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PHOTOPRODUCTION OF BARYON RESONANCESFIRST RESULTS OF THE CRYSTAL BARRELEXPERIMENT AT ELSA�J. Junkersfeldfor the CB-ELSA CollaborationInstitut für Strahlen- und Kernphysik, Universität BonnNussallee 14�16, 53115 Bonn, Germanye-mail: junkersfeld�iskp.uni-bonn.de(Re
eived February 11, 2002)Photoprodu
tion data on various �nal states involving neutral mesonshave been taken by the CB-ELSA-experiment at the Ele
tron Stret
herA

elerator ELSA (Bonn). The data show 
lear stru
tures due to resonan
eprodu
tion. Eviden
e for su

essive de
ays of high-mass nu
leon resonan
esvia �(1232)�0, �(1232)� and N(1535)S11�0 have been observed. There iseviden
e for produ
tion of a0(980)-mesons in their �0� de
ay.PACS numbers: 14.20.Dh 1. Introdu
tionIt is widely believed that QCD is the 
orre
t theory of strong intera
-tion. Nevertheless, a quantitative des
ription of the quark 
on�nement hasnot been a
hieved. Instead, 
onstituent quark-models have been developed,whi
h des
ribe the baryon spe
trum with good su

ess. However, they pre-di
t a larger number of resonan
es than have been experimentally observed.There are at least two � very di�erent � explanations for this dis
repan
y:� The missing resonan
es do not exist. The baryon resonan
es 
ouldhave a quark-diquark stru
ture, as proposed by Li
htenberg [1℄, whi
hwould redu
e the degrees of freedom and therefore the number ofstates.� Presented at the VI TAPS Workshop, Krzy»e, Poland, September 9�13, 2001.(941)



942 J. Junkersfeld� The missing states do exist but they have not yet been establisheddue to the la
k of high quality data in 
hannels other than �N . Mostexperiments have investigated �N -s
attering, therefore it is likely thatstates whi
h have only a weak 
oupling to �N have not been dis
ov-ered. Several quark model predi
tions support this hypothesis [2, 3℄.A good overview of the 
urrent status of the missing resonan
es wasgiven by Bennhold on this workshop. If the missing states exist, they areexpe
ted to 
ouple to 
hannels like �N , �0N , !N , �� or �N , whi
h areprodu
ed in photoprodu
tion. Therefore photoprodu
tion experiments in-vestigating these 
hannels have a large potential for the dis
overy of thesestates. The investigation of di�erent �nal states is the topi
 of severalCB-ELSA-proposals [4�7℄.Another interesting aspe
t of the baryon spe
trum is the very sele
tivede
ay of resonan
es into their ground state and an �-meson. Among the�ve nu
leon-resonan
es with angular momentum L = 1 and negative parityonly one, the N(1535)S11, 
ouples strongly to N�; the others (N(1520)D13,N(1650)S11, N(1700)D13 and N(1675)D15) 
ouple only with a bran
hingratio of a few per
ent to this �nal state.The situation is similar for the � - and �-resonan
es with negative par-ity and L = 1; only the �(1670)S01 and the � (1750)S11 
ouple strongly tode
ays into �� and ��, respe
tively. The question arises what the situationin the 
orresponding �-resonan
e se
tion is, whi
h is partly not well estab-lished. An investigation of this would allow to extend the pattern and wouldgive further insight in a possible hidden symmetry [7℄.2. The CB-ELSA dete
tor

Fig. 1. Setup of the CB-ELSA dete
tor during the �rst data taking period.



Photoprodu
tion of Baryon Resonan
es : : : 943The setup of the CB-ELSA experiment whi
h was used during the �rstdata taking period between O
tober 2000 and May 2001, is shown in �g-ure 1. The experiment is lo
ated at the ele
tron stret
her a

elerator ELSAin Bonn, whi
h has a maximal ele
tron energy of 3.5 GeV. The extra
tedele
tron beam produ
es bremsstrahlungs-photons at a radiation target. Thede�e
ted ele
trons are measured by a tagging system, resulting in a taggedphoton beam with energies between 22 and 93 % of the in
oming ele
tronenergy. This allows to rea
h nu
leon resonan
es up to a mass of 2.7 GeV.The target 
onsists of liquid hydrogen and is surrounded by an inner de-te
tor 
onsisting of three layers of s
intillating �bres. The inner dete
tor issurrounded by the Crystal Barrel 
alorimeter, an ele
tro-magneti
 
alorime-ter 
onsisting of 1380 CsI(Tl)-
rystals in a 
ylindri
al-symmetri
 setup; it
overs 98 % of the 4� solid angle in the laboratory system. Lo
ated in theforward dire
tion is a Time-of-Flight spe
trometer.The experiment uses a two-level trigger system. The �rst-level trigger isprodu
ed by a 
oin
iden
e of an ele
tron in the tagging system and a 
hargedparti
le in the inner dete
tor or the ToF-spe
trometer; in the se
ond levelthe number of ele
tro-magneti
 showers in the 
rystal barrel 
alorimeter is
ounted by a Fast Cluster En
oder.The setup has been 
hanged sin
e May 2001 and the TAPS dete
tor hasbeen installed between the 
alorimeter and the ToF-walls. The setup andthe s
hedule for this modi�
ation was presented in a talk by S
hadmand [8℄.3. First preliminary resultsData have been taken with ele
tron-beam energies of 1400 MeV, 2600 MeVand 3200 MeV. For the following spe
tra, around 60 % of the data from the3200 MeV-beamtime have been evaluated. The ToF-spe
trometer was notyet in
luded in the analysis therefore the used statisti
s is further de
reased.The spe
tra are preliminary and no �ux normalization or a

eptan
e 
orre
-tion has taken pla
e. The 
hannels have been kinemati
ally �tted, with theenergy of the proton and the energy of the bremsstrahlungs-photon as freeparameters.The ele
tron energy of 3200 MeV 
orresponds to an energy spe
trumfor the tagged bremstrahlungs-photons from 700 to 2980 MeV or invariantmasses between 1480 and 2540 MeV.Here, events with four photons and a proton in the �nal state will bedis
ussed. The �gures 2(a) and (b) 
ontain the 

-invariant mass 
ombi-nations and they show strong signals for p�0�0 and p�0� �nal states; they
ontain approximately 150000 p�0�0 and 20000 p�0� events, respe
tively.Events have been sele
ted by a 
on�den
e level 
ut of 10%, respe
tively.
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Fig. 2. Final state with 4 photons and a proton in the �nal state, all 

-
ombinations are displayed. In (a) a linear and in (b) a logarithmi
 s
ale hasbeen used; the inset in �gure (b) shows the proje
tion of the marked region.3.1. The 
hannel p�0�0In �gure 3(a) the p�0�0-invariant mass spe
trum is displayed. It showsa strong resonan
e stru
ture at around 1700 MeV. In plot (b) the p�0�0-invariant mass is plotted against the p�0-invariant mass; this shows thatde
ays into �(1232)�0 are strong in the whole mass range. The diagonalenhan
ement in this plot is a kind of re�e
tion, due to the fa
t that we
annot distinguish between the two �0. If the proton and one of the pionsstem from the �-resonan
e, then the other �0 and the proton, due to thekinemati
al 
onstraints, lie on this diagonal.
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Fig. 3. (a) p�0�0 invariant mass spe
trum, (b) p�0�0 versus p�0 invariant mass,(
) p�0 invariant mass for a p�0�0 mass between 2000 and 2100 MeV.



Photoprodu
tion of Baryon Resonan
es : : : 945In plot (
) the invariant p�0-mass is shown for a p�0�0-mass between2000 and 2100 MeV. At 1232 MeV the signal for resonan
es de
aying into��0 is visible and at around 1700 MeV the 
orresponding re�e
tion 
an beseen. At around 1550 MeV another stru
ture in the spe
trum is visible,probably the N(1520)D13 .3.2. The 
hannel p�0�For �gure 4, the events with a p�0� �nal states have been sele
ted. Inplot (a) the invariant mass spe
trum is shown. Plot (b) presents the p�0mass for a p�0�-mass between 1800 and 2000 MeV and plot (
) for a massbetween 2200 and 2350 MeV; it is evident that a large part of the produ
edresonan
es de
ay via the ��-
hannel. In �gure 5(a) and (b) the Dalitz-plotsfor p�0�, with p�0 on the horizontal and p� on the verti
al axis are shown.The plots 
over the same p�0� mass regions as �gures 4(b) and (
). In thep�0� mass region between 2200 to 2350 MeV � besides the �� signal �the 
hannel N(1535)S11�0 is well visible.
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Fig. 4. (a) p�0� invariant mass spe
trum, (b) p�0 invariant mass for a p�0� massbetween 1800 and 2000 MeV and (
) between 2200 and 2350 MeV (�(1232)-massmarked by a line).
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Fig. 5. p� versus p�0 invariant mass squared for a p�0� mass between (a) 1800 and2000 MeV and (b) between 2200 and 2350 MeV3.3. The 
hannel pa0In �gure 6 the �0� invariant mass is plotted for di�erent p�0� massregions. In (a) an enhan
ement in the region around 1000 MeV 
an beseen. In the region of the a0-threshold around 1920 MeV (b) no signal foran a0-produ
tion is visible, but in the region 100 to 300 MeV above thethreshold (
) a strong signal for a0 produ
tion seems evident.
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Fig. 6. �0� invariant mass spe
trum (a) for the whole mass range, (b) for p�0�mass between 1800 and 2000 MeV and (
) between 2000 and 2200 MeV (a0-massmarked by a line) 4. Con
lusionThe p�0�0 �nal state 
ontains strong signals for �(1232)�0-produ
tionover the whole energy range investigated and also signals for the produ
tionof resonan
es de
aying into the �0 and, probably, the N(1520)D13.



Photoprodu
tion of Baryon Resonan
es : : : 947In the p�0� �nal state de
ays into �(1232)� and into N(1535)S11�0 are
lear to see and also a signal for a0-produ
tion.The data 
olle
ted in the �rst data taking period of the CB-ELSA ex-periment look very promising; already in this early stage of the analysis, thehigh quality of the data is obvious. It 
an be expe
ted that some light willbe shed on the problem of the missing resonan
es and on some other openquestions of baryon physi
s. REFERENCES[1℄ D.B. Li
htenberg, Phys. Rev. 178, 2197 (1969).[2℄ S. Capsti
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es De
aying into �(1232)�0 in theRea
tion 
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tor at ELSA. Proposal tothe PAC.[6℄ M. Ostri
k et al., Produ
tion of !-Mesons with Linearly Polarised Photons.Proposal to the PAC.[7℄ J. Smyrski et al., A Sear
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 Resonan
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