The CLIC Physics Potenuial for
long-hived and exotic signatures

A summary of results from the Yellow Report “CLIC physics potential for new physics”
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No guarantee for discovery

neither at the LHC
nor at any tuture collider

A demonstrated capability to cope with a large and diverse set of experimental signatures is a key item in the wishlist
of features fro any future collider project
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Challenges for detectors
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multitrack vertices

lepton-jets, or
lepton pairs

multitrack vertices in the
muon spectrometer

Heather Russell, McGill University 24 April 2017
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+ trackless,

low-EMF jets

) non-pointing
R (converted) photons

emerging jets

guasi-stable
charged Qarticles

Current “general purpose” experiments were
really designed for pretty standard signals, e.qg.
H— vy or jets+mET

* Now Is the time to think about what can be
done In future detectors.

* CLIC (and ILC) can exploit full detector
simulation

Please note these signals are not necessarily a
way to “jump off the ship”. Most of them, if not
all(!), can arise in the MSSM if one relaxes some
(motivated?) UV assumptions.
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Challenges for detectors
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... plenty of other options. A white
paper is coming from the Long Lived
Forum to summarize.



Three genericreasons why this can happen
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heavy mediator small phase-space small coupling
from a hierarchical larger mass scale from symmetry from symmetry breaking

it happens in QCD (!)

the necessary ingredients are just the same as for the formulation of any model of
particle physics (mass scales and their hierarchies, symmetries and their breaking, ... )
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Many generic BSM reasons why this can happen
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heavy mediator
from a hierarchical larger mass scale

it happens in QCD (!)
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small phase-space
fromm symmetry

small coupling
from symmetry breaking

the necessary ingredients are just the same as for the formulation of any model of
particle physics (mass scales and their hierarchies, symmetries and their breaking, ... )



Many generic BSM reasons why this can happen

long life-time may be dictated by other physics requirements as well

late-time decay In the Early

Universe to fulfill out-of- relic abundance Q2~Mpwm/g

equilibrium condition for baryon Dark Matter candidate S0 g« for light particles
number generation vp = £TC
e
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heavy mediator small phase-space small coupling
from a hierarchical larger mass scale fromm symmetry from symmetry breaking

it happens in QCD (!)

the necessary ingredients are just the same as for the formulation of any model of

particle physics (mass scales and their hierarchies, symmetries and their breaking, ... )
Roberto Franceschini - CLIC Week 2019 - https://indico.cern.ch/event/ 753671/




Directsearches







Electroweak Dark Matter: LSP (+NLSP)

Am
Wide open specira Generic leptons+missing momentum
Co-annihilation Sott-objects + missing momentum Elec?rf)weak
GeV - Precision
WIMP-like multiplet Short (disappearing) tracks Tests
Accidental Dark Matter
DM SM singlet Mono-photon

ete-—= /1 — Y 0 -
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Alipour-Fard, Craig

Short (disappearing) tracks
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Alipour-Fard, Craig
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Short (disappearing) tracks
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Alipour-Fard, Craig

HIGGSINO DM O(CM) DISAPPEARING TRACKS
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Short (disappearing) tracks

Clean experimental environment:
* No trigger

* No QCD background
* Tracker Is closer to the beam

Challenges: )
* poost cannot make h tracks longer
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HL-LHC can put bounds on nggsmo up to ~300 GeV
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Alipour-Fard, Craig + RF

Short (disappearing) tracks

O(CM) DISAPPEARING TRACKS
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Alipour-Fard, Craig + RF

Short (disappearing) tracks
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Alipour-Fard, Craig + RF

Short (disappearing) tracks

HIGGSINO DM O(CM) DISAPPEARING TRACKS
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background evaluation needed

CLIC 3 TeV ylelds 10 events per ab 1 for 1 1 TeV nggsmo thermal DM candldate
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Alipour-Fard, Craig + RF

Short (disappearing) tracks

HIGGSINO DM O(CM) DISAPPEARING TRACKS LIFETIME AS PARAMETER (NON-PURE HIGGSINO)
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Hidden Sector

via simplified models



CLICdp Full Simulation

Hidden Valley Displaced Vertex
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Mass of DV
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CLICdp Full Simulation
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Alipour-Fard, Craig

Heavy Higgs Displaced Decay
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Alipour-Fard, Craig

Heavy Higgs Displaced Decay
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Alipour-Fard, Craig

Heavy Higgs Displaced Decay
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1212.2973, 1409.6729

WIMP Baryogenesis

Nge FROM OUT-OF-EQUILIBRIUM DECAY OF WOULD-BE WIMP
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Possible ete- — vv + 2 DV signal
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Would-be WIMP can be SM-singlet or SM-charged
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Cui, Joglekar, Liu, and Shuve

WIMP Baryogenesis =«
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https://cds.cern.ch/record/2625054
https://cds.cern.ch/record/2625054

CONCLUSIONS PRECISION AND MASS REACH

»+ Standard “targets” such as vanilla SUSY, compositeness
of Higgs and other states, sub-1leV WIMPs are all being

probed and are under a tair amount ot pressure

- Motivations for new physics to be out there are stronger

than ever
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CONCLUSIONS PRECISION AND MASS REACH

- New physics can be accessible at future colliders, but no “no-loose

theorem” as for LHC

* next generation of new physics exploration

has to be necessarily “broad-band”

* macro/meso-scopic life-times are possible

and motivated from several standpoints
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CONCLUSIONS PRECISION AND MASS REACH

- New physics can be accessible at future colliders, but no “no-loose

theorem” as for LHC

* next . ¢ physics exploration
has t >~'W'\< ‘oad-band”
W v
4
— . .
* maci o -times are possible

and | Heavy Mediator  feral standpoints
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CONCLUSIONS PRECISION AND MASS REACH

New physics can be accessible at future colliders, but no “no-loose

theorem” as for LHC

P
* next o ! P //\\
has t >M< a " { - £
W 5 W
ol v
% maci Ty -1 e

and 1 Heavy Mediator € Small Phase-Space

Roberto Franceschini - CLIC Week 2019 - https://indico.cern.ch/event/ 753671/



CONCLUSIONS PRECISION AND MASS REACH

- New physics can be accessible at future colliders, but no “no-loose

theorem” as for LHC

* next o
haS t >M<
W
|
-
% macil P

and | Heavy Mediator
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CONCLUSIONS WORK DONE

+ long-lived decays of a 125 GeV Higgs (cLicap)
¢ long-lived decays Of A Heavy nggS (pheno-level Yellow Report)
¢ long-liV€d decays Of A “baryo-genitor” (pheno-level Yellow Report)

» short-tracks from a Higgsino DM candidate (pheno-1ever vetiou

Report)
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CONCLUSIONS ACTION ITEMS

’ Short-tracks from %) Higgsino DM Candidate (CLICdp inputs, especially on

background)

y l()ng-lived decays Of A H@&W nggS (CLICdp validation of recast)
’ l()ng-lived decays Of %) “baryo-genitor” (CLICdp input and effort for the 3j DV)
’ long-liV€d decays Of %) Heavy Neutrino (open chapter)

* long-lived decays of a dark photons and dark 7 (open chapter)
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* connections are limited by my representation skills and knowledge

CONCLUSIONS MORE SIGNATURES ON THE TABLE*
GMSB
/ Neutra, Nat"”alness
pure weak mh C“Splaced P
multitrack vertices

WEAK SCALE HIERARCHY _Rpv

p non-pointing
: (converted) photons

__-—— 5

// — ,
Darku(l) >";;"c;-\-\ ~

displaced leptons, / "

DARK MATTER
emerging jets

Type TyPe
3>
NEUTRINO MASSES L lepton-jets, or H—"
lepton pairs ;
BARYON NUMBER trackless,
low-EMF jets
quasi-stable
charged Qarticles

multitrack vertices in the
muon spectrometer
:

Heather Russell, McGill University 24 April 2017
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WIMP EW-1no as Dark Matter

WITH R-PARITY
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Amy .= 0<2 || @10 || | @30 || 50 || @>90 GeV] [ A, = e<2 | @10 | ] | @50 || >80 GeV

large parts of parameters space have almost degenerate multiplets
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DirectSearches

M2 [TGV]

UNDER PRESSURE

vy T T

1442.4789

~
>~ v
RS 2 2
-~ v

Spin-Independent

[ @10 || <100 cm?

WIMP Is under a fair amount of pressure, still an interesting candidate to test the capabillities of a future collider
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irect Searches

UNDER PRESSURE
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WIMP Is under a fair amount of pressure, still an interesting candidate to test the capabillities of a future collider
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Alipour-Fard, Craig + RF

Short (disappearing) tracks

O(CM) DISAPPEARING TRACKS

Charged-Neutral mass splitting
can be different if Higgsino Mixed with other states (e.g. Wino)

TAKE LIFETIME AS FREE PARAMETER

ISOLINES FOR NUMBER OF EVENTS ASSUMED FOR DISCOVERY
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NUMBER BREAKING

L. — violation

(1,1,0) (at least 2) v A

Neutrimo mass mechamsms
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L. — not accidental

new physics before 2012

d=5 (12.1/2)

d=7 (1,1,2)

(LH)

L — gauged, SSB
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Neutrinos., See-saw




1803.00677 - Agrawal, Mitra, Niyogi, Shil, Sbannowsky

Mediator of Neutrino mass mechanmism
Generically S++ — U+ L+ (or W+W+) m ~ 2 VTYA
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1803.00677 - Agrawal, Mitra, Niyogi, Shil, Sbannowsky

Mediator of Neutrino mass mechanmism
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1803.00677 - Agrawal, Mitra, Niyogi, Shil, Sbannowsky

Mediator of Neutrimo mass mechanism
Genericaly$++ — 1+ 1+ (or W " = ZVTYA
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Electroweak Dark Matter: LSP (+NLSP)

Am
Wide open specira Generic leptons+missing momentum
Co-annihilation Sott-objects + missing momentum Elec?rf)weak
GeV - Precision
WIMP-like multiplet Short (disappearing) tracks Tests
Accidental Dark Matter
DM SM singlet Mono-photon

ete-—= /1 — Y 0 -
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Electroweak Dark Matter: LSP (+NLSP)

Am
Wide open specira Generic leptons+missing momentum
Co-annihilation Sott-objects + missing momentum Elec?rf)weak
GeV - Precision
WIMP-like multiplet Short (disappearing) tracks Tests
Accidental Dark Matter
DM SM singlet Mono-photon
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1810.10993 - Di Luzio, Grober, Panico
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1810.10993 - Di Luzio, Grober, Panico
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¥ 1S heavy/light new physics
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1810.10993 - Di Luzio, Grober, Panico
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1810.10993 - Di Luzio, Grober, Panico
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PRECISION ANGULAR DISTRIBUTION
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¥ 1S heavy/light new physics

beams polarization is beneficial to increase NP effects



1810.10993 - Di Luzio, Grober, Panico
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1810.10993 - Di Luzio, Grober, Panico
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1810.10993 - Di Luzio, Grober, Panico
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1810.10993 - Di Luzio, Grober, Panico
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ANGULAR DISTRIBUTION
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1810.10993 - Di Luzio, Grober, Panico
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t Polarization is very advantageous
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1810.10993 - Di Luzio, Grober, Panico
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(:_, 7, G)DF 16 0.8

Higgsino of split-SUSY (heavy sfermions)

Wino of split-SUSY (heavy sfermions)

Accidental Dark Matter 3-plet Dirac Fermion
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De Blas, Wulzer

I
) ﬂ
Global fit (Unpolarized (Ssys=0.1%, &) ) Global fit (Polarized (S5y5=0.1%, &)
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De Blas, Wulzer
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Global fit (Unpolarized (0sys=0.1%, O, ;’2’ ) Global fit (Polarized (Jsys=0.1%, O, ;‘2 )
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Systematic Unc.
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