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Exotics at the LHC

Introduction

m Exotics (non-SUSY) Searches are a large part of the LHC
Programme:

m 47 (46) ATLAS (CMS) Publications
m If something new had been found you would already know
about it!

m Easy for a talk 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

m Prefer to focus on the final states explored, rather than the
models excluded
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Exotics at the LHC

Introduction

The ATLAS and CMS
detectors at the LHC:
m precise calorimetry: Wonogocon e okt i fgen Gt
m Hadronic jets '
m electrons
m Precise tracking:
m Muons
m b-jet tagging I
m Excellent solid-angle “
coverage:
w Episs

| \ \
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Versatile detectors for
finding new physics in a

variety of final states
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Exotics at the LHC

Luminosities

The LHC has been
performing excellently since
2010:

m ~35pb~! of 7TeV pp
collisions/experiment
2010

m ~5fb1of 7TeV pp
coliisions/experiment
2011

m ~20fb~! of 8TeV pp
coliisions/experiment
2012

Only one exotics publication (CMS) from 2012 data so far...

Delivered Luminosity [fb™]

E T T T T T T T |
35E ATLAS Online Luminosity 3
E 2010 pp \s =7 TeV =
30: = 2011 pp Vs =7 TeV 3
25: =— 2012 pp \s =8 TeV i
20F 3
155 3
10C 3
5 =
0: ) ) | ]
e ot AN oct

Month in Year
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EXplorlng The Exotics at the LHC

Unknown

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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dijets

Low Hanging o
Fruit Iy

Low Hanging Fruit

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

dijets
=
v

ATLAS-CONF-2012-148 Search for
new physics in dijets
13fb~! @ 8 TeV
m Require two central jets
ly| < 2.8

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

m |mj;| > 1000 GeV

m Search for a bump in the mj;
spectrum

James Ferrando
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Low Hanging Fruit ?H?tj

v

—_
(=)
w

S

——— g"MC12
—e— Observed 95% CL upper limi
. EXpECtEd 95% CL upper limit

T

68% and 95% bands

m limits set on excited quark N 3
. N ]
production 1 N ATLAS Preliminary =
AN [Lar=13010" ]
1070 N Vs =8 TeV -
0% TN E
10—3_‘ N

2000 3000 4000 5000

Mass [GeV]
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Low Hanging Fruit ?H?tj

v

- e
8 1F ATLAS Preliminary 3
< \s=8TeV ]
é 1071; [Lar=13.01" |

m limits set on excited quark s f og/m,

production T I —0.15 1

) = —0.10 |

m Furthermore model-independent g = | 007
limits (assuming a Gaussian g0 ]

. (<2 3| _
signal) set 10°F

m Application to set limits on NP i 1

models beyond those directly 0% . 3

3000 4000
Mass, m; [GeV]

P -
. . . 2000
considered is possible
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Low Hanging Fruit ;'E‘;tj

v

5 CMS, 8 TeV, 3.6 fb
% 10 E T T
C —e— DATA
S 3 viz-ee
8 10°y O o, W, WW, Wz, 22,7
Another early search channel is [T/7: @ wF s (@2t
10}
m Only 8 TeV Exotica publication o
. _ 10%
(1212.6175) with 4fb~1 by CMS s ;
m Select two high pr leptons a0i0s 200 a0 w20
m Search invariant mass spectrum = _ s, oS atn
.. & b —+— DATA 3
m Set limits on models 3 vz :
§10F O & W, ww, wz, 22w Y
m ATLAS CONF note with 6fb~1  “ 10§ Cjets E
. 10 ke j
also available B 3
(ATLAS-CONF-2012-129) 108 E
102 =
10'“; j
10" 56 100 200 300 1000 2000

m(u'w) [GeV]
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http://lanl.arxiv.org/abs/1212.6175

dijets
=
v

Low Hanging Fruit

8TeV, ee (3.6 )+ 'y (4.1 )

oHS 8TV, s BORY MY UIRY g VS 7 Tev, co BOW Y B3

T T = ) T L T E|
N - medlan expected ‘: - eeeeeee medlan expected 5

- 68% expected | ['4 N 68% expected

95% expected
7

—e— 95% CL limit

96% expected
2

= 95% CL limit

L :
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dijets
=
v

Low Hanging Fruit

o 10°F “ehsaoizpratinay " oy T

O 10° Ldt=3.67fb" -Dy?::e

Usually slower to access: /v (ERS) Q 10°F \E=sTey — Wty
107 W o ev :

m CMS-PAS-EX0-12-010 P —lEn A

2 E= aco

1 - [ EEwsev
Select a high-pr lepton 2 1o s o

— W' > ev M=1.3 TeV

| |

m Require E™S that balances p!
q T pT — W' > ev M=2.3 TeV

| |

Search mt distribution for
excesses

m e-channel

500 1000 1500 2000 2500

M; [GeV]
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Low Hanging Fruit

Usually slower to access: /v (E%‘iss)

CMS-PAS-EXO-12-010
Select a high-pt lepton

: miss /
Require E7" that balances p7
Search mt distribution for
excesses

m p-channel

James Ferrando

dijets
I~

v

N
S
3

Exotic Searches at the LHC
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N — Woav
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) BEwou

Lﬁ * Data

— W' - uv M=1.3 TeV
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M; [Ge
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dijets
=

Low Hanging Fruit

v

10*

95% Observed Limit

........ 95% Expected Limit

[ Expected+ 16

s [ ] Expectedt2c

O ER— Theoretical Cross Section NNLO
[ PDF uncertainty

CMS preliminary
Combined e + . 2012 -
JLdt=37b""
\Ns=8TeV._

10?

cross sectionox BR / fb

Lol ) H‘“

-

L L L
1000 1500 2000 2500 3000 3500 4000
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Big Game

7 searches
Complex Final States

Big Game Hunting Boosted Objects

Hunting

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

m Final states with 7s and bs

m Complex multi-object final states

m Processes with very small expected cross sections
|

Final states with boosted heavy objects
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T searches
Complex Final States

Big Game Hunting Boosted Objects

arXiv:1210.6604 > P ! T T T
+ . @ 10*: (a) ATLAS . Dataﬂ2011 E
search for resonant 777 7: S [Ldt=461" Elg/ultuet ]
T I _ Y=t
m Use four channels: 2 10 fs=7Tev EW%V
0 O 10°F E
m ThTh (42%) 8% TiZ(1250) 577 |
10¢ 3
1e -
m Opposite charge 7 candidates 10 3
m Require 7s back to back in 10%¢
transverse plane 1090 AT B R
0 500 1000 1500
m Use Mt to discriminate signal M T ET) [GeV]

and background
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http://arxiv.org/abs/1210.6604

T searches
Complex Final States
Boosted Objects

Big Game Hunting

arXiv:1210.6604 >  F \ I
+ - 8 10%s (b) ATLAS e Data 2011
search for resonant 77 77: S e [Lai-asi! Dﬁ//x_m
3L _ jets
m Use four channels: o 1O, STy s
3 102k W Z-pp
0 i E (B
B Thit (23A’) 10k [ Diboson
AP s Tl [ Single top
S -
107 L
m Require s back to back in 102
transverse plane 100 AT S
R ) 0 500 1000 1500
m Use M7 to discriminate signal M, 7, ET) [GeV]

and background
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http://arxiv.org/abs/1210.6604

T searches
Complex Final States
Boosted Objects

Big Game Hunting

arXiv:1210.6604

- : ————
search for resonant 777 7: & 10tk () arLas « Data2011 |
. S E fidimasn’  Erore 3
m Use four channels: DRk Ro7Tev W WiZ+ets
PR I Multijet 3
3 102k W Z-ee <
TR M@ ]
0 L [IDiboson -
m The (203/0) 10¢ Dsingletop 1
m en (6%) (i 3
107
m Require 7s back to back in 102k
transverse plane
o . 10°% 1000 ‘
m Use M+ to discriminate signal 0 500 1000 1500
and background M8, Thagisr ET ) [GEV]
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T searches
Complex Final States

Big Game Hunting Boosted Objects

arXiv:1210.6604

search for resonant 77 7: (d) atLas * Data 2011
, [Lat=46b" EZy e
m Use four channels: 527 Tov [Diboson

Events / 50 GeV

m Require 7s back to back in
transverse plane

7

m Use M7 to discriminate signal 1000 _ 1500
and background m(e, i, ET*°) [GeV]
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http://arxiv.org/abs/1210.6604

o(pp—2)) x BR(Z'—17) [pb]

10"

10

T searches
Complex Final States
Boosted Objects

Big Game Hunting

T T T ‘ T T
(b) Expected limit
Expected + 10
Expected + 20

—e— Observed limit

4 SSM

sgu th. uncert.

ATLAS % ]
[Ldt=a6" Vs=7Tev 1
Channels combined

‘ Il Il ‘ Il Il Il ‘ Il
500 1000 1500
m, [GeV]

m Channels are
combined to set a
cross-section X BR
limit on
7' =t

m SSM Z' used as a
benchmark

James Ferrando Exotic Searches at the LHC 16/ 45



t+ X, X — td

Big Game Hunting

Example of a complex final state:
top-associated new physics

m Search for:
pp — tX, X — t+jet

m looking for a top+jet resonance

m Several proposed models like
this to account for large
Tevaton App

m Search focusses on W'-like
particles:

m Color singlet tW', W' — td
m Di-quark color triplet
t), ¢ — tu

James Ferrando

C
]

E

T searches

omplex Final States
oosted Objects

xotic Searches at the LHC
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7 search
t + )<q X % td Coslfl:)rlz:(eéinal States

Big Game Hunting Boosted Objects

arXiv:1209.6593 E F "ATLAS | +Da1af|.dt:47fb’j
Strategy: £ 10" Os
_ i i E E W +jets
m Select tt |+jets events in the 510 oter
standard way = ey
— ¢ 400 GeV

B require an extra jet

m Assign jets to top quarks using o
a kinematic likelihood fitter .
m Exploit charge-asymmetry in NP iogl H“"”"‘a""‘y‘ |
. . = e
production by looking at my; vs g-@??
8 500 1000 1500 2000 2500
mg; N m, [GeV]
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http://arxiv.org/abs/1209.6593

7 search
t + )<q X % td Coslfl:)rlz:(eéinal States

Big Game Hunting Boosted Objects

arXiv:1209.6593

310 CATLAS 4 -omaLaza7n

Strategy: o O :
m Select tt |+jets events in the - -om: 3
standard way m102: ,,,,, \ wacey o

E — @ 400 GeV E

B require an extra jet g 3

m Assign jets to top quarks using 107 E

a kinematic likelihood fitter L . ]

m Exploit charge-asymmetry in NP L S nceniainy ‘

production by looking at my; vs

(data-SM)/SM
S o
Lo =

500 1000 1500 2000 2500
mg; m; [GeV]
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http://arxiv.org/abs/1209.6593

7 search
t + )<q X % td Coslflzxrlz:(eéinal States

Big Game Hunting Boosted Objects

Limits on cross-sectionxBR:

T T T T o e e e e e e
=3 -1 = =1
cel ATLAS Fmeony 9 = - 102 ATLAS Orneary' % = _
Sl0°E O O =2 E| 510 \ —_0. .9 =2 e
= E Theory’ ¥ E = \ Theory’ g 3
o — ] o F J— ]
o L \ \s=7TeV Observed limit 9 o [ \ \s=7TeV Observed !lm\l E
2 «.e0es Expected limit ] N E \ Expected limit ]
8 r \ ILdt:A.?lb' 10 i 3 = \ ILm:AJm‘ t1o
S \ +20 S +20
10 -1 o B
E \ ECDF excluded,gR 1 E| \ ECDF e><c|ucled,g|R 1 3
= \ ] = ]
L \ i L
1= -
10" = 10"
5 5 A I AT I AU VI NI O N 5= PR I AT IV AT I N PP A
200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
W' mass [GeV] @mass [GeV]

Exotic Searches at the LHC 19/ 45



t + )<q X % td EoS:na;;i(;teéinal States

Big Game Hunting Boosted Objects

Limits on cross-sectionx BR and also on allowed coupling (gr):

R
ul

o 5§ e B o5 ;

2us ATLAS 1 245 ATLAS

o o

§ 4k J'Lm:znfb‘ é J'Lm:ﬂfb‘
\s=7TeV \s=7TeV

— — Expected exclusion

....... CDF exclusion

— — Expected exclusion

....... CDF exclusion

Favored by Tevatron A
and o (M. Gresham etal.) ]

Favored by Tevatron A_
and o, (M. Gresham et al.)

T Lo L Ly T BRI R A B R R TR EAE S R R
500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
W' mass [GeV] @mass [GeV]
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7 searches
Complex Final States
Boosted Objects

Boosted Objects

Big Game Hunting

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
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7 searches
Complex Final States
Boosted Objects

Big Game Hunting

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

|

can verify that jet substructure variables are well described
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7 searches
Complex Final States

Big Game Hunting Boosted Objects

ATLAS-CONF-2012-136

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
= E¥1iss
m > 1 large-R jet with pr > 350
GeV and large jet-mass
m > 1 bjet
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7 searches
Complex Final States

Big Game Hunting Boosted Objects

> F — - - - - > 300 - — .
& 160~ ATLAS Preliminary -« pata Os 3 8 ATLAS Preliminary  opata
S 140 [L=46615' g 770y HSingletop CIW +jets 3 S 250) J',_ 46615' V5 77ey ISingle top W +jets
> = BMulti-jets [@Z+jets > BMulti-jets [DZ+jets
€ 120;7 [piboson e +jets g _ [Ipiboson 1 +jets
2 100 2, E Z
80— =
60F =
401 -
20 -
[+} n . [}
2 =
H ]
g 5
[=] [=} A
S 70T @0 o a0 3 50 100 300 5%
[GeV/ic] m,, [GeV/c]]
T —— T T T > 25 T —— T
E 110 ATLAS Preiminary  +para Ut 8 [ ATLAS Preiminay  epaa [ ]
2 120 IL:A.sefb'(:ﬂev Wsingle top W +jets Q J'L 46615' (5= 77ey HISingle top TIW +jets |
= BVulti-jets [Z+jets > WMultiets [Z+jets
£ 100 [iboson € +jets § 1sof [Obpiboson 1 +jets |
& 80 @ F

@
=

dlovia iy

b b b b by

—" Q
=2
50 100 150 200 250 ° 50 100 150 200 250
\d,, [GeV] \/d,, [GeV]
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Events / TeV

Data/MC

10°
10°
10*
10°
10°

10

Big Game Hunting

7 searches
Complex Final States
Boosted Objects

1E

2
1
0

ATLAS Preiifinary ' < baa | g
L=466f' Vs=7Tev [Singletop [JW+jets
BMulti-jets [@Z+jets
[JDiboson
~WWW_/¢/M
0 05 1 15 2 25 3 _35
m, [TeV]

James Ferrando
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7 searches
Complex Final States

Boosted Objects

CMS, 4.4-5.0 fb™, s =7 TeV

= 10%F
5 T T T T T T T 2 E —— Expected (95% CL)
a F\s=7Tev ——— Obs. 95% CL upper limit 2 £ P o
= 10° !-J Laoassf? T Exp. 95% CL upper limt 4 @ e Observed (95% CL)
1 E Exp. 16 uncertainty >< \ oo
N e ;_ Exp. 2 ¢ uncertainty ] n 105\ | - Z'1.2% width
z E === Leptophobic Z' (LO X 1.3) ) E \ | [ ] Expected = 1 s.d.
F . = ¥
x ATLAS Preliminary E Foaan )\ [ Expected = 25
¥ E ‘xpected = 2 s.d.
I
= E
Q E
Q L
2 |
............ > [
107 | N
E | N
102 1 1 1 1 1 1 1 L1 i 1 \ 1 Il 1
06 08 1 12 1a 16 18 05 1 15 2 25 3
2 mass [TeV] M; [TeV]

(ATLAS limit on a TC2 Z’ compared to CMS from
arXiv:1209:4397 - both experiments can perform this kind of
search)
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New Physics

Tl’aWI | 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
agaianst existing searches.
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BSM Trawling

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

m There's probablyno — (insert model here)

m So let's stop over-optimising and enjoy setting fiducial
cross-section limits

arXiv:1210.4358
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http://arxiv.org/abs/1210.4538

Electron pairs / 20 GeV

Muon pairs / 20 GeV

120]

100

80

60

40,

20

BSM Trawling

T T T T T
ATLAS —+-Data 2011

_[Ldl =471 [[]Non-prompt
Js=7Tev [ Charge flips
[JPrompt

et

el b b by e M

T T T T
ATLAS - Data 2011

_[Ldl =471" [CJNon-prompt
(s=7Tey  [JPrompt

W=

£ I N I

50

I
100

| | I
150 200 250 300 350 40
m(upt) [GeV]

James Ferrando

> F T T T T T
& 140 ATLAS —+ Data 2011
& 1aof _[Ld« =471 []Non-prompt
% £ Js=7TeV [ Charge flips
§ 100 ["]Prompt

2 F

S gofb ot

& £ e

K] F

250" 300 350 400
m(e"t) [GeV]
m Select events with like-sign
lepton pairs ee, e
m in ee channel exclude mass
window around Z (large
charge-flip background there)

m No requirement on Eff-liss
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BSM Trawling

05% C.L. upper limit 6] m Evaluate efficiency in
Mass range expecte::e :bserved expecte:iLzbserved expected | observed f| d uc | a | re gl on u Si n g
m>15GeV | 4671 42 56723 64 several models:
m>100 GeV || 241755 | 234 230137 | 312 = SS to
m > 200 GeV || 8.873% 7.5 8.4733 9.8 Tt P
m>300 GeV | 45718 39 41778 46 m H
m > 400 GeV | 2.975% 2.4 3.0553 3.1 ™ WR — /NR
m bbb — WtWt
m>15GeV [[2017157 [ 2238 34.1
m >100 GeV i5 | 120 180 m Use most conservative
m > 200 GeV 6.1 838 . . . ..
300Gy 3 3 choice for fiducial limit
™ > 400 GV il il m Alternative approach for 3
e"e” .
m> 15 GeV 25.7 34.4 Ieptpn search in:
m > 100 GeV 18.7 16.9 arXiv:1211.6312:
m > 200 GeV 40 45 . .
e - - B O sectlF)ns provided
m > 400 Gev 23 25 m Parametrised lepton

efficiencies also given
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http://arxiv.org/abs/1211.6312

General

Sea rc h BSM Trawling

Making sure we don't miss anything big: ATLAS-CONF-2012-107

Define physics objects: R A e e -
m electrons: pr > 25GeV , % :Z: '
In| < 2.47 R
® muons : p1 > 20GeV m*: E
In| < 2.4 ok
m jets : pr >50GeV, |n| < 4.9 % g; |
m b-jets : b-tagged jet R i e

myy [GeV]

m photons : p7 > 40GeV ,
In| < 2.37

® neutrinos : EXs5 > 130 GeV

Systematically look at all possible
multi-object final states for regions _
of largest discrepancy (655)
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General

Sea rc h BSM Trawling

» T T

2 ? Muon Stream 1
2

& 10° g -

o E — J-Ldt=4.7fb" E

st F — ]

c

2 10 ATLAS Preliminary =

m E —_— 3

* ——Data2011 (fs=7TeV) |

1 #2 SMToy Experiments ~ —

E — — SM+SU(660, 240) 3

= — SM+SU(1220, 180) 3

C —_ sm:sugizzo‘ 2403 ]

107 — -

102 b E

E I [ I cle NI B B

PETEEN R P IR e | I Ly
0 1 2 3 4 5 6 7 8 9 10
—Iogw(p—value)

(Also there is an earlier CMS general search:
CMS-PAS-EX0-10-021)
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Summary

Extra dimensions

LQ

Excit.: New quarks

ferm.

er

Othe

*Only a selection of the available mass limits on new states or phenomena shown

Technihacrons (LSTC) : WZ resonance (i), m

Laige ED (ADD) : monojet + E; ..
Large ED (ADD) : monophoton + E; ey
Large ED (ADD) : diphoton & dilepton, m, .
diphoton + . e,
S'/z, ED : dilepton,m,
RS1: diphotofi & dilepton, m, .
RS1: ZZ resonance, mw "
RS : WW resonance, my ,,
RS g -1t (BR=0.925):tt - I+jets,m "
ADDBH (M, /M,,=3) : SS dimuon, N, N,"',“
ADD BH (M, leptons + jets, £p.
Quantum black hole : dijet, F (m,}
tdqd contact ineraction :X(m )
qll Cl - ee &y,
S diepton + et 4 Ex,
Z'(SsM)im

uutt CI

W' (SSM) :m,.,
W' (- g, g =1):m,
W, (=~ tb, S5M) m,

wr Ivu

Scaiar LQ pair (3=1) * kin. vars. in ecjj, evj

Scalar LQ pair (8 in. vars. in pyj, pvj

Scalar LQ pair (B=1)  kin. vars. inrj, vj

4" generation : tt' . WbWh

4" generation : bb/(T_T. ()sz\m

New quark b': b8

Top partner : TT . tt+A A, (dilepton, M 5

Vector-like quark : CC,m.,

Vector-like quark : NC,m,

Excited Guarks :y-jet resonance, i

Excited quarks : dijet resonance, i

Excited lepton : Iy resonance, m,
echni-hadrons (LSTC) : difepton,m,

p

q

Major. neutr, (LRSM, no mixing) : 2-lep + jets
M, no m\xmg) 2-lep + jets

H (DY prod., BR(H™ . I)= S ee (), m
H* (DY prod., BRIH - ej1)= 1) SSep,m
Color octet scalar : dijet resonance, m

Summary

ATLAS Exotics Searches* - 95% CL Lower Limits (Stat HCP 2012)
T

L ——— T T T T T T
A M, (5=2)
G M, (5=2)
HENE M (HLZ 5=3, NLO)
WA Compact. scale R
M My, - R
@A Graviton mass (k/My, = 0.1)

WAEEEW Graviton mass (k/M,, = 0.1) )
ST Graviton mass (k/Mp, = 0.1) ILdt =(1.0-13.0) fo
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b, mass ((p) = )+ m(a) =1 1me,)

ss (W) = 2 TeV)

Wy, mass (m(N) < 1.4 TeV)
H;* mass (imit at 398 GeV for py)
Hi* mass

L2010". 7 Tev (1204 1265)

L=471" 7 Tev (1200 41061

=46 1", 7 Tev (ATLAS-CONF-2012:137] =vimy)
img)

Scalar resonance masi

P A
10°

Mass scale [TeV]

10

James

Searches at the LHC 33/ 45




Conclusion

Wide range of NP
signatures explored

Extremely strong
constraints on many
benchmark models

Still no sign of new
physics

Plenty to explore in
the 8 TeV data

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

Summary

Allison Pearson
Talking offence is
L|H new national sport
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and finally

Summary

Both Collaborations pushing hard for new and updated results in
the next few weeks!
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New Heavy Quarks

Bon US featu res I Heavy Quark Searches

All hadronic search with HepTopTagger

Extra slides and goodies follow...
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New Heavy Quarks

Heavy Quark SearCheS Heavy Quark Searches

All hadronic search with HepTopTagger

m Are Heavy quark searches in trouble?

m yes - for the bog-standard chiral 4th generation
m no - for Vector-like quarks

m Future of such searches is to explore the parameter space for
VLQs
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VeCtor— I_I ke New Heavy Quarks

Heavy Quark Searches

Q ua rks All hadronic search with HepTopTagger

Vector-like quarks are not your daddy’s quarks!:

m Charges allowed
—4/3,-1/3,2/3,5/3 1 ‘

m both chiralities have the same osh Trlm ]
. . T—Ht
transformation properties under B> Wt
B—2Zb| |
the electroweak group “L B>

m Don't have Yukawa couplings to
Higgs Bosons

Branching ratio
1N
=
T
Il

I
18]
T
\
L

m Can decay to gqW, qZ, gH

. 580 75‘0 10‘00 12‘50 15‘00 ]7‘50 2000
m motivated by e.g. m, (GeV)

extra-dimension models,
composite Higgs

“As good (or bad) a model as a sequential 4" generation”
!See e.g. arXiv:0907:3155
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http://arxiv.org/abs/0907.3155v2

New Heavy

New Heavy Quarks

Heavy Quark Searches
Quarks

All hadronic search with HepTopTagger

Still important parameter space to explore:2
) Br(T — Wb) = 1 — Br(T — Zt) — Br(T — Ht)

i

T

3

S

M
Points used
for searches

04'/ \
0 Br(T — Zt) 1

2Figure from Juan-Antonio Aguilar-Saavedra
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NeW Heavy New Heavy Quarks

Heavy Quark Searches

Q ua rks All hadronic search with HepTopTagger

Still important parameter space to explore:3
Br(B — Wt) = 1 — Br(B — Zb) — Br(B — Hb)

Points used
264" T TT—
Y 1
0 Br(B — Zb)

3Figure from Juan-Antonio Aguilar-Saavedra
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New Heavy Quarks

N ew H eaVy Q ua rkS Heavy Quark Searches

All hadronic search with HepTopTagger

first generic heavy quark search form ATLAS arXiv:1210.5468:

=
E ATLAS
[
w 0 Vs=7TeV, fL dt=471"
C oaf
m 0 i ¥ N ------ 95% CL expected exclusion @ SU(2) singlet
0.2]
95% CL observed exclusion Yk SU(2) doublet
0 0.6 0.8 1
1 1T
m, = 450 GeV Ror, m, = 500 GeV
0.8| 0.8 b%q
*
0.6| 0.6**
0.4 0.4f
02 . 02f
[] 0.2 0.4 0.6 08 ‘I [] 0.2 04 0.6 08 - 1
1 1
‘%’% m, = 550 GeV Pory, m, = 600 GeV
0.8 % 0.8 %
06 * 0.8%
0.4 0.4f
0.2| 0.2
[] 0.2 0.4 0.6 08 VVI 0 0.2
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New Heavy Quarks
Heavy Quark Searches

All hadronic search with HepTopTagger

Ldte4a7 fb71 —e— Data 2011

Top Candidate Mass [GeV]

PN I P R I R
160 4 6 8 10 12 14

Average interactions per bunch crossing

Technique based on HepTopTagger:
Phys.Rev.Lett.104:111801,2010 (Pile-up resistant)
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http://arxiv.org/abs/arXiv:0910.5472

New Heavy Quarks
Heavy Quark Searches

All hadronic search with HepTopTagger

T A A
3 [Lat-a7"  ATLAS Prefiminary
N g < Data 2011 1
2160¢ [z (1 Tev)o=0.8pb ]
£ o0 ]
> 140 T E
m r i 1
1 20; JQcD (data driven)
100F E
80 E
60 E
40 E
207 g
il 0 g ]

£40 150 160 170 180 190 200 210
Leading Top Candidate Mass [GeV]
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% 450;\ LB I L B B B \7:
S 4005 f Ldt=471" ATLAS Preliminary
‘8_ E + -Data 2011 3
P 350? [z (1 Tev)s =08 pr
§ 300? (e E
W 2501 JQcD (data driven)
200 e
150 =
100~ 3
50 ]

D G

|
1500 200
Di-Top Invariant Mass [GeV]

800

1000

James Ferrando

0 2500 3000

New Heavy Quarks
Heavy Quark Searches

All hadronic search with HepTopTagger

e e e e
[} E

o JLdt=4.7fb‘ ATLAS Preliminary

8 --Data 2011

E [z (1 Tev)s = 0.8 pb
e -

o Dn

N8}

acD (data driven)

500

1000

1500 2000 2500 300

Di-Top Invariant Mass [GeV]
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New Heavy Quarks
Heavy Quark Searches

All hadronic search with HepTopTagger

= R e o e e e N B 5102?"""""""""""""""E
Q 102 —e— Obs. 95% CL upper limit _| Qo F —e— Obs. 95% CL upper limit
= S R Exp. 95% CL upper limit 3 = IN e Exp. 95% CL upper limit ]
hT [ Exp. 16 uncertainty ] T Exp. 1o uncertainty L
N I Exp. 2 6 uncertainty ) U? 10k Exp. 2 6 uncertainty ]
% 10 = Leptophobic Z' 3 x E Kaluza-Klein gluon E
x f ATLAS Preliminary | 2 f ]
o [ 1 X 7 1
r 1 © - 4
1F E

E NP 3 1 E
10'F E E

E Vs=7TeV E (s=7TeV
- E -1= —
[ [pai=47000" | L] 10 E [La=a70f0"

500 1000 1500 2000 2500 3000 600 800 1000 1200 1400 1600 1800 2000

Z' mass [GeV] KK gluon mass [GeV]
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