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PHASE SPACE TOMOGRAPHY AT THE TESLA
TEST FACILITY LINAC

M. Geitz, G. Schmidt, P. Schaset, DESY, D-22603 Hamburg

Abstract Using the beam transfer matriX, equation (1) can be re-

The transverse phase space distribution of an electron be&'rﬂtten tm ttgrms o_fmthe phase space distributjgnat the
can be determined with a quadrupole scan by measyfzeonStruction pointo

ing the resulting beam profiles via optical transition radi- , , ,
ation and applying a tomographic reconstruction metho@.LM(xl):/po(xo’xo)é(ml_Mllxo_Mlﬂo)dxodxo .
Phase space tomography has been successfully used at the (2)
TESLA Test Facility (TTF) linac equipped with a radio fre-We have added the indeX to p; (z1) to indicate that the
quency photo-injector. Measurements of phase space disarizontal density distribution at; depends explicitely on

tributions and emittances will be presented. the transfer matri¥\/. In order to be compatible with the
algorithms used in conventional computer tomography we
1 INTRODUCTION introduce a "rotation angled by the relations

To be usable as a driver for an envisaged Free Electron B My sin ¢ = Mo

Laser in the VUV regime the TTF electron linac will have \/m ’ M2 + M2,

to provide 500 MeV to 1 GeV bunches with a charge of 1 (3)

nC and a normalized emittance in the order of 1= &im  This yields

mrad. A laser-driven rf photocathode produces bunches

with an rms length of 5 ps which are accelerated to aboyt , (y) = /p()(%’ )8 (1 — g cos ¢ — x) sin ¢)daoda,
5MeV in a1 1/2-cell rf cavity. The transverse phase space

distribution and emittances of the electron beam are dif-. 5 S - (4)
ficult to predict since they depend strongly on the dendith v = a1/ My +Mpp and prg(ur) =

ity profile of the laser beam, on space charge forces a Mgy + MF, ’Pzw_M(zl)- ) )

on the applied focusing by solenoid fields at the photo- Hence we arrive at the conventional Cartesian ro-
injector. An experimental determination of the entire trand@tion by scaling the measured intensity profiles with
verse phase space distribution can be accomplished by %6-]‘4121. + M and ther coordinate withl / ME, + M.
plying a quadrupole scan in combination with tomographid he distributions, 4(u) has to be determined at narrow
image reconstruction techniques [2]. For this purpose a sgfuidistant angular steps covering at least*lilrder to

of quadrupoles is used to rotate the phase space distriRgrmit a reconstructlo_n of the distributipg wh|cr_1 is free
tion in well-defined angular steps between a reconstrufom artifacts. In practice the full angular range is often not
tion point z in front of the quadrupoles and an observa@ccessible and the step width may be too large. Interpola-
tion pointz; behind the quadrupoles. The transverse beaftPn and filtering techniques can be applied to improve the
density distribution at the observation point is recorded b§ulity of such incomplete scans. A useful filter function is
means of an optical transition radiation screen read out fPtained by combining a frequency ramp functighwith

a CCD camera. The horizontal and vertical beam profilgd 0w-pass filtet. () [4]

obtained at the different rotation angles allow to reconstruct 1

the initial phase space distributionzt w(u) = ) / |fIL(f) exp (iwf)df . (5)

2 PHASE SPACE TOMOGRAPHY Heref is a spatial frequency. The filtered profiles are given

The beam transport fromy, to z; is described by a 4 x 4 b

: : y
transfer matrix\/ whose elements are easily computed for - o o
given quadrupole settings. The measured horizontal charge Py (71) = /Pqﬁ(%)w(m — ¥1)diy . (6)
density distribution can be expressed in terms of the hori-

zontal phase space densityat 2, by the integral The low-pass filter suppresses frequencies larger than the
sampling frequency of the profiles and the ramp function

LY ! 1 enhances high spatial frequ_encies, i. e. profiles with ;trong
pi(z) /’Ol(xl’xl) = @) curvature. The filtered profiles can now be backprojected
to obtain the reconstructigff (zo, ) using

0s ¢

= /p1($1,$/1>(5($1 — .%1)d§31dl‘/1 .

s
R A oo ! i
* permanent adress: University of Hamburg, D-20146 Hamburg Po (o, xO) - /0 Py (o cos ¢ + T S ¢)d¢ . (7)
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2 - 2 _ /
,,,6 <‘T > - N (; wz > NQ (; xz) (10)
i 1 (& 1 (&L &
g .'L'.’If/ = — .’I}z.’If; - =5 T .’I,'; (11)
X N (Zl > N (Zl ; )

whereN denotes the total number of electrons of the beam.

01 ; ; ; ; ; The optical functionsy, 3, and~y are given by
0.05F —
$$ms = 5rmsﬂ y x{r?ms = Erms?Y and(xw/)rms = Erms.
* o oe 1 (12)
-0.05
s 0z o1 0 o1 02 03 4 SPACE CHARGE

Linearized space charge forces are implemented into the
beam transfer calculations. The lattice needed to compute
the transfer matri¥\/ is subdivided into intervals of about

1 mm. At these points, defocusing lenses are placed with
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Figure 1: Result of a simulation using an asymmetric g o ‘/ D |
phase space distribution consisting of three peaks of dif* | CN\=" |
ferent height and width. The agreement of the initial (up- | |

per graph) and reconstructed (lower graph) distribution is o : 0 s . "
bettel‘ than 1 % X [mm]

Backprojected phase space

Figure 1 shows a simulation with an asymmetric phase_
space distribution consisting of three peaks of differentz :
height and width. The upper graph shows the initial dis-§ .
tribution, the lower graph the reconstruction using 180 pro-§ .
jections at a 1 angular spacing. The reconstruction agrees

with the initial distribution to better than 1 %. °

y' [mrad] y [mm]

3 EMITTANCE AND OPTICS 2f
PARAMETERS ot e
g N D
The emittance is defined in terms of the variances ahd = of ¢ \9“[ 9%
.'L'/ by b \\\ \\ //7
e = V@) @) — (aa) (®) =y
-4 -2 0 2 4 6
with y [mm]
2
2y 1 N 9 1 al _ 9 Figure 2: Reconstructed phase space density of the beam
@ =5 ;xz N2 2% ©)  emitted by the photo injector, energy 16 MeV, charge 1nC.

2176



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

17

i Solenont Current 100 and 270 A. It should be noted that the emittance shown
versus o . in Figure 2 is smaller because it was obtained after a careful
161 Normalized Horizontal Emittance 8 optimization of all injector parameters [5].
15¢ ¢ . ] 6 CONCLUSION
g ° The applicability of transverse phase space tomography
EYr 1 has been demonstrated at the TTF electron linac. The
o . technique permits a reconstruction of the transverse phase
131 . 1 space distribution and allows the determination of the emit-
tance and the optics parameters. Linearized space charge
12} ] effects have been included in the beam transfer matrix.
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a strength

b — 2Nr, 1

* \/27T Ur(gx +0y)0—z'73
2N 1
by = ——— (13)

Vor oy(os + oy)oy3

where~ denotes the Lorentz factor, the classical elec-
tron radius,o,, o,, ando, the rms bunch dimensions.
Gaussian-shaped bunches are assumed.

5 MEASUREMENTS AT THE TTF LINAC

A set of quadrupole scans has been performed behind the
TTF photo injector and the capture cavity with a bunch
charge of 1 nC and a beam energy of 16 MeV. Here, space
charge effects cannot be neglected. They are included in
the analysis in linear approximation using formulae (13).
The horizontal and vertical phase space density of the TTF
beam is shown in Figure 2. The normalized emittances
measured are

ez = (5.5 £2.5)mmmrad, ¢, = (9.5 =+ 3)mm mrad.

The beam emittance has been determined as a function of
the strength of the gun solenoids. A variation with the mag-
netic field strength has to be expected because of the space
charge forces acting on the charge distribution. These in-
trinsic forces are counter-balanced by the solenoid fields
and an optimum setting has to be found for every bunch
charge. The horizontal emittance is plotted in Figure 3 for
different currents in the primary solenoid [5]. An normal-
ized emittance of, = 11.8 mm mrad has been obtained
during the scan of the primary solenoid current between
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