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ABSTRACT 

Inclusive n° and y photoproduction results are presented. VDH alone 
cannot explain the 71° data which are found to be compatible with first order 
QCD predictions. A clear prompt y signal is found in the whole studied kinemati-
cal range. This signal is in agreement at high pj or high p^ with QED prediction. 
This agreement is supported by a preliminary exclusive analysis. 

Des résultats de photoproduction inclusive de «' et de y sont présentés. 
VDH seul ne peut expliquer les données en •" qui se trouvent être compatibles 
avec les prédictions de QCD au premier ordre. Un signal clair de photons directs 
est obtenu sur tout le domaine cinématique étudié. A grand P T ou grand pi , ce 
signal est en accord avec les prédictions de QED. Cet accord est renforce par 
une analyse exclusive encore sommaire. 
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In section I, the theoretical ideas on the y structure are shortly revie
wed. The experimental set up is described in section II, and Inclusive w° 
distributions are presented in section III. 

The different contaminations to the prompt y yield are thoroughly examined 
in section IV. The presentation of y inclusive distributions Immediately follows 
(section V), and the results of a very preliminary exclusive analysis are dis
cussed 1n section VI. Section VII contains the conclusions. 

I - THEORETICAL EXPECTATIONS OF POINT-LIKE PHOTON INTERACTIONS 
The photon is commonly considered as a 3 components object : 

. A "point-like" component, where the y interacts as a parton, giving 
the graphs 1-a : OED Compton, 1-b : QCD Compton and 1-c : y-g fusion. 

. An "anomalous" component, where the Y has a structure function, 
but harder than ordinary hadrons (graph 1-d). 

. A "VOM" component, where the Y interacts as vector mesons (graph 
1-e). 

The detailed properties of those effects and the way to disentangle them 
can be found in ' . Here we emphasize the nice properties of the point
like graphs : 

. They are completely calculable with few and well known inputs. 

. They lead to a very peculiar jet topology (1 y, I jet in QED, 
2 jets in QCO). 

. The 0E0 Compton effect provides a unique way to study a totally 
unbiased and pure sample of u quarks (coupling ratio u/d = 16/1) with 1 klne-
matical constraint. 

. Although the corresponding cross-sections are small, these processes 
are expected to become dominant at high p T and at high p.. 

II - EXPERIMENTAL SET-UP 
A more detailed discussion of the NA14 apparatus can be found in ', 

Only the main features will be described here. 
a) Thebeam 

The wide band y beam fulfills the requirements for the exclusive ana
lysis of low cross-sections events, namely : 

- high luminosity : 10" e"/burst giving 107 y/burst 
- high purity :<10"' hadrons/y 
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- high energy : 100 GeV (w i th a 50 GeV FWHH) 

- tagged beam : us 2 GeV. 

D ) îb?_IB§£ît9!D?îêt ( f ig- 2 ) 
Its main characteristics are : 

- very good calorimetry : large acceptance to y up to 300 mrads, with 
a Y / " ° rejection of i. 5 over the whole solid angle, 

- good acceptance to charged p a r t i c l e s , (64 planes o f MWPC) 

- good rejection against u halo (> 5 10 6). 

c) The_trjgger 

The results reported below come from the forward calorimeter events. 

The trigger requires the coincidence of a minimum bias pretrigger, mostly elec

tromagnetic, containing only 10% of hadronic events, and a energy deposition in 

the calorimeter with p T > 900 HeV/c. 

The pretrigger and trigger rates are respectively 20 000 and 100 per 

burst. 

d) I5?.lïî!i525iîï 
An integrated luminosity of 600 ± 100 events/nb is deduced from the 

counting rates. This figure is cross-checked using a preliminary analysis of 

the observed low transfer dimuons from the Bethe-Heitler process, and from (. 

photoproduction. 

Ill - INCLUSIVE .' DISTRIBUTIONS 

A very clear ," signal is seen up to 100 GeV (fig. 3). 

The p T distribution of •" with momentum greater than 40 GeV is shown on 

fig. 4, with the various predictions. The p. cut selects a high rapidity region 

(y = 1), where QCD processes are favored with respect to VDM (fig. 5). The VDH 

curve is derived from it* + p -* i" + X data on a H, target . To extrapolate 

from H, to our Li target, we used a A™ law, with a = 1 in our kinematical 

domain as suggested by . The systematic error thus introduced is expected to 

be small (< 30 %) because of the small A of our target. We plan however to check 

this by taking data with a n beam. 

As shown on fig. 4, the VDH prediction does not agree with the data. 

Although systematic uncertainties both on normalization and on the i° reconstruc

tion efficiency (which will be discussed in detail in the next section) could 

cancel this disagreement at low p-, the very significant difference in slope 

makes a global agreement impossible, since those uncertainties are independent 

of Py. On the other hand, the sum of VDH and of the first order QCD terms is 

compatible with the data and reproduces the correct slope. We can therefore 

conclude that there is an evidence for another process than VDM and that QCD 

could well be this one. 
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A more detailed analysis of n c data can be found in , where the various 

contaminations to the y yield are also thoroughly discussed. 

IV - ESTIMATION OF THE CONTAMINATION TO THE PROMPT y YIELD 

This section is divided into 4 parts. In §1, the different sources of 

contamination are described,and in §2 the criteria chosen to isolate a prompt 

V are defined. In §3 the different parts of the set up involved in this analy

sis are presented and finally in §4, we compute the rejection levels and the 

remaining contamination from the different sourcts. 

' " ïîî§_dlfferent_sgurees_gf_çgntarninatign 

The contamination of the y signal can be divided in two classes : 

- random contamination induced by the u halo (106 u/m 2/burst). 

- contamination coming from a hadronic events : 

(i) unidentified •" or n. 

(ii) charged particle not reconstructed as such, 

(iii) neutral hadrons (n, K°, . . . ) . 

The last two points are the least important. 

2 - §§ÏÇÇÎign_çriteria 

To define a y, we have required that the candidate should : 

- be a neutral particle. 

- not be seen in the muon filter. 

- give an"electromagnetic type" interaction in the calorimeter. 

No other requirements were made, such as a veto on accompanying 

particles. 

a) charged veto hodoscope 

To reject charged particles, we used an array of scintillators 

just in front of the calorimeter, each scintillator unit covering a lead glass 

block (14 x 14 cm). 

b) the muon filter 

It consists of 3 hodoscopes arrays separated by iron blocks 

located behind the calorimeter. 

Both the charged veto and the filter have a high efficiency 

{98 %) to in-time charged particles and are operated with a large gate 
(150 ns) in order to be fully sensitive to random particles. 



- 5 -

The loss of good n" or y candidates by a random charged or u-veto is 10 % for 
both cases. It has been checked that this loss did not introduce any bias. 

c) the OLGA calorimeter 
The fig. 7 shows the detailed structure of the calorimeter. After 

an active converter of 3X°, (giving a 10 % probability of non conversion), one 
finds a very hiqh granularity position detector (Penelope), made of 1.5 cm wide 
scintillator fingers in two orthogonal directions. The efficiency of each plaie 
has been measured to be 9 7". The electromagnetic shower is then measured in 
14 x 14 cm lead glass blocks. Because of this large block size, a y cluster 
contains at most 4 blocks, while i" or hadrons give generally wider clusters. 

We have defined criteria for each part of the calorimeter to 
select good y candidates : 

- some energy deposition (> 200 HeV) in the active converter, in 
order to suppress strongly the hadronic background. 

- a hit in the 2 planes of Penelope, with a cluster shape compati
ble with only 1 incident photon. 

- a legal cluster in the lead glass array, where legal means at 
most 4 blocks, and a energy repartition within the blocks compatible with only 
1 particle. The influence of those cuts are discussed in the next paragraph. 

4 - Results 

To measure the rejection levels and the efficiencies of the various 
cuts discussed above, we have adopted the general philosophy to extract as much 
information as possible from the data themselves, in order to be free from : 

- the error on the normalization 
- the uncertainties coming from a Honte Carlo simulation. 
We will discuss the random contamination, to which special data 

taking was dedicated and then examine carefully the i' and n contamination. 
a) Random contamination 

As mentioned above, special data were taken, where the y beam was 
dumped just before the target. In this way, we were only sensitive to halo in
duced triggers. The normal pretrigger was replaced by a high frequency random 
one. Applying all the criteria described above, we found that 1.5 ±.5%, of the 
random triggers were accepted as y candidates. This number agrees with expecta
tion taking in account the u electromagnetic interaction probability and the 
random rates. This implies that the other contamination processes such as v 
interactions are small. Furthermore, only 16 % of those candidates were in the 
kinematical range (p. >. 40 GeV, p T *>, 1.5 GeV). The p, distribution of the 
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remaining candidates was found approximative^ flat between 1.5 and 4 GeV and 
vanished rapidly afterwards. 

Since we record 1.5 +.5 random triggers/burst in normal data 
taking conditions, we find that we expect 1 5 + 7 random candidates in the final 
sample of 1500 Y. This contamination is thus completely negligible, except in 
the high p-, range where we expect a 20 % contamination for Pj >, 3 GeV/c. 

It is then crucial to remark that, because of the poor hadronic 
content of the pretrigger, these random events have a 90 % probability to be 
completely non hadronic, and will therefore be easily removed in the final ex
clusive analysis. 

b) Contamination from hadronic events 
Before examining in detail the i" and n contamination, we briefly 

review the charged particle and the neutral hadron contributions. 
- Charged particles are efficiently killed by the charge veto con

dition, and by the fact they do not satisfy -except for electrons- the electroma
gnetic criteria. This contribution will be finally removed after the track 
reconstruction in the spectrometer. Actually, we have looked for any tracks 
seen in the MWPC pointing to a y candidate and we have found the contamination 
to be < 1 %. 

- The neutral hadron background is also expected to be very small 
sinct neutrals (K°, i ) are produced less copiously that i° and will be 
strongly suppressed by the electromagnetic criteria. The remaining contribution 
is thus expected to be < t %. 

Let us discuss now the most important contribution, the n° and n 
contamination. Ue have expressed the number of y coming from it°, N 0, as a 
function of the number of reconstructed i° , (N <,),„„, and therefore, 

TT seen 
the final contamination result will be free of normalization errors, 
Ue have indeed : 

V - ' s e e n = 'V'seen * ^°^ * 6 * ^ ' ^ 
where : E ( Y ) . E U ° ) are the reconstruction efficiency of Y and TT° 

a(n"*Y) the probability for a •' to fake a single y and B the proportion 
of real n" in the TT° ptak. 

The ratio E /E „ is different from 1, because of 4 effects, namely: 
1° The non conversion in the spectrometer. The 30 % X thickness 

seen by i reaching OLGA gives, with a straight forward calculation : 
E 1 = 79 % c\ = 63 % 
v " 



2° The p T requirement of the trigger. 

Since one triggers on individual blocks and since a n° can 
share its p T among several lead glass blocks, at p T = 2 GeV, one gets : 

EJ° = 96 t ± 4 % while z\ s 100 t. At p T = 2.5 GeV, 

e~ becomes eaual to eX . 

3° The active converter requirement. 

As already mentioned, we ask that a y candidate or the 2y of a 
i° are converted in the active converter and that at least 200 MeV are deposited 

in one block of the converter. For a 40 GeV y, this occurs in 82 % ± 5 % of the 

cases, while z\ - 77 % ± 5 ?.. 

The two last points have been estimated using a Honte Carlo 

program, reproducing the shower development observed in our data. 

4° The position detector requirement. 

For a Y , we ask to see only 1 cluster in both projections of 

Penelope, leading to eï = 80 % + 8 %, taking into account the inefficiency of 
each plane and the probability of spurious splitting of a single cluster. For a 

w°, 3 clusters at least are required and taking into account the probability of 

finding the TT° mass in the 100-170 MeV range, one gets : 

Finally, we have for p. > 40 GeV : 

4 £ r 
e 1% o = H - A T = 1.35 ± .25 

Y T 1=1 eT 

This ratio is very weakly dependent of p-,. 

It has to be emphasized that all other efficiency effects, such as 

rsndom charge veto, random u veto, are the same for y and n° since all these 
energetic TT°'S form only 1 cluster in the lead glass array. 

Although there is no combinatorial background in the ir° peak because 

of this "1 cluster" type, some background remains because of 2 effects : 

- a spurious splitting of 1-y cluster in Penelope ; 

- the random merge of 2 independent clusters in the calorimeter. 

A precise determination o* e implies a complete study still under 

way but looking at the i' mass spectrum, one gets : 

8 - 9 + - 0 5 

8 " -9 - .15 
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Let us now examine the different contributions to a. 
A TI° (or TI) can be taken for a y because : 
1° The 2 y's are merged in the calorimeter. 

We have looked at the azimuthal distribution of reconstructed 
ir°'s, (fig.8) with 2 Y'S seen in both the projections of Penelope. Assuming an 
ideally flat $ distribution, we derive the efficiency of separation of 2 clusters 
in Penelope (fig. 9). This enables us to compute the number of n° which will 
simulate 1y as a function of p.. We then apply the topological cut already men
tioned. Its efficiency is monitored taking reconstructed i" and merging the 2y . 
We find that only 30 % of the high energy ir°'s survive this cut. The correspon
ding losses on single y have been checked to be small using y's coming from an 
asymétrie n° and also, electrons reconstructed in the spectrometer. 

Combining the 2 cuts, we find that this contribution is negli
gible up to 70 GeV and grows smoothly to reach 20 % * 6 % at 100 GeV. 

2° ly is missing. 
This can happen because one of the 2 y's : 
(i) is of low momentum or outside the geometrical acceptance 
(ii) is converted in the spectrometer 
(iii) is not seen in the position detector, either because this 

y has not been converted in the active converter, or 
because of an inefficiency of the position detector. 

Point (i) is monitored looking at the cose* distribution of reconstructed i° 
decay (fig. 10). We can see a flat distribution and only losses for cose* > .9. 
We find this a 5 % ± 1 % loss at 50 GeV. This contribution will decrease with 
increasing energy. 
Point (ii) is easy to estimate, since it is only given by the thickness of matter 
between the vertex and the magnet : 11 t, X°. Taking in account the fact that 
the remaining y does not have all the initial i' energy, we find a 2.5 % ± .5 % 
contribution at a given p T. 
Point (iii) has a somewhat high probability to occur (25 %), but due to the 
power of topological cuts, itgivesa contribution of 7 % ± 2 %. 

We express now the n contribution in terms of the n° one. Although 
we see a clear n signal (fig. 3b) we have made no attempt to remove the n contri
bution event by event, because of the large background under the n peak. Taking 
the standard ratio n/n" = .5, consistent with our data, the 2y branching ratio 
and the parent child effect into account, we find that the n will contribute to 
a for 5 % ± 1 %. 
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Finally, adding up all these effects, we obtain a(ir°+ y ) as a 

function of p., shown on fig. 11. 

Using this result, one gets for p, < 80 GeV, 

'V.-.n'seen " <V>seen * < - 2 ? - :??> 

It is important fo notice that this ratio — £ 2 — 5 £ § Q is almost 

'V'seen 
independent of p., so that the p T slope of this Y source is free from large 

systematic errors. 

V - INCLUSIVE y DISTRIBUTIONS 

The p T distribution of the Y is shown on fig. 1?, with the n + i' conta

mination and the naïve QED prediction. One can see a prompt y signal over the 

whole p T range. Even if we assume pessimistically that there is no prompt y 

signal at low p T because of the systematic uncertainties discussed above, the 

difference in slope between the y data and the contamination will still give 

a strong evidence for a prompt y signal for p T > 2.5 GeV. This leads to a 

y/n° ratio growing smoothly from .1 to 1 between p T = 2 GeV/c and 4 GeV/c. 

Let us emphasize also that this evidence is independent of all normaliza

tion errors and that all assumptions have been checked experimentally. At high 

p T, QED Compton is in good agreement with the data. 

This agreement completely rules out an integer charge model, which 

claimed compatibility with existing data up to now . The excess of prompt 

at moderate p T could be explained by higher order terms , to which the VUM 
7) prompt y production has to be added. For instance, a p <• Be experiment 'sees a 

y/n° ratio of 5 % to 10 % in this kinematical domain. However, an exclusive 

analysis will in a near future enable us to isolate the Compton term. 

The jame global features can be seen in the p. distributions (fig, 13). 

VI - EXCLUSIVE ANALYSIS 

A visual scanning of all y events with p T } 2.8 GeV/c or p. } 80 GeV/c 
where QED should dominate has been performed. Only 20 % of those events were 

found not hadronic. This level of contamination is quite compatible with our 

expectation of §IV 1 a. Some "typical" y and i' events are displayed on fig. 14. 

They show the very peculiar expected features of QED and QCD Compton effects. 

On a sample of 42 events with an energetic (p i 10 GeV) charged particle, 

25 tracks were found to be positive. This leads to a small charge asymetry 

(•••)/(( + ) + (-)) = .6 ± .1 in agreement with the QED prediction : .66. 
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This asymetry seems to be enhanced by a more stringent p, cut : we found 

7 positive leading with p. >, 20 GeV and 1 negative, while we expect the ratio 

of 3.5 of +/- for z >, .5 in a u quark jet. 

VII - CONCLUSIOW 

- A prompt i signal is seen, the ratio y/it° growing smoothly from .1 to 

1 between p_ = 2 GeV/c to 4 GeV/c. 

- At high p T, or high p. , the y data are in agreement with naïve QED 

Compton predictions. 

- Preliminary exclusive analysis of these events shows that some of 

them have the expected features of the QED Compton effect. 

- The n° distributions cannot be explained by VDH alone and are compati

ble with first order QCD predictions. QCD jet topology seems also to be present 

in some events. 
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