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Abstract Table 1: NISUS undulator parameters. 3rd column refers
The Deep Ultra Violet FEL is under commissioning into STI-report [4], 4th column to BBA measurements.

the Source Development Laboratory (SDL) at NSLS. The| Undulator
goal of the experiment’s first stage is to obtain 400 nm| Periods 256
SASE. The magnetic system of the FEL includes the 10 m Sections 16
long NISUS wiggler with 3.9 cm period. Deviations from | Period length\y; | mm 38.9
the design trajectory should be less thar®® within one Length m 10
gain length. In this paper we describe the hardware and Gap g mm 20.6
methods of trajectory control and alignment used for this| Peak fieldB, mT 310.4 | 296.4+0.6
experiment. Measurements of the actual beam trajectory, Canted poles
its correction, and a method to obtain the dipole field errors| Periods/section 3
from trajectory measurements are presented. Cant angl® mrad 0.108
GradientC\,, mT/m 103.1| 108.9t1
4-wires
1 INTRODUCTION GradientC,,, mT/A/m | 7.18| 7.12£0.08
The Source Development Laboratory at the NSLS oper- Pancakes
ates a normal conducting accelerator with a laser driven RF Dipole strength | uTm/A 35

gun to provide a high brightness electron beam [1] suitable ) )

for various FEL experiments with the NISUS wiggler as thdndependently powered wires, which allows for any com-
radiator. For the different stages in the scientific prograriination of vertical and horizontal dipole as well as nor-
from SASE at 400 nm to HGHG [2] at 200 nm fundamentamal and skew quadrupole fields. These coils are integrated
and 66 nm 3rd harmonic wavelength the requirements dMithin the vacuum chamber for the electron beam. Their
electron beam trajectory straightness and beam size matéR@in purpose is to obtain equal focusing strength at dif-
ing are more and more demanding. Here we describe ifrrent electron beam energies and to correct vertical trajec-
NISUS wiggler layout [3] with its tools for trajectory con- OrY errors. _Horiz_ontal correction is p_rovided by_ o) called_
trol, the diagnostic elements for trajectory and beam siZeéancake coils which are located outside the main magnetic
measurement, and the methods employed to obtain the guCture of the wiggler and have a rather uniform dipole
sired trajectory and matching. field within the gap.

2 NISUSUNDULATOR 3 TRAJECTORY MEASUREMENTS

Along the NISUS wiggler are 16 retractable YAG mon-

The NISUS undulator is a permanent magnet hybri . . .
structure with its parameters given in Table 1. Whereas t%?rs each with a periscope and image relay to an attached

wiggler structure [4] itself provides natural focusing in the CD camera. An automated procedure of the control sys-

vertical direction, the focusing in the horizontal directiontem fo.r the linac aIIo_ws the consecu_uve me_asurement of
entroid and beam size at each monitor within 2 minutes.

is done by regions of canted poles along the wiggler givin wo additional monits 1 m and 6 cm in front of the wig-

r le f ing horizontally an f ing verticall . L
quadrupole focusing horizontally and defocusing vertica ?Ierare included to record the initial conditions of the elec-

in each of the 16 sections of the whole wiggler. The pea o beam with respect to the wiaaler. A areen HeNe laser
focusing strength of the canted pole region in the undulator P galer. A9

can be described by a modified Halbach formula [4] eam, aligned to apertures before and after the wiggler,
provides a reference position for each monitor. The moni-

tors are calibrated individually with a resolution of approx-
) (1) imately 10um/pixel. The reproducibility of the trajectory
measurements is 2ém (rms), which is much smaller than

which gives a result that is in good agreement with the me#1€ requirement for the first SASE experiment at 400 nm.
sured value. Additional magnetic fields can be superim- !N order to apply a beam based alignment (BBA) scheme
posed on the static magnetic undulator field by means oftq the initial conditions of the electron beam in position and

so—called 4-wire structure in every section consisting of 2WisS parameters at the NISUS entrance, a precise knowl-
edge of the betatron wavelength for different energies and

*loos@bnl.gov 4—wire focusing is necessary, since the wavelength cannot
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be obtained by a single trajectory measurement. 4 BEAM SIZE MEASUREMENTS
The quadrupole fields of the canted poles and the 4—wire
coils cover only a part of each section. The betatron wave- Of even more importance for SASE performance than
length is much longer than a section length, so that it ithe trajectory of the electron beam in NISUS is an accurate
valid to treat them as uniformly distributed along the unduMatching of the initial Twiss parameters.
lator. Thus, the NISUS model is that of a long quadrupole

with horizontal and vertical focusing given by 41 Emittance Measurement

k3Bp = Cop —Cuy Ly, These parameters are obtained by an extension of the
B? three screen method of emittance measurement [5] to the
2 —_ 0
ky Bp = Cop + Caw Liw + 2 Bp 2) 16 (currently 13) monitors within NISUS. The result of

such a measurement is shown in Fig. 2 for an unmatched
with the parameter€’,, andC,,, as the canted poles andelectron beam. The measured Twiss parameters are then
4-wire calibrations ands, as the wiggler peak field. From pack transported to the last triplet before NISUS. The emit-
Eq. 5, discussed below, it is clear that varying the initance and the calculated beam size at this position are in

tial conditions (angle, position) of the electron beam whilgjood agreement with this parameters obtained by a quad
holding the beam energy and corrector fields constant, récan with this triplet.

sults in a pure sinusoidal modulation of the trajectory as a
function of the distance along the undulator.

A nonlinear least squares fit algorithm was applied tog
some 80 trajectories and the resulting focusing strengths, §/§> {’} -
are shown in Fig. 1. The free parameters of Eq. 2 can nowg 300f 3 8 'R i
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Figure 2: Horizontal and vertical beam size along the wig-
: - : - gler with electron beam parameters at NISUS entrance be-
50 100 150 200

fore (dashed) and after (solid) matching procedure.
Energy (MeV)

Figure 1: Horizontal and vertical focusing strength of
NISUS for various energies and three different 4—wire cu4.2  NISUS Matchi ng

rents.
With the known beam parameters at the last triplet be-

be determined by a linear least squares fit and can be foufate NISUS, better settings for this triplet can be calculated
in the last column of table 1. The peak fielt$} obtained to match the beam in NISUS. These settings can be auto-
from measurements of the radiation wavelength is consimatically sent from the measurement program to the linac
tent with the fit. control system to apply the correction. The result of such

An automated correction of the position and angle of tha correction step is shown in Fig. 2 with the matching con-
electron beam at the NISUS entrance is obtained by mesiderably improved. An optimal matching could not be ex-
suring amplitude and phase of the betatron motion of theected, because only one triplet was changed. Using ad-
beam in NISUS and applying proper correction to two upsditional quadrupoles in the future will give even better re-
stream trim correctors. sults.
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5 NISUSFIELD ERRORS culated field errors, a simulation of this field error mea-
Sélrement is discussed here. The assumed field errors have

Despite of precise magnetic field measurements ang guadratic trend and are shown in the lower part of Fig. 3.

shimming procedures prior to the commissioning of th%’he simulated trajectories for four different energies are in

DUVFEL experiment, a large horizontal dipole field error. . .
and smaller horizontal and vertical kicks in NISUS Were:[he upper part together with the fit to the model. A random

observed, when the first trajectory measurements were ini-

tiated. In order to better understand the nature of these er- __ 31
rors and to develop a reliable method to properly correct E 2t
them with the different corrector coils in NISUS, a method ?E’
of measuring these field errors with the electron beam itself 2 ir
is discussed here. 8 of

«

o
5.1 Model with Field Errors 8 -1t

The model assumed constant focusing properties -2}
and a varying dipole field8(z) along the wiggler. The dif- 0.6l o
ferential equation for the horizontal movemenifasingle o B, ;”'t'a'f_
particle and also the beam centroid is = 04r = By from fit
B 5 02f 8 o8
o+ K = (Z). 3) 5 208 2|29
Bp S 0 & ® éw@fs@ &7e &
This equation can be solved generally: i o2l
/ z
B
x:ajocoskz—k%sinkz—k/ dak(g[)sink(z—a) -0.4¢ ,
Z0 p 0 2 4 6 8 10

4)

One can assume an average field efgrin each section
and carry out the integration section—wise under the co
dition that2/3 AzdB/dz < By. This means that the
field variationd B/dz in a section lengtiA z must be much
smaller than the peak fielB,. This is confirmed by mag-
netic measurements even in the extreme case of the fi
error being located over only one period. The individu
beam positions:,, on each monitor can now be calculate
as

Distance (m)

rl}'igure 3: Simulation of dipole field error measurement.
Lower part shows initial and calculated field error, upper
part shows the simulated electron beam trajectories.

Bsition error ofAz = 30 um (rms) was added to the tra-
ectories. The obtained field errors from this fit are shown
n the lower part (green) and one can see unreliable large

standard deviationa B of the field errors. They can be
T T + xgcoskz, + %0 sinkz, + L X estimated by
n — f,n 0 S RZn, - 8 n 70D .
o 2 K2 Bp AB — 2Bp Ax ©)
. Az?
B, k(2 — 2) —cosk (zy — 2 ). (B with section lengthAz. The errors are highly correlated,
8 ; [oos o (zn = 2j) = cosk (zn = 2j-1)] ®) as it turns out when the average dipole field errors over

. . two sections (shown in red) are calculated. They reproduce
Offsetsz,g ., for the monitors have been included, becausgery reliably the initially assumed errors

the monitors are not aligned with respect to the magnetic
axis. Assuming a focal strength of the wiggler according
to the model discussed above, this represents a system of 6 REFERENCES
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