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ABSTRACT

ln the valence~-quark c- decay-—schcrne the dc,c,ay D —*Kovro is .

_ expected to be strongly suppressed. We suggest that final state soft
gluon exchange may account for the rather large branching ratio 're:cent]‘y’

measured for this process, and study two body decays of charmed mesons

in cur new scheme.
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'~ In the past few y.ears a fair understanding .of the nonleptonic decéys
of kéons‘_,_'_hypé.xfdps‘z{h_c_li_t_lge”';?:hgﬁ 'e;tm'erged,_f{ The description of these
décay processes is based on the following thrée elementé;-
| a)'.- .The weak currents which’.induce the nonleptonic transitioné. afe |
" given by the standard SU(2) X U(1) model. * |

»b). The effective Hamiltonian He . is determined by the s_hort‘

ff
distance behavior of strong interactions and may be calculated within

Quantum Chrorriodynam ics.

c). In order to evaluate matrix elements of He between hadronic ,

ff
states one 'assum'es'a_valer.lce qua-rk model for t'he haérén wave function.

: Enéoﬁraged by the rafher satisfactory descfiptién of the nonleptonic :
decays of strange parfticles, 1 one is _témpted to extend the samé proce;dure
_to the hadfonic decayé of charmed particles., 5,6 In fact oné expects the
épproximation in c) to be better satisfied for the lattér processes. 'Aiso,.
some of the still controversial aspects of step b) re].atéd to the so called
"peﬁguin opefa_tor"', 7 are eliminated by consideriﬁg in éérticular the
dominant (Cabibbo allowéd) AC=A5=%1 " decays of charmedpa'rticies.

It is thereforév at first sight quite disturbing to fihd that a recent me:;sure-"‘

. - "- N
-~ ment of the ratio of branching ratios.for D0 +~JK 7 and D0

> &% shows
a large discrepancy from the predictions of this scheme.

It is the purpose of this note to reexamine the above scheme. We

will relax somewhat, assumption c¢),the most naive and thercfore the
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- most questionlable of the above three és_sumpti.ons. The predicfions of"
this new scheme for the charmed meson decay fnto two pseu'doséalars V
(Pc "’“PP) will_be pfesented. We also reexgmine the degree to .which the
‘success of the simple valence éuark approximation in stré.nge particie
decays 1s affected m our scheme. |

- The effective nonleptonic- AC =AS= - 1 weak inte;ractipn,. including
the Ashort_ distance r_enormaﬁzat';on effeActs due to .har.d 'gluoﬁ exchange

(i.e. based on a) and b)) is

H .= (G/N?) Vudvcs(2 (£, +1 )(ud)(.sc)+-— (2, - £ )(5Q) (uc)) )

We have suppressed the Lorentz (k) and color (a) indices and Vi.'i stand

. _ _ 2
for the mixing angles in the Kobayashi~Maskawa matrix:

(5d)

i

-a
.u‘_Y“(i “Ygld,

= c,(c,c.c. sseiﬁ). (2)

VaaVes = €464, 37 %2°3

The coefficients f.i were Computed in Ref. 3 and 5:

2 Y:L .
as(m ) 2
£ , (1+a (m7))
* o (MZ ) AN o
V
YRR T TR - RS
' Y, 2
S« (mz' - M,
s’ ¢ w W )
» -1+——-—~a(m)]u —_—,
(l\’l& ) Yo m”
« W , : e
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With F=6, mc" 1.5 GeV, as(mi) ~ 0.7 one finds the values

f ~2.15 £,~0.68. | (4)

FEUW gt L

o e

In order to evaluate the decay matrix elements of Heff between a chafmed
+ ' B

- meson (D ,F ) and two pseudoscalars, one conventionallyi’s’6 adopts . .

"the following assumptions,which are in the spirit of the parton model and = i

are sometimes referred to as the valence quark approximation:

H
1
%

_ (c1) The hard interaction induced by Heff is the one in which the ¢

quark in the charmed meson decays into sud (Fig. 4(a)) rather than annihi- |

lates the antiquark in the initial state to producé a quark-antiquark pair

(Fig. 1(b)).

((:2.) In the séft process,- in which.the fmal quark state evolves in.to _
the observed hadrons one neglects final state soft gluon exchange. This-
irnpiies saturating the matrix element of the product of the two Quarl-:_
bﬂiﬁears with the vacuum intermediate state,

T.hus the pro'cess D0~>K_-rr+ for instance is represecnted by Fig. :lfa).
- To form a 'n'+ the u and d quarks must be in a color singlet stz;te. The
contribution of the first term in Eq.(1) to the décay pfocess may. bc written

as (f, +f )A. Using the Fierz identity

(sd) (Gc) = —;- (4d) (8c) + —;- @"a) (5BrPe) , (5)

. ) ) ) i ‘
the contribution of the second term in Eq. (1) is found to be 3 (&

3

4 1A .

The second term in Eq.v (5) which would create a ud pair in a color octet

]
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state does not contribute to the process. Finally one obtains:

-+
M(DO*K w)=2X

+A: o ' » (6)
. _ e -
with X = . 3 (2f+Pf_)— 1.17. Similarly
M’ K%)= NZX_A, S

C

i = 1 f -fy=-
with X = 3 (2f+ -f )= 0.26.
In general all the Pc» PP decays may be expreésed in terms of the single

free parameter A. 6 A1l the ratios of décay widths are predicted in _ }

L)

this scheme. In particular one predicts

| 2
‘ -+ > .
_ I‘(Do K 7)) = 2 k-!-
r? -k -

~ 40 . R (8)

Recent experiments definitely indicaté that the decay. D0 _)—KOWO is not
suppressed as sti‘ongly as predicted in this scheme. The meésuremcn’us
yield® B.R. (D°>K «") = (2.8 £0.6)% and B.R.(D° 2790 = (2.0 £ 0.9)%
and are in obvious disagre_ement with E(lg. (8-)n

Guided by this discrepancy we are led to reexamine briefly the
valence quark approximation. Assumption _(‘ci) may be reasonably Justxfled ]
by the obsérvati'on that the annihilationA diagfam in Fig. 41(b) 1eads to a
vanishing amplitude in the SU(3) conserved-vector-current limit. We
now turn to the second z}])pro>:i1nat1011 (c2). 'J..‘h(-: apparent j\j'sti.fi,cati'o'ﬁ here |
is perhaps that soft gluon cxchange l.mt\".roen the two pairs of q\jarks (ua)

and (sfi) (Fig. 1(a)) may be neplected, duc to the Jarge relative momentum
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between the two pairs. (Soft gluo_n exchange between the quark and anti;
quark in é pair would not alter the predictions ofifhe' Schc;me.) We note,
however, that soft multiple gluon exchange, such as i.llustx;atéd in Fig. 1(c)
are definitely possible. |
The other rationale for this oversimpliﬂying appfoximation 1s the
quite reasonable prediction which is obtained within’this ~'sc:heme for the
Al=3/2 amplitudes of strange pe-a.rticie decays. We wiil return and
clarify this point later. |
In the .following we will use (_cfl_i but éban5011'(¢2);__ while allowing in ]
the soft process the exchange of soft gluons9 as illvustrated by Fig. 1(c).

When considering now the amplitude for p°

->K_-w+ one obtains a new
contribution from the secbnd term in Eq. (5), . in \v)_lich the. two q.uark-'
ant‘iquvark pairs ihteract via color octet currents. We may denote this
contribution by 'i— (f+ -f )e A, where ’\chca complex para:rneterl € measures
the ratio of the. contributions of Fig.. 1(c) to the Qpérator (ﬁ)\ad) (.','é)\ac) 'and of
Figs. 1(a), (c) to (ud) (8c). . Note that € is independent of the particuiar
‘ -Pc—rPP process under.consideration. |

It is interesting to note that in an.approach to D ‘decaysrwhi'ch |
adopts the 1/ Nc expansion, the contrilﬁlxt‘ions ffom_the two operators of
Eq. (5), rcspectiv\ely -;— (f+~f_)A and -12 (f_’_- f_)c/); are of the same
order. 10 In such 21;1 approach one would evi.de)().tly maintain the second

tcrm as well as the first one.
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Within our schexﬁe we find:

MDD’ K xh) = A

+
E | )
M(DO "ROWO) = -_12_ A,
- where
: N e _
:[X++Z (f+-.-f_)]2A ,
] (10)

I , € . ‘
_:[x_+ " (f++f_)]&A., .

It is obviously possible to account for the measured value of I‘(D0~>K w )/
I‘(D —’K w ) w1th the additional free paramcter €. An attempt to deter-
mine bounds on € by thls measurement would be premature in view of the

| rather large uncertamty in the latter.

Our new scheme allows the prediction of all other amplitudes for

' . - .‘.
- decay processes of the type,Pc-»PP in terms of the processes Do—*K w
~and D —»KOnO.
| -4 + 4 + 4 S .
M(DO»K T) = - % M(F —-xn) = '\/5 M(F —w n") o . (11a)

'J_Z_M(D ~ K% )- '\/—M(D -K n)“'\/—M(D e n )—M(F - ROk ) (11D)
— _ - o S '
D K% =MD > K0 ) + WE M0 - ') (11c)

In the above n and n' were assumed to be the SU(3) octet and singlet -
states respectiveiy. The triangle rclation, Kqg. (44c), is the immecdiate

consequence of the very general Al=1 property of the AC=AS=~1 weak

Rt |
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Hamﬁtbnian. The first equality of Eq. (iib) isa straigﬁﬂfofward pre-
diction of SU(3). All the other relations are the .predi.ctions of ourv.
specific scheme. | . :

We have introduced in our scheme a new element due to final state‘
gluon exchanges, which was absent in the more sixhpliﬁed conventional
version of the valence quark ap§1~oxi1natiof1. It is of crucial importance -
to find out whether this new element altefs in any essel)ti;l way the
su‘écesses of the latterkscheme in the nonlepfbnic decays‘of strange
particles‘. 1 . -

The Al=1/2 arnplitudes\'for: thesé processes are suéposed to be
dominated by the ;’penguiﬁ operator, "“'which has enhanced matrix elements
wix’en two of the four fermion lines are att_achéd to an extérnal pion. _'i‘his
enhancément is hot altéred in our scheme. We expect final stétc; glubn
corre\ctions to altef the numericél estimate of, the matrix elements,
however we consider thig as part of the uncertainty in the numericai
evaluation of these matrix elements. ! _

Turning.ﬁext to the A= 3/2 transitions we note that the ﬁredictions A
for these amplitudes within the valence cﬁ;ark approximation agree with

1,114

experiment in both sign and magnitude up to a common factor of 1.6,
When applying our modified scheme to these transitions one expects
correcctions due to multigluon exchange in the {inal state., Thus, in

+ + 0 . . - Cr . .
K -« w {for instance, In addition 1o the tvradl.tlonal diagrams of Ifig. 2(a),
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one has also diagrams such as in Fig. 2(b). The amplitude for this

process was calculated using Fig. 2(a) and found to.bes‘ 11

-8

| + +.0 | 2 , | '
MK > v )| =04 ¢cys0, GM £ =2.9X10 ° GeV, (12)

1
‘which is larger by a factor 1.6 than the experimental value 1.8 X 10-8 GeV.
Denote by €' the ratio of the contributions of Ifig. ?.(b) to the operator

(ir%d) (58A*u) andof Figs. .2"(;1),‘_(15),7,&5 (@d)(8u). Theninournew scheme one expects

[ME 770 | = 2.9 x1078 |'+— ! IGev (43)

Due to the reasonable initial prediction Eq. ’(12)? only not too large v";alues
of le'[ may be co-ns;iciered acceptable, i.e. le‘ [ < 2 and 'prefera_bly_
e~-1. It seems. to ﬁs encouraging that -with €=- 1* one finds frorﬁ'

Egs. (4), (..9) and (10), M(DO—»K“'.T-*)/‘M(DO ;-I—(o-rro) =~2.2, whict.x is 1;0t
excluded by presenf measu'r‘ements. With the same valvu.evof ¢ one also
finds, M(D ~XK )/M(D —rK k ) 2.7, which is not mcon‘alstent with

the measurement of B; R. (D+ - _I—{Ow*-) = (2.1 :t0°4‘)%8 and with the possibility
that TD+h.‘ 6TDO . 12

Our scheme may also be applied to the charmed meson deca); into

A ) 6 | :
a pseudoscalar and a vector meson (Pc» PV).  In general we do not

“We use e~¢' forno deep reason but simpliticy. As an educated gue §8 one
would expect final state soft gluon effects to be stronger in- X decays
than in D dccays,so that probably lc' ]> ]cl
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o 0 + . . e
expect €pp~Cpy The D" to D ratio of amplitudes is very sensitive
to the value of € in the vicinity of e =-1. Therefore even when assuming
approximately equal normalization for P’ PP and DO»PV (A~B,
z~1 in Ref, 6), our scheme does not necessarily predict even approxi-

* +

- + =0 + + *
mately equal branching ratios for D —’Kon and D - K 1w .

'In our scheme, proposed as a minimal modification of the over-
simplified Eut rather successful valence quark model, we argued that
it wés reasonable to neglect the annihilation diagram (Fig. 1(b)). To the
extent that such diagrams contribute to the charmed meson decays (we A
may view these contr\ibutions as coming from a gluon in the initial v)ave
‘ funétion which creates the final q\;arkéantiq,uark pnai\r), 1t is of int_er_c-est_‘to-
see which 6f our pr.edictions (Eq (11)) afe particularly sensiiive to sﬁch
‘c'orrections. We find that these new contri.bu‘r.ionsJ appear with opposite
signs in decay modes which involve n and n' m the final state, ahd there- |
fore e#pect the corrections to. th e corresponding ratios Qf amplitﬁdes to
be somewhat enhanéed. * The_role piayeci by the annihilation diagram would
be clarified i)y measur'mg the branching ratios for ;che proce sses ]‘30‘» q’:f(o
and F+—>wn+, which in our schefne are absolutely prohibited by assumpti(‘)nk_
(c1). Note also that by isospin the annihilation diagram does not‘contributé

‘ + 4+ , :
toK—>w1TO. o v ‘ .

These and other points such as the application of our scheme to charmed
baryon and heavier flavor decay will be discussed elsewhere.
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4

Recent measurements of the Cabibbo suppressed decays Do 4K~K+ |
and Do - 17-1r+ »8 indicate a gross deviation frorn equal rates, whiéh vis a
' stri-ct consequence of SU(3) in a four quark model. It has been arguéd '
"by a few authors that this large deviation may be accounfea for by a
combined effect of poséible large Kobayés’hi-Maskawa mixing an.gles, 13,14
3 SU(3)\ breaking dge to fK# f_“‘13 an'ci the poésib].e contribution of the |
”péngu'm operatbr. ”15’4:‘ We would like to erﬁphasiie that our predictions

Egs. (112) and (11b), which we suggest as tests for our schéme, are

unaffected by the above.
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Another possible source for this deviation may be due to final state
interactions enhanced by nearby lying resonance stntes. Sece Ref. 16.



{2 ' FERMILA B-Pub-79/70-THY

REFERENCES

1For a review of this subject see M. K. Gaillard, Proceedings of the
SLAC Summer\Institutve on Particle Physics 1978, ed. by M.C. Zipf,
SLAC Report No. 215, p. 397. | ‘

2S. ‘Weinberg, Phys. Rev, Letters 19 (1967) 4264; A. Salam,in Elementary

Particle Theory:: Relativistic Groups and AnaLyticity (Nobel Symp. No. 8)

ed. by N. Svartholm (Almquist and Wiksell, Stockholm, 1968), p. 367.
S.L. Glashow, J. Niopoulos and L. Maiani,, Phys. Rev. D2 (1970)1285.
‘M. Kobayast;i and K, Maskawa, . Prog.wof Theor., Phys. _?2 (5973) 652,
3M.K. Gaillard and B. W. Lee, Pﬁys.' Rev. Letters _§_3_ (1974) 108.
G. Alta're.l‘li aﬁd L Ma'ié.ni,Phys. Letters 52B (1974) 351,
4M.A. Shiffnan, A.I. Vainstein, V.I1. Zakharov, JETP Letters_Z_Z_(:l‘)?S)-
55; Nucl. Phys. B120 (1977). 316. :

%J. Ellis, M.K. Gaillard and D, V. Nanc;po'ulos, Nucl. Phys. B100 (1975)
313. ‘
6N. Cabibbq and L. Maiani, Phys. Letters 73B (1978) 448. D‘.".Fakiro'x.'

- and B. Stech, Nucl. Phys. B133 (1978) 315, |
73, F. Donoghue, E. Golowich, W.A. Ponce and L. R. Holstein, MIT
preprint (1979); C.T. IIill and G. G. R‘oss, private communication,

8V. Luth, Talk presented at-the International Symposium on Lepton and

Photon Interactions at Iigh Energics, Fermilab, Batavia, 1979; also

G. Goldhaber, private communication.



-43- : FERMILAB-Pub-79/ 70-THY
: 9Possible effects due to soft gluon exchange in D~ Kn were first mentioned
by H. Fritzsch, CERN preprint (1979). |
wFor the application of the 1/Nc expanéion t{o the nonleptonic deca);s of
kaons sce M. Fukugita, T. Inami, N. Sakai and S. Yazakif Phys. Lett.
12B (1977) 237. We thank T, Inéini for drawing our attehtion to—‘this
work. |
11A.I. V;instein,' V. L.I'. Zakharov and M., A. Shifman, Sov. Phys. JETP
45 (1977) 670, -
2J. Kirkby, preliminary data presented at {he International Symposium
6n Lepton and Photon Interactions at High IEnergies, IFermilab, —I.3atavi.a

?

1979.

13 -
V. Barger and S. Pakvasa,, University of Hawaii preprint (1979).

i41\’1. Suzuki, 85B (1979)941 and LLBL preprint (1979); L. L. Wang and

F. Wilczek,  BNL preprint (1979); C. Quigg, Fermilab preprint (1979).
15M. Fukugita, T. I—Iagiwaraand A.l. Sandua, Rutherford Lab. preprint (1979);
M. Gluck, Mainz University prcprirﬁ (1979); see however L. I°, Abbott,
~ P. Sikivie and M. B. Wise, SLAC preprint (1979).
16J."F. Donoghue and B, R, Holstein (privatei communication,to appear és

MIT preprint); D. Sutherland (in preparation).



Fig. 1:

Fig. 2:

(2)
(b)
(c)

(a)

- (b)

~-14- FERMILAB-Pub-79/70-THY

FIGURE CAPTIONS | , :
The c-decay dlagram for Do—»K._.-n.’-. _ |
The cii annihilation ddiagram for D0 —rK..-w-’-'. ‘ -
A multiple soft gluon cxcha’ﬁ‘ge diagram for
DO —»K_-rr+, which obtains a contribut;lon from
the operator (ﬁkad)(é);aﬁ). |
The 5 decay diagfam for K+—>n+1ro.

A. rhhltiple soft gluon exchange diagram for

+ 40
K =7 7w,
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