ATLA TEXAS

The University of Texas at Austin

Search for new heavy quarks in
ATLAS

Moriond EW 2018

Nikiforos Nikiforou, UT Austin
On behalf of the ATLAS collaboration

I Search for new heavy quarks in ATLAS, 13/03/2018
N.Nikiforou




Physics motivation and general overview

» Although appealing, a straightforward inclusion of a 4t
generation of quarks to extend the SM is excluded

Incompatible with observed Higgs production cross-section

» Latest searches for new heavy quarks in ATLAS target
Vector-Like Quarks (VLQs) (focus of this talk)

» VLQs are proposed in various models of new physics

Colored spin-1/2 fermions and their L/R-handed components transform the
same way under gauge transformations

Evade limitations on chiral quark extensions of the SM

» VLQs could mix with their SM quark counterparts and
regulate the Higgs mass-squared divergence

Attractive mechanism to solve the hierarchy problem
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A bit more about VLQs
» Can have Ty /3,B_1/3,X5/3,Y_4/3, ...

» Could be singly-produced or in pairs

Single production dominates for highVLQ
masses

» Can be arranged in SU(2) singlets or

multiplets

» Decays to W,Z,and H bosons with ,

branching ratios which depend on the model

Z, H W

Z, HW

» Decays to 3" generation quarks are favored

Usually assumed to couple only to t and b
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Today’s Menu: Pair-Produced Vector-like
Quark searches

Focusing on latest ATLAS searches optimized for pair
production of Vector-Like T and B:

» TT — Ht + X: Up-type VLQ in events with multiple b-jets
NEW!

» QQ » Wb + X:VLQ to High pp W and b, lepton-plus-jets

/ [EXOT-2016-14

The analyses are using the 36.1fb™1 of proton-proton
collisions delivered by the LHC at /s = 13 TeV in 2015 and
2016 and recorded by the ATLAS detector

»  You can always consult the latest ATLAS exotics publications here
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/
https://link.springer.com/article/10.1007/JHEP10(2017)141
https://arxiv.org/abs/1707.03347
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

TT - Ht + X

Strategy and preselection
Targets TT pair production,a least one T — H(—
bb)t orT - Z(— vVv)t

Take advantage of presence of multiple jets, b-tagged
jets, t-tagged jets, H-tagged jets, E"°°
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Split analysis into two channels

Preselection:

|-lepton channel 0-lepton channel

EMISS trigger
Exactly 0 isolated e or u

Single-lepton trigger
Exactly | isolated e or u

miss .
Et > 20 GeV E$1ss > 200 GeV

E’{‘nisS + m¥.v > 60 GeV A¢4j- S 0.4 my
min '
> 5 jets > 6 jets

> 2 b-tagged jets
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éqbr_nin'
ET"® and 4 leading jets
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ATLAS Simulation Preliminary
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0-lepton
>7j, 22b
3 Total background
08 —— TT doublet (1 TeV)
....... TT singlet (1 TeV)
v TT = ZtZE (1 TeV)
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Top-tagged jet multiplicity

lelDE%“iSS[l — cosAg]

smallest separation in ¢ of

Suppresses multijet background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

TT - Ht + X

Search regions and combined fit

° ° ° ° o= o S B R B B B T -=

» Final discriminant: m © - ATLAS Prehmmary—#— Data ]
eff G 60F

) o C {s=13TeV, 36.1fb" I TT doublet (1 TeV) -

Scalar sum of pt of lepton, jets,and 2 [t + light-jets .

T ™~ - 1-lepton .

Emlss P : [+ =1c ]

E B 1t., 1H,EGJ, :_:"4b -ﬂ+ =>1bh -

ct+F L 2 ~ Pre-fit [ Non-it -

» Main background: tt + jets & 40 2 Tol Bkgunc,

» “Non-tt” includes: - :

_ ~ 30 E

teV : I A, -

— 2 - —

ttH A :

W\Z + jets .
/4% N > 0
~ 15

Multijet: data-driven methods m Lk .

Matrix Method (1¢) E 0.5 ’
Fit to Ag.  (0¢) 0500 1000 1500 2000 2500 3000 3500
m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

TT - Ht + X

Search regions and combined fit

The two channels are
further divided into
search regions

12 (1€) +22 (0f)
Categorize according to
N, Ny, Np, N;

For O-lepton also

categorize in mlfmin :

HM:m% i > 160 GeV
LM:m5 i < 160 GeV

Perform Combined Maximum likel

Events

Data / Bkg

5
10°F  ATLAS Preliminary
Vs=13TeV, 36.1 fb"
Search regions

Pre-Fit

10
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bs.,

10°

10

—¢— Data B TT doublet (1 TeV)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

TT - Ht + X

Search regions and combined fit

e
c 10°F  ATLASPreliminar —¢- Data [t + light-jets
» Very good .agreement of E ATLAS Preliminary e i
the data with the 104 Search regions ] Non-it 2/ Total Bkg unc.

Post-fit (Bkg-only)

background expectation o {-topton | 0-epton

» Check background in

orthogonal validation
regions: 10 (I£) + 16 (0¢) 10

Use number of jets (= 5 or ’
— o
=0 g
» Main systematic g O e
tt modeling, flavor tagging o Presslssssoarss aisass
uncertainties, background
normalization uncertainties
Proceed to set limits (next slide)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

TT - Ht + X
Results

Exclusion limits are set both separately for
each channel and combined

Under different BR assumptions,VLT
masses are excluded up to, e.g.:

~1.4 TeV (100% BR T — Ht)

~1.3 TeV (Doublet)

» Reweight signal samples to other BR
compositions to obtain 2D limits

Assumes BR(T — Ht) + BR(T -» Wb) +
BR(T — 7t) = 1

Heat map: highest excluded VLT mass at the given BRg':

composition

» Notice increased sensitivity near point (0, 1)
where BR(T - Ht) =1

BR(T — Ht)

IIIIIIIIIIIIIIIII‘\III|\\II|IIII|IIIT

=== Theory (NNLO prediction +15)
—— 95% CL observed limit

--------- 95% CL expected limit

I 95% CL expected limit +1o
95% CL expected limit £2¢
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ATLAS Preliminary
10°L Vs =13TeV, 36.1 fb"
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

TT - Ht+ X

Summary of individual and combined results

For each mass point,
expected exclusion
reach on the BR plane of
each channel (14, 0%)
separately and their
combination (dotted
lines)

Combined Observed
limit: pink shaded area

~500 GeV impro-
vement compared to

previous 8 TeV ATLAS
result gHEep 08 (2015) 105]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

0Q —-Wh+X

Analysis strategy

v

Targets TT pair production, a least one T — Wb

» =14€(eoru),=3j,>1b,EF'SS > 60 GeV
» = 1 boosted hadronic W candidate (W},,4)
» Selection optimized for for TT — WhaaWiepbb

v

» Reconstruct two T candidates minimizing |my

Make all combinations of W candidates with b or other jets

had

]
—m

. . . . le
Final discriminant: reconstructed semi-leptonic T mass mTp

epl
T

B(T - Wb) = 1 B(B - WY =1
g 0.4- T 1 1 [ T 1 1 l UL '| L 'I T 1 1 [ LI I UL | T 71 ] g 0.25-| L I LI I T 1 1 '| L '| T 1 71 I T 1 1 [ L l T
% | ATLAS Simulation i ] €  ATLAS simulation i .
o L _ 4 _ _
g - s=13TeV — m-500GeV ] g 02-_\’5-13Te‘w' o B
po Signal Region = Y2 signal Region m, = 700 GeV ]
c 0.3 —mr-?ﬂ{}GeV - = - -
g L B g C mg = 900 GeV i
W] - Iy = 900 GeV - ] L -
i — my=1100GeV ] 0.15— — mg=1100GeV
02— — m; = 1300 GeV  — C —— my=1300GeV 7
- - 0.4 —:
0.1 — L ]
- 4 0.05_— 7
__I_==E= P J [ F | P ! ! ! ]
G(J 200 400 600 800 1000 1200 1400 1600 G(] 200 400 600 800 1000 1200 1400 1600

| |

me [GeV] M [GeV]
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Bonus: Same
procedure
applied to search
for B > Wt
without need for
further
optimization
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X
Signal and Control Region definitions

» Main background: tt, constrained by dedicated CR
Define SR and CR using scalar sum of EF5S and pp of leptons and jets, St, and
separation between lepton and neutrino, AR (lep, v)

tt - _
< 4000w 4000 e T 2TEY BT W =
8 - Sh ATLAS Simulation 400§ E - Sh Example sienal 0.3 &
}35005‘ \s = 13 TeV, 36.1 fb” @ = 3500=% P o G
3000} tt background “ 3000F point
g , : 300 -
2500:_ SlmUIatlon 2500 0.2
2000~ .
' & 200 2000_
15001 : 1500 :
CR @ S 0.1
1000;‘""" 100 1000EI-HIIIIIIIIII; -
500 h‘ 5002_ ATLAS Simulation
E : /s =13 TeV, 36.11b"
%05 1 15 2 25 3 ° O 08 175 5 " 5e 3 0
A R(lep, v) A R(lep, v)

» Subdominant backgrounds
Multi-jets: estimated with Matrix Method
SM backgrounds (W + jets, single t, Z + jets, ttV) estimated with MC
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ -Wb+X
SR d1str1but10ns before and after bkg- only fit

60

]

\‘\\Illll[[\\llllll\\ll\ll I

.-% | T t -E 35 _I T T | T T 7T I T T 1 I L ‘ T T 1 I T 1 ‘ I L T I T]
= 2 ATLAS -o-Data 1 ° N ATLAS - Data ]
8 v ls=13TeV == mr = 1TeV 1 e Is=13TeV [t ]
g 50 36.1 b it 7 g % 36.1fb" [ WHets 7
w ] Wets 1 w [ Single top ]
40 [ Single top E o5 / [ Others —
[_]Others ] 7772 Uncertainty .
77 Uncertainty ] 20 2 E
30 i - .
% Z B(T = Wb) = ] . % .
............ Signal Region ] 15 Signal Region -
5 0:_ : Pre-Fit _: E Post-Fit E
- 7 § 1o % E
ok /' .................................... . 2 e E
—m s:ij_/(_ ]
0‘ r * 1 0: ......... " ......... =
o o
£ 3 1%%%%{// // / //
5 ook Hosl 4
E |
e 0'2 200 400 600 800 1000 1200 1400 1600 1800 2000 o O'20 200 400 600 800 1000 1200 1400 1600 1800 2000
me* [GeV] mp® [GeV]

» Very good agreement with the background expectation
Proceed to set limits (next slide)
» Main systematics: single t and tt modeling uncertainties, Jet Energy Resolution
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X

. . Assumes

2D limits on T BRs BR(T — Ht) + BR(T — Wb) + BR(T = Zt) = 1

- 1400 <
° ° . ° ° I

» Notice increased sensitivity : ATLAS v as 1 130 S
S= ev, . =
near point (1,0) = 08 _ 1200 E
& 0.7 '- TT — Wb+X 1-lepton B8, /0 @
Larger BR to Wb 3 su@sirger | <
—

O SU(2) doublet

» Limits for particular BR ¥
assumptions: 5
>
5
100% T - Wh 1350 0 0.10.20.30405060.70809 1
) AB(T - Wb)
Singlet T 1170
» Bonus: 100% T— Wb limits are applicable toVL Y (q=-4/3)
The Y decays exclusively to Wb
Excluded for masses below 1350 GeV
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X
2D limits on B BRs

» Notice increased sensitivity
near point (1,0)
Larger BR to W't
» Limits for particular BR
assumptions:

100% B - Wt 1250
Singlet B 1080

Assumes

BR(B —» Wt) + BR(B > Hb) + BR(B > Zb) = 1

= 1
IT 0.9
o 0.8
X 0.7

0.6

0.5

0.4
0.3
0.2
0.1

0 0102030405060.70809 1

ATLAS
{s=13TeV, 36.1 fb™

BB 1-lepton

op SU(2) singlet
O SU(2) doublet

%B(B - Wt)

» Bonus: 100% B — Wtlimits are applicable toVL X (q=5/3)

The X decays exclusively to W't

Excluded for masses below 1250 GeV

15 JHEP10(2017)141
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https://link.springer.com/article/10.1007/JHEP10(2017)141

Summary

» Latest ATLAS searches for new heavy quarks have focused
on Vector-Like Quarks

Broad program targeting both pair- and single-production

» Analyses can be optimized for VLQ decays via the W, Z or
H bosons

Latest results for all three have been presented today

» VL T masses up to ~1.2 to 1.4 TeV are excluded assuming
100% BR to Zt, Wb, or Ht

» VL B masses up to .25 TeV are excluded assuming
100% BR to Wt

» Limits are also provided for models with intermediate BR
values
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VLT and VLB BR

Branching Ratio
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—T =7t

. e T 21
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Single vs pair production

10 E I\l T T T T T T T T T T T T T T T T T T T T T | T T T E
10°F
2|
§ 10 E
3
£
© 10
3 E
- | 13 TeV 3
10'1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 ‘:\
400 600 800 1000 1200 1400 1600 1800 2000
mg, (GeV)
. [E3]
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https://arxiv.org/abs/1306.0572

Generic VLQ search recipe

» Features in signal exploited by VLQ searches b
(and used by the analyses presented today)

Presence of leptons

Z, HW

High (“small-Radius”) jet multiplicity Z,H,W

High b-tagged jet multiplicity

Typically tagged using a WP with 77% efficiency measured in
simulated tt events

Presence of “large-Radius” jets

[l

SR S
Typically reconstructed with R=1.0 either by ° reclusterlngE 10r AT o ot BRIt ]
s= eV, 36. ]

I.IJ : . Bt iLx105 [JSingle top -

small-R jets or original calorimeter clusters g Sianal regin M- BiSngetop |

mt+v

ngh HT’ ‘meff —

- m=1.1 TeV

Scalar sums of the transverse momenta of the objects in " B(ZtHE WB)=(0.8,0.1,0.1) |

the event
Emlss

% %
ASAS SIS SIS AT SIS
]

Presence of missing transverse energy,

b-jet multiplicity
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Recent ATLAS VLQ publications
“-

VLQ Pair Production Ht+X 13 TeV 2016 (PRELIMINARY) EXOT-2016-13 36.1 fb!
VLQ pair production Wb+X 13 TeV 2016 11-JUL-17 13 36.1 fb’!
VLQ pair production Zt+X lepton + MET |3 TeV 2016 30-MAY-17 13 36.1 fb!
Stop pair; | lepton, b-jets I3-JUN-16 13 3.2 fb!
Single VLQ search with heavy gluon 8 TeV 2012 I8-FEB-16 8 20.3 fb-!
Search for single VLQ in Wb 8 TeV 2012 I7-FEB-16 8 20 fb-!
Search for the production of single vector-like and excited quarks in R
the WtWVt final state in pppp collisions at \s=8 TeV with the ATLAS detector 09-OCT-15 8 20
Search for VLQs decaying to light quarks 8 TeV 2012 |4-SEP-15 8 20 fb!
Search for production of vector-like quark pairs and of four top quarks in the

lepton-plus-jets final state in ppppcollisions at Vs=8 TeV with the ATLAS 16-MAY-15 8 20 fb-!
detector

Same-sign dilepon plus b-jet search 8 TeV 2012 I7-APR-15 8 20.3 fb!

Search for vector-like BB quarks in events with one isolated lepton, missing

transverse momentum and jets at s=8 TeV with the ATLAS detector 18-MAR-15 8 Ao
» You can always consult the latest ATLAS exotics publications here
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://link.springer.com/article/10.1007/JHEP10(2017)141
https://link.springer.com/article/10.1007/JHEP08(2017)052
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.052009
http://dx.doi.org/10.1016/j.physletb.2016.04.061
http://link.springer.com/article/10.1140/epjc/s10052-016-4281-8
http://link.springer.com/article/10.1007/JHEP02(2016)110
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2014-10/
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.112007
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-18/
http://link.springer.com/article/10.1007/JHEP08(2015)105
http://link.springer.com/article/10.1007/JHEP10(2015)150
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112011

TT - Ht + X
Preselection

» Targets TT pair production,a least one T — H(—
bb)torT - Z(— vV)t

» Take advantage of presence of multiple jets, b-tagged

1.2 \ T T \ \
- ATLAS Simulation Preliminary

jets, t-tagged jets, H-tagged jets, ESS oo §
- 27j,22b

(I3 Total background
0.8 —— TT doublet (1 TeV)
....... TT singlet (1 TeV)
v TT = ZtZE (1 TeV)

2]
i)
c
3]
>
(]
w—
=]
c
2
=
o
©
£
L

» Split analysis into two channels

Exactly | lepton ool 1
NO lepton © . ]
0.4_— T
Preselection requirements 0.2,35 ............ b
Requirement I-lepton channel 0-lepton channel 03 : L
0 1 2 3 4 5
Trigger Single-lepton trigger E%ﬂss trigger Top-tagged jet multiplicity
Leptons =] isolated e or u =0 isolated e or u —
Jets >5 jets >6 jets my = \/2 pr Ef'*°[1 = cos Ag]
b-tagging >2 b-tagged jets >2 b-tagged jets _
E}rniss E]rPiSS > 20 GeV E{Pjss > 200 GeV A¢:n]in: smallest separation in ¢ of
Other EMS-related | EMS + mV > 60GeV | Ag. > 0.4 ET™ and 4 leading jets
»  Suppresses multijet background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

TT - Ht + X

60r

_ATLAS Preliminary—+- Data
T Vs=13TeV, 36.1fb 1 Il TT doublet (1 TeV) ]

[t + light-jets

[t + =1c

Bt + =10

[ Non-tt

50_1 -lepton
- 1t, 1H, 26j, 24b
Search regions and combined fit oL Pt
Final discriminant: mg¢f 30;

Scalar sum of p of lepton, jets, and EXsS

Main background: tt + jets

“Non-tt” includes ttV, ttH, single t, W\Z + jets, VV,

multijet

The two channels are further divided into
search regions: 12 (1£) + 22 (0¢)

N¢, Ny, Ny, Nj and High/Low-m% .

Combined Maximum likelihood
fit of m.¢s distribution in all

search regions
Check background in orthogonal validation
regions: 10 (1€) + 16 (0¢)

Use number of jets (= 5 or = 6)
Main systematic uncertainties (vary by search
region):

tt modeling, flavor tagging uncertainties, background
normalization uncertainties
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10°
102
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Events / 700 GeV
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10F

2z Total Bkg unc.

IIJlIIlIJlIllIIIlIIIIlJl

0 4
2 15+ ]
S /;// I
T 057 )
m] . . . . . .
00 500 1000 1500 2000 2500 3000 3500
M,y [GeV]
ATLAS Preliminary —4— Data [t + light-jets
Vs =13TeV, 36.1 fo" ti+ 21c Bl fi+>1b
Search regions [ Non-it 7 Total Bkg unc.
Post-fit (Bkg-only)
1-lepton | O-lepton
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TT - Ht + X

Pre- /post-fit Comparison in one Search Region

- o L B SR B - o L e e B
S 60_ATLAS PreI|m|nary+ Data 1§ 60" ~_ATLAS Prellmlnary+ Data .
o " (s=13TeV, 36.1fo" M TT doublet (1 TeV)] o ~ Vs =13 TeV, 36.1 fo" [t + light-jets ]
R " 1-lepton [t + light-jets 1 R " 1 -lenton [t + >1c -
= s0p, oPen i+ >1c 4 5 sop. PN B+ >1b -
= - 1t, 1H, 26j, 24b T+ >1b ’ < ~ 1t, 1H, >6j, 24b -Non—ﬁ i
o " Pre-fit [ Non-tt ] Q _ Post-fit (Bkg-only) 7. Total Bkg unc. .
w40 2, Total Bkgune. - 4 40 -

30 - 30— -
: v z : z
/ 7 A | 74 .
10 — 10 ]
0 0
2 15 2 15
o m -
—_ 1 2 A A A A
S / %/// //// //W ////////////////// ‘ S 1 y‘////y‘///r#‘///7‘////7‘////7‘//*6‘/// _
= 05 ¢ = 05 ¢ 1
(= T . . . . . . Q 9 . . . . 1 .
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
m. [GeV] m . [GeV]
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TT > Ht+ X

Search regions and prefit Data/ Bkg comparlson

For 0-lepton:
LM:m? i < 160 GeV
HM:m% .. > 160 GeV

Where mlT”min is the

minimum transverse mass

formed with the EMISS
and any of the 2 (or 3) b-
jets
* Bounded from above
by m, for semileptonic
tt
* Can have high values
for TT signal due to
T - Z(- vv)t and
T - W(- ¢v)b

25

Events

Data / Bkg

10°F

10°

10%

10 |

| Search regions
Pre-Fit

ATLAS Prel|m|nary
Vs =13 TeV, 36.1 b’

1-lepton

+ Data
[t + light-jets
Bt + =>1b

0-lepton

b,

7/, Total Bkg unc.

- TT doublet (1 TeV)
ot + >1c
[ Non-it

DTN Y

— 11t
L1 1 1 1 1 1 1 1 1 | L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | |
20 000 09200000005 S5SSSSSSSSSS=S=S=S45SsS:sS===-=s2
22_‘22_‘1_‘1%75757{.7{.75IIII—[—[—[—[—[IIIIIE—[—[—[III7{.
. . y Yy 5 y Q O O QO Q y y y Y y o O Qa y Y y .=
RARARAR R ool ldfddrmnonondiagddghidsssaeaecx
T ANANAAAN - 5 1SS DS s a s A A A A A
ST TIRITII I IR AN NARAAA NN AN N AR RS CeE
ﬁnq_n_’_n’_;o'/\locw—v—wl—ck]lh_‘h“IhI.,IhIhI“ “““““ NNNNAI/\I/\IN
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8 8F8F° 550055t EEIIIILILT
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A Al
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TT - Ht + X

Search regions and postfit Data/Bkg comparison

* Notice constrain of post-fit uncertainties
* E.g.for the region = 0t, = 2H, = 6j, > 4b:
e 25% -> 10% for the uncert. on the bkg normalization

2 5 .
e 10 ATLAS Preliminary —4- Data [t + light-jets
kT Vs =13 TeV, 36.1fb" 3t +>1c Bt + >1b
10* Search regions [ Non-tt v/ Total Bkg unc.
— Post-fit (Bkg-only)
NB: tt += 1b bkg 10° 1-lepton | O-lepton
normalization is
determined from the 102
fit (floating
normalization) 10
1
2 15
)
- 1
©
o 0.5
o o Y
588888 FFRAAMEEEESS5552232383533222 %
RERR AR e reaaeiddd488888d484805834944%
e N N N o R N R
eor r AT SEEITIHEIANAAANNNANNNFNANANANANYNN RS
5 86 F Q;-';—'Jél(’\d_lfI'I—I'ggIIII'I"I'I'I'*-"I"I"I"N-N-N-ﬁ
I I el B el S e R R
AyE = 8 E8F8F8F87F % EE85¢8
= § &
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TT - Ht + X
Combined 2D limits on T BRs

Reweight signal samples to other BR compositions to obtain 2D limits
Assumes BR(T — Ht) + BR(T - Wb) + BR(T - Zt) =1

1400 g 1400

BR(T — Ht)

" ATLAS Preliminary > T ~ ATLAS Preliminary - >
Vs=13TeV, 36.1 fb 1300 % T 09 Vs =13 TeV, 36.1 fb’ 1B 1300 E_E
1-lepton + 0-lepton combination £ % 0.8 1-lepton + O-lepton combination— £
Expected limit 1200, ® (7 Observed limit B 1200 o

o - w0
© - ©
1100 E 0.6 E £
¥¢ SU(2) doublet Cl) 05 % ¥¢ SU(2) doublet S Cl)
O SU(2) singlet o ' O SU(2) singlet o
S 1000 & 0.4 = S
] (2] . (o)}
| 0.3 g
E 0.2 E
= 0.1 =
0 0.10203040506070809 1 ' 0 0.10203040506070809 1 '
BR(T — Wb) BR(T — Wb)
Notice increased sensitivity near point (0,1) due larger BR to Ht
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/

0Q —-Wh+X
CR before and after bkg-only fit

C FT TT | 1T I LI [ 1T | T TT l 1T [ 1T | 1T l 1T l LI C 7II T | 1T 1 T TT I 1T | LI l 1T W 1T | LI [ 1T W T IL
£ 400E 3 £ 350

27 _ ATLAS —¢-Data : 2T _ ATLAS - Data ]

2 F 7  (s=13Tev - mr = 1TeV - 2 Vs =13 TeV [t -

c 350~ ~ 1 T ~ < 300 1 i -

oF 7 31t [t . ¢ “VF 36.1 fo ] Wjets .

I 3002_ [ W+jets E L - [ ]Single top .

- [ Single top . 2501 [__]Others -

250: [ Others ] - 722z Uncertainty .

- 7222 Uncertainty . 200:_ _:

2001~ B(T — Wb) = 1 = - -

- Control Region . 150— Control Region ]

150 Pre-Fit — - Post-Fit .

4 . 100% .

100 — - % ]

- B 50 -

507 : B :l:tﬁ = = -

= —I—l_.'_'_lrrrrr ¥ I i ‘ I | = i t " t

= OEFFH*""I‘-"MH‘T?'?-"-\-'?I???f??‘"l?-w; = O P

O 14F /_— ©14F =
- =

e o e = O 2. T

S 06F 5 S 0.6F 3
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X
Signal and Control Region yields PREFIT

Sample Signal region Control region
tt 55 + 26 720 + 130

W +jets 94 4 78 £ 41
Single top 15 + 15 160 + 110
Others 12 + 10 82 + 66
Total Background 91 + 35 1040 + 200
Signal (mr =1TeV, B(T - Wb)=1) 45+ 4 15+ 2
Signal (mgp = 1 TeV, SU(2) singlet) 21 + 2 8+ 1
Signal (mp =1 TeV, B(B —- Wt)=1) 46 + 4 21 + 2
Signal (mp = 1 TeV, SU(2) singlet) 18 + 2 8+ 1
Data o8 972
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https://link.springer.com/article/10.1007/JHEP10(2017)141

0Q —-Wh+X

SR/CR yields after bkg only fit

Sample Signal region Control region
tt 39 £+ 10 700 = 70

W +jets 8+t 4 78 & 38
Single top 7TE 4 110 & 40
Others 10 7 72 + 48
Total background 64 £ 9 970 £ 50
Data H& 972
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X
Ranking plot

Pre-fit impact on p.: A
|8,=+A8 6,=-A8 -0.1 -0.05 0 0.05 0.1
Post-fit impact on p: L
W o=+AD [mo-nb | ATLAS .
—e— Nuis. Param. Pull ls=13 ;TeV, 36'1; fo ;
statistical uncertainty E _
single top DR vs. DS e
tt parton shower —.0——
tt generator —
jet energy resolution .
pile-up -
b-tag SF: c-jet 1 .
tt scale ® I
b-tag SF: extrap. 1 e
w(tf) = 0.93 + 0.16 i i
b-tag SF: c-jet 0 l
JES pile-up density " :
JES flavour response o}
b-tag SF: c-jet 2 '
JES: 2 . - |
s S os 0 s T s
(6-6,)/A6

TEXA

The University of Texas at Austin
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QQ -Wh+X
o vs m limits for four models

o(pp — TT) [pb]

—
<

1072

10505600500 800900 7000 1100 1200 1300 1400

—
o

RN R IR LN R
ATLAS

(s =13 TeV, 36.1 fb™

I
=
§

= QObserved Limit
Expected Limit
[ Expected 16
[ ] Expected +2¢
All limits at 95% CL

T T TTTTIT
L1 IIIIII|

TT— Wb+X 1-lepton
B(T - Wh) = 1

T 1 IIlIIII

m; [GeV]

Obs. 95% CL lower | Exp.95% CL lower
mass limit [GeV] mass limit [GeV]

100% T - Wb 1350 1310

Singlet T 1170 1080

100% B —» Wt 1250 1150

Singlet B 1080 980
32

JHEPI0(2017) 141

T IIIIII|

l

T T IIIIII[

ATLAS
/s = 13 TeV, 36.1 fb™

IE
= -
3

—— Observed Limit
Expected Limit
[ Expected +1c
[ | Expected +2¢
All limits at 95% CL

TT— Wb+X 1-lepton
SU( ) singlet

Search for new heavy quarks in ATLAS,

my [GeV]

Main systematics: single ¢t and
tt modeling uncertainties, Jet
Energy Resolution
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https://link.springer.com/article/10.1007/JHEP10(2017)141

00 - Wb+ X
B — Wt limit plots

o 10— ey e {0 g AR L L I L I
2 ATLAS ] Theory 1 & ATLAS [ Theory -
o) {s=13TeV, 36.1 fo! = Observed Limit I Vs =13 TeV, 36.1 fb' = Observed Limit i
o N Expected Limit B [an) RN Expected Limit N
0 I Expected 1o 3 0 = [ Expected +16 3
a [ ] Expected 20 . a - [ ] Expected +20 .
,_9 - All limits at 95% CL . Qo - All limits at 95% CL .
© 10 =4 210’ N =
B : B =
102 ‘ 102 =
- BB 1-lepton = - BB 1-lepton =
C BB — Wt) =1 i - SU(2) B singlet i
_3|||||||II|IIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII _3|||IIIIIIIIIIIIIIIIIIIIIII\IIIIII\IIIIII\III
10500 600 700 800 900 1000 1100 1200 1300 1400 0500 600 700 800 900 1000 1100 1200 1300 1400
mg [GeV] mg [GeV]
Obs. 95% CL lower mass Exp. 95% CL lower mass limit
limit [GeV] [GeV]

T - Wb 1350 1310

Singlet T 1170 1080

B - Wt 1250 1150

Singlet B 1080 980
33 IHEP10(2017)141 Search for new heavy quarks in ATLAS, 13/03/2018 TEXAS @

N.Nikiforou


https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X
2D limits on T BRs

Assumes BR(T — Ht) + BR(T » Wb) + BR(T » Zt) = 1

1g = 1400 =
I [0
ATLAS 0.9 ATLAS 1300 ©
o9 {s=13TeV, 36.1 fb T s=13TeV, 36.1fb" =
L 088 1200 E
. TT — Wb+X 1-lepton X 0.7§ TT — Wb+X 1-lepton 9
[4¥]
0.6 £h SU(2) singlet 0.6 dp SU(2) singlet =
¢ O SU(2) doublet O SU(2) doublet d
: 22
- Tg]
C (o)}
. ©
C [4}]
F 2
(4]
[72]
O
O

0 0.102030405060.70809 1 0 0.10.20.30.4 0506070809 1

%#(T — Wb) %(T > Wb)

* Notice increased sensitivity near point (1,0) (larger BR to Wb)

« Bonus (since no assumption on q): 100% T — Wb limits are applicable to VL ¥ (q=-
4/3) : excluded for masses below 1350 GeV
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Hb)

B —

(

B

QQ —-Wb+X
2D limits on B BRs

—

0.95 ATLAS 13008 T o9b

s {s=13TeV, 36.1 fb —~ 1 _F
0.75— BB 1-lepton 1100 % & 0.7;
0.6 Zh SU(2) singlet 1000 £ 0.6F
058 O SU(2) doublet d 056

- s 900 o | s
0.45+ & 0.4
0.3E T s 0 5 oz HIRE
0.25 s 700 g o2f g
0.1 s 600 i 0.1+

g 500 -

0 0.10.20.3040506070809 T 0

% (B - Wt)

* Notice increased sensitivity near point (1,0) (larger BR to Wb)

Assumes BR(B > Wt) + BR(B > Hb) + BR(B - Zb) = 1
s =

ATLAS
Vs=13TeV, 36.1 fo™

BB 1-lepton

op SU(2) singlet
O SU(2) doublet

-
S =
=]

0.10203040.5060.7080.9

1

% (B - W)

=
<)
1300 O,
1200 E
1100 &
1000 5
o
900 2
Te}
800 2
[
700 £
%3]
600 &
500

 Bonus:100% B — Wt limits are applicable to VL X (q=5/3): excluded for X masses

below 1250 GeV

NB:The white regions are areas where the limit is below 500 GeV which was the lowest simulated signal mass
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https://link.springer.com/article/10.1007/JHEP10(2017)141

QQ —-Wb+X

2D limits on T BRs (left) and B BRs (right)

Assumes Assumes
BR(T - Ht) + BR(T » Wb) + BR(T » Zt) = 1 BR(B -» W¢t) + BR(B » Hb) + BR(B > Zb) = 1

= 1 1400 o — 1 1400 =
T ATLAS 1300 8 T ooF ATLAS 1300 &
T s=13TeV, 36.1 fb" pol S = /s=13TeV, 36.1 fo'' =
- 08 ~ 1200 £ m O8F ~ 1200 E
K 0.7 TT — Wb+X 1-lepton B8 . - § § 075 BE 1-lepton B8 . o §
&b SU(2) singlet 1000 IS 0.6F &b SU(2) singlet 1000 =
O SU(2) doublet 3 055 O SU(2) doublet o
900 § 0.45 S 900 %

800 = 5 800
8 0'3: s 8
700 5 o2f . 700 £
1) g : a
600 & 0.1 s . 600 &

500 - 500

0 0102030405060.70809 1
% (B - W)

0 01020304050.60.70809 1
B(T - Wb)

* Notice increased sensitivity near point (1,0) (larger BR to Wb /W)
+ Bonus:100% T — Wb limits are applicable to VL Y (q=-4/3) : excluded for masses

below 1350 GeV and 100% B — Wt limits are applicable to VL X (q=5/3): excluded
for X masses below 1250 GeV
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VLT Summary
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ATLAS Exotics summary (July 2017

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2017 [£dt =(32-37.0)fb! Vs=8,13TeV
Model {,y Jetst ET™ [rdtm) Limit Reference
ADD Gy +8/9 Oepu 1-4]  Yes 361 Mo 7.75 TeV n=2 ATLAS-CONF-2017-080

ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n = 3HLZ NLO CERN-EP-2017-132
ADD QBH - 2] - 37.0 | My 89TeV n=6 1703.09217
ADD BH high ¥, pr zlep =2j - 32 My 8.2 TeV n =6, Mp =3 TeV, ot BH 1606.02265
ADD BH multijet - >3j - 36 My 9.55TeV n =6 My =3TeV, ot BH 151202586
RS1 Gy — vy 2y - - 36.7 Grx mass 4.1 TeV kfMp = 0.1 CERN-EP-2017-132
Bulk RS Gy — WW — qqlv Tepn 1J Yes 36.1 Gk mass 1.75 TevV kfMp =10 ATLAS-CONF-2017-051
2UED / RPP 1e,u0 =2b >3] Yes 18.2 KK mass 1.6 TeV Tier (1,1), B{ATY = 1) =1 ATLAS-CONF-2016-104
SSM 2" — (¢ 2epu - - 36.1 Z' mass 4.5TeV ATLAS-CONF-2017-027
SSM Z' — 7T 27 - - 36.1 2’ mass 24 TeV ATLAS-CONF-2017-050
Leptophobic Z* — bb - 2b - 32 2’ mass 1.5 TeV 1603.08791
Leptophobic Z* — t+ le,p 21b 2102 Yes 3.2 Z' mass 2.0TeV Mfm=3% ATLAS-CONF-2016-014
SSM W' — v Tep - Yes  36.1 W’ mass 5.1 TeV 1706.04786
HVT V' — WV — gqgq modelB O e, p 24 - 36.7 V* mass 3.5TeV gv=3 CERN-EP-2017-147
HVT V' — WH/ZH model B multi-channel 36.1 V* mass 2.93 TeV gy =3 ATLAS-CONF-2017-055
LRSM W, — tb Tep 2b,0-1j  Yes 203 1410.4103
s T ——— e
Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09217
. Clétqq 2ep - - 36.1 A 40.1TeV ., | ATLAS-CONF-2017-027
Cl uutt 2(SS)z3epu z1b 21| Yes 203 |Cral =1 1504,04605
Axial-vector mediator (Dirac DM) 0 e, 1-4f  Yes 361 | Wime 1.5 TeV £4=0.25, g,=1.0, m(x) < 400 GeV' | ATLAS-CONF-2017-060
. Vector mediator (Dirac DM) Oep 1y  <1)  Yes 364 | imed 12TeV £4=0.25, 1704.03848
VVyy EFT (Dirac DM) Oepn 1J,€1]  Yes 32 M, 700 GeV' m(y) < 150 GeV 1608.02372
Scalar LQ 1% gen 2e 22j - 3.2 |LQmass 1.1 TeV F=1 1605.06035
. Scalar LQ 2™ gen 2p 22j - 32 LQ mass 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen Tep 10,23 Yes 203 F=0 1508.04735
VLQ TT = Ht + X Oorlepn 22b,23] Yes 132 [ Tmass 1.2Tev B(T = H) =1 ATLAS-CONF-2016-104
VIQTT = Zt+ X lTe,p 21b 23] Yes 36.1 T mass 1.16 TeV BT 2t)=1 1705.10751
VIQTT = Wb+ X le =1b =102 Yes 36.1 T mass 1.35 TeV. B(T = Whb) =1 CERN-EP-2017-084
VLQ BB — Hb + X Tepp =22b>3] Yes 203 1505.04306
VLQ BB — Zb+ X 2/z8ep  22>1b - 20.3 1409.5500
VLQ BB — Wt + X lep 21b 2102 Yes 361 B mass 1.25 TeV BB Wt)=1 CERN-EP-2017-094
VLA QQ — WqWg 1epn =4 Yes 203 1509,04261
Excited quark g* — qg - 2j - 37.0 q° mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
Excited quark g* — qy 1y 1j - 36.7 q" mass 5.3TeV only u” and &', A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b.1] - 13.3 b* mass 23TeV ATLAS-CONF-2016-060
Excited quark b* — Wt lor2e,u 1b,2-0j Yes 203 fe=fi=fr=1 1510.02664
Excited lepton (* Sepu - - 20.3 A=30TeV 1411.2921
Excited lepton »* 3ept - - 203 A=16TeV 1411.2921
LRSM Majorana v 2ep 2j - 203 m(Wg) = 2.4 TeV, ne mixing 1506.06020
Higgs triplet H=* — ¢ 234ep(SS) - - 36.1 DY production ATLAS-CONF-2017-053
Higgs triplet H** — {1 3epuT - - 20.3 DY production, B{H;* — fr) =1 1411.2921
Monotop (non-res prod) Tep 1b Yes 203 Fnanres = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, |q| = 5e 1504.04188
Magnetic menopoles - - - 7.0 DY production, |gl = lgp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.
‘tSmall-radius (large-radius) jets are denoted by the letter j (J).
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