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Introduction

The discovery of a 125 GeV Higgs boson is established.

However, there are many problems with the Standard Model (SM).

Hierarchy Problem,

Neutrino Oscillation,

Dark matter/Dark Energy,

Matter—Antimatter Asymmetry, Higgs mass stability, ---

One of the primary goals of LHGC, is to search for New Physics
Beyond the SM (BSM).

Top quark still the heaviest fundamental particle; largest
correction to the Higgs mass—squared t

Top quark plays an important role in searches LQ—
t

for physics BSM
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BSM theories

Some propositions for BSM physics:

Super symmetry, Extra dimensions,
Higher symmetry/Unified model, ---.
Many possible extensions of the SM (non—-SUSY)
GUT, Extra—dimension(s), Little Higgs, composite Higgs, """
Predict new particles, coupling preferentially to the third generation
Focus on searches with third generation quarks:

New coloured fermions: Vector—Like Quarks (VLQ) In this talk

New bosons: decaying to tt
Run 1 physics results: large dataset (20.3 fb~1);
Results published or publication ready
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Vector like quarks




Top/Bottom Partners aka VLQs

Predicted in various BSM models, including composite Higgs, can solve
naturalness problem without SUSY

eft and right—handed components transform in the same way under the EW
group (SU(2)) = Interesting properties:

Gauge invariant mass term independent of Higgs.
A vector-like top can play a similar role as the stop
in regulating Higgs mass divergence.

JHEP 11, 030 (2009) (triplets not included)
_ Label| Charge | Decaymode | Couple preferentially with 3rd generation
T singlet Tg +2/3 T>W+b, Zt ht quarks
B singlet 3 /3 | B>WHt, Zb, hb N _ _
15) doubict T; 20, 1 | Town. A = Considering four different kinds of
' ’ ' B->WH. Zb, hb Vector Like Quarks with different
(X.T)doublet | XT, |(+5/3, +2/3) | X>W-t charge
>4, 1t = May come in singlets, doublets, triplets
(B,Y) doublet | BY, | (-1/3,-4/3) | B>Zb, hb
Y>Wb
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VLQs production mode at LHC

Strongly produced in pairs: large QQ cross section
only dependent on mass (just like tt) , P

Run—1 focus on pair—production |
q.q

Z.H W+

Single production dependent on mass,
charge, coupling (like single top)

J q.q
dominant for large VLQ masses:
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VLQ Decay Modes

i) T B AR |
@ Three decay modes: < - rHe
"E ') inglet L ,T) oubiet
o T— Wb T— 2t T— Ht s ! i
& 0.8 —
e B—~ Wt,B— Zb, B— Hb I VR
o [T 0.6~ ]
% i SU(2) Singlet (B.Y) Doublet (T,B) Doublet | 0.4 '._.
§ 0.8—— —B-oWt o B—- Wt B-oWt ] -
i 0.2
i /PROTOS
0.6 | i
i 0.—_ .................................................................. __.‘
0.4} R R et o 0605000
i 1 my [GeV]
02 ... 1= Branching Ratios (BR) are very model
i 1 dependent, hence different general
bbbt gnalyses were developed to cover all

"5 the possible decays
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ATLAS Style limit plot

2D-BR plane for a given VLQ mass for many analyses

Ht Unphysical
Forbidden = | Quugosl maxiiza
f BR sensmwty N tu trlang e
sum o ,
greater than =/ /
- L:"l tHtH % ..
& tHtZ bths
Multiple BR limits, ‘ 2Z,WoV
different analyses forfixed N, 7T LememmmTTIIIIIIN I e
mass on same plot tZtZ {2z WbtZ,wowo X Wb
I S — 1
Wb BR(T->Wb)
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Pair VLQs production: TT>Wb+X

arXiv:1505.04306

Event selection S T PR~
hy 60— Ctt _
® [ Non-tt
Exactly one electron or muon 5 ool 77 Total B une.

Whb+X, tight

ETSs > 20 GeV, EZ + mY > 60 GeV
>4 jets, >1 b-tagged jets

Apply technique to identify hadronic W, 4 : R o i
e Exploit T's boosted kinematics to reconstruct W bosons. | s e s ;///// -~
@ Two types of Wj 4 candidates are defined :

Data / Bkg

mTECO [G eV]

tyoel . : § moLamas ., mmriowswseoo
Q Whad . S|ng|e merged Jet, ? ng s ggr‘(iso) smgl(et )
(pT > 4OOGeV, AR S ARcone — 04) ‘é 1605 |7//:/4ITgtal Bkg unc.
o WX two close-by jets, w oo
(pr > 250GeV, AR(j, j) < 0.8, m; = 60 — 120GeV). A
@ For Wi, candidates, is reconstructed using the lepton and i3 ' 7
E;’:"ss 22?‘”‘\‘H‘\HH\HH\HH\HH PRSP e A W
m,.., from had W+bjet (¥) of tight selectionischosen &>~~~
to derive final results; better sensitivity Mheco [GEV]
type I type II -
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Pair VLQs production: TT>Ht+X

arXiv:1505.04306

- ’ & . ; ATLAS‘v L ‘T‘gtal‘ background —
@ T T production search, g Zj Simator ?;Lségg.eueooeew
. o 04 Vs=8TeV ... oo — 1 (600 GeV)
T —) H(—) bb)t § 03; > 6 jets, > 4 b-tags ( ) E
@ Possible final states: CRP I B E
o HtHt, HiZt, HtWb H
@ Selection: %6 000 7800 2000
H; [GeV]
> large jet and b-jet multiplicity s P —
> event categories: n jets (5, 26)/n b-tags(2, 3, 24) & " weviiery AT
> Higgs-candidate from b-jets with min =R § prem o
> two channels based on m_™"** (> or < 100 GeV) =
» limits from H_= % p_(jets) + p.(leptons) + ET”“SS of
@ tt dominant background o 0
@ Ht excellent discriminating variable B
H, [GeV]
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Limits on the T T cross-section
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Pair VLQs production: limits on TT

arXiv:1505.04306

B TTT T[T T T T[T T T T [TT T T[T T T T [TTTT[TTTT[TTTT[TH g JHWHH{HHHHMHWHHMHWHHIHE g E‘ rrpTTrTTITTT HH‘HH‘HH‘HH“H‘I‘E
,% © ATLAS === Theory (NNLO prediction +ic) | E - ATLAS = Theory (NNLO prediction +1c) IE - ATLAS Theory (NNLO prediction +15)
[ 1 i . - 1 - 1
= ok 95% CL observed limit ? 10 95% CL observed limit LT —— 95% CL observed limit _
Il EoN e 95% CL expected limit a [E N 0 e 95% CL expected limit 3 g_ N e 95% CL expected limit 3
Q— [~ . . 8 B 0, 1 H ] Q_ [ n
T I [ 95% CL expected limit 1o o [ [ o5% CLexpected imitzto = [ [ ] 95% CL expected limit+1s |
i3 [ ] 95% CL expected limit+2c 3 e [ ] 95% CL expected limit+26 3 1= [ ] 95% CL expected limit+2c
T — -1 | B N
10 EEN 10°E 3 107 . =
1072 ? ............. ? 10-2 - X ] ) T — —
E Wb+X £ Ht+X, Wb+X combination 0 X < 3
- Vs=8TeV, 20.3f6" BR(T — Wb)=1 [ s 1 , ] - .

F Vs=8TeV,20.3fb" SU(2) singlet b i
10-3 1111 l 1111 l 1111 l 111l l 1111 l L1l l 1111 l 1111 I | 10'3 Ll l L l L l L l L 1(1)l L 1gl l L l L I =z B Vg = 8 TeV, 20-3 fb1 SU(2) doublet T
300 400 500 600 700 800 900 ;T?O(Edéovo] 300 400 500 600 700 800 900 1000 1100 103 Bt lvv e b b b b b n by w o 14mo
T m; [GeV] 300 400 500 600 700 800 900 1000 1100

m; [GeV]

» Exclusion @95% CL » Exclusion @93% CL » Exclusion @95% CL
> BR(T>Wb=1) case > SU(2) singlet case > SU(2) doublet case
> obs (exp) limit: > obs (exp) limit: > obs (exp) limit:

» m; >770(795) GeV » m;> 800(755) GeV > my;> 855(820) GeV

» Combination

TT>(Wb+X) & TT>(Ht+X)
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Limits on the BB cross-section
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Pair VLQs production: BB=>Hb+X & Limits

arXiv:1505.04306

BB—Hb + X: same analysis as TT— Ht + X
only minor change on p- leading b—jets (more boosted)

E 1 0;: ? L [ LA I L I L I LB l L I L L g E 1 0? vé L ] LB I LB ] LB I LB I LI ] L 3
|§ ATLAS = Theory (NNLO prediction %) ] l&? ATLAS Theory (NNLO prediction =10) ]
GTJ - Preliminary g5 61 observed limit 1 GTJ - Preliminary o506t observed limit 1
10 3 10F 3
a E 000000 seeesees 95% CL expected limit a =L e 95% CL expected limit
a r 7 Q ]
o) L I:‘ 95% CL expected limit =% ] B ‘:l 85% CL expected limit =1%o |
1 E ) 95% CL expected limit =20 = 1 = "'n_. % CL expected limit +20 -3
10 = R _E 10‘1 E_ ............ _E
53 — 2 —
10 E Hb+X 3 10 . Hb+X 3
- Vs=8TeV, 203 fb" BR(B — Hb)=1 ] - {s=8TeV, 203 b SU(2) singlet
1 01 ALl l LA L. L l LA AL L l LA Ll l ded el l - l LA L 10:: - l AL L L l F - l LA AL l Al L L l LA Ll 1 Ll L
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
mg [GeV] mg [GeV]

BR(B—>Hb=1) case> Exclusion @95% CL limit mg >625 GeV
SU(2) singlet case = Exclusion @95% CL limit m; >635 GeV
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Pair VLQs production: TT/BB—=>Z(t/b)+X

JHEP 11 (2014) 104

Event selection

>
[ [
P C ATLAS flat-203 1" o oaentiots
3 12— Vs =8 TeV Z+bottom jet(s) —]|
Ay + Dilepton I

I | 2 Other bkg T

m Single e or u trigger (24 GeV) : , o eae v

L

TT (650 GeV)
Zo00002;  Uncertainty —
= 2 b-tags ]

m At least eTe™ or ut ™ with [my+,- — mz| < 10 GeV,
pT(€+€_) > 150 GeV

7

m At least 2 central jets

Z.

: g w
= Two c'hannels. | c 0 ///é
m dilepton (exactly 2 leptons), at least 2 b-tagged jets  ©  6-zo6a00 600 8007000 7200 1400
m trilepton (at least 3 leptons), at least 1 b-tagged jet m(ze [Gev]
3 gEATLAS  [Lai-z03 fb~g """ E
> targets also . forward 8 Y mma
jet requirement : o ooy
3 : targets Z decays, T—Zt, B—Zb, YA y T
observable m(Zb) st E
. C Z Z =
3 : targets multi-boson final states (W, Z, i ”i E
H), observable H_ o e e
.

o 0 400 800 1200 1600 2000

Farida Fassi (ICNFP2015) H; (jets+leptons) [GeV] 5



Pair VLQs production: TT/BB=>Z(t/b)+X

Limits on TT & BB JHEP 11 (2014) 104

3‘ E T T T ‘ T T T T 1T ‘ L ‘ LA ‘ L 3 E 102 T T T — T — T ——Tg
o E 3 E T T T T 3
= | ATHAs e ol "% c ATLAS Theory (NNLO) ]
— o 95% CL expected limit ] — E e 95% CL expected limit T
g_ 0é [ ] 95% CL expected limit +1 3 T 10 = [ o5% oL expected imit o 3
Qo F 95% CL expected limit £26 Q c 7
5 [ l:l P ] = £ |:| 95% CL expected limit +26
L B ——— 95% CL observed limit | © r ) ed i b . 0 . .
BN e oot Exclusion @93% CL limit
o e ] i N ] TT singlet/doublet
| : g : excluded to
10° _ -1 Zb/t + X = }
E J-erl =203 iep. + Trilep. Combination 10%E J-Ldt =203 oi _I_Zlb/t +CX bination 3
F -8TeV ; ] F ilep. + Trilep. Combination 3 655/ 35 G
r Vs | e | | SuU(2) ‘smglet | ] F 7 (s=8TeV SU) (T.B) doublet 3 7 ev
3L 11 L1 L1 L1 L1l L1 [~ T
1 0300 400 500 600 700 800 900 o o —— Lo b v b v b by
m; [GeV] 300 400 500 600 _ 700 _ 800 _ 900
m; [GeV]
g 10° Err T T T L R B 10T T T T Lt e B
= F ATLAS Theory (NNLO) 3 o E 3
—~ i ] — £ ATLAS (T heory o E
[an] —_ y ( )
ICD r e 95% CL expected limit b |£ r 85% CL expocted it ]
l_ 10 ? |:| 95% CL expected limit +1c E T 10 [ 95% CL expected limit 10 3
=y r |:| 95% CL expected limit £26 | o E ) o E . 0 . .
o cromenton g ¢ [ ot mpmomobmnszo Exclusion @93% CL limit
1 ° = L ——— 95% CL observed limit _ S
- B ; BB singlet/doublet
ol el 4 L= B
: ; CE I — excluded to
10 [t z0 1 onax k| ,1 i 685/755 GeV
E =cU. . - - 3 E |Ldt=203fb Zb/t + X E! e
s gTey P tonier Combination 3 g Dilep. + Trilep. Combination 7
r Is=8Te SU(2) singlet ] F Vs=8TeV SU(2) (B,Y) doublet ]
. | — ‘ L1 11 ‘ L1 11 ‘ L1 11 ‘ L1 11 ‘ L1
10306~ ~"400 500 600 700 800 _ 900 1035500505505 55565500
mg [GeV] mg [GeV]
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Single VLQs production: T/B=>Z(t/b)+X

JHEP 11 (2014) 104

Single production: discriminating variables

Events/ 150 GeV

Data / bkg

35F

30
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0.

U‘._A

T IIIIIIIIIIIIllIl]lIlllIlllIl

%/w

/ ......... Thq (650 GeV)
A7 Uncertainty
%

o ! T T

- ¢ Data

= ‘;L‘I'I';i . I Ldt=2031M" Zeiight

= G=8Tev o fooro”
Dilepton Other bkg
= 2 b-tags BB (650 GeV)
21 fwd jet TT (650 GeV)

......... Bbq (650 GeV)

IIIIIIlIlIIllIIIIlIIIIIlIlIlIIIlIIIll

200 400 600 800 1000 1200 1400
m(Zb) [GeV]

Events / 200 GeV

. . -
Trilepton |
1.6
I~ .4+ ® Dat
1 4L ATLAS fL dt=20.31" " otherbkg. ]
" [ Preliminary] ¥Vs£8 TeV wz
- . tt+V ]
1.2 Triepton — BB (650 GeV) ]
r =TT (650 GeV) 1
1 PETY TERL S «+ Thq (650 GeV) —
N : : 2 Uncertainty
0 8'_ = 1 b-tag
L : = 1 fwd jet
0.6 Zeenees :
0.4f :
0.2F
:L A " l A A J
0 800 1200 1600 200

H,(jets+leptons) [GeV]

Not sensitive to Bbg

At least 1 forward jet
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Single VLQ production: Imits on T & B

JHEP 11 (2014) 104

First LHC cross section limit on single VLQ production
Sensitivity not sufficient to constrain electroweak couplings TWb & BZb

Single VLQ not quite yet competitive with pair production

A
o
LX)

10:‘571ll'Vl|ll'l"llI"llll"l'l"‘lll"]lll'l'

3’ - E E E'l"ll[l|Ill'|lll'lllllll']lllllllllE
2 FATLAS Preliminary " 95% CLexpected imit = F ATLAS Preliminary - 95% CL expacied limit 3
8 I ) 5]
N - ] 85% CL expected limit =1o ] ) 95% CL expecied limit +1a
1 J. Ldt=203" 1 ° 1 =203
om — I 95% CL expected limit +2¢— - 95% CL expecled limit 120 _|
= 10F Vs=8 TeV ? Sced iR E’ 10F s =8TeV E
o o = 95% CL cbsarved limit . m = 95% CL obsarves limit
X B B X
8 8
o 1F = 1 =
(T;- C - T =
&I 1 =
6 1 T
10 - 10'F =
10—:'lllIlllllllllllllllllllllllllllllllllllllllll 10~:‘IllllllllIllllIllllllllllllllllllllll
400 500 600 700 800 900 1000 1100 1200 400 500 600 700 800 900 1000 1100
mg [GeV] m; [GeV]
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Pair VLQs production: BB>Wt+X

Phys. Rev. D 91, 112011 (2015)

Event selection BDT cross—checked
> 1 lepton (e, u), ET”“SS, jets With cut—based analysis
> categories: N jets, N hadronic W/Z, N b-jets, H_

> BDT with 12 variables, most discriminating:
 H_, AR (lep, b-jet 1), M_(W lep)

The output of the BDT is shown for the two different signal categories:

Uniform binning (*) non—uniform binning
~— — T T T T T —]
T g C ATLAS ¢ Data
e p y > N 3| Vs=8TeV,2031' 1 #
» Vs=8TeV,203f'[ 0 10 E 0 W+jets
c [0 Wjets S E I Multijets
o I Multijets 5 L I Other bkg. .
L I Other bkg. 102 Bkg uncertainty J
Bkg uncertainty E —— BB (600 GeV) 3
— BB (600 GeV) C -~ BB (700 GeV)
-~ BB (700 GeV) - " .
10 ! e =
—=-9--—
2
2 T T o Fo Y. T Y
2 2
S 5 . . R -
S [-1,0.95] (0.95,0.96] (0.96,0.97] (0.97,0.98] (0.98,0.99] (0.99,1]
-1 08 06 04 02 0 0.2 04 06 038 1 BDT

BDT . . . .
Farida Fassi (ICNFP2015) (*) Used to determine the final exclusion limits 9



Pair VLQs production: BB>Wt+X

Limits on BB ppys Rev. D 91, 112011 (2015)

= 102 E | | | | | | T T T E
o ; ATLAS —— Observed 95% CL limit ’ 850
0 - Is=8TeV,20.3fb" ...... Expected 95% CL limit 2 0ok ATLAS 800 (%DJ
T 10g SU(2) singlet I Expected +16 E T F /s =8TeV, 20.3 fb" WEX: =
o 9 [ ] Expected +2 6 : o 0.8 One lepton + jets 750 £
~ L i am = =
© L Theory (NNLO+NNLL) | m 0.7F 700 @
2 = 0.6F 650 £
C ] - —
i ] 0.5 600 O
i “ ......... E oo
10'F N 0.4 550 &
= T - o
B 0.3F- 3 500 3
B = O S
02 e b b b b b b L Liyos? 0.2F oy R 450 o©
350 400 450 500 550 600 650 700 750 800 850 E e 2
0.1 400 O
mg [GeV] - 300 e
0 0.102030405060.70809 1
. 0 C
Exclusion @95% CL limit BR(E - W)

SU(2) singlet case
observed (expected) limit: Best sensitivity in bottom-right
— 0
my > 640 (505) GeV corner where BR(B — Wt)=100%

Exclusion @95% CL limit

observed (expected) limit:
mg > 810 (760) GeV

Farida Fassi (ICNFP2015)
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Same—sign dileptons and b—jets

arXiv:1504.04605
B200F priae bt
Very small cross section in the Standard Model ~ & Amas o o ]
L F I @ wis-id 1
. m1607 ) ]
@ Exotic Models: S0 — i
1 H H L = Dibosons =
e Pair production of chiral b’ quarks g o ]
e Pair production of VLQ o3
N preseilection + -je N
@ 4 top quark production ;
Q

Same-sign top quark production

"50 100 150 200 250 300

@ Pre-selection: ET [GeV]

® 2 same flavor leptons with same electric charge S |amas ;éf";‘;x ]
300-ys =8 TeV, 20.3 fb t ]
my > 15 GeV, Z veto |my — mz| > 10 GeV I T Dzv:ni-id ]
® >2jetsand > 1 b-tag S
Lﬁ 200} Z . Dibosons E
E |:|Other
. . . | ] . L] 50k I — . .

Selection optimized for different signal regions - ” tnoerantes
. . 100} Y preselection + 1 b-jet 1

event categories based on H., N b—jets, E_.__ i
50— ]

~2 0 excess in categories with large H-

TT200 400 600 800 5000 1200 5400 1600
Farida Fassi (ICNFP2015) Hr[GeV] .



+f)

o(pp — bB)[pb] x BR(bD' — WtW

Same—sign dileptons and b—jets

Exlusion limits for Different Signals

Absence of any significant data excess in the H; spectra
Interpretation of several new physics models

Exclusion @95% CL limit
>0.73 TeV

Mgy0un> 0.83TeV
My > 0.96TeV

Exclusion @95% CL limit
mg >0.62 TeV
m;>0.59 TeV

arXiv:1504.04605

= 10° F \ \ \
o £ —— 95% CL observed limit
|E """"" 95% CL expected limit
1 105 l:l + 10 95% CL expected limit
% E l:l + 20 95% CL expected limit
ho! 1 % 77 Theory _
., SU(2) singlet E
10—1 o , ...... gz 3
102 . E
- ATLAS L
F 8 TeV 203 fb v
I R

-3 L 1
10° 6405 06

A )
= j\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\.\.‘\\\\\ 5 T '_10?\\\‘\\\\‘\\\\‘\\\\HHHH‘HH‘HH‘HH‘\HL
1 _ ATLAS 3 o 2 —e— 95% CL observed limit = r ] ﬁ F ATLAS —— Observed 95% CL limit 3
s=8Tev,203%" 3 = 108 . oot oL - = 0 ]
: 1 E ©Chexpectedimt 3 = T @ 5=8TeV, 20317 ... 3% CL limit 1
E/ F [ - 10.95% CL expected fimit | ! Z ATLAS E i e Expected 95% CL fimit
107 B 4 a4 [ =2095% CL expected limit _| 2, L / “, Ns=8TeV, 203 t" ] T 108 SUQR) single I Expected 16
e - 7 Theary[BRlo == 1004 3 5 107 7% = & § [ Expected 220
________________________________________ S ] b T £ Theory (NNLOANLL) |
. 107 2 - 1E 3
102 = = P L 2 = F
—e— 95% CL observ: = E = C
E . s OLoxpects - =< [ —4— 95% CL observed limit 2
-3 ; l:l + 10 95% CL expected limit _ 10 E :<( 1 0-3 S 95% CL expected limit median 3 & 10_1 I
107 ¢ E| h E [ = 1095% CL expected limit E e
B l:l = % CL expected li 10_3 i ATLAS f._: L [ ] =2095% CL expected limit ] F
- %* A ] - ls=8Tev, 203fb1 | P10 Z ey el =100 T bt
L AR I BT TR IR A EEUEEEE R B bbb b by a0 d
04 05 0.6 07 08 09 1 04 05 06 07 08 09 1 1112 06 07 08 09 1 11 1o 350 400 450 500 550 600 650 700 750 800 850
m,, [TeV] Sgluon mass [TeV] My [TeV] mg [GeV]
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Pair VLQs production: generic limits

arXiv:1505.04306

Exclusion @95% CL limit
Expected: 615-800 GeV
Observed: 575-813 GeV

Exclusion @95% CL limit
Expected: 715-885 GeV
Observed: 730-950 GeV

E %0 = 2 ATLAS
T [
T %CLéq.iv 20.3 b7 Summary results: 900 O, T Vs =8TeV, 20.3 fo! Summary results:
= ’ Same-Sign dil = @ E Same-Sign dil.
o arXiv:1504.04605 g o arKivi1504.04609
an} » 28] Zb/t + X
JHEF’HZ(th)/Wt4-)'—10)§ % JHEP11(2014)104
€ Wi+X
Ht+X’\a/th‘):1)§Og%EEé — arXiv:1503.05j1-25
O
-  HbsX
lc.)O arXiv:1505.04306
o
°
@
c
©
(/2]
¥o]
O R '
N s . ;
0 0102030405060.70809 1 0 0.102030405060.70809 1
BR(T — Wb) BR(B — Wt)

950
900
850

500

Observed 95% CL mass limit [GeV]

. ower mass limits for individual limits from most restrictive searches

Best sensitivity in upper—left corners where BR(T — Ht)=100%
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W' resonances
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Search for tb resonances

Eur. Phys. J. C (2015) 75:165; Physics Letters B 743 (2015) 235-255

Full hadronic analysis 3 Fa .
m Target: W' — t(— qg'b)b in the range [1.5,3] TeV g of worew D
m Decay of boosted top = use of large-R jets - o tng category ool

3.0 TevVW

m [wo channels:
m one b-tag (no additional b-tagged jet)
m background: 99% multijet
m two b-tag (one additional small-R b-tagged jet inside
top-tagged jet)

Unbinned likelihood fit on m(tb) T ke e e e —
Background estimation fully from data e —e—z050 503080 —3E60—Fo00

Exclusion @93% CL limit ™ [GoV

data/ fit

Left-handed Right-handed
myy: > 1.68 TeV % 3 }Eizoatbi w, 95_’°,L,;1'::d E g: OF amas " w, %jg;;md E
myy, > 1.76 TeV g oL e St E [ Jroae %
Leptontjets analysis : :
Phy. Lett. B 743 (2015) 235-255




Search for ttbar resonances (lepton + jets)
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tt resonances

Two theoretical benchmarks to quantify sensitivity: z

Narrow resonance (topcolor, leptophobic (Z'))

[,./m,=1.2% (or 1%) with K factor 1.3 [EPJ C72 (2012) 2072 ]

Broad resonance (Kaluza-Klein (KK) gluons) from Randall Sundrum

[ gaki/Mgii=15-3% (10-15%) with no K factor o

Search for enhancement in the invariant mass ttbar spectrum

Farida Fassi (ICNFP2015) 27



tt resonances

arXiv:1505.07018; accepted by JHEP
Analysis strategy

» The top pairs may decay in two main topologies: well
separated jets and leptons, or boosted jet topologies —
combined for limit setting.

A boosted top — Wb

A resolved top — Wb decay decay
v o b-jet
w
¢ b
p 7 P p
B t
27w B
W YA
/\d =
LR e
jet
“fat” jet

Two separate analyses for different topologies
Farida Fassi (ICNFP2015) 28



Search for tt resonances

arXiv:1505.07018; accepted by JHEP

Single—lepton (e/ 1t ) final state
Resolved + boosted selections

Resolved: Reconstruct tt with I+MET+4 small radius jets (R=0.4);
Choose kinematically best combinatorics

Boosted:
Leptonic top = | +MET + nearby small radius jet (R=0.4)
Hadronic top = large radius jet (R=1.0) with high mass, hard substructure
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Boosted selection attempted first;
Events that fail the boosted selection are examined using the resolved selection
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Search for tt resonances
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Focus on invariant mass spectrum (m,,)
Combine 12 m,, event categories
3 b—tag categories for 2 selections and for 2 decay channels
b—tag: leptonic side/hadronic side/both
resolved/boosted regime
lepton channel (e/ i)
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Search for tt resonances: results

arXiv:1505.07018; accepted by JHEP

@ No significant deviation from the expected background is found
@ Upper limits on the o x BR(Z' — tt) and okky x BR(KKg — tt)
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(narrow leptophobic) (Randall-Sundrum KK model)
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Summary & outlook

No hints of new physics yet!!!
Recent results with 2012, 8TeV data are presented
All results consistent with Standard Model so far

Limits are set for new physics models/particles

Exiting perspective
LHC physics reach at TeV mass scale is greatly extended

by the increased beam energy and intensity of Run 2

ATLAS has been doing great-**

Very competitive analyses in Exotica searches
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Top quarks in BSM searches

Entries / 10 GeV

ATLAS-CONF-2013-084

LHC searches entering TeV-scale: “Boosted” top quarks from BSM signals
Decay products of Boosted Tops collimated in direction of p;

Separation can be described according to A R= m/p+
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Run—2 results so far

Run 2 physics results:
limited dataset (<100 pb—1)
only a few weeks to “look” at data
mostly “retuning” searches for higher energies
no complete searches yet
higher energy extends mass range:

sensitivity soon competitive (for some searches)
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Pair VLQs production: TT—2>Wb+X

arXiv:1£05.04206

Selection

Requirements

Preselection

Exactly one electron or muon
ET > 20 GeV, EF*™* + m] > 60 GeV
>4 jets, >1 b-tagged jets

Loose selection

Preselection

>1 Whag candidate (type I or type II)

Ht > 800 GeV

pr(b1) > 160 GeV, pr(b2) > 110 GeV (type I) or p1(b2) > 80 GeV (type II)
AR(¢,v) < 0.8 (type I) or AR(¢,v) < 1.2 (type II)

Tight selection

Loose selection

min(AR(¢, by 2)) > 1.4, min(AR(Wha4, b12)) > 1.4
AR(b1,by) > 1.0 (type I) or AR(b;, by) > 0.8 (type II)
Am < 250 GeV (type I) [see text for definition]

Table 1: Summary of event selection requirements for the 7T — Whb+X analysis (see text for details).
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