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> Introduction

> 1’ meson decays
& Hadonic decays: ' » it Og=Og0 5" — g+ O z=0)py
& Radiative decays: ' —» yntmn™,n' > yyn®
> aQ(980)-f,(980) mixing
# 2;(980) - £, (980): ] /U—ba,(980)—»pnm®
& £,(980) - ad(980): y_,~1f,(980) »nlmtm

» 1n(1440)m(1405)/(1475)
» X(18*%*)
» Summary /
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Beijing Electron Positron Collider Il (BEPC II)‘:
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» BESIII Detector

£ v Beam energy: 1-2.3 GeV

4 v Designed luminosity: 1x10°° cm2s!
22 2008: test run

2009 — today: BESIII physics runs



BESIII Detector

Nucl. Instr. Meth. A614, 345 (2010)



n,n’ from J /¢ decays J
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€ High production rate of light mesons in J/y decays

€ n/n’' from J/¢ radiative decays
—7.2x10%7n’
—2.4%x10%n
€ n/n’ from J /Y hadronic decays ( e.g. Jy—¢n)
—3x10°n’
— bX% 105 n J




n,1’:a rich physics field }

¢ test the predictions of ChPT

¢ probe physics beyond the SM
¢ study transition form factors
¢ test fundamental symmetries

A
n decay mode |  physics highlight 7’ mode physics highlight
N1y ChPT N - CPV
n—1B | leptophobic dark boson =2 chiral anomaly
n— 3l m, — My N — T box anomaly, form factor
nrtrn] m, —my, CV Y m, —mg, CV
-3y CPV 7 —ptun eten’ oY
v




Recent results on n/n’ decays at BESIII

¢ Hadronic decays
> —atnn?, 10
»>1n  — ntnn, n0nn
¢ Radiative decays
>1n . oYt
> —yyn




Amplitude Analysis of n’ - (@ g~ g0 }

€1’ - mwrrm are isospin-violating
processes , dominated by strong

Interaction [Nucl. Phys. B460,
127(1996) ] " G

@ light quark mass difference (my ' \ N

—m,)/mg can be extracted "
[PRD 19, 2188(1979) ] ._ W,

\

_ B(n'-ntrn~nO)

Y. =
~  B(n'-omtmTn)
_ B(n'->n°nOn?)

"0 = B >n0n0n) n.* " o

@ Using ChPT, large P-wave p_\<
contribution of ' - pEIm* is T
predicted [Eur. Phys. J. A 26, 383(20@)

S —




Amplitude Analysis of n’ - m+ (@O g=(0) g0 J

PRL 118, 012001 (2017)
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-
Amplitude Analysis of n’ - (@ g~ g0 }

PRL 118, 012001 (2017)

o 300F - Dus " 250 € Described by three components:
> | {ﬂ}_ o | > 200} P wave (ptm™), resonant S wave
O 200f 3 ORI § (om®), phase-space S wave (rmm)
= S @ Each component > 240
T L ~—— q100F
7 L o
g 100} e B(y - ntmn°)
T 5, HDam ~ (35.91+0.54 +1.74) x 10~*
Sy T;:lckgroun n 0.4 06 08 B(n' - n°n®n?)
M(n*r) (GeVic®) . M(nn°) (GeV/c?) = (35.22+0.82 +2.54) x 107*
250 g B(n' - p*n*)
o, g ) | =(7.444+0.06+1.26 + 1.84)
= 200 S, | x 10~
5?—5 150 3 B(n' - ”+”_"O)s
S S = (37.63 + 0.77 + 2.22 + 4.48)
e 100 o 100 x 1074
2 2
= 50 b= - - -
T L5 - ¢ Obtained decay width ratios:
8z 54 o5 o8 %3 o6 o8 r.=(8.77+1.19) x 1073
M(n %) (GeV/c?) M(n°r0) (GeV/c®) / ro = (15.86 +1.33) x 1073




Matrix Elements for n’ - n* (O g~y J

€ Remains a subject of effective ChPT
€ For the neutral decay mode

@ explored by CLEO, VES, GAMS VAT — Tl
Collaboration but with limited X = AN
statistics 0

€ general representation

€ A cusp due to r* ™ mass threshold
for the Dalitz plot of n’ - n°n%n IM(X,Y)? =N(1 +aY +bY> +cX +dX>+---),

@ linear representation

IM(X,Y))* =N(|]1 +aY]> +cX +dX*+--),

€ For the charged decay mode
Here, a, b, c, d are free parameters
¥ — V3(T —T,) y_ Mt T, a is a complex number, a=2Re(a),
0 ’ m; Q b=Re(a)? +Im(a)?
T and T, are the kinetic energies of = and 7 in
the ' rest frame, Q = m,» — m, — 2m, / /




Matrix Elements forn’ -» ttn™n J

PRD 97,012003(2018)
- 351016 events 200 Eﬂﬂﬂ:— (a)
1 I
- g‘ I ~+-Data 3
05 150 § 4000 — General %
T E r === Linear E
> 0: 2000} (&
: " : BESIT
0
-0.5 = e
= 1.2E R R
4b E 1.{}:
| B B 50 AEAREENE CREEE FET R F RN R
A 0 1 .10 05 00 05 1.0 10 -0 .
X ] X ) ) ) ) Y
the linear representation is less compatible with the data /
n —nrta
Parameter EFT [5] Large N [7] RChHT [7] VES [10] This work
a —0.116(11) —0.098(48) (fixed) —0.127(18) | —0.056(4)(2)
b —0.042(34)  —0.050(1) —0.033(1) —0.106(32) |—-0.049(6)(6)
c - +0.015(18) | 0.0027(24)(18)
d +0.010(19)  —0.092(8) —0.072(1) —0.082(19) |—0.063(4)(3)
R(a) [5]Eur. Phys. J. A26, 383(2005)- - —0.072(14) |-0.034(2)(2)
3(a) : 0.000(100) | 0.000(19)(1)
c L7] JHEP 05 ’094(-2-0-11) +0.020(19) |0.0027(24)(15)
d [10] Phys. Lett. B 631,22 (2007).  _g.066(34) |—0.053(4)(4) )




-
Matrix Elements for n’ - n%n’y J

PRD 97,012003(2018)
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the linear representation is less compatible with the data /
1y — a0
Parameter EFT [5] GAMS-4d4 [12] This work
e —0.127(9) —0.067(16) —0.087(9)(6)
b —0.049(36) —0.064(29) L 0.073(14)(5)
; +0-0.1- 1 (21) —0-06-7-(20) —0.07;1:(5) (4)
9 (@) [5]EUr. Phys. J. A26, 383(2005) —3-342(783} —g-ggg %‘%‘i 12>
¥ [12] Phys. At. NUGI72, 231 (2009) ©-OCC7O -000(38>(=2)
d .. —0.054(19) —0.061(9)(5)
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Matrix Elements for n’ - n%n’y }

Search for cusp effect

& FSI: Acusp effect (more than 8%) on m%m® mass spectrum below
the m* ™ mass threshold [EPJC62, 511 (2009)]

s:-5"6'00: [ }HJ
St 2 N
go; s
% 1_8_: s 50.5}

- | oo % ;.'f -'..'=: e I..' e

ST S oat g s o s °0.08 01 0.12 0.14 0.16
M(nn)? (GeV/c?)? M(r°n)%/(GeV/c?)? /
# No evidence of a cusp effect with current statistics J




-
Study of ' —» ymr*r~ Decay Dynamics }

€ In VMD model, this process is
dominated by ' - yp(770)

€ The discrepancy attributed to the
Wess-Zumino-Witten anomaly in the

ChPT, known as the box anomaly
[PLB37, 95 (1971), NPB223, 422 (1983)]

€ Recently a model-independent
approach based on ChPT are proposed:
A x P(s)-Fy(s) [PLB 707,184 (2012)]

@ Studied by several experiments , butno |  The dipion mass dependent

consistent picture due to limited differential rate :

statistics dr Kk q;(s) Al
® p mass shift or not ? dM(m*m-)  48m°
® box anomaly or not ? ky = (m}y —s) /2my

j Gr(s) = /s — 4mZ /2 /




-
Study of ' —» ymr*r~ Decay Dynamics J

Model dependent fit PRL 120, 242003 (2018)

Fit with p(770) — w —box anomaly Fit with p(770) w — p(1450)
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€ Besides the p(770), the w contribution is needed
@ p(770)-0 cannot describe data well
€ Extra contribution of box-anomaly or p(1450) , or both of them is necessary

”




-
Doubly radiative decay ' — yyn®° }

PRD.96.012005(2017)

€ Test QCD calculations on the transition | !  Glomalft

fOFm faCtOr L —— noyyn’ a
@ Test the high order of ChPT ooor s :l"::ff;‘::::d i
€ VVMD contribution is dominant i

ol BESTI :

Events/(4.0MeV/c?)

-
I ~
Et({
Yo ~
:O
3]
o
=

€ In experiment, only an upper limit of oI
B(n' - yyn®) <8 x 10™* at 90% C.L

@ The inclusive ' —» yym® includes the vector mesons p /o and the non-resonant
contribution

Y,




Doubly radiative decay ' — yyn®° }

PRD.96.012005(2017)
Q4_'--|'--|--'|-_ _ 1500———— 77—
R Total Global fit
% ........ Tl,_)Ym L [ n'— yw
< 3 —— 1P . o~ | —— n’—>.vp .
= i RS | - p- interference |
% 1 Non-resonant ’=yyn” % 1000_ —— Non-resonant s yyr’ b
S L. = L e Combinatorial BG
Nzg: 2K - wn - ——— Class II background
2 [ £ 5001 15—
o; B et g i T
= 1 84
T
£ ' S
% 0"‘."—.-—-.—1——.—r—‘5:1—-'.t""'- P B R T
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This measurement:
B(n' - yyn®) =(3.20+0.07 £0.23) x 1073

B(n' > yw)=(23.7+1.4+1.8)x107*
B(n' - yynO)NR =(6.16+0.64+0.67) x 10~*

PDG: B(n' - yynY) < 8.0 x 107*
Linear o model and VMD: B(' - yyn®)~6.0 x 1073




-
ap(980)-f;(980) mixing }

I(JPC) | Mass(MeV) | Width(MeV) | K
2,(980) 1(0*) 980420 50~100 nm, KK
f,(980) 0*(0**) 990410 10~100 nm, KK PR |
| 4 o \\‘ 'Jz do
& Intheory, ag(980) and f,(980) are _ K Y.
explained as qg mesons, KK molecules,
tetraquarks’ aqg hybrlds 208%0 Fs)sFé DQZGS :Ié%c?f 01]630(2100337)1100 110
we o 2 2 T —
. . g h - =5
4 In 1970s, the mixing mechanism was 2 - ==+ Cl1s0
firstly proposed [PLB 88, 367 (1979)] 2 987MeV [l 995MeV
N ~ 100+ 4 100
m(K*K™) ~ 987MeV m(K°K%) ~ 995MeV =
m(K°K%) — m(K*K~) ~ 8MeV E = {s0
€ A narrow peak of about 8MeV is predicted SR e e TR TR AT AT A

. j . m,,(MeV) )
oz FEAwmRSEa-wk® 0 19




-
ap(980)-f,(980) mixing |

€ Theorist proposed to directly measure

f,(980)<— ad(980) mixing via J /s f,(980) — ad(980) mixing:
— $fy(980) — ¢$pad(980) - ¢nnland o 0-1m
0,0 0
Xc1 — T'ay(980) - m'f((980) Jhy 0-(17)
— Ot~ [Wu, Zhao, Zou, PRD 75 —< /" 0"(0™
114012(2007), PRD 78 074017(2008)] a4
o B(J/v — ¢fy(980) — ¢a8(980) — gbmro) 0-+(0++) 1-(0++) " 17(07)
- B(J/¥> = $£o(980) = gm)
e, _ Bl 70a9(980) — 70 f5(980) — 707+ 7) ad(980) — f,(980) mixing:
af B(xc1 — m™ad(980) — w0n0n)
.. . " ) a® 1-(0)
€ Mixing intensity is sensitive to couplings 01 10
Of Gaok+k- aNd Gy g+ k- —< P
€ Measured at BESIII based on 225M J /¢ ’
and 108M y'[PRD83.032003(2011)] 11E+} 0+0e) T 17O
significance <50
£af < 1.0%@90%C. L. | /

Era < 1.1%@90%C. L. j




Y S | Y T ——
f,(980) — ay(980) mixing

arXiv:1802.00583v3 (accepted by PRL)
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‘ Constructed by n—-vy g :é 2 ---i\ii.\cingsigml E 20
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@ Interference between 3 }g; 20f “ % 5
EM and mixing signal g O g O
L (TN
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& Two solutions are found Mo (GeVicd) My (Gevich) '~
@ Significance of £f,(980) '

— a)(980) is 7. 40
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Solution 11
10
o

Events / (10MeV/c?)
&

87 08 08 1.0

M, (GeV/

=07 08 09 10 13 1.2

J /% = ¢f0(980)— $ad(980) - pnr® I
fo(980) — aj (980)

1c£} 1.2E

Channel Solution I Solution II

B(mixing) (10~ °%) 3.18 +=0.51 += 0.38 4+ 0.28 1.31 =0.41 = 0.39 4+ 0.43
B(EM) (10~9) 3.25 4+ 1.08 +1.08 +1.12 262 4+ 1.02 +1.13 4+ 0.48
B(total) (10 %) 4.93 +=1.01 = 0.96 4+ 1.09 4.37 += 0.97 4= 0.94 + 0.06
£ (%) 0.99 +=0.16 = 0.30 4+ 0.09 0.41 +=0.13 +0.17 = 0.13




-
a8(980) - f0(980) mixing

-

€ \ery narrow peak of

| ©
f0(980) ﬂ
45 4
o = 2
4 EM contribution too e TR 4708 o9 o 515
weak ,can be negligible M... (GeV/c) M... (GeVic) >
@ Interference is negligible
@ Significance of a3 (980) Channel ad(980) — fo(980)
= 1(980) Is5.50 B(mixing) (10-°) _ 0.35+0.06 £ 0.03 £ 0.06
B(EM) (10~%) —
~/ B(total) (107°) —
¢ (%) 0.40 + 0.07 £ 0.14 £ 0.07
y




Pseudoscalar (0*)--n(1440) )
> First observed in pp

Nuovo Cimento 50A(1967)393
vpp - 1n(1440)n* = (,n - KKn)
v'"Mass: 1425+7 MeV, Width: 80+10 MeV

3++—

o Mg

27—

O —

o ] R @

Y. Chen et al, 1
PRD 73, 014516(2001)

o0

0" —
2*‘— ?::

3%

2 — PR — 3

0_+_

»1(1405) and 1(1475) observed in different decay modes

v'TT” P : PRD40(1989)693, PLB516(2001)264
v'Radiative J/ decay: PRL65(1990)2507, PRD46(1992)1951

v’ pp annihilation at rest: PLB361(1995)187, PLB400(1997)226, PLB462(1999)453,

PLB545(2002)261

T BT 2 AR
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Pseudoscalar (0*)--n(1405)/n(1475)

The Structure of n(1440)

»Experiment
v'1(1440) split to n(1405) and n(1475) (from PDGO04)
v'1n(1405)—>nnn , or through a,(980)r (or direct) to KKn
v'1(1475)—>K*(892)K

»Quark-model
» N(1295): the first radial excitation of the n’
» N(1475): the first radial excitation of the
e n(1405) ?

»Phys. Rev. D87, 014023(2013)

* n(1405) and n(1475) are the same state with a mass shift in
different modes

T'yp : Ty =3.8:1

2018/8/30 jt ?Fﬁ/j&l% w EﬂWL /L?“T[T?I( )\'J:/' »



v'n(1405)->yp n(1475)—>vd

Table 2

Comparison with other experiments

Decay mode Mass (MeV/c2) Width (MeV/c2) B(J /- yX)B(X = yV) Experiment

(x107%)

£(1285) = o 1281.94 0.6 240412 0.34+0.09 PDG (1]
127147 3+14 0.25+0.07+0.03 MarkIll [7]
1276.1+8.1 £8.0 400486493 038 +0.09 4 0.06 BESII

7(1440) - v 14001470 50-80 0.64£0.1240.07 PDG [1]
143248 90 +26 0.64£0.1240.07 MarkIll [7]
1424+ 10 £ 11 101.04+88+88 1.0740.17+0.11 BESII

7(1440) - y9 <0.82(95%CL) BESII

2018733 FAEA AT 2ok

Pseudoscalar (0*)--n(1405)/n(1475)

PLB594(2004)47

Events/20MeV
N O @
© ©o ©

-

Q

o
T

80
60
40
20f
g 3.5
M, (GeV)

Fig. 2. The yp invariant mass distribution. The insert shows the full
mass scale where the 7(958) is clearly observed.

25



Pseudoscalar (0*)--n(1405)/n(1475)
YN (1475)—>v6

Phys. Rev. D97, 051101(R) (2018)

I'yp : T'yd=11.1£3.5

Event/(0.038 GeV/c?)
Event/(0.038 GeV/c?)

7.5+2.5
Mzsq,ee{,?ce) o M‘(;we:;cw i
_
Destructive f1(1285) PD 0. 30+O 12+0.17
interference 1M (1405/1475) 1479i11i21 133i35i20 11.8+2.2+1.9
X(1835) 1812+59+42 161+47+24 9.0+2.6%2.2
Constructive f1(1285) PDG PDG 0.29+0.12+0.17
interference M (1405/1475) 1479+11+16 132+36%31 7.911.3+1.9
X(1835) 1813+61+45 160+81+43 1.6+£0.5+0.3

20185720 FALA M S ok :



TABLE V. The mass, width, and branching fractions of J/¢ decays into {w, ¢}X(1440).

J/ i — wX(1440) J/ i — @X(1440)

(X — KOK* 7~ + c.c.) (X — K"K~ 79

M = 1437.6 = 3.2 MeV/c? M = 14459 = 5.7 MeV/c?
' =489 = 9.0 MeV/c? I' =342+ 18.5 MeV/c?

B(J/¢ — 0X(1440) — wK2K" 7~ + c.c.) = (4.86 = 0.69 * 0.81) X 107
B(J/y — ©X(1440) — w K"K~ %) = (1.92 + 0.57 = 0.38) X 104

B(J /¢y — $X(1440) — KoK 7~ + c.c.) < 1.93 X 1077 (90% C.L.)
B(J/y — $X(1440) — ¢KT K~ 7%) < 1.71 X 1073 (90% C.L.)

M. Ablikim et al, Phys. Rev. D77, 032005(2008)

20155720 FALA AT 2Rk 2 2
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S 88

B
8

TABLE I. Summary of measurements of the mass, width,
and the product branching fraction of B(J/i — wX)X
B(X — a; (980)77) X B(ay (980) — n7r™) where X represents 100 Bt
£1(1285), 1(1405) and X(1870). Here the first errors are statis- o B

tical and the second ones are systematic.

300 E

Events /(20 MeWcZ}
n
S

2

1.6 1.8

M, . (GeVIC)
Resonance Mass (MeV/c?) Width (MeV/c?) B(10™%)

: - — 019 FIG. 4 (color online). Results of the fit to the M(npa@™ 77)
f1(1285) 1285.1 + 1.0%,3 220 +3.17¢5 1.25 £ 0.10755 mass distribution for events with either the nz* or @~ in the
n(1405) 1399.8+ 22128 Spg+7670L 1.80+ Q2104 a,(980) mass window. The dotted curve shows the contribution
X(1870) 18773 +6 3+34 57 + 12*19 1.50 + 0. 261:3-%% of non-w and/or non-ay(980) background, the dashed line also

includes the contribution from J/ ¢ — b,(1235)ay(980), and the
dot-dashed curve indicates the total background with the non-
resonant J/ ¢ — wa; (980)7~ included. y*/d.o.f. is 1.27 for
this fit.

M. Ablikim et al, Phys. Rev. Lett. 107,

182001(2011)

2018/8/30 ?{Eﬁé&iﬁ L/l/ﬂiﬂ:ﬂ‘ ~--H M:j( 28



Decay mode

Branching fraction B

T/ — nY (2175), Y (2175) — ¢ 0(980), f0(980) — 7 7

J/1b — ¢f1(1285), f1(1285) — nrtn—
J/v — ¢om(1405), n(1405) — nm

(1.20 +0.14 + 0.37) x 10~ °
(1.20 +0.06 +0.14) x 10~*
(2.01 4 0.58 4 0.82)(< 4.45) x 10~°

J/¢ — ¢X (1835), X (1835) = natw—
J/ — ¢ X (1870), X(1870) — nmnta—

< 2.80 x 10~*
£ 618 X 10

M. Ablikim et al,

Phys. Rev. D91, 052017(2011)

—~ 400 -
__(__2 L ssssssss T](I)TC '
2 350 — — non-n/¢ backgrounds
o I —— histograms: X(1835)
S 0 -n=u=n histograms: X(1870)
o
F
=
O 200}
L1 i ) 14
1s0f- | MR 550t
100}
50

O L —— g . Pl B
11 12 13 14 18 16 1.7 18 19 2

M(nrt)(GeV/c?)

e FAEA R i - Bk .



n(1405) in J/P->y3T

PRL 108, 182001 (2012)

F 60F
% 250} B
n(1405)am | 3 F s %
gt Q «
® 40T 1475y 500 & | S S
2 100} 2 20f
2 sof I
® One or two resonances? | W " |47/ N\ L Al T
Po 36 16 18 Y2 e = e
_ M(fn(gso}n“)(GeWcz) M(fD{QBD)rr“}(GeWCZ)
K(K'), —a— T°
- The isospin violated decay 1(1405)—f,(980)x0 is
K(K) { observed for the first time with a significance >10e.
(980)
Triangle Singularity (TS)
one n(1440) is enough to Resonance M(MeV/e?)  T(MeV/e?) Branching ratios
describe the experimental (1405)(7; 7 1) 4090+ 17  483%52 (L.50+0.11+0.11)x 1075
data ! 7(1405)(n"7"7) 1407.0+35  550+1L0 (7.10+0.820.72) % 10°°
J.J.Wu et al, PRL 108, 081803(2012)

2018/8/30 FEH I i 2 -- 5 AR OK 2 30



Measured results of n(1440) at BES2/BESII|

BES2 BESIII

._

Y n(1405) n(1440) n(1405) Nn(1405)—>yp
(2.6+0.7)-104 3m (1.50+0.11+0.11)-10°  (1.0740.17+0.11)-10"*
3n° (7.104+0.82+0.72)-10¢ 1 (1475)->7d
(7.9+1.3+1.9/
11.8+2.2+1.9)-10°¢
®  n(1405) n(1440)
S1.89io.z1ig;§§)-1o- KsKm: (4.86%0.69+0.81)-10*
K*K'n: (1.92+0.57+0.38)-10
¢  n(1405) n(1440)
(2.01+0.58+0.82)-10" KKm  <1.93-10° @90%CL

K*K'n® <1.71-10° @90%CL
(<4.45-10° @90%CL)
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Status of X(187??) at BESIII

X(pp): =0, )/ U->ypp, PRL108,112003
X(1835): JP =0, J/g->Syreren’,  PRL106, 072002
X(1840): JP unknown, J/Y->y3(nimr), PRD88,091502
X(1870): JP unknown, J/Yy->wnr, PRL107, 182001
X(1810): J° = 0+, I/P->ywe, PRD 87, 032008

X(187??) near proton-antiproton threshold :

e X(1840) is in agreement with X(1835) and X(pp), while its
width is significantly different

® Are they the same particles?

® More studies are needed

A RO T 2o b 2
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X(pp)/X(1860) in J/Yy—ypp

¢ Strong enhancement first observed at BESII
[PRL.91,022001(2003)] and confirmed by

CLEO-c [PRD82,092002(2012)] ; 700

PRL 108,112003(2012)

— X(pp) '
* PWAwas firstly performed at BESIII; L 600 BESIT L2100
* Significance of the X(pp) component > 30s, ?«5 S00 £ — £,(1910)
>5¢ for the other components ; R T W X
* The 0+ assignment is better that other JPC ; S 3001 7
e M= 19 18 2. Z 200 ¢
M=1832+z"(stat)+17(syst)£19(mode)MeV/c2? ; S 100F e
* I'<76MeV/cz (90% C.L.); SRS T e I
0. 0.1 0.2 0.3
. . . — _ _ 2
No similar structure was observed in J/y»opp or J/Y—>¢pp; Mpr2mp(GeV/cH
PRD 87, 112004(2013) arXiv:1512.08197
r 500 T T 1000
80 F i _ 450 —e=Data . 900
o - E_ . ;nl:IJatm J/lIJ—)(.l)pp c_;;—.mn = — Glebal Fit (a) __i;.gm
g- E 5N Uy () 2 3 ——X{rm s 700
©® 60 F non-resonant contribution Z 0F -~ Background = 600
O] E  sideband fit = ;: : = 3: ,
5 50 w sideband data % el (I)—)KSKL g g
S 40 @ 100 200
3 30 oo 1
E 20 - 0.4 _ . 0.4
o E c 03 el g 03
E T 020 e = 4 T oz AT
Il AT BGS]]I &1 ol 5 o1 preliminary
04 0.05 0.1 0.15 0.2 °fo 0.05 010 °fo 0,05 0.10
M(pp)-2m, (GeV/c?) My 2ms CeVIC' Mg 2m, (GoV/c?)
P
/, SN o T2 AL —= w
2018/8/30 FAEE I e i & --75 AROR 2
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Confirm X(1835) in J/y—ymtnn

PRL 106, 072002 (2011) | * X(1835) was first observed at BES, and then confirmed

s00 EBESTI B rwnnowel at BESII [PRL95,262001(2005)];
f:’; * the angular distribution of the radiative photon is
= 400 consistent with expectations for pseudoscalar;
9 300 E « Many interpretation: pp bound state? Glueballs?
S : : - ,
= : Radial excitation of the n” meson?,...
2 200k 1510) « Needed higher statistic
o [ AW A , ,
& 100 3 ’,__ 5000
0% 4 16 18 20 22 24 26 238 Gt
M’ ) (GeV/c?) %* 3000
=
Z 2000
Resonance M(MeV/c?) I'(MeV/c?) N - :
£,(1510) 15227 £50 48 £ 11 230+37 >5.7¢ i’ 1+cos20
X(1835) 1836.5 + 3.0 190.1 9.0 4265+ 131 >20¢ : . . : Nt
X(2120) 2022467  83E16 647 = 103 726 0 "0z o4 o6 08 10
X(2370) 763=87 BI=17 565105 564 |cos,|

TR T 2R
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n'm*m line shape near the pp mass threshold

e A significant distortion of the n'm*m line shape near the pp mass threshold is observed
inJ/y->yn'm'c
» Simple Breit-Wigner function fails in describing the line shape near the pp mass threshold
* Two models have been used

» MODEL I: threshold structure due to the opening of the pp decay mode
¢ Using the Flatté formula
e Strong X(1835)—pp coupling, with significance larger than 7¢

© My =1909.5 712319} MeV/c?
» MODEL II: interference between two resonances

¢ Using coherent sum of two Breit-Wigner amplitudes
¢ A narrow resonance below the pp mass threshold, with significance larger than 7¢

+ M=1870.2 33723 MeV/c?
« I'=13.0 X724 MeV/c?

* Both models fit the data well with almost equally good quality

» Cannot distinguish them with current data

> Suggest the existence of a state, either a broad state with strong couplings to pp, or a narrow
state just below the pp mass threshold

» Support the existence of a pp molecule-like state or bound state

2019/8/30 FAEG MRS S ”



X(] 835) in J/tp_)'YKg Kg n provides a clear environment

BESIII: PRL115, 091803(2015)

* KOKO% 7 and mOKOKO. 77 bkgs are forbidden by exchange symmetry and CP conservation

R A AR GRS RARS EE AN RREE FA0E R 350 Besm
b ] E (b )
9 ‘:QSOO:— (a) :Bgﬁ(ground *_ 1’300'- ( ) |'H :Egﬁground E
e 1.3X10 J/]p events % i — Phase space MC| > + } — Phase space MC |
* (a) Structure around 1.85 GeV /c2 gfmo:— ]
* (b) Strong enhancement near the =00
Sl
KOKO threshold interpreted as the  ©200-
c F
* (c) Strong correlation between the 05 ) ol |
16 13 2.0 2.2 2.4 2.6 2.8 3.0 0 12 1.4 1.6 1.8 2.0 2.2 2.4
fo(280) and the structure near 1.85 Mys, (GeV/cd) Msis (GeV/cd)
GeV/C2 24_( T T T T T a T T T T T T ]
< r C) 54 70k (d—) E
o (d) MKOKO9)<1.1 GeV/c2 @ the a2 N D q = Sickgrouna e
structure near 1.85 GeV /c2 20 18 o | E
= F 1 o 50F
became more pronounced & 18F ; =
3A8f | s0f
PWA of events with = 14 € 20f
M(KO%KO)<1.1 GeV/c2and 1.2F i | @ 10 : ,
M(KO%KO 77 )<2.8 GeV /c2 105618 2022 2.4 26 26 3.0 006 18 2.0 25 24 2.6 28 3.0
- (GeV/c?) Moy, (GeV/c?)
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X(1835) In 'J/l/)_”YKs KSTI BESIII: PRL115,091803

Final fit results: the data can be best described with three components:
X(1835)—f,(?280) 1, X(1560)—f,(?280) 1, and a non-resonant f,(1500)

component

P, R F A | e
Iz"“mn =1.40 Z
—+ Data
— MC projection ]
- Background |

--X(1835) 1
X(1560) .
Phase space

v' Mass/Width consistent with the X(1835) in

J/ly— yn'nn
v’ Mass/spin consistent with those of the X(pp )
v Width is larger than the width of the X(pp )

O 10 20 55 24 26 28
Moy, (GeV/c?)
M = 1844 + 9 (stat)+1¢ (syst) MeV/c? I' = 192429 (stat)+53(syst) MeV
(>12.90)
= (3.3+032(stat) +13$ (syst)) X 1075
2018/8/30 FHEA T T}I‘ﬁr-- SN

=%
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X(1840) in J/P—-y3(Ttm)

PRD 88, 091502 (2013)

EAER R SRR AR RS ® Astructure at 1.84GeV/c? is

BESIT observed in the mass
spectrum 3(xr*m) with a
significance of 7.60;

* M=1842.2+4.271,. MeV/c?;
I'=83114+11 MeV/c?;

EVENTS/(10 MeV/c?)
o
o

."J'_I_A.._'..,'.__‘..l,|..I--l-'i_'1_.i--1.'.| T
1.6 j [ 1.8 1.9 2 21
M(3(r*r)) (GeV/c?)

B(J/¢ — yX(1840)) X B(X(1840) — 3(w* 7)) = (2.44 = 0.3679%0) x 1073

v" The mass is consistent with that of X(1835), but the width
is significantly different from either of them, and much
smaller than I'y;g35 =190.149.0"%8 3, MeV/c? ;

v" We cannot determine whether X(1840) is a new state a
new decay modes of existing X(1835)?

T R R T -t bk
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X(1870) in J/y—wnmtTr

PRL 107, 182001 (2011) | x(1870)

First observation of Jiy—®X(1870)

and X(1870)— a, (980)*x* with the 900 F 29
significance 7.2¢; < 800
M=1877.3+6.3(stat)+37(syst) MeV/c? = ?gg E
I=57+12(stat)+1%(syst) MeV/c?; E % E
f,(1285) and n(1405) are also observed < 4 E
with significances >10c; 2 300 E
the product branching fractions for & 200 £
X(1870), f;(1285) and n(1405) are 100 Fa
measured for the first time. 0 T I e o s
M, o (GeV/c?)

Resonance Mass (MeV/c®) Width MeV/c®)  B(10™)  \Whether the resonant structure of

£1(1285) 12851+ 10738 22031722 1252010503 X(1870) is due to the X(1835), the
n(1405) 1399822275 528:27.6%¢ 189202155 1,(1870) , an interference of both, or a
XU870) 1877.32 635 ST=1257 L0*02%% new resonance still needs further study!

TR R R 2 -- 5 MROR A
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X(1810) in PWA of J/U—ynd

PRD 87, 032008(2013)
250 | —— Data
r | — Projection (a)
< 200F A Il oG
* Jy—yod is Double OZI suppressed; = T == neo25)
* The X(1810) is first observed by PWAat @ 1907 | L™ —- Sonhconig
BESII [PRL 96, 162002 (2006) ] ; = "
* Observed and confirmed at BESIII with %‘ i
the significance >300',;- &, &5
® the JPC of the X(1810) is 0*+ ; :
® The enhancement is not compatible with o it Eer s
either the X(1835) or the X(pp) due to the e . =3 , 3
different masses and spin-parity. M(K'K'm*n'n?)(GeV/c?)
Resonance Jre M(MeV/c?) I'(MeV/c?) Events AS Andf Significance
X(1810) 07" 1795 £ 7 95 =10 1319 £ 52 783 4 =300
f>(1950) 27T 1944 472 665 * 40 211 2 2040
f0(2020) 0 1992 442 715+ 45 100 2 1390
1(2225) 0" 2226 185 70 = 30 23 2 640
Coherent nonresonant component 0" ‘e s 319 £ 24 45 2 9.1c
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veats / (20 MeVic)
e
g

=200
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Event/(0.04GeV/c?)

77 - - %: r I PRD88,091502
ORI 107 162001 12 [ e |PP threshold | $ miiwrer
3 . tagHE i . 200— PRL108,112003
E : z - I PRD87,032008
Z: - PRL115,091803
x(1870) 1 150 o oo Ty
; - IPp—yKLK nl gmof Ihp—y3(n) y
1.2. 14 L& L8 20 2! — 2 em;_ PRD 88,091502 / 'Q'_;
Mﬂn‘n' (GeV!cz) 100 - I E ISOE-_— J —E
250 n —e— Dat 50 :_ l sogtls [ |]s1|9' - el 2|1F§
= N oy A
e oo L0te0e0) r YT e ]
ol — 01800 1850 1900 1950
. D M (MeV/c2)
100
sof | i P X states near proton-antiproton threshold
_fz?"—u_ SRR
0 -
2 25 3
MK GeVIcH) More studies are needed
Jp—ywed PRD
87,032008
>300
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!ummary |

>J/W(’) decay is a unique place to study
light mesons

> BESIII: 1.3 billion + 4.6 billion
Jhy events

¢ A sample of 4.6 billion Jhy events was taken iIn
2018

¢ So large data sample allows to study light
mesons with the unprecedented statistics

¢ More interesting results are expected
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