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Transformation ratio has been derived in the case of the wakefield excitation in a dielectric resonator by se-
quence of rectangular in longitudinal direction (the same charge along the bunch) electron bunches, whose charge
is profiled according to linear dependence. Long periodic sequence of electron bunches has been built to increase
the number of accelerated electrons. In this sequence, the short trains of rectangular in longitudinal direction pro-
filed bunches — drivers alternate by accelerated “high-current” bunches. This long sequence provides a large trans-
formation ratio and the same for all bunches decelerating wakefield. The coupling of transformation ratio with
reduction rate of field after witness and coupling of transformation ratio with witness charge and driver charge in

this sequence have been derived.
PACS: 29.17.+w; 41.75.Lx

INTRODUCTION

The maximum energy to which electrons can be ac-
celerated at some energy of the electron driver-bunches
of sequence, which excite wakefield in dielectric reso-
nator, is determined by the transformation ratio [1, 2].

. . . . E
The transformation ratio, defined as ratio R=—2 of the
1

wakefield E,, which is excited in dielectric resonator
accelerator by sequence of the electron bunches, to the
field E4, in which an electron bunch is decelerated, is
considered with charge shaping of rectangular in longi-
tudinal direction (equal charge along bunch length)
bunches according to linear law along sequence [3, 4],
so that ratio of charges of bunches of sequence equals
1:3:5: ... [3, 4]. The bunch length equals to half of
wave-length AE,=A/2. The choice of such length of
bunches is determined by the necessity to provide not
only large R but high gradient wakefield too excited by
sequence of N bunches. The porosity between bunches
is multiple of wave-length 8&=pA, p=1, 2, ... . A next
bunch is injected in the resonator, when the back wave-
front of wakefield pulse, excited by previous bunches, is
on the injection boundary (z =0). A next bunch leaves
the resonator, when the first wavefront of wakefield
pulse, excited by previous bunches, is on the end of the
resonator. Then wakefield pulses, excited by all con-
sistently injected bunches, are coherently added. In oth-
er words, coherent accumulation of wakefield is real-
ized. For all major bunches the decelerating wakefield
is small, identical, but inhomogeneous along their
length. Then one can provide a large transformation
ratio R. But several conditions should be satisfied for
this purpose. The wakefield and transformation ratio
have been derived after N-th bunch.

Also long periodical sequence, composed of accel-
erated bunches — witnesses and short trains of electron
bunches — drivers, exciting wakefield, has been derived.
Each bunch of these short trains is rectangular in longi-
tudinal direction (equal charge along bunch length) and
the charges of consecutive bunches grow. The connec-
tion of transformation ratio with the reduction rate of
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the wakefield after witness and connection of the trans-
formation ratio with the witness charge and driver
charge in this periodical sequence have been derived
analytically.

1. TRANSFORMATION RATIO AT
WAKEFIELD EXCITATION IN
DIELECTRIC RESONATOR BY SEQUENCE
OF RECTANGULAR ELECTRON BUNCHES
WITH LINEAR GROWTH OF CHARGE

In this paper the transformation ratio R is investi-
gated theoretically. In many cases transformation ratio
can be concluded to the ratio of maximum accelerating
wakefield, experienced by witness bunch, to the maxi-
mum slowing down wakefield, experienced by driver
bunches. In [5] the expression for the wakefield, excit-
ed in a dielectric resonator by the sequence of electron
bunches, each of which is a infinitely thin ring, has
been derived. We consider injection of bunches with
length AE,, equal to the half of wavelength A&, =2/2,

the charge of which is profiled according to linear law
along the sequence of bunches, in the dielectric resona-
tor of length L. The choice of such length of bunches
is determined by the necessity to provide not only large
R but high gradient excited wakefield too.

So the charge density of sequence of rectangular
bunches is distributed according to Fig. 1.
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Fig. 1. The current distribution of sequence of
rectangular bunches, charge of which is shaped

Ny (2, 1)=n,, (2N-1), N 21, 0<V, (+-T(N-1))-z<AE,
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T(N-1) <t<T(N—1)+(LJ:/—A§b). ()
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Then the ratio of charges Q,, of consecutive bunch-
es equals to known values 1:3:5 ... .

A next (N+1)-th bunch is injected in the resonator,
when the back wavefront of wakefield pulse, excited by
previous N bunches, is on the injection boundary
(z=0) (Fia. 2).
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Fig. 2. A schematic of the wakefield pulse,
excited by previous N bunches, when (N+1)-th bunch
is injected in the resonator
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Fig. 3. An approximate view of the wakefield pulse,
excited by previous N bunches and excited by (N+1)-th
bunch, when (N+1)-th bunch is in the middle
of the resonator

An approximate view of the wakefield pulse, excited
by previous N bunches and excited by (N+1)-th bunch,
when (N+1)-th bunch is in the middle of the resonator,
is shown in Fig. 3. Excited longitudinal decelerating
wakefield E, is small and identical for all bunches but
non-uniform along them. Then one can provide a large
transformation ratio R .

A next (N+1)-th bunch leaves the resonator, when
the first wavefront of wakefield pulse, excited by (N+1)
bunches, is on the end of the resonator (z=L) (Fig. 4).
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Fig. 4. A schematic of the wakefield pulse, excited
by (N+1) bunches, when (N+1)-th bunch leaves
the resonator

For achieving a large transformation ratio R sever-
al conditions should be satisfied. Namely, we choose
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the length of the resonator L, the group velocity V,,

the bunch repetition frequency o,, and the wave fre-
quency, which satisfy the following equalities

V.
:sz_nzn_q, q=13,.., Yo 4L )
V, o, V, OA

Then for the selected length of the resonator and ¢,

equal %: 4 and g =20 group velocity should be equal

V. . . L
—2=08. V, is the beam velocity. For XZS and
0

V,
g =32 group velocity should be equal 79 =0.625.

0
Thus, all the next bunches after the first one begin
to be injected in the resonator (on the boundary z=0),
when the trailing edge of the wakefield pulse, created
by the previous bunches, is located at the point z=0.
At this moment the leading edge of the wakefield pulse,
located at the distance from the injection boundary,

V.
equal to L[l—vgj +AE, (see Fig. 2), is located at the

0

distance L[éj-Aab from the end of the resonator
0
(z=L).

Again injected bunch reaches the end of the resona-
tor together with the leading edge of the wakefield
pulse, created by the previous bunches. Then wakefield
pulses, excited by all consistently injected bunches, are
coherently added. In other words, coherent accumula-
tion of wakefield is realized.

At wakefield pulse excitation by the 1-st bunch the
wakefield in the whole resonator (one can derive, using

- _ L, +AE,
[2, 5]) within the time 0<t< v
0

Z,z 9= [%)[e(vot-z)-e(vot-Agb -2)]sin[k(Vyt-z) | +

is proportional to

+[Ej[e(vowab-z)-e(vgt-2>]sin[k(Vo"Z)] '

The 1-st term is the field inside of the 1-st bunch,
the 2nd term is the wakefield after the 1st bunch. Thus,
after 1-st bunch Tg=2.

Inside the 2-nd bunch 0<&=V, (t-T)-z < Ag, the
+Ag,

wakefield on the times T<t<T+ L is propor-

tional to
Z,(z 1= 4)
[6(V, (t-T)-2)-6(V, (t-T)-AE,-2) |k sin [k(v0 (t-T)-z)] .

The decelerating field into the 2-nd bunch equals to
decelerating field into the 1-st bunch.

After the 2-nd bunch &=V, (t-T)-z>Ag, on the
times T<t<T+(L, +Ag,)/V,
which is proportional to

it excites wakefield,
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Z,(z, V=] 6(V, (t-T)-AE, 2)-0(V, (+-T)-2) | x
xak*sin[ k(V, (tT)-z)].

Thus, after 2-nd bunch Tg=4.
At wakefield pulse excitation by the N -th bunch
the wakefield in whole resonator within the time

)

L+A
T(N-l)stsT(N-1)+ﬂ, T:&, is propor-
v, v,
tional to
Z,(z, )=

(a[@(vo (tT(N-1))-2)-6(V, (t-T(N-1))-A&, -2)|sin (kE)

[ 60V, (t-T(N-1))-Ag,-2)-0(V, (t-T(N-1))-2) | x
x(zTstin (k&)+

{e(vg (ET(N-1)+L, (1%} 2)-6(V, (t—T(N-l))-z):l(G)

0

x(EJ(N—l)sin(kg).
Here &=V,t-z, the 1-st term is the decelerating

field inside the N-th bunch, the second term is the
wakefield after the N-th bunch, the 3-rd term is the
field before the N-th bunch, excited by (N-1) bunches.
Thus, after the N-th bunch the transformation ratio is
equal to Tg=2N, similar to [3, 6, 7]. The decelerating
field inside the N-th bunch is equal to the decelerating
field inside the 1-st bunch.

2. LONG SEQUENCE OF SHORT TRAINS
OF PROFILED DRIVERS, INTERCHANGED
BY “HIGH-CURRENT” WITNESSES

For the increase of number of accelerated electrons
we consider the case, when after N profiled bunches the
sequence continues as periodical long sequence of in-
terchanging short (K bunches-drives) trains of the pro-
filed drivers and separate "high-current" witnesses
(Fig. 5).
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Fig. 5. The current distribution of infinite periodical
sequence of short trains of profiled bunches-drives
and of witnesses

Then after every K-th bunch-driver a "high-current"
witness follows, so that it can take away considerable
energy. Thus after witness the amplitude of the wake-
field decreases from Ex=NEi; to yEzx=(N-K)Eii,

ISSN 1562-6016. BAHT. 2014. Ne3(91)

XZ(N—|;:<)<1’ K=N(1-y). Here Ei; is the wakefield

after the 1-st bunch. In this case the transformation

ratio, at the use of the averaged over accelerating time

of accelerating field, equals

~ [NE11+(N'K)E11] :(N-E)i ) (7)
2E, 27 E,

We use that the transformation ratio R=2N known

R*

at K=0. Then i:2 and we obtain the connection of

sl
R* with y and with number of bunches N of the se-
quence, after which the periodic quasi-stationary as-
ymptotic wakefield is set,
R*~N(1+y). (8)

Here Eq is the maximum decelerating wakefield in
the region of being of bunch-drives.

We specify that the words "high-current" witness
mean. From balance of energies one can derive
qwR*=0w(2N-K)=(2/m)Zi=1" qari=(2/m)q: K(2N-K). (9)
Here qq ; is the charge of i-th driver bunch of the se-
quence. Then the ratio of charge of witness bunch qw
to charge of first driver bunch of sequence q; equals

qw/d1=(2/m)K. (10)
One can see that qw>q:, however for qx=(2K-1)q;,
qW/qKzllﬂ(l-]./ZK),
and for gn=(2N-1)q;,
qW/quK/TC(N-l/Z)

The maximal ratio qw/qn equals gqw/qn=1/m(1-

1/2N) at K=N, i.e. at y=0. But
qW/qNZ]./T[(N-].IZ),
because K>1. Thus R*=N for infinite sequence. From
here one can derive coupling of decrease rate y of
wakefield (from E, to xEj) after witness bunch with
ratio of witness charge to driver charge qw/qur
qw/1=(2/m)N(1-).
The transformation ratio equals to
R*=2N-(n/2)(qw/01).
The maximal transformation ratio equals to
R*=2N-1.

CONCLUSIONS

So it has been shown that in the case of wakefield
excitation in dielectric resonator by sequence of
rectangular electron bunches, the charge of which is
shaped according to linear law, the transformation ratio
can achieve large value.

For the increase of number of accelerated electrons
the long periodical sequence of electron bunches has
been derived. In this infinite periodical sequence the
short trains of shaped bunches-drivers are interchanged
by "high-current”" witnesses. This long periodical se-
quence provides the large transformation ratio and
identical decelerating wakefield for all bunches-drivers.
The coupling of transformation ratio with the reduction
rate of the wakefield after witness and coupling of the
transformation ratio with the witness charge and driver
charge in this long periodical sequence have been de-
rived.

(11)
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KO2®PNIHUEHT TPAHC®OPMAIIUHU ITPU BO3BYKAEHUU KNJIBbBATEPHOT O I10JISA
B JIUDJIEKTPHYECKOM PE3OHATOPE INOCJIEAJOBATEJBHOCTBIO ITPAMOYT'OJIBHBIX
JIEKTPOHHBIX CT'YCTKOB C JIMHEMHO HAPACTAIOIIIAM 3APSJIOM

B.U. Macnos, H.H. Onuwienko

[Monyuen ko3¢ unmeHT Tpancopmanuu B ciiydae Bo30YXKISHHUSI KAILBATEPHOTO TOJS B HAIEKTPUUECKOM pe-
30HATOpPE MOCIE0BATEILHOCTBIO TPSIMOYTOJIBHBIX B MPOJIONIBHOM HAIpaBieHUH (OAWHAKOBBIH 3apsi/l BAOIb CI'YCTKA)
AJIEKTPOHHBIX CTYCTKOB, 3apsiJi KOTOPHIX MPOQHIMPOBAH M0 JIMHEWHOMY 3aKOHy. J[iis yBelMueHus: yucia ycKopeH-
HBIX 3JICKTPOHOB TOCTPOEHA JJIMHHAS TIEPUOAMYEcKasi OCIEJOBATEIbHOCTh AJIEKTPOHHBIX CTYCTKOB. B 3T0i nocie-
JIOBaTEIbHOCTH KOPOTKHE LIETIOYKH TMPSIMOYIOJIbHBIX B IPOJOIBHOM HAIPaBICHUH MPO(UINPOBAHHBIX CTYCTKOB-
JpaiiBEpoOB YepemyoTCsl C YCKOPSIEMBIMH ““CHIIBHOTOYHBIMHU CT'YCTKaMH. JTa JUIMHHAS TI0CIIEA0BaTEILHOCTh o0ecme-
YuBaeT OONBIION KOI(PGHUIMEHT TpaHCHOPMAIK U OJJMHAKOBOE JJISl BCEX CTYCTKOB TOPMO3SILEe KHIbBATEPHOE I10-
ne. OnpeneneHa cBa3b KodpduuuenTa tpaHchopMmanuu ¢ Ko3()(GUIMEHTOM yMEHBIIEHHs MOJsl TOCce BUTHECA W
cB3b K03 durmeHTa TpanchopmaIyy ¢ 3apsIoM BUTHECA U 3apsAI0M JIpaiiBepa B 3TOW MOCIICIOBATCIIBHOCTH.

KOE®IIIEHT TPAHC®OPMAIIIL ITPY 35Y/I’KEHHI KIZIbBATEPHOT O I1OJISA
B JIEJIEKTPUYHOMY PE3OHATOPI HOCJJIAOBHICTIO ITPAMOKYTHUX EJIEKTPOHHUX
3r'YCTKIB 3 JIHIMHO 3POCTAIOUNM 3APSIJIOM

B.I. Macnos, I.M. Onuwenko

Otpumano koegimienT TpanchopMarii B pa3i 30ymKeHHsS KUIbBATEPHOrO MOJSA B AICIEKTPUYHOMY pe30HATOpi
MOCITIIOBHICTIO TIPSIMOKYTHHX Y [O3/I0BXXHBOMY HATPAMKY (OJHAKOBHIA 3apsi/l y3/IOBXK 3I'YCTKA) CJIEKTPOHHHUX 3TYCT-
KiB, 3aps/ AKUX NpoQLIbOBaHUN 3a JIHIHHUM 3aKOHOM. J[i1s 301bIIeHHs YMCIa TPUCKOPEHUX EIEKTPOHIB OOYm0-
BaHa JIOBTa IEPiOIUYHA MTOCHTIIOBHICTh EIEKTPOHHUX 3TYCTKIB. Y Iilf HECKIHUCHHIN TOCIIJOBHOCTI KOPOTKI JIAHITIO-
KM TPSIMOKYTHHUX y TTO3/IOBXXHBOMY HAIPSIMKY TPOQIIFOBAHUX 3TYCTKiB-IpaiBepiB YePryrOTHCS 3 IPUCKOPIOBAHH-
MU "CHIIBHOCTPYMOBUMH" 3TycTKamu. Ll moBra mociifoBHICTH 3a0e3nedye BeIWKhil kKoedimieHT TpaHchopmarii i
OJTHAKOBE UIS yCiX 3TYCTKIB KiJlbBaTepHE Imoiie. Bu3HaueHO 3B'A30K KoedimieHTa TpaHchopmarii 3 KoedillieHToM
3MEHIIICHHS TN MICHs BiTHeca i 3B'I30K KoedimieHTa TpaHcdopMariii i3 3apsaoM BiTHeca 1 3apsaoM IpaiiBepa B
M TOCITITOBHOCTI.
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