
27. OKT. 1965t/

DESY 65/11
September 1965

Experimente

PHOTOPRODUCTION OF PION AND NUCLEON RESONANCES AT

ENERGIES UP TO 5.5 GeV

Aachen-Berlin-Bonn-Hamburg-Heidelberg-München Collaboration

U. Brall, G. Reimann,

T. Physikalisches Institut der Technischen Hochschule Aachen,

W. Bothin, H« Böttcher, K. Lanius, A. Meyer, A. Pose,

Forschun^sstelle für Physik hoher Energien der Deutschen Akademie

der Wissenschaften zu Berlin-Zeuthen,

J. Moebes, B. Nellen, W. Tejessy,

Physikalisches Institut der Universität Bonn und KFA Julien, Bonn,

D. Cords, G. Harigel, G. Horlitz, E. Lohrmann, H. Meyer, M.W. Teucher,

G. Wolf, DESY, Hamburg,

D. Luke, D. Pollmann, E. Rau, P. Söding, H. Spitzer,

Physikalisches Staatsinstitut, II. Institut für Experimentalphysik,

Hamburg,

H. Beisel, H. Filthuth, H. Kolar, P. Steffen,

Institut für Hochenergiephysik der Universität Heidelberg,

P. Freund, N. Schmitz, P. Seyboth, J. Seyerlein,

Max-Planck-Institut für Physik und Astrophysik, München

DEUTSCHES ELEKTRON E N - SYNCHROTRON D E S Y



D E U T S C H E S E L E K T R O N E N - S Y N C H R O T R O N DESY, H A M B U R G



I n t r o d u c t l o n

In this paper we report on photoproduction of pions and re-

sonances by protons in the y energy ränge between O.J GeV and ;.;

5.5 GeV. The production of N* (1258) and of the Ti ,? and u> mesons

haa been observed. The results of j1 and w production are com-

pared with the predictions of the one-pion-exchange (OPE) model

and the diffraction model.

The experiment was carried out with the German 80—em hydrogen

bubble chamber in a Bremsstrahlung beam frora the DESY electron

Synchrotron . About 400.000 piotures were taken with an average

flux of approximately 80 effective quanta per picture. The results

reported here are based on about 150.000 picturee.

The flux and the energy spectrum of the incident photons were

determined by counting the electron-positron pairs produced in

the chamber and by measuring their energies, using the known

cross sections for pair produotion by hydrogen.

So far we have analyzed about 5.000 eventsj table I gives the

numbers for the different photoproduction channels. In fig, 1

the energy dependence of the cross sections for reactions (1)

and (2) are shown. The curves are the corresponding valuea from
2

counter and bubble chamber measurements . Fi

sections for the reactions (?)» (4) and (5).

2
counter and bubble chamber measurements . Fig. 2 showe the cross
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Table I.

Numbers of events

Reaction Number

(0 Y P -
(2)

(5)

(4)

(5)
(6)

(7)
(ö)
(9)

-^ pn°(n°.. .) /i1465")
mc^n0 . . .) M 120^

pn n~ 1556

pn+K~n° (n°...) 691

nn n n (n . . .) 280
4- -l- B. _

pn n n n 28
+ + — - o/ o \„pn n n n n (n . . . ) 47

mc+re+ic+n~Ti~fTt0 "i 28

Strange particles 124

T o t a l 5359

Percentage of film used

45

45
100

100

100

100

100

100

100

1T* and.$ production in reaction (3)

In fig. 5 and 4 we show the pn and n TC" mass distribution re-

spectively from reaction (j) for different photon energy inter-

vala. Both N* and^° production are obviously present. For

each energy interval the two experimental mase dietributions

were fitted to a superposition of phase space, the Breit-Wigner

3
distribution with an energy-dependent width' for the appropriate

resonance and the reflection of the other resonance (assuming

Isotropie decay in the resonance reat frame). The sum of the

three contributions äs obtained from the least squares fits are

shown by the curves; also the percentages for the three contri-
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butions are given in the figures. From these peroentagee the

cross sections for the two ohannela

(Ja) YP -* N****"

(Jb) YP -* P 3°

were obtained and are given äs a function of the primär y energy

in fig. 5a and 5b. They agree with the results of the CEA bubble

4 ++chamber group . The cross section for H* production rises steep-

ly from threshold up to a maximum at 0-75 GeV and then drops off

rather sharply. The $ production cross section on the other band

shows the same steep rise but a much slover drop off.

In the fitting procedure diecuseed above the mass of the J-meson

was used aß a free parameter resulting in a best estimate of

(729 .+ 5) MeV. This value is lower than the commonly accepted

onej however, the Barne tendency has been obserred in other photo-
4

production experimente \e cross eection for H* production (flg. 5») below 1.5 GeVia

5
compatible with the prediction of Stichel and Scholz who have

modified the Lrell formula for one-pion-ezchange (OPE) to include

corrections for gauge invariance. On the other hand the position

and the shape of the maximum suggests that the N* is produced

via the 1512 isobar (and perhaps the 1688) äs an intermediate

state. At energies above 1.5 GeV the comparieon with the Stichel -

Scholz formula is inconclusive due to the large background and

the necessity for reatriction to s mal l momentum transfers.

Fig. 6 shows the distributions of the H* decay angle a Q and <f)

for E < 1.1 GeV and momentum transfers between inooming proton
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and N*"1"1" less than 0.5 GeV 2. Vhile t he § distribution is con-

sistent with isotropy the cos Ö distribution strongly disagrees
o

with (l+5cos ö) äs predicted for OPE. Fig. 6 also gives the pre-

dictions foxthe OPE model with gauge invariance corrections

These predictions are seen to agree with the obaerved distri-

butions.

Re B_o_nanc e pr o d.uc t i o n ̂in r e atstion (4 )

+ — o
Fig. 7 shows the pn and n ji mass distribution for EY^> 1.8 GeV

and the n u n mass distribution for Ey^ 1.1 GeV for reaction (4)

It is seen that above 1.8 GeV there is a substantial amount of

N* production corresponding to an average cross section of

about 7^b. This is rauch larger than the amount of N* production

above 2 GeV in reaction (?) (fig.5). The^y" is apparent in the

Tc~7i° distribution. The accumulation of events in the mass region

below 0.6 GeV is due to the pions from the decay of the u meson

(fig.7). The curve in the -n % distribution is a superpoaition

of phase space and the contribution from the number of u mesons

observed above 1.8 GeV.

Fig. 5c gives the cross section for the reaction (4a) YP -* P̂

äs a function of energy.

Production of the T] meson is observed only between threshold

(0.7 GeV) and 0.9 GeV? the average cross section for YP->P£

in this energy interval is ö- =(12«5 + 5-4)t^b. This value äs well
t •—

äs the values of fig. 5c have been corrected for the neutral de-

cay modes of the7\(67 /o) and the w (11 /o) respectively,



Comparison of reactions yp -» P^ and YP •» Pui vith theory

At emall momentum transfers the experimental cross sections for

? and u production may be compared with the prediction of the

7 fl
QPE model and of the diffraction model of Berman and Drell .

r\

Fig.8 shows theA distribution for reaction yp ~> 2$ f°r

primary energies up to 5.5 GeY. The shape of the distribution,

äs predicted by the OPE model with the form factor of Ferrari

9
and Selleri , is ahown by the dashed curve. It is seen that

it cannot account for the steep drop off observed experimentally,

This holds also for the OPE model with absorptive correctione

(dotted curve). The diffraction model on the other hand yields

better agreement with the experimental shape (solid curve).

In fig.9 the crose sections for? and u production äs functions
n P n

of the primary energy are shown for ̂  < 0,5 GeV . Forf product-

ion the OPE model predicts a rather steep fall-off with increase-

ing energy whereas the experimental cross section seems to be

rather constant. On the other hand such a behaviour is expected

from the diffraction model.

We now use the OPE and the diffraction model to make quantitative

eetimates for the partial widths / f ny and'^jrvfor the decays

e -* ny and w -* ny respectively. The contribution of the OPE model

to P (w) production is proportional to/ (| ). On the other

hand the diffraction model yields a contribution proportional to
.2 . /r—2 - -—' _2..„_/T 2^ i

forf° production and proportional to / * g/^7 'J ?ny 4̂  / (n
J -J 0

for w production. In these expressions / _ is the width for the
O ^̂

decayf-T»2Ti and S^ox "lie ^3* co^pling conetant. In the following
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the values / - 140 MeV and g ffi" - 12 were used . Fr
JTIJI 4n

tu production the OPE model leads to reasonable agreement vlth
-7 - -

the experimeirtal cross sections if one uses a value of / Ĉ.7

(fig. 3*>, dashed curve). This number may be compared with 0,91feV

äs obtained from direct observation of the decay tnode u-^Tty

Applying the diffraction model one has to take / äs small äs

0.1 MeV in order to find agreement with the experimental results

(solid curve) .

Vith theee valuee f or / and / one can now calculate the con-
wny JW

tributions of the OPE model and the diffraction model to f pro-

duction (fig,9a, dashed and solid curve respectively) . The con-

tribution from OPE is negligible in acccrdance with the observ-

ations discussed above whereas the diffraction model agrees rough

ly with the e^perimental values.

12

The value obtained for the ratio _-- is compatible with the

prediction 9:1 from SU(6)
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A p p e n d i x

N* , production in the reaction YP -* ̂ **z *

The N*,, decay angular distribution may be expressed by

9 is the angle between incident and outgoing proton and <p the

azimuth angle (d) « 0 in the production plane), both taken in

the N* rest frame. In the model of Stichel and Schola the

density matrix elements f .. are given by
J i

«L = C I -_L G <s.t)
** J , r̂ r tf>\ _ -

CP,P,1
- -v'

4-J. C» /-£ J.N
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l p. + 5- _JV.,_ )*-
2- £. *v\a- 2- u - M2- /

- 2--t -A*

Here k, p,; q, p denote the fourmomenta of the photon, of the

incident proton, of the n~ and of the isobar respectively.

p is the pion maes, m is the nucleon mass and H is the iso"bar

mass;

s - (k + Pl)2

t - (k - q)2

u - (p1 - q)

r n _i — *
[a D| - a • "b

^ -k
a,b are the three momenta of a,b in the isobar reet frame.
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Captions ior figures

Fig. 1 Cross sections for (a) YP •* PK *n<* (̂ ) YP^nn äs

functions of the photon energy E AI* B- . was calr,u***ed under

the assumption t ha t only one p i o n is produced. The

curves show the croes eections from counter and bubble

chamber measurements (ref.2).

~
* 2 Cross sections for (a) YP -# P* *~ and (b) YP -* * * n (•)

and YP -* n* ̂  ̂  (ü) ae functions of the photon energy.

. 3 PK effective rnass distributions for reaction YP~*P* Ä

for different energy intervals of the incident photons.

The curves are superpositions of phase space (P.S.), a

Breit-¥igner distribution for N* and the reflection

from the j meson, obtained front a least squares fit.

Fig. 4 Ä n~ effective mass distributions for reaction YP-*P* K

for different energy intervals of the incident photons.

The curves are superpositions of phase epace (P.S.)»

a Breit-Wigner distribution for the J meson and the

reflection from the N* , obtained from a least squares

fit.

Fig. 5 Cross sections for (a) YP -̂  *** TC~i (b) YP -*

(c) YP~*Pw äs functions of the photon energy.



Fig. 6 Distributions of the N* decay angles ö and (p for

E ̂ 1.1 GeV, A2(P/P*+X 0-5 GeV2 and 1.12 GeV <

M + O «52 GeV for reaction YP •* P11 *~- ö is the angle

between incident and outgoing proton and d) the azimuth

angle (d) «• 0 in the production plane), both taken in

the N* rest frame. The curves give the predictions

of the OPE model, and of the OPE model with the cor-

rections of Stichel and Scho3z.

Fig. 7 Effective mass distributions of (a)pn and (b) n~Tt°

for E > 1.8 GeV and of (c) n+7i"n° for E ) 1.1 GeV for

-t- — o / \n yp** pn n n . The curve in (a) is the phase

space distribution, the curve in (b) is a superposition

of phase space and the reflection from u decay.

Fig. 8 ö.z for reaction YP->P?° for E < 5.5 GeV. The dashed

curve is the prediction of the OPE model with the

Ferrari-Selleri form factor, the dotted one of OPE

with corrections for absorption. The solid curve is the

prediction of the diffraction model with / = 0.7 MeV.
u)7iy

= MO MeV and g2^ & - 12 (see text) .'

Fig. 9 Cross sectionsfor (a) YP -* PJ aßd (b) YP-»Pu> äs functions
Tor p p

of photon energy 4 (p/p)̂  0.5 GeV . The solid and dashed

curves show the predictions of the diffraction and the OPE

model with the Ferrari Selleri form factor. The values
o

P - 0.7 MeV, ü~ - 0.1 MeV, 77 - 140 MeV and S "f* , 12
ümy J*Y J ATI 4n

were used (see text).
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