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The European Spallation Source Imac{n
Beam power (MW) | 5 _

beam current (mA) 62.5
Linac energy (GeV) 2
Beam pulse length (ms) 2.86
Repetition rate (Hz) 14

el 352,21 MHz sl el 704.42 MHz s -

«<24m=> €45m> €36m> €40m> €«54m-> €& 75m—> & |[74m —
Source LEBT RFQ MEBT DTL / Spokes Medium B High B HEBT & Contingency Target

75 keV 3.6 MeV 90 MeV 220 MeV 570 MeV 2000 MeV

Segmented, superconducting linac, with RT focusing elements

Spoke 13 26
6-cell medium 3 9 36
5-cell high 21 84
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4-cavity cryomodules

e Similarity with SNS in size and purpose : reuse the same concepts
 Common design for medium and high beta
* made sensible thanks to the small length difference between 6-cell medium and
5-cell high beta cavities
* Main components are identical : vaccum vessels, thermal shield, supports,
alignment system, etc.
* Only few elements differ : details in cryo piping, beam pipe bellows
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CM cross-section

Positioning optical devices
50K Thermal shield & 0P

(Aluminum) ' Two phase He pipe
Lateral port

(CTS, alighment) Vacuum vessél

(stainless steel,
1200 mm diam.)

Tie rods
(TAGV)

Space frame

Positioning jacks

(3 at 120°) Guide rail and wheel

Power
coupler

Waveguide transition
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ity package

Cav

Magnetic shield
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Component insertion order

Thermal
shield

Cavity string

+ mag. shield

+ tuners

+ 2-phase pipe
insertion on rails



EUROPEAN
SPALLATION
SOURCE

He flow diagram

Legend:
' T I
Helium supply T.L (19,5 bar, 40K) ; : e g Two position
Helium supply T.L (19,5 bar, 50K) ' ‘ > valve
Helium supply HP (3 bar, 4,5K) » | B3 surstdisk
Helium return VLP (~31mbar) - ; Control valve
Helium return LP (1,05 bar)
: - T T == Pressure safety
Cryogenic Transfer Line (CTL) | Y A A 4 A F 3 i valve
|
| Valve Box Dx ‘,{ n_x ax Electrical
w
| 3 0-1 heater
Pumping line |
One flow heat
1 _MJ _NJ VMY exch
Conditionning line | I'M' _M-l . - exehanger
Static 75 W .- © Fowmeter
. Jumper connection Vacuum barrier je100 | Do » Flow direction
i sva1
lp1a 614 | IEN I"'""1 : @m;.
Dynamic 37 W (high beta) Cryomodule |
jumper P14 A ! 590
b | —@L
...................................................................... Vacuumvessel oy s fSubcobler | T
J, 'rrso \\
i < — 10 ':
: Thermal shield N B14 TT6L PT61 + r 3 i
: > @100 @100 |
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! cvay  cvsg LTo2 710 120 T30 TT40 cvos;
! D—X (]X o1 SM20 SM30 sma0 U‘X i
oW 0710 PZ20 PZ30 PZ40 ]
! i
| i
| ]
; Y30 1 P ¥40 41 ;
; _ :
E TT32 TT42
' ]
: 12 733 TT43 '
1 @14 :
| I ]
1 @14 i
| '
L T35 [§ 31 TT45 ;wu ;
R I e e 4 Mimmy e
PT30 PT40
V60 svoL svo2 FT11 Fr2l FT31 FTa1
21bar 2,3bar 2,3bar
ovil cv21 vl cval
310 ?10 P10
@20 Helium return coupler (P<1,1bar, 300K @20
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Elliptical cavities RF parameters

Medium High
Geometrical beta 0.67 0.86
Frequency (MHz) 704.42
Number of cells 6 5
Operating temperature (K) 2
Maximum surface field in operation (MV/m) 44 44
Nominal Accelerating gradient (MV/m) <16.7 <19.9
Qg at nominal gradient > 5e9
Q. 7.510° 7.6 10°
Medium High
Iris diameter (mm) 94 120
Cell to cell coupling k (%) 1.22 1.8
7 and 57t/6 (or 47t/5) mode separation (MHz) 0.54 1.2
Eo/Eace 2.36 2.2
Bok/Eace (MT/(MV/m)) 4.79 4.3
Maximum. r/Q (QQ) 394 477
Optimum 0.705 0.92
G (Q) 196.63 241
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Longitudinal HOM below cut-off
High beta

--&-- 1420210996
700148767 .2 --m-- 1431508756 -8 — 1505452006
703244003.5 --+-- 1442802036 -B— 1518297912 r/Q VErsus beta
1000 7044214738 ----&--- 1456060117 T T T3
100
.10
£
=
Q
g
1
0.1
0-01 Il Il 1 1 L
0.75 0.8 0.85 0.9 0.95 1
beta

High beta has 2 L-bands below cutoff
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HOM damping by NC parts

Freq Q Max. r/Q

1,420314E+09 1,58E+05 8

1,421856E+09 4,30E+03 17 First longitudinal HOM band
1,431672E+09 3,22E+04 4 Maximum QL 1.6e5
1,442845E+09 3,30E+04 29

1,456038E+09 4,41E+04 60

Freq Q Max. r/Q

1,480140E+09 1,98E+04 5

1,491491E+09 1,33E+04 17 Second longitudinal HOM band
1,505236E+09 1,40E+04 4 Maximum QL 4.6e4
1,518154E+09 1,87E+04

1,527895E+09 4,57E+04
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o Mostly damped by the
FPC antenna

o But optimistic case
because of matched
termination
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SOURCE HOM damping - More realistic coupler modeling

Matched
F (MHz) termination Doorknob + WG
1420 300 1.58e5 4.06E+05
1421018 4.30e3 2.38E+04
1431633 3.22e4 6.36E+05
1442 796 3.30e4 1.27E+06
1456 101 4.41e4 5.05E+05
1480 038 1.98e4 1.29E+05
1491 485 1.33e4 2.03E+05
1505 199 1.40e4 4 .99E+05
1518 257 1.87e4 1.94E+05
Electric field amplitude (logscale) — 1420 MHz
1527 899 4.57e4 6.08E+05

Still, the transmission characteristics of the
high power waveguide network are unknown.
(Here, the rectangular WG is terminated by a
lossy short.)
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Power deposited on the non- ¥alirfu
propagating longitudinal modes

What would happen if this mode was at 1 MHz
from the beam line ?

Most dangerous mode : 2" mode of the 1st
HOM L-band at f= 1420.764480 MHz

10* 10* : : &=
Q =104 ':‘ < L IVINtL > " QL:104 —]
100 g S Y S — looﬁ =
= i —-1N6 < = /I . Q =10°
E 1?@!% QL_lO %;E ‘ E -
o /il \ o] o
0.01 Sk 0.
" /_, : o - — —_,_§__7__7
1074 — \..\w — N —— — 10-% -
- e ——— | f(Hz
ol JAOBBIMHz Tr—e L (Hz) ol 1408.84 MHz \ f(Hz) |
1.405x 107 1.410x 10° 1.415%x10° 1.420x 10° 1.425%x 107 110.408>< 10° 1409 000 000 1410005\000 1411 % 10°
| . oo ¥
Very important : distance between mode o Qe 710° Q=10
and beam harmonics o
. . Z0.001 A o
Conclusion: If longitudinal HOMs are more =z . et * 0 .
than 1MHz away from beam harmonics: & *
. 10-5 Low power even for °
-no extra damping is necessary : | =
o worst cases!
-more damping is harmful &= 3 n
10—7 , I . I . , I f (HZ) | . . | . . .
G.Devanz - SRE@OxA0%,,8.0x10%8  1.0x10°  12x10°  14x10°  1.6x10°
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Medium beta HOMs

696.590 MHz *='»:= 1506.483 MHz Mediu m beta

698.179 MHz == = 1509.321 MHz
700.309 MHz +=#:= 1515758 MHz

702.390 MHz =+~ 1524.862 MHz r/Q versus beta

QL

Frequency (MHz)  r/Q(Ohm) . 3 _ - _
csimate 101 Tz et

1506.48 0.444 13000 L :
1509.32 0.0021 7000
1515.76 0.0020 5000
1524.86 0.127 3000
1534.57 0.0001 2000
1542.20 0.0032 3000

High beta has 1 L-band below cutoff

r/Q [Ohm]

4 Y S R

0 b L C o L
0,55 0.5860,6 0,75 0.783 0,8
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Medium beta HOMs

* Above cut-off : full module simulation is required to estimate r/Qs and damping
e Cryomodule end tubes can help damping the HOMs at higher temperature

E Field[V_per_m
8.6483e-001

. 7.8621-001
7.3381e-001 pipe diameter Cut-off frequencies
6. 8140e-001
6. 2699e-001
5,7658e-001 (mm) (GHZ)
5.2417e-0801
. r170e 01 TE11 TMO1
4, 1935:-001

= 3. 8635¢-201 100 (warm 1.7595 | 2.2988
3. 1454=-001 .
2.6213e-001 section)
2.8972e-001
1.5731e-201 140 1.2568 1.6420
1.0490:-001
5.2495-002
4, 6483:-0a5

QL =1.9e4

n'.n f 3&“ asan
d ‘e 1‘ -...‘-';',.,'.'

v v v v vouw

Example : mode of 2nd longitudinal band is a cryomodule mode

Work in progress...
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Cavity wall thickness (mm) 4
Tuning sensitivity (kHz/mm) 217
Stiffness (kN/mm) 1.47
K, static Lorentz coefficient (Hz/(MV/m)?) (fixed ends) -0.71
K, static Lorentz coefficient (Hz/(MV/m)?) -21.1
K, static Lorentz coefficient (Hz/(MV/m)?) for Kext=21 kN/mm ( @ ) -2.06
Max. relative pressure (bar) in He vessel at 300K keeping V.M. stress in
. . 2.2
cavity wall < 40 MPa (fixed ends, pressure test case)
Max. Von Mises stress (MPa) in cavity wall with 1.5 bar in helium vessel 28
0 ergs
—
o
N’E -10--
>
=
N
Z
!—' -15--
IR R IR R P R R R R AR R A R TR
10 10° 10° 5 10° 10' 10° 10° 10* 10 10° 102 10" 10° 10’ 10° 10° 10*
K, [KN/mm] K, [KN/mm]
ext 15
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Cavity components

Ti He vessel

Ti cone and
tuner
attachement

Power Hydroformed NbTi flange
coupler Ti bellow (w/bore holes
port (+/- 3mm range) for alignment &
assembly tool)
Most of the elements are identical for medium and high beta +Al hex. gaskets

G. Devanz - SRF 2013 - Paris 16
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High beta prototype cavity
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| High beta prototype

Delivered last week

Coupler side Tuner side

Extra « HOM » ports for RF measurements on the prototypes
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Cold tuning system

= Saclay V type adapted for ESS cavities

= +/- 3 mm range

= 1+1 piezo

= Cold motor and planetary gearbox (1/100e)
= Piezo support has a stiffness 10 times higher
than the cavity = piezo preload at 2K is
independant of the cavity springback force

Type V for SPL beta = 1 5-cell prototype

SLHC cavB T=4.2K 15_09_09

703.5

courbel —+
courbe2  ~

courbe3 up
7034 courbe3 down o "f

733 CTS linearity at 4.2K <
32| Of type V-HIPPI

703.4 e

703

7029 ol

702.8

7027 o
f/'

70 000 0 100000 200000 300000 400000 s000000. Devanz - SR - Paris
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Fundamental power coupler
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waveguide transition including a
HV bias capacitor with RF trap<zr 2013 - p

HIPPI power coupler (KEK-type
window) tested to 1.2 MW, 10%
Duty factor at Saclay

:
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soo eI T
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o 50000 100000 150000 200000 250000 300000 350000 400000
recar d number
1200
1000
% 800
@
& 600
T
5 400
5
£ 200
: 0
New design of the doorknob 0

Test of the HIPPI power coupler on the HIPPI cavity at 1.8 K
fulfreflection 2
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Limit contribution of the trapped flux to the surface
resistance to 4 nQ)

limit the external static field to Bext = 14 mG.

- required shielding efficiency equal to 35.

Magnetic shield

Achievable with 1.5 mm, p. =20000 shielding
material

G. Devanz - SRF 2013 - Paris
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| Outlook

* Design of most cryomodule components well advanced

* Phase of medium beta cavity package procurement

* Development of cavity preparation has started with a very similar SPL

beta=1 5-cell cavity
. .

= R ]
\ 1 \ r
\

* A new clean room is under construction
at Saclay for SPIRAL2 and ESS first
cryomodules assembly

* The medium beta cryomodule will be
then and tested at Saclay

704.42 MHz 5-cell Beta=1
in Saclay Vertical. EP
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