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Why direct photons ?

O Test pQCD predictions and constrain g ;lﬁ
PDF, in particular for gluons PDF g q

Qal
oQ

Compton Annihilation

O Reference for measurements in heavy-

o Gollisions 5 [rcm e @irtey | o pemsernrommn ]

E ol L=473nb" [ Syst. uncertainty —

O Measurement already published in pp g I ';":;iz;%zeevm POrucerany
collisions at /s = 7 TeV with ALICE. 1_5:_ B Noraheation ancortanty -

- Measurement at v/s = 13 TeV shown I + [ ]

here profits from a significantly larger L l : t 1 i

sample: extend the p; above 60 GeV/c E l“ Ul 1

and below 10 GeV/c. R T G

Eur. Phys. J. C (2019) 79: 896 P, (GeV/c)

LO not the main photon source Yinclusive = YLo T Vfragmentation T Vdecay
-

Ydirect from %, 7 ... decay
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Photon sources
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Vdecay

The main photon source are
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0 especially at low pr.

Fragmentation photons are comparable to LO photons.
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Isolation method

Direct photon from Compton and annihilation hard processes

' 1o hadronic activity around

Decay and fragmentation photons from parton fragmentation

' accompanied by many other hadrons

c | c | B
214 pp — v X,\s=14 TeV, y=0 S14- pp — v X,\'s=14 TeV, y=0 \
e § e B . .

8 —qg—7q(Compton) 8 v isolation: R=0.4,¢,=0.1 o

& _ S & —qg—7q(Compton) K A
nl2 —'99 -7 g (annihilation) nl.2 —.qq— v g (annihilation) - A
§ - Fragmentation y § . Fragmentation y sl :
R o
_g- | JETPHOX 1.1 (CTEQ6.6, u=E?) _g- | JETPHOX 1.1 (CTEQ6.6, u=E%)
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After isolation * In this calculation direct photons are

selected if total energy in the cone is

i R — i B less than 10% of the photon energy.

| |
10 2030 100 200 1000 0 10 2030 100 200 1000

E! (GeV) E7 (GeV)
R. Ichou and D. d'Enterria. Phys.Rev.D82:014015.,2010
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Measuring direct photons in ALICE %

EMCal :

ITS :

Inl <0.7; Inl < 0.9
800 < (p < 1870 A(p — 3600
EMCal/DCal: = _. : ITS+TPC:

- y/jet triggers
detector

- charged particle detector

—ay—
collision +/syy (TeV)
pp 2.76, 5.02
7,8, 13
DCal: TPC :
0.22 < |n| < 0.7; 260° < ¢ < 320° In| < 0.9 p-Pb 5.02,8.16
In] < 0.7;320° < ¢ < 327° Ap = 360° Pb-Pb  2.76, 5.02
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Photon identification: shower shape %

Cluster shower shape : , _ALICE Performance - 30/10/2019 - EMCak L1 - pp Vs =13 TeV 1
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Photon isolation %

E T T T T T TTT | | T T T T T TTT T T T T T TTT
. . 5 1.0 —
* particle in cone: charged only =
. . . . 'O EEEEEEEEEEEEEEEEEEEEEEEEEEEEEERS G EEEEEEEEEEEEEEE —
* 1solation criteria: g )
o Q.8 e B ]
. 2 2 0
cone Size R = J(m -n,) + (i —9,) =04
p%so = IPrtrack < E’%‘h =15GeV/c
06 ............................................................................................................................................... —
- photon candidate ]
—> charge particles (track
B neutral particles (clust 0.4 @@ |
12.0< P, < 20.0 GeV/c |
0.2 gl R=04 _—
—e— Data, 0.4 < Gﬁ‘mg <24
——e&— Direct photon (MC), 0.1 <2 <0.3 N
0 0 1 1 1 L1111 | | 1 1 1 L1111 | 1 1 1 L1111 |
107" 2x107" 1 2 3456 10 20 30 10°

piTSO < piTSO-max (GeV/c)

« 10 are highly suppressed but yield still important

* Purity needs to be estimated (more detail later)
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Isolated photons: purity estimation

Idea: divide clusters o, g~ 1solation energy plane into 4 regions
* A signal dominated region %
« B, Cand D : background dominated regions

Define N(total) = S(signal) + B(background)

“ purity = S/N in A region

The aim is to estimate the purity with data as
much as possible o
plle?min
. Nﬁ NiSO BiSO Nﬁ iso
“ purity = |1 — (—’?—/ n ) (—’? / ”_) PT, max
Ny° /Ny° Ny° /Ny°
data MC

data-driven purity ~ MC correction factor

0.1
Assume: Unfortunately
Bgcp = Npcp assumption not
B,/Bc = Bg/Bp completely true
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Isolated photons: purity

Q. 10 | T T T T T T T 1 QA//QZ
ogl ALICE prefminary, pp Vs=13TeV ' Charged isolation using
L t  Statistical uncertainty ¢ t + - ITS+TPC tracks
0.8 Systematic uncertainty —
i [ ' - R=0.4
07 [ R - : {—t —] .
o iy | . psochUE 1 5 GeV/c
Or - |
05+ = -
0.4 ]
0 - = T Purity up to 0.7 — 0.8
- L —1 —
0.2 _
-] In"|<0.67 7
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Isolated photons: efficiency
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&y
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ALICE Simulation,{pp Vs = 13 TeV

t Statistical uncertainty

|:| Systematic uncertainty

1

[n'|<0.67 |
R =04, piTS°’ o UE _ 1.5 GeV/c

0.30

20 30

40 50 60 70

102 2x10?
p”T (GeV/c)

Identification — Shower shape cut (0.1 < alzong <0.3)
Isolation — R = 0.4, p=>UE < 15Gev/c

Kk'S° — fraction of generated photons which are isolated
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Isolated photon cross section: measured compared to theory

< 2.0 T T
~ T T T T I ™] [ [
8 102 ALICE preliminary, pp Vs = 13 TeV _| - ALICE preliminary, pp Vs = 13 TeV '
g E ¢ Data, stat. uncertainty 3 1.8 » ¢ Data/(JETPHOX x '), stat. unc. _|
0 o [ Syst. uncertainty : L=19.05nb D Svst. uncertaint
< r —— W. Vogelsang (NLO) r |n']<0.67 yst. Yy
I 10 E CT18 PDF, GRV FF E 1.6 R=0.4,ps>ME - 15GeV/c - Theory scale uncertainty —
~ E I W. Vogel. (NLO) scale unc. T , Y
& C —+— NLO pQCD (JETPHOX) x % ] r pLi2 < <2p!
P& 1 NNPDF40/BFG || FF _ =14+ |
QU E M=M= p=p] 3 S L
= I JETPHOX scale unc. =
?10—1_ pYT/2<”<2pYT _ o 121
N Qu22 5 I
© 1.0
102 E I
E 0.8
L=19.05nb™ -
1 0_3 | n? 3 -
n' | <0.67 0.6
F R=04, p‘TS"vC“vUE <1.5GeV/c L
10_4 | | | | | | | | | 04 | I I I I I I | I
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Y
py (GeV/c) p (GeV/c)
I_ ________________________________ a
Chareed isolation using [TSTPC tracke | JETPHOX mode calc. - NNPDF40, BFG II FF | pr range (GeV/e)
arged iso atl_on lilsgzg tracks : NLO calc. Werner Volgelsang — CT18 PDF, GRV FF : ALICE 10 < p; <200
iso,ch, . .
R =0.4 py <1.5GeV/c | NNPDF Collaboration: arXiv.2019.02653 |
_________________________________ | ATLAS 125 <p;<2000 [3]
CMS 190 < pp< 1000 [4]

JETPHOX NLO calculations scaled by the PYTHIA isolation fraction at
generator level (k%) to consider the parton to hadron fragmentation.
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Isolated photon comparisons

pp cross section ratio

consider the parton to hadron fragmentation.

All NLO calculations scaled by the PYTHIA isolation fraction at generator level (x%5°) to

VS =13TeV /s =8TeV \/§—13TeV/\/_—7TeV

\/_—8TeV/\/_—7TeV

§.2

351 - g 35 235 -
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= Vs= 8TeV:p™" <15GeVic 18 F Vs= 7TeV:p™F <2GeVic da F Vs =7TeV: p*5< 2 GeV/c ]

- T =4 8 ~ T -1 8 - T —
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C 1o [ J1a L[ ]
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2 — 2~ — — 2 —

C ] C [b ‘ E—— ] C ]
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r S S e ‘ 7 C II 1 | 7 r #] — — ]
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1= - 1= - 1= :+:| -

E [ Syst. uncertainty E E [ Syst. uncertainty ) E E [ Syst. uncertainty » E

0.5[— NLO (JETPHOX) NNPDF40/BFG Il FF x «'*° — 0.5(— NLO (JETPHOX) NNPDF40/BFG I FF x k'$° — 05— NLO (JETPHOX) NNPDF40/BFG Il FF x «'*° —]

= Scale uncertainty p "R2<u<?2 p — ~ Scale uncertainty p "2<pn<?2 p — = Scale uncertainty p R<pu<?2 p —

O : ‘ ps°< 2 GeV/C L L L L L L L ‘ : 0: ‘ ps°< 2 GeV/C L L L L L L L ‘ : : ‘ ps°< 2 GeV/c L L L L L L L ‘ :
10 20 30 40 50 60 70 80 90107 10 20 30 40 50 60 70 80 90102 10 20 30 40 50 60 70 80 90107
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The data ratios are compared to NLO JETPHOX (NNPDF40/BFG II FF) calculations.

Reasonable agreement within uncertainties
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Summary

O Results are compatible with pQCD
calculations.

O The analysis extends the p range to
higher values compared to other ALICE
measurements at lower /s

O ALICE extends the LHC measurements
towards lower p%f (10—-12 GeV/c)

— lower xp
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ALICE preliminary, R=0.4
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t ppVs= 8TeV,p" <1.5GeV/c
t ppVs= 7TeV, pij°' Ve <2GeV/c x 0.1
= Co Eur. Phys. J. C (2019) 79: 896

[ 1 Syst. uncertainty
NLO (JETPHOX) NNPDF40(+nNNPDF30)/BFG Il FF x ks

Scale uncertainty p:/2 <p<? pyT
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1
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BACK UP
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Scale Q and fraction x

Q (GeV)
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Eur. Phys. JC 79:896(2019)

40
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Photon P, (GeVic)

The scale Q (left), and the fraction x (right) of longitudinal momentum of the initial state partons of the hard process for
photon production at mid-rapidity versus photon p for pp collisions at /s =7 TeV
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® ALICE (7 TeV, lyl<0.27) ;&
® ATLAS (7 TeV, lyl<0.6) R
B ATLAS (7 TeV, lyl<0.6)

# ATLAS (8 TeV, lyl<0.6)

* ATLAS (13 TeV, lyl<0.6)

CMS (7 TeV, lyl<1.45)

OIS (7 TeV, ly1<0.9) ® CDF (1.96 TeV, lyl<1)

L/
f@ ¢
CMS (2.76 TeV, lyl<1.45) * CDF (1.8TeV, lyl<0.9) s
DO (1.96 TeV, lyl<0.9) < UA1 (630 GeV, lyl<0.8) *ﬁf
DO (1.8 TeV, lyl<0.9) ¢+ UAT1 (546 GeV, lyl<0.8) n

DO (630 GeV, lyl<0.9)  ® PHENIX (200 GeV, lyl<0.35)
| | 11 11 I| | | | | I | I| | | | |

2o —1
10 10 xr=2p /i

Eur. Phys. JC 79:896(2019)
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Photon sources in hadronic collisions %

Yinclusive = y\LO + Vfrag}mentation + Vthermal t Ydecay
Y

Ydirect in Pb-Pb from %, 1 ... decay
Y Y
q RO q
g q q g

Compton Annihilation

main objective
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Calorimeter %

12 EMCal superr
8 DCal supermc
4 PHOS module
1 CPV module

* 8DCalSMs
¢ 4 PHOS SMs
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Particle energy measurement in the calorimeter %

® EMCal measures photon energy deposited in several cells, a cluster.

® Energy spreads in a clusters differently for single y and high energy n°.

pr (GeV/c)

A

20

A

(i 550 Mev
L 450 MeV
L 350 MeV
250 MeV -
- Il 150 Mev

- I 40 MeV
N = =
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Photon isolation /

J

 Sum the p; of particles (i) inside a cone of radius: R = \/ (n; — ny)z + (p; — <,o,,)2 =0.4

* Set an isolation threshold (conventions used in different measurements): ——» photon candidate

UE —> charge particles (tracks)
> plSO — Zp'f‘luSter + Zprtlf‘rack < 2 GeV/C \ - EMCal - neutral particles (clusters)

» plsoehUE _ gytrack < 15 GeV/c

» ploch — gptrack _ UE(p, mR?) < 1.5 GeV/c

< Underlying event (UE) density (pyg) estimation:

> Using perpendicular cone method in pp at+/s = 8 TeV

» For a given cluster with position (17, ¢), rotate cone by £90° i

n ¢

» UE is the sum of all charge track p;in perpendicular cone

» Using FASTIJET jet area/median method (Voronoi area) in p-Pb at \/syy = 5.02 TeV
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Purity in pp collzszons

Q_ 1 0 T ‘
ALICE prellmlnary pp f 13 TeV b
091 + Statistical uncertainty t i
0.8~ [ ] systematic uncertainty :| I| —
0.7 —
T ,
0.6 —
-] 1
051 ] f
El m
0.4 =
= |
0.3 =
3 4
0.2+ |
-] [n'|<0.67
0.1 R=04,p5 "< 15 GeV/c |
0.0 ‘ L ‘
10 20 30 40 50 60 70 10% 2x10?
p¥ (GeV/c)
Vs (TeV) Particle in cone  p¥°(GeV/c)
13 Charged only 1.5
8 Charged only 1.5
7 Charge + neutral 2.0

purity up to 0.7 -- 0.8 reached in both systems

and quite similar.
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Q T

= |
- ALICE Preliminary, pp /s =8 TeV -
[~ + Stat. uncertainty 7
08; I:l Syst. uncertainty |::|;
I71<052
B R=04,p°"<15GeVIc |

oL ! ! ! L

10 20 30 40 50 60 70 80 90 102
P (GeVic)

12— 7 7 T T T 7 T T T T T T
~ ALICE, pp Vs=7TeV T
1— e Statistical uncertainty —
| [ Systematic uncertainty ]
0.8— —
0.6 bl + + —
0.4— —
0.2— Il <0.27 ]
o R=0.4, pij" <2GeVic
ol N I B R SR B

10 30 40 50 60
P, (GeV/c)
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Isolated photon comparison, to other experiments

Data / Theory
R

<)

0.8

0.6

0.4

[ L=19.05nb"
[ In'|<067
- R=04, p‘_:°'°h'UE <1.5GeVic

T T T
 ALICE preliminary, pp Vs = 13 TeV

¢ Data/(JETPHOX x 1), stat. unc. _|

I:l Syst. uncertainty
[ Theory scale uncertainty —
y |
Py 2 <p< 2pT

20 30 4

0 50 60 70 102

The ALICE measurement extends to

lower p; range compared to ATLAS and

CMS measurements
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m i T T T T T L T ._
)
CMS 226 b (13 TeV) (1Y) [ ATLAS 7
2 T T T T L 4
§ 7 wicos | 214F 5 13Tev, 36.1 1o / i
- [ ——4—— Data stat. uncertainty i > L Vs = ev, . y i
2 | N\ Data total unc. ] B T ®Data | <0.6 / secs |
§1-5__ —+—— NLO JETPHOX scale unc. j O 1.2 . A‘ |
L NLO JETPHOX total unc. + < / Y \ .
1 Sk W TSV AT O ITE ¢ 8 -9--¢
3 S T \ - i:é:{::::;:;gzz;%‘:‘i%g:gzzzszzgzg{ég0202{0 .
I ] 0.8P SN \ / L
05 ] i #AE'\'AFS_IHE%)&NLO QCD; = EY): f;
L. ‘ . . | R JETPHOX (NLO QCD; u = E'/2): ¢
2102 3x10%  4x10? 5x10? 10° 05" MMHT2014 k=B Ng
Er (GeV) - SHERPA (ME+PS@NLO QCD): §§
0.4L << NNPDF3.0 = | N
) 200 300 1000 2000
v

E! [GeV]

collaboration Vs (TeV)  prrange (GeV/e)

ALICE 10 <p,< 200
ATLAS 13 125 < p;<2000
CMS 190 < pr< 1000
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Isolated photons in pp: cross section at+\/s = 7 TeV

______________________________________________,

| ALICE Collaboration: Eur. Phys. JC 79:896(2019)

| JETPHOX 1.3.1 (JHEP 0205. (2002) 028, Phys. Rev.D 73 (2006) 094007)

| PDF, CT14 (Phys, Rev. D 93 (2016), 033006)

’6\ [ I T T T T I T T T T I T T T T I T T T T I T T T T I
S - (¢ ALICE, pp Vs=7TeV A
8 B 3] —e— Data, stat. uncertainty
2 ok [__] Syst. uncertainty —
= - — NLO pQCD (JETPHOX)
S C EZry CT14 PDF/BFG Il FF N
= i - p_o=pu_=p =p 7
| F R f T _
N\b ] PDF uncertainty
© .
15 Theory scale uncertainty —
- EEI p$/2 <u< 2><p$ E
L=473nb™ ]
10 In'1<0.27 —]
= R=04,p°<2GeVic ! ¢ | 3
C | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | -
10 20 30 40 50 60
p’ (GeV/c)
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Data/Theory

Charge+Neutral isolation using ITS+TPC tracks and
EMCal cluster, UE not subtracted

R=0.4,p5"" < 2GevV/c

R=0.4, piTS° <2 GeV/c

ALICE, pp Vs =7 TeV —e— Data/JETPHOX, stat. unc. |
| L=473nb™ [ 1 Syst. uncertainty —
In"l <0.27 PDF uncertainty .

Theory scale uncertainty
p; 2<u< 2><p:
I Normalisation uncertainty

10 20 30 40 50 60
pﬁ (GeV/c)

ALICE data — compare to pQCD calculations with JETPHOX.
agreement is observed between data and theory within uncertainties.
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Isolated photons in pp: cross section at+\/s = 7 TeV

’G B | T T T T | T T T T T T T T | T T T T | T T T T | E, T I T T T T T T T I T T T
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Isolated photons: purity
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Charged isolation using ITS+TPC tracks,
UE not subtracted

R = 0.4, p5>"UE< 1.5GeV/c
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Purity up to 0.7 — 0.8 reached in both /s and quite similar
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