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I - Introduction

* Physics with photons at the LHC
* ATLAS and CMS : trackers and calorimeters

IT - Using photons v performance studies
« Photons from n° decays [CMS/ATLAS]
* Conversions and Dalitz [CMS/ATLAS]|

III - Prompt photons resudty
* Photon identification [CMS/ATLAS]
* Photon conversions [CMS/ATLAS]|
* Beam-halo background [CMS]
* Prompt isolated photon signal and purity [ATLAS]
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_earches in CMS and ATLAS ,GP:PD
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10" In today’s data
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= qg — g9 - Among reconstructed
10° - <— di-jet photons :
> 108 Compton Annihilation | [~ 7 Jets with high-pT z°
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Pixels

SCT end-cap
SCT barrel

TRT end-cap TRT barrel

Silicon strips

Material in the Inner Detectors

’-\0 2 .5 = T ‘ T T 17T | LI T T 17T T 1T T T 71T ‘ T

<7 7
c - B Services ]
iS) - CTRT =
5 @scT ]
c B B Pixel ]
8 C [CJBeam-pipe -
8 15— —
5 B i
© L i
o L |

\4\\||\|\

15 2 25 13 35

05 1

nl

* Material => non-negligible fraction of photon conversions (up to 50% in Si)
- Consequences on photon ID, energy resolution, etc.
- Use of conversions as a tool for material mapping

* ATLAS : add O(2X,) before EM Calo (solenoid coil, cryostat)
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JATAS nd CVIS : Calorimery
0 1

o L, Pr -1)
b - llsin L 1 esa
Im \ﬁs Strip cellsin Layer (O o mp'ler
AN =0.025%0.1 ’ 25XO' 1)

—
=8 = =l=inl|SS Eﬁt

,’:.»’:1‘
- -
) 55\_(3

1T T 1T 1

.
9 - .-
M7 -
NSt
. P
.—_:_ - - - o
.-
P

Preshowg}"(E )
N ECAL (EE)

-

\_

* Pb + LAr sampling calorimeter (. PbWO, scintillating crystals A
» 3 radial layers + pre-shower * Preshower in front of EE
* Design energy resolution : * Design energy resolution :
0 0
AE _ 10% @ 300 MeV 0.7% AE _ 2.9% @ 125MeV ®0.3%
E JE E E JE E
* Outside solenoid coil N Inside solenoid coil D
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II — Photons in performance
studies

* Reconstruction of n° peaks
* Material mapping with photon conversions and Dalitz in ATLAS
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Diphoton invariant mass spectrum ,GP:PD
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* Uniformity along ¢ : < 0.7% in EM Calorimeter
(In] <2.37)

* Agreement data/MC in energy scale along n ~
1-2%

Higgs Hunting 2010
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* Channel-by-channel in-situ intercalibration
precision :

1.2% for |n| < 0.8 (=%, ¢ symmetry)

* Agreement data/MC in energy scale ~ 1 -3 %
(Barrel — Endcap)
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[II — Prompt photons results

* Photon identification
* Photon conversions
* Non-collision backgrounds
« Extraction of isolated photon signal and purity
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3

ﬁ Integrated luminosity * (Super)Clusters
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in ATLAS
P;"“BS ‘ariable Definition Loose

—1 Hadronic E-(Had)/E; selection

leakage > Had

R, Es7/E7r Leakage +
Middle
variables

MIDDLE

W, , RMS of energy in ) in middle
layer

n

selection
> +
Strips
variables

2 Tight y

(different cuts
for converted
and
unconverted
photons)

STRIPS

| STRIPS

MIDDLE

* Isolation
- Treated separately

(see after)

Higgs Hunting 2010
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ATLAS EM Calorimeter ’GP:PD

o 10°
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CMS, SZ‘S ri:l;eré‘::le'r"r[haul .ll'-::ci %5;45 2010 CEST
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_bles in the CMS ECAL
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* Good agreement between Data and MC
» Signal contribution visible
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WPiicton conversions in CMS and ATLAS
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R EBlision background (1 lapp)

Non-collision events = EMU/HE tags
background to studies with

photons or MET

N HALO

(
« HALO :
- No reco track
- MET > 25 GeV
- tagged in Had Endcap (HE) or BEAM
Muon System Endcap (EMU)

@}

+ PROMPT : oy
- > 3 reco tracks g
> MET < 15 GeV 2.
%
S

9 |tseed| <3 ns

\9 no tag Yy

)
r / \ co Muon
- CANDIDATE : j Sylf::ﬂem

- > 3 reco tracks . .
S MET > 25 GeV — Time of seed in ECAL : t .4

> photon with ET > 30 GeV — Angle of shower in n-¢ plane
2 | tseed| < 3ns w.r.t beam axis : A

_ = no tag )

Higgs Hunting 2010
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Candidate Sample

WS 210l  CMS Preliminary 2010
SRR ’ S | —+Candidate Sample Entries (351)
# L o [ Halo, 95% CL limit
o 10?- Prompt
S 50 - s=T7TeV
ko) B - -1
§ -10; A{;E_ Lint 53.6 nb
T
A5/ | AN 1
B CMS Preliminary 2010
=20 / \lig ==751:;‘.3: nb™ \
B . g:;;[;ts(sz)um 107
B o Candidates (351)
_2-q-sl 1 1 I-‘1I 1 | I-ol-s\ 1 1 | a 1 1 1 Io.‘sl 1 1 1 1| 1 1 1 I1.5 0 0.2 0-4 0.6 0.8 1 1-2 1I4 1_6
Msc < A
HALO PROMPT
 Data driven method to estimate candidate
contamination
 Estimate < 5.9 halo events in “candidate”
sample (351 candidates) with MET > 25 GeV
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P*"‘J Cone (0.4) || Core (5x7)
gb EM + HAD EM

&

N

pS

e

=

(T his definition of
isolation is closer to
theoretical parton-

level isolation

~N

J

Entries/1 GeV

* Energy in ring includes :
—->Photon leakage out of the core

lapp)
L. Depends on photon pT

* Subtracted from the ring energy
- Pile-up / Underlying Event effects

* Ambient energy density from low E jets
* Subtracted from the ring energy

—|Nearby hadronic activity

> [solation energy

BEI I]II[I]]I[I]]I[I]]I[I]ll[ll]lfll]llg
10°F ATLAS Preliminary E
1 Osl;_ \s=7TeV, ILdt =158 nb’ _;I
: e Data2010 -
104E— [ Simulation (all ¥ candidates) -
- [ ] Simulation (prompt ) 3
10° =

102 . Candidates

3 already
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10 loose ID cut

—lllljlllIJJlllllllIJJl

-5 0 5 10 15 20 25 30 35
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A
NA = NA- NBM+
ight ID oot | [T ool | sig ] MP
cut |region region v
Fail cut| M NB Two corrections :
* Correlation between ID and isolation
- | cuts
Control - Reverse only a subset (E, i, AE, Fi4e, Wg3)
region of the strips shower shape variables to
Pass cu N° N minimize correlation
BN « Signal contamination in control
B R NG TR 1o - regions

Isolated signal region

Isolation [GeV] - Use fraction of signal in the control regions

from MC (c4, c,, C3)

Signal contamination Correlation
Corrected formula : \ \
v
M* — N2 | (NS ME
A A B A Sig bkg ~ " bkg
Nig| = N7— |V _C'Nsig)MB NA (| NB  MmA
~ O3 Wig [\ NVoke Mbke

—> Data driven extraction of number of isolated signal

Higgs Hunting 2010
Orsay (29-31 July 2010)
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9,3) 1 o - - i
\E:',‘}l' ATLAS Preliminary -4 O B + ATLAS Preliminary -
B _ _ -1 1 < B _ B A ]
_g 120:_ \s_?TeV,ILdt_ 15.8 nb - -E EUDj + Zvs=7TeV, JLdt_15.8 nb =
5 B * Data, isolated region i E B E“i + » Data, candidates passing tight ID cuts ]
“ 100F + EI I ;
80 K i + s Data, non-isolated region ] 1501~ ; s Data, candidates failing tight ID cuts |
- D S Simulation, isolated prompt y - [ 391 | — Simulation, prompt y passing tight ID cuts]
60 : ++i = 100~ & B
a0f- +++1Fi__, Ep>20GeV - B + 47y E;> 20 GeV -
: 4 SR B B " -
20F L Hyy E S *ﬁ )
D; : TR < : :.z&:*- T | &M—g_;
0 01’ 02 03 04 0.5 0.6 0? 0.8 09 1 0 0 v 10 15 20 25 30 35
F . . :
Excess in the isolated side Excess in the tight ID Isolation [GeV]
region (= signal) cut region (= signal)

Signal yield with 15.8 nb! of data

Estimated signal yield (+/- stat. +/- syst.)

10-15 GeV 1289 + 297 £ 1362
15-20 GeV 706 £ 69 + 86
> 20 GeV 618 +42 +59

Systematics dominated by
choice of first layer ID cuts,
isolation cut and
correlations.

Higgs Hunting 2010
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TS
A
P N sig
=

Photon purity

Stat error only
-é‘ 1: T | — T T 1 | L e e 3
3 09¢ ' ATLAS Preliminary =
& 0.8F =
S 7 -
E_ — ]
g 0.65 ]
= 0.5 o
o - \s=7TeV, ILdt =158nb"' 3
0.4 Data 2010 E
= —e— Full In| range 3
0'32 —=— 0<=[n|<0.6 3
0.2 —— 0.6<=n|<1.37 -
= —— 1.52<=n)|<1.8 3
0.1 E_ : —+— 1.8<=n|<2.37 _E
- ' T | [ T S T N T SR TN T AN TR R T S NN SN N R e

0

9

lapp)

15 20

25

Estimated purity with 15.8 nb™! of data

Estimated purity in % (+/- stat. +/- syst.)

30

10 - 15 GeV 24 £5+ 24
15-20 GeV 58+5t8
> 20 GeV 72t3+6

35 40
E(_I:_lLIStET [G EV]

Systematics dominated by
choice of first layer ID cuts,
isolation cut and
correlations.
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Conclusions

Higgs Hunting 2010 .
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WGonglusions lapp)

% “’5_*‘ EMéarreI ' ' ‘ ‘ * % :
. B E = Performance with photons
R - Ths o8

P PP TR TP AT IV TP
10 20 30 40 50 60 70 80
| erystal njindex |

.= Check of photon ID variables
| S
e Fvnckzr, Bt i 0s omer]
% o.al— ! I Aruspre\ilminary— : ——
E g:— ] E b 1 1
P lﬂ blh = Signal of prompt photons (incl. conversions)

\5:7TEV‘ILdI:I58nb‘ E|
J Data 2010 E
i —e— Full [n] range E
| —a— 0<fy|<0.6
0.2F [H H —a— 06< a7 -

04 |4

—— 1.Be=n|<2.37

0 is 20 25 30 35 20 0 02040608 1 12
E(I;\IIEIBI [G EU]

Prracya' “ecand.

= Good agreement between data and MC in
general

* Though some discrepancies to understand

Experiments are ready for next steps : (differential) cross
section measurements, prompt di-photon signal, ...
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= Backup
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cy in ATLAS ,GP/’D

> RERERA T | T
c
1
"‘des' :E i A
B ""q:J B 27 _’_,mwwﬂ‘_
. ° ° . o b ‘_0 h
 Photon identification efficiency 2 - ]
- Estimated from MC 06 » -
- Systematic uncertainties : 04—* B
* Material description Tt -
* Cross-talk - ATLASPreliminary | & Loose i
« Classification of conversions 0.2 ol . Tiah -
- All'y ight -
i | ]

L1 1 I IIIIIIII I 11 1 | 11 1 1 | 11 1 1 | L1 1 I L1 1 1 | 11
9 20 30 40 50 60 70 80 90
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o
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|

o
n
.
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o

:
4

- Photon trigger efficiency (L1 Calo 5 GeV)s

- Estimated from Data (bootstrap) > o8 -
» Sample of Min Bias triggered events 8
* Lower threshold L1Calo trigger (2 GeV) = 06

- Systematic uncertainty :
* < 0.3% , estimated from signal/background 0.4
differences, from MC

- ATLAS Preliminary

= \s=7 TeV, J-Ldt =158nb"

® Data 2010

0.2 A Minimum Bias MC

NI B I I T R
10 12 14 16 18 20
E(_I)_IUStEr [Gev]
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@ CMS L1 electron/photon trigger efficiency

_‘L

Efficiency
o
o)

o
o))

oI IR ———

0.2F

IIII| - ! IIIIII| : oo
cms Prellmmary 2010 (7 TaV] IREER S
- j-Ldl 63 nb ' .
— L1 EIGamma Tngger ]
: Conversion Electrons § :
;L1 _SingleEG5 __

@ ECAL Barrel N

T T T

O ECAL Endcaps

| 10 10?
E; [GeV]

lapp)
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Wen-collision background (I

lapp)

cg\s [« Had. Endcap (HE) tag : * Muon System Endcap (EMU) tag : )
2 Eyr > 1 GeV =2 115 cm < Ry < 170 cm
=2 115 cm < Ry < 130 cm - Adpn-emu < 0.2
L - Adpn-r < 0.2 )
'« HALO : (- selected photons : h
- No reco track - No pixel seed - HCAL Iso. < 2.2 GeV
- MET > 25 GeV - ET > 30 GeV > H/E < 0.05
- HE or EMU tag 2TrackIso <2 GeV > E,/E.. < 0.95
k% ECAL Iso. < 4.2 GeV )
« PROMPT :
- > 3 reco tracks
2> MET < 15 GeV HALO
- |tseed| < 3 ns
- no tag BEAM
« CANDIDATE : %0
- > 3 reco tracks ”7«0}
- MET > 25 GeV
z photon with ET > 30 GeV — Time of seed in ECAL
|tseed | < 3ns .
> no tag Y — Angle w.r.t beam axis
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