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Outline

e Types of superconducting deflecting and crabbing cavities
e TM;,, type cavities

e TEM-type and TE,,-like cavities

e Crabbing cavities for LHC high luminosity (HL-LHC) upgrade
e 1stcrabbing of proton beam at SPS

e Superconducting crabbing cavities for future electron-ion colliders
— eRHIC
— JLEIC
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Timeline of SRF Deflecting/Crabbing Cavities

650 MHz TRIUMF

2.865 GHz 499 MHz JLab RF-Dipole Cavity

Karlsruhe/CERN Separator RF Separator

Deflecting
Cavities

1970 2014
2007-2010 2007-2011 2010-2012 2013 2014 2015-2017

V \l/ 4’ 400 MHz l{
: , BT 4-Rod Cavity
[

7]
Y
fd
O | Ve
oo - e 2.815 MHz SPX 750 MHz 400 MHz DQW
£ 508.9 MHz KEK Crabbing Cavity RF-Dipole Cavity Prototype Cavity
r Crabbing Cavity A
o 400 MHz DQW |
© PoP Cavity e
400 MHz RFD
PoP Cavity -
2.815 MHz QMR 400 MHz RFD
W i . . Prototype Cavity
W— Crabbing Cavity
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Some History

15t superconducting deflecting cavity

— Deflecting cavity: 2.865 GHz Karlsruhe/CERN Separator
(104 cells)

]

2b:1283

Designed 1970, operated 1977-1981
At IHEP since 1998

e 1stsuperconducting crabbing cavity
— Crabbing cavity: 508.9 MHz cavity for SuperB Factory at KEK ~ 1* Crabbing of e beam —
i Crab cavities operated from
ot Coupor / % 2007-2010
1.D. 240 D120 / A i
] T& | }‘ LD. 188 : j-F-%-s ‘
Beam N
— - —
I.LR{ 20
- ] [
1.D. 30
Monitor Port
0 50
| | | | | | | |
. scale (cm)
“A’l: « Lengler, et. al., NIM 164 (1979)
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TM-Type to TEM-Type/TE-Like Cavities

® hlagnetcFicld Front View | \E, | Top View
- Electric Field ®
- o
------- ®=------»Beam PCcd :)
- e
— Fw"//
® Electric Field ) C?
| ‘i’ |Beam
e TM,,o-type cavities: Contribution to the e TEM-type/ TE-like cavities: Contribution
net deflection is mainly from transverse to the net deflection mostly by transverse
magnetic field electric field
e Has lower order mode (TM,,, mode) e Cannot be a pure TE;;; mode where the
e Squashed elliptical geometry: To separate contribution from electric and magnetic
the two polarizations of same frequency fields cancel each other > Deformed
e Large with respect to wavelength shapes
— Disadvantageous for low frequency * Compact designs
—  Advantageous for high frequency — Favorable for low frequencies

— Able to accommodate large apertures
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650 MHz TRIUMF RF-Separator

- Resonant frequency:
- Deflecting voltage:

- Shunt impedance:

- Geometry factor:

- Peak electric field:

- Peak magnetic field:
- RF power dissipation:

Cavity performance parameters:

- Superconducting Niobium cavity at 4.2 K

650 MHz
0.3 (0.6)MV
625 Q

99 Q

9.5 (19) MV/m
12 (24)mT
0.35 (1.4)W

210mm @

e RF separator for ARIEL e-Linac

— To separate into two beams
e Transverse voltage specification: 0.3 MV
e Fabrication techniques followed:

— Machined from bulk reactor grade Nb of RRR of 45

compared to usual RRR 300
— Tungsten Inert Gas (TIG) welding (Developed as an
alternative to electron beam welding)
T T T T T T I_IQ_{ 42;( I
:iﬁ; 2.0K
Design Goal at 4.2K

10°[ EE

E Ll @@@

S
10 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Vi [MV]
(I) L:? 1IO 1I5 210 2I5 3IO SIS
B, [mT]
Wi
E) D. W. Storey, A Superconducting RF Deflecting Cavity for the ARIEL e-Linac Separator, PhD Dissertation, 2018
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LHC High Luminosity Upgrade

Double Quarter Wave
Crabbing Cavity

POINT 4
R sscron P JPomr 6

m\/q Vertical Crabbing “
F A SECTOR 67
pog?;;l?:i "secm i ses LU n;;?’*‘” e Frequency = 400.79 MHz
}\ : SECT&;%E e Aperture = 84 mm
A By S T e Voltage = 3.4 MV /cavity (2 cavities
**] Horizontal Crabbing /beam /IP side — 16 total)
e Operating temperature = 2.0K
e Qext =5 %X 10°, RF power to cavity
= 40 kW (80 kW peak)
e Frequency tuning = £150 kHz
e Pstatic = 18 W, Pgyn < 30 W (per
RF-Dipole Crabbing Cavity module)
win
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Proof-of-Principle Cavities for LHC HiLumi Upgrade

e Requires compact designs due to low operating frequency of 400 MHz
e TMy,,squashed elliptical geometries are not applicable
e Solution: Designs operating in TEM or TE-like modes

4-Rod Cavity Double Quarter Wave Cavity RF-Dipole Cavity
Operating in TEM mode Operating in TE-like mode Operating in TE-like mode

E Field

Surface Electric Field

B Field

Surface Magnetic Field
“_5" » B.Hall, et. al., Phys. Rev. Accel. Beams 20, 012001 (2017)
D * B.Xiao, et. al., Phys. Rev. Accel. Beams 18, 041004 (2015) Page 9
[OMINION «  S.U. De Silva and J.R. Delayen, Phys. Rev. Accel. Beams 16, 082001 (2013)
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Proof-of-Principle Cavities for LHC HiLumi Upgrade

4-Rod Cavity

Double Quarter Wave Cavity

RF-Dipole Cavity

*43KCW = 1.9K Pulsed A1.9KCW ‘
g 5,--“\!‘*‘0-
= = Febld: 4.4K « Febld: 2.1K = Febld: 1.8K 1'0”1010 .+"$
« « Decl3: 41K « Decl3: 2.0 « Decl3: 1.8K 1.0E+10 1
= =« Augl3 (Pulse): 4.3K 1
- +*.%
K B MM AL AA 4, T = |
o 10° | P g 1 o i e v P S [ | LT L “ m B A. A. u - "-}- .Oo"o
o bt e T N """""1- Bl ™ (o] A& A o] 1.0 10° .* .._*‘
2 v,y ! B Ll s A A A : "o.
& H:.:._-__._.' 5 woy ] .. +
e e 1.0E+09 | %%, AN 1 | 'l+—- ©20K-Testl
[ / - - f,' * . 0“‘
e/ o T MDA Y : ©42K-Testl
‘I a0 * L] )
' e 29 I ©42K-Testll
oo 34V 1 ®20K-TestIl
' / 1.0x1084————— —
| il S AN VAR P B L E,[MV/m] o 5 110 15 20
00 05 10 15 20 25 30 35 40 45 t —r r 'l' —r—T — —
Transverse Voltage [MV] [M\/] 0 0 15 3.0 45 6.0 75
0 10 20 30 40 1.0E+08 . X N ) - ) N
Peak E-field [MVv/m] 1 2 3 4 5 & A an ann PR
S e A Deflecting Vot - E, [MV/m] 00 20.0 40.0 60.0 80.0
Peak B-field [mT efiectin olfage B e DL .
cak Bfeld ] § HEASs B,[mT] 00 35.0 70.0 105.0 140.0
Proof-of-principle cavities successfully demonstrated the rf designs, fabrication, processing,
and rf performance
Wi
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Double Quarter Wave (DQW) Crabbing Cavity

e Cavity design:

Frequency 400.79 MHz
— Operates in TE,;-like mode LOM None MHz
— No lower order modes 286.8 mm Nearest HOM 67 Milz
e DQW design for SPS v 34 MV
T .
§ - | E, 37.6 | MV/m
= g
g £ B, 72.8 mT
\© ©
2 g [R/O]; 429.3 Q
« r
Y B G 87 Q
R,R 3.7x10% 02

LARP Prototype DQW Cavity CERN SPS DQW Cavity

Wi

Op S. Verdu-Andres, et. al., Phys. Rev. Accel. Beams 21, 082002 (2018) Page 11
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RF-Dipo

Cavity design:
— Operates in TE,,-like
mode

— No lower order modes Bea

NbTi

RFD prototype
designed and
fabricated under US-
LHC Accelerator
Research Program
(LARP)

L=

le (RFD) Crabbing Cavity

m Port

(DN10OCF) . »SE=5

HHOM Port
(DN100CF)

Pick Up
Port
(DN35CF)

Beam Port
(DN100CF)

Stiffeners

FPC Port
(DN63CF)

NbTi
Adapter Ring

917.7 mm

Frequency 400.79 MHz
LOM None MHz
Nearest HOM 633.5 MHz
Vi 34 MV
E, 33 MV/m
B, 56 mT
[R/O]; 429.7 Q

G 106.7 Q
R/Rg 4.6x10* Q?

Wi
T
IPAC 2017
UNIVERSITY

S.U. De Silva, et. al., Fabrication, Processing and RF Test of RF-Dipole Prototype Crabbing Cavity for LHC High Luminosity Upgrade,
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LARP Prototype Cavity Processing and Testing

e LARP prototype cavities: 2 each for both DQW and RFD

e Incoming inspection of sub-assemblies from Niowave Inc. (frequency
measurement, dimensional measurement, weld inspection and etc.)

e Frequency trimming (RFDs only, DQWs were delivered after trimming)
e Final welding (3 subassemblies for each design)

e Bulk BCP

e Heat treatment - 600 C 10 hours

e Light BCP

e HPR

e C(Cleanroom assembly and leak
check

e 120 C bake

e Test at 4K and 2K

e RF measurements of bare cavity
and cavity with HOMs

Wi
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H. Park, USLARP Crab Cavity Test Results, International Review of the Crab Cavity Performance for HiLumi, CERN, April 2017
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Cavity Performance of LARP DQW Cavity

e Two cavities fabricated under US-LARP
e RFtests performed at JLab

e Bare cavity test of both cavities
—  Max V,—5.9 MV
e One of the cavities (DQW?2) was tested with a
single HOM coupler
- MaxV,-5.3MV

3 x HOMC 1 x Hybrid field antenna

Bare Cavity Test Cavity Test with HOM Coupler

T=1.99K bulk BCP, rinse, 600°C, light BCP, 120°C retracted filter
1010 v T /I — T 2 —4 350 1010 Leeeea, - : . :* " 100
W% e T T Rl Gadle @ 040, O AL PP g
aZ 7 e B 300 LR M Frerrsslaaa, iy ~
o SN -7 =77 .. » | > switch _—~ . £ 180 F
5 i T oW -1 250 2 = (NbTi) -~ | 5
o 9| ® / W\ \\\\ AW \-,’f J== =] 5 AA v
s 10FT > ==t AN A =1 & 3 100} e\ LA | E
& Ve - -~ - W — L < b o
Iy s - e 80 1200 2 & a 160 2
2 / o g 5 7T -] e 2 - =
= I / YL e - - & ] =l d 2 o
Z SN A LA 1150 & 3 / =z “ 2
QR e Ve I I s e
17 L 4 3 ot .
g i [/ 27 [ w] = Cavity #1Feb 2017 i 7 1100 £ g 1% a | 2 DQW2 Sep 2017 A -
Z 7/, 7| a| & Cavity #2 June 2017 A 15 5 wl o | o DQW2+HOMI May 2018| & 150 B
wiry, 7L ®] @ Cavity #2 Sept 2017 £ o 150 & = g s | = DQW2+HOMI Sep 2018 fg . &
| I " gyt
Deflecting voltage V, (MV) Deflecting voltage V1 MV)
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Peak surface electric field Ep (MV/m) Peak surface electric field Ep (MV/m)
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Peak surface magnetic field Bp (mT) Peak surface magnetic field Bp (mT)

ui”»
D * S.Verdu-Andres, et. al., Phys. Rev. Accel. Beams 21, 082002 (2018)

MINION * S.Verdu-Andres, et. al., Cryogenic RF Performance of Double-Quarter Wave Cavities Equipped with HOM Filters, IPAC 2019
UNIVERSITY
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Cavity Performance of SPS Cavity

e RF Tests performed at CERN

e Multipacting barriers at low gradients observed and processed in both cavities
e Bare cavity test:

— Dynamic load at nominal transverse voltage < 5W

. . . 2x 1020 0.30
—  Minimum field emission onset . DQW_SPS_001 @ 2K y
+ DQW_SPS_002 @ 2K -
> 3.6MV + Dressed DQW_SPS_001 @ 2.5K gl P
— Quench limit < 4.8 MV 100 ’
8x 109
e Cavity test with He jacket: 0.20T
1 3
Test performed at 2.5 K 2
84x10’°9 0.15:
‘ S
©
®
0.10&
2)(10»09
--10.05
10°
8 x 10*08 0.00
Transverse Voltage [MV]
0 10 20 30 40 50 60
s : Peak E-field [MV/m]
Bare Cavity Cavity with He Jacket 0 20 40 60 80 100

Peak B-field [mT]

Wi

Oip A. Castilla, CERN DQW Tests Summary, 7t HL-LHC Collaboration Meeting, CERN, November 2017
[DMINION Page 12
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Cavity Performance of LARP RFD Cavity

e RF tests of bare cavity and cavity with both
HHOM and VHOM couplers

e RFtests performed at JLab

Bare Cavity | Cavity with HOMs
Max V; [MV] 5.75 5.54
Max £, [MV/m] >6 >4 1 x H-HOMC 1 x V-HOMC
Max B, [mT] 95 91
P, [W] @ 3.4 MV 2.3 33
Bare Cavity Test Cavity Test with HOM Couplers
o TIREr — 100.0 100.0
1.0E+10 " ! i oW 1.0E+10 _:'._.:_._‘_':_0_:_._:_._.__._‘:_. "”".'"0\..
3. . i 750 — P i S 750 —
® o ' 4 ow <= ! P (N 20w =
%000 o ®e N : E : E
i R H | Nl OE
S P =il 500 2 & : 500 o
1.0E+09 ; I 2 1.0E+09 i 2
1 ® < 1 <
s S | S
©Q0-20K »Q0-19K «Q0-434K , | B0 ] 25.0 A~
*FE-20K ¢FE-19K ¢FE-434K [+Q0-1.98K + FE-1.98K] i ‘;,3
(] ] R4
i i it
1.0E4+08 lsmabsioninsesatone “w o @ i 0.0 1.OEH08  Lososmmomtmsooomomtimomsotmtmtis di-mimmstmttmthromimt- wonmt® 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 0.0 1. .0 3.0 4.0 5.0 6.0
Transverse Voltage (V) [MV] Transverse Voltage (V) [MV]
Wi
—— S.U. De Silva, et. al., Validation of LARP Prototype RF-Dipole Cavity Performance With Higher Order Mode Couplers, SRF 2019
OLp Page 16
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SPS Cryomodule Test

e Achieved 1% crabbing of a proton beam SPS Machine Parameters

e SPS cryomodule preparation and installation — 2016- Circumference 7 km
2018
e Cryomodule installed at Long Straight Section (LSS) 6 Injection-Extraction energy 26450 6V
at SPS with rf and cryogenic controls on the surface Main RF Frequency 200 Mz, TW
e Adedicated liquid He line and refrigerator installed CC Frequency swing 4:(?3'235;;;2
e Collaboration of CERN WP4, CC bandwidth 800 Hz

UK and US

TT20

Target T40
-

/ M &
Infrastructure

D R. Calaga, SPS beam measurements & Operational Challenges, International Review of the Crab Cavity System Design and
MINION Production Plan for the HL-LHC, CERN, June 2019 Page 17
UNIVERSITY
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DQW Cryomodule for SPS

Upper Cryogenic line |~ 1\

LHCACFQC0149 (EDMS 1833681)

ALIGNMENT SYSTEM LHCACFAH0030 (EDMS 1745388)
SUPPORT & ALIGNMENT OF CAVITIES

Cryogenic Jumper

LHCACFQC0148 (EDMS 1624859) FSI system (2x 8 heads) LHCACFAM

For CAVITY POSITION MEASUREMENT

Cold magnetic shield Fundamental Power Coupler
.- Cryophy ® - LHCACKCM
> : Radio-Frequence wave guide DQW Cavity LHCACFCA
J For RF power supply Double Quarter Wave
Cryogenic Service Box r -JJ i GOl ks r::cmr::"rkx i
o soonee 2 TR\ ‘ s tato viow wiencram e

/| Taylor Hobson sphere

‘ Survey

»
Valve Support
LHCACF_T0262 -

Valve Box
See LHCACFVT0024

RF GATE VALVE LHCWG

Cold/Warm Transition LHCACFVW.
LHSoo EDMS 1759896 & 1756971

BCAM system LHCACFAM
For CAVITY POSITION MEASUREMENT

. Thermal screen 50K LHCACFTS
Seo EDMS 1773140
Vacuum Vessel LHCACFVT

Soo EDMS 1710424
sT0711595_01

Lower cryogenic line
LHCACFQE0175 (EDMS 1831923)

MLI “cold” (2K)
LHCACFTS (preliminary design for illustration )

FSI system (2x 8 heads) LHCACFAM
For CAVITY POSITION MEASUREMENT

Alignment jacks (x3) LHCHACF
. Psl design
Warm magnetic shield LHCACFWM

See EDMS 1741792

MLI “warm' (50K)

LHCACFTS (proliminary design for llustration )

| HOM extraction lines (x6)
Coaxlal line 50 ohms [E15A,

HL-LHC-WP04—CRAB CAVITIES DQW CRYOMODULE FOR SPS -

EDMS n°1729225
31.03.2017

HOM filter LHCACFHC
See EDMS 1524862

BCAM Targets
LHCACFAM

*DQW CAVITY ASSEMBLY N\
Tuner Actuation [\ gk

FPC LHCACFMC

Pick Up Antenna
See EDMS 1704942
\ Tuner Frame LHCACFTU

See EDMS 1809491

Pick Up Coaxial line
Coaxal line 50 ohms LHCACFRL

| HoM extraction lines
Rl

about DQW cr

- Overall dimensions (L/1/h): 2800/950/1900mm
- Mass : ~3800kg (Without service box)

- Cavity : 2x DQW

- HOM filters : 6 pces (3 per cavity)

- Pick Up Antenna : 2 pces (1 per cavity)

- Tuner : 2 unit (1 per cavity)

- RF Gate valves : 2 pces

- FSI Heads : 16 ports (8 per cavity)

-BCAM : 2 lines / 4 position fingers per cavity

@ Engineering Department )

Wi
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T. Capelli, RFD Cryomodule Design for SPS Tests, International Review of the Crab Cavity System Design and P
for the HL-LHC, CERN, June 2019
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SPS Cryomodule Installation

e DQW cryomodule was used only for
test purposes

e Cryomodule set up in a moving table
with mechanical bypass

— To avoid issues with regular operation
of SPS

Wi
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SPS Test Sequence

e Planned for 10 machine development (MD) sessions to study 4 main phases of
operation
— RF-beam synchronization = Re-phasing of SPS RF to become synchronous with CC RF
— Transparency to the beam
— Performance and stability
— High intensity rf operation

e First two slots were carried out for moving table and RF setup in-beam

MD# [Cl\a;l\\llll [CI\;‘QZ] Te[lr:;p Energy [GeV]
1 First crabbing, phase and voltage scan 0.5 0 4.5 26
2 270 GeV ramp with single bunch 1-2 0 4.5 26, 270
3 Intensity ramp up 1 ~0.3 4.5 26
4 270 GeV coast setup 1.0 0.5 2.0 270
5 :Enr;\{;czzr(;csogigzwth at 270 GeV with 0 1.0 20 270
6 Intensity ramp up to 4-batches - 1.0-1.5 2.0 26
7 Intensity/Energy ramp up - 1.0 2.0 26, 270, 400

wi»

Owp L. Carver, First Proton Beam Dynamics Results with Crab Cavities, JLEIC Meeting, April 2019
[DMINION
UNIVERSITY
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Crabbing of Proton Beams

15t successful demonstration of crabbing of proton beams at SPS

First injection — 12:55, May 23
Cavity 1 only

Single bunch
0.2 — 0.8 x 10''p/b

Crabbing reconstruction
(assuming Gaussian transversely)

Head-tail monitor as main beam
diagnostic

In general, beam measurements
showed 10-20% larger voltage than
RF signals

y [mm]

Norm. Intensity

W” t [ns]

OLp
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Transparency of Crabbing Cavities

e Transparency of the cavities demonstrated at V, =1 MV

Cavity 1 - Cavity 2 Cavity 1 + Cavity 2
21 LT <~~~ SumSignal [ 1.0 21 s ===~%Qum Signal [ 1.0

v ~

1 // \\\ L 08 D 1 '08 D

— / N < — <‘

> /I \\ : > =

2 00— (06T = 0 r0.6'@

Q / AN (=)l - g’\

O / \ @ © =)

o S N[04 S 0.4
/ >

4 m :

H0.2 0.2”

-2 =2 :

o P
© o
=
o

2 0.8 ..

E. 0.6§ 'E 0.6 g

E £ - =

= 0.4 £ = 0.4 ¢

] v

0.2 = 0_22

t[hs] . 500 : .
Anti-phase In-phase

_ 101 ﬂ nnn nnon

g — CAV1

UUU il it

17 1l1:23 17 11:28 17 11:33 17 111:38 17 111:43 17 1l1:48
SPS MD cycle (~20 sec flattop)
wn
OLp oe
OMINION Page 22
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LHC Timeline

e Lessons learned 2015

201¢ {2017

2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

implemented in

Run 2

Ls2 Run 3 Run

Eea— | 4

SPS-RFD and in
both DQW and
RFD LHC cavities

SPS-RFD test
planned for 2022

.SPS-DQW,
SPS-RFDCM ™" .
preparation T owito ors
DQW pre-series _DOW* spries (1+4 CMs) .
. (Industrial) . Faprication & tests i 1nidLdiduull T spdied
_ RFD* proto/pre-series RFD* series (5 CMs)
. (Industrial) - Fabrication & tests III)LGIIGLIUII'T spairco

Antenna

\ HL-LHC-WPO: B CAVITIES RFD CRYOMODULE FOR SPS TESTS S PS R F D CaVIty LH C DQW Ca\”ty
“—m * T. Capelli, et. al., Design of Crab Cavity Cryomodule for HL-LHC, SRF 2019
* J. Mitchell, HOM Damping and SPS Measurements, International Review of the Crab Cavity System Design and Production Plan for the HL- Page 23
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Future Electron-lon Colliders

Polarized LEl
Coherent Electron Electron Souce Injector Linac J— e 'I C
Cooler v 13 GeV/c
High energy 200 GeV/c
Booster

eRHIC

lon collider ring

Detector |

Crab cavity
section

<—/Low energy

8.9 GeV/c Booster
3-12 GeV/c
100m Electron collider ring

Electron source

Storage Ring
RCS Injector

100 meters
e —

inductive
platein

V, per cavity —
1.9 MV

No. of cavities
(e/p)—3/12

cavity dome
X

capacitive
plate

Frequency [MHz] 338 952.6
Beam Energy (e/p) [GeV] 10/275 12/200

Crossing Angle 22 50
V, per beam per side [MV] 4.0/13.0 4.2/21.5

Wi
a’ * S.Verdu-Andres, et. al., 338 MHz Crab Cavity Design for the eRHIC Hadron Beam, SRF 2017

l\/lfNION * H. Park, et. al., Design of a Proof-of-Principle Crabbing Cavity for the Jefferson Lab Electron-lon Collider, IPAC 2019 Page 24
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Related Material at SRF 2019

e MOP099 — Design of Crab Cavity Cryomodule for HL-LHC, T. Capelli et al.
e TUPO81 — Status of the HL-LHC Crab Cavity Tuner, K. Artoos et al.

e THPO35 - Design of LHC Crab Cavities Based on DQW Cryomodule Beam Test
Experience, S. Verdu-Andrés et al.

e THPO36 — An Insight on the Thermal and Mechanical Numerical Evaluations
for the High-Luminosity LHC Crab Cavities, E. Cano-Pleite et al.

e THPO66 — Crab Cavity HOM Simulations and Measurements with Beam, J.A.
Mitchell et al.

e THPO69 — Validation of LARP Prototype RF-Dipole Cavity Performance With
Higher Order Mode Couplers, S.U. De Silva et al.

e THP106 — An SRF Test Stand in High Intensity and High Energy Proton Beams,
G. Vandoni et al.

Wi
OLp Page 25
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Summary

KEK crabbing cavity (1970) — First demonstration of successful implementation
and operation of a superconducting crabbing cavity for an electron beam

SPS cryomodule test (2018) — First demonstration of successful
implementation and operation of a superconducting crabbing cavity for an
proton beam

Promising compact crabbing cavity designs
— Concept has been successfully tested with Proof-of-Principle cavities
— Improved prototype cavity designs for LHC High Luminosity Upgrade
— Successful performance of prototype cavities

Prototype engineering and testing at SPS ongoing and LHC
— Continued test with DQW cryomodule at SPS
— RFD cryomodule testing planned for 2022
— LHC prototype cavity production for both DQW and RFD cavities have started

Wider interest on new and compact deflecting/crabbing cavities due to recent
applications of HL-LHC and future EICs

Page 26
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