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Abstract cavity. Before the collision, overlapping optical and elec-

Recently, workers from Berkeley have measured ThonHOn pulses move downstream, and an optical pulse moves
! upstream. After the collision, overlapping optical, elec-

son forward scattered X-rays at the ALS injector. The av: on. and hiah ener hoton pulses move downstream. and
erage power of their device was limited by, among othefo 9 ayp P '
gain, the scattered pulse continues upstream. There are

things, the repetition rate of the high power laser. In orde?I v — o/l collisi it i hereis th
to achieve high average power, it is natural to investiga%eiry{r_hct/ Cgl '.S'?r?s petr. ur:| '”?te' |W etl’ﬁIST € \;eth
the possibility of backscatter from the recirculating optical ocily ot ight andi 1S the optical cavily lengin. 10 get the
pulses in Jefferson Lab’s CW IRFEL, now under construc—Otal POWEer, the toFa_I energy transfer_red into high energy
tion. Photon brightnesses of order”lghotons/(sec mi photons in one collision should be estimated.

mracP) will be produced at this facility, with a spectrum To analyze a single 09”'5'0”’ recal_l thaF the total num-
er of scattered X-rays is a Lorentz invariant quantity, as

extending up to 7 keV in energy, in the present operatiné the total scattering cross section in the rest frame
mode. A near-term upgrade to 75 MeV vyields about 30, 7 .
P9 y of the electrons [2]. Nowd# = J‘/e is a 4-vector,

keV photons with similar brightness. In the longer term

the UV upgrade of our device could potentially produce thereJ“ IS t.he usual current de’?S'ty 4-vector, who_se tw_ne

MeV photons with substantially higher brightness. Scalin (Zmponent is the .nur::ber densnydof elgbgtroni. LlrI:ewuse

laws for such configurations are given and these three ca§ 5 (np, np0,) IS the 4-vector describing the P! oton

are presented in detail. ux. Clearly, N, the number of sce}ttered pho'tons.ls pro-
portional to bothn,, andn., andd*z is Lorentz invariant.

1 X-RAY LUMINOSITY Consequentlyv, must be expressed as

In the Berkeley work [1], and in the current work, the pri- N, = /q)wcbggd‘lx

mary purpose of the experiments is to produce short-time-

duration pulses. Such pulses may be produced by scattering

ashortIR laser pulse at ninety degrees to a 45 MeVelectron = [ (1= 8, - Be)np(@,y, 2, )ne(x, y, 2, t)od x.

beam that has been focussed transversely to a small spot o

size, or by 180 degree scattering off a very short bunch. § the distributions are separablep,(z,y, 2,t) =

distinguishing feature of the IRFEL at Jefferson Lab is it (2, Y) Ip(z + ct), T,’e(xvy’ Zzt) = ne(z,y)le(z — fBet),

relatively short bunch duration of 1 psec rms: the radiatiol€r€/p, e are unit normalized and wherg,(z, y) and

pulse distribution mirrors the “micropulse current” distri-" (% y) are the transverse number distribution of the low-

bution of the beam in time. energy photons and electrons respectively, the above inte-
gral simplifies to

No= [ nyfay)ne (o ppordsdy

- N\e BRI _ 464_&5 BEFORE

COLLISION

The total Thomson scattering cross section,= 87r2/3,

is the cross section for the process of intergst v, /cis

the usual relativistic velocity, and is the classical electron
radius. Specializing to the case of overlapped Gaussians of
the samemssizeo, one obtains

N,N.
s = o
’ 4dmo?

AFTER T

COLLISION

whereN,, is the number of low-energy photons aid is
the number of electron scatterers. One defines a “luminos-

ity

Figure 1: Scattering Geometry I prNe

4o

In Fig. (1) the general geometry is presented. The miwhich defines the intensity generated by the scattering ge-
cropulse separation is chosen to be equal to the optical caumetry. Such a quantity may be used to evaluate the geom-
ity length; two optical pulses are circulating in the opticaletry, much as the usual definition of luminosity is used in

0-7803-4376-X/98/$10.00 [J 1998 IEEE 739



particle physics. Typical values fall in th@33 cm—2sec! The cross sections are converted by noting that the to-
range, for the types of devices that we will consider. Alsaal number of scattered photons must be Lorentz invariant.
note that asv, tends to be proportional t&. in an FEL  Therefore

oscillator geometry, luminosity can scale as rapidly\&s

(i. e., as the beam current squared) if the electron and pho- d_U( ) = do’ @'(9) ¢/(¢))d_9/
ton beam sizes remain the same as the current is changed. o sy ’ dQ’
To estimate the total X-ray power multipior by the en- q
ergy of a typical photon. andso
do| g, co80—0 ., cos? ¢
2 PROPERTIES OF THE RADIATION 70 0,0) = re(l " feost 721 = Beosd)?

Next, the properties of the backscattered radiation are dis-
cussed. As in figure 1, laboratory quantities are referred dop, sin? ¢
to a coordinate system with-axis in the beam direction. W(G’ ¢) =1l g

L . . o : ~v2(1 — [ cosh)
The z-axis is taken to be in the (vertical) polarization di-
rection of the circulating laser pulse. Theaxis, into the  These cross-sections have the characteristic opening an-
paper, completes the right-hand set. The origin of the c@jle of 1/~ for the majority of the scattered radiation.
ordinate system is the point of collision; standard polar The total intensity is calculated by multiplying the num-
coordinates) and¢ are used to describe the direction ofyer of scatters per collision by the collision frequency and

the backscattered radiation. A beam-fixed primed framgnoton energy. In general, the energy of the back-scattered
is also used, with unit vectors in the same directions as Bhotons is

the laboratory system, and with similar polar coordinates
¢’ and¢’. The beam relativistic factors afe= v, /c and (1+ B)E
_ A2 / _ 0
v =1/1/1— 2. The energy of the low-energy photonsin £ =7"(1+5)(1 + Fecos ') Eo = 1 — Beosh’
the laboratory frame will be denotdd,.
In the beam frame, the upshifted energy of the photorgnd the scattering intensity, in power per unit solid angle,
E' = ~(1 + B)Ey is much less than the electron rest enis

ergy, and the scattering may be described by the Thomson dp, (14 B)Ep dor|
scattering cross section [3], 0 "M " Geost @ (la)
do! doy do!
=+ =L P _ A+ B)Eo dory (1b)
2 1—[Gcosf dQ2
where ) ]
da’TH s o 9 Alternatively, these results are obtained from the standard
qqy e 0" cos” ¢ synchrotron radiation integrals; | have not been able to find

is the scattering into the polarization parallel to the pIanEaheSe expressions in such a simple form in the extant liter-

of scattering ature.
, The obvious generalization of Egs. (1) to include non-

zero electron and optical beam angles is to convolve over
the (unit normalized and zero centered) relative angle dis-
ffibution of the two beams. The generalization to include
finite pulse effects is also straightforward:

plane of scattering, and is the classical electron radius.
The total cross sectionisr = 87r2/3, with 3 times the in-
tensity in the perpendicular polarization than in the parallel

polarization. These cross sections are used to calculate the m = % |E(W(1(1 f;b %) ) d;g;”
total number of photons produced per collision in a given
solid angle
dN,, N,N. dg’TH dP, _ £|E(w(1—ﬁc059))|2daTL
A~ 4ol dY dwdQ  4m? (1+P) aQ -’
N5 = NpNe dog where E(w) = [ E(t)e™'dt is the Fourier transform of
gy dmo? Y the incident electric field of the low-energy photons. As

Now, the distribution must be translated back into thehere are about 40 oscillations in the micropulse, the en-
laboratory frame. The scattering angles transformas  ergy spread in the emerging radiation is about 2% at each
observation angle. The maximum energy of the scattered
cos — (3 )
_ photons, at = 0, is
1— Bcosb

¢ = o. Erar = 72(1 + ﬁ)QEO ~ 4% Fy.

cost =

740



Phase | Phase I Phase llI Berkeley NRL APS Units

Ebeam 42 75 200 50 50 6000 MeV
Ephotons 6 70 3800 30 (99 47 10-100 keV
Eophotons 0.21 0.8 6.2 1.5 1.2 NA eVv

f 37.5M 37.5M 37.5M 2 1k 01-1G Hz
Oy 500 400 200 50 50 30090 pm

oy 1000 1000 1000 100 1000 20,000 fsec
q 135 135 135 (0.05)1300 1000 NA pC
N, 8.0x 10" 3.4 x 10 54x10" 24x10Y 1.0 x 10" NA

L 8.1 x 103 53 x 1037 2.1x10% 6.2 x 103 2.0 x 10%° NA m~2sec’!

Brightness 2.2x 107 7.2x 107 52x108 24x10° 7.8x 10 5x10° mm 2mrad-2sec’

Table 1: X-ray source parameters for various backscatter sources

3 RESULTS 4 CONCLUSIONS

In this paper formulas are given which completely describe
, the backscattered radiation for T80homson scattering.

The accelerator parameters of Jefferson Lab's IRFEL (IRpege results are applied to analyze a possible X-ray source
Demo) project are given in another contribution to this cong 556 on the CW FELs being built/planned at Jefferson
ference [4]. Table 1 presents the expected X-ray brightneggy,  Eyen though the total brightness is not competitive
from the IR Demo project (Phase I), and two potential Upgith that generated by synchrotron light sources, to obtain
grade projects: a near-term upgrade to 75 MeV yielding, pulsesd; < 1 psec) of X-rays, such an arrangement
about 1um radiation circulating in the F.EL.(Phase I_I), andis probably superior. In turn, analyzing the short X-ray
a longer-term upgrade to 200 MeV yielding UV light in , ses may provide an excellent bunch-length diagnostic,
the FEL (Phase Ilf). For comparison purposes, the reported icylarly because the time of arrival of the X-rays will
performance in the Berkeley measurements, a design pgk known to better than 1 psec. The additional hardware

terned on early Naval Research Laboratory (NRL) work 0Reeded to pursue this type of research at Jefferson Lab con-
this topic [5], and from a typical high energy storage ringg;sis of X-ray handling and diagnostic equipment.
the Advanced Photon Source (APS), are also given.
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