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« Status of BEPCII/BESII|I

< Recent results of baryon spectroscopy from BESII|I
v Two hyperons in y(3686)—> K-A E*
v Exited strange baryons in ¢(3686) >A '

v Two new excited baryon states in w(3686)—>p p n°

v N(1535) in y(3686) > p pn

<« Summary and perspective




Beijing Electron Positron Collider (BEPCII)

" <| d 2004 started BEPCII upgrate
BESIII construction
€ 2008 : test run

> 2009 now: BESIII phy5|cs run

BESII!
{ detector




The BEPCII Collider

BEMS (beam energy measurement system):
based on Compton backscattering

Beam energy: 1.0 - 2.3 GeV |

Peak Luminosity:

achieved: 0.85x103cm~s }(@3770 MeV
Optimum energy: 1.89 GeV

Energy spread: 5.16 x10+
No. of bunches: 93

Bunch length: 1.5 cm

Total current: 091 A

Circumference: 237m




The BESIII detector

Solenoid Magnet: 1 T Super conducting

MDC: small cell &

L)

H\ MDC

He gas

6,,=130 pm

Sp/p = 0.5% @1GeV
dE/dx=6%

'*--; = :.-_"E: 1bes_new TOF:
?E & or= 90 ps
~ Barrel

EMCAL: Csl crystal Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 3 kHz
6,,=0.5-0.7 cm/NE Throughput ~ 50 MB/s

110 ps
Endcap

HH' Muon ID: 8~9 layer RPC
Tore=1.4 cm~1.7 cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 ps

The new BESIII detector is hermetic for neutral and charged
particle with excellent resolution, PID, and large coverage. ik ,‘j'.-/~ .




BESIII Collaboration
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Physics Topics at BESII |

€ Hadron spectroscopy -
» search for the new forms of hadrons =\
» meson spectroscopy ==

e
> baryon spectrosco
yon sp Py Int. J. Mod. Phys. A 24 (2009)

€ Study of the production and decay mechanism of charmonium

states : Jhy, w(2S), n_(1S), Xcfo,1,23» N(2S), he(1Pq), w(3770) etc

Calibrate QCD
New states above open charm threshold: XYZ

€ Precision measurement of R values, hadronic FF, ...
€ Charm physics, charmed baryon

€ Rare decays, new physics
7




Baryon Spectroscopy

» Baryon spectroscopy is an important field to understand
the internal structure of hadrons.

» The established baryons are described by three-quark (gqq)
configurations.

» Non-relativistic three-quark model of baryon:

 quite successful in interpreting low-lying baryon resonances.

« provide an explicit classification for light baryons in terms of
group symmetry.

 tend to predict far more excited states than are found
experimentally (“miss resonance problem”).

» Theoretically, this could be due to a wrong choice of the
degrees of freedom describing internal structure of baryons.

» Experimentally, the situation is very complicated due to the he -
large number of broad and overlapping states that are gBSef

8




Baryon Spectroscopy
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Charmonium decays can give novel insights into baryons and give
complementary information to other experiments




BESIII Data Samples

- BEES93 PRL 84({2000)594 A . Lo
L BES99 PRLSS(Z2002)101 802 o
AN CrystalB a
e [ )
SOl v(3770)
T pluto 2.9 fb!
4 - =
2 % ﬂ ﬂ' *4230+4260 | [ 4360
: 1.9 fb? 0.5fbt | oo o
1 ™ TTT T T T
B “130 points for RScan (~1.3 fb?) . 53 o = it
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5
Ecm (G aVW)

World largest samples J/vy, y(2S), v(3770), Y(4260), ...
produced directly from e*e" collision
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1. Observation of two hyperons =°(1690) and ="(1820)

INn y(3686)>K-A E*+c.C.

Theoretically :  Quark model predicts over 30 E states,

Experimentally: 11 =" states observed to date, few of them are well
established with spin parity determined

Status as seen in

Overall
Particle JF status Em AK YK  ZE(1530)m Other channels
=(1318) 1/24  sokskx Decays weakly
Z(1530) 3/24  sxkx o
=(1620) * *
=(1690) koK *¥kk Kk
=(1820) 3/2— sk ok kkk Kok ok
=(1950) koK sk % *
=(2030) koK ok * %k
=(2120) . x
=(2250) *ok 3-body decays
=(2370) *ok 3-body decays
=(2500) * * * 3-body decays

or diffractive Kp interaction. - e | 78 e




1. Observation of two hyperons =°(1690) and ="(1820)

INn y(3686)>K-A E*+c.C.

> 1In 1978, the £(1690) was first observed
in the (£ K) final state in the reaction
Kp—(2 K)Kn at CERN

> Its existence has been confirmed by other
experiments, WASAS89, Belle, but its spin
parity was not well determined. 300 N ST S S ..

> 1n 2008, BABAR determined spin-parity of st
2(1690 ) tobe JP=1%" in A;—En'K*

WEIGHTED EVENTS/.0I GeV

® [n 1976, =(1820) was first observed §4o ! j
in K"A mass spectrum in Kp scattering at CERN. § sl .
® In 1987, CERN-SPS experiment indicated that = | |
=(1820) favors negative parity of J=3/2- T ﬂ,f T-ﬂ._,
Qo h (/
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1. Observation of two hyperons =°(1690) and ="(1820)

INn y(3686)>K-A E*+c.C.

» At present £(1690) and E(1820) are firmly established.

» Further investigation of their properties is important to the
understanding of E* states.

» Besides from scattering experiments, decays from
charmonium states offer a good opportunity to search for
additional E* states.

» Our knowledge of charmonium decays into hadrons, especially to
hyperons, is limited. The precise measurements of the branching
fractions may help to provide a better understanding of the decay
mechanism.




1. Observation of two hyperons =°(1690) and ="(1820)

INn y(3686)>K-A E*+c.C.

data sample: 106x10° y' PRD 91, 092006 (2015)
AT
The decays is reconstructed _| . Lepr
from cascade decay: W(3686)->K AE

Lo

120 [
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M(pm) (GeV/ch) M(Pr*) (GeV/ch)




1. Observation of two hyperons =°(1690) and ="(1820)

INn y(3686)>K-A E*+c.C.

A
ﬂ..—\1_35: ;-
;ijj « | ] an extended unbinned maximum
I e 3 Bt likelihood fit is performed.
1_315 SRR :

: L .I .-. L_i L :
PP~ T Ii iR LB 1M

T DT
= 5+
® Signal: double Gaussian function. S w0
® Dg: a first order Chebychev polynomial E |
® bg sudied: the y(3686) inclusive gL
MC sample, A sidebands and data T
taken at 3.65 GeV.
B(y(3686)>K A E*) = (3.8640.2740.32)x10® o




1. Observation of two hyperons =°(1690) and ="(1820)

INn y(3686)>K-A E*+c.C.

an extended un-binned maximum

E likelihood fit is performed to determine
—J the resonance parameters and event
E B - - ——
7 I yields of the exited hyperons =
§ sof
=2 T < T
e >
12 1.3 1.4 = I
RM(KA) (GeV/eY) S 20f
£
g 10
=(1690) =(1820) = i
M(MeV/c") 1687.7+£3.8+1.0 1826.7+5.5+1.6
'{MeV) 27 1+10.04+2.7 54 4415.744.2 ; ;
Event yields T444+21.2 1362433 .4 (1.6 1.8 20
Significance(a) 4.9 6.2 -
Eﬁciencyﬁ[é’n} 32.8 26.1 MK A) (GeVIcz)
B (1077) 52141.4840.57 12.034+2.04+1.22 —_— —_—
Moo (MeV/)  1690£10 18235 * Two hyperons =-(1690) and =-(1820) are
I'enc(MeV) <30 24713 —

observed in y(3686)—>K-A E*+c.c
» Resonance parameters consist with PDG




2. Observation of the decay y(3686)—>A Y*n* + cC.C.

data sample: 106x10° '

The candidate events are
reconstructed in six modes:

W (3686) —
AE 7 (27 — amt)
AS~ 7 (X7 = nw7)
AS " 7HE — fam)
AT 7 (37 = nwt)
AT #H3E — prt

)
At 7 (2t — pa")

Events/(1MeV/c?)
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M(pr) (GeVic?)
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Events/(2Me\Vic?)

e o

0B 085 0.3 D08 1 105
M(R{prTT]) (GeVie?)

PRD 88, 112007 (2013)
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2. Observation of the decay y(3686)—>A Y*n* + cC.C.

T

o (a) s — B0
= = 2 5
= 2, 3
o o o
3 a0 ] 3 %
B 2 g 5 20f:
(1] (1] (1]

10 10

o L anll e N B o i - n = h_ i

1.4 16 1.8 2 22 2.4 1.4 1.6 1.8 2 2.2 24 26 24 26 2.8 3 3.2 34 3.6
M{AT W GeV/icT) M(T T HGeVicY) M{AT ) GeVic?)

» Partial wave analysis (PWA) is performed in order to determine
the correct detection efficiency

> Excited strange baryons around 1.4 to 1.7GeV/c? are observed

TABLE 1. The branching fractons and the vahoes used in gwe calculation for cach doecay maode,
where tee first emors are gatisgical and the secomnd omes sysiematic.

d{IGRE) — N Noa N gen el ) B = 1075)

AR g (BT —Aw~) 1504t 48 4310 64+ 16 25+ 015 GOl 025 = LGS
._-\%'._w_lg'._—-nw_fl 1637 =47 a4+ 10 5 * 14 M55 =015 TS =024 = (LG1
A " wT (X2 —Aw) BOR =35 IR 6 25+ 12 103 = QLll TO3I =036+ LT
AZ g (2" —nw") ROl =35 2026 32+ 11 12 =011 TH4 =035 = LGD
AZ w5 (E~ — pat) 458 =23 IR x5 M 10 5340078 T29x047x 072

.-"l.ll._._.l'_|1l._—'|l::'._.|'|:':| 554 = G 13 =5 I3+ 11 X200l THEX06T 0TI
Bl (3686) — A o + e Bir(3686) — AZ 7% + cc) -
8 = (1.40 = (03 + 0.13) X 10-%, = (L54 = 004 £0.13) x 10—, B




3. Observation of two new excited baryon states

in y(3686)—>p p n°

» In 2000, BESII started baryon resonance research program with the
study of N(1535) and N(1650) in the decay of J/y —»p pn by PWA.

> In 2006, BESII observed a new exited nucleon, N(2065), in the decay
Jwy —=p nr +c.c., and subsequently confirmed in Jhy —»p p =°

> BESII also studied y(3686) = p _p vy, where bothp pn® and p pn
were observed, and y(3686)— p pn for the first time. In both decays,
there was weak evidence fora p p threshold mass enhancement, but no
PWA was performed.

> Using 24.5x10° y(3686) events, CLEO-c collaboration reported the
analysis of y(3686)—>yp p , p pxn® , p pm, inwhich N(1535) and
ap p enhancement were investigated.

These results show that J/w and y(3686) are ideal place for
studying excited states N* ' . "'

19 ol




3. Observation of two new excited baryon states

in y(3686)—>p p n°

data sample: 106x10° ' PRL 110, 022001 (2013)

* Proton and anti-proton are identified
using dE/dx and TOF informations

« At least two photos are selected

> To better understand the

components of this decay,
PWA is pursued.

[ (S (%) E= n (=) ~J
TTTT T TTTT

~—~~
o
B
o
N—r”
N
=

200

» Dominated by two-body decays:
v(3686)> Xm0 ,X>p p

150

100

Events/(32MeV/c?)

L t
50 B

W(3686)9 p _N’L( B N*) _ 0 S P W%%L»f 0 i %m%"
N*( N*)—) p TCO ( p TCO) 1.5 20 25 1.5 _2.0 25
0 0
» All N* resonances up to 2.2 GeV with spin M(pr) M( Pn) .
up to 5/2 listed in PDG are considered. ey ,s;;r,.,»
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3. Observation of two new excited baryon states

in y(3686)—>p p n°

T

1520, Resonance M(MeV/c?) I'(MeV/c?) AS ANy Sig.
7 N N(1440) 1390111720 340148770 725 4 11.50
g 00 N(1520) 151053580 11553950 198 6 5.00
E N(1535) 153543783 12003519, 494 4 93¢
N R N(1650) 1650371 150734 821 4 1220
i R i S i N(1720) 1700139732 45019214 556 6 9.60
My GV (1/2+4)/N(2300)\ 23007407109 3407307110 1207 4 1500
an T T e (5/2-) 2570 50 250733178 789 6 1170
o .
- e :

» two new N* resonances: N(2300)(1/2*) and
N(2570)(5/2°) are observed!
BN | > ppbar threshold enhancement most likely

Events/(32MeVic?)

.

T R is due to interference of N* resonances

M, GeVieh)




3. Observation of two new excited baryon states

in y(3686)—>p p n°

B(y(3686)—>p p n° ) = (1.6540.03+0.15)x104

Resonance N el%) B.F.( x 1077)
N(940) 1870204487 275 = 0.4 6.421020+1.78
N(1440) 106070053 270 + 0.4 35870
N(1520) |90 4t 28.0 + 04 0.6470 002
N(1535) 67314330 25.8 = 0.4 24710802
N(1650) 108082 272 + 04 376102+ 1T
N(1720) 510137430 26.9 = 0.4 1.797010+0.2
N(2300) g4 g o8I 34.2 + 04 262708
N(2570) 795434127 353 + (.4 2 1320064030
Total 4515 + 93 25804 1650315




4. Study N(1535) in y(3686)—p pn decay

_ 6ot PRD 88, 032010 (2013)
data sample: 106x10° y

v Th_e de_cay Itopolo_gy IS E ( ‘:“:h :
quite simple, p pyy. Sl o SR 3
. T
G 1 .D: ﬂ+ t Hﬂﬂ#ﬂﬁrﬂﬂjr HJ[ hr t
M2pn) - / —MpEn)
v" Two clusters corresponding = N(1535) }
to the pn mass threshold iﬂ / i @ H
enhancement are visible. % 2+ MHH} + % _ﬁ@ H m
”’_ § m ) |
H % Faul e g W
T I i




4. Study N(1535) in y(3686)—>p pn decay

v PWA is performed, the dominant contributions is from N(1535)

v The best solution indicates that N(1535) combined with an interfering
PHSP is sufficient to describe the data Mass and width of N(1535)

> M = 1524 £ 573° MeV/c?
e = [0 |\/|eV/<:2

Events/(25MeVic?)
Events/(25MeVic®)
- na =] w a3

= B8 8 & 8§ B
ARERERRIRRRRC: = T

PDG value:
= .- » M = 1525 to 1545 MeV/c?
wen > [ =125 to 175 MeV/c?

cos(0,,,) in cms of p p  Branching fraction:
» B(v' — N(1535)p) x B(N(1535) = pn)+c.c.
= (5.240.3735 x1075)

| B(4(2S) — ppm) = (64 + 0.2 + 0.6) X 10

Ewvents
w

Events/{25MeVic?)

= =] ] & &
T T T T

22 28
uw;(eowﬁ

explained as mterference between N(1535) and

phase space, no evidence for p p resonance
24




Stmmairy/ anc Perspective

BESIII collected 0.5x10° y(2S) and 1.3x10° Jhy events.

m Baryon states are presented:

> 2°(1690) and =-(1820) hyperons in y(3686)—>K-A E*+c.c.
> excited strange baryons A* and * in  y(3686)—>A Y*tn’
> excited baryon states N(2300) and N(2570) in (3686)—p p =°
> N(1535) in y(3686) > p pn
m Charmonium decays have proven to be a good lab for studying
not only excited nucleon states, but also excited hyperons.

® Provide complementary information to other experiments.

m Expect more results from full data sample.




Thank You!




