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ESS - SRF LINAC

s 352 2| MHz s —elmmmn7 04 42 MHz s

€24m—=> €«46m=> &«38m=> € 39m-> «56m—=> «—77Tm > & |7T9m —

Source LEBT RFQ MEBT DTL Spokes Medium B High B HEBT & Contingency
75 keV 3.6 MeV 90 MeV 216 MeV 561 MeV 2000 MeV
Requirements Spoke  Medium High Design fixed in 2014

Frequency (MHz) 35221 70442 70442

Geometric beta 0.50 0.67 0.86 Beam power (MW) “

Nominal Accelerating 9.0 16.7 19.9 beam current (mA) 62.5
gradient (MV/m) Li GeV 5
Inac ener e
Epk (MV/m) 39 45 45 9y ( )
Bpk/Eacc BI5 ya s Beam pulse length (ms) 2.86
T/MV/ ' a "

(VI Repetition rate (Hz) 14
Epk/Eacc <4.38 2.36 2.2
Iris diameter (mm) 50 94 120
TSI =0 |Num.ofGMs | Num. of cavities
G(Q) 130 196.63 241

Spoke 13 26
Max R/Q (Q) 427 394 477
Qext 28510 7510 7610 6-cell medium (3 9 36
QO at nominal 15 109 > 5 109 =5 109 5—Ce” high B 21 84
gradient
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ESS - SRF LINAC

~l s 352 2| MHz e <704 42 MHz s

«24m—> €«46m> €38m=> €39Im> €« 56m > €« 77m > &« |79m —

Source LEBT MEBT Spokes Medlum B High B HEBT & Contingency Target

75 keV 3. 6 MeV 90 MeV 216 MeV 56l MeV 2000 MeV

RF performance | SNS medium | ESS medium SNS ESS
specifications B 0.61 B 0.67 high B 0.81 NeLOEE 2014

Eacc [MV/m] 10.1 16.7 15.6 19.9

Epk [MV/m] 27.5 45 35 45
| SNs | ESS |

Beam power [MW)] 1.4 5

beam current [mA] 38 62.5 ESS project decision (2012)

Linac energy [GeV] 1 2 « No HOM couplers

Beam pulse length [ms] 0.695 2.86 * Instead, ensure monopole

Repetition rate [Hz] 60 14 mode separation from

RF pulse length [ms] 1.3 3.1 machine lines > 5 MHz

Coupler peak power [kW] 550 1100

Coupler avg. Power [kW] 43 47.7
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d‘PN Design work started with
ey IPNO exclusively for spoke section
CEA for ellipticals cavity package with IPNO for cryomodule

Common options for cryomodules of all sections :

* No internal focussing elements

» cooling of He to 2 K local to each CM using a heat exchanger
and Joule-Thomson valve

» Al thermal shield at 40 K (19 bar He)

* The operation pressure of 2.04 bara (—PED chapter 4.3)

* Couplers ports at the bottom of the modules

» Stainless steel vaccum vessel

» Cold magnetic shield

At the components level :

« Tivessels for cavities
» Single window rigid couplers with He counterflow
« Cold tuners with cold motor/gear box and piezos
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ECHERCHE A LINDUSTRIE

C2A EU PRESSURE VESSELS CATEGORY- PED

» Most critical « vessel » is the
Helium volume between cavity
and helium jacket (many welds,
exotic materials)

« Example : XFEL cavities follow
Cat. IV related verification units
(B1,B,F,G modules)

—I|f possible, favor lowest
categories

« ESS spoke and ellipticals CM
have been designed in order to
have PS . V < 50 for the Helium
vessel (now Art. 4 § 3)

MO PS=05 —Design has to follow
« Sound engineering
practice »
o!w -’n 1'0 .1 Eno 1 oroo 10 ':)00 \;(.J

PS = « Maximum Allowable Pressure », relative to atmospheric pressure (barg)
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)| CRYOMODULE DESIGN DIFFERENCES -

INSTITUT DE PHYSIOUE NUCLEAIRE ~—
ORSAY

Medium and high.
ellipticals CMs share
the same components

) S
J
) ) F

« 2-phase line includes flanges « 2-phase line is welded Ti i
» Cavity support using antagonist tie rods « Cavity support using antagonist tie rods
fixed on the vacuum vessel fixed on a space frame
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1] sPOKE CRYOMODULE DESIGN

INSTITUT DF PHYSIGUE NUCLEAIRE
ORSAY

Double layer magnetic shield insertion by sliding of the cold mass

Cooling circuit Internal Tuner side ends
shield

External shield

Shrim

Cavity bellow
side ends

“J" Coupler shield

Thermal shield (ESS configuration)

[

He 19.5 bars
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1 Y| sSPOKE CAVITY DESIGN

INSTITUT DE PHYSIOUE NUCLEAIRE
ORSAY

!H:}Hi

;sz:z:s:sg;;sz;i
'.ET"I’:"‘%

: H T3 mm
Frequency (MHz)
Optimum B
E... (MV/m) 4x HPR ports
Bok (MT) 62
Eox (MV/m) 39
G (Ohm) 130
r/Q (Ohm) 426
Loce (M) 0.639
Epk/Eace 4.34 3 prototypes built
By /Eace (MT/(MV/m)) 6.88 with 2 vendors
KL (Hz/(MV/m)?) -5.5
Kp (Hz/mbar) 15
Tuning sensitivity (kHz/mm) 130
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leN SPOKE PROTOTYPES

i i i PERFORMANCE

¥ Prototypes, preparations and tests |+ 3 prototvpes

SDMS 01
Germaine

* Testsin vertlcal crvostat

: |
’.A. T"..-" ®.% e

3 positions; T < 15°C;

~ 8 hours . A || 1]
200 ‘ .AA’A ‘ . ® @ @

7 s l A2 % ¢ e ®
® ROMEA_additional etching_2K 2 ) PY =] @
¢ GIULIETTA_2K “ X/"
A GERMAINE_2K //
—Pc_50W L~

—-r——u—————————q——--——p———7+/

100 bars; 6 ports;

5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
12 hours

E... (MV/m)

P. DUTHIL — WEAM4Y01 — HB2016 July 06 10




d‘PN SPOKE FUNDAMENTAL POWER

Iﬂ;”;, ‘1}[ PHISICLE NUCLEAIRE C O U P L E R S
4 prototypes built

Single disk window Outer conductor

(Lhe-cooled @ 4.5K)

* 100 mm 50Q coaxial = %

coupler
— * Peak power 400 kW
s « Cold connection through a
He-cooled outer conductor -

ceramic disk

Antenna

Inner conductor
(water-cooled)

Doorknob

Full range operation does not
require HV biasing
« Doorknob tested on prototypes :

no bias
- ; * New design with bias for linac
b /'\ : being manufactured

Test stand conditioning

—Farward Power W]
—tium (i)

|
Pubse length > 20ps  100us  250us ims 15ms sy s [ LE02
1E-03

E::.w,.lmﬂ

i 1604
Bao0,000 ’ 5
] E
gm,m LE05 g
B

HS A
gm0 LEse

Fn_r_wlrﬁ
£
g

e : |
X ;.
" v v
> X
LE-07F
< 100,000 k|
‘ 50,000 LE-08
o .

11:24:00 13:36:00 154800 15:00:00 Time 16:12:00 17:24:00 18:36:00
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1. Yl sPoKE COLD TUNERS

INSTITUT DE PHYSIOUE NUCLEAIRE
ORSAY

Slow tuning: excentric
axle operated by cold
motor/gearbox/screw

Stroke 1.28 mm
Range 170 kHz

Fast tuning: piezo
stacks bend the main
vertical beams

Stroke ~800 Hz

\ v B\ NS b
". v ol . 1 \ ‘;\-
N7 _‘,\ \ > ) 3
> ’ /’ 3 ! i
\ T, a ‘}* ) i )
N\ :"i [ ’

Final design with 72 mm piezos Dedicated test and qualification
cryostat.
4 tuners can be tested
simultaeously

All components for the

- / : L) 26 spoke tuners
/ ,,/4mm..|mmm\'\‘\'\‘“ delivered

Measured stiffness ~30 kN/mm
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INSTITUT DF PEYSIGUE NUCLEAIR
0

APNET

Test of the cold tuner:
Test of the cold magnetic (cryoperm) shield efficiency with * no hysteresis,
temperature : active cooling not needed » tuning range 160 kHz

dl PN Evolution of the magnetic field (inside the dummy cavity) during the m
b cooldown of the magnetic shield
35 350 T . -
L.E+11 Double Spoke Giulietta (test in prototype cryomodule) 352350000 mm s i §
0 Qo vs Eacc @ 1,8K g
352330000 Z
& Sensor2 Y axiy b nQ
® e + Test #1: Oct 2017 352310000 § =
Sensord_X axis . —~ F-
» Sonsors 2ass 0 et AR ¢ TR SO B TN —IsoP 50W (CW), 2W (d.c. 4%) | & als
& = | 352290000 al3
Sensor?_X s 1.E+10 o ¢ & 2|2
s Sensord_2 axis . s 3 o
g —— Temperature of the magn shisid z - g | 352270000 Tuning system was =y
£ mE . + Sl wmision. Lsex | S probably still in contact 2135
= L AR Rk +* of liquid helium to finish the | = b ; 215
K] n AM H Qo ".’ +* > RF processing. 2 | 352250000 to the cavity gla
S g u
E 5 dadddadabiabiiind bl b !EL E 5 ol
$ . Ak Al yeen 80 g 352230000 g g
= ol 1.E+09 —— Oct 2017: test in prototype cryomodule NE
o 0 am 600 800 1 400 1 352210000 — Janv 2017: test in vertical cryostat
Time (min) |, 2
5 ”
352100000 . . i e e e . . . . . s
10 i
M i b 50 352170000
agnetic probes ° os ! 1 : »
g p 1.E+08 Eacq (MV/m) « Displacement » of the stepper motor (mm)
3 1 1 1 1] 1 2 3 a4 5 6 7 8 9 10 11 Factor of 2.5 with respect to the cavity displacement
- inside dummy cavity -
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UPPSALA
UNIVERSITET

1,00E+10 6000
# Q0 factor_3rd run

Cavity losses =2W( 4% d.c) m
Cavity losses =10W( 4% d.c) 5000

— - Cavity losses=12W( 4% d.c)

@ Radiation_3rd run 4000 E [} LOW_fi e I d QO fa Cto r of
~
5 | * 3 14x10°@ 2K
15} -
& 1,006+09 — = 3000 g
> . . - 2
3 . 4 : g + Q factor of 2.8x10°@
3 - T
[ 1 © —_
° + e E... =9 MV/m (FE)
» ’ ] ’/’
l+ - ./D-’/ l 1000 . 3 . It t
| n A major - multipacting
1,00E+08 p“‘pn nemB A"U/D = ’ 0 reglons found
0 1 2 3 a 5 6 7 8 9 10 1
Eacc_flattop (MV/m)
Coupler warm conditioning
e * Forward Pow: *
°°°°° sgr. 3 reroeseeler-
oo & $ 5 3 I B AET Ed
E : 9 38 : $3E d3iiLizy T o
£ AR EL R IS
T e = = $3i13 s
0000 © ’
t 1.00E-¢
UOF 5.00 LODO ‘ 15.00 0.00 DO1 G
‘ B » Time?hour)

Conditioning time 30h @ 300K, 14h@2K, 30h with cavity@2K
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d‘PN TEST OF SPOKE CAVITY

| REIN_
i PACKAGE AT UPPSALA  [EEToIN WI

Tuning sensitivity: 150Hz/mm

Forward Voltage Py

Reflectted Voltage [~
352,45 I I l TransmittedVoltage [~
/ 11- 07~ -0,65
N 35244 13 0857 Q\‘/j_; Eo8
E - | T
s rd
> s L Z05
—— 08 g5 o5 o
B - R
3 07-Z 045 Fon
352.42 gz ey 04 §
E,.IB 04 -
c 0628 025 035§
°S 035 f— F
g 352.41 gu.s—i% 0 ] 02 8
o % 0.4§E 0,25 5%
O @ - - 2 3
e 352.4 03z 02 [
[T S 015 015
i 0,22 - i
S zsoag == 1st run pulling moter I ©o01 [0
- 015 s N -0,05
> == 2nd_run releasing motor 05 0T e -
[1+] 352.38 — 0,000000E+0 1,000000E-3 2,000000E-3 3,000000E-3 4,000000E-3 5,000000E-3 5,999000E-3
(W] (5
352.37 HiE ol
352.36 Forward Signal
o 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Freuquncy shift (Hz) [~

Moter Position (mm)

Af = 400Hz
352 421 100 ; :E‘:’Eé‘i‘jyﬂ g |
: E

o 952421000 : %
= : |
E 352 420 900 §
§- y =27.12*x + 3.5248+08
= =
’E 352 420 800 g
8 -zl

O T P ..o U T Y e ||| [ I ——. | |

3,000000E-3
Time(s)
352 420 600
. .

- Lorentz Force Detuning in

L " " . ' pulsed mode

Helium pressure (mbar)

Pressure sensitivity: Kp= +27.1 Hz/mbar
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| V| TEST OF PROTOTYPE

AR SO A C M AT U P P S A L A UNIVE.RSI E

<% First test without quench detection : burst disk
i opened on cavity quench

{ Preliminary results of second test with quench
detection installed:

« Static losses : 10 W

« Cavity 1 reached 15 MV/m, No FE

« Cavity 2 reached 10.5 MV/m (Quench)
« Dynamic load per cavity < 1W
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leN SERIES SPOKE CAVITIES

INSTITUT DF PHYSIGUE NUCLEAIRE
ORSAY

=
@ diPN Double-Spoke L
fin2p3 k SOURCE
|'15!I1I.H ULI’HYSI‘DUE NUCLEAIRE Qo vs Ea cc @ 2 K
1.E+12 DSPKO2 Mar 2019
© DSPKO3 Feb 2019
o + DSPK04 Nov 2018
(o} ® DSPKO5 Nov 2018
1.E+11
fEsSSpann m m g5 , - . Ez:::: :ov:;ll:
*0 & o » g. e ‘ o
LY N 3 ) MM:! Q’l'tltg cos DSPKO09 Apr 2019
o, Seo '.‘:0., —P = 2W (4% dc)
1.E+10 — S ey, %% =
1.E+09
Eacc (MV/m)
1.E+08

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

- 10 resonators built, 7 cavities tested @ 2K
- 2 cavities within the specs (ie. Eacc > 9MV/m, Qo> 1.5 10E+09 and 352.089 MHz < Freq <

352.175 MHz)
- 1 cavity with thermal quench limitation at 19MV/m. For all other ones, limitation comes from

field emission.
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|\ | ELLIPTICAL CAVITY CRYOMODULES

INSTITUT DE PHYSIUE NUCLEAIRE
ORSAY
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DE LA RECHERCHE A L'INDUSTRIE

HP line, 3001, 2-20 bar
Burge refurn, 300K, <1

4PN

ELLIPTICAL SECTION CRYOMODULE -

INSTITUT DE PHYSIOUE NUCLEAIRE
ORSAY

1 har

TS supply. 40 K, 19.5 bara

mn Updated design
- Simpler 40 K thermal shield

TS return. 50 K, 19.0 bara
He supply. 4.5 K, 3.0 bar

Cryogenics and PED: lower

He return, VLPivapor low pressure

Cryogenic Transfer Line

Valve Box

Jumper connection

Cryomodule

pressure drop from He vessel
to safety devices

2-phase
tube

300 K
supporting
structure

___________________ L O| | 2 RN : Fundamental

Vacuum vessel (stainless steel,

Tuner
access
ports

Power
Coupler

1200 mm diam.)

Thermal
shield

Beamline
gate valve




nnnnnnnnnnnnnnnnnnnnnn

CCZA 704.42 MHZ ELLIPTICAL CAVITIES - PROTOTYPES

Medium High
Geometrical beta 0.67 0.86
Number of cells 6 5
Length (mm) 1259 1316
Nominal Accelerating gradient (MV/m) 16.7 19.9
Nominal Accelerating Voltage (MV) 14.3 18.2
Q, at nominal gradient > 5e9
Cavity dynamic heat load (W) 4.9 6.5
Qext 7.5 105 7.6 105
Iris diameter (mm) 94 120
Cell to cell coupling k (%) 1.2 1.8
7t and 57/6 (or 41/5) mode separation 053 12
(MHz)
E/Eace 2.35 2.2
Bi/Eacc (MT/(MV/m)) 4.78 4.3
Maximum. r/Q () 397 477
Optimum 0.705 0.92
G (Q)) 197 241
Static KL (Hz/(MV/m)?) with tuner -2 -1

 No HOM couplers

« Cold magnetic shield over the He jacket (target 1.4 uT)
« Use as far as possible tesla technology material (Ti tank, Al gaskets)

SRF2019 DRESDEN — G. DEVANZ
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C22 LORENTZ FORCE DETUNING

Designed stiffness of the tank: Kiank = 79 KN/mm
Measured stiffness of the tuner: Kigner = 30 KN/mm
Total external stiffness (tank + tuner): K., =21 kKN/mm
Medium beta High beta
-5 . -&_fﬁo, Hz’/,Eacc2 ends 2r
KL B KLOO " Az Kext + Kcav
% 15 i; 6
L, Free al
ends
10 10 10 10 10 10 10 10 10 0.001 0.01 0.1 1 10 100 1000
e [KNIMM] Kext [kN/mm]
For K,,: =21 kN/mm For K, =21 kN/mm
— K_ = -2 Hz/(MV/m)* — K_ = -1 Hz/(MV/m)?
— AF =357 Hz @ 16.7 MV/m — AF =-396 Hz @ 19.9 MV/m
— ALpiezo - 2.6 |JITI —_ ALpiezo = - 2 I_""n 40
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C@Q COLD TUNING SYSTEM

Tuner on stiffness
bench

Stiffness of 30 kN/mm
obtained on test bench
for pre-series

=Saclay V type adapted for ESS cavities production
»Cold motor and planetary gearbox (1/100)

» +/- 3 mm range

»Theroretical resolution ~1Hz

= 1+1 piezo symmetrical arrangement

"Piezo support has a stiffness 10 times higher than the cavity = piezo
preload at 2K is independant of the cavity springback force

» Good linearity due to high stiffness, proven on many previous Saclay
designs (Soleil, Super-3HC, TTF/X-FEL, HIPPI)

% o  Motor+
~ planetary gear box
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Cea FIRST BATCH OF MEDIUM BETA CEA/U-LUND

PROTOTYPES

K, measured at -2.15 Hz/(MV/m)?
(-2.04 computed)
with tuner attached in VT

1 e+1 1 Lorentz force detuning
(CW @2K)
Tuner mounted on cavity (preload 10 turns)
@ .
cﬂ% %50% _i |
— \ |
z d |
1e+10 - £ \r\-\_ |
® ESS067PO01 g N
Y¢ Target g _r____’ﬁ:_\___
Cf A ESSo0O67PO2 | = 0 0 LWChHEEN T mel}q,
O ESS067P03 | :
© ESS067P04 ' \ - 1}50 m
® ESS067P04B Eacc? [(MV/m)?)
1e+9 n K ¥ K,
Kext = 21 kN/mm—>
d Fixed
ends
E -10r
1e+8 * T ! T ! T . T t T . T t T ! T ! T %.15‘

01 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Eacc [MV/m]

0" 10 107 10" 10° 10' 10° 10° 1
Km [KN/mm)]
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NEW DESIGN OF MEDIUM BETA BY INFN

Istituto Nazionale]
di Fisica Nucleare|

Design goal
* Plug-compatible

e Larger cell-to-cell coupling
factor, k>1.5%

e Allowing for a slight

modest sacrifice on E .,

and R/Q

. INFN
Mechanical parameter .
Design

45
70
69
1.8
L7
210

Vacuum sensitivity K, for 31
Keye ~ 21 kN/mm (Hz/mbar)
LFD coefficient K, for

~ 21 kN/mm (Hz/(MV/m)?) L7

K

S. Pirani 2016

ext

- Plug-
A ! compatible
_ "
RF Parameters INFN design ESS spec.
R, (mm) 50 >47
Geometrical beta 0.67 0.67
Frequency (MHz) 704.42 704.42
Acc. length (m) 0.855 0.855
Cell to cell coupling k 1.55% ./ (+26%)
n-51/6 mode sep.(MHz) 0.70 /7 (+30%) >0.45
G (Q) 198.8
Optimum beta, B, 0.705 0.705
Max R/Q at B, (€2) 374
E ¢ at Bop (MV/m) 16.7 16.7
Eear/Eace 2.55 /7 (+7%)
E cax (MV/m) 42.6 \ (-6%) <45
B eai/ Eaee (MT/MV/m) 495 /' (+3%)
Q, at nominal gradient >5X10° >5X10°
Qext 7.8 X10° 5.9~8X10° 23

SRF2019 DRESDEN — G. DEVANZ
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(///\\

FIRST LASA MEDIUM BETA PERFORMANCE 70 )

o Teslél o Tusli2 MB001 @ T=2K

LE#I1 o] vueens 100W ESS Specs r 250
Rad ¢ rad? ]
3 - 200
W00 0000 0 0 0 o oe s £
PPt &,
1E+10 o %6 % .~. . |
............. N 150
s | =
g e £l
........... . .I lw =
1.E+09 1 .',..... $
L | 50
o ¢ " g ¢
1.E+08 N O S T T N $ v * * o+ | -0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Eacc [MV/m]
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® FNP 1-1-2.4 etching
performed on
BCP/EP cabinet

1LE+09 -

1,E+08

With HOM
ports

Base performance
NO heat treatment,NO baking yet

fYvad

* P01 before heat treatment
® P02 before heat treatment

* ESS requirements

10 15 20 25
Eacc (MV/m)
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CEA «HIPPI» coupler (2009) ESS coupler (2013) ESS prototypes (2016)

* Peak power 1.2 MW  Peak power 1.1 MW

* Avg. power 120 kW * Avg. Power 50 kW
. « Antenna HV bias

KEK-SNS type

« 100 mm 50 Q

» single disk window w/ TiN
 Water cooled antenna

* He cooled double wall
tube

o
0 o

[k}

U
T

0 5000 10000 15000 20000
recor d number

——————
—————
1] ==

Forward power

Test of the HIPPI power coupler a b=0.5 5-cell
cavity at 1.8 K, full reflection, horizontal cryostat SRF2019 DRESDEN — G. DEVANZ | PAGE 26



C2A FPC PROTOTYPES RF CONDITIONING

/ &//// 1606
Mywm WM\ WA L/ﬁ% e HiEER E
= ey o
2 / / / g
5 0
- o
Conditioning is performed on a FPC pair assembled in ISO5 . I. : \ 1 e
clean room on a coupling cavity , the baked at 170°C for 3 to | r /
days ol ! 4 l( 1540
«  with power ramps, increasing RF pulse duration e Final part of a TW conditioning ~ .
« Power increase is controled by pressure, interlocked by 3600us ’
vacuum, arc detectors, electron pickups -
. 2 runsin TW: 1Hz rep. Rate, 14Hz Rate oo 3000us mr——
+ 2runsin SW : 1Hz rep. Rate, 14Hz Rate T e 2900y e
« 1hr TW @ maximum power, nominal ESS pulse g v 2000ps E
3 pairs of prototype FPC: g _ w2
* Mixed components from 2 window providers, ~
2 doorknob manufacturers, 2 double-wall tube .
manufacturers
« Total RF-on time for conditioning for those 3 50 153 70 5o 1550
pairs : 82 hrs, 88 hrs, 106 hrs Time (min)
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C2A PRE-SERIES FPCS

« 3 FPC pairs delivered as a pre-series by the 120-
coupler manufacturer.

« RF conditioning performed to specs

TW
Rep. Rate 14Hz 1x10" mbar
e RF pulse width:3600us |

, PURF2 [kW]
200 400 600 800 1000 1200 1400 1600 1800 20

, VideCPL1 [mBar],
1E-8
1

1E-9
1

PIDIR [kW], PIREF [kW], PTDIR [kW], PTREF [kW],

0
1 1 1
E-10

T | LR | L T B B e B o e e e B L [N I L S S H T St i e S S St B 1 T T T T
—7:00 07:10 07:20 07:30 07:40 07:50 08:00 08:10 08:20 08:30 08:40 08:50 09:00 09:10 09:20 09:30 09:
2018-09-24

Up to now : 14 FPCs have been qualified to specs
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Cza HB CAVITY PACKAGE TESTS

AT UPPSALA ONIVERSITET

First cold test of elliptical FPC and tuner
on Prototype High beta cavity package
Cavity measurements :
Kp = +37 Hz/mbar (tuner at home position)
K, =-1.3 Hz/(MV/m)?

1(x) = 37,7410014508186 x - 1908,0367692783
R =0,996094247222747

Cavity frequency shift (Hz)
8

1,00E+11 40

Cavity losses=6.15W( 4% d.c)

Test Plan: T J(T Se= mesn
« RT FPC conditioning :
+ Cooldown soveors Lo s 0
- RF conditioning at cold U et

*  measurement

*  Qq preliminary result >10°
* not much multipacting, cavity and coupler very quiet during
last tests 0
» Lorenz force detuning, cavity tuning sensitivity
* lost some motor steps during 15t movement, others ok e

e Cold tuner test s - e

number of motor turns
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=150

f(x) =0,1733 % - 338,1284
Rz = 1,0000

-200

delta frequency (kHz)

g & B = B B

-300
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FIRST ASSEMBLY — DOORKNOB ASSEMBLY

— WITH LOSS-OF-VACUUM ACCIDENT

Alumina dust was
found in the whole
beam space

An dedicated
assembly tool has
been designed to
perform doorknob
assembly safely

L

3 .Y i1 .

_— ]-.

AL 4-, I = “
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(/\
REFURBISHED M-ECCTD (PHOENIX) 7@;0 @

CEA - Saclay

Istituto Nazionale]
di Fisica Nucleare

CAVITIES n_u_—m— MBO1-LASA

FE in VT before no Yes, onset 8 MV/m Yes, onset 11 MV/m

accident (CW)

FE in VT After Yes, onset 8 MV/m Yes, onset 11 MV/m Yes, onset 11 MV/m no

refurbish (CW)

CM test 2018 « 3mSv/h » unstable at « 3 mSv/h » « 5mSv/h » « 7 mSv/h »

(4% duty cycle) nom. field Stable at nom. field Unstable at nom. field Stable at nom. field

Recovered ,

'4| AL 4|"- -; AU l=2

I[‘

| Eacc Goal
1e+11 10000 : - . — . . .
e e S S B S e 8 we o oy b e B
- R 5?:;1&:_5” 1 1000 ] barrier . 7 -« .|: .;, |- ', e 3 Cavities
T P A e T ] T SRR R T reprocessed with 25-
T eERS T EaL.c RN gf 30p m BCP, HPR
= 1e+1n.w . 2 0. I. - H ’
(e} CTTT S P eyt s, 5 e e e 2 = |f.._ I'u.. *af - : i 3FPCShavebeen
— - : - ‘"_.l S cleaned and fully re-
""" M_m....-.:.suum;u.. ,'.-' | conditionned along
..... : 1-1""" e, 0| esusnap " @ Seccafngnp ith 4th
o L | e et Ea with a 4" one
012 3 456789 10111213141516 17 1819 20 21 22 23 24 0 1 2345 5 79 9 10111213 14 15 16 17 18 19 20 21 22
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C2A FPC CONDITIONING ON CRYOMODULE

Room temperature : Doorknob
g1 connected to
o o1 RF network

T T
o 1300

/ ) / / i . N M

/B = w mim m

7

EEd
ER L Y j ] ] i 7 <
s 2,12
/ s
T EEEEEE
I =
LR Em =

—1 ——
o= - o< T T T T

] Grateets
s v - i vt |
1300 1230 1400 1030 1500 1530 1600

Same logic is followed as on FPC conditioning stand
avg. duration ~4 hours for both warm and cold conditioning
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ess)

2018 HIGH POWER TEST OF ESS MEDIUM <) @

BETA ECCTD CRYOMODULE

3 CEA cavities, 1 INFN cavity

* Operated at 2K

« All 4 beta=0.67 cavities connected to a single
RF source

* Only single cavity high power operation with
4P/P pulse is possible with the current setup

* Fundamental Power Couplers (FPC) are
conditionned at room temperature first, then
at 2K up to 1.2 MW peak power

Blue trace : Klystron output pulse
profile for flat top cavity field generation

1000

RESULTS: ——— PREF3 — Let cursor —Rght cursar —High threshold

* 4 FPCs pass all conditionning stages (full reflection)

» All cavities tuned to nominal frequency at 704.42 MHz and run with high power

« 3 cavities operated at 2 K above nominal gradient of 16.7 MV/m , RF pulse of 3.6
ms total, @14 Hz, with LFD piezo compensation

« 1 cavity with field limitation at 16 MV/m
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Cza ESS M-ECCTD CAVITY #3 4P/P FLAT TOP LFD
PIEZO COMPENSATION AT NOMINAL GRADIENT

CP 3 : Tension cavité

: .ra;a

CP 3 : Tension cavité

P 5 o [V N N T SR R

Cav3 Eacc

MV/m

16171819 2 2122232,
:
= y

Cavity with static pre-tuning
without piezo compensation

= o Y Y N N N S S S

Cav3 Eacc

U o s

MV/m

Cavity with static pre-tuning with piezo

compensation with simple trapezoidal pulse

Tek Piezo driver pulse (blue) Reflected power (orange)
'i Phase error (green) Cavity field (pink)

T':,"FIE-'
Front

SOurce
H:

* 7° residual
phase excursion

2.86 ms
a < > 4 during beam
pulse
P — ]/ uuuuuu
/ Morrnal
N Couplage
rejet bruit
q+
CH2 200y kA 1.00rms CH2 /7 1.52Y
CH3 200V CH4 100y 4-0ct-18 1708 13.9393Hz
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CP 3 : Tension cavité

ZOOM of figure above
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H

E... =17.07%+ 0.15 MV/m during beam
pulse : E__. is stabilized within +/- 0.9%
with 1 piezo only (No LLRF)
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M-ECCTD 4P/P FLAT TOP LFD PIEZO 70 @

COMPENSATION AT NOMINAL GRADIENT ===

Piezo LFD compensation simultaneously on 2 neighbour cavities

Eitlh|| ale=|r| =d]aajon] x| se|8 | k|| Bl || m|#[+ala|on ] x| ]|e|| @]
21E 20
§ 13% g 18
s 163 S 16
143 S 144
E12§ EJ.Z-
3103 S104
E 3 E 1
i Cav1 E_.. : Cav2 E_..
6 6 4
4 4
2 2
o T T T T T T T T T T T T T T T T T T T T T T T T a
002040608 1 121416 18 2 22242628 3 2323436238 4 42 4446 48 5 0 02 040508 l 12 14 16 18 2 2224 26 28 3 32 34 36 38 4 42 44 4648 5
ms
0 All 4 cavities 704.421 : :
18 have been LFD Piezos : Static B61E-06x + 7.044E+02
o - 704.4208
. (Rl ienmale e, Compensated n range of >800 Hz
|/ . q N
' ] with a single 3 for 150V
1 ] i £ 704.4206
—Gml h piezo actuator g
F12 ! g
B — B & 704.4204
? = T £ 704.4202
ﬁ —Cred "'_\ _ E
4 kY 704.8)
\\\ i
2 \\
| — 704.4198
¢ o N N ) . . . 0 25 50 75 100 125 150 175
T{rms) Control voltage of piezo (V)
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CAVITY 1 TUNER — WIDE RANGE SCAN -

704.7 T T T ; [
s
704.6 - 5
3 .-
(]
= 7045 - :
L
=3 2
- L]
Q t
g :X 1 ——
3 7044 :
. - Range of +387kHz i ﬂw T}
— ~ 0 ||
v z 18000 18500 19000 19500 20000
. ! Frequency shift per turn (Hz)
704.3 .
. 8
¥ ; 7 B Negative shifts per turn (Hz)
704.2 ! ' ! : 6
0 5 10 15 20 25

Tuner main screw turns

Pretuning of cavities done initially at RT at 703.000 Mhz s
corresponds to 704.240 MHz at 2 K 2
Ultimate range is limited by mechanical stop around 22 turns I I

-20000 -19500 -19000 -18500 -18000

Sensitivity is slightly asymetric (the tuner needs initial loading) :
+19.35 kHz/turn for positive shifts
- 19.81 kHz/turn for negative shifts
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Test conditions differ from ESS site:
* 1.1 bar saturated He instead of 3 bar supercritical He
« thermal shield cooled with Liquid N,, at 80 K instead of 19.5 bar He (TS@40K)

Issues during tests: Ph
ase separator
 Instabilities due to the diphasic helium and the Hampson heat exchanger ==/ will be installed

f t test
- Issue with the initial design of piping for the He level gauge : the gauge is blind ornex e
above 92%, corresponding to the bottom of the 2-phase pipe = | corrected for

Consequences: next modules
 Difficulties to get stable levels for periods longer than ~1 hour

* Lhe could overflow without a warning and reach warm areas of the piping

— burst discs went off twice during the CM test period
Cold mass at 2K

2080 > Measured static heat load at 2K:
19.5t0 19.7 W

PT04 (mbar)
I T

Measured static heat load at 4.2K:
20.4W
(calculated: 19.6W)

T bCold mass (K)

Date
LD T T 1080
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CAVITY RF DISSIPATION

Measured RF dissipation of the cavity MB01 at ESS nominal field: 4.5 W
(requirements : < SW)

a0 3z

=#=—CElectrical power
== FT04

35 7
31

%’ 30 - Paverage=28 W 305
i Cavity OFF
=
- 0 B
g E
A ] -
W25
29.5 E
Paverage=23.5 W
Cavity ON
9
20 1
285
date
15 - L 28
14/11/201817:32 14/11/2018 17:42 14/11/201817:52 14/11/2018 18:02 14/11/2018 18:12

Electrical heaters power and helium bath pressure variations at the
stop of the RF power in the cavity MBO1.

Other measurements that were performed were not reliable enough.
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IMPROVEMENTS FOR NEXT MODULES ﬁ @)

AND TESTS

Tests have been strongly perturbed by:

« unstable behavior of heat exchanger due to diphasic He feed
— phase separator will be added to mitigate this issue

 FE in all cavities
— review of potential cavity contamination in order to improve
procedures
— use ion or getter pump when cold (used pumping station failed
during cooldown!)
— setup a 6+ radiation monitor set in the test bunker for
repeatable measurements in a known spatial distribution, so
successive tests can be compared, and possibly locate the origin
of emission by combining data with simulation
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NEXT STEPS

 FIRST series cryomodule is under construction

» 1SO4 assembly of H-ECCTD cavity string components is on-going

. ol o]
s HBO2T
s HBOAT
® ESS spec.
F:'-LTIZ‘IE‘IP ey ugmgn TR
M anian 2 o L w1 g!__‘..j_!"_r'_ i
o 1010 {... D
First jacketed .
HB cavities for
H-ECCTD
10°

0 2 4 6 8 10 12 14 16 18 20 22 24
Eacc [MV/m]
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' SETTING THE STAGE FOR THE SERIES > &

CEA - Sa
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