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BEPCII and BESIII
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The BESIII Detector
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Light Hadrons



Helicity-selection-rule suppressed decay



Helicity-selection-rule suppressed decay

* Y., 2 VP suffers not only from the suppression of the helicity selection
rule, but also from the approximate G-parity or 1sospin (U-spin for strange
mesons) conservation

* Because of the relatively large mass difference between the u/d quark and s
quark, the intermediate meson loops may still bring in sizeable branching

ratios for y., 2 K*K + c.c.
Xiao-Hai Liu, Qiang Zhao

* No experimental results available Phys. Rev. D81(2010)014017

PWA: %, - K*K1© Br (x10-°) K*0K%+c.c. K**K-+c.c.
X - KsKiﬂ?i Meson Loop 4.0~6.7 4.0~6.7
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Helicity-selection-rule suppressed decay

S ~der _ Relativistic Breit-Wigner has been
O *F iy
S ol 3 used for resonances. The mass and
5. - width for Breit-Wigner are fixed with
Ll - w S5t
0= 15 2 25 30 15" 15 20 25 30
Yoo > KK Mg GeV) My (GeV) PDG.

Br(y.,—K*K,K*>Kr +c.c.) [or Br(y.,—a,m,a,>KK +c.c.]

;f:: &sf ( x10%)
P $
S 0l S Charged Neutral
2 2 K*(892) 1.640.1+0.2 1.3+0.2+0.2
Mir (GeVIC) v (1430) 8.0+0.3+0.6 6.5+0.5+0.9
K*,(1780) 1.0+0.1+0.1 ., 1.140.3+0.3
Al S N N a,(1320) 0.9+0.16+0.23 0.66+0.08+0.12
) ’ ’ "M (GeV/ch)
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n(1405)/m(1475)



Pseudoscalar (07)--n(1440)

The Structure of n(1440)

»Experiment
v'1(1440) split to n(1405) and n(1475) (from PDG04)
v'n(1405)—nnr , or through a,(980)r (or direct) to KK
v'1n(1475)—->K*(892)K
» Quark-model
e 1N(1475): the first radial excitation of the 1’
e M(1405) ?
»Phys. Rev. D87, 014023(2013)
* n(1405) and n(1475) are the same state with a mass shift in different modes

June 25, 2017 PhiPsi2017
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Pseudoscalar (07)--n(1440)
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JAy =2 yyp [Phys. Lett. B594, 47(2004)]
JAy =2 ¢nnn [Phys. Rev. D91, 052017(2011)]
JAy 2 onnn [Phys. Rev. Lett. 107, 182001(2011)]
Jhy = ynrw [Phys. Rev. Lett. 108, 182001 (2012)]
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Pseudoscalar (07)--n(1440)

Phys. Rev. Lett. 108, 182001 (2012)

Jhy =2 ynnn w T LTI o M
= i S 50
K(K) _, _T° @ 200 S .
(1440) _ . S
K(K) S =
K e 2 100 3 2
K(K) N < c
f(980) T 2 50 2 10k 4H

e’
-~
ity

Trianele Sineularitv (TS T VR T = 4
T Sty 19 T e
describe the experimental

data The isospin violated decay n(1405) = £,(980)m° is
J.J. Wu et al. , Phys. Rev observed for the first time with a significance >100.

Lett. 108, 081803
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X(1835) and X(pp)



X(1835)

* The second radial excitation of n’[Phys. Rev. st e E’
D83. 114007(2011)] i s R

* The NN bound state [Phys. Rev. D91. O74003§. ot (1475) ~ \"5%(,760) o
2015 Y - T

» The pseudo-scalar glueball [Phys. Lett. B633. | e
283 (2006)] I B T A
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X(1835)

< 120
: : >
* Discovered by BESIT in J/y 2 yn'm'n 2
* Confirmed by BESIIL in J/y 2 yn'm'ic & i
»>M = 1836.5 + 3. Oig? MeV/c2 LE Phys. Rev. Lgtt. 95, 262001
. 38 . -2 ) : ] ) .
»I =190 = 9735 MeV/c? A 20 26
» Angular distribution is consistent with 0- M(r mn’) (GeVicT)
500 _ '(b) ' dg' 5000
400 _ g 4000

3000
1

Events/(0.02GeV/c?)
w
=

! - 2000
00f AT .3 BESIlo|. Phys. Rev. Lett. 106, 072002
0 . —d - n I I . | ‘
14 1.6 1.8 20 22 24 26 2.8 %o 02 04 06 08 10
M(rrn’ )(GeV/c?) lcosO, |
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X(pp)

* Discovered by BESII in J/y =2 ypp
* Confirmed by BESIII and CLEO-c 1n

v (3686) =2 e Iy, Iy =2 ypp

* Confirmed by BESIII in J/y = ypp

and its JP¢ determined by PWA
>0

>M =183271° 13 +19 MeVv/c?

»I =13 = 19 MeV/c? (<76 MeV/c? @

90% C.L.)
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Phys. Rev. Lett. 91, 022001
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Phys. Rev. Lett. 106, 072002
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Phys. Rev. D 82, 092002
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Observation of X(1835) in J/y 2 YK K¢n

* X(1560) Phys. Rev. Lett. 115, 091803
. JPC =0 X(1560) > KKsn (>8.96) RN
+ M=1566 + 8+%; MeV/c? Bl D Wwatt
« I =457%13722 MeV/c? E 50 iggcsﬁs%fﬁ'é’"
 Consistent with n(1405)/m(1475)(from its tail) within o 50; R sace
2.0c S0 |
* X(1835) 2 %
 JPC determined to be 0" :>J’ fz:
. X(1835) > K(Kqn (>12.95), dominated by £,(980) . AT .
production 16 1.8 2.0 22 24 26 28

M. (GeV/c?
.« M= 1844 + 9718 Mev/c? an (GEVIE)

« T =192F20%92 MeV/c?
* Consistent with X(1835) parameters obtained from
Jhy =2 yn'nn
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X(1835) && X(pP)

X(pp) X(1835)

0-+ o-+
M= 183217*18 + 19 MeV/c? M = 1836.5 + 3.073$ MeV/c?
=13+ 19 MeV/c? (< 76 MeV/c? @ 90% C.L.) ['=190 + 973% MeV/c?
pp bound state?
pp bound state? n’ excitation?
glueball?
The SAME state?
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Anomalous line shape of n’nw near
the pp mass threshold in J/y =2 yn'nw

Phys. Rev. Lett. 117, 042002

. 2500 T T T T T T T T T T T T T T T T T T T
 Simultaneous fits to two 1’ decay modes e o
- ] . — Global Fit
. . . . . . oy - 000 L s ]
* Simple Breit-Wigner function fails in describing ~ G* -
- - > e
the n’nw line shape near the pp mass threshold ° o on
o
* Two typical circumstances where an abrupt SO
o . . (2]
distortion of a resonance’s line shape shows up €
>
* Threshold structure caused by the opening of an 1 s00
additional pp decay mode A
* Use Flatté formula for the line shape . AENEPRET: Rf{ﬂ,;;;_] 1(?; 6\1/-/9(:2)2 21 22
* Interference between two resonances with one very
narrow close to threshold logL = 630503.3
* Use coherent sum of two Breit-Wigner amplitudes for
the line shape

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



Glueballs

* Formed by gluon-gluon interaction

 Predicted by QCD
* Not established in experiment

* LQCD prediction
* 0** ground state: 1~2 GeV/c?

* 2** ground state: 2.3~2.4 GeV/c?

* 0* ground state: 2.3~2.6 GeV/c?

* Radiative J/y decays are believed to be an

1deal place to search for glueballs

June 25, 2017
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PWA ot J/y 2 ymm,n 2 vy

* £,(1710) and £,(2100) are dominant scalars
* £,(1500) exists (8.20) e

(] o ° - C . [
*f,'(1525) is the dominant tensor voob  hIN nbiner 1o
. O
* £,(1810) and f,(2340) exist (6.4 and 7.6c)  wof ol
= s z -
. s | &
* No evidence for {;(2220) 3 oF :
s - 50
= 50 [
9 ve y 2 » . . g E H
Resonance Mass(MeV /c®) Width(MeV/¢®) B(J/v{: — vX — vnn) Significance . P |
0 s 2 25 3 0
fo(1500)  1468°1E 13673, (165193 x 1070 820 Hm GVl
fo(1710)\, 1759+67F 5% 172410732 | (2.3510:13+12) x 107* | 25.0 ¢ 800f 1 eoop
I %2/nbin=0.69
fo(2100) / 2081+131+3¢ vrr s raas | NI Esderare i Bdil sl KR 600 - :
P i * 400
1513571, Ity (3425051150 x 1077 1100 Z soof ] é
f2(1810) | 1822+23+%5 R 1A e SN Gilw 200} 1% :
£2(2340) / 236273551 43° Bagetios.  ABeOiY et otiscii-* 560 | | ol s L "
cosen 0"
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PWA of J/y - ynore®

PRD 92, 052003(2015)

S (a) 0+ [—
% 14000 it A [ | uﬁ?m’m..m.a background
= 12000 ) 3o’ $ - . .
10000 L . ) $ i1 4 — e 1
0 8 t o aliTds o 4118 i 10 = \
. i3 - | — L]

: e L) . " i
0.5 1 1.5 2 25 3

o & BESIT

? : ! | 10
o?f! B St cangoup. BERRE 1 0.5 1.0 15 2.0 Y 3.0
e om?@tﬂéoﬁ R R - 1

’ ROy =% Mass(x’x") [GeVic?]

Mass(n°a®) [GeV/c?
. i Model-independent PWA;

o F BESIT Provide a description of the scalar and tensor
U components of the n'z? system;
I B e :“‘f v : Significant features of the scalar spectrum

e includes structures near 1.5, 1.7 and 2.0 GeV/c?
soo - (427 €3 1 BGSIII ® Only Model Dependent PWA of global PWA fit
o0 Ul can rigerously extract resonance parameters,
T . il T TR TR LT but cross-check between MDPWA and MIPWA

0.5 1 1.5 2 25 3

Mass(nn?) [GeV/c?] is help flll.
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L ~t- Databkg - 53000 S 3000!
%2000__ —— MC projection g i g -
§ i 52000: 52000: Resonance M (MeV/c?) I’ (MeV/c?) B.E (x 10~%) Sig.
%1000:_ 1000} 1000] n(2225) 22167377 185HFE (240 £0.107510) 286
i 12/nbin=1.09 12/nbin=0.71 : 12/nbin=2.01 17(2100) 2050i732f;]65 2501*;8:1(3 (3.30 + O'ngg)-éj) 226
O 23 24 26 07" %5 0 05 1 %08 0 05 1 X(2500) 2470715101 230704430 (0.17 £ 0.0270%) 880
? Mo Eeviey o ©H fy(2100) 2101 224 (043 +£0.04702) 240
= L ° NOZSOO- e 0" model independent N - - T ’ =003/ ~
S 3000) 7 2000 32000} g o O e /(2010 2011 202 (0.35 £0.05575) 950
I o g L N 10.09-
£ 000] ) Sis00L 4 e [2(2300) 2297 149 (0.44 £0.0750%) 640
: «1500¢ ; >
o 1000} 31000F 2 2339 319 (1.91£0.14:93) 1o
1000] - _ N £ sool o (2.74 £0.1570,¢) 6.80
- x4/nbin=1.55 I ¥4/nbin=1.69 : .‘
%705 0 05 1 % 20 40 60 80 % .
(d) cos6(K?) (e) % (°) (f) M(00) (GeV/c?)
Well consistent with the results from
Model-independent PWA t, (2340): tensor glueball?
June 25, 2017 PhiPsi2017
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Decay rate of pure glueball from LQCD

» Pure scalar-glueball rate in J/y radiative decays
> BRIy 2 vG(07))=3.8(9)x107 PRL 110 (2613) 021601
>BRJy = vf,(1710) > yKK)=(8.5*15)x10~*
>BRJy > vf,(1710) 2 ynw)=(4.0£1.0)x10~*

»BRJ/y > 1f,(1710) - yow)=(3.1+1.0)x10~* Exp.

»BR(J/y > vf,(1710) > ynm)=(2.351313+124y 104 BESIII results
» Pure Tensor-glueball rate in J/\y radiative decays

»BR(J/y 2 yG(2t)=1.1(2)x10> Yi-Bo Yang et al.

PRL 111, 091601

>BRJy = v£,(2340) > y9$)=(1.91 + 0.141D72)x10~4
>BR(I/y > v£,(2340) > ymm)=(5. 6010 ¢% *557)x 105
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Summary

BESIII started data taking for physics since 2009

* World largest data samples at J/y, y’,w(3770), w(4040), Y(4260)
already collected, more data in future coming soon

* BESIII 1s 1n her golden age, more results will appear: charm meson, form
factors, tau physics, two-photon, rare processes ...

* BESIII 1s playing leading role on hadron spectroscopy

* Expect more results from BESIII 1n the future !

Thanks for your attentionl
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Backup
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Y—> VYV, VP

* Helicity Selection Rule (HSR): c¢'"t?=5,-G, (,0=P-(-1)’)
Vv VP
Yeo V Suppressed
Y1 Suppressed V
Yo V Suppressed

PhiPsi2017
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Anomalous line shape of n’nt near the
PP mass threshold in J/\II — T]'TCTC Phys. Rev. Lett. 117, 042002

-+ Data
* Use 1.3X10° J/y events collected by BESIII % -55%;3&;
in 2009 and 2012 =
* 11" decay modes:
* N2 ynmw
* NN NDyy Ao 16 2 22 24 20 20 3
* Clear peaks of X(1835), X(2120), X(2370),n;,  teooprrrrrsmrramrmrrs
and a structure near 2.6 GeV/c? S - Teidwe
. 1200 B Background -
* Asignificant distortion of the n'nr line shape  Sioof - oppihmshold 2
near the pp mass threshold %:zz : ‘
Lﬁ 400;

200 F

0 14 16 18 2 22 24 26 28 3
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Anomalous line shape of n’nr near the PP mass
threshold in J/y =2 n’nn — Model 1

° A 1
Use the Flatté formula for the line shape Phys. Rev. Lett. 117, 042002
. VPout 2500 prerrrr T T T T
"T'= sty o LT
S=1 Xk 9kPk [ | : | £(1510)
2 ! - —--X(1835) B
2 2 9pp G 2000 = 1ol
* 2k i Pr=90 (,00 + _zPPP) o - ITXGeiz20 ]
9o > 1200 : ;gggl-(lgeggngnt -
. . . ()] 5 F : ] z ackground
. gﬁ 5/ s the ratio between the coupling strength to the = 1so0[- | § 4 - ppthreshold |
pp channel and the summation of all other channels © [ : |
—— E— & 1000 |
fie state around 1.0 G C ‘E’ ~
M (MeV/&) 1638.0 ¥1213 41278 L%’
g5 ((GeV/c?)) 93.7 3334385 500
gap/ 86 2.31 3337 20%0
Mpoe (MeV/c?) * 1909.5 1123157 %3 14 15 16 17 18 19 2 21 22
Branching Ratio (3.93 1538 Zgas) x 107 logL = 630549.5
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Anomalous line shape of n’nw near the PP mass
threshold in J/v = n’nt — Model 11

* Use coherent sum of two Breit-Wigner

amplitudes

« T = VPout , BePout
NZ—s—iM, I, "MZ-s-iM, I

X(1835)
M (MeV/c?)| 1825.3 ¥24+173
T (MeV/c?) 2452 H142436

B.R. (constructive interference)  (3.01 0317 %538) x 1074

B.R. (destructive interference)  (3.72 33} F01%) x 107¢

P

M (MeV/c?) 1870.2 *32 423
I (MeV/c?) 13.0 7431

B.R. (constructive interference) (2.03 *313%543) x 1077

B.R. (destructive interference)  (1.57 5020 3%) x 107°
June 25, 2017 PRIPSI2017

Phys. Rev. Lett. 117, 042002

2500-IIIII|||||||||I||||||||lllélllllllllllllllllll_
: .~ Data
- . — Global Fit
J— £,(1510)

& 2000 [~ 10 - X(1835)+X(1870}]
O - X(2120) .
S . — Non-Resonant ]|
) - 12 . M Background ]
E 1500 P pp threshold |
o
<«

p
— i
o 1000
# -

C
()
>
L 500

0‘I.3 14 15 16 17 18 19 2 21 22
M) (GeV/c?)

logL = 630540.3
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Anomalous line shape of n’ntr near the PP mass
threshold connection between X(1835) and X(PP)

* 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

e Support the existence of a PP molecule-like state or bound state

* To understand the nature of the state(s)
* More J/y data to distinguish two models

 Study line shapes in other decay modes
« J\y > yPP
* Jy 2 vKKn
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PWA of J/y - yrt'n©

» Use 1.3X10° J/y events collected
by BESIII in 2009 and 2012

* The n°n° system
* Very clean

 Large statistics and many open
channels

* Many broad and overlapping
resonances

* Model independent PWA

June 25, 2017 PhiPsi2017
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» More than 440,000 reconstructed events
» Background level ~ 1.8%
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PWA : J/y =2 vdd

« Use 1.3X10° J/y events collected by BESIII in 2009 and 2012
 PWA procedure

Covariant tensor formalism
Data-driven background subtraction
Resonances are parameterized by relativistic Breit-Wigner with constant width

Resonances with significance > 5 o are selected as components in solution
Phys. Rev. D 93, 112011

?32500_ e, MC
150 3 i "+ —data
2000} ‘
=T 0 —bkg
100 &1500F  * e
(\O I . %
21000} . - .
50 € :‘.,-':x *Cer,
L 500: .. et .:
' ; 1 0 0'.5. e Th%
1 1.05 11 1.15 2 22 24 26 28 3
@  MK'K) (GeV/c?) (c) M(09) (GeV/c?)
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