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Search for a dark photon in π0 Dalitz decays by PHENIX
experiment at RHIC

Y. Akiba∗1 and Y. Yamaguchi∗2 for PHENIX Collaboration

Several models of dark matter suggest the existence
of a “dark photon,” an U(1) gauge boson in the dark
matter sector that mixes with an ordinary photon1).
In these models, a dark photon is responsible for anni-
hilation of a pair of dark matter particles into an e+e−

pair. Such annihilation can explain the positron excess
observed by PAMELLA, FERMI, and AMS-2 satellite
experiments. A dark photon can also explain the 3
σ level deviation of the anomalous magenetic moment
of the muon (muon g − 2) from the Standard Model
calculation.

In the simplest version of these models, a dark pho-
ton U mixes with a QED photon γ with a very small
mixing term of the Lagrangian

Lmix = − ϵ

2
FQED
µν Fµν

dark,

where ϵ is the mixing parameter.
The dark photon can have a small mass MU . If

MU is greater than twice the electron mass me, it can
decay into an e+e− pair. In the natural version of the
model, this is the only decay mode. This means the
following:

(1) A dark photon can be produced in any process
that can produce virtual photon with a small
fraction ϵ2.

(2) Once produced, it decays exclusively into an
e+e− pair.

(3) The decay width of dark photon is very narrow
and practically zero due to the small coupling ϵ2

Therefore, if the mass of the dark photon is less than
that of π0, a clear signal of dark photon should show
up as a narrow peak in e+e− pair mass spectrum of π0

Dalitz decays π0 → e+e−γ.
We searched for the signal of dark photon in π0

Dalitz decay data measured by PHENIX experiment
at RHIC. PHENIX is very well suited for this search
since it has a very good electron identification capa-
bility, a high mass resoluiton of low mass e+e− pairs,
and a high statistics data sample of π0 Dalitz decay.
We used the data set of p + p collision in 2006 run
and d+Au collisions in 2008 run, both at

√
sNN =

200 GeV. We analyzed approximately 1.3 million e+e−

pairs for the search.
We did not find any significant peak in the Dalitz

pair mass spectrum. Thus, we set the upper limit on
the mixing parameter ϵ2 as a function of dark photon
mass MU from our null search result. In setting the
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Fig. 1. Limit on the dark photon mixing parameter ϵ2 as a

function of dark photon mass. See the text for details.

upper limit, we employed the CLs method, a statistical
method now widely used by the LHC experiments for
new particle searches.

The preliminary results of the search is shown in
Fig.1. The magenta band shows the observed 90 %
CL upper limit on ϵ2. The width of the band rep-
resents the systematic uncertainty of the limit. The
fluctuation of the limit is due to statistical fluctation of
the background continuum, i.e., Dalitz pair mass spec-
trum. If the background e+e− mass spectrum fluctu-
ate up (down), the upper limit on the dark photon be-
comes higher (lower). The dashed curve represents the
“expected level” of the upper limit if there is no such
statistical flucutation. The green and yellow bands are
expected statistical fluctuation of the upper limit at 1σ
and 2σ level, respectively. The fluctuation of the ob-
served limit is within approximately 2σ level.

The gray band in the figure shows the 90 % CL re-
gion that can explain the muon g − 2 deviation. The
dashed curve shows the upper limit on ϵ2 from electron
g−2 at 2σ level. Together with the limit from electron
g−2, our results have excluded almost all region of the
muon g − 2 band.

We are now working to finalize the data. We will
publish the final results soon.
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Primordial spectra from sudden turning trajectory†

T. Noumi∗1 and M. Yamaguchi∗2

Inflation is strongly supported by recent obser-
vations of cosmic microwave background (CMB)
anisotropies.1,2) In particular, single field slow-roll
inflation predicts almost adiabatic, Gaussian, and
scale invariant primordial curvature perturbations,
and these predictions well fit the observational results.
On the other hand, high energy theories such as su-
pergravity and superstring theory generically predict
additional scalar fields other than inflaton. To recon-
cile such a generic prediction of theories with recent
observations, it may be suggested that only one light
field plays a role of inflaton while the others are heavy.
In fact, effects of such heavy fields are generically sup-
pressed by their mass and the inflationary dynamics
can be well approximated by single field inflation.

While such a scenario can explain the current ob-
servational results well, it would be quite interesting if
we could detect some deviation from single field slow-
roll inflation in the current and future observational
experiments: such a deviation would be useful as a
probe of high energy physics. In this report, we would
like to investigate a possibility that heavy fields can af-
fect inflationary dynamics and imprint some features
on primordial spectra.

One typical situation heavy fields matter is the case
when heavy fields are excited by the sudden turn of the
potential and oscillates with high frequency.3–7) In gen-
eral, oscillations of heavy fields generate the following
two significant effects: the modification of the Hubble
parameter and the conversion effect, that is, the mix-
ing between adiabatic and isocurvature (heavy field)
modes. We investigate these effects in detail and eval-
uate the power spectra and bispectra of the primor-
dial curvature perturbations in two-field inflationary
models with the canonical kinetic terms and a sudden
turning potential.

Suppose that the background trajectory is first along
the bottom of the potential (the slow-roll direction).
The trajectory starts oscillating at the turning point
and such a heavy field oscillation induces a deviation
from single field slow-roll inflation. The primordial
power spectrum of scalar curvature perturbations can
then be calculated as

Pζ(k) =
H2

sr

8π2M2
srϵsr

[
1 + CHubble(k) + Cconv(k)

]
, (1)

where the first term represents the almost scale-
invariant power spectrum in single field slow-roll in-
flation. The last two terms are the scale-dependent
deviation originated from the heavy field oscillations.
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Fig. 1. Deviation in the primordial power spectrum. The

orange/red/blue are −CHubble, Cconv, and C = CHubble+

Cconv, respectively. Free parameters of our model are

the heavy field mass m, the turning angular α, and the

turning scale k∗. Here we used m = 20sr and assumed

that α is small enough, say α ∼ O(0.1).

The deviation CHubble is from the Hubble deformation
effect and Cconv is from the conversion effect. As de-
picted in Fig. 1, the parametric resonance amplifica-
tion occurs from both of the two effects and the peak
at the turning scale arises from the conversion effect.
It is, however, explicitly shown that resonance effects
from the two effects accidentally cancel each other out
for the case with the canonical kinetic terms. As a con-
sequence, the peak at the turning scale becomes clear
and this feature characterizes this class of models with
heavy field oscillations.

We also evaluated primordial bispectra, whose main
source comes again from the Hubble deformation effect
and the conversion interaction. We find resonance and
peak features in the bispectra as in the case of power
spectra. Although the size of bispectra is not necessar-
ily large, our results may be useful for probing these
effects observationally.

In this work, we discussed two-field models with a
sudden turning potential as a phenomenological toy
model, and clarified features of heavy field oscillations.
It would be interesting to investigate more realistic
models with heavy field oscillations e.g. based on
string theory. It must be important to discuss their
detectability in the current and future observations.
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