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OUTLINE

« 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




The BEPCII Collider

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

Beam energy: 1.0 - 2.3 GeV |

Peak Luminosity: —t—
achieved: 0.85x10Becm?s1@3770 MeV 5%~ —— 7T
y N
Optimum energy: 1.89 GeV !:f ﬁ:\
Energy spread: 5.16 x10+# i %

No. of bunches: 93

Bunch length: 1.5 cm

Total current: 0.91 A

Circumference: 237m



The BESIII detector

Solenoid Magnet: 1 T Super conducting

MDC: small cell &
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EMCAL: Csl crystal
AE/E =2.5% @1 GeV
G, =0.5-0.7 cm/VE

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

or = 90 ps
Barrel
110 ps
Endcap

Muon ID: 8~9 layer RPC
T oro=1.4 cm~1.7 cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 ps




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 quark model:

It is quite successful in interpreting baryon resonances.

« It also provides an explicit classification for light baryons in
terms of group symmetry.

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

» From theoretical point of view, this could be due to a wrong
choice of the degrees of freedom.

» Experimentally, the situation is very complicated due to the
large number of broad and overlapping states that are gBSef
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Charmonium decays can give novel insights into baryons and give

complementary information to other experiments

JLab, ELSA, MAMI, ESREF, = _
Spring:8, .... JIy@'") — BBM = N* A* Z* E*
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v Isospin 1/2 filter: p > NNm, 9 > NNntm

v" Missing N* with small couplings to nN & yN , but large
coupling togggN : Y - NNit/n/n' /w/¢, pEZm, pAK ...

v Not only study excited nucleons, but also baryons A*, Y *,6 =%
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v Gluon-rich environment: a favorable place for producing
hybrid (qqqg) baryons

v High statistics of charmonium @ BESIII e T :




Baryon spectroscopy
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4100~4400 MeV: 0.5/fb coarse scan BEPCIL can reach here!
3850~4590 MeV: 0.5/tb fine scan
In 2015, we have done energy scan at 2000—3000 MeV

High statistics of charmonium @BESIII provide an
opportunity to study baryon spectroscopy.




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. g iyl | e
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Observation of two hyperons E(1690) and =-(1820)

in y(3686)>K-A E*+c.C.
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> 1In 1978, the £(1690) was first observed
in the (£ K) final state in the reaction
Kp—(2 K)Kn at CERN

o

WEIGHTED EVENTS/.0I GeV
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» Its existence has been confirmed by other
experiments, WASAR89, Belle, but its spin }
parity was not well determined. e s s 20 2 2z

MASS (Z1K) Gev

» 1In 2008, BABAR determined spin-parity of

=(1690 ) tobe JP=% in AS—En'K* L neoor e 1
3
> 1n 1976, =(1820) was first observed e | 1
in KA mass spectrum in Kp scattering at CERN. & sof ;
§ 20+ i
» In 1987, CERN-SPS experiment indicated that i | 1
=(1820) favors negative parity of J=3/2 - . ﬂ;ﬂqu 1“’—@




Observation of two hyperons E(1690) and =-(1820)

in 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 experiment, 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 provide a better understanding of the decay
mechanism.




Observation of two hyperons E(1690) and =-(1820)

in 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
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Observation of two hyperons E(1690) and =-(1820)

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

A PRD 91, 092006 (2015)
1
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S e o+ an extended unbinned maximum
[32F. = & 7 LAY . . - .
— P T likelihood fit is performed.
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® Signal: double Gaussian function. 3 10
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® Dbg: a first order Chebychev polynomial = |
—_ - - LET];
® non- E*bg estimated with the

: : 1.31]. 1.31 132 1.33 1.34 135
y(3686) inclusive MC sample M) (GeVieh

B(y(3686)>K A E*) = (3.8640.2740.32)x10® i




Observation of two hyperons =(1690) and =-(1820)

INn y(3686)>K-A E*+c.C.
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PRD 91, 092006 (2015)

an extended un-binned maximum
likelihood fit is performed to determine
the resonance parameters and event
yields of the exited hyperons
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=(1690) =(1820)
M(MeV/c") 1687.7+£3.8+1.0 1826.7+5.5+1.6
I'(MeV) 27.1+10.0+2.7 54.44+15.7+4.2
Event vields T444+21.2 1362433 .4
Significance(o) 4.9 6.2
Efficiency (%) 32.8 26.1
B (10~ %) 5.214+1.48+0.57  12.03+2.04+1.22
Mppc(MeV /c”) 169010 182345
I'enc(MeV) <30 247+

Two hyperons Z-(1690) and =Z-(1820) are
observed in y(3686)—>K-A E*+c.c
Resonance parameters consist W|th PDG




Measurement of w(3686)—>yK-A E*+c.c.
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: , Il Measurement of the branching fractions
bbbt o —cliseimeiici ]| Of \y(3686) K20 Z*+c.c. and

M(yA) ) (GeVie) |\ (3686)—>yy YK A Ef+c.c. (J=0,1,2)
for the first time B




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

data sample: 106x10° y' PRD 88, 112007 (2013)

The candidate events are 0
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reconstructed in six modes: g <
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Observation of the decay (3686)—>A Y*n* +cC.C.

data sample: 106x10° y’ PRD 88, 112007 (2013)

£ &8 88 3

Events/{25MeVic?)
Events/{25MeV/c?)
Events/(25MeV/c?)

i 'M (An_)' | 22 2.4
» Excited strange baryons around 1.4 to 1.7GeV/c? are observed

» Partial wave analysis (PWA) is performed in order to determine the
correct detection efficiency
» The weighted averages of the branching fractions are determined to be
B(4(3686) — AS 7 + c.c.)
— (1.40 = 0.03 = 0.13) X 10*
B(4(3686) — AS 7+ + c.c.) —_—
— (1.54 = 0.04 = 0.13) X 10~* : ,_ ’f

o [y
o 1.4
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Observation of two new excited baryon states

in y(3686)—>p p n°

> In 2001, BESII experiment started a baryon program with the study
of N(1535) and N(1650) in the decay of J/y —p pn using 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 studied
y(3686)—>p p w0 , in which N(1535) and ap p enhancement
were investigated.

These results show that J/y and y(3686) decays offer .
a unique place to study baryon spectroscopy. "




Observation of two new excited baryon states
in w(3686)—>p p n°

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

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

« At least two photos are selected
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> To better understand the

components of this decays,
PWA is pursued.
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> Dominated by two-body decays: . = | @)
_ Z 1s0f 1oz hr s
}

\|I(3686)—) X TCO y X — p p g ok + | %Eloo_ 1 ++ +++ i
3686)—> p N*,N* - pnd+c.c. i) paerg M -
\II( ) p p 0 W W%%‘?ﬁ»f 0 ﬁmlrF:m %mjw@/%tﬂf

» All N* resonances up to 2.2 GeV with spin M(pr°) M( pn®)
up to 5/2 listed in PDG are considered.
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Observation of two new excited baryon states

Y 70

. PRL 110, 022001 (2013)

— N(1520)
— N(1535)
- N(1650)

Resonance M(MeV/c?) TI'(MeV/c?) AS ANy, Sig.
N(1440) 1390111730 340740470 725 4 1150

Events/(32MeV/c?)

100 —40—156
N(1520) 151053580 11573259 198 6 5.00
o 1 _ N(1535) 15357275 12073579, 494 4 93¢
Morhr ] || ey N(1650) 16507271 150731 821 4 1220
My GV (1/24) N(1720) 1700739732 4507009414 556 6 9.60
- e N(2300)7N, 2300740109 349304110 1207 4 1500
....... N(940 (t
~ Newn 5/2-) \N2570) / 2570133 2507149 789 6 1170
i_; 150 ----N(QS?O; ( ) ; -
z 1 » 5well known N* are measured
: o » Two new baryonic excited states N(2300)(1/2%)
e and N(2570)(5/2) are observed!

° = » Thestructures in ppbar mass spectrum can
B(y(3686)—>p p n°) = be reproduced by the interference of N*
(1.65+0.03+0.15)x10* resonances :

19 Yiher ‘ ‘.V'




Study N(1535) in w(3686)—>p pn decay

data sample: 106x10° ' PRD 88, 032010 (2013)

v" The decay topology is |
quite simple, p pyy.

MCpn).

v" Two clusters
corresponding to
the pn mass threshold
enhancement are visible.

Events/{(25MeVic?)

= m 8 B 8 5 5 &
TTTI[TTTT] TT]TTT




Study N(1535) in w(3686)—>p pn decay

v" The best solution indicates that N(1535) combined  pRD 88, 032010 (2013)
with an interfering PHSP is sufficient to describe

the data
p H} M( pn) Mass and width of N(1535)
N i i > M = 1524 £ 573° MeV/c?
ELW T Gy oSt R
. GBS Ll PDG value:
E o B , » M = 1525 to 1545 MeV/c?
r: M(p p) H Cos(6,,) in CMS of p p > =125 to 175 MeV/c*
§ K ;. Branching fraction: V
: .""ii‘ N ) " WM » B(v — N(1535)p) x B(N(1535) = pn)+c.c.
i bt laliigd i) = (5.240.3732 x1079)

explained"¥ interference 'bétwe"_“ﬁ’ N(1535) and

phase space, no evidence for p p resonace
21




Stmmairy/ anc Perspective

BESIII collected 0.5x10° y(2S) and 1.3x10° Jhy events.
= Many baryon states are presented:

> =(1690) and =(1820) in y(3686)—>K-A =*+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.

= Expect more results from BESIII using full data sample. . ———




Thank You!
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Baryon spectroscopy

Are the states missing in the predicted spectrum because our
models do not capture the correct degrees of freedom?

1, 3 quarks 2, quarks and 3, quark-diquark 4, multi quarks
flux tubes

N, cgictieqs Na>N>N >Ng, Noporveq <<N
. Or have the resonances g’imp?ysgggaped detection?

Nearly all existing data result from mN experiments -

/70
Tows

25 Py




Observation of two new baryon excited states N(2300)

and N(2570) in ¢(3686)—>p p =°

Phys.Rev.Lett. 110 (2013) 022001

: n 0
Selection of PPp™ data sample: 1.06x108 '

« Proton and anti-proton are identified
 using dE/dx and TOF information

Pt > 300McV/2 g
cos(0)] < 0.8 il |

4

o 4C-kinematic fit:

ch (yypp) < 20

c bl b b b b b b b e b o |
0.1 02 03 04 05 06 07 08 09 1

M., — Myo| < 15MeV/c? " M)

iﬂl'fpﬁ - *"1"'1(.};"1!‘ > 0-046’91’;/02 Two vertical bands: Y’ — 7% p ,npp
Horizontal band: : Y’ = X + J/yY ,J /Y — pp

45000




Study N(1535) in w(3686)—>p pn decay

For N(1535) with its
mass close to the threshold of its dominant decay channel

N 7. the approximation of a constant width 1s not very
N(1535) good. Thus, a phase-space-dependent width for N(1535)

1s also used

1

BW(s) = |
(5) M2, — 5 — iMy-Ty(s)

The phase-space-dependent widths can be written as

PNW(S) PN (?)
[ye(s) = rﬂ,(o.5 L5 PN )
N N pN'E‘T(MiI*) pN‘n(sz\r*)

where py, and py, are the phase space factors for the N7
and N7 final states, respectively,

pyx(s) = 20nx(5)
/5

_ \/(S — (MN + MX)Z)(S — (MN - MX)Z)
S
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PWA of " - %pp

N(940) into virtual proton + pi0

are also considered. According to the framework of soft o
meson theory [22], the off-shell decay process is needed in
this channel. Thus, N(940) with a mass of 940 MeV/¢?
and zero width is included. The N(940) represents a virtual
proton, which could emit a #”. The Feynman diagram of

this process can be found in Ref. [15].

[15] M. Ablikim et al. (BES Collaboration), Phys. Rev. [ 80,
052004 (2009,

In summary, we studied the intermediate resonances,
including their masses, widths, and spin parities, in the
decay (3686) — ppn’. Two new N* resonances are
observed, in additon to five well-known N* resonances.
The masses and widths as well as the spin parities of the
two new N* states have been measured. The branching
fractions of (3686) — pp#’ and the product branching
fractions through each intermediate N* state are measured.
No clear evidence for N(1885) or N(2065) has been found.
The hypothetical pjp resonance has a significance of less
than 4o, indicating that the threshold enhancement most
likely is due to interference of N* intermediate resonances.




