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(1) Search for heavy resonances
(2) Search for light resonances

(3) DiHiggs searches

More ATLAS results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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The SM is not the final answer
Many BSM models have an extended Higgs sector (2HDM, MSSM, Triplets, Singlets, ...)

Other models suggest new heavy particles, such as Gravitons, or heavy vector bosons
(Sequential Standard Model, E_, Warped Extra Dimensions, Heavy Vector Triplets, ...)
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X—->VV->JJ Full Run-2 Dataset!  ATLAS-CONF-2019-003 4121

Probes data for fully-hadronic boosted WW, WZ or ZZ resonances heavier than 1.3 TeV

Highly boosted jets — each vector boson candidate is contained in a single R=1.0 Lt

(“large-R") anti-kt calorimeter jet, and we require pT > 200 GeV and m > 50 GeV

Substructure techniques applied to identify vector bosons and suppress background
Track-Calo-Clusters (TCC): (more information: https://cds.cern.ch/record/2275636)

Combined object built from tracks and calorimeter clusters, that serve as input to the jet reconstruction algorithms

ATLAS calorimeter has great energy resolution, but lacks angular resolution. By combining the calorimeter clusters
with the tracks, can notibly improve the angular resolution and two-particle separation
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Improved V tagger:

Three-dimensional tagger (jet mass, D , #tracks) using TCC jets

Optimized to discriminate W/Z bosons from background jets

Validation on SM V+jets processes:

Require 2 large-R jets, one passes and one fails the tagger

Selection efficiency in data relative to MC measured as 0.92+0.13

Overlapping signal regions defined based on these taggers:
2 large-R jets that pass some kinematic cuts, and are tagged as
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Low mass H — yy

ATLAS-CONF-2018-025 80/fb 7/21

Events /0.2 GeV

Search for diphoton resonances of mass 65 — 110 GeV

Diphoton trigger, photon E_> 22 GeV

Categories depending if photons are converted or unconverted

Signal shape precisely modelled with Double Sided Crystal Ball function

Continuum pp — yy background estimated from data with
analytical functions (Bernstein polynomials or Landau+exponential)

600

500

400

300

200

100

ATLAS Preliminary
\s=13TeV, 80 fb"

I|IIII|IIII|IIII
DY template, CC category

—— default

—— peak position up
. peak position down
v —— width up

" width down

2% ----- normalisation up
| normalisation down

o

k '75. I80I 11 I85I 1 1

I90I 1 1

35 100

105 110
m,... [GeV]

ATLAS Simulation Preliminary
Vs =13 TeV, X—7y
my = 80 GeV

o O
a0 4
N A

FTT T TTT T T T[T T T TTTTTTT]TTTTTTH
| | | | | | |

©
—

0.08

1/N dN/dm,., [Ge V']

0.06
0.04
0.02

7574 76 78 80 82 84 86 88
m,, [GeV]

Modelling the Z — ee backgrounds where e fake photons
is a challenge, especially if selecting converted photons

Data-driven template constructed from Z— ee data,
electron's energy loss due to bremsstrahlung corrected for

Shape modelled with Double Sided Crystal Ball fit to the
data-driven template

Normalisation of the template from data-driven e—vy fake rate
measurements, large uncertainty (9-21% )
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H— Zy

HIGG-2016-14

95% CL Upper Limit on ¢ x B [fb]

X mass range 250 — 2400 GeV

Two catgeories for the high mass search: Z — ee and Z — puy,
resolution of heavy resonances better in eey channel
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EXOT-2016-34

Events / 136 GeV

Data/Prediction

H is not limited to 125 GeV — 2D scan in A and H mass, mA > mH
Signal produced in gluon-fusion and through b-associated production
Categories: #b=2, #b>=3 to access both production modes

80 < mll < 100 GeV, mbb must be close to the hypothesized H mass
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« Z+jets: Shape from simulation, normalisation obtained from
fit (shapes are sufficiently different)

200 200 « Smaller backgrounds estimated entirely from simulation

Mypp [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-34/

E‘ _I | T T 17T | T T 1T T 1T T T 17T T TTT T T 1T | T T 1T | T 17T | I_
H—- WW - evuyv HIGG-2016-31 g i As om0
. . . . . . = 105_ Vs =13 TeV, 36.1fb" ~8= Observed 85% CL. 2
« 3 signal regions: VBF 1 jet, VBF 2 jets, ggF, all with b-jet veto = - T e Expected 95% CL 7
T L X— WW-— evuv (VBF, GM) = o i
. . X i +2 |
« WW background modelled with Sherpa, reweighted to NNLO theory & | e |
% - =
. . . x - 3
« SM Higgs is a background, interference of off-shell component © - .
with continuum background is considered 1' |
10° F =
 ttbar and WW background normalised in data control regions - :
. L 2 12 I |
° Flnal dISCrImInant mT — J(E'ff + E’;Illss) - |p€‘£ + E¥1185| 1072 ;l L 111 | L 111 | 111 1 | 11 1 1 | 1 111 | I | | 1 111 | 1111 |E
200 300 400 500 600 700 800 900 1000
. ————— — > — - . m, [GeV]
ORETI = . — [y . X
E.D.. ? A TLAS + Data //// SM(SyS ® Stat) ? 9 1 05 A TLAS + Data VA SM{SYS ® Stat) (D__ T ‘ T ‘ T ‘ T | T | T | T ‘ T ‘ T | T
2 o0 {s=13TeV,36.1 fb" Topx1.12 | Weiets 2L (s=13TeV, 36.1 10" B x .14 [ other vv c 10 H—WW cos (B-o) = -0.1 .
S 10 SR vrriaeverse Mwwx100 [Jvernwaroo 3 @ 10 :(SWW © - Topx096 [ JegFNWAT700 5 =2 - ATLAS  2HDM Type | Z
L SR Z+jet [Jvernwazoo 7 W qp? e e Bz ] - Vs=13TeVY —Observed95% CL EAx1c -
10 et = zeets [JooFrnwazoo 2 - 36.1fb" ---- Expected 95% CL [J+2c -
SRR A - 102 o, Wjets ] - [ Excluded ]
e ’ E . e 3
3 10 —_— [ =
107 - — " : |
1 —— W 3
1072 — 107" . 1 ]
3 ] 107 = .
10” = 3 i
] 107° -
- ] : - 7 - |
= 150 = 1.5F b
w ? , Y’ w C |
E 1 ¥ » [ /+/ * / :“: 1 7_2;//%‘4/,‘1".‘“‘0*"-*"“.-—*vl**.ﬁ‘."r’v.%’—/"/%/%é/ /Ak
S 0.5% Z 8 O-Sf / I 177 | 0 ] I
g , | ] £ N , ] 10200 220 240 260 280 300 320 340 360 380 400

102 10° 107 | T
m; [GeV] m; [GeV] m, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-31/

H" > WZ

EXOT-2016-11

sin(e,,)

—h

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

9

W v
VA
€+
-

T,

—e— Observed 95% CL
...... Expected 95% CL
[ Expected (+ 10)
(1 Expected (+ 20)
['(H)/m(H) > 0.1

1]IIII|IIII|I

2.9¢ local

07777) T(H)/m(H) > 0.05

J | I — l | I I — l | N N — l 11 1 1 l | I I — -_l.

FF
s
L
L
L

o
o

300 400 500 600 700 800 900
m(H’) [GeV]

12/ 21

% -:* [T TTT | |2 [ I [T T T[T T 173
O ygtL- ATLAS ¢ Data
S " E (s=13Tev,36.1fb" I WZ
. - VBF Signal Region [ fake/non-prompt
010 [tV
& E I ZZ
D102 B tZ+VVV
= A Post-fit uncertainty
C [ T ¢ VBF H; 450 GeV
10
= @ e
i

AL
e

- 3 leptons, MET > 25 GeV, b-jet veto
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- m(W2Z) fully reconstructed, with the solution for

neutrino p_that gives W mass

- VBF selection on jets (m,-,->500 GeV, |Aﬂjj|>3-5)

- Georgi Machacek model Nucl. Phys. B 262 (1985) 463

10 Higgs bosons, fermiophobic 5-plet H,™, H_", H


https://www.sciencedirect.com/science/article/pii/0550321385903256?via%3Dihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-11/
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New particles might couple preferentially to the Higgs boson:

EWSB Mediator? BalelEy Typical benchmarks:
Valleys? - SM + dark gauge symmetry U(1)d
o Dark - 2HDM+S
Matter? - NMSSM
d /.d

- Extended Higgs sector with a light singlet
: l H H

- Hidden interactions, coupling to dark sector
\/./\.  JEg o
QAAQ\ :&\ Q.:l L@
|

T - P il W g More results presented by Scott Snyder on Tuesday:
This is m?;ﬁ?}?g;;;?g;?;?g predicted https://indico.cern.ch/event/749003/contributions/3343033/
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* Probed X mass range 0.2 - 2 TeV, a mass range 0.1-10 GeV
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DiHiggs Searches

Non-resonant Resonant
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K?L /7 X //
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8 66600600 ¢—<—=—————~- 8 "GGGGEEGT 00/ “+h
X can be a heavy Higgs (spin-0)
or a Graviton (spin-2)

— See the talk on non-resonant by Muhammad Kiani on Tuesday:
https://indico.cern.ch/event/749003/contributions/3343034/
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HH Combination (Resonant)
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Summary 21/ 21

First full run-2 ATLAS results are becoming available

Recent improvements in analysis techniques used in boosted diboson searches
increased the sensitivity much beyond what we had projected

Many more exciting results will arrive gradually this year and in the next years

No excesses found, no hint for new particles so far

Most results presented here use only 1% of the total expected LHC dataset (3/ab)
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HIGG-2016-09

Theory: arXiv:1105.1925

SM Higgs Doublet and additional hypercharge Y=2 scalar triplet
— 7 Higgs bosons (H™, H,

A, H, h), hiis SM like

A= (5”\/5

&0 =5t /2

++
0 ) and H =

— Triplet conveniently provides non-zero neutrino masses (type-ll seesaw mechanism)

3 catgeories: 2| (same-sign), 3I, 4l

Cut-based selection, optimized with TMVA
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HH Combination (Non-Resonant)

ATLAS-CONF-2018-043
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Worlds-best limit on non-resonant HH production:
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