[+ ] ALICE

NLO pQCD PDF: CTEQ6M5 FF: GRV
JETPHOX PDF: CT10, FF: BFG2
JETPHOX nPDF: EPS09, FF: BFG2
(all scaled by N_)

1.5

I|II]I|IIIIIIIIIII|IIIIII|IIII|IIII

1.0

10
[ (GeV/c)
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Direct photon analyses

PLB754 (2016) 235-248

T T | T T
0-20% Pb-Pb |s,, = 2.76 TeV

o] ALICE
NLO pQCD PDF: CTEQ6MS5 FF: GRV

@Wﬁ@ﬁ

At low momenta (<3 GeV/c) 1.5 | JETPHOX PDF: CT10, FF: BFG2

i . JETPHOX nPDF: EPS09, FF: BFG2

¢ 40-80%: no significant access (all scaled by Ny)
at an
y pT {0 — ——- - - ——— - - R e
¢ 20-40%: excess of 1.50 i |
| : : —
¢ 0-20%: excess of 2.60 20-40% Pb-Pb \s,, = 2.76 TeV
] ALICE

Limiting factor is systematics 15
¢ 10 uncertainty
¢ Energy scale for PHOS
¢ Material budget for PCM

1.0

NLO pQCD PDF: CTEQ6MS5 FF: GRV

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

(all scaled by N_)

- Ti%-tagging may help to improve

For higher momenta, all
centralities consistent with

direct photon predictions 0

40 80% Pb-Pb \s,, = 2 76 TeV

' JETPHOX nPDF: EPS09, FF: BFG2
(all scaled by N

I|II]I|IIIIIIIIIII|IIIIII|IIII|IIII

10
p. (GeV/c)
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Dil"ECt photon ana|y§es PLB754 (2016) 235-248

% ;I T TT | T 1T | T 17T | T T1TT | T 1T | 1T 1T | 1T TT | T .E
D) C Pb-Pb {s,,=2.76 TeV Aexp(-p./T..) 1
> - . T eft) ]
v [e] 0-20%ALICE ~ — 0-20%
S 10°¢ [4]20-40% ALICE ~ —20-40% 5
B +140-80% ALICE E
25 'O|_ B ]
Zg _
o [O-10E _ E
Q = 3
s .
: L ]
= L ] > need pp
& © th 107 3 measure
- A ] ments to
c ] Sepa rate
L ¥-l.. x10' -
102 IS SEER N — sources
= s
103 e =
£ --Paquetetal. | | [~ n x10° 3
E arXivi1509.06738 R i oy .
| --Linnyketal. Tl = e
107 arXiv:1504.05699  -- Chatterjee etal. .. _ E
- --v.Hees et al. PRC 85(2012) 064910 "™~ <
- NPA933(2015)256  + JHEP 1305(2013) 030 -
_5—| 11 | L 111 | | .| | | T | | L 111 I L1 11 | | | | | =4
105 1 15 35 4
P, (GeV/e)

» Theory calculations agree with data within unc.
> Inverse slope of T =300 MeV for 0.9 - 2.1 GeV/c for 0-

20% - points to early creation - “thermal” photons
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Direct photon analyses | PLe7s4 (2016 235248
ALICE
} . : : ‘fg ;I T TT | T 1T | T 17T | T T1TT | T 1T I 1T 1T | 1T TT | T 'E
Preliminary - paper in preparation I Pb-Pb 5, = 2.76 TeV Aexp(-p/Toy)
O , [e] 0-20% ALICE — 0-20%
_ - S 10 [#120-40% ALICE — 20-40% 3
2.,0.2f ' ' ' ' "] N +140-80% ALICE E
> | ALICE preliminary | S0 [ ]
0-40% Pb-Pb, |s,, = 2.76 TeV 2|9 .| - |
- VO event plane o 1 o 'c|_10§ — 3
Q = 3
s [ ]
= L , 1> need pp
0.1 1 E . T §
& © Ii’~'-zt_;;...,_x102 E measure
_ - oL e R ments to
o ~Jl ‘ J I 2 ] separate
L/ . L 1 i ¥-l.. x10' -
ool | v 102 Py SN _ sources
i o ] g G DO =
| e ALICE preliminary L | C e
| —NLO (Vogelsang) + | 103 |
thermal (Shen et al.) E Paquet et al. ¥ n x 10° 3
- ---NLO (Vogelsang) + C arXiv:1509.06738 R M. oy .
-0.11 thermal (Holopainen et al.) — " .- Linnyketal. Tl :... b
- PHSD(O. Linnyk et al.) ] 10 arXiv:1504.05699 - Chatterjee etal. "~ =
P R RS B R - --v.Hees et al. PRC 85(2012) 064910 "™~ <
0 1 2 3 4 5 - NPA933(2015) 256  + JHEP 1305(2013) 030 -
pT (GeV/C) 1 0—5 o v be v by v ber v by g by
0.5 1 15 3.5 4
P, (GeV/c)

> "“Photon puzzle”
m Hadron like v, » Theory calculations agree with data within unc.

- points to late production > Inverse slope of T =300 MeV for 0.9 - 2.1 GeV/c for 0-
» What is the solution? 20% - points to early creation - “thermal” photons
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ALICE

» ALICE neutral meson measurements in pp, p-Pb and Pb-Pb collisions
recorded at LHC Run 1 energies
B Rather good agreement with Pythia8 (Monash2013)

B Room for improvement of NLO pQCD calculations
¢ Impose further constraints for fragmentation functions

m Universality of n/m° ratio; m_ scaling violations
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» ALICE neutral meson measurements in pp, p-Pb and Pb-Pb collisions
recorded at LHC Run 1 energies
B Rather good agreement with Pythia8 (Monash2013)
B Room for improvement of NLO pQCD calculations
¢ Impose further constraints for fragmentation functions
m Universality of n/m° ratio; m_ scaling violations

» Direct photon measurements in Pb-Pb collisions at 2.76 TeV

» Many interesting publications on Run 1 data to be released soon:
B Neutral meson production in p-Pb / Pb-Pb collisions
m Direct photons in pp collisions at 0.9, 2.76, 7 and 8 TeV
B [solated photon production in pp collisions at 7 TeV
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Summary & outlook

ALICE

» ALICE neutral meson measurements in pp, p-Pb and Pb-Pb collisions
recorded at LHC Run 1 energies
B Rather good agreement with Pythia8 (Monash2013)
B Room for improvement of NLO pQCD calculations
¢ Impose further constraints for fragmentation functions
m Universality of n/m° ratio; m_ scaling violations

» Direct photon measurements in Pb-Pb collisions at 2.76 TeV

» Many interesting publications on Run 1 data to be released soon:
B Neutral meson production in p-Pb / Pb-Pb collisions

m Direct photons in pp collisions at 0.9, 2.76, 7 and 8 TeV

u

Isolated photon production in pp collisions at 7 TeV
|

» ALICE took lots of promising data in LHC Run2; new systems:

* pp collisions @ 5 TeV, 13 TeV Including calorimeter triggers to
¢ p-Pb collisions @ (5 TeV,) 8 TeV extend p, reach of neutral meson and

¢ Pb-Pb collisions @ 5 TeV photon measurements significantly
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