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VWHY NOT?




Often assume:

Very massive squarks+gluinos
R-Parity Conservation

Trivial Sparticle Litetimes

Look for very large Missing Et
High momentum objects
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But we have a huge number of exclusions
and no SUSY discoveries
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In the MSSM, tree-level terms that violate R-Parity

We often forbid them.
“SM conserves R at tree level, why shouldn’t the MSSM?”

But SM R-Parity is “accidental”!

No fundamental symmetry requires it...
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Because of their coupling to
Lepton superfields, these terms
give rise to Missing Et
—RPC Searches often have
sensitivity

“\

1 1
Wrpv = puiH, L; + §>\ijqu;LjEk + X LiQ; Dy, + §>\’-’ijz‘DjDk

1

L Violating B Violating



Because of their coupling to But these couplings
Lepton supertields, these terms give SUSY particle
give rise to Missing Et decays to quarks...
—RPC Searches often have All hadronic signals at
sensitivity a QCD collider

“\ “\
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Wrpv = puiH, L; + ikijkLiLjEk + X LiQ; Dy, + 5)\’-}kUz‘Dg‘Dk
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RPV MULTIJET
SEARCH

e To kill QCD multi jet backgrounds, construct
composite mass variable out of Large-R jets

e Scalar sum of masses
e QCD: Small angle emissions

e SUSY/BSM: Large angles = Event
structure

* Regions w/ or w/o B-Tag for HF sensitivity
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No significant deviation from SM.
— Very strict limits on gluino mass despite
the multijet background!

g-g production, geqqx x —qqq

;‘ 2200: [ l [ [ [ | .I [ [ | [ | [ | [ [ [ | [ [ [ |-1| [ [ [ [ [ .

8 2000 O?Sstlsr:(“tOb - \g =13 TeV, 36.1 fb -

@ T = - - Oth SHMEATLAS Preliminary ]

| TATASEmEy ] g 18000 el :

o 3 :gekl;apred +10 E 1 6002_ """ Run 1 Limit — E

- 2. Syst. 10 . = E

= m}:s 200(()3 GVeV . 1400 m

1S 5 50 ~ = =

ST I B O 1200f :

N, a5 m = 1050 GeV - 1000E- E

L ANl . _| — ]

P T 8001 E

: 5R, > - 600 T E

ﬁ e LT 400 =

Z st 200F- =

Q 1*”-0-"** C 1o '1 —\—1_“7“-?’1 PRI T NN WO AN MO TR TN NN AU S S A T N

§ 050 . 800 1 000 1200 1400 1600 1800 2000 2200

S O 02 04 06 08 1 12 14°1 6M21[§I5'eV] m@ [GeV]

10 ATLAS SUSY-2016-22 (Submitted to Phys.Lett.B.)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-22/

RPV MULTIJET+1L p
SEARCH

e |f top-quarks in final state, or L-violating RPV

e Very low MET + Many Jets + [e or mu]
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No significant deviation from SM.
— Very strict limits on gluino mass despite
complicated signature!
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Unfortunately RPV gluinos are probably not hiding there...
So that's depressing.

But what if another assumption has been wrong?




Unfortunately RPV gluinos are probably not hiding there...
So that's depressing.

But what if another assumption has been wrong?

Many mechanisms for
making long-lived sparticles!

Squark mass ~ 1 PeV,
Gluino mass ~ TeV
— Gluino hadronizes to “R-

Hadron” and decays within e.g. Split SUSY:

inner tracking detectors

mg > Mg
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Spectacular

Displaced Signatures



DISPLACED VERTEX
+ MET SEARCH
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* Expected BG: 0.02 £ 0.02 Events

e (Observed: O Events

e |n absence of an excess, able to

set limits on gluino masses to up
~2.37 TeV!

* The strictest limit on gluino
mass of any search ever!

ATLAS SUSY-2016-08 (Submitted to PRD)
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We are trying to ease reinterpretations for long-lived particle searches.
Parametrized efficiencies on HEPData

We are making this a priority, so feedback from the theory community is very
welcome! We want our information to be useful!

Event selection efficiency

—
| I

0.8

0.6

0.4

o
N

ATLAS Simulation
0mm< R™ <1150 mm
Before Calorimeter

decay

o
e s

500

1000

1500 2000 2500
Truth MET [GeV]

Nr..cs (Truth vertex)

—_
(@)
N

10

Vertex selection efficiency

| 1 1 1 _O

10°

10°
m (Truth vertex) [GeV]

ATLAS SUSY-2016-08 (Submitted to PRD)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-08

ATLAS SUSY Searches* - 95% CL Lower Limits
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RPV gluino limits

pushing up to 2 TeV

range!
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And LLP limits even
higher to ~2.4 TeV!
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There's more to this story from
ATLAS. See talks by:

B Hooberman: SUSY searches with ATLAS

K Onogi: Reconstruction techniques in
supersymmetry searches in the ATLAS experiment

J Reichert: Search for compressed SUSY scenarios
with the ATLAS detector

F Ungaro: Searches for stops in scenarios with R-
parity violating sparticle decays, or long-lived
sparticles with ATLAS



Thanks tor your attention!




Additional RPV
Multijet Material
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