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o Exponentially decreasing,
dominant at low pr

o Susceptible to flow evolution
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Direct Photons in pp, p—Pb and Pb—Pb Collisions

thermalized partons 0.08
o In-medium (photon)

bremsstrahlung emitted by quarks
0 Possibly affected by flow evolution
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~ created during entire space time evolution after collision, leave
medium unaffected
= ideal probe
pp, p—Pb & Pb—Pb collisions
Prompt Photons

o Calculable within NLO pQCD

o Test of binary scaling in p—Pb & Pb-Pb at high pr

o Not affected by collective expansion
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o Inclusive photons: measure all photons that
are produced

o Decay photons: calculated by decay simulation from
measured or m; scaled particle spectra (pre 96 064907)
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Numerator: Measured inclusive v spectrum per 7° Denominator: Estimated sum of all decay photons per 7°
— advantage of ratio method: cancellation of some large uncertainties
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Vdecay 3 102 ALICE simulation pp, Vs =2.76 TeV —
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o Inclusive photons: measure all photons that
are produced

o Decay photons: calculated by decay simulation from
measured or m; scaled particle spectra (pre 96 064907)
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’Yunc / “Ydecay
param

Numerator: Measured inclusive v spectrum per 7° Denominator: Estimated sum of all decay photons per 7°
— advantage of ratio method: cancellation of some large uncertainties

N. Schmidt (ORNL/IKF) Direct Photons at the LHC October 3, 2018 2 /13


https://arxiv.org/abs/1803.09857

. . OAK
Measuring Photons, 70 and 1 Mesons with ALICE PRIDGE
EMCal calorimeter PhOtI(_)rr; Co;nﬁ;sgon Method (PCM)
o Pb/scintillator EMCal = ° an

] (o]
sampling calorimeter o |n] < 0.9, 0° < ¢ <360
o |n| <0.7 ’ o conversion in detector material

80° < p < 180° » X/Xo=(11.4+05)%
» conv. probability ~ 8%

1 \ PHOS calorimeter
/ o PbWO, crystals
<) ‘77| < 0.12,
Run:190416 PHOS 2600 < < 3200
Timestamp:2012-10-21 12:51:03(UTC) ’ SD
System: p-p ‘
a3 Jet riggered event Calorimeter configuration 2011-2013
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Photon Conversion Method (PCM)
o ITS and TPC
o |n] < 0.9, 0° < p < 360°
o conversion in detector material

> X/Xo = (11.4+0.5)%
» conv. probability ~ 8%

/) ‘ \ PHOS calorimeter

Direct Photons at the LHC

o PbWO, crystals

o |y < 0.12,
260° < ¢ < 320°

Calorimeter configuration 2011-2013
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O Dominating systematic uncertainties:

— pr-independent material unc. of 4.5% PCM, 2.8%
EMC

pr reach:

0.4 < pr < 10 GeV/c in pp, /s = 2.76 TeV

0.3 < pr < 14 GeV/c in pp, /s =8 TeV

1lo
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arXiv:1803.09857 arXiv 1803.09857

‘ ‘ © g [GALCE op, V5= 8 TeV -
== NLO pQCD, PDF: CT10, FF: GRV

--NLO pQCD, PDF: CTEQ6.1M, FF: BFG2
F-JJETPHOX, PDF: NNPDF2.3QED, FF: BFG2
2]

& 1»57 E|ALICE pp, s=2.76 TeV —
== NLO pQCD, PDF: CT10, FF: GRV

--NLO pQCD, PDF: CTEQ6.1M, FF: BFG2
F-JJETPHOX, PDF: NNPDF2.3QED, FF: BFG2
F-]POWHEG, PDF: NNPDF2.3QED + PYTHIA8 PS

POWHEG, PDF: NNPDF2.3QED + PYTHIA8 PS
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09 E 09 3
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0.3 0.4 2 3 4 5678900 20
p. (GeVic) p. (GeV/c)
0 Dominating systematic uncertainties: 0 Combination of 3 reconstruction techniques via BLUE
— pr-independent material unc. of 4.5% PCM, 2.8% method
EMC @ Within uncertainties no significant excess at low pr
@ pr reach: observed
— 0.4 < pr <10 GeV/c in pp, /s = 2.76 TeV — supports interpretation in Pb—Pb as medium effects
— 0.3< pr <14 GeV/cin pp, /s =8 TeV 9@ About 1 — 20 deviation from unity for pr > 7 GeV/c
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Theory calculations from:
W. Vogelsang (ctio/crv), J.F. Paquet (cteqsim/ere), JETPHOX, POWHEG
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Direct Photons in p-Pb Collisions

ALICE
From Quark Matter 2018
13 s —— =
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[ VS =200 Gev E []ALICE preliminary E
t =] p+p, Int. conv. * 1.5 (-3Shen et al. —
120 . E NLO pQCD: El
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0 2 4 6 3 20 3040
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O Significant excess observed in PHENIX
0-5% p-Au measurement

o Additional PHOS reco. method

@ pr reach:

— 0.3(0.4) < pr < 32(24) GeV/c in NSD
(mult. dep) p-Pb /5 = 5.02 TeV

Theory calculations from: W. Vogelsang (cTio,ncTEQ15 EPPSI6/GRV), J.F. Paquet (cTeqe.1m/BFc), C. Shen
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ALICE W National Laboratory
0

First multiplicity dependent ~4;; measurement in p-Pb in ALICE
13 R e 5
B YT— R — 3 & F : : E
[ NSD p-Pb, (&, = 5.02 TeV 3 16E 0-20% p-Pb, |5, = 5.02 TeV E|
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t o] p+p, Int. conv. -5 £=3Shen et al. 3 15 @ pHOS — =
1.2+ - N NLO pQCD: 3 F ®JEMC B
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o Significant excess observed in PHENIX
0-5% p-Au measurement

0 Additional PHOS reco. method

@ pr reach:

— 0.3(0.4) < pr < 32(24) GeV/c in NSD
(mult. dep) p-Pb /5y = 5.02 TeV

Theory calculations from: W. Vogelsang (cTio,ncTeQ15 EPPSI6/GRV), J.F. Paquet (cTeqe.1m/BFc), C. Shen
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Direct Photons in p-Pb Collisions

ALICE

13

[A+B - y+X &1 6 0-20% p-Pb, (5., = 5.02 Tev E

[ sw =200 GeVv E [&)ALICE preliminary El

t =] p+p, Int. conv. . 1.5 (= Shen et al. e

2 E NL D: J

la2r [ o | p+Au, 0-5%, Ext. conv. 146 o 8II’))FQ:CCT10, EF: GRV 4

[ ‘ E E9nPDF: nCTEQ15, FF: GRV El

I ‘ Il 13- £ JnPDF: EPPS16, FF: GRV E

o Lir i | +‘ 12; é

[ 3 ! F E

r . : : ? 4! 11; E

1 * 10— =

[ o g ]

; PH ENIX oo 3

L preliminary E E

09— b L 08 E

0 2 4 6 EL N

p, [Gevic] 410 2 a0

O Significant excess observed in PHENIX @ Combination of 4 reconstruction

0-5% p-Au measurement techniques via BLUE method
0 Additional PHOS reco. method @ Within uncertainties no significant
@ pr reach: excess at low pr observed

— 0.3(0.4) < pr < 32(24) GeV/c in NSD @ About 1 — 20 deviation from unity

(mult. dep) p-Pb /5,y = 5.02 TeV for pr > 7 GeV/c
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I
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0-100% p-Pb, \s,, =5.02 TeV

NLO pQCD:
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F-InPDF: EPPS16, FF: GRV

Theory calculations from: W. Vogelsang (cTio,ncTEQ15 EPPSI16/GRV), J.F. Paquet (cTeqe.1m/BFG), C. Shen
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Direct Photons in p-Pb Collisions ~ “¥RIDGE

ALICE ly National Laboratory
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@ Significant excess observed in PHENIX o Combination of 4 reconstruction 10 rﬁfg“pggg.
0-5% p-Au measurement techniques via BLUE method ol 9" BDF: CT10, FF: GRV i
0 Additional PHOS reco. method O Within uncertainties no significant [ [InPDF:nCTEQ15, FF: GRV ]
o pr reach: excess at low pr observed 107 “:‘l?F"[‘)‘F"‘EPPS‘lG' FReRY N
— 0.3(0.4) < pr < 32(24) GeV/c in NSD 0 About 1 — 20 deviation from unity 3x107 1 2 34567 10 Z?Ggﬂc)
(mult. dep) p-Pb /5y = 5.02 TeV for pr > 7 GeV/c Pr

Theory calculations from: W. Vogelsang (cTio,ncTeQ15 EPPSI6/GRV), J.F. Paquet (cTeqe.1m/BFc), C. Shen
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Direct Photons in Pb-Pb

ALICE

Q

Direct photon excess measured with combined
PCM + PHOS in 3 centrality classes with 2010
Pb—Pb data

R, excess at high p; for all centralities

~9e¢ suppressed by ~ RT,

— enhanced S/B in central collisions

Low p; ~ 15% excess in 0 — 20% and

~ 9% in 20 — 40%

In agreement with NLO pQCD, JETPHOX
above 5 GeV/c

1y T T T
[ 0-20% Pb-Pb s, = 2.76 TeV

L @] ALICE

- —— NLO pQCD PDF: CTEQ6MS5 FF: GRV

— JETPHOX PDF: CT1
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(all scaled by N
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0, FF: BFG2
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| 20-40% Pb-Pb |s,, = 2.76
L [#]ALICE

TeV

- — NLO pQCD PDF: CTEQ6MS5 FF: GRV

— JETPHOX PDF: CT1

F JETPHOX nPDF: EPS09, FF: BFG2

(all scaled by N_)

0, FF: BFG2

,
] ‘
[ 40-80% Pb-Pb \s,, = 2.76

[ [#]ALICE

4
t
TeV

- — NLO pQCD PDF: CTEQ6M5 FF: GRV

— JETPHOX PDF: CT1

r JETPHOX nPDF: EPS09, FF: BFG2
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0, FF: BFG2

PLB 754 (2016) 23-248
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Direct Photons in Pb-Pb

ALICE

Q

Direct photon excess measured with combined
PCM + PHOS in 3 centrality classes with 2010
Pb—Pb data

R, excess at high p; for all centralities

~9e¢ suppressed by ~ RT,

— enhanced S/B in central collisions

Low p; ~ 15% excess in 0 — 20% and

~ 9% in 20 — 40%

In agreement with NLO pQCD, JETPHOX
above 5 GeV/c

No low p; excess seen in pp collisions at same
center-of-mass energy

T T T T T
ALICE

[#10-20% Pb-Pb, {5, = 2.76 TeV
elpp, Vs =2.76 TeV

PLB 754 (2016) 23-248, arXiv:1803.09857
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. Direct Photons in Pb-Pb

ALICE

Q

Direct photon excess measured with combined
PCM + PHOS in 3 centrality classes with 2010
Pb—Pb data

R, excess at high p; for all centralities

~9e¢ suppressed by ~ RT,

— enhanced S/B in central collisions

Low p; ~ 15% excess in 0 — 20% and

~ 9% in 20 — 40%

In agreement with NLO pQCD, JETPHOX
above 5 GeV/c

No low p; excess seen in pp collisions at same
center-of-mass energy

Scaled pp spectrum & upper limits fully
consistent with Pb—Pb results

2}«

™
o

o~
1]
Q
Q

S
[]
S

N. Schmidt (ORNL/IKF) Direct Photons at the LHC

T

10°
10*

'c'_103
Q

T
Q

10?

s 10
£

ALICE Pb-Pb, F 2.76 TeV
[e] 0-20%,,
(4120-40% v,
40-80% v,

JE
pp x <N >, Vs =2.76 TeV Iilﬁ*l
Gy, x 12106 l x 102
dir .

[of
]
E&O
E:J
c 7 L@
. @W 2 G
HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ Lo

10
p; (GeV/c)

October 3, 2018 7/13

PLB 754 (2016) 23-248, arXiv:1803.09857


https://doi.org/10.1016/j.physletb.2016.01.020
https://arxiv.org/abs/1803.09857

ALICE

Decay photon vs:

o KE7 scaling: v, of mesons scales
with KEr

KEr=mr—m=+/p2+m>—m

0 +
= V) RVS (" oamm)

(m

— v» of various mesons (X) calculated via

KEt (quark number) scaling from VQKi

v (pX) = i (\/(KE)T< + mKE)2 (mKi)Z)

o Decay photon v, from different
mesons obtained from cocktail
calculation
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Cocktail Simulation of Decay Photon v,
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® o -
g v, Inclusive and Decay

o v;""™ measured with PCM & PHOS

— Corrected for BG flow from impurities
[JPG 44 (2917) no. 2, 025106]

— Assumed to be independent

— Consistent, p-values of
0.93 (0-20%) & 0.43 (20-40%)
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Direct Photon v, in 0-20% & 20-40% Pb-Pb Collisions %

ALICE National Laboratory
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Direct Photon v, in 0-20% & 20-40% Pb-Pb Collisions %

ALICE National Laboratory
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Direct Photon Yield and Flow
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Direct Photon Yield and Flow - Comparison to PHENIX %

ALICE National Laboratory
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Summary  RibGE

ALICE

National Laboratory

~dir production in pp & p-Pb collisions:
o First direct photon measurements at the LHC for pp and p-Pb collisions at low transverse momenta
— New measurement of multiplicity dependence of ~g;, in p-Pb e
o No significant direct photon excess observed in thermal photon region (pr < 3 GeV/c)

o Consistent with NLO pQCD calculations at higher p;

~dir production and flow in Pb-Pb Collisions:

o Direct photon excess for p; < 3 GeV/c observed with 2.60 for 0-20% and 1.50 in 20-40%
consistent with theory expectations

o Spectrum consistent with NLO pQCD calculations at high p;

o First direct photon flow measurement at the LHC with 2 independent reconstruction techniques in
0-20% and 20-40% Pb—Pb collisions

o Direct photon v, in 0-20% & 20-40% of similar size as the charged hadron flow and inclusive
photon flow, but compatible with 0 within 1.40 or 1.00 in p; range (0.9 < p; < 2.1 GeV/c)
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