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NEAR-THRESHOLD �-MESON PRODUCTIONOF THE REACTION ��p! �n USING THECRYSTAL BALL DETECTOR� ��Nikolai G. Kozlenkoon behalf of the Crystal Ball CollaborationyPetersburg Nu
lear Physi
s InstituteGat
hina, Leningrad distri
t, 188350, Russiae-mail: kozlenko�pnpi.spb.ru(Re
eived July 6, 2000)Preliminary results of the measurement of the rea
tion ��p ! �n,obtained in 1998 by the Crystal Ball Collaboration, are presented. Thesenew experimental results do not 
ontradi
t the predi
tions of the model ofpion-nu
leon s
attering in the K-matrix approa
h.PACS numbers: 14.40.�n, 13.75.GxUntil now experimental information on the 
ross se
tions of the rea
tion��p ! �n is very s
ar
e and 
ontradi
tory, espe
ially near the threshold(685 MeV/
). At the same time, obtaining a

urate experimental data inthe near-threshold region is very important for verifying theoreti
al modelsof �-meson produ
tion. Su
h data will also be useful for extra
ting the �Ns
attering length and understanding properties of S11(1535) resonan
e.� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.�� Supported in part by US DOE, NSF, NSERC, Volkswagen Stiftung, Russian FundBasi
 Resear
h and Russian Ministry of S
ien
es.y The Crystal Ball Collaboration 
onsists of E. Berger, M. Clajus, A. Maru²i¢, S. M
-Donald, B.M.K. Nefkens, N. Phaisangittisakul, S. Prakhov, M. Pulver, A. Starostin(on leave from PNPI) and W.B. Tippens, UCLA, D. Isenhower and M. Sadler,ACU, C. Allgower and H. Spinka, ANL, J. Comfort and K. Craig, ASU, T. Ky-
ia, BNL, J. Peterson, UCo, W. Bris
oe and A. Sha�, GWU, H.M. Stauden-maier, UKa, D.M. Manley and J. Olmsted, KSU, D. Peaslee, UMd, V. Abaev,V. Bekrenev, A. Koulbardis, N. Kozlenko, S. Kruglov and I. Lopatin, PNPI, G.M. Hu-ber, N. Kne
ht, G.J. Lolos and Z. Papandreou, UReg, I. Slaus and I. Supek, RBI,D. Grosni
k, D. Koetke, R. Manweiler, S. Stanislaus, ValU.(2239)



2240 N. Kozlenko et al.For measuring ��p ! �n 
ross se
tions it is ne
essary to dete
t eitherthe neutron or the photons from the �-meson de
ay modes � ! 2
 or � !3�Æ ! 6
. An ideal dete
tor for these purposes is a 4� gamma dete
torsu
h as the Crystal Ball (CB) [1℄ whi
h is now on the C6 beam line atBNL. Shown in Fig. 1 is the �oor layout of the C6 beam line in
luding theCrystal Ball dete
tor. Not shown in Fig. 1 is a gas �erenkov 
ounter usedfor determining of the ele
tron 
ontamination of the beam. The CrystalBall dete
tor is shown in Fig. 2. It 
onsists of 672 separate NaI(Tl) 
rystals
overing 93% of 4� steradians, ea
h 
rystal is 16 radiation lengths thi
k.Measurements of the rea
tion yield were performed in the near-threshold
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Fig. 1. Floor layout of C6 beam line.
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Fig. 2. Crystal Ball s
hemati
 view.region in the momentum range up to 720 MeV/
. The invariant mass of the� meson (for the 
ase when 2
 were dete
ted in the CB) was 
al
ulated asM inv2
 = p2E
1E
2(1� 
os �
1
2): A typi
al invariant mass distribution for2
 events is shown in Fig. 3. The ba
kground under the � peak (in Fig. 3)
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trum for 2
. The se
ond histogram is enlarged versionof the �rst in the vi
inity of the eta.



Near-Threshold �-Meson Produ
tion of the Rea
tion ��p! �n : : : 2241is less than 6% and was subtra
ted in order to 
al
ulate the yield. Theba
kground from an empty target was about 2%.The total 
ross se
tions �tot is de�ned by the formula:�tot = N�N�� Np A; where N�� = Ntot (1� ne) (1� n�);N� � number of events under the peak of M inv2
 ;N�� � number of in
ident pions;Np � number of protons in the target (1/
m2);A � a

eptan
e of the Crystal Ball for dete
tion of 2
;Ntot � beam monitor (total number of parti
les in
luding e; �; �);ne, n� � fra
tion of ele
tron and muon 
ontamination 
orrespondingly.Sin
e statisti
al errors of this experiment were very small, the main prob-lem 
onsists of dete
tion and elimination of the possible sour
es of system-ati
 errors. The main sour
e of systemati
 errors in the experiment was theun
ertainty determining the ele
tron 
ontamination in the in
ident beam.Therefore, in the present work the in�uen
e of the ina

ura
y in determiningthis 
ontamination on the magnitude of 
ross se
tion was investigated. Thein�uen
e of the energy threshold in the Crystal Ball was also investigated.Data were taken in July and September 1998 with various experimental
onditions shown in Table I below. The Table lists the run number alongTABLE IDi�erent run experimental 
onditionsMonth Run Ele
trons ThresholdJuly 8>><>>: 336 61% 0.26 V339 7.5% 0.26 V Lead (3 mm)340 7.7% 1.50 V Lead (3 mm)341 7.7% 2.26 V Lead (3 mm)Sept. 8>>><>>>: 387 30% 2.26 V415 31% 2.26 V431 29% 2.26 V451 32% 2.26 V517 25% 2.26 Vwith the 
orresponding ele
tron 
ontamination. Ea
h run in the Table hada beam momentum of 720 MeV/
. The maximum ele
tron 
ontaminationof 61% was found in run 336. In runs 339, 340 and 341 a 3 mm thi
klead plate was pla
ed at the intermediate fo
us of the C6 
hannel. Theele
trons lost a 
onsiderable part of energy due to radiative losses in the leadand were removed from the beam by the se
ond bending magnet (BM02).



2242 N. Kozlenko et al.This redu
ed the ele
tron 
ontamination of these runs to about 7.7%. Inruns 387�517 the 
ontents of ele
trons was from 25% to 32%. The muon
ontamination in the beam was almost 
onstant for the momentum range685�750 MeV/
 and was about 2%.In Table I the energy thresholds in the Crystal Ball are given also:0.258 V (100 MeV), 1.50 V (350 MeV) and 2.26 V (450 MeV). As MonteCarlo (GEANT 
ode) 
al
ulations show, the a

eptan
e A for dete
tion��p! �n pra
ti
ally does not depend on this threshold.Cross se
tion were 
al
ulated for ea
h run. Figure 4 shows a plot of �totversus run number. The average 
ross se
tion was found to be 2:03 � 0:01mb (the solid line in Fig. 4). The maximum diversion from the average isabout 4%(systemati
 error).
Exp 913,  720MeV/c
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ross se
tionvalues obtained at di�erent experimen-tal 
onditions (see Table ). The solidline is the Least-Squares Fit. P lab (MeV/c)
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ross se
tions of ��p !�n. The solid line 
orresponds to 
al-
ulations [2℄ in
luding S- and P -waves.The dashed line 
orresponds to only S-wave 
ontributions.The total 
ross se
tions obtained in this work are in a good agreementwith previous experiments but ex
eed signi�
antly all existing experimentaldata in statisti
al a

ura
y � see Fig. 5. Our results do not 
ontradi
tthe predi
tions of the K-matrix model of pion-nu
leon s
attering [2℄, whi
htakes into a

ount S- and P -wave 
ontributions to the �-produ
tion.REFERENCES[1℄ M.E. Sadler, �N Newsletter No. 13, 123 (1997).[2℄ A.B. Gridnev, N.G. Kozlenko, Eur. Phys. J., A4, 187 (1999).


