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LLP’s For Newcomers
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LLP’s: Roadmap for Theory & Expt




Experimental LLP Search: Motivation
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* Theorists think it’s interesting ~

* |t’s something we can do —
S

» [t addresses fundamental Q’s e



LLP’s @ LHC: Motivation

» Discovery of LLP’s may provide clues to key open
questions in fundamental physics

» Consideration of physical scales — LLP decay lengths ~
ATLAS, CMS & LHCb detectors

» Energy frontier capabilities are unique and complementary
to those at Intensity & Cosmic frontiers
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Fundamental Questions

1
MUST answer : SHOULD answer
I
|
1
|
Dark Matter - .~ \(pNEW

1

: oy AmE~ A A2

' o s _ 1
I
1
|
|
|
|
|
Park Energy :
I
1
1
|
|
fermion masses :
de 5o be : Cosmological

(large E[lng‘;/:e‘ Mj:v\tz.\'a e.uo — CT.. te i
5 3 ¢ 5 5 & & |
< 2 < 2 < < :
|

Origin of m,,



BSM Physics: Where Does it Live ?
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Solutions w/ LLP’s: A Sampler

Apologies for omissions !
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Solutions w/ LLP’s: A Sampler
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Solutions w/ LLP’s: A Sampler
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Quarks

VMSM

Spin-1/2 fermions
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Solutions w/ LLP’s: vSM

Spin-1 P. Mermod

N1 mass ~keV
- dark matter

N__mass ~GeV
23

- seesaw
- |leptogenesis

001 ] \

107%¢

10719

0.1

10 100

E. Izzaguire & B. Shuve My (GeV)

Mixing U

16



Solutions w/ LLP’s: vSM

VMSM . P. Mermod
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Solutions w/ LLP’s: Wimpy Baryogenesis
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Solutions w/ LLP’s: Hidden Valleys
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Solutions w/ LLP’s: Dark QCD

P. Schwaller
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Solutions w/ LLP’s: Stealth SUSY

Fan, Reece, Ruderman

Gluino

Mass (GeV)
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Solutions w/ LLP’s: Neutral Naturalness

D. Curtin, C. Verhaaren
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Solutions w/ LLP’s: Neutral Naturalness

FSUSY (EW charged partners ) 0+ |
( i ) 251 Juknevich 9+ S —I o
SM sector mirror sector g | 37— G- — ]
SU2)xU(1) 27— — sof
mg 15 |y -+
SU@B3)a SU@3)s mo af -
1.0 | ot e— 3
= sleptons, <
EWinos,... 05 S 3f
0.0 20}
o RS -+ +- =
tg, bs, ... PC
— 10 500 1000 1500 2000
m;. (GeV)
tA
W,Z, h == LEP limits
Mirror
Glaeballs
23

D. Curtin, C. Verhaaren



Solutions w/ LLP’s: Neutral Naturalness
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Solutions w/ LLP’s: Dark U(1)

SU(3). x SU(2), x U(1)y, x U(1),
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Dark Z: Mechanism
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Dark Z: Mechanism
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Dark Z: Mechanism
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Dark Z: Mechanism
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Dark Z: Mechanism

Non-Abelian Kinetic Mixing
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LLP’s @ LHC: Motivation

» Discovery of LLP’s may provide clues to key open
questions in fundamental physics

» Consideration of physical scales — LLP decay lengths ~
ATLAS, CMS & LHCb detectors

» Energy frontier capabilities are unique and complementary
to those at Intensity & Cosmic frontiers
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Solutions w/ LLP’s: vSM

VMSM P. Mermod
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Solutions w/ LLP’s: Wimpy Baryogenesis

Baryon number violating: Lepton number violating:
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Solutions w/ LLP’s: Dark QCD

P. Schwaller
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Solutions w/ LLP’s: Stealth SUSY
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Solutions w/ LLP’s: Neutral Naturalness
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LLP’s @ LHC: Motivation
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Solutions w/ LLP’s: Wimpy Baryogenesis

Baryon number violating: Lepton number violating:
X — 'ltz'djdk X — LincZk
X — LiLjE_‘k

3-body phase space
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Solutions w/ LLP’s: Dark QCD

P. Schwaller
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Solutions w/ LLP’s: Stealth SUSY
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Solutions w/ LLP’s: Neutral Naturalness
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Dark Z: Mechanism
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Dark Z: Mechanism

Non-Abelian Kinetic Mixing

(5) _
Owx =

3
A
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Arguelles, He, Ovaneysan, Peng, MRM ’16
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LLP’s: Roadmap for Theory & Expt

Time to extend the coverage & reach !
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LLP’s: Challenges

1 or 2 displaced LJ’s + prompt L or V ( N , non-Abelian Z,)
Displaced jets (WIMPY baryogenesis, neutral naturalness)
Displaced V + jels (Stealth SUSY)

Displaced u + tracks (WIMPY baryogenesis)

Emerging jets (Dark QCD)

High muiltiplicity b-jets + displaced jets (Stealth SUSY, hidden
valleys...)

Disappearing or kinked charged tracks (SUSY, quirks, EW multiplet
DM...)
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LLP’s: Challenges

SO where do we start’?

. l dlsappeanng or ‘
displaced kmked tracks \
multltrack vertices \

] / non-pointing
. ,;; ------- (converted) photons

displaced Ieptons
lepton-jets, or
lepton pairs

emelngg jets

\ /

trackless

\ | low-EMF jets
quasi-stable

P(decay)

Jdwoud, o, |

J9xoe Ul %Se

multitrack vertices in the
muon spectrometer

24 April 2017 H. Russell

distance 4tyavelled

9
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LLP’s: Challenges

WG 1

Simp models & recast

WG 2

Triggering

WG 3

Backgrounds

Dark Shower

WG 4
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LLP’s: Challenges

WG 1

Simp models & recast

v

( Common production ) x
( Variety of decay objects)

WG 2

Backgrounds

L1 in good shape, but
exploit associated objects

1
Triggering

WG 3

Dark Shower

WG 4
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Push the Reach w/ Prompt Objects

Prompt u + semilept

VBF jets or prompt V
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LLP’s: Challenges

WG1 .n WG2

Simp models & recast T Backgrounds

: !

( Common production ) x [—>| Model library ,
( Variety of decay objects) Vetoing map
L1 in good shape, but —>| New paths ? Many open Q’s
exploit associated objects Displaced tau’s T
A Mono-X
Triggering l Dark Shower

WG 3 Upgrade: new WG 4

layer ?
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LLP’s: Outlook

> SIMULATE!
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