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INTRODUCTION, -

We will discuss here the possibility of obtaining a beam of high
energy monochromatic and polarized y rays by Compton scattering of
Argon ion Laser light on the high energy electrons circulating in the
Adone sitora‘ge ring in Frascati,

The high power now available from continuous Argon ion Laser
and the large circulating current in a storage ring make feasible a «
ray beam of sufficient high intensity and adequate energy to perform

advanced experiments in the field of photo-nuclear reactions,

1. - COMPTON SCATTERING ON HIGH ENERGY ELECTRONS, -

1,1, - Kinematics, ~
In the Compton scattering on moving electrons the energy of scat

tered photon is given by the following formula(l) :

1 - Bcos 1?1

(1) ko = Fp T K
- g G+ - -
1 - Bcosd = (1 - cos 13‘2)

(x) - Istituto di Fisica dell'Universita di Roma, and INEF'N, Sezione di
Roma,
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Our notation is the following:

kl(k2 = k) = energy of incident (scattered) photon;

E, B, m = energy, velocity in unity of ¢ and rest mass of the incident
electron ;

01 (9) = angle between the directions of the incident electron and
incident (scattered) photon;

02 = angle betweer} incident and scattered photon.,

The maximum energy kp; of the scattered photon is obtained for

d=0, ¥ = 192 = m, and in the extreme relativistic limit (E >> m) is

given by:

2 2 2
(2) k = = -

B +
n 14 _}_+ ” 1+z

2

where : Ek
fY - E Z = 4: -—-—~—-—-]-—-
m mZ.

In our case E = 1500 MeV, k, = 2,54 ev, z =0,058, k_ =83 MeV,

1 M

For 01 = T, '02 =q and if 9l equation (1) becomes :

2| 2] -1
k = 4kyy L1+Z+(Y"’):l .

This formula gives the energy dependence of the scattered photon as a
function of the scattering angle ¥ for very small values of 4, The
angle ¥ cannot be defined better than the angular dispersion, 4+, of
the primary electron beam, Therefore, the energy spread of the photon

beam scattered in the forward direction is given by the approximate

4k, v* k

‘ 2
(32) A = 1 a8)" = 7o (vad)

and with good approximation:

4k

(3b) ?1\—/? = (m&)z



or 3
k:2

2
(3¢) 4% = 0,25 —;M (49)° .
‘1

Since the root mean square angular divergence of the electrons

circulating in a storage ring is proportional to thé electron energy:
A'ﬁ’ = g I'Y

we can rewrite eqgs, (3) as follows :

Ak 2 4
- = O v

(4a) =
kg
or 3
k. 3
2 M
(4b) Ak = © -
16 k]

where ¢ is a dimensionless parameter determined by the magnetic
structure of the storage ring, The approximate formula (4b) suggests
two interesting observations :

a) The energy spread of the gamma ray beam ‘increase with the cube of

the energy, therefore such a beam will perform much better at low

and intermediate energy where the present interest of nuclear physics

lay.

b) The energy spread of a gamma ray beam of given energy decreases
with the square of the energy of the laser photons, Therefore, the
performance of the beam obtainable with a given storage ring impro
ves drastically with the progress of laser technology, For example,
using the ultraviolet lines (351, 1 nm) of an Argon ion laser instead of
the bleu-green line (488 nm, 2,54 eV) the energy resolution of the
gamma ray beam improved by a factor of two,

Some numerical results of egs, (2) and (4) are indicated in Table

I for 1«:1 = 2,54 eV and two different values of o (2).



_TABLE I
MeV MeV rad rad k MeV
1500 | 83 | 5.5x107% |16 x107%|o0.22 |18
1500 | 83 1,0x10"% | 3 x107%| 0.007¢ | 0.6
750 | 21 5.5x10"% | 8 x107% | 0,014 0.3
750 | 21 | 1.0x10"8 1.5x107% | 0.0005 | 0,01

The results of Table I are probably too optimistic since it is hard
to believe to-day that an angular resolution much better than 5x 1079
can actually be obtained, They however represent the most relevant
contribution to the energy spread, Infact the energy resolution of the
incident electron is better than *II.*O")'3 and that of the laser photons of
the order of 10~2, This latter contribution is completely neglegible,
The former has been calculated and is always smaller than that of the

angular dispersion,

1,2, -~ Cross section, -
‘The total photon-electron cross section in our energy regich is

given with good approximation by the classical Thompson formula

wrg = 0,665 Barn

(4} -]
T

wjoo

where r, =2, 81777 fermi, is the classical electron radius,

The differential cross sectlon in the laboratory system 1s(1);

do 2 9 [ 1. 1.2 1,1, %2.%7 2
= Fr 5 |4t =) e (k) W (SR [
dQ o mzx? X, X, xl X, X4 X, 1

where for: ‘G)l =m X, and x, ere given by:
1

= < 2 = n-—-ié. = g . = " G4 2
X, = Zkl (E+p)/m z = z X, 21<?(E-pco&6)/m \

7]
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The differential photon cross section and the differential photon
energy spectrum are given in Fig, 1 for our values of the parameters
(E = 1500 MeV, ky = 2.54 eV). In the abscissa of the same figure are
indicated also the angles at which photons of a given energy are scatter
ed, Therefore, from this figure we can visualize the energy spectrum
of the secondary photon beam as a function of its angular acceptance,

In our case the resulting photon spectrum is indicated by the solid
line of Fig, 2 where collimation of the final photon beam has been taken

equal to 10™4 radiants,

1, 3. - Photon polarization, - _

For very relativistic electrons their elicity is a good quantum
number, Therefore, the electron spin-flip amplitude is negligible and
the backward scattered photons retain their original polarization, At
other angles the photon polarization can change due to the role of orbital
angular momentum, If we use a laser with Brewster windows which
produce plane polarized light, the high energy photons produced by
Compton scattering will have similar polarization, The polarization
has been calculated as a function of the final photon energy and it is
given in Appendix. The numerical results, for our values of the kine-
matical variables, are indicated in Fig. 3, For a scattering angle of

10~% rad this polarization is larger than 0, 98,

2, - LASER CAVITY, -

In order to obtain a beam of high intensity and high energy photons
we must start with an incident laser beam of high frequency and high
intensity,

Our laser is an Ion Argon Laser which produces a 2, 54 eV photon
beam with a power of 3.7 W, using an output mirror of 0. 05 transmit-
tivity, If the interaction region is arranged inside the cavity it is possi-~
ble to produce a rays beam of adequate intensity for nuclear physics

experiments,



To overlap the cavity with the Adone straight section, 6 meters
long, it is necessary to realize a Laser cavity of about 15 meters and
the stretch containing the interaction region must be kept at the high
vacuum of the storage ring ; therefore a window must be introduced and
this raises the losses of the optical cavity,

We can use a window made out of high purity material with anti-
reflection coating and by treating it as 4 lens we can compensate this
disadvantage by optimizing the beam profile in the interaction region,

The linear energy density ¢ inside the cavity is related to the
total losses I' by the equation(s)

8
6 = af E; - 1)
where a depends upon the beam geometry in the active medium, § is
the pumping rate and Bc the critical pumping rate directly proportio-
nal to the totél cavity losses I,

In our laser, where cavity losses are < 0.1, B/B is much
greater than 1, and we can assume ¢ 1o be inversely proportional to I,

Under this approximation, a [ value of 0,01 is enough to obtain
the stored linear energy density inside the cavity approximately one
hundred times bigger than the standard output power (3.7 Watt)., The
effect of the window on the cavity losses has been estimated by compar
ing the measured output powers of the two cavities of Fig, 4, These
are calculated to produce a laser bearn with identical geometries in the
active medium and perfectly equivalent with respect to the diffraction
losses on the mirrors,

Assuming that the total loss in the cavity b) is equal to the trans-
missivity of the mirror (0, 05), the measured external powers for the
two cavities, P, = 2,0 Watt and P, = 2,3 Watt respectively, show that

the loss introduced by the lens cannot exceed the value of 0, 01,



3, - PHOTON YIELD, «
The high energy photon yield is determined by the number of
electrons, the number of incident photons and the geometry of the in-

teraction region, It is given by

dn , . .
. = (]« fcos8)- o c‘/ n, n;y dr

dicy 2
r
where
"(?k&' indicates the photon yield per MeV and per second :
2

c velocity of flight;
n, eleciron density per unit 'mlu:me;
n_  photon density per unit volume ;

1-fcosd =2 (5) takes into account the motion of the electrons in the
laboratory system,

The integral is extended overthe entire volume of the interactionregion,
In the first approximation we will assume that the eleciron and
photon densgitiss remain constant in the length of the interaction region
and are rapidly varying functions of the transversal variables x and y,
These latter variations are assumed to have two dimensional gaussian

distributions of the form:

2 2 2

= (5 gl X+
= v o Zm = R
n =10, exp ( £ nz) ’ m, =n, exp { pz )

where §,7 and p are slowly varying functions of the coordinate z in
the beam direction and will be assumed constant here, Hence, after the

integration we get s

NP

dn 1,.2 2-1/2, 2 2.1/2
5) Bo.pde e L P, B2 2, 301
dk dkc 2 R
2 2 21&'1{163

where ¢



Ne is the number of electrons circulating in the storage ring;

P is the laser beam power in Watt;

1 is the interaction region length in meter

R is the mean geometrical radius of the electron's orbit in meters;

e is the electron charge: 1,6x1 0~19 Coulomb,

Formula (5) must be corrected for the effect of beam instability
in the storage ring, This can be accounted for by introducing a new pa
rameter X which represents the short term root mean square displa-
cement of the beam from the equilibrium orbit, With this correction our

final formula is ¢

dn 1 Op 1 .2 .2 2=-12 9 9 3.1/
e 22 2(-..9;.?:_.—-—-—-)]_\]’ P..___..]_:..,.-——‘(g + X +p) /(rn +x +p) /
dk dk GT e 2, R

2 2 27 k. e

1
where 0 = 0. 665 barn is the Thompson total cross section, For the
storage ring Adone we may assum..e(4’):

011$ R

Ne=2x1 16,7m, 1=6,0m, §=1,5mm,

n=05mm, ¥=0,5mm,

For our calculated laser cavity we have

P =250W, k1=2.54ev, 0=1mm

which gives

8,6 do 1
—adf—‘— = 1,3x10 (-a';—- - ).
2 2 T

The number of photons per unit in a given energy interval Ak is

given by:
n = 1,3x10 (E'qjy)‘a,‘— -"'1';2‘- s y =2 .
J T ™32 T 2max

From Fig. 1 and for an energy interval of 8%:



g—;; = 0, 84 barn; Ak | 0.08; n=14x 107 photon sec™!

4, - BACKGROUND PHOTONS, -

The bremsstrahlung of the circulating electrons against the nuclei
of the residual gas inthe storage ring vacuum chamber is the only appre
ciable source of background photons, The total power radiated in this

way is given by:

5 ' IR
where many symbols have been previously defined and :

a 1is the fraction of gamma rays accepted by our solid angle, In our
case we can assume: A9 = 79> & 3x10°9 ster and from Fig, 4
of ref, (6) we obtain s
a = 0,08;
t  is the thickness of gas traversed by the electrons in a straight
section measured in units of its radiation length

= == 2o p gx10l4,
X
© a

1 =6m is the length of the straight section:

p = IlO'g'torr is the pressure in the vacuum chamber ;

X, = 3029 m is the radiation length of the residual gas assumed to
be air;

= 765 torr is the atrmospheric pressure

The final result is:

Wy = 1.8x10° MeV /sec

at an electron energy of 1500 MeV,
This number must be compared with the total power in the beam

of Compton scattered photons :

W, = Mk = 1.2x10° MeV /sec ,
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Therefore the ratio of the background power to the power of the signal
is given by:
W
B

r - .'W E O" 15}{10-2 .
w c

We can also calculate the number of background photons present

in an energy interval equal to that of the signal, This is given by:

. Ak
n =

Ak _ B
B k E

for an energy interval of 8% the result is:

® - 11-1
nB 96 sec .

The ratio of the background photons to the useful ones in the same energy
interval is given by:

p
n

r = = 6,3x10"6 .
n
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APPENDIX, - Photon polarization,

An extremely important property of photons scattered from mov-
ing electron is that they hold their original polarization,

To see this we shall introduce the Stokes parameters in the form
of a four vector ? = (I, Py, Py, Pg)=(I, P) where I is the beam in-
tensity, B = I‘i!j’ and the §j.1 are the usual Stokes parameters given by

the equations :

i~%—<{1+§) (i=1,2,3)
where :
W1 is thg probability to find a linear polarization along the x-axis ;
W, a linear polarization of /4 in the x, y plane; and

W3 a circular polarization in the same plane.

The number

measures the beam polarization,

Being k]. and k2 the momenta of the incoming and scattered photon

we shall choose as reference planes

E Ak A7l
ORI > St
TN 2 T IR
17N %9 1
'(A,l) - > = >
2)
kAk- - ,
7). 2 7@ . 2%
g |E)1"1?2| ? | k5 |

for the Stokes vectors of the incident and scattered photon respectively,
If we deal only with plane polarization, only the first two compo-

nents must be retained, In this case the S1tokes vector of the scattered

photon is related to the incoming vector (1, § ') assumed of unitary in-

tensity by
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t
(a.2) (£) = T

where T is a 3x 3 matrix given by

k'z k!
ET+ wr - sen o1 sen? g! 0
1 2
k!
1. 2 2
(A,3) T = E TO(—E%—) sen2 g! 1+cos @t 0
1
0 0 2cos @'

The two vectors are referred to the two different reference frames
attached to the plane of scattering previous defined,
k'1 s k"2 s @' are respectively the energies of incoming and scattered
photons and the angle between them in a reference frame where the
electron is at rest, It can be shown that if the photon and the electron
were moving at angle 6 = 0 or 0 = w before the collision ; the equation
(A, 2) and (A. 3) are still valid with respect to references frames (A, 1)
attached to the laboratory, provided that k'z, k!, 8' are expressed in
the system where the electron is at rest,

Then these quantities must be related to those of the laboratory

by the equations

k, |
k: ( - -—-—él. - ‘-—-‘.'];.—-— —-—1-

o 1 B 1+8 (5 )k
COS~Q - k

k‘i =:k1-n—l--l-—&__ k' -

1 N 2 k!
Vi-ﬂ 1+&I£1-(1-c039')>

If we are interested only to very small angle of scattering in the

forward (8 ~ 0) and backward (8 = w) directions, can assume a common
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fixed reference frame for the incoming and scattered photons, such
that the reference frames attached to the scattering plane for the incom
ing and outgoing photons are rotated approximatively of the same angle
@ with respect to the fixed reference frame. Then, if ( --1-,._,13) and (?1159)

§

express the two Stokes vectors in this frame we will have

1

Ipy . « (L
(A. 4) (FP) = 5,0, (5»)
where
Se) = Mo TyyM_g
(A. 5)

]

T = T_(0) = T _(0+m)

the sign +(-) must be assumed in the forward (backward) hemisphere

and
@' 0 0
(A. 6) Mg = 0 cos 29 sen 20
\ ] -sen @ cos 2¢

is the matrix that operates on Stokes vectors when the reference frame
7)

is ritated by gv( .
By sostituting (A, 5) and (A, 6) in equation (A, 4) and averaging over
® that cannot be practically experimentally distinguisched

at 8~ 0, 8 ~7 we obtain

£ §(2)> = i:‘ (1+icosO’8)2 rg_(1_)
1 B I k! k! 1
A2 2.
2( Ty - sen 80
2 1
4 §(2)> = EZ. {1+ lcos O'I)z §(1)
2 TR .
2(— +—2 . gen? 8")

1 )
kiZ kl
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For the polarization we have

5 4 .(1).2
(A7) <§2>=(J%ﬂﬂ _ 0.25(1+lcos ") (")

'kl’ k'
(o + 2 - sen” 01)’
Ky K

The mean value { & has been graphed in Fig, 3 by using equation (A, 7).
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PRODUCTION OF A BEAM OF POLARIZED AND MONOCHROMATIC 4 RAYS
BY A COMPTON SCATTERING OF LASER LIGHT AGAINST HIGH ENERGY
ELECTRONS

A, Marino, G. Matone, M. Roccella
Laboratori Nazionali del CNEN, Frascati (Italy)

L. Casano, C. 8chaerf, and A. Tranguilli

Istituto di Fisica dell'Universith di Roma, and Istituto Nazionale di Fisica
Nucleare, Sezione di Eoma, Roma (Italy).

INTRODUCTION

We will discuss here the possibility of obtaining a beam of high energy
monochromatic and polarized v rays by Compton scattering of Argon ion Laser
light on the high energy electrons circulating in the Adone storage ring in
Frascati.

The high power now available from continuous Argon ion Laser and the
large circulating current in a storage ring make feasible a v ray beam of
sufficient high intensity and adequate energy to perform advanced experiments
in the field of photo-nuclear reactions.

1. = COMPTON SCATTERING ON HIGH ENERGY ELECTRONS.

1.1 - Kinematics.

In the Compton scattering on moving electrons the energy of gcattered
photon is given by the following formulall);

(1) 1 - peos &
"2 1 k1 ,
: - 8¢ el G
1-fcosd+ = {1 - cos %)




Our notation is the following:

kl(kz' = k) = energy of incident (scattered) photon;

E, 8, m = energy, velocity in unity of ¢ and rest mass of the incident electron;

¥y (¥) = angle between the directions of the incident electron and incident
(scattered) photon;

'&2 = angle between incident and scattered photon.

The maximum energy kM[ of the scattered photon is obtained for ¢ = 0,
9 ;= ) 5 = T and in the extreme realativistic limit (E >7> m) is given by:

2
(2) (1+,3)2k1»y2 gtkly

8 | +
n 1+1;z 14z

where: E kl

In our case E = 15060 MeV, kl = 2.54 ev, z = 0.058, kM = 83 MeV.

For &, =, '0? =w andif &<« equation (1) becomes:

1

2 -1
k = 4k v [:1 + 7+ (70)2]

This formula gives the energy dependence of the scattered photon as a function of
the scattering angle @ for very small values of & . The angle ¥ cannot be defined
better than the angular dispersion, 4, of the primary electron beam. Therefore,
the energy spread of the photon beam scattered in the forward direction is given by
the approximate formulas valid for (y4¢) <1

4k, vy k
1 2
Ak = ———s (y49)" = =& (y49)°

(3a) (1+z)
and with good approximation:

Ak 2
(3b) T = (v

M
or:

k2

(3¢) 4k = 0,25 -—EM— (4)°
1



Since the root mean square angular divergence of the electrons circulating in
in a storage ring is proportional to the electron energy:

A% = o
we can rewrite eqs. (3) as follows:
Ak | 42 4
(4a) mi:“' - Y
M

or:

k. 3

) y

(4b) 4x = o° M2

i kl

where 0 is a dimensionless parameter determined by the magnetic structure of
the storage ring. The approximate formula (4b) suggests two interesting cbservations:

a) The energy spread of the gamma ray beam increase with the cube of the energy,
therefore such a beam will perform much better at low and intermediate energy
where the present interest of nuclear phvsics lav.

b} The energy spread of a gamma ray beam of given energy decreases with the
square of of the energy of the laser photons. Therefore, the performance of
the beam obtainable with a given storage ring improves drastically with the
progress of laser technology. For example,using the ultraviolet lines (351.1 nm)
of an Argon ion laser instead of the bleu-green line (488 nm, 2.54 eV) the energy
resolution of the gamma ray beam improved by a factor of two.

Some numerical results of egs. (2) and (4) are indicated in Table I for ky =
= 2.54 eV and two different values of ¢ %),

_TABLE I
Bk o 49 Ak | 4k
K .
MeV | MeV rad rad MeV
-5
1500 83 5.5x10°% | 16 x107° | 0,22 18
o FY
1500 83 1.0x10"8 3 x107° | 0, 0074 0.6
750 21 5.5x10°0 8 x10-5 | 0,014 0.3
750 21 1.0x10"8 1.5x107% | 0,0005_ | 0.01

The results of Table I are probably too optimistic since it is hard to beleive
to~day that an angular resolution much better than 5 x 1 0% can actually be obtained.
They however represent the most relevant contribution to the energy spread. In
fact the energy resolution of the incident electron is better than 10™3 and that of the



laser photons of the order of 1079, This latter contribution is completely neglegible,
The former has been calculated and is always smaller than that of the angular dis~-
persion.

1.2 - Cross section, -

The total photon-electron cross section in our energy region is given with good
approximation by the classical Thompson formula:

)
'

o = 2 nr = 0, 665
T 3 o . 665 Barn

where r,= 2.81777 fermi, is the classical electron radius.

The differential cross section in the laboratory system is(1),

do 2 2 [ 1,12 1 1, X, X002
- x {4<X+ 2o a2 Er |

dg o mzxi _ 1 XZ Xl XZ 1 y

where for 1 =M X and X, are given by:

o

x, = 2k (]iH-p)/m2 = z—l*ig- =z

2
1 1 X_ = 2k2(E—pcose)/m .

2 - 2
The differential photon cross section and the differential photon energy spectrumare
given in Fig. 1 for our values of the parameters (E = 1500 MeV, kq = 2.54 eV).
In the abscissa of the same figure are indicated also the angles at which photons of
a given energy are scattered. Therefore, from this figure we can visualize the
energy spectrum of the secondary photon beam as a function of its angular accept-
ance.

In our case the resulting photon spectrum is indicated by the solid line of
Fig. 2 where collimation of the final photon beam has been taken equal to 1074
radiants.

1.3. - Photon polarization, ~

For very relativistic electrons their elicity is a good quantum number. There-
fore, the electron spin-flip amplitude is negligible and the backward scattered
photons retain their original polarization. At other angles the photon polarization
can change due to the role of orbital angular momentum. If we use a laser with
Brewster windows which produce plane polarized light, the high energy photons
produced by Compton scattering will have similar polarization. The polarization
has been calculated as a function of the final photon energy and it is given in Appendix.
The numerical resuits, for our values of the kinematical variables, are indicated in
Fig. 3. For a scattering angle of 1074 rad this polarization is larger than 0.98.



2. - LASER CAVITY. -

In order to obtain a beam of high intensity and high energy photons we must
start with an incident laser beam of high frequency and high intensity.

Our laser is an Ion Argon Laser which produces a 2.54 eV photon beam
with a power of 3.7 W, using an output mirror of 0. 05 transmittivity. If the
interaction region is arranged inside the cavity it is possible to produce a rays
beam of adequate intensity for nuclear physics experiments.

To overlap the cavity with the Adone straight section, 6 meters long, it is
necessary to realize a Laser cavity of about 15 meters and the stretch containjog
the interaction region must be kept at the high vacuum of the storage ring: there-
fore a window must be introduced and this raises the losses of the optical cavity.

We can use a window made out of high purity material with antireflection
coating and by treating it as a lens we can compensate this disadvantage by opti-
mizing the beam profil e in the interaction region.

The linear energy density 0 inside the cavity is related to the total losses
I' by the equation(3
B

é = a(’g:"'l)

where a depends upon the beam geometry in the active medium, B is the pumping
rate and B, the critical pumping rate directly proportional to the total cavity losses [,

In our laser, where cavity logses are< 0,1, 3/ Bc is much greater than 1,
and we can assume 0 to be inversely proportional to I,

Under this approximation, a [ -value of 0.01 is enough to obtain the stored
linear energy density inside the cavity approximately one hundred times bigger
than the standard output power (3.7 Watt). The effect of the window on the cavity
losses has been estimated by comparing the measured output powers of the two
cavities of Fig. 4. These are calculated to produce a laser beam with identical
geometries in the active medium and perfectly equivalent with respect to the
diffraction losses on the mirrors.

Assuming that the total loss in the cavity b) is equal to the transmissivity
of the mirror (0. 05), the measured external powers for the two cavities, Py =2.0
Watt and P, = 2.3 Watt respectively, show that the loss introduced by the lens
cannot exceed the value of 0. 01.

\



3. - PHOTON YIELD. -

The high energy photon yield is determined by the number of electrons, the
number of incident photons and the geometry of the interaction region. It is given

by

dn do
— = - 8 )= c n
i, (1-Bcos?d) ik, / e ™y dr
ud r
where:
4 .
dkz indicates the photon yield per MeV and per second;
c velocity of flight;
Ny electron density per unit volume;
0, photon density per unit volume;

1~Bcosd =2 (5) takes into account the motion of the electrons in the
laboratory system.

The integral is extended over the entire volume of the interaction region.

In the first approximation we will agssume that the electron and photon den~
sities remain constant in the length of the interaction region and are rapidly
varying functions of the transversal variables x and y. These latter variations are
assumed to have two dimensional gaussian distributions of the forms

x2 yz 2 2
n =n exp"'(*—*‘ -'—.) n =1 ex - Lt_
e ™ o ot y = oy @ - (53 )
where E , " and p are slowly varying functions of the coordinate z in the beam
direction and will be assumed constant here. Hence, after the integration we get:

- P

(5) —i——n_ = z,alc{lo 1}3 '"]%(552"" p2)~«1/2 (772+p2)—1/2
2 2 2rkje

where:
e is the number of electrons circulating in the storage ring;

P is the laser beam power in Watt;

1 is the interaction region length in meter;

R is the mean geometrical radius of the electron’s orbit in meters;

e is the electron charge: 1.6 x 10719 Coulomb.
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Formula (5) must be corrected for the effect of beam instability in the storage
ring. This can be accounted for by introducing a new parameter % which represents
the short term root mean square displacement of the beam from the equilibrium orbit.
With this correction our final formula is:

dn _,,do _1 | °p 1 ,.2 ,2 2-12 2 2 2.1
& - z(dk OT)NeP-—--Z«-—---ﬁ-(g +X +p ) /(n +X +p) f2
2 2 27k, e

where Omp = 0.665 barn is the Thompson total cross section. For the storage ring
Adone we may, assume(4):

Ne=2x1011, R=16.Tm, 1=6.0m, £ =1.56 mm,

n =0,5mm, ¥ =0.5mm.

For our calculated laser cavity we have

P=20W, k =2.54eV, @ =1mm

1
which gives
' dn 8 do 1
—_— = 1,3%10 (= ) .
dk 9 dkz 0 T

8 Ak k
n=1,3x10 (ggy)"a%“" 2 ’ y = - .
dy T Ky 2max

From Fig. 1 and for an energy interval of 8%:

do AK :
-dgr-y = (, 84 barn; Ak . 0,08; n= 1.4XI07

” photon sec™l |

4. - BACKGROUND PHOTONS. -

The bremsstrahlung of the circulating electrons:against the nuclei of the resi-
dual gas in the storage ring vacuum chamber is the only appreciable source of back-
ground photons. The total power radiated in this way is given by:

N ¢

= -.._..‘?..—— M
Wt 5o Ee

" where many symbols have been previously defined and:
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a is the fraction of gamma rays accepted by our solid angle. In our case
© weccan'assume:. AQ = nd2 & 3x 1075 ster and from Fig. 4 of ref.
et (6)rwe obtaing .

a=0,08;

t is the thickness of gas traversed by the electrons in a straight section
measured in units of its radiation length:

t = —— = 2 6x 10"14;

1 =6 m is the length of the straight section;
p = 1072 torr is the pressure in the vacuum chamber;
X = 3029 m is the radiation length of the residual gas assumed to be air;
= 765 torr is the atmosphere pressure.
The final result ise

6

WB = 1.8x 10 MeV/sec

at an electron energy of 1500 MeV.

This number must be compared with the total power in the beam of
Compton scattered photons:

W_ =nk=1,2x 109 MeV /sec.

Therefore the ratio of the background power toc the power of the signal is
given by:

= 0, lﬁwl@-z

0

We can also calculate the number of bagg;«}zii@%”d‘und photons present in an
energy interval equal to that of the signal. This i& given by:

for an energy interval of 8% the result is:

n, = 96sec”
B e
The ratio of the background photons to the useful ones in the same energy
irterval i given by: n
r = B 6,8}:10-
n n
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APPENDIX. - Photon polarization.

An extremely important property of photons scattered from moving electron:
is that they hold their original polarization.

o To see this we shall introduce the Stokes parameters igthe fg_fm of four vector
p = (I, Pl’ P,P)= (I,]g) where I is the beam intensity, P = I 3 and the
are the usual Stokes parameters given by the equations:

55

, 1
Wi= —2~(1+ §].,_) (i=1,2,3)

where:

W1 is the probability to find a linear polarization along the x-axis;
W2 a linear polarization of 7 /4 in the x, y plane; and

W_  a circular polarization in the same plane.

3
e
The number £ - L%[’__i - | ¢

measures the beam polarization,

Being k. and 1«:2 the momenta of the incoming and scattered photon we shall
choose as reilerence‘planes

Y Ak 7oAzt
; ;
';(1) - 1 2 “x’(l) _ 1 1
ST TR T
1M Kg 1
A
>(2) 1M %o 2(2) - Kty
1 > = 2 =
\klr\ kz\ ‘k2§

for the Stokes vectors of the incident and scattered photon respectively.

If we deal only with plane polarization, only the first two components must
be retained. In this case the Stokes vector of the scattered photon is related to
the incoming vector (1, g')assumed of unitary intensity by

1 1
(A.2) ($r) = Tl

where T is a 3 x 3 matrix given by
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k'2 k!
F+I{—;--sen 8"  sen?@' . g
1 2
1.2 k5 o 2
(A.3) T = ETO(F) sen” @! 1+4+cos 0! 0
1
0 0 2cos 0!

The two vectors are refered to the two different reference frames attached to the
plane of scattering previous defined. k!, k'z , @ are respectively the energies

of incoming and scattered photons and tllle angle between them in references frame
where the electron is at rest. It can be shown that if the photon and the elect. -~
were moving at angle @ = 0 or 8 = before the collision; the equation (A.2) anu
(A.3) are still valid with respect to references frames (A. 1) attached to the
laboratory, provided that ki, k‘l , 9 are expressed in the system where the
electron is at rest.

Then these quantities must be related to those of the laboratory by the
equations

k k

2 1 1
K (1--2) .
) a0k
cos @' = ]
)
k(B -5
k?
+
k! =k1‘7‘i—:;.—‘§—():- k'2= K !
.1'_ L N
\ ﬁ 1+-i(1—cos®')
m

If we are interested only to very small angle of scattering in the forward
(8 ~¢0) and backward (8 =¥ ) directions, can assume a common fixed reference
frame for the incoming and scattered photons, such that the reference frames
attached to the scattering plane for the incoming and outgoing photons are rotated
approximatively of the same angle ¢ with respect to the fixed reference frame.
Then, if ( ji: p) and (-‘ilgp) express the two Stokes vectors in this frame we will
have >
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I

P = ]2
(A.4) (5P) = 8, ¢ gP)
where S+(~) = Mg F+(—)M—9”
(A.5) T =T, (0) = T_(0+m

the sign +(~) must be assumed in the forward (backward) hemisphere and

1 0 0
(A.6) M = 0 cos 29 sen 2@
0 -sen® cos 29

is the matrix that operates on Stokes vectors when the reference frame is
ritated by @ (D,

By sostituting (A.5) and (A.6) in equation (A.4) and averaging over ¢ that
cannot be practically experimentally distinguished at 8~ 0, 6 ~9T we obtain

2
2). 1 (1+lcos@'l) (1)
4 ( S -t =
§077 7 1 ki k! 5
2(;’; o sen @)
T2 1
P 2
<l §(2)> - -2 (1+lcos0't) E:(l)
2 71 S 72
2(—1;-;—4"}{';“ - senzg')
2 1
For the polarization we have
4 1).2
_0.25(1+lcos8'l) gM)
(A.7) (eh- (-——- el .
1 2 2,2
}—{T'i-g‘r - Sen Q)
2 1

The mean value < £ has been graphed in Fig. 3 by using equation (A.7).
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ON THE RANGE OF VIDEO TRANSMISSION IN WATER BY 1

Translation of an article by G.I. Vlasov and I. M. Levin;
Information Transmission, Russian, pp 650~655.

v laser is
sisting of
eam and a
ceiver is

The range of video transmission in water
discussed. A Communications system c
an optical laser emitting a narrow ligh
receiver consisting of lens and photo
examined.

ier of information is promising
nication lines cannot be employed.
flc-band underwater communication,
radio frequencies.

The use of laser emission as a ca
fields where ordinary wide-band comnuy
Such fields include, in particular, wj
where there is strong attenuation “'

The chief characteristic o
capabilities, is range of com
limited by the absorption and

communication lines, determining their
gnications, which in the case of water is
cattering of radiation in the sea.

iness, located between a laser and an optical receiver,
to action in deltgffunction form (infinitely short light pulse). This response
(instrument fugftion or scatter function®)) is determined by multiple

. Dolin proved that the width of the scatter function up to

optical thicifless not less than 50°% , does not exceed a few hundreds of

itter function is considered as the dependence of the intensity of
on time, in contrast to the often~used space scatter function, an
nt of which are linear or angular coordinates.

he optical thickness tH is defined as the dimensionless product of
rgfige H and the index of total attenuation of light in 2 medium Em (with
the base ten logarithm).
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