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. 139 fb~! pp collisions at \/E = 13 TeV collected by ATLAS on
LHC, providing a broad scope to search for new phenomena,

« New phenomena produced in parton collision are likely to
decay to partons predicated by BSM,

« They can manifest as the narrow resonances above the

observable’s spectra.

-
)]

—
N
o

—_
N
o

(o]
o

o
T

- ATLAS

- e (s =13 TeV
— Preliminary

Delivered: 156 fb™
Recorded: 147 fb™
Physics: 139 fb™

-~ [FJLHC Delivered
E |:|ATLAS Recorded
:_ |:|Good for Physics

A O
o O
TTrrr ]

Total Integrated Luminosity [fb™]
o
o

N
o O
T T

uoie.qies

6

\ \ 40 \
3002 10 420 10y 1Oy

Resonant

B Background
™ Signall

yon V2

Month in Year

JINST 15 (2020) P04003

July 6-13, 2022

ICHEP2022@Bologna


https://iopscience.iop.org/article/10.1088/1748-0221/15/04/P04003
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New phenomena search 1n hadronic finals states

* Search for new resonances in dijet events,
J. High Energ. Phys. 2020, 145 (2020)
« Search for dijet resonances 1n events with 1 lepton,

J. High Energ. Phys. 2020, 151 (2020)

e Search for new resonances 1n 3/4 body mass distributions 1n
events with two jets and 1/2 leptons.

ATLAS-CONF-2022-048

Based on the ATLAS Run-2 pp collision data: 139 fb-!.

More results on new phenomena search on ATLAS public page.
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https://link.springer.com/article/10.1007/JHEP03(2020)145
https://link.springer.com/article/10.1007/JHEP06(2020)151
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Search for new resonances 1n dijet events

* In SM, hadron collisions produce jet pairs primarily via 2—2
parton scattering processes governed by QCD,

* QCD predicts a smoothly falling dijet invariant mass
distribution,

 New particles produced in the s-channel directly coupling to
partons can introduce local excess above the background:

+ g*, W=, Z', W, QBH, etc.

do g g d"”
dmdi|\ QCD dmdi|\ QCD
/ New Physics
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» Event 1s triggered by single jet trigger(p; > 420 GeV): only exploit

the high mass range( > 1.1 TeV), Y = (9, — y)/2
— U1 )2

« Jet pairs from hypothetical BSMs are likely to fall into central
region(g™, Z', W', etc.) or a bit forward region(W*): |y*| < 0.6 and

| y < 1.2 J. High Energ. Phys. 2020, 145 (2020)
"2109“““““““ LR T T _'(2109‘|““\““““““\““\““H\\|\\\\
C
|.%)108 ATLAS . Data . L%:ms ATLAS « Data .
E Vs=13Tev, 139"  —— Background fi 'L 1s=13Tev, 139fp"  —— Backgroundfi
10"E- Inclusive — BumpHunter interval W* Selection —— BumpHunter interval

,,,,, W+, m,. = 4 TeV
W+, m,. = 5TeV

W*, ¢ x 1000
p-value = 0.88

q’, mq* =6TeV

g%, ox10
p-value = 0.89

Significance _

Significance _

m, [TeV] m, [TeV]
* An analytical function 1s employed 1n Sliding Window Fitting
Method to estimate background:

f(x) = py(1 — x)PaxPstpalnx 5 — m/\/g
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« Some new particles may preferentially decay into bj or bb, like
b*, DM mediator Z’,

* D-tagging on both jets: > 1 b-tag and 2 b-tag.
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J. High Energ. Phys. 2020, 145 (2020)

* No significant excess above the background 1s observed.
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https://link.springer.com/article/10.1007/JHEP03(2020)145
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 Limits have been derived using CLs technique on several
benchmark models: g*, W*, Z', W, QBH, Gaussian-shaped
signals etc.
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https://link.springer.com/article/10.1007/JHEP03(2020)145

The
University
o Of

Search for dijet resonances 1n events with 1 lepton O ol
elllelda.

 New mediators can also radiate new mediators which directly
couple to partons with an association of a leptonically

decaying W/Z boson or top quark,

» Sensitive to both primary and secondary mediators.
q e/l

\ W/Z

Ve/Vyore/u

Q0QQQ; z
______________ !
H™ < :
QQQQQ; b i i
Charged Higgs Technicolor :........% -
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» Single electron/muon triggers(p,(E;) > 24(26) GeV) to trigger
events:

+ exploit lower mass range( > 0.22 TeV)

Requ1rement of lepton to suppresses QCD multl-J et background
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J. High Energ. Phys. 2020, 151 (2020)

Global fitting method with an analytical function to estimate
background:

F) = py(1 = x)PexPrHPinpsin’s = /o [
No significant deviation from the SM background-only
hypothesis 1s observed.
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« Limits have been set on several benchmark models: DM
mediator Z', SSM Z', H', Techicolor, Gaussian-shaped
signals, etc.

J. High Energ. Phys. 2020, 151 (2020)
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* Partons directly coupled to the new mediators can also radiate
W/Z bosons 1n the final states,

« New mediators can also directly couple to bosons/leptons
which then decay to partons or leptons,

» Search dijet+lepton(jj/) and dijet +dilepton(jjl/) resonances,

» Sensitive to new particles: produced in association with a W/Z

boson or decays to radiate a W/Z boson or lepton along with
another particle that decays to two jets.

Sequentlal SM Sfr'ﬁpliﬁé'd DM | Radlon Composite Lepton

ATLAS-CONF-2022-048
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Various single electron/muon triggers(p(E;) > 24(26) GeV) to
trigger events: exploit lower mass range( > 0.4 TeV),

Requirement of leptons suppresses QCD multi-jet background,

Search regions: inclusive dijet+1 or 2 leptons(jjl, jjll).
ATLAS-CONF-2022-048
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Global fitting method with an analytical function to estimate
background:

F(x) = py(1 — x)PrPstpulnxtpsin®s 5 — /\/s
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Some new particles may preferentially decay into bj or bb, like

DM mediator Z’,

b-tagging on both jets in 3 body final state: jbl and bbl.
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ATLAS-CONF-2022-048

No significant excess above the background 1s observed.
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 Limits have been set on several benchmark models: DM
mediator Z', SSM W', Composite Leptons, Gaussian-shaped
signals, etc.

ATLAS-CONF-2022-048

3! g\\\|\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\2 5! ?\\l\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\E 3‘ %“ |““\‘.‘I“\“ \gé%‘CI‘-l\J“‘I‘-_\_‘t‘ E
= - ATLAS Preliminary - Z’W (DM) model - & [ ATLASPrelminary - Z', m_=500 GeV - Q% 1 ATLAS Preliminary e GX/,:XP:(; oI:sl_ ° -
QQ 10L Vs=13TeV, 139fb" —e— Observed 95% CL — LE 10 Vs=13TeV, 139fo"  —e— Observed95% CL - x [ 's=13TeV. 1391’ - Gx/mx=g'0g 825- ]
= 3 o 3 B /m,=0.1 .
= Expected95%CL 1 © F e Expected 95% CL |  » 10" = e zi ,2;0_15 obe. E
1 ; — 1 = = t1c E § - .
: : 2 £20 1ol :
B ] -1 - B ]
107 1 | 107 E
10‘2;— i 1072 E 104L -
o3k 1 107 3 0% Jet + bojet + | 4
; ; E HH E o L1 | | | l L1 1 | l | I - l | I - l L1 1 | l L1 | 1:
i 1 ol Dijet+pup 1 2 3 4 6 7
10—41 [ B B b beva ben b b b b b b 13 mX[TeV]
7 05 1 15 2 25 3 35 4 45 5
m.. [TeV] m.. [TeV]
Simplified DM Z° Composite Lepton Gaussian-shaped signals

July 6-13, 2022 ICHEP2022@Bologna 14


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-048/

The
University
‘ a Of

= Sheffield.

Summary and Outlook

 New phenomena have been searched in various hadronic final
states on ATLAS,

* No indication of new physics has been observed,
* More searches are ongoing and more results will come soon,

« LHC Run 3 restarted and 1s opening a new era for new
phenomena search.

July 6-13, 2022 ICHEP2022@Bologna
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