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What Is Triangle Singularity?

Actually 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
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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
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First proposal
1.Threshold

Far away from pn threshold. Singularity point is 1.563
GeV of p n invariant mass.

2.Width of the internal particle of the loop

7x10"° |- ——a=1, N(1535)+N(1650)
All narrow internal particles, J/psi, p, 0 saoe | | T )
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3.Unknow vertex

3x10™ -
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2x10™"° — f

1x10"°

All vertices are constrained from experimental data
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First proposal

+ Background
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Take a cut to remove the contribution M, ,(GeV/c?) mpq(GeV)
of J/Y tree diagram as done in BESIII BESIII PRD 88, 032010 (2013)

Mys < 3.067 GeV
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First proposal

Background SBE | ol
3.5x10° |- ) 32x10° 1
_ . 4 i A \.\ \]\ —
P o1 3.0x10° - /o R . ] 4
1 - : 3 2.8x10°} M i ~
| ) = 25x10°F ' e -
| = i i 26x10°
| E 2.0x10° | j 1.555 1560 1565 1570 1.575-
[ 5 _
i 1.5x10° |
l L
| 1.0x10° |
l N
5.0x10° |-
1.There exists a visible enhancement at the right shoulder of N(1535). e
15 1.6 1.7 1.8
2.The width of the peak is enlarged to 5 MeV. m, (GeV)
3.The enhancement of the peak VS the tree diagram is about 10%. 4 billion Y(2S5) = about 120 events.

Weakness:
1. Ask for high resolution, 2-3 MeV,
2. Generated from interference between TS and BG with an assumption that phase is 0.

University of Chinese Academy of Sciences




Second proposal—- Moving Triangle singularity

1.Threshold 7 (p2)

Far away from mn threshold. Singularity point is from
1.158-1. 181 GeV of KK invariant mass with the width of p.

T (p3)
K™ (py)

K™ (ps)

2.Width of the internal particle of the loop

All narrow internal particles, J/Y, m, 7

3.Unknow vertex

All vertices are constrained from experimental data

My - (GeV)

1.05 1.10 1.15 1.20 1.25 1.30
Mg+ k- (GeV)




Second proposal—- Moving Triangle singularity

7 (p2)

1.Threshold

Far away from mn threshold. Singularity point is from
1.158-1. 181 GeV of KK invariant mass with the width of p.

T (p3)
K™ (py)

K™ (ps)

2.Width of the internal particle af tha lnan

All narrow internal particles, J/i,

0.90

3.Unknow vertex
All vertices are constrained from_e)iwo 30
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T (p9) 070
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K (py)
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Second proposal- Moving Triangle singularity

7 (p2)
T (p3)
K*(py)

K~ (ps)

My - (Gev)

My - (GeV)
o
3

o
9
o

4 billion ¥ (2S)
— about 10 events/MeV

1.05 1.10 1.15 1.20 1.25 1.30
my: - (GeV)
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Two important parameters,

Al': the width of bin; Am: the distance from the

center mass of p.
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Summary

We discuss how to confirm the Triangle Singularity, we should
consider the following three points,

1. Threshold
2.Width of the internal particle of the loop
3. Unknow vertex

Then we propose two processes Y(2s) —» p pn through J/Y, p, 7
loop and Y(2s) » p KK - nmt KK through J/y, m, n loop.

But the signals of both two processes are not very stronger. &

B taRT®RXT a
/ University of iinese Academy of Sciences e ST W "




dl ‘/dmpn

More discussion

| ! | 1 |
4.0x10° |- .
- - =T, =029 keV
——T,, =929 keV p(p2)
3.0x10° -
p(p3)
2.0x10° |- & ~ F = In F
J/Y—-pp ]/
- n(py)
1.0x10° | -
V. R. Debastianil, S. Sakai, E. Oset EPJC 79, 69 (2019)
QO T T Sl e i G e e =
. : ! . . We will continue to find some broader
15 1.6 1.7

states with width around 10 MeV.

versity of Chinese Academy of Scie



Thanks for attention!
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