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Outline of the talk  
 

1.  Energy and Intensity Frontiers. Portals to SM. 
2.  Implications of the LHC results. 
3.  “Anomalies” and various rationales for dark forces at low energy.  
4.  Simplest vector portal: secluded U(1) (= dark photon) model. 

Possible connection to dark matter. Main features and signatures.  
5.  Selected new results for dark photons. 
6.    Higgs portals: a possibility for light scalars. Leptonic Higgs portal 

– new interesting search target for low-energy experiments.  
7.  “Stuckelberg” vector portals: new sources for parity violation at 

low energy.  
8.  Conclusions.  
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           SM corner 
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LHC can realistically pick up New Physics with αX ~ αSM , and 
mX  ~  1TeV, while having no success with αX<10-6, and mX ~ GeV.  
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LHC – it was worth the wait! 
Higgs [SM-like scalar] particle is discovered 
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One implication of the LHC at the moment is that [so far] there is no 
new physics at TeV. [e.g. Moriond 2013: new sequential Z’ are limited to 2.9TeV 
– you may reconsider some motivations for PNC exp] 

Why not GeV scale or below? Follow the blue arrow! 

Intensity and Energy Frontiers 
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           SM forces  
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LHC can realistically pick up physics with !X~1, and mX ~  1TeV, 
while have no success with !X~10-6, and mX ~ GeV.  



LHC and its implications 
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1.  There is a new, [most likely] scalar resonance with high significance 
at about ~ 125 GeV that so far fits rather wel the SM Higgs boson 
description. 

2.  Some exotic physics (new strongly-interacting states with 
advantageous decay channels, new heavy EW boson like resonances 
etc) is pushed to above 1-3 TeV. Difficult news for many experiments 
that were motivated to look for ~ 1 TeV Z’. [Now you have to be 10 
times more precise to compete – or else welcome to the dark side.] 

3.  No “superpartners” at TeV pushes many theorists rethink naturalness. 
No naturalness argument = no very strong arguments for TeV NP. 
Why not GeV and sub-GeV? 
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Let us use these doors, and attach the Dark Matter to the SM 
H+H (λ S2 + A S)      Higgs-singlet scalar interactions 
Bµν Vµν         “Kinetic mixing” with additional U(1)’ group 
(becomes a specific example of Jµ

i Aµ extension) 
LH N     neutrino Yukawa coupling, N – RH neutrino   
Jµ

i Aµ   Stuckelberg or new U(1) portals.  
It is very likely that the observed neutrino masses indicate that 

Nature may have used the LHN portal…  
Dim>4 
Jµ

A  ∂ aµ /f      axionic portal 
………. 
 

Neutral “portals” to the SM 

cµνψ∂µγνψ −→ ∂µφ∂νφ

Λ4
ψ∂µγνψ −→ ∆Lφ,eff ∼ Λ4

UV

Λ4
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∂µφf

|∂φs|
→ φ̃f , if |∂φs| = const (7)
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s
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s
ν (8)
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Lφs,φf
−→ L(us, φ̃f ) = φ̃f (c1Παβ + c2u

s
αu

s
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Lorentz symmetry, and its universality with respect to propagation and interaction of dif-
ferent types of particles, is a very well-established symmetry of nature. Stringent constraints
are derived on the parameters of effective Lagrangian that encode possible departures from
Lorentz symmetry [?,?]. Existing models of Lorentz symmetry breaking did not go far be-
yond the effective Lagrangian description, and the idea that either a vector or the gradient of
a scalar field condense at intermediate or low energy while restoring the Lorentz symmetry
at high energies [?, ?, ?] so far has not found any reasonable ultraviolet (UV) completion.
Even more, it is not fully understood whether such completions exist in principle.

It is also conceivable that Lorentz symmetry is somehow broken by the UV physics, and
for example quantum gravity is often being tauted as being capable of causing that (see

2
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Conserved vector currents are uniquely positioned to avoid very 

strong flavor constraints. Axial vector portals, Higgs portals are 
potentially liable to very strong flavor constraints. Consider 
generic FCNC penguin-type loop correction.  
          

                   strange 
  
X             top-W loop 

         For a conserved vector current, GF q2 

     For axial vector current, GF mt
2 

          bottom   
 There is extremely strong sensitivity to new scalars, 
pseudoscalars axial-vectors in rare K and B decays.  

Some portals are better searched with flavor 
physics rather than directly 
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         Mediators  (SM Z, h etc or dark force) 
 
Heavy WIMP/heavy mediators:  - “mainstream” literature 
Light WIMPs/light mediators: Boehm et al; Fayet; MP, Ritz, Voloshin; Hooper, 

      Zurek; others 

Heavy WIMPs/light mediators: Finkbeiner, Weiner; Pospelov, Ritz, Voloshin 
(secluded DM); Arkani-Hamed et al., many others 

Light WIMPs/heavy mediators: does not work. (Except for super-WIMPs; or 
non-standard thermal history) 

 

Possible connection to WIMP-y dark matter 

Light (thermal relic) DM

18

⇒ viable thermal relic density for a sub-GeV WIMP requires new annihilation 
    channels through light states, i.e. light DM as part of a hidden sector.

Standard Model Hidden Sector

DM Annihilation

DM Production!

! by inversion, light mediators allow direct production of DM at low energy!

(particularly if mmediator > 2 mDM)

The Lee-Weinberg bound on the WIMP mass ~ few GeV 
applies if annihilation in the early universe is via SM forces.  

[Boehm & Fayet ’03]

Br(med ! DM) ~ 1

WIMPs, super-WIMPs 
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Simplest example of a mediator sector 
(Holdom 1986; earlier paper by Okun’) 

This Lagrangian describes an extra U(1)’ group (dark force, hidden 
photon, secluded gauge boson, shadow boson etc, also known 
as U-boson, V-boson, A-prime, gamma-prime etc), attached to 
the SM via a hypercharge vector portal (kinetic mixing). Mixing 
angle κ (also known as ε, η) controls the coupling to the SM. 
New gauge bosons can be light if the mixing angle is small.  

Low-energy content: Additional massive photon-like vector V, and a 
new light Higgs h’, both with small couplings.  

 
Well over 100 theory papers have been written with the use of this 

model in some form in the last four years.  
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Non-decoupling of secluded U(1) 
Theoretical expectations for masses and mixing  

Suppose that the SM particles are not charged under new US(1), and 
communicate with it only via extremely heavy particles of mass 
scale Λ (however heavy!, e.g. 100000 TeV) charged under the 
SM UY(1) and US(1)                            (B. Holdom, 1986) 

 
Diagram                                                       does not decouple! 
A mixing term is induced, κ FY

µνFS
µν, 

With κ  having only the log dependence on scale,	


κ  ~ (αα’)1/2 (3π)-1 log(ΛUV/Λ) ~ 10-3 

MV ~ e’κ MEW (MZ  or TeV) ~ MeV – GeV 
This is very “realistic” in terms of experimental sensitivity range of 

parameters.  

    Λ	


UY(1)                             UV(1)       



Some specific motivations for new states/new 
forces below GeV	



1.  Theoretical motivation to look for an extra U(1) gauge group.	


2.  Recent intriguing results in astrophysics. 511 keV line, 

PAMELA positron rise.	


3.  A decade old discrepancy of the muon g-2. 	


4.  New discrepancy of the muonic hydrogen Lamb shift.	


5.  Other motivations.	
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Astrophysical motivations: 511 keV line 	
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FIG. 7 Map of Galactic 26Al γ-ray emission after 9-year
observations with COMPTEL/CGRO (from Plüschke et al.,
2001).

to Galactic 26Al, as suggested at a time when the mor-
phology of 26Al emission was unknown (Prantzos, 1991
and Sec. IV.A.2). It is consistent with the (statistically
significant) similarity to the Galactic free-free emission
map, which reflects electron radiation from HII regions
ionized from the same massive stars that eventually re-
lease 26Al(Knödlseder, 1999).

The total flux of 26Al γ-rays depends slightly on the
measuring instrument. In terms of statistical precision,
the SMM result of 4.0±0.4 10−4 ph cm−2s−1rad−1 has
been considered the canonical value. Imaging instru-
ments, however, have consistently reported lower flux
values of 2.6±0.8 10−4 ph cm−2s−1rad−1 (COMPTEL)
and 3.1±0.4 10−4 ph cm−2s−1rad−1 (SPI), respectively.
The latest SPI value is compatible with the full range
of measured values by other instruments (within statis-
tical uncertainties), and we adopt it here. The detected
flux translates into a decay rate of 26Al which depends
slightly on the adopted 3D distribution of 26Al in the
Galaxy (Diehl et al., 2006). The most recent analysis of
SPI data results in a rate of Ṅ26= 4.3 1042 s−1 or 2.7
M"/Myr (Wang et al., 2009). Assuming a steady state,
i.e. equality between production and decay rates, this is
also the present production rate of 26Al in the Galaxy;
recent models of massive star nucleosynthesis can read-
ily explain such a production rate (Diehl et al., 2006 and
Sec. IV.A.2).

Being predominantly a β+-emitter (with a branching
ratio of fe+,26=82%, see Table VII) 26Al is itself a source
of positrons. The corresponding Galactic e+ production
rate is Ṅe+,26= fe+,26Ṅ26 ∼ 3.5 1042 s−1 . This consti-
tutes a significant contribution to the total Galactic e+

production rate (Sec. II.A.3 and Table I): 17% of the
total e+ annihilation rate and almost half of the (thick)
disk in the double bulge+thick disk model, or 10% of
the total and 70% of the thin disk in the Halo+thin disk
model. We shall see in Sec. IV that positrons from other
β+-decaying nuclei can readily explain the remaining disk
emissivity, while the bulge emissivity remains hard to ex-
plain.

D. Summary of observational constraints

The results of the analysis of Galactic γ-ray emissions
in the MeV range can be summarized as follows:
1) Intensity: The total rate of positron annihilation

observed in γ-rays is at least Le+=2 1043 s−1, depending
on the adopted source configuration. Most of it comes
from the bulge (unless there is important emission from
an extended, low surface brightness, disk).
2)Morphology: The bulge/disk ratio of e+ annihilation

rates is B/D ∼1.4; however, substantially different ratios
cannot be excluded if there is important emission of low
surface brightness (currently undetectable by SPI) either
from the disk or the spheroid. About half of the disk
emission can be explained by the observed radioactivity
of 26Al (provided its positrons annihilate in the disk).
There are hints for an asymmetric disk emission with
flux ratio F (l <0o)/F (l >0o)∼1.8, which has yet to be
confirmed.
3) Spectroscopy: The ratio of the 511 keV line to the

E<511 keV continuum suggests a positronium fraction
of 97±2 % and constrain the physical conditions in the
annihilation region. The observed continuum at ∼MeV
energies can be mostly explained with standard inverse
Compton emission from cosmic ray electrons. A con-
tribution from unresolved compact sources is possible,
while a (small) contribution from high-energy (>MeV)
positrons annihilating in flight cannot be excluded.
These are the key observational constraints that should

be satisfied by the source(s) and annihilation site(s) of
Galactic positrons. We shall reassess them in the light of
theoretical analysis in the end of Sec. IV and V.

III. THE GALAXY

The expected spatial distribution and intensity of the
positron annihilation emission obviously depends on the
corresponding distribution of the potential e+ sources, as
well as on the properties of the ISM in which positrons
first slow down and then annihilate. One may distin-
guish two types of e+ sources, depending on whether
their lifetimes (τS) are shorter or longer than the lifetime
of positrons in the ISM (τe+). Calculation of the total e+

production rate requires in the former case (τS < τe+) an
estimate of (i) the Galactic birthrate RS of the sources
and (ii) the individual e+ yields ne+ (i.e. the average
amount of positrons released by each source). In the lat-
ter case (τS > τe+), the total number of such sources
in the Galaxy NS is required, as well as the individual
e+ production rate ṅe+ of each source. In the former
class belong supernovae or novae and the corresponding
positron production rate is Ṅe+ = RSne+ ; in the lat-
ter class belong e.g. low mass XRBs or millisecond pul-
sars, and the corresponding positron production rate is
Ṅe+ = NSṅe+ .
The galactic distribution of any kind of stellar source of

positrons is somewhat related to the distribution of stars
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FIG. 4 511 keV line map derived from 5 years of INTE-
GRAL/SPI data (from Weidenspointner et al., 2008a).

based on approximately one year of SPI data (Fig. 3).
The two maps are compatible with each other (within
their uncertainties), suggesting that the positronium
fraction does not vary over the sky. The images illustrate
the remarkable predominance of the spheroidal compo-
nent. In contrast to OSSE data, which suggested a rela-
tively strong disk component, the Galactic disk seemed to
be completely absent in the first year SPI images. Model
fitting indicated only a marginal signal from the Galac-
tic disk, corresponding to a bulge-to-disk flux ratio > 1
(Knödlseder et al., 2005). This strong predominance of
the Galactic bulge, unseen in any other wavelength, stim-
ulated ”unconventional” models involving dark matter
(Sec. IV.C). However, Prantzos (2006) pointed out that
the data could not exclude the presence of disk emission
of a larger latitudinal extent (resulting from positrons
propagating far away from their sources), which could be
rather luminous and still undetectable by SPI, because
of its low surface brightness.
After accumulating 5 years of INTEGRAL/SPI data

the 511 keV line emission all-sky image revealed also
fainter emission extending along the Galactic plane
(Fig. 4). With a much improved exposure with respect
to the first year (in particular along the Galactic plane),
511 keV emission from the Galactic disk is now clearly
detected (Weidenspointner et al., 2008a). However, the
detailed quantitative characterization of components of
511 keV emission requires parameterizing these in the
form of (necessarily idealized) spatial emission models
fitted to the data. No unique description emerges at
present, since both the spheroid and the disk may have
faint extensions contributing substantially to their total
γ-ray emissivities. It turns out that the bulge emission
is best described by combining a narrow and a broad
Gaussian, with widths (FWHM, projected onto the sky)
of 3o and 11o, respectively. Another, more extended com-
ponent is needed to fit the data, a rather thick disk of
vertical extent 7o (FWHM projected on the sky). The
model implies a total e+ annihilation rate of 2 1043 e+

s−1 and a spheroid/disk ratio of 1.4 (Table I). It should
be noted, however, that alternative models, involving ex-
tended components of low surface brightness (thus far
undetected by SPI) are also possible. One such alterna-

TABLE I Two model fits of the Galactic 511 keV emission
(from Weidenspointner et al., 2008b): fluxes, photon emissiv-
ities and e+ annihilation rates (computed for a positronium
fraction of fps=0.967, see Sec. II.B.4). Notice that ”thin”
and ”thick” disks have not the same meaning as in Sec. III.

F511 L511 Ṅe+

(10−4 cm−2 s−1) (1042 s−1) (1042 s−1 )

Bulge + thick disk

Narrow bulge 2.7+0.9
−0.4 2.3+0.8

−0.7 4.1+1.5
−1.2

Broad bulge 4.8+0.7
−0.4 4.1+0.6

−0.4 7.4+1.0
−0.8

Thick disk 9.4+1.8
−1.4 4.5+0.8

−0.7 8.1+1.5
−1.4

Total 17.1 10.9 19.6
Bulge/Disk 0.8 1.4 1.4

Halo + thin disk

Halo 21.4+1.1
−1.2 17.4+0.9

−1.1 31.3+2.2
−2.6

Disk 7.3+2.6
−1.9 2.9+0.6

−0.6 5.2+1.1
−1.1

Total 28.7 20.3 36.5
Halo/Disk 2.9 6 6

tive (Weidenspointner et al., 2008b) involves a centrally
condensed but very extended halo and a thinner disk
(projected vertical extent of 4o), with a spheroid/disk
ratio of 6 (Table I).
With more SPI data, it was possible to proceed to

more detailed constraints on the morphology of the disk
emission. The flux in the disk component remains con-
centrated to longitudes |l| < 50◦; no significant 511 keV
line emission has been detected from beyond this interval
so far. The accumulated SPI data yield a flux from nega-
tive longitudes of the Galactic disk that is twice as large
as the flux from an equivalent region at positive longi-
tudes. The significance of this asymmetry is still rather
low, about ∼ 4σ. Indications for such an asymmetry
were already noticed in the OSSE data (M. Leising, pri-
vate communication). It should be noted, however, that
a different analysis of the same SPI data finds no evi-
dence for a disk asymmetry (Bouchet et al., 2008, 2010),
although it cannot exclude it, either. Clearly, clarifying
the asymmetric or symmetric nature of the disk profile
should be a major aim of the 511 keV studies in the years
to come4.

4. Spectroscopy with INTEGRAL/SPI

Before INTEGRAL, the spectral shape of the positron
annihilation emission was only poorly constrained by ob-
servations. All high-resolution observations suggested a
modest line broadening of FWHM∼ 2 keV (Harris et al.,
1998; Leventhal et al., 1993; Mahoney et al., 1994;
Smith et al., 1993). The excellent spectral resolution of

4 INTEGRAL will continue operations until 2012, at least.

There is a lot more positrons coming from the Galactic Center and the 
bulge that expected. The emission seems to be diffuse.  

1.  Positrons transported into GC by B-fields?  

2.  Positrons are created by episodic violent events near central BH? 

3.  Positrons being produced by DM? Either annihilation or decay? 
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PAMELA positron fraction  
 

No surprises with antiprotons, but there is seemingly a need for a 
new source of positrons!  

This is a  “boost” factor of 100-1000 “needed” for  the WIMP 
interpretation of  PAMELA signal. E.g. SUSY neutralinos would not 
work, because <σv > is too small. Enhancing it “by hand” does not 
work because WIMP abundance goes down. Dark forces allow bridging 
this gap due to the late time enhancement by Coulomb (Sommerfeld). 
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Secluded WIMP idea – heavy WIMPs, light mediators 

 
 
 
 
 

 

ψ – weak scale Dark Matter; V –mediator particle. 

mmediator > mWIMP  mmediator < mWIMP 

Second regime of annihilation into on-shell mediators (called secluded) 
does not have any restrictions on the size of mixing angle κ. 	



It turns out this helps to tie PAMELA positron rise and WIMP idea 
together. Since 08 this explanation is challenged by the new FERMI-LAT 
limits. And of course everyone awaits AMS-2 results.  
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g-2 of muon 
BaBar contribution to the “hadronic piece” of VP diagram 

More than 3 sigma discrepancy 
for most of the analyses. 
Possibly a sign of new 
physics, but some 
complicated strong 
interaction dynamics could 
still be at play.  

Supersymmetric models with 
large-ish tanβ; light-ish 
sleptons, and right sign of µ 
parameter can account for 
the discrepancy.  

Sub-GeV scale vectors can also 
be at play.  
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Muonic hydrogen Lamb shift 
so different from what was expected! New force for muons? 

Contribution of rp is 
much larger in ¹H 
because the muon is 
200 times closer to 
the nucleus. 

 

 

 

Now more precise 
due to Mainz, JLab 

 

  

 

 



Other interesting anomalies where new light 
particles may play some role	



§  Hyper-CP anomaly: close clustering of [all] 3 muon events around 214 MeV in Σ à 
pµµ	



§  Light mediators might be required if indeed DAMA, CoGeNT and CRESST 
“signals” are a consequence of ~10 GeV WIMP. 	



§  Tension in π0àee between theory and observations. Light “axial vector” force	



However suggestive of a “new force” different experimental and observational 
anomalies may look like, no conclusive proof of the existence of dark force may ever 
come from indirect astrophysical signatures. Connection to DM may be a wishful 
thinking... 
 
§  Only reproducible terrestrial experiments might convince anyone in the existence of 

dark forces.  
 
§  We come back to the “intensity frontier” picture. Huge luminosities are required. 
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Signatures of DP: κ-mV parameter space  
If g-2 discrepancy taken seriously, a new vector force can account 

for deficit. (Krasnikov, Gninenko; Fayet; Pospelov) 
E.g. mixing of order few 0.001 and mass mV ~ mµ 

MP, 2008 

Th
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Since 2008 a lot more of parameter space got constrained, and many  

new limits have been obtained. 



Most important aspects of hidden U(1) 
phenomenology 

1.  Whether or not there are new light states (other than SM) charged 
under U(1):   

UFayet à light DM; V(A’)-boson à SM charged particles.  
It has serious consequences for signatures. (UF  has lots of missing E) 
2.  Possibility of long-lived states. Vectors are long-lived if mixing 

angles are small    . Higgs’ particles are very long-
lived even if the mixing angles are sizable, provided that  

3.  Possibility of increased lepton multiplicities at no cost (e.g. in the 
 decay chain of Higgs’) 

4.  New vector states couple to the SM via a conserved current (EM 
current). No (mt/mK)2 enhancement of FCNC as it would have been 
for (pseudo)scalar or axial-vector portals. Moderate flavor constraints 

19 
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Particle physics signatures of V and UF 
1.  Production in association with γ, ee+àVγ àµµ+γ (Search for a peak 

in µ-spectrum: BaBar, Belle, KLOE). κ~10-3 is reachable. Limiting 
UF is more difficult.  

2.  Meson decays: π0, η, η’, ω, φ …à Vγ àγ ll+. 
(KLOE,BESSIII,WASA-COSY…) 	

 	

 	

KàπVàπll
+ or π+missing E (more sensitivity to UF). NA62…	



3.  Dark higgs-strahlung (BaBar, Belle, KLOE) = multileptons or 
missing energy. (Generic signature if U(1) is not “Stuckelberg”). 
Probing as low as κ~10-4 is possible.  

4.  e-on-target. “Bump hunt”: e + Z à Z + V à Zll+. (APEX, Mainz, 
HPS, DarkLight…) UF is difficult.	



5.  p-on-target. Search for longish-lived mediators. Search for UF to light 
DM (new dedicated proposal of MiniBooNE+theorists, submitted to 
PAC, Fermilab). 	



We are going to hear about some new results at this meeting.	
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Huge progress in the last few yrs (Jlab, Mainz, 
BaBar, KLOE ) 

 

H. Merkel et al (Mainz), Dark2012, also this meeting 
Harald Merkel, Dark Forces at Accelerators 2012, Frascati

Extended mass range (data taking 2012, preliminary)

Extension to lower mass region

Several beam energy settings

Lower mass limit: minimum angle between spectrometers

M
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Almost all g-2 band is 
covered now – but there 
is an island left at ~30 
MeV. Relevant region for 
the proposals discussed 
in this meeting.  
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Submitted to PAC,  

Fermilab in Sep 2012  

First presentation to PAC by R. Van de Water yesterday, Oct 15, 2012 

Main idea is to replace Be target with higher Z absorber and cut on ν 
background for WIMP search 

 

Another dark force regime

38

mV > 2m!
mV < 2m!

Some limits removed due to short 

V-lifetime, while others weakened 

by Br(V"2l) ~ #$2/#’ 

[Intensity Frontier Worskhop, 
Hewett, Weerts et al ’12]

$

mV (GeV)

        No invisible channels        Invisible decay dominates 
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p + p(n) −→ V ∗ −→ χ̄χ

Fixed target probes - Neutrino Beams

30

π0, η −→ V γ −→ χ̄χγ
χ + N → χ + N

proton 
beam

(near) 
detector

χ + e→ χ + e

We can use the neutrino (near) detector as a dark matter 
detector, looking for recoil, but now from a relativistic 
beam. E.g.

MINOS
120 GeV protons

1021 POT
1km to (~27ton) 

segmented detector

MiniBooNE
8.9 GeV protons

1021 POT
540m to (~650ton) 
mineral oil detector

T2K
30 GeV protons

(! ~5x1021 POT)
280m to on- and off-

axis detectors

Proposed in Batell, MP, Ritz, 2009. Strongest constraints on UF 
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Batell, deNiverville, McKeen, Pospelov, Ritz, + MiniBooNE col  
   MiniBooNE sensitivity 

MiniBooNE sensitivity (N!"N!)

41

[work in progress]

10, 103, 106 events

#"V$

%"V$

Dark Light can also be sensitive to invisible final states, Kahn, Thaler 



Very [very] dark photons 
The Universe itself is an active detector! Unlike astrophysics which 
presents challenging backgrounds, pre-galactic cosmology is relatively 
simple, and thanks to recent advances, allows for precision tests. 
Take a dark photon with MV ~ MeV, κ~10-18, or αeff = 10-38. Cross 
section for producing such a particle is σ ~ 10-65 cm2 or so.  
Even a “Project XXX” would not help… Yet we have evidence of          
T ~ MeV (through BBN) in the early Universe. 
MeV scale particles are produced, eeàV,  and then decay much later 
affecting the outcome of the BBN and/or ionization history for the CMB. 

      vectors per entropy (γ,ν) is produced.     
     

Late decay produce                              
per baryon. ΔXe ~ up to 0.1. Huge! ß strong constraints from CMB 
Fradette, MP, Pradler, Ritz, work in progress. 25 

With that, the final yield of vector particles per entropy is

YV,f = 2.3× 10−3 × ΓV

1 Hz
×
�
10 MeV

mV

�2

. (8)

while the energy stored per each baryon (before the decay sets in) is

Ep.b. = 2.6 eV × ΓV

10−14 Hz
× 10 MeV

mV
(9)

This result, (9), will form the basis for our investigation of the BBN and CMB conse-
quences of VDP.

Figure 1:
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Effect on BBN and CMB 
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CMB 
BBN 

10-35 

New results (Fradette et al.) 

Too much distortion of  

CMB anisotropy - excluded 

BBN is affected for κ ~ 10-12 

In some fraction of the 
parameter space the only effect 
is the reduction of 7Li/H (which 
you can argue is a good thing). 
Earlier discussions can be 
found in published works of 
Postma, Redondo; Pospelov, Pradler 

Planck data are coming in soon! 

 

κ

mV (MeV)
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DM experiments are the best Dark Photon helioscopes 
An average Dark Matter             A more expensive DM experiment 
detection experiment   
 
 
 
 
 
 
 
 
 
 
Currently all 	


“direct DM detection” 	


experiments search 	


for the same thing	


Diversifying 	


physics output of 	


direct detection exp’s 	


is needed	



    $$ 

 

      $$$$$$ 
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New constraint on “Solar Dark Photons” 
	


H. An, J. Pradler, MP, Feb 2013. We have derived correct stellar 

constraints on dark photons is sub-keV regime. Showed (paper in 
preparation) that Xenon10 (ionization only) provides the strongest 
probe ever of dark photons in the mV ~ 10-5 – 1 keV range.	



	


	


	


	


	


	


	


	


 At mV ~ 10-3 eV the existing constraints (signal ~ (kappa)4) are improved 

by ~ 10 orders of magnitude. 	



20 30 40 50
1
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energy �eV�

dN
�dE�1
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Figure 7: dN/dE as a function of energy for mV = 0.01 eV and χ = 10−9.

ALPS
next generation

ALPSCoulomb
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mV�eV�

Χ

Figure 8: Constraints on the parameter space of dark photon from the Sun (blue), red giants (red),

XENON10 (green) and CoGeNT (purple).
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New physics via Higgs portals  
Recent discovery of the Higgs[-sure like] particle gives new legitimacy 
to the Higgs portals. Simplest super-renormalizable SM portal: 
 
2HDM portals:  
 
Ai parameters are ~ mass1 – this is why they are unique. A chance to 
maintain naturalness for [reasonably] light S. Flavor constraints such as 
BàK ll   (Batell, MP, Ritz; Freytsis, Ligeti,Thaler, 2009) are usually 
prohibitive e.g. for any additional non-flavor tests at ~ few 100 MeV.  
Exception is the Leptonic Higgs portal. H1 gives masses to leptons, H2 to 
quarks and weak bosons, and < H1> / <H2> << 1 . S mixes mostly with 
leptonic Higgs. This model minimizes flavor constraints and opens some 
interesting possibilities for S at low energies,  
 
Unlike Dark Photon model, couplings to leptons are not universal.  
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Signatures of leptonic Higgs portal 
Batell, McKeen, MP, Ritz, work in progress 

A new interesting signature: e+e- à ττ hl à   2τ2µ    This is not unlike 
multilepton signatures from Dark Force searches (now with miss E) 	
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A new light scalar boson with 
couplings to leptons ~ mlepton .	



	



Calling scalar coupling to electrons	



Ye = e κeff, we recast existing 
constraints, and of course the “g-2” 
band is shifted down because of the 
enhancement of muon coupling by 
mµ/me.  
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Motivation for extra P-odd effects mediated by 
light particles 

Batell, McKeen, MP, New “muonic” vector forces – if entertained as the 
origin of the muonic hydrogen Lamb shift discrepancy – almost 
invariably requires new large sources of parity violation for muons. 	



	


1.  Try to imbed this within SM – particles (muons, electrons etc) come 

in chiral representations and left-handed is paired with neutrinos. 	


2.  “r_p” discrepancy requires new force ~104GF, for muon neutrinos 

interactions are known at least at 10-1GF. You cannot involve LH 
muon (without breaking the SM gauge group). 	



3.  You can still have large effect via interaction of RH muon, 	



4.  Two-loop effects will transfer muonic parity violation to the electron 
sector. 	
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Stuckelberg portals 
	


New vector forces beyond “dark photon”? 	


	


	


New couplings that can have MFV representation, 	


Gi = gi 1 + gi’ Yukawa2 +…	


	


Because the of the chiral nature of SM fields,  Q = (1-γ5)/2Q, etc, the 

parity will be broken as long as e.g. gL≠gE. [Possible anomalous 
triangles will give sensitivity of mV to the UV cutoff. This sensitivity is 
pushed to 3 loops – ok, if we keep the cutoff around TeV and mass of 
m_V in the 1 MeV – 100 MeV window. ]	



This type of parity violation (similar to Davoudiasl, Marciano, Lee 
model) can be probed in parity experiments (but not at LHC). Flavor 
signatures discussed in Kamenik, Smith. 	
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Conclusions 

§  Search for new physics at the intensity frontier is not driven 
only by the desire to learn about the TeV scale. New 
Physics in the 1-100 MeV window, with O(10-3) couplings 
is a legitimate search target. If possible dark matter related 
speculations are met with skepticism, the g-2µ – anomaly in 
the anomaly – still motivates to look for new particles and 
their unusual interactions at low energies.  

§  A lot of progress, both in theory and experiment, is 
achieved already, in limiting light Dark Forces. Many 
exciting physics searches to do still.  

§  New facilities – such as those discussed at this meeting – 
will help explore (i.e. constrain/discover) sub-100 MeV 
mass range, and unusual decay signatures.  


