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Vector-Like Quarks (VLQ)

Vector-like quarks (VLQ): predicted by
many new physics models aimed at solving

hierarchy problem (Composite Higgs, Little Y
Higgs...). @
« “Vector-like”": left- and right-handed
components have the same
gquantum numbers.
e “Quarks”: spin-% fermions.

VLQs couple to Standard Model particles.
* They can arise in multiplets.

* ATLAS searches focus on singlets or
doublets, and on T*%/3and B-1/3,

TI?,R ) B%,R (singlets) ,
(X TO)L’R , (TO BO)L,R ] (BO Y)L,R (doublets) ,
(XT°B%pr, (IT°B°Y)Lg (triplets) .



VLQ Production and Decay

VLQs can be produced in pairs or singly. W~ H,Z
* Pair: Model independence.
» Single: Higher cross section at high mass. B t.b,b
For these searches, we assume:
* VLQs couple only to SM particles. \ W+ H. Z
« VLQs decay always to a boson (W,Z,H) B
and 3 generation quark (t,b). p .
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Pair-Produced VLQs

Strategy for pair-production is to target different final states with
optimized analyses. Pair searches are relatively model independent.

All searches use 36 fb'1 of 13 TeV ATLAS data, taken in 2015-2016.

Analysis Reference

TT*>H(>bb)t + X CERN-EP-2018-031
TT>W(=2Iv)b + X JHEP 10 (2017) 141
BB>W(=>Iv)t + X CERN-EP-2018-088
TT>Z(>w)t + X JHEPO08(2017)052

TT/BB>Z(~>Il)t/b+ X CERN-EP-2018-145

(TT/BB) Trilepton/ CERN-EP-2018-171
Same-sign dilepton

(TT/BB) Fully-hadronic CERN-EP-2018-176

Combination of all-above: ATLAS-CONF-2018-032 .

*Charge conjugation is implied here and elsewhere.
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Fully-Hadronic VLQ

Goal: Target all decay modes of T/B
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Fully-Hadronic VLQ (2)

E,mss< 40 E;

miss> 40

Multi-jet Backgrounds: “ABCD” method .
* Nc*Ng / Ny, calculated bin-by-bin. %
5
Q)

Top Backgrounds: Simulation

SR

* Floating normalization in the final fit
)
of background to data. 2
Ie)
AN

Final Discriminant: “Signal LLH”

« Summed matrix element calculation

of VLQ signal likelihood.
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Trilepton/Same-sign Dilepton VLQ

Goal: Target all 22 e/ decay modes of T/B
Selection: 8 1-bin signal regions with selections on Hy, E;™SS, N0 and ny e

Data-driven Backgrounds:
* Fake/non-prompt e/u backgrounds estimated using a matrix method

e Charge mis-ID backgrounds (for same-sign dilepton events) estimated via
rate measured in data.

e — I I . . I I I I I I I —

o — ATLAS Preliminary —e— Data ]

?; 25 Vs =13 TeV. 36.1 fb" Fake/non- prompt—_

GCJ — : . Charge mis-ID

b — SS dilepton / trilepton 7 .

20 —VLQ/4top Signal Regions e —

. tw ]

15 Dibosons ]

. it ]

I Other bkg —

(o) s o 097, 777/ IENCTTTTY TT 1TeV (44 fb) —

------ titt CI (40 fb) _

......... / Total bkg syst. ]

o PR W SRR OO0/ T ]

B e M rervvrs L0 CLLLELL | -

3 2 =
o

S 1

©
o




VLQ Combination

All 13 TeV pair-production analyses with

36.1 fb'1 are combined.

Significantly extends the reach of
individual searches!

Excludes myg, < 1.31 (1.03) TeV for any
considered branching ratio!
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Singly-Produced VLQ

13 TeV results in the search for single production include
2015, 2016, and 2017 data!

Analysis Lumi (fb1) A E G
T>Wb 3.2 ATLAS_CONF-2016-072

L T/B>Z(t/h)  36.1 CERN-EP-2018-145
MO - BOHO b 79.8 ATLAS CONF 2018 024

Single production has model dependence:
« Results today shown with a generalized coupling strength, k=0.5.

* More information found in: Nucl. Phys. B 876 (2013) 376,
JHEP 12 (2014) 097
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Single B>HDb :

Goal: B=>Hb in the diphoton decay mode

Selection: 2 photons, > 1 forward jet,
> 1 b-tagged jet, m ,, > 300 GeV, and |y*| < 1.1. )

Backgrounds: Higgs backgrounds from simulation,
continuum (e.g. yy+jet) background from data-driven
estimate. riiggs

window

Signal

Continuum background

Data sidebands

Final discriminant

Floating normalization

Myyb [GeV]

Myyb [GeV] 12



Events / 50 GeV

Data / Pred.

Single B>HD (2)

T T T T | T T T T | T T T T
ATLAS Preliminary
13 TeV, 79.8 fb™ ¢ Data
. Higgs background

10°

Signal Region [ continuum background
Post-Fit 77/ Uncertainty

10

107"

IIIIII|,|,| IIIII|_|_|,| IIIII|_|_|,| IIIII|_|_|,| IIIII|_|_|,I_|:

1072

107°

2000 2500
m ,[GeV]

500 1000 1500

E 0_45 l: T | LI | LI | L | LI :l
o - .

— 0.4 ATLAS Preliminary —
E C 13Tev, 79816 — (B.Y) doublet model prediction (LO)
) 0.35 5= bHE- ), x =05  — Obs.Limit(95%CL) -

Q - - Exp. Limit (95% CL) =
E 0'3 - - Exp. 10 _:
m C Exp. 20 -
o) C .

0.2 =

0.15 -

IIII|IIIIIIII|IIII|IIIIIIII|IIIIIIII
800 900 1000 1100 1200 1300 1400 1500 1600

mg [GeV]

With k=0.5, a single vector-like B is excluded below 1210 GeV.
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Single T=>7Zt

Goal: Target 22 e/u decay modes
consistent with Z boson decay.

Two signal regions with > 1 b-tagged and
> 1 forward jets:

Dilepton: p;' > 200 GeV, 2 1 top-

LI L L I B
ATLAS

SP 2/
SR
Post-Fit

Events / 200 GeV
3

13 TeV, 36.1 fb™

i

[ ] Diboson —

I ti:x

[_] Other
777/ Uncertainty e

Data 3
Single-T x 3 =
(900 GeV, k= 0.5) 3

I Z+jets =

. . I —— : ¢
tagged large-radius jet, g T M e
(HT + EtmISS) < mZt % 1/?%%////%//////////////%//

o . I © . . . . . . . ]
Trilepton: Pr > 150 GeV, O 9300 600 800 1000 1200 1400 1600 1800 2000
pr-'ed > 200 GeV, Hr xny, < 6 TeV _ _malGen

S T T T T
. . & - ATLAS NLO QCD, k; = 0.5 A
Backgrounds: Constrained inthe fit g [ 137ev 36.1 " TeRT-29-025
. . ) i singlet mode
by dedicated control regions. ] 1} Single-T Production — ObsLmit =
T = Combination == 95% CL Exp. Limit  J
y = - 95% CLExp. = 16 ]
q 1 » - [ 195%CLExp.220 -
l § TRl - E
) E Rt -
o - -
1 Z - i
5
10—2 — Individual expected limits -
- «:SP2/ :SP=3/ 3
I | | L |

9 b/t

1 1 1 I 1 1 1
600 800 1000 12

00

1 1 I 1 1 1
1400 16

1 1 1 1 I 1 1
00 1800 2000
14  m [GeV]



Conclusions

ATLAS has a broad VLQ program, and has had many public results
within the last year.

Today | have focused on the most recent of these results in pair and
single production of VLQs.

No evidence of VLQs has yet emerged, but the full run-2 dataset
could be hiding new discoveries!
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VLQ Combination

Combination includes all the featured analyses, and also. ..
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Events / 100 GeV

VLQ Combination

Combination includes all the featured analyses, and also...

I T T T I T T T I T T T I T T T I T T
10~ ATLAS -»-Data % Totalpred. 7] 5 o
- A T T N € f  ATLAS —4— Data [t + light-jets 3
L Vs=13TeV, 36.1 fb DtEQLX1-05 -tt.1L1’|5x1.05 i o (s =15 TeV. 36.1 15" e 210 —
w
" Signal region Bt 1L x105s [JSingle top - 10¢ L Search regions [ Non-f *//, Total Bkg unc. ]
8 [ ]W-+ets x 0.70 il Diboson Post-fit (Bkg-on
i I\ i (Bkg-only)
B -tt+V _ 10° 1-lepton | O-lepton TT% H(9 bb)t + X .
- + X -
s | TT2>Z(>wv)t _ 2
B m=1.1 TeV 7 10
L B(Zt,Ht, Wb)=(0.8,0.1,0.1)
4_ P i— _I ] 10
L ] 1
_ 2 15
N
- £ o5
4 a 0
A ] 78838399999 922283333333232333332337
0 Z " TETTiTraRaRaidd4668883389878899947
400 600 800 1000 1200 AL EEEEEE AR R L
, T T g8 TS L2 58FESS T T 55T T8I L
EmISS[GeV] NAEES Ov—o—e\_;sxs:; Ef82<¢g
T ' !

18



)

Hb

B -

(

B

VLQ Combination

Combination includes all the featured analyses, and also. ..
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VLQ Combination

Combination includes all the featured analyses, and also. ..
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Single VLQ Production ATLAS/CMS

359" (13 TeV)
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The ATLAS B>H(=>vyy)b is comparable to CMS B>H(>bb)b at
high mass and stronger at low mass.
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Addltlonal Smgly Produced T—->7Zt Results
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BR(T — Ht)

Pair-Production T(B)—=>Zt(Zb) Results

The results in terms of a grid of branching ratios
for both T and B VLQs.

Exclusions of my, o > 1.2 (1.3) TeV in the Z-corner for B (T).
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Fully-Hadronic VLQ: DNN-tagging
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Fully-Hadronic VLQ: Signal Regions

ATLAS Preliminary - Ei' ht
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Fully-Hadronic VLQ: Results

Results for the
Fully-Hadronic VLQ Search
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Same Sign Dilepton/Trilepton
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