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Summarys The possibility is considered of the experimen
tal use of the X;rays from a 25 GeV Proton Synchrotron
like the one at CERN., The J“rays take origin from the
n%'!'s decaye.

The energy and angular distribution of the pho
tons from 7w°%'s ig given.,.

The experimental use of the fact that the two
twin g~rays from one n® are orthogonally polarized is
examined, as a method to work with polarized photons.

The background due to the presence of neutrons
ig discussed: this could be in some experiments a major
difficulty.

The measurement of the photon spectrum for gei
ting the angular and energy distributions of the =n°'s is

congidered.
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1) INTRODUCTION, ORIGIN OF THE PHOTONS

At the Venice Conference (1957) one of us pro
posed the use for experiments of the }ﬂ-rays from the
CERN Proton Synchrotron. The posgibility also was consi
dered of making use of the relative polarization of the
two photons from each n¢, for experiments with polarizéd
rhotonss This paper is dedicated to these guestions.

The main source of the photonsg is the decay of
the 7° mesons produced in the collision of the accelerg
ted protons against the nucleons of the internal target.
Other sources of photons (apart from cascade multiplica
tions) shall be the decay of heavy mesons and other less
important phenomena: these sources will be disregarded
in the present discussion. An estimate of the flux of
particles from the P.S., is given in a paper by Citron
and Hine1).

The photon beam is taken in consideration here
for two reasons:

a) its use for researches on photoproductions and on elegc
tromagnetic interactions

b) the study of its structure for getting the spectrun
of the 7° mesons in the proton=nucleon collisions.,

There is a definite relation (see §2) between
the spectrum of the photons and the spectrum of the =wo's,
The latter is still unknown, of course, and therefore in
our calculations we have taken zs a basis the 7 spectra
proposed by two previous reportss One is the distribution

estimated by the Monte Carlo method by Hagedorn and Ce-

1) - 4, Citron and M.G.N. Hine; Supplemento al Nuovo Ci-

mento Vol. II3 375 (1955,



3.
rulusz).
The other is the total spectrum Fy as given by

Sternheimer3). These two spectra are reported in our fig.l.

ENERGY AND AWGULAR DISTRIBUTION OF GAMMA-RAYS FROM THE

DECAY OF x® = MESONS,

A
Let [E;J}d . "7 Tepresent the intensity

of the 7° - mesons of total energy {?‘ and angle 8 in

the intervals G(v”a and ol 7L in the center of mass sy

stem of the colliding nucleons, and let TYZ)dEcl T be

the intensity of gamma-rays of energy &£ and angle 8 in

the intervals &£ and €2 in. dhe same c.m.8. Then one

cen show that /%§)AEAL 15 given byd)
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2) -~ Hagedorn and Ceruluss High energy meson production

at 25 GeV in Nucleon = Nucleon collision according
to Fermi statistical theory. CERN Theory Division
Internal Heport.

3) - Sternheimer: 'Energy and angular distributions of
particles produced by 25 BeV protons'! -~ Brookhaven
Internal kemo. ADD - RMS - 4, Nov. 21, 1957.

4) ~ This kinematic problen has been already resolved
in the case of the 7n°'s in cosmic rays by: A.G. Car
lson; J.E. Hooper and D.T. Kings Phil. Mag. 41, 701
(1950).,



With the help of the equations
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where
/Je = velocity of the c.m.s. of the colliding nucleons
with respect to the Laboratory systems

/
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one obtains the intensity /?2;#;)aféﬁfJ2 of gamma rays
of energy &£ and angle & in the intervals ol & and & 2

—

in the lab. systems
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Fornula 3 has been applied to the cemes. Tm-spectrum of
SternheimerB%Fb distribution, Fig. 1) and also to the
s2)

C.MeSs T spechtrun resd&é%ing from Monte Carlo calculation
The results are shown in Fige 2 and 3, for dif
ferent angles. We make the feollowing remarks on the re-—
sulbts:
i) In all cases the spectrum has a maximum, whose value is
cf the order of z few hundred MeV in the forward direc=

tion., This is an interesting point, considering the lar
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ge background of low encrgy photons in the usuasl bremss-
trahlung boams from electron machines.

ii) The spectrum includes in an appreciable amount photons
up to 8-10 GeV in the case of fig., 2, and 10-12 GeV in

the case of fig. 3, at least in the forward direction

(oo s 50)_

§ 3) COMPARISON OF THE PRESENT PHOTON BEAY WITH A BRENSSTRAE=
LUNG BEAM. |

In fig. 3 we have reported, normalizing at 5
GeV, the Bremssirahlung spectrum from a 6 GeV electron-
synchrotron (dotted line).

We may try compare, in a first rough approxi-
mation, the two beams,

As far as the intensity is concerned, we can
estimate that the total energy per second of the photon
beam is about 10 times higher from an electron synchro-

tron than from the P.%.: this number is obtained undex
10 protons

the hypothesis that the P.S53. accelerates 10 PYery

(against for instance 3 x 109 electrons in &1c.sa)§the
repetition rate is for the P.S. 1 every 6 seconds (against
20 per sccond)g-%-of the energy of each 25 GeV proton
goes into (~rays (against-%a- for cach 6 GeV eleciron).

The PS beam has no low energy photons, while
in the Bremsstrahlung spectrum there is an infinite con
tribute of low energy photons.

The use of hardeners like LiH cannot probably
sweep off the low ener gy photons in the bremsstrahlung
besm in a way comparable to the natural 25GeV P.S. pho-
ton bean,

Photons of energy lerger than 6 GeV, as we al-
ready said, could be well represented in the P.S5. spec—
trun.

The P.S. spectrum is different at different an
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gles and is distributed in a rather wide conej; the Bremssg

trahlung spectrum is a very thin cone with an aperture
rmyet -2

of the order ~ % = /9
M

The wide cone and the energy dependence may be

radiants.

useful in chamber experiments: the bremssirahlung spec—
trum shall in general be better for counter experiments.
One definite disadvantage of the PS photon bean
may be the presence of neutrons (see § 4) o
It is clear that we cannot gxpect that the pho-—~
ton beam from the 25 F.S. may run out of businnes the

clectron machines of many GeV,

THZ PRESENCE OF THE NEUTRONS TRAVELLING TOGETHER WITH

TEE PHOTONS.

It is difficult to estimate at present the fungc
tion N,(E,8), that is the energy and angular distribution
of the neutrons. The ratio R, = photonss: neutrons in a
given point shall be a function of the distance, and the
angle.,

In general the neutron beam should be wider in
angle than the photon beam, and the total number of neu-
trons of high energy is expected smaller than the nunmber
¢f photons, Thig could make possible to find out regiouns
with high value of R, ;hen the proper distance and angle
are cghosen.

A further increase could come from the use of
proper abgorbers. After an abscrber of x gr/om2 the ra

tio R becones

A":/?c, X ,_ i ’
exp e (a, /1}_,)/3&,1,?_7

where ‘AJ,Ah are the mean free paths,
£ In table I we givee the values of Aé,, A, and
An ¥

/%J"‘/I'\M

"
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,{,L is given not including the diffraction scattering.

Anyway this scattering could help for the low energy new

trons.
Table I.
AEn) MG fﬁﬁ/ﬁfﬁ)
. 7 Gt A?—ﬁn o ®
H;g 8305 26&4 38':5
DQ 167 33&2 4193
Bg 130 55 - 9543

§ 5) ON THE POSSIBILITY OF MAKING USE OF THE RELATIVE POLART=

ZATION OF TLE TWO DECAY PHOTONS,

Can one make experimental use of the relative
polarization of the two photons emitted from the 7no's?

As known, the two decay photons are orthogonal
ly polarized, one respect to the other (5). It would be
therefore of interest to make experiments with the pho=-
ton bean where the interactions of the two photons from
the same w° are compared. This can give us informutions
on the dependence of the observed phenomena on the sta-
te of polariza%ion of the photon, and it is like making
experiments with polarized photons.

In the figure below we give an example of what

We means

(5) = C.W, Yangs Phys. Rev. 11, 242 (1950)
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Let!s assume 3; ,éﬁ are twin phetons (orthogo=-
nally polarized)s A1, Ao are two visualizing detectors
(bubble chambers, cloud chambers?) flashed only whon the
two group of counters Cy, Cp, indicate a coincidoence in
side say 109 scc,

ILegt's suppose that we observe two covents E1,

Ep produced by photons 3}) XE « Once we have at dispo=
sal a sories of pairs of evenbs Ey, E,, we can know how
the co}lision phenomena - we are observing depend on the
stateg@olarization of the photons. In fact let's suppose
that events in detector A4 are devided in different groups
849 Pys Cf wesesesesy according to some physical paramg
ter under exanination. If events E2 are equally clagssi=-
fied into apy; Doy C2 seeesesy then the discussed paramg
ter depends on the polarization of the 5’ if the events
in the channel 2 are associated with different distribu
tions %o each groups aq, bgyy Cis sesese

The situation may be consgidered in a different
way to0: suppose channel 2 is prepared for an interaction
of the photons which allows one to know with a probabili
ty ;u the plane of polarigation of the photon 2 (and fronm
this of the photon 1). This interaction could be for in-
stance a Compton effect or a cascade shower in a control
led chamber or in a counter telescope. Then the beam of
channel 1 is in many respects equivalent to a beam of po
larized photons, for we can assign for each event the

most probable polarization plane of the photons
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Then the problem ise: is it possible to pick up
the two twin photons in a jungle of many photons? Therc
is any hopp of a recasonable intensity?

Let's call:s

a, the arca of two detectors of photons (total area 2 a)s

g, the distance of these dotectors from the target where
the 7° mesons are created;

T, the time resolving power of a coincidence among the
two deteciors.

>, the average angle among the photons.

Then, the maximum flux N&- of photons per sec
per cm? which s%ill allows %o find out the twins with a
say 90% certainty against the spurious double .coinciden

ceg iss

7
ro T &% T

Ag,g'

This limiting flux is independent (in practice
not strongly dependent) from the area a. If we assumes
&= "Q“‘EJQC 7 X = 2‘/0-2’”'-;?&"/' ny = Z‘/OJ S s We have
Ny & s 2.% 1045 in the time of a pulse from the PeSey
say 10~1 gsec, we have a flux per pulse of 2,103 photona/cm2§
therefore ;ﬁi%ﬁgsible to pick up the two twin photons al
so in a large population of photons,

The number Np of pairs of twins per pulse is

accorcinglys

¢ a
VoZ 4Ny o

Xfﬂﬂ75aa) g P
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With a = 4 x 102 cmi wo have Np = 6 x 104, This is the

‘number of twins observed per pulsc by the two detectors

- of area a, in caso the efficency of cach of them is 1,

It is,worthwile to notice that the resulting value of
the flux Ngr is of the order of magnitude expected from
the Geneva P.S.

This possibility of making experiments with
photons whose relative polarization is known, is being

further analysed.

DEDUCTION OF THE C.M.S. w° SPECTRUM FROM THE XLRﬂYS

LAB SPECTRUM. PRELIMINARY PROPOSAL OF EXPERIMENT,

Relation between the 7° and the 4 - spectrum

One significant point in the case of the 25 GeV
P.S. ig that the photons have in the Laboratory an angu-
lar distribution close to that of the wn°'s. This comeg
from the fact that the angle between the two twin photons
is appreciably smaller than the angle of the w°'s with
respect to the producing proton. The general problem of
getting 17;“('2;7‘; )g’:) from 7_'[5,'9') has a long literatures
we recall here that at Berkecley (6) nuclear plates have
been cxposcd close to the internal target to deduce the
angular distribution of the pions, ‘

In order to obtain the function 77(/&‘::}.9_,'&")
one has in principle to know the fHnction 7Wﬂf,ébk

The relation between /7“-:/5‘;’;:_-,) # ) and /_?:E'/'ﬁ)may
be in general very complicated. In the particular casge
that the 7n°'s are emitted isotropicaily in the C.M,.S,,
then the relatipn is the equation 3 already given. |

From a practical point of view, considering

(6) - D.T. King. Phys. Rev. 109, 1344, (1958)
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that the photon distribution, being obtained through an
integration, tends to cancel the particularities of the
n°~spectrum, it may be more convenient to work by trial
and error,

The experimental problem is therefore the com
plete measurement of the function 7(€,8) . This nay
be achieved by use of either some integral Cerenkov coun
ters or a pair speotro@eter.

Measurement of the 7° spectrum by use of Cerenkov Coun-

The pogsition and energy of the photons can be
moasured by use of Cerenkov counters, of the integral
type, The cnergy of the photon is obtained by estimating
the pulse size due to the Cprenkov light produced in the
Cerenkov by tho compleote cascade development of the pho
ton. The percoentage precigion in the measurement of the
ener gy increases with the energy of the photon. A rela-~
tive precigion of 5 = 10% is possibles

The position of the photon could be localized
within + 5 cm at 20 meter (uncertainty in the angle of
the photon of the order of 5 x 1072 rad).

In this case we could have of the order of 105
photons in 10~1 sec (lenght of the pulse) on the Ceron-
kov counter. A resolving time of a few 109 sec in the
Cerenkov electronics could be required., The time for col
lecting the data does not seem&ﬂifficulty.

One difficulty is the distinction between a
photon and a neutron. A neutron could simulate a photon
(by emission of wo's, for instance) even in a Cerenkov
countor. One obvious way is %o make use of the very dif
ferent Z —~ dependence of the absorption of the photons
and the neutrons and to obtain the photons by differcnce.

May be it is quite possible o distinguish the

photons by inspecting the cascade development in the Ce~
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renkov at different stages. (See fig. 4).

On the use of g vpair spectrometer for the same measurer~

ment.

The pair spectirometer could give a more preci
se spectrum, and the distinction between photons and neu
trons may become casier.

One pogsible spectrometer for our energies
should have a gap of a lenght of about 3‘meters, and its
weight would be around 270 tons (see B2 5la

We are grateful to proff. E. Ameldi, G. Bernar

dini and B, Touschek for discussioms and comments,
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used by us to obtain the energy and angle
distribution of the photons. ,
Full lines ref. 23 Monte Carlo methods: ref.2.
In the abscissa: energy of the 7m's in proton
mass units.~
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FIG. 1 = Spectrum of the T mesong in the CelleBag
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spectrum in the c¢. m., s. of Hagerdon and
Cerulus (The photon cross section as if the

as an intermediate step could be disre-

garded) .~
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internal
target

internal proton beanm , /,/”//

!
Veto counteriﬁjg%’absorbers
/’\I G
/////, Cerenkov counters

=i

IG. 4 - A rough sketch indicating the counter digposi-—
tion in order to get the m° spectrum from the
photon spectrum.-—
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