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Introduction & Motivation

• Searching for GeV-scale dark sector in e+e− collider experiments
has been strongly suggested by several theorists

- That’s what this workshop is for, 8-)

• Why then X(214)?

- Looking for X(214) signal in ISR shares many features with
searching for GeV-scale dark sector

- with a specific goal of confirming or ruling out someone else’s
results/hypotheses

• What is X(214)?
• Belle’s search for X(214) in two ways

- in ISR, of course
- and in the B decays, too; why not?
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KEKB collider

•
√

s = 10.58 GeV on-resonance production of Υ(4S)
* asymmetric energy: e+ (3.5 GeV) on e− (8 GeV)
* ±11 mrad crossing angle at IP

• Luminosity
* Lpeak = 2.11× 1034 cm−2s−1

*
∫
L dt ≈ 950 fb−1
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Belle detector

Silicon Vertex Detector
5 layers Silicon strip sensor

Central Drift Chamber

Silica-aerogel Cherenkov 
Counters 

n = 1.015 ~ 1.030

Time-of-Flight Counters

EM Calorimeter 
CsI(TI) 16X0

Superconducting 
Solenoid Magnet 

Extreme Forward-and-
Backward Calorimeters

BGO

KL & muon detection

+ He/C2H6
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X(214) from HyperCP

• Observed 3 events for Σ+ → pµ+µ− HyperCP Collab., PRL 94, 021801 (2005)

- All three events near Mµ+µ− = 214 MeV/c2

• Some interpretaions

- sgoldstino (10−15 . τX . 10−11 s) Gorbunov & Rubakov, PRD 73, 035002 (2006)

- low-mass Higgs He, Tandean & Valencia, PRL 98, 081802 (2007)

- U-boson Reece & Wang, JHEP 0907, 51 (2008); Pospelov, 0811.1030; Chen, et al. PLB 663, 100 (2008)
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X(214) from HyperCP

• Observed 3 events for Σ+ → pµ+µ− HyperCP Collab., PRL 94, 021801 (2005)

- All three events near Mµ+µ− = 214 MeV/c2

• ∃ limits on X(214) from other experiments

- B(K0
L → π0π0X)× B(X → µ+µ−) < 9.41× 10−11 (KTeV)

- also from KEK-E391a (K0
L decays) and BaBar (Υ(3S) → γX decays)
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X(214) in ISR

• Search for e+e− → γ X(214) → γ µ+µ−

• Signal and background (ISR) processes

BELLE Motivation

• Three anomalous events of Σ→ pµ+µ− decay with a dimuon invariant mass of

214.3± 0.5 MeV (X(214)) were observed by the HyperCP collaboration

H.Park et al., Phys.Rev.Lett.94, 021801 (2005)

• Theoretical explanation: the state X(214) is interpreted as spinless, pseudoscalar

particle sgoldstino – one of the superpartners of goldstino

D.S. Gorbunov, V.A. Rubakov, Phys.Rev. D 73 035002 (2006)

• We search for e+e− → X(214)γ → µ+µ−γ in data with integrated luminosity 384 fb−1

• Feynman diagrams: Basic studied process Basic background process
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• The preliminary results were described in Belle note # 983

O. Zyukova Search for a light boson in e+e− → µ+µ−γ at Belle, 2009.01.23 p. 2

e+e− → γX(214)→ γµ+µ− ISR
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X(214) in ISR Event selection

• (Stage 1) Pre-selection using τ -skim algorithm
* selects events with low-charge-multiplicity (2 ≤ Nchg ≤ 8)
* suppresses γ e+e− and 2γ events

• (Stage 2) More requirements

- 10 <
∑

E < 11 GeV
- |

∑
~p| < 0.5 GeV/c

- Emax
γ > 3 GeV and Eother

γ < 0.2 GeV
- 40.1◦ < θγmax < 149.0◦

- E/p < 0.9 to suppress e+e− → γ e+e−

- etc.

• (Stage 3) µ ID : Lµ > 0.5 for each µ
• region of interest: Mµ+µ− < 0.22 GeV/c2
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X(214) in ISR Muon identification
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Figure 14: Measured fake rate of pions vs polar and azimuthal angles by Ks → π+π−: (a)
polar angle (1.0 < p < 3.0 GeV/c), (b) azimuthal angle (1.0 < p < 3.0 GeV/c, barrel), for
Lµ > 0.9 (closed circles) and Lµ > 0.1 (open circles).

for Lµ > 0.9 (0.1). Application of the kaon veto, LK < 0.9 (derived from measurements in the

CDC, ACC, and TOF), rejects 90% of the punch-through kaons at 1 GeV/c, leaving the bulk

(80∼90%) of the remaining fakes as decay-in-flight kaons. Use of this kaon veto also reduces

the uncertainties in the kaon fake rate, dominated by the uncertainties in the simulation’s

hadronic cross sections, to a negligible level (< 0.2%).

For decay-in-flight kaons, the track reconstruction program will find both the parent kaon

and the daughter muon about 1/3 of the time for 1 GeV/c kaons. Thus, a cut on the

track’s closest approach to the z-axis (dr < 2.0 cm) reject about 90% of these separately

reconstructed muon daughters. As a result, the kaon fake rate is halved for both Lµ > 0.9

and 0.1 by application of these two cuts. The corresponding reduction of the muon detection
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Figure 9: Measured efficiency of muon identification vs polar angle and azimuthal angle,
measured by e+e− → e+e−µ+µ−: (a) polar angle, (1.0 < p < 3.0 GeV/c), (b) azimuthal
angle, (1.0 < p < 3.0 GeV/c, barrel), for Lµ > 0.9 (closed circles) and Lµ > 0.1 (open
circles).

CDC track reconstruction performance under high track density conditions. We studied this

effect in two ways: by overlaying a simulated single-track muon on a hadronic event taken from

real data and then analyzing many such high track density events, and by using J/ψ → µ+µ−

decays in BB events.

The measured efficiencies over the entire KLM acceptance for 1.0–3.0 (1.5–3.0) GeV/c

muons in the hybrid events are 88.7 ± 0.3% (89.3 ± 0.4%) for Lµ > 0.9, and 93.4 ± 0.3%

(93.7 ± 0.3%) for Lµ > 0.1. These numbers are approximately 1 % lower than the ones for

simulated single-track muons.

The measured efficiencies from the J/ψ → µ+µ− decays in BB events over the entire KLM

20

(left) Efficiency measured with e+e− → e+e−µ+µ− events

(right) Fake rate due to pion misidentification (right) measured with
K0

S → π+π− events

(both) 1.0 < p < 3.0 GeV/c; Lµ > 0.9 (•), Lµ > 0.1 (◦)

Youngjoon Kwon Searches for X(214) in ISR and in B decays from Belle Sep. 24-26, 2009 @ SLAC, “Dark Forces Workshop”9 / 28



X(214) in ISR Muon identification
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Figure 5: Lµ1 vs. Lµ2 dependence for experimental data
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Figure 6: (a) The experimental distribution for the invariant mass of the pair of charged
particles obtained after all cuts of the preselection and second stage. In the figure theJ/Ψ
peak at 3.1 GeV (J/Ψ → µ+µ−) and the ρ-meson peak at low energy (ρ → π+π−) are
seen (b). The experimental distribution for the invariant mass of the muon pairs obtained
after all cuts of the preselection and second stage and Lµ1 > 0.5, Lµ2 > 0.5.

a) b)
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• Invariant mass distribution of oppositely-charged track pairs, before
(left) and after (right) applying Lµ > 0.5 on each track.
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X(214) in ISR Mµ+µ− signal MC

After that the MC data are processed using the same reconstruction codes as for

experimental data.

The detection efficiency is determined

εdet =
Ndet

Ngen
, (14)

where Ngen, Ndet – number of simulated and detected events, respectively.

The distribution of the µ+µ− invariant masses for life-time 1·10−15 sec is shown

in Fig. 7.
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Figure 7: MC distribution of the µ+µ− invariant mass .

This spectrum is fitted by the following function

S(x, xi, σi, ηi) = (1−p2−p3)·F1(x, x1, σ1, η1)+p2·F2(x, x2, σ2, η2)+p3·F3(x, x3, σ3, η3),

(15)

where F1(x, xi, σi, ηi) – logarithmic Gaussian function with parameters: xi – maxi-

mum position value, σi = FWHM
ξ – parameter characterizing FWHM of the distri-

bution, ξ = 2.35, ηi – parameter to characterize asymmetry, (1− p2 − p3), p2, p3 –

coefficients (part of each logarithmic Gaussian functions).

The fit gives the detector µ+µ− mass resolution of 0.63 MeV/c2.

For study long-lived particle, simulations for lifetimes: 1·10−14, 5·10−14, 1·10−13,

5 · 10−13, 1 · 10−12, 5 · 10−12, 1 · 10−11, 3.3 · 10−11 sec were done. In Appendix 3 one

can see distributions of the µ+µ− invariant masses for these lifetimes.

The detection efficiency can be estimated from this simulations, results are pre-

sented in Tab. 1
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Figure 28: MC distribution of the µ+µ− invariant masses for lifetimes: a)1 · 10−12 sec, b)
5 · 10−12 sec, c) 1 · 10−11 sec, d) 3.3 · 10−11 sec

38

τX = 10−15 s τX = 10−11 s

BELLE Signal MC simulation: fixed lifetime cases

Fixed lifetime cases: τlife = 1 · 10−14, 5 · 10−12, 1 · 10−11, 3.3 · 10−11 sec.
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efficiency vs. τX

• γ distr. ∝ 1 + cos2 θ

• Mµ+µ− for assumed lifetime τX of X(214)
* Mµ+µ− resolution ∼ 0.6 MeV/c2

shape is well described by 3 log-gaussians
* ε ∼ 20% for 10−15 ≤ τX ≤ 10−12

* γβcτ ≈ 7 cm (7 µm) for τX = 10−11 s (10−15 s)
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X(214) in ISR an issue in tracking/vertexing
• MX(214) is just above the di-muon threshold but γX ≈ 24, which

makes the opening angle very small (∼ 1◦)
=⇒ need to be careful in measuring ~p, which in turn affects Mµ+µ−
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Figure 9: a)Maximum opening angle, in deg, b)invariant mass dependence of opening
angle

where (x0,y0,z0) is pivotal point, dρ – the signed distance of the helix from the

pivot in x − y plane, dz – the signed distance of the helix from the pivot in z

direction, φ0 – the azimuthal angle to specify the pivot with respect to the helix

center, ζ = 1/cB = 10000/2.9979258/B [cm(GeV/c)−1] at the strength of magnetic

field B [K Gauss], κ – 1/Pt (reciprocal of the transverse momentum), φ – the tuning

angle, that is an internal parameter with a sign, for instance, φ has a negative sign

for out-going tracks from the pivot, and determines the location.

Schematic representation of the helix parametrization for (a) negative and (b)

positive charged track shows in Fig. 10

The helix center in x− y plane is




xc = x0 + (dρ + ζ

κ) cos(φ0);

yc = y0 + (dρ + ζ
κ) sin(φ0),

and signed radius of circle is

ρ =
ζ

κ
.

6.2 Procedure of vertex calculation

Firstly, minimal distance between two helixes are calculated:

dR =
√

(dR1 + ζ · pt1q1)2 + (dR2 + ζ · pt2q2)2

−2 · (dR1 + ζ · pt1q1) · (dR2 + ζ · pt2q2) · cos(φl2 − φl1)

−(ζ · pt1 + ζ · pt2), (18)

13

• moreover, γβcτ ∼ O(0.1 m) for τX ∼ 10−11 s
• IP-based Mµ+µ− calculation would not work; need to choose more

realistic vertex position
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X(214) in ISR how to find/define the vertex?

!Rvtx ≡ (!"1 + !"2)/2

“half-sum”

BELLE Decay point estimation
In uniform magnetic field charged parti-

cles have a helical trajectory. Schematic

representation of the helix parameteri-

zation for a (a) negative and (b) positive

charged track

Events with dR < 0 correspond to crossing tra-

jectories, with dR > 0 – non-touching, with

dR = 0 – touching.

(a) Negative Track (b) Positive Track
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point,...).
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• two helices non-touching
Just take the middle point b/w the 2 helix centers

• two helices crossing
Take the “half-sum” defined by (~̀1 + ~̀2)/2
Why not simply the nearest ~̀?
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X(214) in ISR vtx. finding: half-sum or nearest?
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Figure 14: Comparisons half-sum, the nearest and primary vertex distributions

7 Procedure of invariant mass calculation

Invariant mass of particle pair is

M =
√

(E1 + E2)2 − (−→p1 +−→p2)2, (24)

where E1,
−→p1 and E2,

−→p2 – energy and momentum first and second particle, respec-

tively. In the standard method, the invariant mass is calculated at the assumption

that the vertex coincides with IP. However, decay of particle with lifetime implies

in a distant point, where momentum are differ from IP.

Thus, recalculated equations are

• for case non-touching and touching helixes:

M2 = (E1 + E2)
2 − (p1 + p2)

2 + 2 · p1p2(1− cos θ1 cos θ2 − sin θ1 sin θ2) (25)

• for case crossing helixes:

M2 = (E1 +E2)
2− (p1 + p2)

2 +2 · p1p2(1− cos θ1 cos θ2− sin θ1 sin θ2cos(φ11−φ12)),

(26)

where E1,2, p1,2, θ1,2 – energies, momenta and polarity angles first and second par-

ticles, respectively, φ11 and φ22 – azimuthal angles, recalculated in vertex.

Figure 17 demonstrates a comparison of invariant mass dependence from dr1 ·
q1 + dr2 · q2 (dr1, dr2 are the distance between IP and nearest point on helix, on the

line through the center of helix, q1, q2 – charges of tracks). Blue points correspond

18

true vtx.

nearest

true vtx.

half-sum

• Take a (extreme) case of τX = 3.3× 10−11 s
• Half-sum method agrees better with the true vertex distribution for

R < 150 mm
• Moreover, half-sum method results in better bkgd. suppression
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X(214) in ISR vtx. finding: check of performance

• Mµ+µ− calculation with the new vertexing gives narrower
distribution, not much dependent on the vertex distribution
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X(214) in ISR Mµ+µ− bkgd. shape
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Figure 18: µ+µ− invariant masses distribution for KKMC MC data with the fit curve (28).

8.2 Upper limit (common case)

Figure 19 shows the experimental µ+µ− invariant mass distribution. Parameters of

BG function was fixed from KKMC invariant mass distribution fit. It’s used signal

function S(x, xi, σi, ηi) for signal simulation with lifetime 1·10−15 sec.

We find that the signal component gives −54± 47 events and the upper limit on

the number of signal events according to the Feldman-Cousins procedure [22], is 35

events.

The cross section is given by

σ =
N

εL
,

where N is the number of events, ε is the efficiency and L is the total integrated

luminosity.

Using the detection efficiency obtained from signal MC simulation and total inte-

grated luminosity, we obtained a 90% C.L upper limit on the cross section 0.48 fb−1.

In view of that the lifetime of the X(214) can be in a range 1·10−15 – 3.3·10−11

sec, fit of the experimental distribution was done with signal function for different

lifetimes. Fig. 20 and Tab. 2 represent fit results.

22

Mµ+µ− from KKMC

• Background parametrization for Mµ+µ−

f(x) = Aβ(x)(1 + a1x + a2x2 + a3x3) (1)

where β(x) =
√

1− (2mµ/x)2.

• QED cross-section
σ(e+e− → γ∗ → µ+µ−) ∝ β

(
1− β2/3

)
,

but including experimental smearing effects, it
can be parametrized as Eq. 1.

• for a rough estimate of sensitivity, assuming no
signal

-
√

Nbkgd ∼ 50 within ∼ 1σ region (see Slide 11)

for
∫
L dt ≈ 0.56 ab−1

- Efficiency ∼ O(20%) (also Slide 11)

- Estimated sensitivity: σX . O(1 fb)
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X(214) in ISR Mµ+µ− bkgd. w/ flight dist. cut
where A – normalization factor, β =

√
1− (2mµ

x )2 (mµ – muon mass), erf – see

description in Appendix 2.

In Fig. 21 KKMC µ+µ− invariant masses distributions with cut on half-sum

parameter are shown.
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Figure 21: KKMC µ+µ− invariant masses distributions with cut on half-sum parameter
a) 30, b) 42, c) 50 mm

One can see that applied BG functions describes this distributions very well.

9.3 Experimental fits

The same cut were applied on experimental data. Obtained µ+µ− invariant masses

distributions were fitted with BG functions described in previous subsection and
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where A – normalization factor, β =
√

1− (2mµ

x )2 (mµ – muon mass), erf – see

description in Appendix 2.

In Fig. 21 KKMC µ+µ− invariant masses distributions with cut on half-sum

parameter are shown.
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Figure 21: KKMC µ+µ− invariant masses distributions with cut on half-sum parameter
a) 30, b) 42, c) 50 mm

One can see that applied BG functions describes this distributions very well.

9.3 Experimental fits

The same cut were applied on experimental data. Obtained µ+µ− invariant masses

distributions were fitted with BG functions described in previous subsection and
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h > 30 mm > 42 mm > 50 mm

h: half-sum distance

• Background parametrization for Mµ+µ− with flight-distance cut (by
“half-sum”)

f(x) = Aβ(x)(1 + a1erf(a2x + a3)) (2)

where β(x) =
√

1− (2mµ/x)2.
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X(214) in ISR Summary and Prospects

• All the machineries are ready for the search of X(214) in ISR at
Belle

• Currently, we are checking the systematic issues before opening
the data and quantifying the result

• After the X(214) analysis, we will continue the search for general
masses and lifetimes, which can be related to the search for
GeV-scale Dark Sector
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X(214) in B decays

• Why in B decays?

- B decaying almost at rest
gives very tight kinematic constraints, i.e. Mbc,&∆E

- Hence B decays have been good place to find new particles, e.g.
X(3872)..

- Ample experiences of B decays to `+`− states, e.g. B → J/ψK∗,
K∗`+`−, etc.

- It’s good to confirm or disconfirm with two independent processes

• Some predictions for B → V X(214) where V = K∗, ρ, etc.
Demidov & Gorbunov, JETP Lett, 84, 479 (2006)

B(B → K∗X(214))× B(X → µ+µ−) = 10−9 ∼ 10−6

B(B → ρ X(214)) × B(X → µ+µ−) = 10−9 ∼ 10−7
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B → V X(214) Modes of study
• Search for B → V X(214) with N(BB̄) = 657M

B0 → K∗0X(214) with K∗0 → K+π− and X(214) → µ+µ−

B0 → ρ0 X(214) with ρ→ π+π− and X(214) → µ+µ−

- both pseudoscalar and axialvector assumptions for X(214) are tried
* only pseudoscalar results today

• Event selection

- good charged track: dr < 1 cm, |dz| < 5 cm
- µ ID is tightened compared to ISR study: Lµ > 0.95
- Belle standard K/π ID
- mass windows for K∗ and ρ are ±1.5Γ and ±1Γ, respectively

• usual kinematic variables Mbc & ∆E to make
sure it came from B decays

∆E =
∑

B E∗ − E∗beam
Mbc =

√
(E∗beam)2 − |

∑
B~p∗|2

signal box

sideband region

!
E
 (

G
e
V

)
Mbc (GeV/c2)
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B → V X(214) Background suppression

cos θB ∆z L (event shape)
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Figure 14: cosθB, ∆z, and KSFW distributions and fit results of signal B0 → K−π+X0

(top) and background (bottom) Monte Carlo samples.
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Figure 14: cosθB, ∆z, and KSFW distributions and fit results of signal B0 → K−π+X0

(top) and background (bottom) Monte Carlo samples.
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bkgd. MC

signal MC
To suppress dominant bkgd. from
continuum, following variables are
used

* B flight direction

* vertex distance b/w signal B
and the other B

* event shape variables based
on modified F-W

To find the cut value, S/
√

S + B is
optimized by MC with judicious
guess of signal BF
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B → V X(214) Signal efficiency

B ! K*0X0, K*0 ! K+!-, X0 ! "+"-

B ! #0X0, #0 ! !+!-, X0 ! "+"-

Invariant masses of K*0 and #0 : central value of the fitted 

$ 1.5% and $ 1%, respectively

Kinematic variables, &E and Mbc, cut applied

X0 window defined with dimuon mass resolution

214.3 $ 3 ' (0.5 (HyperCP) + resol. (Belle)) [MeV/c2]

211.5 MeV/c2 < M"+"- < 217.1 MeV/c2

Event selection and Signal efficiency

SUSY09, Boston, USA Radiative and Electroweak Penguins at Belle 8

!"#$%&'()" !*'+(, '$--&."-(/+0*(,&12"34#56 7*8,$/&"99*#*",#% :(;

<&! =>?@? A5B&$ CA :5DEF&$ ?EC;G

<&! #?@? A5H&$ CI :5FEI&$ ?EC;G

• Signal mass window for X(214) is

211.5 < Mµ+µ− < 217.1 MeV/c2

∼ 3σ range considering HyperCP uncertainty plus Belle resolution

• X(214) is assumed to decay promptly, say τX ∼ 10−20 s, such that lifetime
effect can be neglected w/o noticeable effects on the width

• Other (more realistic) choices for τX are also tried: 10−15 s, 10−12 s,

⇒ no significant difference!
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B → V X(214) Background estimation

B ! K*0X0 B ! !0X0

B ! K*0X0 B ! !0X0

(Top) no events in the Mµ+µ− signal
region (shaded band) in both
modes,
from bkgd. MC samples (∼ ×3
data size)

(Bottom) fitting the Mµ+µ− in the (Mbc,∆E)
sideband (for increased stat.)
gives

* 0.13 events for B → K∗X(214)
* 0.11 events for B → ρ X(214)
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B → V X(214) Data vs. MC comparison
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Figure 26: dimuon mass, cosθB, and ∆z distributions of data and MC samples for
experiment 13. Upper two rows plots are for B0 → K∗0X0, and lower two rows plots
are for B0 → ρ0X0. First row plots of each decay mode show at signal region, and
second row plots of each decay mode show at Mbc - ∆E sideband.
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Mµ+µ− cos θB ∆z

Mbc, ∆E signal region

Mbc, ∆E side-band

• after all the cuts are
determined,

• opening a small data sample∫
L dt ∼ 10 fb−1

• to compare distributions of
some key variables with those
of bkgd. MC samples
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B → V X(214) checking small opening angle

MKπ
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B → V X(214) Results
B ! K*0X0 B ! !0X0

• No events in the signal region in both modes

• Systematic uncertainty

* mostly efficiency error due to particle ID, tracking
* 5.2% for B → K∗X(214), 5.7% for B → ρ X(214)
* ‘prompt’ decay w/o noticeable effect in the width is assumed

• Upper limits (@ 90% CL.) preliminary

B(B → K∗X(214))× B(X(214) → µ+µ−) < 2.01× 10−8

B(B → ρ X(214))× B(X(214) → µ+µ−) < 1.51× 10−8
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B → V X(214) Theory B.F. as sgoldstino

JETP LETTERS      Vol. 84      No. 9      2006

MORE ABOUT THE SGOLDSTINO INTERPRETATION OF HYPERCP EVENTS 481

where A is a flavor-independent constant. The third
model is a concrete phenomenologically viable exam-
ple of the left–right supersymmetric model, where par-
ity conservation in sgoldstino interactions is guaranteed
[14]. In the first model, all off-diagonal entries in
squark squared mass matrix are of the same order. In
the second model, there is a hierarchy in matrix ele-
ments hjl reflecting the hierarchy of quark masses. The
latter situation is more realistic, as it is typical for min-
imal supersymmetric models such as mSUGRA or
models with gauge mediation of supersymmetry break-
ing, where soft supersymmetry breaking trilinear terms
are proportional to the Yukawa matrix. For model III,
we take a general left–right SUSY model of the type
presented in [14], with left–right symmetry broken at
the energy scale MR = 3 TeV. We assume (see notations

in [14]) universality at the SUSY breaking scale  =
30 TeV, i.e., A(i) = Y(i)A(i), choose A(1) = A(2) = M1/2,
tanβ = 3.6 and neglect mixing between Higgs doublets
in doublet-doublet splitting [21]. The left–right entries

in the squark squared mass matrices  are
obtained by making use of one-loop renormalization
group equations for gauge, Yukawa, soft trilinear cou-
pling constants and gaugino masses [22]. The value of
A(1) at MR = 3 TeV is fixed by (4). Under our assump-
tions, all relevant parameters in model III are then com-
pletely determined.

F

m̃D U( )
LR( )2

For these three models, it is straightforward to esti-
mate the partial widths of processes (9) with real sgold-
stino decaying into µ+µ–, PB, D  VP(P  µ+µ–).
The results are summarized in the table. For the widths
of similar processes, but with the sgoldstino decaying
into photons, PB, D  VP(P  γγ), one gets the
same numbers multiplied by the ratio Γ(P 
γγ)/Γ(P  µ+µ–), whose estimates are given in (8).

Comparing the results presented in the table with the
statistics of B and D meson decays collected by B fac-
tories, one concludes that both µ+µ– and γγ decay chan-
nels can be probed for the most natural choice of
parameters (models II and III). Moreover, part of the
expected region for  is already excluded by the
results [23]

(12)

Study of model I requires, generally, higher statistics.
At B factories, model I could be probed if the sgoldstino
decay mode into photons dominates by one to two
orders of magnitude over the µ+µ– mode.

It is worth noting that coupling constants , ,

and  determine the rates of several decays each.
Hence, the ratios of the corresponding rates do not

h23
D( )

Br B+ K*+µ+µ–( ) 2.2 10 6– ,×<

Br B0 K*0µ+µ–( ) 1.3 0.4±( ) 10 6– .×=

h13
D( ) h23

D( )

h12
D( )

Branching ratios of decays PB, D  VP(P  µ+µ–) in the models I, II, and III. Branching ratios of decays PB, D 
VP(P  γγ) are given by the same numbers multiplied by Γ(P  γγ)/Γ(P  µ+µ–)

Decay hjl Br(model I) Br(model II) Br(model III)

Bs  φP(P  µ+µ–) 0.42 [18] 6.5 × 10–9 8.8 × 10–6 8.7 × 10–6

Bs  K*0P(P  µ+µ–) 0.37 [18] 5.3 × 10–9 7.2 × 10–6 2.3 × 10–7

  D*+P(P  µ+µ–) 0.14 [19] 3.2 × 10–10 4.4 × 10–7 1.4 × 10–8

  P(P  µ+µ–) 0.14a 3.0 × 10–10 4.0 × 10–7 4.0 × 10–7

  B*+P(P  µ+µ–) 0.23 [20] 4.1 × 10–10 4.4 × 10–8 8.2 × 10–7

B+  K*+P(P  µ+µ–) 0.31 [17] 3.8 × 10–9 5.2 × 10–6 5.1 × 10–6

B0  K*0P(P  µ+µ–) 3.5 × 10–9 4.8 × 10–6 4.7 × 10–6

B0  ρP(P  µ+µ–) 0.28 [17] 3.1 × 10–9 4.2 × 10–6 1.4 × 10–7

B+  ρ+P(P  µ+µ–) 3.3 × 10–9 4.6 × 10–6 1.3 × 10–7

D0  ρP(P  µ+µ–) 0.64 [17] 1.4 × 10–9 1.5 × 10–7 2.8 × 10–6

D+  ρ+P(P  µ+µ–) 3.5 × 10–9 3.7 × 10–7 7.0 × 10–6

a We did not find any estimate of this form factor in literature and use this value as an order-of-magnitude estimate, which is sufficient for
our study.

A0
PB D, , V( )

h23
D( )

h13
D( )

Bc
+ h13

D( )

Bc
+ Ds*

+ h23
D( )

Bc
+ h12

U( )

h23
D( )

h13
D( )

h12
U( )

Demidov & Gorbunov, JETP Lett, 84, 479 (2006)

Our upper limits are not consistent with models II and III.
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Summary and Prospects
• Belle is searching for X(214) in both ISR and B decays
• ISR

- basic machineries are ready, including optimized vertexing
- currently checking systematic issues

• in B → K∗X(214) and B → ρ X(214) decays
- preliminary upper limits for promptly-decaying pseudoscalar

assumption of X(214) is available

B(B → V X(214))× B(X(214) → µ+µ−) . O(10−8)
- extending the search to be model-independent (wider ranges of mX

and τX) as well as trying axialvector assumptions

• After completing the X(214) analysis, we will continue the search
for general masses and lifetimes, which can be related to the
search for GeV-scale Dark Sector
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