
Simona Bettoni,Filippo Bosi,Pasquale Fabbricatore, 
Stefania Farinon, Riccardo Musenich, E.P.

!"!#$#%#&#%'(#)

*"*#$#%#&#%'(#)

+#$#(&#%#)

,#$#-&#%#)

%

%

.

.

-

-

/

/

(

(

0

0

1

1

2

2

3

3

%4

%4

%%

%%

%.

%.

! !

* *

+ +

, ,

5 5

6 6

7 7

8 8

9:;<;<=>;#?,4"#<@A;#BC<B:D;

E@>B:*
FC<=<@<;#GHI=;DHJB#K=#6=C=LH
G@LJBH:B#"#EBI=;DB#K=#9=CH

6M*;C= 5M9H;J;D= .4N%%N.4%4

#

9:;OB<<H<;#KH +;D<:;JJH<;#KH !>>:;PH<;#KH ,H<H

%#N#%#
5K=I=;DB 6;OJ=;

,H<H

! !

* *

+

,

/3'-0(4%'(4%/3'%/

(4!
" 4'
4444'4
.(

Q

(2
"4
'4
-4

4'
44
4

Q

(4
8
1
$ (
4'
44
4

(4
'4
.(
)

(4%'(44-1'.4 %0%'-4"!#4'4(4

# 4'4-4

(2
!
R1 $(1'314

(2'444)

2'(4

%'04 81 $%'044%'0%4)
%'
2
"4
'4
44

4'
4-
4

Q

S#
4'2

%04'(4
GM(3#>HCC=#T#2'(#UU#V#(4%'(4
#-2'44

144'44

%'04

2'(4

WH<B:=HJB#&#XBOH#!JJ@U=D=;#040-
?@HD<=<Y#&#GZ%#>BII;

J@L=KH:B
%

J@L=KH:B
4'2

/'4
4

//'-.%//'42

QD0: status, 
prospects, 
findings.
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Plot of the presentation

n Rationale of the prototype parameters

n Status of the project

n Next steps

n Findings on the fringe field of the helicoidal quads 
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Prototype rationale
n Main questions that the prototype intend to address:

n Will the CMS strand be adequate for our purposes 
or do we have to explore other options? 

n Will a “reasonable” mechanical machining & assembly 
procedure provides sufficient precision to generate 
the extremely high quality field required by SuperP?

n A compensated twin quad is way to complicate to answer 
these basics questions, hence the prototype will be a 
double helix™ like single quadrupole. 

™ by AML
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Some parameters
n CMS strand donated by Luvata (200m):

 NbTi, ϕ = 1.28 mm, bare

n Strand electrical insulation: polyester insulating 
braid wound around the wire (thickness 0.125 
mm) (contractor found by Pasquale Fabbricatore)

n Cold mass dimensions
inner bore radius 25 mm, thickness 8mm, 
length 700mm

n Gradient (center point) : 59.2 T/m @ 3000 A

n Maximum field on conductor ~  2.6 T 
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Main concepts

4 axis CNS milling machine

z
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Mechanical drawings
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Pasquale Fabbricatore was able to 
involve the ASG on a this smal project 
and to obtain a substantial cut on costs 
“in consideration of the project general 
interest and of the long collaboration 
among INFN & ASG” 
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Orders placed for

n Wire insulation (1 k€)

n Support mandrels machining ( ~ 8 k€ )

n Magnet assembly (~19 k€ )

n Things are shaping up!  
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Integrated multipoles
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Does it really work?

1 2 3 4 5 6

�0.0005

0.0005

0.0010
n Bn
0 �3.86993 �10�11

1 0.999999

2 �3.24632 �10�11

3 �7.13231 �10�11

4 �2.30986 �10�11

5 �2.52488 �10�11

6 �9.58939 �10�13

7 1.27215 �10�10

8 1.85134 �10�11

9 5.02913 �10�11

10 3.06451 �10�11

Field error at the center of the magnet 

Integrated
multipoles
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Tilt angle :’(

n Very preliminary. Assuming a single double helix quadrupole. 
Full X-ing angle 60mRad, QD0 length 300 mm.
Reference radius 10 mm

n Relative strength of the integrated dipole due to finite crossing 
angle: ~0.3%

n Relative strength of the integrated sextupole due to finite 
crossing angle: ~0.7%

n Relative strength of the integrated octupole due to finite 
crossing angle: ~0.1% 
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Conclusions

n Prototype construction well on tracks 
thanks to the help of many many people

n Fringe field effects are not a problem on 
axis…. 

n Finite crossing angle effects need more 
work 
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