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Direct Photons at the LHC
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Biec: [Pheiens I 55, 525 sl Bl Callfdons @m
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@ 1.6~ (-JShenetal. PRC 95 (2017) 014906 i . . . ..
Lo NLO PQCD: 3~y created during entire space time evolution after collision, leave
5 &z PDF: CT10, FF: GRV = -
F E2nPDF:nCTEQIS, FF: GRV 3 medium unaffected
145 £3nPDF: EPPS16, FF: GRV E .
E 3 = ideal probe
1.3— . .
E pp, p—Pb & Pb—Pb collisions
1.2 |
8 e Prompt Photons
11— - . .
E ] @ Calculable within NLO pQCD
1.0— — " . . .
E E @ Test of binary scaling in p—Pb & Pb—Pb at high pr
%% NSD p-Pb, {5, = 5.02 TeV ] @ Not affected by collective expansion
0.8 -
ERT L 55 A E67810 20 3040
p. (Gevic) PRC 88 (2013) 034901
T SN LR L RN RN LR LR R AR RE RN R
. . o' 276A TeV Pb+Pb@LHC E
Additional sources Pb—Pb (p—Pb, pp?) collisions - Thermal (FIC,0=0.4fm)
. . — o — - prompt photons -
Thermal Photons Jet-Medium Interactions o E L Comptonsannihilation
> 0 Sl —— Fragmentation .
@ Scattering of thermalized @ Scattering of hard partons with & 0 E
particles thermalized partons %F 107 E
@ Exponentially decreasing, @ In-medium (photon) S F -
. . Z E 3
dominant at low pr bremsstrahlung emitted by quarks = <[ .
@ Susceptible to flow evolution @ Possibly affected by flow evolution e S
Eon oo bbb b oo b oo 3
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AT Direct Photon Extraction

Subtraction Method:

/d
VYdirect = Yinc — Vdecay = (1 - ! ecay) * Yinc
Yinc
1
- (1 - Ri,y) * Yinc

@ Inclusive photons: measure all photons that
are produced

@ Decay photons: calculated by decay simulation from
measured or m; scaled particle spectra

Double Ratio:
— ’YII"IC/ “Ydecay

param

Numerator: Measured inclusive v spectrum per 7°

if > 1 direct photon signal

2l

aerv 1803. 09857

o
©

— advantage of ratio method: cancellation of some large uncertainties
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Denominator: Estimated sum of all decay photons per 7°
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Direct Photon Extraction @m

arXiv:1803.09857
T T T L B

Subtraction Method:

y 3 10= ALICE simulation pp, Vs =2.76 TeV

VYdirect = Yinc — Vdecay = (1 - ’)decay) * Yinc Sa F y from —n S R 0 - 'fouE
Yine . f e =20 o KY KD A —A%]

1 2 E T~ 8% E

= (1—=<) Yinc . Ln210%

R,y 10 E

@ Inclusive photons: measure all photons that
are produced

@ Decay photons: calculated by decay simulation from
measured or m; scaled particle spectra

Double Ratio:

T T

10°®

if > 1 direct photon signal p, (GeVic)

L] Ll
1

’YII"IC / “decay

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
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Measuring Photons, 7° and 77 Mesons with ALICE @m

ALICE

EMCal calorimeter Photon Conversion Method (PCM)

E
e Pb/scintillator EMCal = ° ITS and TPOC O
sampling calorimeter e |n| < 0.9, 0° < ¢ < 360
° n]<0.7 ’ @ conversion in detector material

80° < ¢ < 180° & : PCM o X/Xo=(11.44+0.5)%
v I [ />/—\ f e conv. probability ~ 8%

\ %
/ﬁ
— } /
] - “—A\ ) =
/ \ PHOS calorimeter
/ @ PbWQ, crystals
_ PHOS ° |7/ <012,
?il.‘:é;?::.:fzmz.w-m1z:s|:os(um s 260° < p < 320° (2009-2013)

System: p-p ‘
Energy: 8 TeV
EMCal L1-Jet triggered event
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ALICE

EMCal calorimeter

LICE

e Pb/scintillator EMCal —_
sampling calorimeter
e |n| <0.7, &
o o ' y Y 3 \
80° < ¢ < 180 J — !
arXiv:1801.07051 R ///_\
a
255 ALIcE 1.0 GeVic < p, <12 GeVie - 7
[ p-Pb, |5, =502TeV q
E RGwdiie T TR | p—

emain. BG 4
. E? subtracted |
— FI 4

Counts per 1 MeV/c?
= o
3 o

I

05

0.0

0.05 0.1 0.15 0.2 0.25
m,, (Gev/c?)
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Measuring Photons, 7° and 77 Mesons with ALICE

>
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Direct Photons at the LHC

3

PHOS

2l

Photon Conversion Method (PCM)
@ ITS and TPC
e |n| <0.9, 0° < ¢ < 360°
@ conversion in detector material

M ° X/X =(114%05)%
e conv. probability ~ 8%

PHOS calorimeter
@ PbWQ, crystals

e |n| <0.12,
260° < p < 320° (2009-2013)
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At Measuring Photons, 7° and 77 Mesons with ALICE @m

. Photon Conversion Method (PCM)
EMCal calorimeter
o ALICE - @ ITS and TPC
e Pb/scintillator EMCal ~ o °
sampling calorimeter o |n] <0.9, 0° < <360
o || <0.7 ’ @ conversion in detector material

80° < ¢ < 180° & : PCM o X/Xo=(11.44+0.5)%
arXiv:1801.07051(p I - i />/_\ /: e conv. probability ~ 8%
2= T~ — /

Y% auce +7: /
3 [ p-Pb,ys,=502TeV E 7 7
S 5oy 4y —a—+ 3 g .
£ F 909" P J - =
e Tapa, et =4
e “iitnagrat fﬂ%‘, \
e R e L E
~ E 2 : RN = \\ R
Lo, DaaMC - DaaMC + 4 \
L L] L} 4 -
2 [ BOMEMC s o POMYY 1 / PHOS calorimeter
£ 150 E
2t ] / @ PbWQ, crystals
Q40— 4]
§ E PPN .‘W““t%*i ] PHOS (-] ‘77| f 0.12, .
21300 p) ‘ YA ‘ B A 260° < ¢ < 320° (2009-2013)
X 2 3 4567850 20 !
pT(GeV/c)
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Direct Photons in pp @m

e — - Xiv1803.00857 — - arXiv:1803.00857
T 15 elpom ALICE, pp, 's =2.76 TeV 5 © 1.5 [epcm ALICE, pp, Vs = 8 TeV
£ E E BEMC E

4 14 EPCM-EMC E

E Y E

— 12; é

3 1.1; k|

———————— E 3

4 0.9; é

— 0.8; é

E . 0y | i E ol | 4
0304 1 2 3 4 5678910 20 0304 1 2 3 4 5678910 20

p, (GeVic) P, (GeVic)

@ Systematic uncertainties of individual meas.
— dominated by pr-independent
material unc. of 4.5% PCM & 2.8% EMC

@ pr reach

o 0.4 < pr <10 GeV/c in pp, /s =2.76 TeV
e 0.3< pr <14 GeV/cin pp, v/s=8 TeV
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Direct Photons in pp

)

ALICE
arXiv:1803.09857 arXiv:1803.09857 | arXiv:1805.04391
o, F T e e L ] o F T T e e ] T o SRR AR R AR LAY AR AN R
1.5 [¢]ALICE pp, Vs =2.76 TeV 1.5 [¢]ALICE pp, /s =8TeV - ~8 [ e Vitualphoton analysis AUCE
; 4; == NLO pQCD, PDF: CT10, FF: GRV E . 4; == NLO pQCD, PDF: CT10, FF: GRV E ~ 8 [ NLO pQCD prediction PP ’E:”evé
"t ---NLO pQCD, PDF: CTEQS6.1M, FF: BFG2 B £ ---NLO pQCD, PDF: CTEQS.1M, FF: BFG2 3 H 12:— 3
4.af- [ JJETPHOX, PDF: NNPDF2.3QED, FF: BFG2 3 4. [-JJETPHOX, PDF: NNPDF2.3QED, FF: BFG2 = ’é £ E
F E-]POWHEG, PDF: NNPDF2.3QED + PYTHIA8 PS 3 F [-]POWHEG, PDF: NNPDF2.3QED + PYTHIA8 PS E f 1 15i E
2 ER ER :
C ] | | 1.1 —
11 - 11 - E 3
4 OE B! ; OE 1 1.05 |
. E a E : 4 ]
0.9F = 0.9 - 3 * w ]
08— Y= E *oF 3
0.3 0.4 2 3 4 5678910 2 0.3 0.4 2 3 4 567890 20 i T S e
p. (GeV/c) P, (GeVic) p, (GeVic)

@ Systematic uncertainties of individual meas.
— dominated by pr-independent
material unc. of 4.5% PCM & 2.8% EMC

@ pr reach

o 0.4 < pr <10 GeV/c in pp, /s =2.76 TeV
0 0.3< pr <14 GeV/cin pp, v/s=8 TeV

@ Combination of 3 reconstruction techniques via
BLUE method

F. Bock (CERN)

@ Within uncertainties no significant excess at low pr
observed for real or virtual photons

— supports interpretation in Pb—Pb as medium effects

@ About 1 — 20 deviation from unity for pr > 7 GeV/c
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Direct Photons in pp

2

ALICE
- e 2X:1808.00857 2 Xy:1803.00857 . -2rXiv:1803.09857.1805.04391
 1.5C [¢]ALICE pp, (s=276TeV - 1.5~ [4]ALICE pp, /s=8TeV]  T1s - ALICE =
4 4; == NLO pQCD, PDF: CT10, FF: GRV E ; 4; == NLO pQCD, PDF: CT10, FF: GRV E 14; * Y, PP, Is f 2.76 Tev . E
“*F" ---NLO pQCD, POF: CTEQS. 1M, FF: BFG2 Bl “E ---NLO pQCD, PDF: CTEQS.1M, FF: BFG2 1 “F ;y; pp, %’_771'12/\/(["9“"") 1
4.af- [ JJETPHOX, PDF: NNPDF2.3QED, FF: BFG2 3 4. [-JJETPHOX, PDF: NNPDF2.3QED, FF: BFG2 E 13 K z ’p%p’g :78 Tev 3
F E-]POWHEG, PDF: NNPDF2.3QED + PYTHIA8 PS 3 F [-]POWHEG, PDF: NNPDF2.3QED + PYTHIA8 PS 3 E e 3
1.2 E 1.2 - 12 =
1.1 - 1.4 - 11— [ l ’ ‘ =
Tof- E Ry = 1o r ‘&H#*Hwﬁ#ﬁ 7 3
09- E og— 3 0.9F B
0.8 - 0.8~ 3 0.8 error bars represent total uncertainties |
Eo R, i S C i Eol ...,  cecpomcdsResdig, fosuain o

0304 2 3 4 5678910 2 0.3 0.4 2 3 4 567890 0304 2 3 4 567890 20

p. (GeVic) p. (GeVic) P, (GeVic)

@ Systematic uncertainties of individual meas.
— dominated by pr-independent
material unc. of 4.5% PCM & 2.8% EMC

@ pr reach

o 0.4 < pr <10 GeV/c in pp, /s =2.76 TeV
0 0.3< pr <14 GeV/cin pp, v/s=8 TeV

@ Combination of 3 reconstruction techniques via
BLUE method

F. Bock (CERN)

@ Within uncertainties no significant excess at low pr
observed for real or virtual photons

— supports interpretation in Pb—Pb as medium effects
@ About 1 — 20 deviation from unity for pr > 7 GeV/c

@ All pp results at LHC with similar uncertainties
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ALICE

b
o~ 10“
3
o 10|
L. a 10
o Upper limits at 90% C.L. &
. nb‘”n. 10°
(arrows) determined Tls
. w
where R, with total 107
uncertainties consistent v
with unity
10°
@ NLO calculations o
consistent with
measurements at all pp 10
energies 10°
107

Theory calculations from:

W. Vogelsang (ctioncteqis eppsis/cry), J.F. Paquet (cteqs.im/ere), JETPHOX, POWHEG

F. Bock (CERN)

Direct Photons in pp

arXiv:1803. 09857

. ALICE pp, Vs = 8TeV
N norm. unc. 2.6% 3

T :a:l - Ylnc data
en Y TCM fit

] Vi data

NLO pQCD
-~ PDF: CT10, FF: GRV
--- PDF: CTEQ6.1M, FF: BFG2
JETPHOX
£~ PDF: NNPDF2.3QED, FF: BFG2
POWHEG

F=9 PDF: NNP[‘)FZ 3QED + PYTHIA8 PS |
L I L

oL
w

1 2 3 4567810 20
pT(GeV/c)

Direct Photons at the LHC

o
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L AL B R B UL L BRI BRI B B AL BERRLLL L

%

R

ALICE, pp, s = 2.76 TeV

norm. unc. 2.5%

- v data

inc

--- PDF: CT10, FF: GRV
--- PDF: CTEQ6.1M, FF: BFG2
JETPHOX
-] PDF: NNPDF2.3QED, FF: BFG2
POWHEG 4
=9 PDF: NNPD‘FZ .3QED + PYTHIA8 PS |
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0.3 1 2 3 4567810
P, (GeV/c)
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Direct Photons in pp(p) collisions @m

;\ :|_01Aj T T T T T T T T T ™

© L T p+p@) - y+X | .

Lo @ y=01 Can we learn something more from

© - E comparing to other energles?

o 10— =

Ll < @ Large variety of results available from

oIT 5l — . .

w OF 1 /s=19.4 GeV - 13 TeV for (isolated) direct photons
10°- -4 o Decent agreement at large /s & high p; between pQCD
ol B & data
10— =
10° 3
1075? m ATLAS (13 TeV) 4 ALICE (8 TeV) o ATLAS (8 TeV) ﬁ;:. B

| @ ALICE prel. (7 TeV) O ALICE prel. (7 TeV) 0 ATLAS (7 TeV) o _
- & ATLAS (7 TeV) * CMS (7 TeV) 0 CMS (7 Tev) % T
7| % ALICE (276 Tev) © CMS(276TeV)  + CDF (18 TeV) o*, |
10 |- « DO(18TeV) + UAL1 (630 GeV) 0 UA2 (630 GeV) J,' Bl
© UAL (546 GeV) @ PHENIX (200 GeV)  R807 (63 GeV)
[T RBO7 (62.4 GeV) E706 (38.8 GeV) E706 (31.6 GeV) el
_g|  ®NA24(238GeV)  m WAT0 (23 GeV) + UAG (24.3 GeV)
1077 + uA6 (243 Gev) 0 E704 (19.4 GeV) -
107" 1 10 1 0?
P, (éeV/c)
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Direct Photons in pp(p) collisions @m

n Ed’c

::,: igzsi\\‘ T T TTTTIT T T T ITr T \\HF)H‘+ F)\(ﬁ\)\ !’H¢+\X\: i
5 v=01 Can we learn something more from
o = n=4.5 . .
2 b 5 comparing to other energles?
Bl 3 o Large variety of results available from
F *ALCE @ 78Te0 g /s =19.4 GeV - 13 TeV for (isolated) direct photons
< 107 — .
S F 4 o Decent agreement at large /s & high p; between pQCD
E’ 107 O ALICE prel. (7 TeV) Ty TATRS (3T B & data
101 i SATLAS (TTeV) B o ATLAS (8 TeV) i
il o | cansemen 7 o All pp data seem to align on a common x;-curve within
104 e ﬁ.%;czmm 3 £(20 — 50)%, if scaled with (1/5)" with n = 4.5
102 Ceenens Wy wmememew | @ Intriguing number:
= UAL (546 GeV) s, E
107 morwen G eeen — Pure vector gluon exchange: n =4
[ RO07(E24GeV) W (7, (19.4 Ge\/? . . 3 )
0% vz & 3 — Scale breaking effects in QCD could increase this number
= = WAT0 (23 GeV) B
10 seeiscey 8 5 — Closer look needed if data could be described even better
o | | | s by slightly different n - could help to pin down prompt

10" 10° 107 10 1 ibuti
x; =20 /15 photon contribution even at low py
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Biec [Pheions fn 58 sis IUHE 2t s 57 ©)

ALICE

L3 4 o 10T T T T T T T T T T T
1% 103 ) NSD p-Pb, s, = 5.02 TeV
e Combination of 4 reconstruction 318 = ALK prelminany
: | 1L .unc. 3.1% 7
techniques via BLUE method RN Celv,,
o o 158 107 TCM fit
@ Individual sys uncertainties ERE
0(5-10%), combined total O(4-5%) '-2‘"10,5
E B E
. . 0 - ALICE preliminary —f A JE
[+ Upper limits at 90A) CL (arrOWS) 30" 7 st 20((20\??) 107
. . Py (GeVie) E
= F S
determl.nec.i where.RV Wlth. total. Y 3 10
uncertainties consistent with unity & Samda E
1 LEISECCI?HO, FF: GRV é 75
nPDF: nCTEQ15, FF: GRV 3 107
1 nPDF: EPPS16, FF: GRV i? E EIYdir
4 3 -8
E 10° — v, Shen etal.
E 1oL Tar NEO pQCD:
E £ " PDF: CT10, FF: GRV
i oL [ InPDF:nCTEQ15, FF: GRV
E E [ 1nPDF:EPPS16, FF: GRV 5
o8 | | 3 107" ‘\\\\H‘ Lol I
30" 1 2 3 4567810 20 3040 3x10” 1 2 3 4567 10 20 30
P, (GeVic) pT (GeV/c)

Theory calculations from:

W. Vogelsang (cTioncteqis eppsis/cry), J.F. Paquet (cteqs.im/ere), C. Shen
Shen et al. arXiv:1609.02590
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ALICE

Combination of 4 reconstruction
techniques via BLUE method

Individual sys uncertainties
0(5-10%), combined total O(4-5%)

Upper limits at 90% C.L. (arrows)
determined where R, with total
uncertainties consistent with unity

0-20% central collisions don’t
show a significant excess

NLO & thermal sheneta) calculations
consistent with measurements

Theory calculations from:

Direct Photons in p—Pb at LHC at low p,?

o

:’—Zo%p—l‘?bV?:S,DzTev RN 1025\ T T T T T T T
[elecu_ R E 0-20% p-Pb, |s,,, = 5.02 TeV
EM E 0= ALICE preliminary
3 > = Vinn: )
iz o af TCM fit
1% 107
4 & F
210°F
-2 .F
= 107
N E
<10t T S et 20 3040 107
b, (Gevic) E
3 T E| 10°¢
£ 0-20% p-Pb, |3, = 5.02 TeV E E N
ALICE preliminary E| g =
Shen et al. E 10 6?
LO pQCD: El E Se—
= PDF: CT10, FF: GRV = 7
nPDF: nCTEQ15, FF: GRV E| 10
nPDF: EPPS16, FF: GRV E E El yd"
fj—; 10° — vy _ Shenetal.
7 10°0 \ NLO pQCD:
,,,,,,,, 3 E PDF: CT10, FF: GRV
E 10 [ nPDF: nCTEQ15, FF: GRV
E E| E [ ]nPDF: EPPS16, FF: GRV
£ | I i 10’11:7\\1\\\\\ I Ll I L=
)0 T2 3 4567880 20 2040 4x10° 1 2 3 4567810 20 3040
Py (Gevie) P, (GeVvic)

W. Vogelsang (ctioncteqis eppsis/crv), J.F. Paquet (cteqs.im/ere), C. Shen

F. Bock (CERN)
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Shen et al. arXiv:1609.02590
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‘
40-60% VOA p-Pb, |5, = 5.02 TeV

16F T T T T
‘ . . . £ 0-20% VOA p-Pb, (5., = 5.02 TeV
awe Evolution of Direct Photons in p(d)-A f Al ronyer
» | T

@ No significant photon excess seen at low p; in o8k
any multiplicity slices in p—Pb collisions at the e
LHC e
1.2;
o N, scaling works at mid rapidity 1-0?

Il
60-100% VOA p-Pb, 5., = 5.02 TeV
NLO pQCD:
== PDF: CT10, FF: GRV

L

|
E 0-100% p-Pb, {s,, = 5.02 TeV
NLO pQCD:

£-9nPDF: nCTEQ15, FF: GRV

1.2 £ nPDF: EPPS16, FF: GRV
1.0;77 - = nnnGoLg
0.8

1 1 p_(Gevic)
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Evolution of Direct Photons in p(d)-A

ALICE

o 10"
>
@ No significant photon excess seen at low p; in § s
any multiplicity slices in p—Pb collisions at the <
LHC Z-g_" 108
%5
o N, scaling works at mid rapidity :; 10°
=
. . 10
e Possibility to use vqir at high p; or Z°/W* to &
calibrate N, for p(d)-A collisions in different 10?
multiplicity slices
— Current ALICE data does not have !
sufficient statistics at high pr 102
10
107
10°
107

F. Bock (CERN) Direct Photons at the LHC

C AUCEpreliminary  [s020%
L VOAp-Pb, {5, =5.02TeV  3]20-40%
L Yo [<]40-60%
SF [+160-100% |
L @E [+]0-100% |
L TIII ] |
E Te Ty Y ]
i Tmﬁmw”u | ]
g TTWH i

oty
i Il ]
: — Shen et al.
L yd_rNLO pQCD:
[ " PDF: CT10, FF: GRV
[ [ nPDF: nCTEQ15, FF: GRV
| [ InPDF: EPPS16, FF: GRV
B0t T 2 5 4567 10 20 30

P, (GeV/c)
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Evolution of Direct Photons in p(d)-A @m

ALICE

. . . &‘_\ 102L T T T TTTIT T T T TTTIT T T \\HH‘ T T \\\\7
@ No significant photon excess seen at low p; in ~‘>’ ok P+A - y+XH
any multiplicity slices in p—Pb collisions at the e T y=0-+
LHC T 1o i
3 %‘._10 s I 1
. . - g F B
o N, scaling works at mid rapidity | r10 H; -
el £ =
@ Possibility to use vqj, at high pr or ZO/Wi to —|Z 10 =
calibrate N, for p(d)-A collisions in different & &? =
multiplicity slices o 3107 ‘?’@J% E
z b : .
— Current ALICE data does not have 0oL % 1%? B
sufficient statistics at high pr B %?% % B
. . 107 f‘} " Fx =
e 1/N,, scaled spectra align with one another L " |
within 1o for each collision energy 1078 d-Au, (5= 0.2 Tev i N
<5 PHENIX (0-100%) *, —
= p-Au, s, = 0.2 TeV By —
[T OPHENIX prel. (0-5%) & PHENIX prel. (0-100%) * N 7
10 popb, |5, =5.02 Tev 3

O ALICE prel. (0-20%) ¢ ALICE prel. (20-40%) O ALICE prel. (40-60%) ¢
[ < ALICE prel. (60-100%) ¢ ALICE prel. (0-100%) !
_17|_ p-Pb, \s, =8.16 TeV B
lo [ ScATLAS prel. (0-100%) —
IR L] T .

[N (GeV/c)
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Evolution of Direct Photons in p(d)-A @m

. . . &_\ 10175\\\\\\‘ T T TTTTIT T T T T \\HH\‘ T \\HH‘ ‘i

@ No significant photon excess seen at low p; in ~‘>’ w0 PrA —y+X |
any multiplicity slices in p—Pb collisions at the 3 - lill o AL 0 0502100 | X;g .
LHC =10 O S AL e (a0 P 5057 T A

H % L é o AL\CE prel. (60—1002/0 p-Pb 5.02TeV) B

Z> Q_’_ 12, O ALICE prel. (0-100% p-Pb 5.02TeV) -

. . .. 10— =

o N, scaling works at mid rapidity oL N
- | o i b

o Possibility to use vqgir at high pr or Z° /W= to -z 1$ .
calibrate N, for p(d)-A collisions in different & 100 t? E
L. . - L ¥ ATLAS prel. (0-100% p-Pb 8.16TeV) _ |
multiplicity slices 2 ol ﬁ ]

Z 10 =

— Current ALICE data does not have - L §>§ i
D . . . > I % n
SUffICIent statistics at hlgh Pr 8 10*— © PHENIX prel. (0-5% p-Au 0.2TeV) %{?} E

< - < PHENIX prel. (0-100% p-Au 0.2TeV) L% «:!« |

. . = i 1100% d-AU 0.2Te S B

e 1/N,, scaled spectra align with one another L 10 G PHENX(QI00 A 02T ) =
within 1o for each collision energy lj %Qs B
" r“%& |

e xr and 1/N,_, scaled spectra align within 107 _
20-50% on a common curve for data from = -
/S = 0.2 -8 TeV w0t | | | L

10 1
X7=2p /\s,,
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Direct Photons in Pb—Pb

ALICE

T ‘ ‘ —
[ 0-20% Pb-Pb {3, = 2.76 TeV 1

. : . L e ALICE i

@ Direct photon excess measured with combined L ENLO pQCD PDF: CTEQ6MS FF: GRV i
1 i i 1.5— JETPHOX PDF: CT10, FF: BFG2 —

PCM 4 PHOS in 3 centrality classes with 2010 . JETPHOX nPDF: EPS09, FF: BFG2 ]
Pb—Pb data r (all scaled by Ney) 1

@ R, excess at high p; for all centralities 1O - R TTII -

dec 70 , ,
~ ] ‘ ‘
@ 7% suppressed by ~ Rz, [ 20-40% Pb-Pb s, = 2.76 TeV

— larger excess in central collisions | 3JALICE ]

[ — NLO pQCD PDF: CTEQ6MS FF: GRV ]

0 i 0 1.5— =1 JETPHOX PDF: CT10, FF: BFG2 ]

@ Low pr ~ 15% excess in 0 — 20% and ~ JETPHOX nPDF: EPS09, FF: BFG2 .
~ 9% in 20 — 40% © L (all scaled by N,

iy K
o In agreement with NLO pQCD, JETPHOX 10— - - [ —
above 5 GeV/c

; ;
— f f
L 40-80“’/0 Pb-Pb \s,, = 2.76 TeV
+ [+ ALICE 4
+ —— NLO pQCD PDF: CTEQ6M5 FF: GRV -
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Direct Photons in Pb—Pb

ALICE

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,

— larger excess in central collisions

Low pr ~ 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

ALICE
[]0-20% Pb-Pb, \s,, = 2.76 TeV
Celpp, Vs=2.76 TeV

TeV

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

_ , _ & 105k ALICE Pb-Pb, |s,, = 276 TeV .
@ Direct photon excess measured with combined > (] 020% 7,
PCM + PHOS in 3 centrality classes with 2010 e 1o [3]20-40% Yy
Pb—Pb data K .g-._ma [+140-80% Y
2|2
@ R, excess at high p; for all centralities % ':.-102
dec 3 10
° suppressed by ~ =
— larger excess in central collisions & !

o Low pr ~ 15% excess in 0 — 20% and .
~ 9% in 20 — 40% 10

3
T HHH‘ T HHHH‘ HHHH‘ T HHH\‘ HHHH‘ HHHH‘ HHHH‘ T HHH\‘_‘\ \HHH‘ HHHH‘ HHHH‘ T HHH\‘ HHHH‘ HHHH‘ TTTT
—
, =
«—
[ ]

[*]

[

475—'

2
10 x 10
@ In agreement with NLO pQCD, JETPHOX
10
above 5 GeV/c
. - 107 % x 10°
@ No low p; excess seen in pp collisions at same 108 e
center-of-mass energy
107 N Vs =2.76 TeV %]
. pp X <N >, 76 Te
° Scalgd pp sp.ectrum & upper limits fully (0L [y, x 12106 ‘ 102
consistent with Pb—Pb results E gyd x 438.4 ]
10% [o]y, x77.2
L L L - ‘ L - ‘ L
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ALICE

@ Theoretical predictions in agreement with
the data within 1 — 20 for p; < 4 GeV/c

o Calculations differ by up to 50% using
different hydro parameters, transport
models & photon production rates in the
QGP and hadron gas phase

@ For all calculations a significant
contribution from the hadron gas phase is
necessary to simultaneously describe the

v,®" and spectra

F. Bock (CERN)

Direct Photons in Pb—Pb - Theory Comparison

9
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Direct Photons in A—A collisions @

% L I 3 S B B
y [ 105 E
2 B [e]ALICE 1 3 E [+JALICE 3
o 0-20% Pb-Pb {5, =276 TeV & O [ 20-40% Pb-Pb {5, = 2.76 TeV
NS — Aexp(-p/Tey) 143 T —Aexp(-p./Ty) R

=le [ T =304 £ 1159 £40% MeV | | - 4L Ty =407 £ 61° £ 967 MeV |

B (B 1F [©] PHENIX 4% %;_ E [5] PHENIX E

ok 0-20% Au-Au {5, =02TeV e r 20-40% Au-Au {5, =02 TeV ]
RO — Aexp(-p/Toy) 1 2T — Aexp(-p/T ) q
A Ty = 239 + 255 + 7%° MeV IS 10 Ty = 260 £33% £ 87 MeV |
e 10k o _ 107 ot el
N E E N F E

H
o

K

g ]

107 == 10° E\Ib
]

P; (GeV/c) P (GeVic)

]

o
IS
B
|
o

PRI RN U ININ AR AUNRTRN
1 2

1
o

@ Photon yield increased by ~ factor 2 for p; < 3 GeV/c
o Larger T for direct photons at LHC energies

PLB 754 (2016) 23-248, PRC 91 6, (2015) 064904
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Direct Photons in A—A collisions

o

sl |
10 e

[s]ALICE

0-20% Pb-Pb |5, =
— Aexp(-p/Tey)

Ty =304 115 1+ 4
[©] PHENIX

0-20% Au-Au |s,, =
— Aexp(-p. /Te,,)
T = 230+ 25° + 7% MoV

=)

(GeV?c?)

dZN'Y N
poTdy

1
2t N, p.

=)

[+JALICE

20-40% Pb-Pb (s, = 2.76 TeV

— A exp(-p /T o)
T = 407 £ 61°% + 967 MeV
[o] PHENIX
20-40% Au-Au s, = 0.2 TeV
— A exp(-p./T o)
Te= 260 £33 + 87° MeV

[

“_ (GeV2c?)

v
p.dp_dy

T

&N,
X

ool vl
1
T Nine

1
o

@ Photon yield increased by ~
o Larger T for direct photons at LHC energies
@ Direct photon measurements available from /s = 0.017 — 2.76 TeV

2

F. Bock (CERN)

p.

2
[ (GeVic)

factor 2 for pr < 3 GeV/c

Direct Photons at the LHC

A+A->vy+X

T y=0

Pb-Pb, |5, = 17.2 GeV
HWA98 (0-10%)
Au-Au, |5, = 39 GeV
€3 PHENIX (0- ssw
Au-Au, (s, = 5
& PHENIX (0-86%) v T &
Cu-Cu, {5, = 0.2 TeV =l @@ B8
O PHENIX (0-40%) <> PHENIX (0-92%) L
Au-Au, |5, = 0.2 8
O PHENIX (0-20%) }PHEN\X (20-40%) O PHENIX (An s«m &
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STAR (20-40%) O STAR (40-60%) D STAR LSG 80 /a)
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OAICE 0%y 0 ALICE (0-40%) 4 ALCE (40:80%)
OCMS (0-10%) ¢ CMS (10-30%) < CMS (30-100%)
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Direct Photons in A—A collisions
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o

1
o

PRI RN U ININ AR AUNRTRN
1

2
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@ Photon yield increased by ~ factor 2 for p; < 3 GeV/c

o Larger T for direct photons at LHC energies

@ Direct photon measurements available from /5, = 0.017 — 2.76 TeV
— Are there any scaling relations which might help us understand better the
direct photon productions mechanisms?

F. Bock (CERN)

Direct Photons at the LHC

o
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2l

@ First direct photon measurements at the LHC for pp and p—Pb collisions at low transverse momenta

~dir Production in pp & p—Pb collisions:

@ No significant direct photon excess observed in thermal photon region (pr < 3 GeV/c)
@ Consistent with NLO pQCD calculations at higher p;

@ All pp and p(d)-A data seem to align on a common x;-curve within (20 — 50)%,
if scaled with (1/s)" with n =4.5

~dir Production in Pb—Pb Collisions:

@ Direct photon excess for pr < 3 GeV/c observed with 2.6¢ for 0-20% and 1.50 in 20-40%
consistent with theory expectations

@ Spectra consistent with NLO pQCD calculations at high p;
e High p; spectra seem to scale with x; from /5, = 0.017 — 2.76 TeV

N
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