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Abstract

A brief overview of the 650 MHz 5-cell beta 1.0 cavity optimization process provided. Design limitations are dis-
cussed. Longitudinal and transverse higher order modes are studied. Results of multipacting simulation are presented.

INTRODUCTION

The new facility to be built in Fermilab - ProjectX consits of two parts: continues wave mode part and pulsed 3 to 8 GeV
1.3 GHz linac (fig.1). There is a suggestion (Valeri Lebedev) to use this pulsed linac in future for recirculator for muon
collider. 650 MHz frequency is more preferable for this case, so new types of cavities are needed for these purposes. In
this report results of 650 MHz 5-cell beta 1.0 cavity optimization are presented.

In this report process of cavity optimization is described and main results are discussed.
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Figure 1: ProjectX concept

UNDERSTANDING OF THE OPTIMIZATION PROCESS

Designing of a cavity is a complex problem that should be solved in the respect of main limitations, e.g., flatness of the
field in the cavity, field emission, mechanical stability, surface processing.

One of the significant limitation that should be taken into account is a field nonuniformity which is proportional to
% -N3/2. k. Where % — average relative error of cell frequency, N — number of cells in the cavity and & is a coupling

coefficient which can be calculated as (f” (where f; is a frequency of fundamental mode and f; is a frequency of
the zero mode). The coupling coefficient should be optimized to maintain the field flatness in the whole cavity. Also it
determines the iris radius of the cell.

The values of surface fields should not be too large to prevent the high-field Q-slope effect appearance, that is sharp
drop in quality factor in excess of the threshold value of the magnetic field.

Other limitations connected with technological process of the cavity’s development do not let to make field enhance-
ment factors smaller, for example by reducing a wall-slope of the cell.

So the process of optimization means searching the cell’s shape with parameters which will lead to the minimization
both of the magnetic and electric field enhancement factors (FEFg = E”“‘" ,FEFy E””k where E, is the accelerating
electric field, Hpeqr and E .4 are peak values of the surface fields), in the respect of main limitations to provide a higher
gradient.
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CELL GEOMETRY

The shape of the half-cell is described by two elleptical arcs (equatorial arc and iris arc) and a straight segment which

connects them (Fig.2). The length of the half-inner cell is selected as L = % -B - A, where A is a wave-length of the

Figure 2: Geometrical parameters of a cell

fundamental mode.

CAVITY DESIGN PROCESS

Designing of the RF cavity can be divided into the three steps:

e Regular (middle) cell optimization.
Varying geometrical parameters to get as small as possible magnetic field enhancement factor when electric field
enhancement factor is approximately equal to 2.

e End cell optimization.
Field enhancement factors for the end cell should not be greater than such are for the regular cell. The frequency
spectrum of the end-cell should be close to regular cell’s one. If this condition is not satisfied trapping of higher
order modes can occur. Also geometric parameters of end and inner cells should coincide in the places of their
connection.

e Complete 5-cell cavity optimization
The complete 5-cell cavity is designed using parameters of inner and end cells. Field in the cavity should not be
locked in the inner cells.

2D code Superslans and TunedCell programm for calculations were used.
Aperture 110 mm for cells was chosen. This value of aperture seems reasonable both from beam dynamics’ and from
the electrodynamics’ points of view.

RESULTS

Inner-cell

Geometric parameters for the inner cell are presented in the table 1.

199.786 mm
55 mm
92.5 mm
84 mm
20 mm
28 mm
115.378 mm

Hlole | W >~ A

Table 1: Optimized inner cell geometric parameters
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End-cell

The optimized cavity is not symmetric so in the table 2 parameters for both left and right end-cells are presented.

Table 2:

Complete 5 cell cavity

Left Right
R | 199.786 mm | 199.786 mm
r 55 mm 55 mm
A 72.5 mm 85 mm
B 70 mm 60 mm
a 18 mm 15 mm
b 28 mm 50 mm
L | 97.053 mm | 114.868 mm

Optimized end cell geometric parameters

The rf parameters for 5 cell cavity are summarized in the table 3.

Parameter Magnitude Units
Coupling coefficient 0.867 %
R/Q 700 Ohm
Epeak /Eucc 1.97
Hpear/Eace 3.65 mT/(MV/m)
G 268 Ohm
Wall angle 4.5 degree
Beam pipe dia 110 mm
Active length 1135 mm

Table 3: RF parameters for fundamental mode

The dispersion curve for first monopole pass band is show on the figure 4. The relative separation of the fundamental
mode with its neighbor is 0.09 %. Dispersion curves for other monopole and dipole modes’ pass bands are shown at the
end of report. Only frequencies before critical are presented (critical frequency for monopole modes is V..; =2089 MHz
and v,y =1599 MHz for dipole modes).
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Figure 3: Frequencies of operating pass-band

Study of higher order modes for 5 cell cavity

Studying of the Higher Order Modes (HOM) is very important for beam dynamics. The cavity has been studied for
longitudinal and traverse higher order mode. The distribution of effective impedance of longitudinal and traverse HOM is
shown on the figures 5, 6.

Distribution of the fields along the length of the cavity both in monopole and dipole cases is shown on the figures
Monopole mode 1-30 and Dipole mode 1-30 at the end of this report.
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CLANS UB8.0%.24 Uariant:fppé Date:08-803/10 Mode:5
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Figure 4: Electric field distribution for the fundamental mode
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Figure 5: Distribution of longitudinal HOM
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Figure 6: Distribution of transverse HOM

According to the study of HOM it can be concluded that no trapped modes in the designed cavity are presented.

Multipacting simulation

Multipaction simulation has been held. Multipac 2.1 program for Matlab was used.
Multipacting is the process when an electron spontaneously emitted from the surface of an rf structure causes an
exponential increase of secondary emitted electrons, so called electron avalanche. The number of secondary electrons

depends o the impact energy of the first (impacting) electron and the wall material characteristics at the location of the
impact.

There are two conditions for multipacting:

e An electron emitted from the cavity wall is driven by the electromagnetic field and returns back after an integer
number of rf cycles to the same point of the cavity wall

e The impacting electron produces more than one secondary electron
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Multipacting simulation was held for all three types of cells, i.e. inner-cell and two end-cells. All the results of the
simulation are provided at the end of the report. According to the results of this simulation, peak values of the impact
energy are lower than 30 eV. We assume (according to the secondary yield for a niobium curve fig.7) that for multipacting
to occur impact energy of 50 eV is needed. This allows to conclude that there is no multipacting in the proposed cavity.
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Figure 7: Secondary yield for niobium

CONCLUSION

The 5 cell 650 MHz beta 1.0 cavity was proposed. Among the advantages of this type of cavity worth to emphasize the

next ones:
e Low possibility of trapped higher order modes.
e Low magnetic and electric field enhancement factors which allows to increase gradient of the cavity.

The cavity also has been studied for higher order modes among which no trapped modes were found.
Multipaction simulation has been held. No multipacting in the designed cavity.
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Multipacting simulation results for inner-cell.
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Multipacting simulation results for right end-cell.
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Multipacting simulation results for left end-cell.
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Pass bands for monopole modes below cut-off frequency.
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Pass bands for dipole modes below cut-off frequency.
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Fig. Monopole mode 1
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Fig. Monopole mode 5
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Fig. Monopole mode 6
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Fig. Monopole mode 12
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Fig. Monopole mode 17
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Fig. Monopole mode 23
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AXTS FIELDS
NORMAL TZATIONS U= 0.001
Phose shift Hnax-Bnay (degq)=90
0
0
e
4
0
0
0 31,499 62.998  94.498 126 L(CH)
Fig. Monopole mode 27
CLANS UBB.09.24 Variant:fpp6 Date:08/03/10 Mode:29
HIA/M) FREQUENCY (11HZ1=2182. 9797

QXI5 FIELDS

MALIZATION: WeJ) 061

0.
0

Phdse shift Hmax—Emax (deg)=9

31,499 62,9968 94,498 126 L(CM)

Fig. Monopole mode 29

15

CLANS UBB.09.24 Variant:fppé Date:08/03/10 Mode:26
E(MU/M) H(A/M) FREQUENCY(MHZ)=2042. 3004
AXIS FIELDS
NORMAL TZATION: W= 0.001
Phase shift Hnax-Enax (deg)=-90
0.2026 0
0.0675 0
W]IH“
-0.068 0
-0.203 0
-0.338 0
0 31.499  62.998 94,498 126 L(CM
Fig. Monopole mode 26
CLANS UBB.09.24 Variant:fppé Date:08/83/10 Mode:28
E(MU/M) HAM) FREQUENCY(MHZ)=2085.4771
AXIS FIELDS
NORMALTZATION: W= 0.001
Phose shift Hnox-Enax (deg)=-90
0.1621 0
0.054 0
-0.054 0
-0.162 0
-0.27 0
0 31.499 62,998 94,498 126 L(CM)
Fig. Monopole mode 28
E(MU/M)
0.3511
0.117
-0.117
-0.351
-0.585

ECMU/M)

0.1796

0.0585

-0.0859

-0.176

-0.295

E(MU/M)

0.1756

0,058

-0.176

-0.293



650 MHz 5-cell beta 1.0 cavity optimization

Technical Note TD-10-020

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/10 Made:l

E(MU/M) FREQUENCY(MHZ)=872. 6427
NORMALIZATION: utdl= 8.00!
Er - -
9.09| Hi -
0.03
-0.03
-0.09
-0.15
0 51,499 62,998 94.498 126 Z(CM)
Fig. Dipole mode 1
CLANS2 U@9.@8.17 Variant:ippé Date:08/63/18 Mode:3
ECMU/M) FREQUENCY (MHZ)=B03. 64886
NORMALIZATIO U= .00l
E: - -
0.084 H: -
0.028 /\
-0.028 \\}
-0.084
-0.14
0 31,499 62.998°  94.498 26210
Fig. Dipole mode 3
CLANS2 Up9.@8.17 Variont:ippé Date:08/63/18 Mode:d
ECMU/M) FREQUENCY (MHZ)=943. 36792
NORMALIZAT[ION: U= 8.00!
E: - -
0.188 H: -
0.036
-0.036 \/\/
-0.108
-0.18
0 31,499 62,998 94.498 26 2T

Fig. Dipole mode 5

16

HIKA/M)

-0.04

-0.12

-0.2

H(KAZM)

0.15

0.05

-0.15

-0.25

H(KAZM)

0.24

0.08

-0.08

-0.24

-0.4

CLANS2 UB9.088.17 Vaoriont:fppé Date:08/83/10 Mode:2

E(HU/M) FREQUENCY (17 1=88. 65307
NORMQLIZMION )= 0,001
0.09
0.03
-0.03
-0.09
-0.15
0 31,499 62,9968 94,498 Z(CM)
Fig. Dipole mode 2
CLANS? UB9.88.17 Uoricnt:fpp6 Date:08/03/18 Mode:4
E(MU/I) FREQUENCY [ 11H2)=908. 276
NORMAL [ZATTON: Uy= 0.p0
E: - -
p.99| H: _
0.03 A
-0.03
-0.09
-0.15
0 31499 62.998 94,498 26 Zitm
Fig. Dipole mode 4
CLANS2 UB9.88.17 Uariant:fpp6 Date:08/03/18 Mode:6
E(MU/I) FREQUENCY (1HZ1=954. 56008
NORMAL [ ZATY ON: WiJ)=  0.001
B -+
0.054] H: -
0.018
-0.018
-0.054
-0.09
0 3499 62,998 94,498 26 Zitm

Fig. Dipole mode 6

HIKA/M)

-0.05

-0.15

-0.25

H(KAZM)

-0.18

-0.3

H(KAZM)

0.138

0.046

-0.0846

-0.138

-0.23



650 MHz 5-cell beta 1.0 cavity optimization

Technical Note TD-10-020

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/10 Mode:/

E(MU/M) FREQUENCY(MHZ)=961.55133

NORMALTZATION: W)= 0.001
Er - -

9.09| Hi -

h /\ K\

-0.03 W

-0.09

-0.15

0 51,499 62,998 94.498 126 Z(CM)

Fig. Dipole mode 7
CLANS? U@9.08.17 Variant:fppé Dote:08/83/10 Mode:9

E(MU/M) FREQUENCY(MHZ)=970. 85609

FIELDS OM\METAL WITH SIGN
NORMAL IZATIION =
E: - -

0.036] H: -

0.012

-0.012

-0.036

-0.06

0 51,499 62.998  94.498 126 Z(CMm

Fig. Dipole mode 9
CLANS2 U@9.08.17 Var iant:fppé Daie:08/83/10 Mode:l]

E(MU/M) FREQUENCY(MHZ)=1299., 9482
FIELDS ON METAL WITH SIGN !
NORMALIZATION: W)= o,
E: - -
0.102] H: -
0.034
-0.034
-0.102
-0.17
0 31,499 62.998  94.498 1286 Z(C

Fig. Dipole mode 11

HIKA/M)

0.1

-0.1

-0.5

H(KAZM)

0.136

0,032

-0.156

-0.26

H(KAZM)

0.066

0.022

-0.022

-0.066

-0.11

CLANS2 UB9.088.17 Variant:fppé Date:08/83/10 Mode:8

E(MU/M) FREQUENCY (MHZ)=964, 15851
NORMAL IZATION: U= ool
Fe - -
0.024] H: -
0.008
-0.008
-0.024
-0.04
0 31,499 62.998 94,498 26 Z(C

Fig. Dipole mode 8
CLANS? Ug9.08.17 Var iant:fppé Date:08/03/10 Mode:10

E(MU/M) FREQUENCY(MHZ)=9/3. 2/429
FIELDS METAL WITH SIGN 1
NORMAL T4ATION: W= 08.001
E: - -

p.93 H: -

0.01 //ﬁ\
NENRIRYRVAY
-0.085
-0.85

0 31.499 62,998 94.498 126

Fig. Dipole mode 10
CLANS? U89.08.17 Var iant:fppé Date:08/83/10 Mode:12

Z(CM)

E(MU/M) FREQUENCY (1MHZ)=1309. 4532
FIELDS ON METAL WITH SIGN 1

0.001
0.108
0,036
-0.0836
-0.108
-0.18

0 31,499 62,996 94,498 126 Z(Cm

Fig. Dipole mode 12

HIKA/M)

0.144

0.048

-0.048

-0.144

-0.24

H(KAZM)

-0.15

-0.25

H(KAZM)

0.096

0,032

-0.0832

-0.0%6

-0.16



650 MHz 5-cell beta 1.0 cavity optimization

Technical Note TD-10-020

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/18 Made:l3

ECHuM) FREQUENCY (11H2)=1525. 8992 HIKA/M)
FIELDS ON METAL WITH SIGN
NORIAL1ZATIGN; MNDE
0.102 0.15
0.034 0.05
-0.034 -0.05
-0.102 -0.15
-0.17 -0.25
0 51,499 62,998 94.498 Z(CM)
Fig. Dipole mode 13
CLANS2 UP9.88.17 Variant:fppé Daute:@8/03/10 Modes1S
ECHUM) FREQUENCY (IH2)=1376. 8456 HOKA/M)
FIELDS ON METAL WITH SION 1
0.168
0.056
-0.03 -0.036
-0.09 -0.168
-0.15 .28
0 31499 62,998 94.498 26 (T
Fig. Dipole mode 15
CLANS2 UB9.88.17 Variant:fppé Date:@8/03/10 Modes1?
ECHU/M) FREQUENCY (11H2)=1437. 36 HIKA/M)
FIELDS ON METAL WITH SION 1
NORMAL 17471 U= 0.001
E: - -
0.188 H: - 0.24
0.036 ///ﬂ>{\\ 0.08
-0.036 -0.08
-0.108 -9.24
-0.18 -0.4
0 31,499 62,998 94,498

Fig. Dipole mode 17

CLANS? U09.88.17 VUariant:fppé Dat

2:06/03/10 Mode:14
E(MU/M) FREQUENCY(MHZ)=1

J48.847

FIELDS ON METAL

NORMAL IZATION:
Fe - -

0.114] H:

[TH SICN 1
WiJ)=  0.001

0.038

-0.038

-0.114

-0.19

0 31,499 62,9968 94,498 126 Z(CM)

Fig. Dipole mode 14

CLANS2 U@9.088.17 Variant:fppé Date:86/03/10 Mode:!
E(MU/M) FREQUENCY (1MHZ)=1404. 08973

FIELDS ON METAL WITH SIGN
NORMAL [ZAT/IONE @ 001
E: - -

0.096| H: -

0.032

-0.032

-0.0%

-0.16

0 31,499 62.9986  94.498 126 Z(Cm

Fig. Dipole mode 16

CLANS2 U09.088.17 Vaoriant:fppé Date:06/03/10 Mode:18
E(MU/ZM) FREQUENCY (IMHZ)=1477. 1527

FIELDS ON AL WITH SIGN
NURMQLIZQT ONE =

)

W/

0 31,499 62,996 94,498

@ 001

0.108

0,036

-0.0836

-0.108

-0.18

Z(CM)

Fig. Dipole mode 18

T
W

HIKA/M)

-0.06

-0.18

-0.3

H(KAZM)

0.174

0,038

-0.174

-0.29

H(KAZM)

0.24

-0.08

-0.24

-0.4



650 MHz 5-cell beta 1.0 cavity optimization

Technical Note TD-10-020

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/10 Made:19

E(MU/M) FREQUENCY (MHZ)=1509.8165
FIELDS ON METAL WI/TH \SIGN 1
NORMQLIZ N: 0.001
E:
9.09| Hi -
.03
-0.03
-0.09
-0.15
4 31,499 62,996 94.498

Fig. Dipole mode 19

CLANS2 UB9.088.17 Vaoriant:fpp6 Date:88/03/18 Mode:2l
E(MU/M) FREQUENCY (IMHZ)=1547. 4139

FIELDS ON METAL WIY

NORMALIZATION: @ 0
E -

0.096] H: -

0.032

-0.032
-0.0896
-0.16
0 51,499 62.998  94.498

Fig. Dipole mode 21

CLANS2 U09.08.17 Variant:fpp6 Date:08/03/10 Mode:23
E(MU/M) FREQUENCY (IMHZ)=1554. 9672

HIKA/M)

0.144

0.048

-0.048

-0.144

*@.24

H(KAZM)

0.114

0.038

-0.114

*@u19

H(KAZM)

FIELDS ON METAL WITH SIBN
NORMQL ZATION: @ 001

M

0.114

0.038

0.186

0,062

-0.0838
-0.114

J

-0.19

-0.062

-0.186

-0.31

0 510499 62,998 94.498 126

Fig. Dipole mode 23

ZLCM)

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/10 Mode:20

E(HU/M) FREQUENCY (17 1=1523. 2097 HEKA/M)
FIELDS ON METAL WITH SIGN 1
NORMAL 28T TON: U= 0.001
E - -
0.108] H: - 0.078
0.036 //\\ 0.026
0,036 -0.026
-0.108 -0.0/8
-0.18 -0.13
0 31,499 62,9968 94,498 126 Z(CM)
Fig. Dipole mode 20
CLANS2 UB9.88.17 Variant:fppé Date:@8/03/10 Mode:22
E(MU/I) FREQUENCY (MHZ1=1549. 2227 HOKA/M)
FIELDS ON METAL WITH SIGN 1
NORIAL IZATION: U= glgel
E
0.108 0.15
0.036 ////;x\\ 0.05
=
-0.036 -0.05
-0.108 -0.15
-0.18 -8.25
0 31499 62.998 94,498 26 Zitm
Fig. Dipole mode 22
CLANS? U89.08.17 Variant:fpp6 Date:@8/83/10 Mode:24
E(MU/I) FREQUENCY (1HZ1=1570. 2938 HOKA/M)
FIELDS ON METAL WITH 51 N
NURMQLIZQTION @ 001
0.114 0.3
0.038 0.1
"
-0.038 0.1
-0.114 0.3
-0.19 0.5
0 3499 62,998 94,498 Z1em

Fig. Dipole mode 24



650 MHz 5-cell beta 1.0 cavity optimization

Technical Note TD-10-020

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/18 Made:2d

ECMU/M)

FREQUENCY (IMHZ)=1594. 5886

0.156

0.032

FIELDS ON METAL WITH SICN 1
NOPMQL ZATIPN: 0.001

-0.0852

-0.156

-0.26

W

0

51,499 62,998 94.498

Fig. Dipole mode 25

126

Z(CM)

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/18 Mode:2/

E(MU/M)

FREQUENCY (IMHZ)=1654. 5455

0.42

FIELRS ON METAL WITH SICN 1
NOR QLIZQTIDN WiJ)= 0.001
Ey

HE

-0.14

-0.42

-0.7

0

51,499 62.998  94.498

Fig. Dipole mode 27

126

2LCM)

CLANS2 U09.08.17 Variant:fpp6 Date:08/03/10 Mode:29

E(MU/M) FREQUENCY(MHZ)=1685. 1453

FIELDS ON METAL WITH SIGN !

ORMALIZATION: W)= 0.001

Fr - -
0.03 |1+ -
.01 ///\
-0.01 \u/
-0.03
-0.05

0 31,499 62,998 94.498 126 Z(CM)

Fig. Dipole mode 29

20

HIKA/M)

0.1

*@ul

-0.5

H(KAZM)

-0.24

-0.4

H(KAZM)

-0.08

-0.24

-0.4

CLANS2 UB9.088.17 Vaoriant:fppé Date:88/03/10 Mode:26

E(MU/M)

FREQUENCY (MHZ)=1626. 0879

FIELDS ON METAL WITH SIGN 1
NORMALTZATION: W)= 0.001
Fe - -

He _

-0.14

-0.42

N
AV

0

31,499 62,9968 94,498 126

Fig. Dipole mode 26

Z(CM)

CLANS2 UB9.088.17 Vaoriant:fppé Date:86/03/10 Mode:28

E(MU/M) FREQUENCY (MHZ)=1682. 1924
FIELDS ON METAL WITH SIGN
NORIAL IZATION: 0ybo1
E:
0.042) H: -
0.014
-0.014
-0.042
-0.07
0 31,499 62.998 94,498 Z(tm
Fig. Dipole mode 28
CLANS2 U09.8.17 Variant:fppé Date:08/03/10 Mode:30
E(MU/M) FREQUENCY (MHZ)=1688. 2706
FIELDS ON METAL WITH SIGN L
NORMALIZATION: W)= 0.001
Fe - -
0.084] H: -
0.028
wA A
-0.028
-0.084
-0.14
0 31,499 62,998 94,498 26 Z(CM

Fig. Dipole mode 30

HIKA/M)

0.174

0.038

-0.058

-0.174

-0.29

H(KAZM)

-0.12

-0.36

-0.6

H(KAZM)

-0.12

-0.36

-0.6



