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Abstract

A lot of branching ratios of the exclusive ¢ — d /s vy (£ = e, ) decays have been quite accurately
measured by CLEO-c, BELLE, BABAR, BES(I, II, III), ALEPH and MARKIII Collaborations. We probe
the R-parity violating supersymmetric effects in the exclusive ¢ — d/s€7 v, decays. From the latest exper-
imental measurements, we obtain new upper limits on the relevant R-parity violating coupling parameters
within the decays, and many upper limits are obtained for the first time. Using the constrained new param-
eter spaces, we predict the R-parity violating effects on the observables, which have not been measured
yet. We find that the R-parity violating effects due to slepton exchange could be large on the branching
ratios of Dg/s — et v, decays and the normalized forward-backward asymmetries of D, /d —~> 7w/ K 2t
as well as Dy — K£1v, decays, and the constrained squark exchange couplings have negligible effects
in the exclusive ¢ — d/s¢1v, decays. Our results in this work could be used to probe new physics ef-
fects in the leptonic decays as well as the semileptonic decays, and will correlate with searches for direct
supersymmetric signals at LHC and BESIII.
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(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

The ¢ — d/s€T v, transitions have played a central role for the most precise measurements
of CKM matrix elements V.; and V. for a long time. These rare charmed decays also have
received a lot of attention, since they are very promising for investigating the standard model
(SM) and searching for new physics (NP) beyond it. The 26 charmed decays, Dt — ¢+v,, D —
n =€ v, DY — 7%ty D} — K%y, DO — p= et DT — p%ty,, DF — K0ty
D} — ¢y, D° — K~ ¢tv,, DT — K%ty D — K* ¢tv,, DY — K*%¢*v, and D} —
¢£T vy, are dominated by ¢ — d/s€1 v, transitions. Many Collaborations, such as BESIII [1-4],
CLEO-c [5-12] and BELLE [13,14], BABAR [15,16], BESII [17], BES [18-21], ALEPH [22]
and MARK-III [23], have studied the exclusive ¢ — d/s£7v, decays, and a lot of branching
ratios have been quite accurately measured by them. Present experimental measurements are in
good agreement with the SM predictions, and they give us an opportunity to disprove NP or find
bounds over NP models beyond the SM.

The exclusive ¢ — d/s€ v, decays have been studied extensively in the SM and its various
extensions (see for instance Refs. [24-33]). Among the NP models that survived electroweak
data, one of the respectable options is the R-parity violating (RPV) supersymmetry (SUSY).
The possible appearance of the RPV couplings [34,35], which will violate the lepton and baryon
number conservation, has gained full attention in searching for SUSY [36-39]. In the present
study, we will give a combined analysis of the semileptonic and leptonic D decays which involve
¢ — d/s€" v, transitions. We will obtain new upper limits on relevant supersymmetric coupling
products that satisfy all of the experimental data from the relevant charmed decays. Using the
constrained new parameter spaces, we will predict the RPV effects on the branching ratios, the
differential branching ratios and the normalized forward-backward (FB) asymmetries of charged
leptons. Our results imply that the constrained RPV couplings due to slepton exchange have great
effects on B (D /s e*v,), and they could obviously enhance the allowed ranges of App(D —
Petuy).

This paper is schemed as follows: In Section 2, we introduce the theoretical frame of the ex-
clusive ¢ — d /s vy decays in SUSY without R-parity. In Section 3, we deal with the numerical
results. We display the constrained parameter spaces which satisfy all the available experimen-
tal data, and then we use the constrained parameter spaces to predict the RPV effects on other
quantities, which have not been measured yet. Section 4 contains our summary and conclusion.

2. The exclusive ¢ — d/s€*v; decays in SUSY without R-parity

In the SM, the ¢ — d/s£* v, processes are mediated by a virtual W boson exchange, and the
relevant four fermion effective Hamiltonian is

Mo (¢ —> dibfivg,) = iy (1 = y5)e) (D, v (1 = v5) ). (D

T Cdk
In the most general superpotential of SUSY, the RPV superpotential is given by [34]

A

O | A N | AP
W, = wiLiHy + ShijwLiLj Ef +/\;jkL,~Q,-D;+EA;/[jk]UijD,g, (2)

where £ and 0 are the SU(2)-doublet lepton and quark superfields, E€, U¢ and D¢ are the singlet
superfields, while i, j and k are generation indices and ¢ denotes a charge conjugate field. From
Eq. (2), one can get the relevant R-parity breaking part of the Lagrangian of ¢ — d £, v, [38.40]
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Fig. 1. The RPV contributions to the exclusive ¢ — c?ﬂ% vy, decays due to slepton and squark exchange.
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with A; w=>aV /n Al and Vi, is the SM CKM matrix element [40]. Noted that (s)down—
down—(s)neutrmo vertices have the weak eigenbasis couplings A, while charged (s)lepton—
(s)down—(s)up vertices have the up quark mass eigenbasis couplings A’. Very often in the lit-
erature (see e.g. [41-45]), one neglects the difference between A" and W , based on the fact that
diagonal elements of the CKM matrix dominate over nondiagonal ones.

In terms of Eq. (3), we can obtain the relevant four fermion effective Hamiltonian for the
¢ — d;j&} v, processes with RPV couplings due to the squark and slepton exchange

MER - )
Hip e — ditve,) == 30 I Ay, (1= y5)) (3, (1= 75) )
M
+ Z mmz P2k (1 ¥5)0) (g, (1 + ¥5) ). @)
ML

And the corresponding RPV Feynman diagrams for the ¢ — d £} vy, processes are displayed in
Fig. 1.
Then we can obtain the total effective Hamiltonian for ¢ — di¢};vg, in the RPV SUSY

Hep(c — diltvg,) = ’H, (c — diltvg,) + 7—[ (c — dillvg,). (5)

Based on the effective Hamiltonian in Eq. (5), we will give the expressions of physical quantities
for the RPV SUSY later in detail. In the following expressions and numerical analysis, we will
keep the masses of the charged leptons, but ignore all neutrino masses.

2.1. DI/X — €1y decays

Purely leptonic decays are the simplest and the cleanest decay modes of the pseudoscalar

charged D™ meson, and the decay amplitude of D:i; — £, can be obtained in the terms of
Eq. (5)
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MRP(D;}; — £$vgn)
= <thve, [Heg(c = dilive,) | Dy >

Gr AR . B}
=| 75 Ve~ D g | <0l (1 = ys)el Dy > (e, " (1 = y5)tm)
i JiR
+)° Mumizk <0ldi(1 — D 1+ ys5)¢ 6
i k ys)clDy > (g, (1 + y5)lm). (6)

i br

After using the definitions of D meson decay constant [46]

< OldiyuysclD¥ (p) >=ifppy, (7
and
<O0ldyysc|D* (p) >=—ifpup,., (8)
H‘L%)
where up 0 = +md and my is the current quark mass at m. scale, we get the branching ratio

for D;/S — £ty

2
)\,/* )\,/ 2E )\. MDDy
BRP (D+ N EJ'_U _ nki” m2i + inm”i2k "k
) = f Vea, = Z 8m? Z 4m?  my,
1 iR 4 ZiL
2
de m%m
o fDd dekmem 1— : . ©))
di

2.2. D— P{Ty, (P =m, K) decays

In the terms of Eq. (5), D — Pety, decay amplitude can be written as

MR (D - Petyy )
= <P€;:V£n |Heff(c - deZvZnND)

GF )»/*»5»/ ) B
=| =V, — > K (Pldyy, (1 — ys)el D) (9, v (1 = y5)m)

cdy
V2 - Smjl_R
A hog = 3
+ZZZ72[(P|dk(1 = v5)e| D) (o, (1 + 5)Em). 10
i b

Using the D — P transition form factors [48]

2 2

cp (P(p) |dkyuc| D(pp)) = fE($)(p+ pp)y + [fO” ()= ff (s>] ;’"qu (11)
_ m2 — m2
cp (P(p)|dke| D(pp)) = £} (s)M, (12)

c—mg,
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with the factor c¢p accounts for the flavor content of particles (cp = V2 for 79, and ¢cp =1 for
n~, K% K~), s =q* (¢ = pp — p). and the definitions of f;, (s) can be found in Ref. [48],
the differential branching ratio for D — P{} vy, is

dBfr(D — Pefvy,) o /Ap

2 2
m
(1— ZM) [N§+N1”cos9+1v;’cos2e], (13)
S

dsd cosf N 277-[3m3 62
with
~ 2
Gr AR Gr AN
NP= TEyx nki” m2i P s 2)» + |2y M
0 V2 cdi Z 8m?2 L 1% V2 cdi Z 8m?
1 diR l diR
2 2 252
lnm 12k s 2 P Z(mD _mP)
R Rl 2y 14
+ Z 4I’H~ mém(”;lc_n_’ldk) mem[fo )] N (14
2 - il
GF )\/#]; )\’/ GF )\’/*.)\’/ .
NP= UF * _ nki”™m2i +Re or * _ nki’”* m?2i
1 \/E cdy Z 8md~ ﬁ cdy Xl: 8m(2§
iR i
2 2
XZ Minm ik s 2m? fOP(s)fP(s)m4(mD_mP), (15)
4m? - me, O = iay) " i 5
NY == | == Vig, = D =" L 6Pap (1= — ). (16)
ﬁ i SmJiR g

where 6 is the angle between the momentum of D meson and the charged lepton in the c.m.
system of £ — v, and the kinematic factor Ay = m‘}) + mj‘w +s52— Zm%)mﬁ,, — Zm%)s — Zm%ws.

Here, we give the definition of the normalized forward—backward asymmetry of charged lep-
ton, which is more useful from the experimental point of view,

+1
./4 dsdcos@dcosg f 1 dsdcos@dcose 17)
= d cos6 dcos6
0 dsdcosg® oS + f 1 dsd cos@ cos
Explicitly, for D — P£Tv, the normalized FB asymmetry is
- NP
App(D — Pt vy) = ‘ (18)

2NE +2/3NF
23. D— Vety (V=p, K*, ¢) decays
From Eq. (5), D — V£ v, decay amplitude can be written as

MFRe(D - vty )
= <V£;;V£n |Heﬂ(c - deZVKnND)
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In terms of the D — V form factors [48]

cv (V(p, e |dryu (1 — ys)c| D(pp))

2VV(s) R
= —€ &

mp +my nvap PpP

AY(s) ]

. 1%
—i [e}’;(mn +my)Ay (s) — (pp + p)ﬂ(e*.pn)ml) Ty

2
+ iqu(e*.pn)%mgv () — AY (5], 20)

- e*. 2mpm
cv (V(p. &) |deyse| D(pp)) = —i =22 DV 4 (), Q1)
mp me +mdk

where cy = /2 for p°, cy =1 for p~, K*0, K*~, ¢, the definitions of V¥ (s) and A} (s) can be
found in Ref. [48], and &* is the polarization of vector meson, we have

2

dBRe(D — Vit VA mg

(d . gmwn) _ 7TD3 3‘/2 (1 — [N(¥+N1V cosd + Ny 00329], (22)
sd cos 2' my ey

with
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The normalized FB asymmetry of D — V£1v, can be written as
v
N 1

App(D > Vo) = ——1
i 0= ONT +2/3N)

(26)

3. Numerical results and discussions

In this section, we summarize our numerical results and analysis of RPV couplings in the
exclusive ¢ — d /s vy decays. The relevant physical inputs needed for the computation are
as follow. The masses, the mean lives and the CKM matrix elements are taken from PDG
[47]. The calculations for relevant form factors have been improved significantly, for instance
Refs. [48-53]. We use the reliable predictions for hadronic form factors in Ref. [48], in which
includes all relevant form factors we considered. The meson decay constants of D" and Dy in
Ref. [54] are used to compute the leptonic branching ratio. To be conservative, the form factors
with 10% uncertainties at ¢> = 0 as well as the input parameters and the experimental bounds at
68% confidence level (CL) (i.e. within 1o error) and 90% CL (i.e. within 1.640 error) will be
used to constrain parameters of the relevant new couplings.

The total theoretical uncertainties of relevant semileptonic decay (differential) branching ra-
tios are calculated straightforward: propagating each uncertainty for every physical constant as
reported in PDG [47]. The theoretical uncertainties mainly coming from the form factors. The
branching ratios will have around 5%, 30%, 46% uncertainties if considering 5%, 10%, 15%
uncertainties of the form factors at g2 = 0, respectively. We can believe that the normalized FB
asymmetries could be much more accurate than that for the branching ratios, since many uncer-
tainties could be canceled in the ratios.

As mentioned in last section, both squark and slepton exchange couplings contribute to exclu-
sive ¢ — d/s€* vy decays. For the squark exchange couplings, |A],;A},;| and [1},.1},.], which
appear in exclusive ¢ — d{¢" vy decays, are strongly constrained from K+ — wTvv decay [55],
|M]5;A]5; | and |A5,: A%, |, which appear in exclusive ¢ — s€T v, decays, are strongly constrained



R.-M. Wang et al. / Nuclear Physics B 901 (2015) 22-39 29

Table 1

Branching ratios of the exclusive ¢ — deT v, decays are in units of 1073 except for branching ratio of D;,' — ety is
in units of 108, For the experimental data, “a line” shown in the last column denotes the experimental measurements
with 1o error, and “b line” shown in the last column denotes the corresponding 90% CL experimental range. For the
theoretical predictions in the third and forth columns, “a line” and “b line” denote the theoretical preidictions by using
the input parameters with 1o and 1.640 errors, respectively. In the forth column, “SUSY W/)‘;Fll)‘z,‘ﬂ” denotes the
SUSY predictions considering the )L?‘“X;z | coupling effects. Since there is no the 68% CL experimental upper limit of
B(D;}' — etv,), we have used their 90% CL experimental upper limit to constrain )\;."1 15»;21 coupling. The similar in
Tables 3, 4, 5.

Observable Exp. data SM predictions SUSY W/)‘;‘kl 1 5»;2]
B(D} — etv,) [0.91, 1.13] < 880 a
< 880 [0.84,1.21] <880 b
B(DY — n~etv,) 2.89 +0.08 [2.79,4.23] [2.95,2.97] a
[2.76,3.02] [2.40,4.72] [2.85,3.02] b
B(D} — n0%tv,) 4.05+0.18 [3.61,5.50] [3.87,3.90] a
[3.75,4.35] [3.09,6.15] [3.75,3.98] b
B(DJ — K%Tv,) 374+1.0 [2.58,3.98] [2.70,3.96] a
[2.06,5.34] [2.20,4.48) [2.21,4.49] b
B(DY — p~etve) 1.9+0.4 [1.30,2.20] [1.50,2.00] a
[1.24,2.56] [1.06,2.53] [1.24,2.24] b
B(DS — pletve) 22404 [1.68,2.85] [1.95,2.60] a
[1.54,2.86] [1.37,3.28] [1.58,2.86] b
B(DF — k*0¢ty,) 1.8+0.7 [1.44,2.38] [1.45,2.36] a
[0.65,2.95] [1.17,2.76) [1.18,2.78] b

from charged current universality and D — K{v [56]. The effects of the squark exchange cou-
plings on exclusive ¢ — d/s¢1v, decays are almost negligible because of the lacking the 1/m;
enhancement, and they will not provide any significant effect on the branching ratios and the
normalized FB asymmetries of exclusive ¢ — d/s£T v, decays. So we will only focus on the
slepton exchange coupling effects on exclusive ¢ — d/s¢T vy decays when we study the effects
due to SUSY without R-parity in this work.

3.1. The exclusive c — de™v, decays

RPV coupling product A}, ~;21 due to slepton exchange contributes to seven exclusive
¢ — detv, decay modes, D — etv,, DY — n~etv,, DI — nl*tv,, D} — KTv,,
DY — p=etv,, D} — p’eTv, and D] — K*OeTv,. All relevant semileptonic branching ratios
of the exclusive ¢ — de™tv, decays have been accurately measured by BESIII [1-3], CLEO-c
[5-8] and Belle [13], furthermore, the pureleptonic branching ratio of Dj — e, is upperlim-
ited by CLEO-c [9]. Their average values with 1o error bars from PDG [47] and corresponding
experimental ranges at 90% CL are given in the second column of Table 1. Moreover, the SM
prediction values with 10% uncertainties for the form factors at ¢g> = 0 as well as with 1o and
1.640 error ranges for the input parameters are listed in the third column of Table 1. We can
see that the both branching ratios by using the inputs within 1o or 1.64¢ errors have no big dif-
ference, these small differences mainly come from different error bars of relevant CKM matrix
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Table 2

Bounds for the relevant RPV coupling products due to the mass of the corresponding slepton is 500 GeV and previous
bounds are listed for comparison. “a” and “b” denote the bounds with the experimental measurements and theoretical
predictions at 68% and 90% CL, respectively.

Couplings Our bounds Previous bounds

[Mi11 Al ] 0.010¢ from ¢ — de v, i=2,022[56]
0.010° i=3,0.81[56]

222 s | ...a from ¢ — dput v, i=1,38x1075[57]
0.142° i =3,0.91[56]

[Mi11 A0l 0.042¢ from ¢ — set v, i=2,0.26[56]
0.045" i =3,0.81[56]

%222 .s5 | 0.552¢ from ¢ — st vy i=1,0.053[56]
0.602° i =3,0.91[56]

elements, the branching ratios will have about 1% uncertainties if considering the CKM matrix
element V.4 within lo error, and the main uncertainties of relevant branching ratios come from
the form factors. The theoretical predictions of relevant branching ratios are consistent with ex-
perimental data at the present level of precision, and we can constrain the relevant NP parameter
spaces by these D decays.

The 68% CL or 90% CL experimental data of the exclusive ¢ — de™v, decays give very
strong constraint on the modulus of )L,*“)Lb |» but the RPV weak phase of )Lfllib | 18 not obvi-
ously constrained by current experimental measurements. The bound on |1 1):;21 | is listed in the
second line of Table 2. Our bound on the direct quadric couplings A}, 1)1;21 is derived for the first
time. For comparison, previous bounds, which are calculated from the products of two single
couplings in [56], are also listed. Our bound on |)‘l*11)‘/21| from the exclusive ¢ — de*v, decays
is much stronger than previous one from the products of two single couplings.

Now we will analyze the constrained RPV effects in the exclusive ¢ — de™ v, decays. Using
the constrained parameter spaces from the exclusive ¢ — de*v, decays, we can predict the con-
strained RPV effects on the branching ratios, the differential branching ratios and the normalized
FB asymmetries of charged leptons. The numerical results for the branching ratios are listed in
the last column of Table 1, and the constrained RPV effects of X;‘l 1;\;2 1 at 90% CL in the exclu-
sive ¢ — de™ v, decays are displayed in Fig. 2. Comparing the RPV SUSY predictions to the SM
ones or experimental bounds given in Table | and in Fig. 2, we give some remarks as follows.
For the slepton exchange coupling A7) ~121 , since its contribution to B (D; — eT,) is increased
by mp/m,, as shown in Fig. 2(a-b), B‘(D;iIr — e1v,) can be extremely enhanced or reduced by
the constrained A}, ~;21 coupling, and it is very sensitive to both modulus and weak phase of
Af 11)“12 \» furthermore, |A|,A.,,| is tightly upper-limited by the experimental measurement of
B(D+ — e*tv,). The constrained slepton exchange coupling A7 11~ i»1 has no obvious contribu-
tion to the six semileptonic decay branching ratios. From the forth column of Table 1, one can find
that present accurate experimental measurements of 3 (Dg — m e v,) and B (Dj — 7lety e)
give very strong bounds on the semileptonic decay branching ratio predictions with A “1)»;2 "
coupling. As for the differential branching ratios and the normalized FB asymmetries of relevant
semileptonic D decays, slepton exchange RPV contributions to Dg — et v, DJr — 1%Tv,
and D} — K%*v, (DY — p~eTv,, D} — pletv, and D} — K*0e*v,) are very similar
to each other. We would take DY — m~eTv, and DO — p~eTv, as examples (the similar
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Fig. 2. The constrained effects of RPV coupling A?‘“X;z | due to the slepton exchange a 90% CL in the exclusive ¢ —
detv, decays.

in the subsections of the exclusive ¢ — dutv,, Setve, sutv, decays), which are shown by
Fig. 2(c, e) and Fig. 2(d, f), respectively. We can see that present accurate experimental mea-
surements of B(DB — 7~ etv,) and ZS’(D;I1r — 7%%t,) also give very strong bounds on their
differential branching ratios, the constrained A} 1):;2 | coupling let the differential branching ra-
tios close to their SM upper limits. Nevertheless, other differential branching ratios (including
dB(D} — K Oet1,)/ds) are not constrained so much by present experimental measurements
given in Table 1. The RPV predictions of the four differential branching ratios of D} — K Oety,,
DY — p~etv,, D(}L — ple*tv, and D} — K*%e*v, decays can not be distinguished from their
SM ones at all s range. As displayed in Fig. 2(e), the constrained slepton exchange coupling has
quite large effects on the normalized FB asymmetries of DS — 7 etv,, D; — 7%%tv, and
D} > K Oety, decays, but these values are very tiny.
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Table 3
Branching ratios of the exclusive ¢ — du™t vy, decays (in units of 10*3) except for B(D;’ — uﬁ)ﬂ) (in units of 10*4).
Observable Exp. data SM predictions SUSY W/A;‘zzi;zl
B(D‘}L — utvy) 3.82+£0.33 [3.84,4.82] a
[3.28,4.36] [3.54,5.11] [3.28,4.36] b
B(DY — n~putvy) 2.37+0.24 [2.76,4.14] e a
[1.98,2.76] [2.36,4.64] [2.34,2.76] b
B} — 70utvy) [3.57,5.39] a
[3.05, 6.05] [3.02, 3.64] b
BT — KOutvy) [2.52,3.87] “
. [2.15,4.37] [2.16,4.34] b
B(DY — p~putvy) [1.26,2.10] a
[1.03,2.41] [1.33,2.35] b
B(DY — p~putvy) 24404 [1.62,2.70] e a
[1.74,3.06] [1.33,3.14] [1.74,3.05] b
B(Df — K*Outv,) e [1.38,2.27] e a
[1.15,2.61] [1.18,2.54] b

Noted that the RPV effects on purely leptonic decays D;/S — ey, which no experimental

limits existed at that time, has been considered in Ref. [33]. Here the helicity unsuppressed
s-channel contributions mediated by combinations of A" were focused, and only single coupling
bounds in Ref. [56] were used. They found that quite large RPV contributions to B (D:lr/s — eTv)
could occur if the neutrino is v;. Just lepton flavor violating processes are not considered in this

paper.

3.2. The exclusive c — du*v,, decays

Two RPV coupling products, )»;“225%21 due to slepton exchange and )»’2’1“1.5»’221. due to squark ex-
change, contribute to seven exclusive ¢ — du v, decay modes, D} — utv,, DS — 7~ putv,,
D} — 7%u*v,, D} - K°utv,, DO — p~utv,, DF — p%utv, and D} — K*0utv,.
Three relevant branching ratios of the exclusive ¢ — du™v, decays have been measured by
BESIII [4], CLEO-c [8,9], Belle [13] and BES [18], and their average values with 1o error from
PDG [47] and corresponding experimental range at 90% CL are given in the second column of
Table 3. The SM prediction values with 10% uncertainties for the form factors at g> = 0 as well
as with 1o and 1.640 error ranges for the input parameters are listed in the third column of
Table 3.

At 68% CL, )»;‘225\;2 | coupling is ruled out by present experimental measurements. Our bound
for )Ll’f22~;21 from the 90% CL experimental data is demonstrated in Fig. 3, and both modulus and
weak phase of )‘fzzigz | are strongly constrained by the experimental measurements of B (DS —
7~ utvy,) and B(D) — p°utv,). The bound on |A?‘22)~»§21 | is listed in the third line of Table 2,
and previous bounds are listed for comparing. We get |k7225»§21 | <0.142 with 500 GeV sfermion
mass. The bound on the direct quadric couplings |A§22132 1| is obtained for the first time, and it’s
stronger than one from the products of two single couplings in [56]. The RPV coupling A},,A,,
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Fig. 3. The allowed RPV parameter spaces from the exclusive ¢ — d u"'vﬂ decays at 90% CL with 500 GeV sfermion
mass.
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Fig. 4. The constrained effects of RPV coupling )‘;{225‘;21 due to the slepton exchange at 90% CL in the exclusive
c—dut vy decays.

could strongly contribute to K; — ™ u™ decay, and one got that |AT5A] 0] < 3.8 x 10~ from
B(K; — wt ™) [57], which is 10* better than our one from the exclusive ¢ — d,u+vu decays.

Now we discuss the constrained RPV effects in the exclusive ¢ — du*v,, decays. The numer-
ical results for the branching ratios are listed in the last column of Table 3, and the constrained

RPV effects of 1},,1’,, in the exclusive ¢ — d wF v, decays are shown in Fig. 4. We have the
following remarks for the constrained RPV effects.
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Table 4

Branching ratios of the exclusive ¢ — seTv, decays (in units of 10*2) except for B(D;" — ¢Tv.) (in units of 10*7).

Observable Exp. data SM predictions SUSY w/ )‘?115‘;22

B(D:‘ — et [1.23,1.49] [0.02, 1200] a
< 1200 [1.15,1.58] [0.02, 1200] b

B(DS — K et ve) 3.55+0.05 [3.11,4.67] [3.51,3.57] a
[3.47,3.63] [2.68,5.25] [3.48,3.62] b

B(DJ — K%t v,) 8.83£0.22 [7.93, 11.96] [8.89,9.05] a
[8.47,9.19] [6.81,13.49] [8.82,9.19] b

B(DS — K*"et,) 2.16 £0.16 [1.84,2.99] [2.10,2.25] a
[1.90,2.42] [1.52,3.46] [2.03,2.30] b

B(D; — K*0eT,) 5.5240.15 [4.68,7.65] [5.37,5.67] a
[5.27,5.77] [3.85, 8.88] [5.27,5.76] b

B(DS+ — geTve) 2.49+0.14 [2.00, 3.26] [2.35,2.63] a
[2.26,2.72] [1.65,3.78] [2.26,2.72] b

For the slepton exchange coupling )‘?225“;'2 1» since all seven relevant branching ratios are not

sensitive to both modulus and weak phase of the constrained A;“ni;z] coupling, we do not show
them in Fig. 4. From the forth column of Table 3 and Fig. 4(a-b), one can find that present
accurate experimental measurements of B(DS —> /ﬂ'vﬂ) and lS’(DL}F — po,z,ﬁvﬂ) give very
strong bounds on the branching ratios and the differential branching ratios of DS - uty,,
Djl' — nO;ﬁ‘vM and D; — pY /1,+vﬂ decays, but it does not give obvious bound on other branch-
ing ratios and differential branching ratios. Considering the stronger bound on [A12214],,] <
3.8 x 1075 in Ref. [57], A122A/121 coupling has no obvious effect on AFB(DS — n_u+vu,
D;}' — no,u"’vﬂ, DY+ — Ko,u‘*vﬂ). As shown in Fig. 4(c), the constrained )\3‘225\/321 coupling
still could have great effects on App(D) — =t v, D — 7Outv,, DO4 — KOutv,) at
the middle and high s regions. Nevertheless, Fig. 4(d) shows us the constrained )szzigﬂ coupling
has no obvious effect on Apg(DY — p~putv,, DT — putv,, DF — K*utv,).

3.3. The exclusive ¢ — se™ v, decays

RPV coupling product A} 1)2;22 due to slepton exchange contributes to six exclusive
¢ — setv, decay modes, D} — etv,, DY — K~ etv,, D; — K%%tv,, DY — K*etv,,
D;{ — K*%¢Ty, and D} — ¢peTv,. All relevant semileptonic branching ratios of the exclu-
sive ¢ — setv, decays have been accurately measured and the pureleptonic branching ratios of
D} — e™v, has been upperlimited by BESIII [2], CLEO-c [5,7,10-12], BABAR [15,16], BES
[20,21], Belle [13] and MARK-III [23]. Their average values with 1o error from PDG [47] and
corresponding experimental bounds at 90% CL are given in the second column of Table 4. More-
over, the SM prediction values with 10% uncertainties for the form factors at g2 = 0 as well as
with 1o and 1.640 error ranges for the input parameters are listed in the third column of Table 4.

The weak phase of )‘711):;22 is not obviously constrained by present experimental data of
the exclusive ¢ — seTv, decays. The upper limits of |)\;."11):;22| from the 68% and 90% CL
experimental data are listed in the forth line of Table 2. The direct quadric coupling |17, 1):;22| is

derived for the first time. Our bound on |Aj‘11)~\;22| is stronger than previous one in [56].
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Fig. 5. The constrained effects of RPV coupling A;"”X;n due to the slepton exchange at 90% CL in the exclusive

¢ — setv, decays.

We also predict the constrained RPV effects in the exclusive ¢ — se™ v, decays. The numeri-
cal results for the branching ratios are listed in the last column of Table 4. The branching ratios
of the five semileptonic decays are significantly constrained by present experimental bounds,
and they are not sensitive to constrained RPV couplings. The constrained RPV effects on other
observables due to the slepton exchange are displayed in Fig. 5. One can see that the RPV
effects on other observables in the exclusive ¢ — setv, decays are similar to ones in the ex-
clusive ¢ — de™ v, decays. Just all differential branching ratios of the semileptonic D decays are
stronger-constrained by relevant experimental measurements.

3.4. The exclusive c — su v, decays

Slepton exchange coupling A;kzzi;.zz contributes to six exclusive ¢ — su v, decay modes,

D} — ptv,, DY - K~ptv,, DF — K%utv,, DY — K*~ptv,, DF — K*utv, and
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Table 5
Branching ratios of the exclusive ¢ — su+vu decays (in units of 10*2) except for B(D;" — ;frvﬂ) (in units of 10*3).

Observable Exp. data SM predictions SUSY w/ }‘?225‘/

i22
B(Dy — utvy) 5.90 £ 0.33 [5.22,6.33] [5.57,6.23] a
[5.36, 6.44] [4.89, 6.72] [5.36, 6.44] b
B(DY — K~ utvy) 3.31+0.13 [3.03,4.53] [3.33,3.44] a
[3.10, 3.52] [2.61,5.09] [3.17,3.52] b
B(Dj — KO%utvy) 9.240.6 [7.72,11.62] [8.60, 8.87] a
[8.22,10.18] [6.64, 13.06] [8.22,9.03] b
B(DY — K*~putvy) 1.91+0.24 [1.76,2.80] [1.99,2.15] a
[1.52,2.30] [1.47,3.24] [1.95,2.20] b
B(Dj — K*0utyy) 5.28+0.15 [4.51,7.19] [5.13,5.43] a
[5.03,5.53] [3.74, 8.26] [5.03,5.53] b
B(DF — ¢utvy) [1.90, 3.06] [1.93,3.03] a
[1.59,3.49] [1.60, 3.48] b
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Fig. 6. The allowed RPV parameter spaces from the exclusive ¢ — sptv,, decays at 90% CL with 500 GeV sfermion
mass.

D} — ¢uTv,. All branching ratios of the exclusive ¢ — spu*v, decays except B(D;” —
¢utv,) have been accurately measured by CLEO-c [10,11], BESII [17], Belle [13,14], BABAR
[15] and ALEPH [22]. And their experimental average values from PDG [47] and the SM pre-
diction values are listed in the second and third columns of Table 5, respectively.

Our bounds for A%,,.,, from the 90% CL experimental data are demonstrated in Fig. 6, and
the upper limit of |Aj22X;22| is listed in the last line of Table 2. In the case of i = 1, our bound
on |AT22)~L’122| is weaker one order than previous one in [56], nevertheless, in the case of i = 3,
our bound on |)»§22)~»’322| is a little stronger than one in [56]. The constrained RPV effects in the
exclusive ¢ — sutv, decays are also explored. The numerical results for the branching ratios
are listed in the last column of Table 5, and we can see that all relevant experimental bounds
except B(DS — K*“utv,) give constraints on the RPV predictions. All RPV predictions of
the branching ratios except B(D}" — ¢utv,) are significantly constrained by present experi-
mental bounds, and they are not sensitive to the constrained RPV couplings. The constrained
RPV effects on other observables due to the slepton exchange are displayed in Fig. 7. Noted
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Fig. 7. The constrained effects of RPV coupling )‘?225‘;22 due to the slepton exchange at 90% CL in the exclusive
c— s;ﬁ'vﬂ decays.

that the RPV effects on the differential branching ratios and the normalized FB asymmetries of
relevant semileptonic decays in the exclusive ¢ — su v, decays are similar to ones in the ex-
clusive ¢ — du™v, decays. Just all differential branching ratios of the semileptonic D decays
except D} — ¢utv, are stronger-constrained by relevant experimental measurements. As for
)‘122)‘/122 coupling, if considering the stronger bound, |ki22A;22| < 0.053 [56], this coupling has
no obvious effect on Apg(DY — 7w~ utv,, D; — 7%ty D45 — KOutv,), too.

4. Conclusion

In this paper, we have studied RPV effects in the 26 semileptonic and leptonic D meson de-
cays, D — ¢*vy, D — n=¢*v, DY — 7%ty Df — K%Fv, D — p= ¢y, DY —
%ty Df — Kty D — ¢tv,, DO — K¢+, DT — K%*ty, DO — K* ¢y,
Dt — K*0¢*y, and D} — ¢€T v, with £ = e, u. Considering the theoretical uncertainties and
the experimental errors at 68% and 90% CL, we have constrained fairly parameter spaces of
RPV coupling constants from the present experimental data, and many bounds are obtained for
the first time. Furthermore, we have predicted the RPV effects on the branching ratios, the differ-
ential branching ratios and the normalized FB asymmetries of charged leptons, which have not
been measured yet.

We have found that the constrained RPV effects due to squark exchange can be neglect,
but the constrained RPV effects due to slepton exchange could be large on the branching ra-
tios of pureleptonic Dj{/s — eTv, decays and the normalized FB asymmetries of semileptonic
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Dyjq — m/K v as well as D — K O¢+v, decays. Such correlated signals would provide
strong evidence for RPV interactions. The results in this paper could be useful for probing the
RPV SUSY effects, and will correlate strongly with searches for the direct SUSY signals at future
experiments.
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