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Report of field quality in the collared coils  
of the m ain L H C  dipoles:  M arch-A pril 2 0 0 2  

 
E. Todesco, LHC-M M S -M A  

 
This report gives data relative to field quality measured in collared coils during the 
period M arch-A pril 2002,  comparison to b eam dynamics targets and present status of  
the production holding points.  U pdated graphs can b e found in the L H C  field quality 
ob servatory at http: / / lhc-div-mmspages. w eb . cern. ch/ lhc-div-mmspages/ M A / ob s. htm 

 

1. Measured magnets 
 
• 8  c o l l a r e d  c o i l s  h a v e  b e e n  m e a s u r e d  ( c o l l a r e d  c o i l  2 5  t o  3 2 )  

o 3  A l s t o m -J e u m o n t  ( H C M B B _ A 0 0 1 -0 1 0 0 0 0 1 3  t o  H C M B B _ A 0 0 1 -0 1 0 0 0 0 1 5 )  
o 3  A n s a l d o  ( H C M B B _ A 0 0 1 -0 2 0 0 0 0 0 6  t o  H C M B B _ A 0 0 2 -0 1 0 0 0 0 0 8 )  
o 2  N o e l l  ( H C M B B _ A 0 0 1 -0 3 0 0 0 0 0 8  t o  H C M B B _ A 0 0 1 -0 3 0 0 0 0 0 9 )  

 

Fig. 1: Number of magnetic measurements of collared coils versus time 
 

• B e a m  d y n a m i c s  t a r g e t s  f o r  s y s t e m a t i c s  a r e  w o r k e d  o u t  u s i n g  c o r r e l a t i o n s  w i t h  7  
c r y o m a g n e t s  t e s t e d  a t  1 .9  K . 

 

2 . A ssemb l y  data 
• S h i m s :  3  A l s t o m -J e u m o n t  a n d  1  A n s a l d o  c o i l s  h a v e  b e e n  c o l l a r e d  w i t h  n o m i n a l  s h i m s . 2  N o e l l  

a n d  1  A n s a l d o  c o i l s  h a v e  b e e n  c o l l a r e d  w i t h  n o n -n o m i n a l  s h i m s  u p  t o  0 .1  m m .  
• C r o s s  s e c t i o n :  t w o  c o i l s  o f  A l s t o m -J e u m o n t  w i t h  t h e  c r o s s -s e c t i o n  2  ( t h e  n e w  o n e ) . T h e  o t h e r  

c o i l s  h a v e  t h e  c r o s s -s e c t i o n  1  ( t h e  o l d  o n e ) . 
 

Tab le I :  S hims thick ness and coil cross-section type of measured collared coils 
 

S him ( mm)  
M agnet name I nner O uter X-section 

H C M B B _ A 001 1000013  0. 8 0 0. 20 2 
H C M B B _ A 001 1000014  0. 8 0 0. 20 2 
H C M B B _ A 001 1000015  0. 8 0 0. 20 1 
H C M B B _ A 001 2000006  0. 8 0 0. 20 1 
H C M B B _ A 001 2000007  0. 7 0 0. 20 1 
H C M B B _ A 001 2000007  0. 8 0 0. 20 1 
H C M B B _ A 001 3 000008  0. 9 0 0. 25  1 
H C M B B _ A 001 3 000009  0. 9 0 0. 15  1 
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3. Magnetic length and transfer function 
• Magnetic length of collared coils 25th to 32th is within 3 sigma of the allowed random p er 

arc ( see F ig.  2) . 
 

Fig. 2: Magnetic length of the measured collared coils 
 

• Main field in the central p art of N oell collared coils shows a sy stematic difference with 
resp ect to A lstom-J eu mont and A nsaldo magnets ( see F ig.  3) .  T his is du e to the non-nominal 
shims.  T his effect is redu ced when this contrib u tion is tak en ou t ( see F ig.  4 ) .  

 
Fig. 3 : A v erage main field in the straight p art of the measured collared coils 

 

 
Fig. 4 : A v erage main field in the straight p art of the measured collared coils. D ata reduced at nominal shims 
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• I n t e g r a t e d  t r a n s f e r  f u n c t i o n  i s  w i t h i n  3  s i g m a  o f  t h e  a l l o w e d  r a n d o m  p e r  a r c  ( s e e  F i g .  5 ) .  

 
Fig. 5: Integrated transfer function in the measured collared coils. Data reduced at nominal shims 

 
4. Estimated coil waviness 

• Co i l  w a v i n e s s  e s t i m a t e d  f r o m  t h e  v a r i a t i o n  o f  t h e  m u l t i p o l e  a l o n g  t h e  a x i s  i s  v e r y  l o w  f o r  
A n s a l d o  a n d  N o e l l  c o l l a r e d  c o i l s  ( b e t w e e n  1 5  a n d  2 5  m i c r o n s ) .  

• A l s t o m -J e u m o n t  c o l l a r e d  c o i l s  s t i l l  h a v e  a n o m a l o u s  c o i l  w a v i n e s s ,  s h o w i n g  l a r g e  s p i k e s  i n  t h e  
m u l t i p o l e  a l o n g  t h e  a x i s .  A l s t o m -J e u m o n t  1 3 ,  1 4  a n d  1 5  h a v e  a  c o i l  w a v i n e s s  o f  b e t w e e n  4 0  
a n d  5 0  m i c r o n s  i n  o n e  o f  t h e  t w o  a p e r t u r e s .  T h e  p r o b l e m  i s  u n d e r  i n v e s t i g a t i o n  a t  J e u m o n t .  
I n d e e d ,  w e  a r e  w e l l  b e l o w  t h e  n e g a t i v e  r e c o r d  f o r  c o i l  w a v i n e s s  o f  H CM B B _ A 0 0 1 -0 1 0 0 0 0 0 6  
o f  8 0  m i c r o n s  ( s e e  F i g .  6 ) .  

 
Fig. 6 : E stimated coil w av iness in the straight p art of the measured collared coils  

 
5 . S y stematics odd mu ltip oles 
5.1 b3 

• M a g n e t s  w i t h  c r o s s -s e c t i o n  1  f o l l o w  t h e  t r e n d  o f  p r e v i o u s  d a t a .  H i g h e r  v a l u e s  o f  N o e l l  
c o l l a r e d  c o i l s  a r e  d u e  t o  n o n -n o m i n a l  s h i m s  ( s e e  F i g .  7  a n d  8 ) .  

• D a t a  r e d u c e d  t o  n o m i n a l  s h i m s  s h o w  t h a t  t h e  u p w a r d  t r e n d  o f  7  u n i t s  f r o m  c o l l a r e d  c o i l  1  t o  
c o l l a r e d  c o i l  1 5  i s  n o w  o v e r .  

• N o  s y s t e m a t i c  d i f f e r e n c e  b e t w e e n  m a n u f a c t u r e r s  i s  o b s e r v e d .  
• T h e  n e w  c r o s s -s e c t i o n  i m p l e m e n t e d  i n  c o l l a r e d  c o i l s  1 4  a n d  1 5  h a s  d e c r e a s e d  t h e  s e x t u p o l e  

o f  a r o u n d  4  u n i t s ,  i n  a g r e e m e n t  w i t h  s i m u l a t i o n s .  D u e  t o  t h e  u p w a r d  t r e n d  o f  3  u n i t s  
e x p e r i e n c e d  f r o m  c o l l a r e d  c o i l  9  ( w h e r e  t h e  a m o u n t  o f  c o r r e c t i o n  h a s  b e e n  e v a l u a t e d )  t o  
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collared coil 15, t h e n ew  s y s t em at ic w ill b e in  t h e u p p er p art  of  t h e allow ed ran g e ( s ee F ig .  
8 ) .  

 

Fig. 7: Average normal sextupole in the straight part of the measured collared coils  

 
Fig. 8 : Average normal sextupole in the straight part of the measured collared coils. D ata reduced to nominal shims 

5 . 2  b 5 
• C ollared coils  w it h  cros s -s ect ion  1 f ollow  t h e t ren d of  p rev iou s  dat a:  av erag e in  A ls t om -

J eu m on t  is  arou n d 2  u n it s , w h ils t  in  N oell an d A n s aldo is  arou n d 1 u n it  ( s ee F ig .  9  an d 10 ) .  
•  T h e n ew  cros s -s ect ion  im p lem en t ed in  collared coils  14  an d 15 of  A ls t om -J eu m on t  h as  

decreas ed t h e decap ole of  arou n d 1. 5 u n it s , in  ag reem en t  w it h  s im u lat ion s .  D u e t o t h e 
u p w ard t ren d of  0 . 2  u n it s  ex p erien ced f rom  collared coil 9  ( w h ere t h e am ou n t  of  correct ion  
h as  b een  ev alu at ed)  t o collared coil 15, t h e b es t  es t im at e f or t h e n ew  s y s t em at ic is  in  t h e 
u p p er p art  of  t h e allow ed ran g e 

Fig. 9 : Average normal decapole in the straight part of the measured collared coils 
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Fig. 10: Average normal decapole in the straight part of the measured collared coils. D ata reduced to nominal shims 
 
5 . 2  b 7  

• Collared coils with cross-section  1  f ollow the tren d of  p rev iou s data:  av erag e in  A lstom -
J eu m on t an d A n saldo is arou n d 0 . 7 -0 . 8  u n its,  whilst in  A n saldo is arou n d 0 . 4  u n its ( see F ig s.  1 1  
an d 1 2 ) .  

•  T he n ew cross-section  im p lem en ted in  collared coils 1 4  an d 1 5  of  A lstom -J eu m on t has 
in creased the 1 4 th-p ole of  arou n d 0 . 3  u n its,  i. e.  0 . 1  u n its m ore than  ex p ected f rom  
sim u lation s.  T he b est estim ate f or the n ew sy stem atic is 0 . 1  u n its larg er than  the u p p er lim it.  

 
Fig. 11: Average normal 14 th-pole in the straight part of the measured collared coils 

 
Fig. 12 : Average normal 14 th-pole in the straight part of the measured collared coils. D ata reduced to nominal shims 
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6. Randoms  
• Random part of b3 i s  ou t of targ e t,  both  for th e  non-nomi nal  s h i m c ontri bu ti ons  and for th e  

u pw ard tre nd e x pe ri e nc e d from c ol l are d c oi l  1  to 1 5  ( s e e  F i g s .  1 3  and 1 4 ) .  
• Rondom part of b5 i s  ou t of targ e ts  for A l s tom du e  to th e  non-nomi nal  s h i m c ontri bu ti on.  
• I n g e ne ral  A l s tom mag ne ts  fe atu re  a mu c h  h i g h e r random part c ompare d to A ns al do and 

N oe l l .  T h i s  c ou l d be  re l ate d to th e  anomal ou s  c oi l  w av i ne s s .  
• T h e  S tandard de v i ati on of th e  di s tri bu ti on of al l  mag ne ts  ( mark e r g l obal  i n th e  fi g u re s )  i s  

c l os e  or w i th i n th e  targ e ts  of th e  random pe r arc ,  w i th  th e  e x c e pti on of th e  b3.  
 

 
Fig. 13: Random component in the measured collared coils 

 
 

Fig. 14 : Random component in the measured collared coils. D ata reduced to nominal shims 
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8. Holding point results 
 

Table II: results of the holding point for the m easured c ollared c oils 
 

  M agnet nam e 
C ollared c oil 

m easure 
D ata at 
C E R N  

A nswer to 
M M S -M D  

A nswer To 
m anufac t.  R esult C om m ents 

2 5 th H C M B B _ A 0 0 1  3 0 0 0 0 0 8  0 4 / 0 3 / 0 2  0 4 / 0 3 / 0 2  0 5 / 0 3 / 0 2  0 6 / 0 3 / 0 2  O k   

2 6 th H C M B B _ A 0 0 1  2 0 0 0 0 0 8  0 6 / 0 3 / 0 2  0 6 / 0 3 / 0 2  0 6 / 0 3 / 0 2  0 6 / 0 3 / 0 2  O k  

a spik e in b2 ,  aperture 2 ,  position 5 .  
S om e anom alous v ariations along 
the ax is.   

2 7 th H C M B B _ A 0 0 1  2 0 0 0 0 0 7  0 7 / 0 3 / 0 2  0 7 / 0 3 / 0 2  1 5 / 0 3 / 0 2  1 9 / 0 3 / 0 2  O k  
som e v ariations along the ax is in 
high order m ultipoles 

2 8 th H C M B B _ A 0 0 1  3 0 0 0 0 0 9  1 2 / 0 3 / 0 2  1 2 / 0 3 / 0 2  1 5 / 0 3 / 0 2  1 8 / 0 3 / 0 2  O k -W 

a tilt of 3  m rad in the m ain field 
angle is observ ed in positions 1 1  and 
1 2 ,  both apertures - probably  due to 
c ollared c oil support 

2 9 th H C M B B _ A 0 0 1  1 0 0 0 0 1 3  1 2 / 0 3 / 0 2  1 2 / 0 3 / 0 2  1 5 / 0 3 / 0 2  1 9 / 0 3 / 0 2  O k  

 S till som e anom alous v ariations 
along the ax is in aperture 2  - F irst 
m agnet with the new X -sec tion - b7  
a bit m ore than ex pec ted  

3 0 th H C M B B _ A 0 0 1  2 0 0 0 0 0 6  1 1 / 0 4 / 0 2  1 1 / 0 4 / 0 2  1 1 / 0 4 / 0 2  1 5 / 0 4 / 0 2  O k   

3 1 s t H C M B B _ A 0 0 1  1 0 0 0 0 1 4  1 0 / 0 4 / 0 2  1 1 / 0 4 / 0 2  1 1 / 0 4 / 0 2  1 5 / 0 4 / 0 2  O k -w 
S ec ond m agnet with new X -sec tion - 
c oil wav iness still abov e norm al 

3 2 n d  H C M B B _ A 0 0 1  1 0 0 0 0 1 5  2 4 / 0 4 / 0 2  2 4 / 0 4 / 0 2  2 5 / 0 4 / 0 2   2 6 / 0 4 / 0 2  O k -w 
A nom alous v ariations along the ax is 
in aperture 2  

 
 
9 . A c k now ledgem ents 
 
M a g n e t i c  m e a s u r e m e n t s  h a v e  b e e n  t a k e n  t h r o u g h  p e r s o n n e l  a n d  i n s t r u m e n t a t i o n  o f  t h e  L H C -
M M S -I F  s e c t i o n ;  i n  p a r t i c u l a r ,  J .  B i l l a n ,  V .  R e m o n d i n o  a n d  J .  C i d ,  X .  R e y n e s ,  P .  G a l b r a i t h ,  A .  M u s s o ,  G .  
M o l i n a r i .  M e a s u r e m e n t s  a t  N o e l l  c a r r i e d  o u t  b y  R .  M o r e s i  a n d  M .  Z e h n e r .  W e  w i s h  t o  a c k n o w l e d g e  
W .  S c a n d a l e ,  L .  R o s s i ,  S .  P a u l e t t a ,  A .  D e v r e d ,  S .  S a n f i l i p p o ,  L .  B o t t u r a  f o r  c o m m e n t s  a n d  d i s c u s s i o n s .   


