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Motivation

Highest energies at the LHC make it possible to look for New Phenomena
With data taken in 2012 in pp collisions at /s = 8 TeV ATLAS looked in:

+ Dilepton (Z’, spin-2 graviton G*)

* Diboson WZ — | v I'T" (W’, techni-mesons)

+ Diboson ZZ — lljj/IlJ (G*)

+ Lepton+Jet (quantum black hole)

+ Photon+dJet (g*, quantum black hole)

+ Dijet (97)
Testing different theory models:

Compositeness, sequential standard model, E6 grand unified theory,
extended gauge model, low scale technicolor, Randall-Sundrum, ADD
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Dilepton(e/p-channel)

High mass di-electron event

Mmee = 1.5TeV, pr=0.59/0.58 TeV

E—

i

SO
N\ \
ATLAS-CONF-2013-017

O.Endner (JGU Mainz) PASCOS 2013 November 21st, 2013 3/19



Dilepton(e/p-channel)

Dilepton(e/u-channel)

* Models: Z'(SSM,E6), G*(RS)
« Signature: I~ (with I=e, )
+ two electrons |n| < 2.47
Er > 40/30GeV

+ two muons || < 2.4
Er > 25GeV

+ Spectrum: mass lepton-pair

* Normalized to Z-peak
+ Backgrounds:
* From simulation: Drell-Yan,

diboson and tt
+ Data-driven: W+jet and dijet

« Signals: From LO simulation
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Dilepton(e/p-channel)
Dilepton(e/u-channel)

+ Systematics(dominant):

* Drell-Yan background (PDF)
+ Data-driven background

* 95% CL mass limits
° /i/Mp| = 0.1 for G*
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v 9 — ee — i
Obs. limit[TeV] | 2.38 | 2.54 2.79 2.48 2.86 | 247
Exp. limit[TeV] | 2.37 | 2.53 2.76 2.52 2.85 | 247
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Dilepton(7-channel)

Dilepton(7-channel)
* Models: Z'(SSM) + Backgrounds:
« Signature: 77~ + Drell-Yan(MC)
- two 7 in |n| < 2.5 with * Multijet(data-driven)
P >150 GeV - Systematics(dominant): Multijet
* Spectrum: Total estimation and 7 energy scale
transverse mass m'et - Limits:1.90/1.80 TeV (obs/exp) 95% CL
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Lepton+Jet

Lepton+Jet

* Models: QBH (ADD)
« Signature: I+ (I=e,u)

« elu: |n| < 2.4; pr > 130GeV
« jet: In| < 2.5; pr > 130GeV

+ Spectrum: inv. lepton-jet mass
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+ Backgrounds:

Vector

boson+jet (MC)

Diboson (MC)

{t and

single t (MC)

Multijet (data-driven)

T
ATLAS

Vs=8TeV W Wiets

pjet

® Data 2012

Z+jets
Ldt=203fp" Mopauark
Diboson
W Multijet
--QBH (4 TeV)

ool vouod voved voued v oned vovmd voued 4o

arXiv:1311:2006

2
Invariant Mass (,jet) [TeV]

November 21st, 2013

4 56789

7/19



Lepton+Jet

Lepton+Jet

+ Systematics(dominant):

+ Extrapolation of background * Limit on o - BF:

. PDF 0.18fb above 3.5 TeV
- Assumptions: n=6, My, = Mp  Limit on QBH mass:
- m > 5.3 TeV
* 95% CL limits
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Diboson(WZ,2Z)
High mass WZ event

myz =1.2 TeV
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Run Number = 207664
Event Number = 49434369
8 TeV collision

/

WZ invariant mass = 1180 GeV

QEATLAS

EXPERIMENT
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Diboson(WZ,2Z)

Diboson(WZ-channel)

- Models: W'(extended gauge + Spectrum: mass of WZ system
model),technimesons(LSTC)  Divided in four channels: evee,
« Signature: Il (I,l'=e,u) LVEE, eV it LWV LLfh
- I'’: same flavour opposite sign ~ « Backgrounds:
* ' mass within 20 GeV to Z - Diboson and Zv(MC)
° e ‘77| <247, pPT >25GeV . Z+jetS, t? and
i n| <2.4; pr >25GeV Wt(data-driven)
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Diboson(WZ,2Z)

Diboson(WZ-channel)

+ Systematics(dominant) * Using signal templates from
« WZ sample (¢ + higher-order) crystal ball fit
* Method: frequentist * Limit(95% CL):
log-likelihood ratio my>1180/1300 GeV (obs/exp)
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Diboson(WZ,2Z)

Diboson(ZZ-channel)

* Models: G* (RS bulk)

+ Signature: lljj/Ild (I=e,p)
e |n|<2.47; Er>25GeV
© i |n|<2.4; pr>25GeV

* 66 GeV<m,,<1 16 GeV
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Spectrum: mass of llqq system
Consider merged dijet (high mjy )
Background: From fit to data

f(x) = po- 2

xP2-+p3in(x)

with x = m/\f

PASCOS 2013
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Diboson(WZ,2Z)
Diboson(ZZ-channel)

+ Systematics(dominant):

Combine selections: m <1 TeV

« Fit function (resolved)+m >1TeV (merged)

+ Compare fit with data:
BumpHunter algorithm

* 95% CL limit
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Bayesian limit
Assumptions: x/Mp = 1.0
m>850/870 GeV (obs/exp)
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Photon+Jet

Photon+Jet
- Models: g*,QBH,generic + Supress Background:
Gaussian resonances ny —mjl < 1.6
+ Signature: y+jet + Background: Fit to data (f(x))
* y:|n] <1.37;pr > 125GeV  + Search for deviations:
* jet: |n| < 2.8; pr > 125GeV BumpHunter algorithm

8 408 j 1
£ 107 ATLAS
q>) F Ns =8TeV 3
w10*e Jrar=20316" 5
10°E E
10°E g

1oL  Data 1o

Fit ERR

1g e q* (1.5 TeV) ‘*E g

B q* (2.5 Tev) q 2

107 oo q*@sTey) ]

g | . — 5
g o E
3 o__:-\...Fﬁ.-—.—.,-J_k
£ -2 ]

k=) L | L L

7] 0.5 1 2 3 4
m,; [TeV]

O.Endner (JGU Mainz) PASCOS 2013 November 21st, 2013 14/19



* Main Systematics:
+ Fit function

+ Limit on generic Gaussian
shaped signal

Photon+Jet

ATLAS
5 =8TeV
[Ldi=2031b"

95% CL upper limits:
Og /Mg =
—— 15%
—— 10%
—— 7%
——5%
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* 95% CL limits:

* MqgH>4.6/4.6 TeV (obs/exp)

* mgy=>3.5/3.4 TeV (obs/exp)

e IR SRR RRRRE
g \ ATLAS

F \ (s =8TeV

\ [Ldr=203 10"

\ — — PYTHIA " prediction

\ 95% CL upper limits:

\  —*— Observed Limit

oxBRxAxe [fb]
T T =

10" [T VT TRTTR FUTREE VT SUTTETTTIN ST

\  EEE99 Expected Limit + 15 band
----- Expected Limit+ 2¢ band |

my- [TeV]

November 21st, 2013

arXiv:1309.3230

15/19



High mass dijet event

my = 4.7TeV, pr=2.3/2.2 TeV

CATLAS
2 EXPERIMENT

Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST
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Dijet

* Models: g*
+ Signature: jet+jet

Events

Significance

O.Endner (JGU Mainz)

* invariant mass: m; > 1TeV
- jeti|n| < 2.8

"ATLAS Preliminary
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— Background
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Reconstructed m, [GeV]
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PASCOS 2013

+ Supress background:
\y1 — y2’ <1.2
+ Background: Fit to data

+ Search for deviations:
BumpHunter algorithm
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Dijet

+ Limit on Gaussian shaped

+ Systematics(dominant):

signals
+ Jet energy scale

+ Limits (g*): m>3.84/3.70 TeV

* 95% CL limit
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Summary

Search for heavy resonances in data recorded in 2012 at /s=8 TeV in five
final states was presented:

* Dilepton
* Lepton+Jet
+ Diboson (WZ,Z22)
+ Photon+Jet
* Dijet
No new physics was found, Upper limits have been improved

Improvement by up to 30% (wrt 7 TeV)
Now most limits in multi-TeV region
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Overview

Signature | Luminosity Reference

ITI=(=e,;) | 20fo~" | ATLAS-CONF-2013-017
T ATLAS-CONF-2013-066
I+ jet 20fb~! arXiv:1311:2006
wz 13fb~' | ATLAS-CONF-2013-015
ZZ 7.2fb~" | ATLAS-CONF-2012-150
y+jet 20fb~" arxiv:1309.3230
dijet 13fb~7 | ATLAS-CONF-2012-148
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Limits

Analysis | Model | obs. Limit [TeV] | exp. Limit [TeV]
Il (I=e,p) VA 2.86 2.85
G* 2.47 2.47
TT Z 1.90 1.80
Wz w’ 1.18 1.30
Y4 G* 0.85 0.87
y+jet q* 3.5 3.4
QBH 4.6 4.6
dijet q* 3.84 3.70

O.Endner (JGU Mainz)

PASCOS 2013
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All Limits

ATLAS Exotics Searches*

§ L————— L S—— —T T T
Laige ED (ADD) : monojet + E; vus
Large ED (ADD) : monophoton +Ey .,
@ Large ED (ADD) : dlphoton & dilepton, n‘wm M, (HLZ 83, NLO) ATLAS
S D : diphoton + E. Compact. scale R™ Preliminary
2 s '/, ED : dilepton, - My~ R
2 Rs1: dilepton, m; 1
5 RSL : WW resonance, mwv Gravion mass (kIMp =0.1) .
H Graviton mass (kiMy, = 1.0) ILdt =(1-20) b
= (5=7,8Tev
3)
Quantum black hole : dijet, F. (m}
Gagd contact interaction : (m')
qqll CI : ee &y, M A (constructive int.)
uutt C: SS dnepton +jets +Ep
Z(SSM) ., [LE20b " BTev [ATLAS GONF-2015-017) 28676y 7 mass
7/ (SSM) :m,, [cazutzmevisaineeon Tatev 7 mass
- Z (eptophobic topcolor) : A Ivjets,m, [Can uig Towev Z mass
> ss ): mw (=2 710", 7 Tev (1209.4436) 25576V W' mass
w [L=4.71b", 7 Tev [1209.6503] 430GeV. W' mass
W, ( 'm LF&MJ m TR TeaTeV W mass
Scalar LQ pair (8=1) : kin. vars. in eejj, evu L=101b", 7 Tev [1112.4826) s60Gev I gen. LQ mass
51 Scalar LQ pair (8=1) : kin. vars. in puyjj, pvjj [t=t0i® 77ev (120331721 sGev. 2" gen. LQ mass
Scalar LQ pair (B=1) : kin. vars. in Ttjj, Tvjj |L=a71" 77ev (13030526 s34Gev. 3°gen. LQ mass
" 2" geperation : £ WbWb |Lsaz v, 7 Teviizio siee) §86GeV. _t mass
2£  4thgeneration : b'b' ' SSdilepton +jets +E | [ w ooy s coneoren Z20cey b'mass
23 Vector-like quark : TT— Hi+X [L-13i% 8 e Atias coneoisois o0 Gew] T mass (isospin doublet)
= Vector-like quark : CC,my, . lASlb“ 7 TeV [ATLAS-CONF-201: 2-1:411 11276V VLQ mass (charge -1/3, coupling K .o = v/me)
Excited quarks :y-jet resonance, m mass
s £ Excited quarks : dijet resonance, m
X& Excited b quark : W-t resonance,m,, b mass (left-handed coupling)
Excited leptons : |y resonance, I+ mass (A = (")
Techni-hadrons (LSTC) - dilepton, mmu: /o, mass (m(p Jy) -m(r) = M)
Techni-hadrons (LSTC) : WZ resonance (vli), m,” p, mass (m(p) m(n,)&mw,m(-’z\r 11m(p,)
Major. neutr. (LRSM, no mixing) : 2-lep + jets ) =2TeV)
Heavy lepton N ((ype il seesaw) : -l resonance, m,, N mass (IV,| = 0,055, IV, = 0. o6, v, £0)
H™ (DY BR(H” 1)=1) : SS ee (), m H;* mass (imit at'398 GeV for uy)
Color actet staiar dijet resonance, m; Scalar resonance mass
Muli-charged particles (DY prod.) : highly fonizing tracks =de)
Magnetic monopoles (DY prod.) : highly ionizing tracks. ass il L

*Only a selection of the available mass limits on new states or phenomena shown
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Obs. Limit evolution

Analysis Model Limit 2011 [TeV] | Limit 2012 [TeV]
Il (I=e,u) z 2.22 2.86
G* 2.16 2.47
TT Z 1.40 1.90
Wz w’ 0.76 1.18

77 G*(RS1) 0.85

G*(bulk RS) 0.85
y+jet q* 2.46 3.5
dijet q* 2.83 3.84
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Diphoton

Search with /s = 7 TeV + Use BumpHunter
Model: G (RS), Mg-scale (ADD)  * For x/Mp

+ Signature: 2 photons: + Limits (G): m>2.06/2.05 TeV
* i |n| < 2.37, pr >25GeV (obs/exp)
£ E 3
5 10°F ATLAS _[Ldt:4.9¢b"é = —
cEF F=7Tev E 2 ATLAS — Observed limit |
> - = -+ Expected limit
. E £ Ns=7TeV o Expectedz o2
Control region "7 - g E G- yy Expected+ 26 5
e 2011 data E = r =W/, =01
[ Total Background = X KM, =0.05 2
£~ Reducible Background 3 e0te KM, =003 @
syst @ stat (total) E £ WMy =001 3 =]
syst ® stat (reducible) - L 1 o«
()RS, W/, = 0.1,m; = 15TeV = 102k WJ“-"':“-Q'M, =
[JADD, GRW, M, =2.5 TeV E| E E é
8 o L ]
§ 0 -l"'l ‘I i -~ il 10° E
5 2 05 1 15 2 25
» 200 300 400 1000 2000 3000 mg [TeV]

my, [GeV]
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Systematics Dilepton (e/pu)

Table 3: Summary of systematic uncertainties on the expected numbers of events at mg = 2 TeV. NA
indicates that the uncertainty is not applicable, and “-” denotes a negligible entry (i.e. < 3%). Numbers
in parentheses on the resolution and total uncertainty lines correspond to the loose dimuon selection.

Source Dielectrons Dimuons
Signal  Background | Signal Background
Normalization 5% NA 5% NA
PDF variation NA 15% NA 15%
PDF choice NA 17% NA 17%
Scale NA - NA -
a NA 4% NA 4%
Electroweak corrections NA 3% NA 3%
Photon-induced corrections NA 4% NA 4%
Efficiency - - 6% 6%
Resolution - - - 3% (T%)
W + jet and multi-jet background NA 9% NA -
Diboson and ttbar extrapolation NA 5% NA 4%
Total 5% 26% 8% 25% (26%)

ATLAS-CONF-2013-017
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Systematics Dilepton (7)

Zivt = 1T Multijet W/Z+jets Diboson SM total Zgan(1750)

Expected Events 099+0.02 0.17+0.09 0.18+003 0.02+002 1.36+0.10 558+0.14
Theory Cross Section [%] “ - +28 +13 o -
Luminosity [ %] +2.8 - +2.8 +2.8 +2.5 +2.8
Tau trigger [%] +10 - <1 - +7 +10
Tau ID [%] +13 - +5 +5 +10 +13
Tau 3-prong [ %] +4 - <1 - +3 +4
Jet-to-tau fake-rate [%] <1 - +61 +60 +9 <1
Tau energy scale [%] +12 - +5 - +0 +2
Jetenergy scale [%] <1 - ! - <1 <1
ERiss [G5) <1 - 3, - <1 <1
Multijet fake-factor [ %] - +58 - - +7 -

Table 2: Summary of the total number of expected events (with statistical uncertainty) and the systematic
uncertainties for mz = 1750 GeV. The systematic uncertainties are listed in %. Entries marked
with — are either non-applicable or evaluate to exactly zero. The W/Z+jets contribution includes
all W/Z decays to leptons except Z — tr. The contribution from top-quark production is
negligible. As the contribution to the SM total uncertainty from each sample is weighted by
the expected events, the relative SM total uncertainty can be lower than the relative uncertainty
from an individual contribution.

ATLAS-CONF-2013-066
PASCOS 2013 November 21st, 2013

19/19



Systematics lepton+jet

ource ectron+je uon-je
S Electron+jet Muon+jet
% %
Lepton reconstruction, J_r% f?o
scale and resolution
Jet reconstruction, '_"‘;’é fg
scale and resolution
.. . +27
Multijet modeling Tor -
+52 +100
PDF 33 —69
: +77 +130
Fit —77 —71
+100 +170
Total _89 —100
arXiv:1311:2006
PASCOS 2013 November 21st, 2013
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Systematics WZ

evee Hvee evuu VL
Cutflow channel | channel | channel | channel
MC Statistics 3.1 27 23 2.0
Luminosity 3.6 36 36 3.6
Electron trigger <0.1 <0.1 < 0.1 N/A
Muon trigger N/A <0.1 < 0.1 0.2
Electron ID/reconstruction 3.5 2.3 1.2 N/A
Electron energy scale/resolution 1.1 1.1 0.5 N/A
Electron isolation 1.9 13 0.6 N/A
Muon ID N/A 0.3 0.6 0.9
Muon momentum scale/resolution N/A 0.1 0.2 0.3
Muon isolation N/A 0.3 0.6 0.9
Jet energy scale/resolution 1.5 22 1.4 1.2
MET in-time and out-of-time pileup 1.3 0.9 1.6 1.3
Total (with statistical uncertainty) 6.6 5.9 5.1 4.7

ATLAS-CONF-2013-015

PASCOS 2013

November 21st, 2013

Table 3: Experimental systematic uncertainties (in %) for the SM WZ process.

19/19



Systematics ZZ

Source rel. uncertainty

Background fit 5-40%
Lepton trigger efficiency 1%
Electron reconstruction/identification efficiency 2%
Muon reconstruction efficiency <1%
Electron energy scale/resolution 1%
Muon momentum scale/resolution <1%
JES 1-3%

JER 1-2%

JMS 1-5%
PDF 2%

ISR/FSR 10%

Luminosity 3.6%

ATLAS-CONF-2012-150

O.Endner (JGU Mainz)

PASCOS 2013

November 21st, 2013
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Systematics Photon+jet

Source rel. uncertainty

Luminosity 2.8%
Photon isolation efficiency 1.2%
Trigger efficiency 0.5%
Photon identification efficiency 1.5%

Jet energy scale 1.0-1.5%
Photon energy scale 0.3%
Background fit 1-20%

arXiv:1309.3230

O.Endner (JGU Mainz) PASCOS 2013 November 21st, 2013 19/19



Systematics dijet

Source rel. uncertainty
Jet energy scale 4%
Luminosity 3.6%
Fit function
JER neglible

ATLAS-CONF-2012-148

O.Endner (JGU Mainz) PASCOS 2013 November 21st, 2013 19/19
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