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189 N pacnagsl Me30HOB
w

B pamkax SW(6), ~-CHMMeTpPHH pACCHYHTAHEI BEePOSITHOCTH pachana
189-nneta ma nBa Me30HA C OTpHUATENBHON HeTHOCThIO, Mpl Nonyunmn
COOTHOWEHHE MEXAY KO/UIMHEeADHbIMH [pUBEeHHBIMH MATPUYHBIMH 3je-
MeHuTamu (7OpeHU-HHBADHAHTHLIMH Bz -HalpaBieHMn), Pasnoxus
o6pI4HbBIe JIOpEeHN-HHBAPHAHTHbBIE MaTpPHYUHbBIE 3J@MEHTH [0 aMIIUTyaaM
CIHPA/ILHOT'O COCTOSIHHS, Mbi CBA3bIBA@M WX C IPUBEOEHHLIMH MATpPHd-
HbIMH 3aeMeHTaMu, [lonyyesnrnie peaynbTaThl CpaBHHBAIOTCH C 3KCHEpH-
MEeHTAaIbHbBIMH OAaHHBIMHA,

Mpenprsr O6benEHEeHHOrO HHCTHTYTA SXepPHbIX HCCllenoBaHAll,
Lly6na, 1067,

Robaschik D., Uhlmann A, E2-3102

189 , and Meson Decays

In the SU(6)w frame we have calculated the decay
probabilities of the 189-plet into two negative parity mesons,
We obtain relations between collinear reduced matrix elements
(only invariant by lorentz transformations in z-direction). After
developping the usual lorentzinvariant matrix elements in helici-
ty state amplitudes, we connect them with the reduced matrix
elements, The results obtained are compared with the experi-
mental data,

Preprint. Joint Institute for Nuclear Research.
Dubna, 1967.

OBbEONMUHEHHDBIH

UHCTUTYT
A0EPHBIX

MCCJ/IEQOBAHHH

Ly6una

o

=
gl
=
@
=
S
-
=
=
=
M
&
[
P
-
4
a
o
3

E2 - 3102

D. Robaschik, A. Uhlmann

189,, and Meson Decays

1966



I

The relativistic generalization of SW(6) for collinear processes leads
. . 1 2 -
to the Su(e),, group (prkin and 'Meshkow/ /, see also/ /) One definition
of the W -spin group is based on the quarks:

Wiq = g9 Wed = =343

Ws q@ = .4 Wid = )3
Wy , W, , are*W -spin operators and 3y , ); are } -spin operators,
The calculation of the W -spin multiplets for the 35-and 56-plets of

SUW) is very easy and well-kknown. To obtain the Su(s)w -plet as a

function of the S“(;); states for a complicated representation, we define
the representation in question in a.: abstract way. Taking the vector with
the hihgest weight, we can generate the full representation if the SU(‘)
generators act on this state in all possible ways. In our case we need
only the operators Ny , Ss , Jx -the SU() generators T, , Ky and

. ) ) .
the Casimir operators 3* , N* , $* , ¢~ , ¢ , C:'

to select the
states. Then we can express the SU(G)W opreators in terms of u((.) ope-
rators and let they act on the state with the highest weight., As result
we get the SU(¢)w states as functions of SU(6)) states. It is well-known
that the 189\, -plet mixes/1/ the 14 -, 35‘ -and 189.‘ -plets. To obtain
the remaining 35, and 1,, as functions of Su“)a states, we have to con-
sider in the same way WU(),, operators. The results are listed in Table I

and II. Another method for calculating the W -spin multiplets is given b3/3/

I

If we consider the decays of the 189-plet mesons into two nega-

tivé parity mesons, then we have to take into account



- . - -
g, 4397 x (357x357), 4y AY 2 (47247
q, 35"'3( (3‘;’:35')3;' (5; 3‘5\'!(353““* 4',‘35‘)
g, 17 (357%357)

as possible couplings invariant by SU(e¢) and charge conjugation. From
these cuoplings, written down for the W-spin multiplets we calculate the
coupling constants for the S“(,‘S) couplings for each helicity state sepa-

rately, We have used the Clebsch Gordan Coefficient table of C,L.Cook

and G.Murtaza/ 4/ and the relation
(185 x39) = T‘__.L@[rs* (.4,5)“,5, - e (8.5)(8.3) + T (63),003,-8,(8.3),)
-im( (10-3)(10%.3) -(1»‘.3)(\0-3)) + (40 =T (3.0(3.0)
+ 13 (vnaw]
whereby the usual sign convention is also fullfiled. The results are col-

lected in Table I, IV and V, Their mean feature are/s/:

+
2 -Mesons

VV, PV and PP decays are possible, but the VV decay is mass

iorbidden for the existing 2* -mesons. The remaining couplings are

(F31¥0, + 3T 0) ™ 27079, for Rats
( 53-1{_5:‘3‘“ %Ah——.“ %z) 81*“0"5::‘)!;

(Lo« 35 q,) 17 @),

for k=0

o - . ... /5
We see ) - _3‘1 " which is in agreement thh/ /,
Vst agen s

+
1 - Mesons

Here only the PV and VV decays are possible., For the PV
decay we have

“:o V\:!L

(War4Fa)w 12y, 85 (378,
1q, (A= +ilEa)mw £ (878,

- Ts'y, Ts'y, o (378¢7)
-1, 1 EY 107 (3807)
-IT-_}: 9 87 (eTv)

In agreement with the invariance by charge conjugation the first octet has
only the decay in\sric)h the second in (8‘.1")" . We do not list the' VV

decay here, because they are mass forbidden for the known 1* mesons,

o' - Mesons

Beside the VV decay we have only the PP decay with the coupl-
ings

iw % ¥ (e ),

(8 -41Es,) 39 (078,
28 Y reotven

(?&’ Em#%i‘ﬁ%;) 17 (3° 80 )1

I

The decay probability is related to the invariant S -matrix ele-
ment by

=

Z [

AT lepik o\

4
T (1Y) Slu.hb,
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whereby » \\k‘nk . So it seems to be that the decay is a collinear For simplicity we take only the simplest possible matrix element

process and it is possible to apply the SW)w group. For this reason into account. Practically this means: For suitably chosen couplings
we develop the lorentz invari/ant matrix element in helicity state ampli-~ (with the right helicity behaviour) we can use for G our SWw),, coupl-
tudes of Jacob and Wick [20] ing constants,
A
Lpik > = % c‘(,l‘\,’n\”mﬂ(“\bf-)‘; 2¥ = A" 0

This expression is invariant under rotations S“u)] and lorentz trans- Crikkyr = G E*,wv rn(“f‘&)x('!."t,)" (T;"(r |V’£,‘ P ))
) B} e

4 o T° - -

rak M[cz*,n_‘o) -2t 0 )}

formations in 2 —direction, On the other hand our SUl),, model gives

- us relations between different helicity state amplitudes (reduced matrix

T

elements)(abc): invariant under the rotation SUw, and the same
special lorentz transformation, If we restrict our space transformations Phaae opct v~ G2 k

to rotations in the XYy -plane, both expressions would have the same 1t 0 0"
transformation properties and we may connect
PRIk k> = G U~k (& -L) e | Py Poeyy)
Calbed™ = Qa\bc)t = t;)'\ 3 ‘e ok, i ""( Rl ko v
3 ave -2
= yFal (2%i0c o)

so that different matrix elements are connected with the help of their he-

=5
licity state amplitudes Phong specr ~ G.t ?;“ '%Tz
\ - -
cpik by ————> Wiy @il : e S
Cp ik, kz’ = Q (k- ‘t,_),« (A" [3) ‘V"(k.) P(Q‘_Q (Q“ 'tc)v
SU(3) x Lorenta Qreuwp L°“‘“t'd""““"l" Su(e),, L
2 -dy X - - - -
W 2 -durection 2 2&%\5 At AL 07)
! \ v h ~ rA 1
ek, kl\ > ?‘}‘ t l‘ Y"\: ’m;)QR\b\,) rw,‘\m G _GT’W\:‘

Unfortunately, two further assumptions are necessary: a) The considerations A+ 3 A= 0"
—’

. U walomb
Ceibiy = GLCAR VR, Py - ‘L&;ﬁ:\z (ol (A 1V

of couplings with a different number of derivatives leads to different di-

' ViyRey)

mensions of the matrix elements {eik,k, >, From the assumption, that

the helicity state amplitudes have always the same dimensions follows

3- - 84 S * - -
that the factor V\.(n'm has a mass dimension, We get reasonable G'\' ¢ N H'lo >t (‘»L‘ 1507)

™M)
results, if we assume that all masses are measured in units of the mass Phane > ~ QA i
of the decaying particle or in units of the average mass of the correspond- fn Mt
+ —
ing SW\3) or Sulk) plets, Another possibility is to choose the mass 0">00
unit as a free parameter, b) To (aibke) there correspond many matrix- Cl’“h\,? = Q (otl\o o) A”\W’r““ “ (11 é_ﬂti
1\

elements which differs from the simplest one by 2n derivatives (™ =1,2,...)

in the coupling.



In the case 1° we have chosen such complicated couplings because
they are easely related to the helicity states. In spite of the difficulties
under @ and & we think that this is a natural method to handle
Su k) calculations, Difficulties as anounced by Bokom/ 7/ do not ocur
here in agreement with Ruegg/ 8/ .
We have tried to compare the results with the paper of Kao Ti
et al./ 6/ which calculated the same decay probabilities with ﬂ(&,‘) techni-
ques. In general the results differ by some numerical factors (of order
one), esspecially the relation between coupling constants of different di-
i 2 NEMEWm, W,

mensions (for example Y We2m, Nw, are others. Also we have

5 parameters and they only 3.
v

The 189-plet or the correspording plets of W(¢¢) and SL() are

/6,9,11,12/

discussed by several authors . At present it is not clear if the

189-plet, the 405-plet or the kinetic supermultiplets/ 10/ are the right des-
cription of the positive parity mesons, Some authors believe in the 405-

2 .
/5,21 while other have given arguments in favour of the 189-p1et/ 13/.

plet
Now the question arises: what are the particle states? Knowing that this
is an approximation, we assume that the particles belong to the states of
the unphysical chain, the mixing relations/ 14’11/. (Table VI, the signs are
choosen in agreement with the conventions of 4 and 15) and the SU(@3)

Clebsch Gordan Coefficients (P.Mc.Namee, Frank Chilton/15/) allows us

to obtain the coupling constants for each decaying particle/ 12/ separately.

+
2 - Mesons

As well-known the 2% nonet may be fitted into the 189 plet. Pure
SU(3) considerations similar to Glashow and Socolom/16/ Tichonin and
Nguen Van Hieu/17/ (see also Q. Goldhaberllg/) give

« <] [
© Observed r en
(&= F) [Re Démad] | OPomeed (hev) Py
rale 3 .
> *x (2r+26) 36FL Sy% ~ 100 5,8 -0t
2wk | R (F-TeY 12F? S\ M My 0
\
-\ 1 (2¢ -t % F 26 .
A> ™y Lk 8FL 230 uLy AR
» kK n¥ nFl 10 ekis M 1
K™ Kn nFE AR w10 S0 W -~
- Ky R 1S AR 244 Ary “o
P o Gmr-oF ° %0 malk
» KK 4 (RFxQ) qEL 5, ~ b0 20 5o
S\ y0w E+6)t l,spx Ass
A, 3% K LT 3 ~% TN A8 -
K5 K A S Wt Kt g sekn 2%
»3K 4,54t | SWt 35 e LR &8 LA.8
s>WwK 0,5 W 0,5 13 A%y 0-R
 sxx Ry
‘L |
*R‘K ¥ Yy Ab ~40 %0 5
& ety

This is essentially the table of Glashow and Socolow, we have chosen
G=27¢
angles are changed (unphysical cha.in). The experimental data are taken

(Goldberg G=(3%%4) F ) some mass values and the mixing

19
from A,H.Rosenfeld / . Possible average values are

el ) 4y

- = 6‘0 ‘W = — Fl 2 r S Y -2
( Y 'S Fl*—).“o-- = Ak (hev)

S—P = LIRS “1 2 . 12 -4
( “(—‘) Bave LA Farare = %“L“ 2,0 %0 (heV)
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The ratio of Fl, to € has the dimension of a mass

5070 2¥a4"0"

T

Frnoo- s
e = E20Y 3B 0 (e

3

WS o

We use M, and

G= L¥F  we obtain

to compare couplings of different dimensions., With F

9,= - 8T’ (F - 40

9, =-STR (F~yq)

= T4

Free parameters are now’ 05\ 9. )%s
) 9%

1* - Mesons

Possible particles are A, , 8 , D, E ,C § , Kex (138)  apg
Kwn (1329 If we choose the D -meson as a member of the 189-plet,
then the E -meson must be excluded. For all states we calculate the

individual coupling constants (Table A). The mixing of the %1: ("8), and
8‘:*(%«-3.-)‘_\ couplings destroys usually fullfilled equalities between coupl-
ing constants, for example \%;_,K-“\,\aﬁ’gd We use the decay rates to
calculate the remaining parameters. If we look at the table, we see that
the 9, values show important differences. But taking into account
that the 9, Vvalues are strongly dependent on the mass unit m, in
a complicated way (especially for the 1+—mesons), we conclude that the
‘Q -parity

is opposite to the values given there).

particles do not contradict this plet. (Remark that in 11 the
for the I=1 states (10)'*, (L.0O)"
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0+ - Mesons
Here the situation is more complicated. Possible particles are (if

they exist at all) & , s , KK , ®K, , X . A fit into the repre-

-sentation is very douptful (look at the Table B).

It is us a pleasure to thank Drs, U,.Kurndt, Kao Ti and P,Winter—

nitz for many stimulating discussions.
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