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A Role of photons at hadron colliders, physics motivations and challenges
A Brief overview of the most relevant ATLAS detectors in measuring photons

A Observation of an inclusive photon signal in first data

 Towards a photon cross section measurement

A Conclusions
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QCD is the dominant prompt photon production mechanism :

Single photon production Dlphoton productlon
q ; A ' A
q VWV § —————TuTTTTTT § > \/\/\/\/\/‘ \MQ/ > \/\/\/\/\/‘
Compton scattering Annihilation q Born Box Y

d Single photon measurements provide a test of the pQCD predictions without jets. Cross
section ~ O (0.3 ub) above 15 GeV : already accessible with < 1pb-!

4 Diphoton : test of perturbative QCD in various ranges of M, Py, and A¢ sensitive to the
various contributions of the different amplitudes. Cross section ~O (0.1 nb) above 13 GeV
: already accessible with 2010 statistic (~50 pb1).

d Higgs, new physics might be hidden in the (di)photon channels (inclusive or exclusive):
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d QCD dijet production cross section is order of magnitudes larger than the
signal : excellent jet rejection (~103-10%) capability of the detector is required to
extract the signal over the background

A In general don't want to trust too much on the MC information and try (as
much as possible) data driven techniques to estimate the photon yields

[ No clean source of photons (no decays like Z—ee unfortunately) to be used to
check photon efficiency using some tag and probe technique

19/11/2010 Inclusive Photon studies at ATLAS 4



The ATLAS detector
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Main subsystems

f’/‘”’i Inner Detector (ID) in 2 T solenoidal B-field

! Q Pixel: 3 layers(b)+2x3 disks(e) 0,,~10um,o,~115pum
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Data Montecarlo

Q Integrated luminosity : 15.8 +/- 1.7 nb1 QO PYTHIA (Herwig) with "ATLAS MC09 tune”
_ _ O Full simulation with GEANT4

Q Trigger : L1 Calorimeter (hardware). Q Full emulation of the trigger and the same

Look for energy deposition E;> 5 GeVina |4 trigger requirement as data

AnxA¢= 0.2x0.2 window (trigger

granularity : AnxA¢ = 0.1x0.1) Q Signal sub-process: ‘direct’ part, qg— vq

and qq(bar)—yg, pr>7 GeV ckin hard scatt.
[ Data only from luminosity blocks with qq(bar)—vg, pr

inner detector and EM calorimeter fully 0 Background processes :
operational

QPrimary vertex: require primary vertex
consistent with the beam spot position

O Total number of events : 2.27M events
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Photon reconstruction and preselection

O Seed by a cluster in EM calorimeter with 3 ¢ O aTLaS Preiminare

3x5 cells in 2nd layer exceeding 2.5 GeV o ; r'm'”a”’ ) ;

Q Track-cluster matching : g 10 NesrTel, fLdi=Team 3
O No matched track : unconverted y E . * Data 2010 | ;
0 Matched to track(s) from y conversion in ID : 10° € (& Simulation (all y candidates)
converted y. Single track conversions are also . (] Simulation (prompt ) .
retained 107 E
A Different cluster sizes for converted (3x7) and - ]
unconverted (3x5) photons 10°E E

A Energy : determined with EM calorimeter - -
a Energy calibration is optimized separately for 10§
converted and uncoverted photons on Geant4 T T T
based detailed full detector simulations 1020 30 40 50 60 70 80 90 100

. E%Iuster [GeV]

Preselection : Data/MC comparison before photon

1 Require calibrated cluster E; > 10 GeV identification using shower shapes :

O Require pseudorapidity range covered by Q dominated by fake photons at this stage

strips : |n| < 1.37, 1.52 <|n|< 2.37 3 signal normalized to the data luminosity

O Require no overlap with non working using Pythia LO cross section

0/ i ¢ i O background scaled to match data - expected
cells/zones (5.5% inefficiency) signal yield (~0.45 factor on absolute MC

1 268992 y candidates in E;> 10 GeV normalization)
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Photon identification
Simple cuts on shower shape variables (isEM) : 2 levels of quality are defined

d “loose” photon definition:

Category Description Name ‘ Loose Tight

O leakage in the hadronic calorimeter

. . Acceptance Inl < 2.37, 1.37 < || < 1.52 excluded - v
d second EM calorimeter sampling shower
shapes Hadronic leakage Ratio of E7 in the first sampling of the hadronic  Rhag, ve v
P calorimeter to Ev of the EM cluster (used over the
. e ey . range || < 0.8 and || > 1.37)
O “tight” photon definition : p
. . Ratio of Er in all the hadronic calorimeter to E7 of R v
Q tighter cuts on the “loose” photon variables ! ! s
) the EM cluster (used over the range |7| > 0.8 and
O R¢ from 2" sampling added il < 1.37)
. ShOWGF shapes cuts in the first Samp“ng EM Middle layer ~ Ratio in 5 of cell energies in 3 X 7 versus 7 x 7 cells R, v v
O Different cuts for converted and .
Lateral width of the shower un v v
unconverted photons o o
Ratio in ¢ of cell energies in 3x3 and 3x7 cells Ry v
o 10° : . . . .
8. : ATLAS Prefiminary E EM Strip layer Shower width for three strips around maximum strip w3 v
‘Oa s \s=7TeV, |Ldt=158nb" ] Total lateral shower width Wy ot v
2 107 F |
= F In|<0.6 3 Fraction of energy outside core of three central strips  Fge v
10t -E ® Data 2010 E- but within seven strips
E .S!mulat!on (ally candidates) 3 Difference between the energy of the strip with the AE v
o[ [ Simulation (prompt y) 1 second largest energy deposit and the energy of the
10 strip with the smallest energy deposit between the
two leading strips
2
10 Ratio of the energy difference associated with the  Epyo v
largest and second largest energy deposits over the
sum of these energies
01 02 03 04 05 06 0.7 08 09 1

F
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Run Number: 155160, Event Number: 44820761
Date: 2010-05-17 12:51:29 CEST
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Run Number: 155160, Event Number: 7203050
Date: 2010-05-17 08:22:09 CEST
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Photon isolation

Isolation is necessary to get rid of the jet background and (to some extent) of the
fragmentation contribution: the definition of the isolation prescription is a tricky business

O Calorimeter isolation

O Based on sum of energies in cells in cone
R<0.4 in n-¢ around the photon, removing
the cells in a 5x7 cluster

O Corrections for residual leakage of photon
energy, using single photon MC samples

A Corrections for underlying event

d Using ambient energy density estimated
with low-p; jets, following M. Cacciari, G. P.
Salam, S. Sapeta, "On the characterisation of
the underlying event”, JHEP 04 (2010) 65

O Signal region

O Require isolation < 3 GeV
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10° é_ \s =7TeV, ILdt =158 nb" ?:

- e Data 2010 :
10°E [ Simulation (all y candidates) =
= [} Simulation (prompt ) 3
10°g E
10 E
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Isolation [GeV]

Data/MC comparison before photon

identification using shower shapes :

O dominated by fake photons

O background scaled to match data yield-

expected signal
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Signal extraction :

Data driven approach using a 2D-sidebands subtraction NA = pNAL NBM+A
method: (tight-4 strips) variable on one axis and S1g MB
calorimetric isolation on the other. 2 assumptions NB pA
O No correlation between isolation and isEM for the background P = 1-———
O No signal in the control regions NA MB
A - . QSignal region (NA):
—  control region control region O Calo isolation < 3 GeV; pass tight photon
selection
fail fight outs | \JA VB O Bkg control regions:
d non-isolated (NB): Calo isolation >= 5
GeV, pass tight photon selection
_ d non-tight-ID (MA): Calo isolation < 3
control region GeV, fail tight photon selection, pass tight
_ photon selection after relaxing fracm,
passtighteuts | NA N° wetal, DeltaE, Eratio
signal d non-isolated and non-tight-ID (MB): Calo
EEIE L isolation >=5 GeV, fail tight photon
-5 0 10 15 20 25 30 35 election, pass tight photon selection after
Isolation [GeV] relaxing fracm, wetal, Deltak, Eratio
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Apply 2D-sideband technique to the photons candidates:

Entries/1 GeV
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Isolation in tight ID pass/fail region

\s=7TeV, JLdt = 15.8nb”
e Data, candidates passing tight ID cuts
a Data, candidates failing tight 1D cuts

----- Simulation, prompt y passing tight ID cut
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T (O Data candidates failing the tight ID
cuts distribution normalized by the
ratio NB/MB (same number of events in
the non isolated control region)

O MC signal distribution normalized to
the estimated yield in data in the signal
region (divided by the expected
efficiency of the isolation criterium)

ml\l‘l\l\|\ll\|

| c:e Q(not used to estimate the purity, just

20 25 30 35 an evidence plot)
Isolation [GeV]
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i frrrr1rrrryryprrrryrrrrp T T T T T T T T T T T T T T
'~ control region control region
If we take correlation and signal leakage in thesitshteus | - A B
control regions into account (both from MC) G
G

control region

pass tight cuts NA C]_ NB
—._>

A
Nsw signal
region
I\II|III\II\|I\II‘IIII|IIII|IIII|IIII
-5 0 5 10 15 20 25 30 35
Isolation [GeV]
) A MB ) E A
Table 2: Background pseudo-correlation factor R = NE:'* N = and ratios ¢; = N‘q ,Cy) = N £ and c3 = N“""’
g 81

between the expected signal photons in the three control regions and the expected sugnal photons in the
signal region, in different intervals of the reconstructed photon transverse energy.

Er interval [GeV] 1I0<Er <15 15<Er <20 Er >20

R 1.10 £ 0.03 0.91 £ 0.05 1.02 £ 0.02

c1 (1.8+02)x 1072 (3.1+£0.5 %1072 (53+£0.3)x1072
c2 (180+£0.6)x 1072 (11.3+0.7)x107% (6.6+0.2) x 1072
C3 (5.3+1.1)x102 (25+13)x103 (69+1.0)x1073
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Prompt photon purity
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pT bin [GeV]

[10,15) [15,20) 120,inf)
Nominal purity (%) 24.4 58.2 71.5
stat error [%] 5.4 4.9 3.3
neglecting correlations, or taking
Herwig-Pythia difference (-6%) [%] 9.5 4.7 1.9
relax 2 strip cuts instead of 4 to
define isEM control region [%)] 2 2.1 2.9
varying isolated control 30 16 10
region [%] ' ' '
leakage: changing prompt 11 15 24
fraction by +-40% [%] ' ' '
leakage: isEM eff +-5% [%] 3.4 3.2 3.6
total syst. error 23.5 6.4 5.7
total error 24.2 8.1 6.6
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Table 3: Number of candidates in data, estimated signal purity and signal yield in the signal region
(photon with isolation energy below 3 GeV and passing tight identification criteria), and corresponding
systematic uncertainties, in three intervals of the photon transverse energy.

E7 interval [GeV] 100<Er <15 15<Er<20 Er=>20
Number of candidates 5271 1213 864
Estimated purity P [%] 24+ 5 585 72 +3
Systematic uncertainty on P [%] 24 6 6
Estimated signal yield Nﬁg 1289 + 297 706 + 69 618 + 42
Systematic uncertainty on N 1231 77 49

sig
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[ Photon identification efficiency determined from
PYTHIA MC for signal. Main expected systematic

uncertainties :

[ More ‘data driven’ studies and extrapolation from

electrons ongoing
1
>\ LI | UL ‘ LI I T 1 1 ‘ L ‘ UL | L | LI I LI ‘ UL
g T . -a-lé-#ﬁ-—-é-—t?—!—t_ a8
(3] i ]
°  o8F - -
5 - i
m — -
o) - i
= 0'6,_ ]
N - ATJLAS Preliminary ]
0.4~ A \sk 7 TeV, ILdt =158 nb" H
: ® | Data 2010 i
0.21- A | Minimum Bias MC -
i -é- = i
0 Lol | P | ISR ST BTN RNTIN NSNS A R
0 2 4 6 8 10 12 14 16 18 20
Ecluster [Gev]
o

19/11/2010

> T I T T I T
0 _ ]
& 1 —
;g : -A_ﬂ__&ﬂw-A—A—A-A—A-A—A*A—A—A—A—&-Aﬂ&ﬂ-A-A—&mﬁﬁM
S N Wﬂmﬂ"_
e 08" e -
e L - i
© i * -
c » - _
o O.Gj _._-.- ]
- i
0.4_# 5
i ATLASPreliminary 4 Loose ]
0.2~ Simulation H
- Aly . Tight :
I T A A T AT T AT

qO 20 30 40 50 60 70 80 90
EtTr“e [GeV]

Q Trigger efficiency determined from data,
relative to photon reconstruction and offline

selection, from samples of :

a ~100% for E;>10 GeV. Systematic uncertainty
< 0.3 %, estimated from MC of signal and/or BG
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d From 15.8 nb1 of 7 TeV pp collisions collected with the ATLAS detector, we successfully
extracted a statistically significant prompt photon signal for E;> 15 GeV.

Q In E-> 20 GeV, a prompt photon yield was measured to be 618+/-72 with a purity of
72+/- 7 %.

O A first inclusive isolated cross section paper is in the pipeline : extended p; range,
additional photon purity estimation techniques, more studies on photon identification

Q Evidence of prompt diphoton signal soon public and a first measurement will be ready
by spring 2011
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Isolation requirements

Isolation is not only an additional ID cuts, it has strict connections with physics:

O Maintain a high efficiency for retaining real photons while removing most of the jet
backgrounds and (to some extent) the fragmentation contribution
O require the isolation energy in a cone surrounding the photon be as small as possible while
retaining a high (80-90%) efficiency for real photons reducing the fragmentation contributions

O Be relatively independent of the instantaneous luminosity and UE

O Need a dynamic definition of isolation, taking into account the instantaneous luminosity and
UE contribution for that particular event

O Be relatively independent of the photon energy
O Isolation energy increase for high p; photons since there is a leakage outside of the cluster.

d Be “kind” with respect to the theoretical calculation
O Cone isolation is perfectly fine but the parameters have to be choosen carefully in order to

preserve consistency with the theory: cone size not too small (R~0.4/0.5 fine) and energy in
the cone not too small (few %?)
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And actually we saw diphoton events in first data

... although not exactly the most interesting ones...

] Non diffractive Minimum Bias MC, né’/n signals—
B Non diffractive Minimum Bias MC, background 7|

-e- Data 2009 (\ s=900 GeV)

— Fit to data
- Background component of the fit
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ATLAS Preliminary
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