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ATLAS
EXPERIMENT Quarks

Top and bottom quarks are like gold

« Heavy = Very large Yukawa coupling

£ Probing New Physics with 3" Generation

« Precious = Many BSM model predict enhanced coupling to 3@ generation

» Heavy mediators (W', Z’, H/A, gkk, Gkk)
Usual spacelime

> Top partners (Vector-like quarks) direclions
A

gravilon

H H \
electron

Z boson

Higgs boson

Vi

Microscopic exlra dimension

| will highlight the most recent searches (with some personal bias)

fop quark

Extra-dimensional
boundary

« Data from pp collisions with \s = 13 TeV recorded by ATLAS during Run 2 (2015-2018)

« See also searches with associated tops in Nedaa-Alexandra’s talk on Monday
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) Probing New Physics with 3" Generation
ATLAS

EXPERIMENT Quarks

Top and bottom quarks are like gold

« Heavy = Very large Yukawa coupling

« Precious = Many BSM model predict enhanced coupling to 3@ generation
» Heavy mediators (W', Z’, H/A, gkk, Gkk)

Usual spacetime

> Top partners (Vector-like quarks) directions

gravilon

H H Higgs boson
Z boson /

electron

top quark

Extra-dimensional
- - boundary

Microscopic extra dimension

| will highlight the most recent searches (with some personal bias)
« Data from pp collisions with Vs = 13 TeV recorded by ATLAS during Run 2 (2015-2018)

« See also searches with associated tops in Nedaa-Alexandra’s talk on Monday
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L |dentification of 3@ Generation Quarks

EXPERIMENT

All analyses in this talk rely on the identification of jets from top or bottom quarks brjet

= Ciritical for separating from multijet events #’

High-p; bottom quarks

« Small-R jet with displaced secondary vertex, high mass, JNZ’?

and high track multiplicity — "d\
= Train Deep Neural Network (DNN) b-tagger i / :
« Uses all previous inputs, plus recurrent neutral network to Jt\
exploit correlations between different tracks ~§ 10420:;?5/;{?\.?{%? @gsuﬁfgég __—_ ng}fzo;}} 1&@9)*
« >50% better rejection w.r.t. Boosted Decision Tree f— T o :
S10°E
Dedicated b-taggers for new particle-flow and 5
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variable radius track jet reconstruction algorithms
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L |dentification of 3@ Generation Quarks

PERIMENT

All analyses in this talk rely on the identification of jets from top or bottom quarks
= Ciritical for separating from multijet events

High-p; top quarks (“boosted-top™)

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

 Discriminate from QCD jets using
kinematics (jet mass, pr, etc.) and
dispersion of jet constituents (N-
subjettiness, splitting scales, and
energy correlation functions)

ATLAS Simulation Preliminary ~ Top tagger: 4
Vs=13TeV — Contained, Egg = 50% -
Trimmed anti-k, R =1.0 jets — Contained, e, = 80% |

p,> 350 GeV, Inl <2.0 === Inclusive, Egq=50%
--- Inclusive, €gg= 80%

N
o
(=)

150

ATL-PHYS-PUB-2020-017

100
Official DNN top-taggers defined for

50% and 80% efficiency

I

Background rejection (17, )

o
o

......................

..................................

Some analyses define custom top-
taggers (more later)
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L Vector-Like Quarks (VLQSs)

EXPERIMENT

Both chiralities fransform the same SM V-A current VLQ current
under SM gauge groups = “Vector-like” (@y*(1 =) | (QvQ")

« Avoids constraints from Higgs measurements

VLQs can cancel quadratic divergence in

Higgs mass " h

S Show up in many BSM models -Q_ ------
(Little/Composite Higgs, Topcolor, GUTs, ...) T

 Naturalness requires VLQ mass ~TeV ) Q )

Can mix with SM quarks

« Naturalness + FCNC constraints
prefer mixing with 3rd generation

Ol VLQs
singlets doublets | triplets
5/3 X X
Top partner==> "2 (1) ﬁf?" r\ T /1T\
Bottom partner—» -5 | () | (B) ) E_B} B §B> _
—4/3 % Y
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L What do we look for?
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1 * Via QCD = Depends only on VLQ mass |
\ _ (Model-independent) /'
(Single production: y h
q

H/Z/W

t/b

g b/t

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

\_° Could dominate for large VLQ masses y
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@ 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
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II|II_Il: III| ] III|III|

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

N\

A RHAN R LA ||||\
.
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Fraction of Events
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N\

III|III|III|III|\

_’ — top jets from top class 7
. =+ bkg jets from top class
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0.2 04 0.6 0.8
DNN output of V-/ H-/ top-/ tagger
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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
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
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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
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0F 3 21.+.31 Combination WSing! -13TeV, 199 6" MW [EHisX TLAS Preliminary ¢ Data - Singlet TT ] nces
B 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
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@ ATLAS-CONF-2021-024

L TT=7t+X, with Z=¢¢

EXPERIMENT

Analyze full Run 2 ATLAS dataset (13%9fb-1)
« 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 ]
= 10E T T T T 5,139 fb .= 95% CL Exp. Limit ]|
& ATLAS Preliminary — Theory (NNLO+NNLL) = 95% CLExp. = 1o —|
3 1 0 E T T 7 T T T T L— T T T T 1 T ™ -ev 1 39 fb.1 — ObS. élll—'nlEt L 7 )ination —J 95% CL Exp + 20 3
E o 3 eV, —m. 95% .Limit -2/ (Exp.) =3/ (Exp.) ]
= - 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 S [195% CL Exp. + 20 3 N 3
g - 2l + 3| Combination -2/ (Exp.) -3/ (Exp.) E 1
k-1 5 . ]
107 E i :
2 i ] : 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]
107 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%fb-1)
« 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
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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 Proliminary . tivightets
M 10°+ Vs=13TeV, 139 fb" Mtt+>1c Wti+>1b
number of , b-tags, H, V, & top-tags Fit regions BB Singlo-top — i
10t b Post-Fit [[]Others Uncertainty
Perform combined fit to discriminating =
. . . oL oo g 3-5jets >6 jets CR 1
variable in all regions 10 — o] e W
102 E I L ‘;;
10 U = ;:,_ —te- L[]
Z¥7] — o $ E|
- JZ
5 1 | | ] | | | | | | ] ] | | | | | | |
z 15; _+_
PRI o e e 220 e ol e e e o
= 05
8 0 > > > > > > > > > > > > > > > > “= "= F "= "= EF T= =
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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, or top 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 fb”" th>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
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@ ATLAS-CONF-2021-040

L T=Hzt/Zt, with ¢t =lvb

EXPERIMENT

lj'

H/Z/W

Analyze full Run 2 ATLAS data set (139 fb-1)

No deviation from the background-only
hypothesis

t/b

g b/t

= Set limits on singlet T as a function of mass myand coupling constant kK

1Oll\|l\||||||"'|"'|' 1.6\|\|||||\||||||‘|||||

=== Theory (NLO) - ATLAS Preliminary 1
—— 95% CL observed limit

é - _ -1
-------- 95% CL expected limit i 1.4/ [s=13TeV, 139 1o
3

I 95% CL expected limit +16 — gg:f 8t gg;gg:g l'iim_itt
I % dlimit+2c. 1 o~ 4oL o imi
95% CL pxpaciadimit +2a [ 95% CL expected limit +1c

95% CL expected limit +2c

T

T singlet, k=1.0

1 | |||T|r 1
Cow/’ng

\Ill,l\lllllll

o(pp — gb(T — H/Zt)) [pb]

107"

- . 0.6 -

- ATLAS Preliminary ] Mo

- (s=13TeV, 139 fb" - 0-4:\\_ _____ Fa e[ T

1000 1200 1400 1600 1800 2000 10061200 1400 7600 1800 2000
m; [GeV] VLT mass m; [GeV]
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@ ATLAS-CONF-2021-040

L T=Hzt/Zt, with ¢t =lvb

EXPERIMENT

lj'

H/Z/W

Analyze full Run 2 ATLAS data set (139 fb-1)

No deviation from the background-only
hypothesis

t/b

g b/t

= Set limits on singlet T as a function of mass myand coupling constant kK

10"‘|"'|"'|"'|"'|| 1.6\|\|||||\||||||‘|||||
= Theory (NLO)

—— 95% CL observed limit
-------- 95% CL expected limit

[ 95% CL expected limit +1c
95% CL expected limit +2c

= - ATLAS Preliminary .
£ 14[ (5=13TeV, 139"
7

— 95% CL observed limit

------ 95% CL expected limit

[ 95% CL expected limit +1c
95% CL expected limit +2c

T T

T singlet, k=1.0

1 | |||T|r 1
Cow/’ng

\Ill,l\lllllll

o(pp — gb(T — H/Zt)) [pb]

1 0.8

107" 0.6 ‘=~-ﬂ

C I |

" ATLAS Preliminary : <l |

L s 1 I 0.4 _ e s 0 |

\(5—13TeV,139fb * T~ vy 5 e~ e FT/Mszoo/ | 3
Ecoeoc b o b b |‘1 B ~§‘I~~T=2/"T§F | | T~l‘_"‘l‘°—|-~|_ -
1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800 2000

m; [GeV] VLT mass m; [GeV]
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@ CERN-EP-2021-249 Submitted to PRD January 18!

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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@ CERN-EP-2021-249 Submitted to PRD January 18!

TL

XPERIMENT

T—=Ht with H=bb and t—=qgb

T=H: with hadronic final state

« 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

1tOH =2b

VR8

Ot 1H >2b

VR6

0t OH >2b

1tOH 1b

Ot 1H 1b

0t OH 1b

1t OH Ob

0t 1H Ob

Second-leading large-R jet tagging state

0t OH Ob

0t OH Ob

Ot1H Ob

1t OH Ob

0t OH 1b

Ot1H 1b

1tOH 1b

0t OH =2b

Ot 1H =2b

1t OH =2b
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@ CERN-EP-2021-249 Submitted to PRD January 18!

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
method o 300 ATLAS + Data
_ , , S oof MmbmcangeT ot LS TV kr=05
- 2D grid based on the tagging of the two large-R jets = Sy
. 5 200:_ nqna-a
> nggs or Top TOg U>J E k\wgltl:tt‘ugSyst. Unc

150

» Number of b-tagged VRTrack jets inside large-R jet

| 100
[ I e | o
> ) - - E
1t OH >2b VR8 50[—
o | O0t1H =20 VR6 &
5 5E
Lo Ak ‘W\ \\ w
2| oon=2 S 16 7872 52 24 56 583
g Dijet mass [TeV]
& | 1toH1b
B, E L ATLAS + Data
I Vs=13TeV, 1391fb" =16TeV,xk; =05
nd:) Ot1H 1b VR1 © 10001 aihagronic single T > Ht ng(Tau had)
= - VR1 mtt+ Z/WH
o i € goof
o = (1tOH 1b | Ot 1H 1b) m Single top
& | OtOH 1b VR2 —— VR7 & 800 — tt (non all-had)
2 - N Multijet
jou w C \ \Stat. ® Syst. U
5| 1toHO0b VR3 VR5 600 A\oiat &5yst Bne
3 -
-é 0t 1H Ob VR4 4001
S C
8 C
3| otoHob 2001
OtOHOb | Ot1HOb | 1tOHOb | OtOH1b | Ot1H1b | 1tOH 1b | OtOH >2b | Ot 1H >2b | 1t OH >2b 0 : =
3 M\\\&\ & \\Q\
. . . Al \ \
Leading large-R jet tagging state \\\\\\\\\

O 5 \\s N
0 20 40 60 80 100120140160180 200 220 240
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@ CERN-EP-2021-249 Submitted to PRD January 18!

TL T=H: with hadronic final state

EXPERIMENT

T=Ht with H=bb and t=qgqgb
« 2 high-pT large-R jets with b-subjets . Validation Regions (/)
enhanced in backgrounds

Dominant background from QCD multijet events .
— 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

- ATLAS ¢+ Data
1t0H >2b VR8 - V5=13TeV, 139 10" mm, =16TeV, k=05
[ All-hadronic single T — Ht [|t't(a|| had)
[ Signal Region mtt+ ZWH
o | Ot1H=2b VR6 — M Single top
© - tt (non all-had)
o| otoH =2 Multijet
o | 0t0H 22b N\ Stat. @ Syst. Unc
£ SN
(@] [
&| 1toH1b =
_‘qi _!_
| Ot1H1b =
‘é’, -
& | OtOH1b VR2 VR7 40
> 20—
S 1t OH Ob VR3 VR5 OZI | d |
3 .
= 8o
S| Ot1HOb VR4 | ©
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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 signall
> Higgs or top tag — Sensitive to T—Ht

> Number of b-tagged VRTrack jets inside large-R jet

Normalization Region (NR)

1tOH >2b VR8 :
enhanced in ttbar
o | OtiH325 VR6 — Use in fit to constrain ttbar
T
(]
o | 0tOH >2b 4000 ATLAS + Data
g) F Vs=13TeV, 139 fb" mm =16TeV, k=05
3 3500 All-hadronic single T — Ht Ot (all-had)
S| 1tO0H 1b | tf Normalization Region mtt+ ZZWH
T 3000 m Single top
| ot1H 1b = tt (non all-had)
& 2500F— Multijet
) F N N\ Stat. @ Syst. Unc
& | OtOH 1b VR2 VR7 2000—
2
5| 1tOHOb VR3 VR5 1500
3
-é 0t 1H Ob VR4 1000
§ 0t OH Ob 500
)
= s Ll
2] o]
OtOHOb | Ot1HOb | 1tOHOb | OtOH1b | Ot1H1b | 1tOH 1b | OtOH >2b | Ot 1H >2b | 1t OH >2b =l @
3 MW\&WW&\W\\\#
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@ CERN-EP-2021-249 Submitted to PRD January 18!

TLAS

EXPERIMENT

Simultaneous fit of dijet mass distribution in SR and NR

« Fit of signal cross section and normalization of tt
background

Set limit as a function of the T mass m; and coupling k

= Exclude couplings above k = 0.4 for low VLQ masses
(Mm; < 1.5TeV)

- 16 7
= [ ATLAS Preliminary L
L _ v
14— Vs=13TeV, 139 b’ .
L i .
[ All-hadronic T — Ht e
. 7’
[ Tsinglet e
12 : ,
— Observed Limit (95% CL) -
[ === Expected Limit (95% CL) ,"
1__--- Expected £ 1o __ PR )
- - - Bpected2s it R T

""""" ,’,(Mr=25/
,,,,, TIM, = 10%
I'M, = 5%
% 1 1 Il ‘ Il Il ‘ 1 1 1 | L Il ‘ Il 1 \ 1 1 L J Il
1 1.2 1.4 1.6 1.8 2 22
m, [TeV]
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T=H: with hadronic final state

- 180 ATLAS + Data
) - Vs=13TeV, 139 1" mm =16TeV,k; =05
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ATLAS T=H: with hadronic final state

. . . . . . . > F
- ATLAS
Simultaneous fit of dijet mass distribution in SR and NR & 180 AT 1o R 6 TeV, ;= 05
[—_ All-hadronic single T — H -
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i NN N\ Stat. @ Syst. Unc
. . . . 100X
Set limit as a function of the T mass m; and coupling g0
] Post-fit SR
. 60— §
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@ ATLAS-CONF-2021-043

W’ =tb with hadronic final state

XPERIMENT

New heavy gauge bosons (W', Z’)
could explain the lepton-flavor
universality deviations in recent LHCb
& Belle results

Heavy W' decaying to boosted top
and b-quark

» Classify events by:
> DNN top tag category
> b-tag from W' decay
> b-tagged jet in large-R jet

 Data-driven ABCD method to estimate
for dominant multijet background

« Significant improvement from top and
b-tagging and improved multijet
estimate

Joseph Haley

0-b-tag-in category

Top-tagging DNN Score

TR3

TR4 a TR2 SR2
F

CR4a CR3a § CR2a CR1a

CR4b | CR3b |*® CR2b | CRi1b

85% WP

B-tagging Score
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@ ATLAS-CONF-2021-043

L

EXPERIMENT

W’ =tb with hadronic final state

New heavy gauge bosons (W', Z’)
could explain the lepton-flavor
universality deviations in recent LHCb

& Belle results

Heavy W' decaying to boosted fop

and b-quark

- Validate background modeling in VR

LLWI2022

Events / 100 GeV

Ratio to bkg.

ATLAS Preliminary
{s=13TeV, 139 fb
VR, pre-fit ¢ Data

-« W' (m =4 TeV)
[ Data-driven
[CJAll-had tt

[ Non-all-had tt
77 Uncertainty

WA

V70D
IS M
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Joseph Hef&Y
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1 1
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@ ATLAS-CONF-2021-043

L

EXPERIMENT

New heavy gauge bosons (W', Z’)
could explain the lepton-flavor
universality deviations in recent LHCb
& Belle results

Heavy W' decaying to boosted fop
and b-quark

. Combined fit in SR, SR2, SR3

» Consistent with background-only

> T > T T T T
8 ATLAS Preliminary 8 ATLAS Preliminary
8 Vs =13TeV, 139 fb" S Vs =13 TeV, 139 b
Z SR, post-fit o Data Z SR2, post-fit o Data
£ --W'(m=4TeV) 2 --W'(m=4TeV)
o [ Data-driven o [ Data-driven
w [CJAll-had tt w [CJAll-had tt
W Non-all-had tt W Non-all-had tt

7z.Uncertainty
----Pre-fit bkg.

72 Uncertainty
----Pre-fit bkg.

E 0.75;— + * v 7 E E 0.75F ¢ + Z //%%
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my [
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W’ =tb with hadronic final state

4

q

0-b-tag-in category

1-b-tag-in category

ATLAS Preliminary
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SR3, post-fit
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@ ATLAS-CONF-2021-043

L W’ =tb with hadronic final state

EXPERIMENT
4

New heavy gauge bosons (W', Z’)

could explain the lepton-flavor

universality deviations in recent LHCb ¢
& Belle results

Heavy W' decaying to boosted fop
and b-quark

« Combined fit inSRT, SR2, SR3

~ 10 E I T T T T I T T T T I T T T T I T T T T I T T T T I T T T l:
. . Ko} = . =
» Consistent with background-only = - ATLAS Preliminary  — opserved 95% CL limit -
.. . £ kL p — = Expected 95% CL limit ]
+ Set limits on cross-section T T e Expectedss% L it +10
LT E ™ % CL limit 426 3
> Exclude W’ with right-handed = Expected 95% CL limit 20 3
. m - NLO W' cross-section (ZTOP) _|
coupling for masses below 4.4TeV % B i
e e . . . :\I _1 —
> Sensitivity limited by = 10 E
statistical uncertainty T N .
\&/ . $z ) = -
6102 TS

Improvement in mass limit by -

1Tev w.r.t preVious result USing —3 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 I..:...:
104500 2000 2500 3000 3500 4000 4500 _ 5000

2015+2016 data (36fb1)

m(W' ) [GeV]
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@ ATLAS-CONF-2021-048

L Z'tt—tttt

EXPERIMENT

Search for top-philic resonance
« Can only be produced in association with tt

» Reconstructed Z' from large-R jets with
cuts on jet mass, pT, and number of subjets

» Suppress multijet background by requiring one lepton from associate tt
Define signal and control regions by multiplicities of additional jets and b-jets
(Mostly) data-driven background estimate

L \ I \
[ ATLAS Simulation Preliminary

« Shape of background determined in control S 12 EroTen 990! I e iz oty
regions and extrapolated to signal regions E [ ueieesoios gL i ]
£ L - Wizt ttZ', 1.5 TeV i

_ iz, 2.0Tev |
\:| Single top
- - W/ZH ttz,25Tev |
B otver -~ {i2,30TeV |

« Extrapolation factors derived from simulation
Scan my spectrum in signal regions (BumpHunter)
= No significant excesses (set limits)
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@ ATLAS-CONF-2021-048

L Z'tt—tttt

EXPERIMENT

Search for top-philic resonance
« Can only be produced in association with tt

« Reconstructed Z' from large-R jets with
cuts on jet mass, pT, and number of subjets

« Suppress multijet background by requiring one lepton from associate ft
Define signal and conftrol regions by multiplicities of additional jets and b-jets
(Mostly) data-driven background estimate

C T I I
| ATLAS Simulation Preliminary

1.2/ {s=13 TeV, 139 fi" [ tislight  -ee iz 10Tev |

- >2 large-R jets - tft+>1b

1’_ >2 add.-jets, >2 b-jets - ffrstc

K - W/Z+jets i
s 2,20 TeV

|:| Single top

B vz z,25TeV

Scan my spectrum in signal regions (BumpHunter) o w iz, 30TeV

» Shape of background determined in control
regions and extrapolated to signal regions

iz, 1.25TeV

Fraction of events

s fiZ,15TeV

« Extrapolation factors derived from simulation

= No significant excesses (set limits)
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@ ATLAS-CONF-2021-048

L Z'tt—tttt

EXPERIMENT

Q

Search for top-philic resonance
« Can only be produced in association with tt

« Reconstructed 7' from large-R jets with g
cuts on jet mass, pT, and number of subjets

« Suppress multijet background by requiring one lepton from associate ft
Define signal and control regions by multiplicities of additional jets and b-jets
(Mostly) data-driven background estimate

« Shape of background determined in control
regions and extrapolated to signal regions

108

ATLAS Preliminary
Vs=13TeV, 139 fb-!

olpp — tiZ') x B(Z' — ) [fb]

102

« Extrapolation factors derived from simulation

Scan my spectrum in signal regions (BumpHunter)

10°

= No significant excesses (set limits)
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@ Phys. Rev. D 105 (2022) 012001

L Z’bb—bbbb

EXPERIMENT

g
Reconstruct Z' from two highest-p; b-jets /@

Require one or two additional b-jets to reduce
dominant multijet background

* Noft required in previous searches
New trijet frigger with asymmetric p; thresholds 9
« Addedin 2017 = 103 fb! of data

Data-driven estimate using functional
decomposition (FD)

given by series of

orthonormal exponential basis functions
N

Q(z) = ), cnEn(2)

n=1

Scan dijet mass spectrum (BumpHunter)

= No significant excesses (set limits)
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@ Phys. Rev. D 105 (2022) 012001

L Z’bb—bbbb

EXPERIMENT % T IAfLAé' T
G o | 5=13TeV, 103 1o
E ;g:::iground
! 1 i 104 : - Bum unter Interval
Reconstruct Z' from two highest-p; b-jets e R 1008 4w 18TeV, - 1., -0 20

4o, . © bBZ> bBbb (M, =25TeV, g =1,g,=0),>X50
i

Require one or two additional b-jets to reduce
dominant multijet background

FD Fit Range: BH Scan Range:
[730, 3672] GeV : [1300, 3672] GeV
FD Fit %2 p-Value: 0.89 : BH p-Value: 0.55

« Not required in previous searches 1
New trijet frigger with asymmetric p; thresholds
« Addedin 2017 = 103 fbo! of data

Data-driven estimate using functional

Significance

ope = 107 I I I I I | \ 3
decomposition (FD) 2 | ATLAS e Observed 6% CL
- Background spectrum given by series of S feEeTevieeT o A
orthonormal exponential basis functions L +20 E

N B-Q/ S bbZ'» bbbb ]

X i =1,g=0 i

Q) = Y enFn(2) 5 | T

n=1 8 - ]

Scan dijet mass spectrum (BumpHunter) é i f
= No significant excesses (set limits) T E
20-50% improvement from additional b-jet requirement! e

—
o
— b
N
—l
N
al
(o)) N
—_ |
QO

. . . 2.
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L Conclusion

Many recent results from searches for new particles that
decay to top and bottom quarks using ATLAS Run 2 do’ro

T
L ATLASP Imn rySmuI atiol —_— MV2(2013)

10% L ¥YS =13 TeV, PFlow jets, ttSm —-—. DL1£,=0.08 (2018) ;
[ 20GeV <py =250GeV, |7 <2.5 —.. DL1rf,=0.018(2019) §

« Significant improvements in sensitivity
provided by new b- and top-tagging
techniques

Light-flavor jets rejection

« Also improved background modeling =%

60 0.65 0.70 075 0.80 085 090 0.95 1 OO
b-jets efficiency

1.6 10 g 2 T T
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12*T glt
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F B xeoumn(gs oy NLO W' cross-section (ZTOP)
- xpocted i

o(pp = W‘R) X B(W‘R — tb) [pb]

o === Expoctedt2s I D
08" _m oo 107! 3
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...... e
04
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02— T,
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‘.:%’

But more Run 2 analyses coming soon!

. And Run 3 just around the cornerlll
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Thank you!

(Time for lunchl)

Joseph Haley
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L List of presented analyses

« Search for pair-production of vector-like quarks in pp collision events at \s =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 Vs =13 TeV with the ATLAS

detector (ATLAS-CONF-2021-018)

+ Search for vector boson resonances decaying to a top quark and a bottom quark in hadronic final states using pp

collisions at Vs =13 TeV with the ATLAS detector (ATLAS-CONF-2021-043)

« Search for heavy resonances in four-top-quark final states in pp collisions at Vs=13 TeV with the ATLAS detector (ATLAS-

CONF-2021-048)

+ Search for heavy particles in the b-tagged dijet mass distribution with additional b-tagged jets in proton-proton collisions

at Vs=13 TeV with the ATLAS experiment (arXiv:2108.09059)

« 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 ( EXOT-2019-07 )
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@ ATLAS-CONF-2021-018

L B — bH(bb)

EXPERIMENT

Reclustered large-R jet with two

Identification of 3 b-jets important for dominant (90%) multijet background matched b-fagged VRirack jets
suppression 4

|dentify boosted H=bb as large-R jet with mass = my, 2-pronged substructure,
jand associated b-tagged variable-radius track jets (VRtrack jets)

Purely data-driven background estimate using several orthogonal auxiliary
regions (“ABCD method”)

+ Extrapolate background from conftrol region (B) to search region (A) using fransfer
functions measured in neighboring regions (C/D)

Nc
: . . , o Nao=Np X —
Binned maximum-likelihood fit o reconstructed VLB mass distrioution mg forward Np
. Jets
No significant excesses found in full Run 2 dataset
. . . . . >1 C
= Set limits on coupling and as a function of the VLB mass:
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