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SPL
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Doublet vs. FoDo
The baseline SPL uses a quadrupole doublet focusing, it has 
the advantage of being more flexible for cryo-sectioning.
A FoDo interlacing is studied. Its advantage is that it needs 
weaker quadrupoles to achieve the same focusing.
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Spacings

5

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

a

b

c

d

e

f

g

h

i

k

l

m

n

o

p

q

 
CONTROLLED

DRAWN

RELEASED

APPROVED

REPLACES
SIZE IND.

NOT VALID FOR EXECUTION
NON VALABLE POUR EXECUTION QAC

CERN

SCALE

 0 
 

 

2009−09−09T. RENAGLIA

1:600

  
 

−

SPL CRYOMODULE INTEGRATIONS
ASSEMBLY

 
 

NO
RM
ES
 I
SO

IS
O 
ST
AN
DA
RD
S

PR
OJ
EC
TI
ON

DE
SS
IN
, 
RU
GO
SI
TE
, 
TO
LE
RA
NC
ES

SE
LO
N

DR
AW
IN
G,
 R
UG
OS
IT
Y,
 T
OL
ER
AN
CE
S

AC
CO
RD
IN
G 
TO

G
E
N
E
V
E

CE
RN

Ce 
des

sin
 ne

 pe
ut 

etr
e u

til
ise

 a 
des

 fi
ns 

com
mer

cia
les

 sa
ns 

aut
ori

sat
ion

 ec
rit

e
Thi

s d
raw

ing
 ma

y n
ot 

be 
use

d f
or 

com
mer

cia
l p

urp
ose

s w
ith

out
 wr

itt
en 

aut
hor

isa
tio

n

O
R
G
A
N
I
S
A
T
I
O
N
 
E
U
R
O
P
E
E
N
N
E
 
P
O
U
R

L
A
 
R
E
C
H
E
R
C
H
E
 
N
U
C
L
E
A
I
R
E

E
U
R
O
P
E
A
N
 
O
R
G
A
N
I
Z
A
T
I
O
N
 
F
O
R
 
N
U
C
L
E
A
R
 
R
E
S
E
A
R
C
H

3 7950R

96700

500890

10000Bending Zone 

Cryogenic Box

460000 93100

152082

229500

630 124120 154340 169450 229890 245000 48676091742

500

C

630 135150

142230 157890 173550 204870 220530 236190 518070

91742

10000Bending Zone 

D

CONTINUOUS SOLUTION
SCALE : 1:100
DETAIL C

11348
1002 992

11348 13760
1350 1350

2300 500

12310

12350 15110

1800
300

4680

7080

300

7080

300
1800

300
13260

15660

800 500

STANDALONE SOLUTION
SCALE : 1:100
DETAIL D

14160

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

a

b

c

d

e

f

g

h

i

k

l

m

n

o

p

q

 
CONTROLLED

DRAWN

RELEASED

APPROVED

REPLACES
SIZE IND.

NOT VALID FOR EXECUTION
NON VALABLE POUR EXECUTION QAC

CERN

SCALE

 0 
 

 

2009−09−09T. RENAGLIA

1:600

  
 

−

SPL CRYOMODULE INTEGRATIONS
ASSEMBLY

 
 

NO
RM

ES
 I

SO

IS
O 

ST
AN

DA
RD

S
PR

OJ
EC

TI
ON

DE
SS

IN
, 

RU
GO

SI
TE

, 
TO

LE
RA

NC
ES

SE
LO

N
DR

AW
IN

G,
 R

UG
OS

IT
Y,

 T
OL

ER
AN

CE
S

AC
CO

RD
IN

G 
TO

G
E
N
E
V
E

CE
RN

Ce 
des

sin
 ne

 pe
ut 

etr
e u

til
ise

 a 
des

 fi
ns 

com
mer

cia
les

 sa
ns 

aut
ori

sat
ion

 ec
rit

e
Thi

s d
raw

ing
 ma

y n
ot 

be 
use

d f
or 

com
mer

cia
l p

urp
ose

s w
ith

out
 wr

itt
en 

aut
hor

isa
tio

n

O
R
G
A
N
I
S
A
T
I
O
N
 
E
U
R
O
P
E
E
N
N
E
 
P
O
U
R

L
A
 
R
E
C
H
E
R
C
H
E
 
N
U
C
L
E
A
I
R
E

E
U
R
O
P
E
A
N
 
O
R
G
A
N
I
Z
A
T
I
O
N
 
F
O
R
 
N
U
C
L
E
A
R
 
R
E
S
E
A
R
C
H

3 7950R

96700

500890

10000Bending Zone 

Cryogenic Box

460000 93100

152082

229500

630 124120 154340 169450 229890 245000 48676091742

500

C

630 135150

142230 157890 173550 204870 220530 236190 518070

91742

10000Bending Zone 

D

CONTINUOUS SOLUTION
SCALE : 1:100
DETAIL C

11348
1002 992

11348 13760
1350 1350

2300 500

12310

12350 15110

1800
300

4680

7080

300

7080

300
1800

300
13260

15660

800 500

STANDALONE SOLUTION
SCALE : 1:100
DETAIL D

14160

Cryo        
to       
Quad

Quad     
to   
Quad

Quad        
to        
Cryo

Cryo        
to      
Cavity

Cavity           
to           
Cavity

Cavity           
to             
Cryo

250 600 250 800 580 / 494 645 / 490

From Thierry Renaglia



M. Eshraqi5th SPL Collaboration Meeting, 25 - 26 November 2010,  CERN Effect of Errors in the Mixed SPL Architecture

Envelopes
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Density, Halo & ε
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Errors and Correctors
Misalignment of magnetic center of quadrupole with respect 
to beam center:

0.1 mm

Gradient error in quadrupole field:

0.5%

Maximum Steering field (Integrated)

2.5 mT.m

Precision of beam center measurement in BPMs:

0.2 mm
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Effect of Quad Errors

Δ!x [%]= 10.98 ± 1.28

Δ!y [%]= 11.47 ± 1.13

Δ!x [%]= 9.3  Nominal

Δ!y [%]= 10.1 Nominal

Hx = 0.85 ± 0.04

Hy = 0.89 ± 0.05

No Losses
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Density with Error
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Effect of Sextupole
A sextupole component proportional to 0.1% of the steerers 
B field is added to the simulations to see the effect on the 
beam:

Reference radius: 97.5% of Aperture radius = 48.75 mm

G6 = 0.1% x Bsteerer / Rref
2 = 0.003

Effect of the sextupole:

Δ!x = 360%          Δ!y = 222%

Hx   = 18.5           Hy  = 10.5

   Losses: 1.938%
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Very Small Sextupole
For the case where we decrease the component to 0.01% of 
Steerer field (0.003 T/m2):

           Δ!x [%]= 9.52    

           Δ!y [%]= 11.1

                          Δ!x [%]= 9.3  Nominal   

                          Δ!y [%]= 10.1 Nominal

            Hx = 0.82

            Hy = 0.88

            No Losses
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Errors + Sextupole
The errors on the quadrupole values are the same, and the 
sextupole component (0.003) is added during this runs:

Δ!x [%]= 11.13 ± 1.30

Δ!y [%]= 12.08 ± 1.11

Δ!x [%]= 9.3  Nominal

Δ!y [%]= 10.1 Nominal

Hx = 0.86 ± 0.05

Hy = 0.90 ± 0.05 

No Losses
13
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Conclusion
The effect of 0.5% error on quadrupole gradient plus 0.1 mm 
in alignment error is 1% additional emittance increase in 
transverse planes.

A sextupole component due to steerers in the quadrupoles is 
acceptable if smaller than 0.003 T/m2, and the effect is 
comparable to quadrupole errors.

A sextupole component as big as 0.03 T/m2 causes 
unacceptable emittance growth, losses (>100 w/m), and 
generates halo. 
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Thank you
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