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Introduction

Aé a continuation of our present reséarch program at -
the SPS at CERN where we investigate deep inelastic scattering
processes involving photons in either the initial or the
final state we intend to profit from the high intensity and
high energy photon beams available from the Tevatron at
Fermilab to study the behaviour of the photon in deep in-
elastic photon hadron scattering.

In particular we propose to search for any deviation
from the hadron like behaviour of the photon by comparing.
photon-hadron with hadron~hadron collisions. We will look
for evidence of the point like nature of the photon, which
would manifest itself in events where the total energy of the
incident photon is observed at large angles in a large accep-
tance calorimeter. The detection 6f such deep inelastic
scattering processes would be a valuable test of QCD.

‘The apparatus is schematically sketched in Fig. 1 and
consis£s of the two calorimeters used in the NA-5 experiment
at CERN, a fast proportional chamber telescope, a liguid
hydrogen target and a tagging system for the incident photons.
It is the intention to perform the experiment in the new
wide-band neutral beam for the Tevatron as proposed by
J. Butler et al. [1]. The calorimeters and the large size
modules of the proportlonal chambers will be shlpped from
CERN to Fermilab.




2.)

Motivation

Because of its three component nature the photon is a
pafticularly interesting particle to be studied. In most
photon-hadron collisions the photon behaves like a vector
meson (vector dominance behaviour VMD). However in some
rare cases the photon is expected to lnteract point like
with partons. These hard scattering processes are shown in

 fig. 2a,b,c, and have been discussed in a number of theoreti-

cal papers [2-9]. They have the characteristic feature that
the incident photon transmits all its energy to the outgoing
partons, which should be observable as jets im the final state.
Except for the QED-Compton process, where one of the outgoing
partons is replaced by a photon, 3 jét events with two large
P jets and one target spectatér jet are expected. Deep in-
elastic scattering events of this type can be selected from
the ordinary vector meson like events by reguiring that all

of the incident photon energy is carried off at large angles
with respect to the incident beam direction. They should be

found at xc = 1 where xc is the fraction of the incident

- beam energy measured at large angles in the calorimeter. Also

one could require that the transverse energy 2[pTl of all
particles in the flnal state is large.

Deviationsvfrom VMD are also expected in the region
below X, = 1. These reactions where the photom firs& hadronises
("hard” component of the photon) and then interacts with the
target are discussed by Tu Tung-sheng [5]. As shown in fig. 3
they lead to 4 jets in the final state consisting of two large

Prp jets and two beam/target spectator jets. These events are
interesting in their own right.

The cross sections %%- for the 3 jet, 4 jet and VMD re-
c

actions were calculated assuming pencil like jets for the calori-
meter acceptance of 30° to 110° in cms polar angle 0%, and 2n

in ‘azimuthal angle under the assumptions described in the Appendix
(see fig. 4). For kinematical reasons X is equal to the frac-
tional momentum x of the interacting constituent in the incident



particle for values Xe > 0.5.

In fig. 5 the percentage contributions of the 3 and 4 jet

cross sections to. the total high Pq jet-photo- production cross
2p
section are plotted i = EN
, P ed as a fgnctlon of X, Ts As can be seen
in figs 4 and 5 the point like interaction of the photon do-
minates at large X, and shows a pronounced peak at X, = 1. The

cross sections for QED- Compton scattering, which also peak at

X, = 1, are expected to be a factor a/ds smaller than for QCD-

Compton scattering.

‘As a result of the particular shape of the "hard" photon
structure function, taken from Ref. [ 10]and shown in fig. 6,
the 4 jet cross sections are rather flat in X, The "hard" ,
and the "point like" component of the photon structure function
both peak near X, = 1. Therefore the distinction between 3 and
4 jet events is highly dependent on our ability to identify
individual jets in this region.

The effects of the calorimeter resolution and the finite
jet size have been studied in a Monte-Carlo-simulation and the
resulting cross sections are shown in fig. 7. The assumed jet
size and multiplicity distribution were basedon the e+e~ data.
The»smearing of the QCD-Compton peak at X, = 1 is due to the
jet sizes and to the energy resolution of the calorimeter.

We point out that the comparison of pion and photon induced
reactions should show directly any deviation from the hadron
like behaviour of the photon. Even 1if the photon behaves like
a pion at low values of X its "point like" interactions with

partons should be detectable near to x, = 1.

Recent results obtained with the PLUTO detector at PETRA
[11,12] have shown evidence for a hard scattering component
of the photon in the process vy + y » Jjet + jet.

We propose to measure the cross sections
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energy observed in the calorimeter for yp and ﬂ-p interactions _
at 200 and 350 GeV with the same detector and trigger requirements.
To better understand the finite calorimeter acceptance we perform

these measurements at various cms cut off angles.

.The data will be investigated for:
(i)- ~any deviation from a hadron like behavzour of the photon,

(ii)' the QCD*Compton peak at X = 1. The cross sections will
be compared to QCD-model predictions;

(iii)' the energy dependence of the yp cross section at xc==1 ;

(iv) Jjets in the final state. If jets can be recon-
structed we will investigate the scaling behaviour of
. the yYp cross sections parameterised as:
3
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3.) Detector

The major items of the detector are'the two calorimeters which
have been used in the NA-5 experiment. For measuring the energy
of secondary particles coming from an interaction in the target
we choose to rely'on the calorimeter. This solution has the

following features: )
~a) there is a fully symmetric 2w acceptance‘fdr the E]pT!-trigger;

b) the flux of ete” pairs produced with incident photons on the
‘target is confined to a region of a few centimeters around
the incident beam axis; -

c) the granular structure of the calorimeter enables a search
for jets in the final state, which should manifest themselves
~as energy clusters observed in the photon—hadron calorimeter.

3.1. Track Detector

A track detector'consisting of two groups of multiwire pro-
portional chambers MWPC will be used to reconstruct the vertex.




The first group of MWPC consists of 4 modules with 2 wire
planes each of 1x1 m2 and wire spacing of 2 mm. The wires in
- the different planes will be inclined at some angle in order .
to eliminate ambiguities in the projected trajectories and
reconstruct the space points. The second group consists of
3 large modules with 4 wire planes each 2x2 m2. The wire spacing

will be 3 mm and the wire inclination similar to that in the
flrst ‘group.

A background study of ete” pairs produced in the target has
shown that the e+e flux is confined to a region of a few cm
diameter around the incident beam axis. In this region the
MWPC will be deadened by beam killers.

3.2. Calorimeters

The ring calorimeter, a barrel of 3vm diameter with a
56 cm central hole, has a lead-scintillator sandwich photon
section (16 x 0.55 cm Pb-sheets) followed by an iron-scintillator
sandwich hadronic section (20 x 5 cm Fe-sheets) (see fig. 8).
Both sections are subdivided into 240 independent cells, each
subtending about 9° in the cms polar angle and 15° in azimuthal
angle. Combined wave length shifting acrylic rods (doped with
Yellow 323 and BBQ) were used to draw separated signals from
the photon and hadron part of the calorimeter onto 240 pairs
of photoﬁultiplier tubes. This novel light-collection system
has been described in Ref. [13] and is schematically shown in
fig. 9. The obtained eﬁergy resolutions were o/E = 0.23/VE
for electrons and ¢/E = 0.71//E + 0.06 for hadrons. In fig. 10
the energy resolution of the hadron calorimeter is compared to
the results from other hadron calorimeters (for Refs. see [13]).

The E]pTl—trigger can be derived from the sum of the
analogue signals of all or part of the calorimeter cells
weighted by their radial distance from the beam axis.‘The shape
of the trigger pulses will be recorded. Occasional backgrouhd
triggers due to Cerenkov light produced in the acrylic rods
can be eliminated to a large extent off-line by pulse shape
'analysis. |




The downstream calorimeter, which covers the central hole
of the ring calorimeter, will measure the energy flow at small
angles. It is 1 x 1 m2 in cross section and comntains a photon
and a hadron section each subdivided into 4 independent cells
with a beam hole of 6 cm diameter in the center. The photon
section consists of 16 x 0.55 cm Pb sheets sandwiched with
PleXipoP scintillator sheets of 2.5 cm thickness. The hadron
section contains 25 x 5 cm Fe sheets sandwiched with scintillator
sheets of 2.5 cm thickness. The scintillator light of each cell
is collected by an aCrylic bar doped with BBQ wavelength shifter
material and guided onto a photomultiplier (see fig. 11). The
measured energy'resolution for hadrons is o/E = 7% at 340 GeV/c

and ¢/E = 11% at 80 GeV/c, while for photons the resolution is
¢/E = 2% at 80 GeV/c.

Both the ring and the downstream calorimeters are mounted
on rails and can be moved along, and to .some extent also perpen-
dicular to the beam axis.

4.)vBeam

Our Monte-Carlo studies have shown that the distinction
of the 3 and 4 jet events depends strongly on the jet size and
improves with increasing incident photon energy. We therefore
intend to‘pexform the exXperiment in a beam which provides the
highest possible photon energies and intensities.

, Preliminary éalculations of J. Butler et al. for a new
wide~-band neutral beam show that photon intensities of 4.5 -107
and 1.5 -107 for energies of Ey > 200 GeV and Ey > 350 GeV
reépectively are possible to obtain with 6 -‘IO;l2 incident protons

per Tevatron spill (fig. 12).

A tagging system with an energy resolution AEY/Ey = % 5%
is required by this experiment. Small scintillator hodoscopes
positioned in the'incident electron beam and after the radiator
will be used to measure the momenta of the electrons before and
after Brémsstrahlung. Such a tagging.system can handle the ex-

pected electron intensities of 3.6 ~108'electrons at 450 GeV

per 6 -1012 incident protons within a Tevatrom spill of 20 sec.
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This beam is also able to transport high energy negative
pions for the comparison of pion and photon induced reactions.

-Rates, Trigger, Background

Rates:

The estimated cross sections and events per day for the
QCD processes yp » 3 jets at 350 GeV are listed in table 1.
The following assumptions entered the calculations:

a) 1.5 - 107 tagged incident photons per Tevatron spill
with Ey > 350 GeV derived from a 450 GeV electron beam.
To obtain this intensity 6 - 1012 incident protons are

regquired at the production target.

b) 30 cm léng liguid Hz—target
¢) 1 Tevatron spill per minute
d)} 50% overall efficiency in the data taking

e) a calorimeter acceptance of 30° to 110° in the cms polar
angle 0*, and 27 in the azimuth. Pencil like jets were
assumed and both largeVpT jets were required to be within
the acceptance of the calorimeter. A Pp 2 2 GeV/c was
required for each of the large Prp jets.

This gives a sensitivity of apout 14 events/nb day.

Trigger:

Data will be taken with a minimum bias trigger requiring'
that the incident photon produces hadrons in the hydrogen
target and a small fraction of the total incident energy
X > 0.3 be observed in the ring calorimeter. With a xé > 0.3
trigger requirement we would expect 17 events per Tevatron
spill. With this data taking rate there is practically no
dead time loss. All other triggers can be applied essentially
off-line. -




" Background for the Trigger:

a)

b)

ete” pairs produced ih the hydrogen target are mostly con-
fined to a small region around the beam axis. Possible back-

"ground coming from these or from photons and electrons
originating upstream of the target are rejected by the

trigger by accepting only events which have a certain amount
of energy deposited in the hadronic section of the calori-
meter. :

Halo particles possibly giving‘rise to large Pq triggers
are vetoed by a large scintillation counter array positioned
upstream of the H2~target.
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Table 1

Estimated cross sections and event rates for the QCD processes

Yyp > 3 jets. The assumptions are explained in the text.

Ey = 350 GeV

Pp of one jet xT==»i:T gg [nb/Gev/c] §§§§E§
[GeV/c] T A
3.5 0.27 14.8 204
4.5 0.35 43.6 602
5.5 0.43 31.2 430
6.5 0.51 12.9 178
7.5 0.58 4.64 64
8.5 0.66 1.45 20
9.5 0.74 0.42 6
10.5 0.82 0.087 1

11.5 0.90 0.0092 0.1

6., = 109 nb 1504.2
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Figure Captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
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Experimental layout

First order Feynman graphs for QCD- and QED-
Compton-scattering.

Interactions where the photon hadronises before
interacting (taken from Ref. 5).

Cross sections for pencil-like jets produced in
350 GeV yp interactions,where Xq is the fraction
of the laboratory energy detected by the calorimeter.

Expected percentage contributions of the different

"hard" interactions as a function of X, = 322 of a

single pencil-like jet. s

The photon structure function F(x) in units of

aanzw‘1:

a) xq(x) for charge 2/3 guarks

" b) xq(x) for charge 1/3 gquarks

¢} xg(x) for gluons ,
d) xq(x) for charge 2/3 quarks in the born approxi-
mation of Ref. 10.

Differenﬂial cross sections do/dxc for the expected
contributions to 350 GeV yp interactions, where jet
fragmentation and calorimeter resolution have been .
taken into account for point like coupling (3 jets)
and the hard component + VMD (4 jets). The cross
sections are shown for two different calorimeter
acceptances 30° < 8% < 110° and 45° < 0" < 135°,

The photon-hadron ring calorimeter used in the NA-5
experiment, showing segmentation into 10 rings and

- 24 sectors.

Details of the construction and the light collection
system used in the ring calorimeter.




Fig. 10:

Fig. 11:

Fig. 12:
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The energy resolution of the hadronic part of the
ring calorimeter compared with previously published

‘results.

Constructiohal details of the downstream calorimeter.

Expected photon intensities at the Tevatron (taken

from Ref. 1).



APPENDIX

The following assumptions were made when estimating the
cross sections for the QCD processes:

RUNNING COUPLING CONSTANT

@y, = T3 A= 0.5, Q" =

A Mo
25 log @° 82 + 22 4+ @2
A

N

PROTON STRUCTURE FUNCTIONS from Barger, Phillips [14]

xu(x) = x'/?[0.594 (1-x2)> + 0.461 (1-x2)5 + 0.621 (1-x%)7]
xd(x) = x/2[0.072 (1-x%)3 + 0.206 (1-x%)5 + 0.621 (1-x2)7]
SEA DISTRIBUTION: xs(x) = 0.145 (1-x)°

GLUON DISTRIBUTION: xg (x)

I

3 (1-x)°

PION STRUCTURE FUNCTIONS from the results of the NA3 experiment
xu(x) = xd(x) = 0.75 vx(1-x)
SEA DISTRIBUTION xs(x) = 0.145 (1-x)°

GLUON” DISTRIBUTION xg(x) = 2 (1-x)°

PHOTON STRUCTURE FUNCTIONS from [10]

1) QCD COMPONENT

a) CHARGE %
xu(x,Qz) = Xu = XC = XC = % &n g; (0.077 + 0.175x)
b) CHARGE % ' A2

xd(x,0%) = x3 = xs = x5 = £ tn %5 (0.027 + 0.033x)

2) HADRON LIKE PIECE (VMD)

= e 2 4
= 4d = 44 = (ﬂ“‘;) gf(X)

— Mo 2
5(x) = s(x) ={ d(x) (strange q)

il
=3

u(x)

c(x)

|
0
J
/'u\
EFZ
<=0
~——
N}
&
X

where f(x) u” (x) and %% is p-meson-photon coupling constant

2
(Y2 = 0.54).
4%
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