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1 Status of Baryon Spectroscopy 

Baryons are the basic building blocks of our 

world．If we cut any piece of obj ect smaller and 

smaller，we will finally reach the nucleons，i．e．， 

the lightest baryons。and we cannot cut them smal— 

ler any further．So without mentioning any theory， 

we know that the study of baryon structure is at 

the forefront of exploring microscopic structure of 

matter．From theoretical point of view，since bary— 

ons represent the sim plest system in which the 

three colors of QCD neutralize into colorless ob— 

jects and the essential non-Abelian character of 

QCD is manifest，understanding the baryon struc— 

ture is absolutely necessary before we claim that 

we really understand QCD． 

Spectroscopy has long proved to be a powerful 

tool for exploring internal structures and basic in— 

teractions of microscopic world． Ninety years ago 

detailed studies of atomic spectroscopy resulted in 

the great discovery of Niels Bohr’s atomic quantum 

theory． Forty to sixty years later， still detailed 

studies of nuclear spectroscopy resulted in Nobel 

Prize winning discoveries of nuclear shell model 

and collective motion model by Aage Bohr et a1． 

Comparing with the atomic and nuclear spectrosco— 

PY at those times，our present baryon spectroscopy 

is still in its infancy[̈
． M any fundamental issues in 

baryon spectroscopy are still not well under— 

stood[纠
． The possibility of new 。as yet unappreci— 

ated，symmetries could be addressed with accumu— 

lation of more data． The new symmetries may not 

have obvious relation with QCD，j ust like nuclear 

shell model and collective motion mode1． 

There are two basic questions for the baryon 

spectroscopy：(1)what is a baryon composed of? 

and(2)what are the forces between its constitu— 

ents? For the first question， we know there are 

three valence quarks，sea quarks and gluons inside 
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fl baryon，but we are not sure whether the three 

valence quarks are constituent or current quarks， 

whether they are well separated from each other or 

combined into fl diquark cluster plus fl single 

quark)whether the sea quarks are in the form of 

qq soup or mesons)whether the gluons are parti— 

cle-like or flux-tubes，whether they are constituent 

or only virtual fields．For the second question，we 

know at short distance between quarks the force 

can be described by one gluon exchange；at medi— 

um range，some people now believe it is necessary 

to introduce meson exchange force) at long dis— 

tance， the most commonly used force in quark 

models is the infinitely large linear confinement po— 

tential(～ kr)． But in reality，the infinitely large 

confinement potential is obviously wrong．For such 

potential，fl quark in fl hadron cannot be separated 

from other quarks or antiquark in the same hadron， 

while in real world a quark can be easily separated 

from others by hadronic decays． For fl physical 

baryonic state，the bag size of quarks should have 

fluctuation at different time．For the time of smal— 

ler bag size， there should be three constituent 

quarks；for the time of larger bag size，an addition— 

al constituent q should be pull out from sea 

quarks． Especially for spatial excited baryonic 

states，the bag size should be larger than the spa— 

tial ground baryonic states，and hence they should 

have more (qqq)( q) components． How to de— 

scribe the strong force is still fl problem． After 

more than twenty years of QCD，such basic ques— 

tions have still not solved．The situation is obvious 

not satisfactory．The physics of nucleon resonance 

excitation continues to provide fl major challenge to 

hadron physics． 

The main source of inform ation for the baryon 

internal structure is their m ass spectrum ，various 

production and decay rates．Our present knowledge 

of this aspect came almost entirely from partial— 

wave analyses of 7tN total，elastic，and charge-ex- 

change scattering data of more than twenty years 

ago[̈
． Only very recently，a new generation of ex— 

periments on N 。 physics with electromagnetic 

probes has been started at new facilities such as 

CEBAF at JLAB， ELSA at Bonn， GRAAL at 

Grenoble and SPRING8 at JASRI．Some nice re— 

suits on△ p 引，N。(1 535) pT[‘]and 丫p 

K A [ etc
． have been produced． 

On theoretical side。Chiral Perturbation Theo— 

ry is not amenable to N。physics，lattice QCD has 

only recently begun to contribute to this field in fl 

very limited scope[引
． M ost of the theoretical work 

on the nucleon excitation spectrum has been based 

on phenomenological models． Among these mod— 

els，the most systematic and successful ones are 

the constituent quark models(CQM )within fl non- 

relativistic[7 or relativistic framework[8。。 and the 

chiral constituent quark models(CCQM )[ ．Both 

CQM and CCQM assume three constituent quarks 

for fl baryon．The difference is that CQM assumes 

one-gluon-exchange force between quarks while the 

CCQM includes meson-exchange force in addition． 

A relative new approach is fl collective constituent 

model for the nucleon．in which the resonances are 

interpreted as rotations and vibrations of fl sym— 

metric top with fl prescribed distribution of the 

charge and magnetization[。 ． 

Despite the over all success， none of these 

models has been able to explain the properties of 

N (1 440)，N。(1 535)and A。(1 405)without 

difficulty．In the simple three-quark picture of bar— 

yons，N (1 440)should be the first radial excita- 

tion state of the nucleon；N。(1 535)should be the 

first orbital angular momentum (L一 1)excitation 

state of the nucleon)while A (1 405) should be 

the L 一 1 excitation state of the hyperon，i．e．， 

(uds)一baryon．The failure of the three-quark mod— 

els in explaining properties of these lowest spatial 

excited baryonic states is natural since these spatial 

excited states are more sensitive to the long-range 

force between quarks while the three-quark models 

assume an improper confinement potential(kr)． 

Additional constituents seem to be needed． These 

spatial excited states have been suggested to be hy— 
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brid (qqqg) baryon[! ] and／or meson-nucleon 

bound states[ 
． 

Another problem for above models is that they 

predict many N 。 states which have not been ob— 

served in 7cN 7cN reactions． A possible explana— 

tion is that the“missing” 

to 7cN and mainly coupled 

states are weakly coupled 

to other channels such as 

pN ，(1'N ，7c△，or KA [ 副．However，some models， 

such as the diquark-quark cluster model[ ，predict 

a fewer number of excited states due to the reduced 

numbers of degrees of freedom． 

To examine the structure of the low-lying spa— 

tial excited baryon states and to search for the 

“missing”N 。statesareafew keyissuesforthepre— 

sent electromagnetic production experiments[ 朝． 

e+ 

e 

2 Baryon Program at BEPC from 

J／W decays 

Joining the new effort on studying the excited 

nucleons，N ‘ baryons， at new facilities such as 

CEBAF at JLAB， ELSA at Bonn， GRAAL at 

Grenoble and SPRING8 at JASRI，we also started 

a baryon resonance program at BESc ，at Beij ing 

Electron-Positron Collider(BEPC)．The J／ and 

experiments at BES provide an excellent place 

for studying excited nucleons and hyperons— N ‘， 

A。，∑。 and巨 resonances~ ”
． The corresponding 

Feynman graph for the production of these excited 

nucleons and hyperons is shown in Fig．1 where 

represents either J／xIt or qt ． 

N★， ， ，E 

， ， ， 

Fig．1 N。。天A。。 ’and豆宦。production from e e—collision through xIt meson． 

Comparing with other facilities，our baryon 

program has advantages in at least three obvious 

aspects： 

(1)We have pure isospin 1／2 7cN and 7c7cN 

systems from J／W--~NN=and N7c7c processes due 

to isospin conservation，while 7cN and 7c7cN systems 

from 7cN and N experiments are mixture of isospin 

1／2 and 3／2，and suffer difficulty on the isospin 

decomposition【 B1． 

(2) mesons decay to baryon-antibaryon 

pairs through three or more gluons．It is a favora— 

ble place for producing hybrid(qqqg)baryons[ 。 

and for looking for some“missing” N。 resona nces 

which have weak coupling to both 7cN and 7N 。but 

stronger coupling to g。N ． 

(3)Not only N ，A。，∑’baryons，but also 

巨‘baryons with two strange quarks can be stud— 

ied． Many QCD-inspired models[。- 。]are expected 

to be more reliable for baryons with two strange 

quarks due to their heavier quark mass．M ore than 

thirty巨 resonances are predicted where only two 

such states are well established by experiments． 

The theory is totally not challenged due to lack of 

data． 

BES started data-。taking in 1989 and was up—- 

graded in 1998．The upgraded BES is named BESI1 

while the previous one is called BESI． BESI col— 

lected 7．8 million J／ events and 3．7 million 

events．BESII has collected 58 million J／ events． 

Based on 7．8 million J／ events collected at 

BESI before 1996，the events for J／ p7c。and 

ppT}have been selected and reconstructed with ~R0 

and Tl detected in their 7 decay mode[ 
．
The cor— 

responding p7c。and pTl invariant mass spectra are 
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shown in Fig．2 with clear peaks around 1 500 and 

1 670 M eV for p丌o and clear enhancement around 

the p1l threshold，peaks at 1 540 and 1 650 M eV for 

p11． Partial wave analysis has been performed for 

／(c~v·c ) 

the J／ PPrl channel using the effective La— 

grangian approach[。 ·。。]with Rarita-Schwinger for— 

malismc。。一。 ]and the extended automatic Feynman 

Diagram Calculation(FDC)package[。"．There is a 

Fig．2 Left：p'【o invariant mass spectrum for J／ p'【o；right：鲫 invariant mass spectrum for J／ ÷ 鲫 ．BESI data ”． 

definiterequirement f。r a．r 一丢一c。mporient at M 
一 (1 530土 10)MeV with r 一 (95士 25)MeV near 

the TIN threshold． In addition，there iS an obvious 

1 一  

resonance around 1 650 MeV with J =÷ pre一 

ferred，M 一 (1 647土 2O)MeV and r= 145+8 2 

M eV．These two N 。 resonances are believed to be 

the two well established states，SIl(1 535) and 

SII(1 650)，respectively．In the higher p1l(p11) 

l吐I；．I．m暑／(GeV·c ) 

mass region，there is an evidence for a structure 

around 1 800 M eV ；with BESI statistics we cannot 

determine its quantum numbers． 

W ith 58 million new 】 events collected by 

BESII of improved detecting efficiency， we have 

one order of magnitude more reconstructed events 

for each channe1．Preliminary results for】f 

pnlr— and J／ pK一 + h．c． channels are 

shown in Fig．3 and Fig．4，respectively． 

Fig．3 Left l missing mass spectrum against p7【一for J／’ —+ p7【一；right：p7【一8L 7【一invariant mass spectrum for J／’ —+ p7【一． 

Preliminary BgSII datac。”． 

一 ∞葛0 一＼∞苗â目 

一 g 一、要a 卣 

一z- ∞0 0-oJ＼3日â目 

一￡- ∞ H0．o)，口葛∞占 
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For J／ — p 一channel，proton and 一 are 

detected． W ith some cuts of backgrounds， the 

missing mass spectrum shows a very clean peak for 

the missing antineutron with negligible back— 

grounds The N invariant mass spectrum of 28， 

904 reconstructed events from half BESII data 

looks similar to the p invariant mass spectrum for 

J／ p 。as in Fig．2，but with much higher sta— 

tistics．Besides two very clear peaks around 1 500 

and 1 670 M eV ，the peak around 2 020 M eV be— 

com es clearer． This could be a“missing”N 。． For 

the decay J／ N。(2 020)，the orbital angular 

momentum of L==0 is much preferred due to the- 

suppression of the centrifugal barrier factor for L≤ 

1．For L=0，the spin-parity of N。(2 020)is lim— 

dt0 be丢 and 
that the N’(2 020) 

This may be the reason 

导 sh。ws up as a peak in 
decays while no peak shows up for N invariant 

mass spectra in N and 7N production processes 

which all。w all丢士，导士，导士and 7士N’reso- 
nances around 2．02 GeV to overlap and interfere 

with each other there． 

M(pK’)／(Gev·c一2) M(K—x)／(oev·c-2) 

Fig．4 Left：pK invariant 111a55 spectrum for J／ pKA ’right：KA invariant rfta55 spectrum  for J／ pKA ．Preliminary 

BESII data[。 ． ‘ 

For J／ pK一天 and K A channels，there 

are clear A’ peaks at 1．52，1．69 and 1．8 GeV in 

pK invariant mass spectrum ，and N ’ peaks near 

KA threshold and 1．9 GeV for KA invariant mass 

spectrum． The SAPHIR experim ent at ELSA[ -。。] 

also observed a N 。 peak around 1．9 GeV for KA 

invariant mass spectrum from photo—production． 

We are also reconstructing J／ p(1，，pKZ， 

p 一 and other channels． Partial wave analyses 

of various channels are in progress[ze,so]． Results 

from these analyses will provide a new way for ex— 

ploring the internal structure of baryons[。 t。 ． 

A major upgrade of the collider to BEPCII is 

planned to be finished in about 4 years． A further 

two order of magnitude more statistics is expected 

to be achieved． Such statistics will enable us to 

perform partial wave analyses of plenty important 

channels for both meson spectroscopy and baryon 

spectroscopy from the f and decays．We ex— 

pect BEPCII to play a very im portant role in many 

aspects of light hadron spectroscopy，such as hun— 

ting for the glueballs and hybrids，extracting uu+ 

da and ss components of mesons，and studying ex— 

cited nucleons and hyperon~，i．e．，N’，A’，∑’ 

and 冒。 resonances． 

3 Possible N Program at Lanzhou 

CSR 

The construction of Lanzhou CSR will be corn- 

pleted soont娼3
．
It will be~able to deliver proton 

beam for kinematic energies up to 2．8 GeV． This 

provides another good opportunity for studying N ’ 

一 罱 0 一，Bpg占 

一Aa葛 0N)／∞ â囡 
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resonances by using nuclear targets of nct cluster 

structure，such as‘H e， C，‘。Ca ．The processes 

are illustrated in Fig．5 for the simplest case of pa 

reaction． 

The advantages of such processes for studying 

p 

N’ 

N。resonances are：(1)the meson-baryon system 

in the final states is limited to be pure isospln 1／2； 

(2) N resonances here are dominantly produced 

from oN coupling，which is different from all other 

available experiments． 

．．． 

．．． 

。 。

1rr 'r。
，
77，百+

，
K+，K+ 

P，P，n ，A ，E 

Fig．5 Possible N processes from pa reaction． 

The N 。production from ap reaction was pre— 

viously studiedr3‘]with a beam of 4．2 GeV and a 

very primitive detector detecting Gt inclusively at a 

fixed angle．The maxim um mass for N 。production 

was 1．7 GeV． 0nly a peak may be corresponding 

to N。(1 440)was observed．Relevant theoretica1 

studies were performed by Oset group[。引． 

For proton beam of kinetic energy 2．8 GeV ， 

the maximum mass for the N 。 will be extended to 

about 2．8 GeV．W ith a modern 47 detector，many 

p ／GeV 

Jt／GeV 

exclusive channels can be studied with partial wave 

analyses to obtain much more information about 

various N resonances． 

p p 

Fig．6 Dominant mechanism for pet elastic scattering． 

JN／GeV 

pa／GeV 

以 ／GeV 

Fig．7 M onte Carlo simulation of momentum and angular distributions for the case of N。(1 700) 1 tO nN with proton beam 1+ 

of kinetic energy 2 GeV compared with phase space distribution(dashed curves)． 

Ⅱl ，g苗â u! ＼0口 自 
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The relevant aaa coupling in this process can 

be determined by pa elastic scattering which can be 

measured simultaneously with above processes at 

CSR． The dominant mechanism for the pa elastic 

scattering should be the t-channel o exchange as 

shown in Fig．6 since 7【aa coupling is forbidden by 

the isospin conservation． 

For the purpose of the detector design， here 

we also provide some simple M onte C：arlo simula一 

。 ／GeV 

tion results for the N 。production as shown in Fig． 

1 + 

7 and Fig．8，taking N。(1 700)÷ as an example． 
‘， 

W ith a comparison study of pa— aAK+，p 。C 

— ’． 。CAK+ and P‘0 Ca— ‘0 CaAK+， one may even 

explore the N 。一nuclear interaction． 

W ith the proton beam and a good 4n detector 

at CSR，a lot of interesting N。physics can be car— 

ried out． 

。／GeV 

肘 ／GeV 

N／GeV 

Fig．8 Monte carl。simulati。n。f inVariant m ss distributi。ns for the case of N 。(1 700) 1 t
。ⅡN with proton beam of kinetic 

energy 2 GeV compared with phase space distribution (top-left and dashed curves)
． 
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重子谱现状及兰州 CSR可开展的 N 研究项目 

邹冰松 

(--州重离子加速器国家实验室原子核理论物理中心，甘肃 兰州 730000； 

中国科学院高能物理研究所 ，北京 100039； 

中国科学 院理论物理研究所 ，北京 100080) 

摘 要：概述 了重子谱研究现状及在北京正负电子对撞机通过 J／ 衰变开展重子谱研究的最新进 

展．探讨了在兰州 CSR可开展的核子激发态研究项 目． 
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