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Overview

“ "
bare mass

My?= 3.233¢5942963%2905¢386734 9647332159643
-3.23345942963%42905438674 964332159645

=10"%

(in planck units)

quantui Q
corvections, 3.
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Vector-like quarks

Joseph Haley

What are theye

Why should you care?
What do they look like?
Previous Results (36.1 fb)

Improved techniques
Top-Tagging

b-Tagging

Results using Full Run 2 Dataset (139 fb-1)

TT=7t+X, with 2=l

T—=Ht/Zt, with t=Ilvb

T=Ht with hadronic final state
B—Hb, with H=bb

Conclusion



L Vector-like Quarks

“Quarks”: Color-triplet, spin-2 particles
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L Vector-like Quarks

EXPERIMENT

“Quarks”: Color-triplet, spin-2 particles

“Vector-like": Left and right chiralities have the same weak isospin

VLQs: SM quarks:

(QYQ') (@y"(1 —~°)q)

« Weak currentis vector-like:

« Can have bare VLQ mass term
= Avoids constraints from Higgs measurements
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EXPERIMENT

Vector-like Quarks

“Quarks”: Color-triplet, spin-2 particles

“Vector-like": Left and right chiralities have the same weak isospin

« Weak currentis vector-like:

« Can have bare VLQ mass term
= Avoids constraints from Higgs measurements

VLQs:

(QY"'Q')

Couple to SM through mixing with SM quarks
Naturalness + FCNC constraints = mixing mostly with 3rd generation

Top-partner T —
Bottom-partner B —

BEACH 2022

SM quarks:
(@*(1 = °)d)

Qlel VLQs
singlets doublets triplets
/3 X X
2/3 (1) {T ) T T T
s B | " \B) [(B\|\B B
oy T <y} [ Y
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L Naturalness

EXPERIMENT

What is naturalness?

If X is an observable that depends
on mn £Mde;vemdehf ::m,més, a;

X—‘:ﬂz'f'ﬂz'f‘-u 'f"ﬂ“

It would be unnatural bo have some

Jai >> X[
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L Naturalness

EXPERIMENT

What is naturalness?

If X is an observable that depends
on mn 5&15{@’#&540(&“[" inputs, a;:

X=a; +ap +... +a,

Tt would be unnabural bo have some
faif >> [X]

Nabural:

= 4

a, = R,09%,572,309 500
-1,099,755

INY
(O
1}

> X = 2,095,571,210,019

Unnabural:
4

= 2,09%,572,509 500
A, = —2,09%,572,309, 555

S
~
)|
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L The "Hierarchy Problem”

EXPERIMENT

The mass (squared) of the Higgs gets quantum corrections from interacting with other
particles: My = 2p2 + (S, )2 + (S, 2 + ...

The most significant correction comes from top quarks,
which causes a quadratic divergence!

« If the SM is correct up to the Planck scale t
“bare mass” H H
N\H2= 3.2934594296347290543867496%4+32159643 |  ~TTTT=T\ )y TTTTTT
~-3.2F34594796342905438674964+32159645 t

27 quanfum ... Q .....
=10 (in planck umits) corrections, 2.9.
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L The "Hierarchy Problem”

EXPERIMENT

The mass (squared) of the Higgs gets quantum corrections from interacting with other
particles: My = 2p2 + (S, )2 + (S, 2 + ...

The most significant correction comes from top quarks,
which causes a quadratic divergence!

« If the SM is correct up to the Planck scale t
“bare mass” H H
N\H2= 3.2#3%459472963429054386+496%4743215964¢3 | -7\ TTTTTF
-3.2743459472963%42905438674964+321596%45 t
quanfum ... Q .....
=7 0—32 (in planck umifs) corrections, e.9.
Having vector-like quarks could naturally cancel the divergent top correction! T

« Adding a ~400 GeV vector-like top (T):

N\HZ ~T10 = 9 = T (uunits of ~100 GeV squared) | H H
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L The "Hierarchy Problem”

EXPERIMENT

The mass (squared) of the Higgs gets quantum corrections from interacting with other
particles: My = 2p2 + (S, )2 + (S, 2 + ...

The most significant correction comes from top quarks,
which causes a quadratic divergence!

« If the SM is correct up to the Planck scale t
“bare mass~ H H
N\HZ= 3.2#3%45942963429054386F+496%47432159643 |  ~TTTTT\ o TTETTE
-3.2743459472963%42905438674964+321596%45 t
quanfum ... Q .....
=7 0-32 (in planck umifs) corrections, e.9.
Having vector-like quarks could naturally cancel the divergent top correction! T

« Adding a ~400 GeV vector-like top (T):

N\HZ ~T0 - 9 = T (in units of ~100 GeV squared) H H

* Thus, VLQs show up in many BSM scenarios
» Little/Composite Higgs, Topcolor, GUTs, ...

* And naturalness requires mass ~1 TeV = Accessible at the LHC!
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1 * Via QCD = Depends only on VLQ mass |
\ _ (Model-independent) /'
(Single production: y h
q

g b/t

* Via mixing with SM quarks = Depends on
mass and coupling (k)

\_° Could dominate for large VLQ masses y

Onax ()

What do we look for?

10*

10

10

gl\{lllllllllllIII|III|III|III|III

F N -- QQ

Ybj
Thj
Bbj
i
Xij

PR T T T N U T T NN T T N TS T N T T A T T T A S

1 llllllll 1 llllllll L L1111l

lllllll

400 600 800 1000 1200 1400 1600 1800
m,, (GeV)
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ATLAS What do we look for?
l’ - _o _____ .. T === S 10‘:1 | L L T 1 T 1 T T T [ T T T [ T T T [T T T3
i Pair Production: | AN ]
I b,t,t I - —— ao
I el AN Ybj|
1 T W 4 H 2/7 I F S \\ "'lh I/B '.‘Y) ) TE] =
l o : RN — Bbj
I ~ 100~ TR TH | -
I \ W HZ V€ FiTN e SN — Xij
| T oz TES— T S\
I B I CE 10 B . " V\\""'»\_\\ \“"‘\—b\ = _
I b7 Eaf I F B "-,-_ \»\7:7:"* ~ _ == — - ]
| ) I r XD TR TN, =
1 * Via QCD = Depends only on VLQ mass | 1 = S ~_
- I E_ \\"\\ \\\-, 3
. [Model-independent) | _ _ _ _ ____ . ~__ .
( H H . \ '1_ 1 | 1 | | 11 1 | | 1 1 | 11 1 | | I“I\T;I-- ‘;:\[\-
Slngle prOdUChon‘ 10 450 6(170 8(|')O 1OIOO 12[00 14100 16IOO 1;'50 2000
m,, (GeV)
e /,Decqys )
« Dictated by quantum numbers
/b T = Wb, Zt, Ht
B = Wt Zb, Hb
« Via mixing with SM quarks = Depends on * Branching ratios depend on
mass Ond Coupnng (K) mOdeVrepresenTOTIOI’]
__ * Could dominate for large VLQ masses \ (D), (TB), (X1, (XTB), etc. /
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L General Strategy

Multiple analyses to target Test all possible branching raftios:
each decay:

,,,,,

; Unphysical
= Hi+X L tHtH

By Our goal: maximize
® sensitivity in full triangle

AN

AtH “.

__------—M_‘
- ~~

BR(T->tH)

': thZ ' thH Wbtk :
o X Ltz i iz, W7
R ’l\ ZiZ,WbWb. _ e )
L 2 [ tztz, WbtZ, wbwb /)’\ Wb
B T — >
BR(T>Wb)

— Wb+X
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LAS Previous Results (36.1 fb1)

1400

£ "ATLAS

T Vs=13TeV, 36.1 ib” 1300
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ATLAS Heavy Objects
With q q
low-pr: P
We H- fu .
Q b
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high-pr:
(boosted)

BEACH 2022

Heavy Objects
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ATLAS top-tagging

ldentify high-pr top quarks (“boosted-tops’”)

« Large-radius jet with highly collimated
sub-jets, including one b-jet

BEACH 2022 Joseph Haley 9


https://cds.cern.ch/record/2724149
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ATLAS top-tagging

ldentify high-pr top quarks (“boosted-tops’”)

« Large-radius jet with highly collimated
sub-jets, including one b-jet

= Deep Neural Network top-tagger

« Uses kinematics (jet mass, py, etc.)

N
o
(=)

ATLAS Simulation Preliminary ~ Top tagger: i

and dispersion of jet constituents /s =13 Tev — Contained, &, = 50% -
Trimmed anti-k, R=1.0 jets — Contained, &g, = 80%
(N-subjettiness, splitting scales, and 150/~ Py>350GeV.Inl <20 e gzzzgg.;;

energy correlation functions) ATL-PHYS-PUB-2020-017

100

Background rejection (1/€bkg )

N
o

...............
...................................
’ T —

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000
Jet P, [GeV]
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ATLAS top-tagging

ldentify high-pr top quarks (“boosted-tops’”)

« Large-radius jet with highly collimated
sub-jets, including one b-jet

= Deep Neural Network top-tagger

[ ] Uses kinemGTiCS (jeT mOSS, pT' eTC.) ’-\u, 2Ool_l T T I T 17T | T 17T | T T | T 17T | L 1T I_
. . ] . wﬁ L ATLAS Simulation Preliminary ~ Top tagger: i
and dispersion of jet constfituents = =7 s=13Tev — Contained, &, = 50% -
c B Trimmed anti-k, R = 1.0 jets — Contained, 5, = 80% |
(N-subjettiness, splitting scales, and % 150 Py >350 GeV. Inl <20 " inoaive, -0
energy correlation functions) £ ATL-PHYS-PUB-2020-017 -
S 100+ -
e - _
o e ~ 2 L 1
’ . \ 8 i i
{ Inclusive top-tagger ! © 59 _
: allows some of decay : C g
I productions fo fal : "
1 - 1 I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

i outside large-R jet | 0500 1000 1500 2000 2500 3000 3500 4000

: : Jet P, [GeV]
\\~ ________________________________ ’ll

(Some analyses define their own custom taggers, but idea is the same)
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ATLAS b-tagging

Final states with (multiple) bottom quarks

Small-R jet with displaced secondary vertex,

high mass, and high track multiplicity “Ni?

= Train Deep Neural Network b-tagger Prompt /’d\
| | . ~
« Dedicated b-taggers for different jet P e
. . ~§ [ ATLAS Preliminary Simulation ~ —— gl/ff(zf;?s(zow) 1
reconstruction algorithms B 10" 30 Geu <y 260 GeV.n <55 . L1t ~0018 (019
> Particle Flow Jefs g [~ ATL-PHYS-SLIDE-2020-162 |

> Variable-Radius Track Jets =

10°F S5 E
e 0 =

« Uses previous inputs, plus recurrent neutral

network to exploit correlations between tracks &z, oo
Q ;v—._;._\.\.’.\.\. E
> >50% better rejection w.rt. Boosted Decision Tree 2"} s T -~
o — T S jmmem iy
E o060 068 070075 080 065 080 0sE .00

b-jets efficiency
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https://cds.cern.ch/record/2719816/

@ ATLAS-CONF-2021-024

L TT=Zt+X with Z=(¢

Example of
trlepton decay:

BEACH 2022 Joseph Haley
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-024/

@ ATLAS-CONF-2021-024

L TT=7t+X, with Z=¢¢

EXPERIMENT

Independently optimized for Example of
dilepton and frilepton final states frilepton decay:

DNN “multi-class boosted object
tagger” (MCBOT) trained to identify
large-R jets from hadronically decaying top, V, H

0.4

0.2 Vs =13 TeV

— V-jets from V-class
= = bkg jets from V-class

ATLAS Simulation Preliminary é

N

0.08
0.06
0.04
0.02

0.4
0.2

II|II_Il: III| ] III|III|

=— H-jets from H-class
==+ bkg jets from H-class Vi

N\

A RHAN R LA ||||\
.

0.08
0.06
0.04
0.02

Fraction of Events

0.4
0.2

N\

III|III|III|III|\

_’ — top jets from top class 7
. =+ bkg jets from top class

0.08
0.06
0.04
0.02

0.2 04 0.6 0.8
DNN output of V-/ H-/ top-/ tagger

BEACH 2022 Joseph Haley 11
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-024/

@ ATLAS-CONF-2021-024

L TT=Zt+X with Z=(¢

EXPERIMENT

Independently optimized for Example of
dilepton and frilepton final states frilepton decay:

DNN “multi-class boosted object
tagger” (MCBOT) trained to identify
large-R jets from hadronically decaying top, V, H

Define 22 exclusive categories based on kinematic properties, b-tag and MCBOT

0 T T T T T T T T T T T T T T T T T T T T T
5 ook ATLAS Preliminary #Data --Singlet TT BV
1] Vs =13 TeV, 139 fb" Ott+X W Single-top OZ+jets
2l + 31 Combination ott /,Uncertainty
10tk Post-Fit

Data / Bkg.

‘/;ﬁﬁ;f////%%///////(//&/f/}/ /gf//f//*%/,t/y-;u#,.w.«/ K. DY W2

21 2l 2p 22 226 22 226 22 U2 226 & 16 2 16 2 16 o2 16 2 16 <2 16 <2 16 vy VSR I Sm ISk ISR, I,
CRLCRLSRSZSRSSR 2SR 2SR PSR £2SR AP SR 2SR p2 SR p2 SR |,° SR 1,2 SR 1.2 Si No 5B V2R b R 1o, SR
BEACH 2022 v o Joseph Haley 12
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@ ATLAS-CONF-2021-024

L TT=Zt+X with Z=(¢

EXPERIMENT

Independently optimized for Example of
dilepton and frilepton final states frilepton decay:

DNN “multi-class boosted object
tagger” (MCBOT) trained to identify
large-R jets from hadronically decaying top, V, H

Define 22 exclusive categories based on kinematic properties, b-tag and MCBOT

0 T T T T T T T T T T T T T T T T T T T T T . . . . .
§ | ATLAS Preliminary #Data --Singel T EW « Simultaneous fit of discriminant
-1 - . .
] s =13TeV, 139 fb Ott+X @ Single-top OZ+jets
_ . . . . .
2| + 3| Combination tt 7, Uncertaint d ‘I‘ b ‘I‘ h
. a 4 Y ISTNOUTIONS 1IN eacn reglion
, | Post-Fit
10" F
A e e
e R E amiac oy goaa oo [ it
10° ATLAS Preliminary ¢ Data - Singlet TT i \TLAS Prolminary ¢ Daa - SaelTT 4 L
; , . ! X A ATL‘AS Pr ‘h i ] : ‘ i Y
il "ﬂ;e\'f‘ ;‘5“:‘)‘('"‘" E e vl k
21+ 31 Combi WSingle-top[DZ+ijets “ " Combination [llSingle-top[TZ+jets
e = e =~ top[Z+jets 10 - . — .
10 T T T T T T e ﬁnus Pre ry #Data - Singlet TT j
ATLAS Preliminary ¢ Data - Singlet TT Vs =13 TeV, 139 o’ @VV WtieX
Vs =13TeV, 139 fb" WVV WX j | Combination [llSingle-top[Z+jets ‘
E 21+ 3l Combination [iSingle-top[jZ+jets |
3 100 la »--§\nnle(|’f T \i h T T T ; T
L£3 ATLAS Proliminary # Data - Singlet X ‘1:‘1?7:\;3}1"::;:‘ ;wﬂ l:»";le‘n l
g (s =13TeV, 139 fb" i+ ® i
& 10k 21, 3 Comsinaton =;\\:\gla—|opE;w§E R W plizicts
£ U8R H tan B invarinn IARRREFAAAARE [  TEREEIR—— e
"L - nel g™ ] R v s e
15 =13 TeV, 139 fo" WV TLAS Prolminary ¢ Data |~ Singlet T1 ey ISingle-top@Zajets
10 § 10F 21+ 3 Cominaton Wsing %’i“fwfm‘;?ﬁ ;3\7. .z‘:‘;‘“" TLAS Preliminary #Data - Singlet TT [ Uncen
¥ 3SR toptag *E 21+ 31 Combination WSingle-top[IZ+jets =13TeV, 1390 MW X E
Ell @ q02] 212bSRtoptag [N Uncertainty 31 Combination - [l Single-top[Z+jets
_J ! Post-Fit SRH1ag Uncertainty
107 tFit ]
E3 wk 1 )
=) St e ™.
3 el B L f
~ + ‘z Bl . T e |
o] /, A o s / / (Lol
b B / // ///*‘// 27 7 o W//fﬂ TIPSR, PR, BY 157 Fo /é |
e ’ ¢ g 15 . 102 Ziikai /
. : 15 % // ' 7
8 o3 s W///}:///S/////S//// %////// T T 200 1400 1600 1800 2000
L L L L L L L L " n L L n L L 1000 1 1 i 1 g 05 / % ! m(2o) [GeV]
200 400 600 800 1000 1200 1400 16001800 2000

22 & 26 2 16 2 16 2 16 o2 16 & 16 2 16 & 16 o Vi S SR,V Sk Y Sk J SR, S mo) [Gev] 1200 1400 1600 1800 2000 2200 2

SR 2SR O sk 108k 0 SR S0 SR PS) SRV CR BNy PR ViR 1 0R top, SR "

"H,ag‘?to‘,,;zlvo @ZOF H°°ubz.°°ubg ;’agﬁl“’fa?'%agz"’org: 013q Vtag " tag" 190 tog OF H,(otslep) GoV]
97 Y92

: Joseph Haley 12
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-024/

@ ATLAS-CONF-2021-024

L TT=Zt+X with Z=(¢

EXPERIMENT

Analyze full Run 2 ATLAS dataset (13%9fb1)
« Sensitivity limited by statistical uncertainties

* No deviations from the background-only
model observed

= Limits on cross-section vs. VLQ mass for
benchmark scenarios

5 10— T T 1 | E
— E ATLAS Preliminary —— Theory (NNLO+NNLL) ]
— — 1 = Obs. Limit ]
3 10 E T I T T T | T T T I T T T | T T T I T T T § ’ 1 39 fb . 950/0 CL Exp_ Limit -
& ATLAS Preliminary — Theory (NNLO+NNLL) = 95% CLExp. = 1o —|
3 1 0 ET T T T T T T T T T T T T T T T T — -ev 1 39 fb.1 — ObS. élll—'nlEt L T )ination 1 95% CL Exp + 20 E
E o 3 eV, —m. 95% .Limit -2/ (Exp.) +--3/ (Exp.) 7
= - ATLAS Preliminary — (T)T)eorﬁ'_ (ll\lNLO+NNLL) 1 let (XT) S ose ol Ep sl (Bxp) -3/ (Bxp) ]
- R — S. Limi N . . 95% CL Exp. + 2 3
'E - Vs=13TeV, 139 ! -..-. 95% CL Exp. Limit | >mbination 2 (Exp) sl o) E
T 1 == TT BR(T—) zt) - 100% = 95% CL EXp + 1o = u =
E L [195% CL Exp. + 20 3 n =
g - 2l + 3| Combination -2/ (Exp.) -3/ (Exp.) E 1
k-1 5 . ]
107 3 _' :
2 i ] E 1 L 1 l L 1 1 l 1 1 1 I 1 1 ;
107 E 0 1200 1400 1600
E E P S S N AN ST SO SN NN SR T R g Ge
L 4 1000 1200 1400 1600 My [GeV]
1072 3 E m, [GeV]

1 I 1 1 1 | 1 1 1 I Il 1 1 | 1 L Il I 1
800 1000 1200 1400 1600

Ge
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@ ATLAS-CONF-2021-024

L TT=Zt+X with Z=(¢

EXPERIMENT

Analyze full Run 2 ATLAS dataset (13%9fb1)
« Sensitivity limited by statistical uncertainties

« No deviations from the background-only
model observed

= Limits on cross-section vs. VLQ mass for
benchmark scenarios

= Model-independent limits on ¥ 1700 =
VLQ mass vs. branching ratio: ) 1600 @
- =

s 1500 £

@ 2

1400 g

Extends the excluded B & T mass limits by 1300 _
more than 200 GeV compared to previous 1200 (\ﬂ
analysis using 2015+16 data (36fb1) 0
1100 %

1000 S

(o)

%))

0

: 800 ©

0 0102030405060.70809 1
BEACH 2022 Joseph Haley BR(T » Wb) 14
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@ ATLAS-CONF-2021-040

L T=Hzt/Zt, with ¢t =lvb

EXPERIMENT

Leptonic top: High-pT e/u + E;{™ss + b-jet

Boosted H or Z: Small-R jets “re-clustered” into Large-R jets

« Tag asH, V, ortop based on jet mass, p; and number of sub-jets

Sensitivity limited by modeling uncertainties on
dominant tt and single top backgrounds

« Data-driven kinematic reweighting for t1&tW and V+jets

Divide events into 24 regions based on ~ ATLAS Preliminary | Da  [Jfiightiets
number of jefs, b-tags, H, V, & top-tags © "¢ gie;o;iv’wg " DSrgetop  Evart
.| Post-Fit Others Uncertaint
Perform combined fit to discriminating h== o i_m y .
variable in all regions o' B | -
10° £
10 £
& 1
g ;ZH —os—eth +'+'__.__.____._,,.__.__._-.-.¢_ Ao
g °%

- ~ W % NS
s - 4 s 4 & g s g 8 8 L. &8 8 'L 4 4 4 4 49 9 ¥ F
BEAC = 8 g8 g48%F dg°-°- 888 g88 853§ 77
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@ ATLAS-CONF-2021-040

L T=Hzt/Zt, with ¢t =lvb

EXPERIMENT

Leptonic top: High-pT e/u + E;{™ss + pb-jet
Boosted H or Z: Small-R jets “re-clustered” into Large-R jet

« Tag asH, V, ortop based on jet mass, p; and humber of sub-j

Sensitivity limited by modeling uncertainties on
dominant ft and single top backgrounds

« Data-driven kinematic reweighting for t1&tW and V+jets

Divide events info 24 regions based on § ATLAS Prefiminary +Daa D lightjets
. i (s=13TeV, 139 fo” t+>1 tt+>1b
number of jets, b-tags, H, V, & top-tags Fit regions S top =W

Post-Fit [ Others 7, Uncertainty
Perform combined fit to discriminating

variable in all regions

>6 jets

Data / Bkg.

> 22332323383
NCOONOAN N " NN AN N N N F F X F F F o+ F

r r f T I T I I ¢ 3T I FTT I % %

T = 5 = s =

o o o N N Al Al Al AN o o [S] o =] o o. - 2 °_ - 2 - -
B - T T ol - ST e =S - - - - Y -
...... g & £ 58 £ 5 £ 8 5 5 F o= = !
e N N N RN LT oo AN S
g g & x5 ¢ 5858 8558 55 F 52 F 5%
S 8 2 8 2 858 W 2858 8 2 N 2 T A . S A LS A A A
F 2 F g F &8 g F g & F 5 & 5 F & 8 £ £ & & £ §F §F

— - - - - - Al A — Al Al - -

“““““““““ _’;'. N 2. AN _/,;I" NN _g' NN s N s 5 W _’c‘; _2 _/c‘;. _’;' _2. _2 g g

- g § 8 ®» 89 g9 § 8 89 = - &8 W ™« g

- « ® ® N 3 3 - & @ @ 9 F X N N
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@ ATLAS-CONF-2021-040

L T=Hzt/Zt, with ¢t =lvb

EXPERIMENT
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Analyze full Run 2 ATLAS data set (139 fb-1)
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@ Phys. Rev. D 105, 092012

ATLAS T=Ht with hadronic final state

T=Ht with H=bb and t=qgqgb
« 2 high-pT large-R jets with b-subjets
Dominant background from QCD multijet events

» Estimate from data using an extension of the “ABCD"
method

v
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ATLAS T=Ht with hadronic final state

T=Ht with H=bb and t=qgqgb
« 2 high-pT large-R jets with b-subjets
Dominant background from QCD multijet events

» Estimate from data using an extension of the “ABCD"
method

« 2D grid based on the tagging of the two large-R jets
» Higgs or top tag
» Number of b-tagged VRTrack jets inside large-R jet
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ATLAS T=Ht with hadronic final state

T=Ht with H=bb and t=qgqgb

« 2 high-pT large-R jets with b-subjets - Validation Regions (/)

Dominant background from QCD multijet events enhanced in backgrounds
— Validate background
» Estimate from data using an extension of the “ABCD" modeling
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ATLAS T=Ht with hadronic final state

T—=Ht with H=bb and t—=qgb

« 2 high-pT large-R jets with b-subjets . Validation Regions )

Dominant background from QCD multijet events enhanced in backgrounds
— Validate background
» Estimate from data using an extension of the “ABCD" modeling
method
_ _ . « Signal Region (SR)
+ 2D grid based on the tagging of the two large-R jets enhanced in signal
> Higgs or top tag — Sensitive to T—=Ht

» Number of b-tagged VRTrack jets inside large-R jet
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ATLAS T=Ht with hadronic final state

T—=Ht with H=bb and t—=qgb

* 2 high-pT large-R jets with b-subjets Validation Regions (/<)

Dominant background from QCD multijet events enhanced in backgrounds
— Validate background
» Estimate from data using an extension of the “ABCD" modeling
method
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TLAS T=H: with hadronic final state

EXPERIMENT
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ATLAS T=H: with hadronic final state
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@ ATLAS-CONF-2021-018

LAS B =Hb, with H=bb

EXPERIMENT

Require 3 b-tagged small-R jets

= Critical to reduce dominant multijet background

ldentify boosted H=bb

= Large-R jet with mass = my & contains 2 b-tagged track jets

O
B-tagged small-R jet '

Purely data-driven background estimate using YABCD" method

« Extrapolate background from control region (B) to search region
(A) using transfer functions measured in neighboring regions
(C/D)

v
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@ ATLAS-CONF-2021-018

LAS B —=Hb, with H=bb

EXPERIMENT
Binned maximum-likelihood fit to reconstructed B mass

distribution mg

No significant excesses found in full Run 2 dataset

B-tagged small-R jet '
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ATLAS Conclusion

Many recent results from searches for vector-like partners to fop and
bottom quarks using ATLAS Run 2 data
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* Also improved background modeling e N I
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Unfortunately, still no signs of new physics...
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But more Run 2 analyses coming soon!

... And Run 3 just around the cornerlll
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Thank you!

And special thanks to:

DOE for supporting this research

The ATLAS Collaboration

« Complete list of ATLAS exoftic results:
ATLAS twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

EXPERIMENT

The BEACH 2022 Organizers!
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)

ATLAS List of presented analyses

« Search for pair-production of vector-like quarks in pp collision events at Vs =13
TeV with at least one leptonically-decaying Z boson and a third-generation
quark with the ATLAS detector (ATLAS-CONF-2021-024)

« Search for single production of vector-like T quarks decaying to Ht or Zt in pp
collisions at Vs =13 TeV with the ATLAS detector (ATLAS-CONF-2021-040)

« Search for single Vector-Like B -quark production and decay via B—bH(bb) in
pp collisions at ¥s =13 TeV with the ATLAS detector (ATLAS-CONF-2021-018)

» Search for a vector-like quark produced in 13 TeV proton-proton collisions and
decaying into a Higgs boson and top quark with a fully-hadronic final state at
ATLAS (Phys. Rev. D 105, 092012)

BEACH 2022 Joseph Haley 26


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-024/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-018/
https://doi.org/10.1103/PhysRevD.105.092012

€

L ATLAS Detector

The LHC is a “top factory” (~1 tt/second)

ATLAS is a “top detector”
Efficient e/u identification U

Nearly 41m coverage = E;miss

High granularity tracking Y |

= b-tagging

a-.. sl

Q¥

“m‘.a \_nm-u-aln

All results using the ATLAS Run 2 data set (L= 139 fb!, Vs = 13 TeV)
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