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This review briefly describes light dark matter searches performed by the BABAR

experiment. Although dark matter candidates have traditionally been associated with
heavy particles appearing in extensions of the Standard Model, a lighter component
remains a well motivated alternative, and many scenarios of light dark matter have
been recently proposed. Thanks to their large luminosities, B factories offer an ideal
environment to probe these possibilities, complementing searches from direct detection
and satellite experiments.
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1. Introduction

The evidence for dark matter is now overwhelming, and the determination of its

properties is one of the central tasks in current theoretical and experimental in-

vestigations. Of the vast array of dark matter candidates proposed during the last

decades, the class known as Weakly Interacting Massive Particles (WIMPs) has

many attractive features. Although WIMPs are traditionally associated with heavy

particles appearing in models of New Physics, a lighter component remains a theo-

retically well-motivated alternative.

Many models have been recently proposed to accommodate light dark mat-

ter, ranging from minimal setups including a single dark matter particle to hid-

den sectors with arbitrary structures. Thanks to their large luminosities and low-

background environments, B factories offer an ideal environment to probe for MeV-

GeV dark matter, complementing searches from the LHC, direct detection and

satellite experiments.

During the last decade, the BABAR experiment 1 has collected more than 500 fb−1

of data at the Υ(4S),Υ(3S),Υ(2S) resonances and just below the Υ(4S) resonance.

This large dataset has been exploited to shed some light on many aspects of precision

physics, from CP violation to spectroscopy, and searches for light New Physics. In

the following, we present a review of searches for low-mass dark matter at BABAR.
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2. Search for light dark matter in invisible Υ(1S) decays.

In a minimal scenario, a single dark matter field (χ) is added to the Standard Model

(SM), together with a new boson that mediates SM-dark matter interactions 2,3,4.

This boson could be produced in bb̄ annihilation, and subsequently decay to a pair

of dark matter particles, contributing to the invisible width of the Υ mesons. In

the SM, invisible Υ(1S) decays proceed through the νν̄ final state with a branching

fraction B(Υ(1S) → νν̄) ∼ (1 × 10−5) 5, well below the current experimental

sensitivity. Assuming no flavor-changing currents, calculations based on the thermal

dark matter relic density predict a rate Υ(1S) → χχ̄ larger by one or two orders of

magnitude than that of Υ(1S) → νν̄ 6.

A search for dark matter in invisible Υ(1S) decays has been performed at BABAR

using a sample of 122 × 106 Υ(3S) mesons 7. A clean sample of Υ(1S) mesons is

obtained by reconstructing Υ(3S) → π+π−Υ(1S) transitions. The signal topology

consists of exactly two oppositely-charged tracks originating from the interaction

point with no additional activity in the detector. The events are selected using a

multivariate classifier based on variables describing the pions, the neutral energy

deposited in the calorimeters and the multiplicity of K0
L candidates.

The distribution of the resulting dipion recoil mass, shown in Fig. 1, exhibits a

clear peak corresponding to Υ(1S) mesons, on top of a non-resonant component.

In addition to signal events, a peaking background arising mainly from Υ(1S) two-

body decays, where the decay products escape undetected, is also present. This

component, which is kinematically indistinguishable from signal events, is estimated

from Monte Carlo simulations. After subtraction of the peaking background, the

signal yield is found to be −118±105±124, where the first uncertainty is statistical

and the second systematic.

Correcting for efficiency, a branching fraction B(Υ(1S) → invisible) = (−1.6±

1.4 ± 1.6) × 10−4 is obtained. Lacking evidence for such decays, a 90% confidence

level Bayesian upper limit on its branching fraction is set at 3.0× 10−4 using priors

flat in branching fraction. This result improves the best previous measurement 8 by

almost an order of magnitude, and sets stringent constraints on minimal light dark

matter models.

3. Search for light dark matter in radiative Υ(1S) decays.

In addition to purely invisible decays, light dark matter can be probed in radiative

Υ → γχχ̄ decays. The corresponding rate is suppressed by a factor O(α) compared

to that of the pure invisible decay, and a branching fraction in the range 10−5−10−4

is expected 3.

This final state is also sensitive to dark matter candidates predicted by several

supersymmetric extensions of the Standard Model. Although the Minimal Super-

symmetric Standard Model (MSSM) cannot support light dark matter, because it

would require another charged or colored particle to be light as well, trivial exten-

sions of the MSSM can easily evade these constraints. For example, the Next-to-
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Fig. 1. The distribution of the dipion recoil mass (Mrec) together with the result of the maximum
likelihood fit (full line). The non-resonant background (dashed line) and the sum of the signal and
the peaking background (solid filled) are also shown.

Minimal Supersymmetric Standard Model includes the possibility of a neutralino

(χ0) and a CP -odd Higgs boson (A0) at the GeV scale 9. If kinematically allowed,

the decay Υ → γ + invisible could proceed through Wilczek production of a light

scalar 10, followed by the decay into a pair of neutralinos: Υ → γA0, A0 → χ0χ̄0.

The branching fraction Υ → γA0, A0 → χ0χ̄0 is predicted 9 to be as large as

10−4 − 10−3, making it accessible to B factories.

A search for this process in radiative Υ(1S) decays has been performed at BABAR

based on a sample of 99 × 106 Υ(2S) mesons 11. The Υ(1S) mesons are tagged

using the dipion transition Υ(2S) → π+π−Υ(1S). The signal signature is a photon

with two oppositely charged tracks identified as pions. The signal is extracted by

a series of bidimensional unbinned likelihood fits to the dipion recoil mass and the

missing mass squared. Values of mχ0
are probed in steps of 0.1 − 0.5GeV over

0 ≤ mχ0
≤ 4.5GeV.

No significant signal is observed, and 90% confidence level limits on the branch-

ing fraction B(Υ(1S) → γχ0χ̄0) are set in the range (0.5 − 24) × 10−5 (Fig. 2),

assuming a phase-space distribution for the photon energy. This result improves

the best previous measurement 13 by almost two orders of magnitude, and con-

strains on light Higgs boson and dark matter models.



4 B. Echenard

 (GeV)χm
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

10

210

)
-6

B
F

 U
L

 �@
 9

0%
 C

.L
. (

10

Fig. 2. 90% confidence level upper limit on the branching fraction B(Υ(1S) → γχ0χ̄0) as a
function of mχ0

.

4. Search for dark matter and hidden sectors

A new class of dark matter model has recently been proposed, motivated by results

from terrestrial and satellite experiments. These theories introduce a new hidden

sector with WIMP-like fermionic dark matter particles charged under a new Abelian

gauge group 14,15,16. The corresponding gauge boson, dubbed a hidden photon

(A′), couples to SM fermions through its kinetic mixing with the SM photon 17.

The hidden photon mass is constrained to be at most a few GeV to be compatible

with the electron/positron excess observed by PAMELA 18 and FERMI 19,20,

without a comparable anti-proton signal.

The hidden boson masses are usually generated via the Higgs mechanism, adding

hidden Higgs bosons (h′) to the theory. A minimal hidden sector model includes

a single hidden photon and a Higgs boson 21. Additional Higgs and gauge bosons

appear in more complex setups 22. The coupling strength between the SM and the

hidden sector, ǫ, can naturally be as large as 10−4−10−2 21, opening the possibility

of probing a light hidden sector at low-energy e+e− colliders.

4.0.1. Search for a hidden photon

Hidden photons can be readily produced in e+e− → γA′, A′ → l+l− (l = e, µ) inter-

actions, and be detected as resonances in the l+l− spectrum. This signature is sim-

ilar to that of light CP -odd Higgs production in e+e− → Υ(2S, 3S) → γµ+µ− 23,

and searches for this final state have been reinterpreted as searches for hidden pho-
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Fig. 3. Constraints on the mixing parameters, ǫ, as a function of the hidden photon mass derived
from searches in Υ(2S, 3S) decays at BABAR (orange shading) and from other experiments 24,25,26

(gray shading). The red line shows the value of the coupling required to explain the discrepancy
between the calculated and measured anomalous magnetic moment of the muon 30.

ton production 24. These limits are shown in Fig. 3, together with the constraints de-

rived from the measurement of the muon anomalous magnetic moment, and searches

at low-energy e+e− colliders and fixed-target experiments 24,25,26. Values of the

mixing strength down to 10−3 − 10−2 are excluded for 0.212 < mA′ < 9.3GeV.

Future analyses of the e+e− → γl+l− (l = e, µ) final states are expected to probe

values of the mixing strength down to 10−3 in the range 0.01 < mA′ < 10GeV,

significantly improving existing bounds.

Other measurements may be reinterpreted as constraints on hadronic hidden

photon decays. These include searches for peaks in inclusive e+e− → γ + hadrons

production 27, as well as exclusive hadronic final states, such as e+e− → γπ+π− 28.

Invisible decays, which occur if all hidden sector states decay to long-lived particles,

could also be detected as a mono-energetic photon signature in e+e− → γ+invisible

events 29.

4.0.2. Search for hidden gauge bosons

Extensions of hidden sectors to a non-Abelian groups introduce additional hid-

den gauge bosons to the theory, generically denoted W ′,W ′′, .... The detailed phe-

nomenology depends on the structure of the model, but heavy hidden bosons decay
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to lighter hidden states if kinematically accessible, while the lightest bosons are

metastable and decay to SM fermions via their mixing with the hidden photon 22.

A pair of light hidden bosons can be produced via an off-shell A′ in e+e− →

A′∗ → W ′W ′′ collisions. BABAR performed a search for di-boson production using

513 fb−1 of data, collected mostly at the Υ(4S) resonance 31. The bosons are

reconstructed via their decay into muons or electrons. It is furthermore assumed

that their mass is nearly degeneratea, and their width is negligible compared to the

detector resolution.

The signature consists of four leptons with zero total charge carrying the full

beam energy, forming two narrow dileptonic resonances with similar masses and

width consistent with the experimental resolution. This topology is quite unique;

the only backgrounds arise from QED processes.

The signal is extracted as a function of the average dileptonic mass in the range

0.24− 5.3GeV in 10MeV steps. No significant signal is observed, and limits on the

e+e− → A′∗ → W ′W ′′ cross-section are set, assuming the two bosons have nearly

degenerate masses and equal branching fractions into electrons and muons. The

results are translated into limits on the product αDǫ2, where αD = g2D/4π and gD
is the hidden sector gauge coupling constant. Values down to 10−10 can be probed.

Assuming αD = α ≃ 1/137, limits on the mixing strength at the level of 10−4−10−2

are set for this process.

4.0.3. Search for hidden Higgs bosons

The Higgsstrahlung process, e+e− → A′h′, h′ → A′A′, offers another promising

gateway to hidden sectors, since it is one of the few processes suppressed by a single

power of the mixing strength, and the background is expected to be small. The event

topology depends on the boson mass: Higgs bosons heavier than two hidden photons

decay promptly, while their lifetime becomes large enough to escape undetected in

the regime mh′ < mA′ .

BABAR performed a search for a hidden Higgs boson in Higgsstrahlung produc-

tion in the prompt decay regime based on 521 fb−1 of data 32. The measurement is

performed in the range 0.8 < mh′ < 10.0GeV and 0.25 < mA′ < 3.0GeV, with the

constraint mh′ > 2mA′ . The signal is either fully reconstructed into lepton or pion

pairs (exclusive mode), or partially reconstructed (inclusive mode). Only two of the

three hidden photons are reconstructed in the latter case, and the four-momentum

of the remaining hidden photon is identified to that of the recoiling system. The

topology of the exclusive modes consists of six tracks having an invariant mass close

to the center-of-mass energy, forming three hidden photon candidates with equal

masses. Inclusive modes are first identified by selecting two dileptonic resonances

with similar mass, and requiring the mass of the recoiling system to be compatible

with the Higgsstrahlung hypothesis.

aThe production of identical bosons is forbidden by the Landau-Yang theorem
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No significant signal is observed. Using uniform priors in the cross-section, upper

limits on the e+e− → A′h′, h′ → A′A′ cross section are derived as a function of the

hidden Higgs and hidden photon masses, including systematic uncertainties.

These results are translated into limits on the product αDǫ2, and displayed in

Fig. 4 as a function of the hidden photon mass for selected values of the hidden

Higgs boson mass. Values down to 10−10 − 10−8 are excluded for a large range

of hidden photon and hidden Higgs masses, assuming prompt decays. Assuming

αD = α ≃ 1/137, limits on the mixing strength in the range 10−4−10−3 are derived,

an order of magnitude smaller than the current experimental bounds extracted from

direct photon production in this mass range.
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Fig. 4. The 90% confidence level upper limit on the product αDǫ2 as a function of the hidden
photon mass (mA′ ) for selected values of hidden Higgs boson masses (mh′ ).

4.1. Conclusion

Recent evidence has suggested that dark matter might contain a MeV-GeV scale

component. Thanks to their large luminosities, B factories provide an ideal environ-

ment to probe for such a possibility, complementing direct detection and satellite

experiments. No sign of light dark matter has been observed so far, and constraints

on theoretical models have been set, significantly improving bounds from previous

experiments. Super flavor factories are expected to increase the sensitivity of these

searches by a factor 10 − 100, further constraining the parameter space of these

theories. Many more results are to come in the near future, which will hopefully

shed some light on the nature of dark matter.
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