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L. — INTRODUCTION

For measuring the polarization Offﬁ -mesons an ex-—
periment was made by Alikhanov et al. ( ), where the authors
registered Moeller-scattering processes with great energy
transfers from the incident muons to the knock-on electrons
of magnetlzed iron, In that case electron showers were crea

ted. The measuremenr was lone with cosmic rays using ener-



gies from '3 to 6.5 BeV.

This method does #ot work in the reglon of low f¢ -
-energles, - for in that case the stattered electrons can-
not escape a thick scatterer and thus cannot be registered.
On the other hand the counting rate increases with the
thickness of the scatterer. “

Therefore, following the idea of Stoppini, another
method should be discussed, where the scattering takes pla
ce in the plates of a spark chamber. There the whole thic

~ knéss of’ scatterlng material can ‘be made rather thick for

N gettlhg a blg counting rate, and nevertheless the knock -on

electron can be registered.

A similar method was used by Backenstoss et al‘(gz
who didn't dse a spark chamber but a total absorption sho-
wer detector consisting of interleaved 1layers of iron and
pPlastic secintillators. The field strength in the iron pla-
tes was + 2 x 104 gauss; the measurement was done in a col
limated s+ -beam of 8 + 15% BeV/c and an 1nten51ty of 2x103

particles per pulse of the pﬁRN—synchrotron

II. - THEORETICAL DISCUSSION *

:1) Fundamental con31deratlons

The theofeficalleroés section- for the. scattering

3
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Here we have taken:

=
i

rest energy of the knock-on electrons

it

velocity of the incident muons
Ty, = classical electron radius

£, = T, +m, = total energy of the incident muons

rﬁ‘-';
& = energy transfer fromiﬁtto e~

fws = Maximum possible energy transfer

§}¢= po;arizatiOn vectors of e”, f respectively. ..
From the kinematics of relativistic particles we
find for the maximum possible energy transfer from an in-

cident fz -meson-to an electron:
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and for the connection between &xand?the scattering angle
f% of the knock-on electron, measured with respect to the

primary direction of the‘incident/m.—mesons;
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we find from the integration of equations(2) and (3):
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with
o e &
‘ g T A
(9) A(T.) = =57
£

In the present exparlment we reverse the magnetiza
tion in the iron plates of the spark chamber to change the
spin orientation of the knock-on electrons:

The flux of registered knock-on electrons at field
"up" and "dowan" may be then Ns aﬁd Ny respectively.

Now we define as a characteristic quantity

(10) o  , Né = Ny
N Ne + N4

Because of

Ny = ﬁﬁ@,/V}4 {5 (’&?a f‘ ?2 ??a E?f)

Ne = Ne Mo ¢ (6 - R R 6,)
with N, = spatial density of electrons (é_/cm3)

‘N

i

frequency»of_ﬁt—mesoné (fi/sec Gev/c)
1 = thickness of scattering material (cm)

we find immediately

}
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Using equations (7) and (8)
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The average value of S is to be found from
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It \is important to notice that the characteristic
quantity S, defined by equation (10), must vanish, if the
}1nc1dentfu -meson beam contains the same number of positi-
ve and negat ive: ﬂe—mesons.

A measurement in cosmic rays without helping of

(1)

an analyzer magnet cbviously is péssible only  because
of the positive excess of the muons in the atmosphere.

For the numerical calculation of § the intégral‘o—
ver the function s(E) must be calculated graphically  ta-
king a certain & —region given.by“the measuring arrangement.

For the limiting case of all electrons getting ma-~

ximum energy transfer, we find with the definition

(18) 4le, €)= = a4t e, =4
4}3. -

(x) - Notice: we mnotice that the 11m1t1ng value of s(&) for
all knock-on electrons hav1ng maximum p0531ble ener

gy, that is & -z 4 , is
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Now we wish to determine the time t necessary to
obtain the quantity S (see eq. (10)) with a relative error
of + p%. |

That is, supposing daussian distribution of N and

N4 , we demand a number !, of knock-on electrons

-

If.we take the relative number of knock-on elec—
trons per incident muons as fo f, we find from equation
(11) and (20) and the definition of N oo
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for measuring in a certain region of energy-transfer

T f’“{n ERSE s ' 1
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+In this expression k and q are functions of the i-
nitial energy of the incident ﬁa—meéons and of the usable
energy—-transfer region determined by the measuring arrange

ment.

2) Numerical example

We now shall consider the cdse of monochromatic

muons of initial energy
7
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Or 683 BeV
a = 0,111
g): 672

/%“= 0,9988

equation (4)—> ‘.

equation (&)

Constants:

m = 1,67 - 10 °" g
P
’;v; = 2, 818 f
Iron - scatterer: joo= K9
= 56 _j - g .
Z (o e MR L DD oo T electrons
=26 LoNe £,8 21 s
I . _3 { /‘5 PW-F
%7 = 7,88 g Ccm

The numerical calculation of the foregoing equa-

tions gives with those values:

4 -
f ; 4 - g
( 51 ) P YA

i SR 4
A f < i

A graph of this function is given in Ffig. 7.
The region 0f scattering angles % usable by a
spark chamber is about
< ﬁ}

10 & 7

£ 30°

Thus from fig. 1 or equation (5') we sée,ﬁthat knock—
-on electrons with an energy transfer & not bigger than

0,83 can be registered, if the electrons pass only one spark

gap.
That is, the one integration limit in equation (16)
is
&, = 0,83
If we assume that the knock-on electrons to be re
gistered must have at least an energy of & = 20 MeV, we

find the other integration limit to be

€, = 0,029



The contribution of s(¢ r<,) is relatively small.

Thus, remembering the uncertainty of the value # = 20 MeV,

v-"""
T

Pl

we can take . 1, indipendent of the muon energy.
From numerical integration of equation (16) we find

for that region

B I o DL A S Y

(1871) o L lEev) = —T Y D2 7 /eo
' f‘}rm‘.

and
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For rough comparison with tha Data of CERN(2)

N ] d N . = on
p 26§ /4/sec ; P 62% .
b~ + 27,3% : F =12,5h = 4.5x10" s

we find from equation (22) for the total absorption length
‘necessary _
1l =5,3 am

At the CERN experiment(Z)

the total absorption le-
ngth was 20 cm in iron. '

This comparison is not yet quite correct because
of the higher energy ofafhe;iﬂcident muons used‘in CERN.

If we take Tr = 8 BeV into our calculation we find
1l = 10,2 om »

Thus the new method seems to be better by a factor

2 than the method used in CERN,
A graph of the energy depen@gpt_term of the time
equation (22), that is of S
D &
(23) pio= (ARG 7)

is shown in fig. 2.



'3) Measurement in a monochromatic beam

If we measure in a monochromatic beam of g -mesons,

that is in a beam containing a certain momentum band |

ﬁ:‘ < ;L*‘ & p',r

we have to take the average value of the measuring time

from the following formula:

e /, |
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ITTI. - EXAMINATION OF THE POSSIBILITY OF A SIMPLE EXPERI-
MENT USING COSMIC RAYS FOR MEASURING THE POLARIZA~-
TIO’\T OF ,(n —MESONS

As mentioned above the method discussed can be u-
sed with_cosmic rays only because there is a biggér number
of positive mucons than negative‘ones ("positivé exéess"

But the appearance of muons of both charges in the beam ma
kes the effective counting rate less. That is, we dget a
longer measuring time than in the case of a "pure" beam.

We shall discuss at first the measuring}time we ha
ve to expect measuring with a spark chamber in fhe open air.

Later we shall see if it is possible to shorten the measu-
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ring time using a magnetic separator and measuring in a "pu
-re" beam of cosmic rays. Finally we shall discuss a certain
arrangement of two spark chambers, called:a doubie spark

chamber device.

1) The influence of the positive excess.

Let W;; and ﬂ;; be the numbers of positive and ne
i

gative muons in t@e cosmic ray beam. Then positive excess
means |
(27) a-'f/;f = (1 +9) np
where {5 is about‘QO%(4)
In equation (10) we defined as characteristic quan-—

tity of the measurement

ot /‘v’ ¢ - f\.f P
(10) o=
_ Ne + Ny

In.a symbolism casy to understand we can write for
the numbers of knock-ocn electrons created by/ui f4”respec—

tively with magnetic field direction "up" and "down":

Ny (p) =0 NT

-l Nb = NP e NT

Ne = Np + Ny

Ni (m+}=:vap?
Ny (p7) =1 NS

) . . +
Now equation (27) is valid, and the reaction of f‘

ar—,
B, (s
e

at field "up" is equal to that of ﬁi—at field "down"  and
viceversa. For this reason we get as a result of the measu

rement not S but the smaller quantity

B

; gf;r{’ ~t ’

To measure the polarization again with a relative

N s

(29) <t = Jd <

error of p% we now find instead of equation .(26) for the

measuring time



(30) L

2) Direct measurement using cosmic rays

If we consider muons passing 30 cm of iron to'be re

gistered, the low momentum end of‘the spectrum will be about
p; = 500 MeV/c
The high momentum end will be in any case about

P, = 10 BeV/c ,

because muons of higher momentum will be scattered at a too

small scattering angle 3 to be registered (see fig. 1).

" In the region 3 £ p.. £ 10 BV/c thevspectrum of

cosmic f& ~-mesons can be described<4) by a function
| . ~ -~ ¥i
1 T = {.—-“;\ ; 4 £
(3 ) H {M {'/ ,ﬂ) « /)i" :
3 I R AN P Y S

with a = 5,19 x 10
and ¢ = 1,83
Therefore we divide the integral in equation (26)

A, LA ¢ ";:‘,/ gvotd

into a sum of two integrals. The first part, from .0,5 to 3
BeV/c, we have to calculate graphically, in the second part

we shall use equation (31). From this we find
. 4‘:‘ .Z’:-:, V':,"I‘:;
{,»' . [
Yy f F o - N "."--:;‘ i ~ FPiEIOMS
{‘ ‘S < ) ; %C if?'f ?,L“ - ,i} , /g ‘C/ X .; {3 I/
j P - ) o
o, 5
This number is in good agreement with the total muon-

. (5)

Plux at sea level, referred by Rossi'”’.

‘The graphical integration of the other integral gi-

ves 4w Bev/e
r'f' - o .
7 : - N ) " ) - Ao «
§ ”?@;é--w‘ﬁ.f 4—4'f7(* ot d Lﬁﬁ V
H &y / - e’
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From this we find the measuring time:

y 2 Bav/e- P y S & P
‘3 el ’e G, B A 10T g hered Fec
4) (f.. §ro- - * — -
S ey (4 oyt 2 )R
(7 T e

o

Let us - use for determining the solid angle £

|

of
the measuring arrangement two.rectangular scintillation
counters with useful area F = 30 x 30 cm2 being in a di-
stance of 60 cm one from another.

Then the solid angle will be nearly,

L) w O, 7 sievad

Supposing the values

{

’h\
Fo = 50%

# = 30% ) we get from eq. (34)
o = 20% -

.~ 47 yvears.
£ = 30 cr Co o 4,0y

Thus it is impossible to make this experiment with such a

simple device.
3) Measurement using a magnetic separator (see fig. 3)

In the last section it was shown, = that the measu-
ring time in an experiment using cosmic rays is too long
because of the smallness of the positive excess. Now we
shall show that it is possible to get a shorter measuring
time using a "pure" beam of cosmic muons Seﬁarated by a ma
gnetic separator., The disadvantage of this method is the
small solid angle and the enérgy-loss of the incident muons
in the iron of the magnet. |

We shall consider a certain magnet available in
this laboratory. This magnet gives a homogeneous field B
of 13 k@G, if the space between the poles is filled with
iron.’The proportions may be the Ebllowing:

- heighf X (direction of incidentﬁm ~-meson)



-~ depth Y
- width Z (field direction)

In a magnetic field B the radius of curvature

of a particle with charge e and momentum p is given by
;‘ N - .

#

5 —-—

( 32) i) 2 A
In our case this magnitude is not a costant but
changes with X because of the energy loss of the muons in
the iron.

For our purpose it is enough to consider a  mono-
chromatic beam of incident muons of both polarities. The
kinetic energy may be 3 GeV.'From‘energy—range tablés(6)we
see, that for this initial energy, the energy loss in a-
bout 1 m of iron giVes | o | | o

(5¢) b () = pp = a7 M e
if _{?: 3 BevV/c
Thus, if we consider for a rough estimate only muons

of this primary momentum, we can calculate approximatively

with a mean value

\/i:) ‘

= 555 cm

That means, for a rough estimate of the solid angle we can
consider the particle tracks in the magnet iréh»to be stra
ight lines. o | N

The location of the spark chamber.behihd the magnet
is determined by the édgeé.of.the/&* and ﬁ&* beams respec—

tively. Furthermore the enlargement of the beam width due

(7)

to the:multiplé scattering in fhe iron changes‘thié ioé
cation also. '

The lateral displacement of a muon entering into
the magnetic field in X- ~direction is in good approxima-

tion given by



d
/T7 “ ) o= ° s / I-;:
a-’) j’/ {A”/ / / ff:l}"mf#k)

if multiple scattering is neglected.
Corresponding to eq. (3&) in the energy region

i

3 BV = F i o4 5 Be Vv

the energy loss is given by

(38) - Lo la) = E}t: - T G5 e p MeV

/ Lot

Using this we get from eq. (37):

(39) oy (X) - seEX [, LX), £l
g .’ E |
giving y (100 cm Fe) == 7,6 cnm ét %«? = 3 BeV and B = 13 kG.
On the other hand without any magnetic field the lateral

(7)

distribution of such particles after traversing 100 cm
of iron would be a gaussian curve with a half-width of &,
= 6,6 cm. Adding the two effects we get approximatively a
displacement of that gaussian curve around the value of the
lateral dlsPLacement V. |

(7)

The angulur dlstrlbutlon of the outcoming f ~me
sons 1s descrlbed 1130 by a gaussian curve, if the magnetic
field is neglected again. In this case, the half-width af
ter 1OO cm of iron ié 267 ™ 3,6°, ‘

Because of this the beam w1dth increases with the
dlstance d from the magnet giving a half-width b of the ia

teral distribution curve of circa

m!\*
f‘:\

4

.

{43} 4@ = 5@ + 2 fy Ll {f -

For using the whole width of the spark chamber we
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have to locate it in a distance 4 from the magnet, which
is found from some simple but laborious geometrical consi-

derations to be

~—

s1) A w ok oy - R

1 and k being the width and length of the spark chamber
respectively, and ¥ the aperture in the x-y plane, in our

special case found to be
U =g, 1e

In the x-z plane the usable aperture AV of the,u -
beam is daflned by the breadth and the length of the magne
tic field and the spark chamber and by the distance 4.

A geometrical consideration gives

v L

St

r"“-..,\

"
LENTRN

V X T2 i £
i being the breadth of the spark chamber.

In our 'numerical example

u=v =5k/2 = 30 cm A = 220 cm
X:Y:SQ cm o . _ : )— "z 4,50
7Z = 100 cm S ¥ 6,10

we then find the solid angle: of the arrangement to be

~5

- S , g , . ~.2 l.
A sy y Al y = 5440 Tatered

Without the magnetic analyzer we had found
— < “ 3 _ :
© —~ — o e PapV RS
(:““) = 58 40 sberod:

Thus it is obvious, that using the available maghet we can

not improve the measurement with cosmic rays.

4) Measurément with a dOﬁble spark‘chamber device

We .now want to examine another arrangement foi mea
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suring’ the quantity 8, defined by equation (10), using
 cosmic rays. This device should have the advantage giving
a relatively big solid angle but no decrease of the coun-
ting rate because of the smallness of the positive excess.

Two spark chambers enclosed in iron may be dispo-
sed consecutively,.ana the mégnetic fields in their plates
may have opposite directions, as shown in fig. 4. With this
arrangement we‘register the two tracks of each particle
crossing both chambers on the same photograph by help of
two mirrors.

Let N4 and N4 be the numbers of knock-on electrons
created in. the first and the second chambers respectively.
Then we shall. get N, > Ny for muons of a certain sign and
obviously N, & Ny for muons of the opposite sign. ThHus from
each photograph we get either the quantity S(f‘*) =: S+ orx
S(ﬁ?”)rz: ST with

" ¥ -
PR e

f— ;

oo puntiil
fs 127

In this manner we can distinguiéh the two different

polarization vectors P, , and P but without being able

i
to relafe these Valueé to the pgsitive or negative muons.
This is now possible by counting the suﬁs of all events in
the first and-the second spark chambers respectively. Be-
_ cause of the positive excess these two sums will be diffe-
réht. If, for instance, the bigger sum belongs to the first
chamber, we know that positive muons give us N, > Ny and

vice versa.

NUMERICAL EXAMPLE

The two spark chambers, each containing 9 iron pla
tes of 30 x 30-cm2 and T cm thickness, may be arranged as
shown in fig. 4. -

For getting magnetic saturation in the iron pla-
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tes we have to take a magnetic field of a'fieldstrength B
¥ 20 kE.
"~ From the well known formula

. w f
42 "“""("{’59 : ;’"" /

L5

3

where n is the number of spires at one side, we find with

= 12,57 X 1077

{i&' ® .
, e R S I N I
£ =10 cm & Foo= A &
_:E, = 20 kG ’ A P i.e.')'(:. v x .*"M [ = I

With square hollow-wires of 1 cm x 1 cm we can ha-

ve about 400 Amperes. I%us>
'n % 200 turns,

giving a rectangular coil of sidelengths 10 cm and 20 cm
respectively. I

The solid angle is determined by the scintillation
counters which trigger the spark chamber device. If we lo-
cate them immediately before the first and behind the se-
cond spark chambers within the iron blocks, we find a so-
1id angle of about 0,56 sterad. The muons have to pass 65 cm
of iron to be registered. Thus the low momentum end of the

spectrum will be about
bo =420 Mel/c

The calculation is analogous to that shown in sec-

tion 2, giving a measuring time of

Y

&}¢“h<z 56 days
assuming ~¥; = 50% and p = 30%.

Thus this experiment may be done.
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FIG.1 - SCATTERING ANGLE & AS A FUNCTION
OF THE ENERGY TRANSFER &€ FROM THE INCi-
11°4 DENT p¢-MESON TO THE KNOCK-ON ELECTROX

(€ IS IN UNITS OF MAXIMUM POSSIBLE ENERGY
TRANSFER).
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