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New physics through the lens of heavy resonances E A@

» Plethora of BSM models that predict new
heavy resonances! To sketch a few...

» New scalars in MSSM
> Sequential Standard Model (simplified

models) a ‘ 7 7
> Heavy vector bosons Z{q,;, Wigy 2
. . ///
> Es-motivated Grand Unification Z,, S JAGSY
» Heavy Vector Triplet Z{yr
» Compositness models with excited q ’ 4 '
quarks g*
» Dark matter mediator Z’ B B
q g q q

» Excellent targets for searches using our
trusted tools: and jets q

=) 7

/
Z; DMM


https://inspirehep.net/record/678629
http://inspirehep.net/record/279185
http://inspirehep.net/record/279185
http://inspirehep.net/record/228974
https://inspirehep.net/record/855936
http://inspirehep.net/record/247106
http://inspirehep.net/record/247106
https://inspirehep.net/record/1375500

A talk in three searches
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dilepton lepton + Emiss dijet

w results from ATLAS using the full Run-2 data set (139 fb~1)



Search strategies E ATLAS

Resonant search strategy

1. Reconstruct the 4-momentum of the final
state particles

EVENTS

2. Combine to form the invariant mass
spectrum

3. Fit the smoothly falling SM background to
search for new resonances

4. If no significant deviations, set limits on
the BSM process cross section

» Final states with leptons have lower backgrounds that can be triggered on efficiently
» Resonances with hadronic decays can have larger branching ratios

» Modified couplings can result in preferential decays to heavy flavour



Dilepton (starting clean)

Highest invariant mass dielectron candidate 2015-2018 data with mee = 4.06 TeV [Phys. Lett. B 796 (2019) 68]
"

~



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

DiIepton: Search strategy [Phys. Lett. B 796 (2019) 68] E

EXPERIMENT

» Benefits from a factor of 4 increase in luminosity ! '
over previous search (36.1 fb~1) [JHEP 10 (2017) 182] Zssu
» After event selection require my, > 225 GeV to be
above the Z peak region q ‘
» Background fit made on data with a functional form L€ {ep}

chosen to minimize spurious signal

107E ATLAS

Events
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/

Dilepton: Results

» No significant excesses
observed in the
dielectron or the
dimuon channels

95% CL upper limits
set on the fiducial
cross-section X
branching ratio for
generic resonances
decaying to dileptons
Lower limit on mz

> Zigw: 5.1 TeV

> Z): 45 Tev

> 7. 48 TeV
Most stringent limits to
date

(HVT limits in backup)

>

[Phys. Lett. B 796 (2019) 68] E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

lepton + missing transverse momentum (finding friends)
Event with highest mt in electron + EX!55 channel in 36.1 fb—! data [Eur. Phys. J. C 78 (2018) 401]

ATLAS

EXPERIMENT

Run: 304337
Event: 588288156
2016-07-23 19:55:07 CEST


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/

Lepton + MET: Search strategy . D 100 (2019) 052013] E

« Data

Events

aw
- pv selection E;::Yq quark

> Uses full Run-2 (139 fb~!) dataset for o
improvements over [Eur. Phys. J. C 78 (2018)
a01] (36.1 fb~1)

» Uses high pr single-electron or

[ Diboson
CIMultijet

single-muon triggers to fight against Wssn
Drell-Yan W background s
» Shown in muon PT and E?uss q l ° 80 100 200 300 1000 2000
(pre—fit) plots l e {e,u} Muon p, [GeV]
. . .. . . H E . " .paa 73
» Signal and background discrimination relies on the L szﬂg'rev‘,é‘sslb" g
" st =
X

[Diboson
CiMultiet

transverse mass

mr = \/2pTEP™ (1 - cos e, )

for ¢, angle between the charged lepton and missing
transverse momentum directions in the transverse plane

Data/ Bkg

200 300



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/

Lepton + MET: Results [Phys. Rev. D 100 (2019) 052013] E
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electron channel transverse mass muon channel transverse mass
» Observed lower limit on myy-
the muon channels > Wigm — ev: 6.0 TeV
.. . » 4 .
» 95% CL upper limits set on the cross-section for WS,SM —pv: 5.1 TV
> WSSM — lel/: 60 TeV

SSM W’ decaying to leptons of a single generation

» No significant excesses observed in the electron or
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/

Dijet (ending with multitudes)
Dijet event 2017 data with mj; = 9.5 TeV [arXiv:1910.08447]
Run: 329716

Event: 857582452
2017-07-14 10:48:51 CEST

EXPERIMEN

11


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Dijet: Search strategy [arXiv:1910.08447] E

» Events selected using single-jet trigger with
pT > 420 GeV (lowest pr un-prescaled)

» Uses variable binning given varying resolution

71
Zbym

» b-jet identification done using deep neural network
(DL1r) for first time at ATLAS!

» Improvements in jet flavour identification at high pr
increase sensitivity over previous analysis

> [ |
2 1= ATLAS Simulation, Vs = 13 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-33/

Dijet: Results (subset) [arXiv:1910.08447] E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Search prospects at the HL-LHC

EYETS
13 TeV. 13-14 Tev

J4TeV energy

5107.5 x nominal Lumi
installation

ATLAS - CMS
L upgrade

e

= s .
HL-LHC TECHNICAL EQUIPMENT:
DESIGN STUDY ': 9 PROTOTYPES CONSTRUCTION [l]
P —

» At high mass and high-pt resonant signatures are relatively clean and so great for
HL-LHC environment

» The increased luminosity of 3—4 ab™! (factor of 20-25 from Run-2 delivered) gives a nice
boost
» Important for:

» models ATLAS is just on the edge of being sensitive to
> tail effects of new physics


https://project-hl-lhc-industry.web.cern.ch/content/project-schedule

Conclusions E ﬁI!—,ﬁ«é‘

Model Final State Lower Limit arXiv

z, 2e, 1 mz, >45TeV  1903.06248
Z— U 2e, 11 mz, >48TeV  1903.06248
Zggm — U 2eu mz.., >51TeV  1903.06248
Wgn — ev le + EFs  my, >6.0TeV 1706.04786
Wesn = i 1+ EWS  my,  >51TeV 1706.04786
Wesn = tv le,y + ER  my, >6.0TeV 1706.04786
q-—qg 2j mg > 6.7 TeV 1910.08447
QBH — jj 2j mgay > 9.4 TeV  1910.08447
W' — qg 2j my: > 4.0 TV 1910.08447
W* — qg' 2j mw->3.9TeV  1910.08447
Zhum > 99,80 =020 2j mzy.. >3.8TeV 1910.08447
Zhum > 98,80 =025 2 mzy . > 4.6 TeV 1910.08447
b* — bg 1b,1j mp >32TeV  1910.08447
Zpym — bb,gg =020 2b mz,. >28TeV 1910.08447
Zpn — bb,gg =025 2b mz . >29TeV 1910.08447
Zigm — bb 2b mz;.,, >27 TV  1910.08447
Gk — bb7 k/MpL =02 2b MGy > 2.8 TeV 1910.08447

No evidence of new physics.
However, ...

Numerous BSM models
tested with the full Run-2
139 fb~! dataset using
dilepton, lepton + Eiss,
and searches

Between the three analyses
17 new limits set!

Further searches in Run-3
and beyond at the HL-LHC
will increase range of
sensitivity

15
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Z' in BSM Models T 50

» Sequential Standard Model:
» Zisu couplings to SM fermions is the same as the SM Z
» Zlo\ width increases proportional to its mass
» Couplings to SM vector bosons suppressed (or 0)

» Eg¢-motivated Grand Unification

» SU(5) with two additional U(1), resulting in two new gauge fields: ¢ and x
> Particle associated with the fields can mix to form Z’ candidates

Z' = Z, cos O, + Z,, sin O,

» Z' couplings to fermions determined by the symmetry breaking and value of Es
» Heavy Vector Triplet

» Z{iyr is neutral member of a new SU(2) group resulting in being part of a triplet
» Cannot exist without W{f{,T that should be nearly degenerate in mass

» Dark matter mediator

> Z M is member of a new U(1) group

17


http://inspirehep.net/record/279185
http://inspirehep.net/record/228974
https://inspirehep.net/record/855936
https://inspirehep.net/record/1375500

Compositness of quarks E ATLAS

» Substructure of quarks would lead to contact interactions at high energy scales between
the constituents
» Lead to deviations from the expected QCD scattering behaviour, which would be most
visible in:
» Inclusive jet cross section at high pr

» Dijet invariant mass distribution
> Dijet angular distributions of jets in the parton-parton centre-of-mass system

18


http://www.particles.uni-freiburg.de/dateien/vorlesungsdateien/hadroncolliderss15/kap10
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Dilepton: Background functional form

[Phys. Lett. B 796 (2019) 68] E

fM(mM) = fBW,Z(mM) . (1 _ Xc)b . XZ?:O pi |og(x)i

for x = myg/+/s and parameters b and p; with = 0,--- , 3 are left free in the fit to data and
independent for dielectron and dimuon channels. The parameter ¢ is 1 for the dielectron and

1/3 for the dimuon channel. fgw z(mye) is the non-relativistic Breit-Wigner with
mz = 91.1876 GeV and 'z = 2.4952 GeV.

20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

DiIepton: myy fit range starts at 225 GeV [Phys. Lett. B 796 (2019) 68] E

The chosen fit range of my, € [225 GeV,6 TeV] is mainly affected by the Z peak region, which
starts to modify the spectrum towards lower my,. Studies with modified fit ranges show that a
lower starting point of the fit yields higher spurious signal values.

21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

DiIepton: HVT Model Limits [Phys. Lett. B 796 (2019) 68] E

» Dilepton upper limits
converted to exclusion
contours in the HVT

t
-

T T
Observed

o t T T E| (=) - T =
. o E ATLAS Observed 7 o E |
model coupllng space £ z'z?ﬁzmTev, 139 fo* Zyro 1 s % ‘\ Zaro I
i gk E g oL \ E
» g; are coupling strength ¢ E 5 N E
between the triplet field  § E g I
for : R
45 = E f E
> g¢: leptons o ] 2 ; E
> 8q: quarks - <3TeV ——4Tev ——5Tev ’; ;’ | 970 ’;
| 4 &h: H|gg5 =) = o T 3 08 06 o405 062 04 o6 08 1
> A d f Higgs and vector boson coupling 9, Quark coupling 9,
rea outside of curves
. ith gr = g¢ = ith gy =0
is excluded at the 95% {gn &r} with g1 = g0 = & {gq: &1} with g5
CL

22


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08/

Lepton ++ MET: high pt single-lepton triggers iphys. rev. b 100 (2019) 052013] E

» Uses high pt single-electron or single-muon triggers to fight against Drell-Yan W
background
> e: pr > 60 GeV
> e: pr > 140 GeV (worse electron id)
> u: pr > 50 GeV

23


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/

Lepton + MET: low mt MC/data discrepancy [Phys. Rev. D 100 (2019) 052013] E

Throughout Run-2, a modeling issue has been observed, leading to a higher yield in data than
in MC in the low end of the signal region mt distribution. The issue has been observed in both
the electron and muon channels, and is assumed to be predominantly due to an issue with the
modeling of the non-leptonic event activity, such as jet emissions, parton shower, and/or
underlying event, and/or the corresponding modeling of the detector response to this activity
(jet reconstruction, E?iss soft term, etc.). Indeed it is the systematic uncertainties related to
these effects, in particular to the jet energy resolution and E™sS soft term that allows a
suitable description of the mismodeling in terms of nuisance parameter pulls in the statistical
analysis. A large component of the mismodeling seems to be a better EX' resolution in MC
than in data, leading to a wider reconstructed W boson mass peak in the data than in MC,
and a corresponding overshoot of data over MC in the steeply falling region at the high end of
the peak.

24
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Lepton + MET: Non-zero Width Limits [Phys. Rev. D 100 (2019) 052013] E
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25


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/

BumpHunter Algorithm E A@

10 f;
> PHYSTAT2011, arXiv:1101.0390 : -
» BumpHunter: fit in varying width window 1

to find region of data most discrepant with 10 E
model and calculates global p-value ]
(accounts for “look elsewhere effect") 10 £
o 7
o
e

00 02 04 06 08 10
X

Example from PHYSTAT2011, arXiv:1101.0390

26
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Dijet: W* Limits
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[arXiv:1910.08447] E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Dijet: b* Limits [arXiv:1910.08447] E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/

Dijet: QBH and W'’ Limits [arXiv:1910.08447] E
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Dijet: ZéSM and Kaluza-Klein Graviton Limits [arXiv:1910.08447] E
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Long Shutdown 2, Run 3, and HL-LHC Schedule il )

LHC / HL-LHC Plan
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HL-LHC CIVIL ENGINEERING:
DEFINITION EXCAVATION / BUILDINGS

The experiments would like to have more time to complete their upgrades. As a consequence,

LS2 has been extended by two months [to May 2021], and LS3 has been delayed by one year

[to 2025] to accommodate the extra time needed by ATLAS and CMS to finalise their Phase 2
upgrades while maximising the integrated luminosity from Run 3.

— Fabiola Gianotti, Director-General of CERN N
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Fractional Event Counts? ATLAS
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