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The Higgs boson exists and then...

o The Higgs boson exists

and it’s discovered in 2012
— scrutinize its properties

and the Higgs sector
nature.

@ Recent search set a 95% CL
upper limit of 21% on the
branching ratio for H boson
decays via undetected modes.

= Exotic decays of the
Higgs boson remain a
high priority.

v

e Even with its excellent successes in providing experimental
predictions, the SM leaves some phenomena unexplained.

o hierarchy problem, baryon asymmetry, dark matter/energy etc...
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.012002
https://link.springer.com/article/10.1007/JHEP02(2015)157

Analysis covered

Seven analyses covered

Q@ H—- XX/ZX — 4
e Where X is a dark boson Z; or pseudo scalar a.
Q@ H — x1x2 — bb+MET

Q@ WZ — wi't
e Which includes H+ interpretation in Georgi-Machacek
model.

Q@ H™ W /H ~ =4t/ 0~
Q (tH/A — titt.
(] s
@ Search for t — qX (bb) : Brand new analysis
e Where X is a scalar € [20-160] GeV.
@ H — aa — bbup

e Search for a narrow dimuon resonance.
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https://arxiv.org/pdf/2110.13673.pdf
https://arxiv.org/pdf/2109.02447.pdf
http://cdsweb.cern.ch/record/2803929/files/ATLAS-CONF-2022-005.pdf
http://cdsweb.cern.ch/record/2805214/files/ATLAS-CONF-2022-010.pdf
http://cdsweb.cern.ch/record/2805212/files/ATLAS-CONF-2022-008.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/
https://arxiv.org/pdf/2110.00313.pdf

H— XX/ZX — 4
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v

@ / = e or u: for LM only = 4u case is

considered.
e Quadruplet with SFOS is selected. o H— Z7* 5 4
® Mmi2 (m34) = leading (sub-leading) di-lepton o Z7* — Al

s e Heavy flavor jets
° <mgg> (m34)used as observable for Z;Z;/aa faking leptons.

(2Z4). )
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H— XX/ZX — 4

Some excesses in Z3Z4 case but not statistcally significant
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H — x5 — bb+MET

o Production scenario: H — xJx9 with xJ — ax? and a decays to a
pair of b-quarks = peak in the dijet invariant mass.

@ Search for deviation in jj invariant mass from a decays. Require
at least one b—jets and suppress top background using the pp

p +Em’LSS
fraction: 0.8 < ~L—T— < 1.2.
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WZ — (vl (H" interpretation)

e Search for WZ resonance: from WZ-fusion or the DY process
o Artificial Neural Network (ANN) used for the VBF selection.
@ A cut-based selection is used to build the Drell-Yan signal region.
e WZ invariant mass used as discriminating variable.
3 [arias pramiran s o ] 2 - ;A%LAék}eiinLi;gn)“““‘ . 951 L upporimt 7
8 25;15:13Tev, 139 fo! wz.aon E = E Vs=13TeV, 139 1b” — — Exp. 95% CL upper limit 3
% [ Postit WZ-EWK 1 £ - [ VBFSR [ Exvected limit (+10) |
@ [ versm 2z ] = = b
b - A ,;: |:| Expected limit (+20) i
L Fake/non-prompt B 5,
L., Post-fit uncertainty 10 E E
r / «+++ VBF Hg 375 GeV x 0.5 C |
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10l N I |
% 1 10
sft . 200500400500 606708800605 7000
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@ Observed and expected 95%

% CL upper limits on XS.
o 200 300 600 800 0001200 (] nghest local Signiﬁcance is
280 = m(W Z)=375 GeV.
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http://cdsweb.cern.ch/record/2803929/files/ATLAS-CONF-2022-005.pdf

Ht+/H== — 0t0t /04~

@ Main variable m(£*, ¢%).
o SR: 300 < m({*,¢*) < 1300 GeV.

o With the veto on b-jets, the analysis
suppresses contribution from top

o+
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Ht+/H== — 0t0t /04~

significant excess: Limit is set

e Observed and expected 95%
CL upper limits on the H**
pair production cross-section
as a function of m(H*).

o >, B(HEE — (£0%) a 100%
is assumed.

o Blue, and Red =
theoretical signal cross-section
predictions given by the NLO
calculation.

— They corresponds repectively
to left-handed H;™,

right-handed H ;{Fi and a sum
of both.
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tt

Events

Data/ Bkg,

Diallo

H/A — titt

@ Search for heavy Higgs in range of 400

GeV to 1 TeV.

e Four-top-quarks enriched SR:
@ [Vjets > 6, Nbfjets > 2

o S ph+ 3 1) > 500 GeV.
e SM BDT and BSM parametrized

BDT (pBDT)

* normalised to total background

UNARIAAAAR
ATLAS  Preliminary Data
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o Left: BSM SR

for the BSM
pBDT

distribution
used fo
mH= 1000 GeV.

Right: Observed
and expected
95% CL upper
limits.
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Search for t — ¢X (bb): New analysis

o Channel: Lepton-+jets tt — q(X)(blv) with
X — bband ¢ = u/c.
e mx range: [20-160] for both ¢ — ¢X and

— uX.
e For signal-bkg discriminant:

qg=ujc

o Event selection:
o For the Fit:
e 3 b-tags at 60% DL1r regions::

° Z4b;tags at 60% DL1r regions: 4j4b,

2b+1bl

tt RW|

tt+21b

51|52 | 52y ¢

5j>4b, 6j>4b 5 | [rrw 21
e To derive tt corrections:
o 2b-tag + 1b-tag loose(bl): i | (erw ezt
Y
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Search for t — ¢X (bb) New analysis

esults
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e Left: 95% CL limits on BR(t — uX).
e Right: 95% CL limits on BR(t — ¢X) = slightly higher.
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H — aa — bbupu

c
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e Mass range € [16 — 62] GeV.

@ The largest excess for m,, =
52 GeV = 3.30 and (1.70) fOI‘ 0.0002]
local and global p0. R
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Conclusion

e Rare and exotic decays search of the Higgs and additional scalar
particles in ATLAS is presented by focusing on the more recent
analyses.

e Seven analyses are shown where one is the first to be shown in a
conference: ¢t — ¢qX (bb) analysis.

@ There are still many uncovered interesting searches - stay tuned
for updates...
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Backup

BACKUP
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H - XX/ZX — 4 CEsmems

@ More results for ZZ; and aa channels. J
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Search for t — ¢X (bb) New analysis

e NN output distributions in the different 3b SR for the 30 GeV
mass and for the t — ¢X ( row) and t — uX (bottom) hypotheses.
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Search for t — ¢X (bb) New analysis

o NN output distributions in the different 3b SR for the 80 GeV
mass and for the ¢t — ¢X ( row) and t — uX (bottom) hypotheses.

0.25 03
T T T T 2 T T T T @ T T T T
E ATLAS Simulation [Jt— uX 80 GeV £ ATLAS Simulation []t— uX 80 GeV £ ATLAS Simulation [ t— uX 80 GeV
5 o2 ;f,’j'g'l'j’“'"a'y [ Background § oof ;’g'l'j"““ary [ Background G ozsf ;'gtm‘"a’y [ Background
0.2F E
0.15F B 0.15 4
0151 B
0.1F B 0.1 4
0.4 E
0.05[ N 0.05 ! 0.05[ B
o T L L Y I I I o i L L
0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 08 10 0.0 0.2 0.4 0.6 0.8 1.0
uX 80 GeV NN output uX 80 GeV NN output uX 80 GeV NN output
g T T T T g 025 T T T g 0% T T T T
2 ATLAS Simulation [t cX 80 GeV £ ATLAS Simulation [t cX 80 GeV 2 ATLAS Simulation [—]t—cX 80 GeV
= Preliminary c Preliminary = Preliminary
w o5 4130 [ Background w o2[ 5i3b [ Background w o2f 6j3b [ Background
0.15F 9 0.15F 1
01F .
01f 4 0.1F B
0.05(- .
0.05[ 4 0051 B
o L L L L o 1 L L L o L L L
0.0 0.2 04 06 08 1.0 0.0 0.2 04 0.6 08 10 0.0 0.2 04 06 0.8 1.0
X 80 GeV NN output cX 80 GeV NN output X 80 GeV NN output

18 / 19



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/

Events

Data Pred.

Events.

Data/ Pred

Search for t — ¢X (bb) New analysis

e Post-fit distributions of the NN output for the ¢t — ¢X (top) and
t — uX (bottom) hypotheses fits for the

30 GeV mass hypothesis.

000 2 qopof Tk 2 oo T 2 3000 T T 3
ATLAS Prelminary o Data H ATLAS Prelminary ata H ATLAS prelminary o Data H ATLAS Preliminary o Data  BUX 30 GeV.
8000F- V5 = 13 TeV, 139 fo” M uX 30 Gev @ goooF- {5=13Tev, 139 fb M ux 30 Gev 3 @ {5=13TeV, 139 o™ M uX 30 GeV' o (5=13Tev, 139 fb” Wti+210  [tiv21c
teux Wis=1b taux Wiirz1b 50001 t-UX Wiz ] 2500 t-uX Odsight  Cnoni -
7000E 436 Qesee o 7000 5130 Otele 3 6i3b Ois=1c 7 Uncertainty.
PostFit Dtisignt PostFit g vight PostFit Divight
6000F- non-it a000F Ononi 2000]
7 Uncertain 7 ncertan
5000} 77 Uncertainty 3 Unce ity
3000 E 1500
000 E
3000F, E 2000 E 1000)
2000 E
1000 E s00)
1000 E
] bl 0f °
E Y L 4 L 3
v A s + 3 - 4 ¥ T F A
09} B osf E o9 z o 3
01702 03 04 05 06 07 08 09 O 83 53 5408 08 07 08 06 1 01702 03 04 05 08 0.7 08 09 o Yo % %
uX 30 GeV NN output UX 30 Ge NN output X 30 Gev NN output
MMM Mot ke st 2 TAMAAM A ket s s 2 G000 D MMM Mt st ot
ao000E. ATLAS Prelminary S ATLAS Prelminary + Daa H ATLAS Preliminary + Daa ATLAS Preliminary ata
S=13Tev, 139 fo* M cX 30 Gev @ 8000 5= 13 7ev, 139 th* W cx30Gev J @ §=13Tev, 139 fb* M cX 30 Gev [ 5=13Tev, 139 fb* M cX 30 Gev
7000F t+6X Wiz 000F 16X [EISTI| 5000 t—cX. Wi o 5000 t-.cx Wi
4j3b Oti+21c 5/30 Ofi+zic 6j3b Oit+21c 6j3b Oti+zle
[ Post-Fit O ri+light E Post-Fit O ti+light Post-Fit ii+light Post-Fit O ti+light
s000 6000
Ononit non-t 40001 non-it | 4000~ non-tt 3
s000f 7 Uncenainy so00 7 Uncertainy 7 Uncerainy 7 Uncerainty
3000 1
4009 E 000
3000 E 3000 2000 B
2000 E 2000
1000 1
1000 E 1000
TEPPPY NPTV TOVOT TSP TOPIRONT
o
¥ g i
* 4.4l e M . P 3 &t
B 8 A L k-
o g oot " £ o ¥ g o9
01 02 03 04 05 06 07 08 09 o 01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09 o 01 02 03 04 05 06 07 08 09

€X 30 Gev NN output

€X 30 GeV NN output

€X 30 GeV NN output

19 / 19

X 30 GeV NN output


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/

