PHYSICAL REVIEW D

VOLUME 23, NUMBER 11

1 JUNE 1981

Generation of the D* meson in the N/D formalism

Anuradha Lahiri and Vinod P. Gautam
Department of Theoretical Physics, Indian Association for the Cultivation of Science, Jadavpur, Calcutta 700032, India
(Received 20 August 1980)

The generation of the D* meson due to the exchanges of p and D* in the crossed channels is studied in an N/D
formalism; the channels considered are 7D, 7D, and n'D. The D* parameters calculated in this way are in

reasonable agreement with theoretical expectations.

I. INTRODUCTION

The bootstrap mechanism came up in the six-
ties, which helped a great deal in ascertaining the
dynamical properties of strongly interacting par-
ticles, the basic concept® being that all such par-
ticles are bound states or resonances of one an-
other and are held by forces generated by the
cross channels. First calculations were done? in
this spirit, for the mm— 77 interaction, from the
requirement that if a p particle actually existed,
it would generate itself by a bootstrap mechanism,
by producing the necessary force between the
pions. Attempts to calculate the K* parameters in
a similar way were done by a number of authors.®:*
In a determinantal approach, Diu ef al.® estimated
the K* mass and width from one-particle-exchange
forces and obtained results which were in reason-
able agreement with experiment. For heavier
mesons, not many calculations exist; however,
some time ago, Campbell® considered an SU(4)
bootstrap model to study the mass spectrum of
heavy particles in a single-baryon-exchange pro-
gram. The results obtained at this level were
quite encouraging.

Recently, we have considered® the generation of
D*, the charmed J=1, I=3 vector meson, in N/D
formalism, by the exchange of a p particle in the
cross channel. It was found that such a generation
of D* depended on the relative sign of pmm and pDD
coupling as was in the K* case. The width of D*
turned out to be~ 56 keV, which is well within the
present experimental upper limit, while the mag-
nitude of g,,,g,,5/47™ came out to be smaller than
that of g,,,2,xz/47 by about a factor of 2.

In this paper, we take up a more generalized
treatment for the generation of the D*, by con-
sidering other appropriate channels, and observe
how their effects modify our earlier results. Ac-
cordingly, we consider the following channels:
nD, nD, and 1n’D, which we label as (1), (2), and
(3), respectively. In Sec. II, we give the formal-
ism and write the relevant N/D equations. Section
III deals with the domain of cuts, and numerical
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results are presented in Sec. IV. A brief discus-
sion of our work is given in the concluding Sec. V.

II. FORMALISM

Defining the partial-wave scattering amplitude
t by

, 1
Agy= 03,4 2ip,p Jo =ty (1)

where s is the total energy squared and p, the
momentum in the center-of-mass system of chan-
nel k, we express the amplitude, following
Zachariasen and Zemach’s N/D determinantal
bootstrap approach’ as

t=ND?, (2)

Nthy (3)
_ s=so [Tp(s) [ti(s)]usds’

D= 5:’1" T : /; Vs (S’is)(s’—so) (4)

where s, is the subtraction point, and s; are the
threshold points given by

slz(WZW_"WlD)2 ’
sz=(mu+mn)2 )

S3=(mp+m,.)2.

As shown by Bjorken,® we generalize the N/D
method to matrix amplitudes and thus treat sever-
al channels at one time. Projecting the results on
J=1, I=3 channel, and noting that in 7D~ 7D,
crossing leads to 7D - 7D as well as w7~ DD, so
that one can have exchange of the D* and the p, re-
spectively, in these channels, while in 7D - 7D,

mD -~n'D, nD-nD and n'D -~ 7’'D processes, only
one-particle intermediate state, viz., the D* is
allowed, we write the following matrix:
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1 [, Here g,,, can be extracted from the experimental'!
(tL)u=1?[—-{;—12r—1v(ﬁ11 , o) +Eessfonl p(ps,, ;1)] ,  pwidth as
1 go#p2 1 2 12T,
(¢ L)22= —EE_%‘#L F(Bzzr azz)m ) (1 am z/mpz)alz =2.9, (7
()33 = -im"—F(Bss, asa)% , with p,, p,, ps, the center-of-mass moinenta given
b 4w sin®6
pu (5) by
3 go*p, gp*
= = e —
(D= (tr)n 200 __D_.RI_LD.’!4" F(Bzs alz)coso ) 2= 418 [s - (mn+ m)?)[s = (m p—m, %],
V3 gp¥p.gp*
tr)ya =(2 = e —— 2D D12D Dy a 1
(t2his =t D1bs 4m Bis: 1s)sme ’ P22=Z§[s = (mp+mP]ls = (mp=-m,F], (8)
. V3 gp¥, g% 1
= =a 8D _pnop pv WU S 1
(t2)2s= ()5 D2Ds 47 F(Bys, azs)sine cosé’ o2 = Z.;[S -(mp+m,.)2][s = (mp=-m,.)?],
where the g’s are the strong VPP coupling con-
stants, defined by the Hamiltonian 3C ag®:1° 6, the n,n’ mixing angle'® defined as
Loge TX 8, T+ ig (BD =D - D5 aD)]
[ prr 0D \"u3 Pu |n)=cosé |8) - sing |0), 9)
+8p*pe DT+ (DO, T~T8, D) |n)=sing |8)+cose |0),
+& p*py DX (DB, M - 18, D)
1
+ 8oy D(DB N’ = 1'8,D) +Hc, ©) F8,0)= 4@+ p)(2- s 1aE L) (10
3 ‘
and the a’s and B’s are
2w, W s (my%2-mp2)? * m 2 (w —w)
=1+ —R%—‘ v =1 , =1 4 — .__D___:_. p* _1.,.Mp D1 ,
Baslegye, ofl =l PR =leglr - h
1 [ mp2-m 1
a22=1+w hs‘—%;‘z‘—l)‘]: Byz= Pz [mb* = (@, - wp)?],
1 [ ( — 1 2 2
0133=1+§5372 s = _L_u_—m,,* , 333‘1‘*?32["‘0* - (W, = wpg)*],
1 I (mp? —m 2)mp? —m?)
a12=m PP+ + (Wpa + W N wpy + 1) =2 mD*ZD =,
1
Biz= 2b: by (B2 +p5% +mp*® = (wpy = 0, )], (11)
1 T (mp2=m2)m 2 -m >
Q3= 25,04 D17+ s’ + (W pg + 0 Wy + W) =2 mD*2D z) ’
1
Bis =%—PS[P12+P32 +mp*? — (wpg — w,F°],
1 (m z_mn2)(m 2_m 2)
Qs = T [pza+p32+(wm+w,,)(wm+ w,) ——2 o D 4,
1
Bas= 2baDs [P22+P32+mp*2 —(wpg —- wn)z] ’
with
i=1,2,3, w,=(p2+m M2, w,=(p2+m 22, and w,, =(ps2+m, .22, (12)

Wp= (piz +m 02)1/2:

We now write the condition for the (¢,);, matrix defined in Eq. (2), having a D* pole:
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[Re (detD)]s=mD*2=0. ’ (13)
The elements of (ReD) may be written, using Eq. ’
(4), as

*, 2 g gp*ps 1 *pae 1
ReD, =1 8202 p¥ Beuferbpy | ReD,,= 14887001 ——n, ReDy,=1+822001, —0
1 * * 1 * * 1
=3 8D*p:iEn*mn =v380*ps8p*pn —va 80 p18p* py-
ReDy,=v'3 47 hagose » ReDy, =V3 4r Izlcos@ » ReDy;=V3 4n [13sin9 ’ (14)
, 1 * * oo 1 * * 1
=v3Ep*pe8p*pny 1 =v3Ep*pn8p%pnr ; 1 =v38p onEp pr ; L1
ReDg, =3 47 I‘“sine , ReDy,=3 47 I sinf cosé’ ReD?“ 73 - 47 T sinfcos@ ’

where

7. =S=So [T 2s)  F[(Bisls"), ailsT)]
HTom o U s W' (s7=s8)(s" = so)

ds’. (15)

We next compare'® ¢, with the scattering amplitude

[ g’ 2 @foten 22 Ernfrtey )
4m V3 4m J3 47
2 2 )
r= 21 _ _ 2 gp*p&p%p _28p%p, 2 gr*m& (16)
S=mp® —impkl k|~ V3 4m 3 4n V3 4m
_ 2 &p*p8p*pw =2 &p*pn&p*py 2 8p*pr:
73 47 73 4 "3 4
. 7

for the D* pole, which appears in the direct channels. This leads to three more conditions when the di-
agonal terms are compared:

&p*py :
—2%X=N11(D22D33—D32D23)+N12(D32D13—D12D33)+N13(D12D23 —D13D22) ’

20 %2
—E%AX=N21(D31 Dy3 = Dyy Dyg) + Nyg(Dyy D3y = Dy3 D3y) + Npg(Dyg Doy = Dy D) , amn

2 Zokppe
- '3— —%‘#LX=N31(D21 Dy = Dg; Dyp) + Ngy(Dgy Dy = Dy Dyy) + Nyg(Dyy Dy, = Dy D)

where X = (RedetD)’ and
o3| o (18)

In terms of the coupling constants g,x,,/47=a, gp*p,>/4T=b, gp*p,.>/A1=c, and g, ,p8,.,,/A7=d, the above
equations become

1+ [blyy+ clyg — alZ — dI2)]+ [l Iy = 3bCly, Iy — ab(IB, Ty + 31,,0,,) — dbI?, Iy — ac(IB Ty + 31, I,,) — del?, 1]
* L%
+[abe(Blay Ing Iy —Ipp I If + 3‘[5121]13132 + 3‘/5113112123 =3Iy I3 Iy — 311,15, Is)

+deIfI(3123132 _122[33)]=0’ (19a)
~2aXp,2= a[Fﬁ* +dI8 [+ 0I,,)(1 + clyg) = 3bcly I, ] = (p1/Do)3ab Fyp[V3clye Iy — (1415500, ]
- (Pl/P3)3aCF13 [‘/’gblzl Iop = (1 +0I,)1,,], (19b)

% bXpy® =bFy,[(1 - aIﬁ* —dIf; M1+ clyg) - Bacl 5 Iy, |+ (Pz/P1)3abF12[‘/§0131123 = (L+ clge)l, ]
+ (Pz/Pa)bCFzs[ﬁaIm Ip-(1- ali)l* —dIf,)5] (19¢)
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%cXpaz = CFyy[(1+bI,,)(1 - aIﬁ* —dI,) - 3abl,, I, ] + 3aC(P3/P1)F1a[‘[§b121.132 = (1+0I,)l5]

+3b¢(py/pn) FpgVB alyy Iy — (1 = aIB - dI)),]

III. DOMAIN OF CUTS

In this section, we find out the various domains
of cuts for 7D - 7D, nD -nD, and n’D -n’'D pro-
cesses.

A. 7D - nD process

(i) p exchange. Here we need to solve Eq. (9)
and

t+2p%(1 - cos6)=0, |cosf|<1, (20)

which give the position of the singularities in the
complex plane. Equations (9) and (20) then give

sz+23[

TTOS@ - (ml,2+m,2)]+ (WI,D2 —m,2)=0 .

(21)

To get now the p-exchange region we set® £=(2m,)
and solve for s from Eq. (21); we find

s=0.9; 4.5 (22)

indicating a cut from -« to 0 and from 0.9 to 4.5.

(i) D* exchange. Here the singularities are de-
termined from the following relation between s
and u:

s+u=2(mp2+m,?)+2p,%(1 - cosh) (23)
substituting p,2 from Eq. (9), we get
[(1+ cos8)s®+2s[u ~ (m ,2 +m 2)(1 + cosh)]

- (1 -cosb)mZ-mrFP=0,  (24)
which leads to the following solutions:

2 2\2
s___(_'ﬁ.p..;_m:)_ >0 and -« for cosf=-1,

and (25)
s=2(mp2+m,?) —u>0and 0 for cosf=+1.
B. Dn—Dn and D' - Dn' processes

In order to find the singularities for these pro-
cesses, we replace m, by m,and m,. in Eq. (24),
the solutions turn out to be

2 2\2
@J?%mi—)— >0 and — for cosf=-1,

and | (26)

z(mD2+m’2)_u >0 and 0 for cosf=+1

(19d)

for p=mnor 7.

Thus, we find that in all the three processes
described above, the left-hand cuts run from -«
to 0. However, the position of the right-hand cuts
might vary between (1/u)(m,? -m 2 and 2(m ,?
—-m,?) —u accordingly as p=, 1, or 7’ for various
values of #. For the problem at hand, the three
threshold values are u, = (mp+my)?, u,=(m,
+m,)?, and uy=(mpy+m,.)?, so that our range of
interest for the variation of #=m ,* would be be-
tween 4 and 7.9 GeV.. The system of Egs. (19) may
now be solved by treating m »* as a parameter and
varying it in the region discussed above. Obvious-
ly for each value of m ,** one would get a prediction
for the coupling constants g,x,,/4n(p=m, 1 or 1'),
Zoss&opp/4T and the decay width T'(D* ~ D). How-
ever, it may be noted that although the experi-
mental mass of D* is known, a precise value of
T % is still awaited. In view of this, we solve the
system of equations taking m ** as (mp#®) ..,
=4.024 GeV to predict I';x. Regarding the location
of the subtraction point, we choose it at the start
of the left-hand cut in keeping with the convention-
al practice. \

IV. NUMERICAL CALCULATIONS

With the location of the subtraction point fixed,
it is now possible to solve the system of equations
given by (19) for the coupling constants g *,,2/4m,
Zo*p?/AT, gpxpy.2/4T, and g,,,&ppp/4T. We be-
gin by considering the one-channel process 7D
- 7} where the D* meson is generated in a direct
channel through the exchange of p and D* in the
crossed channels. In our previous analysis,® we
had neglected the effects of the D* force; for the
present work, we include its effects as well.

Setting b=c=0 in Eq. (19), we get

1-a3* -DB,=0, 27)
~2aXp?=aF] +dF},, '
which when solved, yield

2 -
gl&x.= 1.5 andﬂ&uﬁﬂb_= -5.9.
47 47

T ,* may now be calculated from

24 3
r =K a (28)

dmm p*

For gp*,,2/4m=1.5, T turns out to be~50 keV,
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which is not much different from what was cal-
culated with the p force alone. However, the
product of the coupling constants remains in-
sensitive to the addition of the D* force, and in-
dicates that g,,,2/4r is of the order of 10 (using
symmetry relation (g, 3 = +(g,,,) in contrast to
its experimental value of ~ 3, given in Eq. (7).

We next investigate the effects of the inclusion
of other channels such as Dn or D7’ on these re-
sults and find out whether such channels reduce
significantly the product of the coupling constants
&ore and g, 5 SO that a better agreement of g, 2/47
with experimental value is obtained.

We consider first the effect of the inclusion of
Dn channel, The governing equations may easily
be read off from the relations given in (19), which
are

1+bl,, —dI?, — ab(I3' I, + 31, I,,) —dbI’, I,, =0,
2Xp.%= =3a(p,/p,) Fiolpy + Fpp(1 —alZ' —dlt)) , - (29)
- 2Xp,2=(aF5 + dF?,)(1+bl,,) + (p,/p,)3abl,, F,,,
where

*
X=-al2" -dljg +bl4

-ab(I ﬁ)*lzz +Iézlf1*5 +31 [l + 31350 5,)

-db( 11150 =155 f1) . (30)

Equations (29) and (30) are now solved for a, b,
and d. It may be remarked that for points below
S,, the second threshold point p, is imaginary and
F,, is taken as

F12=-§’|a+b! [1 - lbltan“%] (31)
so that F,,/p, is always real. Using either the
form (8) or (31) as the case may be, the I’s may be
calculated in a straightforward manner. We have
evaluated the I’s numerically up to 20 000 »,? and
the remainder using asymptotic expressions. The
results obtained are

x_ 2
gD4;—' =a=0.06, implying T'(D* —Dr)~3 keV
(32)

%Tf—"z-zbz%ﬁ, —52”7{7@=-1.7.

The asymmetric parameter P = |t12/ lel turns out
to be ~1.1, thereby indicating that the ¢/ matrix is
an approximately symmetric one.

We thus find that the width of the D* is consid-
erably reduced from what was obtained in the one-
channel case. It is not possible at present to say
whether this reduction is in the right direction
since only a upper limit on T', . is available.!!

&p*p.2/4m turns out to be rather large in com-
parison with g,*,,2/4n. It indicates that a large

amount of ¢ leakage may be present in the n state.

The product of the coupling constants g,,, and
&,pp continues to remain negative. However, the
magnitude has shrunk a good deal which is wel-
come. Using SU(4), this value now predicts g,,,%/
47~ 3.4, which is in very good agreement with the
experimental value of g,,,%/47~3.

However, the value of g,,,.g,,5/47 as obtained
above is very sensitive to the choice of any partic-
ular channel. This can be seen if we introduce the
channel Dy’ in place of Dy and solve the equations
as before. The relevant equations in this case are

2
2p2X = —3a‘t;—3%131 + Fay(1 - alﬁ* -d1s,), (33a)
1 3

F
~2Xp2=(aF D +dF?)(1 +cly,) +p,3ac P

(33Db)
X=—al(P* —dI? +cli
- ac(I{f*Iaa +1§31D1:<+ 311505 +31,505,)
I I , D
(2 +BI)1+cly—dI?, - ac(IP I, +31,1,,)].
Ifl 133
(34)

It is interesting to note that for a fixed value of
a, the right-hand side of Eq. (34) involves terms
which are linear in ¢ and d. Thus, when Eq. (34)
is substituted into Eqs. (33) one gets a couple of
linear equations which can be solved for ¢ and d.
The solutions turn out to be

£o2ow’_ o1 26x10°=4.7g,, 2/
e =c=1. =4%.18p%py T,
(35)

LoreBodD _ = _6.4
47

for a=0.06, obtained in the earlier case.
Obviously such a large value of g,*,,./47 implies
that the c¢ leakage in the ' state is quite substan-
tial. The other parameter, viz., g,..g,,5/47, also
turns out to be large, much larger than what was
obtained from Dw — Dn channels. This indicates
that the value of g,,,g,,5/47 does depend on the
types of the channels used; a more complete set
of forces may therefore be necessary to generate
the D*. However, this problem cannot be taken up
right now owing to the nonavailability of sufficient
experimental informations on the parameters of
the D*.

V. CONCLUSION AND DISCUSSIONS

To conclude, we have considered in this paper
the generation of D* by the exchange of p and D*
in the crossed channels in an N/D formalism.

In the one-channel D7 — D7 case, where the D*

'may be generated in the direct channel by the ex-
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changes of p as well as D* in the crossed channels,
we have found that the addition of the D* force does
not make any significant c}\ange in the value of T' )«
than when it is calculated using the p force alone;
T',x turns out to be ~50 keV which is well within
the present experimental upper limit! on T'px.
However, the product of the coupling constants
&,08,pp/4m comes out to be rather large in con-
trast to out usual expectations. It may also be
noted that although the sign of g,,,.g,,,/47 comes
out to be negative which is similar to what had
been observed by Diu et al .} for prr and pKK coup-
lings in the K* case, the magnitude of g,,.g,,5/47
comes out to be smaller than that of g,..g,.z/4r by
more than a factor of 2. This is an encouraging
result, since this in turn indicates that

Zo0D | . | Zox®
gp" gpl'l‘

The inclusion of the Dy channel greatly reduces
the width of the D*, and the reduction factor turns
out to be ~15. However, it is not possible to say
at present whether this reduction factor is welcome
until a precise experimental value on T',x becomes
available. The product of the coupling constants
&.w8,pp/ 47 is also considerably shrunk-corres-
ponding to the value obtained, SU(4) symmetry
gives g,,,?/47~3.4 which is quite close to the ex-
perimental value of ~3. However, gp,,gpm-,/411 is
very sensitive to the types of channels used.

The gp* p,2/4m and gp*p,. /47 couplings come out
to be rather large in comparison with gpx,,2/4r.
This indicates that a large amount of ¢¢ compon-
ent may be present in both n and ’—a theory ad-
vanced by a number of authors!? to explain the non-
zero decay rates of ¥ —~ny and ¥ — 'y processes.
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APPENDIX

In this appendix, we shall determine the mixing
angle 6 appearing in Eq. (9) in the (%,d, c) quark

sector. Following Gell-Mann, Oakes, and Ren-
ner'* (GMOR), one can express the meson masses
as

me =Lt wag v gy, (a1)
2 - .
myt =2t ova, - 1), (42)

m2= _52];—2- [(sino - lcosb)(cosbt, — sinbk,)

+((cos€ - lﬁl cosf -1 sine)

X ( —}z—ga cosf + £ sinf - &, cose)] ,

(A3)

" myl= —3—'3(—2 [—(cos@ +1 sin6)(sin b, + cos 6%,)

+<s'm9 ——lﬁl sin@ +lcos9>

>(71.2.—58 sinf - £;cos0 - &, sine)] ,
(A4)

where §; =(0|u,|0>, f is a pseudoscalar decay con-
stant, [ is a parameter corresponding to the sym-
metry-breaking Hamiltoniandensity H = ~u, = lu,
and the #,’s arethe scalar densities which belong to
the (3,3) +(3,3) representation of chiral SU(3)
X8U(3) in the (u,d, ¢) quark'® sector. Equations
(A1) and (A2) give the following estimate of I by
making the GMOR. assumption that the vacuum is
SU(3) symmetric:

_ mp® —me®
1= 2msz2_m'2~ 1.4. (A5)

Eliminating f from Eqs. (A3) and (A4) which gives

mq® _ (V2—=1)-2/21tan6 + V2 tan?d
m,2 (V2-Dtan?6+2v2/tanf+v2

(A6)

6 may be calculated using Eq. (A5); 6 turns out to
be =~26°,
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