Recent results of baryon
spectroscopy at BESIII

LIV Beijiang (IHEP, CAS)
For BESIIT collaboration
Hadron 2013, Nara, Japan



Mass (MeV)

Spectrum

%k %k %k k% k k%
N Spectrum 10 5
A Spectrum 7 3

Nucleon Mass Spectrum (Exp): 4%, 3%, 2%

* %

2400 - ]
2200 - -
2000}~ .
. P:;’::Q:.‘}o; i

1800 C B
1600 - PuITio P {1720) 5.% N 1
L == . i

r 51535 p j1520) A

1400 _
1200 - ]
1000 - N
800 [ 12+ 32+ 72+ 92+ {/2- 3/2- 7/2-  9/2- ]

LIV Beijiang, Nara 2013

Mass (MeV)

2200

2000

1800

800

of Nucleon Resonances

—> Particle Data Group
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—little known

(many open questions left)
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Where are the "missing” baryons

Quark models predict many more baryons than have been observed

Mass (MeV)

Nucleon Mass Spectrum (Exp): 4%, 3%, 2% Delta Mass Spectrum (Exp): 4%, 3%, 2%
2400 - . 2400 |-
200 2200
- (??? ‘ )
2000 1 - 2000 F
- sk i rswa}
1800 4 ) 1 < o]
FI B ke : S“' Il
r o — -
1600 ] Pfirio) Full20 sl% D, {1700} N g 1600
i =D = = i
- 51535 p j1520) i i
1400 e o0 27 2 1 - 1400 - j
14531 ] -
awf\ JAN J 1w T=
1000~ ] 1000 -
gop 12+ 372+ 72+ 92+ 1/2- 3/2- 7/2-  9/2- ] g0 12+ 3/2+ 702+ 92+ 1/2-  3/2- 72- 9/2.

LIV Beijiang, Nara 2013 3



Where are the "missing” baryons

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

YIvE X -

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

Npredictied: N4>N2>N1>N3l N d << Nl

observe
€ Or have the resonances simply escaped detection?

Nearly all existing data result from nN experiments
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Excited state baryon spectroscopy from lattice QCD

R. Edwards et al., PR D84 074508 (2011)
N*
|

Missing states?

1.8_'

1 m. = 400 MeV

06} { - 1
- 2 p

Exhibits broad features expected of SU(6) @ O(3) symmetry
=» Counting of levels consistent with non-rel. quark model, no parity doubling
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. o = % || | JLab, ELSA, MAMI, ESRF,
J/y@'") = BBM = N* A* Z* _.*I Sp:'ling—s

AN

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

* N, A2
: ; \M(nm,m,tb,P,K )
¥ o N* A
N
e p.A.E, = NNAZ.

Previous
Data
BESII 58 M 1.2 B (20x BESII) 10B

Pure isospin 1/2 filter: P - NN b - Y (3686) CLEO: 28M 0.5 B (20x CLEO) 3B

NN $ (3770)  CLEO:0.8/fb  2.9/fb (3.5x CLEO)  20/fb
Missing N* with small couplings to nN &

YN , but large coupling o gggN : ¢ — Above CLEO: 0.4/fb @4040, 5-10/fb
NN”/U/’?’/CU/(P' prm, PAK ... open 0.6/fb@4160 2/fb@4260, 0.5/fb
Interference between N* and N*bar :::;:ol . ﬁ?“:ﬁg’ ':ata for

bands in Y - NN Dalitz plots may help to ?

distinguish some ambiguities in PWA of 7N Rscan&t BESII R

Not only N*, but also A*, £*, E* @2.23,2.4,2.8,3.4,

High statistics of charmonium @ BES IIT 25/pb tau
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Recent results @ BES3

Observation of the isospin violating decay
J/W — AZY +c.c.

Measurements of y.; —» pnn~ and pnn™n
Measurements of y' = pKX° and x.; —» pKA
PWA of ¢’ - n%pp

PWA of ¥’ —» npp

0

Using 2009 data sets
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Observation of the isospin violating decay
J/w— A2 +c.c.
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PR D 86, 032008 (2012)

1.6 1.8 2
M\ (GeV/e?) J /i decay mode BESIII PDG
i L ll A0 146 £ 0.11 £ 0.12  <7.5
- @A ) 137 20,122 0.11 <75
_ 1 yne(ne — AA) ~ 198 =0.21 =0.32
“or AA(1520) + c.c.(A(1520) — yA) <0.41
20;
L
e
g
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Xcj = phm~ and pnm™

T[O

PR D 86, 052011 (2012)

Xe0

Xel

Xe2

By — pam~) (1073)
By — pnm™) (1073)

1.30 £ 0.03 = 0.12
1.38 2 0.03 = 0.12

0.40 = 0.02 = 0.05
0.41 =0.02 £ 0.04

091 £0.02 £0.10
0.98 £ 0.02 £ 0.09

By, — piam—7°) (1073) 2.36 £0.08 = 0.20 1.08 = 0.05=£0.12 2.38 = 0.07 = 0.20
By, — pnmta¥) (1079 223 £0.08 £0.18 1.06 = 0.05 £ 0.11 2.30 = 0.07 = 0.20
By, — pim) (1073) (PDG [1]) 114 = 031 110 = 0.40
_ 14002 F ;
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= =
similar threshold enhancements: ~ wooo=(<)y ! o of (@
a pp threshold enhancement in B 2 s’ st T s
meson decays, ,andin 3 so. M, M S
. . = n 4 »
the shape of the timelike 2 400p e T £
electromagnetic form factor of & 0

the proton measured at BABAR.
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PR D 87,012007 (2013)
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Partial wave analysis

X2 ")-> £(1275)=r £1275) > rn
N —— /I‘\\

-1
0

interference patterns, or
buried under a
background in the same

K and in other waves.
BV

12 LTU Beijiang, Nara 2013 \ high sensitivity and accuracy J

Event-wise ML fit to all observables
O Map out 'r.he resonances simultaneously dynamic  angular
O Systematic determination do I 12
of resonapce properties: w(é) = 1% = z c;R;B(p,q)Z(L)
spin-parity, ;
resonance parameters, Event-wise efficiency correction
production properties,
decay properties, .. P(¢) = w(@e(?)
€ resonances tend to be J (e
broad and plentiful, -
leading to intricate /Tools: PWA \

v Decompose to partial wave
amplitudes

v Make full use of data

v Handle the interference

v Extract resonance properties with




Feynman Diagram Calculation toolkit :
automatic generate partial wave amplitudes

P

Diagram 11 Diagram 12 Diagram 13

P

Diagram 16

FDC Project by J.X Wang,
Nucl.Instrum.Meth. A534 (2004) 241

A

p:

The amplitude constructed using
the effective Lagrangian
approach with the Rarita-
Schwinger formalism can be
written out by Feynman rules for
tree diagrams (the spin wave
functions for particles, the
propagators, and the effective
vertex couplings).

Diagram 14 Diagram 15

. Feynman diagmms iny' - n%p Eg F'Or Spln o 3/2

ol o . ol 1A
F= 'U(h-za 82)"/‘-’2}1}:’5:; (CLQM + kYA + C3R k1R )5t (h-ls 51)1)

b3 |

vep+ My wo Lo 2ptpt pteyt =it
|_r; ke

3" 1 T 3MIL. T 3My

Py
S MR, — p* + iMy. Ty
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' = n'pp, npp

Scatter plots of pp invariant mass versus yy invariant mass

0.1 02 02 04 05 O0E 07 0B 0B 1
M, (GeVic)

1.5

Two vertical bands: y' - n%p ,npp
Horizontal band: : y' -> X+ J/y,] /¥ - pp
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Events / 40 MeV/c?

' - npp

CLEO-c: PRD 82 092002 (2010)

Interference is NOT considered 0
. 80F 1, R, (2100) ) 200 E
";% -2, N1(1440) i (b) s
® 60 | 3, N(2300) S 150 E
= | 4,R,(2900) - 3
(] 3 (/2] F
Y40 F T 100 E
2 b I
c 20 | 50

0L il e g o TR S L 0 Eilaks
1.8 22 26 3.0 34 1.0

M (pp) (GeV/c?)
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PWA of ' —» n%pp
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Events/{32MeV/c?)

Events/{32MeVic?)

—
L
=

100

50
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g

Ln
(=]

PWA of ' —» n%pp

— N(1440)
— N(1520)

— N(1533)
e W(1650)

Phys.Rev.Lett. 110 (2013) 022001

=,

Resonance M(MeV/c2) T'(MeV/c?) AS ANy,y Sig
N(1440) 1390735175 3407 0718 725 4 11.50
N(1520) 151072030 115730 198 6 5.00
N(1535) 15357550 12075010, 494 4 9.3¢
N (1650) 1650%@3}% 150:1§ét%§9 82.1 4 1220
N(1720) 1700750752 45075, Ti%0  55.6 6 0.60
N(2300) 2300739007 340735 .0 1207 4 15.00
N(2570) 257071973 250731FS) 789 6 11.70

|

— N34

— N(1720)
N(2300)

e W25

2 New N* are found

(1/2+,5/2-)
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PWA of ' - npp

PR D 88, 032010 (2013)

+ HHH* | n i

22 2.4 2, 2 2.4
M;, (GeV/c?) M, (GeV/c?)
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PWA of ¥’ —» npp

N(1535) and PHSP(1/2-) are dominant
No evidence for a ppbar resonance

Mass and width of N(1535)
» M = 1524 4+ 572° MeV/c?
» [ = 130737750 MeV/c?
PDG value:

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

Branching fraction:

PR D 88, 032010 (2013)

5 )
S =3

Events/(25MeV/c?)

= o w I
=) S S )

45
(a) 40% (b)

Events/(25MeV/c?)

Events/(25MeV/c?)

o o >
TTT

24 2.6
2
M, (GeV/c?)

» B(v' — N(1535)p) x B(N(1535) — pn)+c.c. = (5.240.3735 x107°)

* For N(1535)
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BW(s) =

pN?r(Mi{*) er)(MfV‘)
2 K
prx(s) = q;:r/)g(?)
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Summary and outlook

PWA is a key tool in hadron spectroscopy
Charmonium decays: a nice lab for N*,z* A", A", E"

0.5%x10% ¥’ and 1.2 x 10° J/ (and a lot of x. n.)
@ BES3

Many discoveries are expected.

Thanks for your attention



backups

check of extra N* Insignificant N*

—

N fw\\ e J\-/‘..H\k‘” f J\'\ Resonance | Mass(MeV) | Width(MeV) | J PcL.
co - || N(673 1675 145 5/2- | 2.30
= | 3= . — 1680 1680 130 5/2% | 3.10

: S 1700 1700 100 |3/2" | Loo
| - N £ O
T P UAV.A S s 1710 1710 100 1/2+ | 3.60
T TN Y
i \ = 1885 1885 160 3/2 | 1.00

check of extra 1™ pp resonance 2000 300 5/9+ | 2.40

AS
AR

2065 150 3/2% | 3.20

2080 270 3/27 | 0.90

(1675)
N(1680)
N(1700)
N(1710)
N(1885)
IR TS TmEmRE | N(1900) 1900 498 3/2% | 0.10
N(2000)
N(2065)
N(2080)
N(2090)

2090 300 1/27 | 1.3

:1'31"2'22'12'1; :I1!8III2|’III2.I2IIIZ.IIIIIZIGIII PHSP 1[] 1[] 1}1"24‘ O]_O-

M{GeVIc’) ’ M{GeVic’)
(r=zoomevic?| (C=aoomevic’|
i : m.r-”'"'.
| /’_—‘\/f g N \/-
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backups

N(1535) S11 >>50 ¥ +
PHSP S11 >>50 i
N(1440) P11 0.80 P
N(1520) D13 3.70 ) £
N(1650) S11 <0.10 '
N(1700) D13 1.70 L
N(1710) P11 2.00 q :
N(1720) P13 2.50 £
N(1900) P13 3.10 £
N(2080) D13 0.60 |3

=
[
[X]
r
L5}

24 26 28 3
mass of X(1--) (GeV)
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e (M)

backups

Bell
ete The structure in B decays is much
B — ppK~ wider and is not really at threshold.
PP It can be explained by fragmentation
. + mechanism.
“" {E:V £ _._II-
BES Il Threshold enhancement in Jhy decays
= 1s obviously much more narrow and
Jh:"f — wp just at threshold, and it cannot be
o explained by fragmentation mechanism.
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