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J/V — ggPg°: diagrams
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Colors and helicities of initial gq

@ The initial qq is color siglet:

3: —=((17) + 122) + 138 ot (1)
@ Spin triplet and singlet (J/WV is [1,+1)):
11,1) =13, %)
triplet { |1, —1) = |*%ﬁ%> (2)
1,0 = 75 (I3, =2) + 1= 2:2)
. 1 1 1 1 1
singlet : |0,0) = 7 <\2, _§> -] = > 2)) (3)

@ J/Wis|1,+1).
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Coupling between quarks and gluon
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qq — 92g°g°: discussion

The colors of final state gluons can be divided into three classes:
@ Tr[t2t°t°] = 0. In this case we have

Tt?t°t°] = 0, (6)
e —0. (7)
No diagrams contribute.
@ Tr[t2t°t°] # 0 and Tr[t3t°t°] is real. In this case we have
Tr[t%t°t°] = Tr[t°t°t")] (8)
e —0. (9)
Only diagrams in the blue boxes contribute.
@ Tr[t2t°t°] # 0 and Tr[t?t°t°] is pure imaginary. In this case we have
T[] = ~ T[], (10)
38 — _a4i x Tr[t?t°t°] . (11)

Both diagrams in the blue and red boxes contribute.
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Class II: Tr[t2tPt°] # 0 and Tr[t2t°t°] is real

Tr[t2tP1] = Tr[t3t°t°], 3¢ =0

RN
M= | SEREY L e

M(g?g°g°) = (Mh + My) o TH{1°t°] x M(777) (12)

Numerical results in this case:
M(triplet — g2gPg°) # 0 (13)
M(singlet — g?g®g°) =0 (14)
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Class llI: Tr[t2t°t°] # 0 and Tr[t?t°t°] is pure imaginary

TPt = T[], 7 = —4i < T[] .

| o TR

| o Tr[tatbt]

o fabe

M(9°9°g°) = My + My + Ms (15)

Numerical results in this case:
M(triplet — g°g°g°) = 0 (16)
M(singlet — g®g°g°) # 0 (17)
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J/V — g3gPg°

@ Since J/Vis |1,+1), we only need to consider the processes
J/¥ — g3gPgc satisfying that Tr[t2t°t°] are real and diagrams in
blue boxes.
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J/V — g3gPg°

@ Since c and ¢ in J/V are all still (,50/5=0) in the calculations, each
of the three states (|1, £1), |1,0)) can be obtained by rotations of
the other two. So, decay widths of these three states are same
though the angular distributions of final states are different.

il @ ek # Polarization measurements: vector meson )

The Wigner rotation matrix (jm'|R(a, B, v)|jm)

R@Bplm) = ) ljm') '[RG . )ljm) = ) DL, e Bp) lim')
= eminla-imrg) (p)

D, (@B.y) = m'|R(@ B,y)ljm) = e~ <e=m (jm|e~16y |jm)

& (B) = Gm e |jm)

=[G +mkG - m)'(l+m)'(! m)2
B

min| om' ) /
wf (cosB)” (tanf)
U+m K)!(j—m' - k)!k! (k —m' +m)!

k=max{m-m’,

2k-m+m'

1+cosp sinf 1-cosp
2 7z 2
sin B A sin B
cos -
vz vz
1-cosp sinf 1+cosB
2 7z 2
2022F8/1, #

o e
a'2(p) = g 8 4'p) =
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J/V — g3gPg°

@ In this case, we have

/dn, M1, £1) — ¢%g°g%) " = /dnf IM(1,0) — g%g°g°)? (18)
= [ o mi11/2,1/2) > o*6Pe")P = [ o (M(| — 1/2,-1/2) — 6"} (19)
—2 [ dn; (M(11/2, ~1/2) > g*g"g) =2 [ any IM( — 1/2,1/2) - o6a") 2 (20)
:% o X IMrexe) > o'"d01 @1)

Xg/5=%1/2

where we have used

11/2,1/2) = |1,1) (22)
= 1/2,-1/2) = |1, 1) @)
11/2,-1/2) = —=(11,0) +10,0) (24)
|~ 1/2.1/2) = 2 (11,0) = 10,0)) (25)
M(10,0) — g%g°g°) =0 (26)
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J/V — ggg

2 [WnR(0)[
rig =3 [ oy Y IMre xg) > 97°g)P (27)
Tr[tatbtc]arereal)\c/c—i1/2 J/v
[WnR(0) [
=5 o IM(17e, Ag) = vam)I2 2RE
Xe/5= i1/2 Y
3 asbscy 2
1 Tttt
xassxgx > <[\/]> (28)
“em ¢ TtatbtC] arereal 3
5128 3 |‘UNR(0)\2/ /
189 S M2
_ 2 (5 _ 2 2 _ 2 _ _
xX*+2x (=2 +y)+ (-1 +y)(2—2y+y°) +x= (7 -9y +3y°) + x 6 + 13y — 9y~ + 2y
X
x2y2(2 — x — y)?
(29)
5128 5 [WnR(0)2 72 —9
_ 313 s O ©
18 9 MJ/W 2
160 |WnR(0)]2
=g (7 9k — (31)
/v

which is in agreement with the results from references.
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J/V — ggg
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J/V — ggg
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J/V — ggg
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J/IV — yutu

Numerical results in this case:

Ms(triplet — vt u~) = 0 (32)
M;(singlet — yutp™) =0 (33)
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/dnf IM(T,1) — )2 :/dnf IM(11,0) — )P (34)
:/dnf IM(11/2,1/2) — it 7) 2 :/dnf IM(| —1/2,~1/2) = 4yt )P
(35)

=2/dnf IM(1/2,1/2) = 3yt :2/dnf IM( —1/2,1/2) = At )2
(36)
5 [dn X M) )P (37)

)\0/5::|:1/2
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What is the C parity of gluon?

@ For photon:

Frv = grAY — o° Ak (38)
L£> —%F‘“’ F.. (39)
CAC™! = —A* (40)

@ For gluon: CA?*C~" # A% due to J/V — ggg

Fakv — grpd” _ gvpak | gsfabcAb“AcV (41)
LR

L3 F"F, (42)

= CAMC™ £ AT (43)

So, gluons are neither eigenstates of € transformation nor eigenstates
of T transformation. But they are eigenstates of P (CT) transformation.
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