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RvRw_ext
Rw_int

Rw_int Iris radius variable

Rw_ext Tube radius variable

Rv Cavity radius variable

Lcell Cell length β/2 = 188 mm

Lacc Cavity acc. length 3*Lcell = 564 mm

Ltube Tube length 40 mm

𝑒𝑎 Ellipse major axis – y axis 5 mm

𝑒𝑏 Ellipse minor axis – x axis = 𝑒𝑎

𝐶𝑅 Top center circle radius 12 mm

Lacc

Lcell
Ltube

Al window Al window

Copper 
surface

Cavity geometry
3-cell cavity
no windows between cells
windows at extremities
Frequency : 704 MHz
Momentum : 200 MeV/c
b=v/c : 0.884

x

y

Ellipse 
𝑒𝑎, 𝑒𝑏

Circle 
𝐶𝑅
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Methodology

Rw_int Iris radius 60 mm

Rw_ext Tube radius 60 → 120 mm

Rv Cavity radius Adjusted to get
f = 704 MHz

RvRw_ext
Rw_int

Rw_ext Iris radius 60 mm

Rw_int Tube radius 60 → 120 mm

Rv Cavity radius Adjusted to get
f = 704 MHz

Rw_int Iris radius 80 mm

Rw_ext Tube radius 80 → 150 mm

Rv Cavity radius Adjusted to get
f = 704 MHz

Rw_ext Iris radius 60 mm

Rw_int Tube radius 60 → 150 mm

Rv Cavity radius Adjusted to get
f = 704 MHz

RvRw_ext
Rw_int
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R = 60 mm (cf Carmelo Barbagallo, Alexej Grudiev) R = 80 mm (cf Cooling cell conceptual design)
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Why 60 mm and 80 mm 
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Correct field flatness needs  𝑅𝑤𝑒𝑥𝑡 > 𝑅𝑤𝑖𝑛𝑡.

Rwint = 60 mm
Rwext in [60-120 mm]

Rwint = 80 mm
Rwext in [80-150 mm]

Rwext = 60 mm
Rwint in [60-120 mm]

Rwext = 80 mm
Rwint in [80-150 mm]

Field flatness
Ez on axis

Ez min

Ez max

𝑅𝑤𝑒𝑥𝑡 = 78 𝑚𝑚
𝑅𝑤𝑖𝑛𝑡 = 60 𝑚𝑚

𝐸𝑧𝑚𝑖𝑛/𝐸𝑧𝑚𝑖𝑛 = 0,99

𝑅𝑤𝑒𝑥𝑡 = 122 𝑚𝑚
𝑅𝑤𝑖𝑛𝑡 = 80 𝑚𝑚

𝐸𝑧𝑚𝑖𝑛/𝐸𝑧𝑚𝑖𝑛 = 0,92
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Results - 1

Optima are : 
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Rwint = 60 mm
Rwext in [60-120 mm]

Rwint = 80 mm
Rwext in [80-150 mm]

Rwext = 60 mm
Rwint in [60-120 mm]

Rwext = 80 mm
Rwint in [80-150 mm]

Rwint = 60 mm
Rwext in [60-120 mm]

Rwint = 80 mm
Rwext in [80-150 mm]

Rwext = 60 mm
Rwint in [60-120 mm]

Rwext = 80 mm
Rwint in [80-150 mm]

Shunt impedance Max E field on surface

𝑅𝑤𝑒𝑥𝑡 = 78 𝑚𝑚
𝑅𝑤𝑖𝑛𝑡 = 60 𝑚𝑚
𝐸𝑚𝑎𝑥/𝐸𝑎𝑐𝑐 = 4,70
r/Q = 286 Ω Mucol 6.2 meeting - 15/10/2024

Results - 2

𝑅𝑤𝑒𝑥𝑡 = 122 𝑚𝑚
𝑅𝑤𝑖𝑛𝑡 = 80 𝑚𝑚
𝐸𝑚𝑎𝑥/𝐸𝑎𝑐𝑐 = 6,02
r/Q = 210 Ω 6
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Eigenfrequency
(MHz)

L_tube
(m)

Cavity radius 
(m)

Iris radius 
(m)

tube radius 
(m)

R/Q
(Ω)

Quality factor Emax/Eacc

703.99 0.04 0.17067 0.06 0.078 286 36777 4.70

Electric field in the cavity

Ez on cavity axis
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Results - 3
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Eigenfrequency
(MHz)

L_tube
(m)

Cavity radius 
(m)

Iris radius 
(m)

tube radius 
(m)

R/Q
(Ω)

Quality factor Emax/Eacc

703.99 0.04 0.17779 0.08 0.122 209.69 38081 6.02

Electric field in the cavity

Ez on cavity axis
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Results - 4
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𝑒𝑎 varied Ellipse major axis – y axis

𝑒𝑏 = 𝑒𝑎 Ellipse minor axis – x axis

𝐶𝑅 12 mm Top center circle radius

Adjusting iris geometry
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Circle 
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Iris radius 
(m)

tube radius 
(m)

0.06 0.078

0.005 mm 
286.001 Ω

0.013 mm 
298.018 Ω
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Results - 1
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r/Q optimized Emax/Eacc optimized



Iris radius 
(m)

tube radius 
(m)

0.08 0.122
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Results - 2
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Iris radius m 0,06 0,08 0,06

Tube radius m 0,078 0,122 0,07

beta 0,884 0,884 0,86

Frequency Hz 7,04E+08 7,04E+08 7,04E+08

Lacc m 0,564 0,564

Enom MV/m 30 30

TTF 0,73 0,72

Eacc MV/m 21,9 21,6

Vcav MV 12,4 12,2

R/Q (Ω) 286,0 209,7

Emax/Eacc 4,7 6,02 2,2

Emax MV/m 102,9 130,0

Quality factor 36777 38081

Shunt 
impedance

MOhms 10,52 7,99

Pdiss MW 14,50 18,59

Lowering Emax/Eacc

With this design, it seems difficult to have 
a Emax/Eacc lower than 4

Elliptical cavities = design optimized for 
low peak fields…

ESS high beta 
cavity



𝑅𝑤𝑒𝑥𝑡 = 122 𝑚𝑚
𝑅𝑤𝑖𝑛𝑡 = 80 𝑚𝑚
𝐸𝑚𝑎𝑥/𝐸𝑎𝑐𝑐 = 6,02
r/Q = 210 Ω

hole_A 50[mm]

hole_B hole_A*2

WG_A 123.825[mm] WG975 'A'

WG_B WG_A*2 WG975 'B'

hole_Ahole_B

WG_AWG_AB

250 mm
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Coupler 
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Δ𝑓 = 3,9 𝑘𝐻𝑧

𝑄𝑒𝑥𝑡 =
𝑓

Δ𝑓
=

1,73 × 105

3,47 × 105

for 2 ports 

for 1 ports 
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Coupling (very preliminary) 
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