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Motivation (1)

 The SM provides an effective description of nature up to the TeV scale
= The discovery of a Higgs-like particle in 2012 marked a major milestone for ATLAS

and CMS

= Electroweak symmetry breaking remains the simplest hypothesis

Planck

<

= H,,g?é;; ‘

o Gy * However, there are many unexplained observations remaining

early Universe

= Why is the observed Higgs mass so small?

T phase

wnsiion @ What is the nature of the electroweak phase transition in the early Universe?
T=0

today

o/

current knowledge
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Motivation (2)

2 Higgs Doublet Models

.. = Simple extension that is consistent with
!!!!! .

existing constraints

» Introduces a second complex scalar doublet to
« Many BSM models have been

proposed to explain the observations

= Minimal extensions to the SM are well-

the SM Lagrangian

motivated by theories such as

supersymmetry or axion models Vector-like Quarks

S

b
o

andard Model
dict

nearc Mode vLO . . ;

predicton = New generation of spin-1/, particles
. . . o = Equal left- and right-handed couplings to the
000 (.

weak sector
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2HDMs
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 Introduce second complex scalar SU(2) doublet

« CP-conserving scalar potential

e 7, symmetry

SM Higgs
Boson

My, My, My+, My, @ and tanﬁ are free parameters
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« Type-ll 2HDM in the alignment and decoupling limit

Benchmark
scenarios

* g2HDMin the alignment limit and decoupling limit

e hMSSM « 2HDM+a
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 Strong interference between the signal and the SM tt process
leads to a peak-dip structure
» A and H do not interfere since they are orthogonal CP states
» The peak-dip structure is strongly model dependent

Overview

« Two orthogonal channels considered:
= |epton+jets (1L) and dileptonic (2L)
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— ATLAS
< Search forgg > H /A - tt s

Analysis strategy oL

e Invariant mass spectrum of the di-b-
e Invariant mass spectrum of the top pair, m;z plus-di-lepton system, my;;,;,

e Additionally binned in cos 6* e Additionally binned in A¢(l,1)
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— ATLAS
< Search forgg > H /A - tt s

Results: Search stage

- Tested agreement between data and S+I+B hypotheses with m, 4 € [400,1400] GeV
and Iy /4 € [1,40]%
= Most significant deviation from SM (2.3 ¢ local): m, = 800 GeV, I, = 10% and \/u = 4.0
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EXPERIMENT

Searchforgg > H /A > tt .

Results: Exclusion stage

A/H ATLAS

|

Strongest mass exclusion at low tan S to date!

Excludetan B < 3.5(3.16) for my = my = 400 GeV in the 2HDM (hMSSM)

« 5.0 . , l :
& ATLAS Preliminary
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Searchforgg > H /A > tt .

Results: hMSSM comparison

Strongest constraints on m, at tan 5/ = 1.0 to date!
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ATLAS Preliminary
Vs=13TeV, 140 fo~"
hMSSM ]

Observed exclusion 7

Expected exclusion
(10 and +20)

Exclude my < 950 (830) GeV for obs. |
(exp.)tanf = 1.0
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< Search forgg > H /A - tt s

Results: 2HDM+a

First dark matter interpretation of an interference search!

40 T T T T T T T 2HDM+a, Dirac DM, sin@ = 0.35, m, = 10 GeV, g, =1,m,=m,=m,, =600 GeV
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EPJ(; 83 (2023) 603

2.5 F— Expected exclusion 7 — ET4j, 139 fb!

+ + PHDjUS (2021) 112006

Exclude tanp < 1.1 (+1c and +20) = — E™,V(qq'), 140 fb”
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— h—sinvisible, 139 fb'

PLB 842 (2023) 137963
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Strongest expected limits at high mediator mass to date! -
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EXPERIMENT

f- Results: 2D limits Xy 2400.L7264

«<Z. Search forttH / A — tttt s

* Upper limits on the cross-section can be translated to constraints in the tan f — m,,/y plane
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Both particles N r N particle
. i ~ i .
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BSM tttt - - BSM tttt
. \.‘— - .
\_ production ) : 1 production )
—
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e~ Search forA - ZH,H — tt

.
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z.-~
P
b

Overview

Full CMS Run 2 dataset: 138fb~! at+/s = 13 TeV

Probed kinematic range of signal: my > my + m;,
» A - ZH becomes dominant in a wide range of 2HDM parameter space
= For my > 400 GeV, H — tt is dominant decay

= Above 1 TeV, interference becomes non-negligible

< 1800]

)

£

<

Target final state: Z — ee/uu and all-jet decays of tt
» First time this final state has been considered

Discriminating observable: 2D-distribution of Am and p#

= Reduced to a 1D-distribution, p% x V

[

Mass difference
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boson candidates
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J |
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CMS-PAS-B2G-23-006

CMS

Conpas b S

Analysis strategy

* 6 bins corresponding to 6 quantiles of the « Simultaneous binned profile likelihood fit in all
p% x Am distribution in each of 20 regions : channels and categories
= binning is optimised for each signal hypothesis . Separate fits for each (mA’ mH) hypothesis
CMSrprefiminary 138! (13TeV) CMSrpreliminary 138! (13TeV)
:g ‘ (mA,mH)‘=(1OOO,35‘0)GeV(ee‘+pp channlel), post-ﬁtI I _g ‘ (mA,mH)‘=(1OOO,85‘0)GeV(ee‘+pp channlel), post-ﬁtI I
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w w

10t CR-6j-0b CR-5j-0b CR-6j-1b-SB | CR-6-2b-SB | CR-5j-1b-SB | CR-5-2b-SB CR-6j-0b CR-5j-0b CR-6j-1b-SB | CR-6j-2b-SB | CR-5-1b-SB | CR-5-2b-SB
... - . Lo -
L .. - ..
-~ = ) 1
102 . . = mw -
- [ ﬁh K3
... s i
oo il i, Lol - Ty Kl
100 | ! ! = =
|.-l I_I I—-- I__|
= L~ ¥y L5
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< Search forA -» ZH,H - tt

Results: SR fits CMS-PAS-B2G-23-006

CMS |

Post-fit background normalisation parameters + No significant signal excess

are consistent for all tested hypotheses « Largest fluctuation (2.10) observed for:
= 0.82 — 0.94 with uncertainties of ~0.1 for tt
_ o , my = 1000 GeV and my = 850 GeV
= 0.81 — 0.97 with uncertainties of ~0.14 for Z/y + jets
CMS Prehmmary 138 fb”" (13 Tev) CMS Prehmmary 138 fb”" (13 Tev)
:g (mA my) = (1000 350) GeV (ee+ HH channel) post flt _g (mA my) = (1000 850) GeV (ee + pp channel) post ﬂt
; 1Os_+ Data 7~z Total uncertainty mm Z/y + HF A\ ‘; 106} ¢ Data 2 Total uncertainty mm Z/y + HF 1 vV —
b= — Sig. (0.0+0.1 fb) W+ jets it ftw s — Sig. (17.0£8.0 fb) W + jets it ttw
g -~ Sig. pre-fit (25 fb) ZIy + LF ttz single t g —— Sig. pre-fit (25 fb) Zly +LF ttz single t
- 104 — - B
SR-6]-2b SR-5-2b SR-6}-1b SR-5-1b . SR-6j-2b SR-5/-2b SR-6j-1b
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3’1-2'||i_{_: w+l \T! T T ok = I I i+| ] g) T R '+'\ T
o ’ : i l"-J‘I L Py i‘",’.i.,* ] ‘ ) _‘:_‘_JA_.‘ L) +: @ P 4 + { 4 |
> 1.0 77y b it » ; 2 o4 T
ﬁw N S
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Results: 2D limits

« Interpreted in the context of type-ll 2ZHDM

» |nterpretation is limited to the 2HDM parameter space
where [, < 25%

« Exclude, depending on the value of tan f:
= m, between 550 — 1500 GeV
* my between 350 — 700 GeV

cMS,/ |

CMS-PAS-B2G-23-006

1200 CMS Preliminary 138 fo-! (13 TeV)
< I L | — 1 T
= L Ao ZHo I
() s 2HDM (Type-Il), sin(B- o) =1
= 11001~ Excluded at 95% CL
e - --- Median expected — tanp=0.5
1000 * Observed tanB=1.0 .
F - A o259 — tanB=2.0
900} -
800} -
700f- -
600} -
500[ -
400} N
[ . A P T R R
400 600 800 1000 1200 1400

ma (GeV)
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ptq

N, Search for pp > tH / A - ttq

Phys. Lett. B 850 (2024) 138478

CMS./!

t Overview

First search based on g2HDM model considering A-H interference

= 2023 ATLAS analysis has similar limits for the non-interference case It m, — my, = 100 GeV,
effectively no interference

Mass difference of my — my = 50 GeV assumed

Full CMS Run 2 dataset: 138 fb~1 at+/s = 13 TeV

Probed mass range of new Higgs bosons: 200 — 1000 GeV ( All other new
Probed range of new Yukawa couplings, p;, and p;.: 0.1 — 1.0 < C\gﬂ‘;‘]"l‘;“’gs
assumed to be 0

Final state signature: two same-sign leptons with at least three jets

Dominant background: events with non-prompt leptons
Estimated using

fake factor

method
18
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CMS, /!

. Search forpp - tH /A - ttq =

Phys. Lett. B 850 (2024) 138478

Signal extraction CMS 1o815" (13 Toy
c Fr T T I Trror oo LI B
%108 [0 VBS [114] vV [164] |jomers [225]
L . : £ 1 t[408] [JtiH[479] [0 tEW [668]
« BDT discriminant used to distinguish 19" iinonprompt 2643 4 Data [4691] [ Total unc.  :
. 108L— g2HDM Signal(x2.5) ]
signal and background [ Ma=350GeV,p =10
. . 10°F  Interference E
« 152 BDTs trained in total: jotf  Ma~mMy="50GeV
: _ _ ol i CmMs  138'(13TeV)
» independently for four data-taking periods 2 ! 510y ves - Domers[zoz]
10 2 [ [351] [CfiH[421] AW ([567]
10 2107 X Nonprompt [2103] ¢ Data [3791) [7] Total unc.

= in each data-taking period, independently for 10~ "" 92HDM Signal(x2.5)

- 1 - m, =350 GeV,pt =1.0

w F _ _ 3

2 ;z// i ////////(//////// M/W 100 MM 50 GeV 1

) ) ' ‘ : s .

= for each mass assumption, independently for 06 04 020 02 04 0'%D19'§core1 - :
2
ptu == 0.4‘ aﬂd ptC == 0.4 10
10

—

[{o
T T

« Signal strength, u, extracted with a simultaneous maximum e ]
likelihood fit for each signal mass-coupling assumption W‘WWA’WW///////////////
-06 -04 02 0 02 04 06 0.8 1

Independently in 12 categories: BDT score
» 3 decay modes in the 4 data-taking periods

Obs/Exp

o
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 Type-ll 2HDM in the alignment and decoupling limit

\

Requires Z, symmetry
Describes which [

fermion couples to

which doublet

cos(B—a) =0
couplings of h = couplings of hgy,

* g2HDM in the alignment limit and decoupling limit

\

4 generalized 2HDM

no Z, symmetry

_|_

\

( new Yukawa couplings ~ 0(1),

\__extra Higgs quartic couplings ~ 0(1)

« hMSSM

[ —

Simplified SUSY
benchmark,

deriving from
MSSM

4 h = hgym )
——
only tan 8 and my,
are free
\_ parameters

> e.g.
L Pru» Ptus Ptcy Pt

- 2HDM+a

~,

Additional fermionic DM
particle, y, with CP-odd
mediator, a




CMS

ongec han Sokis

™, Search for pp > tH / A - ttq

Phys. Lett. B 850 (2024) 138478

t Results: 1D limits

No significant excess over the expected SM background
= interpreted as upper limits on u as a function of my

CMS 138 b (13 TeV) CMS 138 fb' (13 TeV)
E T TT | TTTT I T T T TTT T T | T T | T T I rTTT | IE ’:—>: TTT | TTTT I T 1T TTTT T T | T T | T T I rTTT | IE
O 1n7 _ ] S 47 . 3
©10° Interference b =0.1 ~ ©10° Interference ~ 0.1 -
5 m,-my=50GeV " E‘“;o'a, : 5 m, - m, = 50 GeV 'gm:“ -
Lot P = 1.0 E 210 L pE=1.0 E
o 4 T o 4 T
£10 1168% expected 3 =10 m168% expected 3
=108 95% expected . =10° 95% expected 4
‘é , . -
510 E E
— . ]
o = E
3 .
L0 E|
@ =
10_2 111 | 1111 | 1111 | 1111 | | | L1 | 111 | | 1111 |E_
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
m, [GeV] my [GeV]

Exclude m, < 1000 GeV for p,, > 0.4 Exclude m, < 340(810) GeV for p,. = 0.4(1.0)
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ptq

t Results: 2D limits

Phys. Lett. B 850 (2024) 1384

* No significant excess over the expected SM background
= interpreted as upper limits on u as a function of my, and py, / Psc

CMS  138f0'(13TeV)
a” | - : 10
0.8~
1
0.6
pe largely
excluded
04 10—1
0.2

300 400 500 600 700 800 900 1000
m, [GeV]

c(obs)/c(theory)

95% CL upper limit onu

CMS 138 b’ (13 TeV)

ptc

10?
0.8

10

0.2

300 400 500 600 700 800 900 1000
m, [GeV]

95% CL upper limit onu=c(obs)/c(theory)

Large area of
unconstrained
phase space

for pec
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Standard Model

VL QS prediction

 Color-triplet, spin-1/, fermions . . . °
 Left- and right-handed chiral components transform

identically under the weak-isospin gauge group . . . °
« Can be singly- or doubly- produced

Vo @ @0 |

Isospin 1/2 1/2 1/2 1
Hypercharge +2/3 —1/3 +1/6 +7/6 -5/6 +2/3 -1/3

o N X

T
) (g) » Couple to SM quarks via exchange of W¥, Z
1 or H with electroweak couplings, k, £ and g

* VLQs couple preferentially to third-generation

SM quarks
* Could mix with like-charge SM quarks .

= 7 renormalizable possibilities generate Yukawa terms

other couplings setto O

= no additional mediators

without changing the scalar sector

22



........................................
I I I I I T I

[ T =
ATLAS 1420 @
T 09 Vs =13 TeV, 36.1 fo S,
E, 0.8 VLQ combination 1400 £
S 0 07 Observed limit é
06 1380 &
Y¢ SU(2) doublet -
0.5 O SU(2) singlet 1360 (\i
0.4 0
D
0.3 1340
02 1320
« Relative couplings of VLQs to W/, 0.1 R
Z and H bosons given in terms of 0 01020304 0506070809 1 130

¢w, €z and &y = branching ratioS  Fromphys. Rev. Lett. 121.2117801  BR(T — Wb)

of the decays to W, Z and H

bosons ~
—

~

gquark decays

« T SU(2) singlet:
50% to Wb, 25% to Zt and 25% to Ht

« T SU(2) doublet:

\_ 50%to Zt and 50% to Ht -
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VLQ analyses




SATLAS

ination of searches for singly-produced VLQs

arXiv:2408.08789

Overview

Combination of 3 orthogonal analyses, targeting different leptonic (e or u) final states
= "MonoTop: 0 leptons (JHEP 05 (2024) 263)

= 'HTZT : 1 lepton (Phys. Rev. D (2024) 109 112012)
= 'OSML": > 2 leptons (JHEP 08 (2023) 153)

Full ATLAS Run 2 dataset: 139 fb~1 at+/s = 13 TeV

Combination performed considering correlations in the background modelling and
systematic uncertainties

First combination of searches single T-quark production in ATLAS
= Most restrictive bounds to date!
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ATLAS

EXPERIMENT

ination of searches for singly-produced VLQs
RGSU/|ISZ k=0.3 arXiv:2408.08789

 No significant excess over the expected SM background
= most significant local p,-value of 0.14(0.10) for the SU(2) singlet (doublet) interpretation at m; = 2.1 TeV, k = 0.1

E T T | T T | T T | T 1 | T T | T T ‘ T T | I T T ‘ T I E T T | T T | T T | T T | T 1 | T T | T T ‘ T T | I T
L2 - ATLAS 95% CL upper limits L - ATLAS 95% CL upper limits
= s =13TeV, 139 fb Obs. Comb = Ys =13 TeV, 139 fb Obs. Comb
g 1B e Exp. Comb — § 1i= Exp. Comb —
T - Tsinglet, k=0.3 __ E;g o = T — Tdoublet, k=0.3 B Exp. tio .
0 - Sy tE, g, =1.8,=8,=025 Exp. Monotop B T o St o o =1 5,=6,=05 =Xp- £20 ]
- T Exp. HtZt i T e Exp. HtZt 7
= - Exp. OSML : = e Exp. OSML :
T B == Theory (NLO) il T N === Theory (NLO) i
g 10~ U Exclude 0 > 18 fo for 1.4 <my < 2.2 TeV | 8; 10~ e Exclude o > 20 fb for 1.4 <m; < 2.1 TeV .
© S E © z
- = 107 \ =
: L1 1 | L1 1 | L1 1 | L1 1 | L1 | | L1 1 1 | | L1 1 ‘ L1 : : L1 1 | L1 1 | 1 1 | L1 1 | L1 1 | L1 1 | L1 1 ‘ L1 1 | L1 :
1 1.2 14 16 1.8 2 22 24 26 1 12 14 16 1.8 2 22 24 26
m, [TeV] my [TeV]

« Combination improves the limits over the individual results for all masses and CCM by
up to a 2x!
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ATLAS

EXPERIMENT

ination of searches for singly-produced VLQs

Results: T SU(2) singlet arXiv:2408.08789

« Combination increases sensitivity to a wider range of model parameters beyond existing parameters
» Also interpreted as exclusion limits on the total cross section as a function of m; and k

M 1 1“\|II\|I\I‘I\I|\I\|I\I|III\ O-OG'_E M 1|l|\\Illl\l‘lll‘l\l‘llll\lll O-Osg
ATLAS . = . ATLAS : =
0.9 /s =13 TeV, 13910 = N 0.9 . {8.13TeV,1391b" . 5
B I b B I
~ Tsinglet . 0 ~ Tsinglet |#0.05 0
0.8 N B, +E,+E = 1,5,=6,=025 — 0.8 N B +E, E = 1,6,=8, =025 -
‘ 7 T = 7 T
. 95% CL Obs. Comb - g 0.7 95% CL Exp. Comb - 0.04 o
- B Ceme, d VYUY T
\.“:"-- FT/mT=50/c _: S 06 ._-‘-\--- FTfmT—SO/c _: S
. E . E
— - 0.5 S ]
_ EI) _ 0.03 d
5 E 52
P 04 —: o
0.3 { 0.02
Exclude k > 0.2 for low m 02
0.01 ' T 0.01
0.1 0.1
1 12 14 16 18 2 22 24 26 1 12 14 16 18 2 22 24 26

m; [TeV] Exclude m; < 2.1 TeV for k~0.6 m; [Tev]
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CMS, |

ination of searches for singly-produced VLQs

Overview arXiv:2405.17605

« Combination of 3 orthogonal analyses, targeting different final states
= "ZTvv': 2 neutrinos (JHEP 05 (2022) 093)
= "HTyy": 2 photons (JHEP 09 (2023) 057)
= "HTZT: all-hadronic (arXiv:2405.05071)

« Full CMS Run 2 dataset: 138fb~! at+/s = 13 TeV

« Combination performed considering correlations in the background modelling and
systematic uncertainties
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6 (pp — bg T) (pb)

Results: Upper limits

138 fb' (13 TeV)

T I 1 T l I I I 1 I 1 1 1 I I 1 T I 1 ] 1 1 T 1 I T I 1 T
10 CMS 95% CL upper limits |
- B(bW) = 2B(tH,tZ) = 0.5 — Observed ]
I 95% expected }
B 68% expected
B — FT /mT =5% 7]
. /m.=1%
1
107'F
B FT /mT < 5%
i 1 1 1 L l 1 1 L 1 | 1 1 1 1 I 1 L 1 1 | 1 1 1 ~I..'L 1 1 1 1
0.6 0.7 0.8 0.9 1 1.1 1.2
m;[TeV]

CMS

ination of searches for singly-produced VLQs

arXiv:2405.17605

« Combination significantly improves limits
compared to a single analysis

95% CL upper limit on 6 (pp — bqg T) [pb]

2.3*-36*-138 " (13 TeV)

CMS

—t

1T T TTTT

107" =2

[T /m;<5%

Singlet (T - bw

AH.. 7

50%"" 25%’ 25%)

~
...--

06 0.8

16 18
m;[TeV]

—— QObserved

- === Expected

Ty /my=5% T/mo=1%

(bq)T — bW — biv *
PLB 772 (2017) 634

(bq)T = tZ — bag,l *
PLB 781 (2018) 574

JHEP 01 (2020) 036

(bg)T — tH — blv/bqq,yy
JHEP 09 (2023) 057

(bg)T — tZ — bqg,vv
JHEP 05 (2022) 093

(bq)T — tH + tZ — bgq,bb
ArXiv: 2405.05071 (Submitted to PRD)

(bq)T combination (138 fb™' only)

This work

y 4

R (bg)T — tH + tZ — bqq,bb (merged-jet) *

28


mailto:https://arxiv.org/abs/2405.17605

CMS

ination of searches for singly-produced VLQs
Results: T SU(2) singlet arX(v:2405.17605

2.3*-36*- 138 fb” (13 TeV)

Singlet, I'y/m 1 < 5% —— Observed - - -~ Expected
— - \}\\\:\}}\\;\:\:\\ - (tq)T — tZ + tH — bqqg,bb (merged-jet) * ] ]
N\ R — JHEP 01 (20200036  Also interpreted as exclusion
- . = 3 2 s — (tQ)T_>t2—>bQQa” |imitS On
RN - PLB 781 (2018) 574 K
1 - S (bq)T — bW — biv

= Couplings k > 0.4 excluded at 95%

RN TS
~ \\\\\\.\.\\.\.\.\}}“\' PLB 772 (2017) 634

L3 . .
(bg)T — tH +tZ — baq,bb (merged-jet confidence level across entire m
JHEP 01 (2020) 036
(bg)T — tZ — bag,| * » Form; = 600 GeV, k > 0.15
PLB 781 (2018) 574 excluded

(bg)T — tH — biv/bgq,yy
JHEP 09 (2023) 057
— (bg)T —»tZ — bagqg,vv
JHEP 05 (2022) 093
(bg)T — tH + tZ — bqg,bb
ArXiv: 2405.05071 (Submitted to PRD)

____ (b)T combination (138 fb™ only)

This work

95% CL upper limit on coupling factor (k)
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Summary

 Presented an overview of recent ATLAS and CMS results In the
context of tt final states

* Explored 2ZHDM models and VLQ models

» Currently no significant excesses have been observed, but stringent
limits have been set

* An exciting search program for Run 3 awaits...

24/09/2024
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Searchforgg - H /A — tt

Event selection: 1L /

Standard run and event cleaning \

e Single-lepton trigger (e or u)

e Exactly 1 lepton with p; > 25 GeV (orthogonaiity with 2L)
= Selected lepton pr > 28 GeV (trigger)

o EMsS > 20GeV

o EMsS 4+ mW > 60 GeV

e 21 b-tagged jet (DL1r 77%)

\ /

” Total of 11
4 Resolved "\ orthogonal - Morged ~

o 24 Jetszwnh pr > 25 GeV Signal regiOHS e 21 VRC jet with p; > 300 GeV and m
o logpx° <09 R J Pr
e Veto on events passing boosted > 100 GeV

selection ® AR(l,b) <20
e Splitinto 1 b-tag and 2 b-tag e AR(Lty) > 15

categories e AR(b,t,) > 1.5
e Split into equal bins of |cos 6*| K j

N /




Event selection: ZL/

Searchforgg - H /A — tt

Standard run and event cleaning
o Single-lepton trigger (e or u)
e == 2 leptons (ee, uu,eu) with p;> 25 GeV (orhogonaiity with 1)

. Leading one: p; > 28 GeV (trigger)
e =2 small-R jets and > 1 b-tagged jet (DL1r 77%)
e myp, > 15 GeV for ee and uu

~

/

Total of 5
orthogonal

signal regions

Opposite sign lepton pair
Z-veto for ee and uu

~

EMiss > 45 GeV, m,, < 81 GeV or

My < 101 GeV
Lepton-b-jet compatibility

m,+, < 150 GeV, m;-, < 150 GeV

for > 1 b-jet assignment

/

-

e

mypplS the discriminating variable
If > 2 b-jets: use the 2 leading b-jets
If == 2 b-jet: use the b-jet + the
leading non-b-jet

Additionally binned in Ag,, )

32



Searchforgg - H /A — tt

Overview: “model-independent”

« Can also extend the SM with generic (pseudo)scalars with terms:

_ me _ . My .
Ly = LG ttH, Ly = LGt LY tA
= Very few assumptions so can derive model-agnostic constraints

= A/ Htt coupling and A / H — tt decay width vary independently

» The peak-dip structure is still strongly model dependent
= Higher coupling does not always mean bigger deviation from SM (unlike resonances)

Events / 10 GeV

Events / 10 GeV

50000

40000

30000

20000

10000

IIII}ITITlTIIINlTITlTIIIIIII

ATLAS Slmulatlon g;
Vs=13TeV, 140 fb g
A — tf, m, = 800 GeV, T/m = 10% g
Parton level, no selection g

o S

W o
811[

TR B R B
400 500

IIIJJJ]IIIIIIIIIIIIIIlIIJI:
600 700 800 900 1000 1100
before FSR
mﬁeore [GeV]

e LA e o mama
14000: ATLAS Slmulatlon

12000~
10000
8000 f
6000 f
4000F
2000F-
o

| I

1 e an =08
Ys=13TeV, 140 fb —gl'=12 =

- H-tim,=800GeV,I/m=10% 9 = ; g
Parton level, no selection : gH" ; 2.4 7

—-2000F—

|||||||||||||||||||||||||||||||||

300

400 500

600 700 800 900 1000 1100

mg_efore FSR [G eV]
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Searchforgg - H /A — tt

Statistical analysis overview

- Binned profile likelihood fit parametrised in /u:
u-S+u-1+B=@W—+w)-S+u-S+0H)+B

. /[ is equivalent to the coupling, g  Upper limit on +/z is not always well-defined

_ = Double minima can appear in the likelihood scan
= The interference shape depends on +/u

w o T I T T T T I T T T T | T T T T _]
- ~
> CrrrrprrrrprreT I L I L I T 1T 11 I L I T 1T 1 I_ 0 —_*\ :
8 - ATLAS Slmulanon — g =08 ] o~ _4E ATLAS ; =
o 500001~ Vs=13TeV, 140 b’ —gp=12 - £ OEUNNGL I Vs =13 TeV, 140 fb E
- - A—tfm, =800 GeV, I'm = 10% 9= ;-8 . 2 N 2HDM 700 GeV tanf=1.4 3
~ C . —9g =2 7 - ot . -
@ 40000 "artontevelnoselection —qi-24 Y N N E
C C R P L o
Qo - ] - N T -
T - B -4 —]
430000 - = E
C 7 = ceete ---- Expected 3
C ] -5 * SO S —
- - E L e - AN Y ]
20000 ] 6 ALY +20 -
- i = '. — Observed =
10000/~ - e ~. E
- . -8 —
OF wf-’ o . 9 = : E
300" 400 500 600 700 800 900 1000 1100 T S 1 L, L | | E
- ore KSR 0 0.5 1 15 2 25 3 3.5
eiore
mb [GeV] m



Should we reject the SM in favour of

Searchforgg - H /A — tt

Choice of test statistic

Different test statistics are used for the search and exclusion stages:

Search stage

Exclusion stage

(any) BSM hypothesis?

Test agreement of data with a range of

interference patterns

Consider all possible values of \/u

(

ql,O - _2 ln

\_

(1,
£(o,

—_

D))y
[u=y

N———

=
D))
o
~—

\

J

Should we reject the BSM hypothesis

under consideration?

Test (dis)agreement of data with specific
interference pattern of tested signal hypothesis
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Search forgg - H /A - tt

Results: “model-independent”

400 500 600 700 800 900 1000 1100 1200 1300 1400

Ma [GeV]
- 25
¥
2
2.0
1.0 ///—
0.5 | TR w Observed 95% CL exclusion |
' Expected 95% CL exclusion
(x10 and +20)
0.0 m Iy > Ftotal (unphysncal) .

400 500 600 700 800 900 1000 1100 1200 1300 1400
My [GeV]

— 2.5
2
o
20¢
1.5
1.0}
05 e ~~" e Observed 95% CL exclusion |
[t Expected 95% CL exclusion
' === (+16 and 20)
0.0 . m Ftt>rtotal (unphysncal) i

400 500 600 700 800 900 1000 1100 1200 1300 1400
Ma [GeV]

05 ATLA S [ Observed 95% CL exclusion

_ - Expected 95% CL exclusion |
Vs=13TeV, 140 fb™ " m==== (+1c and +20)

0.0} - Iy > l“tota| (unphysmal) i

400 500 600 700 800 900 1000 1100 1200 1300 1400
My [GeV]

H —>tf 1"/M—30%




+<Z,  Search for ttH /A > tttt smas

Full details in Quake
Qin’s talk

arXiv: 2408.17164

g Overview
Full ATLAS Run 2 dataset: 139fb~! at+/s = 13 TeV

= Combination with previous 2 lepton same-sign and multilepton result

Probed mass range of signal: 400 < my,4 < 1000 GeV

= Large H / A — tt branching fraction
= Above 1 TeV, interference becomes non-negligible

[ Leptons = e or u ]
(including from 7 decays)

*: normalised to total post-fit Bkg.

Target final states: = 1 lepton or = 2 opposite-sign leptons RS S
- Post-Fit Ct+=1c
= Main background: tt + jets % 10000 amias T - B et ]
S L Vs=13TeV, 139 f' Halight ] 200 7% Uncartainty E
S T A [ ti+lig ] - ----. Pre-Fit Bkg.
: ) 3 %00 proFi % E::iz g
Slmgltanequs profile 2 ot > o -
likelihood fit to Hr wl v vaucon.
distributions in the CRs ;- ]
2000| - -
and GNN output : ] .
d|St I’IbUtIOnS IN the SRS g 1 /%///"//{%///%/‘// //W/W § 1%1//%/////////%/ e #///y«//////»%/ /5‘
a 200 400 600 800 1000 1200 1400 1600 1800 2000 0% 07 02 03 04 05 06 07 06 08

H? [GeV] GNN Score 3 7
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«<Z,  Search forttH / A - tttt

‘ Results: 1D limits

Full details in Quake
Qin’s talk

ATLAS

EXPERIMENT

arXiv: 2408.17164

» No significant excess above the SM prediction is observed under the S+B hypothesis

» Results are interpreted in the context of a type-Il 2HDM model, assuming no interference
= Combination results with the previous 2L SS/ML shown here.

[ 14 fb at mA/H =400 GeV

x B(H/A—f) [pb]

10

T | T T T T | T T T T

ATLAS

Vs =13 TeV, 139 fo'
| 1L/2LOS+2LSS/ML
All limits at 95% CL

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

T | T T T T | T T T T | T T T T

—e— Observed (combined)

— — Expected (combined)

[ Expected+1c (combined)
Expected+2 ¢ (combined)

—m Expected (1L/2LOS)

- Expected (2LSS/ML)

Theory (NLO)

tanP = 0.5 (H)

tanpf =1.0 (H)
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-
-
-

S, -
A : - [oms
< Search forA - ZH,H — tt
t . CMS-PAS-B2G-23-006
Analysis strategy
« 20 analysis regions in total: « Selection efficiency for signal events:
= 10 per lepton-flavour channel, of which 2 SRs and 3 = above 99% in the uu channel across (m,4, my) plane
CRs per jet multiplicity = above 99% in the ee channel for my > 300 GeV
A = above 97% in the ee channel for my < 300 GeV

>2 b-tags | CR-nj-2b-SB CR-nj-2b-SB

« Signal selection efficiency in all SRs is

1 b-tag CR-nj-1b-SB CR-nj-1b-SB between 3 — 13%
0 b-tags CR-nj-0b  CRs constrain the dominant tt and
> Drell-Yan backgrounds
<1z + 5 GeV > my
with n =5, =6

39


mailto:https://cds.cern.ch/record/2892681/files/B2G-23-006-pas.pdf

Search forA -» ZH,H - tt

"OR" combination of triggers: \
= di-muon, di-electron, single-lepton, single- or di-photon

== 2 leptons (ee or uu) with [n| < 2.4 and p; > 35(20) GeV

for leading (sub-leading)

> 5 anti-k, R = 0.4 jets with || < 2.4 and py > 30 GeV

N my, > 30 GeV and pr(£¢€) > 15 GeV Y,

Event selection
/

Total of 20
orthogonal regions:
8 signal regions
12 control regions

b-tagging with DeepJet algorithm
b-tag efficiency: 75 — 80%
» light-flavour and gluon mistag
rate: 1.5 - 2%
c quark mistag rate: 15 — 17%

my, > 96 GeV

“r < 86 GeV or
[ 86SmMS96GeV} { Mee J
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Search forA -» ZH,H - tt

Reconstruction

* my IS reconstructed as the invariant mass of the tt system:
= fthere are 5 or 6 jets, m;; is computed as the invariant mass of the jets
= if there are > 6, the six jets are chosen as the tt decay products that minimise a y? function

under the tt — bbqgqqg hypothesis
* my IS reconstructed as the invariant mass of the ttZ system:
* m,; IS computed as the invariant mass of the selected jets

= m, is computed as the invariant mass of the two leptons ' | |
« Two observables of interest: Amo‘l , _
» difference between the Breit-Wigner peaks Am = myz;, — myg = my — my g CMS Simulation Preliminary = 0.50
= pr(£4) ~ pZ spectrum, which has a characteristic shape with a kinematic edge £ | 138 (13TeV) |
1400 [ 2.00 1
[ 250
« Final discriminant: p# x Am 200 3.00 |
= reduced to 1D-distribution using concentric elliptical bins in the (pZ, Am) plane 1000 -
= angles and proportions of axes obtained by diagonalising the covariance 800
matrix of pZ and Am, assuming normal distributions 600
= Inthe SR, the ellipses are centred around the mean of the signal distribution
and chosen specifically for each tested hypothesis 400 @
» Inthe CR, the ellipses are centred around the mean of the total expected 200
background distribution, so the same for each hypothesis 0 200 400 600 800

p¥ (GeV)



Search forA -» ZH,H - tt

Model independent limits

* Model independent limits on o(pp - A - ZH) X B(H — tt) of generic Higgs-like
narrow resonances
« Results do not confirm previous 2.850 excess reported by ATLAS in the region

around (my4, my) = (650,450) GeV

= Local significance here is 0.40
 Exclude A —» ZH — Ztt signhal with a cross section > 0.25 pb at 95% CL
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2HDM limits

Search forA -» ZH,H - tt

« Limits interpreted in the context of a type-1l 2HDM in the:

= (tanpfB,my,) parameter space at my = 400 GeV

= (tanpf,cos(B — a)) parameter space at m, = 600 GeV and my = 400 GeV

138 fb' (13 TeV)

4.0

tan

3.5

T

3.0

25

2.0f
1.5F
1.0F

05F

CMS Preliminary
T T T T T T

1 ‘ U T T 1 | T I T I
A->ZH - it i
2HDM (Type-ll), my =400 GeV |
Excluded at 95% CL -

--- Median expected i

Observed

I o
—= I - 25%

IW‘\II\l\IIWIII\\III
12560 1500 1750 2000

ma (GeV)

CMS Preliminary 138 fb~1 (13 TeV)
m_S.S T T T T ‘ T T T T I T T T T I T I-l T I I T T T ‘ T T T T ‘ T T T T ‘ T T T T
% i A-ZH - it i
+— L 2HDM (Type-Il), ma =600 GeV, my =400 GeV

3.0 i Excluded at 95% CL .
“F --- Median expected ~ —- 1A =25%
Observed
o A
2.5_— -
2.0F .
15[ -
100 -
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Search forpp = tH / A - ttq

Event selection agcMs 138 " (13 TeV)
S 6 [ [ Nonprompt (4270 [ fiw [e16] [ JtH (621] |
£ | I (474] [ ] Others [405] [ |vv[398] |

) ) ) ) i I_°>u° | vBS [217] ¢ Data[6942] [77]Stat. unc. |

/ Combination of di-lepton and single-lepton triggers \ AL a2omsgnal |

- Exactly 2 same-sign leptons (ee, uu,eu) with p > 30 (20) GeV e Iﬁ::ljgw ,
for the leading (sub-leading) lepton L] = 350 Gev |

. > 30 anti-kr, R = 0.4 jets with || < 2.4 and p; > 30 GeV S L e -

miss ] R ..

. piiss > 30 GeV RN SS —
° A R (€ 1 ,g 2) > 0.3 g -1_///(///,7/79//7//7{%ZZW//%//%/////////;ZZ//ZKV//7//;(/'/»'
. Mypyp > 20 GeV and not 60 < Mypyp < 120 GeV for ee 00'80_ T 07 03 04 05 05 07 08 09 1
CvsL (leading jet)

\\- BDT score > 0.6 / owe b (18 Toy
'_E 4 [ [T Nonprompt (4270] [ tw [s16] [ ]H[621] |
£ [t [474] [ ]others[405] [ vV [398] ]
,_%’3 r[vBs [217) ¢ Data[6942] [//]Stat. unc. ]

g2HDM Signal 1

—ptu=1.0
. . . . . —— --p, = 1.0 66) = ]
- Different flavour jets distinguished through ratios of ! m, =350 GV =
) . e s T nterference ree
corresponding jet flavour probabilities obtained from ([ M, - m = 50 GeV
DEEPJET i :

0 T TR R P T R

a 1.2F m
% 1%‘///9///)//////}////////4///%//4//« v
00'80_ 01 02 03 04 05 06 0.7 08 09 1

CvsB (leading jet)



Search forpp = tH / A - ttq

BDT
Input variables of the BDT

CvsL(j,) a=1,23
CvsB(j,) a=1,2,3
AR(j,j,) 1<a<b<3
m(j,jp)  1<a<b<3
AR(j,, 1) a=1,2,3;b=1,2
m(j,, 1) a=1,2,3b=1,2
pr(4s) a=12
m(ly,45,j,) a=1,2,3
m(ly,¢y)

Hy

p]'THISS

Charm- vs light-quark jet identification variable
Charm- vs bottom-quark jet identification variable
Angular separation between jets

Invariant mass of jet pairs

Angular separation between jet and lepton
Invariant mass of jet-lepton pairs

Transverse momentum of leptons

Invariant mass of the two leptons plus the highest py jet
Invariant mass of the two leptons

Scalar pr sum of the jets

Missing transverse momentum

- Half of the available simulated events used for training
- Backgrounds added according to their cross sections: ttc, ttu, semi- and di-leptonic tt, ttV,
VvV, VVV, ttH, ttVH, tttj, tttW, tttt and VBS
= 3 values of couplings used for p;, and p;.: 0.1, 0.4 and 1.0
=  For each coupling value, 10 values of m,: 200, 300, 350, 400, 500, 600, 700, 800, 900, 1000 GeV
=  For each coupling value, also consider the more realistic case with A — H interference assuming a fixed mass

difference of 50 GeV, with 9 m, — my combinations: 250 — 200, 300 — 250, 350 — 300, 400 — 350, 550 — 500,
700 — 650, 800 — 750, 900 — 850, 1000 — 950 GeV
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Search forpp = tH / A - ttq

Results without interference

138 fb' (13 TeV)

np=c/c(theory)

g2HDM

No interference

— Observed
Expected

tc
tc

—~oo
oha

P
e
P

tc

[ 68% expected
95% expected

[N LU L AL BRI UL L BRI L B

CMS 138 b (13 TeV)
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F ceepV = 0.4 3

L - o
Ol -
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(TR E
210? 3 E
2 vd_ E
R F ]
5 u .ﬁ’—
o 7_”’ E
10—2 ;_II I I 1111 I I I 1111 | | I 1111 | | | L1l II_;
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CMS

138 fb' (13 TeV)
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o

5 _
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e
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0.8
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800 900 1000
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102

10

95% CL upper limit onu=c(obs)/c(theory)
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Search forpp = tH / A - ttq

Results summary

Observed (expected) mass limit [GeV]

without with with
interference interference interference
mA or mH mA mH

P tu

0.4 920 (920) 1000 (1000) 950 (950)
1.0 1000 (1000) 1000 (1000) 950 (950)
p tc

0.4 no limit 340 (370) 290 (320)
1.0 770 (680) 810 (670) 760 (620)
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TLAS g2HDM analysis ..o

t

Ptq t g g
s al 7 : q i i
h o b ! ot —1 « No A-H interference considered
_________(I)~___~_ t t Pu! Xipy=1
Pra t g .9 , ATLAS i 2
. C ; {s=13TeV, 139 fo! 5
pra H _Pé< pra H _pé< S m,=900GeV A o8 et -
n:;ﬂk f ;‘1’\t - Largest significance /] 3
f ‘ : 2
g t9 ! (2.80) for my =900 GeV | 2
and Ptt = 04‘, Ptc = 02,
- Considered also p;; # 0 Pty = 0.2
= Limits only when p;. = p;,, = 0.2
8 [aAmas e ] e S aiza- Pl 2y
% 1oL Vs=13Tev, 139" — Observed limit _| 0.91 10908 Normalised to the sum of the couplings
& [ 9%CLlmts - Expected limit 3 g %00 &
o mmomeminy s :
1 ] e 800
- ] 0.6 | 700 : o
: ] CETTONG, L\ ., Exclusion limits set for
ok 0'4' _____ A N different choices of couplings
- AT N 7 500 _ .
C p 04,p.-02,p =02 03F R v M\ G 400 For p¢y = 0, prc = 0.2 and
B tt tu tc - ATLAS _.‘\ \\ O | ptu —_ O 2.
ol o e e N 0.2F Vs=13TeV, 139:tb e
19200 400 600 800 1000 1200 1400 - — Obseved imi 300 = Observed (expected) limit for
m,, [GeV] 01 o Expocted imit | 200 my of 200-320 (200-560) GeV
b | PRI TR S

0 0.05 0.1 0.15 0.2 0.25 0.3
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Combination of searches for singly-produced VLQs

Input searches

Analysis Target signal Decay channels Discriminants

MoNoTOP Wb/Zt - T — Zt Zt — vvbgq (00) BDT score
H1Zt Wb/Zt - T — Ht/Zt Ht]/Zt — bbbtv/qqblv (1) Meff
OsML Wbl/Zt > T — Zt Zt — tlbty (30), Zt — tlbgq (2f)  Z boson p

ﬂ/lonoTop

» Boosted hadronically-
decaying top quark

» Large missing pr

« 1 forward (2.5 < |n| < 4.5)
anti-k-, R = 0.4 jets

~

« Discriminating variable: BDT

output score

/

Single lepton

Multiple anti-k;, R = 0.4 jets
and b-tagged jets

= ™

« 1 forward (2.5 < |n] < 4.5)

anti-k;, R = 0.4 jets

« Discriminating variable:

\_

scalar sum of p, of all

central jets, leptons and

E’;nlSS’ meff /

OSML N\

» Pair of leptons with opposite

charge

* Multiple anti-k;, R = 0.4 b-

tagged jets

« 1 forward (2.5 < |n| < 4.5)

anti-k;, R = 0.4 jets

& Discriminating variable: p#
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Combination of searches for singly-produced VLQs

Uncertainties

Category Monotop | HTZT OsMmL Correlating
Lepton and E7"™ uncertainties
Electron uncertainties v v All
Muon uncertainties v v All
ET" uncertainties v v v All
Jet uncertainties
JES uncertainties v v v All
JER uncertainties v v v HtZt and OsmL
JMS uncertainties v None
JMR uncertainties v v None
Tagging uncertainties
Flavor-tagging uncertainties v v v MonoTop and OsML
Top-tagging uncertainties v None
W/Z-tagging uncertainties v None
Background modeling uncer- | v/ v v None
tainties (constrained)
Background normalization factors (unconstrained)
tf normalization v None
V+jets normalization v None
Z+light-jets normalization v None
Z+heavy-flavor normalization v None
ttV normalization v None
VV normalization v None




Combination of searches for singly-produced VLQs
Limits: k = 0.5

- Limits are calculated for the sum of the production cross sections times branching ratio of the
four production and decay modes considered
Comparing the obtained cross section limits with the theoretical cross section, limits are

derived on m; and k
=  signal efficiencies for the considered models are generally different, so limits are independently determined for
combinations of my, k and branching ratios

B 171 | T T | 1771 ‘ T T T T ‘ T T T | T T T ‘ T T T | T T E T T | T T | T T | T T T T | T T T ‘ T T T | T T T ‘ T T
= - ATLAS 95% CL upper limits 2 - ATLAS 95% CL upper limits
= Ys=13TeV, 139 1b — Obs. Comb = Ys=13TeV, 139 b —— Obs. Comb
§ 1= e Exp. Comb — § = . Exp. Comb —
T — Tsinglet, k=0.5 [ Eip ﬂ% ] T - T doublet, k=0.5 B Exp. 10 ]
T I EXE: KHHOZHDTOP N T IR E:E ﬁgt ]
H xp. Htzt - — - Exp. OSML -
T T B == Theory (NLO) |
g o
— -1 ’ " T — — —
6 107 : 3 5 ]
1072 E - E
: 1 1 | 1 1 | 1 1 ‘ L1 1 | L1 1 ‘ L1 1 | | l | ‘ L1 1 | L 1 : : L1 1 | L1 1 | 1 1 | L1 1 ‘ L1 1 | 11 ‘ | 1 | | 11 ‘ L1 :
1 12 14 16 1.8 2 22 24 26 1 12 14 16 1.8 2 22 24 26
m, [TeV] my [TeV]
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Combination of searches for singly-produced VLQs

Excluded regions

- Limits are computed for a finite number of points in the m; — k plane
= interpolated using a piecewise function between the measured points to obtain a continuous shape in the
exclusion contours

ATLAS ATLAS
’ \/_—13TeV 139 fb”’ ’ \[_—13TeV 139fb*
B I | | T | T | T | I ‘ I | I ‘ ] B I | | | I ‘ I | I ‘ I ‘ T | ]
- T smglet ‘ 95% CL upper limits 1 - T doublet\ 95% CL upper limits 1
09— & +& +E°=1,E =& =0.25 — Obs. Comb — 09— & +& +E =1, = =05 — Obs. Comb —]
- gw gz gH az éH - Exp- E;me ] = gw gz ‘:H gz gH _____ Exp. Comb -
- xp. 1o _ - _
0.8~ S Exp. +2¢ - 0.8j \.;‘ M Exp. 10 —
» R — Exp. Monotop . - ' EXp' 3220 .
- S e Exp. HtZt = Rl xp. HtZt i
0'7: ™ S e Exp. OSML . 0-7: ----- Exp. OSML ]
o N TR " ey,
0.5~ ) - 0.5 =
04 . - 0.4 e - -
T/mﬁEOCy ] = \‘\\ \k“m\\ \‘\*»‘H‘_T:/mr:go% ]
0.3 - 0.3 . e i Q-
e - e Tmers,
0.2 gy, 0.2 ) o gy g
01:||||||||||||||||||||\\\‘\\\'\\\_“‘_\: 01:||||||||||||\\\‘\\\|\\\‘\\\‘III_“|_|:
B 1.2 14 1.6 1.8 2 2.2 24 2.6 B 1.2 14 1.6 1.8 2 2.2 2.4 2.6

m+ [TeV] m+ [TeV]



r T/ m, [%]

Combination of searches for singly-produced VLQs

Limits in mass plane

W

Largest excluded mass is 2.1 TeV for large 1ﬂT/mT and &, = 0.5

equivalent to SU(2) representation with a branching ratio to Wb of 50%

W

. . . . Representation Lr/mr [%] Obs./Exp. mass limit [TeV]
Limits can be gener?hsed for arbitrary values of &y, — " ” ST
; ; T / : ; SU(2) singlet (& = 0.5) 50 2.1/2.1
Relative width of T', " "/m,, is completely determined 35 sram v =% 0 m
by mT and K SU(2) doublet (éw = 0.0) 50 1.6/1.7
ATLAS ATLAS
s =13 TeV, 139 b’ §,=¢8,=(1-¢ )2 Ys=13TeV, 139 0" £,=8,=(1-¢)2
50 [ | T \ T | 1T ‘ TTTT T TTT ‘ T IZI I'I'] \H\ T W 22 %‘ 'o\_o' 50 | z .H W 22 %‘
45 = g 45 E
g = 3
40 c —~ 40 c
(@] o]
35 I= 35 E
4 1
30 ®] 30 O
5 2
25 3 25 0
3 3
20 S 20 Z
g 2
15 m 15 8
100 01 02 03 04 05 06 07 08 09 1.2 100 01 02 03 04 05 06 07 08 09 12
g &
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Resu

(2) doublet

* Also interpreted as exclusion limits on the total cross section as a function of m; and «

24/09/2024

1_\ T T T T 1 | T 1 ‘ T T 7T | T 1 T 1 T T T I_
- ATLAS -
0.9 Vs =13 TeV, 139 fb ! g
C T doublet N
DIBi gw+§z+§|-<=.I’gzng:O's _:
0.7 - 95% CL Exp. Comb -
06 --e- Ty/my = 50% é
0.5 ' -
0.4
0.3 —
0.2
0.1
1 12 14 16 18 2 22 24 26
m; [TeV]

0.12

0.1

0.02

95% CL limit on o(pp — T — HYZt) [pb]

Exclude k¥ > 0.4 for low m;

Exclude m; < 1.7 TeV for k~0.7

1\II III\Il\II‘II\ll\I\III\\

. ATLAS
0.9 {s =13 TeV, 139 b

T doublet
0.8 £, +E, +E =16 =§ =05

0.7 - 95% CL Obs. Comb

---- Ty/my = 50%
0.6

0.5

0.4

0.3

0.2

0.1

1 12 14 16 18 2 22 24 28
m; [TeV]

y 4

ation of searches for singly-produced VLQs

0.08

0.06

95% CL limit on o(pp — T — HYZt) [pb]



Resu erent widths

ation of searches for singly-produced VLQs

* Also interpreted as exclusion limits on the total cross section as a function of my and I'/m,,.

-1
-—-30_CMS ] 138 fo (13 TeV) 1o —
32 o
AR L
= % o
E 25'_‘ _1 |=E
—~ E T
20:_— —0.8 o
15 %/, 0.6
7 / : 95% CL upper limits 0.4
10E_ Observed
7 £ Excluded
' 0
0.6 0.8 1 12 14 16 1.8
my [TeV]
Exclude m; < 1.20 TeV for '/, = 5%
Exclude m; < 1.06 TeV for I'/pm, = 10%
24/09/2024

-1
-—-SOCMS ] 138 fb (13 TeV) 1o
32 o)
S =1
£ 25 -1 B
= 0
20_— 0.8 o
156 0.6
95% CL upper limits
1 0 -__-_ ' Median expected 04
L. U Excluded
///. :
0.6 0.8 1 12 14 16 1.8
m; [TeV]

Exclude m; < 1.25 TeV for '/, = 20%

Exclude m; < 1.36 TeV for I'/;m, = 30%
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