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® Motivation for a Hidden Sector

Generalities, Dark Matter, Hidden Valley

® Example: Dark Forces

® High Intensity Probes of Dark Forces
High Luminosity ete- Colliders

Fixed Target Experiments



Where are the new particles? (_EWSB, Hierarchy
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A Light Hidden Sector?

* New light matter charged under the SM gauge
symmetry is very constrained.

* New light SM gauge singlet matter and new forces
weakly coupled to ordinary matter are allowed!

o Singlets existin SM: L.er,dr,ur, H, N

* Many possibilities for very weak interactions



Hide & Seek

How to talk to the Hidden Sector:

® Connector’ particle charged under both sectors
1
AT
® Portals: renormalizable operators connecting the
SM to the Hidden Sector

—£B,, VH Kinetic Mixing Portal
Holdom

® Effective field theory: O115sOsm

(AS+ BS?)H'H  Higgs Portal

LHN Neutrino Portal



1

NGC 3108

60




Dark Matter is Neutral

Two Possibilities:

) DM D SU(2)L x U(1)y multiplet

2) DM is SM gauge singlet

I;I> Hidden Sector



H |dden Val |e)’ Strassler, Zurek

A light hidden sector can drastically alter the
signatures at the energy frontier!

e.g SUSY + HV:




Dark Forces



Cosmic Ray Anomalies
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Gev-Scale Dark’ Force

Arkani-Hamed, Finkbeiner, Slatyer, Weiner
Pospeloy, Ritz
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L =1ixy" (0, —igpV,)x > V.. B"

Long-range attractive X
force enhances (0v)halo

Annihilation products
cannot decay to '
antiprotons by kinematics



(9 —2)u ~ 30 discrepancy

Kinetically mixed
vector can help!
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Models of the Dark Force

Secluded dark matter

Minimal model

Non-abelian models

Radiative DM splitting (for e.g IDM)
SUSY models

Link GeV-scale to weak scale

Axion portal

Pospelov, Ritz,Voloshin

Arkani-Hamed, Finkbeiner, Slatyer,
Weiner; Baumgart, Cheung,
Ruderman,Wang, Yavin;

Alves, Behbahani, Schuster,Wacker

Arkani-Hamed, Weiner:;
Baumgart, Cheung,
Ruderman,Wang, Yavin;
Katz, Sundrum:;
Morrissey, Poland, Zurek

Nomura, Thaler



Experimental probes of a Dark Force

|) High Luminosity e+e- colliders
2) Fixed Target Experiments

3) High Energy Colliders (no time in this talk)

- SUSY * Hidden valley scenario ... iamed weiner:

Cheung, Ruderman,

- Lepton jets Wang,Yavin

see A.Askew’s talk (Thursday)



V., decays
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BB, Pospeloy, Ritz



Direct Production & Rare Decays
at High Luminosity et+e- Colliders

BB, Pospeloy, Ritz;

) Essig, Schuster, Toro;
KL

N Reece,Wang
evt ™
S

Meson Factories: BaBar, BELLE, CLEO-c, KLOE, BESII|

- Large Data Sets Exist

Advantages: (e.g B-factories: L > 1 ab™ ')

- Low center-of-mass energy



Final States (direct production)

* “Generic”: eTe” — AITI™
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- Babar eTe” — yutu

see talk by M. Graham,
UCLA DM 2010

* “Generic + higgs™ e¢"e™ — VA — 6l (or 2l +F)

- BaBar & KLOE
studies underway

e “Nonabelian”™: ete™ — V* — 4]
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LZ Slide updated from
M.Graham, A. Ritz
Dark Forces Workshop



Rare Meson Decays

Br(X =Y + V)~ k’Br(X =Y +7)

.8 ¢ — nV Reece,Wang

Preliminary KLOE study:
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talk by S. Giovannella
DISCRETE 2010



Fixed Target Experiments

Reece, Wang;

Bjorken, Essig, Schuster, Toro;
BB, Pospeloy, Ritz;

Freytsis, Ovanesyan, Thaler
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- High Luminosity

Advantages:
- Large cross section



Proton Beam Sensitivities BB, Pospelov, Ritz;

Essig, Harnik, Kaplan, Toro

e.g. LSND S
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Bjorken, Essig, Schuster, Toro

Electron Beam Constraints .. 7ect Rome 1101 409
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New Fixed Target Experiments to probe Dark Forces!



Closing thoughts

* Weakly-coupled, light particles are a generic & exciting
possibility for physics beyond the Standard Model

e Can be systematically explored via portals

* Provide another physics rationale for the experimental
program at the intensity frontier

Question:
What is the best way to utilize/expand existing
experimental infrastructure for a more comprehensive
physics program?



