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1. - INTRODUCTION,

The characteristics of the LADON monochromatic and polarized
photon beam(l) can be easily explored in the low energy region by reso-
nant scattering experiments on single nuclear levels.

According to this, we will discuss in details how the 15,11 MeV
(1+) level in 12C could be a good candidate for an accurate determina-
tion of the beam energy spread together with its polarization degree.

Typical counting rates and running time are deduced for a good
significance of the suggested measurement,
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2. - CROSS SECTIONS AND COUNTING RATES.

As shown in Fig. 1, the scattered photons are supposed to be de
termined at an angle 0 with respect to the direction of the incident pho
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FIG. 1 - Sketeh of a typical experiment employing a single
Y-ray detector,

tons, Moreover, let be 0 the angle between the scattering plane (') and
the plane (/) containing both the flight direction of the incident photon and
its polarization vector €, For dipole scattering on even-even nuclei, the
resonant scattering differential cross section is dominated by the scalar
contribution(2) and can be written as :

do,g(6,9)

— - o (E-Bg0.9) (1)

where jg(@,tp) dQ =1, Therefore, in a single detector experiment, the
counting rate of the scattered photons is given approximatively as fol-

lows :
w

(X, 0,9, 40) = &,n.p, / 0, ¢)d /dE £(E - Ey) -
< % ‘ (2)
. / dx{e-nrx[dra(E)%— aaa(E‘)_']ors(E)} ’

0

=
<
11

total ¥-ray flux in photons/sec;

I

detector efficiency ;

n, = number of nuclei/cm? (= ﬁ:’Q/A) ;
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J%’

It

Avogadro number ;

0 = monoisotopic target density ;

A = mass number ;

X = target thickness;

49 = detection solid angle ;

Ura(E)ﬂ Ur,s(’ﬁE) = resonant absorption and scattering cross section;
Uaa(E) = atomic absorption crogs section.

Moreover E indicates the averaged value of the beam energy
distribution and f(E -E,) is its spectral function normalized to the unity:

0]

P
/dE HE - E,) = 1.
0

As shown in Appendix A, non resonant scattering processes can
be neglected since they introduce only small and irrelevant corrections.

For the resonant scattering and resonant absorption cross sec-
tions we agsume the usual Lorentz expressions (J0='0, J‘r=1;~‘r’1 =¢c=1):

]_,2
E 4 ’o ~
0 (B) = 6rl)" — — (3)
rs Er' (52502 + Il
0al®) = 0pg (H) (257, (4

where Ey is the resonant energy, I'is the total width of the resonant
state and Fyo is its partial width for radiative decay to the ground state.

For the 15,11 MeV level of 12C, I'= 69 eV and I, = 54 eV,
and consequently, the range where expression (3) is essentially different
from zero
I

)€ ESE,+ <+ (5)

(®, - !

I
r 2
turns out to be much narrower of the expected energy resolution of the
LADON beam at 15 MeV (~ 100 keV). Thus the beam spectral function
and the atomic cross section 0,,(E) can be considered to be practically
constant in the energy range (5) and expression (2) can be simplified as
follows:
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1'% (X, 0, 7,40) ¥ eynrﬂ},‘/d/;?g(G,w) a@ f(E, -E)) -
< (6)

(e 0) -

g / = 1, f , b

: /dx o™ r %aalEy) X / dE[e P OpalE)x ~(EZ[
0

rs
0

The thin target approximation, defined by the two conditions:

n.X Gaa(Er) K1 Uaa(Er) = 0, 34 barn

with : ¢ (E ) ™25 barn
ra I

n. = 0.75% 1023 at"/‘cmg

gives for the upper limit of the target thickness, the value X £<0.5 cm,
Under this condition we can drop both exponentials in eq, (6) and by put-
ting

ce} .t 2
~ o2 Lro 1
dE Cer(E) = dE OI‘S(E) - 3 (“-1;'—) ";3—2— (')
0 - 00 r
we finally obtain:
rs - 372 I,_}Z:P
DX, 0.9,40) % &, n,Xfy £(0,9)4Q HE-Ey) 5 1 (8)
r

A more precise calculation including the target absorption effect
is reported in Appendix B.

In conclusion, by means of a precise energy scan, eq, (8) enab-
les to obtain a good determination of the beam energy distribution

i(E, - E,).

3. - DETERMINATION OF THE BEAM ENERGY DISTRIBUTION,

The angular distribution function g(0,®) is obtained by standard
theoretical methods, In particular for M; transitions it can be obtained
from that for Ej transitions(2) by the substitution ¢ —7/2 - .

For fully polarized photons, one has :

do
rs

dQ

do"{(0 : 3
289 - g e g0 === , (9

(8, 0) =




do. Lo ,
IS (g @y - d07(0) | L Lig) = =3 coe?
~g— (0. §) = —5 0,5 840) | gh(0) = g cos“0 ,  (9)
whereas for unpolarized photons one obtains:
do ‘]‘ TP
rs 1| doe™@) dot(0) | _ -
[ dQ | ) z[dg rTom Ops'E - Ep) g(0)
unp
being:
- - i 3 9
- 1" + gb -] =
ge) = 5 I_g (0) + g*(0) | = 755 (1 +cos”0) . (10)

A preliminary estimate of the beam energy distribution of (Er'Eo)
can be obtained by a previously developed Monte Carlofprogram(g') and is
reported in Figs. 2a and 2b for two different experimental set-up.

Liet us consider the first case where the electron ring is operated
in its actual mode and the "Quadrupole-out" configuration is adopted (see
reference (3) for details), We also assume the beam characteristics to
be determined by a collimator of 8 mm radius placed at 50 meters from
the center of the straigth section of the electron machine (ADONE). By
operating at an electron energy of 630 MeV, we have 3,

E_ = 15.11 MeV , Py = 2.9x10% /s ,
R= -—=L =1.9%, £0) = 4,2 MeV"~1,
Ey
By assuming:
£y ~80% , A2~1071 ster , 99:9 ’V106ch/s ,

we obtain for unpolarized photons and at the maximum overlap condition
(Eg = Ey)

1'%~ 3,2 y/s (0 = 90°) ; 4,87/s (8 = 1359)
that is'a quite resonable prevision. A typical experiment allowing for a

~ good.determination of the shape f(E -E,) around 15.11 MeV could re-
quire effective running times of the order of a few hours.
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4, - DETERMINATION OF THE BEAM POLARIZATION.,

Let us indicate by 1"(8) and I*(0) the scattered photon intensi-
ties for =0 and @ = n/2 respecjively. In the case of fully polarized
photons (P = 1), they can be put in the form (see egs. 8, 9):

Q) = K *(0) = Kcos?g , (11)
being
< I'
K = e),("fi- ¢Xp,)H(E, -F ) qg( IZ") E 240

Moreover, for partially polarized photons we can write :

17(6) = K| (1 - P)cos?0+P],
- (12)
M0) = K[Pcos?0+(1-P)],

where P is the amplitude of the photon polarization vector in the plane
ro (see Fig. 1),
An accurate evaluation of the beam polarization parameter P can
be obtained Wlth a good experimental determination of the asymmetry pa
rameter J () ) usually defined as:

" - 'L 2’
Yy = L= . gp gy _sen’® (13)
I+ Il 1+ coszg

The accuracy level one can reach in such a determination is given by
- the formula:

: T N 2
AP %(N N )1/2 1 + cos“0 ’ (14)

P N 4+ N+ N" - Nkcos?g

where N"(0) and NL1(0) are the total photon countings in two configura-
tion @ =0, w/2,

Expression k14) can be reformulated to give the required running
time at fixed (4P/P):

t o=

u 2772 i
AP )-2_1 1+ cos O it (15)
P i T :

- cos0 4 1t
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The maximum sensitivity is achieved for 0 = /2 where(3) :

IJ..

i

0. 05 phot. /sec
if P20, 98 .

I" = 2.3 phot./sec

n

i B
Consequently from (15) the running time needed to obtain é%—- = 5x 101“3;

is 20",
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APPENDIX A

Let us now examine the corrections due to non resonant scatte-
ring processes, The physical non resonant processes, we are interested
in, are:
1) Thomson and Rayleigh nuclear gcattering;

2) Compton scattering on atomic ele ctrons
3) Dellbrilck scattering.

Both atomic and Dellbrlick scattering can be neglected in the back
ward hemisphere, .0 we assume 02 90°, Moreover, at energies of the
order of 15 MeV, Rayleigh nuclear scattering cannot be neglected with
respect to the Thomson one.

By standard methods we obtain:

da"
dQ

- (9 ‘ . 7 02
= P coszg + (1 _P):} !AEll + [P + (1 —P).(:OSZ'Q];!AMl' +

+ 2 cos @ Re(AE1 AMI) , (A1)
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dO“l‘ _ —. 2 ‘ 2 5""‘ 2 .? N 2
S0 [_P + (1 -P) cos QJJAEll + L]P cos“0 + (1 -P).;i !Alel +
+ 2cos @ Re(AEl AMZL) s (A2)

where Apl is the electric dipole scattering amplitude (Thomson + Ray
leigh effect), App; is the magnetic dipole amplitude (nuclear resonant
scattering). Moreover, for unpolarized photons we obtain :

do. _ 1. 2 1. 2 2| _
(d.Q )unp 2 (1+cos™0) UAEll + f.AMl' ] + 2 cos@ Re(AE1 AMI) .
(A3)
In our example we can put:
2
_ _ (ze)? | 2
ARy = Ay Y ARay T - M, T
: (A4)
A 3 Tyo
My =3 2 2 ’

where @ is the nuclear electric polarizability wich, for light nuclei, is
approximatively given by the expression @ = 0,0143xA%/3 fm?,

In the thin target approximation the non resonant scattering coun
ting rate for unpolarized photons can be written (see ed. (8)) :

(X, 0,9, A0) = ¢

= 12
(anI¢y)%(1+cos20)L(Ze)' -Ega]z . (A5)

y M,

resulting pratically energy-independent. At the maximum overlap condi

tion (B = E_.) we have 1nr/1rs & q0-4,

Finally, for the interference term we have:

int ~ ¢ » v A e
I (X, 0,p, 40) = 3;7,(nrxy)y) cos 0 F},OAQ
¢o) ; 2 2 '
(ze)2 2=t Eg»*E (A6)
. dE f(E -E){ - ~=— + E%a} — -
0 t (E, -E)"+TE

wich vanishes for 6 = /2,
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APPENDIX B.

Let us consider the integral
X lee)

(Ep)x | ena. 0., (E)x b ;
7= n, ‘/ daxe ToRR J/ dEle T e (B)], (B1)
4 | |

appearing in eq. (6). By a standard Taylor expansion of the exponentials
containing Gra(E) , it can be put in the form:

X -
_ © -, 0., (E)x (LY . SV
J:nr Z ] dx e roaarr xv?( 1) n.v( .wT )} {
L V! ro
v 0 Lo “YO b
0
0 - (B2)
P e+l T 2w
/ aB| og(®)” T ()
0
By using the Breit-Wigner form of 4. (E) :
2
‘ P
3; e 2 '}’
pg'E) = E{F(_% ) - 5 ) (B3)
E E-E ) 24T /4
valid for E~ E ., we i‘mmediat(ély put eq. (B2) in the form:
v+ 1‘\ ,'V v+1 p+17T ,
Z A,B, X _ e, (. Doy (), (B4)
2 L I. A
Yo
where o en ('?_1_9 )2(3{:&2)2 -
o v Er F ‘ y
Y
v+l o, 1 P+ v =y ,
A= ) ( ) /y e ”dy (B5)
v X'v+1 N, %aq \
( : 0
+00
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and y = n, Gaa(E‘f)X . Y = np a'L(F )X, = 2(E - E.. )/ T Let us note
that the fctctors Ay determine atomic absorptlon correotlons, while the
factors B /B, (¥#0) give resqnant absorption corrections.

By standard methods ong obtains :

ytl 1. ’l}+1 p! v i
A, = (2L L RN -' — |,  (B6
4 + g e
x¥* oy e =0 w-n1(-1)"F Lo
so-that
= r Y]u l +_1_' 2
Ao [1 rl—zY 6Y.... s
2 T -Y . 2 1,2 (B7)
Al - 2[_1-e (1+Y)j\f1-3Y+4Y o
We also have 1 1
I'(z) v+ ) G
B, - 2 2 _wv-1)1! (B8)
I'(v+1) 2 v
or more explicitly
By=a , By=a/2, B,=3x/8, .... (B9)

Finally, when n, ara(Eo)X <¢1 one can neglect atomic absorption
corrections, so that:

s - 1 T . 1 Ir 2 2
IJ¥Z n ¢6XTI'1-2-~n ¢X to= (55— ) (n, 0. X)" -
5 Ny Oy 5 4 T}’;o r 7o 1'8- P}"O r-o
.....5__ 1’1" 3 h 3 LI I ) (BlO)
384 (T, ) (p 0K)T H e

In our case we have (n 05 X) F/F )~ 1,2 and the total "tickness
correction™ is a factor 0:77 When X=1 cm
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