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Detectors on the Large Hadron Collider /£
A Toroidal LHC Apparatus: |
25m high (vs 15m in CMS), 25 m wide, and 46m long Compact Muon Solenoid

The inner detector has 3 air core toroidal magnets and 14000 tons: 1.5* Eiffel tower weight, half the

one solenoidal magnet . size of ATLAS
Largest superconducting and most powerful
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SLHC beauty S ‘-:? IGh= - A SN Bz & Other detectors: MoEDAL, TOTEM,
LA single-arm forward W e 1 S| HCforward, ALICEIET .
spectrometer designed forthe e —
-study of particles Contalnlng D ! See also detector status talks yesterday by J. Butler (CMS),
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https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/RetrieveFile?docid=11514&version=1&filename=cms_120918_03.png

Beyond the standard model of particle physics (BSM)

Unexplained phenomena
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Standard Model: internal symmetries from
which follow matter (quarks, particles
leptons) and force carriers (gauge bosons)

Internal symmetry: SU(3) X SU(Z) X U( |)

(my)? = (mg)? + ©(10'%) GeV

Theoretically unsatisfactory

the value of the Higgs mass (125
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GeV) despite its large quantum

corrections

= (125 GeV)?

Vanishing strong CP violating term

Mass hierarchy
Three generations

See talk by GIno
Isidori yesterday
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https://science.energy.gov/~/media/hep/images/research/Frontiers/Standard_Model.png
https://science.energy.gov/~/media/hep/images/research/Frontiers/Standard_Model.png

Physics beyond the standard model. supersymmetry

Required symmetry in supergravity >pace-time symmetries: Poincaré group

The only possible way to combine Translations«—Fs P1 =0

spacetime and internal symmetries 1 M..P,] = n,,P, —n,,P,

Internal symmetries: S % SU2) s LT [ s M) _ o Muo — o Myp — pMus + e My,
Lorentz group (boosts, rotations)
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https://indico.cern.ch/event/647001/contributions/2691416/attachments/1535782/2405800/CMS-FSP-2017.pdf
https://inspirehep.net/record/1306918/plots#0
http://newsline.linearcollider.org/images/2010/20100401_dc_2.jpg
http://newsline.linearcollider.org/images/2010/20100401_dc_2.jpg
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Searching for supersymmetry %'
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Classic strong SUSY searches: Higgsinos and weak gauginos mix to neutralino, chargino
t /| -
: P - é Classic electroweakino searches:
;:(E Dal‘k m f Candldates Slepton-mediated chargino/neutralino decay Direct slepton pair production
l . = Xl § ; ' {
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ovecion |, R-parity conserving (RPC): lightest SUSY partlcle (e.9. X, ") is stable
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From Energetic Gluon https://cds.cern. ch/record/2291346/ﬂ|es/ ol e 2_5""” o2
Search for gluino and squark pair production in B

multijet and multilepton events with a lot of

missing transverse momentum! distributions, deviations in standard model observables...

tth //Qrofmattstrasslercom/artlcles and-posts/relativity-space-astrono  https://indico.cern.ch/even attachments/1691950/2 /2245 2/SUSY Z20T8_Camacho.p

One can search also for resonance search (‘bump hunt’), angular



https://indico.cern.ch/event/689399/contributions/3005411/attachments/1692317/2723139/BasilSchneider_20180724_SUSY.pdf
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://profmattstrassler.com/articles-and-posts/relativity-space-astronomy-and-cosmology/dark-matter/searching-for-dark-matter-at-the-lhc/
https://profmattstrassler.com/articles-and-posts/relativity-space-astronomy-and-cosmology/dark-matter/searching-for-dark-matter-at-the-lhc/
https://arxiv.org/pdf/hep-ph/9709356.pdf
https://arxiv.org/pdf/hep-ph/9709356.pdf
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png

New strategies

Small mass splittings, new final state Smaller mass electroweakinos: -

particles and RPV SUSY:

Dark matter
candidates

RPV LSP decays

Gluino and équarkr pair production with
and multilepton final states -- very little
missing transverse momentum!

httDs //indico.cern. ch/event/689399/contrlbutlons/2945’|57/attachmen

R-parity violating (RPV): LSP decays

Slepton-mediated chargino/neutralino decay Direct slepton pair production
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Motivated by bino co-annihilation, g-2 oriented scenario etc.

R-parity conserving (RPC): lightest sparticle (LSP) is stable

WZ .. jets + pm'SS
Wz: ps
o W h : bb +p11115s
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1) TN
1500 2000 2500

st

multijet
I Very SOft |ept0n5! HOW tO trlgger? I https://cds.cern.ch/record/2291346/files/

fig_susy crossections.png

https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018 Camacho.pdf



https://indico.cern.ch/event/689399/contributions/3005411/attachments/1692317/2723139/BasilSchneider_20180724_SUSY.pdf
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://indico.cern.ch/event/689399/contributions/2945157/attachments/1691972/2722396/20180724_-_Strong_SUSY.pdf
https://indico.cern.ch/event/689399/contributions/2945157/attachments/1691972/2722396/20180724_-_Strong_SUSY.pdf
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png

Not covered here:
SUSY Higgs searches
! See talk on Wednesday by Nikolina llic
Sea rc h 1N g fO F'Su pe rsym m etl’y SM, DM results (need interpretation!):
J q E.g. Maria Cepeda and Gino Isidori on
Wednesday, Vasiliki Kouskoura on Friday
And many other talks not mentioned here
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Searches refined inrun 2; »

Compressed mass spectra
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Lower cross sections e —d
M anything
e Broaden class of models of supersymmetry @ A depacs
inked tracl epton
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e
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= Will improve for run 3 and HL-LHC! : vertex
Will now show highlights up to now only: a selection of recent results from CMS and ATLAS

CMS public results: https://cms-results.web.cern.ch/cms-results/public-results/publications/
ATLAS public results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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https://indico.cern.ch/event/517268/contributions/2041293/attachments/1272363/1
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https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://indico.cern.ch/event/517268/contributions/2041293/attachments/1272363/1886050/Antonelli_CMS_LLP_May12.pdf
https://indico.cern.ch/event/517268/contributions/2041293/attachments/1272363/1886050/Antonelli_CMS_LLP_May12.pdf
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf

Strong sparticle production

See also talks by

Antonia Strubig this afternoon

Anshul Kapoor on Wednesday

And also talks on vector-like quarks by
Erich Varnes this afternoon

Stéphanie Beauceron this afternoon



Hadronic RPV resonance search

CMS-EXO-17-022
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https://arxiv.org/abs/1806.01058v1
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-030
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-030

Charm tagging

Selection: > 2 jets, 21 c-jet, p; . >
500 GeV.

In compressed region:
ISR selection: > 3 jets with leading
jet not c-tagged

Charm tagging with MVA in tight
working point 18% efficient, and

® Db-jet rejection factor 20
e Light-flavor rejection factor 200
e Hadronic t-jet rejection factor 6

Am [GeV]

ATLAS-SUSY-2016-26
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26

ATLAS=SUSY-2016-30

New results in tau and lepton final state from ATLAS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/

On-shell higgs with large
enough IAm(/fg,)g?) In CMS: EW

Bottom squark pair production to Higgs production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-40/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-040/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-045/

Electroweak sparticle production

See talk by

Sarah Williams this afternoon
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CMS-SUS-17-004 ATLAS-SUSY-201/-0
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Multileptons from electroweakino pair production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2017-03/
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://arxiv.org/pdf/1806.02293.pdf
https://arxiv.org/pdf/1806.02293.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-17-004/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-25/
https://arxiv.org/abs/1701.03480
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-048/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_EWSummary_higgsino/ATLAS_SUSY_EWSummary_higgsino.png
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-21/
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://arxiv.org/pdf/1804.03602.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-002

Longlived sparticles

See talks by
Malgorzata Kazana this afternoon
Karri Dipetrillo this afternoon
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Longlived gluinos in split supersymmetry

CMS-PAS-EXO-16-036 heavy stable charged

particle search with d

CMS-SUS-16-038 CMS inclusive search with jets
and missing transverse momentum using a..
with split SUSY interpretation
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HSCP searches will benefit from tracker
phase 2 upgrade (see e.g. CMSTDRO14)
and muon phase 2 upgrade (see e.g.
CMSTDRO16)
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Beyond LHC run 2

See also talk by
Isobel Ojalvo on Thursday
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Summary and Outlook




Summary and outlook

e Data taking at LHC successful at both ATLAS and
CMS;

e Many new search techniques;

e New searches for SUSY models with more
complicated signatures;

® Several excesses seen but no clear sign of new
physics;

e Inrun 3 more statistics can lead to better sensitivity
in searches for models with low cross sections like
electroweak SUSY searches;

e |nthe HL-LHC track-triggers can help look for more

Note that there is also a well-advanced e'e’
collider program, see e.g. Jie Gao’s talk yesterday
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unconventional signatures.
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Additional material
or long version
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Compact Muon Solenoid
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¥ lcompact: 15 m high, 21 m long, 14000 tonnes
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sfand has the most powerful solenoid magnet
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CMS

Large mass dijet event in CMS

Barrel: central cylindrical part
Endcap: at both ends of CMS

Data recorded: 2016-May-11 21:40:47.974592 GMT
Run / Event / LS: 273158 / 238962455 / 150

The mass Of the CMS Experiment at the LHC, CERN

di-jet system is
/.7 TeV. Both
jets are
reconstructed in
the barrel
region and each
have transverse
momenta of
over 3 TeV.
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ATLAS:

A general-purpose detector designed to observe
any new physics phenomena at the LHC a
central solenoid magnet of 2T as well as three
toroidal barrel and endcap magnets that vary

» between 2 and 8 T-m. ATLAS i is 25m in diamete
and 44m long.— " '

LAr hadronic end-cap and
forward calorimeters
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Detecting particles with the ATLAS detector

Transition radiation tracker

A combination of a straw detector
and transition radiation detector.
Particles travelling close to the
speed of light leave most
transition radiation, such as
electrons and positrons.

Toroidal magnets bend charged
particles also outside the hadranic
calorimeter (HCAL). Nonuniform
magnetic field.
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http://collider.physics.ox.ac.uk/img/layers.png

ATLAS

EXPERIMENT

Detecting particles with the ATLAS detector

Very accurate jet resolution!

M(JJ)=5.0 Tev

Searching for a diboson o ATLAS

2016-09-01 16:52:46 CEST EXPERIMENT

resonance: boosted bosons are
detected as one jet.
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Detecting particles at the LHC
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The standard model of particle physics

See talk by GIno
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What are we made of?
How do particles get
mass”?

Weak nuclear
force
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Unexplained phenomena in the standard model of

Flrst observatlon of as
positron

particle physics  re——
22eV 017 Mev | [<15.5 Mev e té.‘ y 2Ino See also galaxy rotation
T g 3 Isidori yesterda : i :
o 'I) 0 -I) simulation and observation
s Du s Dr
electron muon tau
neutrino nheutrino neutrino

Observations

R (x 1000 ly)
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https://upload.wikimedia.org/wikipedia/commons/thumb/6/69/PositronDiscovery.jpg/800px-PositronDiscovery.jpg
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This standard model can be theoretically unsatisfactory

e the value of the Higgs mass (125 GeV) despite its large quantum corrections:

(mp)? = (mg)? + O(10%) GeV ' '
" = (125 GeV)? = = A |AAAeSs=—m——lsl O """

e vanishing term of the theory describing the strong force that breaks the
combined symmetry of particle-antiparticle exchange (charge conjugation) and
spatial coordinate inversion (parity, or 'mirror' symmetry): CP violating term

® .. and more
positive charge negative charge left handed right handed electron positron

CP V|olat|on why is there SO much more matter than antlmatter |n the unlverse’? 41
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https://www.quantumdiaries.org/2011/11/14/what-exactly-is-cp-violation/
http://scienceblogs.com/startswithabang/files/2013/05/1000px-Hqmc-vector.png
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Physics beyond the standard model. supersymmetry

Required symmetry in supergravity >pace-time symmetries: Poincaré group

The only possible way to combine Translations«—Fs P1 =0

spacetime and internal symmetries 1 M..P,] = n,,P, —n,,P,

Internal symmetries: S % SU2) s LT [ s M) _ o Muo — o Myp — pMus + e My,
Lorentz group (boosts, rotations)

SUPERSTRING \ g &rond s'uts)

Unification

M-theory heterotio\ o, 0. YeT { a } —s Dlt P Poincaré algebra
Gafolonomy EgxEg —
ToeTA Tyrel ‘ Qas @p Yap!u SUSY algebra
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LHC: strong
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https://indico.cern.ch/event/647001/contributions/2691416/attachments/1535782/2405800/CMS-FSP-2017.pdf
https://inspirehep.net/record/1306918/plots#0
http://newsline.linearcollider.org/images/2010/20100401_dc_2.jpg
http://newsline.linearcollider.org/images/2010/20100401_dc_2.jpg

The big vs the little hierarchy problem

Big or gauge hierarchy problem: Little hierarchy problem:

Standard particles Superpartners are not that light: loop
corrections are reduced but only to
about 10%. Some unnaturalness still

remains.
i s b
Quarks 0 Leptons . Force particles ‘ \7 l V l( V) ‘
hierarchy problem: O D
(my)? = (mo)? + O(10°) GeV ‘
— (125 GeV)2 Figure: Jan Heisig, DESY
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https://arxiv.org/pdf/hep-ph/0007265.pdf

The cosmological constant problem

The cosmological constant problem or vacuum catastrophe is the 120 orders of
magnitude difference between the observed vacuum energy density and the
predicted zero point density by quantum field theory

The stringy landscape with many hidden sectors can solve the cosmological
constant problem and gauge hierarchy problem at the same time

Adding an axion can also solve the strong CP problem by a chiral superfield
containing an axion, axino (fermionic superpartner), and dilaton (scalar
superpartner). The axino is often the LSP and a candidate for cold dark matter.

https://arxiv.ora/pdf/hep-ph/0410252.pdf axion + high scale susy

TR RN L S ey o f e V]

https://arxiv.org/abs/hep-ph/0402220 RPV axinos (Hooper)
et e s S o oL LR T o



https://arxiv.org/pdf/hep-ph/0410252.pdf
https://arxiv.org/abs/hep-ph/0402220

What is a simplified model?

Figure: Jan Heisig, DESY
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Split SUSY and the Higgs mass

https://indico.cern.ch/event/689399/contributions/3005379/attachments/1690861/2

720690/StopGrinoDks-vi.pdf

Predicted range for the Higgs mass

MSSM Higgs mass (Djouadi etal., Giudice etal. )

SPLIT SUSY

Split SUSY

AL
Hi-scale susy:
128-141 GeV

47



https://indico.cern.ch/event/689399/contributions/3005379/attachments/1690861/2720690/StopGrinoDks-v1.pdf
https://indico.cern.ch/event/689399/contributions/3005379/attachments/1690861/2720690/StopGrinoDks-v1.pdf

(H ?.lll(l H)
(W+ ‘and W~

Searching for supersymmetry %'

JPU'9GE60L6/4d-

SU/Ipd/bIo AXie//.sdny

Classic strong SUSY searches: Higgsinos and weak gauginos mix to neutralino, chargino
t /| -
: P - é Classic electroweakino searches:
;:(E Dal‘k m f Candldates Slepton-mediated chargino/neutralino decay Direct slepton pair production
l . = Xl § ; ' {
y \\\Directio.ns ' P \4 ._\.\ N‘ < 2 e ; >:\ \
e View ,&Jndetected :.i':UndeteCted Motlvaﬁedbybmoooannlhllauon gZonlentedsoenanoetc \ \ n :
ovecion |, R-parity conserving (RPC): lightest SUSY partlcle (e.9. X, ") is stable

—8TeV
"""" 13-14 TeV

Protop_________==___._."_"~_i‘_,.~v,.~"';_________________Proton WZ 26 + Jets + pn“‘“’

H
g1
g
S

Beam Beam
e WZ : 30+ pmISS =
M. Strassler 2015 Jet Wh 1€ + bb + pllllSS ‘0%
From Energetic Gluon https://cds.cern. ch/record/2291346/ﬂ|es/ ol e 2_5""” o2
Search for gluino and squark pair production in B

multijet and multilepton events with a lot of

missing transverse momentum! distributions, deviations in standard model observables...

tth //Qrofmattstrasslercom/artlcles and-posts/relativity-space-astrono  https://indico.cern.ch/even attachments/1691950/2 /2245 2/SUSY Z20T8_Camacho.p

One can search also for resonance search (‘bump hunt’), angular



https://indico.cern.ch/event/689399/contributions/3005411/attachments/1692317/2723139/BasilSchneider_20180724_SUSY.pdf
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://profmattstrassler.com/articles-and-posts/relativity-space-astronomy-and-cosmology/dark-matter/searching-for-dark-matter-at-the-lhc/
https://profmattstrassler.com/articles-and-posts/relativity-space-astronomy-and-cosmology/dark-matter/searching-for-dark-matter-at-the-lhc/
https://arxiv.org/pdf/hep-ph/9709356.pdf
https://arxiv.org/pdf/hep-ph/9709356.pdf
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png

New strategies

Small mass splittings, new final state Smaller mass electroweakinos: -

particles and RPV SUSY:

Dark matter
candidates

RPV LSP decays

Gluino and équarkr pair production with
and multilepton final states -- very little
missing transverse momentum!

httDs //indico.cern. ch/event/689399/contrlbutlons/2945’|57/attachmen

R-parity violating (RPV): LSP decays

Slepton-mediated chargino/neutralino decay Direct slepton pair production

/: o+ ¢

) P, ’ > 4.
: 3 t uoo 9 /,/ . ’:—"/ \ “’, X1

; v b . %t

P i S==05 i ! gt X v b 0
./ it g 7 i X

\, \ \ 7 ’ Y‘

Motivated by bino co-annihilation, g-2 oriented scenario etc.

R-parity conserving (RPC): lightest sparticle (LSP) is stable

WZ .. jets + pm'SS
Wz: ps
o W h : bb +p11115s

—8TeV
"""" 13-14 TeV

Cross Section [pb]

1) TN
1500 2000 2500

st

multijet
I Very SOft |ept0n5! HOW tO trlgger? I https://cds.cern.ch/record/2291346/files/

fig_susy crossections.png

https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018 Camacho.pdf 49



https://indico.cern.ch/event/689399/contributions/3005411/attachments/1692317/2723139/BasilSchneider_20180724_SUSY.pdf
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://indico.cern.ch/event/689399/contributions/2945157/attachments/1691972/2722396/20180724_-_Strong_SUSY.pdf
https://indico.cern.ch/event/689399/contributions/2945157/attachments/1691972/2722396/20180724_-_Strong_SUSY.pdf
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png
https://cds.cern.ch/record/2291346/files/fig_susy_crossections.png

Not covered here:
SUSY Higgs searches
! See talk on Wednesday by Nikolina llic
Sea rc h 1N g fO F'Su pe rsym m etl’y SM, DM results (need interpretation!):
J q E.g. Maria Cepeda and Gino Isidori on
Wednesday, Vasiliki Kouskoura on Friday
And many other talks not mentioned here

4—
neutral HSCP Hispiaced M BSM
..... u ;
— charged u dilepton M lepton

Searches refined inrun 2; »

Compressed mass spectra

p

Lower cross sections e —d
M anything
e Broaden class of models of supersymmetry @ A depacs
inked tracl epton
to e.g. RPV (tougher background) Decaying lightest X°~ = ,
: s 14
More complex signatures (longlived) A, | e LR )

f"‘&e
More third generation production and 2 AN v @ S s
final states Wz i Ay/  Pheton

Lo s

e
displaced displaced

= Will improve for run 3 and HL-LHC! : vertex
Will now show highlights up to now only: a selection of recent results from CMS and ATLAS

CMS public results: https://cms-results.web.cern.ch/cms-results/public-results/publications/
ATLAS public results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic

0
https://indico.cern4ch/event/517268/contributions/2041293/attachments/12723%3/1
QOGAE :-,‘: o P 12 AN RS s '. 2 Lo



https://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://indico.cern.ch/event/517268/contributions/2041293/attachments/1272363/1886050/Antonelli_CMS_LLP_May12.pdf
https://indico.cern.ch/event/517268/contributions/2041293/attachments/1272363/1886050/Antonelli_CMS_LLP_May12.pdf
https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf

Strong sparticle production

See also talks by

Antonia Strubig this afternoon

Anshul Kapoor on Wednesday

And also talks on vector-like quarks by

Erich Varnes this afternoon

Stéphanie Beauceron this afternoon 51



CMS-SUS-17-005
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-17-005/

Hadronic RPV resonance search
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https://arxiv.org/abs/1806.01058v1
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-030
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-030

Charm tagging

Selection: > 2 jets, 21 c-jet, p; . >
500 GeV.

In compressed region:
ISR selection: > 3 jets with leading
jet not c-tagged

Charm tagging with MVA in tight
working point 18% efficient, and

® Db-jet rejection factor 20
e Light-flavor rejection factor 200
e Hadronic t-jet rejection factor 6

Am [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26

ATLAS=SUSY-2016-30

New results in tau and lepton final state from ATLAS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/

On-shell higgs with large
enough IAm(/fg,)g?) In CMS: EW

Bottom squark pair production to Higgs production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-40/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-040/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-045/

On-shell higgs with large
enough Am(z?. %)

Bottom squark pair production to Higgs
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-40/

On-shell higgs with large
enough Am(z?, %)

Bottom squark pair production to Higgs )
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-40/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-045/

Bottom-squark pair
production with the ATLAS

Bottom squark pair production to Higge%edor WA e
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ATLAS-CONF-2018-041

Gluino-mediated stop and sbottom palr productlon
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ATLAS inclusive search with b-jets and
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Electroweak sparticle production

See talk by

Sarah Williams this afternoon
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Multileptons from electroweakino pair production
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https://indico.cern.ch/event/689399/contributions/2945161/attachments/1691950/2722452/SUSY2018_Camacho.pdf
https://arxiv.org/pdf/1804.03602.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-002

Electroweak SUSY: low-mass neutralino/chargino?

MSSM-EW (M4, M,, u, tanf + 2 nuisances) scans in progress

20 and 30 CL regions. GAMBIT 1.2.0
I 1 T

decouple everything except y** ™

e free (EW scale) parameters: MSSM-EW

Preliminary

My, M,, u, tanfs, as,m;
e focus: impact of collider data

various LEP cross-section limits

ATLAS multi-lepton: 2-3 leptons + 0-5 jets

ATLAS RJ: 2-3 leptons, recursive jigsaw variables
ATLAS 4lep: at least 4 leptons

ATLAS 3b: higgsinos in double-Higgs final states

CMS multi-lepton: (similar to ATLAS)

CMS 1lep(H)bb: 1 lepton plus bbar from H

CMS 2SFOSlep-soft: two SFOS leptons (virtual W/Z)
CMS 2SFOSlep: two SFOS leptons (on-shell W/Z dec.)
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Chargino pair production
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-002

Longlived sparticles

See talks by
Malgorzata Kazana this afternoon
Karri Dipetrillo this afternoon
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Longlived gluinos in split supersymmetry

CMS-PAS-EXO-16-036 heavy stable charged

particle search with d

CMS-SUS-16-038 CMS inclusive search with jets
and missing transverse momentum using a..
with split SUSY interpretation
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HSCP searches will benefit from tracker
phase 2 upgrade (see e.g. CMSTDRO14)
and muon phase 2 upgrade (see e.g.
CMSTDRO16)
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ATLAS reinterpretation of SUSY searches in

Split SUSY and R-Hadrons oy ey e e

g (R-hadron) — qq )“(? 3 m(i:)) =100 GeV SUSY 2018
%3000 Y Egg glL. gg jets arxiv:1712.02332 (E=1?\(Ie¥é ie\f/b‘ge % ATLAS Preliminary
1 % i i o, - _.—_ isplace -vejelizeAsT:g(si\-/i?:‘ (;: :1%1:100; 3 ) B i =eE Expected
Split SUSY: has light sfermions and S [ o mlatesmen st so1m I —
. £ I @ Stable charged arX.|v11606A05129}!§=13TeV, 3.2fb7) ? 95% CL limits
h|gg S. rest he aVy C 2500 — Stopped gluino arxiv:1310.6584 ({s=7.8 TeV, 5.0,23 fb™)
< 3 o - i i P
Heavy quarks make gluino longlived. 5 [E Z 5 ||
] & 2000 |- : 3
If ct > 1 picosecond: g [ ;
= ‘R-hadron’ or bound color-singlet 1500 - ! .
state containing squarks or gluons. [ i
The R-Hadron eventually decays to 1000 f =1 5
quark, antiquark and LSP. e i b | G
500 LU 1 IlIIIII! L1 1 l!IIIII !I I!lIIIII | N 11 1 11
102 10! 1 t10f P 102 10® 10 T [ns]
(r for n=0, By=1) Beampipe élnner Detectoll‘;Calo MSI : I I
i0? 162 107 1 10 10? 10° 10
https://arxiv.ora/pd/hep-ph/0611040 pdf ct [m]

https:/arxiv.org/pdf/hep-ph/0406088.pdf
https:/arxiv.org/pdf/hep-th/0405159.pdf

X AR TSN TN

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS _SUSY_LLP/ATLAS SUSY_LLP.pdf 71



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/
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https://arxiv.org/abs/1802.02110v2
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_LLP/ATLAS_SUSY_LLP.pdf

ATLAS-SUSY-2018-06 CMS-EX0-16-044
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Multiple jets and
multiple tracks
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-31/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-31/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2013-03/

SUSY Higgses




95% CL upper limits on o,,, x B(H—»aa—4b) [pb]

See talk by Nikolina llic
on BSM Higgs searches

More Higgses?

Searches for beyond the Standard Model
Higgs(es) |
a up to 6mm, 20-60GeV .
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-018/index.html
https://arxiv.org/pdf/1806.07355.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-018/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-05/

Precision measurements
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Beyond the standard model: BO(S)-» L

Event 146539682
Aun 174933
Sat, 21 May 2016 05:45.41

PP
collision point



http://lhcb-public.web.cern.ch/lhcb-public/Images2017/BsMuMuVertex_s.png
http://lhcb-public.web.cern.ch/lhcb-public/Images2017/BsMuMuVertex_s.png
https://www.hep.physik.uni-siegen.de/atlas/pics/feynman_dig_Bs-MuMu.png
https://www.hep.physik.uni-siegen.de/atlas/atlas_bphys_en.html

Beyond the standard model:

Everything
consistent with
standard model

predictions.
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https://indico.cern.ch/event/681549/contributions/2920113/attachments/1661525/2662168/LHCP_Machefert_030618.pdf
http://lhcb-public.web.cern.ch/lhcb-public/Images2017/BsMuMuVertex_s.png
http://lhcb-public.web.cern.ch/lhcb-public/Images2017/BsMuMuVertex_s.png
https://www.hep.physik.uni-siegen.de/atlas/pics/feynman_dig_Bs-MuMu.png
https://www.hep.physik.uni-siegen.de/atlas/atlas_bphys_en.html

Tests of the standard model: lepton universality

LHCb can measure branching
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https://indico.cern.ch/event/681549/contributions/2833189/attachments/1660728/2660649/passaleva-LHCb.pdf
https://indico.cern.ch/event/681549/contributions/2944422/attachments/1664288/2667701/LHCP2018_THumair.pdf
http://www.slac.stanford.edu/xorg/hflav/semi/fpcp17/r_dtaunu/rdrds_fpcp2017.png
http://www.slac.stanford.edu/xorg/hflav/semi/fpcp17/r_dtaunu/rdrds_fpcp2017.png

Beyond LHC run 2

See also talk by
Isobel Ojalvo on Thursday
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Reach larger mass particles
° Search for low- cross sectlon models

140 pileup = degradation
in trigger efficiency,
b-tagging, MET resolution
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https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2283189

Summary and Outlook




Summary and outlook

e Data taking at LHC successful at both ATLAS and
CMS;

e Many new search techniques;

e New searches for SUSY models with more
complicated signatures;

® Several excesses seen but no clear sign of new
physics;

e Inrun 3 more statistics can lead to better sensitivity
in searches for models with low cross sections like
electroweak SUSY searches;

e |nthe HL-LHC track-triggers can help look for more

Note that there is also a well-advanced e'e’
collider program, see e.g. Jie Gao’s talk yesterday
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unconventional signatures.


https://www.researchgate.net/profile/Raquel_Gomez-Ambrosio/publication/323966523/figure/fig17/AS:607356689842176@1521816527028/Transverse-section-of-the-CMS-detector.ppm

