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Search strategy

»Search for neutral (¢) and charged (¢v) resonances ((=e,p)

»Analyse full 2010 data set
> . reprocessed data: ~40/pb
> tv. non-reprocessed data: ~36/pb

> Main observable: 2
. . — L 2
» U: invariant mass my, mj = \XE;; Pl

> tv: Tfransverse mass my o \/QpT EMIs (1 — cos o)

»Main challenge: reconstruct and identify very high p; leptons
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Electron

nepr-=p

Reconstruction

* sliding window clustering
algorithm

‘In| < 2.4 (ev) or 2.47 (ee)
(exclude 1.37-1.52)

- correct energy or exclude
clusters close to dead readout

Energy resolution:
a{E)/E 1.17% (barrel)

1.8% (endcaps)

LPCC BSM-meeting 2011

reco and ID

Identification

* pr> 25 GeV
-«medium» identification

‘Pixel hit in first layer

* Zp< 5 mm, do< 1 mm (eV)

- /solation criterion:
SE-(AR < 0.4) < 10 GeV (ev)
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Muons
-«combined» reconstruction: ID track + MS track
‘Inl < 1.05 (uv) or 2.4 (up)
* pr> 25 GeV
*ID: at least 1 pixel hit and 6 SCT hits + TRT

*MS: at least 2 hits in each of 3 layers, >0 ¢ hit,
use only well aligned chambers

* Zo< 1 (up) or 5 (uv) mm, dp< 0.2 (up) or 1 (uv) mm
» isolation criterion. Tp+(AR < 0.3)/p+(n) < 0.05

Average momentum resolution: 207% at 1 TelV/

LPCC BSM-meeting 2011
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44 4Y,

-Single lepton trigger(s) -Single lepton trigger(s)
‘Primary vertex with >2 tracks  *Primary vertex with >2 tracks
‘At least 2 leptons ‘Exactly one lepton
Opposite charges (muons) ‘Emiss > 25 GeV

‘EMss > 0.6 E; (2lzctron)

Efficiency for 1 TeV Z'ggy: Efficiency for 1.5 TeV W'gg

607 (22), 407% (nun) 53% (zv), 38% (uv)

LPCC BSM-meeting 2011
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QCD evaluation

Data driven, 3-4 methods combined and extrapolated

to signal region (power /aw fit above Z region):
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« Standard »
Minimal gauge coupling
*SSM benchmark Z', W'
» E, motivated Z

Narrow width: few% of M
Leptonic BR: 3-8%

New gauge bosons

« Excited »
Magnetic gauge coupling
« Effective model 7%, W*
H+ W*—F
H’ Z,
Narrow width: 3.4% of M
Leptonic BR: 8%

N2
AN

L

Spin proj. O -

Spin proj. =1

M. V. Chizhov, V. A. Bednyakov, and J. A. Budagov, Proposal for Chiral-Boson Search at LHC
via Their Unique New Signature, Physics of Atomic Nuclei 71 (2008) 2096—2100.

M. Chizhov and G. Dvali, Origin and Phenomenology of Weak-Doublet Spin-1 Bosons,
arXiv:hep-ph/0908.0924 [hep-ph].

LPCC BSM-meeting 2011



Contact Interactions

$

Most general Lagrangian = several parameters

nepr-=p

= choose a "benchmark"” model: Left-Left Isoscalar Model (LLIM)

2—2 scattering cross section: 2

do dCpy Fr Fe

dmyy, - dmy nﬁz +A4

Drell Yan Contact term

Fr = inferference ferm n = -1 constructive interference

Fec = pure CI term n = +1 destructive interference
A = energy scale

(compositeness: bound constituents)

LPCC BSM-meeting 2011

12



ue invariant mass
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Theory parameter = M (new boson) or 1/A?

44 Y,
‘Normalize background to ‘Normalize background with
data in 70-110 GeV window oB and data sample luminosity
‘Fit the shape of m, distrib. -Count events above m+
above 110 (150) GeV thresholds (My, y~/2)
*Only mass dependent ‘Normalization uncertainties
uncertainties (shape)* dominate (/eve))
‘Use Bayesian statistics ‘Use CLg statistics

LPCC BSM-meeting 2011 * Except Z/y* cross section for Z'/Z* 14



| Syﬁ stematics

Source dielectrons dimuons
7" signal background Z’ signal background
Normalization 5% 5% 5% 5%
\ PDFs 6% 6% 6% 6%
Z' 1 TeV QCD K-factor 3% 3% 3% 3%,
Weak K-factor  NA ... 450 NA 4.5%......
Efficiency - - 3% 3%
Resolution - - 3% 3%
Total 9.4% 9.5% 9.4% 10.4%
Esig Nig
Source e jirs e L
Missing Et scale 01% 01% | 1.1% 3.4%
Trigger efficiency 1.0% 0.7% | 1.0% 0.7%
Reco. and id. efficiency 3.690\ 1.6% | 3.6% 1.3%
Isolation leakage U 3.4%
’ Energy/momentum resolution | 0.1%  0.4% %
W ’ 1 ° 5 Tev Energy/momentum scale 0.8% 0.1%
Correlated misalignment 0.6%
OB mlgranm e ot i
Monte Carlo statistics 1.7% 1.6% | 22%
Cross section (shape/level) 0.7% 0.7%
Isolation 1.5% 1.5% i
Other 0.2% 0.4% | 0.4%
All 5.3%  3.0% | 12.6%

LPCC BSM-meeting 2011
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% Contact interaction limits

A~ expected: 5.1 TeV

LPCC BSM-meeting 2011
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95% CL mass and A, limits

Mass of ssM Z', W' [TeV] Mass of Z*, W* [Tev]
ee: 0.957 ev: 1.37 ee: 1.058 ev: 1.26
up: 0.834 uv: 1.29 upn: 0.946 uv: 1.12
¢: 1.048 tv: 1.49 e: 1.152 ¢v: 1.35
Firs’ s’
Mass of E, Z' [TeV] Ay, ALt - qquu C.I. [TeV]
: 0.738 - 0.900 49,45 el
\Nor*\d'sbe’s

LPCC BSM-meeting 2011 20
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With ~40/pb of data, ATLAS has set limits:
- at the level of Tevatron: Z', or above: W'
- first ones on new models: Z*, W*

- world's best on qquu contact interactions

Coming soon: increased luminosity, improved acceptance

(calorimeter readout, MS alignment), more models
Stay tuned !

LPCC BSM-meeting 2011 21



Many thanks to the organizers!

References:
The ATLAS Collaboration, arXiv:1103.3864, submitted to PLB
The ATLAS Collaboration, arXiv:1103.6218 , submitted to PLB
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¥

Tevatron limits

Mass of SSM gauge boson [TeV]

CDF ee: 0.963 (2.5/fb)
DO ee: 1.023 (5.4/fb)
CDF pp: 1.071 (5.3/fb)

CDF ev: 1.12 (5.3/fb)
DO ev: 1.00 (1/fb)

Ay, Ayt of qqee C.I. [TeV]

CDF ee: 5.9, 3.7 (450/pb)
DO ee: 4.2, 3.3 (120/pb)
CDF pu: 4.2, 2.9 (110/pb)

LPCC BSM-meeting 2011
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E, limits

Mass of E, Z' [TeV]

Combined (&) limits:

N

Observed

0.738

0.763

0.771

0.842

0.871

0.900

Expected

0837

0.860

0.866

0922

0.945

0.965

LPCC BSM-meeting 2011
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Event counts
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Diboson 04+ 01 03x£01 02x01 01x01 0.0x 00 Diboson 03400 02400 02400 01+00 0.0+ 00
W + jets 11+ 04 0301 02x01 02x01 00=£ 00 W + jets 0.0+00 00x00 0000 00=x00 0.0+ 00
QCD 10+ 08 13407 08+04 05+02 01+ 01 QCD 0.0+£00 00x00 0000 00zx00 0.0% 00
Total 141+ 1.0 SE+07 48=x05 27+£03 02+ 0.1 Total 01 + 0.4 FD £ 02 30=+01 16 +01 01+ 00
Data 13 ) 3 3 0 Diata T ] 1 i]
m Esig Niig
[GeV]  decay W W W W Ny Nobs
500 er | 0.556 4+ 0.024 [ 0.530 £ 0,022 | 349 &£ 30 208 £+ 18 21.5 &£ 2.0 24
N pr | 0,339 £ 0.008 | 0.265 £ 0.005 | 212 &+ 17 104 + 8 2003 £ 1.1 16
50 er | 0.565 4+ 0.025 [ 0.520 £+ 0.022 65.8 + 4.8 39.6 £ 3.5 4.05 £+ 0.35 6
' pr | 0.362 4+ 0.009 | 0.257 4+ 0.005 421 + 2.7 19.6 + 1.5 .48 4+ 0.44 0
1000 er | 0.562 4+ 0.025 | 0.516 £+ 0.022 17.1 £ 1.4 10,5 £ 1.0 1.11 £ 0.11 1
pro | 0.381 & 0.010 | 0.264 4+ 0.006 11.6 £ 0.9 54 4+ 05 2.05 =+ 0.25 0
1250 e | 0L552 4 0.026 | 0.505 £ 0.023 5.23 £ 0.51 3.22 £ 042 (0.400 £ 0.054 0
2 pr | 0.386 £ 0,011 | 0.255 £+ 0.006 3.66 £ 0.33 1.63 £ 0.20 .01 £ 0.17 0
1500 e | 0.530 & 0.028 | 0.488 £+ 0.025 .71 £ 0.21 L.o6 £ 0.17 0.159 £ 0.020 0
' pr | 00383 £ 0,012 | 0.252 £+ 0.006 .24+ 0.14 (.54 &£ 0.08 0.62 +£0.13 0
1750 er | 0.503 4+ 0.027 | 0.482 £+ 0.028 0.59 + 0.09 0.37 £ 0.07 0.069 £+ 0.009 0
o pr | 0.360 £ 0.012 | 0.254 £ 0.007 0.43 + 0.06 0.20 £ 0.04 0.47 + 0.09 0
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i Angular distributions
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nepr-=p

Lepton kinematics (&)
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Electron identification

nepr-=p

Type | Description | Name

Loose electron and photon cuts

Acceptance of the detector | 1| < 2.47 for electrons, |n| < 2.37 for photons (1.37 < |n| < 1.52 excluded) -

Hadronic leakage Ratio of E7 in the st sampling of the hadronic calorimeter to E7 of the Ry
EM cluster (used over the range || < 0.8 and || > 1.37)
Ratio of E7 in the hadronic calorimeter to Er of the EM cluster Ry 0
(used over the range |n| > 0.8 and |n| < 1.37)

Middle layer of the Ratio in n of cell energies in 3 x 7 versus 7 x 7 cells. Ry

EM calorimeter Lateral width of the shower Wa

Mediom electron cuts (in addition to the loose cuts)

Strip layer of the Total lateral shower width (20 strips) Wirar

EM calorimeter Ratio of the energy difference between the largest and second largest Ergio
energy deposits over the sum of these energies

Track quality Number of hits in the pixel detector (at least one) -
Number of hits in the pixels and SCT (at least seven) -
Transverse impact parameter (<5 mm) dp

Track matching An between the cluster and the track in the strip layer of the EM calorimeter Ay
Tight electron cuts (in addition to the medium electron cuts)

B-layer Number of hits in the B-layer (at least one)

Track matching A¢ between the cluster and the track in the middle layer of the EM calorimeter A
Ratio of the cluster energy to the track momentum E/p

TRT Total number of hits in the TRT -

(used over the acceptance of the TRT, [n| < 2.0)
Ratio of the number of high-threshold hits to the total number of TRT hits -
(used over the acceptance of the TRT, [n| < 2.0)
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N, interpolation
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Cross section limit comparison

nepr-=p
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Y Backgrounds

nepr-=p

44 Y,
« Z/y* - W
* QCD (22 only) * Z (uv only)
- ttbar - ttbar
- WW, WZ, ZZ (diboson) - diboson

* W+jets (zz only)
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nepr-=p

Background simulation

Generators and PDF sets:
Z, W: Pythia with MRST2007 LO*
WW, WZ, ZZ: Herwig with MRST2007 LO*
ttbar: MC@NLO + Jimmy + Herwig with CTEQ6
W+jets: Alpgen + Jimmy + Herwig with CTEQ6

Cross sections and PDF sefts:
Z, W: NNLO (PHOZPR, FEWZ,MCFMs+HORACE) with MSTWO08
WW, WZ, ZZ: NLO
ttbar: approximate NNLO (HATHOR)
W+jets: NLO, rescaled to inclusive o at NNLO
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