SLAC-PUB-2817
August 1981
: (T/E)

SEMILEPTONIC DECAY RATES OF CHARMED PSEUDOSCALAR MESONS
- AND CHIRAL DYNAMICS*

Gordon J. Aubrecht, II
Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

and

Department of Physics
The Ohio State University
Columbus, Ohio 43210

and

Konrad Slanect
Department of Physics
The Ohio State University
Columbus, Ohio 43210

ABSTRACT
The hint of discrepancies between semileptonic and pure hadronic decay
rates of the D leads us to consider the semileptonic decay modes of pseudo-
scalar mesons for producing one or two mesons in the final state in a
chiral SU(4) x SU(4) model. The calculated leptonic "lifetimes'" are about

- -+ .
T l(D‘, D - leptons + X) ~ 4 x 10 123
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The results of the charmed lifetime experiments,!—> especially the
disagreement of T(D+)/T(DO) with theoretical predictions,® has led to
much tﬁ;oretical interest in these decays. Most recent work has focused
on the purely hadronic modes.’ However, there are some indications that
the hadronic rates differ from the semileptonic rates.® We calculate the
semileptonic rates and spectra in this paper, applying the method of non-
linear phenomenological lagrangians.? Our currents are derived in the
massless limit and extrapolated to the observed masses to take the phase
space restrictions into account. The application of this low energy
theory to the phenomenology of t-decay for SU(2) x SU(2) and SU(3) x SU(3)
chiral groups led to a reasonable description of the multihadron decay
process.10 This success leads us to use the theory for the semileptonic
decays 6f pseudoscalar mesons in chiral SU(4) x SU(4). These widths have
previously been calculated in a different model by Ali and Yang.11 We
shall ignore the n' and ng contributions and consider the n to be entirely
octet in our calculations.

Our currents follow from our nonlinear realization of the chiral

group, which determines the invariants and thus the lagrangian.l® We ex-

plicitly allow for broken symmetry by allowing the decay constants to

differ (we take fn

Al/Z = fK/f ~ A%/z = fD/fK,~ 1.1.12 The aim of this paper is to calculate

fK’ fF = fD). Phenomenologically, the ratio
the rates in the symmetry limit. Since our model contains only tree con-
tributions to the currents, it must be comnsidered in the context of the
possibility of contributions of higher terms in the expansion (in terms
of quark masses, for example). While this possibility is not considered
in this paper, the calculation in the case of explicit symmetry breaking

gives an indication of how sensitive the model is to gross changes in
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parameters (i.e., not very sensitive). The form of the currents in the

symmetry limit is much simpler than in the broken symmetry case, so the

-

currents are given in their more complicated form (to get the results in

the symmetry limit the values A = }‘D = 1 are taken).
SNCORES TR 2 (1)
JU(K+) = -1/2 £ k| (2)
JU(D+) =-1/2 £ 4, (3)
JU(F+) = -1/2 £ £y (4)
NGO RRCRERSN )
3 &N = (k- | (6)
Ju(BD+> - @, -9 (7)
Ju(Kn+) = (Al/zk - A—l/2p+)u (8)
JU(K+W) - 7L/2 (Al/2k+ - x"1/2p>U (9)
3,0y = 32 e oy (10)
JHCF+5) = (£, - D) (11)
Ju(Dn+) - ((AAD)—l/2p+ - (xxD)l/zd) (12)
5,0 = 27 (a2, - ), (13)
3, 0% = 6712 (g - A;/?d+)u (14)

to  (.-1/2=  .1/2
3,00 = (AD k- f+>u (15)



' JU(D+K) = (Agl/zk - A%/2d+)u (16)
- Ju(DK+) - (A51/2k+ - A%/2d>u (17)
Ju(F+n) = p1/2 57172 (x;/2f+ - x51/2n>u (18)
In the following i/
£+1)/2
Pﬁ“\)(&) 53_,_3)/4__(2_227 s
A

where Q is the sum of the lepton momenta. Also, the form factor is given

by

m2 - im, T
A AA

FA(p) = 3 i o
P ATA

The form factor is inserted in such a way that the low energy limit is
unaltered and the current (in the massless case) is consetrved. (Recall

in this context that 6f « 6m.l!3)

5, @ty = (22732 0PV E @, 1 e @y - 00Y B )
+ xk P L@ - p. P (A)} (19)
+ 3 1/2 1/2 v K
3, &nyy = (@ e M2 oy + Y B ) -2 P o
RGO GRS EXCHE I D e (21)

Ju(D+ﬂ+ﬂ_) = ( l/2/3f (X )l/2> {Fp(p+ +p)(p, - p_)v P (AA )

- p P (AA o) + A d P (1)} (22)
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3 o [Ty = (él/2/6f O )1/2> {(pl p)" Pﬁv(AAD)

JH(D+KR) = ( l/2/6f (A )1/2> {F¢(k + )& -k’ Pﬁv(A )

- 22 d P (1)}

D

+ (& - 3V P (A ) + 2a,d,v PP (1)}

JU(D+nw) - (61/2/18f XA1/2>‘{pV Pﬁv(ng)

D
+ Y 27 0p) = 204 Pﬁv(l)}

3,0 00y = - (2127185 00 2) {any + np” 22 o)

- 2} P (1)}

JU(D+Kﬂ) = <1/3f Axl/z) {FK*(p +K)( - k) Piv(xxD)

JU(D+K+W_) - (21/2/3f xxl/z){

v _F
+ pVPiv(llD) - Mg, Puv(l)}

Fea(y + )Gy = p0)Y BT OO

v F F v JF
(A e o) - PO - 2Y Bl )

+ Kl d P (l)}
Lo'rny = (312796 oappt/?) {x 2 (pr ) Gk - 4m” - Adi_Piv(l)}
3,00 = -(1as 0o ) B e+ 6 - 5 B0 00
5,0k = (22732 oapt2) { & - 2" 2] Op) + 2pd” 2) (D}

+ 5172 1/2 v D
3,07 n) = ( /9 My > { py B0, 00

+ an’ P L) = 23y a’ P (1)}

(23)

(24)
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(29)
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3 (oK) = - (212138 g ) {FK*( +106, - 0" P Oap)
- + o) PSV(AAD) + k“[ng(xxD) - Piv(AD)]
- g’ P (1)} (33)
+ . 1/2 F
1,06 = = (1738 05" ) {Fe 0 + kD G - kDY B G
+pY P L) + kY [P () = A P L0 o]
- Ade pY (1)} (34)
+ 1/2 1/2 v _F -1 v _F
3, (DK'm) = ( 19E_(AAy) ) {A(5k+ - 4n) Puv(xDx ) - Ayd PUV} (35)
3, EK) = (223 o Fea oy + kD, - 1) e

v 1.D D /. -1\7 v D }
+x” [Puv(x) - 20 PUV(XD )] + MpEY B (1) (36)

Ju(F+Kn) = (1/3f Akl/2)~{FK*(p + ) & - p)Y ng(AAD)

=v _D
+ &R0 oap) - el P (1)} (37)

JU(F+En) - ( 1/2/9f O )1/2) {(5n W)V p (x ) = ApE) P (1)} (38)

tote=y o (172 1/2 v _F -1
J EKK) ( /3E_(Ay) ) {x(k+ - 2k) PHV<ADA )
v F
A E) Puv(l)} : (39)

JU(F+KR) - ( 1/2/3f O )1/2) {A(k - 2y Piv(xDx"l)

v _F
+ A, Puv(l)} (40)



'JU(F+”1”2) = —(23/2/9fﬂ(AAD)1/2) {A(”l +ny)" Piv(xbxﬂl)

- szfi Piv(l)} (41)

+ - + 1/2 - v oK
J(FD ) = (2 /3f“AxD) {FD*(p+ +d ) (p, - d) B ()

+ d” [PEV(A) - 20 Pﬁv(xgl)] £ EY Pﬁv(xgl)} (42)

K

Y

JU(F+5H) = (1/3fﬂxxD> {FD*(p +d@p-dYeP
+ EV[?ﬁv(x) - 20, Piv(xgl)] + Mpt) Pﬁv(xgl)}(43)

The form factors have been added in the minimal way, e.g., (22) was

given by

+ + -
Ju(D ™ )1ow energy

= (2235, 00" ) { o, - 200" PD 00 + ey P}

The widths for the decay Pl - v, P 2v , PZPBZV are given trivally in terms

2
of the currents Eq. (1)-(43) by

2 3 3 "
Qf(ec) fdkgdk (kokc F
v
1
3

Q

T =
128 ﬁ8 m

I

AY)
210 2x”
£ v

f[} d;‘?i 64<p1 _ g _; pj) 5 ({pl}) 3 ({pl}) (44)

i

In Bq. (44), £(8,) is sin’6_ (cos’6 ) for the 4 * 15, 11 & 112 (13 7 114)
current(s). The spectra, dT'/dz, are given in terms of z = 1—2k3/m1, which
is a measure of the observed energy. Several representative spectra are

presented in Figs. 1 and 2. The widths
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and corresponding rates 1 are given in Table I. Naturally, the Cabibbo-

favored decays dominate the rates.
+
The rates for D , D, and F, to the extent calculated, namely for

processes containing up to two final-state pseudoscalars, are

_ -1 _ i1 -1 -1 _ 11 -1
(= 1)1D+ leptonic 2.46 x 1077s , ™D leptonic " 2.49 x 1077s ~, and
1_ 11 -1 T ; "
= 2.39 x 107"s 7. Hence as we expect all the decay "lifetimes" to

leptons are about the same T =~ 4 x lO'lzs. The neglect of higher numbers

Tr

of pseudoscalar particles seems well-justified, as the widths fall by about
an order of magnitude each time an extra particle is added.

The calculated inverse rate is to be compared to measured lifetimes of
~4 or ~10 x 10_133.1_5 Using a branching ratio of 20% for leptonic D decays,
we obtain from our above result ~4 x 10_133 for the D lifetime, in good
agreement with observation.

It should be noted that the model seems to work well despite the lim-
itations on the applicability of the theory to this problem. It would be
of interest to study why the results seem so good. It could also be of
interest to extend this technique to B meson semileptonic decays.

As a final remark, the rate for the process F * Tv, is not given in

the table, but is given by

T(F » VTT)

F(ﬁf;«;;ﬁ; = 64.7

so that T—l(F > VTT) = 1.8 x 101lg,
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TABLE I

Decay rate T—l in secml compared to experimental values for the processes con-
sidered,abompared to experimental values taken from the Review of Particle
Properties, Rev. Mod. Phys. 52, S1 (1980). The muon values are in parentheses.
The table values for Kj have been used to compare the K decay rates to
experiment.

Decay Rate (sec—l)

Process A= AD =1 A= AD = 1.2 Experiment
> 29 4.69x 105 (3.69x107) | 4.69x10° (3.69x107) |4.9x103 (3.8x107)
K =+ 9 3.57><103 (3.33x 107) 4.28><103 (4.00><l07) (5.l><lO7)

D" > 45 9.47x10% (1.37x10%) |1.36x10° (1.97x 10°
F o> 49 1.66 % 10°  (2.83x10°) |2.39x 10%  (4.08 x 107)
T > TV 0.370 0.370 0.392

6

K -+ mav 3.54x 10 (2.29x 106) 3.58x 10 (2.35x 106) 3.9x 107 (2.6 % 106)

- + - T
R ney | 7.17x10%  (4.63x10% [7.24x10° (4.76x 10%) |7.5x 10° (5.2 x 10%)
K> K5 | 9.38x 1072 9.38 x 10”2

n - K25 | 3.48x10° 3.48 x 10°

- - 9 9 9 9

D™ > My | 4.56x10°  (4.45x 107) |4.74%x 107  (4.65x 107)
D> keS| 1.06x 10T (1.03x 10Mh)] 1.07 x 10™ (1.04x 10%h)
- _ 8 8 8 8

D” » nev | 8.44x10° (8.16x 10%) |8.53x10° (8.26 x 10%)
D -+ D&V 0.297 0.297

- 4 o-

D> 1e% | 8.96x10° (8.76x10°) 19.33x 107 (9.15x 109)
- + -

D+ Ka5 | 1.05x 100 (1.02x 1031)] 1.06 x 10*1 (1.03 x 101H)
F - KWV 9.49 x 10° (9.25 x'109) 9.59 x 109 (9.36 x 109)
F -+ niv 1.08 x 101l (1.05 x 1011) 1.09 x 10lJL (1.07 x 1011)

F - D2v 7.93x 10 (1.25 % 105) 7.93x 10 (1.25 % 105)
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TABLE I (Continued)

-,

Decay Rate (sec_l)

Process A= D= 1 A= XD = 1,2 Experiment
K > ntr a5 | 1.07x 103 (1.56 x 10%) | 1.09x 10° (1.72x 10%)
K™+ mrav .08x10% (2.09x10%) | 1.19x 103 (2.33x 10%) | 1.5x 10°
R > nimes | 7.37%10% (6.91x10%) | 6.78x 102 (6.36 x 101) | 3.2x 10% (7.3x 10%)
D™ > 1T 2% | 4.05x 10° (3.87x10%) | 4.06 x 10® (3.89 x 10%)
D - 7wy .63x 10° (1.55 x 108) 2.00x 10° (1.91x 108)
D -+ KK&v .19% 107 (2.00 x 107) 1.89x 107 (1.72 % 107)
D~ nmiv .77x 107 (1.65 x 107) 1.91x 10 (1.78 % 107)
D™ > nngv 15% 10° (6.98x 10°) | 7.49x 10° (6.42x 10°)
D™ > KngS hx 107 (4.17%10%) | 3.37x10° (3.17x 107)
D> K'aTeS | 8.44x10° (7.74x10%) | 6.27x 107 (5.90x107) }
D =+ Kn&v .90% 107 (7.41x107) | 8.90x 107 (7.41x107)
D> ntmeS | 6.63x107 (6.346x107) | 5.67x 10 (5.43%107)
5> KReS | 1.70x 107 (1.48x107) | 1.51x 107 (1.32x10")
5> ey | 3.41x107 (3.17x107) | 3.66x 107 (3.41x10)
D> Kn'gy | 8.14x10° (7.65x10%) | 6.05x 107 (5.69 x 10°)
D> K'mes .25% 107 (4.00x 10%) | 3.15% 10° (2.97 109)
D> k25 | 5.24x10% (4.37x10%) | 5.73x10% (4.39x 10%)
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TABLE I (Concluded)

-

Decay Rate (sec_l)

Process X = A= AD = 1.2 Experiment
F o> K n7e5 | 7.62x 10° (7.30 % 108) 5.06 x 108 (4.84 x 108)
- = - 8 8 8 8
F > Kmev .83x10° (3.67x10°) | 2.96x 10" (2.84%10")
- _- - 7 7 7 7
F - nk&v 69x10° (1.48x10°) | 1.37x10° (1.21x10")
F > K'K 25| 9.58 x 108 (8.70x 10%) | 9.58x 108 (8.70 x 10%)
F o5 KR4S 21 x 10° (8.35x 10%) | 9.21x 10% (8.35 x 10%)
- - 8 8 8 8
F -+ nniv .76 x 10" (6.96x 107) 7.76 x 10~ (6.96 x 10°)
F s Drey |5.66x 107 3.01x 107
F > Dmav .46 x 102 1.31 x102
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Figure Captions

Fig. 1 ‘Spectrum dT'/dx in terms of the wvariable z = 1—2k3/mD_ for
D - ﬂ+ﬂ—e5 showing resonant part (dashed line) and continuum

part (dotted line). X is taken to be 1.2.

Fig. 2 Typical spectrum dI'/dx (for D - K+n23) showing small lepton

mass effect (g curve is dashed line). X is taken to be 1.2.
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