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Thomas Nash
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I could not possibly report about photon physics at Fermi-
lab at this time without mentioning Ben Lee. Ben was killed
June 16 in a traffic accident on Interstate 80 in Western
Illinois. He was on his way to the summer meeting of the
Fermilab Program Advisory Committee at Aspen. The review,
Search for Charm,1 Ben wrote with Gaillard and Rosner appeared

before the J/y discoveries and is even now a constant refer-
ence. Ben was a guiding spirit and a good friend to many of
the experimenters working in photoproduction and charm physics.
He was always available to talk to us and was particularly
helpful to younger coclleagues. Many "valuable discussions"”
with Ben Lee have been a strong influence in the outlock on
high energy photon physics I will present today. We miss him.
The successful pursuit of photon physics at a high energy
proton accelerator has been one of the happiest - and, to
some, most surprising - developments at Fermilab. There are
several reasons for this success and for the priority that
photon physics 1is now receiving at Fermilab. The most impor-
tant is that photons - aleong with neutrinos - are ideal probes
for studying the new physics. Since photons couple to quark-
anti quark pairs, photon beams carry the highest fraction of
charmed {(or other new quark flavors) of any "hadronic beam".
In some sense at high enough masses the photon is 40% chamm
(Fig. 1). In other hadron beams chaxm appears only in the
quark sea and its manifestation is swamped by the background
from the valence - non charmed guarks. In a photon beam the
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charm guark pair carries all of the momentum of the beam

(x = large) unlike the charm quarks of a hadron beam which
carry only a fraction of the momentum (x x» 0). Higher mass
states are thus more readily formed by photeons and at high x
they are less likely to be buried in the background at low x.
Also, the Lorentz transformation of angles leads to better
experimental acceptance for the high X states produced by
photons. Other factors aid photon physics at high energies.
These include the goocd duty factor of high energy proton
accelerators, the improvement in shower counter energy resolu-
tion which goes as E_%, and the large acceptance experiments
possible at high energy.

Lest this review sound too much like a proposal presenta-
tion, let me turn quickly to a brief description of the Fermi-
lab photon beams. I will then report on the results the two
photon experiments have produced since last summer.

There are two photon beams at Fermilab, both located in
the Proton East area (Fig. 2). The beams loock at two ~ 30 cm
Be targets located 30 cm apart. Experiments in the two beams
do not run simultaneously. Both beams start by sweeping
charged particles out of the 0° neutral beam produced by p-Be
interactions. The Broad Band beam then passes through 34
meters of liguid deuterium which improves the n/y fraction in
the beam by about 200. Following the deuterium the beam pen-
etrates a 60 m long steel muon shield, the final resting place
for a World War II cruiser. In order to establish that obser-
ved effects are in fact induced by photons, the experimenters
in this beam are able to enhance the relative K, and n compon-
ents of the beam. By inserting 6 radiation lengths of lead
after about 1/3 of the deuterium the K, fraction is increased.
To increase the neutron component the experimenters have run
with only the first 1/3 of the deuterium and the Pb in place.
In the Tagged Photon Beam the photons of the primary neutral
beam are converted to electrons in .5 radiation lengths of
lead about 12 m from the target. The e are then transported
some 300 m to a tagging system. Collimation in the transport
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helps reduce the 7 fraction of the beam below 0.5% and define
the energy (Ee) to £ 2.5%. The electrons pass through a
radiator at the tagging system and produce a bremsstrahlung
spectrum of photons which head to the experimental target 25 m
downstream. Three magnets bend the electrons into a bank of
hodoscopes and Pb-~lucite and Pb glass shower counters which
measure the energy Eé of electrons that radiate photons. The
photons which radiate in the energy range .45 Ee < k < .9 Ee

- Eé. The

- e —-—
hadronic contamination (KL,n) of the tagged photons is < 10 6.

can then be individually tagged with energy k = E

It is reduced to this level by anti counters and the require-
ment that the magneticaily measured momentum egual the shower
energy of the radiating electrons.

Figure 3 shows the approximate photon intensity spectrum
available from the beams. In the experiments that we will dis-

12 protons/

cuss here the Broad Band beam typically used 1 x 10
pulse and the Tagged y beam used 3-4 x 1012 protons/pulse. For

experiments requiring the high intensities shown in Fig. 3



(J/V production reported last -

year, charm physics in the fu-
ture) a thick tagging radiator
(up to 20% Xo) is used. In the
total cross section experiment, -

which I will report on shortly,

requirements on precision

called for much thinner radia- Q E.z’-noosw =

tors (typically 1% XO) to avoid ) 2.
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large multiple bremsstrahlung
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Turning now to the recent

bt

experiments, let me first des- ka
\ E. 1 200 GaV
cribe the successful search for

charm in photoproduction in the
Broad Band beam by a group from

Columbia, Hawaii, Illinois, and

Fermilab (B. Knapp, W. Lee, P. |00 5‘0 |60 |é° 260 250 300
Leung (thesis), D. Smith, A. Energy(Gew)

Wijangco, J. Knauer, D. Yount, Fig. 3. Pl is Broad Band

Beam. P2 is Tagged y Beam,
J. Bronstein, R. Coleman, G. .2Xn5+ Dashed line is planned

Gladding, M. Goodman, R. improvement.
Messner, T. O'Halloran, J. Sarracino, A. Wattenberg, M. Binkley,
I. Gaines, M. Gormley, and J. Peoples).2 The apparatus used
for this experiment which was run during Fall 1975 is shown in
Fig. 4. It is substantially the same as that used a year ear-
lier by this group in the J/¢ photoproduction experiment that
established the hadronic nature of the new state.3 Following
a 2.5 cm Be target, a magnet (20 kG-m} and 5 MWPC's (each with
X, U, V planes} are used for momentum analysis of charged
tracks. Resolution is é% = % 3.5 x 10_4. There is a lead-
scintillator shower detgctor to identify ei and y. A hadron
calorimeter identifies hadrons and measures energy to -~ 25%.
It is followed by a segmented u identifier.

Triggering was handled by the versatile Nevis pin logic
system which allowed 10 simultanecus triggers (with various
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scaledowns). The master gate involved B3, the trigger arrays

H, V, and the calorimeter. Six of the 10 triggers required
leptons (le, 1lu, 2e, 2y, ye, 2p + had). The other four trig-
gers required only hadronic signatures and account for -~ 70%
of the interesting physics we will describe. In all of these
hadronic triggers nc signal was allowed in AB or AW, anti
counters which frame the magnet acceptance of about * 35 mrad.
Over 107 events were recorded on tape.

The analysis of the data involved first locating secon-
dary neutral vertices in the 4 m long decay region starting
70 cm from the target. The V° was reguired to intersect a
charged track in the target. A beautiful Kg peak is seen
(Fig. 5a) if the V° track masses are taken as m,*. Kg are
identified by their mass and removed from the V° sample. The

proton mass is then assigned to the more energetic track and
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clean A° and i° peaks are found (Fig. 5b,c). The £° (3%)
identified from these plots have roughly 2% (4%) background,
respectively. In searching for charmed states mass plots
were made of Ks + nﬂi, A'+ nni, and A + n1Ti withn=1, 2, 3,
4. These are expected to include the dominant decay modes of
charmed mesons and baryons. The same data was also plotted
assuming a K and a proton mass for one of the charged tracks.
With the exception of the plots we show here the spectra are
featureless at masses over 1.5 GeV,

There is a spectacular 70 peak in the Am m % spectrum at
2.26 * ,02 GeV with a width of 40 * 20 MeV (Fig. 6a). The
experimental mass resolution is ~ 30 MeV so that the width is

consistent with zero but not very consistent with the 100-200
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state has Q = "l; s = l, B = ~1. If Fig- 7b.

strangeness were conserved in the de-
cay to this state (as one would ex-
) i KO ¥+ K+t
pect for conventional hadrons), the Le Lo Le

decaying state would have I3 = -1, ”
.4
An Iy = +1, positive charge partner |

would be expected. The hint of a M T
broad bump in the K(Sﬂ)+ spectrum has-23 [ +I
been studied carefully by Monte Car- Ac

: . 2.2 IA +
lo and is caused by reflections from i
- - +

% Se -

A{3m) + nu - A narrow peak at 2:25 Jzﬁ! §=J2
+ .05 GeV in A(3m} with none in A Fig. 8.

(31)" is predicted for the R, (cud

quarks I = 0) by the charm model (DeRujula, Georgi, Glashow,
and Sakharov).4 The peak is dramatic confirmation of this pre-
diction and represents the first observation of a charmed
(anti-) baryon.

There is little observable structure in K(4ﬂ)° {(Fig. 7a)
except for the suggestion of a peak at 2.45 GeV in A(4m°. If
one selects all A(37) in the 2.26 GeV peak one finds a strong
correlation with 2.45 GeV in A(4m)°, as seen in Fig. 7b. 4m
is the mass difference between A (47)° and K(3m) . The dashed
line shows events just outside the 2.26 GeV peak. This is
interpreted as evidence for a cascade from I_ (or f:) to K +
n (Fig. 8). Taking detection efficiency into account this
cascade apparently leads to > 50% of Hc. One recalls a neutri-
no event seen by Samios and cclleagues in the Brookhaven
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bubble chamber: 5°(4m}*Y (2.426 Gev) » A%(3m) T (2.244 Gev) +
w+. The similarity is impressive.

The cross section for Kc production and decay to the
R(37)  state has been estimated with some difficulty. The
greatest uncertainty is in the triggering efficiency which may
be anywhere from 10% to 100%. For this range ¢ x BR = 34 to
340 nb/Be nucleus. |

What else has been learned about the Kc? It does not
appear to be produced often with leptons though 15-20% of such
occurrences cannot be ruled out. The 7" tends to be produced
more energetically than the 7 in the decay (Fig. %}, consis-
tent with the "soft pion theorem". There is evidence at the
2 o level for parity violation in the decay by comparing the
forward-backward 5 asymmetry in the peak (solid line) with that
near the peak (dashed line) (Fig. 10). This would point to a
weak decay as expected for the lowest mass charmed antibaryon.
The KC is apparently produced with other charged particles.

There are five times as many events with at least one positive
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spectator as events with at least one negative spectator. The

positive tracks have high momentum and may well be protons.
If the photons

in the beam are stopped upstream, the remaining KL,n beam
11).

Regrettably, there is no peak corresponding to the Kc in

The Kc is indeed produced by photons.

produces no peak (Fig.
the baryon spectrun, A(3w)+ {nor in A(3m)7). See Fig. 12. Can
one learn how to enhance the Kc in the data and then apply the
The best that can be done

along these lines is to select events around 2.45 GeV in the

techniques to the baryon spectrum?

K(4nw) spectrum and look at K(37). This strongly enhances the
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ﬁc peak. Doing the same for the baryons leaves a marginal 10

events over background at 2.26 GeV where one would have expec-

ted 20 (Fig. 13).

The lack of a strong Ao peak is due to a combination of

several possible causes. ©°

The most important is
the fact that the contin-
uum in the baryon spec-

S
[*]
T

trum is about three times
higher than in the anti-
baryon spectrum. This
undoubtably results from
the excess of baryons in

EVENTS /25 Mev/c?

N
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T

the target and beam.
This larger background

combined with a statisti- -

T T

K otr nte
¥ RUNS

cal fluctuation conspir-
acy enhancing the A, and
reducing the Ac is one possible
explanation for the apparent
comparative weakness of any A_
signal. It is also possible
that the difference in produc-
tion or decay of the A_ and Kc
might have lead to the A going
more forward than the & and
thereby resulting in a lower
spectrometer acceptance for the
Ac events. This could result
from a CP violating process, for
example, or simply different
production energy distributions
for Ac and Kc’

I promised that I would
show spectra for all states with
high mass structure. Figure 14
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shows the K: (41)° distribution. This has been enhanced by
limiting the energy of the state to below 150 GeV and using
only 6 prong events. The result is a 4 or 5 ¢ single channel
peak at 1.86 GeV (width ~ 25 MeV) which corresponds to the p°
charmed meson observed first at SPEAR. There is also, at least
to me, a suggestive shoulder near this mass in the K: T spec-
trum (Fig. 15).

Let me discuss now the very recently analyzed results from
the Toronto-Santa Barbara-Fermilab group on the hadronic photo-
production total cross section on hydrogen. This group con-
sists of J. Cumalat (thesis), D. Caldwell, P. Davis, R. Egloff,
A. Eisner, A. Lu, G. Luste, J. Martin, R. Morrison, F. Murphy,
T. Nash, J. Prentice and S. Yellin. The analysis work is still
going on and the results are so recent that they must be con-
sidered preliminary.

This is a very fundamental experiment which was designed
primarily to see if the photon cross section behaves like that
of other hadrons. At the Bonn Conference in 1973 OYP was pro-
jected to follow the pp cross section estimated from the quark

5

model to go as 1/2 (o 4+ + o_-_). 0f more recent interest is

the question of the eztgnt tg 5hich charm will show up in the
total cross section. There are several ways of estimating this
which tend to lead to a similar - perhaps surprising - conclu-
sion. Taking into account guark charges, one finds that the
photon couples to a charm-anti charm pair ~ 40% of the time
(Fig. 1). The experiments measuring J/V photoproduction have
found owp ~ 1.2 mb using vector dominance arguments. This is

~ 1/20 of owp, 80 one can estimate the total charm photoproduc-
tion cross section to be the order of 1/20 x 40% -~ 2% of the

total cross section (~ 2 ubarns).

A precise experiment - statistical and systematic errors
< 1% - is required to have a chance to see effects like these.
The advantages of high energy photon physics mentioned earlier
have made it possible to reach such levels of precision in this
experiment and have error bars some 3 times smaller than in the

lower energy experiments.
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All three terms that contribute to the cross section:

hadronic events
number of photons

o = (target constants) X

must be known with precision. The target was 1.00027 meters
of liguid hydrogen separated from the beam and experiment
vacuum by a total of 200 u of mylar windows at each end.

The temperature was measured by 4 platinum resistors to be

typically 20.4° £ ,2. Two pressure transducers measured the
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//;;ur

Shield Wall

Radiator

Tagging
Counters

Fig. 16.
Hodoscope

vapor pressure and thereby the temperature, independently, to
be 20.5° + .2. By analysis the D, (etc.) contamination was

< .01%. The density was thus known to * £.2% and the length
to better than * .05%.

The photon tagging system (Fig. 16) counted the number of
photons on target as a function of energy. False tags (tagging
signal with no photon) were kept below .05% (). This was ac-
complished by vetoing positrons which were bent to the side
away from the electrons into a set of veto counters. This
eliminated trident like events in which the photon internally
or externally converted to e+e—. Double bremsstrahlung re-
quires a correction because there are more photons available
than tagged. This correction is roughly equal in magnitude to
the thickness of the radiator in radiation lengths. To keep
the correction small, thin radiators (-~ %% Xo" 1% xo and ~ 2k%
XO) were used. Runs were taken at different thicknesses to
allow a check on the double bremsstrahlung correction. An

example of the very clean signal from a typical tagging lead
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glass channel is shown in Fig. 17.

. } 250 E+90 GeV E=22.56cv
There is no evidence of 1 contam- K-szw

ination. 200} J"
The number of hadron inter-

actions is the third major factor

EVENTS

of the equation for the total

cross section. Note that this is

not a transmission measurement as S0 L

is usual in I experiments in p, . I

7, or K beams. On hydrogen the 1 £ve 2 3

QED cross section for e'e” pairs Fig. 17.
is ~ 20 mbarns, almost 200 times

the hadronic cross section. A transmission measurement would
give only the radiation length. Counting hadronic interactions
in the face of the overwhelming electromagnetic background is
the fundamental challenge of the experiment. For a .2% mea-
surement a rejection of 105 is needed.

In pair production essentially all the photon energy is
carried away at almost exactly 0° by the electrons. Energy is
partitioned between the pair in a nearly flat distribution.
Thus at 100 GeV only ~ 2% of the time does one of the pair
have < 2 GeV and thus is multiply scattered out of a
3 mrad cone. The hadronic interaction signature is very dif-
ferent: a) large multiplicities (except known vector mesons,

2 body final states occur < 0.1% of the time); b) large angles
g I 16 mrad @ 100 GeV); c) very little

+
electromagnetic energy (no, Y, e ) at 0°.

(0 opening angle 2 2

The basic detector arrangement required for this experi-
ment is now clear. A charged and neutral hadron detector
should cover the forward center of mass hemisphere with a
central hole just safely smaller than the p opening angle.
Behind this hole an electromagnetic central shower counter
should measure 0° EM energy and veto pair events. The longi-
tudinal detector positions should be scaled for different
energy ranges.

The high precision goals of this experiment require more
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detector

i m

ey
Fig. 18. Detector at E_, = 90 GeV
H1 {~ 1% Absorpt. lengths) H3 (~ 8 Absorpt. lengths)
3 planes Fe-scint. P: Scint. counter

MWPC: 6 2 mm wire chambers

H2 (-~ 3 Absorpt. lengths) 3 orientations

G2: 44 blocks 33 cm Pb glass
; . - G3: 7x7 array, 6.4x6.4x58 cm
2: Pb r
S /scint/Fe/scint/Fe/scint Pb glass. I=inner ring

C lead lucite central shower §3: 12 planes, Fe-scint.

ter {23 X
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{~ 3% Absorpt. lengths)
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complexity in the actual detector layout which is shown in its
E, = 90 GeV configuration in Fig. 18. There are three hadron
detectors (Hl, Hy, H5) which provide overlapping coverage of
the forward CM hemisphere. Each of the hadron detectors has
excellent efficiency for 7° - YY {12—2lXO lead glass in H, and
H3) and for p, Wt. Neutrons and KE are detected with ~ 90%
efficiency in the lead-steel-scintillator detector, S, and with
nearly 100% efficiency in S,. Thresholds of these detectors
for hadronic events were (typically): S;, 5 min. ion. tracks
or 3 planes of 1 min. ion.; Gy, .85 GeV; S,, 3.5 min. ion. or
2 of 3 planes of 1 min. ion.; G3, 1.5 GeV; S, 4 GeV,

Most pairs are detected in the central counter, C, which
covers ~ ¥ 3 mrad in the 90 GeV setting. Low energy e scat-

tering outside of C and other rare electromagnetic channels
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(ye- -~ ye , for example) are identified with the MWPC and Gy.
The central hadrometer {TANC) behind C is used to spot events
in which a vy (or ei) interacts in C as well as to detect hadrons
coming through the central hole. Since P + TANC + C was the
only TANC trigger accepted, vy interactions in C were normally
vetoed. Offline identification of confusing events of this
type was helped by a phototube locking at the first few samples
of the C counter shower light. A large signal there indicates
that an e or y interaction in C has probably occurred rather
than a small angle 7 track.

The hadronic event trigger was H1 or H, or H3 or C * (I or
P - TANC). Other scaled down triggers were taken: pairs, non-
interacting vy, false tags (an excellent check of the fast logic
efficiency since no hadronic events should show up in analy-
sis), and HC.

In the analysis of this experiment the data was dividea
into 60 classes involving various combinations of detectors,
etc. Each class was appropriately assigned to either the had-
ronic or EM category. Despite the large number of classes
used for study purposes, the hadronic cross section is domin-
ated by just a few obvious multidetector classes. For example,
at E = 135 GeV the only hadronic classes with more than 1% of
the events were HyH,H; (~60%), H,G,8, (~20%), H,yH; (~12%),

H H, (~6%), and H,8, (~2%).

The fraction of the beam photon energy in the C counter
(Ec/EY) demonstrates the clean separation of hadronic and EM
events in the experiment. Figure 19a shows pair events peak-
ing at EC/EY = 1, There are very few pair events below .7.
Figure 19b shows this plot for all hadronic triggers (except
events with the I or TANC counters on for which EIC/EY is more
relevant). EM events allowed by the lcose hadronic trigger
are seen peaking at EC/EY = 1 and are clearly separated from
the hadronic events, the great majority of which are near 0.

A cut of .7 has been used in most hadronic classes. (In a few
low cross section classes E;c orx lower cuts on E, were used) .

Very few hadronic events are lost by this cut as can be seen
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in Fig. 20. Here all hadronic
1000} events are shown on a log scale
ey < (corrected for double brems-
48t exp (~4.2y) strahlung). A projection into
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Fig. 21. E

ple of data. The slope and
magnitude of events in this
plot can be predicted from 7
inclusive and electroproduction
data in good agreement with the
vy data.

Multiple bremsstrahlung
(Fig. 21) requires a correction
of ~ 1% (2.5% for the .0268 X,
radiator). If Ky interacts and

.5E. the event is included

ky > Y

since above 30 GeV the cross section and acceptance are very

little different at .5k and at k.

vetoed by the EC/EY cut.

If k2 > W7 EY the event is

Therefore, in this preliminary analy-

sis a correction has been made for events with .3 < kl/EY < .5.

Data was taken at electron beam energies of 40,

60, 30,

135 and 200 GeV with the detectors positions appropriately
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scaled for each energy. te Normat - Allernate Detector Position Run

Q-

v h G «2 Kay:

At 40 and 60 GeV the 2 A z Tﬂ TTITJ] 200 6av ] s0ced
detector was removed for ub | rh ¢ l[ll } 138 Gav § 6064y
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. . , T 71T 1T :
neighboring setting. Hb - f i ! F] l I
This provides a critical B

-6+

check of many facets of .

6 20 40 €0 80 100 20 o 80 o 200
the experiment such as Fig. 22. Ey(Gev)

acceptance and detector stability. An additional check was
provided by a second 90 GeV run with the H; and H, detectors
pushed backwards and a second 60 GeV run with detectors at the
90 GeV position (including G,}. As a check on the double
bremsstrahlung correction and other radiator dependent effects,
data was taken with several tagging radiator thicknesses. At
135 and 200 GeV, where v flux was limited, radiators of .OlO?Xo
and .0268XO were used. At 90 GeV thicknesses were .0107XO and
.0054XO. At 60 and 40 GeV, .0107XO was used.

The differences in the cross section result (A) for the
thin and thick radiator runs and the normal and alternate de-
tector positions at the various energies are shown in Fig. 22.
There is clearly excellent agreement within statistics between
the various runs. The c¢ombined data is shown in Fig. 23 with
a magnified vertical scale broken at 100 pb. Where they over-
lap the data from different energy regions agree well. As
noted earlier, this i1s a wvery important check on the experiment
since the detector configuration varies radically between dif-
ferent settings.

A fit to the data for 30 < EY < 185 GeV gives ¢ = (113.21
+ .37) + (.0267 + .0047) £ yb with x? = 55, np = 52, The
results from this experiment should be treated as preliminary,
as they are very recent and the data is still being studied.
Systematic errors are presently estimated to be 0.8%, energy

independent, and 0.4%, energy dependent.lO
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The energy dependence of the vector meson - proton cross
section can be deduced from the gquark model relations:

Sop = Cup = #l0p+p + Ip-p]

®6p = %ktp * kp T %np

Vector dominance considerations suggest that o has the energy

P
dependence of an appropriate linear combination of GVp' Tradi-

tiongl projections into this energy range assumed GYP = const
Gpp' This projection6is shown in the lowest, dashed, curve in
Fig. 23. Data on cnip from the ps, AGS, Serpukhov and Fermi-
lab were usedlfnd Upp was normalized to fit the SLAC OYP data
below 20 GeV. Obviously missing from this pfgjectfgn is O¢Pi2
The top two curves in Fig. 23 show UYP:=C[(YD + Yy )Upp * Y
%%

p] using Kip data from the same e)éperiments.6 There is some
question on what value to use for Y since results from the
colliding beams at q2 = m¢ are not the same as those from A
dependent photoproduction (q2 = O).7 The solid curve uses the

q2 = (0 coupling constants which is most appropriate for compar-

ison with UYP measured at q2 = 0., The upper, dashed, curve
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uses colliding beam constants and indicates the upper range of
projections that do not invoke charm. Note that there may be
as much as a 1% ub systematic normalization error in any of
these projected curves because of uncertainties in the low
energy photoproduction data and the normalization differences
between the different mp or Kp experiments.

We noted earlier the expectation that the total charm pho-
toproduction cross section is around 1 or 2 ubarn. The differ-
ence between the GYP measurement at high energy and the quark
model projections without charm is certainly consistent with
l or 2 ubarn of charm and perhaps more. Measurements of
o{yp - J/¢y) at Fermilab and SLAC indicate that o rises by over
8Above 80 GeV the cross

section has been observed to continue a slow rise.9 The high

a factor of three between 20 and 50 Gev,.

energy d data appears to point down toward an intersection

with thngLAC data near 20 GeV. This is just the behavior
expected if the charm cross section increases rapidly between
20 and 40 GeV as suggested by the J/¢ results, and if there is
a small normalization difference between the low and high
energy experiments. The slope of the Op data is somewhat high-
er than the slope of the projected curves. Given the slow rise
of %y at high energy, this is also consistent with the idea
that charm quarks are causing the apparent excess in Om Over
the projections.

The Tm data taken at E = 40 GeV are now being analyzed and
will be available shortly. They will fill the gap between 30
and 20 GeV. This will contribute to a better understanding of
the systematic uncertainties between the SLAC and Fermilab Crp
experiments and, perhaps, reinforce the interpretation of the

preliminary results I have just given.

I would like to thank W. Lee and M. Gormley for discus-
sions and the latest data from the Broad Band photon experiment.
I would also like to thank my colleagues on the photon total

cross section experiment for allowing me to speak about our

early results.
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