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Report on field quality in the main LHC dipole  
c ollared c oils :  S eptemb er-O c tob er 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 S eptemb er 1 – O ctob er 3 1  2 0 0 2 ,  comparison to b eam dynamics targets and 
status of the holding points. U pdated graphs can b e found in the L H C -M M S  field quality 
ob servatory http: / / lhc-div-mms.w eb .cern.ch/ lhc-div-mms/ M M S P A G E S / M A / O b s.html. 
 

 

What’s new 
 
• A v a i l a b l e  m e a s u r e m e n t s :  5 6  c o l l a r e d  c o i l s ,  2 4  c o l d  m a s s e s ,  1 4  c r y o d i p o l e s .  
• I n  t h e s e  t w o  m o n t h s ,  1 1  c o l l a r e d  c o i l s  h a v e  b e e n  r e c e i v e d .  N o  c o l l a r e d  c o i l s  f r o m  N o e l l .  T h e  

h i g h e s t  r a t e  o f  p r o d u c t i o n  b e l o n g s  t o  A l s t o m :  3 . 5  c o l l a r e d  c o i l s / m o n t h ,  i . e .  a  f a c t o r  t h r e e  
l e s s  o f  t h e  f o r e s e e n  m a x i m a l  p r o d u c t i o n  r a t e .   

• A l l  t h e  m a n u f a c t u r e r s  a r e  n o w  p r o d u c i n g  c o l l a r e d  c o i l s  w i t h  t h e  n e w  c r o s s -s e c t i o n .  T h e  t o t a l  
n u m b e r  o f  c o l l a r e d  c o i l s  w i t h  t h e  o l d  c r o s s -s e c t i o n  i s  3 4  ( A l s t o m  1 -1 2  a n d  1 5 ,  A n s a l d o  1  t o  1 1 ,  
N o e l l  1 -9  a n d  1 1 ).   

• W e  i n c l u d e  f o r  t h e  f i r s t  t i m e  g r a p h s  f o r  s y s t e m a t i c  a 5 .  C o n t r o l  l i m i t s  o n  t h i s  m u l t i p o l e  a r e  
b a s e d  o n  t h e  L H C  P r o j e c t  R e p o r t  5 0 1  a n d  o n  c o m m u n i c a t i o n s  o f  S .  F a r t o u k h  t o  t h e  M a g n e t  
E v a l u a t i o n  B o a r d .  T h e  s y s t e m a t i c  i s  w i t h i n  s p e c i f i c a t i o n s .  

• C o n t r o l  l i m i t s  o n  c o l l a r e d  c o i l  d a t a  a r e  s e t  t h r o u g h  c o r r e l a t i o n s  w i t h  m e a s u r e m e n t s  a t  1 . 9  K  
o f  1 4  c r y o m a g n e t s  m a d e  b y  L H C -M T A .  F o u r  m o r e  m a g n e t s  h a v e  b e e n  a d d e d  w i t h  r e s p e c t  
t o  t h e  p r e v i o u s  r e p o r t  o f  S e p t e m b e r  1 ,  2 0 0 2 .  

 

1 .  M easu r ed  m ag nets and  assem b l y  d ata 
 
• 1 1  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 s  4 6 th t o  5 6 th) 

o 7  A l s t o m  ( 1 0 2 2  t o  1 0 2 8 ) 
o 4  A n s a l d o  ( 2 0 1 1  a n d  2 0 1 6  t o  2 0 1 8 )  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

F i g .  1 :  N u m b e r  o f  m e a s u r e d  c o l l a r e d  c o i l s  v e r s u s  t i m e  
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• Cross section: 2011 has X-section 1 ( the ol d  one) ;  al l  the others hav e X-section 2.  
• S him s ( see tab l e I  and  F ig .  2 f or a su m m ary  ov er al l  the col l ared  coil s p rod u ced  so f ar) :  

o A z im u thal  siz es of  A nsal d o coil s are stil l  l arg er than nom inal ,  and  theref ore thinner 
shim s hav e b een u sed  ( see T ab l e I ) .  2016  has 0. 1 m m  l ess on b oth l ay ers,  w hil st 2017  
and  2018  has 0. 1 m m  l ess on the inner l ay er onl y  

o T he rem aining  col l ared  coil s hav e nom inal  shim s.  
 

 
T a b l e  I :  S h i m s  t h i c k n e s s  a n d  c o i l  c r o s s -s e c t i o n  t y p e  o f  m e a s u r e d  c o l l a r e d  c o i l s .   

N o m i n a l  s h i m s :  0 . 2 m m  i n n e r  l a y e r ,  0 . 8  m m  o u t e r  l a y e r  
 

S h i m  ( m m )  M a g n e t  
N u m b e r  M a g n e t  n a m e  I n n e r  O u t e r  

X-
s e c t i o n  

4 6 th 10 26  0 . 20  0 . 8 0  2 
4 7 th 10 22 0 . 20  0 . 8 0  2 
4 8 th 20 16  0 . 10  0 . 8 0  2 
4 9 th 10 23 0 . 20  0 . 8 0  2 
50 th 10 24  0 . 20  0 . 8 0  2 
51 s t 10 25 0 . 20  0 . 8 0  2 
52 n d  20 17  0 . 10  0 . 8 0  2 
53 r d  20 18  0 . 10  0 . 8 0  2 
54 th 10 27  0 . 20  0 . 8 0  2 
55th 10 28  0 . 20  0 . 8 0  2 
56 th 20 11 0 . 20  0 . 8 0  1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Thickness of the polar shims used in the collared coils 
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2. Magnetic length and transfer function 
 

• Magnetic lengths of collared coils 46th to 5 6th are w ithin targets ( see F ig.  3 ) . N o difference 
b etw een old and new  cross-section is ob serv ab le,  as ex p ected.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Magnetic length of the measured collared coils 
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• Main field in the central part of 2 0 1 6 , 2 0 1 7  and 2 0 1 8  ( collared coils  4 8 th 5 2 n d  and 5 3 r d  in F ig .  4 )  
is  low er than the av erag e.  T his  is  partly  du e to the non-nom inal s him s ,  as  it happened in 
prev iou s  A ns aldo ( s ee als o report of May -J u ne 2 0 0 2 ) .  W hen this  effect is  corrected,  thes e 
collared coil data fall in the low er part of the 3  s ig m a rang e ( s ee F ig .  5 ) .  A  correctiv e action 
w ill b e tak en:  ferrom ag netic lam inations  w ill b e added to increas e the m ag netic leng th.   

• D ifference b etw een av erag e m ain field in old and new  cros s -s ection is  s m all ( les s  than 5  
u nits ) ,  as  ex pected from  s im u lations  ( s ee F ig .  5 ) .  

• N oell coils  hav e a m ain field of ab ou t 1 5  u nits  hig her than A ls tom  or A ns aldo ( s ee F ig .  5 ) .  T his  
s y s tem atic difference is  half of the allow ed rang e at three s ig m a ( 3 0  u nits ) .  

• A ll produ ced collared coils  fit w ithin the 3  s ig m a lim it w hen data are redu ced to nom inal 
s him s  ( s ee F ig .  5 ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Average main field in the straight part of the measured collared coils 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 : Average main field in the straight part of the measured collared coils. D ata reduced to nominal shims 
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• Integrated transfer function of magnets 46th to 5 6th is w ith in th e 3  sigma b udget of th e 
al l ow ed random p er arc ( see F ig.  6) .   

• W h en data are reduced at nominal  sh ims ( see F ig.  7 ) ,  one finds some sy stematic difference 
( around 2 0  units)  b etw een N oel l  and A nsal do-A l stom.  T h is is w el l  w ith in th e total  w idth  of th e 
b and al l ow ed b y  b eam dy namics ( at th ree sigma)  in th e h y p oth esis of a comp l ete mix ing 
of th e manufacturers.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 :  I n t e gr a t e d  t r a n s f e r  f u n c t io n  in  t h e  m e a s u r e d  c o l l a r e d  c o il s . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 :  I n t e gr a t e d  t r a n s f e r  f u n c t io n  in  t h e  m e a s u r e d  c o l l a r e d  c o il s . D a t a  r e d u c e d  a t  n o m i n a l  s h i m s . 
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3 .  E s t i m a t e d  c o i l  w a v i n e s s  
 

• Coil waviness estimated from the variation of the mu ltip ole along  the ax is is g etting  b etter at 
A lstom ( see F ig .  8 ) .  Correc tive ac tions on the c u ring  mou ld seem to b e effec tive.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 8: Estimated coil waviness in the straight part of the measured collared coils. 
 
 
4 .  S u m m a r y  o f  s y s t e m a t i c s  
 

• B est estimates of sk ew and even normal sy stematic s are g iven in F ig .  9 ,  with an error at 9 5 %  
c onfidenc e limit ( two sig ma) .  A ll the mu ltip oles are within sp ec ific ations.  D etails are g iven in 
S ec tions 5  and 6 .  

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 : B est estimate for sy stematic sk ew multipoles and even normal multipoles ( mark ers)  versus b eam dy namics limits ( red line) . A n error of 
two sigma ( 9 5 %  confidence limit)  is associated to the b est estimates of sy stematics. 
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• Best estimates for systematic odd multipoles are sh ow n  in  F ig . 1 0 . I n  th e left part,  raw  data 
are plotted. T h is g iv es th e actual situation  for th e man ufactured collared coils:  b 3 an d b 5 are 
larg er th an  th e upper specification s of 3  an d 0 .8 5  un its respectiv ely. 

• I n  th e left part of F ig . 1 0 ,  data are reduced to n omin al sh ims an d separated accordin g  th e 
tw o cross-section s ( 3 4  collared coils h av e cross-section  1 ,  2 2  h av e cross-section  2 ) . T h e 
ch an g e of cross-section  un der-corrected b 3 an d b 5 ,  an d ov ercorrected b 7. D etails are 
g iv en  in  S ection  7 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  1 0 :  B e s t  e s t i m a t e  f o r  s y s t e m a t i c  o d d  n o r m a l  m u l t i p o l e s  ( m a r k e r s )  v e r s u s  b e a m  d y n a m i c s  l i m i t s  ( r e d  l i n e ) .  A n  e r r o r  o f  t w o  s i g m a  ( 9 5%  
c o n f i d e n c e  l i m i t )  i s  a s s o c i a t e d  t o  t h e  b e s t  e s t i m a t e s  o f  s y s t e m a t i c s .  R a w  d a t a  ( l e f t )  a n d  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  a n d  s e p a r a t e d  
a c c o r d i n g  t o  d i f f e r e n t  c r o s s -s e c t i o n s  ( r i g h t ) .  
 
 
5 .  S y s t e m a t i c  s k e w  m u l t i p o l e s  
 

• S ystematic sk ew  multipoles a 2  a3 an d a4 are w ith in  b eam dyn amics limits ( see F ig s. 1 1 -1 3 ) . 
W e h av e a larg e marg in  for th e a3 ,  w h ilst b eam dyn amics limits are tig h ter for a 2  an d a4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  1 1 :  A v e r a g e  a 2 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  i n  e a c h  a p e r t u r e  ( s o l i d  l i n e s ) ,  a n d  b e a m  
d y n a m i c s  l i m i t s  f o r  t h e  s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4 c r y o d i p o l e s .  
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Fig. 12: Average a3 in  t h e s t raigh t  p art  o f  t h e c o l l ared  c o il s  ( d o t s ) ,  b es t  es t im at e f o r s y s t em at ic  in  eac h  ap ert u re ( s o l id  l in es ) ,  an d  b eam  
d y n am ic s  l im it s  f o r t h e s y s t em at ic  ( red  l in e)  b as ed  o n  c o rrel at io n s  w it h  14  c ry o d ip o l es . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13 : Average a4 in  t h e s t raigh t  p art  o f  t h e c o l l ared  c o il s  ( d o t s ) ,  b es t  es t im at e f o r s y s t em at ic  in  eac h  ap ert u re ( s o l id  l in es ) ,  an d  b eam  
d y n am ic s  l im it s  f o r t h e s y s t em at ic  ( red  l in e)  b as ed  o n  c o rrel at io n s  w it h  14  c ry o d ip o l es . 
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6. Systematic even multipoles 
 
For each multipole subject to beam dynamics specifications, we present two separated plots for 
the systematic per aperture, and a plot of the systematic per beam, i. e.  the av erag e of both 
apertures ( that should be z ero due to two-in-one symmetry) .  
 
6 . 1  N o r m a l  q u a d r u p o l e  
 

• T he systematic per aperture is within specifications in both apertures ( see Fig s.  1 4  and 1 5 ) .  
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 14: Average b2 in  t h e s t raigh t  p art  o f  t h e ap ert u re 1 c o l l ared  c o il s  ( d o t s ) ,  bes t  es t im at e f o r s y s t em at ic  p er ap ert u re ( bl ac k  l in e) ,  an d  beam  
d y n am ic s  l im it s  f o r t h e s y s t em at ic  ( red  l in e)  bas ed  o n  c o rrel at io n s  w it h  14 c ry o d ip o l es . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15 : Average b2 in  t h e s t raigh t  p art  o f  t h e ap ert u re 2  c o l l ared  c o il s  ( d o t s ) ,  bes t  es t im at e f o r s y s t em at ic  p er ap ert u re ( bl ac k  l in e)  an d  beam  
d y n am ic s  l im it s  f o r t h e s y s t em at ic  ( red  l in e)  bas ed  o n  c o rrel at io n s  w it h  14 c ry o d ip o l es . 
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• The systematic per beam normal quadrupole is within specifications (see Fig. 16). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16: A v e r a ge  b 2 in  t h e  s t r a igh t  p a r t  o f  c o l l a r e d  c o il s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t ic  p e r  b e a m  ( b l a c k  l in e )  a n d  b e a m  d y n a m ic s  l im it s  f o r  
t h e  s y s t e m a t ic  ( r e d  l in e )  b a s e d  o n  c o r r e l a t io n s  w it h  14  c r y o d ip o l e s . 
 
 
6 . 2  N o r m a l  o c t u p o l e  
 

• The systematic per aperture is within specifications in both apertures (see Figs. 17  and 18 ). 
• The systematic per beam is also within specifications (see Fig. 19 ). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17 : A v e r a ge  b 4 in  t h e  s t r a igh t  p a r t  o f  t h e  a p e r t u r e  1 c o l l a r e d  c o il s  ( d o t s ) ,  b e s t  e s t im a t e  f o r  s y s t e m a t ic  p e r  a p e r t u r e  ( b l a c k  l in e ) ,  a n d  b e a m  
d y n a m ic s  l im it s  f o r  t h e  s y s t e m a t ic  ( r e d  l in e )  b a s e d  o n  c o r r e l a t io n s  w it h  14  c r y o d ip o l e s . 
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Fig. 18: Average b4 in  t h e s t raigh t  p art  o f  t h e ap ert u re 2  c o l l ared  c o il s  ( d o t s ) ,  bes t  es t im at e f o r s y s t em at ic  p er ap ert u re ( bl ac k  l in e)  an d  beam  
d y n am ic s  l im it s  f o r t h e s y s t em at ic  ( red  l in e)  bas ed  o n  c o rrel at io n s  w it h  14  c ry o d ip o l es . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 19 : Average b4 in  t h e s t raigh t  p art  o f  c o l l ared  c o il s  ( d o t s ) ,  bes t  es t im at e f o r s y s t em at ic  p er beam  ( bl ac k  l in e)  an d  beam  d y n am ic s  l im it s  f o r 
t h e s y s t em at ic  ( red  l in e)  bas ed  o n  c o rrel at io n s  w it h  14  c ry o d ip o l es . 
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7. Systematic odd multipoles 
 
7 . 1  N o r m a l  s e x t u p o l e  
 

 
• T h e  c r o s s  s e c t i o n  c o r r e c t i o n  s h i f t e d  d o w n  t h e  n o r m a l  s e x t u p o l e  f r o m  a r o u n d  2 . 2  u n i t s  

(e x c l u d i n g  t h e  d a t a  f r o m  c o l l a r e d  c o i l  1  t o  1 5  t h a t  e x p e r i e n c e d  a n  u p w a r d  t r e n d )  t o  –1 . 3  
u n i t s ,  i . e .  –3 . 5  u n i t s  (s e e  f i g .  2 1 ) .  T h i s  h a s  t o  b e  c o m p a r e d  t o  w h a t  e x p e c t e d  f r o m  s i m u l a t i o n s  
(-3 . 9  u n i t s ) .  T h e r e f o r e ,  t h e  c o r r e c t i o n  w o r k e d  a t  9 0 % .  

• Du e  t o  t h e  p o s i t i v e  t r e n d ,  o u r  e s t i m a t e  f o r  s y s t e m a t i c  i n  X -s e c t i o n  2  i s  0 . 9  u n i t s  o u t  o f  t h e  l i m i t  
(s e e  f i g .  2 1 ) .  T h e  a s s o c i a t e d  e r r o r  i s  0 . 6  u n i t s  (9 5 %  c o n f i d e n c e  l e v e l ,  s e e  F i g .  1 0 ) .  

• A l s t o m  2 7  a n d  2 8  (c o l l a r e d  c o i l  5 4 th a n d  5 5 th i n  F i g .  2 1 )  f e a t u r e  a  h i g h e r  b 3 w i t h  r e s p e c t  t o  
p r e v i o u s  c a s e s .  

• C r y o d i p o l e s  w i t h  t h e  n e w  X -s e c t i o n  s h o u l d  f e a t u r e  3 . 7  u n i t s  o f  b 3 a t  h i g h  f i e l d ;  t h i s  i s  o u t s i d e  
t h e  s p e c i f i c a t i o n  b u t  w i t h i n  t h e  h a r d  l i m i t  o f  4 . 2  u n i t s  g i v e n  b y  c h r o m a t i c i t y  c o r r e c t o r s .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  2 0 :  A v e r a g e  b 3 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  ( s o l i d  l i n e s ) ,  a n d  b e a m  d y n a m i c s  l i m i t s  f o r  t h e  
s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4  c r y o d i p o l e s .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  2 1 :  A v e r a g e  b 3 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  ( s o l i d  l i n e s ) ,  a n d  b e a m  d y n a m i c s  l i m i t s  f o r  t h e  
s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4  c r y o d i p o l e s .  D a t a  r e d u c e d  a t  n o m i n a l  s h i m s  a n d  s e p a r a t e d  a c c o r d i n g  t o  X -s e c t i o n  t y p e .  
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7.2 Norm a l  d e c a p ol e  
 

• Alstom 21 to 28 (collared coils 43rd ,  46 t h ,  47 t h ,  49 t h ,  5 0 t h ,  5 1 s t ,  5 4 t h  an d 5 5 t h  in  F ig s.  22 an d 23)  
f eatu re a h ig h er b5 w ith  resp ect to p rev iou s Alstom w ith  th e n ew  X -section  (0 . 9  u n its in stead 
of  0 . 4 u n its) .  An  in terv en tion  carried ou t in  th e p oly merisation  p ress (1 )  cou ld be th e cau se of  
th is j u mp .  T h e sh if t g oes in  th e w ron g  direction  w ith  resp ect to beam dy n amics limits.  

• B est estimate f or sy stematic b5 in  n ew  X -section  is 0 . 32 u n its larg er th an  th e u p p er allow ed 
limit.  An saldo collared coils are w ith in  limits,  bu t both  Alstom an d N oell are ou t.  T h ese 
p relimin ary  data sh ow  th at th e n ew  cross-section  f eatu res a larg e dif f eren ce in  sy stematic 
b5 betw een  f irms,  as th e p rev iou s on e.  

• An saldo 11 (collared coil 5 6 t h ) ,  i. e.  th e last collared coil w ith  old cross-section ,  h as a v ery  
h ig h  b5 (1. 7  u n its)  comp ared to p rev iou s on es (arou n d 1 u n it) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  2 2 :  A v e r a g e  b 5 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  ( b l u e  l i n e ) ,  a n d  b e a m  d y n a m i c s  l i m i t s  f o r  t h e  
s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4  c r y o d i p o l e s .  
 
 

 
 
 

 
 
 
 
 

 
 
 
 
F i g .  2 3 :  A v e r a g e  b 5 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  ( b l u e  l i n e ) ,  a n d  b e a m  d y n a m i c s  l i m i t s  f o r  t h e  
s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4  c r y o d i p o l e s .  D a t a  a r e  r e d u c e d  t o  n o m i n a l  s h i m s  a n d  s e p a r a t e d  a c c o r d i n g  t o  d i f f e r e n t  
c r o s s -s e c t i o n s .  
 
                                                 
1 A. Devred, private comunication 
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7.3 Normal 14-t h  p ole  
  

• N e w  d a t a  c o n f i r m  p r e v i o u s  t r e n d s :  n e w  X -s e c t i o n  c o l l a r e d  c o i l s  h a v e  a  s y s t e m a t i c  b 7 o f  
a r o u n d  1 . 1  u n i t s ,  i . e .  0 . 3  u n i t s  m o r e  t h a n  t h e  u p p e r  l i m i t .  T h e  a s s o c i a t e d  e r r o r  i s  s m a l l  ( 0 . 0 4  
u n i t s  a t  9 5 %  c o n f i d e n c e  l e v e l ,  s e e  F i g .  1 0 ) .  

• T h e  b 7 o f  t h e  l a s t  m a g n e t  w i t h  t h e  o l d  c r o s s -s e c t i o n  ( A n s a l d o  1 1 ,  i . e .  5 6 th i n  F i g s .  2 4  a n d  2 5 )  i s  
a r o u n d  0 . 1 5 ,  i . e .  0 . 2  u n i t s  l e s s  o f  t h e  p r e v i o u s  v a l u e s  m e a s u r e d  i n  A n s a l d o .  T h e  s t r o n g  
s y s t e m a t i c  d i f f e r e n c e  ( 0 . 4  u n i t s )  b e t w e e n  A n s a l d o  a n d  o t h e r  f i r m s  t h a t  w a s  o b s e r v e d  i n  X -
s e c t i o n  1  i s  r e d u c e d  i n  X -s e c t i o n  2  ( a r o u n d  0 . 2  u n i t s ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  2 4 :  A v e r a g e  b 7 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  ( s o l i d  l i n e s ) ,  a n d  b e a m  d y n a m i c s  l i m i t s  f o r  t h e  
s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4  c r y o d i p o l e s .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i g .  2 5 :  A v e r a g e  b 7 i n  t h e  s t r a i g h t  p a r t  o f  t h e  c o l l a r e d  c o i l s  ( d o t s ) ,  b e s t  e s t i m a t e  f o r  s y s t e m a t i c  ( s o l i d  l i n e s ) ,  a n d  b e a m  d y n a m i c s  l i m i t s  f o r  t h e  
s y s t e m a t i c  ( r e d  l i n e )  b a s e d  o n  c o r r e l a t i o n s  w i t h  1 4  c r y o d i p o l e s .  D a t a  a r e  r e d u c e d  t o  n o m i n a l  s h i m s  a n d  s e p a r a t e d  a c c o r d i n g  t o  d i f f e r e n t  
c r o s s -s e c t i o n s .  
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8. Random multip ole s  
• Random per manufacturer and global random (i.e., the standard deviation of the 

distribution of all magnets)  are show n in F igs. 2 6  and 2 7 . 
• Raw  data (see F ig. 2 6 )  show  an out of tolerance for b3 and b5. T his is mainly  due to the 

change of cross-section that shifted dow n these multipoles of 3  units and 1  unit respectively . 
T he other parameters are w ithin specifications, also in the hy pothesis of a complete mix ing. 

• W hen data are reduced to nominal shims and split according to the cross-section ty pe, one 
observes a random b3 out of tolerance in the old X -section:  this is due to the upw ard trend 
(see S ection 7 .1 , F ig. 2 1 ) . T his is the only  out of tolerance in the old X -section. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F i g .  2 6 :  R a n d o m  c o m p o n e n t  i n  t h e  m e a s u r e d  c o l l a r e d  c o i l s  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

F i g .  2 7 :  R a n d o m  c o m p o n e n t  i n  t h e  m e a s u r e d  c o l l a r e d  c o i l s .  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  a n d  s p l i t  a c c o r d i n g  t o  d i f f e r e n t  c r o s s -s e c t i o n s .  
 

• T he statistics for the new  cross-section is still poor for F irm 3  and therefore some features 
could change w hen more data w ill be available. 

o C ollared coils w ith the new  cross-section feature a very  stable integrated main field 
B dL  and odd multipoles (see F ig. 2 7 ) .  
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o Firm 1 has a large random b2 ( 12 %  higher t han sp ec if ic at ions)  .  
o Firm 3  hav e a large random a2 ( see Figs.  2 7  and 11) ,  bu t  only  t w o magnet s hav e 

been measu red.  
• A ll t he random c omp onent s are ex p ec t ed t o dec rease by  arou nd 2 0 %  in t he c old mass,  

du e t o t he main f ield inc rease.  T heref ore,  ou t  of  t oleranc es in a2 and b2 are lik ely  t o 
disap p ear in t he c old mass.  

 
9 .  H o l d i n g  p o i n t  r e s u l t s  
 

Table II: results of the holding point for the measured collared coils 
 

  M agnet name 
Collared coil 

measure 
D ata at 
CE R N  

A nswer to 
M M S -M D  

A nswer To 
manufact.  R esult Comments 

4 6 th H CM B _ _ A 0 0 1  1 0 0 0 0 2 6  1 8 / 0 9 / 0 2  1 8 / 0 9 / 0 2  1 8 / 0 9 / 0 2  2 0 / 0 9 / 0 2  O K -w 
S tilll some anomalous coil wav iness in 
aperture 1  

4 7 th H CM B _ _ A 0 0 1  1 0 0 0 0 2 2  1 9 / 0 9 / 0 2  1 9 / 0 9 / 0 2  1 9 / 0 9 / 0 2  2 0 / 0 9 / 0 2  O K -w 

The third magnet from A lstom 
( 2 1 , 2 2 , 2 6 )  with higher b5  with respect 
to prev ious ones ( 1 3 , 1 4 , 1 6 , 1 7 , 1 8 , 1 9 )  
of about 0 . 5  units 

4 8 th H CM B _ _ A 0 0 1  2 0 0 0 0 1 6  1 9 / 0 9 / 0 2  1 9 / 0 9 / 0 2  1 9 / 0 9 / 0 2  2 3 / 0 9 / 0 2  
Corr.  
A ct.  

L ow main field due to non-nominal 
shim - correctiv e action on 
ferrromagnetic laminations in the 
cold mass to be implemented 

4 9 th H CM B _ _ A 0 0 1  1 0 0 0 0 2 3  2 5 / 0 9 / 0 2  2 5 / 0 9 / 0 2  2 5 / 0 9 / 0 2  2 6 / 0 9 / 0 2  O K -w 
Coil wav iness still slightly  abov e 3 0  
micron in aperture 2  

5 0 th H CM B _ _ A 0 0 1  1 0 0 0 0 2 4  0 9 / 1 0 / 0 2  0 9 / 1 0 / 0 2  0 9 / 1 0 / 0 2  1 0 / 1 0 / 0 2  O K   
5 1 s t H CM B _ _ A 0 0 1  1 0 0 0 0 2 5  1 5 / 1 0 / 0 2  1 5 / 1 0 / 0 2  1 6 / 1 0 / 0 2  1 8 / 1 0 / 0 2  O K   

5 2 n d  H CM B _ _ A 0 0 1  2 0 0 0 0 1 7  1 6 / 1 0 / 0 2  1 6 / 1 0 / 0 2  1 6 / 1 0 / 0 2  1 7 / 1 0 / 0 2  
Corr.  
A ct.  

L ow main field due to non nominal 
shims to be recov ered by  adding 
laminations in the cold mass 

5 3 r d  H CM B _ _ A 0 0 1  2 0 0 0 0 1 8  1 7 / 1 0 / 0 2  1 7 / 1 0 / 0 2  1 8 / 1 0 / 0 2  2 1 / 1 0 / 0 2  
Corr.  
A ct.  

M ore laminations to be added to 
recov er low main field due to non 
nominal shim on inner lay er 

5 4 th H CM B _ _ A 0 0 1  1 0 0 0 0 2 7  2 9 / 1 0 / 0 2  3 0 / 1 0 / 0 2  0 1 / 1 1 / 0 2  0 6 / 1 1 / 0 2  H O L D  S pik e in position 8  in b2 ,  a2  and b3  
5 5 th H CM B _ _ A 0 0 1  1 0 0 0 0 2 8  3 0 / 1 0 / 0 2  3 1 / 1 0 / 0 2  0 1 / 1 1 / 0 2  0 1 / 1 1 / 0 2  O K   

5 6 th H CM B _ _ A 0 0 1  2 0 0 0 0 1 1  3 0 / 1 0 / 0 2  0 1 / 1 1 / 0 2  0 1 / 1 1 / 0 2   O K -w 

The collared coil has been 
recollared for electric problems - 
relev ant changes in field q uality  
similar to 1 0 1 3  

 
• W e st ill observ e anomalou s c oil w av iness in A lst om 2 6  and 2 3 .   
• A  c orrec t iv e ac t ion w ill be t ak en on A nsaldo 16 -18 .  I t  has been agreed t o add magnet ic  

laminat ions t o rec ov er an int egrat ed main f ield w it hin t oleranc es.  
• A lst om 2 7  show s a large sip k e in a2 ( more t han 8  sigma)  in p osit ion 8  t hat  p art ly  af f ec t s also 

p osit ion 7 .  T here is a st rong nu meric al ev idenc e t hat  t his is du e t o a missing shim in t he ou t er 
lay er.  M easu rement  has been rep eat ed,  c onf irming p rev iou s resu lt s.  T he c ollared c oil w ill be 
dec ollared in early  N ov ember 2 0 0 2 .  

• A nsaldo 13  t hat  has been c ollared and measu red in A u gu st  2 0 0 2  has been de-c ollared f or 
elec t ric  p roblems and rec ollared w it h t he same shims.  M easu rement s w ere c arried ou t  t o 
see t he ef f ec t  on f ield q u alit y .  W e f ind a shif t  in mu lt ip oles ( see T ab.  I I I )  similar t o w hat  
observ ed in 2 0 13 ,  mainly  in b5 ( see T able I V ) .  S inc e t his ef f ec t  seems sy st emat ic ,  2 0 13  ( t hat  
w as held sinc e A u gu st  2 0 0 2 ,  see p rev iou s rep ort )  has been released;  w e w ait  f or more 
st at ist ic s on ot her c ollared c oils t hat  w ill be dec ollared.  

 
  Table III: E ffect of recollaring on field q uality ,  measurements on collared coil  2 0 1 1  

 ∆C1 ∆b3 ∆b5 ∆b7 
2 0 1 1  A perture 1  1 . 0  -0 . 8  0 . 6 5  -0 . 2 8  
2 0 1 1  A perture 2  0 . 6  -0 . 7  0 . 5 0  -0 . 2 3  

 



 1 7

 
Table IV: Effect of a shim change of 0.1 mm on the outer layer: model, measurements on  

2013, and discrep ancy w ith resp ect to model 
 

 ∆C1 ∆b3 ∆b5 ∆b7 
M odel 4.0 1.6 -0.08 -0.02 

2013 A p erture 1 7.4 1.0 0.46 -0.11 
2013 A p erture 2 8.7 1.2 0.42 -0.13 
2013 A v erage 8.0 1.1 0.44 -0.12 

2013 A v .-model 4.0 -0.5 0.52 -0.10 
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Ap p endi x  A 
 
I n  F i g s .  2  t o  2 5 ,  c o l l a r e d  c o i l s  a r e  i d e n t i f i e d  b y  a  p r o g r e s s i v e  n u m b e r .  T h e  l i n k  b e t w e e n  t h i s  n u m b e r  
a n d  t h e  o f f i c i a l  n a m e  i s  g i v e n  i n  t h e  f o l l o w i n g  t a b l e .  
 

Table III: relation betw een magnet numbers used in F igs. 2-25 and official names 
 

1st 1001 21st 1010 41st  2014 
2 n d  1002 22 n d  1011 42 n d   1021 
3 r d  2001 23 r d  1012 43 r d   3011 
4th  3001 24th  3007 44th   3012 
5th  1003 25th  3008 45th   3013 
6th  3002 26th  2008 46th  1026 
7th  2003 27th  2007 47th  1022 
8th  1004 28th  3009 48th  2016 
9th  1005 29th  1013 49th  1023 
10th  3003 30th  2006 50th   1024 
11th   2002 31st 1014 51st 1025 
12th  1006 32 n d  1015 52 n d  2017 
13th  3004 33 r d  2010 53 r d  2018 
14th  2005 34th  2009 54th  1027 
15th  1007 35th  1016 55th  1028 
16th  1008 36th  2013 56th  2011 
17th  3005 37th  2012   
18th  3006 38th  1017   
19th  1009 39th  1018   
20th  2004 40th   1019   

 
 


