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Nucleon resonances spectrum
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PDG18

 Up to 2.4GeV, there are about 

45 N* states are predicted, but 

only 20 are established (four/

three star) and 5 are tentative 

(one/two star). 

PPNP 45, S241



”Missing resonances” problem
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 Important goal: search for “missing resonances” not observed 

experimentally. 

PRD 84, 074508

 Theoretically: reduce 

the number of degree of 

freedom. 

 Experimentally: If the missing N*s have small coupling to pN

and gN, they would not have been discovered by experiments 

Using photons or pions



Baryon spectrum at BESIII
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 Pure isospin 1/2 filter: 𝛙 → 𝐍ഥ𝐍𝛑 (or 𝐍ഥ𝐍𝛑𝛑)

 Missing N* with small couplings to pN

and gN, but large coupling to gggN.

 Interference between N* and ഥ𝑵*bands in 

𝛙 → 𝐍ഥ𝐍𝛑Dalitz plots may help to distinguish

Some ambiguities in PWA of pN

 Not only N*, but also 𝚲*, 𝚺*, 𝚵*.

 High statistics of charmonium at BESIII.

Previous BESIII BESIII Goal

J/ 58M @ BES 1.2B 10B

(3686) 28M @CLEO 0.5B 3B

(3770) 0.8fb-1@CLEO 2.9fb-1 20fb-1

CJ (3686) → g CJ @ (9-10) %

hC(1S) J/ → g hC(1S) @ 1.7 %



N* spectrum
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PDG18

 J/ → 𝐩ഥ𝐩𝛟
 J/ → 𝐩ഥ𝐩𝛚
 J/ → 𝐩ഥ𝐩 a0(980)

 (3686) → 𝐩ഥ𝐩𝛑𝟎

 (3686) → 𝐩ഥ𝐩𝜼
 𝐞+𝐞− → 𝐩ഥ𝐩𝛑𝟎 around 3.773 GeV

 𝐞+𝐞− → 𝐩ഥ𝐩𝛑𝟎 @ [4.008, 4.600]GeV

 𝛙(𝟑𝟔𝟖𝟔) → ഥ𝐩𝐊+𝚺𝟎 + c.c.

 𝛘𝐜𝐉 → 𝐩ഥ𝐧𝛑− + c.c

 𝛘𝐜𝐉 → 𝐩ഥ𝐧𝛑−𝛑𝟎 + c.c



J/ → 𝐩ഥ𝐩𝛚
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 There are no obvious structures,  but 

distributions are different from phase 

space MC.

 No obvious 𝐩ഥ𝐩 threshold

 Disfavior pure FSI interpretation

PRD 87, 112004



J/ → 𝐩ഥ𝐩𝛟
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PRD 93, 052010

f → K+K-

f → KsKL

 We have neither observed a

significant structure in 𝐩𝛟 and

ഥ𝐩𝛟 mass spectra nor found 

evidence of an enhancement in

𝐩ഥ𝐩 mass spectrum near its threshold



J/ → 𝐩ഥ𝐩a0(980) 
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 PRC69, 015201: J/ → Nഥ𝐍MM

 Ambiguities from fitting to 

J/ → pഥ𝐩MM

PRD 90, 052009

 Comparing to  J/ → pഥ𝐩pp in 

PDG, r4=0.2 is preferable.



(3686) → 𝐩ഥ𝐩𝛑𝟎
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PRL 110, 022001

 Isospin conservation:  suppressed.

 Two new excited states N(2300) (1/2+) and N(2570) (5/2-) are 

observed.

 The 𝐩ഥ𝐩 threshold enhancement most likely is due to

interference of N*s.

 No clear evidence for N(1885) and N(2065).

0*

00

ppc.c+Np→)3686(

pp→X→)3686(

p

pp

→



(3686) → 𝐩ഥ𝐩𝜼
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 PWA: N(1535) and PHSP are dominant

 N(1535) @ PWA: M=1524𝟓−𝟒
+𝟏𝟎MeV; G =𝟏𝟑𝟎−𝟐𝟒−𝟏𝟎

+𝟐𝟕+𝟓𝟕MeV

 N(1535) @ PDG: M=1525 to 1545 MeV; G = 125 to 175 MeV

 No evidence for a 𝐩ഥ𝐩 resonance

 12% rule: violated in 𝐩ഥ𝐩𝜼 mode.

PRD 88, 032010
N(1535)

)%4.0±2.3(=
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]pp)3686([Br

10×)3.0±2.5(=.]c.c+p)1535(N)3686([Br

10×)6.0±2.0±4.6(=]pp→)3686([Br

52.3+

2.1

5

h

h



h

→

→

→ -
-

-

Explained by interference between

N(1535) and phase space



𝐞+𝐞− → 𝐩ഥ𝐩𝛑𝟎 @ 3.773 GeV
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 (3770) → non-Dഥ𝐃: BESII: (14.73.2)%; theory prediction < 5%

 Search for non-Dഥ𝐃 decay modes: useful to understand puzzle 

 (3770) → 𝑵ഥ𝑵 + hadrons provides a chance to study N*

 @3.773GeV:  (3770) strong decays or g* → 𝑵ഥ𝑵 + hadrons 

PRD 90, 032007



𝐞+𝐞− → 𝐩ഥ𝐩𝛑𝟎 @ [4.008, 4.600]GeV
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PLB 771, 45

1203 event @ 4.258GeV

 PWA for MC production

 e+e- → pഥ𝐍* + c.c

 e+e- → pഥ𝚫* + c.c

 e+e- → r*(w*)p0

 [4.189, 4.600] GeV: N(1440), r(2150) and r3(1990)

 [4.008, 4.085] GeV: N(1520), N(2570), r(2150) and r3(1990)



𝛙(𝟑𝟔𝟖𝟔) → ഥ𝐩𝐊+𝚺𝟎 + c.c.
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 A hint for structure N* around 

2.4GeV.

PRD 87, 012007



𝛘𝐜𝐉 → 𝐩ഥ𝐧𝛑− + c.c
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 A large enhancement around 𝒑ഥ𝒏 threshold

 Structure around 1.4 & 1.7GeV for pp- and ഥ𝐧𝛑− invariant 

mass spectrum, peak around 2.0GeV due to high mass N* or

reflection of 𝒑ഥ𝒏 threshold enhancement.

PRD 86, 052011



𝛘𝐜𝐉 → 𝐩ഥ𝐧𝛑−𝛑𝟎 + c.c
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 No obvious N* state

 Similar to that of phase space, 

except for r signal

 A chance for 𝛘𝐜𝐉 → 𝐩ഥ𝐧r

PRD 86, 052011



𝚲* spectrum
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 (3686) → 𝚲ഥ𝚺
+
𝝅−+ c.c.

 𝛘𝐜𝐉 → 𝐩ഥ𝐩𝐊+𝐊−

 𝛘𝐜𝐉 → ഥ𝐩𝐊+𝚲 + c.c.

 e+e- → p𝐊𝐬ഥ𝐧𝐊
− @ [3.773, 4.600]GeV

PDG18



(3686) → 𝚲ഥ𝚺
+
𝝅−+ c.c.
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PRD 88, 112007  Excited strange baryons between 

1.5GeV and 1.7GeV are observed. 



𝛘𝐜𝐉 → 𝐩ഥ𝐩𝐊+𝐊−
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 Clear Λ(1520),  a hint for 𝚲* around 1.67GeV

 𝛘𝐜𝐉 → 𝐩ഥ𝐩f: pf or 𝐩ഥ𝐩 invariant mass ?

 𝛘𝐜𝐉 →Λ(1520) ഥ𝚲(1520): test of Colour Octet Model

𝚲(1520) c2

PRD 83, 112009

c0
f



M=205313MeV

G=29214MeV

𝛘𝐜𝐉 → ഥ𝐩𝐊+𝚲 + c.c.
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PRD 87, 012007

c0

 Possible reasons

 Quasi bound di-baryon state

 Final state interactions

 Interference of high mass N*

and 𝚲* states



e+e- → p𝐊𝐬ഥ𝐧𝐊
− @ [3.773, 4.600]GeV
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PRD 98, 032014

𝚲(1520) 

3.773 GeV

Veto 𝚲(1520) 



𝚺* spectrum
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 J/ and (3686) → 𝚲ഥ𝚲𝛑𝟎 and 𝚲ഥ𝚲𝜼
 𝛘𝐜𝐉 → 𝚲ഥ𝚲𝛑+𝛑−

PDG18



J/ and (3686) → 𝚲ഥ𝚲𝛑𝟎 and 𝚲ഥ𝚲𝜼
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 Large uncertainty in literature

 Systematic measurement

 𝚲ഥ𝚲𝛑𝟎: isospin breaking

 𝚲ഥ𝚲𝜼: conserve isospin

 Test on 12% rule

PRD 87, 052007

𝚺(1385) 



𝛘𝐜𝐉 → 𝚲ഥ𝚲𝛑+𝛑−
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𝚺(1385) PRD 86, 052004

 Clear (1385),  a bump around 1.5-1.6 GeV

 𝛘𝐜𝐉 → (1385) ഥ(1385): test of Colour Octet Model



𝚵* spectrum
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 (3686) and cJ → 𝑲−𝚲ഥ𝚵+ + c.c. 

PDG18



(3686) → 𝑲−𝚲ഥ𝚵+ + c.c. 
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PRD 91, 092006(1690)

(1820)

 Use Λ → p p- and ഥ𝚵+ → ഥ𝚲 p+

 The resonance parameters of 

(1690) and (1820) are consistent 

with PDG.

ഥ𝚵+



(3686) → g𝑲−𝚲ഥ𝚵+ + c.c. 
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0

PRD 91, 092006

 Use Λ → p p- and ഥ𝚵+ → ഥ𝚲 p+

 Clear 0 and cJ states with 

low background



Form factor of nucleon
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 Hadron vertex are described by Dirac FF (F1) & Pauli FF (F2)

 Sachs FFs: electric GE and magnetic GM

 GE & GM : spatial distribution of charge and magnetization, 

charge density distribution



e+e- → 𝐁ഥ𝐁
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 In one-photon exchange approximation


𝒅𝝈

𝒅𝒄𝒐𝒔𝜽𝑩
=

𝝅𝜶𝟐𝜷𝑪

𝟐𝒔𝟐
[ 𝑮𝑴

𝟐 𝟏 + 𝒄𝒐𝒔𝟐𝜽𝑩 +
𝟏

𝝉
|𝑮𝑴|

𝟐𝒔𝒊𝒏𝟐𝜽𝑩]

 Baryon velocity 𝜷 = (𝟏 − 𝟒𝒎𝑩
𝟐/𝒔)𝟎.𝟓

 Coulomb factor C 
 for s-wave only

 C=1 @ neutral

 C=
𝝅𝜶

𝜷

𝟏

𝟏−𝒆−𝝅𝜶/𝜷
@ charged

 Cross section at threshold
 Neutral baryon: 𝝈 = 0

 Charged baryon: 𝝈 ≠ 0

 Effective FF define as |𝑮(𝒔)| = |𝑮𝑴|𝟐+𝟏/𝟐𝝉|𝑮𝑬|𝟐

𝟏+𝟏/𝟐𝛕
, proportional to 𝝈𝑩𝒐𝒓𝒏



Baryon pair production
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PRL 101 172001 

 Cross section at threshold

 Charged: 𝝈 ≠ 0

 Neutral: 𝝈 = 0

 GE & GM form factor

 Search for resonance

e+e- -> 𝐩ഥ𝐩 e+e- -> nഥ𝐧



Baryon form factor @ BESIII
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Energy scan method

Initial state radiation (ISR) method



Threshold enhancement
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PRL 120 132001 

e+e- →𝚲𝒄
+ഥ𝚲𝒄

−

e+e- → 𝚲ഥ𝚲

PRD 97, 032013 

BESIII preliminary

e+e- → 𝐩ഥ𝐩



Size of proton 
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@ 1974



Relative phase between GE and GM
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 Complex GE and GM

 𝐆𝐄 = |𝐆𝐄|𝐞
𝐢𝚽𝐄, 𝐆𝐌 = |𝐆𝐌|𝐞

𝐢𝚽𝐌

 Relative phase: 𝚫𝚽 = 𝚽𝐄-𝚽𝐌

 A non-zero phase has polarization 

effect on the baryons 𝐏𝐲 ∝ 𝐬𝐢𝐧∆𝚽

 The angular distribution of daughter 

baryon from hyperon weak decay is:


𝒅𝝈

𝒅𝜴
∝ 𝟏 + 𝜶𝜦𝑷𝒚 ∙ ෝ𝒒

 𝜶𝜦: asymmetry parameter

 ෝ𝒒: unit vector along the daughter 

baryon in hyperon rest frame



Relative phase between GE and GM
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 Helicity amplitude (PLB 772, 16)

𝐺𝐸

𝐺𝑀
= 0.94 ± 0.16 𝑠𝑡𝑎𝑡. ± 0.03 𝑠𝑦𝑠. ± 0.02(𝛼𝛬)

∆Φ = 42° ± 16° 𝑠𝑡𝑎𝑡. ± 8° 𝑠𝑦𝑠. ± 6°(𝛼𝛬)



Summary
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Previous BESIII BESIII Goal

J/ 58M @ BES 1.2B 10B

(3686) 28M @CLEO 0.5B 3B

(3770) 0.8fb-1@CLEO 2.9fb-1 20fb-1

CJ (3686) → g CJ @ (9-10) %

hC(1S) J/ → g hC(1S) @ 1.7 %

 The charmonium provide a good platform for studying

not only excited nucleon states, but also excited hyperons.  

 With largest charmonium samples in the world, a new

chance for N*, 𝚲*, 𝚺*, 𝚵*. 

 Baryon form factor GE and GM, threshold enhancement ?

mailto:0.8fb-1@CLEO


Baryon form factor @ BESIII
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