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ABSTRACT

In this note, we present calculations about Compton longitudinal polarimetry
for the TESLA accelerator project. We first study Compton scattering kine-
matic, cross section and asymetry for 260G eV electrons and several photon
energies. Then we compare three methods to extract the polarisation from the
scattered particles measurement. Finaly, we compute the expected luminosity
and counting rate considering two basic options: zero crossing angle and a
matching between electron and photon beam shapes, a small crossing angle
- and a laser beam focalised on the electron beam.
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1 Compton Polarimetry

In Compton polarimetry, the polarisation P, of the beam is extracted from the measurement of the
experimental asymetry A, in the scattering of a circulary polarized photon beam (from a laser) on
the electron beam:

nt —n~

Ay = nt +n-

ey
where nt (resp. n~) is the number of Compton scattering events before (resp. after) a laser or an
electron beam polarization reversal. This experimental asymmetry A.,, is related to the known theo-
retical longitudinal asymmetry A; for Compton scattering for electron and photon with spin parallel
o2 and anti-parallel o5,

= _
A =222, @)
o3 +og
through the relation
nt —n~
A“M‘ = m = -PePfyAl- (3)

A, and the photon beam polarisation P, are measured quantities and A, is calculated in the
framework of the standard model [1] (see Eq. 16 and fig. 3.2 ). So the only unknown quantity is the
electron beam longitudinal polarization F,.

Similar technique is also used to measure the transverse asymetry. This method is well established
[21[3] and is currently used at several high energy machines[4][5].

2 The TESLA beam

The TESLA beam characteristics are summarise in the table 2 [6]. In the framework of this studies

Beam energy | {GeV] | 250.000
Gamma = E /mc? (for electrons) 4.892E+05
Horizontal emittance | [m] 2.862E-11
Vertical emittance | [m] 5.110E-13
‘| Horizontal normalized emittance | [z m] | 14.000
Vertical normalized emittance | [x m] | .250
Bunch length | [mm] | .700
Bunch Population 3.6E+10
Number of bunches 1130
Bunch separation | [ns] 708.
Repetition Rate | [Hz] 5.0
Averaged curent | [pA] | 32.6

Table 1: TESLA beam characteristics

for Compton polarimetry, we are interested in beam energy, average curent (if a continuous photon
source is used) and beam geometrical characteristic at the Compton interaction point.
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Figure 1: Compton Scattering

3 Compton Scattering

In this section we first recall the kinematic of the Compton scattering. After a brief summary of the
dynamic (polarized and unpolarized cross section, longitudinal asymmetry), the statistical accuracy
on the polarization measurement will be derived as a function of the luminosity.

3.1 Kinematic of Compton scatteringe v — ¢ v
We note (Fig. 1)

e Incident electron e with energy £ and momentum 7 = (0,0, p) along (Oz) axis,

e Incident photon v with energy & , incident angle o, with respect to (Oz) and momentum k=
(0, —k sin o, —k cos a, ),

e Scattered electron e’ with energy E’, scattering angle 8, with respect to (Oz) and momentum

—

P = (p'sin b, cos ¢, p' sin 8, sin ¢, p’ cos b.),

¢ Scattered photon ~’ with energy &', scattering angle #., with respect to (Oz) and momentum
k= (k" sin 8., cos ¢, k' sin 0, sin ¢, k' cos b,,).

The scattered photon energy k’ is related to the scattered photon angle 4., by :

- E+pcose, @
~ "E+k—pcos by + k(cos a cos 8, + sin o sin 6, cos ¢,
If the particules are scattered in the incident plane (¢., = 0), we get :
E 4+ pcos a,
K=k ) 5
E+k—pcosly + kcos(a, —6,) )

4
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For photon incident angle o, = 0, this equation can be simplified, using v = E/m, leading to

k' davy?
kT 14 a2y ©

where
i 1

=TI T T EE (7)

/
maz?

The maximum scattered photon energy k corresponding to the minimum scattered electron

!

energy E, .., 1s reached for 8., = 0.,
E2
K o = daky? = 4akm, (8)
2 2
,’m-n=E—k:nw—l-k:E—4akE—2+k2E—4ak§-2-, (9)
m m

!

while the minimum scattered photon energy & corresponding to the maximum scattered electron

energy £, .. isforf, =,
Krnin = k, (10)
E:alarzE_k:'nin+k=E‘ (11)

The photon scattering angle at which &' = &/, ,,./2 is
1

m
Oyip2 = N = e (12)

The scattered electron momentum p’ is related to the scattered electron angle 4, by a second
order equation:

p(C? = BY) = 24Bp' + m?*C* - A® =,
,  AB=*C,/(A? — m?(C? - BY))

p 02 _ B2 ?
where
A= m? 4+ Ek + kpcos o,
B = pcosf. — k(cos . cos §, + sin a, sin b, cos ¢.),
= E+ k.

The maximum electron angle is obtained for A? = m?(C? — B?). For small photon incident angle
and energy, one gets :
k

gres ~ 22 (13)
m
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| E=250 GeV «a, = 10mrad |

’ k=1.165eV A =1064.2 nm | | k=2.330eV A =532.1 nm | | k=5.000eV A =248.0 nm l
a 0.183 a 0.101 a 0.050
T (CeV) | 2042 K (GeV) | 2248 W (GeV) | 2376
E . (GeV) | 45777 B (GeV) ] 25.194 E . (GeV) | 12.400
Oy1/2(prad) | 4.78 Oy1/2(prad) | 6.44 0.02(urad) | 9.17
77 (prad) | 4.56 770 (urad) | 9.12 7% (urad) | 19.57

Table 2: Kinematic Parameters. For electron beam energy E = 250GeV and for LASER energies of
k= 1.16 eV (IR NdYAG), k = 2.33 eV (Green Argon) and k = 5.0 eV (UV KrF).

These kinematic parameters are listed in table (2) for a LASER with energy & = 1.16 eV (resp.
k=233 eV, kE = 5.0 eV) or wavelength A = 1064 nm (resp. A = 532 nm, A = 248 nm). The
relationships between the energies (k' or E') and the angles (6., or §.) of the scattered v or e~ are
shown on figure (2).

One can see (Fig. 2) that scattered electrons and photons (with &'/ .. > 0.1) have a very
small opening angle. This means that to allow scattered photon or electron detection one needs to
separate the scattered electron, the scattered photon and the incident electron. A selution is the use of
a magnétic chicane [7][8]. If enouth space is avaible, another way is to install the polarimeter after a
dipole of the beam line.

3.2 Compton Scattering Cross Section and Asymmetry

If the crossing angle «. is equal to 0., the differential unpolarized cross section is [9],[10](Fig. 3)

do p*(1 —a)? 1—p(1+4a) :
— =2mria | ———F—+1 —_— 14
& "”""“L—p(l—a)* \imai-a) | Y
where
o the classical electron radius ro is given by ro = ahic/mc? = 2.817 10713 ¢m,
o p=Kk'[k! . isthe scattered v energy normalized to the maximal energy (Eq. 8),
e a akinematic parameter given by Eq. 7: a = 1/(1 + ‘%‘7)
For the total cross section, we get after integration of the previous equation (Eq. 14)
, (m1=14a+16a*—20a®>+a*+2 In(e) — 12 In(a)e — 6 In(a)a?)
T =TTy dad 3 i

which only depends of a i.e. of K E (Eq. 7).
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Figure 2: Kinematic of the Compton scattering. Scattered -y energy kI, as a function of scattered +
angle 0., (left). Scattered e~ energy E. as a function of scattered e~ angle 0. (right). For an electron
beam energy of 250 GeV and a laser of 1064 nm, 532 nm, and 248 nm, with a crossing angle a.=10
mrad.
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The longitudinal differential asymmetry (Fig. 3) is given by

o2 —ok  nria [ 1 ]
- - 1—p(l+a))|1= ,
BE= R e O
A ! (1—p(1+a)) [1 ! ] (16)
1= (11— — AR
2(1-a)? 1-p(14a) 1—p(1-—-
o 1+ () ] (1= p(1—a))

The longitudinal asymmetry is maximum for p = 1, i.e &' = &/ _, (high energy scattered photon)
or B/ = E! . (low energy scattered electron) :

(1—a)(1 —l—a).

Amﬂ.l‘ —
‘ (1+a?)

(17)

We note that the asymmetry A; (Fig. 3) is negative at low scattered photon energy, positive at
higher energy and vanishes for p; = 1/(1 + &), i.e for

2k~?

ko=
L

(18)

3.3 Consideration on the experimental measurement of the electron polariza-
tion

The longitudinal polarization F, of the electron beam is extracted from the asymmetry between 2
measurements of Compton scattering with parallel (+) or anti parallel (-) polarization of the electron
and Laser beams. Each measurement, performed with a luminosity £ (£_) during a time 7 (T.),
will be later normalized to the same integrated luminosity. We consider now three possibilities.

s Differential Polarization Measurement
Event by event, the scattered photon or electron energy can be determined. So the numbers of
Compton scattering events n’, and n' are measured as a function of the scattered + or e energy
in Ny bins. From the asymmetry of these numbers, a measurement of the polarization P! is
performed for each energy bin. The weighted mean of P! gives the electron polarization.

o Integrated Polarization Measurement
Without energy measurement for the scattered particles, only the numbers of compton scattering
events integrated over the energy range /V; and N_ can be measured. From the asymmetry of
these numbers, the electron polarization is deduced if we know the detection efficiency and the
energy threshold for the scattered particles detection.

e Energy Polarization weighted Measurement
If we can only measure the energy integrated over the energy range, the polarization will be
deduced from the asymmetry between the integrated energies £, and E_. In this case, we
have also to know the detection efficiency and the energy threshold. Furthermore the error also
depends on these 2 parameters.
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Figure 3. Compton unpolarized cross section and longitudinal asymmetry as a function of the
scattered photon energy k.. For an electron beam energy of 250 GeV and a 1064 nm (Up), 532 nm

(Middle) and 248 nm (Down} laser wavelength, with a crossing angle of a, = 10. mrad.
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For the 2 measurements with parallel (anti parallel) polarization of the electron and Laser beams, we
assume now in the next sections, where we will examine for these 3 methods their efficiency to reach
a given statistical accuracy, the same integrated luminosity £, T, = £_T_ = £ T/2 (where L is
the mean luminosity and 7' is the total time of the measurements) and the same differential efficiency

er(p) = e-(p) = €(p).
3.3.1 Differential Polarization Measurement

The numbers of compton scattering events as a function of the scattered photon energy for each of the
N energy bins are

. it1 d

wpo= Lo T [ dp o) To) (L4 PP A, a9
) +1 d
W= LT /p‘f " dp e_(p) 2,07 (1= PP Ap)) 20)

where j—;(p) is the unpolarized differential Compton cross section (Eq. 14) and A,(p) the differential
asymmetry (Eq. 16).

The experimental asymmetry for each bin is related to the electron polarization by

n, —n' Jdpe 2 A

— = PP
o fdpei—z

4
A nt + b
+ -

exp

= PP, <A > =~ PP, A, (21)

where Al is the longitudinal polarization at the center of the bin,
The electron polarization measured for each bin P! given by
At Al

P; = crp ~ cxrp _ 22
€ P., < A; >; P’r Aj (22)

is then almost independent of the detection efficiency and have an absolute error dP? given by

dPi® dAL  nind 1 _ 1—(P.P,AY) 1
PP AL T af (RPAY 2nj (P.P,AD>
I — 1—(PRPA) 1 1 1-(PPA)
¢ 2n] (RAj)"  LTE}  oiAl

where n} is the total number of events for the bin i

. . , Piti d .
ny=n4 +nl =LT ' dpeﬁ(p):ﬁTa’.

i

10
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The final electron polarization, obtained as the weighted mean of these polarization measure-
ments,

Ny Pl
Zizl dPé ]

P, (23)

N, 1 !
Yitr gpr
is also almost independent of the detection efficiency and does not depend on the detection threshold.

The error achieved with a total number of events N, for an energy threshold p,in

Ny 1 do 1 do

Ne=>ni= ET/ dp ¢ —(p)=LT oy with o, = dp ¢ —(p) (24)
i=1 Prvin dp Pmin dp
is given by
1 AL Yo gAY 1 e oA’
= ;= LT Py —2 o = TP ,
dF,? gdPsz ? gl—(P,,PfyA;)? 7 Jomin 1 — (PP, AL

dPﬂ ~ 2 p2 A}z 2 p2 2
= LT PeP'y O <W> ~ LT PEP,), (o <Al >, (25)
T led a4

where the mean value < A} > stands for

Jomin e €(p) £(0) Ailp)”

<AP> = _ (26)
poin @0 €(P) E(P)
The needed time ¢ to achieve an accuracy AP, /P, is then
APN? A? APN?
to =£( ) PIP? gy < o >~ [ (—) P!P? o, < A} >
P, " 1 — PZP2A} P. " 27)
and corresponds to a total number of events

1

NP = ([tpo, ~ (28)

(82)" P2p2 <A >

e

We note that the needed time ¢p as well as the square of the error are proportional to the inverse
of < A? >.

3.3.2 Integrated Polarization Measurement

The numbers of compton scattering events integrated over the energy range NV, and N_ are

N, = £, T, fl

Pmin

d
dp e+(p) “T(p) (1+ PPy A p)), (29)

i1
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Noo= o1 [ dpeclp) o) (1= BPAG)) (30)

Pmin dp
The experimental integrated asymmetry is related to the electron polarization by

Ny — N_ fe oA
= s —pp 0 = p
N, N y E.FP, <A > (3GD

Aczp Je o

where the mean value < A; > stands for

Jpmin @0 <(p) £(p) Adp)
do *

<A> = (32)
Somin @0 €(p) 52(p)
Thus the measured electron polarization
A
P. = . 33
P, <A > (33)

is proportional to the inverse of the mean longitudinal asymmetry and so depends on the detection
efficiency and on the detection threshold pin.

The absolute and relative errors on the experimental integrated asymmetry are

_ 1 1
dAemp2 = 4N+N T LT o (1—(PPI€GAI)) B L—l_ (1_(PeP'y<Al >)2)1

N;? LT o, o LT o,
dAegp\ dP\"* < At

ezp = : = LT P2P? 34
(A,,,,,,) (Pe) L EER o Topp a5 G4

where o; and N, are given by equation (24).

The needed time ¢; to achieve an accuracy AP,/ P, is then

AP < A; >? APN?
b= L ( ) PP? o, ~ L ( ) PIP3 g, < A, 57,
F. 1- PjP,f < Ap >2 P, (35)
corresponding to a total number of events
I 1
N, = Lijo; 5 . (36)
(8%)" P2P? < A/ >?

We note that the needed time {; as well as the square of the error are proportional to the inverse of
< A; >?. We have seen (Fig. 3) that the asymmetry A, is negative at low scattered photon energy and
positive at higher energy. So in an integrated asymmetry measurement, it will be helpful to impose an
hardware threshold to cut the lower energy part of that spectrum and increase the mean longitudinal
asymmetry.

12
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For a 100% efficiency ¢(p) of the detection and a threshold p,,,;, =0, the mean longitudinal (weighted
by the cross section) asymmetry is :

1 ) do 2 _ _ 1
<A > = Jo ;l'P A;;t; _ Jdp 2mrg (1 —p(1 “:a)) 1 m]
Jo dp d_z ﬁ
“A> = — (=54 7a—3a>+¢*>—-2In(a)—2 In(a)a) (—1+a)
T (-1 —14a+16a? —2a® +a*+ 2 In(a) — 12 In(a)a — 6 In(a)a?)’ 37
3.3.3 Energy weighted Polarization Measurement
The integrated energy £, and E_ over the energy range and over the time t are given by :
1 do
Be = LT [ dp B elo) T() (14 BPyAR)), (38)
1 do
B = LT [ dp E e(p) ) (1= PP A), (39)
Pmin
with a statistical error d E1 due to the fluctuation of the unmeasured number of events %}
dNy do
E = £:|:T:|:Eid—p-(1 x PCP,,.AI)
r do
dBL = L3 [ do B* eilo) (o) (L£ PP Ap)) (40)
Pmin
The experimental integrated energy asymmetry is related to the electron polarization by
E, — E_ feacEA; < FA >
Ayp = ——— = PBP = PP, —. 41
P Ey + E_ T [ecE T <E> @1
Thus the measured electron polarization
Aexp

is proportional to the inverse of the mean longitudinal asymmetry (weighted by the energy) and so
depends on the detection efficiency and on the detection threshold p,:,.

The absolute and relative errors on the experimental integrated asymmetry are

E} dE? + E? dE}
(B+ + E.)

dAczp”’ = 4

1 (JeoE?)(feocE) + P2P? [(fcoB?)(feoBAY —2 (JeoE)(f co EA) ([ o E?A) |

LT (f ecEY' ’

13
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-3 -2 2
(dje"'p) = (djfe) = ETP‘SP:?OH <<EE<12’ i p2p2 <EA[>21 9 <EA><E?A> Y’ (43)
exp € 1+ e’y ( <E>? <E><E?> )

where o, is given by equation (24) and the mean value %EA—QL)Z by

2
<EBA>t (I do €0) %(p) BA(p))
<E'> Jomin 90 €(p) E(p) B2

(44)

These errors will have to be estimated since we don’t measure the number of scattered events.
The needed time ¢z to achieve an accuracy AP,/ P, is then

5 = L (APP‘

-4

< EA; >° 1

< E? > 2 p2 (<EA[>2 _ <EA|><E2A;>)
1+ Pe P’v <E>? 2 <E»<E2>

2

AP, 2 < EA; >*
5! > £ ( Pe) P2P? o, = E;) : (45)

corresponding to a total number of events

1
E
= t ~ ] 46
Nt E EC: (AP )2 P‘ZPQ <EA;>? ( )
P, ety <cE2>

3.3.4 Conclusions

The needed time or the total number of events to achieve an accuracy AP,/ P, is given by

1 1 1
£ (32) prpy Ao o

(47)

where, according to the method (differential, integrated, energy weighted), A2, stands for (See Eq.
26,32 and 44)

2
< A2 > < Al >2 ﬂfl_i
< E? >
with the relation
< EA; >*
<A ST« I — < A* >,
< F? >

The integrated unpolarized cross section (Eq. 24), the mean asymetries (Eq. 26,32 and 44) and the
corresponding needed time are shown on figures (4),(5) and (6) as a function of the energy threshold.
The needed time for an accuracy AP,/P, = 1% is given for a luminosity £ = 1 pbarn™'s™! =
108barn—1s~!, a detection efficiency ¢ = 100%, an electron polarization P, = 80% and a Laser
polarization P, = 100%. We see the advantage for the integrated and energy weighted methods to
put a hardware threshold pn:, =~ 0.85. Above this threshold, the 3 methods are equivalent. There is a

14
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1 Laser : k=1.165¢eV A = 10642 nm |

E a o korasz ko AP < A > \/< A? > | < A >, ir ip ie
(GeV) (barn) { (GeV) | (GeV) | (%) (%) (%) (%) ) | &) i ()
[ 250. 70183 ] 0.198 | 204.2 | 1726 | 9351 | -7.07 39.13 416 | 1574 [ 037 [ 59.05 |

| Laser : k=2.330 eV ) = 532.1 nm

E a c kmaz ko AP < Ar> \/< A!z > | < A > ty ip ip
(GeV) (barn) | (GeV) | (GeV) | (%) (%) (%) (%) () | &) | &
[250. [0.101 [ 0.136 [ 224.8 [ 2042 [ 97.99 [ -1668 | 4440 [ -8.69 [4.06[042 [ 1925 ]

Laser : k=5.000eV A =248.0 nm ]
E a o | kmaz | ko | AP |<AI> | J<AI> | <Ai>e| tr | ip | tg
(GeV) (barn) | (GeV) | (GeV) | (%) (%) (%) (%) () | ) | &
[250. T0.050 ] 0.084 [ 2376 | 226.4 [ 99.51 | -26.81 50.57 -22.04 [ 247]051 [457 )]

Table 3: Cross section, kinematic parameters, maximal asymmetry, mean asymmefries (< A; >,
< A? >0% < EA; >/< E > ) and needed time to obtain an accuracy AF./P, = 1% on the
electron polarization. For a luminosity £ = 1. ybarn™'s™, an electron polarization F, = 80%, a
Laser polarization P, = 100% and with an energy threshold ppnin = 0. For electron beam energy
E = 250G eV and for a LASER of k = 1.16 €V (up, IR NdYAG), k = 2.33 eV (middle, Green Argon)
and k = 5.0 eV (down, UV KrF)

factor 2 with the optimum obtained in the differential method with an energy threshold =0. We recall
that for the energy weighted method, the error on the electron polarization will have to be estimated.

Nevertheless, for the integrated and energy weighted methods, the measured polarization (Eq. 33
and 42) depends on the detection efficiency and on the energy threshold. The figures (4), (5) and
(6) show the variation of the measured asymmetry (~< A; > or < EA; >/< E >) with the energy
threshold for these 2 methods (as well as /< A? >). Around pn:, ~ 0.85 a variation of 1 % on p
gives a 2 % variation on the measured asymmetry and then on the electron polarization.

Finally, table (3) gives more complete results for some available lasers. We can see that to perform
a 1 % measurement in 1 hour (at 250 GeV with P. = 80% ), we need a luminosity of order of 10° to
1.510% barn~'s~! according to the laser energy.

4 Expected Luminosity and Counting Rates

The needed time (Eq. 27,35,45) as well as the total number of events (Eq. 28,36,46) to achieve an
accuracy A P,/ Pe on the electron polarization depends, for a given incident e~ energy, on

e the unpolarized Compton cross section, i.e. the energy of the Laser;
o the mean longitudinal asymmetry, i.e. the energy of the Laser;

¢ the luminosity, i.e. the shapes of the electron and Laser beams and of the crossing angle . of
the 2 beams.

15
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2 - A, =1064 hm !
g L k' =1.165eV
<_' 0.8 [ Y
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0.6 - )
DI SRR
0.2 |
o[
- i L L ! L L L | L L L l L i 1 | | L
0.2 0 0.2 0.4 0.6 0.8 1
k’min/k’max

Figure 4: Unpolarized integrated cross section, needed time for an accuracy AF./P. =1% on the
electron polarization, mean asymmnetry ATt as a function of energy threshold. For the 3 methods:
integrated method (solid line Aj*"" =< A; >), differential method (dashed line ATcth=< A7 >0F)
and energy weighted (dotted line Areth = < DA, >/< E>). For a laser of 1064 nm and for an
electron beam energy of 250 GeV. The needed time is for a luminosity L = 1 pbarn~'s~1, beam
polarizations P, = 80% and P, = 100% .
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Figure 5: Unpolarized integrated cross section, needed time for an accuracy AP,/ P. =1 % on the
electron polarization, mean asymmeltry A?"”‘h as a function of energy threshold. For the 3 methods:
integrated method (solid line AT*** =< A, >), differential method (dashed line Apeth=< A7 509)
and energy weighted (dotted line Areth = < EA; > /< E >). For a laser of 532 nm and for an
electron beam energy of 250 GeV. The needed time is for a luminosity £ =1 pubarn='s~t, beam

polarizations P, = 80% and P, = 100% .
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Figure 6: Unpolarized integrated cross section, needed time for an accuracy AF,[F, =1 % on the
electron polarization, mean asymmetry A™*"" as a function of energy threshold. For the 3 methods:
integrated method (solid line A7 =< A, >), differential method (dashed line A7**" =< A? >0%)
and energy weighted (dotted line A7*" = < EA; >/< E >). For a laser of 248 nm and for an
electron beam energy of 250 GeV. The needed time is for a luminosity L = 1 pbarn™'s™!, beam
polarizations P, = 80% and P, = 100% .
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Figure 7: Beam shape. Waist d, angular divergence ¢ and Rayleigh range Zp .

In the previous section, we have studied the cross section and asymmetry evolution with the beam
parameters. We will now look at the luminosity for the interaction of the 2 beams with a crossing
angle a,.

4.1 General beam shape

The beam density in the beam frame (z,y, z where z is along the beam axis) is taken as the product
of two normalized gaussians in r and y with a normalisation factor Ny

e (G o (55m)) (o = (5m0)

where 0 (z) and Uy(z) are the = and y beam sizes at z.
The evolution along z of these beam extensions is characterized (Fig. 7) by the waist beam size
and the angular divergence ¢ (parametrized by the Rayleigh range 7)

52
T2y’(2) = 024 (0) (1- +7 2) : (49)
&y
So that the waist size and the asymptotic angular divergence are
d(0) = 24(0),
tan(e) = o(0)/Z. (30)

The normalization factor Ny for the Laser beam (power Pr, and wavelength ) is deduced from :
dN, Pr _ Noy [[[ pydzdedy  Noy [ dz Ny, cdt

e 4 = - = N.
&t  hu at di di » &
s$0 we have :
Fr, FPr, A
= = = 1
Noy hve hcd D)
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The normalization factor Ny for the electron beam (intensity [.) is deduced from :

a,’]\;’t.g_E_I\foc fffpedzdmdy_Ngef quNgeCdt_N .
dt e di T

50 we have:
Noe = —. (32)

We will assume now that

¢ the electron and Laser beam are focussed on the same point taken as the origin of the reference
system,

e the electron and Laser beam are symmetric in z and y i.e.

K4

oe(z) =0 (z) =0 (1. + ZZ)

4.2 Luminosity and interaction length

The total luminosity for the interaction of the Laser and the electron beams is

L= /]/ Urel Pe Py 42 dx dy (53)

where v,.;, the relative velocity of the two beams, is v, = ¢(1 + cos(c.)) with e, crossing angle
and p,, p are the electron and Laser beam’s densities.

421 Luminosity for zero crossing angle
In the case of zero crossing angle, we have the following characteristics :

1. Differential luminosity given by

%Z//Urppdwdy:EPLAl i
- rel Pe Py e hc® « (orf-i-ag)"'zz((%)z-{-(%if),

I. PL A

dz2 e ha

1
CTEEra)

(54)

1
Fil

The differential luminosity depends on 4 parameters (o, €., 0, €). For constant beam emit-
tance £ = o, the width of this distribution (related to the interaction length which will be
defined later) decreases when increasing the angular divergences.

2. Total luminosity given by

I. Pr A 1
EOZ/.[-/ Ure[pep7d2d$d2= ? z s
s 3
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I PpA 1

[«0 = e hc? 5 5 > > .
\/(Ueee) + (0’767) + (G’ege) (J’YC".') (?‘;L + ?:)

(55)

The total luminosity depends only on 3 parameters : the emittance of the beams (€, = oete , €4 =
o€, and the beam shape matching (Z./Z,).

3. Interaction length
Another interesting feature is the interaction length defined as the length containing a fraction
# of the total luminosity £, and given by

iy de TR Lo

, 2 + 0-‘2
Lmt — 2 (K‘.’T) ae ¥ .
0 (K‘) tan 2 Eg + E?Y (56)

As already mentioned for the differential luminosity, the interaction length decreases when
increasing the angular divergences and depends on 4 parameters.

fL/ 2 dL

4. Beam optimal matching
The maximum of luminosity £7°°* is reached for Z, = Z,, i.e. by matching the electron and
Laser beam shapes.

I. Pp A 1

Emﬂ-x —
mad o =
e hc? (o.€ + 0.6y)

with Z. =27, (57)

Thus, the maximal luminosity for zero crossing angle is only limited by the emittance of
the Laser and electron beams. In this case the interaction length, which depends only on 2
parameters related either to the electron beam (c. , €.) or to the Laser beam (o, , €,), is fixed
by the relations
in KT\ O KT\ O KT KT
LI (k) = 2 tan (_é—) P 2 tan (7) é = 2 tan (-2—> Ze =2 tan (7) Zn

(58)

4,22 Luminosity for non zero crossing angle

When the angular divergences of the electron and Laser beams are small wrt the crossing angle a.,
the differential, total luminosity and interaction length can be approximated by

¢ Differential luminosity, Interaction length
dl NoeNoy 1 ( szsinz(ac/Q))
pl—————"75—]-

~ ¢ (1. + cos(ac)) o ot ol 1102

(39)

Iz" il
The differential luminosity distribution is gaussian, so the interaction length for x = 0.68

corresponding to 1o is
_ JJoi+ o2
LMt~ (60)

sin(a,)

Thus the interaction length is reduced by smaller beam spot sizes or by bigger crossing angle.
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e Total luminosity

NoeNo, 1 i
V2 \/034_03 sin(a;)’

L~c (1. +cos(a))

[ (L. +cos(ae)) Lo P A 1 1 . 61)

V2 e het |Jo24 o2 sin(ag)

The total luminosity is reduced by bigger beam spot sizes or by bigger crossing angle. Thus a
high luminosity for non zero crossing angle depends on the ability to obtain small beam
spot sizes and small crossing angle.

4.3 Results

4.3.1 Zero crossing angle
The maximal luminosity in this case is given by equation (57):

maz e PrL A 1 , _
Ly = e R (ot ore) with Ze = Zo.

The emittance of the electron beam of TESLA is negligible (=~ 107! m rad) in comparison with
the Laser emittance which is limited to A/4/m for a perfect Laser. Thus in this case the maximal
emittance is independent of the Laser wavelength and is given by

Lo® =dn i;i % =131.7 10%em™s™"  (L(pA) PL(W))

=131.7 barn's™'  (J(pA) PL(W)). (62)

For an electron intensity of 100 x A and a Laser power of 1 ¥, we obtain a luminosity

£ = 1.3 10% ¢m~25~1. The equivalent electron intensity for TESLA (1130 bunches of 3.610'% e~
with a repetition rate of 5 Hz) is 32.6 uA. For a continuous Laser of power 1. W with emittance
A/4/m (or A/2/m), the maximal luminosity for optimal beam matching is given in tables (4),(5) and
(6). Using the table (3) for the others parameters (cross section and mean asymetry), the time needed
for a 1% measurement of the electron polarization at 250 GeV is also given in these tables for the
differential method without energy threshold. These times varies from 1.44 mn for a 1064 nm Laser
of perfect emittance to 3.97 mn for a 248 nm Laser with 2 times the perfect emittance.

An other difficult point is the matching between the electron and Laser beams in order to reach the
maximal luminosity. We recall here that the interaction length for the maximal luminosity depends
only on the shape of one beam (electron or Laser) while the shape of the other beam must be adapted
to fulfill the condition Z, = Z,.

As seen in table (4), for an electron beam with a spot size of 50. pm and with an emittance of
10~ m rad, the interaction length for a perfect Laser and for the maximal luminosity is huge { ~
300 m). By decreasing the Laser beam spot i.e. by increasing its angular divergence, we can reduce
this interaction length to a more realistic geometrical length (= 1 m), but then the beam matching is
not optimal, the luminosity decreases according to equation (55) and the needed time increases to 1.5
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mn. To have an idea on the effect of the Laser emittance, we note that if the IR Laser had a worst
emittance of 2X/4/7, then the time to get 1% error on F, with an interaction length of 1 m would
increase to 3.0 mn.

To decrease the interaction length in the beam optimal matching conditions, we have to decrease the
electron beam spot size. For a given emittance, the interaction length varies as L =~ o2. If we would
have a focalisation of the electron beam to have an electron spot size of 20. um, the interaction length
for the maximal luminosity becomes 49. m. For an interaction length of ~ 1 m, the needed time is
close to the minimal one (1.44 mn) for a Laser with a perfect emittance and becomes 2.9 mn fora
Laser with an emittance 2 times greater.

In conclusion, the interaction length for the maximal luminosity can be big if the electron beam size
is bigger than o, > 20pm and one has to expect a loss of luminosity due to the limited experimental
interaction length or due to the non optimal matching of the 2 beams.

4.3.2 Non zero crossing angle

Tt is not obvious that a zero crossing angle can be easily achieved. Some optical elements must be in
the electron beam, so we have to study synchrotron radiation damage, protection against accidental
electron beam damage. If a small crossing angle is necessary, the needed time will be increased. We
will study here a solution with a crossing angle a. = 10 mrad.

o Dependence of the maximal expected luminosity as a function of the crossing angle. An
approximation for the luminosity in the case of non zero crossing angle of the 2 beams is given

by equation (61) :
e (1. +cos{e.)} L. P A 1 1
- Vor e h  [o24a2 sin(ee)

If we can neglect the Laser spot size (0 << 0¢), We obtain the maximal luminosity at non zero
crossing angle

2 I, P, A 1
@ = Jr e he o, sin(e.)’

A L{pA) PL(W) ) : (63)

mazr ~ 8. '1024 -2 -1 o
L7 8.36 cm™ s (Ue an(rad)

to be compared with the case at zero crossing angle for a perfect Laser (Eq. 62)

L7 =131.7 10%em™s™  (L(pA) PL(W)) -

For a TESLA beam spot size of ¢, = 50 pm, a 1 % measurement of the electron polarization
at I, = 32.6 A requires 13 mn for a 1 W NdYAG Laser. This time holds for the differential
method with a zero energy threshold and an electron polarization of 80 %. The interaction
length (Eq. 60) for negligible Laser spot size,

2 2
. o +U
prtmg¥ Y g U
<

sin(a,) —  sin(ae)’

is small (1. cmn) in these conditions (electron spot size 0. = 50 gm and «, = 10 mrad).
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E,=A/4/m =08469E-07 mrad , o, =20.0 pm
O fm 1063. | 119. [ 169. | 239. | 339. | 480. | 678. | 960. | 1357. | 1920.
L barn—'s-! | 4292. | 4234. | 4264. | 4279. | 4286. | 4290. | 4291. | 4292. | 4292. | 4291.
L™ cm 4905. | 63. | 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn 144 | 146 | 145 | 145 1 145 | 144 | 144 | 144 | 1.44 1.44
£ =/4/7 = 08469E-07 mrad, o, = 50.0 ym
Oy Hm 2657. | 115. | 166. | 237. | 337. | 478. | 678. | 959. | 1357. | 1919.
T harn-Ts—T | 4393, | 3937, | 4111, | 4201, | 4247. | 4270. | 4282. | 4288, | 4290. | 4292
T om 130658, | 63. | 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Tome | 144 | 157 | 151 | 147 | 1.46 | 145 | 145 | 144 | 144 | 1.44
E,=2A/4/m =0.1694E-06 mrad , oe =20.0 yum
Oy pm 1503. | 169. | 239. | 339. | 480. | 678. | 959. | 1357. | 1919.| 2714
L barn-1s—T | 2146. | 2132. | 2139. | 2143. | 2145. | 2146. | 2146. | 2146. | 2146. | 2146.
L'™ em 4905. | 62. 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn 289 [ 291 | 290 | 2.80 | 2.89 | 2.89 | 2.89 | 2.89 | 2.89 2.89
£,=2X/4/m =0.1694E-06 m rad , g, = 50.0 pm
o am | 3757. | 166, | 237, | 337. | 478. | 678. [ 959. | 1357. | 1910. [ 2714
T ban=Ts-T | 2146, | 2056. | 2101. | 2124, | 2135. | 2141. | 2144. | 2145. | 2146. | 2146,
T om | 30658, | 62. | 125. | 250, | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn 289 | 301 | 295 | 292 [ 290 | 2.89 | 289 | 2.89 | 2.89 | 289

Table 4: Luminosity, interaction length and needed time for a 1 % measurement of the electron
polarization with IR NdYAG continuous Laser ( k = 1.16 €V) and for various Laser beam sizes.
Luminosities are given for an electron beam of intensity 32.6 uA and emittance 10~Y m rad and for
a Laser beam of power 1. W and emittance \[4/m or 2)\[4/x. Interaction length is for k=0.683.
Needed time are given using differential method with a zero energy threshold and assuming an elec-
tron polarization of 50 %. Each table corresponds to a given Laser emittance and electron beam spot

size. The second column gives then results for an optimal beam matching while the next ones are for

some values of the Laser beam spot size (corresponding o interaction length around 10 m).
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[ A =5321nm I =32.60ud P =100W qa =0.0mrad |
E,=A/4/m =04234E-07 mrad, g. =200 pm
oy pm 751. | 84. | 119. ] 169. | 239. [ 339. | 480. | 678. | 960. | 1358.
L barn~Ts™T [ 4291. | 4176. | 4234. | 4264. | 4279. | 4286. | 4289. | 4290. | 4290. | 4288.
L™ cm | 4905.] 62. | 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn | 1.64 | 169 | 1.66 | 1.65 | 165 [ 1.64 | 1.64 | 1.64 | 1.64 | 1.64
E,=A/4/m=04234E-07 mrad, 0. = 50.0 um
oy pm 1878. ] 78. [ 115. | 166. | 237. | 337. | 478. | 678. | 959. | 1357.
L barn~Ts~T| 4291. | 3612. [ 3937. [ 4111. | 4201. | 4247. | 4270. | 4282. | 4287. | 4290.
L™ em | 30658.| 63. | 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn | 1.64 | 195 | 179 | 1.71 | 168 [ 166 | 1.65 | 1.64 | 1.64 | 1.64
£, =2 X4/t =08469E-07Tmrad, o¢,=200um |
Gy pm 1063.] 119. | 169. | 239. [ 339. | 480. | 678. | 960. | 1357. | 1920.
£ barn~Ts~T | 2146. [ 2117. | 2132. [ 2139. | 2143. | 2145. | 2146. | 2146. | 2146. | 2145.
L™ em | 4905.] 63. | 125. | 250. | 500. { 1000. | 2000. | 4000. | 8000. | 16000.
Time mn | 328 | 332 {330 | 329 | 328 | 328 | 328 | 3.28 | 3.28 | 3.28
E,=2X/4/m =0.8469E-07 m rad , ge = 50.0 pm
oy pm 2657. | 115. [ 166. | 237. | 337. | 478. | 678. | 959. | 1357. | 1919.
L barn~Ts~T | 2146. | 1968. | 2056. | 2101. [ 2124. | 2135. | 2141. | 2144. | 2145. | 2146.
L™ em | 30658.| 63. | 125. | 250. | 500. | 1000. | 2000. { 4000. | 8000. | 16000.
Time mn | 328 | 358 | 342 | 335 | 331 | 330 | 329 | 328 | 328 | 3.28

Table 5: Luminosity, interaction length and needed time for a 1 % measurement of the electron
polarization with Green Argon continuous Laser (k = 2.33 eV) and for various Laser beam sizes.
Luminosities are given for an electron beam of intensity 32.6 uA and emittance 107" m rad and for
a Laser beam of power 1. W and emittance \[4/m or 2\[4/=. Interaction length is for k=0.683.
Needed time are given using differential method with a zero energy threshold and assuming an elec-

tron polarization of 50 %. Each table corresponds to a given laser emittance and electron beam spot

size. The second column gives then results for an optimal beam matching while the next ones are for
some values of the Laser beam spot size (corresponding to interaction length around 10 m).
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| A =248.0nm I, =32.60pA Pp=100W o =0.0mrad |
£, =74/ =01973E-07mrad,  o,=200pm
Oy pm 513. 56. 81. 115. | 163. | 231. | 327. | 463. | 655. 927.
L barn~Ts™' | 4287. | 4045, | 4167. | 4230. | 4261. | 4277. | 4284. | 4287. | 4286. | 4282.
L™ cm 4905. | 62. 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn 199 | 2.11 | 204 | 2.01 § 2.00 | 1.99 | 199 | 199 | 1.99 1.99
E,=X4/m =01973E-07 mrad , o =50.0 pm
o, pm 1282. | 48. | 75. | 111. | 160. | 229. | 326. | 462. | 654. | 926.
L barn~Ys™' | 4287. | 2981. | 3567. | 3912. | 4098. | 4195. | 4244, | 4268. | 4280. | 4286.
L™ cm 30658. | 62 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16600.
Time mn 199 | 286 | 2.39 | 2.18 | 2.08 | 203 | 201 | 2.00 | 1.99 1.99
[€,=2X/4/r =03947E-0Tmrad, 0.=200pum |
oy pm 725. 1 81. | 115. | 163. | 231. | 327. | 463. | 655. | 927. | 1311,
L barn~ls~' | 2145. | 2084. | 2115. | 2131. | 2139. | 2143. | 2144, | 2145. | 2145. | 2144.
L™ em 4905. | 63. 125. { 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Time mn 397 | 409 | 403 | 400 | 398 | 398 | 397 | 397 | 397 | 398
E,=2X/4/m =0.3947E-07T mrad , oe =50.0 gm
oy pm 1814 1 75. | 111, | 160. | 229. | 326. | 462. | 654. | 926. | 1310.
£ barn~Ts~1 | 2145. | 1784. | 1956. | 2049. | 2097. | 2122. | 2134. | 2140. | 2143. | 2145.
L™ em 30658. | 62. | 125. | 250. | 500. | 1000. | 2000. | 4000. | 8000. | 16000.
Tame mn | 397 | 478 | 436 | 4.16 | 406 | 402 | 3.99 | 3.98 | 398 | 3.97

Table 6: Luminosity, interaction length and needed time for a 1 7 measurement of the electron
polarization with UV KrF high power pulsed Laser (k = 5.0 eV') and for various Laser beam
sizes. Luminosities are given for an electron beam of intensity 32.6 pA and emittance 10~'! m rad
and for a Laser beam of power 1 W and emittance A[4/m or 2)\[4/n. Interaction length is for
r=0.683. Needed time are given using differential method with a zero energy threshold and assuming
an electron polarization of 50 %. Each table corresponds to a given Laser emittance and electron
beam spot size. The second column gives then results for an optimal beam matching while the next
ones are for some values of the Laser beam spot size (corresponding to interaction length around 10

m).
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¢ Luminosity and Needed time.
Table (7) gives the luminosity and the time needed for a 1 % measurement of the electron
polarization for various values of the Laser spot size. These numbers confirm the first estimation
where the Laser beam spot size had been neglected.

4.3.3 Expected Counting Rates

The electron beam of intensity I, = 32.6 A (corresponding to 1130 bunches of 3.6 10*° electrons with
a repetition rate of 5 Hz) and polarization F, = 80 % crosses the Laser beam with a crossing angle a.
= 10 mrad and a spot size g, = 50 yum. The Laser beam of power P, = 1 W and polarization P, =
100 % has a spot size is o., = 50 urmn.

The differential counting rate, depending on the luminosity £ and on the differential unpolarized
cross section do/dp (Eq. 14 and Fig. 3) is given by

dN do
— =L — 64
dp dt dp’ &)
where p = k' [k, _ is the scattered + energy normalized to the maximal energy.
For a zero energy threshold, we obtain the total counting rate
dN
= =r 65

where o is the total unpolarized cross section (Eq. 15).

We recall the approximated formula for the luminosity £ to see the variation with the experimen-
tal parameters. In this equation, the angular divergences of the Laser and electron beams have been
neglected. In the results presented here, the luminosity £ has been exactly integrated

2 I, PG A 1

ﬁﬁ \/271' z hcz 0'3""0'3- sin(ac)'

The needed time for a 1 % measurement of the electron polarization has the general form

1 1 1
t -, (66
meth C (QP—PQ)Q PEP,? A;,;em o )

where, according to the method ( differential,integrated,energy weighted), the mean longitudinal
asymmetry A2 _,, stands for

< FA,; >2

<Al> 1 < A >
‘ : < E?>

The number of events needed for a 1 % measurement of the electron polarization is obtained
from
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| A=1064.2nm I. =32.60pA Pr=1.00W o =10.0mrad |

o =20.0 pm l
Oy pm 30.8 1387 |1 46.0 | 51.0 | 548 {579 | 60.7 | 63.1 | 65.2
L barn~'s™1 | 790. | 666. | 578. | 530. | 497. | 473. | 454. | 438. | 425.
L™ em 073|087 (100|110 1.17 123|128 | 132 1.36
Time mn 8. 9. 11. | 12, | 12, | 13. | 14. | 14. | 15.
. =50.0 ym
Oy pm 30.8 | 38.7 |46.0 [ 51.0 | 548 1579 |60.7|63.1]|652
L barn~1s7! | 494, | 459, | 427. | 406. | 391. | 379. | 369. | 360. | 353.
L™ em 1.17 1126 | 136 | 143 | 148 1153|157 161|164
Time mn 13. | 14. | 15, | 15. | 16. | 16. | 17. | 17. | 18.

| A =532.1nm I =32.60uA Pp=1.00W o =10.0mrad |

o, =20.0 um I
Oy Hm 218 (274|326 | 360|387 410429 | 446 | 46.1
L barn~'s™' | 491. | 428. | 380. | 352. | 333. | 318. | 306. | 297. | 289.
L'™ cm 0.59 [ 0.68 | 076 | 0.82 | 0.87 | 091 | 0951098 | 1.01
Time mn 14. | 16. | 19. | 20. | 21. | 22. | 23. | 24. | 24.
e = 50.0 um
g, pm 21.8 | 2741326 |36.0138.7|41.0|429|44.6|46.1
L barn~'s™! | 266. | 255. | 243. | 235. { 229. | 224. | 220. | 217. | 213.
L™ cm 1.09 | 1.14 [ 1,19 1.23 | 1.27 | 1.29 | 1.32 | 1.34 | 1.36
Time mn 26. | 28. | 29. | 30. | 31. | 31. | 32. | 33. | 33.

Table 7: Luminosity, interaction length and needed time for a 1 % measurement of the electron
polarization with standard continuous Laser k = 1.16 eV (IR NdYAG) and k = 2.33 eV (Green
Argon). Luminosities are given for an electron beam of intensity 32.6 pA, for a Laser beam of power
1 W . Interaction length is for k=0.683. Needed time are given using differential method with a zero
energy threshold and assuming an electron polarization of 80 %. Each table corresponds to a given
electron beam spot size. The columns give results for some values of the Laser beam spot size.
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| A=248.0nm I, =32.60pA Pp=1.00W o = 10.0mmd,|

e =20.0 um |
Ty pm 149 | 18.71222 | 246264 |28.0|293 304|315
L barn='s™1 | 271, | 247. 1 226. | 213. | 204. | 197. | 191. | 186. | 181.
L' em 0.50 | 0.55 | 0.60 | 0.63|0.66|0.69|071]0.73]|0.75
Time mn 31. | 35. | 38. | 40. | 42. | 43. | 45. | 46. | 47.
e =50.0 um
Ty pm 149 | 187 222|246 | 264 | 28.0 293|304 | 315
L barn~'s7! | 130. | 127. | 124. | 121.| 120. | 118. | 117. | 115. | 114.
L' em 1.04 | 107 | 109 | 1.11 | 1.13 | 1.15 | 1.16 { 1.17 | 1.18
Time mn 66. | 67. | 69. | 70. | 71. | 72. | 73. | 74. | 74.

Table 8: Luminosity, interaction length and needed time for a 1 % measurement of the electron
polarization with continuous Laser k = 5.0 eV (UV KrF). Luminosities are given for an electron
beam of intensity 32.6 u A, for a Laser beam of power 1 W. Interaction length is for k=0.683. Needed
time are given using differential method with a zero energy threshold and assuming an electron polar-
ization of 80 %. Each table corresponds 1o a given electron beam spot size. The columns give results
for some values of the Laser beam spot size.

N = ﬁ tmcth g. (67)

We present in table (9) the expected counting rate and needed time for a 1 % measurement of the
electron polarization as a function of the Laser and electron beam energies. These numbers hold for
the differential method with a zero energy threshold. Counting rates are typically 80 Hz for aIR
Laser. Needed time varies from 15 mn at 1064 nm to 70 mn at 248 nm.

With a non zero energy threshold, the counting rates are reduced in the ratio o; /o where oy is
the differential unpolarized cross section integrated from the energy threshold to the maximum energy
(Fig. 4,5 and 6). Table (10) gives values of this ratio for various energy threshold.

The number of events needed increase with the energy threshold like the square of the mean longitu-
dinal asymmetry (Fig. 4,5 and 6). Table (11) gives the variation of the mean longitudinal asymmetry
for various energy threshold.

The variation of the needed time with energy threshold depends on the 2 previous variations (cross
section and mean longitudinal asymmetry).
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A=1064.2nm Pp=1.0W o,=50.1um P, =100.0% |
I. = 32.60uA 0. =50.0um P.=80.0% o, = 10.0mrad ]
E GeV 250.0
L barn™'s™! | 416.193
a barn 0.198
rate Hz 824
V< AP > % | 39.131
Time s 893.1
Fvents 10% 73.6
A=5321nm Pp=10W o,=2354um P, =1000% |
I, =32.60pA o.=500um P.=80.0% oa,=10.0mrad ]
E GeV 250.0
£ barn™'s7! | 238.479
o barn 0.136
rate Hz 324
V< AP > % | 44.400
Time s 1771.1
Events 10° 57.3
A=248.0nm Pp=10W a,=242um P, =100.0% |
I, = 32.60uA o, = 50.0pm P, =80.0% a.=10.0mrad |
E GeV 250.0
L barn~ls~1 | 122,121
c barn 0.084
rate Hz 10.3
V< AP > % | 50.570
Time s 4187.0
Fuvents 10° 43.0

TESLA Report 1997-03

Table 9: Luminaosity, total cross section, counting rate, mean asymmetry, needed time and number
of events for a 1 % measurement of the electron polarization with standard continuous Laser k =
1.16 eV (IR), k = 2.33 €V (Green) and k = 5.0 eV (UV). Luminosities and counting rate are given
Jor an electron beam of intensity 32.6 p A and of beam spot size 50 um and for a Laser beam of power
1.0 W and of beam spot size 50 ym. Needed time and number of events are given for the differential
method with a zero energy threshold and for electron polarization of 80% and a photon polarizations

of 100%
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A =1064.2nm o, = 10.0mrad | A=5321nm «a.=10.0mrad I
E GeV [ 250.0 | E GeV | 250.0 |
I o barn [0.198 | ] o barn 0.136 |
a1/ pmin =0.00 | 1.000 0:/0 pmin =0.00 | 1.000
a1/0 pmin =0.10 | 0.909 0t/0 Pmin =0.10 | 0.927
0t/ T Pmin =0.20 | 0.822 oi/C pmin =0.20 | 0.854
o1/o pmin =0.30 | 0.737 o1/o pmin =030 | 0.782
/0 pmin =0.40 | 0.654 01/0 Pmin =040 | 0.710
o1/ pmin =050 | 0.573 0./0 pmin =0.50 | 0.636
01/0 Pmin =0.60 | 0.491 0t/ pmin =0.60 | 0.558
01/ pmin =0.70 | 0.406 0/0 Pmin =0.70 | 0.473
o1/0 pmin =0.80 | 0.311 01/0 pmin =0.80 | 0.373
01/0 pmin =0.90 | 0.190 0i/0 pmin =090 | 0.239

A =248.0nm a. = 10.0mrad ]

E GeV 250.0

c barn 0.084
0:/0 pmin =0.00 | 1.000
0'-;/0' Pmin =0.10 | 0.941
04/0 pmin =0.20 | 0.883
03/0' Pmin =030 | 0.823
Ut/o' Pmin =040} 0.763
01/0 Pmin =0.50 | 0.699
0}/0’ Pmin =0.60 | 0.629
o1/ pmin =0.70 1 0.549
Gt/0 Pmin =0.80 | 0.451
01/0 pmin =0.90 1 0.309

Table 10: Variation of the integrated cross section with the energy threshold p,.;, = k. . [k, .. ©
is the total unpolarized cross section while o, is the differential unpolarized cross section integrated
from the energy threshold to the maximum energy.
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A= 1064.2nm ., = 10.0mrad |
E GeV 250.0

<A>=yJ< AT> % 39.131

<A > /<A > pmin =000 1.000
<A >/ <A > pmin=0.10 | 1.048
<AI> /<A > pmin =020 1.097
<Ar>i [ <A > pmin =030 1.142
<A > [ <A> pmin =040 1.177
<A > [ <A > ppmin =050 1.198
< A > / < A1 > Pmin =0.60 | 1.206
<A > <A > pmin =070 | 1.223
< A >y / < A > pmin =080 | 1.329

<Ar> /<A > pmin =090 | 1.675

A =532.1nm e = 10.0mrad |
E Gev 2500 |

<A>=\<A>%  |44400

<A >/ <A > pmin =000 1.000
<A >/ <A > pmin =0.10 | 1.038
<AI> /<A > prin =020 1.077

<A> [ <A > pmin =030 1.112
< Ay >y / < A > Pmin =040 | 1.139
<A > [ <A > pmin =0.50 | 1.150
<A > [ <AI> pmin =0.60 | 1.138
< A: > / < Al > Pmin =0.70 1.099

<Ar> /<A > pmin=0.80| 1.066

< Ar>i [ <A > pmin =090 | 1.230

A =248.0nm o, = 10.0mrad |
E GeV (2500 |

<A>=\<A> % | 50570

<A >/ <A > pmin =000 | 1.000
<A >/ <A > pmin=010| 1.030
<A > [ <A > pmin =020 | 1.061
<A > ] <A > pmin=030] 1.089
<A > [ <Al > pmin =040 | 1112
<A > /<A > pmin=050] 1.122
<A > [ <AI> Ppmin =060 ] 1.113
<Air> [ <A > prin =070 | 1.072
< A >y / < A > Pmin =0.80 | 0.986
<A > /<A > pmin =090 | 0907

Table 11: Variation of the mean asymmetry with the energy threshold p.;, = k. / k. . < A; >
is the mean asymmetry for a zero energy threshold ( < A? 0% for the differential method) while
< A; >, is the mean asymmetry from the energy threshold to the maximum energy.
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