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Abstract

Following the many contributions KLOE-2 has done to Dark Matter (DM) searches, an al-
ternative model, where the Dark Force mediator is an hypothetical leptophobic B boson,
in contra-position to the U boson or “dark photon”, is investigated. The B boson couples
mainly to quarks and it can be searched in the Phi decay to 1n-B where B will decay in
n0-y. So far, investigation of the n°-y invariant mass shows no clear structure belonging
to the signal of the DM mediator, hence, an upper limit in the number of events at 90%
with CLs the technique will be established for the decay.
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1 Introduction

The Universe consists, in its majority, of Dark Matter (DM) and Dark Energy, being the contri-
bution of visible matter as little as 4% of the total. While the existence of DM is well established
nowadays and supported by cosmological observations, the nature of the same is still an un-
known. Many models try, from different approaches, to explain he elusive matter. Some of
this attempts open the possibility of new hidden forces not included in the Standard Model
(SM) of particles, opening a way for New Physics. One of the direct implications of such a
new matter would serve as an explanation for the g-2 anomaly [1], the longest standing dis-
crepancy between theory and experimental values in the SM, which has been confirmed at the
level of 4.20 [2]. Several extensions of the SM have proposed models [3-7] with a Weakly
Interacting Massive Particle (WIMP) belonging to a secluded gauge sector. The minimal case
describes the new gauge interaction mediated by a new vector gauge boson, the U boson or
dark photon, which could interact with the photon via a kinetic-mixing term. After several
years of sterile searches of the U boson, specially in the g — 2 preferred region, new models
are gaining popularity, like the existence of a leptophobic dark photon [8], a new gauge field
coupling to baryon number. This new dark matter mediator, or B boson, would mainly decay
to baryons, opening new possibilities of discovery.
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2 KLOE at DA®NE

The KLOE (K LOng Experiment) and KLOE-2 experiments, at the DA®NE ¢-factory at the
Laboratori Nazionali di Frascati in Italy, were able to measure mesons in the range of en-
ergies from 5 MeV to 1 GeV. The experimental setup of KLOE consisted of a large cylin-
drical drift chamber (DC) [9] surrounded by an electromagnetic calorimeter made of lead-
scintillating fibers [10], all embedded in a magnetic field provided by a superconductive coil.
The energy and time capabilities of the EMC, with resolutions of oy/E = 5.7%/+/ E[GeV]
and o,(E) = 57ps/+/E[GeV] & 100ps, respectively, and the DC position resolutions of
Oyy ~ 150um and o, ~ 2mm and momentum resolution, o, /p,, better than 0.4% for
large angle tracks, made of KLOE a perfect setup to study kaon-, and hadron-physics, and rare
meson decays.

The KLOE experiment collected 2.5 fb™! at the ¢-peak during its 2002 to 2005 campaign
and some more data off-peak. KLOE-2, the upgraded continuation of the experiment, acquired
data from late 2014 to early 2018, collecting more than 5 fb~?!, thanks to an upgraded beam
crossing scheme of the DA®NE collider. For the KLOE-2 run the original detector setup was
extended with the installation of a inner tracker [11] and two calorimeters [12,13] close to the
interaction region (IP), in order to improve the vertex reconstruction near the interaction point
(IP) and increase tightness of the detector. Additionally, two couples of energy taggers [14]
were installed to study yy fusion. The full sample of KLOE and KLOE-2 data presents an
invaluable and unique collection to carry out a broad program involving, kaon-, hadron-physics
and dark matter searches among others [15,16].

3 Leptophobic B boson

As mentioned in the introduction 1, WIMPS have been proposed as plausible components
of the DM component of our Universe. The interaction between these candidates and the
SM particles is commonly proposed to be mediated by a new vector gauge boson called dark
photon, U or A, which couples to the photon via a kinematic mixing term, €2, which can be
searched for in e*e™ colliders via processes e*e™ — Uy, V — Py decays, where V and P are
vector and pseudoscalar mesons, and e*e~ — h’U, where h’ is a Higgs-like particle responsible
for the breaking of the hidden symmetry. The KLOE collaboration has profusely contributed
to these searches studying different processes [17-21], covering a large part of the expected
mass region.

Additionally, a new model where the interaction is mediated by new gauge boson that
couples preferably to quarks over leptons, as proposed in the U photon models, thus being
quoted as leptophobic. In the simplest model, the new baryonic-force mediator, called B boson,
would couple to baryon number and arise from a new U(1)z gauge symmetry [8]. In this case,
the interaction the lagrangian is described by:

1
L= 583617’“613“, M

where B, is the new gauge field coupling to baryon number. The gauge coupling g is universal
for all quarks q. From this, a baryonic fine structure constant a = g2/(4m), analogous to the
electromagnetic constant a,,,, is defined. Since eq. 1 preserves all low-energy symmetries
of QCD and the gauge coupling is universal for all flavors, B does not transform under the
flavor symmetry and is a singlet under isospin. This means that B has assigned the same
quantum numbers as the w meson: I¢(J’¢) = 07(17). Thus, representing a good guide
of what we can expect for the decays of the B boson. From w we know that the three main
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Figure 1: Figure from [8]. branching ratios for B decay. Thick lines have
€ = egp/(4m)2; thin dotted lines have € = 0.1 x egg/(47)2.

decay modes Branching Fractions are: BR(w — ntn~n%) ~ 89%, BR(w — m%y) ~ 8% and
BR(w — mtn™) =~ 1.5%. This scheme is expected be followed by the B boson in the range
m, < mg < GeV. The different branching fractions can be seen in the fig. 1. Above 1 GeV, the
kaon channel B — KK opens and the B decays become similar to those of the & meson.

3.1 Search of the B boson with KLOE detector

As seen in fig. 1, in the mass range between m, and m;, ~ 620MeV, the dominant channel
is the decay B — n%y. With this in mind, we perform the search of the B boson with the
KLOE data by looking for an enhancement in the invariant mass of m o, from the decay chain
® — Bn — 1%, with n — yy and 7% — yy.

A data sample of 1.7f b~! has been analyzed looking for 5—1v final states. For this, exactly
five neutral clusters with a deposited energy in the calorimeter above 10MeV and scattering
angle 230 < 6 < 1570, this is in the barrel section of the KLOE calorimeter, are selected. To
this selection, a kinematic fit is applied to improve the resolution and allow to properly select
the n — n° containing events.

After a refine selection and proper background discrimination, the mass of the 70y system
can be reconstructed, as presented in fig. 2 in blue full circles. The expected background
according to Monte Carlo simulations corresponds to the irreducible SM backgrounds coming
from the decays ® — ayy — nn’y and ® — ny with n — 37°, where final state photons
can be undetected, therefore lost, or merged to another hits by the reconstruction algorithms.
To avoid model dependency, the background in the invariant mass of n%y is extracted by a
side-band fit, and the interpolated background with this method is shown in fig. 2 as magenta
full circles.

Since no excess is observe in the spectra, we proceed to extract the upper limit in the B
boson by using the CLs method [22]. The preliminary result of the upper limit on the number
of expected signal events at 90% CLs is presented in fig. 3. From this we can expect to set
limits in the coupling constant of the B boson (aj) at the level of @(1077) at 90% CLs.
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Figure 2: Preliminary spectra of the invariant mass of the 7%y system. The B boson
signature would be a pronounce enhancement in the spectra. Full blue circles repre-
sent the data and full magenta circles the extrapolated background using a side-band
fit.

4 Conclusion

The KLOE-2 Collaboration continues contributing to the searches of DM and Physics Beyond
the Standard Model by exploring the reaction ® — Bn with B being a new gauge boson cou-
pling mainly to quarks. The interested decay channel of this study is the process B — 7%y,
which can be mimicked by the SM process ® — a,y and ® — 1y — 37°y when photons are not
detected or merged to another hits during the reconstruction. In the scenario of the discovery
of the new mediator, the evidence would be an enhancement in the invariant mass of the 7%y
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Figure 3: Preliminary Upper Limit at 90% CLs in the number of signal events using
CLs method.
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pairs. Since no evidence of the B boson is found, we proceed to extract the upper limit on the
coupling of the B boson to the SM particles, ag. In this work we present the preliminary upper
limit in the number of B boson signal events extracted with the CLs method at 90%, from
which we expect to set limits of the oder of @(1077) at 90% CLs in the coupling constant.
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