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Outline
¢ Status of BEPCII / BESIII

¢ Recent Results on Light Hadron Spectroscopy
e pp mass threshold structure in J/y and y/ radiative decays
e X(1835) and two new structures in J/y — yn+ - v/
e A new structure X(1870) in J/y—>onn*w
e n(1405) in J/y — vX, X—>f,(980)r°, f,(980)— nn
e PWA of J/y—ynn
o PWA of J/y—>y® ¢
e N* states in y/—ppn® and y/—ppn

¢ Summary



General layout of BEPCII/BESIII Double storage rings
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Beam energy: 1.0 - 2.3 GeV
Designed lumi.: 1X1033 ¢m2s’!
(Peak Lumi.: 0.65x1033cm-2s1)

Optimum energy: 1.89 GeV

| 4 detector

2004: start BEPCII construction Energy spread:  5.16 X10*
2008: test run of BEPCII No. of bunches: 93
2009-now: BEPCII/BESIII data taking Bunch length: 1.5cm

Total current: 0.91 A
Circumference: 237 m 3



The BESIII Detector

Drift Chamber (MDC)
small cell&Gas:
He/C3H8 (60/40),
43 layers

Gy =130 um

c,/p = 0.5%@1GeV
dE/dx = 6%

Time-of-Flight (TOF):
c ;= 80ps barrel
110ps endcap

5100
(2373)

—

@1300

NIM A614:345-399,2010

EMC: Csl crystal
AE/E = 2.5%@1GeV
6, =0.6cm/VE

Solenoid Magnet

R field: 1T

BT 17 Muon Counter:

"""""" 9 layers for barrel
8 layers for endcap

> The detector is hermetic for neutral and charged particles with
excellent resolution, PID, and large coverage.



J/w and v/ data samples

So far BESIII has collected : 263109

¢ 2009: T v
225 Million J/y (4 times of BESII) 100 -
106 Million ¢’ (4 times of CLEOc) 50 -
0 | | | | |
2012: 1Billi S 3232 2 3
¢ 20 illion J/y §8m£d§
0.4 Billion y’ World’s largest
sample of J/y, y(2S)

The following results are based on the data samples of 225M J/vy
and 106M vy’ events.




Hadron Spectroscopy

» The ultimate goal of the study of hadron spectroscopy is to understand
the dynamics of the constituent interactions.

» PQCD is not applicable in the light hadron sector.
There exist phenomenological approaches and LQCD calculations.

» Experimental data will provide necessary constrains on the parameters
introduced by the theory.

New forms of hadrons

e Conventionally we know: O Gﬁ
mesons (qq) and baryons (qqq)

¢ But many more forms which are QCD allowed, namely

* Multi-quark states: number of quarks > 4 -

* Hybrid states: qq g, qqqg, - Q)
* Glueballs: gg, ggg, -
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Observed an enhancement at pp mass threshold @ BESII

J/y = v pP (58M J/y events)

l:cf; ;ts::\giea-‘-n 15n:.ﬂ}. T T . Jrvreere _+1‘:’] _; B
weighted D~ I' < 30 MeV/c? (90% CL)
S-wave BW 5 0PN 1€

Plusbkg. & | |1 M | m

ki il acceptance
_______ —

50 - ""'LL_ A

§ o [T
3-body phase spacet+— |/

0 furs PRL 91, 022001 (2003)
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é M and I" are not consistent with the properties of any known particlx
» Consistent with spin zero expectation.
> Theoretical interpretations:

Conventional mesons/ pp bound state / multiquarks / glueball
Final state interaction (FSl) ------
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Confirmed @ BESIIl and CLEOc

v = ntnl/y (/v -y pp) v > ntnl/y /vy — v pp)
(106M v/ events) (24.5M y/ events)
< T a |
3 = F woPrY cLEOe
2 = 60
s i
2 o
& 20F 2 NI 4 bty By
0 F .- = | . b t + s
RDD D.I.JS D.;D D,:IE D..:'-!D D..25 0.30 o 'IZJ' JOXY 2R} WD 4{;;21 SO0 SO0 FO0 S00 :EHI'-:J_L
Mm-Emp[GEVfc"‘} AM=M{pp)-2m_ (MeVic™ )
M=1861 *6 -11_?-26 MeV/c2 Fit region Am = 0-970 MeV
ey ranes e Consider X(2100):
I <38 MeV/c2 (90% CL) M = 1837+10 _+9_ MeV/c?
» Same fit method as that of BESII. I =0, MeVic?
» Consistent with BESII results. Fit region Am = 0-300 MeV
Chinese Physics C34(4) 421, (2010) Do not consider X(2100):
. . _ ! M=1861"16 ;(stat) MeV/c?
4 Not observed in B-meson decay, y'>ypp. 1 =032 (stat) MeV/c?

X -y pp, J/v—>opp at BESII, y—Xpp (X=
v ,n%n) at CLEOc. PRD 82, 092002 (2010)
The enhancement is not pure FSI effect.



PWA of J/\|1 > ypp @ BESIII

Events

Events

150"

Mpp

e ———

Results:

[T

1;1|-|-~.+15| 18 -

JPE=07"  e— ‘ >6.80 better than other JP® assignments \

First performed.
PRL 108, 112003 (2012)

» Four components:
X(pp), ,(1910), f,(2100) and 0** PS

» The FSl effect considered.

> Fit features:

e The fit with a BW and S-wave
FSI (I=0) factor can well describe
pp mass threshold structure.

e Much better than that w/o FSI
effect, AInL= 51 (7.10).

e Different FSI model - Model
dependent uncertainty

M
I'=

=1

O Y L

13+2 t&tatl

(stat)” - (syst) £19(mod)MeV e
| syst)* 4(mod)MeV ¢

B(J/ w—yX(pp))B(X(pp)— pp)=1(9. 0™ llls’mtb Etﬂat,__-.nlnmdlb{lﬁ ’

or I' <76MeV/c cf 1 90% C.L.




Structure at pp mass threshold of w—ypp @ BESIII

e Observed a pp mass threshold o k(@) """ 777, 7Ty o T
= 400 = TF ariihals o (b
excess relative to PS. 2 350 I ;
. _ 2 300 eI g(; ] :
e Line shape of pp mass spectrum\s o

near threshold looks obviously & 2

—_ [ B Lid A L =1 | =]
SEEQEaT T[T TIT[TITTTI]T TT
oLy Iel ) ==

differ. from that of J/y decays. < ¥ -
e No evident enhancement exist ettt L )
in pp threshold in Dalitz plot. = M&%{G&fcx}
PWAResultss: PWAfitprojection
» Significance of X(pp) is > 6.9c. Z‘ sk |, ¢
> The production ratio R: S 30
_ By > yX(pp)) s -
B(J !y — yX(pp)) 5 15
= 10

= (5.087; (stat) = (syst)£0.12(mod))%

Y il

It is suppressed compared B0 0.1 — 02 03
with “12%-rule” . PRL 108, 112003 (2012)



X(1835) and two new structures in J/y—yntnn/

J/\|I—)'YTC+TC 11 (11 —>n+7tn,n—>yy and /> vyp,p-ontn)
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¢ BESI Results:  PRL 95, 262001 (2005) \
*M = 1833.7+6.1(stat)+2.7(syst) MeV/c?
* I = 67.7 £20.3(stat) £7.7(syst) MeV/c?
* B(Jhy—yX(1835))-B(X(1835)—>n*nn’)
=(2.2+0.4(stat)=0.4(syst))x10 4
* Statistical Significance 7.7c

)

Evmm’(ﬂ.ﬁzﬁev@ f/

g8 8

14 16 1.8 2.0 22 24 2.
M, (GeV/c?)

¢ BESIII Results:  PRL 106, 072002 (2011)

CY——— M( MeV/c?) I( MeV/c?)  Stat. Sig.
X(1835) 1836.5+3.0°5¢,, 190.1+9.0"%® _, >200
X(2120) 2122.4+6.747,,  83+16*31 7.20
X(2370) 2376.3+8732,,  83+174, 6.40

« B(Jhy—yX(1835))-B(X(1835)—m*nn’ ) =
(2.87 +£0.09(stat) o e, (syst)) <10~

* For X(1835), the angular distribution of the radiative
photon is consistent with 0 * assignment. (> 200)

PWA is needed to understand their properties!




What’s the nature of X(1835), X(2120) and X(2370) ?

» X(1835) observed in J/y—>yatan/
e The measured width at BESIII is larger than that from BESII.

* Observed pp sub-threshold enhancement X(1860) in J/y — ypp
at BESII and confirmed at BESIIl and CLEOc.

* Are the X(1835) and X(pp) the same resonant state?

* pp bound state ? glueball? n/ excited state ? --:---

Still remain unclear at present!

> X(2120) / X(2370) observed in J/y—>yrntnn/
e The first time resonant structures are observed at ~2.1 and 2.4GeV .
Interesting since:

* LQCD predicts the lowest O glueballs at~2.4GeV.
* A good channel for finding O-* glueballs.

e Their nature: pseudoscalar glueball? n/n/ excited states? -----

> A PWA is needed to measure their J’¢, M and I more precisely,
and planned with much higher statistics J/y data sample. 12
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X(1870) in J/\|/ — @ X, X—> a,*(980)n ¥, a,*(980)—>nn
; | Astudy of J/y—>onn*r - at BESII

PRL 107, 182001 (2011)

100 2"

--------
- ey

1.4 1.6 1.8 L
M, pin— (GeV/c?)

/ M, T, and B(J/y— ® X) - B(X—>a,n) - B(a;—nn)

Resonance | Mass (MeV/c?) Width (MeV/c?) B (107%)
f1(1285) [1285.1£1.075% 220431777 1.2540.107) 5
n(1405) |1399.8+2.2727 528+ 76700 1.80+0.217 2
X(1870) [1877.34£6.370, 5741277 15040267

7\ Is X(1870) due to
X(1835), n,(1870)
Stat.Sig. | , an interference
>10s | of both, or a new
- 106 | resonance? JPC¢?
[
7.20 / Need PWA | .




n(1405) in J/y—yX, X—f,(980)n°, f,(980)—>2x

First observation of n(1405)—f,(980)=° PRL 108, 182001 (2012)
T . L T i L T i i : T I 60 T " T T — | . . -
< 250f f,(980)>n*n- % 50 f,(980)—>n°n®
= s - =
L 200 @
Q x Qg
S 150F = 30
£ 100f 2 20
[ L 4]
o 50F @ 10 N
5= \' TR R e 7.8
M(fo(980)n0)(eewc2) M(f0(980)n0)(GeV/c2)

¢ Evidence for an enhancement at ~ 1.3GeV (potentially from f,(1285)/1(1295))

¢ Analysis of angular distribution indicates the peak at 1.4GeV is from 1n(1405) (J°
=0 "), not from f,(1420) (J°=1*). Stat. sig. > 10c.

¢ Large lsospin-violating |Br(7(1405) — f,(980)7° — " 7°)
decay rate: Br(17(1405) — a,(980)77° — °r°n)

~ (17.9+4.2)%

¢ In general, magnitude of isospin violation in strong decay should be <1%.

0 + —_0
PRD 83,032003 (2011) |z — BBF((ZCI —>J%((998§O))” o )) <19%(90% C.L.)
n"x., —>4a, T —>nNrww

ap-fo mixing alone can not explain the branching ratio of 11(1405)—>1"0(980)nf4



¢ Anomalous lme shape off 0(980) in J/\|I—)’Y37t

220F 100F - -
—~200F —
& 1sop f,(980)>n* é T fo(980)—>n°n°1
23 140k M= 989.9+0.4MeV/c? A\ M =987.0+1.4MeV/c?
S 100f ['=9.5+1.1 MeV/c? 50 4\ ['=4.6%5.1 MeV/c?
o S8O0F 5 i i)
o 28_ § T }
™ 20f w t N

M X I I B I E—P

M(mt* e )(GeV/c2) M(°r0)(GeV/c?)

[Sur'pr'ising The measured width of f,(980) is much narrower J

Result: than the world average (PDG 2012: 40-100 MeV/c?)

¢ Triangle Singularity (TS) mechanism ﬁ*K in TS mechanism is on-sheh

”“445(?) T g /’Tg/_\ o * TS is much more dominant than
K a, — f, mixing term. ﬂ
R R (980 \.J/f @ | 8 I
K(K) e Explains the large isospin
fy(980) 1 . mlxmg violations in n(1405)—n*= “n°.
i 1 i 0 '0
Triangle Singularity (T5) e Predicts a narrow peak at

Mt ) ~980 MeV.
(7.7. Wu et ol, PRL 108, 081803 (2012) \_ ™M@&'m) € -/
15




Study of nn system

¢ LQCD predicts the lowest glueball state is 12 0" — °
O** with M~1.5-1.7GeV, the next lightest |, 2" — e \
glueball is 2+ with M~2.3 GeV. N gt —

¢ The mixing of glueball with nearby qq Y R — T e
meson makes the situation more difficult. N 2 =

LQCD calculations. ryt =410 MeV

Glueball spectrum from unquenched _

¢ Early study of J/y—>ynn wasmade o
by Crystal Ball in 1982. Found JP¢
of the resonance ~ 1.7GeV is 2+,

-_._I . - — f—— Pt e—— = ——

PRL48(1982) 458

J\H«w.

EVENTESA0.05 Gevl

_ e

Other experiments:

e Crystal ball Collaboration (2002)
analyzed the final states of n%n®nO,

nnon®and nnn, found a 2++
(~1870MeV), but no f,(1710).

e E835(2006): ppbar—n°nn, found
f,(1500) and f,(1710).

e WA102 and GAMS all identified
fo(1710) in mn. 16



Preliminary PWA results of J/y—ynn @ BESIII

ok A __ For J/w— yPP (Pseudoscalars),
E of- X N =17 only intermediate states with
S ] | JPC=even** are possible.

= = | & 0**: £,(1500)(8.2 5),

£,(1710) (25),
£,(2100)(13.9 5 ), O*+ PS

| & 2+: £,/(1525)(11c),
f,(1810)/f,(1950) (6.4 o)

1™ 1 & 4**: ,(2340)(7.6 5)
o R - ot
() coshy, (d) ¢,
Resonance Mass(MeV /c?) Width(MeV /c?) B(J/vy — vX — ynn) Significance
Ffo(1500) 14687 12723 136730725, (1.6179:2970-42) « 105 8.2 o
Ffo(1710) 175970712 172119752 (2.35179977L2) «107% 250 o
f0(2100) 208113734 273+ 3779 (9.99702075:08) x 107 139 &
f2(1525) 151372+, 75 t12wld (3417923130 < 107" 11.0 o
f2(1810)/f2(1950) 1822739750 220028 (53810007 321) < 1075 6.4 o
F2(2340) 2362+ 3 T30 3347024165 (5.58F 01280y« 105 7.6 o 17




M ¢threshold enhancement in J/y—>y® ¢ @ BESII

~~ 25F
o F g X(1810) BESII SF
> 20F LR
=: PRL 96, 162002 (2006)
o f |
<t [
-“I E S: L . .

Jy—>yw ¢ is DOZI SR 3 N L

=k s s
Quppressed procesy 0 1.8 2 22 24 26 28 3 32 05 I 15 2 25 3 35 4 45

M, , distribution for events with M- (Ym) (GeV/c )
| M4m0 Mg | <30MeV

PWA Results @ BESII:

¢ M =1812+19,, +18 MeV/c2; T = 105+20+28 MeV/c2
B(/y—¥X)-B(X—>® ¢) = (2.61+0.27+0.65)x10

¢ The enhancement favors JP¢ = 0** over O-* and 2*+, stat. sig.>10c.

¢ Not compatible with any known conventional state.

Is it the same O** observed in YKK or ¢ mxt (f,(1710) or f,(1790)), or is it

a glueball, or a hybrid ------ 18



Preliminary PWA results of J/\|I—)’Y(D ¢ @ BESIII

b=
1_.{ i
=
'5 164
-
=
=
E 14
=
C
wl =
% ) 1 -
Mo o{{Gehiic ) WPy oy Ge Wi
Resonance ] JEe A DTV _.-"-:"2 1 I Mle™W ..-"{'2 1 FEwvents P W Oyl Significance
A IELO) i 1795 &+ 7 05 4+ 10 1319 + 52 TH3 -1 = Bl
fz i 19500 o+ 1014 472 G655 4= 40 211 2 20 4er
fix ( 2072100 i 1992 A4 T15 &+ 45 10 2 1.3 e
([ 2225) o— 2205 125 T0O = 20 23 2 G Ao
phase space o - - 319 + 24 45 2 D 1o

¢ For X(1810): M, T  and Br are consistent with that of BESII results.
Confirms that the JPC is O** with stat. sig. of > 30c .
Not compatible to X(1835) and X(pp) due to diff. M and JPC..

¢ Is X(1810) the f,(1710)/f,(1790) or a new state ?

Further looking in diff. decay modes (0w, K*K*... ) and
diff. production processes (J/y—>¢ ® ¢ ,0 ® ¢ ..) is desirable | g



Observation of two new N™ in w—pp n° @ BESIII

¢ Non-relativistic quark model is successful ¢ J/y and y/ decays offer
in interpreting the excited baryons. an opportunity to search

¢ Predicted more excited states ( “missing for the missing resonances.
resonance problem” ).

——
—
- ]
j —

» Events with pp arising
from J/vy are excluded.

Mo a(GeV Fed)

Events/{(36MeVieT)

> The threshold enhancement
in pp mass spectrum is
visible.

——

+
.
——
"
B
S .
H
) f
(= 1

» N* with spin 7/2 or larger
is not considered.

Events/(32MeWV/ch)

Events/(32MeV/ch)

arXiv:1207.0233

15 _{I =
M,(GeV/c)
20



Events/(32MeV /c?)

Events/(32MeV/c?)

PWA Results:

L
200 - N(1440)
— N(1520)

)
)

— N(1535
——N{1650

._.

i

[
I

3

LA
=]

15 20 25

M,#(GeV/c?)

¢ Soft-pion theory indicates that the off-shell
decay is needed. N(940) with M=940MeV
and I'=0 MeV is included in PWA.

¢ A 1-~ pp resonance candidate described by
BW function is tested. The largest sig. is 4o
at M=2000MeV and I'=50MeV.
The threshold enhancement most likely
due to interference of N* resonances.

¢ No clear evidence for N(1885)/N(2065).

¢ Two new N* resonances N (2300) and
N(2570) are observed with 1/2*and 5/2-.

Resonance M(MeV/c?) T(MeV/c?) AS ANy, § o Sig.

N(1440)  1300%51 75 340F30FT0. 725 1 1lha
N(1520) 15100250t 1R 198 6 500
N (1535) waﬂff_ifgg 12042040, 494 1 0.37
N(1650) 165072130 1s0t3iELD 821 4 1220
N(1720)  1700+30+32  ypptI09+189 wx 6 g 060
N(2300) 23000 H109 gy 3040 yag ey 45 00
et otnet =U et et St "

N(@2570) 287000 250F 310 78.9 6 1170
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Preliminary results on N baryons in w—ppn @ BESIII

D?rl"tbza':‘o* __ PWA Projection —

¢ No significant contrib-
ution from other reso-
nance ~ pp mass
enhancement.
significance< 3.5¢

¢ N(1535) was firstly

studied by PWA in

— 1 )/y—>ppn at BESII,
PWA Projection ;.4 confirmed here.

M= 1524;5_110 MeV,
=130%72" MeV
Consistent with PDG.

=1 o
I|IIII
m

E'i.
LT

III.I.?IIlII TTT

M2(pn) [GeV?]

M2(pn) [Ge¥2] ™\ C MGP) [6eV]

-
3
A

Evenis/25kaVic?

o i ] ] # ¥
TTTT T
=
—'—
S

AR e e e sig.>50; JP 1/2—
M(pn) [GeV] M@n) [GeV] 9720
* B(W/ — N(1535)p)XB(N(1535) = pn ) +c.c.=(5.2°232)x 107

* B(P' >ppn)=(6.4£0.2£0.6)x10°  PDG2010: (6.0+1.2) X105

* B(Y' > pp1n)/BU/Y —ppn)=(3.2£0.4)% Suppressed compared with “12% rule”
22



Summary

¢ BESIII is successfully operating since 2008:

* World largest data samples at J/y, v/, w(3770), y(4040)
already collected, more data in future!

¢ Recent results on light hadron spectroscopy

* Confirmation of pp threshold enhancement

* Confirms X(1835) and obser. two new structures in J/y— v nnn/

* Observation of a new structure X(1870) in J/y—onn*n

* First observation of 1(1405)—f,(980)x° (isospin breaking)

* 1 system in J/y—ynn

* Confirms X(1810) in J/y—y® ¢

* Observation of two new excited baryonic states N(2300) and
N(2570)in y—ppn®. N(1535) is confirmed in yw/—ppn.

¢ Expect many more results from BESIII in future!
23
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From BESII to BESIII

BES Il @ BEPC BES Ill @ BEPC I
y  000000

U (%
Superconducting magnet
BESII | BESIII
MDC o(p)/p=1.78% - Vi+ p? o(p)/p,=0.32% -p,
 dE/dXeso =8 % | dE/dX,eso < 6 %
- TOF | 180 ps (for bhabha) | 9o ps (for bhabha)
_EMC  o(E)E=22%-VE 4 o(E)E=23%VE
MUC  3layers for barrel g layers for barrel, 8 for endcap

25



BESI started data-taking in 1989 and was upgraded in 1998 to BESII.
BESI collected 7.8 M J/y events and 3.7 M y/ events.
BESII collected 58 M J/y events and 14 M / events.

WMASS [GevVid]

BESIIT - physics using "charm”

Charmonium physics:
- Spectroscopy
RN - transitions and decays
.5 Light hadron physics:
w@sa| [ N - meson & baryon spectroscopy
36 f N - glueball & hybrid
LN ] - two-photon physics
o/ N - e.m. form factors of nucleon
' Charm physics:
- (semi)leptonic + hadronic decays
[y - decay constant, form factors
2 | S 7 - CKM matrix: Ved, Ves
A - DP°-D%%ar mixing and CP violation

[/ 2 = H - rare/forbidden decays
W .
3.0 (a5 | Tau Ph}fSICS:

- Tau decays near threshold
- fau mass scan
...and many more.

3.8

ﬂ—i- ‘I—— 1+ u-o--r 1= 21-1-

26




BESIIIl data sets and future plans

¢ 2008 : July 19 first ete collider event at BESIII
Nov.: ~ 14M y(295) events for detector calibration

106) \
¢ 2009 : 106M y(25) events (4 times of CLEOC) ﬁd( : J/,‘I’
225M J/y events (4 times of BESII) 150 Y

~ 42 pb™ at continuum (3.65 GeV) 100 -

¢ 2010 : 900 pb' @ 3770 MeV 50 -
3.5 XCLEOc
¢ 2011: 2000 pb' @ 3770 MeV 0 -

1 = E a 9 =
470 pb! @ 4010 MeV =§= D B8 ﬁ
¢ 2012: t massscan, R scan [2.0, 3.65] GeV World’s largest sample of
0.4 billion y(2S) and 1 billion J/\y events \ J/v, y(2S) and y(3770) /
~— _

Tentative future running plans:
# 2013: Ecy = 4260 and 4360 MeV for ‘XYZ’ studies (0.5 fb' each); T mass scan/R scan

# 2014 and 2015: E, = 4170 MeV for D¢ (~2.4 fb'); additional y(3770) data
27

The following results are based on 225M J/y and 106M (2S) events.




» Meson spectrum (q q)

\> Baryon spectrum (qqq)

' Main contents in the study of the hadron spectroscopy\

> New forms of hadrons (glueballs, hybrid states, multi-quark states)

J

yas N\

/ J/y decays provide ideal lab for hadron spectroscopy \

The lowest order diagrams for J/y = hadrons:
Y
. : .. LY j)rr.—“’_r
ﬁ = — = Jny M. =
Jly % JMD\E Jhy E w - =
< < <

c

3-gluon Electromagnetic Radiative Via n,

® A good lab to hunt for new forms of hadrons

® A good lab to study meson spectroscopy
kA good lab for excited baryon states y




X(1860) has large BR to pp
= BES measured:

BR(J /w — X (1860))  BR(X (1860) —> pp) ~ 7 x10°°

= For a 0O* meson:
BR(J /yw — X (1860)) ~ 0.5—2x10°°

= So we would have:
BR(X (1860) — pp) ~4—-14%

(This BR to pp might be the largest among all PDG particles)

Considering that decaying into pp is only from

the tail of X(1860) and the phase space is very small,
such a BR indicates X(1860) has large coupling to pp !




Not in B* = pp K* at BaBar and Belle

+ VA
" 29 B" > pp|§
™ BaBar £ Belle

-1 = 3%

é,_,ﬂ 210 fb _ = 27
= ; L
N > 400

= =5 = 35 _d- j = ﬂ-)
T GeVED 2300 ) x(1860) BES ||
¢ The pp threshold enhancement ‘%200 J/y — ypp

observed in Jiy decay is different 5100

from the enhancements observed E obloss by o]

by Babar and Belle in B decay. 2 3 N 5
M(pp) (GeV/c?)

¢ The one in B decay can be
explained by fragmentation.



This narrow threshold enhancement is NOT
observed in J/y —>opp at BESII
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EVENTS,/(GMay /c®)

No narrow strong
CNhancemenT 0,60 .05 .0 0,15 020
near threshold M,, —2M, GeVic?

Br(J /y — aX)/Br(J /y — »X) <0.5% @95% C.L.



This narrow threshold enhancement is
NOT observed in Y(1S)—>»>ypp at CLEO

Br(Y(1S) - ¥ X)/Br(J /1y — y X) .
<0.7% @ 90% CL = This result cannot be

explained by pure FSI
PRD73, 032001(2006) effect, since FSI is a

| } T universal effect.
A%THF}L + + HH of the narrow and strong
: pp threshold enhancement
_ \ =5 Es =75 5 is disfavored.

‘§

=
o

_._
I|IIII‘IIH

—> Pure FSI interpretation

Events / 25 (MeVic?)
o/ o

;

|
t

-AH||‘||
m_ L

M(pPp) (GeV/c%)

FlIG. 7: Inyariant mass of pip from T1S) —— .

No enh@ncement
near threshold




Several non-observations

151 T T T T T T "Elﬂ'wr“"l

-E.

h p g_;,qp - wpp @BESII

Evers /{ 001 GaWie*)

_ H
- PRD 73 (2006) 032001 | ) EPJC 53 (2008) 15
12 =21 =23 286 27 =28 31 N
M(pﬁ} {m\fﬁj DEI 002 O0=8 O Eﬂ.ﬂ. l:ﬂ. .l:l k| .l'.'l .'lﬂ“ ﬂﬂ:\??n'lﬂ.ﬂ i
|"|ED_|I|||l|||l|||||||l||lll|l|ll_ =:§f2: —
.y’ — ypp @BESII | 3w V@Swp @CLEOC
15 & yYpep ] ::ﬂ g E PRD 82 (2010) 022002
: : a |
L T
- LE 4 |y l
5f 1ol M [ It
: PEL 99 (gm?j 011802 “H 'ﬂH ﬂ'" } J
01.-EI e 3 3!2 ] 00 00 el e es o os

L AM = M(pp) - 2m,, (GeV
Pure FSI mterpretatmn s disfavored (P} =2m, (GeV) 3



Is the X(1835) from the same source of X(pp)?

» The mass of X(pp) is consistent with X(1835)

* The width of X(pp) is much narrower.

Possible reasons:

— X(pp) and X(1835) come from different sources

— Interference effect in ] /y->ynmn’ process should not
be ignored in the determination of the X(1835) mass
and width

— There may be more than one resonance in the mass
peak around 1.83GeV in J/y->ynmin’ decays.



X(1835) and two new structures in J/y—oyn*n 1/

JJyo>yrtny (W >t m,no>yy and W>yp, porwtn)

two news

1416 182022242

M, (GeV/c)

e Errors are statistical only.

e The solid line is a fit to 1+cos?0,

which is expected for a
pseudoscalar.

PRL 106, 072002 (2011)

The background subtracted,
acceptance-corrected |cosb, |

districution for X(1835).

5000 F
A000 |

3000 F

dM/d jood

2000 - -

10000 - —

jcosd

/

ISR TN NS T TR S T TN N T T T N T
[IIJ.D 0.2 04 (L6 0.8 1.0
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Study of a,(980) - f,(980) mixing from
J/b > ¢f,(980) > $a,°(980) > dpnn°
W1 2YR° 3,2 (980) ->ynf;(980) —» ynOntm -
PRD 83, 032003 (2011)

« Mixing intensity provides important information in
understanding the nature of a,(980) and f,(980).

« Narrow peak (8 MeV) at around 980 MeV can be expected in
nr (J/Y - ¢f,—> da,—> ¢nn case) or i (x ., = a,n® > f,n°
— rv'nn’ case) invariant mass spectra.

J.Wu, Q.Zhao, B.Zou PRD75 114012, J.Wu, B.Zou PRD78 074017
C. Hanhart etc. PRD76 074028,
etc.

0 ™
J/L< n I'L< / ot

< ap 2 fn\

fo 2 Qg

0 T
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a5 (980)—>f,(980) mixing:
f, —>a, transition from J/y— ¢ f— ¢ ag—> ¢ nn°

T ok T Br(J iy, (980) > 0a (980)— g
E 112: Slgmﬂgin; ) : =(3.3+1.1(stat)+0.4(syst)+1.4(para))x10
= 4 (<5.4x10°* @90%C.L.)
S o | 1 Mixing Intensity:
E 8 ’ ” E E =Br{Jhp—}tpfﬂ{SlS[l}—}q)aﬂ{BB{I}—}tpnn“}
s ﬂm I } | Mﬁ s Br(J/y— ¢f,(980) - n)
ﬁu; uni T.| IR =(0.60£0.20(stat)£0.13(syst)10.26(para)) %
08 09 10 11 12 (<1.1% @90%C.L.)

M) (GeV/ch)

... MiXing signal

--- 29(980) contribution from
3/ y>v* [ K*K>¢a,(980)

--- Background polynomial
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Events/(0.01GeV/c®)

=T T L -

a,(980)—>f,(980) mixing:
a, —f, transition from y/—yy ., X8> ntn O

= () 2 Br(y -y, - yr'al)(980) - yr'f,(980) = yr'n* 1)

= Signifigiince 1.9c =(2.7%1.4(stat)£0.7(syst)£0.3(para))x10~’

3 (<6.0x107 @90%C.L.)

HH‘H‘ 1 HJ‘ m | Mixing Intensity:

T A THE - Br(y =y, =Y ay(980) > yn'f,(980) - yw'w'n
" Meem Geviey Br(y/ A, —yn'a (980)yn’n'n)

. T};’;‘;g)iﬂ:ﬁ‘:muﬁm =(0.31£0.16(stat)£0.14(syst)+0.03(para)) %

from other processes {{ 1.0% @QD%C.L.]

--- Background polynomial

Mixing intensitity & vs. &g,

s 1 - | Shade region: BESIII measurements
R - ¢ |-e |7@mm Red line: BESIIT upper limit
£ pa & | Dots: various predictions
= ame | |ewioE| T
= 10 7 [zBNt 19 Very Useful in pinning down the resonance
. | =BESH 3 parameters of a,’(980) and f,(980)
1o 1=

mixing intensity 2
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Glueball signatures

= Enhanced production in gluon rich processes
such as pp central production, J/w radiative
decays and pp annihilation.

J/¢ decays:
jﬁf_‘?ﬂd@{E hadrons M

M (J/Y — vG) ~ O(aas), T (J/ — vH) ~ O(aad),

hadrons

qaqq

(J/ v — M) ~ f)fnnj:.':ll._ M(J/vp — ~F) ~ f){nn:})

39



Baryon Summary Table
(J? and status are listed)

Status:

***¥* EXistence is certain, and
properties are at least
fairly well explored.

**¥ EXistence is very likely

but further confirmation
of quantum numbers and
branching fractions is
required.

*¥ Evidence of existence is
only fair.

* Evidence of existence is
poor.

Resonance | Mass(MeV) | Width(MeV) JP CL.
N(1440) 1 440 350 /27 FxE
N(1520) 1520 12 3/2 FEFF
N(1535) 1535 150 1 /2 L
N(1650) 1650 150 /2 ok
N(1675) 1675 145 5/2 ¥
N[ 1680) | GED 130 5/21 *EE
N(1700) L T00 1M 3/2 e
N(1710) 1710 100 /2 #k
N(1720) L T20 154 3/2 FEEE
N(1885) | 885 160 3/2 "Missing' N*
N(1900) | 00 198 3/2 %
N(2000) 2000 300 52 %%
N(2065) 2065 150 3/2 "Missing’ N*
N(2080) 2080 270 3/2 =
N(2000) 2090 300 1 /2 *
N(2100) 2100 20 1 /27 *
N(2200) 2200 300 o *%

N* with spin 7/2 or larger is not shown here.
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