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1. Controversial issues about the
pseudoscalar glueball candidate
Nn(1405)



Hadrons beyond the conventional QM and...

Exotics of Type-I:

JPC are not allowed by Q Q ﬂ
configurations, e.g. 0—, 1~ ...

e Direct observation

Exotics of Type-lI:
JPC are the same as Q Q ‘
configurations ‘
o Outnumbering of
conventional QM states?
o Peculiar properties?

“Exotics” of Type-lll:

Leading kinematic singularity can cause measurable effects,
e.g. the triangle singularity.

« What's the impact?

« How to distinguish a genuine state from kinematic effects?



The arising of the E-1 puzzle:

E meson was first observed in 1965 in p p_é (K Kr) trm.

Observation of 1(1440) at Mark Il (left, 1980) and Crystal Ball (right,
1982)
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Fig. 69. Observation of the n( 1440) by Mark Il and Crystal Ball. (a) Mark 11, radiative photon detection required, (b) Mark 11, photon detection
not required. The events in the shaded region have my < 1.03GeV {“delta cut™). (c) Crystal Ball, events in the shaded region have
My < 1.125 GeV.



Confirmation of n(1440) at Mark Ill in 1987
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Distorted lineshape?

1 I | | ] aﬁﬁ_ | I l (C) —
300k Mark Il (@ _
>
S
O L
200 P 200
~
k!
100 € 100
P P
’-‘P“-"-. . ;H,‘
10 0 AP AN iy, T
) 10 1.2 14 16 18 2.0
Mkgn (OeV)
300 (a) A single Breit-Wigner fit
(b) Two interfering B-W fit
200 (c) Coupled channel B-W fit
— 1416 +7. - _q1+67 T ’
100 M = 1416 £ 875 ' =9175, 44 MeV /¢
M=14907"% r=5417""1" MeV /c?
0
10 12 14 16 18 20 Also “confirmed” by Obelix collaboration

mgn (GeV)



Type-Il exotics?
The abundance of 0~ (I=0) states implies an exotic candidate

45 The first radial excitation of
KO K+ (1460) JPO=0-) states also make a qqg
+1 SU(3) flavor nonet:
3®3 =1P8

1st radial excitation

Three n states have been
listed by Particle Data Group
around 1.2 ~ 1.5 GeV:

n*(1300)  1(1295), n(1405), and
n(1475)

10, n(129%), n(1475)

K-(1460) KO(1460)



M (GeV?)

e Regge trajectory for the n/n’ mass spectrum

7
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J.S. Yu, Z.F. Sun, X. Liu, and Q. Z., PRD83, 114007 (2011)

e How to understand
the presence of
Nn(1405) ?



The abundance of 0~ (1=0) states implies a glueball
candidate?

Positive:

* Flux tube model favors M= 1.4 GeV [1]

e A dynamical model based on U,(1) anomaly gives a similar mass [2].
Caveat:

e LQCD favors M=2.4-2.6 GeV [3,4,5]

€ What can we learn from modern high-precision data? E.g. BESIII,
Belle, LHCbh...

€ How to understand the HUGE difference between the dynamical
calculations and LQCD results?

[1] Faddeev, Niemi, and Wiedner, PRD70, 114033 (2004)

[2] H. Y. Cheng, H. n. Li, and K. F. Liu, Phys. Rev. D 79, 014024 (2009)

[3] Morningstar and Peardon, PRD60, 034509 (1999); Y. Chen et al., PRD73, 014516(2006)
[4] Richards, Irving, Gregory, and McNeile (UKQCD), PRD82, 034501 (2010)

[5] W. Sun et al. [CLQCD], arXiv:1702.08174[hep-lat]
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Apparent inconsistency between the
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BESIII measurements of 1|(...) states in J/y and y’ decays

Only a single state is observed in Y

the Jy and y' decays!

Jhy, '
J/P(1S) 16(PC) = 0= (17 )
M51 7n(1405/1475) — ~vKKn [d] (28 206 )x103 S=1.6
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Invariant mass spectra measured at BES-III
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The 1n(1405) and 1(1475) paradox:

* No experimental evidence forn(1405) and 1(1475) to be present
in the same decay channel!

-- How to reconcile the conflicts between LQCD and
phenomenological models?

-- How to understand the low mass for the pseudoscalar glueball
in phenomenological studies?

* The peak positions for the n(1405/1475) are slightly different in
different channels!

-- How to understand different masses and lineshapes for
Nn(1405) and 1n(1475) in different channels?



2. Reconsile the the dynamical model calculations with
LQCD simulations

A brief status review: Qin, QZ, and Zhong, PRD 97, 096002 (2018)



Stable PG masses from LQCD simulations
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Morningstar and Peardon, PRD60, 034509 (1999); Y. Chen et al., PRD73, 014516(2006)
Richards, Irving, Gregory, and McNeile (UKQCD), PRD82, 034501 (2010)



N = 2 LQCD study on anisotropic lattices

(a) mx ~ 938 MeV (b) mx ~ 650 MeV

Mg(GeV)
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tmin trnin
mx (MeV)  mg++ (MeV)  mot+ (MeV) | mp-+ (MeV)
Nf=2 038 1397(25) 2367(35) 2559(50)
650 1480(52) 2380(61) 2605(52)
Ny=2+1 [13] 360 1795(60) 2620(50)
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W. Sun et al. [CLQCD], arXiv:1702.08174[hep-lat]




Can mixing bring down the PG mass in a dynamical calc.?

e 11(1295) and n(1475) are the 1st radial excitation between the flavor
singlet and octet with 1=0.

{ n(1295) = cosann — sin ass

-

—
[—
N
.
—

e
|

SIN (xN7L + CcOs ess

e 11(1405) is a pseudoscalar glueball candidate which favors to mix with

the ground states n(547) and n'(958).
e Caution: Lattice QCD gives the pseudoscalar glueball mass of ~2.4 GeV.

n nn X1 Vi I ni
nl=U\|ss|=|x2 » o 5
" G X3 V3 I3 G

e G. Li, Q. Zhao, C.H. Chang, JPG35, 055002 (2008); hep-ph/0701020
e C. Thomas, JHEP 0710:026, 2007

e R. Escribano, EPJC65, 467 (2010)

e H.Y. Cheng, H.n. Li and K.F. Liu, PRD79, 014024 (2009)



e One can even include n_ ( Ec) in the mixing scheme.

[ 1) [ )\
| 1) MG =~ 2.4 GeV
IG) = Usg(0)U14( ) U 2( ) 1o | Mﬂc = 208 GeV
\In.)/ \ [n0) /
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Constraints on the ) and 1, but not strongly on a glueball candidate!

Y.-D. Tsai, H.-n. Li and Q.Z., PRD85, 034002 (2011)
Re-investigated in Qin, QZ, and Zhong, PRD 97, 096002 (2018)



Assuming that the decay constants in the flavor basis follow the same mixing
pattern of the particle states, we have

(ff{ o Fi\ (fs 0 0

q s C
/ / / 0 O
d f” f" — U Is T. Feldmann, P. Kroll, and B. Stech,
& s fs O O O PRD 58, 114006 (1998); PLB 449,
| 339 (1999)
\ f ,f]]('_ f ,97( f ’(ﬂ- / \ 0 0 f. )

where
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The axial vector anomaly is given by the U,(1) Ward identity:

i = . . . as ~
35 = 0" Urarsi) = 2mj(jiysj) + -GG



The axial vector anomaly can then relate the pseudoscalar meson masses to the

flavor singlet pseudoscalar densities and the topological charge density:

(0075|P) = M3}

M2 0 0 0
(7 \

where M% = 0 M}%, 0 0

And M

qsgc

0 0 M. 0
\o 0 0 m/
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Meanwhile, the axial vector anomaly gives:
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The equivalence of Egs. (A) and (B) gives:
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This allows a relation for the physical glueball mass and the topological charge
density in association with the other constrained parameters:

31 :
quc = myg, + ﬁGg/fq
= —M;(cOcl; — s0cs0,)s0spgcdo + Mﬁ,(s@c@,- + cOcps0;)cOspgedy — MgchsshesOicdy,

Mg%qc - ’n%‘g + Gq/fs
= M7 (c0s0; + sOcg;c0,)sOspgedg + Mﬁ, (—50s0; + cOchcl;)cOsdpgedy — MEchshacbdicdy.
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— Mﬁ, (sin @ cos 0; 4 cos 0 cos ¢ sin @;) cos € cos ] }

o {ﬁGg/fq

sinf; | singg
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With the LQCD results for the topological charge density, we can fit the parameters:

TABLEIL The numerical values of all the parameters with G, = —0.054 GeV? and ¢p; = 12° fixed. The two quantities, m>: and m>’

: ge
. " . e 7 . . . . .
involve more complicated issues and are sensitive to m;. and ¢. Further detailed discussions can be found in the context.

fs/fy Mg (GeV) m;,q (GeV)? m2, m;q m;’.ﬂ m;!j' m2 m;q m2, G, (GeV)? G, G,
1.2 2.1 0.055 045 -0.041 -0.81 087 050 -0.24 -0.15 0.060 0.035 -0.092
1.3 2.1 0.0012 047 -0.067 -0.81 087 046 -0.25 -0.15 0.065 0.035 —-0.092
. .y 2
where we have applied the condition: | 7 ¢, < m S m g
31 2 \/EG :
2 Mcmc Mgy T o/t q
Note: ng, < mg, R3 = —

quf?c I’Ft%g + Gq/j5

If m2, ~ m;, < G,/f, ~ Gy/fs T Ry 30 =~ V2filf,
> Mg ~14GeV!

Inappropriate approx. made in

H.-Y. Cheng, H.-n. Li and K.-F. Liu, PRD79, 014024 (2009)
Y.-D. Tsai, H.-n. Li and Q.Z., PRD85, 034002 (2011)



With the LQCD results for the topological charge density, we can fit the parameters:

(3-25)°, with 0 = —11°, ¢, = 11.6% and f, = 131 MeV.

TABLE 1. The numerical values of all the parameters with G, = —0.054 GeV? and ¢ = 12° fixed. The two quantities, m;}: and m?>’
involve more complicated issues and are sensitive to m2, and (f)( Further detailed discussions can be found in the context.
fs/fy Mg (GeV) m;,q (GeV)? m2, mf” m,—’.ﬂ m;’: ma m;q m2, G, (GeV)? G, G,
1.2 2.1 0.055 0.45 -0.041 -0.81 0.87 050 -0.24 -0.15 0.060 0.035 -0.092
1.3 2.1 0.0012 047 -0.067 —-0.81 0.87 046 -025 -0.15 0.065 0.035 -0.092
where we have applied the condition: %]9 sqg K m g K m 94
4.0 31 2 :
3 = quqc - mg, + \/iGg/fq
3.5F l - - 2 .
S 3.0¢f
o
Q
s 2.5}
20T
15 .. . . . .
5 10 15 20 25
Pa(°)
FIG. 1. The physical glueball mass M; varies with ¢, €



Gp(GeV3

The dependence of Gp on m2,, ¢, and bo
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The topological susceptibility can be extracted for the pseudoscalar mesons:

LQCD results:

0la,GG/(4r)|n) = 0.016 GeV?,
(0|, GG/ (47)|1f') = 0.051 GeV?,  (0la,GG/(4n)|n) ~ 0.021 GeV?
) 0la,GG/(47)|G) = —0.084 GeV?, — (0la,GG/(4x)|') ~0.035 GeV?
| (0la,GG/(47)|n.) = —0.079 GeV?, |G, = —(0.054 = 0.008) GeV"

e Low mass pseudoscalar glueball is unlikely to be favored!
e Similar conclusion from V. Vento et al.




3. The presence of the “triangle singularity”

week ending

PRL 108, 182001 (2012) PHYSICAL REVIEW LETTERS 4 MAY 2012

First Observation of 7(1405) Decays into f,(980)7="
Y

Isospin-violating decay Iy

of J/yv = yn(1405) = ynnn T
n(1405/1475)
T

sk} @) gnt ] Uy
S b 4 EN D 2
T INAN REINATR.
& 5n§— {f,.-,f;""l_ﬁ—%#ﬂﬁ%iﬂﬁﬂé & 'mé— M m H—qu#:
qiﬂf& | LT qﬁr:f’—l—"— %ﬂ%ﬁi L

MI(f_(980)x")}GeVic?) Mifﬂ{ganhﬂxiaewcz}
BES-Ill Collaboration, Phys. Rev. Lett. 108, 182001 (2012)



| owigl f o)
K+K- 1 KO KO E J(
-»“« ; %m E?F .
Fh 1§ #ﬂ
] , ﬁﬁ ﬁi%ﬁﬂ%
M{EJ'I-:IEHG-EWCZ ;1 . u-g M{nﬂ:n:u}l[ﬁe‘h-"f['. }

® f,(980) is extremely narrow: I'= 10 MeV !
PDG: I =40~100 MeV.

® Anomalously large isospin violation!
Br(n(1405) — fo(980)7° — ntx—xY)

12

(17.9 + 4.2)%

Br(n(1405) — af(980)7° — nn'x0)



“a,(980)-f,(980) mixing” gives only ~1% isospin violation effects!

T

: KO (K*) T
T](1405) Y

2,(980) =~ -< £,(980) \
1=1 K2 (KY) | =0

g(agK*K") g(foK*K-)
= -g(agK? KO g(fK° KO

M(K®)-M(K*) = mg—m,

“Triangle singularity”

Internal RK*(K) approach the on-shell
condition simultaneously!

K*%

n(1405/1475)

£,(980)

Manifestation of Landau singularity!
J.J. Wu, X.H. Liu, Q.Z. and B.S. Zou, PRL(2012);

b1 f (980)

KO KO

096 098 100 102 1.04
M (Gev)

30

X.G. Wu, J.-J. Wy, Q. Z., and B.-S. Zou, PRD87, 014023 (2013)




“Exotics” of Type-lll:
Peak structures caused by kinematic effects, in
particular, by triangle singularity.

T (S L ) ]- dd@l
gl =1 =1 = -
ST —m? +i€) (g3 — m3 + i€)(q3 — m32 + ie)

(1 — (1 — a9y — (1-3)
= day das d :
1679/// 1 2 ds D—ic |

D= Y aaYy, Vo= km4md - (@)

i,7=1

The TS occurs when all the three internal particles can
approach their on-shell condition simultaneously:

ID/da; =0 forallj=1,2,3. [ det[Y;;] =0

L. D. Landau, Nucl. Phys. 13, 181 (1959);

J.J. Wu, X.-H. Liu, Q. Zhao, B.-S. Zou, Phys. Rev. Lett. 108, 081003 (2012);

Q. Wang, C. Hanhart, Q. Zhao, Phys. Rev. Lett. 111, 132003 (2013); Phys. Lett. B 725, 106 (2013)
X.-H. Liu, M. Oka and Q. Zhao, PLB753, 297(2016);

F.-K. Guo, C. Hanhart, U.-G. Meissner, Q. Wang, Q. Zhao, B.-S. Zou, arXiv:1705.00141[hep-ph], 31
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Updated study of n(1405/1475)-> 3x, K mx, nmr with
width effects

n £ » Direct isospin breaking via the TS mechanism
K(K)
T[+
K(K) {
f0(980) .
m
(a)
I
K&’ « a0-fO mixing enhanced by the TS mechanism
" K'@ -- Unitarized treatment for a0 and fO;
_ ¢ mt -- To separate (b) and (c) allows a self-contained
Ao 4—©—< evaluation of the TS and a0-f0 mixing contributions.
2,(980) 7 f2(980)\ __
K T
(b)
0 nt
" I? . .
n « a0-fO mixing at tree level
a0(980) " /5(980)
-
(c) M.C. Du and Q.Z., to be submitted. 33

See also N.N. Achasov et al., PRD92, 036003 (2015)



Updated study of n(1405/1475)-> 3x, K mx, nmr with
width effects

n(1405/1475) > K Knt

K*(K") ™
KK 1
./ K(K) / K(K) ”/ﬂ / (K) 1 KD
n K
KR 00080 N\ o K )
K(K) K
(a) (b) ()
Nn(1405/1475) - nnr
0 K* (K" r’
n" < K(K)
n
a0(980) K(K) <
a,(980)
(a) (b)

M.C. Du and Q.Z., to be submitted.
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Interferences from the TS mechanism

n(1405/1475) > K Kn n(1405/1475) - nnn
KO K() TR KE) nase) T niask KL=
1(1440) 1(1440) 1(1440) B (1440)
—»ﬁ<ﬁ —Fﬁ%o{K —>—_< KK & +L<a0 050 * - —>—_ | KK) _q
‘ ki< ' K(K) %(
a,(980) K a,(980) ™17
(a) (b) (c) (a) (b)

*The “Triangle Singularity” mechanism can shift the peak positions exclusive
channels.

eDifferent lineshapes in difference channels, i.e. K Rn, nnx, and 37.

*No obvious need for two independent states, 11(1405) and 1(1475)!

130 1‘:]5 1 '4';]_ _1;1_5 '1I5|:| 1 55 1 60 130 1,35 140 145 1,50 155 160 1,30 1,35 140 145 1,50 1,55 1,60
rll.ll1ll!'|?l."'ll C-El‘ul'] I:a:l M'-I'-f""l [Geh) [b:l M-‘-I:I a {G4\)
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Still the dominance of the TS is present in n(1405/1475)
- 3n with the width effects

0.08 o
”n‘ — = fyrrvia triangle (1)
| -
0.06 |" — - — ap—fy mixing (2)
Y — - — ap-f; mixing via triangle (3)
| Total mixing (2+3)
—
T

T

y Total (1+2+3)
& 0.04f l !

0.02} !
A
| "~-a
¢ 7 \. )
0.00F il -—-M.::" _____ -?.-'-"I!I-“-ﬂ--—:-_TH‘_—T!‘—.—-:--.-T_______________—___:]
0.96 0.98 1.00 1.02 1.04
4 S [GeV]

M.C. Du and Q.Z., to be submitted. 36



n(1405/1475) > K Kx

0.7
0.8
Total 0.6 Total
| _ —
och 1 K*K tree 0.5 K*K tree
N — agrrtee | 0§} -— aort tree
X I\ e aprT triangle 5 0.4F oo ap7r triangle
@ 0.4} | 5| \
- I © 0.3 \
| \
0.2 0.2 \
2h ) \
| \
v\\ 0.1 / \ \
0.0 T T I TN I TR T T T nYn o 0-0 P T L L LIttty e =——CE
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.‘szK [GeV] Sk [GeV]
n(1405/1475) 2> nnrn
A
0.10} I\ '
I}\ Total
5\
0.08} / " \ ——— 3, IT tree
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L;‘; 0.06 I
-] "
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M.C. Du and Q.Z., to be submitted.



4. Observables sensitive to the underlying dynamics

Backup slides: The radiative decays of n(1405/1475) = yV with V=p, o, ¢



5. Brief summary

We have to alter our view of the pseudoscalar spectrum

dramatically even for the 1st radial excitation! (A brief status

review: Qin, QZ, and Zhong, PRD 97, 096002 (2018))

e The n(1405) puzzle is originated from the triangle
singularity mechanism.

 The dynamical calculations of the PG mass are consistent
with the LQCD expectations if an inappropriate approx. is
corrected.

e Where to look for the pseudoscalar glueball candidate?

Isoscalar pseudoscalars with higher masses above 2 GeV, e.g.
X(2120), X(2370) ...



& FEAEn

Thanks for your attention!
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Decompose the triangle loop integral:

) . (l4q (2]_)1 _ Q)M(_gﬂy —|' %)(q e 2132)11
M = — (

2m)4 DDy Dy

= —i(s] — m% +am 'y + so — 283 + Qm% —

(51 —m3)(s2 —m3%) )/ d*q 1
m?2 —imy Iy (2m)* Dy Dy Dy

_ qj(sl — mi)(s2 — mi) / d*q L i(1+ s1 —m3, f dq 1
mi — imyly (2m)* ¢*Da D3 m? —imiI (27)* D1 Dy

. S0 —m3 )/ diq 1 . / dtq 1 . om3 — s / dtq 1 . m2% — 59 / dtq 1
— 4 i i ( — ‘ — ,
m? —imq [y (2m)* D1 Do (2m)* ¢2 Dy m3 —im Iy ) (27)% 2 D3 m? —im [y ) (2m)* ¢2Dq
/ dtq 1
+ 1 ,
(27)4 DQDB

where Dy = ¢> —m? +im 'y, Dy = (¢ — p2)> —m3, D3 = (p1 —q)*> —m3 and so = p3 =m

2

T



K* width effects are treated by the G.'t Hooft and M. Veltman formulation with complex
mass [G.t Hooft and M. Veltman, Nucl. Phys. B 153, 365 (1979)]. To see whether the

amplitude is sensitive to I as it varies a small value in the vicinity around its physical value,
we can calculate the logarithmic derivative of 3V,

~0.030} | -0.06}
g| 5 -0.035} g| 3 —0.08}
E| S £|
=| ‘£ -0.040f | E
5| £ 5| = -0.10f
P =| %
= [1+] oS [1+]
|l = -0.045} =
-0.12}
-0.050}
n n 2 2 2 _0.14. n 2 2 2 2
1.40 1.41 1.42 1.43 1.44 1.40 1.41 1.42 1.43 1.44

s [GeV] s, [GeV]






Radiative decay patterns are out of intuition

Immediate crucial questions:

i) 1fn(1440) is assigned as the (s ;)_partner of n(1295), can we
understand that 11(1440) = ¢ (s s) y is much smaller than 11(1440) 2>

p°(n n)y?

17(1295) = cosann — sin ass

-

—
-
s
e
[

R
]

SIN (xN7L + Ccos aess

ii) Why J/y = yn(1440) is so much stronger than J/y = yn(1295)?

Particle Data Group 2012:

BR(J/w = yn(1295))/BR(J/y = yn(1440)) <£0.1



Answer to question (i):

By assigning n(1295) and n(1440) as the first radial excitation of  and 7', we can organize them as
the following mixtures between nfi = (ui + dd)/v/2 and s5:

17(1295) = cosanfi — sin ass
1(1440) = sinann + cos ass | (1)

where a is the mixing angle.

In the J/i radiative decays, it is a good approximation that the photon is radiated by the charm
(anti-)quark, and the light g7 of 0~ is produced by the gluon radiation. By defining the production
strength for the q7 of 0~ as the following:

go = (qqlH|J/¥.7) . (2)
one can express the production amplitudes for n(1295) and n(1440) as
M(1(1295)) = (V2cosa — Rsina)gy .
M(n(1440)) = (V2sina + Rcosa)go , (3)

2
BR'I:.II'I,L‘ — "J-“I]‘{].—L—l‘[]‘}:l _ (E}'ﬂ(-]_.a_ld__g], )3 \/Eﬂillﬂ.’ 4+ Reosa ~ 10
B.R.(J/vY — yn(1295)) V2cosae — Rsina |

dn(1295)

with R = 1. one has a ~ 38°



Answer to question (ii): N Y

Magnetic dipole transition operator:

2
: N o | n@440)  V(¢,p,®)
Hem = ';‘.3':'_"-'!.](.5' Zﬂiﬁi??’ ) T*}r‘ ﬂé.ﬁ']‘f:ﬁl:’

The flavor and spin wavefunction for the pseudoscalar:
bs(s5) = (s5+35)/V2,
¢s(ni) = (nii+an)/V?2,
xa = (11 - 11/V2

The flavor and spin wavefunction for the vector:

da(p) = (s5—38s)/V2,

r;;}_q{pﬂ} = ((u@ — au) — (dd — dd))/2 ,

ba(w) = ((ud —au) + (dd—dd))/2,
xs = 11, L, (1L+11)/v2,



The M1 transition amplitudes for n(1440) -2 y V.

e

he, = — COS (Y .

" Bl '
€

h 0., — ——8INy .
a 2m, '
; © o

lpy = ——sSina ,

1 6m,

where m, = m, = my and m, ~ 5m,/3.

2 -2 - 2
0y . waEDSﬂ_Elﬂf_’E_S]H&'
=)  B.R(y9):B-R(y"): BR(Ww) = ——: ——: —=
~1:3.8:0.42
with o — 38°

So far, there is no obvious difficulty for having only one n(1440) to
cope with the existing observables!



PHYSICAL REVIEW D 97, 051101(R) (2018)

Study of 7(1475) and X(1835) in radiative J/y decays to y¢

The partial width ratio of (L' (1405/1475)=y,
A [y(140511475)=y¢) 18 calculated to  be  (11.10+
- % 3.50): 1 for the case of destructive interference and
BT (7.53 £2.49): 1 for constructive interference, where the
Lo branching  fraction of J/iy — yn(1405/1475) — yyp is
e GV taken from the BES measurement [3]. The ratio is slightly
FIG. 3. Fits to the My, 1arger than the prediction of 3.8: 1 in Ref. [10] for the case

event) for the case of

inerference. The dots w Of @ single pseudoscalar state. On the other hand, if the
ot ey o n(1405) and the #7(1475) are different states, the observa-

results, the structures arou 4+ . . .
arounds and ierforencn tion of the 77(1475) decaying into y¢ final state suggests

that the r(1475) contains a sizable s5 component and, if so,
should be the radial excitation of the 7/ [6]. The observation

N~4oof ‘ ‘

200

¢ yield/(0.035 GeV/e

[6] L. Faddeév, A: J. Niemi, and U. Wiedner, Phys. Rev. D 70,
114033 (2004).

[10] X.G. Wu, J.J. Wu, Q. Zhao, and B. S. Zou, Phys. Rev. D
87, 014023 (2013).
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Trajectories of s%, in the complex s',-plane with

s, increasing from s, =2 «:

At (S1=Sqny S27=S,c HiE) 2 BT 1(S;=S;c, SoT=S,n+M3 A(S3,M42,m,2)/(mym,)+ig)
A~ (S1=S1n, Sp7=Spc —1€) 2 B ((S1=S;c, S;7=Syn)

P Ss9+ i€
N
Im s5
AT Bt
P >
N i . ° * R _—;
% .(_ ,‘32
B_ * 2
A
- f
1 ds
r3(b1 59 83) - — f ; 2 - {T(.‘:l ba 83)
T S5 — S9 — 1€
(m1+m3)? o1




Triangle loop amplitudes:

Absorptive amplitudes

0.1

0.0

D1+

Absorptive

085 100 105 110 1.5
(a) Mkk(GeV)

1(1440)

K(K)

Dispersive amplitudes

0.10
o 0.05 ,
= i
E ﬂ-.n{a-_.d.f.f’;'*i
g
0 .0.05 _L_______._Fﬁ—-—*—""'"
I e
_G.'1|::| N 1 N 1 L 1 N
0,95 1.00 1.06  1.10 1.156
(b) Mrk(GeV)



Contributions from f,(1420)

Relative S wave

R KH(K™)
1420
It K-(K+)
K*(K*)
TTD
(la)
—— 0 —— 0
K*(I
£,(1420) [ i £1(1420) i
F K(K) Y  K(K)
_ mr at
K(KIN | fo(980) ao ” fa
- T
(2a) (2b)
— TTD i
F K(K)
7
aufﬂﬁﬂ}:’:
f1(1420)
ﬂ-EI

(3a) (4)



Kinematics:

J/

r fo(980)

X (n(1440), f1(1420))



f.(980)

i=1

dN/dcos@

dMigcosg,

ek ]

?/d.o.f = 38.3/14;
x°/d.o.f =19.8/12;

T
iz

T
g

T T T
a4 a7}

cos 5, (930)

Dashed: eta(1440)
Dotted: f1(1420)
Solid: eta(1440) + f1

b, = 1185 £ 8.8, ¢ = 0.538 + 0.312

b, =145.7+10.7, ¢; = 0.314 £ 0.128, 3 = 0.141 £ 0.317

wob
200 + +
150 F——
mn;:_Jr—l_ +T+ Jﬂ_ Jr
Ry mslen'n' 05

15(980)

dN/dcosBT

o250

11[1'|TIT1N1ITIIT1 'II'I1[1

BESIII results:




immediate states |x*/d.o.f for cos@.|x>/d.o.f for cosfy,
1(1440) 40.2/15 26.8/14
f1(1420) 59.0/15 26.4/13
1(1440) and f;(1420) 38.3/14 10.8/12
2.0x10" T T T T T T 1 ; T T T
o | rytH i 1.2x10 ] c— b ot i
1500° —— 1 (1440) | 105107 —— (1440)
...... f.(1420) | a0x10° ] ceeeee f (1420)
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