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Particle Accelerators need SRF Cavity  
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  A cryomodule: what is it and what for?  
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1/	
  To	
  provide	
  a	
  cryogenic	
  environment	
  to	
  the	
  cold	
  mass	
  (cavity)	
  =	
  cryostat:	
  	
  	
  
	
  -­‐	
  distribu;ng	
  the	
  cryofluids	
  to	
  cool-­‐down	
  and	
  maintain	
  at	
  cold	
  T°	
  (LHe,	
  LN2)	
  	
  
	
  -­‐	
  limi;ng	
  the	
  heat	
  transfers	
  	
  	
  

Vessel	
  



French	
  inkind	
  contribu/on	
  to	
  ESS	
  -­‐	
  2016	
  february	
  2nd	
   6	
  

  A cryomodule: what is it and what for?  
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2/	
  To	
  support	
  the	
  cavi;es	
  and	
  perform	
  accurate	
  alignment	
  
	
  -­‐	
  with	
  respect	
  to	
  the	
  beam	
  axis	
  
	
  -­‐	
  with	
  respect	
  to	
  other	
  linac	
  components	
  (cryomodules,	
  diagnos;cs,	
  tunnel)	
  	
  	
  

NB:	
  alignment	
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  be	
  preserved	
  during	
  thermal	
  and	
  pressure	
  cycles	
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  A cryomodule: what is it and what for?  

Spoke	
  cryomodule	
  

Vacuum	
  vessel	
  

3/	
  To	
  offer	
  magne;c	
  shielding	
  	
  
	
  -­‐	
  from	
  the	
  local	
  magne;c	
  sources	
  	
  
	
  -­‐	
  from	
  the	
  earth	
  magne;c	
  shield	
  

NB:	
  the	
  magne;c	
  shield	
  might	
  be	
  cooled	
  (for	
  beVer	
  performances)	
  
	
  

Magne;c	
  shield	
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  A cryomodule: what is it and what for?  

Spoke	
  cryomodule	
  

Vacuum	
  vessel	
  

4/	
  To	
  provide	
  all	
  interfaces	
  between	
  the	
  cavity	
  and	
  the	
  tunnel:	
  	
  
	
  -­‐	
  beam	
  pipe 	
   	
   	
  	
  
	
  -­‐	
  RF	
  	
   	
   	
   	
   	
  	
  
	
  -­‐	
  cryogenic	
  
	
  -­‐	
  vacuum	
  

	
  

-­‐	
  diagnos;c	
  (instrumenta;on)	
  	
  
-­‐	
  mechanical	
  (support	
  and	
  alignment)	
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RF cavities housed in cryomodules, which keep the RF cavities working in a 
superconducting state, without losing energy to electrical resistance 



ESS SRF cavities and cryomodules 

4 Elliptical Cavities per Cryomodule 

2 Spoke Cavities per Cryomodule 
 

Power	
  coupler	
  Cold	
  tuning	
  System	
  
Ti.	
  Helium	
  tank	
  

Segmented	
  SRF	
  linac	
  with	
  
RT	
  focusing	
  elements	
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Target

A2T ß DgLg ß HEBT

571 MeV

2000 MeV

216 
MeV

75 keV

MEBT

3.6 MeV

(3.8 m)

(39 m)

90 MeV

Num.	
  
of	
  CMs	
  

Num.	
  of	
  	
  
cavi;es	
  

Spoke 13	
   26	
  

Medium	
  β	
  (6-­‐cell) 9	
   36	
  

High	
  β (5-­‐cell) 21	
   84	
  

Beam	
  power	
  (MW)	
   5	
  

Beam	
  current	
  (mA) 62.5	
  

Linac	
  energy	
  (GeV) 2	
  

Beam	
  pulse	
  length	
  (ms) 2.86	
  

Repe//on	
  rate	
  (Hz) 14	
  

Acknowledgment-­‐	
  N.Gazis	
  



ESS Linac Layout 
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Spokes	
   Medium	
  β	
   High	
  β	
  DTL	
  MEBT	
  RFQ	
  LEBT	
  Source	
   HEBT	
  &	
  
Con/ngency	
   Target	
  

2.4	
  m	
   4.6	
  m	
   3.8	
  m	
   39	
  m	
   56	
  m	
   77	
  m	
   179	
  m	
  

75	
  keV	
   3.6	
  MeV	
   90	
  MeV	
   216	
  MeV	
   571	
  MeV	
   2000	
  MeV	
  

352.21	
  MHz	
   704.42	
  MHz	
  

è	
  ESS	
  needs	
  
high	
  gradient	
  
SRF	
  cavi/es	
  

Qo = EnergyStored
PowerLoss



ESS Requirements and RF Parameters 

	
   Medium High
Geometrical beta 0.67 0.86 
Frequency (MHz) 704.42 
Number of cells 6 5 
Operating temperature (K) 2 
Epk max (MV/m) 45 45 
Nominal Accelerating gradient (MV/m) 16.7 19.9 
Q0 at nominal gradient > 5e9 
Qext 7.5 105 7.6 105 
Iris diameter (mm) 94 120 
Cell to cell coupling k (%)  1.22 1.8 
p,5p/6 (or 4p/5) mode sep. (MHz) 0.54 1.2 
Epk/Eacc  2.36 2.2 
Bpk/Eacc (mT/(MV/m)) 4.79 4.3 
Maximum. r/Q (W) 394 477 
Optimum	
  β 0.705 0.92 
G (Ω) 196.63 241 
RF peak power (kW) 1100 

Elliptical cavities  Spoke cavities 
 Frequency (MHz) 352,2 
Optimum beta 0,50 
Operating temperature (K) 2 
Nominal Accelerating gradient (MV/m) 9 

Lacc (βopt.x nb gaps x λ/2) (m) 0,639 
Bpk (mT) 79 (max) 
Epk (MV/m) 39 (max) 
Bpk/Eacc (mT/MV/m) <8,75 
Epk/Eacc <4,38 
Beam tube diameter (mm) 50 
RF peak power (kW) 335 
G (Ω) 130 
Max R/Q (W) 427 
Qext 2,85 105 
Q0 at nominal gradient 1,5 109 
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•  Cryomodule characteristics 

•  Cryomodule components 

•  Cryomodule assembly 

•  How to operate a cryomodule 



Spoke cryomodule 

Diameter
1350 mm

2900 mm



Elliptical Cryomodule Components 
Design 

The	
  cryomodule	
  design	
  and	
  calcula/on:	
  
	
  
•  Thermo-­‐mechanical	
  studies	
  	
  

•  Magne/c	
  studies	
  (CST)	
  
	
  
•  Hydraulic	
  studies	
  

•  Safety	
  analysis	
  to	
  size	
  all	
  components	
  

•  Reliability	
  analysis,	
  FMEA	
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50K Thermal shield 
 

Lateral port  
(CTS, alignment) 

Tie rods (TA6V) 

Positioning jacks 
(3 at 120°) 

Power 
coupler 

Waveguide transition 

Guide rail and wheel 

Space frame 

Vacuum vessel 
(stainless steel - 1200 mm diam.) 

Two phase He pipe 

Positioning optical devices 

Access traps to the tuners 

He. safety valve 

Cryogenic line interface 

Elliptical Cryomodule Components 

The	
  cryomodule	
  design	
  and	
  calcula/on:	
  
•  Thermo-­‐mechanical	
  studies	
  
•  Magne/c	
  studies	
  
•  Safety	
  analysis	
  to	
  size	
  all	
  components	
  
•  Reliability	
  analysis,	
  FMEA	
  



Elliptical Cryomodule 

Power coupler 

Cold tuning 
System 

Ti Helium tank 

5-cell elliptical cavity Space frame 

6600 mm

Diameter
1200 mm



Safety relief devices 

•  Iden/fy:	
   	
  Hydraulic	
  circuits	
  
	
   	
   	
  volume	
  and	
  pressure	
  

	
  fluid	
  
	
   	
   	
  most	
  credible	
  incident	
  
	
  

•  Assess/calculate:	
  
	
   	
  Pressure	
  drop	
  distribu/on	
  

Mass-­‐flow	
  to	
  extract	
  
Diameter	
  of	
  the	
  relief	
  
Type	
  of	
  device	
  	
  
	
  

•  Mi/gate/design	
  è	
  



SRF Cavities Development 

Ti	
  He	
  vessel	
  

Hydroformed	
  	
  	
  	
  
Ti	
  bellows	
  	
  
(+/-­‐	
  3mm	
  range)	
  

Power	
  coupler	
  port	
  

	
  à	
  Stiffeners on the Spoke bars 
(vacuum pressure) 

	
  S/ffeners	
  (LFD	
  compensa/on)	
  

Elliptical cavities 	
  Spoke cavity	
  

High	
  beta:	
  	
  
-­‐  5	
  cells	
  –	
  beta=0.86	
  
-­‐  Length	
  1316,91mm	
  	
  

Medium	
  beta:	
  	
  
-­‐  6	
  cells	
  –	
  beta=0.67	
  
-­‐  Length	
  1259,40mm	
  	
  

NbTi	
  flange	
  
(w/bore	
  holes	
  for	
  alignment	
  &	
  
assembly	
  	
  tool)	
  
+Al	
  hex.	
  gaskets	
  

41
8 

m
m
	
  550 mm	
  

994 mm	
  

à No HOM power couplers	
  



SRF Cavities Performances 
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•  Accelerating gradient 
•  Peak Surface fields 
•  Power Dissipation  
•  Cavity Quality 
•  Shunt Impedance 
 
Few limitations of performance: 
-  Thermal Breakdown, alias quench 
-  Field Emission: Electron induced by an electrostatic field 
-  Multipacting: electron avalanche 

Limit power loss in the cavity wall:  
•  By using low-resistant material or superconductors 
•  By rounding the shape to optimize the field distribution 
•  Limit shape edge to prevent field emission 
•  Good vacuum to limit breakdown 



Cavity gradients  
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Cavities tuning 
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KL	
  reduc/on	
  	
  using	
  compensa/on	
  rings	
  for	
  medium	
  and	
  high-­‐beta	
  

Nominal	
  wall	
  thickness	
  [mm]	
   3.6 

Cavity	
  s/ffness	
  Kcav	
  [kN/mm]	
   2.59 

Tuning	
  sensi/vity	
  Df/Dz	
  [kHz/mm]	
   197 

KL	
  with	
  fixed	
  ends	
  [Hz/(MV/m)²]	
   -­‐0.36 

KL	
  with	
  free	
  ends	
  [Hz/(MV/m)²]	
   -­‐8.9 

Pressure	
  sensi/vity	
  KP	
  [Hz/mbar]	
  (fixed	
  ends) 4.85 Kext	
  (tank	
  +	
  tuner)≈30	
  kN/mm	
  
" KL≈-­‐1	
  Hz/(MV/m)2	
  

" Δf	
  ≈	
  325	
  Hz	
  @	
  18	
  MV/m	
  
(1/3	
  of	
  cavity	
  bandwidth	
  )	
  

Lorentz	
  detuning	
  

RF/mechanical design  



Cavities tuning: Lorentz De-tuning 

•  Because of the enormous gradients in 
superconducting cavities,  

–  the radiation pressure deforms the cavities 

•  We expect over 400 Hz of detuning in the ESS 
cavities 

–  Unloaded cavity bandwidth = 0.07 Hz 
–  Loaded cavity bandwidth = 1 kHz 

•  The mechanical time constant of the cavities is 
about 1 ms compared to the pulse length of 3 ms 

–  Static pre-detuning as done in SNS will not be 
sufficient 

–  Dynamic de-tuning compensation using piezo-
electric tuners is a must! 

–  Or else pay for the extra RF power required 

ESS	
  and	
  long	
  pulse:	
  2.86	
  ms	
  



Cold Tuning System 

2 piezo stacks 

Stepper motor 
and planetary 
gearbox (1/100e) 
at cold and in 
vacuum 

Slow tuner 
Main purpose : Compensation of large 
frequency shifts with a low speed 
Actuator used : Stepper motor 

Fast tuner 
Main purpose : Compensation of small 

frequency shifts with a high speed 
Actuator used : Piezoelectric actuators 
 
 

Type	
  V	
  ;	
  5-­‐cell	
  prototype	
  	
  	
  	
  	
  
+/-­‐	
  3	
  mm	
  range	
  on	
  cavity	
  

Elliptical CTS	
  Spoke CTS	
  

&	
  



The Spokes Cryomodule 
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The Spokes Cryomodule 
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4	
  HPR	
  Ports	
  

Coupler	
  port	
  

Bellows	
  

Helium	
  tank	
  



Cavity package 

Doorknob – Transition between 
the coaxial power coupler  and 
the WR2300 rectangular waveguide 

Double Spoke Cavity 

Heat exchanger necessary to make 
the transition from 300 K to 2 K 
Integrating a mechanical system 
to compensate efforts 

RF Power Coupler 



The Spokes Cryomodule 
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Power	
  coupler	
  

double	
  wall	
  cooling	
  

C-­‐W	
  transi;on	
  

Cold	
  Tuning	
  
System	
  2-­‐phase	
  manifold	
  

Alignment	
  ;e	
  rods	
  

Power	
  coupler	
  
antenna	
  cooling	
  

• 	
  Ceramic	
  disk,	
  100	
  mm	
  diameter	
  
• 	
  400	
  kW	
  peak	
  power	
  (335	
  kW	
  nominal)	
  
• 	
  Antenna	
  &	
  window	
  water	
  cooling	
  
• 	
  Outer	
  conductor	
  cooled	
  with	
  SHe	
  

• 	
  Double	
  spoke	
  cavity	
  (3-­‐gaps),	
  352.2	
  MHz,	
  β=0.50	
  
• 	
  Goal:	
  Eacc	
  =	
  9	
  MV/m	
  [Bp=	
  62	
  mT	
  ;	
  Ep	
  =	
  39	
  MV/m]	
  
• 	
  4.2	
  mm	
  (nominal)	
  Niobium	
  thickness	
  
• 	
  Titanium	
  Helium	
  tank	
  and	
  s;ffeners	
  
• 	
  Lorentz	
  detuning	
  coeff.	
  :	
  ~-­‐5.5	
  Hz/(MV/m)2	
  
• 	
  Tuning	
  sen;vity	
  Δf/Δz	
  =	
  130	
  kHz/mm	
  



Fundamental Power Coupler 
Antenna Vacuum 

Outer conductor 
(LHe-cooled) 

Doorknob 

Inner conductor 
(water-cooled) 

Al2O3 
ceramic disc 

RF input 
Short circuit 

WR2300 

Elliptical:
1.1 MW	
  

Spoke: 
335 kW	
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  Other components (all are fabricated) 

The	
  Spoke	
  cryomodule	
  prototype	
  

ü	
  Gate	
  valves	
  
ü	
  Assembly	
  tests	
  

ü  Smaller/less	
  parts	
  inside	
  
the	
  clean	
  room	
  

ü  Thermal	
  op/miza/on	
  

ü	
  Cold	
  warm	
  transi/ons	
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The	
  Spoke	
  cryomodule	
  
  Other components (all are fabricated) 

    

ü  Suppor/ng	
  system	
  :	
  	
  
	
  	
  	
  	
  	
  rods	
  based	
  solu/on	
  
	
  
	
  
	
  
	
  
	
  
	
  
ð	
  possibility	
  of	
  adjus/ng	
  the	
  
alignment	
  under	
  vacuum	
  and	
  
cryogenic	
  working	
  condi/ons	
  

ü	
  Op/cal	
  monitoring	
  system	
  for	
  
alignment	
  diag.	
  inside	
  the	
  cold	
  CM	
  

ü  Thermal	
  and	
  thermo-­‐
mechanical	
  op/miza/on	
  

Rod	
  made	
  of	
  two	
  parts	
  for	
  easier	
  cryosta/ng	
  
ü  Easier	
  assembly	
  (simpler	
  tooling)	
  

ü  Support	
  rods	
  fabricated	
  
ü  Support	
  tested	
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The	
  Spoke	
  cryomodule	
  prototype	
  
  Cryomodule thermal shield 

    

ü  Material:	
  Al6062	
  
ü  Thickness:	
  2	
  mm	
  

He	
  20	
  bars	
  
(machine)	
  

Sat	
  N2	
  
(Proto)	
  

ü  Thermal	
  shield	
  fabricated	
   ü  Assembled	
  and	
  supported	
  (rods)	
  
Instrum.	
  and	
  
cool-­‐down	
  test	
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The	
  Spoke	
  cryomodule	
  prototype	
  
Cavities magnetic shield Tuner	
  side	
  ends 

Cavity	
  bellow	
  
side	
  ends 

External	
  shield 

Coupler	
  shield 

Internal	
  
shield Cooling	
  circuit 

Shield	
  support	
   

Shrim 

ü  Material:	
  Cryophy®	
  
ü  Ac/vely	
  cooled	
  (beper	
  performances)	
  	
  

ü  Magne/c	
  shields	
  fabricated	
  	
  
ü  Assembly	
  test	
  performed	
  
ü  To	
  be	
  tested	
  within	
  the	
  cryomodule	
  



Magnetic shield 
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•  Limit contribution of the trapped flux to the 
surface resistance to 4 nΩ 

•  Limit the external static field to Bext = 14 mG.  
→ Required shielding efficiency equal to 35. 

Achievable with 1.5 mm,  
µr =20000 shielding material 

Courtesy of J. Plouin/ CEA 



Elliptical Cryomodule 



Elliptical (704 MHz) RF System Layout 

•  One cavity per klystron 
•  4 klystrons per modulator 
•  16 klystrons per tunnel penetration 

Tunnel	
  



Spoke linac (352 MHz) RF System Layout 

26	
  Double	
  Spoke	
  cavi/es	
  
Power	
  range	
  280-­‐330	
  kW	
  

Combina/on	
  of	
  two	
  tetrodes	
  
	
  

Other	
  op/ons:	
  
Solid	
  State	
  Amplifiers	
  

	
  
Large	
  power	
  supply	
  (330	
  kVA)	
  to	
  
supply	
  8	
  sta/ons	
  (16	
  tetrodes)	
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•  Cryomodule characteristics 

•  Cryomodule components 

•  Cryomodule assembly 

•  How to operate a cryomodule 



Cavity	
  fabrica;on	
  

Cryomodule	
  
components	
  
fabrica;on	
  

Cavity	
  string	
  
assembling	
  in	
  
clean	
  room	
  

Valida;on	
  test	
  of	
  the	
  cavity	
  
in	
  ver;cal	
  cryostat	
  

Valida;on	
  test	
  of	
  the	
  
cryomodule	
  

Cryomodule	
  on	
  beam	
  line	
  

Power	
  coupler	
  
fabrica;on	
  

Coupler	
  RF	
  processing	
  

Cryomodule	
  
assembling	
  

Tools	
  fabrica;on	
  

Chemical	
  treatment	
  

High	
  pressure	
  rinsing	
  
In	
  clean	
  room	
  (ISO5	
  or	
  ISO4)	
  

Assembling	
  in	
  clean	
  room	
  

Transport	
  

Qualified	
  cavity	
  storage	
  

Cryomodule	
  recep;on	
  
and	
  	
  storage	
  

Cryomodule	
  storage	
  

Processed	
  couplers	
  
storage	
  

Courtesy of Pierre Bosland CEA/IRFU 

Space	
  
frame	
  

Beam	
  valves	
  
and	
  extremity	
  
flange	
  

TA6V	
  rods	
  in	
  X	
  papern	
  to	
  
keep	
  the	
  beam	
  axis	
  at	
  the	
  
same	
  posi/on	
  during	
  cool	
  
down	
  

Magne/c	
  shield	
  

Tuning	
  system	
  

Cryomodule life-cycle 

40 



Elliptical Cavity Preparation 

Vertical Electropolishing system@ CEA  High beta cavity fabrication (Zanon and RI) 

Study of the tooling in 
progress @ CEA 
 
Example of the tooling for 
the assembling of the 
coupler on the cavity in 
clean room 



High β Elliptical Cavity Activities 
in Clean Room 

42	
  



Elliptical Assembly Procedure 

Cavity string assembly in clean room 

Cold mass assembly (outside the clean room) 

Thermal shield 

Spaceframe 

Vacuum  
vessel 

Design concept of the tooling: most of parts will be used for both types of elliptical cryomodules 

Build on existing knowledge (SNS, XFEL) 
•  Develop Training and “Fabrication file” 
•  Pre-industrialization 
•  Industrialization 



Infrastructure in Saclay 

IS0 5 
52,69 m2 

IS0 7  27,5 m2 
Water cleaning 

High Pressure 
Rinsing HPR 

The clean room inauguration  
à May 13th 2014  

Clean room for the M-ECCTD 
(and H-ECCTD) Possible IKC for the assembly by industry at Saclay 

(XFEL cryomodules assembly) 
•  Uses the current infrastructure at Saclay 
•  Benefits from the experience of the XFEL 

cryomodule assembly (ALSYOM) 



Assembly	
  process	
  inside	
  the	
  
clean	
  room	
  



Assembly	
  process	
  outside	
  the	
  
clean	
  room	
  

The	
  bôth	
  for	
  the	
  cryomodule	
  assembly	
  is	
  almost	
  ready	
  



Example	
  of	
  assembling	
  procedures	
  in	
  prepara;on	
  	
  

See	
  the	
  example	
  of	
  the	
  coupler	
  prepara/on	
  in	
  clean	
  room	
  for	
  the	
  RF	
  
processing:	
  training	
  with	
  real	
  components	
  of	
  geometry	
  close	
  to	
  the	
  final	
  one	
  



Outline 
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•  Cryomodule characteristics 

•  Cryomodule components 

•  Cryomodule assembly 

•  How to operate a cryomodule 



Cryogenic distridution 

Cryomodule Interfaces 

•  Disciplines: beam optics, RF, cryogenics, vacuum, electrical, cooling  
•  Test stands 
•  Control command (Control Box, PLC, LLRF, MPS, EPICS) 
•  Quality Assurance 
•  Data-logging  
•  ES&H  
•  Conventional Facility 
•  Survey 
•  Logistics (Transport, storage) 

Cryogenic distribution 

Radio-Frequency 

Beam 
Vacuum 

Beam 
Diagnostic 

Beam 
Optics 

Control system 



Cryogenic operating modes 

FULL CRYOGENIC DISTRIBUTION LINE+
CRYOMODULES +

SINGLE CRYOMODULE

Cool-Down
4.5K - 2K

Warm-up
4.5K - 300K

Warm-up
2K - 4.5K

Stand-by 
2K

Stand-by
4.5KCryoM Ready

CM Cool-Down
300K - 4.5K

CM Stand-by
4.5K

CM Warm-up 
4.5K - 300K

Warm-up
80K - 300KS.3

S.2

S.1

System 
Stopped

Nominal
2K + RF

Ready for 
RF

RF ON

RF OFF

[0] [1]

[2]

[3]

[4]

[5] [6]

[7][8]

Singular modesCM Insulation 
vacuum

Abnormal modes
Leak on beam 

pipe
Leak on CM 

Insulating vacuum
Leak on CDS

Insulating vacuum Cavity Quench

Purging + 
Purification Beam vacuum CDS Insulation 

vacuum[S.1] [S.2] [S.3] [S.4]

[A.1] [A.2] [A.3] [A.4]

S.4

S.3*

S.2*

S.1*

S.4*

Stand-by
80K

Warm-up
4.5K - 80K [9]

[10]

Cool-Down
80K - 4.5K

Cool-Down
300 - 4.5K

[11]

[12]

CryoM Ready
[1*] [3*]

[14]

[13]

Cold Comp. Failure
300mbar = 3.2 K [A.5]
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RF power test stations at CEA 
Saclay

704	
  MHz	
  	
  
RF	
  Plateform	
  	
  

Pilot	
   Switch	
  RF	
  

Security	
  box	
  
water	
  

C/C	
  
C/C	
  

W
at
er
	
  

va
cu
um

	
  

Sa
fe
ty
	
  

RF
	
  

Fast	
  acquisi/on	
  (RF	
  signals,	
  electron	
  pick-­‐up,	
  	
  
arc	
  detector	
  by	
  photomul/pliers)	
  	
  
+	
  slow	
  acquisi/ons	
  (vacuum…)	
  

Signals	
  for	
  fast	
  interlock	
  

Coupler	
  Condi/oning	
  

Security	
  box	
  

C/C	
  
C/C	
  

C/C	
  

W
at
er
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cu
um

	
  

Cr
yo
	
  

sa
fe
ty
	
  

RF
	
  

ESS	
  Cryomodule	
  	
  	
  
(ECCTD+	
  pre-­‐series)	
  

Security	
  box	
  

C/C	
  

Klystron:	
  
704	
  MHz	
  
1	
  MW	
  

Modulator	
  HT	
  
110	
  kV	
  

Circulator	
  +	
  
load	
  

waveguides	
  

Supratech	
  
Cryogenic	
  system	
  

Manual	
  
switch	
  



Tests	
  sta;on	
  at	
  Saclay	
  

Parameters ESS operation ECCTD tests at 
CEA  

Acc. gradient 16.7 and 19.9 MV/m 
Peak RF power 1.1 MW max 400 kW max 
RF pulse length 2.86 ms 3 ms 
RF pulse rate  14 Hz 16.7 Hz 
Cavity cooling LHe at 2K 
Coupler cooling SHe at 4.5 K & 

3 bara 
GHe at about 

4.64 K & 1.2 bara 
Thermal shield 
temperature 

GHe at 50 K & 
19 bara 

LN2 at 77 K 

 



Process and Instrumentation  

Instrumentation function 
•  Monitoring 
•  Control 
•  Interlock 
•  Alarms 



Control integration 



Science	
  ins;tu;ons	
  
involved	
  in	
  the	
  design	
  &	
  
construc;on	
  	
  
of	
  ESS	
  

John	
  Adams	
  Ins/tute	
  for	
  Accelerator	
  Science,	
  London	
  and	
  Oxford	
  
Laval	
  University,	
  Canada	
  

Maribor	
  University,	
  Slovenia	
  
Na/onal	
  Centre	
  for	
  Nuclear	
  Research,	
  Poland	
  

Oslo	
  University	
  
Rostock	
  University	
  

Spalla/on	
  Neutron	
  Source,	
  Oak	
  Ridge	
  
Stockholm	
  University	
  

Techical	
  University	
  of	
  Darmstadt	
  
Nuclear	
  Physics	
  Ins/tute	
  Of	
  The	
  Ascr	
  	
  
Czech	
  Technical	
  University,	
  Prague	
  

Aarhus	
  University	
  
University	
  Of	
  Copenhagen	
  

University	
  Of	
  Southern	
  Danmark	
  
Technical	
  University	
  Of	
  Danmark	
  -­‐	
  Dtu	
  

Ins/tut	
  Laue-­‐Langevin	
  -­‐	
  Ill	
  
Llb	
  (Laboratoire	
  Léon	
  Brillouin)	
  

Helmholtz-­‐Zentrum,	
  Berlin	
  
Helmholtz-­‐Zentrum,	
  Geesthacht	
  

Technical	
  University,	
  Munich	
  
Forschungszentrum,	
  Jülich	
  
Elepra-­‐Sincrotrone	
  Trieste	
  

Università	
  Di	
  Perugia	
  
Consiglio	
  Nazionale	
  Delle	
  Ricerche	
  

Delz	
  University	
  Of	
  Technology	
  
Ins/tute	
  For	
  Energy	
  Technology,	
  Ife	
  

Linköping	
  University	
  
Mid	
  Sweden	
  University	
  

Epfl	
  |	
  École	
  Polytechnique	
  Fédérale	
  De	
  Lausanne	
  
Paul	
  Scherrer	
  Ins/tute,	
  Psi	
  

Aarhus	
  University	
  
CEA	
  Saclay,	
  Paris	
  
CNRS	
  Orsay,	
  Paris	
  
ESS	
  Bilbao	
  
INFN,	
  Catania	
  
Lund	
  University	
  
Uppsala	
  University	
  
Accelerator	
  Science	
  and	
  Technology	
  Centre,	
  Daresbury	
  and	
  Oxford	
  
CERN,	
  Geneva	
  
Cockcroz	
  Ins/tute,	
  Daresbury	
  
DESY,	
  Hamburg	
  
ESS	
  Bilbao	
  
Fermi	
  Na/onal	
  Laboratory,	
  Chicago	
  

Fractality and entanglement
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New Collaborations to Empower ? 


