STATUS OF THE BETA=0.65 CAVITY
FOR SPL LINAC
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OUTLINE

® Requirements

Since November 2009 (last SPL coll. meeting), studies in 2 phases

@ Nov ‘09 - March “10: first design

2D (Superfish™) and 3D (CST Microwave Studio™) calculations on:
Cell-to-cell coupling factor
Adjustments and shape sensitivity for field flatness
Positioning of the power coupler (external Q)

Mechanical design
Static load (2 bars @300K), Lorentz forces detuning

Helium tank design
@ April “10-nowadays (still on-going): new design

New parameters for vacuum load: 1.5 bars@300K
Proposal for another design: new end-groups (same as B= 1 CEA)

@ Conclusion & Planning




REQUIREMENTS

Table 4.11: SPL superconducting linac design parameters

Maximum peak surface electric field
Maximum peak surface magnetic field
Cavity quality factor at 2 K

|Acce]erating aradient (f = 0.65)

Accelerating gradient (8 = 1.0)

[R/O (B =0.65)

R/Q (B = 1.0)
Frequency
Number of cells

Conceptual design of the SPL II, CERN-2006-006

Starting point :

1999, EUROTRANS cavity B= 0.65

50 MV/m_ )
100 mT Epeak/Eacc < 2.6
> 1010 Bpeak/E 5.2 mT/(MV/
— <5.2m m
19 MV/m] | peak/tacc ( )
25 MV/m
200 Q | Cell-to-cell coupling
570 Q factor k = 1.5 %
704.4 MHz
5
Cavité f,=0,47 Cavité B,=0,65
[Bord Buc)ras (mT/ MV /m) 5,88 4 88
[Ext/ Eucclo 3,58 2,61 )
G |t 1527 1941
K %t 1,35 1
plat de champ (%) 1,3 13
fevrzznar (MHz) 704,42

J-Luc Biarrotte, PhD Thesis, 2000, Orsay
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NOV ‘09 - MARCH °10: FIRST DESIGN




2D STUDY (SUPERFISH)

Designed with Build cavity (Paolo Pierini, INFN Milano)
Poisson Superfish Interface for multi-cell cavity design.

™ Build Cavity

Cavity Geometrical Parameters
Frequency [MHz]
Iris Fladius [cm]
“wall angle [deq]
F=B./A equatarial elipse
1=b/a inz elipze

d [cm]

Radiug [em]: 18467

704.25294

Parameterisation :

The different parameters were iteratively
optimised & the frequency readjusted by

retuning the cell radius

Half Cell length, L [crn] ’Eisi -";i .................... '"JE"“
H. centers distance [cm] E.83917574
Cavity beta walue 0.645349637
Superfish Execution @ “ rl
, |
Fun Superfish | Tunel | Cavity Database tultiCel | ) 4

Frequency [MHz]=704.3933 | A

Epeak/Eacc=2.54 End Cell Tune End Group Tune ‘I

Hpeak/E acc [mT /(Y /m)]=4.92

[ BCS factor (& 2 k. =3.919E+10 =

/3 [Ohm]=30.05 BuildCavity

dF/dR at equator [MHz/mm]=-4.21 R

. o1 - End Cell Tuner

K [eoupling, Z]=1.42% Cavity Geomelrical Parameters e e

Frequency [MHz] 704.393594 Radius [cm] 18467
CiMfishsCavitiesCEBAF. rdb Tured Iris Radius [om] [ [0
‘wiall angle [dea] [ [7e2052m9
R=B#4 equatorial elipse .05
1=b/a iriz eflipse 1.65
dfem] 1.2
Half Cell length. L [cm] 6.3
H, centers distance [cm]
Cavity beta value [0c4masEa7
Tube Langth [om] 15
Tube Length @ Riris [cm] i
Superfish Execution Turing oplions
Run Superfish Tune! |  Hins wihsibha

Frequency [MHz]=704.3903 ~
0 BCS factor @ 2 K =3.84E+10 ...!f .......................
Epesk/Eace = 243 e -+

Hpeak/Eaco = 4.67 [mTAMY/m]]

C:MfishhCavitiesCEBAF. mdb E77 12/01/2010  14:05

€ R”
.




2D STUDY (SUPERFISH)

—>Design of the cells

—>Input for 3D calculations with RF coupler port
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Electromagnetic field data from the following problem name:

SuperFish File generated frem BuildCav 1.3.4

SCELOL.TBL  11-34-2008  8:46:44
T T

_ Left Cel Internal Cel Right Cel
R 184.67 184.67 184.67
L 69 69 69
Riris 40 48 60
A 41.62 47.10 53.02
B 39.53 44.75 55.67
a 15.15 14.26 13.17
b 25.0 23.53 21.73
L_tube 150 ! 170 before
shrinking

F. Bouly (IPNO)

Frequency = 704.407 MHz
Q0 (@ 2K ) = 3.9 1010

At 8, = 0.65
r/Q = 299

Epeak/Eacc = 2.5

Bpeak/Eacc = 4.9 m

mT/(MV/m)

7 (cm)

Field Flathess : 2.55%



3D CALCULATIONS (MWS)

M A= W el e
Dp 72
Lant 131
Lzohe a0
Le L
Lrn B3
Lp 150
Lz Lm
Lte 140
Lts 140
Lts2 a0
beta .E5
e 40
rm a3
s @ B0
[T I
2m 184.5
125 r2m
rant 21.7
p A0
rle 158.2
rlm 14.3
s 132
e @ 416
rdm 471

Description
Diztance port-cellule

| ongueur antenne

Longueur part
Demi cellule de sort
Longueur tube d'entrée
Longueur tube de sortie

Longueur tube 2

Demi cellule d'entrée
Demi cellule intermédiaire
Demi cellule de sortie

Demi cellule d'entrée
Demi cellule intermediaire
Jule de sortie

Rayon antenn

R ayon port coupleur

Demi cellule dentrée
Demi cellule intermédiaire
Demi cellule de sortie
Demi cellule d'entrée
Demi cellule intermédiaire

Demi cellule de sortie

Demi cellule d'entrée
Demi cellule intermédiaire
Demi cellule de sortie
Demi cellule d'entrée
Demi cellule intermédiaire

Demi cellule de sortie

Modified for Helium vessel
integration + Qext calculation

o+ .
-

Retuned for frequenﬁy
adjustment

ML
ot

Adjusted for field e

flatness r
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3D CALCULAVTIONS: FIELDS & QEXT

4 _8hed
4.12e6

Ao Freq = 704.3 MHz
Q.. = 1.09 10°

Q0 (@ 2K) = 2.8 1010
K=1.47 %

Type E-Field (peak) o

Honi tor Hode &
Plane at z ]

Haxinum-2d  4.84378e+006 U/m at 552 / -47.8868 / -9.24283e-011
Frequency  704.26

. External coupling adjusted with the
F. Bouly & D. Longuevergne (IPNO)  penetration length of the antenna

a7n 5.50E+06
7045
6153
e 5.00E+06 }
4408 /
3718
S 4.50E+06
2587 /
2137
1749 4.00E+06
1414
1125

875 3.50E+06

659
473
312 4o 300E406 = e o B i s B
171 1] t Lad
0 8- 2.50E406 X

2.00E+06 //{
1.50E+06 /

> 1.00E+06

Type Surface Current (peak)

Honitor Hode 6 b ./

Component  Abs = 5.00E+05 : | ! : _———

HMaximum-3d 7045.46 A/m at 578.27 / 158.488 / -6.03713
Frequency 704.26 30 35 .49 45 50 55 . 60 65
Lasdedigecny 701261 Antenna position as regard to the beam axis (mm)
External Q 972778

Phase 90 degrees




3D CALCULATIONS: RF PARAMETERS

Evolution of the peak fields ratios as function of the reduced velocity B

"~ _ |AtBg =0.65
. = | Bpk/Eacc = 5.1 mT/(MV/m)
é \ Bpeak/Eacc . ;-__f-: Epk/EaCC - 2.6
& \ £ r/Q=300
Epeak/Eacc @

" At Bopt = 0.69
s 0w 0e 0w 0w o om 07 on on on om Bpk/Eacc = 4.9 mT/(MV/m)
~ F Bouly (IPNO) Epk/Eacc = 2.5

r/Q= 325
BT ] R/Q maximum for Bopt.
/ """""""""""""""" - For 0.64 <B<0.73 —» 285 <r/Q < 325



MECHANICAL CALCULATIOINS

] Main pb: Von Mises stresses > 50 MPa for 2 bar @ 300K with
only 4 mm - end-cell thickness increased to 5mm

Contour Plot
Stress(vonMises, Max)

Analysis system 45MPa
4.821E+
[4.294E+U1

3.767E+1

——— 3 . . . —— — ’./ g
——3.240E+401 / .. , ¢
—2.713E+01
= 186E+01 48MPa
1.659E401 | - — — —
5mm

1.132E+01

Es.waoo f@

7.765E-01

fixed

N

4mm 5mm

May = 4,821E+01
Solid 159087

Soia e P. Duchesne (IPNO)

) Lorentz forces detuning with 1 stiffening ring between cells:
K. < -1 Hz/(MV/m)?

¥

( H-M Gassot (IPNO)

beam axis

Q=



HELIUM VESSEL INTEGRATION
: e

X- No tuning system

test ability
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Influence of the thermal contraction 300K>4K

Volume decrease : V  0.99857
— Cavity frequency shift: +1 MHz

Influence of the chemical etching

Assumption : 100pm removed uniformly from the cavity walls
— Cavity frequency shift: - 0.4 MHz




APRIL *10 -...: NEW DESIGN




NEW DESIGN: NEW OPTIONS

Starting point: discussions with CERN & CEA - get the same end-groups
than those designed for the B=1 ==» SAME INTERFACES

Main changes:

—>Bigger beam tubes apertures on both sides

—>New design of the 2 external half cells (field flatness)
—>New helium vessel (including the tuning system interface)
—>New position of the power coupler (Qext)

i

- New parameters for vacuum load: 1.5 bar @300K




MECHANICAL CALCULATIOINS

1 Von Mises stresses for 1.5 bar @ 300K < 50 MPa with 4mm
(3.5mm should be ok for the inner cells)

H-M Gassot (IPNO)
46 MPa

44444

Cavity walls = 4mm

 Lorentz forces detuning (still 1 ring) : K ~ -1.6 Hz/(MV/m)?




CAVITY INTEGRATION

] beta=0.65 cavity inside beta=1 helium vessel

S. Rousselot (IPNO)

Ay

R “ “ “ “ “ ! .I )

Still on-going...




RF DESIGN

2D and 3D studies

Left Cell [tuning system Inner Right Cell [coupler side]
side] Cell
184.6 184.6 184.6
69 69 69
Riris | 65 (40) 48 70  (60)
52.2 47.1 53.0
41.8 44.75 37.1
10.7 14.3 10.7
19.3 23.5 215
L_tub | 85 (before conical 150 (before conical
reduction) reduction)

F. Bouly (IPNO)

No changes

1.50E+06

1.30E+06

i 66
Qext

5.00E+05

3.00E+05

1.00E+05

Increased
Retuned
e 2 &= 8 &2

9.00E+05 —————fe.r_4mm_an_te_n_n a
romes —————penetration

40

45 50 55 60 65 70
Antenna position as regard to the beam axis (mm)




RF PARAMETERS...STILL OK

First Design
f (MHz)

Epk/Eacc

Bpk/Eacc (mT/MV/m)
K (%)

r/Q (Ohm)

G (Ohm)

Vacc @pg & 1 Joule
(MV)

Qo (@2K, Rres=2nQ)
Transit Time Factor

Second Design with new end-groups

f (MHZ)

Epk/Eacc

Bpk/Eacc (mT/MV/m)
K (%)

r/Q (Ohm)

G (Ohm)

Vacc @Bg & 1 Joule
(MV)

Qo (@2K, Rres=2nQ)
Transit Time Factor




CONCLUSIONS

] RF Design: best compromise to fulfil requirements, especially
adjusting k% & Epeak/Eacc.

] Mechanical calculations: OK

1 2 designs of cavity + tank

Planning

@ July-Aug’10: Technical drawings & call for tender preparation (cavity
+ Niobium)

@ Sept-Oct’10: Call for tender

® Nov’10: Choice of the manufacturer

@ Dec’10: Start of the fabrication

@ Sept’11: Cavity delivery (w/o tank)

® Oct’11: Field flatness

@ Nov’11: Cavity + tank delivery

@ Dec’11: Preparation (BCP + HPR) and test (Vertical cryostat)

Thank you for your attention




