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Introduction A
The Standard The Standard Model

What'’s wrong with the SM?

M Odel Exotics at the LHC

The Standard Model (SM) of particle physics:

m Fermionic matter:
i
m Three generations of quarks Forions Bosons

m Three generations of leptons N wzl:
m Gauge Bosons: : I
m Four Force carriers : v(EM), W+, Z ——t—— [k
(Weak), g (strong) v, V. VW wlx.. i
m The Higgs Boson to give mass r R | | i | Crdi
e uH T g
"Was she pretty?” asked the bigger of the small s
girls. "Not as pretty as any of you,” said the |

bachelor, "but she was horribly good.”
The storyteller - H. H. Munro (Saki)

James Ferrando Searches for exotic heavy particles with ATLAS 3/ 58



Introduction

Outline

S M Problems The Standard Model

What'’s wrong with the SM?
Exotics at the LHC

So what's wrong with the Standard Model? g,
m No Dark Matter candidates (

m Not enough CP violation to explain the
observed matter-antimatter imbalance

’ §
e

m No gravity
m Particle masses are not understood
Is there physics beyond the Standard Model?
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Introduction

Outline

I ntrOd UCtIOﬂ The Standard Model

What'’s wrong with the SM?
Exotics at the LHC

m Searches for Exotic (Non-SUSY) BSM physics are a large part
of the LHC Programme:

m 79 (75) ATLAS Exotics (CMS Exotica+B2G) Publications
(2011-2014)
m Easy for a seminar discussing this wide programme to become
a fashion parade of exotic models and searches

m Here | will present what | consider to be the edited highlights:
concentrating on searches for new heavy bosons and fermions

m Will discuss topics that | think are of particular relevance for
run-I1

m Will present the results of the run-1 searches in approximately
the order | expect the results to appear from LHC Run-II
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Introduction

T he L H C ?l‘l‘é“'slteandard Model

What'’s wrong with the SM?
Exotics at the LHC

m 27 km circumference ring

m So far collided protons at
centre-of-mass energies 7 and
8 TeV, expecting 13 TeV in
run-11

m Four detectors installed around
the ring

m An excellent environment to test
the Standard Model and search
for new Physics
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Introduction

Outline

I__ u m | n Osltles The Standard Model

What'’s wrong with the SM?
Exotics at the LHC

The LHC performed

A [ T T T T T T T |

excellently in 2010-2012: 2, 35- ATLAS Online Luminosity E

1 ‘% 30i 2010 pp Vs =7 TeV E

m~35 pb of 7TeV pPp @ "f =—2011ppVs=7TeV 3]

.. . € [ =——2012pp\s=8TeV E

collisions/experiment 5 ¢ ]

2010 3 20 =

[ C |

m ~5fb ! of 7TeV pp é 156 =

collisions/experiment 108 E

2011 o ]

m ~20fb ! of 8TeV pp OE L E
collisions/experiment Yo ot Iy oot

2012 Month in Year
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Introduction

Introduction

Outline

The Standard Model
What'’s wrong with the SM?
Exotics at the LHC

The ATLAS detector at the

LHC:
m precise calorimetry:
m Hadronic jets
m electrons
m Precise tracking:
m Muons
m b-jet tagging
m Excellent solid-angle
coverage:
= E¥1iss
Versatile detector for
finding new physics in a
variety of final states

Muon Detectors

Tile Calorimeter
N

/ | \
Toroid Magnets ~ Solenoid Magnet ~ SCT Tracker Pi

Liquid Argon Calorimeter

ixel Detector TRT Tracker

James Ferrando
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Exploring Ihe Introduction  |NCRRI

The Standard Model

U n known What'’s wrong with the SM?

Exotics at the LHC

m First go for the
potential early
discoveries:

m large-cross-section
processes
m simple final states

-y,

m Then tougher targets:
m smaller
cross-sections
m complex signatures
m Make sure to check
the rest with:

m model independent
searches

B precision
measurements
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Low Hanging Fruit dijets
It

v

First, the low hanging fruit:
m large cross section:
m dijets
m simple (clean) final states
m /T
m /v

James Ferrando Searches for exotic heavy particles with ATLAS 10/ 58



Low Hanging Fruit

Search for new physics in dijets
20fb~! @ 8 TeV: arXiv:1407.1376

m Require two central jets
ly| < 2.8, pr > 50 GeV

m Reduce t-channel-like processes
ly12| <28, [y*] < 0.6

m |mj| > 250 GeV

m Search for a bump in the mj;
spectrum

James Ferrando

dijets
=
v

[
Q 9 © 9 9 9
T

—e— Data
— Fit
o g*, m=0.6 TeV
- g*, m=2.0TeV
g*, m=3.5TeV

Prescale-weighted events

2o
B o o

ATLAS
s=8 TeV, I L dt=20.3 fb*

03 0405 1 2
Reconstructed m; [TeV]
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http://arxiv.org/abs/1407.1376

Low Hanging Fruit d:]ets
=

u

3 ==

T

—e— Observed 95% CL upper limit

P\

m limits set on specific models to
quantify performance of the
search

Expected 95% CL upper limit
68% and 95% bands

/
bl i cnd il il cnd il 1

L dt=20.3 fo*
Vs=8 Tev
10_15
1025
[ ATLAS
1035\HH\HH\HH\\T\H\H
1 2 3 4 5
my. [TeV]

James Ferrando Searches for exotic heavy particles with ATLAS 12/ 58



Low Hanging Fruit dijets
!
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T 10° T E
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Low Hanging Fruit dﬁjets
"=

v

model-dependent limits

(assuming a Gaussian signal, or
Breit-Wigner convolved with 10°
falling parton luminosity) set

ATLAS

Al 0 | P P
10 1 2 3 4
mg [TeV]

= 1035 — E

2 B Vs=8 Tev 3

a4 102: _ 1 -

L . & E Ldt=2031b E

m limits set on specific models to x F IGG/mG 1
. < E =
quantify performance of the x 10¢ ~-015 :

o F —=—0.10 ]

search 1c 0.07 <
L. F —— Resolution ]

m Furthermore minimally 10E ]

m Application to set limits on NP
models beyond those directly
considered is possible
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Low Hanging Fruit

m limits set on specific models to
quantify performance of the
search

m Furthermore minimally
model-dependent limits
(assuming a Gaussian signal, or
Breit-Wigner convolved with
falling parton luminosity) set

m Application to set limits on NP
models beyond those directly
considered is possible

James Ferrando

dijets
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v

= 10%¢ e 3
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Low Hanging Fruit dﬁjets
"=

v

model-dependent limits
(assuming a Gaussian signal, or 10%
Breit-Wigner convolved with
falling parton luminosity) set

= 10%¢ T T E
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m Application to set limits on NP
models beyond those directly Mgy [TeV]
considered is possible
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Low Hanging Fruit

Another early search channel is [T/~

(Phys Rev D90, 052005 (2014))
m Select two high p1 leptons
m Search invariant mass spectrum

m Set limits on models

James Ferrando
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http://arxiv.org/abs/1405.4123

dijets
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Low Hanging Fruit dijets
It~

v

Usually slower to access: /v (EF™) g 10 I omnm ¥
g 1 /s=8TeVv EwosTen =
m JHEP 1409 (2014) 037 S [Lat=203 1" %&EQLX} 3
. 10 mz 5
m Select a high-pt lepton o ng%:g:rk ;
. Multijet E
m Require ET"™ that balances p’T 10 .
. . . 1 -
m Search mt distribution for -~ E
excesses g 1 -
E 051 —

m e-channel g ﬁ °3'
10 m; [GeV]
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http://arxiv.org/abs/1407.7494

Low Hanging Fruit dijets
It~

v

Usually slower to access: /v (EF') g O A p——
> E g Tev DW:(O.SETE\/)
] JHEP 1409 (2014) 037 " igz JLdt=2031" Egg;ea
. . mz
m Select a high-p7 lepton pd o
. B Multijet
m Require ET" that balances p’T 11";
m Search my distribution for 1
10"
excesses 2 2 :
% oéFm‘.w"T"—‘T‘_A—*
[=} 0 o)

m p-channel
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http://arxiv.org/abs/1407.7494
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Multibody final states

Big Game Hunting Boosted Objects

Hunting

As data sets become better understood, more challenging quarry
can be approached:

m More complex observables (e.g. Eur. Phys. J. C (2014) 74
3134)

Final states with 7s and bs (e.g. JHEP 1411 (2014) 056)
Complex multi-object final states

Processes with very small expected cross sections

Final states with boosted heavy objects

Long-lived particle searches, (e.g. arXiv:1501.04020)

James Ferrando Searches for exotic heavy particles with ATLAS

17/ 58


http://arxiv.org/abs/1409.606
http://arxiv.org/abs/1409.606
http://arxiv.org/abs/1409.6064
http://arxiv.org/abs/1501.04020

Multibody
Multibody final states

Big Game Hunting Boosted Objects

final states

Examples of models that produce many-particle final states:
m Compositeness scenarios and Extra dimension models produce
Vector-Like quarks

m Such scenarios can also produce resonances that decay to
pairs of vector bosons such as were searched for in
arXiv:1409.6190 (as can various BSM Higgs bosons)

James Ferrando Searches for exotic heavy particles with ATLAS
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http://arxiv.org/abs/1409.6190

Multibody final states
Boosted Objects

Big Game Hunting

9.9
g ’ ° I e EAEEEREEE S E s e s
Q g ]
Z H W™ o (T.B) or i
-J% L SU(2) Singlet (X,T) Doublet i
o
Eosi —T5Wb - TS Wb
. s ]
a Z, H W* @ o ]
g9 == L 1
aq.q 0.6
04—
02— //t
[ PROTOS ]
o
I R N N N S

300 400 500 600 700 800 900 1000
m. [GeV]

m Most recent result, search for T — tZ (JHEP 1411 (2014)
104)
m Small branching ratio but clean signature

James Ferrando Searches for exotic heavy particles with ATLAS
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http://arxiv.org/abs/1409.5500
http://arxiv.org/abs/1409.5500

Big Game Hunting

Multibody final states
Boosted Objects

Event selection

Z boson candidate preselection
> 2 central jets
pr(Z) > 150 GeV

Dilepton channel

Trilepton channel

= 2 leptons

> 3 leptons

> 2 b-tagged jets

> 1 b-tagged jet

Pair production

Single production

Pair production

Single production

Hr(jets) > 600 GeV

> 1 fwd. jet

> 1 fwd. jet

Final discriminant

m(Zb) I

Hr (jets+leptons)

James Ferrando

Searches for exotic heavy particles with ATLAS
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SI ngle T Big Game Hunting Multibody final states

Boosted Objects
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S | ngle T Big Game Hunting Multibody final states

Boosted Objects
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TT — tZ + X Big Game Hunting Multibody final states

Boosted Objects
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TT — tZ + X Big Game Hunting Multibody final states

Boosted Objects
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TT —-tZ+ X

Multibody final states

Big Game Hunting Boosted Objects

ATLAS
(s=8TeV

ATLAS

_ 1
ILdl—ZO.Sfb =8 Tev
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Adding

Big Game Hunting Multibody final states

Channels

~—
T
1
E
x
o

ATLAS Ldt=143fb"

Preliminary J 5_ g Tev

Summary results:
Same-Sign Il

ATLAS-CONF-2013-051

Observed 95% CL m, limit [GeV]

Status: ICHEP 2014

0 0.2 0.4 0.6 0.8 1

BR (T - Wh)
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Adding
Multibody final states

Big Game Hunting Boosted Objects

Channels

T
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Adding
Multibody final states

Big Game Hunting Boosted Objects

Channels

T
1
E
x
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Adding

Channels

BR(T — Ht)




A ing
Channels

Multibody final states
Boosted Objects

Big Game Hunting

ATLAS Preliminary
Status: ICHEP 2014
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Adding
Channels

Multibody final states
Boosted Objects

Big Game Hunting

ATLAS Preliminary
my =400 GeV. my =450 GeV. Status: ICHEP 2014
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A ing
Channels

Multibody final states
Boosted Objects

Big Game Hunting

ATLAS Preliminary
Status: ICHEP 2014
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Adding
Ch a n nels i g Boosted Objects

Multibody final states

o " ATLAS Preliminary
I . mg = 350 GeV mg=400Gev | v o mg = 450 GeV Status: ICHEP 2014
T ok Eeotov,  [La-taan’
m 0 [1 - Lekp. exct. == 95% CL ode. excl.
z Jowme :
S [ATLASCONF 2013051
.
m kb
02 04 05 08 06 08 °, 06 08
X SUR) Y doub. @ SUR) singlet
mg = 550 GeV mg = 600 GeV mg = 650 GeV
L 08 06
h o : o "
H . H .
b : o ozf
o, o, - o,
G er e s G2 or a8 o s e e s
. mg = 700 GeV ~ mg = 750 GeV - mg = 800 GeV - mg = 850 GeV
08 [ 08| 08 08 0%’7%
ot osf osf asf
P ol oif pna
02 . B 02 . 02 . 02 .
VSN
° 02 e 05 08 ° 0z 04 06 08 °, 02 04 05 08 02 04 06 08

BR(B — Wt)

James




A ing
Channels

Multibody

al states

Boosted Objects

BR(B — Hb)
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BOOSted O bJeCtS Big Game Hunting Multibody final states

Boosted Objects

When pushing to higher energies, new factors come into play:

Low Energy tops High Energy tops

t — bW, W — qq’ gives three top decay system is highly boosted
distinct “jets”: and reconstructed as only one jet:

b-jet Light Jets Top Monojet

Need new techniques to identify these boosted objects

James Ferrando Searches for exotic heavy particles with ATLAS 35/ 58



Big Game Hunting Multibody final states

Boosted Objects

An ideal test case is a search for high-mass particles decaying to tt:

m Use the |+jets topology

m Lepton and E?iss cuts ensure sample is quite pure
m Can search for new physics
n

Can verify that jet substructure variables are well described

James Ferrando Searches for exotic heavy particles with ATLAS 36/ 58



Multibody final states
Boosted Objects

Big Game Hunting

Search strategy adopted by ATLAS,
combines two selections:

m Resolved
m lepton
= E;_niss
m > 3 jets
m > 1 b-jet
m Boosted:
m lepton
= Eg_niss
m > 1 large-R jet with pr > 350
GeV and large jet-mass

ATLAS-CONF-2013-052 m > 1 bjet
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Example
Event

Multibody final states

Big Game Hunting Boosted Objects

leptonic fop -

SATLAS| &
% EXPERIMENT | -

Run Number: 209995, Event Number: 51046560 K G e
‘hadronic top

Date: 2012-09-09 23:10:22 CEST s .
- candidate

- A
,&mﬁ'ﬁibﬁ/@ndidate

hadronic top candidate
s

Electron

S~

15!‘1 .

leptonic top candidate
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Big Game Hunting Multibody final states

Boosted Objects

%) 60| TL»‘AS Pr‘elimln‘ary ' *‘Dala ' t]ﬁ
3 Esinge 09 EMuliers & 20pTT
P Owets  @z+jets . 1gE  ATLAS Preliminary Simulation 3
g 40 [Cpiboson ogTev (>)- 16i Vs=8 Tey ) E
> S E —— M+ jets, combined E
w30 y ‘G 14F - p + jets, boosted 3
20 IL‘“:”'Z fo = 1F —®© + jets, combined E
£ p+jets w E - e+ jets, boosted B
10| boosted 10} {
° 8- E
@ E =
e 6E E
8 05} Z | E g
O 100 120 140 160 180 200 220 240 260 280 aE E|
m* "ad [GeV] 1 I L -
E b L 1T
2 EATLAS Preliminan ‘ : ‘Ot Go 5
E reliminary -=-Data tt
& s W Wsingle top .‘b‘/\umrleis m, [TeV]
~ £ Cw+ets  [@2z+ets
g 4 [Coiboson BgTey
S =8Te o
g a m Jet Mass and k; splitting scale used
Ldt=1421" . . . .
/ to identify top-jet candidates
[+ jets
boosted
m Resulting boosted selection
(=2
g . ..
g provides most of the efficiency for
©
a

Ja., (Gev] Mg > 1TeV.
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Events / TeV

Data/Bkg

Events / TeV

Data/Bkg

Big Game Hunting

T T T T T
ATLAS Preliminary - Data O
J' Ldt=143f6" WMuit-jets Owriets

M-“ [[Jother Backgrounds
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e+jets
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Multibody final states
Boosted Objects
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0, x BR(Z - 1) [pb]

Big Game Hunting

Multibody final states
Boosted Objects

1 1

T T T T = T T
[ /s=8TeV Obs. 95% CL upper limit i F 5=8Tev ——— Obs. 95% CL upper limit 1
- Exp.95% CL limit 3
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F Exp. 1 o uncertainty t E Exp. 1 0 uncertainty 3
Exp. 2 o uncertainty ¥ F EXxp. 2 0 uncertainty 1
icz 2 10 - k-
----- Leptophobic Z' (LO x 1.3) x Kaluza-Klein gluon (LO) E
ATLAS Preliminary o F"e.. ATLAS Preliminary ]
* g 10 ) 3
3 3
-

25
Z' mass [TeV]

James

15 2 25
9, Mass [Tev]
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Big Game Hunting Multibody final states

Boosted Objects

m Choice of substructure variables in X — tt analysis employed
a very loose top-tagging selection.

m More discriminating, but less efficient, tagging can also be
applied
m A nice example is the search for W' — tb

arXiv:1408.0886
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Multibody final states

Boosted Objects
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Multibody final states
Boosted Objects

Big Game Hunting

> F >
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Multibody final states
Boosted Objects

Big Game Hunting
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Top-tagging
Performance

Multibody final states
Boosted Objects

Big Game Hunting

=
o
w

\ i o e ¥ HTT (tight)
\\ ATLAS Preliminary Simulation ® HTT (default)

N Is=8Tev A HTT (loose)
N -- SD
N m] Vde & N-subjettiness tagger VI
m* &\d,, &Vdnghl tagger V
m*® &\d,, &Vdjj tagger IV
m*® &\d,, tagger Il
m* tagger Il
Vdelagger |
—— tagger VI: 1, scan
=101 tagger V:@ scan
TJauns\d, scan
~---- |d,, scan

trimmed mass scan
- Ty, SCAN

L%z o4 o5 o8 1
tagging efficiency

[ERE

10%

tagging rejection

> o d % J

10 ety

Many different top-taggers on the market, possible to choose the
best working point for any given search ( ATLAS-CONF-2013-084
ATLAS-CONF-2014-003)
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TraWI I n g BSM Trawling

As well as relatively dedicated searches, there is an increasing trend
towards producing results that are more widely applicable:

m Fiducial cross section limits

m Limits associated with parametrised efficiency

m Global searches for any discrepancies
These offer the chance to catch new physics that we hadn't

thought of and they give others the potential to test new models
against existing searches.
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BSM Trawling

Many models predict signatures with same-sign leptons in the final
state, but

m There are too many models to test each individually

m So instead of optimising on many models, ATLAS chooses to
set fiducial limits

arXiv:1412.0237
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Electron pairs / 20 GeV

Data/ SM

BSM Trawling

y T > > T T g
ATAS - oata ] ] ATLAS ~+Daazorz
=8 Tev, 2030" (] S 2 5=8Tev, 203 1o (] Prompt 3
= S 5w
] ]
g g
§ § o
8 s
3
1
10 L

= =
: ; o |
R - ‘ AN
(X PR g . EFS L S b i . L I
100 200 300 400 500 600 100 200 300 400 500 600 100 200 300 400 500 600
m(e’e?) [GeV] m(e*w?) [GeV] m(pp) [GeV]

m Select events with like-sign lepton pairs ee,upi.eu

m in ee channel exclude mass window around Z (large
charge-flip background there)

m No requirement on E?iss

James Ferrando

Searches for exotic heavy particles with ATLAS
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BSM Trawling

Common particle-level and reconstruction level selection is used:

Selection Electron requirement Muon requirement
Leading lepton pr pr > 25 GeV pr > 25 GeV
Subleading lepton pr pr > 20 GeV pr > 20 GeV

Lepton 7 [n| < 1.37 or 1.52 < || < 2.47 Il <25

Isolation > pr(AR=10.3)/p5 <0.1 > pr(AR = 0.3)/ph < 0.07
Selection Event selection

Lepton pair Same-sign pair with mg > 15 GeV

Electron pair Veto pairs with 70 < my < 110 GeV

Event No opposite-sign same-flavour pair with |mgy —mz| < 10 GeV
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BSM Trawling

T T T
ATLAS

S ek E—— m Evaluate efficiency in
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£ o ] arXiv:1411.2921:
o T . m 0, sections provided
w1 m Parametrised lepton
me) [Gev] efficiencies also given
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Sea rCh BSM Trawling

Making sure we don't miss anything big: ATLAS-CONF-2014-006

Define physics objects: Z10°E aras pemndy Ghannel: vaetj |+ Dweaoe 3
P X %% SM Monte Carlo J
=] Ldt=2031", {si=8 TeV +light jets

m electrons: pr > 25GeV 5 J ) | Bor0s — e,
€ pvalue 1e:03 [ 3
In| <247 s | =R
[ Diboson
m muons : p1 > 25GeV ' ‘ R
m jets: p7 > 50GeV , |77| <28 7 1000 1500 2000 38003000

M [GeV]

m b-jets : b-tagged jet, |n| < 2.5

m photons : p1 > 40GeV ,
In| < 2.37

® neutrinos : E?iss > 150 GeV

Systematically look at all possible
multi-object final states for regions of
largest discrepancy (697 with > 0.1
even expected, 573 with data event
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Search

BSM Trawling
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Search
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Seminar Summary
Summary
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Run-1 Summary
Run-11

Seminar Summary
Summary

WJs2013

m We expect O(10) fb~!

100

. . . ratios (‘)f LHC parton luminosities: 13 +eV /8 TeV ;”

luminosity in 2015 /
. PR //
m Should quickly surpass new O - /

. > -——-qg /
physics reach from run-I for g o J
My > 2 TeV within the first E
5 fb_ 1 == :'::;jj'::;‘f;i :;_::_—:'_ -

MSTW2008NLO
m Surpassed even at around 1fb~! 1 o

. M, (GeV)
for higher masses *

m Searches like dileptonand dijet resonance should come very
early

m But expect increasing number of studies of diboson
resonances and third generation searches, these are important
tests of compositeness

m Expect increasing use of boosted techniques for such searches
as we reach into the higher mass regime

James Ferrando Searches for exotic heavy particles with ATLAS
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Conclusion KL B

Seminar Summary
Summary

S-Bahn Hamburg

‘Stand: Mai 2008

m Wide range of NP
signatures explored

m Extremely strong
constraints on many
benchmark models

Wedel 1

m Still no sign of new
physics

m Plenty to explore in
the 13 TeV data

James Ferrando Searches for exotic heavy particles with ATLAS 57/ 58



Conclusion g

Seminar Summary

Summary

m Wide range of NP
signatures explored

m Extremely strong
constraints on many
benchmark models

m Still no sign of new
physics

m Plenty to explore in
the 13 TeV data

m Need to look everywhere, surprises can always be lurking
where you weren't expecting them...

m We need to make sure the results can be interpreted in terms i
of future models
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a nd fl na | |y gt::::ISummary

Seminar Summary

Summary

LHC Collaborations are pushing hard for new and updated results
in the next few weeks!
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Bonus features!

Extra material follows...
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N-Subjettiness N-subjettines

N-subjettines variables , 7y quantify how well jets can be described
as containing N or fewer k; subjets.

Recluster a jet up to N-subjets with the k; algorithm then
calculate 7y:

™ = dio ZPT,k X min(ARl,k,ARz’k, ...,AR3’k)
k

where AR; i here is the distance in the jet measure (dmn), from
subjet i to constituent k.

Ratios 7j/7; are referred to as 7j;

Other jet-shape type variables also exist and many have been
tested
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N-Subjettiness N-subjettines

- —
S oo ATLAS fL dt=4.71b"\5=7TeV -
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Pa I’ton M e rgl n g Boosted tops

Merging of some description occurs for SM tt production:

2 L L U
§ '+ ATLAS Preliminary = Noparonmerged]
o il Simulation, parton level 4 2 partons merged
g 0.8— + v 3 partons merged —
ie) i ik + ]
k3] L = 2l -+ ]
© 4

w06 f; L Ee 4+t ++__
S ot
0-4f ke - o N
L - = ) +ih+ .
- i B ] -
02? 5 e N

[ +’—.—< - —
OFirisiv e R S el +*+ ]

500 1000 1500 2000 2500

Mtt [GeV]

Effect must be taken into account for SM measurements at
higher PtT or Mz (ATL-PHYS-PUB-2010-008)
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Choosing your jets

Boosted tops

So how to choose the jet algorithm for boosted objects?

m Parameter R usually driven by
considering that AR <~ 27 for a two

PT
body decay

m Typically values 0.8 < R < 1.5 used
for boosted objects (0.4 > R < 0.6
used for “standard” jets)

m Calibration considerations:

m Regular shape of anti-k; jets makes
calibration and correction for pile-up
easier

m Substructure considerations:

m k; and C/A cluster history contains
more physical information about the
jet

James Ferrando

T T T T T T

ATLAS Simulation
Pythia Z' — tt, t - Wb

%100 200 300 400 500 600 700 800 °
p¥ [GeV]
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Jet Mass Boosted tops

The simplest choice, jet invariant mass:

0.005

%

2 0.04F ‘ " ATLAS Preliminary 1
3, : ATLAS Preliminary
50.035}- Simulation =
% 0.03E anti-kT, R=0.8 ]
S o . .
U—0025;— — all jets _;
002 ; ----- resolved é

1 S T N I Y N I partial (bq) 1

0.0 5§ — partial (qq)
0.01F L. monojet 1
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Jet Mass [GeV]
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TT —-tZ+ X

TrightarrowtZ
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T T T T T
ATLAS Simulation Backgrounds
s=8TeV BE (650 GeV)
— TT (650Gev) 3
Bbq (650 GeV)
=+ Thq (650 GeV)

4 5 6
Lepton multiplicity

Fraction of events / 40 GeV

ATLAS Simulation ZZZ Backgrounds
{s=8Tev B
Dilepton

P.2) [Gev]

Fraction of events

9
2 14 |
ATLAS  Simulation Backgrounds 3 § ATLAS Simulation Backgrounds
s=8TeV BB (650 Gev) S . {58 Tev 55 (550 GV
Dilepton —— TT (650 Gev) 5 Trilepton ___ o2 ]
Bhq(60Gev) | o T (650Gev)
e 154 (650 Gev) 2 e T6q 650GeV)
&
4 iz
08 1
] 06 b
] o A ]
1 b 0.2F / 3
L= o %/////////J ---------
3 4 5 0 1 2 3

b-tagged jet multiplicity
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Forward jet multiplicity
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