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Abstract

Differential cross sections for the reaction Y+p+n¥n are

presented for incident photon energies between 1,2 and 3

GeV and pion center-of-mass production angles of 15 to 50

degrees,



We have measured the production of positive pions from
the reaction y+p-~ n+m’ using a high resolution magnetic spect-
rometer equipped with scintillation counter hodoscopes (Fig., 1).
The pions were produced in a liquid hydrogen target by a brems-
strahlung beam obtained from an internal target of the DESY
electron synchrotron, The bremsstrahlung beam was defined by
two collimators, each followed by a sweeping magnet, A gas-
filled quantameter was used to measure the photon flux 1).

The spectrometer magnets were mounted on a movable plat-
form pivoted at the target center, Synchrotron magnets (C1l and
C2) bent the particles away from the photon beam and provided
an angular focus in the horizontal plane at Hl, By means of
the guadrupole doublet (91 and 02) and the bending magnets (M1
and M2) a momentum-dispersed image of H1 was formed at H2,
Counter hodoscope H1 measured the production angle of the
particles with an effective resolution of *2,5 mrad, Hodoscope

H2 measured a linear combination of the particle's product-
ion angle (0) and momentum (p), By approximately matching the
acceptance window of each H2 counter to the slope (3p/30) of
the pion photoproduction kinematics, we obtained a photon energy
resolution of #0,4%, which permitted the separation of single-
from multiple-pion production processes up to our highest pho-
ton energy. To first order the resolution of this "sloped win-
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dow type spectrometer" is independent of target size,

The passage of a particle through the spectrometer was
indicated by a coincidence between the trigger counters 81525384.
A measurement of the time-of-flight of the particle between S1
and §, with a resolution of 2 nsec (FWHM) permitted the separ-
ation of pions from protons up to our maximum pion momentum of
2,75 GeV/c, A lead-scintillator-sandwich shower counter was
used to measure the positron contamination of the pion sample,
This contamination was found to be negligible in all our meas-
urements,

At each occurrence of the coincidence (81828384), the traj-
ectory information from the hodoscopes, the particle time-of-
flight, and the shower counter status were recorded in the

memory of a PDP-5 computer, The PDP-5 served as a buffer during



transfer of the data to magnetic tape and also provided a
continuous display of the data, Cross section calculations
and other data analysis were done on an IBM-7044 to which the
PPbP-5 was attached by a data-link,

The acceptance, A = fdﬂ(dp/p), for each pair-combination
of hodoscope elements was calculated by a Monte Carlo tech-
nique which included the effects of: 1) the finite size of the
hydrogen target and photon beam, 2) multiple Coulomb scatter-
ing, 3) the stops determined by magnet apertures and counter
sizes, and H4) pion decay in flight, The total acceptance of
the spectrometer was 0,55 X 10—4 steradian, The error for the
acceptances is estimated to be less than 5%,

Cross sections have been measured at pion laboratory
angles from 8 to 20 deﬁrees in 2 degree intervals, and at ten
photon energies between 1,2 and 3 eV, For each laboratory angle
and photon energy the central momentum of the spectrometer was
adjusted so that the kinematic region accessible only to single
pion production was approximately centered in the momentum-angle
acceptance of the spectrometer, In the subsequent analysis of
the data only those events falling into the kinematic region
for single pion production and well away from the edge of the
bremsstrahlung spectrum were used to calculate the cross sect-
ions, The cross sections presented here have been corrected for
empty-target background (7%), pion decay in flight (4 - 16%),
nuclear absorption (8%), ambiguous events (8%), and effects of
a thick target on the shape of the bremsspectrunm,

The differential cross sections, do/dQc.m., are given in
Table I as a function of incident photon energy Ey, and center-
of-mass pion production anple, Oc.m.' { In Table I and Figs, 2
and 3, the errors given are only those associated with count-
ing statistics; the overall systematic errors in the cross sect-
ions are estimated to be less than 9%,.,) These cross sections

. o
have been averaged over angular intervals of AOC = 57 and

energy intervals ranging from AEy= 0,1 GeV at EY = 1,2 GeV, to
AEY = 0,15 GeV at EY = 3,0 GeV, We have determined that this
choice of intervals does not appreciably change the energy-angle

structure of the cross sections, The energy behavior of the cross




sections at ©_ = 20, 30, and 45° is shown in Fig, 2 with

some Cal Tech éa%a of Kilnera) and Dixdnu). The dominant

feature of these cross sections is a rapid decrease with energy.
Between 1,5 and 2,0 GeV incident photon energy we observe some
structure in du/dﬂc. . which might be due to the nucleon isobars
of masses 1924 and 2190 MeV, The angular distributions show a
fairly uniform decrease with angle at all energies above 1,7
GeV, However, at the smallest energies, 1.2 and 1.,3% GeV, the
angular distributions begin to turn over below g300, in agree-

3)

ment with Kilner®’, The intermediate energies of 1,48 and 1,62
GeV apparently represent a transition region between these two
types of behavior,

| In Table III and Fig, 3 the data are presented in the form
of do/dt as a function of -t at constant EY' These data have been
averaged over energy in?ervals as given above and over intervals
in -t ranging from At = 0,02 to 0,075 (GeV/c)2 at -t = 0,02 and
1,0 (GeV/c)2 respectively, At photon energies above 1.75 GeV we
have fitted the data with the expression do/dt = Arexp(Bt),
The results of this fitting procedure are given in Table II,
Although this parametrization represents the dominant behavior
of the cross sections rather well, the fits obtained at some
energies are poor, The deviations of the experimental points
from the exponential form show no apparent systematic behavior
and may be due to small systematic errors in the data. The
values of B given in Table II indicate that the exponential
fall-off of the cross section becomes less rapid as the incident
photon energy increases, Elings et als) obtained B = 3,0%0;3
(GeV/c) 2 from their n' photoproduction data which is averaged
over photon energies from 3,52 to 3,88 GeV., In elastic pion-
nucleon scattering, however, larger values of B ( =8 (GeV/c)mQ)
are observed at comparable momentum transferss). We also note

that the values of A given in table II show an approximately

exponential decrease with increasing photon energy,
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TABLE I: Center of mass cifferential cross section for the reaction Y+p+n+ﬂ+

as a function of pion

center of mass production angle and incident laboratory photon energy, EY' The cross sections are in

units of microbarns per steradian.

dc/dnc m'(ubarns/steradian)

Pion production anecle in center of mass system,
L, (GeV) 15° 20° 25° 30° 35° 40 ° 45° 50°
1.20 3.684:0,11 4,0320,13 4,3720.11 h,3620,14 B,.41+0,11 4,06*0,20
1.34% 2,930,210 3.58%0,11 3.77x0.09 3.75*0,12 3.55%0,09 3.37£0,13
1.48 3.20t0,12 3,130,089 3.32x0,17 2.,87£0,08 2,70£0,07 2,4420,.07
1.62 3,400,214 2,710,089 2.87x0,14 2.,43=20,07 2,030,086 1.61*0,04 1.05£0.11
1.77 3.28*0,14 2.50t0.08 2,72x0,07 2.3620,08 1.78%0.06 1.3920,04 1.17*0,0686
1.98 2,98*0.15 2.87:0,07 2.47t0,.06 2,040,05 1.84%£0,086 1.18x0.03 1.0020,03
2.18 2,6020,17 2,440,086 2.35:0,06 -1.86i0.07 1.42£0,08 1.0420,03 0,69:0,02 0.3820,07
2,38 2.13%0.23 1,120,086 1.7120,05 1.51+0,05 1.0420,03 0.81*0,03 0.58%0,02 C.41*0,03
2,63 2.1420,09 1.6420,06 1.38%0,04 1.19=0,04 G.8320,03 0.67x0,03 0.42%20,02 0.33*0.02
2.88 1.46*0,086 1.1420,05 1.07%0,08 0.80%0.04 0,53*0.03 0.37%0,02 0.26*0,01
3,16 0,.25%0,03 0.22*0.03
3.29 0.25%0,02 0.17%0.,01




TABLE II. Results of least-squares fitting our do/dt
cross sections with the form do/dt = A.exp(Bt), The total
chi-squared, xz, and the number of degrees of freedom, D,

are given for each fit,

EY(GeV) A(ub/(GeV/c)Q) B ((Gev/c)-2) x2 D
1.78 19,100,445 3,32:0,11 17.8 9
1,988 16,200,440 3,220,10 9.7 9
2,18 13,700, 31 3,3120,08 47,1 11
2,39 9,650,256 2,9420,08 32,0 12
2,63 7,560,109 2,86%0,07 27,7 15
2,88 5,7/%0,20 2.5510.07 20,6 14




TABLE

I

do/dt for the reaction Y+p+n+ﬂ+

as a function of -t, the

four-momentum transfer squared, and Ey, the incident laboratory pho- o
ton energy., The cross sections are in units of microbarns per (feV/c)

do/dt {ubarnS/(GeV/c)Q}

-t
[gng Incident laboratory photon energy,E,, in GeV,
1,20 i,3u 1,48 1.62 1.78 1,98
0.02 129,3721,02121,47t1,25
0,05 -/28,09¢0,94(20,68t0,58(18,52t0,59{17,69%0,69 15.97+0,76114,5721,92
0.07 {34,35%0,93|24,81%0,73({18,92+0,64 14,320,557 )44 ,45:0,47{12,700,472
0.10 j34,72+1,10(26,11¢0,79(18,70t2,58(14,12:0,75 13,500,47111.82t0,42
0.12 [33,68%1,20}24,9140,95|18,51t0,64/15,24%1,00 13,64:0,45111,156¢0,43
0,15 {34,18%1,06)26,71¢t0,95[16,47+0,67 14,340,439 12,21*0,49710,58%0,39
0,18 |381,52%1,30]22,66%0,68 17,020,67}110,87*0,4514,580,37| 8,90t0,32
0,21 22,80%t0,87)165,73%0,44|11,15%0,40] 9,79%t0,38] 8,76%0,29
0.25 19,40:3,50|14,05*0,50) 9,60%0,29| 8,07t0,28] 6,89t0,29
0,30 11,49%1,35 7.,8920,29} 6,760,221 6,200,28
0.35 5.,68%0,72] 5,95%0,22} 5,04t0,18
0,40 5,13+0,53| 4,5420,16
0,46 3.,u46t0,20
2,18 2,39 2,63 2,88 3,23
0,05 7.1820,73
0.07 9,760,471 7.25%0,94| 6,70%t0,38
0.10 9,110,333} 6,860,311 5,550, 34
0,12 9,75%0,32| 6,20:0,28] 5.,68:0,28 4,610,356
0.15 8,72%0,29| 6,6320,27] 4,420,231 3,960,272
0.18 7.77t0,46! 5,58¢0,23| 4,21%0,20| 3,28t0,18
0.21 7.45%+0,44 5,81%0,25| 4,05t0,19]| 3,18%t0,20
0,25 6.84t0,26| 5,36:0,24} 3,93%£0,18| 3,17%0,17
0,30 5,03%0,22) 3,94¢0,17{ 3.,47%t0,15] 2,790,225
0,356 4,55:0,22| 3,450,155} 2,82+t0,16| 3,11%1,10
0. 40 3,99+0,15| 2,93:0,15| 2,25%0,12]| 2,31%0,18
O,46 2,860,114 2,520,122} 2,35%0,12| 2.05%¢0,12
0,52 2,290,114 2,21*0,10| 1,75%0,11| 1,36%:0,10
0,58 1,450,222} 1,67%0,09] 1,39t0,07} 1.39%0,09
0.65 1,170,143} 1,13%40,07) 1,110,008
0.71 0,97+0,07] 0,95%0,05] 0,75:0,12
0,79 0.B0x0,08| 0,760,005 0,62t0,05
0,86 0.62t0,06] 0,51%0,03
0,93 0,6420,09| 0O0,41%0,04
1.00 0,35+0,05




FICURE CAPTIONS

Plan view of experimental arrangement,

Center-of-mass differential cross sections for
+ : : .
y+pontn as a function of incident laboratory
photon energy, EY. ®-this experiment, O-Reference 3,

O -Reference 4,

de/dt as a Ffunction of -t ( EY given in ceV),
@®-this experiment; Q-Reference 3, EY = 1,20 GeV
and 1,30 GeV; Y and A -Reference 5, The straight
lines drawn throuph the data points are described

in the text ( see alsc Table II ),
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