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Motivation

Abundant data, better analysis method = Precise measurements, BESIII, STCF...

= Intricate structures = Triangle Singularity (TS): L. D. Landau, Nucl. Phys. 13, 181-192 (1959)

B
A How the TS happens (Coleman-Norton theorem) :
: o (1). Particle 1, 2 and 3 are all real particles,
(2). p, and p3 have same direction,
! ' (3). Particle 3 can catch up particle 2 = v; > v,.
@A
D1 — Do Purely kinematical effect, model independent.
—_— 1 2 @) ===
/ \ >0—> Still not confirmed experimentally.
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Motivation

1. Threshold

Example: X.-H. Liu, M. Oka and Q. Zhao, Phys. Lett. B/53, 297 (2016):
Z.(3900) — DD* threshold ~ 25 MeV - If a threshold enhancement falls into the TS kinematic region,
P.~4.45 GeV — y.1p threshold ~ O(10) MeV distinguishing it from TS will be complicated.

2. Width of internal particles Phys. Rev. D103, 016014 (2021):  sono*t o
Example: 4mm Changing width of /9 (toy)= e
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3. Information of interaction vertex

Example:

P.(4450): Ay = J/YpK via x-1pA* loop. - No experimental data to constraint the Apx.1A* vertex = Line shape only.



Motivation
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Motivation

Weakness: Background = phase angle, incomplete estimation
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Motivation

Inspiration: BESIII, 2012: Isospin breaking process n(1405) — 7% £,(980)

J. J. Wu, et. al, PRL, 108, 081803
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1. Triangle singularity and isospin breaking happen simultaneously
(1). Different masses for ™) with different charges = loop diagrams
will not cancel to each other.

(2). Triangle singularities with different positions happen = cause a
distribution in A spectrum after cancellation.

2. Suppression of the background due to isospin breaking

J /Y = AAT® process is suppressed under tree level.

= (1). Interference Is unnecessary, phase angle problem solved
(2). More significant triangle singularity effect.

3. Large amount of J/Y events in BESIII and future STCF

more than 10° J /3 already, 100 times larger luminosity of STCF

= High statistics, good platform to perform precise measurements
on the J /Y physics.



TS in J/Y — AAT® process

A(py) 1. TS position:
£(1670)*S-m*: 1.409 GeV
A(p3) 2(1670) 2% ™: 1.401 GeV
: 2(1620)*S-m*: 1.403 GeV
m(Pa) 5(1620)~S+m7~: 1.395 GeV
V,: £05%070 (1,0:1,0/1,0) = 0 O
= no neutral loop contribution = To enhance TS, need 2™ ~1.4 GeV

+
= X(1385): 2 , kkkok
Small intermediate width, have TS 2

= 27+ inVy: . 2. Low momentum process:
1. 2(1670): 7 , = 55MeV, #xxx = Amplitude of V5 and V,: ~k*
" 1_ ~ 1_
2. 2(1620): 7 , = 70 MeV, * = Ideal: interaction with [ asap, X (E )~1.4 GeV

= Significant effect



TS in J/Y = AAT° process

Surprise: From Prof. En Wang, 2024.04, ChengDu

Low-lying baryons with JP=1/2-

1/2- baryon nonet with strangeness
o | Citation: R.L. Workman et al. (Particle Data Group), Prog. Theor.Exp.Phys. 2022, 083C01 (2022)
Zou, EPJA 35 (2008) 325

[Z(620) 12| 107 = 1) sws x

OMITTED FROM SUMMARY TABLE

Mass pattern : quenched or unquenched ?
uds (L=1) 12- ~ A*(1670) ~ [us|[ds] s
uud (L=1) 1/2- ~ N*(1535) ~ [ud][us] s
uds (L=1) 12- ~ A*(1405) ~ [ud][su] u

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 upda!

uus (L=1) 1/2- ~ Z*(1390) ~ [us][ud] d | 3 (1480) Bumps 1UP) = 1(?7) status: *

Zou et al, NPA83S (2010) 199 ; CLAS, PRC87(2013)035206

OMITTED FROM SUMMARY TABLE

These are peaks seen in Aw and X 7 spectra in the reaction 77 p —
(Y7w)K™' at 1.7 GeV/c. Also, the Y polarization oscillates in the

Strange decays of N*(1535) and A*(1670) : same region.
N*(1535) large couplings gy.nns Sxeka * Enonmy? Eneno
A*(1670) large coupling g,.,,

SBkEAE MRS



TS in J/Y = AAT° process

Previous: J. J. Wu, et.al., PRD 80, 017503 Recent: E. Wang, et.al., arXiV: 2405.09226

Kp->Antn~ Af - nm* A: From Prof. En Wang, ChengDu
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. hjz(/\n‘) [Ge\;fc‘] :
M > 1450 MeV and M, > 1760 MeV. EW, JJWu, to be prepared

2(1381): M = 1381.3 GeV,I' = 118.6 GeV A lot of other works
= y?/d.o.f:10.1/9 - 3.2/9 Review: E. Wang, et.al., arXiV: 2406.07839



TS in J/Y = AAT° process

S — wave interaction is needed
-
xF (E ) around 1.4 GeV is needed

2(1381) has been predicted
2(1620) is still on one star status /

> = New extra motivation: use TS to establish X* (E ) states

X(3872): F. K. Guo, PRL 122,202002 (2019).

————— 5=180 keV |

M eanin g : _ _ _ _ 2.0 /,, Ilt ........ 0=50 keV

1. Understand triangle singularity itself. o st isy —— 6=0keV ]
2. Confirm hadron loop mechanism. g2 4% U 0=730keV
3. Help studying properties of hadrons. ] S A N O=IS0keV
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TS in J/Y = AAT° process

Loop diagram contribution A(p2)
1.0f 'l\‘ ----- (_’+,_) |00p K(p:g)
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TS in J/Y = AAT° process

Resonance-like structure around 1.4 GeV 6

This world contains not only strong interactions

= Background = Need a comparison between TS and background

A(p2)
J/¥(p1) B
A(p3)
2*0 (/_\*)
m°(py)

%*0: first vertex is isospin breaking

A*:second vertex is isospin breaking

Generally:
Strong : Electromagnetic : Weak ~1:1072: 1077
= Electromagnetical interaction is preferred

PDG:
Br(J/y - 2(1385)%) = (3.1 £+ 0.5)x10~*
Br(J/yY — 2(1385)A) < 4.1x107°



TS in J/Y = AAT° process

>*Y in the diagram can also be X(1385)

>*% in the diagram can also be £(1620)
= All the combinations are studied

TABLE I: The coupling constants extracted from RPP [57].

Couplings Branching Ratio Value
87/uz(1385)% (3.1 £0.5) x 1074 2.7 +0.2) x 10™* GeV~!
8J/uz(1385)A <4.1x10° <3.101 x 107> GeV~!

83(1385)An
83(1385)%r
83(1620)An
83(1620)zx
83(1670)An
85(1670)n
8A(1405)%r

87/wA(1405)A

(87.0+1.5)%
(11.7 £ 1.5)%
(9.0 £3.00%
(17 + 5)%
(10 + 5)%
45+ 15)%
~ 100%
8.3+0.7)x10™*

9.034 + 0.081 GeV™!
6.830 + 0.432 GeV~!
0.273 £ 0.045
0.392 +0.052
3.713 £ 0.765 GeV
10.299 + 1.600 GeV
~ 1.569
(1.335 £ 0.021) x 1073

A(p2)

/_\(p3)

'’ (P4)

TABLE II: The estimated coupling constants calculated by the esti-

mated branching ratios.

Coupling constant Branching Ratio Value
8A(1405)Ax ~ 1% ~0.131
8J/uE(1670)x ~6.2x%x107 ~7.129 x 1073
87/us(1620)S ~6.2%107° ~1.475x 1073
82138 1)An ~ 85% ~ 2.585
£3(1381)%n ~ 15% ~ 0.815




TS in J/Y = AAT° process

%(1670)Xm loop with £(1381)

8x10°°t

6x10°°}

dridmy

2x107°

4x107°

n — Loop (£*(1670),Z "(1381))
Wl e Background from Z*(1385) '
---.- Background from A(1405)

1. TS contribution is just located at A(1405)

2. TS and X(1385) may be well separated

3. Branching ratios:

(2(1381): 1.18x107>
1 A(1405):9.27%x107°
\ TS: 6.76x10~¢ < Narrow, still smallest

Distinguish: Spin observables,
K. Wang, et.al, PRD, 106, 094032
Our next step



TS in J/Y = AAT° process

(dr/dmAn)TS

Other combinations: ratio(my,) =
(dF/ dmAn)background

%(1670)Xm loop with £(1381)
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TS in J/Y = AAT° process

2(1620)Zm loop with £(1381) TS contribution is dominant
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Maybe all the existences of TS, X(1381),

ViV, V3,V =P,S,S,S
1, V2, V3, Vs and 2(1620) can be ensured.



TS in J/Y = AAT° process

Example: STCF, from Prof. H. P. Peng

High Statistical Data : > 1 ab1/year

CME (GeV) Lumi (ab™") samples o(nb) No. of Events remark
3.097 1 T/ 3400 3.4 < 1072
3.670 1 T 2.4 2.4 < 10°
w( z(»x(») 640 6.4 < 10"
3.686 o 25 2.5 < 10°
b 2.0 < 10°
JI 1012 3.6 3.6 < 10°
LP 2.8 2.8 < 10°
3.770 7.9 < 10% Single Tag
DD 5.5 <108 Single Tag
T~ 2.9 2.9 < 10°
DODY ¥+ c.c 4.0 1.4 < 107 CPpopo = +
D20 R0 . . o 4.0 2.6 < 107 CPpopo = —
4-.009 0.20 2.0 < 10%
D palr 1 09 3.5 3.5 < 10°
0.90 9.0 < 10%
4.180 1,5, 17, +cC.C. 1.3 < 10% Single Tag
™+ 3.6 3.6 < 107
T/t 0.085 8.5 < 107
4.230 1 r+r— 3.6 3.6 < 10°
YX(3872)
dl(3686)ﬂ’n‘ 0.058 5.8 < 107
Pkl ! 3.5 3.5 > 10°
v~ 0.040 4.0 < 107
i T 109 - 3.5 3.5 = 10°
P At 0.033 3.3 5 10’
RLES0 . AcA. 0.56 5.6 < 10%
A-A 6.4 < 107 Single Tag
7 3.4 3.4 %< 10°
4.0-7.0 3 300 points scan with 10 MeV step, 1 fb™ ' /point
>S5 2-7 several ab~! high energy data, details dependent on scan results

Sensitivity
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Maybe the sensitivity of J /Y physics is ~1078 ? ©



TS in J/Y = AAT° process

10%2J /1, 1078 sensitivity ?

%(1670)2m loop with £(1381) %(1620)Xm loop with £(1381)

0.7f 4
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031 3 Detection:
%M %2 1. Polarization
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($(1670)Em loop with £(1381), Br(TS/CUSP): 3.783x1076/1.009%10~7
Events: { £(1620)Sr loop with £(1381), Br(TS/CUSP): 2.978x1076/4.025x10~2 = > 105/4000 events?
\Z(1670)Zm loop with £(1385), Br(TS/CUSP): 1.345x1077/1.855x10~7




summary

« We predict a detectable pure TS effect in J /1 = AAT® process.
* Background and phase angle problem are solved here

* Our TS may be a probe used to search X(1381) and 2(1620)

* Further spin observables analysis will be done due to A(1405)

e A precise analysis on J /Y — AAr® is suggested, especially in future STCF

Thank you ~



