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We investigate the decay mechanisms inlBife— w7 " andD] — p%=* transitions. The naive factorization
ansatz predicts a vanishing amplitude for Dg— w7 decay, while theD] — p°= " decay amplitude does
have an annihilation contribution also in this limit. Both decays can proceed through intermediate states of
hidden strangeness, el§,K*, which we estimate in this paper. These contributions can explain the experi-
mental value for theD{ —ww " decay rate, which no longer can be viewed as a clean signature of the
annihilation decay oD . The combination of ther(1300) pole dominated annihilation contribution and the
internal K,K* exchange can saturate the present experimental upper bound @ the 7" decay rate,
which is therefore expected to be within experimental reach. Finally, the proposed mechanism of hidden
strangeness final state interactions constitutes only a small correction to the Cabibbo allowed deday rates
—KK*, ¢, which are well described already in the factorization approximation.
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. INTRODUCTION BR(DS —p°7")=(5.9+4.6)x10* 3

It has been suggestéd] that the observation of thBy  from [3], where the first is a 90% C.L. limit, while in the
— o’ decay second case we have added all the errors in quadrature.
Clearly, the two measurements are in agreement with each
other. The error on the number frdi8] is still very large and

. S can at best be viewed as an indication toward possible values
can be seen as a clean signature of the annihilation decay 3 BR(D: —p%7"). In particular, it is still compatible with
DJ . The sizes of these contributions are of great phenom:- s—pm ) NP ' P

enological interest, but are very hard to obtain from theoret?<'2: As we will show in the following, however, the expec-

: +_ 0+
ical considerations. In particular, the factorization approxi-ta.tt'r(])nlfsflorB5/(D‘S H‘.’h.T t') on; gets from spectta_lto;hdecays
mation gives a vanishing prediction fBR(D; — w7 ), as wi andror annihiiation diagrams are Just in the same

an immediate consequence of the fact that, due to the isosp%a”par!( as the ab(_)ve experimental '”S' |cat|on+s. n
An important difference betweed, —w7™ and Dg

andG parity I°=1" of the ww™ state, there are no annihi- 0+ . ,
lation contributions with one intermediate resonant state P 7 tranS|t|+0ns_ are éhepquanium_ numbers of the final
also Fig. 1. The interpretation of branching ratid@) as an st%te; The o7 ). IS a I (JG):% (0 ), state, Wh'.le the
(almos} purely annihilation decay would then also give im- (’; ") can be either in the®=1" or 2 state, again with
J"=0". A scan through the Particle Data GroypDG)

portant information about the otherwise relatively poorly 4
known sizes of annihilation diagrams in other related hadpg°kp[4] rfvegls that there are no resonant states with an
(J7)=17(07) assignment, while there are three known

ronic decays. In this paper, however, we will argue that the NG P S .
experimental value for th®) — w# ™ transition can be ac- states with1”(J")=1"(0"), the two S”Of.‘g'y decaying
commodated(already by consideringonly the color sup- res_tl_)rr:anceSr(BOO)f andn(1800), and the pion. ith
pressed spectator decay with subsequent final state intera%— e presence of resonances nearliggneson mass wit

+ o
tions (FSI). This leaves little room for unambiguous study of L € quantum fnuml:_)rt]a{s .Of the’%.b) §tate mﬁ_lcstgs f]‘.” en-
annihilation effects from the»=* decay mode. ancement of annihilation contributions, which in this case

Another issue that we address is the size of D& can proceed through an intermediate resonating s&ge
—p%7™ transition. The experimental situation regarding this

BR(D{ —wm")=(2.8-1.1)x10 3 (1)

4

decay is somewhat unclear. The difficulties arise from the ot -
fact that theD ] — p°#" decay is observed as a resonance in /
the three body deca — =~ 7" #*, which is dominated D} " I

by the decays through isoscalar resonandgé980)mr™", i bl il b
fo(1370)7" [2,3]. The decayD, —p°#* therefore consti- p

tutes just a small correction to these dominant processes. The
two available experimental analyses give

BR(DJ —p°n")<7x10°* (2 FIG. 1. Annihilation diagram ofD}—p%7* decay with
“ o’ =a,m(1300),7(1800), with the dot representing the weak
from [2], and vertex.
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Fig. 1). To gain an insight on the numerical importance of the

e . L . E%™(py) 7 (k) K**(p2)
annihilation processes we estimate the contribution coming

from the 77(1300) intermediate state. To do so, we need tO---_p--- S +
estimate the decay constant®f1300). Taking the PDG4] b:(v) D/ (v) :
upper bound for7— (1300)v, one arrives atf (130 A K*(p) A E%p) N\
<4 MeV. In the factorization approximation for the weak wlol(ky) 2 wlpl(ky)

vertex (for more details see Sec.,) Nve then get

-————————

R (pn) (k)
BR(Dg —p°7 ") r1300< 7% 107%, 4
e

where we have useﬂ;s: 230 MeV, together with the con- K+(pl‘)\\
servative assumptions dBR(w(1300)—pm)~100% and  As e M T
I'(7(1300) equal to its upper experimental bound of 600
MeV. Most probably this slightly overestimates the contribu- &) ] e ko) ek
tion of the m(1300) intermediate resonant state to Dg / /
—p%7" decay width, as also the preser(bet not the size BT \K‘(q)f e \K“(q)?
of other decay channels af(1300) has been seen experi- : AL i : AN i
mentally [e.g. w(1300)— (77)s_wave™ [4]]. Note in par- As Km) > As )

I L e
ticular that the above assumptions about #(€300)— p 7 wlol (r) wlel(h)
decay width correspond to the case Whegyg, (1300
=0, We therefore do not expect the(1300) contribu-
tion to BR(DJ — p°# ™) to lie significantly below the upper
limit (4). numbers will be taken into account. Moreover, only the con-

The importance of the upper lim(#) is that the contribu- tributions of lowest lying pseudoscalar and vector states
tion from 7(1300) can even saturate the 90% C.L. experi-glecting their decay widthawill be considered. Note that the
mental upper bound?2). Of course the actual size of the rescattering through intermedig(eK* states is possible for
m(1300) contribution is not known and lies somewhere beboth p®7* as well asw7* final state(cf. Fig. 2), while the
low the upper bound4). Also, interference with other anni- rescattering with intermediate or ' is possible only in the
hilation contributions from intermediater and 7(1800) case of thews* final state due to isospin ar@ parity con-
states can somewhat change the above estifnateg par-  servation(cf. Fig. 3.
tially conserved axial currefPCAC), the contribution from (i) For the weak transitiorD;H(K(*)K(*)ﬁ in the
7 was found in 5] to be negligible, while the contribution of ~+ Ky +_, 0+ + () (x N + +
(1800) is difficult to estimate due to the lack of experimen—DSH(K K¥) —p m and Dg —(K®K™) —om
tal datd. Furthermore, as we will show in the next section,
the contributions of final state interactions fall in exactly the
same rangécf. Eq. (15)]. The lesson to be learned from this .
simple exercise is that, unless there are large cancellation@" IS therefore
the value ofBR(DJ — p%7 ™) is expected to be near to its G
present experimental upper bound and should be measured 2, .= — _fVcsV:d[al(Ud)H(&)H_Fa2(§d)H(UC)H]a
by the FOCUS Collaboration in the near futy. V2

On the other hand note that, as explained abagesuch (5
resonance enhancement$é annihilation contributions are

possible for the ¢ =) final state. How can then one explain . . .
a relatively large experimental value f&R(DQ%mﬁ), Cabibbo-Kobayashi-Maskaw@KM) matrix elements, and

Eg. (1)? The answer lies in the fact that there are multibodyf?ll‘<2 thte sﬁecf\iez(gher:jomfrf)goggitﬁ;V\g]|50n Foetieients
intermediate states that do have correct valud€aindJ®, aken 1o bea, = 1.2b anda, = —U. I

FIG. 2. TheK,K* meson contributions in thB; —w7* and
DI —p%7* decay amplitudes.

decay chains as well as for the weak transiti®y
—n(n")p* intheDJ —n(n")p"—wm’ decay chain we
will use the factorization approximation. The weak Lagrang-

with (Ud)H , ... the hadronize®-A weak currentsy;; the

for instance the two-bodyK®*)K*)) states(see Fig. 2 rm -
Moreover, such states didden strangenessan be obtained Pt (p2) 7t (k2)
from a (color suppressedspectator decay of thB, meson
and are therefore expected to be sizable. We will estimate the
sizes of these contributions in the next section. "'l;r('pY' . w(g) y
s ~
Il. HIDDEN STRANGENESS FSI n(n’)(pl)\\\
B ) >

In estimating the contributions from hidden strangeness w(ky)
intermediate states that can arise from spectator quark dia- !

grams, we will resort to the following simplifications: FIG. 3. The intermediate;, 7',p* contributions in theD
(i) Only two-body intermediate states witis quantum — =" decay.
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TABLE |. Form factors atq?=0 [15]. The results in the first rate is very difficult to reproduce by any of the present ap-
five columns are forD—K,K*Iy transitions. The last column proaches[8,9,14. This inevitably introduces some further
stands for the form factor appearing I— 74l v, (the sscompo-  uncertainty into our approach, yet the resulting uncertainty is

nent of ,7’) transition. not expected to affect significantly our main conclusions.
For the weak current matrix elements betwe2fi and
Form factor  F, v Ao AL A Fyn vector or pseudoscalar final states we use a common decom-
£(0) 072 104 067 057 042 078 Position
o 0.2 0.24 0.2 0.29 0.58 0.23 2V(q2)
ars = eMvap -
(V(K)lal*q|Dy(p)) = €*"*e ok g
(i) Finally, the strong interactions are taken into account q
. . . . e-
through the following effective Lagrangidi0—12: + 2imy—g“Ao(g?) +i(M+my)
Estrong:%Tr(P#[H a,I17]) €-q 2
! [ ——eY ) —i
2 X| e 5> d Al(q)|M+mV
C
— 4" BTG ,1p 0 plT), (6) 2_m2
S G LYC NG

wherell and p* are 3X3 matrices containing pseudoscalar
and vector meson operators, respectively, higda pseudo- _
scalar decay constarifl). We use numerical valuesee (P(K)[qT'*q|Dy(p))=
[10-12) Cyy=0.33, andg,,,=5.9.
We have checked that the use of factorizat[en tree (M2—m2)
level, with values of form factors as given below in Egs. + Tq”Fo(qz), (8)

(7—(11) and in Table ] for the DI —K**K*% DJ

—K"K*? and D{ —K°K** decays gives reasonable esti- whereV is a vector meson characterized by the polarization
mates of the measured rat@®te that we do not need . vector ¢# and masan,,, while pseudoscalar mesomsDg
—KOK ™ in further considerationswith the results listed in have massem,M. We use further abbreviatiods*= y*(1
Table II. In these results the annihilation contributions have— ¥°), 9“=p*—k*, andP#=p#+k*.
been neglected since they are an order of magnitude smaller, For theq” dependence of the form factors we use results
We also neglect the triangle graphs of the sort shown o®f [15], based on a quark model calculation combined with a
Figs. 2, 3 as we expect thefbased on the numerical results fit to lattice and experimental data. Referent®] provides a
for wm®, p°m™) to be suppressed relative to the tree levelSimple fit to their numerical results with the form factors
contributions. F. (g%, V(d%), and A(q?) described by double polg®
The situation in the case of, " intermediate states is not dependence
so favorable. To treat the,»’ mixing we use the approach
of Ref.[13] with the value of the mixing angle transforming

2_ 2
P“—(Mq—zm)q”> F (@)

f(0)

Rt i f(g%) = , 9
betweeny, »’ and ,~ (uu+dd)/\2, s~ ssstates taken to (@) (1—g?/M?)(1— 0g?/M?) )
be ¢=40°. The factorization approach then gives a reason- o
able description ob} — p* 7 decay, while it does not repro- While single pole parametrization
duce satisfactorily the experimental result ¢ —p* 7’ ¢
(cf. Table 1l). This is a known problem as th@; —p* %’ f(02) = _ @ 10

: (99 TV (10
(1—-0oq/M?)

TABLE Il. The branching ratios for th®_ two-body decays: in 5 o .
the second column the experimental results are listed, while in théan be used foA; (g), as the contributing resonance lies
third the predictions are given when the factorization approximatiorfarther away from the physical regiaimote that this para-

is used. metrization applies also to the, form factor which, how-
ever, does not contribute in the processes we discuss in this
Decay BRexp BRi papej. The values of (0) ando are listed in Table | and are
— taken from[15]. We useM =1.97 GeV in the expression for
DS —K* +_KO* (5.8£2.5)% 6.4% Ay, while M=2.11 GeV is used for other form factoi$5].
Dy —K"K™ (3.3£0.9)% 3.4% Incidentally, the parametrizations of form factdi®, (10)
DI —K* KO (4.3+1.4)% 2.7% make all the loop diagrams in Figs. 2 and 3 finite, so that no
DI —np* (10.8+3.1)% 5.6% regularization procedure is needfde have also checked
Di—n'p* (10.1+2.8)% 2.20% that the numerical results do not change significantly if one

uses a single pole parametrization instead of(Bgand then
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TABLE lIl. The dispersiveA;p and absorptived;, parts of the  the experimental resu(tl) entirely in terms of the spectator
amplitudes(in units of 10 * GeV) for theDy —w= " decay corre-  quark transition together with FSI. The claim thax’

sponding to the diagramg on Fig. 2{) and Fig. 3 6,,,/). The  _, ,,7" can be used as a probe of annihilation contributions
amplitudes for theDs —p”a " decay(neglecting the mass differ- — jn hadronic physics is therefore not justified.
i”cefet}’veemnﬂ ?ndhr?‘”)gare fgtamed by inverting the sign of  ag \what concerns thB; — p®x* transition, the FSI con-

iD »Aia TOr eveni, while 5, ,,,=0. tributions alone give

Dg—*ﬂx)’#Jr .Al Az A3 .A4 A5 AG B.” B 7'
Ap  -07 07 -11 -1.4 113 125 13 36 BR(Dy —p%7")pg=0.7X10"7, (15)
As  -07 07 33 15 —40 —19.7 -7.2 —3.7

which is almost exactly the same as our estimate of the upper

uses a cut-off regularization with some scale above but closeound on the annihilation contributiqd) and actually coin-
enough to thédd, meson mags cides with the present 90% C.L. upper bound. If there is no
For the decay constants, defined through destructive interference between these two contributions and
. . the contributions of FSI through higher resonances that we
(Olay*ysalP(p))=ifep*, (0lay"alV(p))=gve”, did not take into account, this decay mode should be estab-
(11 lished in the near future. This expectation is supported also

by other theoretical approaches which give the rateD¥gr

we use the following valuesfp=0.207 GeV andfpg ~p%" to be equal9] or even larger than the rate for;

=1.13fp as obtained on the lattide 6] and for the resfy —wmt decay[14,17.

=0.16 GeV, |gk|=0.19 GeV, |g,|=0.17 GeV, and|g,)| The possible cancellation thatay occur, however, make
=0.15 GeVf coming from the experimental measurementsthe theoretical predictions rather uncertain. Adding the FSI
[4]. contribution and the maximal annihilation contributiof@s

The amplitudes for th®; —wn" andD; —p°7* de-  with alternating signs gives a fairly large interval
cays can be written as

G
A(D;(p)—>w(s,k1)ﬂ+(k2))= _fS kz( E Al(w)+8

V2

BR(DJ —p®7")=(0.05-3.5x10 3. (16)

12

We note that the experimental uncertainties translating in the
G input parameters can change the values ®R(DJ
ADZ (p)—p%s k)7t (kp))=—=¢e-k, >, AP, (13  —p°7*) andBR(D; — w7 ™) by about 20%.
\/E : Finally, we mention that the kind of FSI contributions we
, - — were considering in this paper will not be the leading contri-
with & the helicity zero polarization vector of the or p° g pap J

vector mesons, whilk, is the pion momentum. The reduced bution in theD; — =" transition, namely, this decay can
: (7):() 2 P L proceed through the spectator quark transition directly. The
amplitudes.A;”’**’ and B correspond to the diagrams on

Figs. 2 and 3. respective[yote that in our phase convention use of a factorization approximation for the weak vertex
' ' . - ; leads to a predictioBR(D *)=4.0%, which is al-
for Clebsch-Gordan coefficientsl (V= (—1)*1A4() je. P (Ds =) °

. . . ready in excellent agreement with the experimental result of
the even diagrams for the two channels on Fig. 2 differ by & 6.5 99 Inclusion of FSI reduces the theoretical predic-

sign|. The explicit expressions can be found in the Appendix,[ion from 4% to~3.6% and does not spoil the agreement

i (p).(w) i i . . . . . -
The numerical values fad ;”*" and B are given in Table it the experimentit actually even improves )it The size
. o . .. of the shift also indicates that FSI of the type described in the
Combining the above results we arrive at the prediction present paper are in the caself — ¢ transition a sec-
_ ffect. Note as well that the size of the FSI correc-
BR(D; T)=3.0x10"3. 14 ondordere . 12¢
(D —om?) (149 tion is in agreement with the predictions f@R(DJ

Note that in this calculation we have used the factorizatior— "7 ") andBR(Dg —wm "), which are an order of mag-
approximation for the diagram of Fig. 3, which as statednitude smaller thaBR(DJ — ¢ ).
above, does not work well for tHe S —p* 7,7’ transition® In conclusion, we found that the hidden strangeness final
If one instead uses experimental input to rescale the corr(.ﬁt"j}te interactions are very important in un'derstandulg the
sponding amplitudes one ends up WBR(D; »ww") Ds—wm" and DJ—p°7" decay mechanism. Theg
=4.4x1073. We see that it is actually very easy to explain — 7" amplitude can be explained fully by this mechanism.
As for theDJ — p°7* amplitude the predictions we obtain
lie in a fairly large range due to possible cancellation be-
1Adding hidden strangeness FS in the spirit of this paper to thdWeen FSI and single pole contributions. There is a hope that
DJ—p* 7' channel does not mend the discrepancy, as it gives f:uli);,r—’Poﬂ'+ will be measured soon, hopefully shedding
order of magnitude smaller contribution. more light on our understanding of thig; —p°#" decay
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mechanism. Finally, we note that the hidden strangeness FSI APPENDIX: DECAY AMPLITUDES

discussed in this paper represents a second order effect, the

inclusion of which does not spoil the good agreement of |n this appendix we list expressions for the reduced am-

factorization approximation obtained f@rg— ¢, KK*. plitudes A, and B defined through Eqs(12) and (13) and

Figs. 2 and 3. We present explicitly th@i(“’) reduced ampli-

tudes only for theD —wm™ decay. The corresponding ex-
S.F. AP, and J.Z. are supported in part by the Ministry oforessions4 " for the D — p°7* decay are then obtained

Education, Science and Sport of the Republic of Slovenia. by inverting the signs ot4i(“’) for eveni:
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In the expressions above we usadn, ,M for theK,K* ,Dg

mass, respectively. The pole masses used in the form factors

areMg=2.11 GeV andM ,=1.97 GeV. The definitions of

PHYSICAL REVIEW D 68, 094012 (2003
K,=cos¢/\2, K, =sing/\2 (A8)

and

momentak, ,, P, andg are the same as the ones used on

Figs. 2 and 3.
The B part of theD] — wm™ amplitude(Fig. 3) is

S'kzlg:f

—i(gkr = plpt i
y (9 p5p% )

_ 2
P2 mp

d‘q F. ,(0)
220, ' 2\ 2
(2m) 1-p2/IM2

(p+pl)p,

2
P1—m.

—i(g" ~q'q"/m}) 4i
—_ aqB
X qz—mi fﬂ\/ECVVHEM’aV’BpZQ

4i s
X_Kn(,)CVVHévorﬁqUSTkl’
7
while B=0 for D —p°7". In Eq. (A7) we used the abbre-
viations

(A7)

F+',7(0)=sin¢F,75,+(0), F+,,7,(O)=cos¢F,75,+(0).
Finally, the decay rate for thBJ — w(p®) =™ is given by

G2k®

r
8mm?

(A9)

2
EJAVMM+4,

with M the D4 mass anan;, , the vector and the pseudoscalar
meson masses, respectively, while

1
k= Sy M2 = (my+my) 2JIM 2= (my — my) ?]} 2

(A10)

is the size of the three-momentum of the final particles in the
D, rest frame.
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