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@ Dilepton resonance search
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cgpton resonance search
etting: Bayesian approach using my
emplate
5 Normalization under Z peak

arias m SSM 7’ limits:
P it = M,>1.83 (1.83 exp) TeV

— Observed limit

oo = E6 models:

— Z’w

Ee 7' I\Im]vla

ee: | Ldt=1.081"

pp: [ Lat=1.211b"

- 02 04 06 038 1 12 14 16 1.8
m [TeV]

Most stringent published
SSM limit
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Dilepton resonance search:

h nihadron interpretation

= “Low Scale Technicolor’ limits assuming 100
GeV splitting in m,, /,.. — My.: m, <470 GeV

I Dilepton 95% Exclusion
Expected Limit
Expectedt 16
m(p_/wy) - m(n;) = 100 GeV
500 1 Excluded: m(r,) > m(p /o)
I CDF p_— W+j[ 1.9f™"]
DD p_— WZ[4.1 fb]

ATLAS Preliminary ___ Expected limit
\Ns=7TeV I Expected + 1
Expected £ 2¢

— Observed limit
ey = |l
—Z =

—Z, =

— pT/mT =l

ATLAS Preliminary
ee:J Ldt=1.081"

u].l:J‘ Ldt=121f"

‘
" 02 04 06 08 1.2 1.4 1.6 1.8 150 200 250 300 350 400 450 500 550 600
m [TeV]

m(p /) [GeV]

@ Technicolor interpretation of CDF
Wijj excess excluded
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Jilepton resonance search:
Spin 2

= ceptémce and width different for G*

ATLAS --- Expected limit
\Ns=7TeV [ Expected £ 1o
G* > I Expected+ 26
— Observed limit
— k/l\_ﬂpl =0.1
k/I\_IIF,I =0.05
— k/M, = 0.03
—k/M,, = 0.01

ee:det =1.081b"

uu:_[Ldt: 1211b"
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ATLAS Preliminary I Ldt=212"

\s=7TeV

-+ Data “‘+ ] .
[iReducible background v, TP T S ] Bayesian approach using templates
[]Total background ' . .
syst @ stat (reducible) "“‘m,,“ A [=] RS G* llmlts ('Y'Y'l'll):
[ syst @ stat (total) L

CIRS, kiM,=0.1, m_ = 1.25 TeV nh‘“‘—;ﬂﬂ I = mg>1.95TeV (k/! M, =0.1)
LIRS, kM,=0.1, m, = 1.5 Tev = mg>0.8 TeV (k/M;, =0.01)

LIRS, kM,=0.1, m_=1.75 TeV

RS 95% CL Exclusion

0.15 0.2 03 04 0506 08 11215 2

ATLAS yy+ee+up
my, [TeV] Expocisd
W Expected+ 1o
] Expected + 20
@ ADD interpretation (non- 22w
Ldt ee:1.08fb"
O e 1.21 b —ATLAS yy
resonant):
—CDF yy+ee
= MS>2.27-3.53 TeV ' / , —D0yy+ee
. i = = ATLAS Preliminary
4 Dependmg on np and formalism used 85 06 0708 1 12 1416182 24

mg [TeV]
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BEPLon + missing energy search

quentia Standard Model W’ W’
Observable:

b JZPT ETmiSS (1 —cos(¢;v) q ]_

® Data 2011 ATLA ® Data 2011
ATLAS [Jw(500) W’ s [Ow(s500)
W —ev CJw'(1000) —H CIwW(1000)
Ns=7TeV [Jw'(2000) \s=7TeV []W'(2000)

- 4 Ow - 4 COdw
[Ldt=1.041b — [Ldt=1.04fo —

- Wtbar W ttoar
[CIDiboson
- 1 QCD

[C]Diboson

bisl %
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EPTon + missing energy search

quential Standard Model W’ W’
Observable:

.' i — JZPT ETmiSS (1 —cos(@;v)

2]
® Data 2011 I ATLA ® Data 2011
, CJw(500) g W s [CJw'(s00)
W —ev CJw'(1000) w —H CIwW(1000)
Ns=7TeV [Jw'(2000) : \s=7TeV []W'(2000)

- 4 Ow - 4 COdw
[Ldt=1.041b — [Ldt=1.04fo —

Wtbar = W ttoar

™% NO SIGNIFICANT

ATLAS

bl

10°

my [GeV]
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. ayesian
= Using count of events above m . tuned depending

--+-- NNLO theory

—e— Observed limit =] mW,ISSM> 2.15 (223 eXp) TeV

----- Expected limit

g @ Electron channel only:
_ My son> 2.08 (2.17 exp) TeV
N @ Muon channel only:
ATLAS My s> 1.98 (2.08 exp) TeV

PENs=7TeV, | Ldt=1.04 0"

500 1000 1500 2000 2500
m,, [GeV]
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Dijet resonance search
X
= Di-jet invariant mass ----
= Anti k;y R=0.6 jets (|n]<2.8|y*|<0.6) g g
& BumpHunter search against a parametrized

shape

&

e Data

= Sensitive to resonance of o
any width . 7 N5 =7 Tev

de: =1.0fb"

= [rials factor accounted
= No excess found

@
s}
o
©
(&)

=
c -

2
w

1000 2000 3000 4000
Reconstructed m, [GeV]
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Dijet resonance search

mark model interpretation

= Axigluon (qQ)
= Color octet scalar (gg —5S;)

- q*

. A

—s— Observed 95% CL upper limit

wennns - EXpected 95% CL upper limit
68% and 95% bands

o LEl m>2.99 (2.81 exp) TeV
il 1\, >3.32 (3.07 exp) TeV
msg>1.92 (1.77 exp) TeV

ATLAS
[Ldr=1.0f"
N5 =7 TeV

ATLAS
J-La'r =1.0 fb-1

_ 1000 2000 3000 4000
Mass [GeV]

1000 2000 3000 4000
Mass [GeV]
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Jijet resonance search

independent limits
nit on a presence of Gaussian resonance.

= Several relative widths probed

ATLAS .
- = Can be interpreted
Ns =7 TeV

[Ldr=1.0fb" in context Of aﬂy
O/ Mg

o3 model
—--0.10
——0.07

005 = Need to know
acceptance

95% CL Limit on 6 x.A [pb]

107

3000 4000
Mass, m, [GeV]
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Gamma+jet resonance

- .. e !
Anti Ky R=0.6 jet + isolated photon\ Jeﬁ\

Central photons only (| n|<1.37)
BumpHunter search - no excess g

M E [ [

q" interpretation m.>2.46TeV

ATLAS Preliminary \s=7 TeV
3 [Ldt=2.11 fo!
e Data
— Fit
-6-0*(0.5 TeV)
A (1.0 Tev)
--g*(2.0 TeV)

ATLAS Preliminary

\s=7TeV
[ Ldt=2.11 5"

Gg/Mmg
—10%
7%
—5%

o)
=
w
X
<
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m
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=]
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E
3
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O
0
=l
1000 2000 3000 o -2
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o

\WERLT resonance search: dilepton
i channel q

—\ 5Kk
@ Sensitive to models q :
with enhanced
coupling
. TopCOlOT, w0 ATLAS Preliminary gm”
top see-saw, SUSY, s _[ Ldt= 104 fo! Doneer
extra dimensions e 5 =7TeV M oicosen

—g,, (700 GeV)

" g benchmark

m Search in H; + E™iss
using signal
templates 00 1000 1200

(Hr= linear sum of p of leptons and jets) H, +E_rpiss (GeV)
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thresonance search: dilepton
channel

= Limit setting: Bayesian approach

-+- Expected limit
[ Expected+ 1o

Expected + 26
—— Observed limit

9™ ti

Mass Limit (TeV) Joe 7 Tev

Joqure /95 | Expecicd

ILdt= 1.04 "

ATLAS Preliminary
|
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fhiresonance search: lepton+jets
channel

m Mass reconstructed
using My
constraint

ATLAS Preliminary

B BumpHunter
search

= No excess

_[Ldt=200pb‘1

Events / GeV

10"

102

1073

= KKG1000

4
1070 500 1000 1500 2000 2500 3000

tt mass
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(tresonance search: lepton+jets

channel
n limit setting:mg, > 650 GeV

Vs =7 TeV dRmin. Syst +stat.
| =—a— Obs. 95% CL limit
def =200 pb1 s 6 CL upper limi
-------- Exp. 95% CL upper limit
I Exp. 16 uncertainty

[ Exp. 2 o uncertainty
Kaluza-Klein gluon

ATLAS Preliminary

800 1000 1200 1400 1600

g, mass [GeV]

= Limits on leptophobic Z’ 6xB 38-3.2 pb for m,. 500-
100GeV

MICHIGAN STATE

UNIVERSITY
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o
MY Tboson resonance: ZZ- >llﬁm

= Sensitive to warped &
G*

extra dimensions, A

technicolor, grand

unified theories 4

= Two pairs of
opposite sign same
flavor leptons each
in Z mass window.

--- Uncertainty

Ozz
—G

500
G1UOU
1500

=
)
Q)
o
Lo
~
)
—
-
o
>
L

3
10 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Four Lepton Mass [GeV]
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Wiboson resonance ZZ->1111

= CLs limit setting

= single bin counting experiment

B mM>575GeV

E Results may g “l" A TLAS Preliminary — Expected limit at 95% CL
ﬁ ; Observed limit .
be used tO I‘:F ."“ .[Ldt: 102 7 NS=TTeV I Expected imit+ 16
Constraln % Expected limit+ 2 ¢
models with S
different BR |
©

400 600 800 1000 1200 1400 1600
mg [GeV]

N
N
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onclusions

= Exciting and productive year for
ATLAS

Resonance searches in many

. Apprdaching 1TeV in more
complicated ones

= Didn’t find anything
m Most searches here [ L=1fb!
>5fb™! recorded

@ Stay tuned!

W. Fedorko High Mass resonances at ATLAS
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eferences

1v:1108.1582, accepted by PRL

in/view / AtlasPublic/ExoticsPublicResults

submitted to PLB

atjet: watch: .
iki.cern.ch/twiki/bin/view / AtlasPublic/ ExoticsPublicResults

t arXiv:1108.1316, accepted by PLB
ilepton: ATLAS-CONF-2011-123
+Hets: ATLAS-CONF-2011-087

‘@ Diboson, ZZ—4l: ATLAS-CONF-2011-144

CDF ZZ resonance search:
- CDFEF/PUB/EXOTICS/PUBLIC/10603
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llepton: systematics

TABLE II: Summary of the dominant systematic uncertain-
ties on the expected signal and background yields at m;4,- =
1.5 TeV for the Z' (G") analysis. NA means not applicable.
signal  background signal background

o NA 5% NA

Normalization 5%
PDFs/as NA 10% NA 10%
QCD K-factor NA 3% NA 3%
Weak K-factor NA 4.5% NA
Trigger/Reconstruction negligible negligible 4.5%

Total 5% 11%

W. Fedorko High Mass resonances at
ATLAS



2 EXPERIMENT

Run Number: 183462, Event Number: 48979599

Date: 2011-06-14 02:48:15 PDT




Dilepton pp

Run Number: 183780,
Event Number: 72206332
3 1-06-21, 05:40:02 CET
iles, EMC
Collection:

A
//il\

W. Fedorko High Mass resonances at ATLAS
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ark same couplings as the SM

v X U(l)x X U(l)w
—SU(3). x SU2), x U(1)y x U(1Y
- —>SUEB). xSU(2); x U(1)y
me EWK- scale U(1)" is a linear combination
‘ fy X U(l)x
: ric U(1)” can be expressed in terms of 6
= Z'(0)=Z',cos(0)+ 2" sin(0)
W= 67 s

W. Fedorko High Mass resonances at ATLAS 29



Pilepton: expectation and data

TABLE I: Expected and observed number of events in the
dielectron (top) and dimuon (bottom) channels for an inte-
grated luminosity of 1.08 th~! and 1.21 fb~! respectively. The
first bin 1s used to normalize the total background to the data.
The errors quoted include both statistical and systematic un-
certainties, except the error on the total background in the
normalization region which is given by the square root of the
number of observed events. The systematic uncertainties are
correlated across bins and are discussed in the text.

M+.— |GeV] 70-110 110-200 200-400 400-800  800-3000
DY 258482 + 410 5449 £+ 180 613 £26 538+ 3.1 28 £ 0.1

tt 218 £ 36 253 £ 10 82+£3 5403 01+£00
Diboson 368 £ 19 3! 5 20+£2 3105 03+01
Wjets 150 £ 100 5 26 434+ 10 4618 02404
QCD 332 £ 59 ! 36 +29 18+14 < 0.05
Total D 803 £40 688 +39 34404
' j 308 65 3

70-110 110-200 200-400 400-800  800-3000

236319 £+ 320 5171 £ 150 483 £22 403 + 25 20+ 0.3

it 193 = 21 193 £+ 20 63+6 42+04 01=+0.0
Diboson 307 £ 16 69 £ 5 p 1.7 £ 0.5 < 0.05
W4jets 1+1 1+1 < 0.05 < 0.05
QCD 1+1 <0.5 < 0.05 < 0.05

Total 236821 + 487 5434 £+ 150 ! 23 461 +£26 21 +£03

Data 236821 5406 HaT 5 5

W. Fedorko High Mass resonances at
ATLAS



10ton: details

>V, had leakage+shower shape cuts, calo
R=0.4

1dth 8-30 GeV betw
ble SM vy production:

late fit to the isolation distribution

Backeround uncertainties 2% at m,, =140 GeV -20% at 2 TeV,
Signal 6.7% largest photon eff1c1ency, lumi.

W. Fedorko High Mass resonances at ATLAS
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Wiphoton: expectation and data

Mass Range Background Expectation Observed

(GeV)

0]
11000, 1100]
11100, 1200]
1200, 1300]
1300, 1400]
1400, 1500]

> 1500

Irreducible
4738 + 180
00.0 £ 8.5
31.1 =4.0
13.7+2.3
6.2 +1.2
3.1+04
1.6 0.2
1.0+0.2
0.50 &+ 0.09
0.29 4+ 0.07
0.14 4+ 0.04
0.13 +0.04
0.18 = 0.09

Reducible
1935 £ 97
199+ 1.8
5.8 + 0.8
20+04
0.8+0.2
0.3+0.1
0.14 & 0.05
0.07 = 0.03
0.03 £ 0.02
0.02 £ 0.01
0.010 £ 0.005
0.005 &= 0.003
0.009 = 0.006

Total
6674 +0
109.9 £ 9.2
37.0 4.2
15.7+24
6.9+1.3
3.44+0.5
1.8+0.3
1.0+0.2
0.54 +0.11
0.31 = 0.07
0.15+0.04
0.14 +0.04
0.19 +0.09

W. Fedorko High Mass resonances at

ATLAS

Events
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Run Number: 186934, Event Number: 4101410
Date: 2011-08-08 03:10:38 CEST




Run Number: 186178, Event Number: 360016
Date: 2011-07-23 18:29:10 CEST




W’ search

nce), W/Z PYTHIA MRST LO* ttbar

NLO QCD with ZWPROD
rections (18% reduction at

n: Medium >25 GeV, calo isolated R=0.4 9 GeV
: >25 GeV, track isolation <%5 R=0.3

opological clusters, local hadronic calibration
n channel- use electron calibrated E;

= Muon channel- corrected for energy loss of the muon
» >25GeV, in e channel >0.6 electron E;

B QCD: electron channel ABCD in isolation and MET

W. Fedorko High Mass resonances at ATLAS
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W’ vields

Table 2: Expected numbers of events from the various background
sources in each decay channel for mt > 891 GeV, the region used
to search for a W' with a mass of 1500 GeV. The W — fv and

Z — £f entries include the expected contributions from the 7-lepton.
No muon events are found in the £t sample above this mT threshold.

The uncertainties are statistical.

W — fv | 1.59 + 0.13 1.36
Z — 0.00010 = 0.00004 | 0.095
diboson | 0.08 + 0.08 0.11
tt 0.08 + 0.08 0
QCD 0 T 0.01
1.5

W. Fedorko High Mass resonances at
ATLAS

+ 0.13
+ 0.005
+ 0.08

+0.02
—0.01
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W' systematics

=5 M,,=1.5 TeV:

Source

Efficiency 3.9%
Energy/momentum resolution 2.3%
Energy/momentum scale 5% 1.3%
QCD background -
Monte Carlo statistics - 3.1%
Cross section (shape/level) 3.0%

(]

\ ‘I.‘-J ‘l,'_*?-: ‘-‘:I'
=1 =1 =1

3.8%
0.6%
3.0%
1.3%
9.9%
9.5%

(]

SRy

[
s
A

—
o

et
(59

- ‘L-I
&
=

RSeS|
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290 ET (GeV)
260
230
200
170

S EXPERIMENT

Run Number: 183462, Event Number: 139735410
Date: 2011-06-14 20:10:35 CEST




-some details

(E-pz) y*=1/2(y1-y2)
ic shower response and detector

atb TeV

GeV (trigger 99% efficient)

ith poorly measured jets with py >30% of the
ing jet - rejected

rization: f(x) = py (1 — x)P2xP3+P+ 1N x = ;. /\/s

Systematics: JES shifts signal peaks by 4%, luminosity 3.7 %

W. Fedorko High Mass resonances at ATLAS
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. o AY
111011: La g — 9QCD qﬂ;}.?’_:-"“ Y5 4

el

KS- )]
resonance mass

gg—s8—gg
Pythia CTEQ6L1

W. Fedorko High Mass resonances at ATLAS
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ilepton details

window, ratio gives Z in signal region
, Matrix Method

W. Fedorko High Mass resonances at ATLAS

41



par dilepton: expectation and

' Table 1: Background composition in the signal region. Both statistical and systematic uncertainties are
included.

Z/v* — ee + jets
Z/y" — uu + jets
Z/v" — 1T + jets
Diboson

Single top

W. Fedorko High Mass resonances at
ATLAS 42



Table : Change in acceptance due to various sources of systematic uncertainties. Positive and negative
acceptance variations are listed in [%]. All signal systematic uncertainties have been symmetrized. The
total systematic uncertamnty for Standard Model background also includes luminosity (3.7%) and the

cross-section uncertainties.
SM background | mgr=700 GeV | mgr=1000 GeV
(’+') (- )
I 2 A S B U
etenersyresoliion | 23— |25 | 68
SRFSR | 0 93 | a5 | a5
ParonShower [ 1414 |- -]
T ¥ N —

Total Systematic

W. Fedorko High Mass resonances at
ATLAS 43



75 ET (GeV)

e BN Ea |
N S S B S__E_

Run Number: 182747, Event Number: 112506255
Date: 2011-05-28 14:51:22 UTC




thar |+jets

oson, strong ewk symmetry

condensation, leptophobic
, 1.2% width, Pythia

: MC@NLO + Herwig, Jimmy UE, o
2cted to approximate NNLO

jets Alpgen + Herwig, Jimmy
Diboson: Herwig+Jimmy

W. Fedorko High Mass resonances at ATLAS
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ar l+jets

. SVO at least 1 b-tagged
= MET: >35 GeV M (lepton, MET)>25 GeV

W. Fedorko High Mass resonances at ATLAS

track
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I thar |+jets- yields

[ Electron channel | Muon channel
1t
Single top
W+jets
Z+jets
Diboson

Total MC Background
QCD Background

Z'.m =500 GeV
grk.m =700 GeV

W. Fedorko High Mass resonances at ATLAS
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dRmin algorithm

duce long tails in the
s distribution caused by

then 3 jets remain - iterate again.

W. Fedorko High Mass resonances at ATLAS 48



<1.5%

>ing efficiency (11% on yield)
vileup (9% on yield)
FSR modeling (7% on yield)

W. Fedorko High Mass resonances at ATLAS
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// some details

SM: Pythia MRST LO* corrected to NLO with
MCFM 2008 NLO

Graviton: Pythia
4 leptons p>15GeV 15% track isolation R=0.2

Resolve ambiguity by sum of the differences of
mass of pairs to the Z mass

Data driven fake estimate: ST NG Y 22

lepton + jet
bg region

single lepton

E, <20 GeV

sample 4 lepton

signal region

Isolatioh or Identification variables Isolation or Identification variables
f = N(fail)/ N(pass) N(3l+jet) X f = fake estimate

W. Fedorko High Mass resonances at ATLAS
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//Z yields

Table 5: Background estimates in 1.02 fb~! of data in the high mass mzz > 300 GeV signal region.
Also shown are expected yields for G — ZZ samples for a coupling of k/Mp; = 0.1. The first quoted
uncertainty is statistical; the second systematic. See Section 4 for discussion of the fake background
uncertainty.

Process Total
ZZ 1.85£0.11 £0.09
Fakes 0.02:103 =0.13
Total Bkg. 1.87f('):?‘l‘ ig:gg
Data 3
G(350GeV) 71 x£3+4
G(500GeV) 12x05x06
G(750GeV) 1.5+ 0.08 £ 0.07

G(1000 GeV)
G(1250 GeV)
G(1500 GeV)

(27+02+0.1)x 107"
(6.6 0.4 +0.3)x 1072
(1.9£0.1£0.1)x 1072

Process

ete ete

M e

et

wete

Z7Z
Fakes

0.32 £0.03 £0.01

+0.04 +0.03
0.007 00 “o00

0.63 £ 0.04 + 0.03

+1.03 +0.75
0 '00—0.00 —0.00

0.53 £0.04 £0.03

+1.03 +0.75
0'00—0.{]1 -0.00

0.37 £0.03 £ 0.02
0.02 £0.02 £ 0.02

Total Bkg.

+0.05 +0.03
0'32—0‘03 —0.01

+1.03 +0.75
0 '63—0.04 —0.03

+1.03 +0.75
0'54—0.04 -0.03

0.39 +0.04 + 0.03

Data

0

2

1

0

G(350GeV)
G(500GeV)
G(750GeV)
G(1000 GeV)
G(1250GeV)
G(1500GeV)

12+1+x1
2.1+02+0.1
0.30+0.02 £ 0.01
(6.0+0.5+05)x 107!
(1.3+£0.1+£0.1)x 1072
(4.1+03+0.2)x 1073

23+2+1
40+03+£0.2

0.46 £ 0.03 £ 0.01
(85+0.6+0.5)x 107!
20+£0.1x0.1H)x 1072
(5.6 +04+02)x 1073

20£2+1
32+£02+0.2

043 +£0.03 £0.01

(8.6 +0.6+0.6)x 107!
(24+02+0.1)x 1072
(7.0 £05+0.3)x 1072

l6xl1=x1
23+02+0.1

0.26 £ 0.02 £ 0.01
(43+04+05)x 107!
09+0.1+0.1)x 1072
26+02+02)x 1073

W. Fedorko High Mass resonances at
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stematics

wuon identification:

1: 2.0%
1.0%
te f: difference in MC and data
tion when same procedure applied

W. Fedorko High Mass resonances at ATLAS
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// efficiencies

Theory

Graviton
Mass [GeV]

[pb]
41.70

6.45
0.69
0.13
0.03
0.01

Observed
Limit [pb]

Selection
Eﬂicient:}-'

Expected
Limit [pb]

Fiducial
Acceptance

UJ

~1 oo O 2

o)
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'igh p+ Resolution

“high p; curvature resolution dominated b
rinsic/ misalignment 0.15 TeV-! to 0.44 TeV-! (for
>2)

. ]ES:2.5-8% in barrel, 3.5-14% endcap +up to 5-7% from
pileup (mostly at low py
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ATLAS Muon system
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= Coverage |n|<2.7,
= CSC2<|n|<2.7

= Triggering |n|<2.4
= RPC |n|<1.05, TGC 1.05< |n|<2.4
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QCD Kk-factor DY

LHC 7TeV
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