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ABSTRACT
Backward Compton s¢attering of circalarly polarized photons from an ei
bean can be used to measure the polarization of that beam., We describe a
simple, compact, fast monitor that measures the beam polarization at P,E.P,
by scattering a laser beam off ﬁhe ei bunches and detecting the backscattered
photons, We also present graphs of how the -:—g of the electraomagnetic processes
e+e- - e+e-, p+p‘, Yr 15 modified by the transverse polarization of the

initial state particles,
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The crose secticn for Compton scattering of polarized photons on
polarized electrons has been calculated by Lipps and Tolhoek.(l’e’3)
The cross section for backward Compton scattering of circularly polarized

photons on polarized electrons i1s, in the lab frame,
2 ™ 2 2

a2y a, %o o,
+ sinjeosp—"— ) (1)
dpdg

= + P£P7 {cos¥

apdg dpdg

dpdgp

where p = Kf/ Ke nax (energy of back scattered photon)/{meximum energy)

2
K, = bay Ky
mexX

K, = incident photon energy

1
a=1/{1+ hyKifm)

¢ = angle between the scattering plane end the piane containing the e
momentum and e polarization vector.

¥ = angle between the beam directlion and the electron spin in the electreon

rest frame.
dauc s p2(1-;*_=.)2 1 - p(1+a)
=r_ a — + 1+

ddg  ° 1 - p(1-a) 1 - p(1-z)
d2°1 2

dpdﬁ = r, a (l - p(l-a))( - l/[i-p(l-a)]?
deaa 5 -

P = r e o(l-a)Jh a n(1-p)/[1-a(1-a}]

(o]

For transversely polarized electrons the term in ol ie zero and the

term in o5 represents the azimithal asymeetry of the back scettered photons.

The lab angle & between the incident and the back scattered photon s

1

9"-‘-’—7 1 - p)/(ap .
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d20° d201 deaz
Define s°=S s 51=S » 8= S .
dpag dpdg dodg

For the case of trapsversely polarized e® call E.p" 8t 5 E o™ S 5ot
The asymmetyy can be defined as

r‘up - Laomm 252

(Zgp * Zaom)® 15,

An slternate method or measuring the electron polarization is to use
twn counters ope above and one below the beam plane, and to observe the
change in counting rete (£) that occurs when the (cireular) polarization
of the ipncident photons ig reversed.

This "modulation®, M, of the counting rate is in the preceding ideal
case of an infinitely thin electron beam and of two infinite counters

identicel with the asymmetry A,
?. e 2s

4+ s
la]

In the cese of lengitudinal polarization of the et there is no up-down
asympetry but there is & modulation due to 8- Note &8ls¢c that the energy
dependence of 8 and 82 1s different.

Experimental Arrangement

The experimentel arrangement envisaged is shown schematically in
Fig. 1l: &a linearly polarized laser beam is changed into a circularly
polarized beam by means of a querter wave plate, or similar optical device.

The device is capable of producing both polerization states (right
and left circularly polarized) or to leave the beam with its original
linear polarization. The leser beam is then reflected by a system of
mirrors, and forms a very small angle with the electron beam at the inter-
action region.
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The counters will be mounted so that the assembly can be rotated
sbout & horizontal axis (substituting No. 1 for No. 2) and moved in a
vertical direction for centering on the beam plene. Vericus types of counters
can be used: e.g., glass Cerenkov or Nal counters for total absorption
of the 7 rays with the possible addiiion of a y converter and & proporticnal
chamber to count the number of converted 7 rays.

Some of the experimental specifications are:

- The laser must be stable in outpul power to a few percent and
should have & short wavelength and reasonably high paower.

- A lens will focus the laser beam.

- The guarter wave plate must be stable and rotatable end the
photon polarization etate monitorable,

= The mirror system and windows must not change the polarization
of the beem,

The counters must be stable, efflcient and as symreirically constructed
ag possible. By changing counter positions and laser polarization we can
detect counter asymmetries mpd efficlencies es long as the electron beam
and laser system are sufficiently stavle over the measurement interval.

In order to estlimate the experimental ssymmetry we have integrated
numerically the cross secticas s = J(daoo/dpcl}ﬂ) and s = J(daue/dpdﬁ)
over the surfaces of the counters for various values of the physical parameters
involved. a; and sé are different from 5, and 5, in that the former quentities
involve integrals over the counters (which may be arbitrarily positioned}
rather than integrals over the half planes above and below the clectron beam-

line. The parametere to be considered are:

A = wavelength of the lasger

E = energy of the electron beanm

W = beam vertical thickness

b = digtance between gdge of counter and beam plane ( call it offset)
d = digtance from counters to the photon-electron intersection

region.
The normalized beam density function for the electron beam is taken

85 B _ I@.—th}] 22 + PoBrz' + 522'2
D(z,2°) = e ZWE
EnW‘E

(2)
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the distance ebove the beam axis and
= the slope of the trajectory.

mumber of counts per bucket will be
. 2n1n221.n3
AR C

1

nmunber of electrons in bucket

]

effective cross section into counter (ma), i.e., aé + sé or

1 o L
8c:: 82‘

= length of interaction region {m)

photons per second

2l
s x 10 xpwatt

cross sectional area of laser beem (m2)

fl

X A
s m

I

cross secticnal area of electron beam (me)

area in m2 of the interasecticn Aln A2

L}

lesger wavelength (meters)

[}

= CW lager power (or instantanecus power for pulsed laser)

We conclude that the simultanecus use of esymmetry and modulation
measurements are a gtrong tool in detecting the transverse polarization of

electrons at PEP.

A 2arge pumber of cress checks can he mede by rotating the counters
and by switching from elrcularly polarized to linearly polarized photons.

With lipearly polarized light the asymmetry A = 0 for both
counter positions.

With circulerly polarized light the modulations MJ. and M2 mast
be equal to each other and equal to the asymmetry A.

A change in the asymmetry A without & large accompsnylng change
in the modulation indicates the electron beam hag moved verticelly.

It must be noted here that measurements of the background alone
can be made bty switching the laser beam off.
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The detector should be placed in such a distance awey from the
scattering area agto give enwgh flight path so that if for instance the
photon helicity is such as most scattered photons go upwards, then
photons seattered upwards by electrons in the lower part of the beam
should be gbove the beam plane at the detection point.

Gbviously the synchrotron radiation is sitrongly depsndent on the

E m
radius of curvature. The critical emergy,c = 2018 x == —= e
835.’ ¢ Rmagnetic GeV Y
and nunber of photons /sec/ev/mA/mradec = .
R
magnetic

So, if instead of the last 2-3 em of & reguler bending megnet one had
some kind of a tapered magnet where the megnetic radius would be much
larger but the total SB-d'fa gtayed the same a5 not to affect the beam
optics the gynchrotron radiation emitted there could be & few orders of
megnitude less than in the regular bending magnet. One should also
keep in mind that approximately 1 red. length of Pb will attenuste the
synchrotron radiaticn by a fector of 10,‘.

In Pigures 2, 3, ¥ and55 we show the backscattered photon retes
from a single bunch, the corresponding modulstion (essuming maximal
polarization) and time needed in order to measure the polarizetion of a
single tunch with an accuracy of 10% as functions of the distence of the
counters from the heem orbit plane, we have assumed zero background.
These caleulations were mede for p beem energy of 15 GeV end a laser of
20 W, 5140 §, 0.1 ex® lacer ares. Only Fhotous with emergy 0.2 & <
E, < 0.8 Eox ¥ere counted where at 15 GeV, B = 5.3 GeV for this
leser, an interaction (scattering) length of the laser photons with
the electrons of ~ 12 em was used. These rates cowld be much higher
if a more powerful laser was used, e.g., lasers with 50 W ipstantaneous
power end a repetition rate equal to the machine orbital frequency are
availeble today. We have used the values for the vertical bete function
B, its divergence @ _and the standard deviation of the vertical beam
profile qy that the PEP designers consider realistic. The calculaticns
were made for typlcal values of 20 m, 50 m, 100m of the distance of
tbe scattering aree to the detector. These distances and the angles
ipvolved are such that one can use the existing tunvel.
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' Beam gas bremsstrahlung for a pressure of 6 x 1079 Dorr of co
+ 6 x ].0"9 Torr of H2 and for a Bource length of ~10 cm would produce
a rate of 2-3 KHz which is comparasble to the signal. If one scatters
the laser off the e  in the straight inserticm, the pressure will be
less by at least a factor of 10 but then in order to prevemt the
detector from getting blasted by the beam gas bremsstrshlung genereted
in the whole straight ipnsertion (~130 m long) we ghould use e beam bump
that would divert the beam at the scattering area by a few mrad. Figure 6
shows the factor that one has tc multiply the time needed for the measure-
ment of the polarizaticn to 10% when there is no background for the
corresponding esignazl/noise ratio.

Concluding, we believe that the "laser monitor™ will ensble us to
measure accuretely the polarization in a few minutes. Although there
ias clearly sn optimum point in the PEP lemttice to scatter the laser
and correspondingly an optimum distance from the scatiering area to

the detector, given reasonable points for the scattering the time needed
to complete the measurements varies only by factors of 2 or 3 8o other

considerations ghould play Just as an important rocle, e.g. synchrotron
radiation, beam gas bremsstrehlung and availability of tunnel.

Another method to measure the polarization uses the well known
effect ] that if the electron and positron are transversely polerized
then the du/d of the e'e = p'u~, 7y and e¥e” are modified showing a
ﬁ dependence thet is a unique signeture and messurement of the polar-
ization of the initial state particles. This effect ig maximum at
®=-2and g = ~5» $ 1s the azimitha) angle and © is the seattering

2
angle. Followingh,swe write for the dc/dp

9
(e‘e‘-»e’e' ) z 'E'a 3 4costf
16"\ 1~cos®

W s oo ]
i (ZrcosO G QS-\'\Q‘)

de 2
A2




PEP-170-8

. [l +cost + lé‘lat sin'®-(1- 9'5;“1? )]
P I~ L . 1p. E_fa,(asin‘-j)}
m(e“e "\‘l‘)"‘z;mg\'[""ar““abﬂ HRIETY ]

jpl ena {P,] 1a the magnitude of the polarizatior, r, is tke elassical
electron radius, y = (Beam Energy/me) , and Bp and Ee are the velocities of
the muons and electroens.

In figures T, 8, 9, 10, 11, snd 12 we show 3= (8 ¢) for verious values
of the Pl’ P2- One cap see that in the case of Bhabha scattering, the
polarizetiop effeets are not pronocunced. 8o & detector that can separate
these final state would be & slow mcnitor but a very useful tool to
establish the exlstence of polarization and eross celibrate a fast monitor.
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Figure Ceptlons

Schematic diagram of the proposed experimental setup.

Rates, modulation and time required to measure polarization to
10% if one scattered the laser between two bending megnets in a
standard cell.

Seme as 2 but for the scattering taking place between two bending
megnets in a matching cell.

Same as 2 but for the scatiering teking place at the exit of Q2.

Beme ag 2 but for the scattering taking place in the drift section
50 m eway from the interaction region.

Factor multiplying the time needed to measure the polarization to 10%
as shown in Flgures 2-5 (where zero background was assumed) ¥s.

signal/noise.

Flot of gn-i vs. g, at & = 90° for efe”w yyu.

Plot of 4> ys. 8, at § = 90° for e'e eyt

Plot of daa ve. f, at 8 = 90°, for e'e > 77.

Plot of % v5. 9, at § = a0®, fc= etely 7.

Plot of '-}_g- vs. §, at 8 = 90, for e'e " e'e .

Plot of %’ vs. 8, at £ = 90, for ete "+ e'e”. )
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