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Direct Photon production mechanisms

Three classes of photons:

@ Inclusive photons: photons
from any source

@ Decay photons: photons from
hadronic decays (7%, ...)

@ Direct photons: photons not
coming from hadronic decays
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Direct photons...

In pp, pA, and AA collisions:

@ prompt photons

e dominant at pr > 5 GeV/c
o calculable within NLO pQCD

Additional sources in AA collisions:

@ Thermal photons

o dominant at pr < 4 GeV/c
o scattering of particles in the hot matter
o susceptible to flow evolution

@ Jet-Medium interactions

o Scattering of hard partons with partons of the QGP
o In-medium (photon) bremsstrahlung emitted by quarks
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Why measure the flow of direct photons?

Extracting the direct photon yield:

1
Ydirect = 7Yincl — "Ydecay = (1 - R7> * Yincl
'y

R. — Yinel

Ydecay
Direct photon flow calculation:

~,inc ~,dec
v Ry v VY
5 =

R, —1

Direct photon measurements give access to the

temperature and space-time evolution of the produced

medium!

@ Early emission of photons: high yield <> low v2

@ Late emission of photons: low yield <+ high v»
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Photons in ALICE

Photon Conversion Method(PCM)
® Yeonversion — €te”
@ ITS and TPC
@ |n] < 0.9 and 0° < ¢ < 360°
@ Conversion probability ~ 8%
@ Signal selection based on the decay topology
PHOS calorimeter
@ PbWO, crystals
@ |n] < 0.12 and 260° < ¢ < 320°
Trigger and event plane orientation detectors
o VOA (2.8<mn<5.1) p—

5
‘Timestamp:2012-10-21 12:51:03(UTC)
ystem: p-p

@ VOC (-3.7<n<—-1.7) LA —
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Results

Inclusive photon elliptic flow calculated
with the Scalar Product method:

(- B (- By

[ *> ’
Ma  Mc
where
- 2
Uz = e' “27

are the unit flow vectors build from the
inclusive photons. And

S inp;
Qn = E wie ",

i€ERFP

where ; is the azimuthal angle of the i-th
reference particle (VOA/VOC), n is the order
of the harmonic, and w; is the applied
weight.
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Results

Inclusive photon elliptic flow calculated
with the Scalar Product method:

(- B (- By

@ & *> ’
Mp Mg
where
- 2
Uz = e' <ﬂ7

are the unit flow vectors build from the
inclusive photons. And

S inpj
@ = E wie "',

i€ERFP

where ¢; is the azimuthal angle of the j-th
reference particle (VOA/VOC), n is the order
of the harmonic, and w; is the applied
weight.

Individual inclusive photon flow measurements:
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Observations:

@ Agreement: p—values of 0.93 and 0.43 for centrality classes
0-20% and 20-40%, respectively

@ Statistical uncertainty starts to be dominant at pr > 2GeV/c
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Results — Decay photon cocktail: spectrum and flow

Relative contributions to the decay photons

g 10f o | =
3 F T momEey) n = py (0, 7Y) 3
Tg [ oo @Eveeyaty) -6 - (', o) b

3 ; ® — % (ny) - p0 > oy (a, my)
> = =

10T -
102 E
107k -
10"; 0-20% Pb-Pb {s,,=2.76 TeV  Monte Carlo simulation 5

£ . . IR | |

Ll
! pT1 ?GeV/c)

arXiv:1509.07324, Phys. Lett. B 754 (2016) 235-248
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Results — Decay photon cocktail: spectrum and flow

Decay photon cocktail:

Relative contributions to the decay photons | § (. chwrom, mocrster | 1§ sl oswroreimezreter ]
Za [ ALICE simulation Cocktail 1%« [ ALICE simulation Cocktail ]
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£ arXiv:1805.04403
107 0-20% Pb-Pb |5, =2.76 TeV  Monte Carlo simulation —| . . .
E o e E @ Simulated the decay of most dominant hadronic decays to
p, (GeV/c) photons
@ Parametrized the yield and elliptic flow of &, K*?°
arXiv:1509.07324, Phys. Lett. B 754 (2016) 235-248
@ Apply mt and KEr scaling for n and w
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Results

Observations:

@ Significant elliptic flow develops for
inclusive and decay photons;
dominated by the elliptic flow of
70— yy

~,inc

~,dec
° v, vy

@ Prediction from theory overshoots the
data by ~ 40%
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Combined Inclusive photon flow & decay photon cocktail:

S R N R e T s S N N N B R AR
0.3 0-20% Pb-Pb, |5, =2.76 TeV ] 0.3 20-40% Pb-Pb, |5, = 2.76 TeV ]|
[ [S]vy ™, ALICE ] [ [@]vy "™, ALICE ]

r v %, ALICE simulation 7 r v, ALICE simulation 7
025~ ' ", hydro, Paquet etal. —| 025~ vg ", hydro, Paquet efal. —|
t - v; PHSD, Linnyk etal. 4 F - - vi'"™, PHSD, Linnyk etal. 4

r Boxes indicate total uncertainties - r % Boxes indicate total uncertainties 7
0.2 - o2 i —
0.5 - o5l xakY m
L m[.,m@ ] ]
0.1 A . ]
PP P B AP Y SRR | P P B IR I P B,
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Using covariance matrices to combine the measurements:

47 inc, PCM

—v,inc _ —1 —1 —1 Pl inc,PHOS
% =W, pom T Yy, prOS) (V) VZ,PCM + sz,PHOS ’ )
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Results

Direct photon excess R,

L 0-20%‘ Pb-Pb {s,, = 2.76 TeV

[e]ALICE

— NLO pQCD PDF: CTEQ8M5 FF: GRV

[-1 JETPHOX PDF: CT10, FF: BFG2
JETPHOX nPDF: EPS09, FF: BFG2

(all scaled by N,,)

[ 20-40% Pb-Pb {5, = 2.76 TeV

[ CelALcE

[ — NLO pQCD PDF: CTEQEMS FF: GRV

(=1 JETPHOX PDF: CT10, FF: BFG2
JETPHOX nPDF: EPS09, FF: BFG2

(all scaled by N,,)

n

p
| 1 JETPHOX PDF: CT10, FF: BFG2

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

P
T

arXiv:1509.07324, Phys. Lett. B 754 (2016) 235-248
arXiv:1805.04403
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Combined Inclusive photon flow & decay photon cocktail:

RN T T I T s T T T
03 0-20% Pb-Pb, |5, =2.76 TeV ] 03 20-40% Pb-Pb, |5, = 2.76 TeV |
[ [5]vy ™, ALICE ] [ [0vy ™, ALICE ]
r vl %, ALICE simulation 7 r v, ALICE simulation 7
0.25~ v5'"™, hydro, Paquet etal. — - vy'™, hydro, Paquet etal. —
t - v§"™, PHSD, Linnyk etal. | F - v§"™, PHSD, Linnyk etal. |
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Direct photon flow calculation:

~,inc ~v,dec
Ry v, - v,

R, —1

v,dir - __
v, =
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Results

Direct photon excess R, Dufflculty of the direct photon v, extraction:
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Direct photon flow calculation:

~v,inc ~v,dec
] ‘O(G Ve V’stir R’Y Vo ’ — ’
ALI-PUB-9 eVi/c) -

; i 2 R, —1

arXiv:1509.07324, Phys. Lett. B 754 (2016) 235-248
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Results — Direct photon elliptic flow

Combined direct photon flow:

A PTITTI I T r ey
Final results obtained by employing a o5k SEoLDoI fumeTeTe T osf EmePeRe BsareTer 3
H E vj %%, ALICE simulation ] E v4 %%, ALIGE simulation ]
BayeSIan approaCh (R"/J”Je > 1) 0.4 v %", hydro, Paquet et al. d oal vl hydro, Paquet et al. A
[ - vy %" hydro, Chatterjee et al. ] r - v§ ™ hydro, Chatterjee et al. ]
[ v % PHSD, Linnyk et al. 1 [ - v, PHSD, Linnyk et al. 1
CO“CIUSiO"S: 0.3  Boxes indicate total uncertainties g 0.3~  Boxes indicate total uncertainties g
@ Non-zero direct photon flow 02F 4 o 3
@ Significance of 1.40 (central) and 1.00 off III 1 of b
(semi-central) F S muE ] ]
0 vl e z - 1t Il z
ST AR RIS AFRPRTITES AETITE B S S SIS PRI PRIV S P T e |
. 0 1 2 3 4 5 6 7 0 1 2 3 4 6 7
@ Theory underpredicts the data, but no p, (GeVc) p, (GeV/c)
strong tension due to large arXiv:1805.04403
uncertainties
di di
e v,”""(ALICE) ~ v, (PHENIX)
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Results — Direct photon elliptic flow

Combined direct photon flow:

T I | T e e

H H 1 .5  0-20% Pb-Pb, m =276 TeV — 51—  20-40% Pb-Pb, m =276 TeV —

Final results obtained by employing a b AL SIS S ]

BayeS|an approach (R-y,true > 1) [ 020%Au-Au, (5, = 200 Gev E o 20-40% Au-u, {5y, = 200 Gev E

04 [27v1% PHENIX conv. 1 04 V2" PHENIX conv. ]

[ []vy®, PHENIX calo. ] [ []vi®, PHENIX calo. ]

COI’ICIUSiOI’ISZ 0‘3} Boxes indicate total uncertainties { 0‘3} Boxes indicate total uncertainties {

@ Non-zero direct photon flow 02 4 oz B

@ Significance of 1.40 (central) and 1.00 oif 4 of 3

(semi-central) F 1 F ]

,dir ~v,dec r ] r i ]

o v ~ V2 E | | | | IS E | | | | J | | ]

_ T T TS TN W URTTT T Fea VIR N

@ Theory underpredicts the data, but no p, (GeVic) p, (GeVic)
strong tension due to large arXiv:1805.04403
uncertainties Outlook:

di di . . .
o v,”""(ALICE) ~ v;"""(PHENIX) @ Increase precision with new datasets.. v;"%"..
di . . e .
@ Study R, and v,”" in small systems at high multiplicity..
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Results — Direct photon elliptic flow

Final results obtained by employing a
Bayesian approach (R e > 1).
Conclusions:

@ Non-zero direct photon flow

@ Significance of 1.40 (central) and 1.00
(semi-central)

vQ’y,dir ~ V2’y,dec

Theory underpredicts the data, but no
strong tension due to large
uncertainties

vy (ALICE) ~ v;"*"(PHENIX)

Combined direct photon flow:

RN P T T T s E T T T T T
05[  0-20% Pb-Pb, {5 = 2.76 TeV 7 os[ 20-40% Pb-Pb, {5, =2.76 TeV 4
[ [e&Jvy®, ALCE ] L [®vi® ALCE ]

[ 0-20% Au-Au, {5 = 200 GeV ] F u-Au, {5y = 200 GeV ]
041~ 4 PHENIX conv. 0 %4 PHENIX conv. 3
[ []vy®, PHENIX calo. ] r ]
03[ Boxesindicate total uncertainties I A B
EE 4

| 01— |

| E. el

6 7 0 6 7

Py (GeV/c) p- (GeVic)
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Thanks for your attention!
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BACKUP
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Flow method

Collective flow: B
Spatial anisotropy of the produced system leads to Non-central AA collision
an anisotropy in momentum space.

Particle distributions as function of azimuthal angle
are described by:

&N _ 1 &N
d3p 27 pedp:dy

1+ Z 2vycos(n(p — WR))) )

n=1

where

vo = (cos(n(i2 — Wr))).
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Backup — hypothesis testing

I U A L L L e T e L L L B B T o L L B B B B
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- . dir . dir £ ]
[ [elvi™ ALicE ] [ []a™ AucE b F0-20% o vi™ e v}™pseudodata, p=0.176(1.40) ]
Y. . " ¥. ! . L ]
r vy °, ALICE simulation 1 r vy °, ALICE simulation 1 [ 2040% o vi™ & v}™ pseudodata, p=0.308(1.00)
0.4 v ®", hydro, Paquet et al. 4 0.4 vy ®, hydro, Paquet et al. g o025 -
L v @, hydro, Chatterjee et al. ] [ == vi% hydro, Chatterjee et al. ] r q
[ = v5®, PHSD, Linnyk et al. ] r - vy %" PHSD, Linnyk et al. ] [ ]
0.3 Boxes indicate total uncertainties — 0.3 Boxes indicate total uncertainties ] 0.2 - o o <+> |
0.2 J 0.2 J o5 $ -
[ ] [ ] F o o
L 3 L 1 0.1~ ° =
0.1 1 0.1 1 F g S ‘ I 3 1
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Backup — arXiv:1606.06077

recht University & NIKHEF)

0-40% Pb-Pb |5 =2.76TeV

L e N B e
£ 0-40% Pb-Pb |s,=2.76TeV

\
2\

p,(GeVic)

RN E|
2
v, v direct 0 v, v direct
~100 3%m+m
'~ _120F % K+ 1
—3%p+Tn
| | | | | 140 | | | | |
1 2 3 4 5 1 2 4 5
p,(GeVic) p,(GeVic)
AL AR R e S SR I N AR AR R
[ 0-40% Pb-Pb 5y=2.76TeV 1T e
i 1§ =
B N3
E JE 20
B ERS
[ 20
F 4 SMaoF
i E S
3 v, v direct 1 v, v direct
- —uncorrected i T
Fowwb%m+m 4 o
r 3% M+ T 4 i 8% T4T
[ —1%n+n w1 —1%n+n
B M1 d
T 2 1 2

4pT(GeV/c)

Direct photon flow arXiv:1805.04403

July, 2018

15/ 15


https://arxiv.org/abs/1606.06077
https://arxiv.org/abs/1805.04403

