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The ESS accelerator
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| 96 % of the beam acceleration by SRF l



Cavity & cryomodule parameters @
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Number of modules

Type of cavity spoke elliptical elliptical

Cavities per module 2 4 4

Spokes / cells 2 6 5

Frequency / MHz 352.2 704.4 704.4

Geom. f 0.5 0.67 0.86
E.../ MV/m 16.7 19.9

Cavity supply J‘PN / Nf'? O scorce ety

o (L e oo

Cryomodule supply J‘PN ﬁ - 2N

CEA - Saclay CEA - Saclay
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Cavity & cryomodule parameters
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Number of modules

Type of cavity spoke elliptical elliptical
Cavities per module 2 4 4
Spokes / cells 2
Frequency / |
Geom. f

/ MV/m
Cavity supply

acc

Cryomodule
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Frequency [MHz] 352.21

Beta_optimum 0.50

Operating gradient [MV/m] 9.0

Temperature (K) 2

Bpk [mT] 61

Epk [MV/m] 38 ¥ i ..

G [Ohm] 133 1.4 (27N B ‘{ ZA 02
r/Q [Ohm] 427 el B Glulletta
Lacc (=beta optimal x nb of gaps x A /2) [M] 0.639 = ﬁ.
Bpk/Eacc [mT/MV/m] 6.8

Epk/Eacc 4.3

P max [kW] 335
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DOUBLE-SPOKE CAVITY | §

Frequency [MHz] 352.21 = | ,
Beta_optimum ESS Double-Spoke prototype cavities curorean
Operating gradient [MV/ ZA-01 Romea, ZA-02 Giulietta & SD-01 Germaine
Temperature (K) HOEEE Test #1: ZA-01 Romea (Jan15)
Bpk [mT] Test #2: ZA-02 Giulietta (Feb15)
SD-01 Germaine (Mar15)
Epk [MV/m] m ZA-01 Romea (Jun15)
G [Ohm] ----isoP = 2 W (4% DC)
r/Q [Ohm] 1.0E+10
LR
Lacc (=beta optimal x nb of gaps xA / ¢ .0.. ¢ Vg T
Limitedby ® o __Z =
Bpk/Eacc [mT/MV/m] Q, o coling apaciey__ 24§77 umieahy
,-—'A‘r’— A N
Epk/ Facc R am Li{nited by_ Limited by
P max [kW] 10e+00 | ESS GOAL cooling capacity cooling capacity

-

-~ (1.510%,9 MV/m)

No heat treatment
No baking

1.0E+08
8 9 10 11 12 13 14

Eacc (MV/m)
12
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Thanks to: H. Li, M. Jobs, R. S. Kern, A. K. Bhattacharyya, R. Ruber, L. Hermansson



Spoke cryomodule prototype - tuner

Slow tuner

Main purpose : Compensation of large
frequency shifts with a low speed

Actuator used : Stepper motor with planetary
gearbox (1:50)

Fast tuner

Main purpose : Compensation of small
frequency shifts with a high speed

Actuator used : Piezoelectric -

actuators (no load
displacement : ~ 50 ym @ RT)




Spoke cryomodule prototype - tuner

Slow tuner

Main purpose : Compensation of large
frequency shifts with a low speed

Actuator used : Stepper motor with planetary
gearbox (1:50)

Fast tuner

Main purpose : Compensation of small
frequency shifts with a high speed

Actuator used : Piezoelectric -

actuators (no load

Cavity sensitivity 128 kHz/mm
Cavity stiffness 20 kN/mm

Max cavity 1.28 mm
deformation

Coarse tuning range 1.28 mm /160
kHz

Resolution 1 Hz/step

Piezo range @RT ~ 1.5 kHz
@2 K ~ 675 Hz
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Vertical test of Mb prototype cavity with tank (CW, 2K)
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Medium-beta prototypes @ LASA

Parameters INFN design ______|ESSreq.

Ri/is (Mm) 50 >47
@ell coupling k 1.55% /1 (+26%)

n-51/6 mode 0.70(+30%) >0.45

sep.(MHz)

G (Q) 198.8

Optimum beta, B, 0.705 0.705

Max R/Qat B, (Q) 374 N (-6%)

Eacc @t Boge (MV/m) 16.7 16.7

ENY 2.55 A (+7%)

Epea (MV/m) 42.6 <45

Boeak/Eacc(MT/MV/m) 4.95 71 (+3%)

Q, at nominal gradient  >5x10° >5x10°

Qe 7.8x10° 5.9~8x10°

22
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Medium-beta prototypes @ LASA

MB001 @ T=2K ® Test#1
e ® Test#2
O HeTank
—— ESS Specs
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TUPBO46 — M. Bertucci

Eacc [MV/M]

TUPBO47 —J. Chen

TUPBO48 — D. Sertore

_)i
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Status @ STFC fo hlgh beta cavities ’)l’ézﬁ;zzT'°N
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Thanks :
Mark Pendleton & Phil Davies

Laminar Flow Unit 9




Status @ STFC for h| h beta caV|t|es
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TUPBO60 — L. Bizel-Bizellot
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Status @ STFC for high-beta cavities
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Status @ STFC for high-beta cavities
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o) iz
Status @ STFC for high-beta cavities ‘)

Step 1: Copper coax cavity, 300K (complete)
—  validates freq tracking of the LLRF system
+  Q¥5000 T =Ql/w~1lps
. Heated & cooled + 10-20°C approx
SEL —works, ioc software with labview being developed

Step 2: Niobium coax cavity < 9.3K (ongoing)
—  Cryocooler being configured
. Q~ 107 to 108; T, ~ 23ms
. Higher Q test of LLRF
. Low power testing of rack & control SW
Aluminium mock-up (right) to check ‘clean’ assembly method

Step 3: Niobium elliptical HB cavity P02 (CEA) (planning)
—  Step-by-step commissioning of Vertical Test Facility
— High power testing
*  Q~5x10°at~20MV/m
. Needs radiation shield & large cryostat!
Also testing handling, loading, cryostat etc

MOPB040 — P.A. Smith



EUROPEAN
SPALLATION

Elliptical tuning system

Saclay V tuner, adapted for ESS cavities
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Elliptical tuning system

Saclay V tuner, adapted for ESS cavities

Cavity sensitivity 215 kHz/mm
Cavity stiffness 1.3 KN/mm

Coarse tuning range 650 kHz

30




Medium-beta prototype cryomodule
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Medium-beta prototype cryomodule




Medium-beta prototype cryomodule
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Medium-beta prototype cryomodule

THYAOS — F. Peauger
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Testing at test stand 2 @ ESS
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MOPB018 — N. Elias




ESS related contributions at

MOPB018
MOPB019
MOPB020

MOPB040

TUPBO0O07

TUPBO46

TUPBO047

TUPBO48

TUPB0O60
THPBO35
THYAOS

Testing of SRF cavities and cryomodules for the European Spallation
Source

Interface Challenges for the SRF Cryomodules for the European
Spallation Source

An Optimal Procedure for Coupler Conditioning for ESS Superconducting
Linac

ESS High Beta Cavity Test Preparations at Daresbury Laboratory

Vertical Test Results on Ess Medium Beta Elliptical Cavity Prototypes
Equipped With Helium Tank

Experience on large-grain multi-cell cavity based on INFN-LASA medium-
beta design for the ESS

Passband Modes Excitation Triggered by Field Emission in Ess Medium
Beta Cavity Prototype

INFN- LASA Medium Beta Cavity Prototypes for ESS Linac

Innovative Cryogenic Test Facility for Testing SRF Cavity Series Production

High Power Testing of the First Dressed ESS RF Cavity

Developments and progress with ESS Elliptical Cryomodules at CEA-
Saclay and IPN-Orsay

— Not mentioned during presentation
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N. Elias, E. Asensi Conejero, C. Darve, F. Hakansson,
W. Hees, C. . Maiano, F. Schlander

F. Schlander, C. Darve, N. Elias, C. G. Maiano, P.
Bosland, G. Olry

R. Zeng, E. Asensi Conejero, C. G. Maiano, H. Li

P. A. Smith, L. Bizel-Bizellot, K. Dumbell, M. Ellis, P.
Goudket, A. Moss, E. F. Palade, S. Pattalwar, M. D.
Pendleton, A. Wheelhouse

E. Cenni

M. Bertucci, A. Bignami, A. Bosotti, J. Chen, P.
Michelato, L. Monaco, R. Paparella, D. Sertore, C.
Pagani

J. Chen, M. Bertucci, A. Bosotti, P. Michelato, L.
Monaco, R. Paparella, D. Sertore, M. Eshragi, M.
Lindroos, S. Pirani, T. P. A. Akesson, C. Pagani

D. Sertore, M. Bertucci, A. Bignami, A. Bosotti, J.
Chen, P. Michelato, L. Monaco, R. Paparella, S.
Pirani, C. Pagani

L. Bizel-Bizellot, M. Ellis, S. Pattalwar, M. D.
Pendleton, P. A. Smith, A. Wheelhouse

H. Li, K. Gajewski, L. Hermansson, M. Jobs, R.
Ruber, R. Santiago Kern

F. Peauger
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;« Special thanks to all partners in the ESS SRF collaboration:
kgl CEA Saclay Freia @ Uppsala University
INFN LASA Milano IPN Orsay
Lund University STFC Daresbury
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(3 ) Science & Technology
- Istituto Nazionale NG [—acmtles (_OLﬂCII
i Fisica Nucleare
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