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We further discuss possible sgoldstino interpretation of the observation, reported by the HyperCP collabo-
ration, of three ¥ — pu™ ™ decay events with dimuon invariant mass 214.3 MeV within detector resolution.
With sgoldstino mass equal to 214.3 MeV, this interpretation can be verified at existing and future B- and
¢-factories. We find that the most natural values of the branching ratios of two-body B- and D-meson decays
to sgoldstino P and vector meson V are about 10~° + 10~". The branching ratios of ¢-meson decay ¢ — P~y
are estimated to be in the range 1.8-107'3 +1.6-10~7, depending on the hierarchy of supersymmetry breaking
soft terms. Similar branchings for p- and w-mesons are in the range 10~ ** + 3.4-107".

PACS: 12.60.Jv, 13.20.—v

Recent publication [1] of anomalous events
T —putp, 1)

observed in the HyperCP experiment, renewed interest
to models with light particles whose interactions with the
Standard Model fermions violate flavor. One of the well-
motivated classes of models of this kind, supersymmet-
ric models with light sgoldstino?®), has been suggested by
the HyperCP collaboration [1, 9] to explain the anom-
alous events. The latter are three events (1) where all
dimuon masses fall into a single bin within the detector
resolution; notably, no more decays (1) have been ob-
served. This coincidence has been suggested as the first
evidence for sgoldstino production in two-body decay
with subsequent decay of sgoldstino X into utu~-pair,

L —pX, X —utp. (2)

Sgoldstino mass has been fixed from measured dimuon
masses as

mx = 214.3+ 0.5 MeV. 3)

It was pointed out in Refs. [10—13] that, generally,
X-particle can be either pseudoscalar or pseudovector,
but neither scalar nor vector. Thus, only pseudoscalar
sgoldstino (denoted by P in what follows) in mod-
els with parity conserving sgoldstino interactions (see
Ref. [14] for a description) is viable [12]: light scalar
sgoldstino, as well as pseudoscalar sgoldstino in mod-
els with parity violating sgoldstino interactions, cannot
explain the anomalous events because of the strong up-
per bounds on the widths of two-body kaon decays,
K-> nX(X - ptp).

De-mail: demidov@ms2.inr.ac.ru, gorby@ms2.inr.ac.ru
2)See, e.g., Refs. [2—5] for examples of models and Refs. [6—8]
for the description of sgoldstino interactions.
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From the presented [1] branching ratio of the decay
(1) (which is somewhat above the Standard Model pre-
dictions [15, 16]), the following product has been esti-
mated [12],

WD Br' (P o ptpm) =38-10710.  (4)

Here hg) is sgoldstino constant to

pseudoscalar current dyss,

coupling

Lpas = —P- (WY -diy®s + h.c.),

and Br(P — ptp~) denotes sgoldstino branching ratio
to muons.

Additional information came from the geometry of
the detector and the measured energies of muons, which
enables one to put an upper limit on sgoldstino life-
time [12],

x $<2.5-107 M s (5)

Note that a lower limit [12] on sgoldstino lifetime coming
from the current limit on supersymmetry breaking scale
is about

Tx 2 1.7-107% s (6)

for sgoldstino mass (3).

The suggested explanation of HyperCP anomalous
events awaits a test in other experiments. The processes
which can be used to definitely confirm or rule out the
sgoldstino explanation have been discussed in Ref. [12].
These are three-body kaon decays 3) and direct sgold-
stino production in ete~ collisions. The rates of

3K - mrX, K — ptp~ and @~ — E~ X decays have been
discussed in Refs. [10-13] as signatures to test the hypothesis (2)
with some pseudoscalar or axial vector particle X in a model-
independent way.
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these processes are governed by the same parameters
of the sgoldstino Lagrangian, which are constrained by
Egs. (3), (4), (5) and (6).

The parameters are not directly constrained by the
HyperCP result. These are other flavor-violating sgold-
stino coupling constants, hj (h%]), 7l = 1,23, and

hg-lD), except for hg)), entering
Lp=—P-(hji- f;i7°fi + h.c.), (7)

where f; are fermions of the Standard Model, and sgold-
stino flavor-blind couplings which do not contribute to
sgoldstino width because of kinematical constraints im-
posed by the small sgoldstino mass (3). Nevertheless,
these couplings make it possible to extend searches for
sgoldstino. Though the rates of corresponding processes
cannot be predicted because of lacking knowledge of
model parameters, one can estimate the most natural
ranges for these rates by making use of the expected
patterns of MSSM soft terms. With sgoldstino mass
being fixed, these predictions can be tested experimen-
tally, giving an opportunity to find additional evidence
for light sgoldstino (but, generally, not to compromise
the proposed sgoldstino explanation of the HyperCP re-
sult). This issue is discussed in this letter.

The dominant?) sgoldstino decay modes are [14]
P — utp~ and P — vv. A natural range of values of
the ratio of their widths is

LP=2) gL, ®)
TP~ utu )
However, much larger values for this ratio, such as 10*
are not excluded (see [12] for discussion). So, we are in-
terested in rare decays with u™p~ or vy with invariant
mass 214 MeV in final states.

As promising processes, we consider two-body B-
and D-meson decays (to probe flavor-violating sector of
sgoldstino couplings) and two-body light neutral vector
meson decays (to probe flavor-blind sector of sgoldstino
couplings). These searches may be performed at B-
factories where they would cover the most natural part
of the relevant parameter space, while searches at ¢-
factories seem less promising, as one can probe there
only a part of the relevant parameter space leaving the
rest for future experiments.

We begin with sgoldstino flavor-violating interactions
(7) in quark sector. The coupling constants h;; enter-
ing these interaction terms are determined by the ra-
tios of the elements of left-right part of squark squared

4) The kinematically allowed decay mode P — ete™ is typically
suppressed if sgoldstino mass is about 214 MeV.

mass matrix r'nz(PR)z to vev of auxiliary field in goldstino
supermultiplet F'; the latter being of the order of the
squared scale of supersymmetry breaking in the com-
plete theory, h;; = r'ng“R)z /V2F. In particular, non-
zero off-diagonal entries of squark squared mass matrix
lead to two-body pseudoscalar B- and D-meson decays

to a vector meson V and pseudoscalar sgoldstino®),
PB,D — VP (9)

Let p, py be momenta of Pg p and V, respectively,
q = p — pv, and ey be the polarization vector of V.
With these notations, the hadronic matrix elements

Opy 5 v(€?) = (V(pv,ev)|2;7°a|Pe,p(p))

entering the decay amplitudes M(Pg,p — VP) =
hji - P(q) - Opy p,v(g?) (where P(q) is the wave func-
tion of the outgoing sgoldstino) can be expressed via
experimentally measured and/or theoretically predicted
form-factors A(()PB 2:V) (¢?) as follows (see, e.g., Ref. [17]
for notations and other details),

= AfFmoV) g2y 2V

OPB,D,V(qz) (10)

mj +my ’
where my and m; are masses of V' and quark g¢;, re-
spectively; we use my = 4.8 GeV, m, = 1.35 GeV,
ms = 0.13 GeV [17] in our estimates. Making use of
the expression (10), one finds the partial width

hji|? ’B,D
P(Pp,p - VP) = 2L 13’7|r (4572 (m3))? x
md_ N(mp, ,,my,m
Fap X Mrs v e) (11)
(mj + my)?
and
ma+msz)2 ma—ms)2

}\(ml,m2,m3):\/<1_( 2 > 3) ) (1_( 2 . 3) >

my mi

The values of the form factors A(()PB 2:V)

(11) can be found in literature [17—20].

To illustrate the level of precision required to probe
the models consistent with HyperCP events, we present
estimates of the widths in three different types of super-
symmetric models. Two of them are

entering Eq.

model I : hj ~hY) | j#1,

A
model IT :  hj ~ ya - max(mj,m;),

5)Two-body decays of pseudoscalar mesons into pseudoscalar
mesons and pseudoscalar sgoldstino are strongly suppressed by
parity conservation in sgoldstino interactions.
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where A is a flavor-independent constant. The third
model is a concrete phenomenologically viable example
of left-right supersymmetric model, where parity con-
servation 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 elements
hji reflecting the hierarchy of quark masses. The lat-
ter situation is more realistic, as it is typical for min-
imal supersymmetric models like mSUGRA or mod-
els with gauge mediation of supersymmetry breaking,
where soft supersymmetry breaking trilinear terms are
proportional to the Yukawa matrix. For the model III
we take a general left-right SUSY model of the type
presented in Ref. [14], with left-right symmetry bro-
ken at energy scale Mg = 3 TeV. We assume (see no-
tations in Ref. [14]) universality at the SUSY break-
ing scale vVF = 30 TeV, i.e. A) = Y® A choose
AM) = A® = M ), tan B = 3.6 and neglect mixing be-
tween Higgs doublets in doublet-doublet splitting [21].
The left-right entries in the squark squared mass ma-
. - (LR)2 . .

trices mp, )" are obtained by making use of one-loop
renormalization group equations for gauge, Yukawa, soft
trilinear coupling constants and gaugino masses [22].
The value of A1) at Mg = 3 TeV is fixed by (4). Under
our assumptions, all relevant parameters in model III
are then completely determined.

For these three models it is straightforward to esti-
mate the partial widths of the processes (9) with real
sgoldstino decaying into u*p~, Pgp — VPP —
uTp~) . The results are summarized in Table. For the
widths of similar processes, but with sgoldstino decaying
into photons, Pg,p — VP(P — 77) , one gets the same
numbers multiplied by the ratio I'(P — ~v)/T'(P —
ptp™), whose estimates are given in (8).

Comparing the results presented in Table with statis-
tics of B- and D-meson decays collected by B-factories,
one concludes that both u*u~ and 7y decay channels
can be probed for the most natural choice of parameters
(models IT, IIT). Moreover, a part of expected region for
hg?) is already excluded by the results [23]

Br(BT — K*tptp~) <2.2-1078, (12)
Br(B® - K*%u*tp~) = (1.3 £ 0.4) - 1075,
Study of the model I requires, generally, higher statistics.
At B-factories model I could be probed if sgoldstino de-
cay mode into photons dominates by one to two orders
of magnitude over ptu~ mode.
It is worth noting that coupling constants hg), h;?)
and h&‘;) determine the rates of several decays each.
Hence, the ratios of the corresponding rates do not de-

Mucema B MATP® Tom 84 BeIm.9-10 2006

pend on the values of these couplings. This would allow
for independent check of sgoldstino interpretation, would
any of the anomalous decays listed in Table be observed.
In particular, Eq. (12) implies that branching ratios of
By - ¢P(P — p*p~) and Bf — DiYP(P — putu™)
have to be at least three times smaller than the numbers
in the two last columns of Table.

Another signature of models with light sgoldstino we
would like to discuss is neutral vector meson V decays
to sgoldstino and photon,

V - Py. (13)

The most sensitive are the decays of ¢-, w- and p-mesons,
whose rates are almost saturated by sgoldstino couplings
to gluons, as we find below. For J/v- and T-mesons the
corresponding branching ratios do not exceed 10~° (see
Table 5 in Ref. [24]).

There are two different contributions, M; and M,
to the amplitude of the decay (13). These are due to
sgoldstino couplings to photons and to gluons,

1 . (M Ms
L]_ = me” Ap (%PF;J,VF/\;) + ?PGZV ip)
(14)

(where M,, = M;jcos®fy + Mysin’fy and M,
M, and Ms are masses of U(1l)y-, SU(2)w- and
SU (3).—gauginos, respectively) and sgoldstino flavor-
conserving interactions with quarks (7). The relevant
interactions of vector meson V are V — v mixing [25],

Ly = gavmiAuvu, g~86 (15)

(where my is the mass of the corresponding vector me-
son and (a,, aw, ap) = (V2, v2/3, —2/3)), and cou-
pling to photon and pseudoscalar mesons P [26],

EV,Z = egV’P'yE/.w/\pap,AVa/\Vp,P, (16)

where the values of coupling constants gyp., are tuned
to saturate the P — Vv or V — P+~ decay rates and are
presented in Ref. [26].

Couplings (14) and (15) give rise to the following
contribution to the decay amplitude
Mi=¢,(p) -igay . m—% . (—zﬁ%) - AP py kel (k),
where p and k stand for momenta of V-meson and 7, re-
spectively, while e(p) and €(k) denote their polarizations.
This contribution is illustrated in Figure a.

The interactions (14) give rise to P — P mixing [24],

Lpp = Cpp - PP, (17)
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Branching ratios of decays Pg,p — VP(P — ptp=)in

the models I, IT and III. Branching ratios of decays

Pg,p -+ VP(P — «v7) are given by the same numbers multiplied by I'(P — vv)/I'(P — ptu—)

Decay hji A(()PB‘D’V)

Br(model 1) | Br(model11) | Br(model 111)

By —» ¢P(P - ptp~) | nD) | 0.42[18]
By = K*°P(P - ptp~) | B{2) | 0.37[18]

6.5-10~° 8.8.10-6 8.7-10-6
5.3-10"° 7.2.10°6 2.3-10°7

Bf 5 D**+P(P > ptpu) | BD) | 0.14[19)
B 5 D:P(P - ptp~) | A 0.149)
Bf 5 B*tP(P > ptp~) | Y | 0.23]20]

3.2.1010 4.4-1077 1.4.10~8
3.0-10-10 4.0-1077 4.0-1077
4.1.10°10 4.4.10°8 8.2.10°7

Bt 5 K*tP(P - ptp~) | B85 | 0.31[17]
BY —» K*OP(P — ptp™)

3.8.107° 5.2.106 5.1-10"6
3.5-10"° 4.8-10-6 4.7-10-6

B 5 pP(P - ptp~) | a3 | 0.28[17
Bt = ptP(P = ptpu”)

3.1-107° 4.2.10-6 1.4-107
3.3-107° 4.6-10"0 1.3-10°7

DO — pP(P — ptp—) D | 0.6417]
Dt = ptP(P = ptyu7)

1.4-107° 1.5-10"7 2.8-10"6
3.5-10"° 3.7-1077 7.0-10"8

“)We did not find any estimate of this formfactor in literature and use this value as an order-of-magnitude estimate, which is

sufficient for our study.

Diagrams contributing to the decay V — yP

where

\/iﬂ'mngg My — My

Cpmo = —
Pro 3a(M3)F m, +mg

fr s
Crym) =

2, Bf.Am
= ﬁfn(#) + ﬁ (\/§COS0 + sin0) 5

fﬂ(ﬂ’) = f8 COS 08 + \/§f0 sin 00,

where upper sign stands for n-meson and lower for 7’'.
Here By ~ mf,{ /ms ~ 2 GeV and we neglect small
(~ 10~2) mixing between 7° and 7, n'-mesons, n — 7'
mixing angle # = —15.4° and we adopt two mixing an-
gle scheme for the parametrization of the gluonic matrix
elements [26, 27]

3o5(M3) o Aa
o 4( e e j0) = [m"(")fn(n), (18)

3ag (M. = My — Mg
(0 20 e G o) = - e o e
u

where we use fo = 1.17f,, fs = 1.26f, and g = —21.2°,
6o = —9.2° [28].

Couplings (16) and (17) give rise to the contribution

; VA * 1 .
M3=>" (—igyp,) € (p) € ppxkpfu(k)mlcpn
P n

illustrated by the diagram shown in Figure b. Here sum
runs over 7°, 7 and 5 mesons.

Finally, the rate of the decay V — P+ in the case of
unpolarized vector meson reads

Cy (m} —mp)®

P
LY = Py) = oo~ m% ;

\/iaveM'w egyp,Cpp
Cy = —T + Z — - (19)

P=rO PP

In most models, the gluino mass is large, so that the
dominant contribution comes from sgoldstino couplings
to gluons. The corresponding coupling constant is pro-
portional to the ratio M3/F. It reaches the maximal
value in the unitarity limit M3 ~ +/F at the smallest
value of v/F, which is consistent with current bounds on
the scale of supersymmetry breaking, vF 2> 500 GeV.
So, we have

[M3/F]_. ~2-1072 GeV™'. (20)

max

If M3/F is much smaller than this value, the dominant
contribution to Cy comes from either M,.,/F or A/F
terms, at least one of which is bounded from below by
the upper limit on sgoldstino lifetime (5),

M’Y’Y |A| —5 -1
[F F 1.5-107% GeV~L. (21)
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When considering the case of small M3, we present the
numerical results for the case |A| < M,,. In the op-
posite case one obtains about two orders of magnitude
smaller numbers for the lower bounds of the intervals.

Thus, the branching ratios of V — Py decays are
expected to be within the intervals

1.8-107 < Bry < 1.6-1077, (22)
9.1-107"® < Br, < 3.3-1077, (23)
1.8-107* < Br, < 3.4-107". (24)

The produced sgoldstino subsequently decays either into
photons or into muons. Comparing the values of the
branching ratios in the interval (22) to the collected
world statistics of ¢-mesons (about a few billion) one
concludes that the part of the interval (22) with the
largest branchings may be tested with existing experi-
mental data at ¢-factories, while the large part could be
tested only with significant increase in statistics. Note
that observation of two-body decays of different vector
mesons would offer an opportunity to measure all rele-
vant parameters M., A, M3, F.

To conclude, by studying two-body decays of B-,
D-, ¢-, w- and p-mesons one can probe the models with
light sgoldstino, capable of explaining HyperCP anom-
alous events. Currently available statistics is sufficient to
probe the most natural left-right symmetric models and
models with the hierarchy in sgoldstino flavor-violating
couplings similar to the hierarchy of quark masses. The
rest of models awaits larger statistics. The same con-
clusion holds for quite similar baryon two-body decay
modes like Q= — E7P [10-12], Q2 — E°P, etc.:
though the rates of (some of) these decays can be pre-
dicted from the HyperCP data, the current statistics is
too low, so that future experiments are needed to test
the sgoldstino explanation by searching for these decays.

If observed, these decays would not only confirm
the sgoldstino interpretation of HyperCP results (which
have been claimed as the first evidence for supersym-
metry [9]) but would give an opportunity to measure
sgoldstino life-time and to probe the pattern of sgold-
stino flavor violating couplings to quarks. The former
would fix the ratios of MSSM soft terms to the squared
scale of supersymmetry breaking, while the latter would
enable one to estimate the values of off-diagonal entries
in squarks squared mass matrix, which can be tested, in
turn, by searching for FCNC processes.

The negative results of searches for sgoldstino in two-
body B- and D-meson decays at the level of branchings
as high as 1077 + 10~ ® (models II and III) would im-
ply either non-sgoldstino explanation of the HyperCP
results or fairly special pattern of off-diagonal squark
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masses, atypical for simple supersymmetric extensions
of the Standard Model. Hence, some mechanism (e.g.,
additional flavor symmetry) should have to work in that
case to provide for this pattern.
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