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Overview

e With the Higgs we found the first fundamental scalar
particle ten years ago

* Many proposed extensions of the Standard Model feature
additional scalars or pseudo scalar particles
e E.g. Two-Higgs Doublet Model (2HDM) feature
h0, A% HO H*

* Mixing between Higgs and additional scalars could
provide access to dark sectors
« BR(H -» BSM) < 12% (Nature 607, 52-59 (2022))

* Robust program in ATLAS searching for new scalars and
exotic Higgs decays
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Charged Higgs

t > Htb, HX > cb

H* > ZW -> 3¢+ v

HiiH$$ > 4.

New scalar / pseudoscalar

ttH / ttA - 4t

X - yy, low mass X

X — Yy, high mass X

t > gX,X > bb,qg=1u,c

H — leptons + b-jets

Heavy H - WW

Exotic Higgs Decays

H - x1X2, X2~ axi, a- bb
H->Z,Z;-4¢,H - ZZ; - 4
H - aa - bbuu


https://www.nature.com/articles/s41586-022-04893-w

ATLAS-CONF-2021-037

Search for charged Higgs H* in jet final state nlet \ bTags _ 2 + 1 loose

Dataset enriched in tt production

Exploit high multiplicity of jets with b-hadrons main signal  Signal, mis-ided c-jet ¢ background
Signal signature: 3 b-jets, 1 c-jet (only exactly 4 bTags)
(+initial- or final-state radiation) 5 main signal tt+ = 1b background tt background

Nine regions: (4, 5j,6j) X nBtags (3,= 4) +

N signal tt+ = 1b background tt background
(4j,5j,6j) X (2 bTags + 1 loose bTag)
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https://cds.cern.ch/record/2779169/files/ATLAS-CONF-2021-037.pdf
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https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1007/JHEP11(2018)115
https://cds.cern.ch/record/2779169/files/ATLAS-CONF-2021-037.pdf
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Search for HY = ZW in 3¢ + v final
* Require exactly 3¢ + EXSS > 25 GeV
Drell-Yan: p¥ / my,, > 0.35
VBF: 2+ VBF jets, no b-jets, m;; > 500 GeV
* minimum neural network score
8 input variables, trained on all HE together
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https://arxiv.org/abs/2207.03925
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Search for HY — ZWin 3¢ + v final

Require exactly 3¢ + EMISS > 25 GeV
Drell-Yan: p¥ / my,, > 0.35

VBF: 2+ VBF jets, no b-jets, m;; > 500 GeV
minimum neural network score

8 input variables, trained on all H* together
Limit via profile-likelihood test in my,,
distribution with signal templates

WZ ZZ estimated via concurrent fit to
dedicated control regions

Previous iteration form ATLAS Phys. Lett. B 787

Events / 50 GeV

Data/Post-fit

(2018) 68, 35% improvement

Moderate excess at around my+ = 375 GeV

2.80 local significance, 1.60 global
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https://arxiv.org/abs/2207.03925
https://www.sciencedirect.com/science/article/pii/S0370269318307901
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Search for pair production of double charged
Higgs HT* HTT , gttt — ptpt
Y = e, u and leptonic 7 decays
e, 1 final states = 3 signal regions
same sign 2¢, 3%, and 47 final state

control regions

ATLAS-CONF-2022-010

signal regions

validation regions

| DYCR | DBCR2L | DBCR3L | CR4L | SR3L | SR4L VR2ZL | VRL | VR4L
ete” | e*e* T | e 0| O | etet 0% et e
Channel e*u* e*u*
}.I=,Lt= ,LI*,U*

Nr. Leptons | 2 2 3 4 2 | 3 | 4
m(£*, 0 )eaa[GeV] | = 300 - - - - - -
Mm%, 0% )1eaa [GeV] - [200, 300) | =300 | [100,200) | =300 | =300 | =300 > 300 [100, 300) | [200, 300)
Pr(€*, £ ead [GeV] - >300 | =300 (200, 300)

AR(E*, 0 eaa - <35 . <35
M [GeV] - - - > 300 -
Epll‘pn.s [GCV] > 30 - - - > 30
(€, €)1 <3.0 - - <3.0 -
Z-veto - inverted v v v
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http://cds.cern.ch/record/2805214

HXf*HT > 4¢ ATLAS-CONF-2022-010
+ I control regions signal regions validation regions
q ¢ | DYCR | DBCR2L | DBCR3L | CR4L | SR3L | SR4L VR2ZL | VRL | VR4L
, ete” | etet G| e eresr7 | et 0 Jfletet G| e e
’ Channel e*u* e*u*
ST e wen
Nr. Leptons | 2 | 2 3 | 4 2 | 3 | 4
RN m(€*, 0% )ieaa GeV] | = 300 - - - - - -
Z / Y SNH—— /- m(0%, 00 [GeV] | - [200, 300) | =300 | [100,200) | =300 | =300 | =300 > 300 [100, 300) | [200, 300)
S Pr(€*, 0% )ieaq [GeV] - - >300 | >300 (200, 300)
A AR(E=, 'Y jed - . <35 - <35
q M [GeV] - - i : > 300 )
{— EWs [GeV] >30 - - - . - >30 -
[7(€, €] <30 - - - - - <3.0 -
. . Z-veto - inverted - - v v v
Search for pair production of double charged > — — —_—
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nggs H H ’ H — =L 2 104 Vs=13TeV, 139 b’ | vty Total SM : " [ FNP I | —
— H w : : : [ Diboson : : =
Y = e, u and leptonic 7 decays . . . | . — . S
. . . 10 ' ' ' ' : :
e, 1 final states = 3 signal regions . §
same sign 2¢, 3%, and 47 final state 107 : . =
Fit over leading di-lepton invariant mass 10 | o [
distribution Myt 4, (22€, 3¢ regions), single bin 1 :
1*2 )
event yields in 4¢ region s T
concurrent fits in CR for Drell-Yan and di-boson A V-] E T e I j/juimﬂj T
— 1.0 R s -+ ‘I"""“I/r/nifz//A/////nln////]}/
baCkgroundS S 0.8 ¢ pre_ﬂt ratio  |--------- qeereneeaan SR SRR S
8 0-6 — + post_ﬁt ratio .......... E .......... E ........u..........: .......... A A S
.5( x )Sf ;& < - x X < P
g€ g% ¥ ¢V & ge gv v KK g ER » & &

8/30/2022

Control regions

Christian Weber

Validation regions

Signal regions
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http://cds.cern.ch/record/2805214
https://link.springer.com/article/10.1140/epjc/s10052-018-5661-z

ttH / ttA — 4t ATLAS-CONF-2022-008

g

*: normalised to total background *: normalised to total background
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B = Pre-Fit []QmisID [l Mat. Conv. . - Post-Fit B Mat. Conv. [jLow m,. ]
t 10° - MLowm, mHF e E S0 mHF e WHF 1 ]
= BWHF p [ Others = C [ Others [ttt ]
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Search for heavy scalar H, ’ —
pseudoscalar A in 4t processes 0 o e e— [ = 5

|IIII|

Avoids large negative interference :

fromSM ttingg > H/A - tt I s e e e e TP N

21¢% or > 3¢, but Z-vetoed 2 sk 4 % }} .

6+ jets, 2+ of those b-tagged 5 Of//% /}/M/’W ///%TL//// /////1 5

I-I.T > 500 GeV . . %:1 0.2 0.3 0.4 0. .6 0.7 0.8 09 :1 0 OI.1 0:2 Oj3 0:4 0:5 0:6 017 0:8 019 1
Signal selection via two sequential BDTs SMBDT BSM pBDT @ 400 GeV

1. Discriminate tttt from other backgrounds (SM BDT)
2. Select signal from tttt events, signal mass-parametrized
(BMS pBDT)

Hp: scalar sum of pT of all leptons and jets in the event
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*: normalised to total background

ttH / ttA — 4t

ATLAS-CONF-2022-008
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TPt or > 3¢, but Z-vetoed 0 01 02 03 04 05 06 07 08 09 1 2.57 BsM 4tops SSML — — Expected theory -
. BSM pBDT @ 400 GeV 1
6+ jets, 2+ of those b-tagged o] [ Expected + 10, imen |
Hy > 500 GeV No meaningful 5 Scalar _
Signal selection via two sequential BDTs excesses above 1.5- -
1. Discriminate tttt from other backgrounds (SM BDT) Standard Model
2. Select signal from tttt events, signal mass-parametrized  expectations ]
(BMS pBDT) 51
Fit to BSM pBDT score distribution for signal, concurrent fit in 0
control regions to fix backgrounds 04 05 06 07 08 09 T V]1
m e
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of the two Higgs doublets in the 2HDM model
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Search for light axion-like particle X, coupling to gluons ;,
First LHC result with

- S L BN L B BN B BN BB
X — yy1 IOW mass X % | ATLAS Simulation Preliminary ]
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X - yy, lowmass X

4

)4

Search for light axion-like particle X, coupling to gluons

First LHC result with

10 GeV <m,, <70 GeV
Two isolated photons,
EY > 22 GeV, p}¥ > 50 GeV
mitigate trigger turn-on,
optimize background shape
Signal shape modelled by double-sided
Crystal Ball
Background modelled by analytical
function
Limit down to my = 10 GeV

3.0 o local, 1.5 o global excess around
my = 19.4 GeV
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X = yy, high mass X

4
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Search for heavy scalar X in yy final state

Two isolated photons
Y1 Y2

Myy Myy

Signal m,,, distribution

Double-sided crystal ball

Main backgrounds: non-resonant yy,
y+jet, di-jet with jet misidentified as
photon

Background modelled by analytical
function

Template fit to m,,, distribution

No significant excesses found, limits placed
on scalar and Randal-Sundrum gravitons

production cross section
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https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub

t > qX,X > bb,q=uc

g b
.
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b
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g qg=u/c

Search flavor changing neutral current
decay t — gX,X — bb in tt events, X
light scalar with flavor charge
signature: exactly 1, EMSS > 20 GeV,
= 4 jets at least three b-tagged,
Neural Network for signal selection

Three signal regions (4j,5j,6j) X 3b

Three control regions (4j,5j,6j) X = 4b
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- {s=13TeV, 139 fb"
F t—uX

~ 4j3b

- Post-Fit
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¢ Data

M uX 80 GeV
M tt+=1b
[Jti+=1c

[] ti+light

[] non-tt
Uncertainty
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uX 80 GeV NN output

Regions with 2b to improve tt background modelling
Concurrent fit to signal and control regions on Neural

Network score

Results generally consistent with Standard Model
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H- Ieptons -+ b-JetS ATLAS-CONF-2022-039

accept conversion veto conversion no conversion
ptq H p‘K candidate electrons candidate electrons requirement
- - 2¢sS
t ' HF non-prompt £ CRs SRs [22], 21bj] ,
. (22j, 1b]] [TT or TM]
" : 28tt( 2¢tt(e) split: [++/- -] x [DNNCAT]
: MeyMex
: pr Ui
Ptq :
H .
Pit Q=== : ae

SRs [22], 21bj]
[4L]

P1 Lsublead | PT Lsublead [JPT Lsublead

t 3¢ , 3¢

Conversions CRs : W/Z CRs [LMM] SRs [22], =21bj]
[LMM] [Obsj] . [2-3), 21bj] [24], 21bj] [LTM or LMM ]

split: [++/- -] x [DNNCAT]

* Search for new scalar H with flavor-violating decays B
e Signal: 2, 3, or 4 t-quark final states Sl O | N
219 3P or 4f

3enz SR

0 140—|—|||||||||||||||||||||||||||||||||||||||||||||||-w— §2) [T T[T [T T T[T I [T T[T T[T T T[T I T[T T TTTT
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4 1200 g2HDM [l Signal titq Wl Signal titt | - g2HDM [l Signal titg [l Signal titt
. - Four top ttw . r Four top ttw
lepton charge, multi-output DNN (DNN¢<t) | 2r5S++CATHq BT S 25| 2¢SS++CATHmt BT S
’ 100 i mizy) ] i+ Wiizy)
. . C Post-Fit [Dtiy*(low mass) ElDiboson r Post-Fit [Jtty*(low mass) [l Diboson
(17 signal regions total) r EHF mre ] 3 [ mHF
80— y B Mat Conv [JamisiD  — 20 [ Mat Conv []QMisID
° 1 _ - []Other ZZUncertainty | r []Other 7% Uncertainty
Second DNN for signal-background " o i
discrimination (DNN>B) ]
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H — leptons + b-jets o /5 pet ATLAS-CONF-2022-039
q t —3

e s t ATLAS Preliminary %
—-'C< m, = 1000 GeV %

! Moderate local o5

by excess of 2.80 at  / 3

. (0]

my = 1000 GeV £ :

Ke]

(@)

q
- . P = 0.4
Prc = 0.2
Py = 0.2

...........

* Search for new scalar H with flavor-violating decays

° : . _ H ! i 0
Signal: 2J,r3,+or 4 t-quark final states 013 0y =1 o) S = 1
'g_'e_, 3'£ Or 4'6 5‘! T T IAI1'-LA1‘SI |P T II- T | L L B L B Qg0.37
. . . . . Q L
* Signal regions by lepton multiplicity, total = F reiminaty —— Prediction : -
] o6 {s=13TeV, 139 fb —— Observed limit 0.25 900
lepton charge, multi-output DNN (DNN¢t) X 10E gseuclimts e Expected imit = -
. . C [ Expected limit +1 .
(17 signal regions total) _92HOM Expoctod mit 220 1 02 .
« Second DNN for signal-background . = o0
discrimination (DNNSB) 1 e °00
* Fit on DNN%8 concurrently with control regions - 1 o ) ‘ >
 Extract limit on new scalar production cross I | | ATLAS Preimiay T
- p, =p . Alllimits at 95% Tl
H H _ H 1 0.05— “‘_m served limi \". : 300
section as a function of my, H-tq couplings py; 10 = 5,-04,p, 02,9, 02 A i A
N N t}’.‘H|....|.H‘|.m|....|‘H.l....l‘‘a".-'\m.'fl....:‘. 200
lov v b by b b b by Py a o | 0 01 02 03 04 05 06 07 08 09 1

200 300 400 500 600 700 800 900 1000 Py
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Heaww H - WW ATLAS-CONF-2022-033

2 ITlllTllllll'llIllTlllTl [ T 1T T “2 llllIlIl'IITlTllllllIlll'lITl'll]llll[llll'llTl'llTlTl
c 104 L ATLAS Preliminary e Data ; c 5E ATLAS Preliminary e Data ;
e E - Uncertaint 3 g 10 E - Uncertaint E
> F Vs=13Tev, 139" ' y 3 & E Vs=13Tev, 139" ey 3
I} = : 0 Wz 4 w = ' /= Wz .
™SS2I SR Boosted ) www T 4| SS2I SR Resolved Cwww '
10°E B ssWW - 107 B ssWW g
E m,, = 300 GeV, 3 Non-prompt E = m,, = 300 GeV, 3 Non-prompt =
- f,=0,f =230 [ Photon conversion 0 7T fy=0,1 =230 [ Photon conversion 7
B ww [ Charge-flip 1 10° ww [ Charge-flip =
102 E m,, = 600 GeV, [ Other = = m,, = 600 GeV, ] Other 3
= fy = 67.5,1,, =0 3 02k fy = 67.5,1,, =0 3
Search for heavy Higgs to WV in associated 108 = 3
production with W 1
£Ev£Eyqq final state US—
veto events with additional leptons 107" 10 g

veto events with b-tagged small radius jets

. 2F ' E . 2f ) ' E

Two signal regions, depending on gqq jet overlap B 15E 4 Bsm | + E

Resolved SR: two small radius jets 3 051?_ .................. + ........................................... * ............................................ * .................. E: 0;?_ ‘‘‘‘‘‘‘‘ M A e E

Boosted SR: one large radius jet 2 ok - E [ UTRN:
] ) . ] ] 0 600 800 2000 0 300 400 500 600 1000

Fit over effective mass m¢f distribution: mei[GeV] Mei[GeV]

Mege =scalar sum of py for leptons, jet(s) + EfMSS
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HeavwH - WW g 307 T3 ATLAS-CONF-2022-033
q © 250 ATLAS Preliminary - - - Expected limit =
=, - {s=13TeV, 139 o — Observed limit
¥ = N 20F my, = 600 GeV [ Expected + 16
q_gI <15§ Expected + 26 7
Qo C -
10- E
5 E
0 E
3 E
10 E
Search for heavy Higgs to WW in associated o LS
production with W s 4 20 P, fu . Vf
£EveEvqq final state a2 eVl
. - ro) I I L IR I I IR I B
veto events with additional leptons % 220E" ATLAS Prefiminary — observedlmit 1
veto events with b-tagged small radius jets < ?gg;_ f =f13TeV6 1:290?‘ - - - Expected limit ]
Two signal regions, depending on qq jet overlap jT: 160 G ) = 0. 6200) ] Expectegi:’ ]
. . + n xpected £ 26 =
Resolved SR: two small radius jets T 140F — Theory - Results consistent with
Boosted SR: one large radius jet x 120F 4 Standard Model
Fit over effective mass me¢s distribution: : < 100% =  expectations
scalar sum of py for leptons, jet(s) + Ef"'S® ch E
Limits on effective field theory BSM HVV coupling 1 E

* py = sin(f — a) in 2HDM models
* fw, fww =anomalous coupling to W
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H—- yi1X2, X2~ ax1,

X1

!
* Search for cascade H — #9372 — ayli?, a — bb
Higgs from ZH production
* NMSSM scenario:
72, 72 two lightest neutralinos, a - light pseudoscalar
 SelectonZ — ¥¢,f = e, u to reduce backgrounds
* Model of background distribution constructed from fits
in Control Regions
* Limits via fits of signal distribution and background
model to m;; distribution
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Q
\

=2
S

> __I T T | T T T T T T T | T T T T T I__
o) OF o Data ATLAS .
- -1
S o[~ Bkg Model i Is=13TeV, 139 10" J
5 - === SMMC Single top ]
% 401 Z+b Diboson -
C Z
T /
30 Z+light —
20 -
10 =
oF -
g 25_ ............................................................................................................................................ _E.
S 1 =
& 1F /4j/+ s 4 : 4 5
5230.5;— -------------------------------------------------------------------------------------------------------------------------------------------- E
O 20 20 80 80 100 120

Christian Weber

Dijet invariant mass [GeV]

20


https://link.springer.com/article/10.1007/JHEP01(2022)063

Q
\

=2
S

H—- x1X2, X2~ axy,

JHEP 01 (2022) 063
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v 8,025 -

= oL ATLAS m_,m_ =10GeV, 95GeV -

h \ 3 - ls=13TeV, 139" % " ]
—————— W 02 ~+-e---- Expected 95% CL upper limit
' : No) - —e— Observed 95% CL upper limit -

X f o) L _

S = 015 — - — SMZH (Z- ll) cross section

Yy N T L s Expected limit + 1o §

T - Expected limit + 2c ]

) N 0.1: ________________ ]

0 fo 0.0 - -
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* Search for cascade H = ¥, ¥1 = ayijXi,a — bb So05F =
Higgs from ZH production © ¢ N

P oo e b e e ey e ey T

. NI(;/ISSOM scenario: 034 30 0 0 50 20
X1, X7 two lightest neutralinos, a - light pseudoscalar m, [GeV]

 SelectonZ — ¥¢,f = e, u to reduce backgrounds T F T """S"""""" .
. . . . = - — . - SM ZH (Z— Il) cross section _

* Model of background distribution constructed from fits 016~ ATLAS T e e ey
Er F1s=13TeV, 139" _y  m'" m* =10 GeV, 65 GeV ]

. . [ . X3 = ’ —

in Control Regions u 0-14795% CL Obs. Limits g m,’ m=10GeV,95GeV
. - . C L . 12 - m,, m"2 =10 GeV, 110 GeV -

e Limits via fits of signal distribution and background ©0.12¢ m,, m" =20 GeV, 80 GeV
s £ - m,', m’z=30 GeV, 80 GeV I

model to m;; distribution + O1F s .

» 3d limit as a function of m,, mz0, My ry 0.08— =
: . T 006F- -

 Results are consistent with Standard Model g 0-05F ]
\60.04:— —:

0.02 =

0:. | | P | | .
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H->Z,Z;,-4{, H - ZZ; - 4{
14 14

Z, ¢ 7 £ High-mass Z; (HM):
H g )2 S Low-mass Z; (LM):
s
Z, Z, Single Z; channel:
/ ¢
14 14

* Search for Higgs to one or two BSM vector
bosons in 44 final state, £ = e, u

* Higgs from gluon-gluon fusion production

o 77" — 4 main background for all channels
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H—>ZdZd—>4'€
H—>ZdZd—>4,Ll
H->Z7Z; - 4¢

JHEP 03 (2022) 041

15GeV<my, <60GeV ¢ =¢,p
1GeV <my, <15GeV
15GeV<myz, <55GeV ¢ =e,u
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H->Z4Z;,->4¢,H > ZZ; - 47 JHEP 03 (2022) 041
14 14

Zy ¢ Z ¢ High-mass Z; (HM):  H - Z;Z; > 4¢ 15GeV<my, <60GeV £ =ep
Hg )2 Low-mass Z; (LM): H->Z,Z; - 4u 1GeV <my, <15GeV
s
7, 7, Single Z; channel: H->Z7Z; - 4¢ 15GeV<myz, <55GeV ¢ =e,u
14 14
14 14
ZdZd > T I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT | TTTT ] 71771 > [J Ol ldl?‘ltlal Iel\llellr\ltlsl ]alfltlelrl Issllelclt|ilolrl]| LI
Select leptons so that o 185 amias ESvw.iz ] E [ ATLAS ) — T
o Q] - Vs=13TeV, 139 b [ ] Z+jets 1! 102 - Vs = 1'3 TeV, 1?9 fo [ Heavy flavour —=
Ao = |my, — m34| minimal 2 16; HM Signal Region vz i 1 = LM Signal Region EEm,-2GeV 3
. . . - * 1 > - ma= e ]
myp compatible with Higgs > 14F =:|Z—>_z)z4:_>4| 12 ol mmoisGey
Veto Z-bosons and quarkonia S 100 | EEE ooy S CF BEER Quarkonia veto 3
miqo /m34 > 0.85 LI>J 10:_ ::’:::EZ E _:
LM 1.2 GeV < M1z, M3y < 20 GeV 85 = gn::ertainty - E
. 1 L. — ° ata — :
fits to (m,,) = , (my, + ms,) for limits of ERET .
4 - _
: 1 10

21 .
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H—>ZdZd—>4€ H—>ZZd—>4£

> 90 J LI | LI | L | L | L T |_:
! Y4 (_l) - ATLAS 3 vwv, tisz ]
Zd 7 o 80 — (5= 13 TeV, 139 fb" E Reducible (Z+Jets, WZ, t) =
: 2z 4l .
K S 70 :_ ZX Signal Region vz w E
H “"0‘3; H--------- §2) C i B zzd,m =20 Gev ]
% 60 2zd,m_ =35GeV N
Z4 Z4 D sob | o — 3
‘ f “F L EE
l l 40F E
Single Z4 301 E
» Select leptons flavor, my,: 20 N | e
4u,2e2u,2u2e, 4e, 105 =
min(|mz — my5|), min(jmz — mz4|) 0t .
. tibl ith Hi 10 20 30 40 50 60
Myp COMpPatiole wi I88S Ma, [GeV]

mq, compatible with Z
Template fits to ms,

Slight excess in High-Mass Z;Z; channel around
my, = 28 GeV with 2.50 local significance
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H - aa - bbuu Phys. Rev. D 105 (2022) 012006
b

ATLAS . Data

4

- ATLAS . Data

= l 3 -
8 = -3 =120 — -]
a b = 30 ys=13TeV, 139 fb %g‘\’(‘a‘ - = 2100 1s=13Tev, 139 b %S‘:’ta—:je[s =
£ 25| SRincl + BDT50-0.2 FA = go[ SRincl +50.5<m,,<53.5 GeV o Other
D 20F + B Other 3 - B m.=52 GeV ]
= . B m.=52 GeV] 60 — —
15F s — - -
a ; of! RS -
K E : |
5 = 20 =
) o o
. . = 2F4& =
H — aa — py bb, gluon-gluon fusion production & 125 2 b4 .y bum i d i s
a — bb large branching fraction © O3 a5 a8 50 52 54 56 585 80 62 -
. . . . GeV
a — uu clean, high-resolution signal for trigger M [GeV]

211, exactly 2 b-tagged jets, EF'SS < 60 GeV
15 GeV < my, < 65 GeV, m,,p, < 140 GeV
kinematic fit to improve my,,pp,

BDT to improve signal selection, trained
individually for multiple signal mass points
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H - aa - IzEuu

b

ut

U

H — aa — uu bb, gluon-gluon fusion production
a — bb large branching fraction

a — uu clean, high-resolution signal for trigger
211, exactly 2 b-tagged jets, EF'SS < 60 GeV
15 GeV < my, < 65 GeV, m,,p, < 140 GeV
kinematic fit to improve my,,pp,

BDT to improve signal selection, trained
individually for multiple signal mass points

Fit to m,,, in 2 to 3 GeV wide windows around
presumed m,

4x improvement on limit due to larger dataset
and BDT w.r.t prior ATLAS result

Phys. Lett. B 790 (2019) 1

B(H — aa — bbup)
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Phys. Rev. D 105 (2022) 012006
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Charged Higgs

Conclusion t > Htb, H - cb
_ o H* > ZW -> 30+ v
 Comprehensive program targeting signatures of new scalars, HEEHFF 5 47
pseudoscalars and beyond Standard Model Higgs decays
New scalar / pseudoscalar
* Results generally consistent with Standard Model expectations ttH / ttA — 4t
* Though few local hints of excesses X — yy, low mass X
X — Yy, high mass X
* LHCRun 3 just started, but Run 2 analysis still being released t>qX,X > bb,q=1uc
* More to come with Run 3 data H - leptons + b-jets

Heavy H - WW

Exotic Higgs Decays

H - x1X2, X2 > axi, a- bb
H->Z;Z;->4¢,H - ZZ,; > 4
H - aa - bbuu

See all public ATLAS results here
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Conclusion

 Comprehensive program targeting signatures of new scalars,
pseudoscalars and beyond Standard Model Higgs decays

* Results generally consistent with Standard Model expectations
* Though few local hints of excesses

 LHC Run 3 just started, but Run 2 analysis still being released
* More to come with Run 3 data

Thank you!
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Charged Higgs

t > Htb, HX > cb

H* > ZW - 3¢ +v

HT**H™ > 4¢

New scalar / pseudoscalar

ttH / ttA - 4t

X - yy, low mass X

X — Yy, high mass X
t>qX,X > bb,q=1uc

H — leptons + b-jets

Heavy H - WW

Exotic Higgs Decays

H - x1X2, X2~ ax1, a— bb
H—->Z,Z;-4¢,H—- ZZ; - 4
H - aa - bbuu

See all public ATLAS results here
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SearchforH —» J /Y v, wy(ZS)y,
Y(1S,2S,3S) vy in u”uty final state
pr > 3.0 GeV, one pu: p > 18 GeV,
pl > 35 GeV

my,, cut consistent with m,,(,,s) or
My (ns) » P Myupy CULS

3 signal regions: Y (nS), Y(nS) barrel
(high resolution), Y(nS) endcap
(lower resolution)

Signal and background m,,,, m;,,,,
distributions described by analytical

model
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Events / 0.05 GeV

Data/Bkgd

arXiv:2208.03122
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HH+V—>4b+VZ

g .0000000

* Search for Heavy Higgs H — hhin
association with V-boson, hh — bbbb ,
Z > 4e, v

* signal regions:
0,10 2¢ XV ->VH;0¢,2¢ XA —> ZH
> 4b-jets,

* Control Regions for tt, V+jets

e one BDT for signal discrimination per
signal region

* Fit to BDT score

8/30/2022
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HH+V—>4b+VZ

g .0000000

Search for Heavy Higgs H — hh in
association with V-boson, hh — bbbb ,

Z - 4L, vv
signal regions:

0¢,1£2¢ XV —>VH; 0¢,2¢ XA —> ZH

> 4b-jets,
Control Regions for tt, IV +jets

one BDT for signal discrimination per

signal region
Fit to BDT score

8/30/2022
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A->Zh h- bb,Z - {f,vv

Search for pseudoscalar A in ggF or b-

associated production; decaying to E 10?
Z and SM Higgs boson ‘§

A—>Zh, h—> bb,Z — ¢ orvv woe
4 signal regions 10

7Z — £¢ or vv X bb merged or resolved
All defined by kinematic cuts, including

EPMSS, pr, angular variables, my, mp, 10

1072
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« Search for charged Higgs H* in uu final state via
intermediate W£A4, A CP odd pseudoscalar
* Require u*tu~, le, = 3 jets, at least one b-tagged
* Look for resonance in my,,, spectrum
HZ* spectrum not used in due poor resolution
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« Search for charged Higgs H* in uu final state via
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H - xiX2, X2 = ax;, a— bb

Search for cascade H —» 797 = ax %2, a - bb

Higgs from ZH production

NMSSM scenario:

72, 72 two lightest neutralinos, a - light pseudoscalar
Selecton Z — ¥¢, £ = e, u to reduce backgrounds
Model of background distribution constructed from fits
in Control Regions

Limits via fits of signal distribution and background
model to m;; distribution

3d limit as a function of m, M0, Ms0

8/30/2022

JHEP 01 (2022) 063

SR CRZ CRTop VRMET
Number of leptons 2
Number of jets > 2
Number of b-tagged jets >1
Dilepton pt [GeV] > 40
pr fraction 0.8, 1.2]
Dilepton mass [GeV] [81, 101] [81, 101] [50, 81] or > 101 [81, 101]
B [GeV] > 100 [60, 100] > 100 > 50
Dijet mass [GeV] [20, 120] [20, 120] [20, 120] > 150

pr fraction: #Jr—i%mss
Pt

Christian Weber
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ttH / ttA — 4t

Region Channel N; Ny Other selection cuts Fitted variable
CV
CRConv | e*e* || e*p* | 4 <Nj<6 | >1 2815" ;[O’ O'SlgoGéVV mbY
e Search for heavy scalar H, < fr < ¢
seudoscalar A4 in 4t processes CRHF e cee || eep =1 100 < Hr < 250 GeV Yield
p+ n . P CR HF u epp || ppp =1 100 < Ht < 250 GeV Yield
o ¢ f or £~ ¢~ , Z-vetoed TV & [0.0.1] GeV, (o) < 15
6+ jets, 2+ of those b-tagged CRAW | e*p* || | 24 | 22| for Ny = 2, Hy < 500 GeV or N; < 6; Pl
Hy > 500 GeV for Ny, > 3, Hr < 500 GeV
CR lowBDT SS+3L >6 >2 Ht > 500 GeV, SM BDT < 0.55 SM BDT
BSM SR SS+3L > 6 >2 Ht > 500 GeV, SM BDT > 0.55 BSM pBDT
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Heavy H - WW

Selections Boosted SR ‘ Resolved SR ‘ ssWW CR ‘ Boosted WZ CR ‘ Resolved WZ CR
Trigger Single lepton
two same-sign leptons with three leptons with
Leptons pr > 27,20 GeV | pT > 278, 28,8210 GeV
. . . at least one SF epton pair

Search for heavy Higgs to WV in associated oo additional voto leptons ponp
production with W e > 106V :

Myepe - > 100 GeV
,eiv,giqu flnal state b-jets zero b-tagged small-R jets

Emiss > 80 GeV > 60 GeV \ > 40 GeV

veto events with additional leptons
veto events with b-tagged small radius jets

Large-R jets

at least one large-R jet with
pr > 200 GeV, |n| <2.0
50 GeV < my < 200 GeV

and pass 80% W-tagger WP

zero large-R jets with
pr > 200 GeV, || <2.0
50 GeV < my< 200 GeV

at least one large-R jet with
pr > 200 GeV, |5| < 2.0
50 GeV < my < 200 GeV

and pass 80% W-tagger WP

zero large-R jets with
pr > 200 GeV, |p| < 2.0
50 GeV < nmy < 200 GeV

Two signal regions, depending on qq jet overlap —

at least two small-R jets with
pr > 20 GeV and || < 2.5

at least two small-R jets with
pr > 20GeV and |n7] < 2.5

Resolved SR: two small radius jets iy

50 GeV < mj; < 110 GeV | > 200 GeV

Boosted SR: one large radius jet

8/30/2022
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