Eur. Phys. J. A (2020) 56:275
https://doi.org/10.1140/epja/s10050-020-00283-w

THE EUROPEAN ()]
PHYSICAL JOURNAL A e

updates

Erratum

Erratum to: Covariant tensor formalism for partial-wave analyses
of ¥ decaysinto y BB, yyV and ¥ (2S) — y xc0,1,2 With

Xc0,1,2 = KKrxtn~ and 2xt2m™

Sayipjamal Dulat"->2®, Bing-Song Zou'3

! Institute of High Energy Physics, CAS, P.O. Box 918(4), Beijing 100049, People’s Republic of China
2 Department of Physics, Xinjiang University, Urumqi 830046, People’s Republic of China
3 CCAST (World Laboratory), P.O. Box 8730, Beijing 100080, People’s Republic of China

Received: 24 August 2020 / Accepted: 12 October 2020 / Published online: 29 October 2020
© Societa Italiana di Fisica and Springer-Verlag GmbH Germany, part of Springer Nature 2020

Communicated by Ulf Meissner

Erratum to: Eur. Phys. J. A26, 125-134 (2005)
https://doi.org/10.1140/epja/i2005-10140-1

In the section 4 of our original paper, Eur. Phys. J. A 26, 125-
134 (2005), for the PWA formulae of v — yR — yyV,
we labelled the two photons as one from the first step and
another one from the second step as distinguishable. But in
reality the two photons are as identical particles indistin-
guishable. In this Erratum, we provide the corrected section
4 of the paper by taking into account the two photons in the
final state as identical indistinguishable particles. For com-
pleteness of this Erratum, we provide for the process under
consideration, our notations and then the correct PWA for-
mulae.

4 Covariant tensor formalism for ¥ decay into yy V

We are considering the double radiative decays of the
meson,

The original article can be found online at https://doi.org/10.1140/
epja/i2005-10140-1.
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where p, q1, g2 and py are the four momenta of the i,
two photons and the vector particle V (p, ¢, w), respectively;
;, and my denote the third components of each
particle’s spin. The transition amplitude can be written as
follows by using the polarization four-vectors of the initial

and final state particles,

My, My, M

A = Yu(p,my) e5(q, my) e5(qo, m;) AM
= Y (p,my) 5(q1,my) €5(ga, m}) Y AA, (2)

1

where ¥ (p, my) is the polarization four vector of the -
mesons; &,(g;, my), i = 1,2 are the polarization vectors of
the two photons. The sum over the two physical polarization
states of a photon is given by,

2
> ehgiomy) en(qiomy) = —gu
my=1
+%‘ﬂ (p—qi)v +(p —qi)u qiv
qi-p
(p—ai)*
—W qip qiv
. , 2
= —gu + L2 p;fpp“ o _ (qu)z Gin Giv
= —g,(fu)(qz') (3)

where the relations g;’ &, (gi, my,) = 0 and p” &,(q;, my,) =
0 hold.

For v production from e*e™ annihilation, the electrons
are highly relativistic, with the result that J, = 1. If we
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take the beam direction to be the z-axis, this limits my to 1
and 2, i.e., components along x and y. Note that for i at rest
system with p = (My,, 0, 0, 0)

2
D VP m) W (pmy) = 8, (81 + 802). )
my =1

Then the differential decay width for the ¥ radiative decay
to an n-body final state is:

XY (p. my) €5(q1. my) e} (ga, m),) A2

B o 4 Z Vu(p-my) ¥y (p. my) g5 (1) 8be (ga) A ATV
2My 4‘"w:1 " o
2 4 1 2
= (21‘7;)/ Z ZA;LW gv,>(111) gw>(q2) A*Wot
2 vo
- (2;1,),, 44 ZUM ¢ D ¢
<Up = ZPu Fi 5)
ij
where
2m)*
Fiy = i = (ZM) Ai A, ©)
v
1 2
Fij = F;(i = Z Z UiMVa gw)(QI) g;a)(qz) U*/,wa (7)
pu=l1

d®,, is the standard element of n-body phase space given by

n

&
d®,(p; p1, ... pn) =8*(p — sz)]_[ B L
i=

Qn)R2E; ®)

4.1 Amplitudes for the doubly radiative decay
v = yyVip, o, ¢)

This is a three step process: ¥ — yR With R —
yVp,w,¢) and p - ntn~, 0 —» 7%tn~, ¢ —
KT K. The intermediate resonance state R that may appear
in the process with J € values are 0*+, 0=+, 17+, 17,
27+ 27+ etc. Here J, P, C are the intrinsic spin, parity and
C-parity of the R particle, respectively. For ¥ — y R, we
denote the spin-orbital angular momenta between the pho-
ton and ¥ by S and L, respectively. The tensor describing

the first and the second steps will be denoted by T,g‘) up, and
~(L1)

Iuy .z, » Tespectively. The vector describing the third step
will be denoted by V., where V(p, ¢), = p1uy — pau, here
we use the fact that 7+ and 7~ (or K+ and K ™) have equal
masses, and
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V(w)u =

Now we write the decay amplitude of the i into two pho-
tons and a vector in a general and compact form using the
covariant tensor formalism. When writing the covariant ten-
sor amplitude we have to keep in mind that there are two
identical particles (photons) in the final state, due to Bose
statistics decay amplitude is symmetric with respect to the
exchange of photons. There is one independent covariant ten-
sor amplitude for v — Y0 — yyV(p, o, ¢)

uve v (R) (R) ) e
where fV) represents either f; ((1‘)2’)4)) or ((oai)z),
(R) Mg g
Hvyan = 2 R ,
(pv +qi)* =Mz +iMg T'g
My T
f(V) — viv 10

pl — ML +iMy Ty’

here Mg, My and T'g, I'y are the mass and width of each
resonance.

There is also one independent covariant tensor amplitude
fory — y0" — yy Vip,w, ¢)

— G/MJ)\,(T 60(1‘3,08

Uy P
7 1 R
< (TG0 (0 = a0, 1§ @) £5)
+ 7002 (p =420 15 @) £ )V 1Y
(11)

where
T(qi) = 8w () (@i — PR)” B1(Qyy(gR) -
i0i) = 8w (Pr) (@i — Pv)" Bi(QRry(g)v) - (12)

For the production reaction ¥ — y 1% there are two
independent covariant tensor amplitudes; there are also two
amplitudes for the decay reaction 17+ — yV(p, w, ¢), all
in all we have four amplitudes,

R
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t(z)(%) =[Fo 7y — E(V 7) 8oy (PRIIB2(QRy(gyv) »  (18)

where r = pp — p. is the relative four momentum of the two
decay products in the parent particle rest frame.

For the production reaction ¥ — 1~ there are two
independent covariant tensor amplitudes; there are also two
amplitudes for the decay reaction 17t — yV(p, w, ¢), all
in all we have four amplitudes,
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For the production reaction ¥ — y277 there are three
independent covariant tensor amplitudes; there are also three
amplitudes for the decay reaction 27+ — yV(p, w, ¢), all
in all we have nine amplitudes,
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For the production reaction ¥ — y2~7 there are three
independent covariant tensor amplitudes; there are also three
amplitudes for the decay reaction 27T = yV(p, w, @), all
in all we have nine amplitudes,
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