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What Is Triangle Singularity?

Happened Process

(1) All particles are on mass-shell;

(2) Particle 3 catch up particle 2.

L. D. Landau, NP 13, 181 (1960)

S. Coleman, R.E. Norton, Nuovo Cim. 38, 438 (1965)

R. Karplus, C.M. Sommerfield, E.H. Wichmann, PR 111, 1187 (1958).
J.D. Bjorken, Ph.D. Thesis, Stanford University, Stanford, CA, USA, (1959).

C. Schmid, PR 154, 1363 (1967)
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Why Triangle Singularity interesting ?

Guo, Liu, Sakai PPNP 112, 103757 (2020)
Structures Processes Loops I/F  Refs.
2.1 GeV [141] Ap' — N*(2030) — K ' A(1405) K*Sr 1 [142)
) a p' = K°A(1405), pp — pK ' A(1405) K*En I [143)
oV AF 5 atats K*NK 1 [144, 145)*
N(1700) [10] N(1700) = 7A pNT I [146]
N(1875) [10] N(1875) — wN(1535) KA 1 [147]
A(1700) [148-150] vp — A(1700) — wN(1535) — pa'y Anp 1 [151]
2.2 GeV [152] Al = a%p KA Fo[153]
1.66 GeV [154, 155]  A! = a'K p aphn, B F [156)
P.(4450) [35) A = K Jfp A(1890)xup F  [157 160
N(1900)xap F  [159]
peaks relevant for P A — K~ J/ip DAYDW  F (36, 158)
Structures Processes Loops I/F Refs.
p(1480) [78, 79] T p— ¢nn K'KK 1 80, 81]
7(1405/1475) [82 86]  n(1405/1475) = w fy K'KK 1 [87 91]*b
11(1420) [92) 11(1285) — mag/7 fo KKK 1 89, 93 95]°
ay(1420) [96, 97] a1(1260) — for — 37 K'‘KK 1 [97-99]
1.4 GeV [100] Jf = ¢n'nfon " K'KK 1 [Lo]*
1.42 GeV B = D fylag), T =+ v falaa) K'KK 1 [102, 103)
D} = ata® falan), BY = J/unfolag) KKK | [104, 105]
12(1810) [10] J2(1640) — @wp K'K*K 1 [106]
1.65 GeV 7= vy [1(1285) K'K*K I [107]
1515 MeV Jip = KYK~ fy (an) BRK 1 [108]
B~ = K- DYy/K -7 Dy KODWOK I [109, 110]
B — nztBY K*B*K Fooi)
[DOD*] = 4 X DD 1 [112]
ete =4 X D0 I [113, 114]
B — KXn, pp/pp — Xn-+anything DD Do 1 [115, 116]
ete” = Zymw By(5721)BB* 1 [119, 120]
X = aOxtw Dpepe P21
ete — ydfipp/atdfin u;,_,‘,}DL“Dﬁ" Foo122)
ete — 7l ym Dy DD P 122
ete” = Jiymta D,DD* I (119, 123 127]
Di(2400)D*D T [128, 129]
Z.(1020,4030) [33, 130] e*e” — wha ho(v) Dy DWDWF [125]
X (4700 [131, 132] Bt = KtJjvé K, (1650)0'6  F  [133)
Z.(4430) [30, 134] B K nt K(a260)rt F o [135]
Z,(4200) [136, 137] B~ K nty(2S) F o135
A} s pr Y N*(3770)r - F [135]
X (4050)* [138] B 5 K 7tya KXt Fo[139]
X (4250)* [138] B 5 K mhya K3p(3m70)xt F [139]
Z,(10610) [34] ele = T(1S)r'n BYB'B Fo[128]
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1.1t is a pure kinematic effect —>
2.The effect of Loop —>
3.Provide a peak structure —>
4.Extract the nature of hadron —>

mp — a,(1420) > £,(980)7 > 37

Model independent

Understand hadronic loop contribution
May mixing with resonance

Study the coupling at the energy point

Intensity of the 1770% for P wave Interference of 17707 (for P~ pr ) Amplitude of the 17707 for P wave
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But not confirm yet ...
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How to confirm Triangle Slngularlty’)

_ w0 T \/; ' . ] The conespondmg values are listed in Table 1. THEIATS peak will
1 . Th reS h O I d £ 100} 0 Gey ! ’ then stay close to the normal threshold, as illustrated in Fig. 4(d).

g 30r wae Mo, M I.r 1 In this sense, it would be difficult to distinguish the ATS peak from

S 207 === MpMpraz2 R the pole structure in the invariant mass of the J/vm. We shall

m% 1.0} » :ll‘- rame harlr tn the ralavant icciie later in thic Qartinn It chniild he
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2.Width of the internal AT Geetakos PRD 92 (2015) 5, 036003
particle of the loop
K*K*) > 7 p3 : ‘”
v = n(1405), py L k) : ]
K(K) 4 980), T e e
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A Proposal ----- Problem

Qi Huang, Chaowei Sheng, Jia-JunWu PRD 103 (2021) 1, 016014

Far away from pn threshold. Singularity
1'Thre8h0|d point is 1.563 GeV of p n 1invariant mass.

2.Width of the internal particle of the loop S T
All narrow internal particles, J/psi, p, 0 SaE—
3.Unknow vertex o 5
All vertices are constrained from experimental data e
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Events/(0.02GeV/c?)

TS + Iso-spin breaking
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K(K) > TT'
N(1440) _
K(K)

I
R{K} IDEA: Searching TS
fu(QBD T happen in the Iso-spin

breaking process
M, — My|? ~ drl
No direct tree diagram obeying
the isospin conservation

Wu, Liu, Zhao, Zou, PRL, 108, 081803 (2012)
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TSinJ/yY - AAm
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The mass difference 1.0
Ap2) considering here is: 3 08
¥~ = 1197.45 MeV, E o
70 (ps) %+ = 1189.37 MeV, S 02
3_ andthepOSitionSOf " 1314151617:;19 232425 26 2.7 28 2.9
yt = ¥*(1670) 5 triangle singularities T my(GeV) O maa(GeV)
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2 1. Other choices 2. Backgrounds
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TSinJ/yY - AAm

Two questions:

1. Other

choices

2. Backgrounds

—

(a) V
- A(p2) 19
]/ (1) 4 i
Alps) S 17
S 1
(b) m° (p4) £ 15
- Aps)
]/ (1) L
A(py) g 0.14
5 0.12
5 0.10
() g 008
3- 2004
ot = 2(1670)5  * o

+ —_

3 1
0 = Z*(1385)§ ,Z*(1380)§

F|_l //_\v/\vf\\ L T

13141516 1.7 1.8 1.9 23 24 25 2.6 2.7 28 2.9

my . (GeV) my x (GeV)

] 1’ @47 ’ﬁ‘ii&f? a

versity of Chinese Academy of Scie

1
5 0.8
8 06
Eo
5 02

)

14 15 1.6 1.7 1.8 1.9
My (GeV)

242526 27 28 29
myz (GeV)

The particle
wave between

exchange +

and >+

prefers

the S-wave.

e




Two questions:

. — . her choi
TSinJ/y - AArm 2. Backgrounds

() )
2 A(p2) s
J/Y (1) B
mt _ b
Aps) 3 ;
E LN
(b) m%(py) & ol
V . 314 1"?’\:(%;\7] 1.8 1.9 2.3 24 2;:”:.(5692\}7} 28 29
: A(ps3)
J/Y(p1)
It may provide a
AP ¢y, e T
£2 investigation into
. 5 1.5 the existence of the
°(ps) § 1.0 1~
i Mg two X (— ) states
x Tt * 1 * 3 E 0.5 2
T =3 (1620)5 ) (1670)5 0.0 around 1.4 GeV
_ 1.3 14 15 16 1.7 1.8 1.9 23 24 25 26 27 2.8 2.9
* mj .. (GeV) my ; (GeV) and 16 Gev

3 1
0 = Z*(1385)§ ,Z*(1380)§

FPEBTRRY Ny A

F|_l /ﬁv/\vm\ L T

University of Chinese Academy of Sciences




Two questions:
- A 1. Other choices
TS |n ]/l/) — AAT[ 2. Backgrounds

A(p2)

(a)
AP g py)
A(p3)

J/Y - (13852t Br=(3.1+£0.5) x10™*

50 (1) Aps) J/ - £*9(1385)A Br < (4.1+0.5) x 10°°

0 - - - -
TN _(’T §p4) So the isospin ratio is about 1%
_ A(p3 ——
Aps) J/¥(p1) ) Couplings Branching ratio
A(p, ,
A Z*O (A*) g-]/lffz(m&s)z (3] + 05) X 10_4
(P2) 9 <4.1x10°
0 I JwX(1385)A .
1" (P4) U138 (87.0 = 1.5)%
0 93(1385)Ax
) 95(1385)xn (11.7£1.5)%
1~ 3~ Coupling constant Branching ratio 9x(1620)Ax (9.0 £3.0)%
x T * * ‘ I3 (16202 17 +5)%
2 = 37(1620) 5 ,27(1670) Inosine ~1% o0 A
3+ 1~ i]//un (1670)% ~6.2 x 1073 Yx(1670)Ax ((45 . 15))(;
x0 _ g - * - 97 /wz(1620)x ~6.2 x 107 9¥(1670)2x /0
2 =27(1385)5 ,27(1380)5 P e Inraos: ~100%
.(]z(_l.%sl)x;f ~15% 971 /wA(1405)A (8-3 + 0-7) x 107
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TSinJ/yY - AAm
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Two questions:
1. Other choices
2. Backgrounds
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Summary

We discuss the Triangle Singularity plus the i1so-spin breaking, we find that
the role of TS will be much more important in the i1so-spin breaking process.

We propose the triangle loop in J /3 — AAm, where @
TS may play an important role.

Once such TS peak can be confirmed, it would N TN o
provide the existence of the two X ( ) states 5 A(ps)
around 1.4 GeV and 1.6 GeV.

Thanks for attentlon'




