ACCELERATING STRUCTURE OF 10 MeV ELECTRON LINAC
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The calculation of the on-axis coupled the biperiodic 10 MeV electron accelerating structure is represented. The
one-meter structure includes 19 accelerating cells, two of which are bunching cells. Two versions of RF feeding of
accelerating structure 2.5 and 4.5 MW are considered. The peak beam current is 0.14 and 0.3 A for these versions.
44...49% of the injected current is accelerated. Shunt impedance is 74 MOhm/m with the 8 mm aperture diameter.

PACS: 27.17 +w
1. INPUT DATA

High beam power electron linacs with theenergy up
to 10 MeV found more and more various industry appli-
cations. A variant of a pulse mode normal conductivity
electron linac with an on-axis coupled biperiodic accel-
erating structure is considered.

The 2856 MHz klystron is used as a RF- power source
for the accelerating structure. Two versions of RF feeding
of the accelerating structure are considered: peak RF power
isup to 2.5 MW in Version 1 and up to 4.5 MW in Version
2. The maximum RF pulse width of the klystron is 20 p
sec. But the operating RF pulse width will be chosen in the
range 10...20 psec (13.5 psec nominal) to decrease the RF
breakdown possibility. Maximum average RF power is
22.5 kW. Nominal beam power is 4.6 kW.

Two variants of a 40 kV three-electrode electron gun
are considered as an electron source. Variant #1 is an in-
jector with a concave cathode and a focusing electrode.
Applying an additional negative voltage to the focusing
electrode, we can cut off the injected current. Calculated
beam diameter in crossover is di=0.7...1.0 mm. Variant
#2 is an injector with a flat grid controlled cathode and a
focusing electrode at the grid voltage. Changing the grid
voltage, we can control the injected current I; in the
range from 0 to maximum value and therefore control the
accelerated beam current I,. The calculated beam diame-
ter in crossover is di=1.0...1.4 mm.

The RF field of the accelerating structure focuses the
electron beam. An external solenoid is not required. The
electric field, accelerating and drift spaces in the bunching
part of the structure were optimized to get a maximum cap-
ture ratio k=Iy/I; and requid accelerated beam parameters.

2. CHOICE OF OPTIMUM VARIANT

The electron linac was calculated in four main steps.

Step #1: the accelerating cell form is compromised
using the SUPERFISH computer program to get a maxi-
mum shunt impedance and satisfied maximum surface
electric field.

Step #2: main required parameters of the structure
are calculated using analytic relations [1] and data cal-
culated during Step #1.

Step #3: electric field, accelerating and drift gaps in
the bunching part of the structure are optimized using
the PARMELA program to get a maximum k. and satis-
fied energy spectrum.

Step #4: wvariational parameters are calculated
(accelerated electron beam parameters depending on RF
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power P, injected current I;, injector voltage Us;).

Accelerating structure includes 2 bunching cells, 17
regular accelerating cells, 18 coupling cells and input
waveguide coupler. Input coupler is connected to the
last (#19) accelerating cell as it is shown in Fig.1. Aper-
ture diameter is 8 mm. Length of drift tube nose is
3 mm for bunching cells and 4 mm for the rest cells. Di-
aphragm thickness is 4 mm. Radius of the cells is cho-
sen to get operating frequency 2856 MHZ.

T

Fig. 1. Form of the structure
Calculated values of effective shunt impedance ZT?
and unloaded Q-factor Qo are represented in Table 1.
Table 1. Accelerating cell parameters

Cell No. Qo ZT?, MOm/m
1 12045 50.3
2 13269 53.2
3-19 17950 74.1

The bunching part of the structure was optimized to
get a maximum k., required most probable E., and aver-
age E, energies and energy spectrum. Following parame-
ters of the bunching part of the structure were changed
during this optimization: cell length, accelerating gap
length, drift gap length and electric field in the cell.

Table 2. Beam dynamic calculation results

Parameter Version 1 Version 2
RF power, MW 2.5 4.5
Field in cell #1, MV/m 5.80

Field in cell #2, MV/m 14.40

Field in cell #3-19, MV/m 15.00
Injection current, A 0.225 0.5
Accelerated current, A 0.108 0.22
Capture ratio, % 48.1 44.4
Average energy, MeV 9.36 10.56
Most probable energy, MeV 10.28 11.82
Beam power, MW 1.01 2.32
RF loss in the structure, MW 1.45 2.02
Lost beam loss power, MW 0.105 0.12

Following model was used during calculation of the
bunching part with PARMELA program: accelerating
cell #1, coupling cell, accelerating cell #2, coupling cell
and accelerating cell #3.
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Main results of the beam dynamics calculation for two
RF power levels are represented in Table 2 and in Fig.2.

The typical energy spectrum and beam cross-section
are shown in Fig.3.
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Fig.2. Accelerating field distribution
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Fig.3. Typical energy spectrum (keV) and beam cross-
section (cm)

3. VARIATIONAL PARAMETERS

Dependence of accelerated beam parameters on in-
jection voltage, injected current and klystron RF power
were investigated. The results of calculation are repre-
sented in Table 3, Fig.4 and 5.

Table 3. Injection voltage variation

Ver.| UkV | ko% | 1nA | Em MeV | Ey, MeV
30 | 455 0.11 10.26 927
1 40 48.1 0.11 10.28 9.36
50 | 499 | 0.1 10.30 9.30
30 | 399 | 024 11.68 10.19
2 [ 40 | 444 | 022 11.82 10.56
50 | 474 | 021 11.88 10.75

The beam current changes in 2% range at RF power
changing in 2.25...2.90 MW range for Version 1 and in
4.5% range at RF power changing in 4.0..4.75 MW
range for Version 2. Analysis of variational parameters
allows us to conclude:

e Injection voltage influences on accelerated

beam parameters very weakly in the range
30...50 kV. Injection voltage can be chosen in
this range taking into account high-voltage pow-
er supply aspects.

e Changing the peak RF power and injected beam
current we can choose the operating mode in
wide range of beam parameters, namely for Ver-
sion 1: P=25MW, I=025A, U=40kV,
E.=9 MeV, E,=8.1 MeV, [,=0.14 A and for Ver-
sion 2: P=4MW, [=0.68A, U=40kV,
E.=9.0 MeV, E=8.1 MeV, 1,=0.3 A. As an ex-
perience shows there are unaccounted power
losses subsequent upon not ideal tuning of the
units in real accelerator. In this case the klystron
power reserve will be used.

4. CALCULATION OF ACCELERATING
STRUCTURE SIZES

The computer program MICROWAVE STUDIO was
used for these calculations with method, described in [2].
The structure sizes were calculated in three main steps.
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Fig.4. Beam load at injection voltage U=40 kV and
RF power 2.5 (¢ ) and 4.5 (¢) MW
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Fig.5. Average energy dependence on RF power at
injection voltage U=40 kV and injected current I;
0.225 (¢) and 0.5 () A

Step #1: calculation of frequency of accelerating and
coupling cells using model including two accelerating
half cells and coupling cell between them.

Step #2: correction of calculation of Step #1 for first
part of the structure using model, including full acceler-
ating cell #1, accelerating half cell #2 and coupling cell
between them.

Step #3: calculation of accelerating cell #19 and in-
put coupler using model including accelerating half cell
#18, full accelerating cell #19, coupling the cell between
them and the input waveguide coupled with accelerating
cell #19.

The accelerating field in the model of regular part of
accelerating structure is shown in Fig.6.

Designed value of coupling coefficient of the input
coupler is 2.1 for Version 1 and 3.4 for Version 2. The
input waveguide is coupled with the structure through
rectangular coupling window. The calculation model in-
cludes: accelerating half cell #18, full accelerating cell
#19, coupling cell between them and input waveguide
coupled with accelerating cell #19 through rectangular
window. The window width (parallel to structure axis)
is equal to 13.2 mm. The coupling coefficient (3,5 of this
model (1.5 accelerating cells) relates with coupling co-
efficient of the whole structure Pis (19 accelerating
cells) with the same coupling window by following rela-

. - Ly

tion: ﬁ1.5 ﬁ19 LLS s

where Lis and L, s are the lengths of the whole structure
and the model.

The coupling coefficient dependence on the cou-
pling window length (perpendicular to the structure
axis) is shown in Fig.7. The accelerating field distribu-
tion in input coupler is shown in Fig.8.



% speed is 2 m/sec for maximum power 11 kW dissipated
in the structure.
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Fig.6. The accelerating field in the model of regu-

lar part of accelerating structure Fig.9. Detail of accelerating structure
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8 15 The calculated parameters of the accelerator operat-
1,0 ed in two modes at maximum klystron average power

26,0 26,2 26,4 26,6 26,8 27,0 27,2
Coupling window length, mm

and in nominal beam power mode, corresponding to
Version 1 and Version 2, are represented in Table 4.
Table 4. Facility parameters

Fig.7. Input coupler tuning

6004007 Parameter Version 1| Version 2
A | ] N Peak RF power, MW 2.5 4.0
f Average RF power (max/nom), kW| 22.5/15 22.5/9
oo8woor /' Most probable energy, MeV 9 9
20084007 Average energy, MeV 8.1 8.1
§ 0.00E+000 \ + . Beam current Width, Lsec 12 12
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Fig.8. Field distribution in the input coupler

5. AVERAGE THERMAL CONDITION

A maximum average RF power is 22.5 kW. The pow-
er dissipated in the structure in this case is equal to
11.3 kW in Version 1 and 7.7 kW in Version 2. The cool-

Taking into account unaccounted power losses, one
may conclude, that the nominal total beam power of the
facility is up to 7.5 kW for Version 1 and up to 10 kW
for Version 2. Nominal beam power is 4.6 kW in both
Versions.
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YCKOPSIIOIIASI CTPYKTYPA JIMHEMHOI'O SJIEKTPOHHOI'O YCKOPUTEJISI HA SHEPTHIO 10 M3B
A.A. 3asaoues, A.A. Kpacnos, H.C. Kyzvomun, H.I1. Co6enun, A.H. @aoun

IIpuBeneHsl pe3ynbTaThl pacdyeTa OHIEPHOTUMYECKON YCKOPSIOMEH CTPYKTYpHI SJIEKTPOHHOTO YCKOPUTENS Ha SHEPIUIo
10 M5B co cBs3bI0 0 ocu. MeTpoBas CTpyKTypa UMeeT 19 yCKOpSIomuX siueek, Be U3 KOTOPBIX Ipynnupyomue. PaccMoTpeHsl
nBa BapuanTa BU-nuranus yckopsromeil cTpyKTypbl MOIIHOCTBIO 2,5 1 4,5 MBT. AMIIIUTy 1HbIC 3HaY€HUS TOKA JUIA 9TUX Bapu-
anToB paBHbI 0.14 u 0.3 A, uTo obecrmeunBaeT 3axBaT B Mporecc yckopeHus 44...49% snextpoHoB. CTpyKTypa ¢ anepTypoi
8 MM umeeT 3 dexTHBHOE LIYHTOBOE compoTusienue 74 MOm/M.

ing of the structure is realized by the water flow through

16 channels in the cell body as this is shown in Fig.9. 1.
Four channels are connected in parallel so that the

water flows four times through the structure in opposite

directions in turn as this is shown in Fig.10. 2.
The thermal calculation results are: water flow is

38 dm’/min, outlet-inlet temperature difference is 0.2°C,

water-copper temperature difference is 6.5°C, water

MPUCKOPIOIOYA CTPYKTYPA JIHIMHOI'O EJJEKTPOHHOI'O IPUCKOPIOBAYA HA EHEPI'IIO 10 MeB
A.A. 3asaoyes, A.A. Kpacnos, H.C. Ky3omin, H.I1. Cooenun, A.H. @adun

IIpuBeneno pe3ynbTaTé po3paxyHKy OilepioAMYHOI CTPYKTYpPH €JIeKTPOHHOTO HpHCKoproBada Ha eHeprito 10 MeB 3i
3B'I3KOM 10 oci. MeTpoBa CTpyKTypa Mae 19 IpPHCKOPIOIOUMX OCEpenKiB, Ba 3 SIKMX TaKi, IO IPYyMyIOTh. Po3rmsiHyTo nBa
BapianTi BU-)KHBJICHHS CTPYKTYpH MOTYXHICTIO 2,5 1 4,5 MBT. AMIiTyiHe 3Ha4€HHS CTPyMYy ISl IMX BapiaHTiB JOPiBHIOIOTh
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0.14 1 0.3 A, mo 3abe3neuye 3axomeHHs B mporec npuckopeHus 44...49% enexrpoHiB. CTpyKTypa 3 anepTypor 8 MM Mmae
e eKTUBHUI IyHTOBHH omip 74 MOM/M.
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