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Motivation

Beyond Standard Model: Search for new massive particles

@ In search for resonances of the form:
= ELEMENTARY
pp— X it PARTICLES

Is the top quark special?
@ myop > mass of other fundamental particles

@ Many models predict new X — tt with
large branching ratios:

o Examples:
— KK Graviton
— Z' Gauge Boson
— Kaluza Klein excitation of the
gluon (~ 90% to tt)

Why? Extra dimension models predict heavier particles closer to TeV brane —
stronger couplings to particles on this brane (ie top quark)
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LHC and the ATLAS detector
A Toroidal LHC Apparatu$S

Muon Detector Calorimeters

@ 27 km circumference
underground tunnel near the
France-Switzerland border

@ pp collider at Ecpy =7 TeV
(future up to Ecy = 14 TeV)

@ 4 Experiments: ATLAS, CMS,
LHCb, ALI»CTM
eunacasc s, @ Inner Detector: measure tracks

of charged particles

\.

Magnet System " Inner Detector

o Calorimeter: measures energy
@ Muon Spectrometer: ID and p
measurement of muons

@ Magnet System: bends charged
particles (for p measurement)
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The dilepton channel

Top Quark Decays almost exclusively: t(t) — W*(W~)b(b) (BR = 0.99)

Dilepton: both W bosons decay to leptons (e, i1, 7) and corresponding v

3 Top Pair Branching Fractions

proton

“alljets" 46%

proton

tHets 15%

@ small percentage

1 10/‘;
of events o 22/&0
. Tre /o .
@ clean signal, W&e‘f@o wets 15%
selected events e cHjets 15% o
"dileptons" "lepton+jets

predominantly tt
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Mass Reconstruction

Neutrinos leave the detector undetected — unable to directly reconstruct
invariant mass of tt

M = mz = /(P + -+ o+ p5 +PCHPD? T p=(E.P)

Current observable in this channel:

. Observable: Ht + E'T"iss

21000 T N | ATLAS Preliminary %’2 .
& I ron ]
I 8001 ILdt: 104 b EE:kgelzmp E e Hy = leptons + Z pquarksv pr =
C \s=7TeV B Diboson ]
i ~Daazon ] transverse momentum (in x-y
600 — g, (700Gev) ]
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400 . .
r 1 Disadvantages:
200 . C
L b @ Broad distributions
. 1

200 400 600 800 1000 1200 @ Scalar sum — Loss of angular

H+ED™ (GeV) . .
information
Exclude myg,, < 840 GeV at 95% C.L.
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Analytic Solution of tt dilepton equations

Try to reconstruct invariant mass of resonance by solving for the four
vectors of the two neutrinos with constraints:

— Hope for better resolution in mass reconstruction than Ht + E’T”iss

o EX == pl/X + p17x
Jeclb)g ? v, ¢ Ey = Py, + Pz,
% ¥ peutrino o ES = pl%x + pl%y + PI%Z — pl% = 0
Ef =p5. + P, +p5, > pp =0

N, o ml,. = (pr++ pv)?

Ve ‘/ﬁ \3 ° m\2/V7 = (pl_ + pﬂ)z
neutrino l asliz(s) o m% = (p/+ + pl/ + pb)2
o m? = (p- + ps + pp)?

o Inputs: Pey Pb, Ey, ny Mtop, My, Mp
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Solutions

Quartic equation gives at most 4 solution sets; complex solutions

discarded.

@ Allow mass of particle (top, W) to vary within the Breit Wigner width

muon
Jerlb) gy ®
a
% neutrino
1
proton beam proton beam
o

3 o

electron
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Problems

@ Obtain either 2 or 4 solutions
o Need a way to extract correct solution
@ Characterize using measurable quantities: ie. final state particles.

o Multiple jets may pass object selection. Need to identify 2 jets and
match to correct top decay

@ Measurement resolution propagates through to neutrino 4-vector
determination

@ Need to compare the effect on background
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Choosing the Correct Solution

@ Choose correct solution whose invariant mass reconstructs closest to
1 TeV (or target mass of choice)
@ Disadvantages:
e Bias our background samples creating a fake bump about 1 TeV
o Backgrounds change for different target masses

1 TeV KK-Gluon sample SM tt sample
60 1 T T T T truth m,, 140 T T T T ]
sof- ATLAS Work In Progress —e— analytic solution m_ | 120 F —e— truth SM E
C —e— H_+EMss C —e— solution SM ]
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F ] 80| .
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Choosing the correct solution

o Want a physics motivated
discriminating quantity which leaves
backgrounds unchanged for any target
mass

@ Compare neutrino solutions with
consistency of the top decay

@ Map out AR(top,v) relationship

° AR =/(A¢)* + (An)?
@ Assign prob. of AR(t,v) for different
Ptop ranges

Higher Energies — boosted tops
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Choosing the Correct Solution

e Still, AR(t,v) alone not much of a discriminating variable since
broad distribution for low momentum tops

@ Use set of discriminating quantities to constrain:
Tried: .
PT/PT
P/ ps Use these combined in plots below
pr/pr’
AR(v,?)
AR(v, top) No improvement in selection, unused
AR(v, b)
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Performance - Signal
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Performance - Signal - Detector Simulated

£ onf E
Le pto ns: w 01 2;ATLAS Work in progress é
0.1; é
@ well measured, not as much of oot E
an issue 006 ]
0.04F E
Jets: oo i
@ poor measurement resolution S8y 0T 0 or 020304

@ no charge measurement — v on
which jet comes from which & L ariasworinprogess 1
? r ]
top! 0.08]- 3
@ > 2 jets available from ook 1
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Missing ET e ‘ ]
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Important for analytic neutrino four vector reconstruction to select correct
jet from top decay
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Performance - Reconstructed

Do not measure top quark in the detector
Use most correlated variable — b + lepton system
Characterize quantities in bins of pp
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Backgrounds

Largest Background — Standard Model tt
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Conclusions

@ Able to analytically determine neutrino

4—VeCt0rS 025 ATLAS Work In Progress |

. . . 0.2 4

@ Gain invariant mass! o |

@ Work in Progress: of i

e Run on ATLAS data oot ]

@ Bin content — fit distributions to a function T e
@ Include this as observable in future analysis
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Backup Slides

Michelle Boudreau (SFU) WNPPC 2012 February 26 2012 17 /19



Backgrounds
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