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Motivation

Study of direct photons in high energy hadronic collisions:

> Direct photons are those photons which are directly produced in elementary processes:

o Quark-gluon Compton scattering
o  Quark-antiquark annihilation

> They are not products of hadronic decays.

Annihilation Compton

> They are colourless probes of QCD processes.

> They are probes of the initial state of protons or nuclei, as they are emitted at the early
stages of hadron collisions.

> These photons come directly from parton-parton hard scatterings, allowing one to

constrain parton distribution functions.
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The ALICE detector %

EMCal : |5| < 0.7; 80° < ¢ < 187° ALICE

%  Used for photon

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
. c. ITS SSD (Strip)
d. VO and TO

reconstruction & e
%  Used as trigger ITS : [n] < 0.9; Ap = 360°
detector/ TPC : || <0.9; Ap = 360°
hotons/jets e
P Jets) L %  Used for track
X reconstruction
5
7 Ty
VOA : 2.8 <7 <5.15 Ap = 360° 1 rconoe System \s (TeV)
VOC : -3.7<ny<-1.7; Ap = 360°
% Used as MB trigger detector PP 8
3
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Photons in hadronic collisions

ALICE

yLO + yfragmenta‘cion + ythermal + Ydecay
\ / \/J
' -

in Pb—Pb ™, ...

yinclusive

yprompt

e Signal: Leading Order (LO) direct photons - Emitted in hard QCD processes at the early
stage of hadron collisions (p..' > a few GeV/c)

o Quark-gluon Compton scattering & Quark-antiquark annihilation
e Background: Fragmentation and decay photons.

e Isolation is a tool to access: LO direct photons

e Isolation techniques: Strongly suppress fragmentation and decay components.
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Photon identification %

Cluster shower shape O-l%)ng = (O'qz,(p + O'%n)/Z-I- \/(O'qz,(p — Ohn)?/4+ 07, ALICE

zez = <xz> — <x><z> (x) = (1/wior) Lwix;

Weighted over all cells associated with 5 _QLIIClli lferlfOfmlanf:el- |30/|10|/291? 'IE'\."c.a".U, Y-pp v_f = 1|3Tle\{ . -
the cluster in #, ¢ plane. 018 ~ -eybandlimits S S
w; = max(0,4.5 +In(E;/Ecster) ) v 16 ——;— g
Wiot = L Wi 1.4 f— _;E 10_1§
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Photon isolation

%  “Isolated photons” - no hadronic activity surrounding the photons from hard processes.

<  Set an 1solation threshold

> pTiso, ch — Zthrack —UE ( pUE T Rz) <1.5GeV/c

>

Vv V VY

% Underlying event (UE) estimation:

Using perpendicular cone method
For a given cluster with position (7,p), rotate cone by = 90° in ¢
Calculate sum of all charged track p..inside the perpendicular cones

Divide by area of both the cones to estimate p, .
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< Sum the p_of charged particles i, inside a cone of radius R = /(n; — 1y)% + (¢; — ¢y)?

Opposite

parton

R
Ydirect
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Efficiency estimation for isolated photons
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pl (GeVic)

ALICE Simulation, pp Vs = 8 TeV
¥ Stat. uncertainty

:l Syst. uncertainty

B el | [] I [] T L] 1 T
— ““ L —
| = = =] _
o [n]<052 7
B R=04,p>" <1.5GeV/c :
I 1 1 L 1 1 1 1 1 |
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p¥ (GeV/c)

K'*° — Fraction of generated photons which are isolated
Identification — Shower shape cut (0.1 < clongz <0.3)

Isolation — R = 0.4, p "> " <1.5 GeV/c
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Purity estimation for isolated photons %

e @ NE Niso Biso NR H LIC E
N=S+B P—=1— ( n / n ) X ( n / n )
NisO NisO P=1-(B/N) N;SO/NQ*O data Négo/Néso MC
n W
Q A I
”//,’g////////////////////////////////// - ALIC+E Preliminary, pp s = 8 TeV _
. A : B Stat. uncertainty —
N[nSO N{f,o 0.8_— |:| Syst. uncertainty |::|__
0.1 o2 o2 o2 2 - ]
max, sig min, bkg max, bkg dlong - I:+:|__| —
06— —
The ABCD Method - — .
The three background dominated regions “r ‘E, N
(BCD) are used to estimate the background o " .
o . . . . - =] 7] <052
contribution in the signal region (A). - A-08 8 <156eve T
I 1 1 | 1 1 1 1 1 |
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Isolated photon cross section in pp s =8 TeV

JETPHOX NLO calculations scaled by the

i i i + ALICE
PYTHIA isolation fraction at generator Charged isolation using ITS+TPC tracks,

UE subtracted.

level, k*° to consider the parton to hadron :
R=04,p "™ h <1.5 GeV/e

.
fragmentation.
%\ 10 ! I I — v;l Vogellsang (I\IILO) o I_E § i I I I I ' T T T
% E CT18 PDF, GRV FF 3 = C ALICE Preliminary, pp Vs =8 TeV t Data/ (JETPHOX x k), stat. unc. ]
2 C I Theory scale uncertainty 7] E, 1.8 T o2 D Syst. uncertainty -]
5 ol AEFEE/% 22?& <FJETPH0><> e 8 [ i<ose I = 7PHOX scale uncertainty .
= E 3 1.6— - jso, ch /2 < u<2p! -
s E o= g == 3 C R=04,p2" <15 GeVic Py/2 < 1t <2p] 7
NB - F- R.JETF"HO)T< scale uncertainty . C Py <2.0GeVie 7]
° T pif2 < it <2p} 7 14— —
U= e <2.0 GeVie = C __ | 7]
= . 1.2— ' —
e ’ u } .
0 E  ALICE Preliminary, pp ¥s = 8 TeV 3 1— —
E ¢  Data, stat. uncertainty E C ]
L[] syst. uncertainty . 08 C * — ]
102 L=2m’ — C N
E Inl<052 o L n
C R=04 p‘j°~°” <1.5GeVic . 0.6 — —
I 1 1 1 1 1 1 1 1 | | 1 1 1 1 1 1 1 1 |
10 20 30 40 50 60 70 80 90 107 10 20 30 40 50 60 70 80 90 10?
pi (GeV/c) P} (GeVie)

JETPHOX model calc. - NNPDF40, BFG II FF
NLO calc. Werner Vogelsang — CT18 PDF, GRV FF
NNPDF Collaboration: arXiv.2109.02653
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Summary %
. . = 10* E T T T T — T T T

e Maeasured isolated photon cross section 5 ' ALICE preliminary, A = 0.4 | 3 ALICE
S 10° + pp Vs =13 TeV, pi> Y& < 1.5 GeV/ic x 10 J
5 o o E
o In pp collisions at Vs =8 TeV. S Eom b ppis- 8TeV,p™ o <15Gevic
) o B AP = t ppVs= 7TeV,p™ Y <2GeVicx0.1 o
e Measurements in pp collisions at Vs =7, & Frm Te=o Eur. Phys. J. C (2019) 76: 896 :
6 10 E EI&II |IIIII E!
13 TeV have also been done. ° Eom y = =
=y |I'D:D:| == — =
e Results are compatible with pQCD = = . .
107" E —— ————2 == =
calculations. - e = ]
0% = I
. E [ Syst. uncertainty ' 5
e Establishes a benchmark for these " NLO (JETPHOX) NNPDF40/BFG Il FF x K0 =
10 E Scale uncertainty p!/2 < p < 2 pi 3
measurements in p—Pb, Pb—Pb collisions. ul PreEeefe L A

10 20 30 40 50 60 7080 10° 2x10?
pl (GeV/c)
Thank you!
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Back up

ALICE
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Isolated photon cross section in pp Ns=7TeV

Eur. Phys. J. C 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)

ALICE

Charged+Neutral isolation using
ITS+TPC tracks and EMCal clusters,
UE not subtracted.
R=0.4,p """ <2GeVic

5 e LA e o e T T T T T , . . —— : —
S - [ ALICE,ppVs=7TeV 1 $ | ALICE,pp Ys=7TeV  —e— DatalJETPHOX,stat.unc. 4 @  2[~ pp Vs=7TeV [ ] ALICE .
8 0 —e— Data, stat. uncertainty % o L=473 nb™’' [ Syst. uncertainty — % [ Isolated ¥ piTSO <2GeV/c, 0’| <0.27 7
2 ok % ] Syst. uncertainty 4 £ L In'l<0.27 PDF uncertainty 1 £ B [+ ] ATLAS PRD 83 2011 7
= E —— NLO pQCD (JETPHOX) 3 O L R=04,p*<2GeVic Theory scale uncertainty - Q r _ ET°<3GeV,|7|<06
S F E@ CT14PDFBFGIIFF ] - pl/2 < p < 2xp! - i T [= ] CMS PRL 106 2011 T
g‘ r He =t =4, =Pl 7 - I Normalisation uncertainty 1.5~ Ef°<5GeV, 'l <145
“g B = PDF uncertainty T 1.5 — i
1= Theory scale uncertainty — r n ||
E == P2 < 1t < 2xp! 3 r } . i l l N ||
: == Y| | e +
L M ¢ .
" L=473nb" i 1 ‘ I_U I N ‘ ‘ T N ;i: "Lk i
107 In'l<027 . - i U.u L i i
E R=04,p®<2GeVic ' ? | 3 i T i ]
N B N SN N [0 v v T o oo o 0o o o0 5o el o5 oo I 0.5k — L] .
10 20 30 40 50 60 10 20 30 40 50 60 T 102
p¥ (GeV/c) pi (GeV/c) pi (GeV/c)
ALICE data — compared to pQCD calculations with JETPHOX. Good
agreement is observed between data and theory within uncertainties.
ALICE measurements: extends other LHC experiments toward lower p..
12

ICPAQGP-2023, Puri, India

Sinjini Chandra



Isolated photon cross section in pp Ns=13 TeV

JETPHOX NLO calculations scaled by the
PYTHIA isolation fraction at generator
level, k*° to consider the parton to hadron

fragmentation.

/G [ I T T T T T T T T I T ]
s 102 ALICE preliminary, pp Vs = 13 TeV _|
8 E ¢ Data, stat. uncertainty E
P4 C [ Syst. uncertainty ]
= B —— W. Vogelsang (NLO) T
= 10F CT18 PDF, GRV FF 3
S F [ W. Vogel. (NLO) scale unc. 3
_g- C —— NLO pQCD (JETPHOX) x k*° ]
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C [ JETPHOX scale unc. E
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Charged isolation using ITS+TPC tracks, ALICE
UE not subtracted.
R=04,p """ <1.5GeV/c

8~ L=19.05nb™

-
o
T T

- ALICE preliminary, pp Vs = 13 TeV ) )
¢ Data/(JETPHOX x ), stat. unc.

D Syst. uncertainty i
- Theory scale uncertainty —

T L T

T Im'|<0.67

— R=04, piTS°v°h~UE <1.5GeV/ic
Y Vi .

P 2 <u< 2pT

1 T 1

10 20 30 40 50 6070 10°

JETPHOX model calc. - NNPDF40, BFG II FF
NLO calc. Werner Vogelsang — CT18 PDF, GRV FF
NNPDF Collaboration: arXiv.2109.02653
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Isolated photon cross section ratios in pp collisions

ALICE
\s = 13TeV/\/— 8TeV \s = 13TeV/\/— 7TeV \s = 8TeV/\/_ 7TeV

w
&)

£ 35F — £ 351 H £ 35T =
© o ALICE prellmlnary R=04, pp 1 ALICE prellmlnary R=04, pp 4 877k ALICE prellmlnary R=04, pp =
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g 3 Vs = 13 Tev: p> " "< 1.5 Gev/c 38 3 Vs = 13 Tev: pl> " "< 1.5 GeV/c 48 % Y5 =8TeV: p™ < 1.5 GeVic =
2 F Vs= 8TeV:p™ ™ <15GeVic 199 F Vs= 7TeV: pso Y <2GeVic 1 9 F Vs=7TeV: p* < 2 GeVic ]
o o5 T g 9.5 O 2.5 i 3
o ~L - o ~L - o L ]
Q. - — 2 ~ - [~ X - -
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- —s— - - — - -
2= -] 2— ] -] 2— -
E ] E I:b e ] C 7
15— e — ‘ - 15 %‘= - 15k -
C n =+==+= — ] r II ] C — = ]
E [ Syst. uncertainty ) E E [ Syst. uncertainty ) E E [ Syst. uncertainty E
0.5— NLO (JETPHOX) NNPDF40/BFG Il FF x x's° — 0.5— NLO (JETPHOX) NNPDF40/BFG Il FF x k's° — 0.5— NLO (JETPHOX) NNPDF40/BFG Il FF x 's° —
F Scale uncertainty py/2 <u<? p ] - Scale uncertainty py/2 <u<?2 p 7 F Scale uncertainty p7/2 <p<?2 p 7
= p< 2 GeVic B E p< 2 GeVic L3 = p< 2 GeVic J
0 . . . L 0 . . L 0 . . R
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P, (GeV/c) P, (GeVic) p. (GeV/c)

All NLO calculations scaled by the PYTHIA isolation fraction at generator level,
Kk*° to consider the parton to hadron fragmentation.

The data ratios are compared with corresponding ratios in NLO JETPHOX (NNPDF40/BFG
II FF) calculations.

Good agreement is seen between them within uncertainties.
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Isolated photons purity

pp Vs =7 TeV

n. 1 .2 L l T T | 1] T T T | T T T T l T T T T T T T T I ]
B ALICE, pp Vs =7 TeV ]
1— ¢ Statistical uncertainty —
| [ Systematic uncertainty ]
0.8 -
0.6/ ¢l * + ’
0.4 ]
0.2/~ In'1<0.27 ]
= R=0.4, p‘TS° <2GeVic -
0 C l 1 1 1 1 I 1 1 1 3 I 1 1 1 I 1 i § 1 1 I 1 1 1 1 I ]
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Charged+neutral isolation using
ITS+TPC tracks and EMCal clusters,
UE not subtracted.

R=04,p """ <2 GeVic
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Charged isolation using ITS+TPC tracks

and EMCal+DCal clusters,
UE not subtracted.
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Systematic Studies

e Signal shower shape distribution

e Background shower shape distribution
e Anti-isolation minimum thresholds

e Different crosstalk parameters (MC tuning)
e Number of local maxima

e Distance to bad channel

e Track matching (CPV)

e [Exoticity Cut

e MC mixing

e Isolation probability

e Trigger stability, luminosity

e Material budget, energy scale

e Super-module dependence
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Cross section systematic uncertainty (%)
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Isolated photons

https://arxiv.org/pdf/1906.01371.pdf ALICE
’a 1 1 L l I I I | L I I I I I
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. - .. @ 10
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ATLAS & CMS results

ATLAS Collaboration: PRD83(2011)052005
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