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/<\ + Elegant solution  + Gauge unification
. K = 2 to the hierarchy

N problem (i.e.,
77N why the Higgs
# N/ m boson mass is
o A not found at the
AM/I“‘_I;[(’";_’";“OS(—)]
a8 i Planck scale)

Greg Landsberg - SUSY Searches at CMS - Corfu 2017

+ Dark matter candidate with the right abundance

Slide 6
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ATLAS searches pre-Higgs (2011)

* The majority of searches were inclusive. They targeted strongly-produced
SUSY particles that cascade decay to WIMPS (DM candidates) and generic
models like MSUGRA/MSSM/GMSB.

» Searches for the 3" generation were emerging (e.g. arXiv:1101.1963)

ATLAS Searches* - 95% CL Lower Limits (Lepton-Photon 2011)

T
ATLAS

MSUGRACMSSM - 0=l [
P+ Crimm Praliminary

Simplified model (light i} = t-lep + Ey e P _[Lcu=<0 184 10
Simplitled model (light 7) & 0-iep + Er oy rmes Nz =TTV

Simplified model (light ) = Glep « £, .., Brnass

Simgl. mod, (light {7} : 1-lep = bjels + Er ., 3 mase flor mib] = 500 Ge]
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Stable massive partickes © R-hadrons
Slable massive partickes : R-hadrans
Slable massive particles - R-hadrons

REV {1, =0.01, 1, =001} = high-mass & a

1o 1 0 4
Mass scale [TeV]

* Cniy a sewlaction of the seakable maots Eadng in mass Aris shouwn
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Contemporary search program

ATLAS SUSY Searches* - 95% CL Lo

December 2017
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Direct stop production
Direct stop pair-production: Overview

* Huge improvement in
sensitivity in comparison
toRun1

* Decays with neutralinos
heavier than 300-400 GeV
are difficult to probe.

* What is happening with
m(stop)~220 GeV and
m(LSP)~50 GeV?
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+ Mto: “stransverse mass” - a
generalization of the
transverse mass in case of a
pair of invisible particles

+ For a simplified case of no
extra jets and zero masses for
visible and invisible systems: Mo =  min [max (m(” m(z))]

(Mrp)2 ~ 2p"0) o) (1 1 cos15) pS +pP=p,

® Mr2 ~ MET for symmetric 2 m; Sianal
SUSY-like topologies soor Signa

+ M2 kills QCD background
very efficiently:
® My2 ~ O for dijets

® Mr2 < MET in case of C
mismeasured dijets PFMET

Greg Landsberg - SUSY Searches at CMS - Corfu 2017

200(
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SUSYATLAS

ATLAS SUSY Searches* - 95% CL Lower Limits

Contemporary search program

ATLAS Preliminary
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simplfied medels, o.f. refs. for the asswmplions made,
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SUSYCMS

~ {|Supersymmetry or Supercemetry?
/4
+ Summary of all recent results:

Selected CMS SUSY Results® - SMS Interpretation ICHEP '16 - Moriond "17

Gluino

----- CMS Preliminary
E =13TeV

L=129fb"'L=85.9fb"

Greg Landsberg - SUSY Searches at CMS - Corfu 2017
Squark

§

&

& For decays with intermadiate mass,

E | | (Mo seetmion 167 My e 240 M| | mmm:rmm"'("'lx) Msa |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
*Observed limits at 95% C.L. - theory uncertainties not included Mass Scale [GeV]

Only a selection of available mass limits. Probe up to” the quoted mass limit for m =0 GeV unless stated otherwise

Slide 48

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Summer Conferences 2017 36 fb 1
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LONG LIVED PARTICLES
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Long Lived Particles

Physics behind long-lived particles

Caveat : These are just examples.

SUSY
* Long-lived g : Heavy squark, g-Bino co-annihilation
 Long-lived ¥* : Wino/Higgsino Lightest Stable Particle (LSP)

 Long-lived)? : Gravitino LSP, R-parity violation, Wino-Bino co-annihilation

Hidden/dark sector scenario
* Long-lived dark photon : Higgs portal model

* Long-lived neutral scalar : Heavy neutral boson portal model

Others

* Long-lived right-handed neutrino : Left-right symmetry extension of SM
* Long-lived multi-charged particle : Monopole, Micro black hole, Q-ball

And many more !!
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Long Lived Particles

Signatures of long-lived particles

Large dE/dx (and low
velocity) track of LLP

Muon system (MS)

. RPC, MDT,TGC, CSR
Calorimeter (Calo)

- LAr, Tile \

Inner detector (ID)
*+ Pixel, SCT,TRT 4\

Displaced late 3 .
photon from LLP '

Disappearing
track of LLP

Displaced vertex

\\J from LLP

Decay of (stopped) LLP inside Calo
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Long Lived Particles

§ (R-hadron) — qq ‘i‘;’ : m{“'f:) =100 GeV March 2018
> 3000 — ® RPCOL 26 jels aniv:1712.02332 (Vs=13 TeV, 36 fb”) ATLAS Preliminary
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= | Displaced vertices arxiv:1710.04901 ({s=13 TeV, 33 fb) Xpecle
o3} | —o— Pixel dE/dx arxiv:1604.04520 (Ys=13 TeV, 3.2 fb) —o— Observed
‘g . ® Stable charged arxiv:1606.05128 (Vs=13 TeV, 3.2 b)) 95% CL limits
c 2500 Stopped gluino arxiv:1310.6584 (Ys=7,8 TeV, 5.0,23 fb™)

g i : : S
= L Displaced Vertex in ID
@ 2000 |- :
S - '
0 u
=
B e
B - ——g il
1500 — : v\

Pixel dE/dx +
Hadron Calo Timing

Interpretation from
prompt decay search
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U/ ety
& | N 5
500 E|||||||| 1 IIJIIIIIE ] |||||||I | |;||||||I I| Iilllllll 1 |||||l|| | |||||||| L1
102 107" 1 110! P 107 10° 10 g[ng]
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DARK/HIDDEN SECTOR
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Dark Sector

Dark Photons
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Dark Photon

Recasting for other Models

Dark photon searches provide sensitivity to (many) other models.
liten, Soreq, MW, Xue [1801.04847]

@ 1 =
[N .
10°° -
BaBh _§
10~ _%
A’ model 3
Qu=Qc— Qi = 3=e =
107° Qi=Qs = Q= —3ze E
QE:Q#:QT:_EE —;
10—3 Qve = Qv_u = er =0 =
| L1 1 111 | | I | | | | I 111 | | | | I | | | | I 11 E

107 107 1 10

my [ GeV ]

We developed a data-driven way to easily recast any dark photon search to obtain limits

on any other vector model (auto-calculates hadronic decay rates for all masses). 14
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I = magnetic moment +
3 = spin - -

g = gfactor ﬁ o g i S

q = charge

m = mass 2m

External Magnetic Field

g=2(1+a)

aﬁM=(g_2)/2= 4QED | JEW | ,QCD

A\

muon anomalous magnetic moment
3¢ Fermilab

3 3/27/2018 Walton | Aspen 2018

23-May-2018

Lake Louise and Aspen conferences, Fergus Wilson



>
=
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Theory - Experiment

-150

=200

=250

-300

-350

Uncertainty Source 8a,, ~ Status 2015 Projected after FNAL [ppb]
[ppb]
Total Theory 420 310
HVP 360 215
HLbL 225 225
Total Exp. 540 140

BNL 621 st b oA
: : :
- | !
- I I
- 360 | Future Goals |
z_ : :
- 1 !
= 1 1
| Theory v + + v

> 7 o for unchanged central values

6

New Physics!

3/27/2018 Walton | Aspen 2018

23-May-2018

Theory uncertainty remains the same, both the theorefical
and experimental central values are unchanged, but the
experimental uncertainty is reduced.

1

———

~

5 o discrepancy

2& Fermilab
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