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Transformation ratio has been derived in the case of wakefield excitation in dielectric resonator accelerator by
sequence of electron bunches, the charge of which is shaped according to linear law, so that in every bunch (except
the first one) the charge is distributed according to the rectangular trapezoid. At the use of certain bunch-precursor
before the sequence the wakefield in the areas of localization of bunches-drivers does not depend on the longitudi-
nal coordinate. For the increase of number of accelerated electrons the long asymptotics of sequence of electron
bunches has been derived. In this asymptotic infinite sequence the short trains of drivers-rectangular trapezoids are
interchanged by accelerated "high-current" bunches. This asymptotic infinite sequence provides the large transfor-
mation ratio and homogeneous decelerating wakefield, which results in the complete deceleration of bunches-
drivers. Connection of transformation ratio with the reduction rate of the wakefield after witness and connection of
the transformation ratio with the witness charge and driver charge in this asymptotic sequence have been derived.

PACS: 29.17.+w; 41.75.Lx;

INTRODUCTION

The efficiency of wakefield excitation in dielectric
resonator accelerator by sequence of electron bunches is
determined by transformation ratio (see [1, 2]). The

transformation ratio, defined as ratio R=E of the

1
wakefield E,, which is excited in dielectric resonator
accelerator by sequence of the electron bunches, to the
field E;, in which an electron bunch is decelerated, is
considered with charge shaping according to linear law
along sequence as well as along each bunch [3, 4]. In
each bunch (except the first one) the charge is distrib-
uted accordingly to rectangular trapezoid. The bunch
length equals to wave-length AE,=A. The choice of such
length of bunches is determined by the necessity to pro-
vide not only large R but high gradient wakefield too
excited by sequence of N bunches. The porosity be-
tween bunches is multiple of wave-length 8&=pA, p=1,
2, ... . A rectangular bunch as a precursor of a small
charge and of length, equal to one fourth of wavelength
AEy=M/4, is injected before the first bunch. 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 wake-
field pulse, excited by previous bunches, is on the end
of the resonator. Then wakefield pulses, excited by all
consistently injected bunches, are coherently added. In
other words, coherent accumulation of wakefield is re-
alized. For all major bunches the slowing down wake-
field is homogeneous (in other words the same) and
small. Then one can provide a large transformation ratio
R. But several conditions should be correct for this pur-
pose. The wakefield and transformation ratio have been
derived after
N-th bunch.

Also the optimized infinite sequence, composed of
accelerated bunches-witnesses and short trains of elec-
tron bunches-drivers, exciting wakefield, has been de-
rived. In each bunch of these short trains the charge is
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distributed accordingly to rectangular trapezoid with
determined properties. The connection of charge of ac-
celerated bunches with their energy and transformation
ratio has been obtained analytically for this infinite se-
quence. Also the connection of transformation ratio
with the reduction rate of the wakefield after witness
and connection of the transformation ratio with the wit-
ness charge and driver charge in this asymptotic se-
quence have been derived analytically.

1. TRANSFORMATION RATIO
AT WAKEFIELD EXCITATION
IN A DIELECTRIC RESONATOR
AT CHARGE RAMPING OF BUNCH
SEQUENCE BY LINEAR LAW

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. We consider injection of bunches with length
A%, , equal to the wavelength AE, =A, the charge of

which is ramped according to linear law, both along the
sequence of bunches and along each bunch (in each
bunch the charge is distributed accordingly to rectangu-
lar trapezoid), in the dielectric resonator of length L.
The choice of such length of bunches is determined by
the necessity to provide not only large R but high gra-
dient excited wakefield too.
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Fig. 1. The current distribution of short rectangular
bunch-precursor and of sequence of rectangular
trapezoid bunches
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A rectangular bunch as a precursor of a small charge
and of length, equal to one fourth of wavelength

Ag, = % , is injected before the first bunch.
So the charge density of short rectangular bunch-

precursor and of sequence of rectangular trapezoid
bunches is distributed according to (Fig. 1)

(L+AE,)
n,(z, ty=n,,, 0<V,t-z<A§,, 0<t<V—» (1)
0
i 27
n,(z, t)=n, | 1-—+(V,t-z)=— |, N=1,
2 by
L+AE, +A
A& <V, t-z<AE) + AL, , AE,/V, <t<—( % %) ;

0

n, (2, ey, [1+(N—1)2n+[V0 (t-T(N-l))-Z]zﬂ ,
N >1, 0<V, (t-T(N-1))-z<A¢, ,

L+Ag,)

T(N—1)<t<T(N-1)+( 2)

Then the ratio of charge Q, of the N-th bunch to
charge Q, of the 1-st bunch equals
[1+(2N=1)x]
- (1+m) '

At large N>>1 this ratio increases along sequence

Qv /Q €)

according to Q o N . The general charge Qs of se-
1

(N+N*m)
(I+m)

A next bunch is injected in the resonator, when the
back wavefront of wakefield pulse, excited by previous
bunches, is on the injection boundary (z =0 ) (Fig. 2).
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quence is equal to Qz =Q,
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Fig. 2. A schematic of the wakefield pulse (continuous),
excited by previous two bunches, when 3-rd bunch is
injected in the resonator. A schematic of the wakefield
pulse (dotted), excited by three bunches,
when 3-rd bunch leaves the resonator
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Fig. 3. An approximate view of the wakefield pulse, ex-
cited by previous two bunches and excited by 3-rd bunch,
when 3-rd bunch is in the middle of the resonator
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A next bunch leaves the resonator, when the first
wavefront of wakefield pulse, excited by previous
bunches, is on the end of the resonator (z=L) (see
Fig. 2). An approximate view of the wakefield pulse,
excited by previous two bunches and excited by 3-rd
bunch, when 3-rd bunch is in the middle of the resona-
tor, is shown in Fig. 3.

Excited longitudinal wakefield E, is non-uniform

along the bunch-precursor & <Ag,, and for all major
bunches the slowing down wakefield E, is homogene-

ous (in other words the same) and small. Then one can
provide a large transformation ratio R. But several
conditions should be correct for this purpose. Namely,
we choose the length of the resonator L, the group ve-
locity V, and the frequency of bunch repetition rate

o, and the wave frequency, which satisfy the follow-
ing equality

po2b_2r_2mo o @
V, o, o

Then for the selected length of the resonator and n,

L .
equal o =4 and n =10 group velocity should be equal

v, ) . L
—£=0.8. V, is the beam velocity. For I=5 and
0

n =16 group velocity should be equal % =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,

\Y%
equal to L(I—VgJ (see Fig. 2), is located at the dis-

0

tance L[Ej from the end of the resonator (z=1L).
0

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 within the time

(L+AE, +AE, )

0<t< accordingly to [2, 5] equals to

0
E,(z 0=
R|(1

= {6} (EOJ {6(V,t-2)8(z-V, t+AE, )sin (k&) +

+O(V, t-A&,-2)0(z-V tHAE, + AE,) + Q)
+[ (1+2m) cos (k&) +sin (K&) |O(V,-AE, -AE,2)B(z-V, 1) },
& =V,t-z. The 1-st term is the field inside of the bunch-
precursor, the 2-nd term is the field inside the 1-st
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bunch, the 3-rd term is the wakefield after the Ist
bunch. The field is uniform inside the 1-st bunch.

b 5 ol 3]0

_|RIL
vy Q 2
is inside all the other bunches.

At wakefield pulse excitation by the 2-nd bunch the
wakefield in whole resonator within the time

r<icr(E25)

2L
, T=— equals to
0 Vg

E, (z,t)= —{%} (%‘)j x {O[Vo(t-T)-z]0[z+A-Vo(t-T)]+
+H(1+2m)cos(ké)+sin(kE)] x
x { O[V, (t—T)+L(1-%)—z] 0[z-V(t-T)]-

0
-0[Vo(t-T)-z]0[z+\-Vo(t-T)]} +

+21cos(kE)O[V(t-T)-A-z]0[z-V4(t-T)]}. @)
Here the last term is the wakefield, excited by the 2-
nd bunch, the first term is the slowing down field in the
2-nd bunch (uniform and small) and the second term is

the wakefield, excited by 1-st bunch.
At wakefield pulse excitation by the N-th bunch the
wakefield in whole resonator within the time

L+A
)+(—:/—E’b), T=i]—L,equals to

0 g

s[5

x {O[Vo(t-T(N-1))-z]0[z+A-Vo(t-T(N-1))]+
+H(1+2n(N-1))cos(kE)+sin(kE)] x

T(N-1)<t<T(N-1

x { 0V, (t-T(N-l))JrL(l-%)-z] 0[z-V,(t-T(N-1))]-
-0[Vo(t-T(N-1))-z]0[z+A-Vo(t-T(N-1))]} +
+2mcos(kE)O[Vo(t-T(N-1))-A-z]0[z-V4(t-T(N-1)]}. (8)

Here the last term is the wakefield, excited by the N-
th bunch, the first term is the slowing down field in the
N-th bunch (uniform, small and the same for all
bunches) and the second term is the wakefield, excited
by N -1 bunches. Thus, if the lengths of all bunches
are equal Ag, =\, after the N-th bunch the transforma-

tion ratio is equal to

R=y/1+(1+27N)* ~ 27N . 9)

Thus the choice of such ramped sequence of
bunches (1), (2) provides not only large R (9), but also
large amplitude of excited wakefield E;, = NE;, (8).

Thus the total charge Qs of sequence is proportional
Qs=N?Q, i.e. it is the much larger in comparison with
nonramped sequence, for which Qy=NQ;.
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2. ASYMPTOTIC INFINITE SEQUENCE
OF SHORT TRAINS OF DRIVERS-
RECTANGULAR TRAPEZOIDS,
INTERCHANGED BY ACCELERATED
«HIGH-CURRENT» BUNCHES

We consider the case, when after N bunches-
trapezoids the sequence continues as asymptotic infinite
sequence of interchanging short (from K bunches-
trapezoids) trains of the shaped drivers and separate "high-
current" witnesses (Fig. 4). Then after every K-th bunch-
driver a "high-current” witness follows, so that it takes
away considerable energy. Thus after witness the ampli-
tude of the wakefield decreases from E,;=NE, to yE,=(N-

K)E,, y=—"2-2 (N-K) 21 <1, K=N(1-y). In this case the transfor-
N
mation ratio, at the use of the averaged over accelerating

time of accelerating field, equals
[NE t(N-KE, ]\ K E

F, (N_E) B, (10)
I(S) v
0
~
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Fig. 4. The current distribution of short rectangular
bunch-precursor and of asymptotic sequence of short
trains of rectangular trapezoid bunches and of witnesses

We use that the transformation ratio R=27N known

E,
at K=0. Then —=2n and we obtain the connection of

sl
R with x and with number of bunches N of the se-
quence, after which the periodic quasi-stationary as-
ymptotic wakefield is set,
RA1N(1+y). (11)

Here Ey is the decelerating wakefield in the region
of being of bunch-trapezoid.

We specify that the words "high-current” witness
mean. From balance of energies one can derive

Rqy, =Kqy[1+m(2N-K)]/[1+n(2N-1)]. (12)
v =IA[1+m(2N-1)].

Here qy is the charge of N-th bunch. Then the ratio
of witness charge to driver charge equals

Qy/ay =K/n(2N-1)=(1-%)/n(2-VN). (13)

One can see that the maximal ratio qy,/q, equals

qy/qy =1/m(2-1/N) at K=N, i.e. at x=0. Thus R=nN

for infinite sequence. As K>1, then

qy/qy =1/m(2N-1). The transformation ratio, equal
to R=1+n(2N -1), is achieved at q,, ] qy .

From (11), (13) one can derive the connection R
with N and with q, /q,

R=2Nr[1-(1-1/2N)nq,, /qy |
Thus 7N <R <1+m(2N-1), because
1/m(2N-1)<qy,/qy <1/2m(1-1/2N)-

(14)
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CONCLUSIONS

So it has been shown that in the case of wakefield
excitation in dielectric resonator accelerator by se-
quence of electron bunches, the charge of which is shaped
according to linear law, so that in every bunch (except the
first one) the charge is distributed according to the rectan-
gular trapezoid, the transformation ratio can achieve large

the Science and Technology Center in Ukraine (Pro-
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value. At the use of certain bunch-precursor before the
sequence the wakefield in the areas of localization of
bunches-drivers does not depend on the longitudinal coor-
dinate.

For the increase of number of accelerated electrons
the long asymptotics of sequence of electron bunches has
been derived. In this asymptotic infinite sequence the
short trains of drivers-rectangular trapezoids are inter-
changed by accelerated "high-current" bunches. This as-
ymptotic infinite sequence provides the large transforma-
tion ratio and homogeneous decelerating wakefield,
which results in the complete deceleration of bunches-
drivers. The connection of transformation ratio with the
reduction rate of the wakefield after witness and connec-
tion of the transformation ratio with the witness charge
and driver charge in this asymptotic sequence have been
derived.
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KO39PUIIUEHT TPAHC®OPMAIIMU TP BO3BYKJIEHNUN KNJIbBATEPHOI'O ITOJISL
B IUDJEKTPHYECKOM PE3OHATOPHOM YCKOPHUTEJE ITPO®UJINPOBAHHON
MOCJETOBATEJBHOCTBIO JIEKTPOHHBIX CTYCTKOB C IMHEMHO HAPACTAIOIIUM
TOKOM

B.U. Macnoe, H.H. Onuwenko

[Momyuen ko3 dunuent Tpanchopmalyu B cirydae BO30YKICHHS KUIEBATCPHOTO TOJIS B IUAICKTPHYCCKOM pe-
30HATOPHOM YCKOPHTEIIE TOCIEA0BATEILHOCTRIO AJIEKTPOHHBIX CTYCTKOB, 3apsi KOTOPHIX MPOQIIMPOBAH IO JIH-
HEHHOMY 3aKOHY, TaK YTO B KaKJOM CI'YCTKE (KpoMe IepBOro) 3apsi pacupeesieH COrJIaCHO MPSIMOYTOIbHOM Tpa-
neruu. IIpy MCHONIB30BaHUM ONPENENIEHHOTO CTYyCTKA-IPEABECTHUKA Iepe/ MOCIeA0BaTeIbHOCThIO KUIIbBATEPHOE
moJie B O0JIACTSX JIOKAU3AIMH CTyCTKOB-JIPAiBEpOB HE 3aBUCHUT OT MPOJOIBHON KOOpAWHATHL. (1 yBeTUYeHUs
YHcIia YCKOPEHHBIX AIIEKTPOHOB MOCTPOSHA JUTMHHAS ACHMITTOTHKA TIOCIEI0BATEIIEHOCTH JIEKTPOHHBIX CTYCTKOB. B
STOH aCHMIOTOTHYECKONH OECKOHEYHOM MOCIIEIOBAaTENFHOCTH KOPOTKHE IEMOYKH ApaifBepOB-IPAMOYTOIBHBIX Tpa-
HEIUN YePEIyIOTCS YCKOPSIEMBIME «CHJIBHOTOYHBIMIY CI'YCTKaMHU. JTa aCHMITOTHYESCKAsi OCCKOHEYHAS MTOCIIeI0Ba-
TEJNBHOCTh 00eCIeunBaeT 00NbIION KOA(GUIMEHT TpaHC(HOPMALIMU H OJHOPOJIHOE TOPMO3SIIEe KUITBBATEPHOE TI0-
Jie, KOTOPOe MPUBOIUT K TOJTHOMY TOPMOXKEHHIO CTYCTKOB-JpaiBepoB. OmnpeneneHa CBA3b KOAPPHUIHEHTa TPaHC-
¢dbopmaiyn ¢ K03hPHUIUEHTOM yMEHbILIEHHUS OJIsI TIOC/ie BUTHECA U CBsI3b Kod(duumenTta TpaHchopmaiuu ¢ 3apsi-
JIOM BUTHECA U 3apsoM JpaiiBepa B 3TOH aCUMITOTHYECKON MOCIE0BaTEIbHOCTH.

KOE®IIIEHT TPAHC®OPMAIII ITPH 35Y[)KEHHI KIbBATEPHOI'O 10OJIA
B JIEJIEKTPUYHOMY PE3OHATOPHOMY ITPUCKOPIOBAYI ITOCJIITOBHICTIO
MPOPLIBOBAHUX EJIEKTPOHHUX 3I'YCTKIB 3 JITHIHHO HAPOCTAIOYAM CTPYMOM

B.I. Macnos, I. M. Oniwernko

OtpumaHo koedinieHT TpaHchopMamii y pa3i 30y KeHHs KiUTbBATEpPHOTO HOJS B JI€JIEKTPUYHOMY PE30HATOP-
HOMY IIPHUCKOPIOBaYi MTOCIITOBHICTIO €JIEKTPOHHUX 3TYCTKIB, 3apsil SIKUX PO LTHOBAaHMIA 32 JTIHIHHIM 3aKOHOM, TaK
1I0 B KOKHOMY 3TyCTKY (OKpiM IMEpIIOro) 3apsij po3MOAUICHHH 3riJHO NpssMOKyTHOI Tparnewii. [Ipu BukopucTanHi
MEBHOTO 3TyCTKa-TIEPEe/IBICHUKA Iepe]] IMOCIIOBHICTIO KUTbBAaTEpHE IMMOJiE¢ B 00JAaCTAX JIOKaNi3amii 3TyCTKiB-
JpaiBepiB HE 3aJEXKHUTh BiJl ITOJIOBXHBOI KOOpAMHATH. [[yIs 301IbIICHHS YKCiIa IPUCKOPEHHUX EJIEKTPOHIB 00y 10-
BaHA JIOBra aCHMIITOTHKA MOCTITOBHOCTI €IEKTPOHHUX 3TYCTKIB. Y Milf aCHMITOTHYHIA HECKiHYEHHI MOCHTiTOBHO-
CTi KOPOTKI JIAHIIIOKKH JPaiBEPIB-NPSIMOKYTHHUX Tpareliil 4epryrThCsl IPUCKOPIOBAHUMH "CHIILHOCTPYMOBUMH"
3ryctkamu. [l acHMOTOTHYHA HECKIHUEHHA MOCIIIOBHICTh 3a0e3reuye BelMKui koedilieHT Tpanchopmarii i o/1-
HOPIJIHE TalbMiBHE KiJIbBATEpHE IOJIE, SIKE MPU3BOJUTH J0 MIOBHOIO ralbMyBaHHS 3TyCTKiB-ApaiiBepiB. BusHaueHo
3B'S30K KoedimieHTa TpaHcopmallii 3 KoedilieHTOM 3MEHIICHHS OIS MMicys BiTHeca i 3B'I30K Koe(illieHTa TpaHC-
(dbopmartii i3 3apsAA0M BiTHECA 1 3apsAI0M ApaiBepa B Il aCHMITOTHYHIH TOCIIIOBHOCTI.
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