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Abstra
t

The dynami
s of the JPC = 0−+
, 0++

, and 2++
resonan
e


ontributions to the de
ay J/ψ → γX (JPC ) → γφφ is analysed

using the data obtained by BESIII 
ollaboration. The e�e
tive


oupling 
onstants parameterising invariant amplitudes of the

transitions J/ψ → γX (JPC ) and X (JPC ) → φφ and masses of

X (JPC ) resonan
es are found from the �ts. They are used for

evaluation of the bran
hing fra
tions BX (JPC )→φφ, relative

bran
hing fra
tions BJ/ψ→γX (JPC )→γφφ, and for obtaining the

photon angular distributions.
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Introdu
tion

The interest in the de
ay J/ψ → γφφ is related with the

possible existen
e of the exoti
 glueball state de
aying into the

φφ pair (Lindenbaum and Longa
re; Etkin et al., 1985).

The spin-parity quantum numbers of the resonan
e states

X (JP) de
aying into φφ are reported to be JP = 0+, 0−, and
2+.

The data on the rea
tion e+e− → J/ψ → γφφ obtained by

BESIII Collaboration, PRD93, 112011 (2016) were analysed

using the simple Breit-Wigner formula for the individual

resonan
e 
ontribution,

MX ∝ 1

m2
X − s − imXΓX

.
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Dominant 
ontribution to the amplitude of de
ay J/ψ → γφφ:

J/ψ

γ(k)

φ(k1)

φ(k2)

X(q)
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But the dynami
s of the de
ay 
hain J/ψ → γX (JPC ),
X (JPC ) → φφ is relatively simple only in 
ase of JPC = 0−+

resonan
e admitting the single p wave 
ontribution in both

verti
es.

In general, one should in
lude the di�erent spin-orbital

momentum stru
tures for di�erent spin-parities of the X (JPC )
resonan
es in the φφ system, espe
ially in 
ase of the tensor


ontribution JPC = 2++
where a number of independent spin

stru
tures enter the amplitudes J/ψ → γX (2++) and
X (2++) → φφ.

This talk is devoted to analysis of BESIII data starting from

e�e
tive invariant amplitudes parametrized by some unknown


onstants determined from �ts and to use them for evaluation

of relevant bran
hing fra
tions and angular distributions of

�nal photons.
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Notations

Four-momenta assignment:

J/ψ(Q) → γ(k)X (q) → γ(k)φ(k1)φ(k2)

Polarization ve
tors assignments: ǫµ, ǫ1µ, ǫ2µ (ξ, ξ1, ξ2) are,
respe
tively, the polarization 4-ve
tors of J/ψ and φ's (their
3D 
ounterparts in their respe
tive rest frame); eµ = (0, e) is
polarization 4-ve
tor of the photon.

The energy-momentum 4-ve
tor of φφ state in J/ψ rest frame

is q = (q0,q),

q0 =
m2

J/ψ +m2
12

2mJ/ψ
,

q = −k = −n
m2

J/ψ −m2
12

2mJ/ψ
.
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Notations 
ont'd

n is the unit ve
tor in the dire
tion of the photon, m12 is

invariant mass of φφ pair.

Energy-momentum of one of the φ mesons, k1µ = (k∗10, k
∗
1 ), in


.m.s of φφ pair:

k∗10 =
1

2
m12,

k

∗

1 =
n1

2

√

m2
12 − 4m2

φ,

n1 is the unit ve
tor in the dire
tion of the motion of φ meson.
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S
heme of 
al
ulation

General expressions:

MJX=0(J/ψ → γX → γφφ) =
[M(J/ψ → γX )][M(X → φφ)]

DX

,

MJX=2(J/ψ → γX → γφφ) =
∑

λX

[Mµν(J/ψ → γX )T (λX )
µν ]×

[Mαβ(X → φφ)T
(λX )
αβ ] · D−1

X ,
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Ea
h vertex is 
al
ulated in the respe
tive rest frame using

Lorentz-transformed polarization tensor Tµν ≡ T
(λX )
µν :

T00 =
tijqiqj

m2
12

,

T0i =
qj

m12

[

tij +
tjkqiqk

m12(q0 +m12)

]

,

Tij = tij +
(tikqj + tjkqi)qk
m12(q0 +m12)

+
tklqiqjqkql

m2
12(q0 +m12)2

,

tij ≡ t
(λX )
ij is polarization tensor in the rest frame.

Sum over polarizations of the intermediate tensor resonan
e:

∑

λX

t
(λX )
ij t

(λX )
kl =

1

2
(δikδjl + δilδjk)−

1

3
δijδkl

≡ Πij ,kl .
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Pseudos
alar 
ase

Radiative transition amplitude and partial width:

MJ/ψ→γX (0−) = gJ/ψγX (0−)ǫµνλσQµǫνkλeσ =

gJ/ψγX (0−)mJ/ψ |k |(n · [ξ × e]),

ΓJ/ψ→γX (0−)(m12) =
g2
J/ψγX (0−)

12π
|k |3.

X (0−) → φφ transition amplitude and partial width:

MX (0−)→φφ = gX (0−)→φφǫµνλσk1µǫ1νk2λǫ2σ =

gX (0−)φφm12|k∗

1 |(n1 · [ξ1 × ξ2]),

ΓX (0−)→φφ(m12) =
g2
X (0−)φφ

8π
|k∗

1 |3.
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Amplitude of interest in 
ase of a number of resonan
es is

MJ/ψ→γX (0−)→γφφ = A(0−)mJ/ψm12|k ||k∗

1 | ×
(ξ[n × e])(n1[ξ1 × ξ2])

The dynami
s of pro
ess is in
luded through the fa
tor A(0−)

to be spe
i�ed below.
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S
alar 
ase

Radiative transition amplitude and partial width:

MJ/ψ→γX (0+) = −g1(ǫe) = g1(ξe),

ΓJ/ψ→γX (0+) =
g2
1 |k |

12πm2
J/ψ

.

D-wave drops be
ause en = 0.
X (0+) → φφ transition amplitude:

MX (0+)→φφ = −f1(ǫ1ǫ2)− f2(ǫ1k2)(ǫ2k1) =

f
(0+)
00 (ξ1ξ2) + f

(0+)
22 (ξ1n1)×

(ξ2n1);

f
(0+)
00 = f1, f

(0+)
22 = (2f1 + f2m

2
12)

k

∗2
1

m2
φ

,
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φφ partial width:

ΓX (0+)→φφ =
|k∗

1 |
16πm2

12

(

2
∣

∣

∣f
(0+)
00

∣

∣

∣

2
+

∣

∣

∣f
(0+)
00 + f

(0+)
22

∣

∣

∣

2
)

.

Dynami
al 
ontent of the J/ψ → γX (0+) → γφφ 
omponent

of φφ spe
trum will be spe
i�ed below.

Here f
(JP )
SL 
orresponds to the assignment of spin S and orbital

angular momentum L of φφ state with given spin-parity.

Can be generalized to the 
ase of several resonan
e


ontributions.
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Tensor 
ase

Radiative transition amplitude:

MJ/ψ→γX (2+) = [c1(ǫe)QµQν + c2(ǫk)eµkν + c3ǫµeν ]Tµν ≡
[g02(ξ · e)ninj + g12(ξ · n)einj + g20ξiej ] tij ,

where

g02 = −c1
m2

J/ψk
2

m2
12

,

g12 = − k

2

m12

(

c2q0 +
c3

q0 +m12

)

,

g20 = −c3.
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Radiative width in 
ase of �xed J/ψ polarization:

Γ
(λJ/ψ)

J/ψ→γX (2+) =
|k |

8πm2
J/ψ

∫ {(

|g02|2 +
3

2
|g20|2 −

1

3
|g02 + g20|2

)

×[ξ(λJ/ψ) × n]2 + |g12 + g20|2(ξ(λJ/ψ)n)2
} dΩ

n

4π
,

Tra
ing �xed J/ψ polarization is ne
essary for obtaining

angular distribution of photons in the rea
tion

e+e− → J/ψ → γφφ.
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X (2+) → φφ transition amplitude:

MX (2+)→φφ = {g1ǫ1µǫ2ν + k1µk2ν [g2(ǫ1ǫ2) + g3(ǫ1k2)(ǫ2k1)] +

g4 [ǫ1µk2ν(ǫ2k1) + ǫ2µk1ν(ǫ1k2)]}Tµν ≡
[f20ξ1iξ2j + f02(ξ1 · ξ2)n1in1j+
f22 [(ξ1 · n1)ξ2i + (ξ2 · n1)ξ1i ] n1j+
f24(ξ1 · n1)(ξ2 · n1)n1in1j ] tij ,

f20 = g1,

f02 = g2k
∗2
1 ,

f22 =
k

∗2
1

mφ

(

g1

k∗10 +mφ
+ g4m12

)

,

f24 =
k

∗4
1

m2
φ

[

g1

(k∗10 +mφ)2
+ 2g2 + g3m

2
12 + 2g4

m12

k∗10 +mφ

]

.
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X (2+) → φφ de
ay width:

ΓX (2+)→φφ =
|k∗

1 |
240πm2

12

(

10|f20 + f22|2 + 3|f20|2 + 2|f20 + f24|2+

2|f02 + f24|2 + 4|f02 + f22|2 + 4|f22 + f24|2−
4|f22|2 − 6|f24|2

)

,
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0− resonan
e

All 
oupling 
onstants in e�e
tive verti
es are assumed real.

φφ spe
trum in rea
tion e+e− → J/ψ → γφφ:

dN(0−)

dm12
=

N
(2π)3 × 6

∣

∣

∣A
(0−)

∣

∣

∣

2
m2

12|k |3|k∗

1 |3.

Three pseudos
alar resonan
es are in
luded: X1 = η(2225),
X2 = η(2100), X3 = X (2500).

Sin
e pseudos
alar 
ase is kinemati
ally simple (the only

p-wave stru
ture in both verti
es), two dynami
al modes are


onsidered.
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General expression in
ludes the mixing via the 
ommon φφ
mode (model A):

A(0−) =
(

gJ/ψγX1
gJ/ψγX2

gJ/ψγX3

)

×




D1 −Π12 −Π13

−Π12 D2 −Π23

−Π13 −Π23 D3





−1 



gX1φφ

gX2φφ

gX3φφ



 ,

DXi (JP )(m
2
12) = m2

Xi (JP )
−m2

12 − im12ΓXi (JP )→φφ(m12)−
imXi (JP )Γ

′

Xi
,

Πij ≡ Πij(m
2
12) = ReΠij + im12gXiφφgXjφφ ×

|k∗

1 |3
8π

.

Γ′Xi
takes into a

ount other possible modes, ReΠij are

assumed to be 
onstants.
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The model where mixing is negle
ted, Πij ≡ 0 (model B).

The �tted are mXi
, Γ′Xi

, gJ/ψγXi

√
N , gXiφφ, i = 1, 2, 3 in both

models, and a12 ≡ ReΠ12, a13 ≡ ReΠ13, a23 ≡ ReΠ23 in

model A. Using these parameters evaluated are

strong intera
tion bran
hing fra
tions

BXi→φφ =
2

π

∫ 2.7GeV

2mφ

m2
12ΓXi→φφ(m12)

|DXi
|2 dm12

relative produ
tion 
hara
teristi
s NΓJ/ψBJ/ψ→γXi→γφφ,

i = 1, 2, 3, and

N(0−) ≡ NΓJ/ψBJ/ψ→γ(X1+X2+X3)→γφφ =
∫ mJ/ψ

2mφ

dN(0−)

dm12
dm12

A. A. Kozhevnikov The de
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In general,

BJ/ψ→γXi→γφφ =
1

ΓJ/ψ

∫ mJ/ψ

2mφ

ΓJ/ψ→γXi
(m12)×

2m2
12ΓXi→γφφ(m12)

π|DXi
(m2

12)|2
dm12.

It redu
es to BJ/ψ→γXi→γφφ = BJ/ψ→γXi
× BXi→φφ in the

limit of narrow width of X resonan
e.
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J
P = 0− 
omponent (model A)
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J
P = 0− 
omponent (model B)
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parameter model A model B

mX1(0−) [GeV℄ 2.2312 ± 0.0015 2.252 ± 0.002

Γ′
X1(0−) [GeV℄ 0.227 ± 0.002 0.189 ± 0.002

BX1(0−)→φφ (1.55 ± 0.02) × 10−2 0.218 ± 0.003

mX2(0−) [GeV℄ 2.0757 ± 0.0025 2.077 ± 0.002

Γ′
X2(0−) [GeV℄ 0.136 ± 0.005 0.118 ± 0.005

BX2(0−)→φφ (2.94 ± 0.43) × 10−4 (1.03 ± 0.08) × 10−3

mX3(0−) [GeV℄ 2.6590 ± 0.0028 2.705 ± 0.003

Γ′
X3(0−) [GeV℄ 0.51 ± 0.01 0.34 ± 0.01

BX3(0−)→φφ (9.72 ± 0.26) × 10−2 0.126 ± 0.003

a12 [GeV

2
℄ 0.128 ± 0.003 -

a13 [GeV

2
℄ −0.087 ± 0.004 -

a23 [GeV

2
℄ −0.005 ± 0.004 -

N(0−) 710 ± 13 708 ± 16
χ2/nd.o.f. 24.4/18 ≈ 1.4 25.8/21 ≈ 1.2

A. A. Kozhevnikov The de
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Interferen
e:

I = NΓJ/ψ
[

BJ/ψ→γ(X1(0−)+X2(0−)+X3(0−))→γφφ−
∑

i=1,2,3

BJ/ψ→γXi (0−)→γφφ



 = −262 ± 33 (model A);

151 ± 19 (model B)

A. A. Kozhevnikov The de
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0+ resonan
e

Single 0+ resonan
e results in poor �t,

χ2/nd.o.f. = 37.8/28 = 1.4.

Spe
trum generalized to in
lude two resonan
es:

dN(0+)

dm12
=

N
(2π)3 × 12m2

J/ψ

|k ||k∗

1 |
(

2|A0|2+

|A0 + A2|2
)

,

A0 =
g11f001

DX1(0+)
+

g12f002

DX2(0+)
,

A2 =
g11f221

DX1(0+)
+

g12f222

DX2(0+)
.

Fit is improved: χ2/nd.o.f. = 19.7/23 = 0.9.
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Results of �tting and evaluation:

mX1(0+) = 2.190 ± 0.009 GeV,

Γ′X1(0+)
= 0.00 ± 0.01 GeV,

BX1(0+)→φφ = 0.70 ± 0.04,

mX2(0+) = 2.409 ± 0.010 GeV,

Γ′X2(0+)
= 0.003 ± 0.021 GeV,

BX2(0+)→φφ = 0.86 ± 0.19,

N(0+) ≡ NΓJ/ψBJ/ψ→γ(X1(0+)+X2(0+))→γφφ =

63 ± 5,

NΓJ/ψBJ/ψ→γX1(0+)→γφφ = 52 ± 4,

NΓJ/ψBJ/ψ→γX2(0+)→γφφ = 5± 2;

interferen
e: I = 6± 7.
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2+ resonan
e

9 free parameters 
hara
terize single 
ontribution. Restri
ted

statisti
s prevents from in
lusion of more than one resonan
e.

φφ mass spe
trum in rea
tion e+e− → J/ψ → γφφ:

dN(2+)

dm12
= N

2m2
12

〈

ΓJ/ψ→γX (2+)

〉

λJ/ψ=±1

π|DX (2+)|2
×

ΓX (2+)→φφ,

〈

ΓJ/ψ→γX (2+)

〉

λJ/ψ=±1
=

|k |
72πm2

J/ψ

[

4g2
02 + 7g2

20 − 4g02g20+

3(g12 + g20)
2
]

.
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0

100

200

300

400

500

600
 BESIII JPC=2
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dN
(2

+ ) J/
->

/d
m

m  [GeV]

mX (2+) = 2.621 ± 0.012 GeV, Γ′X (2+) = 0.005 ± 0.018 GeV,

BX (2+)→φφ = 0.21± 0.01, χ2/nd.o.f . = 19.7/24 ≈ 0.8.
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Consisten
y 
he
k

Take sum of �tted JP 
ontributions and 
ompare with

experiment:
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Photon angular distribution

Angular distribution of photons in rea
tion

e+e− → J/ψ → γφφ:

dN

d cos θγ
=

3

8
(1 + cos2 θγ)

[

N(0−) + N(0+)
]

+

N
(2+)
1 + N

(2+)
2 cos2 θγ ,

N
(2+)
1,2 =

N
32πm2

J/ψ

∫ mJ/ψ

2mφ

dm12

m2
12ΓX (2+)→φφ(m12)

π
∣

∣DX (2+)

∣

∣

2 |k | ×
[

|g02|2 +
3

2
|g20|2 −

1

3
|g02 + g20|2 ± |g12 + g20|2

]

.

Cal
ulation with the �tted parameters gives N(0−) = 708,

N(0+) = 63 and N
(2+)
1 = 89, N

(2+)
2 = −8.
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Multiplying unnormalized distribution by

N−1 =

[

N(0−) + N(0+) + 2N
(2+)
1 +

2

3
N

(2+)
2

]−1

followed by multipli
ation by area under experimental

histogram results in

-1.2 -0.8 -0.4 0.0 0.4 0.8 1.2

500

1000

1500

2000

2500

3000

3500

4000

 

 

dN
/d
co

s

cos

A. A. Kozhevnikov The de
ay J/ψ → γX (JP ) → γφφ: Dynami
al analysis of X (JP ) → φφ resonan
e 
ontributions.



Introdu
tion

Amplitudes and partial widths.

Results of �tting

Dis
ussion

Con
lusion

Resonan
e parameters 
ited by BESIII and PDG were obtained

in the �xed width approximation.

Corre
t 
omparison of the present work with BESIII data and

PDG entries requires evaluation of the e�e
tive resonan
e

peak positions and widths.

A rough estimate 
an be obtained upon negle
ting the

resonan
e peak distortion due to the e�e
ts of the phase spa
e

volume by peak lo
ations and evaluating widths at half of

height of the resonan
e peaks.

A. A. Kozhevnikov The de
ay J/ψ → γX (JP ) → γφφ: Dynami
al analysis of X (JP ) → φφ resonan
e 
ontributions.



Introdu
tion

Amplitudes and partial widths.

Results of �tting

Dis
ussion

Con
lusion

In 
ase of 0− one �nds

masses mX1(0−) ≡ mη(2250) ≈ 2260 MeV,

mX2(0−) ≡ mη(2100) ≈ 2120 MeV, and

mX3(0−) ≡ mη(2500) ≈ 2480 MeV

e�e
tive widths ΓX1(0−) ≡ Γη(2250) ≈ 220 MeV,

ΓX2(0−) ≡ Γη(2100) ≈ 210 MeV, and ΓX3(0−) ≡ Γη(2500) ≈ 400
MeV.

Within one or two magnitudes of the experimental un
ertainty

they agree with the values given by BESIII.
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In 
ase of 0+ resonan
e 
ontribution, X1(0
+) has e�e
tive

peak 
hara
teristi
s whi
h agree within the experimental

a

ura
y with those of f0(2100) observed by BESIII. X2(0
+)

in
luded here to a
hieve the better des
ription of the data is

new. The data with improved statisti
s 
ould resolve the issue.

E�e
tive 
hara
teristi
s of the tensor resonan
e obtained here

agree with those of f2(2340) 
ited by PDG.
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Dynami
al analysis of the resonan
e 
ontributions to

J/ψ → γX → γφφ de
ay amplitude is performed based on the

e�e
tive amplitudes of the transitions J/ψ → γX and

X → φφ.

Resonan
es with quantum numbers JPC = 0−+
, 0++

, 2++
are

taken into a

ount to des
ribe φφ mass spe
trum in the

rea
tion e+e− → J/ψ → γX (JPC ) → γφφ studied by BESIII


ollaboration.

Two models, with and without mixing of three X (0−+)
resonan
es, are 
onsidered when �tting the pseudos
alar


omponent of the spe
trum. It is shown that both above

models give satisfa
tory des
ription of the data, hen
e one


annot distinguish between them with the present a

ura
y of

the data.
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The s
alar 
omponent of the φφ spe
trum is better des
ribed

in the model with two s
alar resonan
es.

Surprisingly, the tensor 
omponent requires only one

resonan
e, be
ause the non-trivial behaviour at the left

shoulder of the resonan
e peak is due to φφ mass

dependen
ies in X (2++) → φφ vertex.

Masses and e�e
tive 
oupling 
onstants parameterising

invariant amplitudes are extra
ted from the �ts and used for

evaluation of bran
hing fra
tions. Consisten
y of �ts is

supported by evaluating the in
oherent sum of 0−+
, 0++

, 2++


ontributions to mass spe
trum and by 
al
ulating the photon

angular distribution.
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Some details (values of 
oupling 
onstants, expressions of

amplitudes in terms of heli
ity ones, veri�
ation of in
oheren
e

of resonan
e 
ontributions with di�erent quantum numbers,

et
.) are given in the paper A.A.K., Phys. Rev. D99, 014019

(2019).

Thank You!
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