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v' INTRODUCTION:
* Light hadron spectroscopy
* The BESIII experiment

v" Physics highlights
e X(18?7?) states
* 1(1405)/m(1475) puzzle
¢ ete"—NY(2175) at Vs > 3.7 GeV
* Search for Zg at Vs =2.125 GeV

v Summary and Conclusions
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Meson

Naive Quark Model:
conventional hadrons
contain two or three quarks

... but QCD allows also different combinations of quarks and gluons: EXOTIC hadrons

Hadronic

Glueball Hybrid Tetraquark Molecule

A lot of exotic states observed experimentally, but their nature is still far from being
understood!!!
Hadron spectroscopy: establish the spectrum and study the exotic hadrons properties
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Charmonium radiative decays provide the ideal laboratory for light glueballs and hybrids,
due to the gluon-rich environment, and the the clean high statistics from e*e™ annihilation

Prediction from LOCD
« 0™ ground state: ~ 1.6-1.7 GeV/c2 — PRD73,014516
« 2" first excited state: ~ 2.3 GeV/c? 12 | 15
« 0 "state: ~2.3-2.6 GeV/c?

Glueballs can mix with ordinary quark- 10 | 2 = 4
antiquark states 3 m— 3t —
* The key problem is to identify those state 8 | . _
with the dominant gluon component L 2 — 3 E
 Predicted large BF for glueballsinJ/iy "o ¢ o+ e 0 ¥ w— =
radiative decays |, =
T(J/¢ — yGye+) = 0.35(8) keV 4| O m—

PRL110,
021601 [ior = 92.9(2.8) keV

LI/ — yGye+) /Ty = 3.8(9) X 1072

priiy, TO/9 = 7Gae) = 10122)(10) keV | | | | | .
091601 T(J/th — yGyes)/Tie = 1.1(2)(1) X 1072 o




BESI“ detedor > Q%A : 2004 started BEPCII/BESIII constructlon
B> ¥ Double rings

A j v Beam energy: 1-2.3 GeV
v Designed luminosity: 1x10°° cm2s-!

P74 2008: test run
. 2009 — today: BESIII physics runs

oA\ i s L0 i
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Nucl. Instr. Meth. A614, 345 (2010)
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Electromagnetic CsI(TI) Calorimeter
op/E<2.5% @ 1 GeV (barrel)
op/E<5% @ 1 GeV (end caps)

o,y ~ (6 mm)/E'2 @ 1 GeV

RPC Muon Detector
AQ/41=93%
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http://pdg.lbl.gov/2017 /reviews/rpp2017-rev-cross-section-plots.pdf
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s0— PRL91,022001(2003) __  J/—wpp PRD 87, 112004
[ 9) ) 80 F

E — total fit
70F ¢ Jdaa
v XN (Jy— @ X(PP)
60 [ non-resonant contribution
o sideband fit
50 E
40 E

* Enhancement observed more than
10 years ago at BESII and
confirmed by CLEO-c o skt
[PRD8&2,092002] and BESIII [CPC
34, 421] :g :

«  What about its nature ? | Fekgromd  Nacceptance | 0 -

 Final-State Interaction effect? 0 ksssseet—————f—————F—+—+—+ 00 o

000 010 50126 0.3, 0 0.05 o1 o015 o2
[NPA929, 102; A. Milstein @ M(pp)-2m, (GeV/c?) ' M(pp)-2m, (GeV/c?)

PhiPsi2017] BESIII: PRL108,112003(2012)

* No similar structures observed in related channels 700

-
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Events/ (0.01 GeV/c?)

Evts/0.005 GeV/c?

[$2]
o
L L B

— X(pp)
Confirmed also in a PWA of the J/i) —ppy channel in the N’o\ 600 —_— PSS
region below 2.2 GeV using 225M J/ip decays > 500 — ,(2100)
* Four components included in the PWA fit 8 e £,(1910)
e JFC=0+(>300) § 400
S 300
M = 183219 (stat) *18 , (syst) £ 19(model) MeV/c2 | 2 200
)
[ < 76 MeV @ 90% C.L. 2 100
0 o 1 1
BRupg— v acarix—ppr=(9:070 1, (s1at)™2 s ofsyst)£2.3(model)) x10° 00 01 02 03

M(pp)-2m, (GeV/c?)
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* X(1835) was first observed at BES, and then confirmed

at BESII [PRL95,262001]

* Two additional structures observed at BESIII

* Many interpretation: pp bound state? Glueballs? Radial

excitation of the )’ meson

 BESHI JA)—ym m’: PRL 106, 072002

e 225M J/ events
* W oy ntandn’ —n, T

* 4 resonances (BW®Gauss)+non-resonant )’ m "

(from MC ) + non-n’ and m "’ bkgs

Events/(0.02GeV/c?)

Resonance M(MeV /c?) I'(MeV/c?)
f1(1510) 1522.7 £ 5.0 48 = 11
X(1835) 1836.5 = 3.0 190.1 = 9.0
X(2120) 2122.4 = 6.7 83 = 16
X(2370) 2376.3 = 8.7 83 =+ 17

BESIII: PRL106,072002

500
400
300
200
100 g
0 e ==="" non-1’"+ n'n'mn bkgs
14 16 1.8 2.0 22 24 26 2.8
M n’)(GeV/c?)
<
8
z
Z

* The polar angle distribution of the photon in the J/i center-of-mass system supports JP¢=0-"
— need PWA analysis to determine spin-parity assignment



The study of the 0’ " line shape at the pp threshold with high statistical precision

provides valuable information on the X(1835) and X(pp) nature

« 1.09%10° J/ip events collected in 2012 BESII: PRL117,042002
* W oyrrntandn’ —n, T

Significant distortion of the 1'm 1™ line shape near the pp mass threshold

2500 [ T e
S| Thieshold N T nterference between )
< /”q ' gﬁ%ﬁ ] due.tg the opening of 20 /"/X . ;fifgg§i§§§+x<m7og two resonances
E, b m &‘w*\ = Bien | add(11t1ona1 decay E 1500_ \g&m S | ¢ Coherent sum of
o | 1 mode S [ ] _ two BW
gwoo * Flatté formula E"woo- amplitudes :
g | (PLB63,224) 5 | | X(1835)and a
. * X(1920) needed " o narrow resonance
i (5.70) A called X(1870)
T oty A T et -

The two models used to describe the data give almost equal fit quality
* Both fits support the existence of one of

- a pp molecule-like state (broad state)
- an unconventional meson, most likely a pp bound state (narrow state)
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BESIII: PRL115,091803

JYp—yK° K provides a clear environment: first measurement in this channel
K%K%mn and n°K°K bkgs are forbidden by exchange symmetry and CP conservation

1.3x10° J/y events

Structure around 1.85 GeV/c?
Strong correlation between the £,(980)
(near the K%K’ threshold) and the

structure near 1.85 GeV/c?

M(K%K%)<1.1 GeV/c? = the
structure near 1.85 GeV/c2became

more pronounced

4,500
O
>

LA B LN R N N R BT

———
- (a) ~+ Data t 5
C mm Background ]
- — Phase space MC+

z- %

4 4 _

+ #, #9% ]
g L) M ]
¢ ¥ 0’0. «’0 ]

0‘.
1.6 1.8 2.0 2.2 24 2.6 2.8 3.0
Moo, (GeV/c?)

.

PWA of events with M(K°K%)<1.1 GeV/c? and
M(K°K°n)<2.8 GeV/c?

FIT RESULTS: X(1835)—1,(980)1, X(1560)—,(980)n, and a non-

resonant f,(1500)1 components
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JPC =0+ for X(1835) (>12.90): M and I consistent with PRL106,

072002

JPC€= 0+ for X(1560) (>8.90): M and I consistent with (1405)/
Nn(1475) (PRD) within 20. More statistics needed

T o

1.0E% b TR
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Moo, (GeV/c?)

o PR
o 80 E-(a)
S 70 3 — MC projection
®e0F I Background
G - X(1835)
o 50F — X(1560)
(=N —-Phase space
©40¢
~ L
g 30¢
20}
g 20}
1] 10 un
TU b’ | +
okL . TR - L8
16 1.8 2.0 22 24 26 28

Moy, (GeV/c?)
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X states near proton-antiproton threshold
* X(pp) in agreement with X(1835), while its width is

significantly different
* Are they the same particles?

* More studies are needed to answer this question

Tsabella Garzia - INFN and ‘University of Ferrara



n(1405)/n(1475): are they two different states or a J*¢ = 0~ state in different
decay modes?

* PWA J/Y—yvKK*n" by MARKIII (PRL 65, 2507 (1990)): mixture of two states in
the KO K*rt" invariant mass region around 1400 MeV/c?
» Described by a%(980)x and K*K amplitudes
* Confirmed by Crystall Barrel and Obelix (PLB545, 261)
* No observation by L3 on 11(1405); both states not found by CLEO
* First observation of 1(1405) decays into the isospin violating decay f,(980)n° with an
anomalously narrower £,(980) width than the world average

BESIII: PRL108, 182001 (2012)
N

The triangle singularity (TS)

“% 250 T O % 50 could be a natural solution for the
8 2 g long-standing puzzle about the
2 5 30
S 100 ¥ 2 n(1405)/m(1475) nature
g wb /e LA

T 1.8 T 1.8 KK) > 7

M(f (980)n")(GeV/c?) M(f,(980)n")(GeV/c?) T(1440) _

TS mechanism: can lead to different mass spectra for n(1405)/ > < KK) _K
N(1475)—KK"+cc and a,(980)n° and explain the isospin- K(K) 30(980<) K

violating decay into f,(980)n°—3n



Two structures corresponding to
N(1475) and X(1835) are observed
Binned least-x2 fit to M(y @)

BW o = (BW3(s) + |A; x BW,(s)
+ A, X BW,(s) x e?]?)
® G(my,o(s)) x (s),

Polar angle distributions of the

radiative photon favor O+
assignment

I'M—yp):I'(n—y) is slightly larger
than the prediction of 3.8:1 in
PRD87, 014023 for the case of single

pseudoscalar case

INTERPRETATION:

Sizable ss component

1(1475) should be the radial
excitation of the 1’ (PRD70,114033),
if n(1405) and n(1475) are different
states

H
o
o

200

¢ yield/(0.035 GeV/c?)
o

| ‘1.41 '
M@yo) (GeV/c?)

Sol. I1: Constructive Int.

800

'lIIIlIII

PRD97,051101(R)(2018)
~ 400 -—i_ L DL I L DL | _i
S (®)
& 300 .-
A - .
S 200 -
s r -
z 100 o R -
© A A e ™ ]

0 RIS P WITIN Ioerreer (e Wy o o ey ) Ao
1.2 1.4 1.6 1.8 2
M(y¢) (GeVic?)
Sol. I: Destructive Int.
L B L B
400 X(1835) (b)

LAIN Ll llllIll

o 600 o 300
7] 7] =
3 8 sk
B 400 B 200 |7
% kT I T % SR ST IR SO SN TN ! = ol
200 : 100 E
o L ! T 0 bl -
-1 0.5 0 0.5 1 -1 0.5 0 05 1
cos6, cosb,
Solution Resonance mg MeV/c?) I' MeV) B (1079)
I n(1475) 1477 +£7+13 118 £22+17 7.03+£0.924+0.91
X(1835) 1839 £26 £+ 26 175 £57 £25 1.77 £0.35 £ 0.25
I n(1475) 1477£7+13 118 £22+17 10.36 £ 1.51 £ 1.54
X(1835) 1839 £26 £+ 26 175 £57 £25 8.09 +£1.99 £ 1.36




PRD91,052017(2015)
* The Y(2175) (¢(2170) in the PDG) was observed by BaBar - I e
(PRD74,091103(2006)), and confirmed by Belle Sl 4
(PRD80,031101(2009)) and BESIII 8 ol 3 JL
*  Y(2175) is regared as strangeonium-like state % o } ek v it
* Candidate for a tetraquark state, a strangeonium hybrid ol st BESI

state, or a conventional ss state : Zi‘M(.,f('Sao»(éiwC f‘l“ =
» Search for Y(2175) resonance in the process ete"—1¢f,(980)
using data collected at the center-of-mass

arXiv:1709.04323 (submitted to PRD)

. gao— ‘Ejs.?:abea:_ % 'ﬁja.q:abso: ‘% 8 vi='4.'zidzsbao:. ‘% ] ‘ 'Ji=f4.‘zdszbae:
energies between 3.7 and 4.6 GeV : et ] § ) Dl "F" 34 Chsset | 3 + ”¢§Leb§n“d
g g g, g4
» The simultaneous fit result to all data sample &, LS B LSS N el
. . 4o . e 2 vl oo by *° : M& (ssﬁn(eew&) Mf¢ oo Golity 2°
give a statistical significance larger g e § T eewwew] § 7 wwwmer] § [ s
v , sidebant © , sideban v 4F sideband | @ 1, sideband
than 100 P, || Cmel3y | Cmelde + Smide | o
- Se Sl )
» In analogy with the Y (4260) and Y(10860), TR\ 1 1y 1L 2 i %2" A
the Y(2175) represents a unique place to o é“';%ofég:;%;{@ezvl,gz, 75 00 C dledn SRR
search for Zg state in ¢p7t* spectrum
> no significant signal is observed & €
. . < r [
» No significant ¥(3686)—nY(2175) 3 °
. = osF S
signal observed i OF gine B SR
.. . B 06 e . £
» No signicant ete ™1’ Y (2175) signal % , - 50k T T g
observed I T TR T T 92713 1.4 15 16 1.7 1.8 19 2 21 2.2

M= ¢) (GeVZ/c?) M= ¢) GeV/c?



m arXiv:1801.10384(2018) — submitted to PRL

*  We search for Zg a strangeonium-like structure via ete™— ¢ (¢pn’n) using 108 pb~! of data
collected at vs = 2.125 GeV

 Structure expected around the K'K threshold (1.4 GeV/c?) in the ¢t invariant mass
* PWA analysis performed

H£,(980) i L, (980)

Four subprocesses considered: + Z, component
> ¢o > JP=1%and I~
> ¢f,(980) > Only S-wave 4
> ¢f(1370) contribution T T O T
> ¢f,(1270) > M=(1.2-1.95) GeV/c? M (gr) (GeVic)
» Non-¢ bkg from ¢ sidebands 3 T steps of 0.05 GeV

\_ (non-interfering term) I\ -/

» No clear Zg signal is observed:
* Maximum local significance = 3.30 at M(Zy) =
1.55 GeV/c? and I'(Zg) = 50 MeV
* 90% C.L. upper limit on the cross section for Zg
production are determined
* More data to check for the single pion emission
mechanism (ISPE)
» o(ete—¢mtm) = (343.0+£5.1+£25.1) pb
» o(ete —¢pn’n’) = (208.3£7.6+13.5) pb

Within 30 from BaBar (PRD86,012008) and Belle (PRDS0, 031101)

M(¢n*) (GeV?/c?)
M(9n°) (GeV3/c?)

80} @

Events/10MeV/c?
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! v, an
04 06 08 1 004 06 08 1
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o
T

o

g . P LN e e, )
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« BESIII is successfully operating since 2008, and continues to take data
» This year, BESIII has collected about 4.6 billion of new J/) data, which will be
analysed soon
* Additional 4 billions of J/\Y events will be collected in 2019,
_\_\ _for a total statistics of 10 billion of JI data_\\F_
Excellent laboratory to study hadron spectroscopy, complementary to scattering and
photon production experiments
* High statistics
* Low backgrounds

* Many interesting results have been obtained, and only a small part are covered in
this talk

FUTURE
* More data will be collected
* Inner Drift Chamber replacement with CGEM detector

* Higher luminosity and energy upgrade expected from BEPCII
* More detailed studies will be done

Tsabella Garzia - INFN and ‘University of Ferrara
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ngh’r hadron physics

Meson and baryon spectroscopy XYZ meson physics
*  Multiquark states * Y(4260), Y(4360) properties
* Threshold effects e Z(3900)%, ...

* Glueballs and hybrids
* two-photon physics
x Form factors -/ ChCII‘m physics

Semi-leptonic form factors

* Decay constants fy and fp,

QCD and T * CKM matrix: |V 4| and |V_|

* Precision R measurement ¢ DO-D° mixing, CPV

* T decay e Strong phases

Charmonium physics Precision mass measurements
* Precision spectroscopy * T mass

* Transitions and decays * D, D" mass



BESIII: PRD91,052017
* Study based on 2.25X108 J /1 events

* Unbinned maximum likelihood fit is performed 140 ' + e rect docay
to the ¢f,(980) invariant mass distribution —~ 120
= F
* No interference between Y(2175) and direct > 100 |
three-body decay of J/{— 1 ¢f,(980) (gg 80 |
* Y(2175) resonance observed with a % 60
significance greater than 100 g ,F
W
M=2200 £ 6 £ 5 MeV/c?, [ =104 £ 15 £ 15 MeV ao;
400 0 l 2 - .2.1. - .2.2l - l2.3. . l2l2.4. - .2.5l
i on'm M(o f (980))(GeV/c?)
ssof- Hi(1285) 1r1|on-1'rt1lq> backgrounds . ’ .
a00 L ' histograms: X(1835) NTUT mass spectrum recoiling against the ¢:

-t histograms: X(1870)

* Fit includes contributions from the f,(1285)
and n(1405) signals, the J/Y— n ¢nr
decay, and backgrounds from non-7 and

250 |—

200 |~

-

o)

o
|

non-¢ processes
* No evidence of X(1835) and X(1870) states

o A —— i Al B dnam) = (1.20+0.06+0.14) x 10+

07 12 13 14 15 16 17 18 19 2 é(]/lp—>¢n(1405)—>¢nﬂm)=(2.01:|:O.58:|:0.82)>< 103

Mnr ) (GeV/c?)

Events/(0.01 GeV/c?)

Y

o

o
|
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BaBar: PRD73, 012005
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e
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* Enhancement also seen in other B decays
* FSI2 Sub-threshold resonance?
* Not enough statistic to draw any conclusion

Events / 20 MeV/c?

Events / 20 MeV/c?

CLEO: PRDS82, 092002
VoA
” Jiy — ypp (@)
60
40
20

0 o
0 100 300 500 700 900

AM = M(pp) - 2m, (MeV/c?)

e ) 1 I oo

0 50 100 150 200

250 300
AM = M(pp) - 2m_(MeV/c?)
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Predictions for the cross section of ete~ — NN near the threshold

1500 ‘[ %

= 1000

E

[S) _

500 e pp (BABAR) -
o pp (CMD-3)
0 ) ) __onn (SND)
1.90 1.95 2.00 2.05 2.10
2e (GeV)

Left: the cross sections of pp (red line) and nn (green line) production,
Right: G% / GIZ)W for proton. The experimental data are from J.P.Lees
et al., BaBar, Phys.Rev. D 87, 092005 (2013), R.R. Akhmetshin et al.,
CMD3, Physics Letters B759, 634 (2016) M.N. Achasov et al.,SND,

Phys. Rev. D 90, 112007 (2014).
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J/, (25) = ppy decay

The invariant mass spectra in J/9(¢(2S) — ppy decays:
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Three efficiency-
corrected Breit-Wigner
functions

Simple BW function
fails in describing the
n'nm " line shape
near the threshold
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Threshold structure caused by
the opening of additional
decay mode
* Flatté formula for the
shape (Phys.Lett.B63, 224)
An additional BW
resonance (X(1920)) is
needed (5.7 0)
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MODEL 2
Interference between two

resonances

* Use coherent sum of two
BW amplitudes for the line
shape: X(1835) and a
narrow resonance called
X(1870)

* X(1920) not significant
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TABLE I.  Fitresults of using the Flatté formula. The first errors
are statistical errors, and the second errors are systematic errors;
the branching ratio is the product of B(J/y — yX) and
B(X - n'ztn).

The state around 1.85 GeV/c?

1638.0 + 121.95,2/%
93.7 + 35. 41‘:373
2.31£0.37108

1909.5 + 15.9137‘?5
273.5 £21.418]
(3.93 +£0.381031) x 10~
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g(z) [(GeV/cz)z]
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TABLEIIL Fitresults using a coherent sum of two Breit-Wigner
amplitudes. The first errors are statistical errors, and the second
errors are systematic errors; the branching ratio (B.R.) is the
product of B(J/y — yX) and B(X - n'ztzn™).

X(1835)

Mass (MeV/c?)

Width (MeV/c?)

B.R. (constructive interference)
B.R. (destructive interference)

1825.3 +2.41)73
2452 £13.1%58
(3.01 £ 0.1722¢) x 10~
(3.72 £ 0.21101%) x 10~

X(1870)

Mass (MeV/c?)

Width (MeV/c?)

B.R. (constructive interference)
B.R. (destructive interference)

1870.2 +2.27%3
13.0+6.1°7
(203 £0. 12+g;‘3) x 1077
(1.57 £ 0.0970g¢) x 1073




Jp—vKO K provides a clear environment
« KO%K%n and ni°K°K°n bkgs are forbidden by exchange symmetry and CP conservation

1.3x10° J/p events

(a) Structure around 1.85 GeV/c?
(b) Strong enhancement near the
KO KD threshold interpreted as the
£,(980)

(c) Strong correlation between the
£,(980) and the structure near 1.85
GeV/c?

(d) M(K°%K%)<1.1 GeV/c? =» the
structure near 1.85 GeV/c?became
more pronounced

PWA of events with
M(K°K%)<1.1 GeV/c?and
M(K%K%1)<2.8 GeV/c?
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BESIII: PRL115,091803

Final fit results: the data can be best described with three components: X(1835)—1,(980)n,
X(1560)—1,(980)1), and a non-resonant f,(1500)1 component

| B A L N A |

L 90 (a) x2/ng, =1.40
» The X(1560) component improves the fit ‘;" 70 - aag%miecﬁon
quality when interference with the X(1835) 3 60 - )B(acakgs’)““d
is allowed o 50 —  X(1560)
» Several fits with different J°C hypothesis g 40 ~ - Phase space
o JPC=0" for X(1835), X(1560), and non- 30
resonant component +
« JPC= 1** for non-resonant component cannot 4 .
be excluded wiog oy
Mass and width of X(1835) consistent with PRL106 %16 18 20 22 24 26 28

Moy, (GeV/c?)

M = 1844 % 9 (stat) 710 ,(syst) MeV/c2 [ = 192720 _(stat) *62 ,,(syst) MeV (>12.90)
BR = (3.3%933 . (stat) ¥1:9¢ | o(syst))x 10

M = 1565 T 8 (stat)™® ,(syst) MeV/c2 [ = 45414 (stat)t?! 4(syst) MeV (>8.90)
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e The X(2120) and X(2370) states
observed in the m 'n’ invariant
mass spectra (J/Yp—ynm'n’)

* Possible glueball candidates

 PREDICTIONS:

rG-n;'KK = 0.011, G-n; n

Tot
rg

with M(G) = 2.370 GeV/c2 (PRD87,054036)
* Great chance to find them in the KKn’

decay channel

» A simulataneus fit is performed on all
the four decay modes: J/—yK K™’
and J/Y—yK LK ’, where

N’ —n rnmand Ty

» No evidence of X(2120) is found =

UL.@90% C.L.

» M and I consistent with the X(2370)
with a significance of about 7.60
» No spin-parity assignment
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BESIII Preliminary combined results

M (MeV/c%)
I' (MeV)

B(J/y — vX(2120) - vyKT K™ 7)
B(J/v = vX(2120) » yK$Kgn')

2343.91 + 6.88(stat.) & 1.23(sys.)
117.73 4 12.75(stat.) + 4.14(sys.)
B(J/¢ — vX(2370) - yKTK~n') (1.86 +0.39 (stat.) + 0.29 (sys.)) x 107°
B(J/y — vX(2370) - yK2K2%n') (1.19£0.37 (stat.) +0.18 (sys.)) x 10~°

<1.48 x107°
<457 x 107




arXiv:1709.04323 (submitted to PRD)
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PRL121, 022001(2018)

* 1,(980) width in isospin-violating processes is always narrow (I' ~ 10 MeV), but it 1s
50-100 MeV if isospin is conserved

* Direct measure of the f,(980) - a,(980) mixing in the process
Jp—pf(980)—pa’,(980) —¢nn® and y ., —¢a’,(980) —¢pf,(980)—n"n =°

100

{b: 80 &Q\
S S
Destructive 2 60 2 PRL121, 022001(2018)
V€ © o o o
. T 40 T « £,(980)—a’,(980) mixing
interference ~ ~ e
g 2 £ significance: 7.4 0
()] 0 P~ ()]
i u>J
20 1] ORI - ITTN
0.7 08 09 1.0 11 12 07 08 09 10 14 1.2
M, (GeV/c) M, (GeV/c?)
< 100 T T < o5 AL ARAAEARARS — TOtal fit result
S 80 > 2 = == == Mixing signal
c . 2 60 2 15 — = = Jp—$a’(980) EM
: ons;ructlve = 40 = 10 Interference term
Hnerierence g a0 g s — —  Sum of a%(980) signal
i (;"" @ -2, = 1]’ peaking bkg

-2 1 ] .
07 08 09 10 1.1 1.2 07 08 09 10 1.1 1.2 = - = - Continuum bkg
M., (GeV/c?) M., (GeV/c?)



PRL121,022001(2018)

_ BlJ/y — ¢£0(980) - $ag(980) — ¢’

L “a = BlJ [y — ¢(980) - ] ’
Mixing intensities: . BL“m . n°a0(980) L 0 (980) o a0t a ]
o Bly., — 1°a3(980) — 2°2%]

TABLE II. The branching fractions (B) and the intensities (£) of the a3(980)-f((980) mixing. The first
uncertainties are statistical, the second ones are systematic, and the third ones are obtained using different
parameters for aJ(980) and f(980) as described in the text.

£0(980) — a(980)

Channel Solution 1 Solution II

B (mixing) (107%) 3.18 £0.51 +0.38 4+ 0.28 1.31 041 £0.39 +0.43
B (EM) (1079) 325+1.08+1.08+1.12 262+1.02+1.13+048
B (total) (107%) 493 +1.01 +0.96+1.09 437 +0.97 =0.94 4+ 0.06

& (%) 0.99 +0.16 = 0.30 £ 0.09 041 £0.13£0.17£0.13




] PRL121,022001(2018) -
¢ Xa—$a'(980) —>f,(980) > 0
+ a%(980)—f,(980) mixing significance: 5.5 0
&: :g ‘g *:3 v (b) ....................... . Very Narrow peak
> I E, :g | around 1 GeV
< 0 By * Negligible EM
2’{: 6 £ g contribution (~0.2 0)
s2 al Lk * Also the interference
4% 08 10 12 14° 07 08 09 10 11 12 term is negligible
M... (GeV/c?) M.,.. (GeV/c?)
Channel ag(980) — fo(980)

B(mixing) (10°°)  0.354 0.06 £ 0.03 & 0.06
B(EM) (1079 —
B(total) (107°) —
¢ (%) 0.40 £+ 0.07 £0.14 £ 0.07




Exotics of type 1

JPC are not allowed by the quark-antiquark configurations, suchas 0-—, 0~ *, ...
* Direct observation

Exotics of type 11
JPC are the same as quark-antiquark configurations

* Outnumbering of conventional states?
e Peculiar properties

Exotics of type 111

Leading kinematic singularity can cause measurable effects, e.g. the triangle
singularity
*  What’s the impact?

* How to distinguish a genuine state from kinetic effects?




