Op ancC

ates WIth the

? A\
DESY
If of the ATLAS Collaboration

SSSSSSS

Exotic searches in Top

Helmholtz Alliance



o

Y

Search for new, exotic physics:

Top is heaviest standard
model particle:

* Resonant Top-pair production:
(ATLAS-CONF-2011-087,
ATLAS-CONF-2011-073)

- Excess at high m, (black
holes)(ATLAS-CONF-2011-070)

* Top-Pairs + Missing energy
(ATLAS-CONF-2011-070)

* Heavy top like particles:
4th Generation quarks
(ATLAS-CONF-2011-022)

* Production, decay and

properties of Top (FCNC, Top-
charge ... not part of this taW

Exceptional status for new
physics, especially if new
physics couples to the mass
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*LHC: Excellent performance of the machine at 7 TeV, ~1.3 fb! of data
delivered per experiment
*This talk contains results based on luminosity of 35-200 pb-!
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leptonic top  \__2//
candidate

At high m_ :
- Top pairs get more and more p.. (boosted tops)

*objects (leptons and jets) merge » monojets
7

Exotic searches in Top

*1 lepton (e or m)
* At least 4 jets

* At least 1 b-
tagged jet

all SM top pairs
decays (Lepton
essential for
trigger and QCD

\\Ieducﬂon)

Covered ~ 36% of
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Proton-Proton cross section in pb

Main backgrounds:

Q g

Ttbar (basically irreducible) I N 10
*W+jets (rejection via b-tag) 10° G | 10°
*QCD Multijet (no real leptons) 10 Tevatromn [ HC 107
————— 10° | 10
L ATLAS Preliminary 200pb" @ 7 TeV ; :

E Btop (B=1.00) 10 5, ] 10

200':' [JWaJets (B=1.04)
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e ATLAS data
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107 Cl'Je-t(E'rIEVc > vs/4) ><

10° [ Ohiggs(My = 150 GeV)

QCD background cross sectlon/reJectlon not
well modeled by Monte Carlo:

- need (semi-)data driven background 10k = 500 Gev)
estimate; fit of QCD template from data to o b W
E.™ss distribution 0.1 Lys (TeV) 10
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Electron channel | Muon channel

i 724 988

. Single top 36 50

Use simple and robust W tjets 93 172

mass reconstruction THIc f* 8

] Diboson 2 2

schema: Total MC Background 861 1220

* Reconstruct full final state QCD Background 35 105

. t d f t t Total Expected 8396 1325

INStE€a 0 WO Separa € Data observed 935 1396

tops Z'.m= 500 GeV 15 21

- Using 4 leading jets for L o “

m,, leads to a long tail in E 108" o ";&'L;S'P'r;"'m'";a'r;?

resc_)lu_tlon (initial state g 4L .Ih _[L-::It=2ﬂ0pb" By
radiation) i £ K.

- better: AR(min) method: 107 ¢ . =

) . SM u =

exclude jets which are t * g

10<E |

clearly separated from e —[_ -

other jets/lepton (good wal ki

ISR candidates) :
—  KKG1000 _4‘ T N
107" ""500 1000 1500 2000 2500 3000

tt mass
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= —— Black holes:
oo -\s=7TeV dRmin. Stat. only _ o
é B _[Ldr =33 pb'1 —=e— Obs. 95% CL upper limit 1 e F|rSt lelt from AtIaS from ttbar
© e Exp. 95% CLupPer limit i h|gh mass ana|ysis
3 = Bxp. Touncertanty « Black holes decaying via strong
- - b 2o uneeraly gravitational scattering (JHEP 0805
ATLAS Preliminary (2008) 003, JHEP 0805 (2008)
- 003)

102k - » 24-38% BR (750-2500 GeV black
F : hole threshold mass) of t+X and

low parton multiplicity

*— Looking for an excess of tops at

N | highm,

éSDd
Exclude quantum black hole mass
thresholds below 2.35 TeV /

L L I L
1000

QBH mass threshold [GeV/c?]

1L L I
1500

2000
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[Vs=7TeV dRmin. Syst.+stat.

- der — 200 pb’1 —— Obs. 95% CL upper limit
=eeeeeee EXp. 95% CL upper limit

1% 3 I Exp. 10 uncertainty

: | Exp. 2o uncertainty

B Leptophobic Z'

ATLAS Preliminary

U3

iIIIIIIIIIIIIII lIIIIIIIIIIIIlIIIII-
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Z' mass [GeV]

Leptophobic Top-Color:
*arXiv:hep-ph/9911288;
*No exclusion up to now (200 pb1)
-Tevatron exclude m_~900 GeV with

3-5 fb? lumi

vy
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Wider Kaluza-Klein-Gluons produced
StrOnI e

= L) L) I I L) 1 I L] T 1 I T T 1 | L) 1 Ll | T 1 Ll I T
_ﬁ =7 TeV dRmin. Syst.+stat.
: J Ldr = 200 pb’1 —— Obs. 95% CL upper limit

=« Exp. 95% CL upper limit

I Exp. 10 uncertainty
I Exp. 20 uncertainty
Kaluza-Klein gluon

ATLAS Preliminary

1 -
= | | | | L. | o

Ll 1 1 | | —— |III
600 800 1000 1200 1400 1600
g, Mass [GeV]

Randal-Sundrum Modell:
*arXiv:hep-ph/0701166; ATL-PHYS-
PUB-2010-008;

*Exclude low masses (< 700 GeV)
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Candidate with m_~1.6 TeV:

Run Number: 180400, Event Mumber: 54251178
Date; 2011-04-28 03:33:33 CEST

*Tops get heavily boosted
*Partons only just in | _
separated jets Leptani fop

i candidate-@i‘--.J '
-Higher m, need other — T =TT
reconstruction strat_egy than Q adl candid  adrbrititop-—H
standard top selection . / candidate <
- fat jets including all T EEYEIREARE
partons

//’ First step:

*Reconstruction of hadronic
7, top as one fat object /

21.07.2011 Exotic searches in Top 9
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£ 160 <m.., <200 GeV ] $ 4500E o
= B TRUE i (g 4000 - ATLAS Preliminary —=— ATLAS 2010 Data, L = 35 pb"
i) C ; . i =
= 0_3 = o W Al'ltl-kI R=1 .0, RMS: 14.65+ 0.71 — : - — PythiaMC10 x0.14 11
£ ! 5 3500F vr D|-Je_t MC,
----- 4. Cambridge-Aachen R=1.2, RMS: 18.90 + 0.27 ] ° 3000 - ------ Herwig++ x 0.15 dominated by
0.25 — = .
——k—— Filtered Cambridge-Aachen R=1.2, RMS: 13.00 £ 0.16_ 2500 5 Anti ky R=1.0 jets “g ht flavors
= : by Noy=1,p,>300GeV, |y|<2

: ATLAS Preliminary
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jet mass [GeV]

20 0 20
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In Simulation final states with m,~m,  have a good jet-mass resolution

*Pile up is biggest problem:
* influences anti-kt 1.0; needs calibration
 Cambridge-Aachen seems less affected

*Jet mass in data described reasonably by Pythia and Herwig
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Top Quarks plus missing Emss

* Sensitive to production of
heavy particle decaying
into Top quarks plus
additional neutral particles

* Essential: Good knowledge
of missing E,

 Early studies have low
statistics - validate
background in lower njet

Events per 10 GeV

~

region

N

jet=2
® Data (35pb’)

B ocD

B it (Single-Lepton) _
B it (Dilepton) ]
[ Single Top

iy |

bin (here njet=2).
- good agreement between
data and Monte Carlo

Exotic searches in Top

50

100

W +jets
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Signal
region

. I E 9 ATLAS Prelliminar;/ N4, m;>1 20 Ge1V
N-jet=4 low statistics ° g o 2 0572
. g 7k -ti(Si.ngIe-Lepton) ]
- Data-Monte Carlo comparison 2 Jdl — o
fair agreement T s =1
4_" gDiboson
Transversal Mass distribution Z bt
* No signal of heavy particle 1 wdiy L

80 100 120 140 160 180 200 220 240
ET" [GeV]

Seen

- Exclusion with 35 pb (cut and >// | | | | |
count, simple model of quark like / G | JATHASPrelminary e o
objects decaying to top plus heavy | S The .
neutral particle arXiv:0909.3555): g ¥ i Dteston
g ) Z +jets
« 275 GeV T decaying into top = W e

[ Diboson

and 50 GeV A,

||||||||||

* 300 GeV T decaying into top
and 10 GeV A, W

150 200 250 300 350 400

W7 .
| // / // Exotic searches in Top 12
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Natural extension of Standard Model

* Add CP violation for baryon
asymmetry
* Higgs naturalness problem

Top like: Q, decaying into Wq
(arXiv:0907.3155,0(m=(300 GeV)UO5pb1)

T I LI B | L I L I T 1T |
ATLAS Preliminarij =37 ;:nb'1

. 1 . single top
. diboson . Z—ee
‘:l Z—yup ‘:l Fakes
. Zontt ® Data

BG-only 2 = 18.7, 20 DOF

- Does not test Q, charge: sensitive to

4/3 .... -1/3 charged 4. generation
quarks

Final state has heavy top pair signature:

10 » 2 leptons
1 * 2 jets
o - Missing E, (- plot for ee)
10° * higher boost of the decay products

0 50 100 150 200 250 300
Missing Transverse Energy [GeV]

9 Exotic searches in Top 13
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ATLAS Preliminary

0.22
0.2
0.18
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

—— Q, 350 GeV

Frac of Evts

Collinear mass (neutrino has same
flight direction like lepton) shifted vs
top-pair final state:

P PPN AR RN M B S - APy |
100 200 300 400 500 600 700 800
IVICollinear [GeV]
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- looking for a very broad excess in

the mass distribution E o2 T amias Prtiminary Lo 37t
-1 . < B Il single top
Data agreement for 37 pb™ quite o Dloscsor Eo o

[Jz—-pe [JFakes
Bz [Q M=350Gev
® Data

reasonable 77

py
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'[Ldt = 37.0 pb" 95% CL

o — NNLO from HATHOR
ATLAS Preliminary —— Median Expected Limit

—— QObserved Limit
[ +1o
[ J+2¢

—h
o
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T TTTTT]
Ll

Cross Section (pb)

10

A T B
260 280

A R B
360 380 400

300 320 340
Q, Mass (GeV/c?)
Yy,

Limit on production cross section of Q, for 37 pb:
- Translates to lower mass limit: MQ4>270 GeV
(Best Tevatron limits (CDF, 4.6 fb**: m,>335 GeV))

A
7
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*LHC ideal for studying exotic physics in top final states
» X-section much bigger than at Tevatron
* Already collected more than 1 fb! of luminosity per experiment

* Many exotics top-like final states already studied:

* Resonances decaying into top-pairs:
* Digging into allowed phase space
» Tevatron sensitivity soon in reach
* Exclude low mass black holes

- Top-pairs plus missing E.:
* first exclusions at ATLAS

* Shown first ATLAS limits on 4. Generation quarks

* More data already taken — analyses are being updated
* New upcoming analysis boosted tops are upcoming with the higher
sensitivity range

S
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