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properties of the structure as function of the excitation energy

signal fitted with Novosibirsk function
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observation of a structure at Mpy, = 1710 MeV 1n the y p —p nn reaction

comparison to PWA: BnGa 2016-02 (normalized to data in 1550 MeV < M, < 1680 MeV)
V. Metag, M. Nanova et al., EPJA 57 (2021) 325
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comparison to partial wave analysis (PWA) /and phase space distribution (PS)
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Y p —p n'n; direct observation of an ag signal
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Y p —p n'n; direct observation of an ag signal
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thanks to Mathias Wagner and Bernh
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Calculation of triangular singularit_y strength

comparison to data
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E,= 1492 MeV
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calculating triangular singularities

calculation of singularities for 4 incident energies near the ap threshold,
following Bayar et al. PRD 94 (2016) 074039
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calculating triangular singularities

calculation of singularities for 4 incident energies near the ap threshold,

following Bayar et al. PRD 94 (2016) 074039 Y p-cm-system:
=122.9 MeV; B,=0.130
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Comparison data (difference to PWA) -ss=» calculation

contributions of the 4 selected singularity points with weight given by ag line shape
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summary and conclusions

® structure at Mp, = 1710 MeV established in y p — p 7o n reaction
for E, = 1400 - 1600 MeV

® structure moves and changes shape with incident photon energy
— no genuine nucleon resonance

® characteristics of structure qualitatively reproduced by calculation

based on the triangular loop in the y p — p ap— p mo n reaction;
(EPJA 57 (2021) 325)

® loop diagrams and rescattering effects play an important role also in the baryon
sector 1n the interpretation of structures in the excitation spectrum of the nucleon;
important to distinguish kinematical singularities from genuine resonances

® not every bump 1n an invariant mass spectrum 1s a resonance !

® improvements:

calculation not only for 4 selected singularity points

— full partial wave analysis including the present data (in progress)
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calculating triangular singularities

triangular diagram:
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Bayar et al. PRD 94 (2016) 074039
energy-momentum balance within the loop
has to match the energy-momentum balance
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Interference of loop- (triangular) and tree-level amplitudes

tree level diagram:

thanks to Mathias Wagner (Univ. Bonn)

Y 70
A*  A(1232)
initially populated nucleon resonance (source of p, ao): '\
P - P

m; = 1.95 GeV; I'1 =0.350 GeV

fiot = firee + floop — (rel + eiq)*ftriangle(\/s; FaO, 1Ma0, mA))*BW(\/S;ml,Fl) triangular diagram:

intensity = IMI2*phasespace

A(1232)

experimentally observed excitation function and
Moro distribution reproduced for rel = 0.036; ¢ =- 0.5
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more detailed studies require partial wave analysis !!
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triangular diagram:
R tree level diagram:
1 interference of

tree-level and A* A(1232)
! . .
m0 triangular amplitudes
A(1232) <

p
resonance I JP mass[MeV] width [MeV] br(p a0) br(n A(1232)) reference
N(1880) 1/2 1/2+ 1860 230 (3+£2)% - Gutz/PDG
A(1910) 3/2 1/2* 1900 300 ? (5-13)%  Gutz/PDG
A(1920) 3/2 3/2* 1920 300 (4+£2)% (5-17)%  Horn/PDG
A(1940) 3/2 3/2- 2000 400 (2£1)% (4-16)%  Horn/PDG

N(1880)1/2+ (1/2,1/2+) — ao(1,07) + p(1/2,1/2%) ; L=0
A(1910)1/2+ (3/2,1/2+) — ao(1,0°) + p(1/2,1/2%) ; L=0
A(1920)3/2+ (3/2,3/2+) — ao(1,0°) + p(1/2,1/2+); L=2
A(1940)3/2- (3/2,3/2) — ao(1,0%) + p(1/2,1/2%) ; L=1

= N(1880)1/2+ (I=1/2) would imply 1sospin violation since n A(1232) has [=3/2 !!!
if W= A(1910)1/2* I=3/2 interference with dominating tree level (Lya= 1; I=3/2); Lpao =0
1f W= A(1920)3/2" I=3/2 interference with dominating tree level (Lya= 1; I=3/2); Lpao =2

1f W = A(1940)3/2- I=3/2 interference with dominating tree level (Lya= 0,2; I =3/2); Lpao= 1
|19



motivation:

observation of narrow N(1685) resonances in YN—nznlN reactions

V. Kuznetsov et al., JETP Letters106 (2017) 69Anti-Decuplet of baryons
E, = 1400 - 1500 MeV in the Chiral Soliton Model

YN —>anN -sumofall channels Diakonov, V. Petrov, and M.V. Polyakov,

7. Phys. A 359 (1997) 305
1001~ N(1685)
B nK+ or pK? .
80F wudds) A Z+(1530)
.|
= T N(1710)
8 t (uudss)
5 T
° T X(1890)
i (uusdd)
20 \
.  E32(2070)
0L . _ I IS N A e E—”— or K- 5071'+ or 2+K0
1.50 1.55 1.60 1.65 1.70 1. (ddssi) (uussdj

MnN) (GeV)

1s the narrow structure in M(nN) real? 20



counts/5 MeV

600

500 r

400

300

200

100

search for a narrow structure in M(pn) distribution

around 1678 MeV

identical cuts as in JETP 106

1120 MeV <M, , <1220 MeV; 0% < 25°; ©,%° > 25°
f(x) = total*(u*G(x) + (1-u)*Bernstein6(x))

w=0:%° =37.9 ndf = 30; p,=0.035; %°=233.5;ndf =29
counts: 6468

E, ='1400 - 1500 MeV:

Y

{ Gauss(x)

‘ o =4.3 MeV fixed
u=-(1.1+£0.6)%

30 limit: < 45 counts

1.65 1.7 1.75 1.8
Mpn [GeV]

3 o limit: < 45 counts

=~ 4 times higher statistics

do/dMy, [ub/GeV]

12

10

00

acceptance corrected; 0, > 10

| | |
E, = 1400 - 1500 MeV;
1120 MeV<Mj,< 1220 MeV; @%°<257; 1°<0/*°<165°

f(x) = total*(uw*G(x) + (1-u)*Bernstein6(x)) -
w=0: X2 = 56.3 ndf = 35; pg = 0.013; X2 = 56.3 ndf = 32

- ¢ Gauss(x) -
M = 1678 MeV fixed
o = 4.3 MeV fixed
u = -(0.03+0.28)% 7
3o limit: <6 nb

1678 MeV

155 16 165 1.7 175 1.8



data analysis: kinematic fit
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angular distributions of events in structure for E, = 1420 - 1540 MeV and My, < 1190 MeV
in yp cm system
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interference of tree-level and triangular amplitude

V.R. Debastiani, S. Sakai, E. Oset
Eur. Phys. J. C 79 (2019) 69

A(P) (P-q) R 3 (o

@ 1 2(P—q— p3)

Fig. 1 Tree level diagram for the process A — 142+ 3 mediated by a
resonance R that decays into particles 2 and 3. In brackets the momenta
of the particles

A(P) (P—q) R

Fig. 2 Triangle mechanism emerging from the mechanism of Fig. 1,
with final state interaction of particles 1 and 2. In brackets the momenta
of the particles

singularity for Ma= 2154 MeV,
Mr=1600 MeV, I'r=30 MeV
Mi2 =800 MeV

1-2 rescattering: Mpw = 800 MeV; I'psw =20 MeV

1700 ! I T T T T
Mg D A

Ma3

- o -

W IS (9]

o o o

o o o
1 | 1
1 1 1

b
N
o
o
T
1

-

[
[
o
o
T

700 800 900 1000 1100 1200 1300
M12 [MeV]

Fig. 7 Dalitz plot for A — 1+ 2 + 3 with the parameters of Egs. (63)
and (64). Point D corresponds to the triangle singularity

My = 2200 MeV, TI'g = 30 MeV.

1.45 —— Coherent Sum
12F - Tree level
------- Triangle Loop

1.0}

10715 MeV-1]

0.8}

1

0.6}
0.4}

-"winv (12) qg‘l q%

d
=)
=)

dl‘ A

0.2}

700 800 900 _ 1000 1100 1200 1300

M, (12)  [MeV]
Fig. 8 ﬁmrv—'(‘m —,'—-,— as a function of M;,, (12) with M4 = 2200 MeV

e
and I'p = 30 MeV
R= 25



~ 1930 MeV

CBELSA/TAPS COMPASS
- p —ar- (1260) p

YP—Pp7'n ar- (1260) — -+ or-
triangular diagram: triangular diagram

70

70
A(1232) < 080) -
- 0
p <

T

K+

20 (980); I' =50 - 100 MeV K*0(892); ' =47.3 +£ 0.5 MeV
A (1232); ' = 117 MeV fo (980); T =10 - 100 MeV
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T p—>TT T AP

COMPASS
A triangular Singularity as Origin of the al1(1420)
arXiv:2006.05342
COMPASS 20(08 Jo)? —
| 0.1 <# < 1.0(GeV/ec all PWs
g‘: 3 x 106 1009 ( ) ——— JPC — 9t+ pr D-wave - i (b)
; a JPC =11+ prr S-wave P - P
C — JPC =111 for P-wave N }2{/) " +
g /i T P : T
gmlo“ 1.5 x 104 | p p L
= ™ ™
§ P T @ p P
- P T = }O—O< - =+ +
= P 7r
o 1x10° p p P
S ™ m
5 foo x o _fo fo | - o Ka=rfo
'z, _— })-0(7r -+ + K -
P P x |IP K~ ™
p P /o

| T B |
0.5 1.0 1.5 2.0 2.5
ma. (GeV/c?)

Fig. 1: (a) Intensities of selected waves from the PWA of the reaction 7~ +p — 7~ x~ " + p [13]. The inset
shows a zoomed view of the 17707 fymr P-wave. The colored bar on the left indicates the contributions of the
different waves to the total intensity. (b) Diagrams showing possible contributions to the p(770)x and f(980)x
production amplitudes. The Pomeron is labelled IP, a; refers to the axial-vector ground state a;(1260), and a, to
the tensor ground state a»(1320). The framed diagram shows the dominant contribution to the a;(1420) signal via
the triangle diagram, as discussed in the present paper.

Mk»= 896 + 0.2 MeV; I'kx==47.3 £ 0.5 MeV M= 990 £ 20 MeV; I'ny=10 - 100 MeV
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motivation:

observation of narrow N(1685) resonances in YN—nznN reactions

V. Kuznetsov et al.,

JETP Lett. 106 (2017) 693 Ey=1400 - 1500 MeV
exotic state predicted by Op <230; 250 < 0y <1550
Chiral Soliton Model
D. Diakonov, V. Petrov, and M.V. Polyakov, 1120 < Mpz <1220 MeV
Z. Phys. A 359 (1997) 305 to suppress
dominant decay
100—— A*
S0 n
g A(1232) |
2 |
E T
s L N(938) |
200
0—.’..1....1....1..1.1.... T
1.50 1.55 1.60 1.65 1.70 1.75 1.80

MnN) (GeV)

My = (167820.8(stat)=10(syst)) MeV;

I'= 10 MeV; significance 4.6 ¢ -



motivation:

observation of narrow N(1685) resonances in YN—nznN reactions

V. Kuznetsov et al., identical conditions:
JETP Lett. 106 (2017) 693 Ey =1400 - 1500 MeV 0
. K H
exotic state predicted by Op <2395 250 < 0, <1539 TP—=Pp7a"N
Chiral Soliton Model CBELSA/TAPS
D. Diakonov, V. Petrov, and M. V. Polyakov, 1120 < Mpz <1220 MeV 4.5 times higher statistics;
Z. Phys. A 359 (1997) 305 to suppress Gres = 5 MeV
dominant decay 600 = a0 1sb v,
100k A* 1120 MeV <M, , < 1220 MeV; 0% < 25%; 1% > 25
B 500 - f(x) = total*(u*G(x) + (1-u)*Bernstein6(x))
I w=0: %2 = 37.9 ndf = 30; p, =0.035; % =33.5; ndf = 29
80+ n counts: 6468 % Gauss(x)
. AaBy oo Uz T
f 2 = -(1.1£0.6)%
o 0 300 - 3o limit: < 45 counts |
P m 5
= 3
§ B N(©38) § 200
20F 100
0— 1. NTEEEERE FEERE RN EE EEE _ IR 0 : o LN :
150 155 160 165 170 175 1.80 1.55 1.6 1.65 1.7 1.75 1.8
M(MN) (GeV) My, [GeV]
M 16780.8 110 MeV <45 counts: Gstructure < 6 nb (30)
= O(stat Syst eV,
";N (10 MeV: s(igni)fi c a1(1 Cy o 4)1)6 o ’ structure cannot be confirmed !!!
~ : .
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do/dMy, [ub/GeV]

Yp —p nn

E, = 1400 - 1500 MeV

statistical significant structure observed at My, = 1700 MeV

Mpn [GeV]

Mpy = (1700£1.9) MeV; T = (35.4+7.0 )MeV

10710

10712
1680

M, < 1190 MeV
8 | | | |
EY=14OO-1500 MeV Mpn<1190 MeV
7 L f(x) = total*(W*RELBW(x)+ (1-u)*Bernstein6(x)) _
RELBW: uw=0: X2 = 90.0; ndf =37
6 | M=(1700.0+1.9) MeV xZ = 41.9; ndf = 34 _
I' = (35.4+7.0) MeV Po = 5 0*10°10
u=(14.2+7.3) %
5 L . Z=650 1 o
=
©
>
— IO
a
'©
QO
4 29
1.55 1.6 1.65 1.7 1.75 1.8

1690 1700 1710 1720

M, [MeV]

structure established at 6.8 ¢




W[MeV]

1980

1960

1940

1920

1900

1880

calculation of triangular singularities

following M. Bayar et al.

PRD 94 (2016) 074039
T T T T T
n o My = -
E, = 1513 MeV 990 MeV
........................ - S S
| pagthreshold: . . t 980 MeV |
E, = 14918MeV " L o
ko
N0 .. 960 MeV
i E " |
E, = 1430 MeV . 950 MeV
R L R T R TR T .
] ] ] ] ] ] ]

1100 1120 1140 1160 1180 1200 1220 1240 1260
M, {MeV]

triangular diagram:

70

A(1232)

Y

the energy-momentum balance within the loop
has to match the energy-momentum
balance of the initial and final state particles;

W = Ep(q) +Ex(q) +Ey
W = Ey(q) +Ea0f Pn-q)
Ey+Ex(q)-Eao(py-q) = 0

En+Ex(q)-Vmao? +(py-q)2 = 0

q = proton momentum in loop

solution only for certain (W, Mpro) values and
if all particles are almost on-mass shell
and p, 1% n are collinear
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Intensity / (20 MeV/c?)

triangular singularities in hadronic reactions

diffractive m- p scattering at 190 GeV
. M. Mikhasenko, B. Ketzer, A Sarantsev
COMPASS collaboration PRD 91 (2015) 094105

3 PRL 125 (2015) 082001

55 >_<10 — COMPASS collaboration
C (2) 07 1, (980) = P PRL 127 (2021) 082501
i 0.1 <t'<1.0(GeV/c) ) _
20 . (1) Model curve T p=di (1260) p
i (2) a,(1420) resonance a1~ (1260) » wn*
s i (3) Non-resonant term triangular diagram
: @) % T
10F >
- a1- (1260) < K+
s - I'= 300 MeV Tt
- K- f0(980)
O -:==|"'1:" _;.-f'/l I f R ~'l'~-l--l1.i.:lz=’.l "I T T _
1 12 14 16 18 2 22 n
m,_ [GeV/c?] three point (triangular) loop generates

resonance like signal in -t final state structure (singularity) at Vs = 1420 MeV

many other cases in meson sector:
F-K.Guo, X-H.Liu, S.Sakai
Prog. Part. Nucl. Phys. 112 (2020) 103757

genuine new state: ai1(1420) ??
difficult to explain within quark model

tetra-quark resonance ??
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do/dM,, [ub/GeV/c’]

Comparison data (difference to PWA) <= calculation

contributions of the 4 selected singularity points with weight given by ao line shape
blue curve (sum of the 4 contributions) fitted to the data

1.5

o
o

Mpn

| | | |
M., = 1190 MeV/c® ,
E,= 1473 MeV; M, = 960 MeV/c? ;

= 18%
¥

= 1498 MeV; M, = 970 MeV/c® ; 26%

after p rescattering and
folding with phasespace %

T

- E,= 1549 MeV; M, = 990 MeV/c® ; 26% .

N of
155 16 165 17
M., [GeV/c?]

1.75

peak moves with excitation energy
as observed experimentally

do/dM,, [ub/GeV/c?]
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0.4
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-0.2

065 0.7 075 08 0.85

Mn(h]
|2 | |

Moy = 1190 MeV/c
E,= 1473 MeV; M, = 960 MeV/c®; 18%
E,= 1498 MeV; M, = 970 MeV/c®: 26% -

E,= 1549 MeV; M, = 990 MeV/c®; 26%

after nop rescattering and
e folding with phase space

1] lL | IT‘

s

v

09 095 1
M., [GeV/c?]

Mzon distribution shifted towards

kinematical limit mgo + my = 682 MeV
calculation reproduces qualitatively the data !! 32



Comparison data (difference to PWA) <= calculation

contributions of the 4 selected singularity points with weight given by ag line shape
blue curve (sum of the 4 contributions) fitted to the data

opening angle Op,in yp cm system opening angle 00, in yp cm system
/ My, = 1190 MeV/c® ' ' 2 M, =1190 MeV/c® =~

E,= 1473 MeV; M, = 960 MeV/c®; 18% E,= 1473 MeV; M, = 960 MeV/c 18%
6 r E = 1498 MeV; M,,, = 970 MeV/c?; 26% 2 E = 1498 MeV; |v| = 970 MeV/c®; 26%

0 .
after n°p rescattering and after = p rescattering and
folding with phase space folding with phase space

(@) (@))

% ) H S 1L } ]
<, 2

Ec 3 F }+ - — }

= EE }}

S S

L 2 5 0.5 +

0 —
0 —eo2el ! } :
_1 ] ] ] ] ] ] ] ] ] ] ] ]
130 140 150 160 170 180 O 20 40 o0 80 100 120 140 160 180
cm
O [deg] ' O [deg]
opening angles 6, confined to 1500 - 1809 opening angles Oron show max at = 60Y

calculation reproduces qualitatively the data !! 33



M2z [GeV2/cd]

Moo= 1190 MeV; Myy = 1601 MeV: Moy = 970 MeV
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kinematics in yp cm system

nV - p rescattering

for W=1934 MeV, mao = 980 MeV

pp= 122.9 MeV; Bp=0.130
<

<

By = -0.590

>

pr=277.8 MeV; Br=0.899 pn=-400.7MeV

singularity events are re-distributed along
the dashed red line by n0-p - rescattering
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