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Abstract

One of the most important problem in designing of The generalized pervean&eis the scaling factor for
FELs for plasma fusion is optimizing of e-beangstimation of space charge effect on transverse motion:

transport. High-average-power of the sectior€eMs S., :T[[Bxyc/(yzvg 1,), Where g = 1/kg  are the

with beam recovering and high efficiency impose€ L

) o . m -functions) ,=mc’ nd v, is th m
stringent limit on e-beam losses as little as 0.2%. T ga betta-functions),=mc/e and v, is the bea

approach considered here for two-section undulat(c))rng'tUdmall velocity. Sinces is comparable with unity

designs contains i) optimum focusing strengths opti dt'Ptﬁr‘?’/e(r:t'on gap Caﬂ Tcreafs]:e ?paﬁe fdhirgi 'Eﬂﬂeir:t:e
and e.b. matching; ii) transport simulations with takin © antsinebsen?rt)?cr? c ratlgi?nel ficns ould be taxe 0
into account non-linear transverse space charge forc %?ou eam transport simufations.

iii) beam transport simulations in real undulators in terms
of measured quasi-3D field data updated in the code. 2. RELATIVE FOCUSING STRENGTH

OPTIMIZATION

1. INTRODUCTION Preliminary calculations determined the optimal
In designing of sectioned high power FEMs with beaffcusing strengths on the basis of modified Kapchinskij-
recovering the following specific problems of beanYladimirskij equations [3]. These equations can be
transport to be solved: optimum focusing strength opti@®pPlied when the paraxialk fr,)’<<1 and smooth
and transport simulation with taking into accourd.kss<<1 approximations are satisfied, whéger k=
transverse space charge forces. Three variants for SNRA/ Matched e-beam input conditions dependingaan

conceptual FEM designs were considered: be applied automatically in this code for any focusing
conditions within the framework of the theory [3]:
Table 1.Parameters used in simulations >
Electron beam Boery =B, (S, +4/1+5,,),0,,=0.
Variant number 1 2 3 Here g, .p,, are the beam Twiss parameters, ang
Emittanceg, , rmm mrad | 50 80 50 . .
are the transverse normalized emittances.
Current I, A 30 30 20
Kinetic energyE, MeV | 20 | 1.75 | 2.4 R S -
Beam radius, mm 1.2 1.2,14 0.8 racus Xpine recis Yplene e
PerveanceS 0.13 | 0.08 007 | "
Two-section undulator 04 ]
Variant 1 2 3 N\ PR /
Periodiy, cm 4 4 5 R PN e N
Field By, kGs 2.0;1.6) 2.0;1.5 24522 o2} I
Section lengths, cm 88; 64  76; 6( 90; 80
Intersection gap, cm| 6 6 7.5 °
The only difference between the first variant and"u'32 082 132 182 232 282 832
FOM-FEM project [1] isthe increased value of beam "

: . Figure 1. Beam confinement area as a function of
current. The second and third varaints of undulator . : . _
relative focusing strengtR= kg /ks, for the variant 2.

structure is a previous result of step-tapered high-gain : . . .
. . . To describe focusing properties when a superposition
FEM simulations using the 3D model [2]. o .
of the quadrupole and the periodic sextupole type fields
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is used at negligible contribution of higher undulatatifferent kinds of particle distribution were taken into
harmonics, we introduced the following generalizedccount [7].

expression of the relative focusing strength: Non-linear components of focusing and space charge
o Jh = (K k, 1By forces as well as coupling between transverse motion in
Ueg, / feg )™ = Qe ! Byme™ +(K kI By) - XOZ and YOZ planes [8] resulted in differences of the

beam envelops behavior (compared with the linear

Here K, is the r.m.s. undulator =27 A = . . .
erek, is the s undulator strengl=272, Q model) that are most noticeable in the second section.

dB/dx and = vc.

An example of beam occupied area as a function , &*" oz, 1em2 s
relative focusing strengtR=kg /k;, is depicted in Fig. 1 4 atmm, 7 ez (3tmm)
> q (25mm), - kx2 (25mm)
0.4
3. SOME RESULTS OF UNDULATOR I
MAGNETIC FIELDS MEASUREMENTS 1°°
01 —
E —
Adjustable undulator structure with side magnets [- (0'2
was designed and investigated. High flexibility of th e.os - oy
configuration is due to simultaneous variation ¢
sextupole and quadrupole magnetic field componer ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0
when the side magnets position changes. e 05 1152253 35 4 458
Quasi-3D magnetic fields were measured for th.. _  Side magnets shift, em
variants 1,2 on full-scale undulator and for the variant 3 Figure 2. Gradier@ and sextupole parameter
on the mock-up. A set of data containing gradi€hend  &,” = (6 B, /0 xz) , as a function of side magnets
field eigenvalues k* for each optimum (see Fig. 1) wasisplacement for the thlrd variant and different horizontal
extracted from the ﬂeld map f0r a” three Vanants d|stance between S|de magnets arrays_

Focusing properties obtained from the processed

measurement data are presented in ref. [5] for the fi  Resative focusing strength R

variant and in the Figs. 2,3 for second variant. s R —— = P
A common property of these plots is a monotonot.s

dependency of gradient (growth, Fig. 2) and relati

focusing strength (decrease, Fig. 3) versus side magr

shift. 15
Undulator field errors resulted in r.m.s. deviation c

the relative focusing strength that lies within the ran¢ ' [

0.06-0.17.

2

05 —0.5
Longitudinal undulator wavenumber calculated fror
undulator  field Bwe(0,0,z) measurements as ° . .. . L. 2 a8 4 a5 5
= L 9°B, instead ofk=27/4, can be also an Side magnets shift, om
" B, 0z Figure 3. Relative focusing strength versus side magnets
important characteristic of undulator accuracy arntisplacement for the third variant and different horizontal
focusing properties. Along with relation distance between side magnets arr&y2.4 MeV.
k’(2)+k’(z)=k,’(z) such an approach is valid for paraxial
approximation of the following kind: 12
ok, +aﬁy <<[k,|- Demonstarted in the Fig. 4 ~ 8
0z b E 4
behaviour of thé,*(z) function was taken into account in : 0
the beam transport simulations in real undulator fields. 4%
3
= 8
4. NON-AVERAGED BEAM TRANSPORT 12

SIMULATIONS

The next step foresees more accurate multi-particl
simulations done for the optimal values of relative
focusing strengths found above. Transverse space charg
forces using particle-mesh  method, non-linear
components of undulator non-averaged fields [6] and

eFigure 4. Longitudinal wavenumber squakegicm?]
glotted along the real undulator for the first variant.
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undulator acceptance was estimated in terms of e.b.
transport simulation at Gaussian distribution in transverse
phase space (see Fig. 7).

5. CONCLUSION

1. Beam matching with the only first section is not
optimal for the entire two-section due to intersection
mismatching and beam space charge influence on the
beam transport.

2. Non-perfect beam matching between undulator
sections causes edge emittance growth. The main
contribution in this growth gives beam interaction
with the sextupole component. Hence the beam

Figure 5. Beam edge emittances calculated for the third propagation can be slightly asymmetric in undulator

variant.
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Figure 6. Beam r.m.s. emittances calculated for the third
variant. Combined focusingg/ks=1 corresponds to the
gap width 31mm. Gaussian distribution, 8000 particles.
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even with perfectly symmetric focusindR<1) but
having Q=0. Another reason of asymmetricity is
violation of the conditiorR=1 at the sections edges at
combined focusing.

3. Beam propagation &>1 can be more stable to fields
errors compared with equal focusiRg1l.

4. Calculated acceptance of the system undulator +
waveguide is 358 mm mrad (variant 3).
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