T

J S

PNC TN9410 92-039 | (AMER |

DESIGN OF A CW HIGH BEAM POWER
ELECTRON LINAC

February 1992

Power Reactor and Nuclear Fuel Development Corporation

QOarai Engineering Center




BFHNIZOBERDAFZOWTIE, TREBEVEbET I\,
T311-13 KBV FSKBABALEHET B HAT 4002
BOF - BN REEM
R FEE v 2 —
BATBAERD - BT EE

Inquiries about copyright and reproduction should be addressed to : Technology
Management Section, O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita-machi, O-arai-machi, Higashi-Ibaraki,
Ibaraki-Ken 311-13, Japan.

B iF - BREIBAREZERM (Power Reactor and Nuclear Fuel Development
Corporation) 1992




COMMERCIAL PROPRIETARY
PNC TN9410 92-039
February 1992

DESIGN OF A CW HIGH BEAM POWER ELECTRON LINAC

V.L.Wang *

Abstract

A test CW electron linac is designed to develop a high power accelerator to
treat waste radioactive material. '

The linac is to be operated at the room temperature and is energized by two
1. 2MW CW L-band klystrons to produce an electron beam with the energy of 10MeV and
current of 100mA, The average beam power is 200KW-IMW for the duty factor 20%-100%.

In designing such high power electron linear accelerator, an accelerating
section having a traveling wave resonant ring is adopted. By adoptimg such type of
acceleration section, it became possible to choose very short length of the
accelerator sections to elevate the threshold current of beam break-up (BBU)
keeping the high accelerator efficiency.

In designing the linac with the traveling wave resonant ring, some special
considerations and calculations are introduced, _

The variational method is used to calculate the sizes and parameters of the
disk-loaded accelerator structure. There is the discrepancy of the order of a few
hundredth of one percent between the calculated frequency and the experimental one.

A kind of internal cooling water structure is adopted to disperse the generated
heat by RF efficiently.

Currently, its components development is in progress at OEC.

* TProntier Technology Development Section
Oarai Engineering Center (OEC)
Visiting Researcher from Nanjing University. China



n B &' #H
PNC TN9410 92-039
1992% 2A8 .

EHEREE - AHAOETFREMEE 0B
I e
= =}

BB ZE S S AOMERMEEEENIIC. KRR OEFEBFHEEINEROR £
")f:o

COMERI, BEETERIN, BHLMOL — Ny FEREEAHBTE2E8D7 54 X
PO TR F-PRAZIRT, 00ADBFZ 1 0MeVICIIET 5 - &R 3, EHE—
LHAET 2 =747 77 7 —=20~100% DI 200kW~IMFTH 3,

REAT TR, METICETERRYOIEE AL, CoHOIEE . BVWIlER%E:
MR LIcEEE—LT V-0 7 v 7 (E—L4H8ED OBfbT 3o MElEE < #Et T 375
REH 5B, THoDRTOBRE. BRI REML, $AFNCESCBHHE LT -7
HEREDTEL S A - DREREHEICE I HETHT 12, HETEL<1 7 0KD
KR, EHES 1 /100%4 — ¥ —DBREZHEMANT—FH L7,

BE. R LMEROERMRERELE Y V7 —~THEDTWV B,

*ORELER 7 — BURERE. 7ov7 0 THRHEREE ZEWEE
(FRE. FERAEYHEFIRERR)



PNC

10, Some Results of Experiments

11,

12, References

TNO410 52-039

Contents

Acknowledgements .............................................................

— i —

...........................................

......................................................................

Iﬂtt‘OdllCthIl .............................................................................................
DeSIgﬂ COIlSlder'atIOIlS .................................................................................
Injector- .............. et b et ettt s e aentee e e e eae e e e res et ere et et e et e,
Accelerator Structure .................................................................................
- Characteristics of Traveling Wave Resonant Ring with Linac — «ee--eereseeessmnnennns
Characteristics of Linac with Tfaveling Wave Resonant Ring — «eor-eeereecerenennnes
RF SYStem ........................................................... R e R R TP LE A
Beam Transport System .................................................................................
Design RESUltS ................. a ........................................................................

..........................

--------------------------

--------------------------



PNC TNO41i0 92-039

Table 1,

Table 2,

Table 3,

Table 4,

Table 5,

Table 6,

List of Tablés

Parameters of CW 1inac Cavities  reeeeeeeeesssessserinmmmiienn e 11
Parameters of TMI1-1like mode rreveeserrrrrrermncneeiromcsiessnnennnns sesvssssersrsrernue 12
Parameters Of the resOnant Fing creeereseerrererreesonnmiormrnmmt e 12
Principal design parameters of the CW linac cooreremerecerensenmmmmmerennrnneeee 12
L_band cavities Sizeg ceessreeverrenees ererennnatratieserreareenrraaeersrreserrenns reranee 13
The group velocities of each cavity

in the constant gradient Structure ........... SnrTressessesessssnns sy es s 13



PNC TNG410 92-039

Fig.

Fig,

Fig.

Fig,

Fig,

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig,

Fig.

10,

11,

12,

13,

14,

15,

List of Figures

Schematlc iayout Of the Cw electron llnac ...................................... PR 14

Phase velocity, iris diameter and accelerating field

in the accelerator SECLINNG  reerrrrecctreatiiiaciriiiiaaanratrattesitittreetrticettistiees 15
The Brillouin diagram of the accelerator structure «r-eereereererrererrcneeeeeee 16
The accelerator internal cooling structure «reereesesessrsremee.. 1?
The simplest resonant ring sosecseeesererrrmrraie e PP 17

The module and argument of the multiplication factor M
Vs, the Dhase Of the resonant ring qo .......... SRR LA 18

The graph of M vs. C with different reflection T
in the resonant ring R R D R R T T T T T 18

The graph of I'y vs. C with different reflection T
iﬁ the resonaﬂt llng ........................................................................... 19

the resonant ring with 1inac R IR LT E e 19

The muitiplication factor M vs ¢
with different reflection T" in the resonant ring eeeececercecccrnin 20

The argument of M vs. ¢

with different reflection I' in the resonant ring -ererereeeeeorecerocanee 21
The field build-up in the resonant ring -r-reececrecrerremrmreceniemeiin. 22
Frequency characteristic of linac with resonant ring — --reemeseerrereeneeenen 23
Injection characteristic of iinac with resonant ring -ceeeeeereeememmneen 23
Power characteristic of linac with resonant ring — seoeverrmmememeommmencannnn. | 24



PNC TN9410 92-039

Fig. 16, Beam loading characteristic of linac with resonant ring eeeseeseereeereiene 24

Fig. 17, The longitudinai dynamics and tramsverse motions of
electrons by Calculation .................................................................. 25

Fig. 18, The disk-loaded accelerator structure ----- R srstessnanresieaas 26



PNC TN9410 92-039

1. Introduction

A program has been developing in order to transmute long-lived radicactive
nuclides in spent fuels from nuclear reactors into short-lived or stable ones by
means of reactor or accelerator. The fission products, especially, strontium-90 and
cesium-137 which occupy the most part of nuclear waste from spent fuels are not
suited to transmute in reactors because their neutron reaction cross-section are
small. One possible way to t{ransmute them is to use their photo nuclear reaction
using an accelerator. However, a energy 100MeV continuous wave (CW) electron linac
will be needed for this objective. Its beam current should be as high as possible.
Now a test linac whose energy and beam current are 10MeV and 100mA, respectively, is
designed. and development of its key components is in progress at OEC. The linac
is energized by two 1.2MW L-band CW klystrons. In case of operation, the linac
will be operated at 20% duty factor with the RF pulse length of bms at 50Hz, then
it will be operated at a duty factor up to 100% The beam energy spectra are less
than 1% and the width of bunch phase is less than 5 degree. In the future we will
design a 100 MeV CW linac with 1A beam current .

2. Design Considerations

Features and specifications of the CW linac are as followings:
1) high duty factor (20-100%),

2) high average beam power (200kW-IMW),

3) low accelerating electrical field (1.4MV/m),

4) narrow energy spectra (<1%) and phase width (<6° ), and
5) low beam emittance (z mm mrad).

For design such a high power CW linac, there are some special considerations:
1) The first important issue is to elevate the threshold current level of the
beam breakup (BBU). To do this, we took the following measures:
a) to use L-band frequency and 27 /3 mode ;
b) to use the constant gradient accelerator structure under the 100mA beam
loading;
¢) to use short accelerator sections (L=1.2m) and low attenuation constant
structures ( ¢ =0.05Nepers);
d) to use a progressive stop-band technique and
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f) to use "brute force” - straightforward magnetic focusing schemes - three
pairs of beam steering Helmholtz coils to inject and accelerate small cross-
section beams and to maintain the trajectories as close as practicable to
the central axis.

2) The second important issue is to obtain higher efficiency of the accelerator
by the following measures:

a) each accelerator section is equipped with a traveling wave resonant ring.

3) The third is to get narrow energy spectra and narrow phase width and low
emittance by:

a) using a RF gun,

b) using two prebunchers, and

c) using low gradient variable phase velocity traveling wave buncher.

4) The fourth is to avoid thermal deformation due to RF loss by means of:
a) enhancing the accelerator efficiency and
b) using the internal cooling water structure.

Figure 1 illustrates a schematic layout of the CW electron linac. Two klystroms
energize a system of a RF gun, two prebunchers, a buncher and 7 accelerator
sections. The length of each accelerator section and the buncher are 1.2m and
1.12m, respectively. Total length of this accelerator is about 16m.

3. Injector

A injector consists of a 200kV electron RF gun, two prebunchers, a buncher and
an accelerator section. The beam current from the RF gun is 200mA in a quarter RF
periodic (90° ). The prebunchers and buncher are designed so as to avoid phase orbit

cross-overs as much as possible. In the buncher the wave phase velocity varies
linearly and slowly, at the first half part from 0.695C to 0.93C and in the second
part from 0.93C to 1.0C.

In the injector, each part has a phase shifter and a attenuater to change its
phase and input RF power to adjust the bunch phase width and emergy spectra. After
two prebunchers the bunch width becomes about 10 degree. The emergent bunch width
from the injector is 3.8 degree.
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4, Accelerator Structure

The accelerating part consists of 7 sections: one in the injector and six after
the injector. Bach of the accelerator section whose length is 1.2m contains
thirteen 2 z/3 mode cavities and two coupling cavities. They are designed to have
a constant gradient structure under 100 mA beam loading condition. It can make
larger difference of the TMI1-like mode frequency between two néighboring cavities.
According to the progressive stop-band technique [1], the iris diameters in the
initial region of the accelerator section are smaller than those in any preceding
ones but larger than those in subsequently located ones. Table 1 lists the
parameters of the disk loaded strecture. Fig.2 shows the wave phase velocity,
accelerating field and iris diameters of the buncher and two types of accelerator
structures. The Brillouin diagrams of the accelerator structure are shown in Fig.
3. The TM1l-like mode frequency and transverse shunt impedance of the cavities
are calculated by the MAFIA code. Table 2 lists the T™M11-1like mode frequency and =
mode transverse shunt impedance.

The accelerator internal cooling structure is shown in Fig.4. The cooling
water passes through 8 flow paths provided in the wail of accelerator and the disks.

According to the three- dimensional finite-element heat transfer and thermal
stress analysis, enough cooling capacity can be obtained with 350 [/m cooling
water for one accelerator section under 20% duty factor.

Using the short accelerator sections and low attenuation constant structures
described, one can not only enhance the threshold current of BBU, but also can
release the tolerances of the frequency, temperature and fabrication. But in this
case, it will result in low electric field throughout. Therefore, we will use the
traveling wave resonant rings to improve its efficiency. [2, 3,4, 5]

5. Characteristics of Traveling Wave Resonant Ring with Linac

As presented, every accelerator section is equipped with a traveling wave
resonant ring. When one calculates the parameters of the resonant ring, one must
consider the accelerator response.

The simplest rescnant ring is shown in Fig.5, where the multiplication factor M
is defined as follows [6]:

M=-2% _i¢ ‘ (1)
aq 1 = TV1~C? exp (jBL)
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where C is the coupling coefficient of the directional coupler, T=exp(- al) is
voltage transmission coefficient of the ring, L is the length of the ring, @ is
the attenuation in nepers per meter, B is the phase constant of the ring
transmission line, ¢=8L is the phase of the resonant ring.

The module and argument of the multiplication faction are given by Egs. (2) and
(3).

C
M| = (2)
el (1+T2(1-C?) -2T/1-C2 COS ()% _

T TY1-C? COS (¢)

8 = argM) = —2— — arctan ( )] {3)

1-T/1-C* COS(¢)

The graphs of module of M, | M| vs. ¢, and argument of M, 6vs. @are shown in
Fig.6. One can see from Fig.6 that if the phase (or frequency) deviates from the
resonant point, the module | M| and argument 6 of the M change very quickly.

Let us suppose that the directional coupler has a coupling coefficient C exp(-j
¥ 1) and a transmission coefficient {1-C% exp(-j¥.), where ¥ — v, ==+ /2, and
in the ring there is some reflection having a reflection coefficient Texp(-j& ;)
and a transmission coefficient/1-T'? exp(-j@2 ), where 8, — @, = + z/2 shown

on Fig.5, the field muitiplication factor M will be reduced. Therefore, equation (1)
becomes:

v ce” V1 cT/1-C? /l—er_j(¢1+¢+1/f2+02) W
- ~i(p+yr +6,) -i2p+ 24, )
1-27/1°CE /1-F%e 7 Vit 0, +T"’(1—c2)e_J 4 _%-

From input port view the reflection is given by:

-] +20+
by . o=CEITEr 31(2'5[’1 2et0,)

= = (5
—i(@+vr.+8,) —5(2 o+ 29)
4 1-2T/1-C2 /1-r? » ot vyt FTE(1-C2Y e v
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A graph of M vs. C is shown in Fig.7, and a graph of T'; vs. C is shown in
Fig.8. From these figures one can see that, when there is small reflection in the
ring, the multiplication factor M reduces very quickly and in the input port
reflection increases M?* times. So one musi match the ring carefully.

For the resonant ring with the linac shown in Fig.9, the multiplication factor
with beam loading Mb is given by:

I1ZR? -7 -T -2t IR -7 -T -Tw/2
/ =3 (1-e & e + (1-e )—?(l—e 8Ye e w/

Mb =
11— exp(-27) (6)

Ta =ta La is the attenuation constant of the accelerator structure,
Tw = @&w Lw i5 attenuation constants of the waveguide, 7=7. + 7w, La the
length of the accelerator, Lw is the length of the waveguide in the resonant ring,
E=/2PRa . is the electric field, I is the beam curreht. R is the shunt impedance.

For the optimal coupling, the coupling coefficient is C=1/Mb. There is no power
transmitted fo the dummy load. The accelerator has optimum efficiency.

The energy gain of the linac with the traveling wave resonant ring is given by:

l-exp(~7a) .1-exp(- Ta)
V = MbELa - IRLa(1 - ) (7
Ta Ta

For our linac one section, P=250kW. 1=100mA, R= 35MQ/m <7 . =0.05nepers and
La=1.2m, we can get Mb=1.898, €=0.5265 and V=1.65 MeV.

Fig. 10 and Fig. Il show the module and argument of M vs. ¢, with different
reflections I'. The part (a) is the CW linac without the beam loading, and the
part (b) with beam loading. One can see that when the reflection is a considerable
value, the module of M will appear two maximums, and the argument of M will change
its deviating direction. In the part (a) their change is more serious because of the
lower attenuation in the resonant ring. _

S0 during the course to tune the resonant ring, if one finds two resonant
points {maximums) in a small frequency deviation, this means that there is some
reflection in the resonant ring. Then one must match and fune it again.

According to the @ definition one can calculate the frequency deviation of M at
the half power point. |

At first from the formula (1) one can get phase deviation of M at the half power
point,
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4Ty1-C% - T2(1-C?) -1

) I (8)
2Ty 1-c?

4d¢ = arccos (

The dependence of phase on the frequency in the resonant ring with a linac
include two parts:

for the waveguide part

dow _ Ag df )
Py A5 f
for the accelerator part
d g C df
= —_—— {10)
Pa Vga f
z; df
total. d¢ = (2zNw —3* + 2z Na ) — an
0 Vga f
According to A¢=d ¢, one can get
22
2ZNw —— + 27 Na
a f S N Vga "
—3 = 2
- 2df 4T/1-C? - T2 (1-C?) -1
2 arccos (
2T /1-C2

where Nw=Lw/2. ., Nazla/do, A, isS thé waveguide wavelength, Ao is the free

space wave length, C on the numerator is the velocity of the light, Vga and Vgw are
the group velocity in the accelerator and that in the waveguide respectively.

In the resonant ring with the linac the time for the wave to travel one loop is
given by:
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tf = Lw/Vgw + La/Vga {13

The fields in the accelerator structure build up according to the expression:
E = Bs(l-exp(-wt/2QL)) 14

where Bs is the steady state value of the electric field, To the field build-up to
99.9% of Es needs time expressed as:

Tf =7 Qu/ (xf) ' (15)
and the number of the step (the wave traveling one loop is one step) is giVen by:

Nf = Tf/tf i6)

Fig.12 shows the field build-up transients for the linac with beam loading and
without beam loading respectively.
For our case some results are listed in the Table 3.

6, Characteristics of Linac with Traveling Wave Resonant Ring

In analyzing the accelerator characteristics, one must consider the action of
the resonant ring. Especially, for the frequency characteristic, when the frequency
changing the dependence of phase on frequency is more complicated.

According to Ba. (3) and Fig.6 near the resonant point the phase of the electric
field at the port 4 is strongly dependent upon the total phase of the ring.

When the frequency changes, the phase velocity of the wave in the accelerator
will be changed according to Eq. (17).

=EE L - 2B ) S | 1
g

The change of the frequency causes the change of electron energy and energy
spectrum through four ways.
The first way is that in the accelerator structure the phase of the electron



PNC TNO410 82-039

bunch which is relative to the wave will be changed step by step change of phase
velocity;

The second way is that the change of the phase in the resonant ring causes the
resonant ring detune according to Eq. (11), therefore, the multiplication factor M
will be reduced according to Eq. (2). Then the electric field in the accelerator
structure will go down;

The third way is that the change of the phase in the resonani ring causes change
of the phase between the wave and the electron buncher at input point according to
Bgs. (11) and (3);

The last way is that when the frequency changes the phase which the wave
iransmits along waveguide from the klystron to the accelerator structure will be
changed. '

For the general electron linac, the frequency change causes the change of the
electron energy and energy spectrum only by the first way and the last way. For our
linac with traveling wave resonant rings, we must consider all four factors.
According to our calculation the third and second factors are more considerable.

Fortunately, if one uses the phase control system to keep the resonant ring at
resonance,- the second and third factors can be offset. In the case of using the
phase lock loop, the last factor will be set-off. The first factor can not be
offset by some way, but for our case using the short accelerator sections and the
low attenuation constant structures the dependence of the electron energy and
energy spectrum on the frequency is not so strong.

Using different input parameters of deviation we calculate the longitudinal
dynamics to get the characteristics of the accelerator. Fig. 13, Fig.14, Fig.15 and
Fig.16 show the frequency characteristic. injection characteristic, power
characteristic and beam loading characteristic of the linac with the resonant rings,
respectively.

During above calculations one must consider that when some input parameter
changes the field multiplication factor Mb changes.

From these characteristics one can see that, if the energy stability is limited
in 1% and the phase width of the beam buncher is in 5° , the tolerance of the
klystron power is in 2504 3kW, the tolerance of the voltage of the klystron power
supply is 90%0.9kV, the tolerance of injection voltage in 200:t4kV, the tolerance
of beam curreant is 100x1.5mA and the tolerance of the frequency is 1249.135%
0.02MHz. The phase control accuracy is +2° .
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7. RF System

The first klystron energizes the buncher and three accelerator sections with
three 3dB couplers and fed RF power to the RF gun and prebunchers with 10dB coupler
from the buncher branch. The second klystron energizes four accelerator sections
with three 3dB couplers. Using 3dB directional coupler can cancel some reflection
which come from two resonant rings.

The RF power fed to the each accelerator section is 2560kW, to the buncher 220kW.

In the each resonant ring there are one phase shifter to keep the ring at
resonance and one stub tuner to match the ring. There are two phase lock loops to
keep the phase relationship between the wave and electrons bunch for each klystron.
Between the first klystron and the buncher and the first accelerator section there
are phase shifters. Between the klystrons and other accelerator sections there is
no phase shifter. The lengths of waveguide are carefully controlled to give the
correct phase relation between each section at the design frequency and
temperature. '

8. - Beam Transport System

In order to get high quality and high intensity beam we use a RF gun. The
diameter of the cathode is bmm. '

After the RF gun there is a vacuum valve. We insert two thin lenses between the
valve and prebunchers, on the buncher and first accelerator section we use solenoid
coils and between the accelerator sections we use Q magnets. There are three beam
monitors and steering coils in front of the buncher, the first and the fourth
accelerator sections.

Fig. 17 shows the calculation results of the longitudinal dynamics and
transverse motions of electrons.

9. Design Results

Principal design parameters of this linac are listed in Table 4.
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10. Some Results of Experiments

Using the variational method [7] we calculated the sizes and parameters-of the
disk-loaded accelerator structure shown in Fig.18. So far, we have manufactured
some test cavities and a test accelerator section. We also measured the frequency,
group velocity and Q value. Good agreement has been found between calculation and
experimental values. The discrepancy was the order of a few hundredth of one
percent between computations of the guide diameters or frequency .and the
experiments. The Table 5 and Table & show them.

Now we are manufacturing an accelerator section and a resonant ring. After that
we will do high power test. The important things are to check the field
meltiplication factor M in the resonant ring with the accelerator section and the
heat dissipation in the accelerator structure.
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a

31.20
31. 45
31.65
31. 85
32.00
32.15
32. 30
32. 45
32.55
32. 65
32. 65
32. 60
32.55
32.50
32.45
32. 40

(mm)

30. 00
29. 85
29.70
29, 56
29, 40
29. 25
29. 10
28. 95
28. 80
28.65
28.50

27. 90

95. 80

Table 1.

96. 2243
96. 1622
96. 1007

94. 7575

b

(mm)

94, 8637
94. 8236
04, 7838
94. 7443
94. 7051
94. 6662
94, 6276
a4, 5767
94. 5263
94, 4764
04, 4271
84, 3783
94, 3301
04, 2824
04, 2353

PARAMETERS OF CW LINAC CAVITES

(L-BAND P=1249.135 Mllz >

Buncher

D R
{(mm) (mm) (MQ /n)
56. 51 16. 16
58. 37 12 00 17.27
60.20 12.00 18.46
62.27 12.00 19.70
64.32 12.00 21.01
66.44 12,00 22.36
68.62 12,00 23.75
70.88 12.00 25.18
73.21 12.00 26.67
74.78 12.00 27.65
75.56 12.00 28.17
76.35 12.00 28.27
77.15  12.00 29.28
77.95 12,00 29.84
78.76  12.00 30.40
79.58 12.00 30.97
Accelerator Sections 1-3

D T R
(mm) (mm) (MQ/m)
80.00 12.00 32.96
80.00 12.00 33.06
80.00 12.00 33.17
80.00 12.00 33.28
80.00 12.00 33.39
80.00 12.00 33.50
80.00 12.00 33.61
80.00 12.00 33.72
30.00 12.00 33.83
80.00 12.00 33.9%4
80.00 12.00 34.05
80.00 12.00 34.16
80.00 12.00 34.27
80.00 12.00 34.38
80.00 12.00 34.49
Accelerator Sections 4-7

T R
- (mm) (mm)  (MQ/m)
80.00 12.00 34.20
80.00 12.00 34.31
80.00 12.00 34.42
80.00 12.00 34.53
80.00 12.00 34.64
80.00 12.00 34.7%
80.00 12.00 34.86
80.00 12.00 35.01
80.00 12.00 35.16
80.00 12,00 35.30
80.00 12.00 35.45
80.00 12.00 35.63
80.00 12.00 35.75
80.00 12.00 35.89
80.00 12.00 36.04

14565
14981
15401
15823
16247
16675
17104
17536
17969
18256
18395
18533
18672
18810
18949
19087

Q

19117
19115
19113
19110
19108
19106
19104
19102
19099
19097
19095
19093
19091
19089
19087

Q

19092
19090
19088
15086
15084
19082
19080
19078
19075
19073
19070
15069
19063
19062
19061

ALPHA
(Neper/m)
0. 03978
0. 03722
0. 03504
0. 03303
0.03134
0. 02978
0. 02832
0. 02699
0. 02588
0. 02511
0. 02486
0.02474
0. 02462
0. 02451
0. 02440
0. 02430

ALPHA
(Neper/m)
0. 03100
0.03152
0. 03205
0.03259
0.03314
0.03371
0.03428
0. 03487
0. 03548
0. 03608
0. 03673
0. 03738
0. 03806
0. 03874
0. 03945

ALPHA
(Neper/m)
0. 03760
0. 03828
0. 03896
0. 03964
0. 04041
0.04116
0.04193
0. 04297
0. 04402
0. 04520
0. 04635
0. 04727
0. 04855
0. 05015
0. 05148

Vg/C

0. 02258
0. 02347
0. 02425
0. 02504
0. 02570
0. 02635
0. 02701
0. 02765
0.02814 .
0, 02855

-0. 02861

0. 02854
0, 02847
0. 02838
0. 02830
0. 02822

Vg/C

0. 02208
0. 02172
0. 02136
0. 02101
0. 02066
0. 02032
0. 01998
0. 01965
0. 01931
0. 01899
0. 01866
0. 01833
0.01801
0. 01769
0.01738

Vg/C

0.01823
0. 01791
0. 01759
0. 01730
0. 01697
0. 01666
0. 01635
0. 01596
0. 01558
0.01518
0. 01480
0. 01452
0.01405
0. 01396
0. 01333
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Tabie 2. Parameters of TMil-iike mode
a b D t s fom/3 fxn/3 fo Ri(z) Q (&)
(mm) (m) {(mm) (mm) (MHz) (MHz) (MHz) (MHz) (MQ/m)
30.00 95.34 80.00 12.00 1835.8 1846.1 1875.1 1899.2 22.39 31080
29.10 95.08 80.00 12.00 1846.9 1856.8 1883.8 1904.9 23.22 27440
28.20 94.84 80.00 12.00 1858.3 1867.9 1892.4 1910.2 24.13 27590
27.90 94.75 80.00 12.00 1862.2 1871.6 1895.4 1912.3 24.42 27670
28.33 94.96 80.00 12.00 1858.3 1867.9 1892.4 1910.2 23.12 27590
27.20 94.57 80.00 12.00 1868.2 1877.0 1898.6 1913.1 24.95 27760
26.40 94.38 80.00 12.00 1882.5 1892.1 1912.8 1921.6 25,46 27720
25.80 94.24 80.00 12.00 1887.5 1895.4 1913.8 1925.4 25.83 27730
Table 3. Parameters of the Resonant Ring
M C oL tfC ws) Tf(us) Nf
1.8983 0.5268 3276.4 0.2738 5.8 21 with beam loading
2.6890 0.5268 4908.1 0.2738 8.7 32 without beam loading
3.0848 0.3242 9667.5 0.2738 17.2 63 without beam loading
at optimal coupling
Table 4. Principal Design Parameters of the CW Linac
Operating frequency 1249.135 MHz
Number of Klystron 2
RF power of a Klystron 1.2 MW
Number of accelerator section 8
Overall length 16 m
Injector Gun voltage 200 kv
Beam current 200 mA
Accelerator
Buncher Accelerator(1-3) Accelerator (4-T7)
Length 1. 12m 1.2m 1.2m
Mode 2n/3 27 /3 27/3
Number of cavities 16 15 15
2a 62.4-64. 8 60. 0-55. 8 56. 6-51. 6mm
Shunt impedance 16.2-30.9 32.9-34.5 34. 2-36. IMQ /n
Group velocity(Vg/c) .022-, 028 .022-, 017 .018-. 013
Average Q 17500 19100 19100
Attenuation 0. 0316 0. 0455 0. 0567Neper
Coupling coefficient 0,417 0.50 0. 553
Multiplication 2. 398 2.001 1. 89
Overall performance specification
Energy 13. 8 Mev
Beam current 100 mA
Energy spectra 0.38 %
Bunch width 3.6°
Beam emittance 3.2 mm mrad
Efficiency 69. 5%
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Table 5. L-band Cavities Sizes (f=1248. 135MHz)*
Beta 22=50.0 2a=b4.0 2a=h8.0 2a=62.0 23=66.0

1.0 2b(cal.) 188.104 189.053 190.110 191.276  192.552
Zb(meas.)  188.067 189.017 190.062 191.222 - 192.511

0.9 2b(cal.) 188.627 189.679 190.849 192.136 193.539
Zb(meas.)  188.594 189.652 190.808 192,089 193.510

0.8 2b(cal.) 189.284 190.461 191.765 193.195 194.748
2b(meas.) 189.254 190.436 191.729 193.152 194.728

0.7 2b(cal.) 190,126  191.456 192.920 194.519  196. 248
2b(meas.} 190.099 191.434 192.888 194.480 196.234

% A1l values under 20°C and in the vacuum

Table 6. The Group Velocities of Each Cavity
in the Constant Gradient Structure

No. 2a (mm) Vg/C (cal.) Vg/C (Meas.) AVg/C
1 56. 30 0. 01791 0. 01757 0. 00034
2 56. 00 0.01760 0.01725 0. 00035
3 55. 70 0. 01730 0. 01693 0. 00037
4 55. 40 0. 01697 0. 01662 0. 00035
5 55. 10 0. 01667 0.01631 0. 00036
6 54, 80 0. 01636 0. 01601 0. 00035
7 54. 40 0.01597 0.01561 0. 00036
8 54. 00 0.01559 - 0.01521 0. 00038
9 h3. 60 0.01518 0.01482 0. 00036

10 53. 20 0.01481 0. 01444 0. 00037

11 52. 80 0. 01452 0. 01406 0. 00046

12 62. 40 0. 01405 0. 01369 0. 00036

13 52. 00 0. 01369 0.01332 0. 00037

14 51.60 . 0.01334 0.01296 0. 00038
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Fig. 1, Schematic layout of the CW electron linac
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Fig. 3, The Brillouin diagram of the accelerator structure
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Fig. 5, The simplest resonant ring
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Fig. 6, The module and argument of the multiplication factor M
vs. the phase of the resonant ring ¢

Fig. 7, The graph of M vs. C with different reflection T
in the resonant ring
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Fig. 10, The multiplication factor M vs ¢
with different reflection T' in the resonant ring
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Fig. 12. The field build-up in the resonant ring
(one step corresponds to the wave traveling one loop)
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2 ¢ =flat land in disk hole
o =-edge radius
t =disk thickness

2 a =disk-hole dianeter

2 b=inside cylinder diameter
D =disk spacing

v . =radius of interface
Cross-section of a half cell of disk-loaded waveguide with

rounding curvature center

slightly off the middle plane of the disk to allow a smooth
tangent at y =1 ..

Fig. 18, The disk-1oaded accelerator structure



