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What with photons in early and ‘not so early’ data?

[ Measurement of the single / double photon production cross sections (+ all
the relevant distributions ), photon+jet, Wg/Zg (arxiv:1106.1592v1)

Q test of QCD predictions.

O Use direct photons as an input for PDFs: direct photons can be used to probe the
gluon content of the proton. Check the predictions in eta distributions (for example)
varying the PDFs sets. Hopefully direct photon data could play a role in the PDF fits
again

O probe our capability to perform convincing measurements involving photons

A main backgrounds for many ‘discovery’ channels

[ Can we say something at least on the presence of new physics?

d Search for Higgs decays into two photons (atras-conr-2011-085)
O Observe or exclude gravitons decaying into a 2 photons pair (ATLAS-CONF-2011-044)

d Some SUSY and Universal Extra Dimensions models predict new physics with
photons (pPhys.Rev.Lett.106:121803,2011 )
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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

A No clean source of photons (no decays like Z—ee unfortunately) to be used to
check photon efficiency and calibration using some tag and probe technique.
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The prompt photon production and the ‘fragmentation’ issue :

; (b) v . — Compton qg
e o EVAVAVAVAVAYS 2= Ct Annihilation o
Q Direct : at LO the contribution to direct q g(‘::_
prompt photon production is (relatively) easy. S 07t
It is given by the processes in the plots : all ‘Qﬂmg . 206
these are order O(ao) . @ 05—
O Fragmentation (a photon behaves like an e 00000 04E
anomalous hadron coming from the collinear ‘;Z: o
fragmentation of a coloured high p; parton) | AN e ATLAS
| i T

P, of y (GeV)

O Technically the fragmentation contribution emerges from the HO corrections to Born process: at
NLO collinear singularities occur in the calculation of the contribution for example from the
subprocess qg—qqy

q « q These singularities are factorized and absorbed into g/g
%g fragmentation functions into photons D, (M) and Dg,(Mg) :
these functions can't be calculated and are determined
q ’ q experimentally (see for example LEP measurements, hep-
% ex/9708020v1, CERN-PH-EP-2009-014)
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do(AB — yX)= Y [dx,[dx,F,, (x,,M)F, ,(x, M)x|doc® +do "™ |

a,b,c,d
O F(x,M) are the parton distribution functions
do'd” _ do.ab—>cd x L x, M, M in the (anti) proton
(X5 %, A r) 0 D(z,M;) fragmentation function into a
dz photon (z = Py(y)/P(c))
do ™ = .[_D / (Z,MF)dO'ab_)Cd (x ,x,, 4, M,M_ ) Ho hard scattering cross section (short
cly a .
z distance)
Q u,M,M; renormalization/factorization
(unphysical) scales

At NLO the definition of Direct vs Fragmentation becomes somehow arbitrary and
depends on the unphysical parameter M. which discriminates between the 2 regimes
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Isolation

O Strictly speaking, from the experimental point of view collider experiments do not
perform an /nclusive photon measurement :
Q Background from photons coming from n%/n° overwhelms the signal by several order of
magnitude :these are typically non isolated as mesons are usually in a jet.
d An isolation criteria (typically a cone) is applied from the experiment side to extract the
signal.
O From the experimental point of view it is customary to define the direct photons as those
which are well isolated from the hadrons in the final state while fragmentation photons as those
which lie inside hadronic jets.

O From the theoretical calculation point of view, isolation can be implemented without

spoiling the properties of the calculation:
d The discrimination between direct and fragmentation based on cone isolation is not
completely meaningful as it still depends on an unphysical parameter which is arbitrary: only the
total cross section is a physical observable.

O A possible way to discriminate between direct/fragmentation without breaking the
consistency with theory is to implement a proper isolated photon definition eg using
Frixione isolation cone
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Isolation requirements

d Maintain a high efficiency for retaining real photons while removing most of

the backgrounds coming from jet fragmentation

O want to require the isolation energy in a cone surrounding the photon be as small as possible
while retaining a high (80-90%) efficiency for retaining real photons produced directly (i.e. not
from fragmentation)

d Be relatively independent of the instantaneous luminosity
O Need a dynamic definition of isolation, taking into account the instantaneous luminosity for
that particular event : energy to be subtracted from the jet cone is determined by looking at
either the number of reconstructed vertices for the event, or looking at the p; density for soft
jet production

O Be relatively independent of the photon energy
A Isolation energy has to increase for high p; photons since there is a leakage outside of the
cluster. This allows additional energy to be anywhere inside the isolation cone, while the extra
photon energy will be close to the original cluster.

d Match to perturbative predictions
A 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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The ATLAS detector

-----------
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25m

Tile calorimeters

- - LAr hadronic end-cap and
' forward calorimeters
Pixel deftector \
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Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiafion tracker

Semiconductor tracker
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Inner Detector

("R = 1082 mm

A Inner Detector (ID) is immersed in
a 2 T solenoidal B-field

TRT <

O Transition Radiation Tracker
350k channel tracker
d4mm (diameter) straws

L R=554mm| RV - e 0 TR detection: e/n* discrimination
(R=514mm - N\ Y \\ ¥ Q 36 hits on track
-- B ' 01304m resolution
< R =443 mm
SCT .
R = 371 mm [ Semi-Conductor Tracker
6.3M channels

\ R =299 mm Q4 cylinders, 8 hits/track

d 17m resolution

A Pixel Tracker
3 80M channels, 3 layers
d 10um resolution

R=122.5 mm

Pixels { R = 88.5 mm
R =50.5 mm
R=0mm L-
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Calorimetry Tile barrel Tile extended barrel

Hadronic Calorimeter

d Fe-scintillator for |n|<1.7 :
Q o(E)/E = (50%) / VE @ 3%

Lo df]ggfgjgc) O 0.1x0.1 typical granularity
O Longitudinally segmented
LAr electromagnetic
end-cap (EMEC) A Cu-LAr for 1.5 < |n| < 3.2:
Q o(E)/E = (50%) / VE @ 6%

N 2N . O 0.1x0.1 typical granularity
%\ X A Longitudinally segmented

&:elfdromag - :

LAr forward (FCal)

Liquid Argon-Lead sampling EM calorimeter with an ‘accordion” geometry :

d 3 longitudinal layers with cell of AnxA@: (0.003-0.006)x0.1 (1stlayer) ; 0.025x0.025 (2nlayer);
0.050x0.025 (3layer). Allow a calo-based measurement of electron/photon direction.
d Presampler for |n|<1.8 AnxA¢p~0.025x0.1

Q o(E)/E = (10-17%) (n) / VE (GeV) ® 0.7 %
Q angular resolution 50 mrad/ VE : Z vertex resolution in H->yy simulated events ~16 mm
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Photon reconstruction

A Seed by a cluster in EM calorimeter with
3x5 cells in 2™ |ayer exceeding 2.5 GeV

ApxAn = 0.0245:0.05

A Track-cluster matching :
O No matched track : unconverted y
O Matched to track(s) from y conversion in ID :
converted y. Single track conversions are also
retained
A Different cluster sizes for converted (3x7) and
unconverted (3x5) photons (5x5 for both in the
endcap)

d Energy : determined with EM calorimeter
a Energy calibration is optimized separately for
converted and uncoverted photons on Geant4
based detailed full detector simulations ' VAN ! Smpﬁngz'
O Energy scale know better than 1% from data
driven studies

Tri

O Require pseudorapidity range covered by
strips : [n| < 1.37, 1.52 <|n|< 2.37 and
now overlap with calorimeter dead regions
(mainly for 2010 data)
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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 P
shapes Hadronic leakage Ratio of E7 in the first sampling of the hadronic  Rhag, ve v
P calorimeter to Ey of the EM cluster (used over the
. . s . range || < 0.8 and || > 1.37)
O “tight” photon definition : p
. w " . Ratio of Er in all the hadronic calorimeter to Ex of R v
- tlghter cuts on the loose phOtOﬂ variables 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 Ve
Qd Different cuts for converted and L ateral widih of the shower N y y
)
unconverted photons tuned to have ~ o o
same efﬁciency Ratio in ¢ of cell energies in 3x3 and 3x7 cells Ry v
o 10° EM Strip layer Shower width for three strips around maximum strip w3 v
Ql .
8 \{{TLA_SI_ CrTgnaw b Total lateral shower width W ot v
@ 5 =7TeV, t=15.8n
-g 10 0.6 Fraction of energy outside core of three central strips  Fige v
&0 ni<0. but within seven strips
10* igﬁié (t)|33r01 (ally candidates) Difference between the energy of the strip with the AE v
[ Simulation (proYmpt 7) second largest energy deposit and the energy of the
10° strip with the smallest energy deposit between the
two leading strips
102 Ratio of the energy difference associated with the  Epyo v
largest and second largest energy deposits over the
sum of these energies
10

0 01 02 03 04 05 06 07 08 09 1
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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

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

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

O P; dependence removed correcting with
coefficients from single particles full simulation.

A Corrections for non perturbative effects
(underlying event, pileup)

O Using ambient energy density estimated with low-
pr jets, following M. Cacciari, G. P. Salam, S. Sapeta,

(http://arxiv.org/abs/0912.4926) > 1]
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Ambient energy density is estimated event by event usmg Iow PT Jets

O Run jet finding KT algorithm, with minimum Py 3 na \e-7Tev, Lat-grans’
at 0, to allow for very soft objects I o Siadon (fake 1) :
5 (1 Simulation (isolated prompt 7)_
10 ; (] Simulation fnon iso prompt y)
O Compute Voronoi areas of jets (partitioning the 10
(n,d) space into regions defined by nearest jet) )
. . . . 0?
O From the jets and their areas, find the median I e e e USRI
energy density for the bin. Median helps to avoid 'solation [GeV]
H > UL R L L I I R L I I
any scale effects from setting an upper bound on o S Amas E
jet P; e . _[Ldt=880 nb’
10000~ . =
;ﬂcj r . * Data 2010,Ns =7 TeV
Q For events with low multiplicity and hard R ", E
interactions, can remove n most energetic jets S000F . Tight Photons 1
from event (where n is typically 2). Correction to 4000¢- “,  E>15Gev -
isolation variables made based on the cone size 2000 E
0'.|\|||\.“\'W

0 05 1 15 2 25 3 35 4 45 5

Ambient Transverse Energy Density [GeV/Unit Area]
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Signal extraction :

Data driven approaches : a 2D-sidebands subtraction and an A A BMA
isolation template fit (a la CDF) and a method: sie N™ =N m
A A 2D histogram is built: (tight-4 strips) variable on one axis NB pmA
and calorimetric isolation on the other. 2 assumptions P = 1- A8

O No correlation between isolation and isEM for the background N% M
O No signal in the control regions

A O Signal region (NA):

— A Calo isolation < 3 GeV; pass tight photon

selection
fai tight cuts | \fA O Bkg control regions:

control region

pass tight cuts

control region

N?

signal region

control region

0

05/07/2011

Isolation [GeV]

O non-isolated (NB): Calo isolation >= 5
GeV, pass tight photon selection

Q non-tight-ID (MA): Calo isolation < 3
GeV, fail tight photon selection, pass tight
photon selection after relaxing fracm,
wetal, Deltak, Eratio

a non-isolated and non-tight-ID (MB): Calo
isolation >=5 GeV, fail tight photon
election, pass tight photon selection after
relaxing fracm, wetal, DeltaE, Eratio
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Prompt photon purity

1:' L L ! T L L L L
0.9F ‘ ATLAS Preliminary
0.8F =
0.7F =
0.6F =
0.5} I -
- Ns=7TeV, |Ldt=15.8nb -
0.4 Data 2010 -
0.33_ —e— Full n| range _f
= 0<=n|<0.6 . c c . . .
0.0k e E _ Isolation in tight ID pass/fail region
- e 1.52<=n|<1.8 E > 250 | | o | T
0.1? 1 o 1.8<=n|<2.37 E (2 - + ATLAS Preliminary 1
9% '1*5‘ — '2'0' — '2'5' — ‘3‘0‘ — '3'5' ——20 39 200 + \s:?TeV,.[Ldt=15.8nb'1 N
Ecluster [GeV] :EJ E + e Data, candidates passing tight ID cuts E
T B H B
: . : 150 + 5 - i —
D- Data -Candldates-falllng the tlght ID cuts - & Data, candidates failing tight ID cuts 1
distribution normalized by the ratio NB/MB (Same 100: :-E ++ ----- Simulation, prompt y passing tight ID cuts|
number of events in the non isolated control region) - ++5,4,++i ]
. L . . S i
O MC signal distribution normalized to the estimated  sof- L +¢ -
yield in data in the signal region (divided by the - ! *, .
. : . o B . s §
expected efficiency of the isolation criterium) LA i SOV oI PRIV
5 0 5 10 15 20 25 30 35

. . . Isolation [GeV]
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Inclusive photon cross section : preselection

Two analysis with different integrated luminosity (very similar ingredients) :

Q

Q

Phys. Rev. D 83, 052005 (2011): 880 nb!, from 15 GeV to 100 GeV, 3 eta bins [0.00, 0.60), [0.60,
1.37), [1.52,1.81)

ATLAS-CONF-2011-058 : 37 pb, from 45 GeV to 400 GeV, 4 eta bins bins [0.00, 0.60), [0.60, 1.37),
[1.52,1.81), [1.81,2.37)

Event selection :

A.

Event is in the standard GoodRunList > R AR RN RA AR RARS RARR AR AR AR
(tracker and calorimeters fully operational) o - ATLAS .
Event passes a loose 10 GeV threshold 7 O \s=7TeV, J.Ldt=880 b’ 3
(880 n_b-l ) and 40 GeV (37 pb-l) trigger E 105;— _ﬂ_-A— a Data 2010 (all y candidates) —;.
The primary vertex has at least 3 tracks - T o
The photon candidate passes the e/gamma b T T o Data20i0{tghtisolatedy)
object quality (OQ) cuts (avoid overlap -, T
with faulty calorimeter regions) 1P e T .
The photon candidate passes the tight cuts -, Rl
The photon has a corrected isolation 1L Ringa sty
energy less than 3 GeV in a 0.4 cone - -%
Lo | | | | | Lovv o byas

110K (15-100 GeV, |n|<1.81, 0.9 pb-1),
174K (45-400 GeV, |n|<2.37, 35 pb-1)

N
o
w
o
N
o
(@)
o
ol
oL
~J
o
(0]
o
[{e]
o
—
o
o
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Photon fraction

Cooo0000

Photon fraction
OCOoO00000
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Photon fraction

CO000O000

Photon fraction

©CO000000

Photon purity rapidly increases from 50% (15 GeV) to >95% above 100 GeV

2: P & = _E- 1__|‘ rprrrrrrrrrrrTeT T T T

= e ATLAS g | e :

= e Data2010,\s = 7TeV,I Ldt = 880 nb” £ o9 -

u '|<0.6 . . %) 1

2_ E<Tso< 3 GeV systematic uncertainty o Bi 5

= ' 1 = : :

é: ——— ¢ ¢ = 0.7:— ® Data ATLAS Preliminary —:

= —— _3 B ‘ \'s = 7TeV,| L dt = 35 pb” ]

; - E C DSystemat\cs il < 0.60 ]

- T osen'ik197 = 0.6/ -

—a Er° <3 GeV — L ]

E ! .e . — 05 Lo b Lo Lo Lo bl

= - T T ; = 50 100 150 200 250 300 350 400

%: N o — * :i E; [GeV]

=l = U Main systematic uncertainties from: MC

—e— ;i%@i'ﬂ;a‘ —= inputs (up to ~10%); background control

= < e — -

= L . e regions (up to 6%)

= - O Results cross-checked with isolation template

= T e = fit (signal template: e from W/Z in data; bkg

= - E template: photons failing the tight ID

—.— 1.81<m’|<2.37 E o .

3 E < 3 GeV E criteria) |
T e T s The_resul_ts from 2D 5|c!ebands m_ethod;and

! [GeV] full isolation template fit agree within 5%
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Photon efficiency

Here we start playing a difficult game : the key point is that we do not have yet a
sizeable clean source of photons to extract in a purely data-driven way the photon

efficiency.
A Need to accept some (reasonable) compromises: use the MC, check whatever can be done on
data and assign proper systematic uncertainty

d Compare the shower shapes used to identify photons in data and MC : correct the

photon shapes in MC to match the data and compute ‘corrected’ efficiencies
A typically showers are slightly larger (~% level) in data than in MC (also seen on electrons)
d a mixture of true photon and jets (purity is not 100%) so a systematic uncertainty has to be
assigned

A Infer photon behavior from pure sample of electrons and use the MC to asses the

differences:
A converted photons have a similar shower development in the calorimeter so the photon
efficiency for converted photons can be estimated ~ directly from electrons
A unconverted photon shapes are very different from the electrons one, not straightforward

Q Use photons from Z—puuy and Z——eey to measure the photon efficiency for low p;
(need > fb! (start to be appealing)
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O Photon reconstruction/acceptance efficiency ~80-85% in the barrel (|n]|<1.37), ~75%

in the endcap (1.52<|n|<2.37)

A Photon identification efficiency from MC. Main systematic uncertainties:

5 1

509
£0.8

)]
c 0.7

8
E 0.6
£ 0.5

. . . . =
O Trigger efficiency ~ 99.5% (~1% uncertainty) g9+
§ 1
> 1 .g 0.9
ek £ 0.8
© 0.95— -~ o . c 0.7

= - 8

090- § 0.6
“F £0.5

| =
0.85(— 0.4
o 0.3
0.8~ ATLAS Preliminary z 1

| c
u i'|<0.6 209
0.75 - £0.38

- ES° < 3 GeV o -
0.7 ®  Simulation\'s =7 TeV '5 0.7
- - 506
0.65— systematic uncertainty % 0.5
i | \ \ | | \ § 0.4
0650 100 150 200 250 300 350 400 0.3
E! [GeV]

Overall systematic uncertainty from 15% (relative) improving with photon E-
Physics with photons in ATLAS

05/07/2011

;

ATLAS

e SimulationNs =7 TeV

systematic uncertainty

;

s R

0.6<n'|<1.37
E®° <3 GeV

e |IIII|IIII|IIHI

+*”|""|"
f

1.52<"|<1.81
E®° <3 GeV

1||||||||||||||||||TT]

20 30 40 50

o2}
o
~l
o
o}
o
O
o

N
\S]

—_
o

0

El [GeV]



Cross section and comparison with theoretical predictions

Theoretical predictions obtained with JETPHOX (NLO montecarlo which includes a consistent
treatment of the fragmentation contribution) using CTEQ6.6 (MSTW 2008 3-5% difference).

O Same kinematic cut and pseudo isolation (at the parton level) isolation to mimic the
experimental isolation is implemented :
O require E; < 4 GeV in a cone of 0.4 around the candidate

O Systematic uncertainties evaluated in a rather conventional way by
O varying PDF eigenvalues (4% to 2%)

O varying scales from P;//2 to 2*P;¥(20% to 8%) (independently, to avoid accidental
cancellations)

O parton isolation cut varied from 2 to 6 GeV (2%)

Additional systematic uncertainty for the measurement
O Luminosity uncertainty 11% down to 3.5%
O Photon energy scale systematic uncertainty : 3% (leading to 10% on the cross section) in the
880 nb1 analysis and 1.5% (leading to 5% on the cross section)
A Bin by bin unfolding wrt to Bayesian < 2% difference
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3 >
(V) 3 -k __ o Data 2010.[ Ldt=35pb - (6] 3 —e— Data 2010.[ Ldt=35pb " T
21072 E 210 i
'E'"_ F o - JETPHOX CTEQ 6.6 7 '5"_ » - JETPHOX CTEQ 6.6
wq02: % < w102y * .
E : * __ . Data201 oj Ldt = 0.85 pb“? E - _ »  Data 2010_[ Ldt = 0.85 pb“g
o -_ —lh— . . 1 -g 10 _‘_‘ . . 1
© 10: - ATLAS Preliminary - ATLAS Preliminary
L —— ] o= ]
1 —.— 3 1 == 3
: ——— : ==
10 3 E 10! —— _
L 0.0 <|<0.6 . - 1.52<’|<1.81 ]
10-2 g || | L1 11 I L1 11 | I 111 | L1 11 | | | | | | I 111 I_§ 1 0-2 1 11 I L1 1| | L1 11 | L1 11 W
1.6 1.6
> T'TT TTTT T'TTT T TTT TTTT TTTT T T TT1 TTTT > L LI | L LI | L L
=14l I I I I I [ I =14l | I I [ I I I
g 1 % ] g 1 ﬁ
= 0.8 - £0.8
< 0.6 : © 0.6} ]
0-4 L 11 | L 111 | | | | | | | | | | | | | | | | L 111 0-4 L 11 | L1111 | | | | L 111 | | I | | | | | L1 11 | | |
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
E; [GeV] E; [GeV]

Results systematically limited across full ET range
d The two measurements are consistent in the overlapping ET, n bins
A Data/(NLO pQCD) comparison:
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CDF Run Il Preliminary

_'_|_| T | T 177 ‘ T 17 ‘ T 177 | T 1T | T 17T ‘ T 177 ‘ LI ‘ L C
> 10 = ATLAS = § 18 Lasm’ e Fesosco oL
Q) %*_ o Data 2010, j Ldt = 880 nb” = % 16 :_ (theory corrected for UE contributions)
o) r . . ) B - EXETETE TR CTEQ6E.1M PDF uncertainties
o8 T —— --- luminosity uncertainty — % - o d §
?E 1% == JETPHOX 1.2.2NLO pQCD — 145 EES F:g: ;:20;}
o] = = CTEQ 6.6, u=u = _=E; - C
B C —— CTEQ 6.6 90% CL PDF uncertainty _| T
o - [ scale uncertainty . e ST
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_GC) 2 = 5 L Stat. + syst. uncertainty
= 1 - = — 81-sf ------- Scale uncertainty
E . . = B ww PDF @ 0, uncertainty
S E 1.6
o ! .3 :
90 100 1.4
. . 120
Q Around 30 GeV both ATLAS and CMS report a slight deficit wrt to r -
. . . : 1
theory while CDF a sizeable eccess (although x is different!) r -
0.8
O sizeable deficit reported by ATLAS in the very low E; region (~15 ook
GeV) T
0.4 |

O all experiments show a good agreement from 50 GeV
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0?
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Di-photon production cross section

d The measurement of the di-photon production cross section at the LHC is again an

important probe of our understanding of the QCD especially in some kinematic regions
d the A¢ separation between the photons is sensitive to the way the double fragmentation is

modelled
A the balanced back to back case (A¢ ~ = and small total P; ) is sensitive to the soft gluon
emission

Born Brem Box

q g Y

A Di-photon signature appears in some ‘new physics’ processes :
A irreducible background for Higgs decay into 2 photons
d non resonant production associated with significant MET is predicted by UED/SUSY models
d a narrow resonance at high mass predicted by extra dimensions models

d Main ingredients similar to the inclusive analysis : 3 methods to extract the signal yield
from data in a purely data-driven way
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A This is a technique used already by CDF and DO :

A ¢ and f are the probabilities for a true and fake photon
" respectively to pass the isolation cut. ¢ is typically 80 to
Sep | =E| w.. | 95% while f ~ from 20 to 40 %

_CUQ
h

==

[

A the key point here is that these efficiencies are
measured on data from the tight/non-tight isolation
distributions

Q Actually the true efficiency matrix is a bit more
/ complicated as there’s some correlation in the\fF case

€1€2 €1 fo fies fifo
€1(1 — €2) e1(1 = fa2) f1(1—€2) fi(1 = fa2)
(1 —e€1)e (1 —€1)f2 (1—-f1)e2 (1= f1)f2
\(1—61)(1—62) (T—e)(1—=f2) (1= f1)(1—e2) (1—f1)(1—f2))
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Extend the 2D sidebands method to the case of 2
photon candidates :

d preselect events with 2 candidates passing a
loose photon definition.

A As for the inclusive analysis the number of signal
candidates in reaion A of the first matrix is

d For events with the leading candidates in A region
a second 2D matrix is used for the second candidate
O After a bit of alagebra

¢ (@f’Njg + (o — 1)Nfig)
@=1)¢ +af

TITI
N Y o

(o has to be taken from MC while the other
parameters from data)

Identification cut

Leading p; photon

Leading P photon
fails

Leading P photon
passes

Identification cut

Subleading P photon
ails

Subleading P, photo
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MA M!B
Signal Control region
regiol
n N!A N:B
ol b b b ba v bvan i v as
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For all events with 2 photon candidates passing the
tight isolation criteria

A isolation templates for yy, y-j and jet-jet events
are built from data (using electrons and the non-
tight sample)

O the 2D distribution of the leading and subleading
photon is built

Q the sample decomposition comes from a
maximum likelihood fit

NTTFObS(EiIS‘?le EITSOQ) - N;I:YTFM (E”ifs?l)Fm(EriF?z)
+ N3y (BT Fy (EXS)
+ N E, (BRY) Fay (EXRS)
+ Njj U (ERS, ERS)
O due to correlations the jet-jet case can’t be
factorized
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O Require two photons with p;¥ > 16 GeV within acceptance (|n| < 2.37, crack excluded),
tight and isolated (ET, < 3 GeV)

d The good news is that all three signal extraction flavours agree fairly well in extracting
the signal yield with ~ comparable systematic uncertainty (~ +/- 15%)

> 35 __
) - .
= 30 ATLAS -
— - — 1
[} o5 Data 2010,\'s=7 TeV,J. Ldt=37 pb L
® - .
G>J - 7]

20:_ —e— event weighting H 3 0 T T T T T T

- —=— 2D-sidebands 4 © C ATLAS L3

15__ —— 2D fit — _@ 30? + Data2010,Vs=7TeV,ILdt = 37 pb E

- ] i 5E + [ before elect | E

10:_ $ _: 20; @ after electron removal —i

5i . 15 + + E

L : 10; j

0 cec e b v b e b b p—————— 5 +:$: =

0 20 40 60 80 100 120 140 160 180 200 —— , ]

002020 60 80 100 120 140 160 180 200

m,, [GeV]
VY m,, [GeV]
05/07/2011 Physics with photons in ATLAS 30



do/dm.,, [pb GeV']
% I T TTT II|

(data-MC)/MC

(data-MC)/MC

10"

£

| T I T | LI | T I LI T TT | LI I TT I_
Data 2010,\/s=7 TeV, f Ldt=37 pb"
iso(part) Y —

p!>16 GeV, EX"" <4 GeV, AR'>0.4
[n|<2.37 excludlng 1.37<|<1.52
-+ measured (stat)
-+ measured (stat @ syst)
= DIPHOX
ResBos

?%g

ATLAS %i%%%%%%}ﬁ
11 | 111 | 111 111 I 111 111 111 I 1 I‘I ‘I | 111 | I |
1:
0.5:— 'i' DIPHO)L_
o x\km \\\\\q\\\\\m =
05E E
_:II: 4
o5k ResBos_E
0F E
N SR Vst Ll
_1(; QIU 40 6{] 80 100 120 140 160 180 2{]0 2-20
m,., [GeV]

[pb GeV

Ty

do/dp

(data-MC)/MC

(data-MC)/MC

N | | LI T TT | T TT | TTT | T TT I T TT | T TT T TT I T TT | TT |:
= Data 2010,\s=7 TeV, f Ldt=37 pl::-'1 3
B $ p/>16 GeV, """ < 4 GeV, AR">0.4 7
1E ij\: n']<2.37 excluding 1.37<|<1.52 =
R & _i' -+ measured (stat) =
B Vi‘ . ~+ measured (stat @ syst) _|
10 e s DIPHOX ]
= S ResBos =
1 0-2 :_ e \\\ _:
= SN \\%\ 3
B _‘._\ RN e Saie e e ee n
B R N
3 S
107" ATLAS =
_I L1 | 111 | L1 | L1 L1 L1 I 11 Ll L1 1 I L1 1 | L1 I_
ol ' B
F + _+_ DIPHOX _
O D N, \-+—\ o L.).+.A).\ RN SR \\\\\i\\\\%\\\\\\\\\ -
2F =
oF ResBos 4
; + _+_ ;
Ofaregtg —+— E
B S _
2F =

0 20 40 60 80 100 120 140 160 180 200 220
P, [GeV]

Rather good agreement between data and theory in m_, (except for low m, ) and pr.,
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TY

do/dAd  [pbrad ]

{data MC)/MC

{data MC)/MC

L e I B DL B : : : :
- Data 2010.J5=7 TeV. f Ldt-37 pb” w 44 S_om_e disagreement espec_laIIy in the low A¢ region
16 Gov, EP . 4 oy, aF"o0.4 47 (which is also the low m, region) and A$ ~

” R excluding .37 <1 52 & | U Qualitatively compatible with the measurements
197" 4 measured (stat) J done at the Tevatron (see latest CDF plot below)
- + measured (stat @ syst) _i,, .
- = DIPHOX AN . ‘arXiv:1106.5123v1
i e HESBGS T ) | — FT T 17T | T 1T | T T | T T | T 1T | T 1T | 0
B ?!ﬂ__ N g E —se— Data E
W 8 - DIPHOX CTEQSM -
2 N Hetl=pp=M/2 7
10 — D RESBOS CTEQ6M
. b L - PYTHIA 1741 E
. [e N R PYTHIA yy ]
- © - el
- B .q:ﬁ
2 — 105 s
£ i } _+_ DIPHOX__ g ]
0 AR W‘&&\W\W\W\\\\\\\\\x\\\\\\\m\\\\\\\\\\\\\\\\\\t\\ —z = i
-1 = I |
o 3 1 =
2 ———————] - .
E HesBos_g - 1
u;— s b e e T — - .
4 3 -1 - i
E1|: L L L L 10 ;E ) | | lJ - LJ I \ 1 1 | L 11 1 | I | I | r
“0 05 1 15 2 25 3 0 0.5 1 1.5 2 2.5 3
Ag_ [rad] A¢ (rad)
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Search for resonances in the di-photon channel : the Higgs case
1 P ol =

; ....................................... .E [ The BR of the decay of a SM h|ggs decay

o | to a photon pair is ~0.2% (in the 100-160

Y GeV region)

= 1 O On the other hand it sits in an interesting

- . | mass region which is favored by the EW fit
10_3 I R R B | §400 I | | I o i Isliér;al'I)‘l“lol o IE

50 500 1000 @350 H—yy(m =120 GeV)

My [GeV] gsoo % Ty (gom &Brem)é

Q The signal should be visible as a narrow peak = ]
. . . 5250 ]
on top of an exponential background (irreducible S I Divjet ;
vy, reducible y-jet and jet-jet) 5200 S e o
0 The detector performance and a precise 150f T
understanding of the details of photon physics is 100 =

crucial in this analysis
A calorimeter energy and position resolution ;
1 1 I it 1 110 115 1 1 1 1 140 145 1
O jet rejection capabilities 00 105 110 115 120 125 130 135 an [89\/‘]’)0
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Events/2.0 GeV

1 1/5 of the whole available statistic, new

results will be available quickly

C = = = | | =
120:_ATLAS Prellmlnary _+_ 2011 Data E : 800} + 2011 Data N
- Ldt=209 pb” ji ®vj th. uncertainty S 700 ff“a'd”"e”dcompc’s”'on =
100E- @ vy th. uncertainty 1 PO o, A — /'y expecte E
u = DY expected . @ R V) expected -
ol 0 mmme== + jj expected - § 500 EEEEEE jj expected 3
%_ — — . vj expected ] AT - B DY expected ]
60k —_— 4 vy expected _‘ 4005_ E
a E 00 T ATLAS Preliminary =
- . 200 J Ldt=209 pb "’ E
20 = _ 100F- =
= o n | I .A_,_::-._-.__L_.:_.-E:.T_‘ U: | | 4 \ -
100 105 110 115 120 125 130 135 140 145 150 YY vi i DY
(a) M,y [GeV] (h)
N YY N DY
Expected (MC) 602 £+ 169 18 +£2 (MC stat only)
Measured 643 +45 (stat.) + | (syst.)  23.840.6 (stat.) +=3.8 (syst.)
Nyj Njj
Expected (MC) 238 £ 129 838

Measured (Reducible)

216423 (stat.) 27 2y (syst.)

43 4+ 6 (stat.) ij;

(syst.)
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Looking for a signal :

O A crystal ball + gaussian function is used to
signal model the signal shape (~ 3 events
expected).
O main systematic uncertainties ~ 12% on the
signal yield and 13% on the invariant mass
resolution (incorporated as nuisance parameters)

O Simple exponential to model the background :

normalization and shape nuisance parameters

_]Q 10 ? T T ! 1 I -l T T T I T ! 1 T ‘ T T T T I T ! T ! | T T T T E
o | ——Choldla  apas Preliminary -
— e Median ; .
- i J.Ldt - 209 pb i
B * 20 7]

=
T

10—2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I
110 115 120 125 130 135 140

M, [GeV]

oxBR(H—yy)/SM @ 95% CL

;‘ 0'12_‘ U I R L L B L B B B B
] " ATLAS Preliminary — Photon Pointing -
o 0.1— ]
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» 0.08] -
o - 1
= . -
W 0.06F -
0.04[ -
0.02f .
DOPIOYS v Py J
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2 T T ‘ T T T T I T T T \. ‘II T T T I
10 — Observed CL limit

10

..... Expected CL_ limit

N+

+ 20

ATLAS Preliminary
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—i
[T
oL

y
a1
n
o
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125 130 135 140
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Comparison with the Tevatron results

a The expected limit on the Higgs provided by ATLAS alone on the H—yy decay
channel is already the most stringent.

Tevatron Run Il Preliminary H—-yy L<8.2 fb™

6xBR(H—YY)/SM @ 95% CL

102 — Observed CL limit %%102_'!"'!”"'""}""g" T
- . imi 7] [ mmees Expected - [ +1c Expected =
— Expected CLIMIL - A7iAS Preliminary | 2
i M+ 1o y 1 E
i + 26 Ldt = 209 pb i r

-
- n l°n10
- 1 o
1§ - SM=1 : May 17, 2011
—I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 L 1 1 l_ 1 - ] I | 5 ] A L | L L L L [ L L L | L L | N
110 115 120 125 130 _ 135 140 J00 110 120 130 140 150
M, [GeV]

m,, (GeV/c?)
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Randall-Sundrum model solves the hierarchy problem by postulating the existence of a
fifth spatial dimension that has a warped geometry. In this model SM particles are
localized on the 3+1 brane while the gravity is localized on the other

679 GeV di-photon invariant mass candidate

A Look for events with 2 photon candidates with
pr>25

d Only loose selection applied (only cuts on
energy in the hadronic calorimeter and shower
shapes in the middle sampling of the EM
calorimeter)

Q 8090 events in the 2010 data (37 pb1) out of
which 1650 have an invariant mass > 120 GeV
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No evidence of a narrow resonance decaying into a pair of photons above the continuum

background is observed.

A. The results exclude at 95% CL a RS graviton of mass below 545 (920) GeV for a
coupling of 0.02 (0.1)

B. The results enlarge the mass range already explored by the Tevatron

> E I T T T | T T T I IE t\. T t (‘j bi( T T T T T | T E |§E 0_22 [T | LI ‘ L | UL | T T ‘ LI 1T 171 T T T T]

D - 1 — Estimated bkg . - -~ ; % inai =

G x J L dt=36 pb’ []Bkg extrapolation syst uncertainty = 02 - RS-Graviton 95% CL limits p B

210 % o Datavs < 7TeV [ 16 bkg uncertainty band (stat+syst) 3 0.18 ==~ ATLAS Expected (L =36 pb’) -

..g = avs=rte [[Joo bkg uncertainty band (stat+syst) 7 0.16 - —e— ATLAS Observed B

o B cee MG G003 M,0.05 o, =0.11 i YR y .

Lﬁ 10 550 GeV 700 GeV 1000 GeV - 0_14:_ —— DO yy+ee (Lim=5_4 fb™) _:

- - 0.12F — CDFvr (L =541 \}' =

1 = 0.1 ;— _;

: - 0.08F =

el ; 0.06 =

0.04f =

- ATLAS Preliminary 0.02E E

102l T L. TTE ATLAS Preliminary 7
200 400 600 800 1000 1200 [ Ll Ll | T I R I
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GeV
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Search for events with 2 photons and large missing energy (>125 GeV) has been
performed at ATLAS using 37 pb! of 2010 data. The results are interpreted in the
context of GGM-SUSY and UED models predicting an excess wrt to SM expectation

L

10-1 - oae e h L e T 1

% 103 T T T T ‘ |I:)\t \2(\)1‘0(\\‘; |7\T‘V|) T T \g % A‘\T.\L\\A||S T H|HH“HI|HH“H|J:
O ; ata s=rie ] 0] - —4— Data2010 (s =7 TeV) -
E 10? W—ev+jets, W—evy tt—ev+ Xz = B === GGM mj = 600 GeV, 7
= GGM m, - 600 GeV, s o e, J.Ldt _36pb” m = 300GeV
0 m_ =300 GeV 1 S Lo (x100) ~
Y UED 1/R = 900 GeV E N e
ATLAS | ] 0 :_ T Lo LT DAY . _:

1 J Ldt = 36 pb é 2 "'E

!

g

] L - | I B

200. 250 10 50 100 150 200 250 300 350 400 450 500
ET™° [GeV] E; [GeV]
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Conclusion :

A. QCD photons clearly seen and measured in ATLAS :

A. first ATLAS inclusive photon cross section published and the new analysis on all 2010 data
in under discussion

B. Measured di-photon production cross section in 2010 data

B. Main systematic uncertainties studied and understood. Continuous improvements
(and problems) when looking at new data.
A. Better understanding of the photon energy scale and resolutions
B. Improved photon efficiency studies
C. Continuous fine tuning of the isolation calculation (pileup!)

C. Laid the foundation for solid analyses with photons :
A. The SM prompt photon activity will continue in 2011 : photon+(n) jet analysis ,

photon+heavy flavour, improved inclusive and diphoton analyses, impact of Frixione — style
isolation

B. Already started addressing seriously the search for a SM Higgs boson decaying into 2
photons. Exclusion limits already better than the Tevatron.
C. Exclusion limits for some new physics models involving photons extented
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4 €., (from MC): ~80-85% in the barrel (|n|<1.37), ~70% in the endcap
(1.52<]|n|<2.37)

A significant part of inefficiency (dead readout) recovered in 2011 winter shutdown
A uncertainties: extra material not in MC (1-2%), generator and fraction of
fragmentation photons (<2%), experimental isolation efficiency (3-4%)

> LI LI L I LI T 1T ‘ LI | LI ‘ T T I LB ‘ T 1T > | T T T T | T T T ‘ T T T I T T T T T T I T T T I T
Q 1= -Q—-‘-!—!ﬁ-‘-i'-‘; o 1—_ . ]
:8 - ] 2 i Iy i
= - ATLAS - # .
¢ 0.8 — o = o i
E’, | Ns=7TeV 1 . 0.8~ 1 .
o i 880 nb! analysis - Q% 35 pb! analysis -
= 06[ o Data2010,ILdt:880 nb’' 7 0.6 % -
" A Minimum Bias MC ) - % ATLAS Preliminary -
0.4 —] 0_4; _]
- i - olAC -
: - ! i ]
0o N 0ol {? ® Data N
i : i 0 :
[ ! Laigle o | | ! | L] C e ! ! | \ | [
Y24 e ™" 10 12 14016 18 20 03436 ‘38 40 42 44! 46 48 50
El [GeV] cluster E;

d &, close to 100% (with ~1% uncertainty) in the pt range considered in the two
different analyses
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The problem : we are interested in the measurement of isol k y,true.isol.k
: : : . o 1 N

the average differential cross section for the production < — > - ——

of isolated prompt photons in a certain bin i of (true) E;  \ 4E7 [ Ldr AET]

(integrated over one true n bin k)

measurement

do_isol,k

y.reco,isol.k trig ofﬂ k Z Sheco: k true J
N; ( f Ldt ) RE ij € AE+ T \ Jpme truth
T

Response matrix

(from MC) 1
@ '|<0.6 0.9
T prompt photons 0.8
o
_.G_J'
3
QdIn general not a simple matrix inversion: 2
o
(&)
]
o

107
Y
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S. Frixione : arXiv:hep-ph/9809397

In the spirit of the cone approach, an alternative definition of the isolated photon has been
proposed [27]. After drawing a cone of half-angle Ry around the photon axis, all the cones of
half-angle R < R, are considered; their definition is identical to the one given in eq. (2), with
Ry replaced by R. Denoting by Er.q(R) the total amount of hadronic transverse energy
found in each of these cones, the photon is isolated if the following inequality is satisfied:

Erhad(R) < €ypry V(R), (4)
for all R < Ry. A sensible choice for the function ) is the following

1—cosR\"
VB = (o) m=1 )
It has been proved in ref. [27] that such a choice allows definition of an isolated-photon-
plus-jet cross section, which is infrared-safe to all orders in Q erturbation thear o

does not receive any contribution from the fragmentation mechanisiinJn this case, & 1.4f 1
= o |—R,=0.4,n=0.2 ]
S i
8 1:77 RO=0'4’ n=0.5 .
o ] o _ 3 = |we Rp=0.4, n=1.0 // ]
Q This isolation criterium works in theory but not = 0w S S g
exactly from the experimental point of view: S o8- /,/ et .
dd 0-4_// - i “.-" \\\\\ :
s e i
%505 0.4 045 0.2 0.25 0.3 0.35 04

Cone Radius
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A few more words on isolation arxiv:1003.1241vi

E_ [ n=0.2 e=1 :E. [ n=1¢=0.05
g i g Eri-ruecrtnentation gj :_\;' 3 g E;;ecraentution . .
3 b i $ e, ; Comparison between discrete
0o P e, (experimental) and continuous
©E Oof;ﬂ'ﬂ-ﬁ._& o (theory) version of Frixione
5 oo Baty, 5 T style isolation using JETPHOX
. __ QO¢O QQ ﬂ{r\—,&ﬁ}#‘ , -_ -&-’¢1&¢¢
§ ¢¢ ¢-¢: __ Ny . ; R -_+_’¢’.¢:¢' ﬂ
; t S 3 h |
3 T # _ g L n=1£=0.05
; d e T Pivione %
10_260- I IBIIJI I Iﬂ‘JO‘ I ‘150‘ ‘ ‘1AI!DI ‘ I1;0I I I1éC|I I Ile)DI I Izéﬂl I I24!3 10—250‘ I IB:OI I Illlja ‘ ‘12‘DI I I14LIIJI I I1‘50‘ ‘ I1l!»('.!I I IZt'I.!DI I ‘ZZIGI I I24[] g 1025_ !'!'
E E i *—a-:!:
10 | **:!:!
O With a proper choice of the parameters in the Frixione z e
isolation definition the fragmentation contribution can be ! Ty, e
considerably damped (at best completely eliminated) Fa T
O A discrete version of the Frixione isolation implemented in | «|
JETPHOX : the agreement with the continuous version is i

fairly gOOd. 10—250I I IBIGI I I1lillll)I I I12|!(IlI I I1-Ilr[]I I I‘I‘E(}II I ‘Illiﬂ‘ ‘ IZ(‘]D‘ ‘ ‘22‘(]‘ ‘ §4D
d So yes we have no excuses not to use it to analyze data!
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Entries / GeV
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Simulation : arXiv:0901.0512
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= ATLASPreliminary -0.626 <n < -0.100
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Background estimation and signal extraction :

%. contlrol regi;n clontrol rlegion
If we take correlation and signal leakage in the
control regions into account (both from MC) ~ fiteness) M MP
O ¢, : signal leakage in the background control regions Cs

Q R, : background pseudo-correlation factor c
2

control region

pass tight cuts NA c]_ NB
—— )

signal
region

I\II|III\II\|I\II‘IIIIlIIIIlIIIIlIIII
-5 0 5 i0 15 20 25 30 35

Isolation [GeV]

Signal leakage coefficients are evaluated from MC and varies with P4

Q C,is ~ 3% at low P; growing to ~ 10 % at high P; mainly due to ‘fragmentation’ photon which
are accompanied by some hadronic activity

C, is ~ few % decreasing rapidly with P

C; is ~ negligible in all Py and n bins

Systematics on C, coefficients assessed using PYTHIA and HERWIG fully simulated samples, and
separating into pure direct (from hard interaction) and ‘brem’ contributions (from QED radiation)
R : background pseudo-correlation factor taken from dijet like MC ~ 1

O 000
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d Or you can extract the isolation profiles from a
clean electron sample from W and Z

A Electrons and photons are different :

A Correcting the differences using MC return
isolation profiles consistent with the ones extracted

from the 2D sideband method
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Prompt photon production:

Look to events with one or two photons in the final state : mainly from purely
QCD/QED diagrams like the following

e Single prompt photon production (LO), Direct process : true (almost) isolated
photon!

sensitive to gluon density inside the colliding proton already at LO. Direct probe
of the strong process: no complications due to jet related uncertainties

e Double prompt photon production
Main background to H to gamma gamma decay search
05/07/2011 Physics with photons in ATLAS 51

q




