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Abstract  
CERN’s R&D programme on the Superconducting 

Proton Linac’s (SPL) superconducting radio frequency 

(SRF) elliptical cavities made from niobium sheets 

explores new mechanical design and consequently new 

fabrication methods, where several opportunities for 

improved optimization were identified. A stainless steel 

helium vessel is under design rather than a titanium 

helium vessel using an integrated brazed transition 

between Nb and the SS helium vessel. 

Different design and fabrication aspects were proposed 

and the results are discussed hereafter.  

INTRODUCTION  

The SPL is an R&D effort coordinated by CERN in 

partnership with other international laboratories, aimed at 

developing key technologies for the construction of a 

multi-megawatt proton linac based on state-of-the-art RF 

superconducting technology, which will serve as a driver 

for new physics facilities such as neutrinos and 

Radioactive Ion Beams (RIB). Amongst the main 

objectives of this R&D effort, is the development of 704 

MHz bulk niobium =1 elliptical cavities, operating at 2 

K with a maximum accelerating field of 25 MV/m, and 

the testing of a string of cavities integrated in a machine-

type cryomodule. 
In an initial phase, at CERN, four =1 cavities will be 

supplied and will need to be tested together as they would 

operate in a machine-type cryo-module [1]. Fig. 1 

presents the cavity together with its helium tank, main 

coupler [2], HOM coupler, tuner, and cold magnetic 

shielding in the configuration that will be tested at CERN 

in the cryo-module. 

 

Figure 1: SPL =1 cavity in its helium tank. 
 

 

 

CAVITY 

The main design properties of the =1 cavities are 

summarised in Table 1, for a 50 Hz pulsed operation, 20 

mA current and 0.8 ms beam pulse length. 

Table 1: =1 Cavity, Main Design Properties and 

Operation. 

Property Units Value 

Cavity material - bulk niobium

Gradient MV/m 25 

Quality factor Q0 - 5 ·109
 

R/Q - 570 

Operating Temp. K 2 

Cryog. duty cycle % 8.22 

Dynamic heat load W 20.4 

MATERIAL 

Cavities will be manufactured using high purity niobium. 

CERN has placed an order to purchase   570 kg of pure 

niobium in the form of sheets and tubes. The whole of the 

material supply goes through an extensive series of tests:  

 Ultrasonic inspection, for continuity faults and for 

attenuation variations (attenuation specification  

< 20%); 

 Surface roughness, Rt (specification Rt  15 m). 

 Hardness, HV10 (specification < 60 HV10); 

 Microstructure, for grain size and uniformity; 

 Electrical residual resistivity ratio RRR, in bulk 

material (specification RRR > 300); 

 Tensile properties, longitudinal and transverse to 

rolling direction (specification tensile strengths > 140 

MPa, yield strengths between 50 MPa to 100 MPa, 

elongation at break > 40%). 

MANUFACTURING 

A copper cavity mock-up is under fabrication at CERN 

with the same geometry as the future niobium cavities. 

This mock-up, aiming to be used for real-scale HOM 

measurements, is also used to set all the manufacturing 

parameters and to identify any difficult steps. The 

processes of fabrication such as mechanical design, 

shaping, and welding of half-cells were done by CERN. 

To produce accurate shapes, spinning has been chosen as 

a shaping technique for the half-cells as well as the end 

groups (Fig. 2).  

Proceedings of IPAC2011, San Sebastián, Spain MOPC053

07 Accelerator Technology

T07 Superconducting RF 199 C
o

p
y

ri
g

h
t

c ©
2

0
1

1
b

y
IP

A
C

’1
1

/E
P

S
-A

G
—

cc
C

re
a

ti
v
e

C
o

m
m

o
n

s
A

tt
ri

b
u

ti
o

n
3

.0
(C

C
B

Y
3

.0
)



Figure 2: S

The inner 

machined by

Twenty-two 

the achieved 

2. 

 

Table 2: S

Average sh

Shape accu

Shape accu

Helium Ta

Two choices

stainless stee

of having the

order of 1.5 

while the t

approximatel

would induce

a titanium ta

However, st

and costs are

One of the 

was the tra

adjacent com

analysis is 

baseline for t

module at CE

Niobium to

Both titanium

designed and

An alloyed 

titanium. Th

stronger tha

having the s

grade is hea

applications 

corrosion re

mechanical p

ConFlat (CF

usually utiliz

Spinning of C

surface of t

y turning to im

half-cells we

shape accura

hape Accurac

ape accuracy 

racy min. dev

racy max. dev

nk 

 of material w

el and titanium

e same therma

mm*m-1 from

thermal cont

ly double. Th

e either the ne

ank or larger 

ainless steel 

e therefore red

driving eleme

ansitions from

mponents, in p

detailed in t

the =1 caviti

ERN is a stain

o Titanium T

m and stainles

d their feasibil

version of ti

he grade 5 tita

an the comm

same stiffnes

at treatable, al

and has an ex

esistance, wel

properties allo

F) flanges, ch

zed when titan

u half-cell and

the spun hal

mprove shape a

ere produced a

acies being sum

cy of Copper S

Final sha

±

viation ±

viation ±

were studied fo

m. Titanium 

al contraction 

m ambient tem

traction of 

he use of a s

eed for a large

thermal stres

is more easil

duced [3].  

ents for the m

m the helium

particular the m

the following

ies that will b

nless steel heli

Transitions 

ss steel helium

lity checked.  

itanium was 

anium Ti6Al4

mercially pur

s and therma

lready used in

xcellent combi

ldability and

ow its use for

heaper than 

nium helium ta

d end group.

lf-cells was 

accuracy. 

and checked, 

mmarized in T

Spun Half-Cel

ape accuracy 

± 150 m 

± 120 m 

± 250 m 

or the helium 

has the advan

as niobium (t

mperature to 

stainless stee

stainless steel 

er tuner range

sses to the ca

ly manufactu

mechanical de

m tank to all

main coupler.

g paragraphs. 

be tested in a c

ium tank. 

m tanks have 

preferred to 

4V is signific

re titanium w

al properties. 

n many cryog

ination of stre

d fabricability

r manufacturin

the NbTi fla

anks are chose

then 

with 

Table 

lls. 

tank: 

ntage 

to the 

2 K), 

el is 

tank 

e than 

avity. 

urable 

esign 

l the 

 This 

The 

cryo-

been 

pure 

cantly 

while 

This 

genic 

ength, 

y. Its 

ng of 

anges 

en.  

One

acce

betw

The 

high

(Ti6

outg

destr

mec

tests

struc

micr

mac

Figu

Ti6A

The 

was 

of 2

was 

of 2

niob

The 

311 

hard

Sam

the h

(Fig

Ener

anal

 possible s

elerating cavi

ween Nb and T

electron bea

h purity (RR

6Al4V). Anal

gassing heat tr

ructive testi

hanical tests 

s and micro-

ctural assessm

roscopy (SE

rostructure is 

ure 3: Macro

Al4V. 

average tensi

152.7 ± 2.7 M

24.8 ± 2.7%. 

158.8 ± 2.2 M

26.6 ± 0.1%. 

bium. 

hardness of t

HV0.05, whi

dness of both p

Figure 4: H

mples after HT

hardness valu

. 4). 

rgy Dispersiv

yses were per

Ti6A

solution for 

ity to the he

Ti6Al4V.  

am (EB) proc

RR 300) niob

lysis of the 

reatment (800

ing (dye p

before and af

-hardness pro

ment via opti

EM). The 

shown in Fig

ograph of E

ile strength be

MPa with an a

After HT, th

MPa with an a

All of the s

the weld meta

ich is an inter

parent metals.

Hardness prof

T did not show

ues compared 

e Spectroscop

rformed to ass

Al4V

the interfa

elium tank i

cess was used

bium to a ti

welding befo

0° C/2h) was 

penetrant an

fter heat treat

ofiles), macro

ical and scan

cross-section

. 3. 

EB weld of 

efore Heat Tr

average elong

he average ten

average elong

samples broke

al zone ranges

rmediate value

 

file across the

w substantial d

to the sampl

py (EDS) sem

sess the comp

Nb

aces of the

is a welding

d for welding

itanium alloy

ore and after

based on non

nd X-Rays),

tment (tensile

o and micro-

ning electron

n of weld

niobium to

reatment (HT)

ation at break

nsile strength

ation at break

e in the bulk

s from 201 to

e between the

 

 weld. 

differences in

es before HT

mi-quantitative

position of the

e 

g 

g 

y 

r 

n 

, 

e 

-

n 

d 

o 

) 

k 

h 

k 

k 

o 

e 

n 

T 

e 

e 

MOPC053 Proceedings of IPAC2011, San Sebastián, Spain

200C
o

p
y

ri
g

h
t

c ©
2

0
1

1
b

y
IP

A
C

’1
1

/E
P

S
-A

G
—

cc
C

re
a

ti
v
e

C
o

m
m

o
n

s
A

tt
ri

b
u

ti
o

n
3

.0
(C

C
B

Y
3

.0
)

07 Accelerator Technology

T07 Superconducting RF



weld bead. 

difference in

Results show

As a first 

titanium to p

used for our 

A qualificati

15614-11 is 

visual exam

crack detecti

test, transver

tensile test (a

Niobium to

Fusion weld

difficult to im

(intermetallic

mechanical p

differences i

coefficients, 

gradient and

welding. On

problems in

remain in th

technique h

successful ex

In addition to

brazing techn

CERN aim

possibilities 

on its adva

controllable 

the most freq

the field of d

Cu, 1 mm 

present work

EB welding. 

The first pa

interface be

passage acte

stainless stee

them. Micr

measurement

according to

weld is chara

5. Furthermo

solution of c

improves th

intermetallic

carefully che

There is 

n the samples a

wed no weld d

conclusion, 

pure niobium, 

application. 

ion of weldin

ongoing. Inc

mination, radio

on, metallogr

rse & longitu

at room tempe

o Stainless S

ding of niob

mplement bec

cs) in welds

properties of t

n thermal con

which woul

d thermal st

n the other ha

n fusion weld

he solid state

has been dev

xamples have 

o the well-ma

nique, a R&D

ming to exp

between niob

antages of h

heating posit

quently utiliz

dissimilar meta

thick) interla

k to join niobi

assage acted 

etween niobi

ed on the i

el with identic

rostructure o

ts are ongoi

o this configu

acterized by fu

ore, it could a

copper uniform

he plasticity 

s that might 

ecked.  

no remarka

after HT. 

defects or mec

this transitio

by EB weldin

ng procedures 

cluded in this

ographic exa

aphic characte

udinal bend te

erature as well

Steel Transi

bium and sta

cause it gener

. Moreover, 

the two base 

nductivity and

d lead to a 

tress in the 

and, brazing 

ding because

e during join

veloped at C

been reported

astered niobium

D programme h

plore electro

bium and stai

high-energy d

tion and radiu

ed fusion-wel

als joining. A 

ayer sheet wa

ium and 304 L

on the copp

um and cop

interface betw

cal beam para

observation 

ing. In the 

uration, the m

full penetration

also be seen th

mly distribute

of the jo

fragilise the w

able compos

chanical weak

n from Grad

ng, could safe

according to

s qualification

amination, su

erization, hard

ests and transv

l as at 77°K).

itions 

ainless steel 

rates brittle ph

the physical

metals presen

d linear expan

large temper

joint during

can eliminate

 the base m

ning. This bra

CERN and m

d [4] [5]. 

m to stainless 

has been start

on-beam we

inless steel. B

density, prec

us, EB weldin

lding techniqu

pure copper (

as adopted in

L stainless ste

per layer near

pper, the se

ween copper 

ameters for bo

and compos

preliminary 

macrograph o

n as shown in

hat there was 

ed in weld, w

oint. Absence

weld is still t

sition 

kness. 

de 5 

ely be 

o ISO 

n are: 

urface 

dness 

verse 

was 

hases 

 and 

nt big 

nsion 

rature 

g the 

e the 

metals 

azing 

many 

steel 

ted at 

lding 

Based 

cisely 

ng is 

ue in 

(OFE 

n the 

eel by 

r the 

econd 

and 

oth of 

sition 

tests, 

f the 

n Fig. 

solid 

which 

e of 

to be 

Fi

A st

plan

mod

conf

stud

mec

the c

end 

With

mec

num

prom

[1]

[2]

[3]

[4]

[5]

igure 5: Macro

tring of four S

nned to be inst

dule and will 

figuration, po

dies have alr

hanical aspec

construction o

of 2012.  

hin the framew

hanical soluti

mber of R&D 

mising results 

V. Parma 

Superconduct

module”, SRF

E. Montesin

Coupler desig

O. Capatin

Consideration

Chicago, (20

J. P. Bacher, 

niobium to s

superconduct

(1987). 

J. D. Fuerst

“Niobium t

Development

Superconduct

Germany, TU

ograph & hard

CONCLU

SPL supercond

talled by 2013

be tested at 

owered by h

eady been d

cts of the cav

of these four 

work of the S

ions have alr

studies are 

already havin

REFERE

et al., “Co

ting Proton 

F2011, Chicag

os, Conceptu

gn, sLHC Proj

na et al.,

ns for =

11). 

E. Chiaveri, a

stainless steel

ting cavities

t, W. F. Tot

o Stainless 

t”, 11th

tivity (SRF

UP11 (2003). 

dness profile o

USION 

ducting =1 R

3 in a so-calle

CERN in a 

high-power R

done with re

vities and heli

cavities is fo

PL R&D stud

eady been ex

still ongoing 

ng been obtain

ENCES 

onceptual de

Linac (SPL)

go (2011). 

ual SPL RF 

ject Report-00

, “Mechani

1 Cavities”

and B. Trincat

l for UHV ap

s”, CERN/E

ter, and K. 

Steel Braz

Workshop 

F 2003), 

of the weld. 

RF cavities are

ed Short cryo-

machine-type

RF. Extensive

espect to the

um tank, and

reseen by the

dy, innovative

xplored and a

with several

ned.  

sign of the

) short cryo-

Main Power

052 (2011). 

ical Design

, SRF2011,

t, “Brazing of

pplications in

EF/RF 87-7

W. Shepard,

e Transition

on RF

Travemunde,

e 

-

e 

e 

e 

d 

e 

e 

a 

l 

e       

-

r 

n 

, 

f 

n 

7 

, 

n 

F 

, 

Proceedings of IPAC2011, San Sebastián, Spain MOPC053

07 Accelerator Technology

T07 Superconducting RF 201 C
o

p
y

ri
g

h
t

c ©
2

0
1

1
b

y
IP

A
C

’1
1

/E
P

S
-A

G
—

cc
C

re
a

ti
v
e

C
o

m
m

o
n

s
A

tt
ri

b
u

ti
o

n
3

.0
(C

C
B

Y
3

.0
)


