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ABSTRACT 

The reaction yp + ~‘71~p in the energy range 5.5 to 18 GeV has been 

studied in connection with the dual resonance model of Satz and Shilling. 

The data was obtained from streamer chamber exposures using an 18 GeV 

Bremsstrahlung beam. Some aspects of the data, such as the shape of p 

peak and the dependence of the diffraction slope on the dipion mass in the 

p region, are satisfactorily reproduced by the model. However, the model 

in their proposed form predicts a wrong energy dependence and disagrees 

badly with the observed p decay angular distributions. 
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The Veneziano models, explicitly satisfying duality and crossing symmetry, 

had considerable success in the phenomenology of non-diffractive processes. 1 

Recently Satz et. al. 293 proposed a way of applying these ideas to the diffractive 

processes involving Pomeron exchange. In this report we compare their model 

with the data from the reaction 

YP - n+7r-p ; 

with the photon energy in the range, 5.5 to 18 GeV” -Some aspects of the data, 

such as the shape of the p peak in the dipion mass spectrum and the dependence 

of the diffraction peak on the dipion mass in the p region, are satisfactorily 

reproduced by the model. However, the model in the proposed simple form 

predicts awrong energy dependence and diagrees badly with the observed p decay 

angular distributions. The data, in this respect, strongly support the idea of 

s-channel helicity 4,5 conservation which appears incompatible with the model 

in study. 6 

The data used in the analysis was obtained in a photo-production experiment 

carried out at the Stanford Linear Accelerator Center exposing the 2-meter streamer 

chamber with a hydrogen gas target to an 18 GeV Bremsstrahlung beam. 7 Measure- 

ments of 21,000 3-prong e-vents yielded 5800 events in the final state (1) at all photon 

energies. Some properties of p production in this data, such as the total and dif- 

ferential cross sections and decay angular characteristics have been described 

elsewhere. 8 For the present study we use a subsample consisting of 2800 events 

with the energy above 5.5 GeV. Each event is then weighted to correct for the 

trigger and chamber efficiency. These weights for high energy events behave mildly: 

the average weight for our sample is 1.5 and only a few events (about 7%) have weights 

larger than 2. The presence of the target tube (i inch diameter, 4 mil thick mylar 
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tube) made the vertex region invisible. This caused a scanning bias in detecting 

very low energy protons and high energy forward pions (staying invisible for 

some distance away from the vertex). The effect is apparent in the data as a 

depletion of events with the momentum transfer near minimum. Extrapolating 

to the minimum by means of exponential fits such as in Table I (to be described 

later) we estimate the overall loss to be less than 10%. 

The reaction (1) at high energy is well known to be completely dominated by 

the diffractive production of p 8,9 : The flat cross section as a function of the total 

energy, the similarity of the momentum transfer distribution to the 7rp diffraction 

scattering, and the evidence for the natural parity exchange from the polarized 

photon experiment5 all support the idea that the reaction proceeds through 

Pomeron (P) exchange as in Fig. 1. 

The model of Satz and Schilling . We briefly review the model of Satz and 

Schilling. 3 Using the notations of Fig. 1 we define the invariants, s = (k + P)~, 

f- = (PI - P2)2, s = Ml+ s2)2, t = tk - s212, and u = (k - q2)2. The essential 

idea is to treat the Pomeron as a J P = O+ particle and factorize the amplitude as 

eM(YP-+ n+*-p) = exp (i t) S&( YP - ~+7r-), (2) 

where the first factor is the P-p-p vertex function, s is the Pomeron propagator, 

and the last factor stands for the amplitude of the two body process, 

yp - 7r+7r- (3) 

For the latter process A. Bartl and C. Iso 10 have pointed out that (treating P 

as a O+ particle) gauge invariance leads to the following kinematic factor 

+- &(yP-7r n)= (k*Q E-q- k*q E*Q),‘k*Q] V, 
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where Q = ql + q2 and q = q1 - q2. Finally the B4-prescription of Venenziano 

is applied to the amplitude V using the p and 71 trajectories in the direct and 

crossed channels respectively. 

V = ,O B(1 - o.$ s)~ - o!,(t)) + B(l - oP( s)~ - o,(u)) 1 . (5) 
The trajectory functions are taken to be 

a*(x) = ctl(x - rni ) , t w 

(U,(X) = 1 + OJ!(X - m ,“, +icu’(x-4mi) * d(x-4mi) * Pb) 

P IT 

We use the prevalent values for the slopes of trajectories, o’ = 1 GeV -2, the 

p-p diffraction slope; a = 5 GeV-2, and the nominal values for p, m = 765 MeV 
P 

and rP = 125 MeV. 

The model in this simple form has no free parameters other than the overall - 

normalization (at a fixed energy) ,f3 of Eq. (5). Combining Eqs. (2) - (5) we ob- 

tain the following expression for the cross section averaged over the photon 

polarization E , 

a@)3 exp(aT) iii 2(s - 4mz) sin28 J tvi2 9 
VI 

where a@, is the invariant 3-body phase space and 8 J is the decay angle in 

the t-channel helicity frame for the dipion system to be discussed later. 

Energy dependence. The numerical results were obtained by a Monte-Carlo 

technique with the Bremsstrahlung shape, l/klab, folded in. Also for the sake 

of efficiency the calculations were performed with the cuts,m( 7r7r) < 2 Gev and 
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I 

ItkO.8 GeV2. If p is taken to be independent of energy, then the model shows 

a rising energy depednence (a: s l/2 ). In order to force an agreement with 

- -3/2 the data we had to introduce an ad hoc factor s in the calculation. The 

energy dependence is shown in Fig. 2, in which we compare the observed photon 

energy spectrum with the calculated curve (normalized to the total number of 

events). 

Invariant mass and momentum transfer distributions. In Figs. 3 and 4 we 

show two-body invariant mass distributions together with the calculated curves. 

Neither of the two pion-nucleon mass spectra of Fig. - 3 exhibits any prominent 

structures (such as A(1236) for the m(p T’) spectrum). The gross shapes of the 

two distributions are similar, which is consistent with a model with t - u 

(or 7r+ - 7r-) symmetry. The results of calculations are obtained as dis- 

tributions such as that shown by dots in the m(p n-) spectrum of Fig. 3; 

smooth curves in this and other figures are free-hand representations of such 

distributions. As shown in Fig. 3 the model does not agree well with the data; 

this reflects, of course, the disagreement in the dipion decay angular distributions 

to be discussed later. 

Fig. 4 shows the m( nn) spectrum which is dominated by o. Here the model 

satisfactorily reproduces the p shape; both features, namely, the shift of the 

peak from the nominal value (765 Mev) to the observed one (750 MeV) and the 

skewing of the resonance shape are well reproduced. However, outside the 

p region, 1< m( QW) < 2 GeV, the model exhibits two characteristic oscillations 

which the data do not seem to warrant. Also in this mass region the predicted 

cross section is larger than observed by a factor two. 

Fig. 5 is the proton-proton momentum transfer (T) distribution for all 

events. In order to remove the kinematic variation of minimumt on the 
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photon energy we consider the quantity 

i ’ =t - -fmin = -2k’p; (1 - case*) , 

where k*(p*,) is the momentum of y (outgoing proton) and 6 * is the production 

angle of the dipion system in the overall center-of-mass. There is a sat- 

isfactory agreement between the data and the calculation disregarding the dip 

in the first bin (11’1 < 0.02 GeV2), which is due to a bias in the data as mentioned 

earlier. 

In Figs. 6 and 7 we show a peculiar feature, which, appears to be character- 

istic of the diffraction dissociation process, 11 namely, the dependence of the 

diffraction peak on the dipion mass. Thet distributions in several m( no) 

intervals together with the corresponding calculated curves are presented in 

Fig, 6. We also make an exponential fit of the form 

A exp (bt’) 

for 0.02 <ltll< 0.52 GeV2 to each of these distributions and show in Fig. 7 

the variation of the slope b as a function of m( 7r7r). The results are also 

listed in Table I. As seen in Fig. 7 the slope b of the data decreases mono- 

tonically from a value of 9.3 to 4.5 GeV -2 as the mass m( nr) increases from 

a value of 0.48 to 0.96 GeV. In the same mass region the model also predicts 

a similar feature as shown by the smooth curve in the figure, but the predicted 

rise for higher mass appears inconsistent with the data. 

Decay angular distributions. When considering the dipion decay angular 

distributions, the model tends to agree better with the data for high mass and 

disagrees badly in the p region. This is in contrast to the dipion mass and the 
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diffraction peak. 

In the rest frame of the dipion system we introduce two sets of coordinate 

systems; (1) the t-channel helicity or Jackson axes defined as 
A z=c, 7 = -2 xG,/Ic x~,I, G=; xc; and(2)thes-channel 

helicity axes, GH = -$, , FH = $ , GH = TH x GH. The two systems are 

related to each other by a rotation through an angle X about the common 
12 y-axis. We then consider the polar and azimuth angles of $,( 7r’) in each 

coordinate systems, 

c0se J=;l*2 , qbJ=ta8( $' T/ q G), (10 a) 

For a parity-conserving decay, l- - O-O-, (with the choice of y-axis normal 

to the production plane as in both systems) we expect the following general 

expression for the angular distribution, 13 

aw 3 2 2 m =G L P()() cos 8 +Plph 8 -PI-l sin28 cos2$ - fi (Re plo) sin20 cos$ 3 , 

=k [ Yoo + (1 - 3Pll) 2 Y20 - 
6. 

plml f T @e Y22) + @e plo) J- q&e 34 1 * 

(12) 
So that the density matrix elements are related to the multipole moments as 

given below - 

p11=3 IL -$- <y2o/yoO>’ 
I- 

PI-l= - J -$- Re 021 /yoo> * 

(13) 

Re PlO =& Iie <%?I/ loo> * 
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Since the t - u crossing corresponds to a change of sign in cos 8 J, it 

is obvious from Eqs. (5) and (7) that the model is an even function of cos 8 J. 

Also it is a constant in $J. Furthermore we expect from the model that the 

projected cos 8 H distribution is symmetric about 0 and the projected $H dis- 

tribution is symmetric and invariant under c$H - @H + 7~. 

In Fig. 8 we show the projected angular distributions. The cos 8 H or @J 

distribution clearly shows the overall disagreement between the model and the 

data. In Figs. 9 and 10 we display the data and the calculation in several m( 7~) 

slices. 

In each of the m(nn) slices we have carried out a moment analysis and 

expressed the observed moments in terms of a density matrix assuming 

Jp = l-, according to Eq. (13). The results are summarized in Table II. The 

corresponding projections are given as dashed curves in Figs. 9 and 10 and 

show to what extent the observed angular distributions are consistent with the 

assignment, J P= 1-. 

We observe that in the o region (the third and fourth mass intervals) the data 

is completely characterized by a vector meson decay with the polarization 

H 1 expected from the s-channel helicity conservation, namely pII= 2 , ptl= pyel= 0 

(as opposed to the case of the t-channel helicity non-flip, p:r i , pil= ptBl= 0). 

The angular distribution in the s-channel helicity system is simply 

aw 3 2 
an,= 8n smeH. 

We propose another test for J P = l- and s-channel helicity conservation. 

Assuming J P = l- and rotating through an angle X about the y-axis 
15 

we obtain from 

Eq. (14) the following expression for the angular distribution in the t-channel 
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helicity or Jackson frame, 

aw -2 -.-..=& 3f +-<cos2,+ -~+$20s2eJ 

an, 1 ( I( 
---$<~in~x> sin20 Jcos2+ J (15) 

+ <sinX~0sX>sin2e JcOs$J . 1 
Thus for a vector meson decay s-channel helicity conservation implies in the 

t-channel helicity frame 

pll= $ (1 + (cos2x> I, J 

piql = $ <sin2X >, (16) 

1 ReoiI= - 
d/s 

(sinXcosX >. 

We observe in the data of the third (and fourth) mass region \cos2X> =O. 41 (0.43) 

and <sinXcosX)= 0.37 (0.38). Hence from Eq. (16) we obtain p:f 0.35 (0.36), 

pi-I= 0.15 (0.12), and Re poI= 0.13 (0.13). Comparing these values with 

the corresponding values in Table II as a test for the s-channel helicity conser- 

vation (and the extent to which the data is dominated by J P = l-) in the t-channel 

helicity frame we find good agreement. In addition the obvious relation, 

pi1 + pi-I = i (independent of X), is well satisfied by the data in the p region. 

All of this evidence confirm that in the mass region, 0.64 < m( nn) < 0.80 GeV, 

the data correspond to a pure p decay, which is produced conserving the 

s-channel helicity. As is apparent in Figs. 9 and 10, particularly in the 

cos e H and $ J distributions, the model is incompatible with these features of the 

data. 

In the higher mass regions outside the p, however, the model shows improved 
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agreement with the data (apart from the normalization). For example, in the 

two highest mass regions in Fig. 10 the cos 8 J distributions exhibit a tendency 

to peak near cos e J = f 1 and the eJ distributions tend to be flat as predicted 

by the model. If we insist on the predominance of the J’ = l- component in 

these mass regions, then we obtain the density matrix elements as given in 

Table II, and the dashed curves in Figs. 9 and 10. In particular in the region, 

1.04 < m( 7rn) < 1.4 GeV, the observed angular distributions appear consistent 

with a vector meson decay. However the density matrix elements (Table II) 

are much different from those in the p region implying a different production 

mechanism. In the highest mass interval studied, 1.4 < m( nr) < 2 GeV, the 

data is not consistent with a dominant J P = l-; the singular behavior of cos 0 J 

distribution near the edges, for example, as compared with the dashed curve 

in Fig. 9, indicates presence of partial wave component higher than I = 1. 

We summarize by noting that the model of Satz and Schilling as applied 

to the reaction (1) with a wide energy range correctly describes the shape of 

p in the dipion mass spectrum and explains the mass dependence of the slope 

of the momentum transfer distribution in the p region. This is after the rising 

energy-dependence has been adjusted by an ad hoc factor. The decay angular 

distributions, when analyzed in several dipion mass slices, were found to be 

consistent with the assumption of a dominant vector meson decay up to the mass 

of 1.4 GeV. In particular the polarization in the p region is strongly 

characterized by the s-channel helicity conservation, which is incompatible 

with the model studied. 

We wish to thank the members of the SLAC Streamer Chamber Group, 

M. Davier, I. Derado, D. C. Fries, F. F. Liu, R. F. Mozley, A. C. Odian, 

W. P. Swanson, F. Villa and D. E. Yount for the use of the data and helpful 

discussions. 
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Table I. Exponential Fit fort1 in 0.02 < -3’ < 0.52 GeV2 

m( n7r) interval 
WV) 

Number a 
of events 

(dab) 

Number 
of events 
(fitted) 

(Ge:-2) 

0.40 - 0.56 

0.56 - 0.64 

0.64 - 0.72 

0.72 - 0.80 

0.80 - 0.88 

0.88 - 1.04 

1.04 - 1.40 

1.40 - 2.00 

249.0 263.1 

298.6 318.0 

619.3 664.6 

877.8 932.3 

383.7 402.5 

172.4 185.7 

96.1 

118.9 

99.3 

110.1 

9.29 f 0.71 

8.07 + 0.59 

7.90 * 0.40 

6.47 + 0.30 

5.05 zk 0.42 

4.52 zt 0.60 

4.23 f 0.81 

4.09 f 0.73 

a. For 0< -t!<O.52 GeV2. The difference between the data and the fitted 

tilues is due to the bias in the data for -TV < 0.02 GeV2. 
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FIGURE CAPTIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. Angular distributions in the t-channel helicity frame in different m( nn) 

intervals. See caption for Fig. 9 for additional remarks. 

Diagram for the diffractive reaction y p - 7~‘7r-p. 

Photon energy spectrum. Curve shows the energy dependence of the model 

- -3/2 multiplied by Bremsstrahlung shape (l/klab) and an arbitrary factor s . 

Pion-nucleon invariant mass distributions. Dots in the m@ 7~~) spectrum 

represent the result of the Monte-Carlo calculation of the model. Smooth 

curves here and in other figures are free-hand sketches of such distributions. 

Dipion mass distribution. 6% (not shown) of the total events have 

m( 7~7r) > 2 GeV. 

Proton-proton momentum transfer distribution as defined by Eq. (8) in the 

text. 

Proton-proton momentum transfer distributions in several m( nn) intervals. 

Slope of the diffraction peak as a function of m( GUT). The solid curve is 

the prediction of the model. 

Decay angular distributions of dipion system for all events. Subscript H (J) 

refers to s-channel helicity (t-channel) helicity frame. 

Angular distributions in the s-channel helicity frame in different m( rn) 

intervals. The intervals are defined in Table II. Solid curves are pre- 

dictions of the model: Dashed curves result if the dipion system has a 

unique J P = l- as discussed in the text. 
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