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Motivation



Large isospin violation in J/¥ — yn(1405/1475) - yf,(980)7 - yrtm~n® (we
denote n(1405/1475) by n")[1]1[2][3]:
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f0(980) = Fig.1. m*m~ spectrum from Ref[1].
Triangle singularity (TS) [4,5,6].

. B j d*q Numerator
(2m)* (g% —m2)((q — p2)? —m3)((q — p2 — p3)? —m%)

For \/s; € (my + mg3,+/S1¢), TS occurs when s3 = s3,

i \/5 € (mz + m3,\/s_3c).
53 = p2 Fory/s3 € (m, + m3,+/s3c), TS occurs when s; = sy,
/ \/EE (mq + mg,+/S1c).
Landau equation The kinematics allows the internal particles to be
simultaneously on-shell.
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The effect of non zero I'k+

Ref[7] shows the
suppression from T« is
unexpectedly large
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Fig.2. The decay width calculated
with I'g» = 50MeV (the lower
one)and I'y» = 0 MeV (the higher
one) from Ref[7].
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1. How does the non-zero I'y+ affect the absorptive
part of I ?

2. Taken into account I'y+, does the TS still suffice
to explain the large isospin violation?

[7]1 N.N. Achasov, A.A. Kozhevnikov and G.N. Shestakov, PR D92, 036003 (2015)



Analytical properties of triangle
loop integral



Decompose the amplitude
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If I; # 0 we seek for an explicit expression
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Ref[8] M= [y dy - Inwn 0) = Iy 0™ = 1o fy, v I () — Inz (7™)]
+1jld11()1 (3)
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1. The condition for TS can be identified by the motion of yj(i)

2. The locations of yj(i) in the complex plane determine the absorptive part of M

in the complex plane

[8] G. ’t Hooft and M. J. G. Veltman, NP B153, 365
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Extract the absorptive part
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Small-width approximation

. _(tdt bt
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Near-threshold approximation

The energy region where TS occurs is close to y/s3 = m, + m3
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Fig.4. The absorptive part of M calculated using different formulas, with I' = 200MeV. Left:
\/S3 Is fixed at 1GeV. Right: |/s7 is fixed at 1.4GeV.

« The analytic I" dependence of 3M can be obtained by looking into ISM/.,,,,
which is much simpler.
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Analysis on n(1405/1475)
decays



n" - f,(980)° » rtr Y

[+ = 50MeV Unitarized propagators [9]
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Table 1. List of Parameters | Values
our calculation. 95 ktK- 5.92GeV
o 2.96GeV From KLOE experiment [10,11]
[10] A. Aloisio et al. [KLOE Col.], PL B 536, 209 (2002)
Gaok*K~ 2.24GeV [11] A. Aloisio et al. [KLOE Col.], PL B537, 21 (2002)
Gagnn 3.03GeV |
90" kR ~ 3.6 Ref[3] )
N Need an analysis on
“Ci" o™ ' n'' - ay(980)m - numw and
In'" agn ? n'" — KK channels
{¢a, b} ?

[3] Xiao-Gang Wu, Xiao-Hai Liu, Qiang Zhao, Bing-Song Zou, PR D87, 014023 (2013); [9] N. N. Achasov and A. V. Kiselev, PR D70, 111901 (2004)
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Form factor F(g?) arises naturally in an effective theory:

UV

dtq  (@Pi—ay (—g‘” + qq‘i ) (q — 2p2)vF(q%) , > A2 —m?
: = [ [zt
2m)* (q2 = mP)((q — p2)? — m((q — p2 — pz)? — m3) (@) L 1A% -

Ai =m; + (XAQCD, a=1~2and AQCD = 250MeV.
The result should be stable as a varies. F(g?) is safe when the physical result mostly arises
from the region where 1) p? = m? or 2) p; is space like.



Experiment Constraints:

BR(J/¥ —»yn" > yfor »yr*n~n® (1.50+0.114+0.11) x 107°
(8.40 + 1.75) X 10-5

= = (17.9 + 4.2)9
BR(J/Y = yn" = yaem —» ynu°n®) (179 % &2)%

BR(J/¥ —»yn" > yfor »yr*n~n® (1.50+0.114+0.11) x 107°
BR(J/¥ - yn" - yKKm) B (2.8 +0.6) x 1073

= (0.53+ 0.13)%

Table.2. List of couplings and their phases determined by matching with experiment data.

BR(J/Y = yn"' = yagm - yfor = yn*n~n°) 10¢ @
~ 0 —
BR(J/Y - yn" - yaem - ynu'n®) ao,m <K KKm
aom < K*K
Ly sagmomme + Dyt okkn ~ 50MeV 0
Parameters Values a =2 a=1
ngp 452 gn”K*I? 397 403
9f,ktK™ 5.92GeV 9y agn 0.72 GeV | 0.37 GeV
9fontn- 2.96GeV gnuaon 0.5 GeV 0.49 GeV
Ja,k+K- 2.24GeV {ba, Pp} 1{60°,—40°}|{10°,—70°}
Jagnm 3.03GeV



Channels Partial width Partial width
[MeV] a =1 [MeV] a = 2
n'' - apym - nun(total) 4.01 4.25
n" — agm — numn (tree) 2.24 8.17
n" - K*K - agm - nur(tri) 5.27 15.5
n'" - KKn(total) 46.0 45.7
n" - K*K - KKn(tree) 50.2 48.7
n" = aym - KKn(tree + tri) 0.79 1.51
n' - aym - KKn(tree) 0.28 1.10
n'" - K*K - agm » KKn(tri) 1.34 3.27
n'" - KK - fyn 0.241 0.242
- a0 (tri)
n" - aym > KK - for 0.0047 0.00413
> ntn n(tri + tree)

Table.3. Partial widths of "' - aym - nrm, n”’ - KKmandn'' - fym -
mtm~m° by the parameters given in Table.2.
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Fig.6. KK (left panel) and K7 (right panel) invariant mass spectra (red solid) at \/s; = 1.42 GeV.
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Fig.7. nm® invariant mass spectrum (red solid) at @ = 1 (left) and & = 2 (right). The double-
peak structure arises from the mass difference between the charged and the neutral loops.
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Conclusions

. The large suppression from the seemingly small I'y+ can be understood as
being due to a small scale 5 ~ O (T'k+).

. The condition for the occurrence of the TS can be demonstrated by the

(D)

motion of Y

. The triangle mechanism can also enhance the a,m production from n".

. The small n"" — aym — nmm branching ratio is due to the cancellation
between the triangle and the tree diagrams.

. Taken into account the non-zero I'y+, the triangle singularity and the
accompanying cancellation between charged and neutral loops is still the
dominant contribution to the large isospin violation in JJ¥ — yn' —

Yfo(980)T - yrtr~n.
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M(T)

Explicit absorptive part

1

T BWiot + STtor + I0tot)
1677:2/1[511 52,53]5

The expressions for IW;,¢, 3T, and o, are real but different for each energy region.

. — — ] ] - T -+
Energy s1 < 84 s§1 < 81 < Sle S1ec < 81 < 84 sy < s1
S 1 Z(U (1) (QJ (QJ (SJ 1 HéilJH(%)wﬁ) ‘()?1») | .,‘%).,%}wﬁ | H‘%)Héé) ~£?-—§Z)
SWiot |mIn | L)) (3) |7 In| 2.3 |7 In | NONONONIKY n | .2 (2) (3) _(3)
211 %19 =19 <11 *19 11 %91 %19 Z11 %29 11 =1
Energy 81 < 8 87 < 81 < S1c S1e < 81 < 8 8 <81
RO (2) (7)) (2) )2 (3)_(3) (1) (2) (2) (3) (3) (1) ,(2),(2) (3) [3]19_ (3) 1,1 ,.(2), (2 (3,3 (3
T 7l ra Ty Tan (ran ’"31 Tag 1 11 Tag T4y Ty Tao 1 i1 Ta2 "y 2,,2 (ray )7 ry) 1 11 Mo Too Ty "";1 "";2 31
~ o [ R D e g || | || D e || | el
(1) (2) -
| | | Yo — 1 Yo — 1
010t = S0 = S0®) + 506) = 270 (51, — 1) In | 2| = 27O(s1 — s ) In | 2
Yo Yo

The parameters z(‘

)andr

(D)

are functions of {y; 0y




