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Plan

• Motivation for a Hidden Sector

Generalities, Dark Matter,  Hidden Valley

• Example: Dark Forces 

• High Intensity Probes of Dark Forces

High Luminosity e+e- Colliders 

Fixed Target Experiments
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Where are the new particles?



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!

•   Singlets exist in SM: L, eR, dR, uR, H,N

•   Many possibilities for very weak interactions



Hide & Seek

• `Connector’ particle charged under both sectors

• Effective field theory:

• Portals:  renormalizable operators connecting the 

SM to the Hidden Sector

−κ
2BµνV

µν

(AS +BS
2)H†

H

LHN

How to talk to the Hidden Sector:

Kinetic Mixing Portal

Higgs Portal

Neutrino Portal
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Dark Matter
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Dark Matter



Two Possibilities:

⊃ SU(2)L × U(1)Y1)  DM                           multiplet

2)  DM is SM gauge singlet 

Dark Matter is Neutral

Hidden Sector
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Hidden Valley
A light hidden sector can drastically alter the 

signatures at the energy frontier!

e.g SUSY + HV:

Strassler, Zurek



Dark Forces



Cosmic Ray Anomalies

Could be due 
to Astrophysics...
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Gev-Scale `Dark’ Force
Arkani-Hamed, Finkbeiner, Slatyer, Weiner

Pospelov, Ritz

L = iχ̄γµ(∂µ − igDVµ)χ− κ

2
VµνB

µν

Annihilation products
cannot decay to 
antiprotons by kinematics

Long-range attractive
force enhances �σv�halo
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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

1) High Luminosity e+e- colliders

2) Fixed Target Experiments

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

- SUSY        Hidden valley scenario
- Lepton jets

Arkani-Hamed, Weiner;
Cheung, Ruderman, 
Wang,Yavin

see A. Askew’s talk (Thursday)
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BB, Pospelov, Ritz



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

Nevt ∼
κ2L
s

Meson Factories:  BaBar, BELLE, CLEO-c, KLOE, BESIII

Advantages:
- Large Data Sets Exist
       (e.g B-factories:                     )

- Low center-of-mass energy

BB, Pospelov, Ritz;
Essig, Schuster, Toro;
Reece, Wang

L > 1 ab−1



e+e− → V ∗ → 4l

Final States (direct production)
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• “Generic”:  

• “Generic + higgs”: 

κ2

α�κ2

• “Nonabelian”: 

e+e− → γl+l−

V

W1

W2

Also: higher multiplicity (confining), 4l + ET, ...

- BaBar [via "-decay 

              search, H. Kim] !?
- Belle [Y. Kwon, J. Rorie]
- BES-III [H. Li, Y. Zheng]
- KLOE [F. Bossi]

- not yet!

- BaBar [4l, M. Graham] !

[interest from BaBar, 
Belle, BES-III, KLOE]

Slide updated from 
M.Graham, A. Ritz

Dark Forces Workshop

- Babar 

- BaBar & KLOE 
studies underway 

e+e− → γµ+µ−

see talk by M. Graham, 
UCLA DM 2010

- Babar 0908.2821



Rare Meson Decays

Preliminary KLOE study: 

 ~ 3×10 3

End of phase space 

Exclusion plot for  parameter 

Systematics not yet  
 included 

 for 25<Mee<425 MeV 
talk by S. Giovannella

DISCRETE 2010 

Br(X → Y + V ) ≈ κ2Br(X → Y + γ)

e.g. φ → ηV Reece, Wang



Fixed Target Experiments

e−

e−, p V

Target Detector

e+
Beam Stop

Advantages:
-  High Luminosity

-  Large cross section

Reece, Wang;
Bjorken, Essig, Schuster, Toro;
BB, Pospelov, Ritz;
Freytsis, Ovanesyan, Thaler



Proton Beam Sensitivities
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Figure 1: Sensitivity of LSND to decays V → e+e−. The light, medium, and dark shaded
regions indicate more than 10, 1000, and 106 expected events respectively. The left panel
shows events due to vectors arising from π0 → γV decays, while the right panel shows events
arising from ∆(1232) → NV .

In Fig. 1 we show a plot of the number of expected dilepton decay events over the κ − mV

parameter space, which can be quite significant. The plot shows the result of the full Monte
Carlo simulation, but the approximate estimate in Eq. (24) actually produces results which
are in agreement with the simulation at the percent level for long-lived vectors. Given the
large size of the expected event sample, it appears that much of the sensitivity range in Fig. 1
can be translated to an exclusion region since electron events from V → e+e− decays should
automatically be included in the recorded LSND dataset, and in numbers inconsistent with
the well-measured backgrounds from neutrinos and other sources. However, it is also worth
noting that there are additional kinematic distinctions. In particular, the higher energy
fraction of resulting pairs would have similarities with the decay-in-flight charged-current
electron neutrino events [36], for which the background is small, of O(10). Thus we see that
the LSND experiment rules out (or is at least sensitive to) a wide range of masses and mixing
angles, mV < mπ and κ ∼ 10−8 − 10−4.

In addition to production through decays of neutral pions, vectors can also be produced
in the decays of the ∆(1232) resonance, ∆ → NV , which has a branching of

Br∆→NV $ Br∆→Nγ × κ2

(

1 −
m2

V

(m∆ − mN )2

)3/2

, (26)

where Br∆→Nγ ∼ 0.005. The total number of ∆ particles should be comparable to the total
number of pions, as we may anticipate that a significant fraction of pions originate from the
decays of ∆. Again we use Eqs. (15,17,19) to estimate the number of candidate events with
a vector decaying in the detector at LSND, which is shown in the right panel of Fig. 1. This
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BB, Pospelov, Ritz;
Essig, Harnik, Kaplan, Toro

e.g. LSND

10
23

POT

=⇒ L ∼ 1049cm−2

Production via
p+A → π0 +X

followed by

π0 → γV → γe+e−



Electron Beam Constraints Bjorken, Essig, Schuster, Toro
Mainz Test Run: 1101.4091
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New Fixed Target Experiments to probe Dark Forces!

Next Step: from N. Toro



Closing thoughts

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

• 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?


