Hadram Spectroscopyy at BESIILT

Marco Destefanis Universita degli Studi di Torino e INFN

on behalf of the BESIII Collaboration

QCD@Work 2016

International Workshop on QCD Theory and Experiment
Martina Franca, Italy
June 27 -30, 2016



Overview.

U Introduction

BEPCII and the BESIII
experiment

BESIII dataset

U Physics highlights
Meson spectroscopy

Charmonium-like states : XYZ
states

Baryon spectroscopy

U Summary



1 No. of bunches:

1 Total current:

1 Circumference:

BEPCIL Sterage: Rings

I Beam energy: Beijing Electron -Positron Collider I
1.0-2.3 GeV
I Design Luminosity: RF.. SR._RF

b g &

1x 10% cm?st?

1 Achieved Luminosity:
~1x 10 cm?st
1 Optimum energy:

1.89 GeV

I Energy spread:

5.16 x 104

L
RIS

93
1 Bunch length:
1.5cm

e - ¢ .-.._.

0.91A

237m



The BESINIIT Spectromeieer @ HER

BEIijing Spectrometer Il

e*e- collisions

Cs tuned depending on energy [PhySiCS program ]

Muon Counter ~ 5C magnet @

TOF /u Charmonium Physics \
U D-Physics
Be beam pipe U Light Hadron Spectroscopy
U t-Physics
Drift Chamber \U /
©r CsI{T1) calorimeter 4

D.M. Asner et al, Physics at BES -IlI, arXiv:0809.1869v1 [hep -ex] (2008)
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In e*e” collisions

AFrom light meson spectroscopy to QC(-_SC

AFine and coarse scan of the accessible energy region 5



pp Near Threshold Enhancement:J/ 0 -> gpp

Unclear nature: normal
meson, ppbound state,
mul tiquar k,

PWA fit features

aMass structure can be
described by BW and FSI
corrections (PRD 71,
054010 (2005))

@ FSI corrections
improve description
o Different FSI Y model
systematic

notably

Fit results :
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pp Near Threshold Enhancement:J/ 0 -> gpp

Unclear nature: normal
meson, ppbound state,
mul ti quar k,

PWA fit features
oMass structure can be

described by BW and FSI

corrections (PRD 71,
054010 (2005))

® FSI corrections  notably

improve description

» Different FSI Y model

systematic

gl

No similar structure was observed in

PRD 87, 112004 (2013)
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Confirmation of X(1835)inJ/ G

A X(1835) was first observed at BES, and then
confirmed at BESII [PRL95,262001(2005)]

A The angular distribution of the radiative photon

IS consistent with expectations for

pseudoscalar

A Two additional structures observed at BESIII

A Nature of X(2120)/X(2370) : pseudoscalar
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PRL 106, 072002 (2011)
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M(rttn’ ) (GeV/c?)

Resonance M(MeV/c?) I'(MeV/c?) Nevent

f1(1510) 1522.7 = 5.0 48 = 11 230+37 >5.

X(1835) 1836.5 £ 3.0 190.1 = 9.0 4265 = 131> 2 0

X(2120) 2122.4 £ 6.7 83 16 647+ 103 > 7 .

X(2370) 2376.3 = 8.7 83 + 17 565+ 105 >¢6 .
8



X(1835) inJ/ ® - > HK<K<A

PRL 115, 091803 (2015)
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U Final fit results :

A the data can be best descX(ishsedf, w9 & ®m) & hr
X(1560) Y fo( 9 8 Qandia nonresonant f,( 9 8 Ccomiponent

AJPCof X(1835), X(1560), and non -resonant component are all found to be 0-*

M = 1844 + 19 (stat) *'°,.(syst) MeV/c?> T' =192 20 _(stat) *62 ,;(syst) MeV (>12.90)
BR = (3.31 “033_ (stat) 19, (%y‘at)) . 105

M = 1565 + 8 (stat) 0 ;(syst) MeV/c? T =454 (stat) ! (syst) MeV (>8.906)

A PJ= 1*+for non -resonant component cannot be excluded
AConsistent wi t h t he X(1835) ->0b@ledr ved in J/ D
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Other BESIII Observations

Events / (20 MeV/c?)

PRL 107, 182001 (2011) PRD 87, 032008 (2013) PRD 88, 091502 (2013)
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J/0 -> graitd

| f the X(1835) is
affected by the opening of the X(1835)
A 1.09x10° J/ © events collected in 2012

arXiv:1603.09653
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J//qy -> @nﬁf"h" arXiv:1603.09653
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PRD 91, 052017 (2015)
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Events / 15 MeV/c? Events / 15 MeV/c? Events / 15 MeV/c?
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AModel independent PWA

A Provide a

descr i

and tensor components of the

OO system

A0++
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f,(1710), and f ,(2020)
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XYZ States

P(4351)
Y(4360)

Below DD threshold : all the states have been 44 1 [nd4150
observed and described by the cc potential
model

Yez(3RPz2)

Above the threshold : more complex situation

A only a few of the pr &dsiEEi0e .. above
threshold have been found 2 1 ¥e2(2P2)
A Many new states have ~bggr Sha h

properties that are not consistent with the

expectation for charmonium: X, Y, Z

X states : charmonium-like states with JP9 T :
observed in B decays, proton -proton, and
proton -antiproton collisions.

yez(13P2)

DD* [
Y states : charmonium-like states with JP&=1-;

Observed in direct e+e - annihilation or initial 32 | : :

state radiation (ISR). predeied decoveres
JIp(1351) predicted, undiscovered

Z states : charmonium-like states carrying 30 L :

electric charge ; must contain at least cc and ne(1'S0) S

a light qq pair 0— — — o~ - ow

JPC 15



e*e-> W'Y X(3823)) -> 60xQ,, @ 4.199-4.60) GeV

PRL 115, 011803 (2015)
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GB(TE+TE-X(3823)—>IE+TE-’}’XC1) (pb)
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PRL 115, 011803 (2015)

% 40FBESII e

= [

> L e Background

= 30¢ Sideband

2 5ok 0(2S L ¢

& 10F

> »

LLJ 02

3.6 3.7 3.8 39

Mrecoil(n+n-) (GeV/C )

ASimultaneous fit: 4.36, 4.42, and 4.60 GeV
ASignal: MC simulated shape
ABackground: linear

AM = 3821.7+1.3+0.7 MeV

ASignificance: 6.7w

ABoth Y(4360) and 0(4415) give
reasonable description
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Y Statess Investigation

I The observed charmonium -like states Y (4260), Y(4360),
and Y(4660) can not interpreted as conventional
charmoniums.

I New decay modes searching and the line shape
measurement is useful for understanding the nature of
these Y -states.

Hadronic transitions (by an & or W) to lower charmonia
like J/ y are regarded as sensitive probes to study the
properties of these Y -states.

Nature of these Y -states :

hybrids ?

tetraquarks?

hadro -charmonium?

hadronic molecule? 18



Y Statess: e*e -> adl/0

A The study of hadronic transitions to J/
allows to probe their properties

A BESIII analysis: e *e"->a(U°)J/ O

0 PRD 91, 112005 (2015)

160

220 ; . . S =4.230 Ge
from 3.81 to 4.60 GeV < 200 = (a) B a 140 (b) B
i S 180 — Total fit § 120_—B€SE — Total it
17 c.m. points 2 oaltt : owlft
( points) 8 o D& Backgromatt | § qoop DAL Background
A Unbinned maximum likelihood fit & 120 S g0
: o o 3 3 60¢
A Signal: signal MC shape $ : P
Gaussian function L TR
+
. T . i N N SR DR EP Rl R
A BKG 2th -order Chebishev 08 09 %2 03 04 05 06 07 08 09
M(y7)(GeV/c?) M(yy)(GeV/c?)

o0 ;BGS]]I — Belle
o — BESIIN(2012)
g; ) i ‘N( — This work

11 \I‘IIIIlIIII II\I‘I\IIlIIIIl\I
38 39 4 41 42 43 44 45 46 4.7

/s (GeV)

A Cross section peaks around 4.2 GeV

A Different shape if compared
to Belle U*UJ/ 0 data

A Different dynamic at work in
e*e’ ->aJ/ 6 and e*e’ ->UUJ/ O

Belle: PRL99, 182004

BESII(2012): PRD86, 071101 19



Y Statess: e‘e” -> W'dh,
Data samples

A Data samples:
A XYZ sample:

Luminosity (pb™)

=
o
w

=
o
N

=
o

1

| —e— R-scan data sample

— —e— XYZ data sample

11111111111111111111111111111111111

3.8 39 40 41 42 43 44 45 46

s (GeV)

A 17 energy points from 3896 MeV to 4600 MeV

A total luminosity: 5.26 fb!
A R-scan data sample:

PRELIMINARY

A 62 energy points from 4097 MeV to 4587 MeV

A total luminosity: 0.51 fb!
A Decay channel: ete- p*ph,, h.-

g Dhc' X

Xi={pp-bar, p*p'K*K-, p*p-pp-bar, 2(K*K"), 2(p*p’), 3(p*p),
2(p*p)K*K-, KPK*p-+c.c., KLPKHpp*p +c.c., KTKpO, pp-
barp®, K*K-h, p*ph, p*pp°p®, 2(p*p)h, 2(p*pp°) }

20




Y Statess: e+e- -> W'dh,
fit to the cross section

/P(m) L_ ,P(m)
B;(m) P(M,) + e'?B,(m) er)

O-(m) - ;_ - BESIII: R-scan data sample
—_ C -eBESIIl: XYZ data sample
. . % 2005_ —Fit curveETotaI DRE L | M | NARY'
B.(m). constant width Breit - § g Fiteurverv(4220) ‘
" , 7 2F - Fit curve: Y(4390)
Wigner function g -
100—
P(m)} 3-body phase space factor St
f: relative phase between two g 501 l
resonances N o Lg
] 1{
significance of two 50E ‘]
oo lvv v bvv v v v b g by v

structures assumption over 39 40 41
one structure > 10 s

| M Mev) | Go (MeV) | G.Br (V)

Y (4220) 4218.4+4.0+0.9 66.0+9.0+0.4 4.6+4.1+0.8
Y (4390) 4391.6+6.3+1.0 139.5+16.1+0.6 11.8+9.7+1.9 3.1+1.5+0.2
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Observationn of aa charmoenium like: sthuctiree:
Z.(3900) 3

PRL 110, 252001 (2013)

A 2013: 515 pbl @ 4260 MeV

A ete - p'pJ/ O

A Dominant background e *e- p*pp*p-

A J/ y signal: [3.08,3.12] GeV

A J/ y sideband: [3.0,3.06] GeV or [3.14,3.20] GeV

A Structure seen: Z (3900) * ->Ut J/ 6

22
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Events / 0.01 GeV/c?

B (@)) (0]
o o o
T T

N
o
LI I — T

The Z.(3900))signal

1>8 S

100! Significance - Data

PRL 110, 252001 (2013)

— Total fit

A Couplesto "cc

---= Background fit

A Has electric charge
A Atleast 4 -quarks
A What is its nature?

-.=. PHSP MC

C:. C:. C: C:

T |318| - |319| - '4.0l =
Moy (T50/W) (GeV/c?) OG

S-wave Breit-Wigner with efficiency correction
Mass = (3899.0+3.6+4.9) MeV

Width = (46+10+20) MeV

Fraction = (21.5+3.3+7.5)%
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Counts /10 MeV

BESIHEL: e*e-

K.Seth & co. @ 4.170 GeV

PLB 727, 366 (2013)

35
- t Data CLEO-c data (a)
30 ---- Phase Space
- — Fit
25;_ mm J/y Sidebands
20
15 } |
10~
;
3%00 3700 3800 3900 4000 .
Muax(m*J/y) (MeV)
M = (3885t5+1) MeV/c?
G = (34+12+4) MeV/c?
81+ 20events
6.1s

Events / 0.01 GeV/c?

Events / 0.02 GeV/c?

100

80

F‘

70F
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50
40F
30f
20| 14
10/

60
40}

20|

-> WU-J/0 @ 4.265 GeV

—4 Data

— Total fit

- BESTI

--- Background fit
- PHSP MC

+ [ ] sideband
\

3.7 3.8 3.9 4.0

Mpax (TEJ/Y) (GeV/c?)

—4- data
— Fit
— Background

-==- PHSP MC

37 38 39 4 4.1

Minax(md/y) (GeV/c?)




Events / { 0.01 )

BESIIL!

Z 7. Results
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Baryanic: Statess

AAIl ground baryonic states are well estabilished

U Goodagreement between experimental data and quark model

AThe excited spectrum is much less clear
U Many more states predicted than observed

A Insight to hadron structure
Chin. Phys. C 38 090001 (2014)

3* states

2.5 - 2.5
Up to 2.5 GEV: 23 = ¢
2.1 - 2.1
. S —
45 N states predicted 2 19| == 19/ mem N S
2 17 17
. ==
15 estabilished 2 | —— Le .
—/
1.3 1.3
10 tentative _
1.1 N 1.1 A
0.9L—= 27

1/2i 3/21 5/2! 7/2! 9/2! 11/21 y 1/?_i 3/?_i 5/21 7/2i 9/21 11/2t



Missing Resonances

AMany of the predicted resonances were not observed experimentally
AExperimental and theoretical efforts

AExperimentally :

baryon resonances may couple very weakly to single pions

ATheoretically

the baryon spectrum can be modeled with fewer effective
degrees of freedom (quark-diquark or Y/ ae-type models)

Relativistic quark model

ge-resonance spectrum
Potential model: A

EPJ A10, 395 -446 (2001)

3000 — _
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% 2000 - o
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[sxx] P
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1000
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Missing Resonances

AMany of the predicted resonances were not observed experimentally
AExperimental and theoretical efforts

AExperimentally :

baryon resonances may couple very weakly to single pions
ATheoretically :

the baryon spectrum can be modeled with fewer effective

degrees of freedom (quark-diquark or Y/ ae-type models)

20T N* __D A*
Lattice QCD e — S -
- - () (o)
ol g O - @325-- %&‘D
& a wdpectrum 4] %gz ] - .,:Ege
£ s = =
my = 396 MeV o2}

1.0 F

|

Phys Rev D84, 074508 (2011)
0.8 |
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BESII:IBaryonw Rroduction

ACharmoniumdecays offer complementary 5 JLab, MAMI eto.| M
information to existing data J

-
ACoupling of unobserved states / / \
. . "

through conventional production
channels could be small, but coupling BESI|I N*
may be large to gggN:

© NN ( U/ a/ aoépd2OpQK) ,
AHigh statistics available at BESIII e

|

30



0(3686)) -> pK*d? and Q., -> pK*Q

Ad(3686) ->pK*d?: first measurement
AQ,, ->PK*Q: BR improvement

AQ,, ->pK*Q: anomalousenhancement
close to threshold

APossible reasons:
- quasi bound dibaryon state
- final state interactions

PRD 87, 012007 (2013)
_H BESII

1001

d?

0]
o
T T

Events /2 MeV/c?

| L ++ _______ +TL¢

1.18 1.
M(YA) (GeV/c?)

1.22

- 5.5¢
- Interference of - . =
I R @
high mass N* o =iT.e; i522BEEA.. 0| o
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nd = *states % 4: - SEEES5E0R0a: 3
and O 2 —:=iicgoisiiiasosaooHons <
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+¥ 35__ [=] == B s@eOB EEEEEEEED ~
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= " TTtTg Be c8r.555aEEO5aE =
S 3E - L i llir traismsiBzEal 0
2:I IIII||=|-IT||=IT |-IT I‘llllllll%sm O"I“IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
25 3 35 4 45 55 6 6.5 21 22 23 2-(‘31 V/2§ 26
eVv/C
M2(AK?) (GeV/c?)? M(EA) ( )
Channel ' — pKTXY + cc. Yeo— PKTA + cc Yo — PKTA +cc Yoo — PKTA + cc.
BMBESI) (167 +0.13=0.12) X 107 (13.2+03=10) X 10% (45+02=04)x 1074 (84 +03+0.6)x 107431
PDG (10.2 = 1.9) X 10~ (3.2 + 1.0) X 1074 (9.1 = 1.8) X 10~4




Events/(25MeV/c?)

0(3686)) -> QIAF

ABR first measurements:

B(0(3686) ->0Q d#J+cc) = (1.40+0.03+0.13)x104

B(0(3686) ->0 daJ+cc) = (1.5440.0440.13)x10* ¢
_ B((3686) = AS " 7")

Q,f\i_ T

A PWA used to determine
detection efficiency

B/ — AS " 7)

- Includes 16 possible intermediate
excited states with at least two stars
according to the PDG, with parameters

fixed to world averages

M(AT)(GeV/c?)

Events/(25MeV/c?)
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30f
20f
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PRD 88, 112007 (2013)
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Events/(10 MeV/ cz)

0(3686)) -> (v(KH)=K

PRD 91, 092006 (2015)

Decay Branching fraction
w(3686) — K-AE" (3.86 +0.27 £ 0.32) x 1075 - 1
w(3686) — Z(1690) =", (521 & 1.48 £0.57) x 107¢ -
2(1690)" - KA o [
w(3686) - =(1820) =", (12.03 £2.94 +1.22) x 10 § 36k
Z(1820)" - K~ A o - - o
w(3686) —» K ZVEF ~ (3.67£0334£0.28) x 107 < [ Rrg TR
w(3686) = 7.0, xoo — K-AET  (1.90 £0.30 + 0.16) x 1075 o I PRI
w(3686) = rye1. xo1 — K-AET  (1.32+£020+0.12) x 1073 'Q 351 ’ -
w(3680) = yxea. xeo — K-AEY  (1.68 £0.26 +-0.15) x 107 4 [ ]
Yoo — K-AZT (1.96 £ 0.31 £0.16) x 107* = I . ]
Yol = K-AE* (1.434+0.2240.12) x 107* - o o .
v — K-AST (1.93 +0.30 £ 0.15) x 10~ 34 v y ~
1 . . . 2 1 . . . . 1 .
1.3 1.4 1.5
—— M(YA) (GeV/e?)
30 4.9wW 2 . _ _
[ 6.2wW BGS]]I- A3 (168am@% ( 18 abBervedin M(KO)
. | KT_ 3 { A Both are well established states
20 - - A Resonance parameters consistent with PDG
- r b . 2(1690)" =(1820)"
10 = - !! : : N3 M(MeV/c?) 1687.7 £ 3.8 £ 1.0 1826.7 55+ 1.6
. ' _—— T I'(MeV) 27.1 £10.0+2.7 544+ 157 +4.2
= i il Event yields 74.4 +£21.2 136.2 4+ 334
: Significance(o) 4.9 6.2
Efficiency(%) 32.8 26.1
B(107°) 5214148 +0.57 12.03+2.94+ 12233
Mppg (MeV /¢?) 1690 £ 10 1823 £+ 5

M(K A) (GeV/c?) Lpp (MeV) <30 24513




0(3686)) -> ppa

A Intermediate state PRD 88, 032010 (2013)

N(1535) -> @ is dominant

ANo evidence for a pp resonance,
indicating that the threshold
enhancement in previous results
may be explained by interference
between the N(1535) and phase space

Events/(25MeV/c?)

Mass and width of N(1535)
» M = 1524 + 571° MeV/c?
e [ = 130251550 MeV/ 2
PDG value:

> M = 1525 to 1545 MeV/c2
» [ = 125 to 175 MeV/c?

Events/(25MeV/c?)

2.4 2.6 2.8 -1 -0.8 -06 -0.4 - X
2,
Mw(GeWc ) cos(6,,)

_ B(y(2S) — ppn)
B(J/¢ — ppm)

Qp,"an = (32 =+ 04)%

B((28)— N(1535) ) X B(N(1535)— pn)
Nobs

= =(5.2*x0.3"32)x 107>
g Nyas) - Blp—yy) 2
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0(3636)) -> ppu°
PRL 110, 022001 (2013)

AIn photon or mesonbeam studies , isospin 1/2 and
3/2 resonances are excited , complicating the analysis

A @ resonances suppressed in charmonium decays to
pplP, giving a cleaner spectrum
- Thought to be dominated by two body decays
involving N* intermediate states
- Also consider pp resonances ( 0 ( 3 6Y8 RY)

Events/(32MeV/c?)

A Seven N* states observed in partial wave analysis
- Two new resonances, N(2300) with J P=1/2*and
N(2570) withJ P=5/2-
- Other five consistent with previous results

Resonance M(MeV/c?) T (MeV/c?) AS AN, Sig. z
N(1440) 1390*41730 34073577 725 4 1l5e 2
N(1520) 151005550 11553970, 198 6 5.00 |
N(1535) 15351373 12073019, 494 4 93¢
N(1650) 1650371 150131 821 4 1220
N(1720) 170003373 450557110 556 6 9.60
N(2300) 2300 307109 340707110 1207 4 1500
N(2570) 2570712434 250714460 789 6 1170

150

50

150

50

' ' ' ' ]
e N 1440)
—N(1520)
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0(3686)) > pRay(980))

A First observation of J/ 8 Y ppay(980), a,(980) Y W°a PRD 90, 052009 (2014)

A Applies a chiral unitary coupled channel approach swERECTT 44 s
- Four-body decays J/ 0 Y NNMM % 4005
- 8,(980) generated through Final State Interactions % :
- Provides useful information on dynamics of s
four -body FSI processes E 200
Br(J/y = ppay(980) — ppa'n) o

= (6.8 1.2£1.3)x 1073

4.5 4.5
Izz
40 [ 40 F {720
- F 1 18
": 35 2 -i; 35:_ '
Xy - < - 14
- B B
S 30f 5 3 30F =12
= = ¢ x =10
[ =% = - L
= o5k = osfF 8
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] N 2
s =t s ————t———— 1L 1M,
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3(0(3686))) -> -3+ and 0£1385)7041385))

A First observation of

A Single tag method

0(3686) into dZ1835) states

A BR and angular distribution investigations

A Most precise measurements available

4

4

33"
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PRD 93, 072003 (2016)
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/6(0(3686))) -> 3-3* and d11335)

j*041385))*

33" dZ£1385)-d£1385)* dZ£1385)*d£1385)"
26.73% 7.76% 6.68%
Branching Ratios

Mode J/y — w(3686) —

= EF >(1385)"Z(1385)"  £(1385)FZ(1385)" ==t T(1385)"Z(1385)T X(1385)7Z(1385)"
This work 1040 £0.06 £0.74 1096 £0.12£0.71 1258 £0.14 £0.78 2784+ 0.05+0.14 0.854+0.06+0.06 0.84 £ 0.05 £ 0.05
MarkI [5] 14.00 £ 5.00 <2.0
MarkIl [6]  11.40+0.80 £2.00  8.60 & 1.80 % 2.20 1034+24+2.5
DM2 [7] 7004+ 0604120 10.00£040+£2.10 11.9+£04+25
BESII [8.12] 9.00 £030£1.80 1230£0.704£3.00 1504+0.8£3.8  3.034+0.40 £0.32
CLEO [9] 2.40 4 0.30 £ 0.20
BESI [26] 0.94 4+ 0.27 £ 0.15
PDG (3] 8.50 4 1.60 10.30 + 1.30 10.30 +1.30 1.80 4 0.60

Angular distributions

Mode .I/uf . w(3686) —

=B >(1385)"X(1385)"  X(1385)7X(1385)” =ET X(1385)"X(1385)F  X(1385)+X(1385)”
This work 0.584+0.04+£0.08 —0.584+0.05+£0.09 —049+0.06+£008 0914+0.13+0.14 0.644+0.40+027 035+£03740.10
BESII [8] 0354£029+0.06 —0.544+022+0.10 —0.3540.25+0.06
MarkIII [6] 0.13 £0.55 :
Claudson 0.16 0.11 0.11 0.32 0.29 0.29
et al. [10]
Carimalo [11] 0.27 0.20 0.20 0.52 0.50 0.50




Summary

AHuge statistics

J/ 0, 0(2S), 0(3770)
XYZ studies
R scans

ANear future

collect data at higher energies to complete scans
higher luminosity expected from BEPCII

analyse the full data sample

many PWA to be completed

AStay tuned for new results!!
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BESIII. Detectortor

TOF: EMC: Csl crystals, 28 cm
st = 80 ps Barrel DE/E =2.5% @1 GeV
110 ps Endcap s,=0.6cm/CE

Magnet: 1T Superconducting

—— MDC: small cell & He gas
T T e G T T —
E:E:Exizi:i*i‘i"";:'"o"vn-ﬁ'rﬁ'n 555 Sxy_ 130 nm
SR NPT N5 R & s,/p =0.5% @1GeV
_ Cs[_FM \ ! 1 '
‘ : dE/dx = 6%

Muon: 9 layer RPC

5100
(2373)

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s 41

Zero Degree Detector (ISR)



BESIII Production @f Chatmontum(um(like:) statess
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2 |- N I |_ — I ¥ al I ]
: ] | ] | | ] | | | ] | k ] | :
3 3.5 [4230 4260 45 4360 )°
2.3 fbl 0.5 fbl
A 3554 MeV: 0.024 fbtt mass BEPCII can reach herel

A 4100- 4400 MeV: 0.5 fb! coarse scan
A 3850- 4590 MeV: 0.5 fblfine scan 42



