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Beam energy range

1~2.3 GeV

Optimized beam energy region

1.89 GeV

Current of each beam in collision

0.93 A

Luminosity achieved

0.7 x 1033cm~2s71

Beam lifetime

2.7 hrs

SR mode

0.25 A@2.5 GeV




BESIII

Main Drift Chamber (MDC):

Oxy = 135 um
AP/P = 0.5% @ 1 GeV
JdE/dx = 6~7%

TOF System:
or = 80 ps @barrel & e |

7‘ S5 ~ Muon Chamber (MUC):
Z RPC based

EM Calorimeter (EMC): * , | - \ 4
AE/E =2.5% @ 1 GeV =
gz = 0.6 cm@1GeV

Barrel and endcap have
different performance
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BESII| started data taking for physics
since 2009

1.3 x 10° J/¥Y @ 3.097 GeV 2009 (0.225 x 10°) + 2012
0.5 x 10° V' @ 3.686 GeV 2009 (0.106 x 10°) + 2012
29 b1 Y(3770) @ 3.773 GeV 2010 + 2011

0.5 b1 Y(4040) @ 4.009 GeV 2011

0.024 fb~1 T mass scan at around 3.554 GeV 2011

1.9 b1 Y(4260) @ 4.23 and 4.26 GeV 2013

0.5fb~1 Y(4360) @ 4.36 GeV 2013

0.5fb~t Y(4260) and Y(4360) scan 2013

0.8 b1 R scan, 104 energy points between 3.85 and 2014

4.59 GeV

1.0 fb~1 @ 4.42 GeV 2014

0.1fb71 @ 4.47 GeV 2014

0.1fb~?! @ 4.53 GeV 2014

0.04 fb~1 @ 4.575 GeV 2014

0.5 b1 @ 4.60 GeV 2014




XYZ (charmonium-like)

physics at BESII




The Landscape
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» All states below

» Many missing

» Pattern of masses

» Transitions

]PC 0+ 1=~ 1+- ot 1++ 2++
Prediction: Barnes, Swanson, and Godfrey, PRD 72, 054026 (2005)

DD threshold have
been observed

states above DD
threshold

between states
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Y(4360)

» Similar to Y(4260), 17~ state
produced in ete™ - y,qpm ™9’

» Additional state at 4660 MeV
» Nature of Y states is unknown

» The interference effect among
them is large

» Dedicated running at BESIII
starting in 2013 winter
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efe" »n"n~J/¥ at E.,, = 4260 MeV

o(7'7 ) (pb)

nrr J /W is the only firmly established decay mode of Y(4260)

PRL 110, 252002 (2013) SN PRD 89, 072015 (2014)
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efe" »n"n~J/¥ at E.,, = 4260 MeV
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Discovery of ZZ(3900)

> ZX(3900) » nt /¥

» First confirmed particle
made of four quarks

» More data is needed

PRL 110, 252001 (2013)
Data

Viewpoint: New Particle Hints at Four-Quark Matte
http://physics.aps.org/articles/v6/69

T. Xiao et al., PLB 727, 366 (2013)
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Z2(3900)

» Evidence of neutral iso-spin
partner is observed in
ete” > 'm0 /y

» Production correlated with = 1ol
) : = :
Y(4260) is suggestive S oo
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ete™ - tX(DD")T@ 4260 MeV

by BEST| %10
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ete” >t n~h,

» Significant #*7~h, production
at E.,,, = 4170 MeV

» h.is spin singlet (5=0) state
different from J /¢

» Correlated with Y(4260)?

» o(n*mh,) cross sections are
comparable to a(n* ™ J /)

» Search for m*h, states

» ete” - 1'%, is also
interesting

Events / 3 MeV/c?

o.(ere”— "1~ (h,, JAy))(pb)

PRL 107, 041803 (2011)
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Discovery of ZZ(4020)

PRL 111, 242001 (2013)

J5 (GeV) L (pb™")  ni®
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ZO ( 4 O 2 O) Sy— . reliminary results
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ete™ » n¥(D*D*)* atE., = 4260 MeV

Deviation from phase space
decay; Described by a
charged state ZX(4025)
decaying to D*D*

If Z£(4025) is the ZF(4020)
observed in the wth,
spectrum

I'(Z,(4020) - D*D*)
[(Z,(4020) > mh,)

=12+%5

PRL 112, 132001 (2014)
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Z*°(4020) and Z°(3900)
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Z*°(4020) and Z3°(3900)
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%9(4020) and Z7°(3900)
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results




X ( 3 872 ) PRL 91, 262001 (2003)

PRL 110, 222001 (2013)
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» Nature: 400 arXiv:1404.0275 10E_|

» Bound D°D*° “molecular”
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» Mixture of excited y., and
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Xcl?
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Observation of ete™ = yX(3872)
W o

» Search for yX(3872) with X(3872) —
ntn~ J/W at E., = 4.23,4.26 and 4.36 GeV

» 6.30 over all data

» Production in Y(4260) is suggestive, but
not conclusive
B(Y(4260) - yX(3872))

B(Y(4260) > n*tn—J/¥)

» Measuring transitions between states is
essential

Events / 3 MeV/c?

oB(YX(3872) -y nJ/y) (pb)

15

10

;BE'S'I[[

—+ Data
— Total fit
--- Background

.8 3.85 3.9 3.95
M(r*m J/y) (GeV/c?)

g BES]]I ~4- data

C — Y(4260)

- Phase Space

-
-
_____

--- Linear

-
-
-
v




e ¥ e T = (1))( c0 o | Preliminary results
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Light hadron spectroscopy
at BESII




Overview of light hadron spectroscopy

» Constituent Quark Model(CQM) has two types of hadrons
» Mesons: qq
» Baryons: qqq
» QCD allows hadrons of other types
» Multi-quark states: (more than 3 quarks)
» Hybrids: qqg
» Glueballs: gg, ggg, ...
» BESIII has collected the largest J/y and p(2S) data sample in the world
» 1.3 billion J/y events taken in 2009 and 2012
» 0.5 billion w(2S) events taken in 2009 and 2012

» Over the past few years, many new particles have been found or confirmed at
BESIII

> X(pp), X(1835), X(1870), X(1810), X(1840), X(2120), X(2370), ...




w@ threshold enhancement in J /Y = ywe

PRD 96, 162002 (2006)

—_ 25 el
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» Dynamical effect arising from

intermediate meson re- M(wb) (GeVich) M->(vw) (GeV/ic )
scattering »5o . PRD 96, 162002 (2006)

r —— Projection (a)
» A manifestation of f;(1710) < 200F W T T BESIT
3 b |k em s o
» Hadrons of new types: § 180F | LW~ Prseapac 8
tetraquark, hybrid, S oof ¥ B
glueball, ... g ol <
M(K*K T n)(GeVic?) MEym ) (GeVic?)?
Resonance Jre M(MeV /e?) I'(MeV/c?) Events AS Andf Significance
X(1810) 0+ 1795 + 7 95 + 10 1319 + 52 783 4 =30er
f2(1950) 2+ 1944 472 665 + 40 211 2 2040
fol2020) 0+ 1992 442 715+ 45 100 2 1397
n(2225) (1 2226 185 70+ 30 23 2 4o
Coherent nonresonant component 0=~ v . 319+ 24 45 2 9l




Analysis of /] /¥ = ynn

» Lattice QCD predicts the lowest lying 0+
glueball occurs in 1.5 to 1.7 GeV, and the
lightest 2+ glueball has mass around 2.2GeV

» 7n system: Even™™ states (mainly 0** and
2*77%), ideal place for search of scalar and
tensor glueballs

» Crystal Ball observed f,(1710) in J /Y — ynn
» Crystal Barrel observed f,(1500) in pp - 7%
» Comparison to nr, KK, nn' system
» J/Y — ynn at BESIII
» High statistics
» EMC: Csl(T1) crystals, high performance
» Low background

oh
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Partial Wave Analysis of /] /1Y — ynn

>

f0(1710) and f,(2100) are dominant scalars,
fo(1500) exists

f>'(1525) is the dominant tensor, f,(1810) and
f>(2340) exist

Production rate of f;(1500) is approximately one
order smaller than that of f,(1710) and f;,(2100)

Production rate of f;(1710) in radiative J /¢
decays is compatible with LQCD’s prediction on
that of a pure gauge scalar glueball.

Large overlap between f,(1710) and a glueball?

f4(1500) (1.65°0.36 ;4051 )% 105 8.20
f4(1710) (2.35°0-13 +wo L)x104 25.00
f,(2100) (1.1320:09 ) 0.64 )% 104 13.90
f,’(1525) (3.42*-434,_,,"-37_,3.,) X105 11.00
f,(1810) (5.40°0:60 ) #3421 )X 105 6.40
f,(2340) (5.60°0:62 (+237 )% 105 7.60
0** PHSP (1.47+001 ) 1) x 104 12.40
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Observation of n' = a*n~ntn~ (a*n " nn?)

» First observation the branching ratios B(n' > n n nnT)
= (8.53 + 0.69 + 0.64) x 10~>

» Clearly support the model:

Chiral perturbation and Vector-meson B(n' -» ntn n'n0)

dominance —
— (1.82 + 0.35 + 0.18) X 104
PRL 112, 251801 (2014)
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PWA of ¥(25) - ppr®

PRL 110, 022001 (2013)

wr s BESIT
» Two new baryonic excited states are <L ) |
observed in PWA: ;f, - e
N(2300) [JP = 1/27], 2 100
N(2570) |JP =5/2 | 2
» N(1885) or N(2065) has not been I N
found et et

M, 4(GeV/c?)
Resonance M(MeV/c2) I'(MeV/c?) AS ANy Sig -

200 |- S !
-_— _N(Q.:]O)
N(1440) 139070 #3340t 725 4 1150 _ —N(1720)
E A —— N(2300)
N(1520) 15105350 11s5e 198 6 500 % 150 - - N(5T0)
N(1535) 15357341 12053050, 494 4 93¢0 =
N(1650) 1650310 1503 821 4 1220 2 1w
N(1720) 170050532 45010049 556 6 9.60 z
N(2300) 230073010 3407010 1207 4 1500 R
N(2570)  2570f0+8 2500349 789 6 1170 u _— _, = hh
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PWA of ¥(2S) = ppn

3

> Y(2S) > N(1535)p is g
dominant -
> P =1/2" o

=
prri

» No evidence for a pp
resonance that was
observed by BESII and
CLEO-c without PWA
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X(1840) in J /Y = y3(n*m ™)

» Adistinct enhancement can be
clearly seen on mass spectrum of
3(rtm™) around 1.84 GeV

» Mass is consistent with that of
X(1835), but the width is much
smaller

» A new decay modes of X(1835)?

» X(1835) is likely to have similar
properties as .. 3(m*n~) is a
relatively large decay mode of n,,
also for X(1835)?

M = 18422 + 4.2%7¢ MeV

[=82+14+ 11 MeV
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X(1840) in J /Y = y3(n*m ™)
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» X(1835) is likely to have similar
properties as 7..
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» 3(n*m7) is a relatively large decay
mode of 7., also for X(1835)?
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» Adistinct enhancement can be 50
clearly seen on mass spectrum of o S T T S
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» Mass is consistent with that of = RESTT X X(1840); 7 unknown (this result]
X(1835), but the width is much 200 - O X(1870); Jf unknown (Ret. [14])
smaller 3 150 3 o nrmo e

= W\ X(pp) 7 = 0 (Ret. [15])

» A new decay modes of X(1835)? £ 0 + | xas10; S = 0" (Ret. [16)

=

Who are they?

Need more study: more data, PWA...

['=82+14 4 11 MeV D
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Summary of Observations

» Lots of XYZ results at BESIII

» Charged Z particles are observed, very close to the DD* and D*D* threshold, at least
four quark exotics

» New production mode of X(3872)
Y resonances are very likely related to these particles’ production

v

» Observation of ete™ —» wy., NO Wy, OF Wy, @ [4.19, 4.42 GeV]




Summary of Observations

» Lots of XYZ results at BESIII

» Charged Z particles are observed, very close to the DD* and D*D* threshold, at least
four quark exotics

» New production mode of X(3872)
» Y resonances are very likely related to these particles’ production

» Observation of ete™ —» wy., NO Wy, OF Wy, @ [4.19, 4.42 GeV]

» By using huge data samples collected for charmonium decays at BESIII, a
lot of results have been obtained,

» X(1810) is confirmed

» First observation of X(1840) — 3(n*n™)

» Study of nn system

» Observation of n' » ntn ntn~ (ntn n'n?)
>

Study of N* baryons in ¥ (25) — ppm?, ppn




Summary of Observations

» Lots of XYZ results at BESIII

» Charged Z particles are observed, very close to the DD* and D*D* threshold, at least
four quark exotics

» New production mode of X(3872)
» Y resonances are very likely related to these particles’ production

» Observation of ete™ —» wy., NO Wy, OF Wy, @ [4.19, 4.42 GeV]

» By using huge data samples collected for charmonium decays at BESIII, a
lot of results have been obtained,

» X(1810) is confirmed
» First observation of X(1840) — 3(n*n™)
» Study of nn system
» Observation of n' » ntn ntn~ (ntn n'n?)
» Study of N* baryons in ¥(25) — ppr®, ppn
» With more data sample accumulated at BESIII, exciting future is ahead!
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