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Report on field quality in the main LHC dipole  
c ollared c oils :  J uly-A ug us t 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 J uly 1 st–A ugust 3 1 th  2 0 0 2 ,  comparison to b eam dynamics targets and status of the 
production holding points.  U pdated graphs can b e found in the L H C  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.  
P lease note that the w eb  address has changed.   
 

 

What’s new 
 
• A v a i l a b l e  m e a s u r e m e n t s :  4 5  c o l l a r e d  c o i l s ,  1 8  c o l d  m a s s e s ,  1 0  c r y o d i p o l e s .  
• 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 w o  

c o l l a r e d  c o i l s  w i t h  o l d  c r o s s -s e c t i o n  s t i l l  h a v e  t o  b e  m e a s u r e d  ( A n s a l d o  1 1  a n d  N o e l l  1 0 ).  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  w i l l  b e  3 5  ( 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  t o  1 1 ).   

• W e  p r e s e n t  f o r  t h e  f i r s t  t i m e  g r a p h s  f o r  t h e  s k e w  ( a 2 ,  a 3 ,  a 4) a n d  f o r  t h e  e v e n  m u l t i p o l e s  ( b 2 
a n d  b 4).  C o n t r o l  l i m i t s  o n  t h e s e  m u l t i p o l e s  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 .  

• 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 0  c r y o m a g n e t s  m a d e  b y  L H C -M T A .  T h r e e  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  J u l y  1 st 2 0 0 2 .  

 

1 .  M easu r ed  m ag nets and  assem b l y  d ata 
 
• 7  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  3 9 th  t o  4 5 th ) 

o 3  A l s t o m  ( H C M B _ _ A 0 0 1 -0 1 0 0 0 0 1 8 ,  1 9  a n d  2 1 ) 
o 1  A n s a l d o  ( H C M B _ _ A 0 0 1 -0 2 0 0 0 0 1 4 )  
o 3  N o e l l  ( H C M B _ _ A 0 0 1 -0 1 0 0 0 0 1 1 ,  1 2  a n d  1 3 ) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

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: Noell 11 have X-section 1 ( the old  one) ;  all the others have X-section 2 .  
• S him s ( see tab le I  and  F ig .  2  f or a su m m ary  over all the collared  coils p rod u ced  so f ar) :  

o A z im u thal siz es of  A nsald o 14  coils are 0 . 1-0 . 15  m m  larg er than the nom inal ( b oth 
inner and  ou ter lay er) ,  and  theref ore thinner shim s have b een u sed  ( see T ab le I ) .  T his 
w as alread y  ob served  in collared  coil 12  and  13  ( see rep ort of  M ay -J u ne 2 0 0 2 ) .  
A ctions have b een tak en b y  the p roj ect eng ineers to chang e the shim s of  the cu ring  
m ou ld .  W e still ex p ect a f ew  coils w ith non-nom inal shim s.  

o O u ter shim  of  Noell 11 ( old  cross-section)  is 0 . 0 5  m m  larg er.  T his has a very  lim ited  
im p act on f ield  q u ality .  

o T he rem aining  collared  coils have 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  

3 9 th H C M B _ _ A 0 0 1 10 0 0 0 18  0 . 20  0 . 8 0  2 
4 0 th H C M B _ _ A 0 0 1 10 0 0 0 19  0 . 20  0 . 8 0  2 
4 1 s t H C M B _ _ A 0 0 1 20 0 0 0 14  0 . 10  0 . 7 0  2 
4 2 n d  H C M B _ _ A 0 0 1 10 0 0 0 21 0 . 20  0 . 8 0  2 
4 3 r d  H C M B _ _ A 0 0 1 3 0 0 0 0 11 0 . 20  0 . 8 5  1 
4 4 th H C M B _ _ A 0 0 1 3 0 0 0 0 12 0 . 20  0 . 8 0  2 
4 5 th H C M B _ _ A 0 0 1 3 0 0 0 0 13  0 . 20  0 . 8 0  2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Thickness of the polar shims used in the collared coils 
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2 .  M a g n e t i c  l e n g t h  a n d  t r a n s f e r  f u n c t i o n  
 

• Magnetic length of collared coils  3 9 th to 4 5 th are w ithin targets  ( s ee F ig.  3 ) . N o difference 
b etw een old and new  cros s -s ection is  ob s erv ab le,  as  ex p ected.  A  s m all s y s tem atic 
difference of ab ou t 1 0  u nits  b etw een N oell and A ns aldo v alu es  is  ob s erv ab le in the las t 2 5  
coils ,  A ls tom  v alu es  b eing p laced in b etw een.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Magnetic length of the measured collared coils 
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• Main field in the central part of Ansaldo 14 (collared coils 41st in F ig .  4)  is 4 sig m a low er than 

the av erag e.  T his is partly  du e to the non-nom inal shim s (0 . 1 m m  less on b oth lay ers) ,  as it 
happened in Ansaldo 12  and 13  (3 6 th  and 3 7 th  in the fig u re,  see also report of May -J u ne 
2 0 0 2 ) .  W hen this effect is corrected,  collared coils 41st fall in the low er part of the 3  sig m a 
rang e (see F ig .  5 ) .  A correctiv e action w ill b e tak en:  ferrom ag netic lam inations w ill b e 
added to increase the m ag netic leng th.   

• D ifference b etw een av erag e m ain field in old and new  cross-section is sm all (less than 5  
u nits) ,  as ex pected from  sim u lations (see F ig .  5 ) .  

• N oell coils hav e a m ain field of ab ou t 15  u nits hig her than Alstom  or Ansaldo (see F ig .  5 ) .  T his 
sy stem atic difference is half of the allow ed rang e at three sig m a (3 0  u nits) .  

• All produ ced collared coils fit w ithin the 3  sig m a lim it w hen data are redu ced to nom inal 
shim s (see 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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• 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  o f  m a g n e t s  3 9 th t o  4 5 th i s  w i t h i n  t h e  3  s i g m a  b u d g e t  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 .  6 ) .   

• W h e n  d a t a  a r e  r e d u c e d  a t  n o m i n a l  s h i m s  ( s e e  F i g .  7 ) ,  o n e  f i n d s  s o m e  s y s t e m a t i c  d i f f e r e n c e  
( a r o u n d  2 0  u n i t s )  b e t w e e n  N o e l l  a n d  A n s a l d o -A l s t o m .  T h i s  i s  w e l l  w i t h i n  t h e  t o t a l  w i d t h  o f  t h e  
b a n d  a l l o w e d  b y  b e a m  d y n a m i c s  ( a t  t h r e e  s i g m a )  i n  t h e  h y p o t h e s i s  o f  a  c o m p l e t e  m i x i n g  
o f  t h e  m a n u f a c t u r e r s .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Integrated transfer function in the measured collared coils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 : Integrated transfer function in the measured collared coils. D ata reduced at nominal shims. 
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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 multipole along the axis is still anomalous 
for A lstom 1 8  and 1 9  ( see F ig.  8 ,  c ollared c oils 3 9 th ,  4 0 th ) .  Correc tive ac tions have b een 
tak en and A lstom 2 1  ( see F ig.  8 ,  c ollared c oil 4 2 th )  is within the 3 0  mic ron limit,  b ut still 
c onsiderab ly  higher than previous N oell and A nsaldo,  that were around 1 5  mic rons.  

• S ome small deterioration of c oil waviness has b een ob served in N oell 1 2  and 1 3  ( see F ig.  8 ,  
c ollared c oils 4 4 th and 4 5 th ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 8: Estimated coil waviness in the straight part of the measured collared coils. 
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4. Summary of systematics 
 

• Best estimates of skew and even normal systematics are given in Fig. 9, with an error at 95% 
confidence limit ( two sigma) . A ll the mu ltip oles are within sp ecifications. D etails are given in 
S ections 5 and 6 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 :  B e s t  e s t im a t e  f o r  s y s t e m a t ic  s k e w  m u l t ip o l e s  a n d  e v e n  n o r m a l  m u l t ip 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 ic s  l im it s  ( r e d  l in e ) . A n  e r r o r  o f  
t w o  s igm a  ( 9 5%  c o n f id e n c e  l im it )  is  a s s o c ia 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 ic s . 
 

• Best estimates for systematic odd mu ltip oles are shown in Fig. 1 0 . I n the left p art, raw data 
are p lotted. T his gives the actu al situ ation for the manu factu red collared coils:  b 3 and b 5 are 
larger than the u p p er sp ecifications of 3  and 1  u nits resp ectively. 

• I n the left p art of Fig. 1 0 , data are redu ced to nominal shims and sep arated according the 
two cross-sections ( 3 3  collared coils have cross-section 1 , 1 2  have cross-section 2 ) . T he 
change of cross-section u nder-corrected b 3 and b 5, and overcorrected b 7. E rrors 
associated to the b est estimate for the systematic are still large for b 3 and b 5, b u t it is likely 
that odd mu ltip oles are ou tside the sp ecification. D etails are given in S ection 7 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 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 ip 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 ic s  l im it s  ( r e d  l in e ) . A n  e r r o r  o f  t w o  s igm a  ( 9 5%  
c o n f id e n c e  l im it )  is  a s s o c ia t e d  t o  t h e  b e s t  e s t im a t e s  o f  s y s t e m a t ic 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 in g t o  d if f e r e n t  c r o s s -s e c t io n s  ( r igh t ) . 
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The cross-sect i on  chan g e has con si d erabl y  i m p rov ed  t he f oreseen  m achi n e p erf orm aces: a L H C  
m ad e w i t h d i p ol es w i t h cross-sect i on  1  w ou l d  hav e had  sev ere l i m i t at i on s,  d u e t o b3 an d  b5: 

• A t  hi g h f i el d  a sy st em at i c b3 of  7  u n i t s w ou l d  hav e cau sed  m aj or p robl em s i n  t he chrom at i c 
correct i on  ( m ax i m u m  sp eci f i cat i on  i s 3  u n i t s) . 

• A t  i n j ect i on  a sy st em at i c b5 of  2 .1  u n i t s w ou l d  hav e g i v en  m aj or p robl em s i n  d y n am i cs 
ap ert u re ( m ax i m u m  sp eci f i cat i on  i s 1 .1  u n i t s) . 

O n  t he ot her han d ,  a m achi n e m ad e w i t h d i p ol es w i t h cross-sect i on  2  cou l d  hav e m i n or 
p erf orm an ce l i m i t at i on s d u e t o b5 an d  b7: 

• A t  i n j ect i on  a sy st em at i c b5 of  1 .3  u n i t s cou l d  red u ce d y n am i c ap ert u re ( m ax i m u m  
sp eci f i cat i on  i s 1 .1  u n i t s) . 

• A t  i n j ect i on  a sy st em at i c b7 of  0 .3 5  u n i t s cou l d  red u ce d y n am i c ap ert u re ( m ax i m u m  
sp eci f i cat i on  i s 0 .1  u n i t s) . S i m u l at i on s su m m ari z ed  i n  L H C  p roj ect  rep ort  5 0 1  show  t hat  a 
sy st em at i c b7 of  0 .2 2  u n i t s m ay  hav e a v ery  l i m i t ed  i m p act  on  d y n am i c ap ert u re at  i n j ect i on  
( red u ct i on  of  0 .4 -0 .8  si g m a) ,  w hi l st  a sy st em at i c b7 of  0 .4  u n i t s red u ces t he d y n am i c ap ert u re 
of  2  si g m a.  

• A t  hi g h f i el d  a sy st em at i c b3 of  3 .5  u n i t s i s ou t si d e t he sp eci f i cat i on  of  0 .5  u n i t s,  bu t  i t  i s w i t hi n  
t he hard  l i m i t  of  4 .2  u n i t s g i v en  by  t he st ren g t h of  chrom at i c correct ors.  

N ot w i t hst an d i n g  t hi s rel ev an t  i m p rov em en t ,  w e are st i l l  f ar f rom  op t i m al  v al u es. The best  est i m at es 
f or t he correct i on  n eed ed  on  t he col d  m ass i s t he f ol l ow i n g  ( f or t he col l ared  coi l ,  v al u es shou l d  be 
m u l t i p l i ed  by  a f act or 1 .2 ) : 

• b3 correct i on : -3 .5  u n i t s 
• b5 correct i on : -0 .5  u n i t s 
• b7 correct i on : -0 .3 5  u n i t s 

A t  t he m om en t s t w o op t i on s are con si d ered : a f u rt her correct i on  of  t he cross-sect i on  or an  i n crease 
of  t he m i d -p l an e i n su l at i on . The act i on  on  b5 an d  b7 i s cri t i cal  si n ce t he n eed ed  correct i on  i s 1  t o 1 .5  
t i m es t he n at u ral  si g m a of  t he m u l t i p ol es,  g i v en  by  m an u f act u ri n g  t ol eran ces. A t  t he sam e t i m e,  
act i on s are bei n g  t ak en  t o u n d erst an d  t he d ri f t  i n  b3 ( see sect i on  7 .1 )  an d  t he u n ex p ect ed  j u m p  of  
b7 ( see sect i on  7 .3 ) . 
 
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 y st em at i c sk ew  m u l t i p ol es a 2  a3 an d  a4 are w i t hi n  beam  d y n am i cs l i m i t s ( see F i g s. 1 1 -1 3 ) . 
W e hav e a l arg e m arg i n  f or t he a3 ,  w hi l st  beam  d y n am i cs l i m i t s are t i g ht er f or 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 0  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  10  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  10  c ry o d ip o l es . 
 
 
 
 
 
 
 
 
 
 
 

-3

-2

-1

0

1

2

3

0 5 10 15 20 25 30 35 4 0 4 5 50
M a g n e t  n u m b e r

a3
 st

rai
gh

t p
art

 (u
nit

s)

Firm 1
Firm 2
Firm 3

Collared coil

upper limit for systematic

systematic

low er limit for systematic

LHC-MMS & MTA

-1.0

-0.5

0.0

0.5

1.0

0 5 10 15 2 0 2 5 3 0 3 5 4 0 4 5 50
M a g n e t  n u m b e r

a4
 st

rai
gh

t p
art

 (u
nit

s)

Firm 1
Firm 2
Firm 3

Collared coil

upper limit for systematic

low er limit for systematic

systematic

LHC-MMS & MTA



 1 0

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 ) .  
• N oell 1 2  and 1 3  ( collared coils 4 3 rd and 4 4 t h )  hav e rather larg e v alues of normal 

q uadrupoles.  T he problem is under inv estig ation.  N oell 1 4  collared coil features better 
v alues of the normal q uadrupole ( see Fig s.  1 4  and 1 5 , collared coil 4 5 t h ) .  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 14: Avera ge b 2 in  t h e s t ra igh t  p a rt  o f  t h e a p ert u re 1 c o l l a red  c o il s  ( d o t s ) ,  b es t  es t im a t e f o r s y s t em a t ic  p er a p ert u re ( b l a c k  l in e) ,  a n d  b ea m  
d y n a m ic s  l im it s  f o r t h e s y s t em a t ic  ( red  l in e)  b a s ed  o n  c o rrel a t io n s  w it h  10  c ry o d ip o l es . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15 : Avera ge b 2 in  t h e s t ra igh t  p a rt  o f  t h e a p ert u re 2  c o l l a red  c o il s  ( d o t s ) ,  b es t  es t im a t e f o r s y s t em a t ic  p er a p ert u re ( b l a c k  l in e)  a n d  b ea m  
d y n a m ic s  l im it s  f o r t h e s y s t em a t ic  ( red  l in e)  b a s ed  o n  c o rrel a t io n s  w it h  10  c ry o d ip o l es . 
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• The systematic per beam normal quadrupole is w ithin specif ications ( see F ig .  1 6 ) .  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16: Average b2 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  10  c ry o d ip o l es . 
 
 
6 . 2  N o r m a l  o c t u p o l e  
 

• The systematic per aperture is w ithin specif ications in both apertures ( see F ig s.  1 7  and 1 8 ) .  
• The systematic per beam is also w ithin specif ications ( see F ig .  1 9 ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17 : Average b4 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  10  c ry o d ip o l es . 
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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  10  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  10  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 ex t u p o l e 
 
 

• D a t a  f r o m  N o e l l  c o l l a r e d  c o i l  w i t h  t h e  n e w  X -s e c t i o n  c o n f i r m  p r e v i o u s  r e s u l t s  f r o m  A l s t o m  
a n d  A n s a l d o  ( s e e  F i g s .  2 0  a n d  2 1 ) .   

• 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 . 8  
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  ( -3 . 9  u n i t s ) .  

• D u 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 . 7  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 ) .  

• T h e  l o w  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  f i r m s  o b s e r v e d  i n  X -s e c t i o n  1  s e e m s  t o  b e  p r e s e r v e d  
i n  X -s e c t i o n  2 ;  A l s t o m  c o l l a r e d  c o i l s  f e a t u r e  a  l o w e r  b 3 w i t h  r e s p e c t  t o  N o e l l  a n d  A n s a l d o .  

• 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 . 5  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 0  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 0  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 Normal decapole 
 

• Alstom 21 (collared coils 42nd in  F ig s.  22 an d 23 )  f eatu res a v ery  h ig h  b 5 (arou n d 0 . 7  u n its 
more th an  p rev iou s collared coils 3 8 t h  –40 t h ) .  

• M easu red b 5 in  n ew  X -section  N oell collared coils is larg er th an  ex p ected:  th e av erag e is 
close to Alstom v alu es,  w h ilst in  th e p rev iou s X -section  it w as mu ch  low er,  b ein g  close to 
An saldo (see F ig .  23 ,  collared coils 44t h  an d 45 t h ) .  

• B est estimate f or sy stematic b 5 in  n ew  X -section  is 0 . 25  u n its larg er th an  th e u p p er allow ed 
limit.  P art of  th is dif f eren ce is du e to a p ositiv e tren d of  0 . 2 u n its ex p erien ced f rom collared 
coil 9 t h  (w h ere th e correction  w as def in ed)  to 20 t h .  T h e remain in g  0 . 3 5  u n its are du e to a 
measu red ef f ect of  th e correction  (-1. 0  u n its)  low er th an  ex p ected (-1. 3 5  u n its) .  W e still h av e 
a larg e error associated to th e estimate of  th e n ew  X -section  sy stematic:  ± 0 . 24 u n its(at 9 5 %  
con f iden ce lev el) ,  i. e.  n early  th e w idth  of  th e allow ed ran g e (see F ig .  10 ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 0  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 0  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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7.3 Normal 14-t h  p ole  
  

• Alstom 19 (collared coils 40th in  F ig s.  2 4 an d 2 5 )  f eatu res a v ery  h ig h  b 7 (arou n d 0. 2  u n its 
more th an  p rev iou s Alstom collared coils 2 9th –3 9th ) .  

• N oel data con f irm p rev iou s tren ds:  n ew  X -section  collared coils h av e a sy stematic b 7 of  
arou n d 1. 1 u n its,  i. e.  0. 3  u n its more th an  th e u p p er limit.  T h e associated error is small (0. 04 
u n its at 95 %  con f iden ce lev el,  see F ig .  10) .  

• T h e b 7 h as b een  in creased b y  th e cross-section  correction  of  ab ou t 0. 48  u n its ag ain st a 
f oreseen  v alu e of  0. 18  u n its,  i. e.  0. 3  u n its more th an  ex p ected.  T h is f eatu re is u n der 
in v estig ation .  I n  p articu lar,  th e v ery  low  v alu e of  b 7 ob serv ed in  An saldo f or th e f irst X -section  
h as b een  n ot f ou n d in  th e secon d on e.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 0  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 0  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 multipoles 
• 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 very  poor and therefore some features could 
change w hen more data w ill be available;  w ith the present set of data w e mak e the 
follow ing preliminary  considerations:  
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o Collared coils with the new cross-section f eatu re a v ery  stab le integ rated m ain f ield 
B dL  and odd m u ltip oles ( see F ig .  2 7 ) .   

o F irm  1  has a larg e random  b 2 ,  m ainly  du e to the v ery  hig h v alu e m easu red in A lstom  
1 3  ( collared coil 2 9 th in F ig .  1 6 ) .  

o F irm  1  and F irm  3  hav e a larg e random  a2 ( see F ig s.  2 7  and 1 1 ) .  
• A ll the random  com p onents are ex p ected to decrease b y  arou nd 2 0 %  in the cold m ass,  

du e to the m ain f ield increase.  T heref ore,  ou t of  tolerances in a2 and b 2 are lik ely  to 
disap p ear in the cold m ass.  

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

Table II: results o f  th e h o ld i n g  p o i n t f o r th e m easured  c o llared  c o i ls 
 

  M ag n et n am e 
Co llared  c o i l 

m easure 
D ata at 
CE R N  

A n swer to  
M M S -M D  

A n swer To  
m an uf ac t.  R esult Co m m en ts 

3 9 rd H CM B _ _ A 0 0 1  1 0 0 0 0 1 8  0 3 / 0 7 / 0 2  0 4 / 0 7 / 0 2  0 5 / 0 7 / 0 2  0 5 / 0 7 / 0 2  O k  Co i l wav i n ess alm o st n o rm al 

4 0 t h  H CM B _ _ A 0 0 1  1 0 0 0 0 1 9  1 7 / 0 7 / 0 2  1 8 / 0 7 / 0 2  1 8 / 0 7 / 0 2  2 4 / 0 7 / 0 2  O k -w 

S tro n g  c o i l wav i n ess i n  ap erture 1  ( 5 0  
m i c ro n s)  – b7  h i g h er th an  i n  p rev i o us 
o n es 

4 1 t h  H CM B _ _ A 0 0 1  2 0 0 0 0 1 4  2 4 / 0 7 / 0 2  2 4 / 0 7 / 0 2  2 4 / 0 7 / 0 2  2 5 / 0 7 / 0 2  
Co rr.  
A c t.  

S am e as 2 0 0 0 0 1 3  an d  1 2 : m o re 
lam i n ati o n s wi ll be ad d ed  i n  th e c o ld  
m ass to  rec o v er g o o d  TF  

4 2 t h  H CM B _ _ A 0 0 1  1 0 0 0 0 2 1  2 4 / 0 7 / 0 2  2 4 / 0 7 / 0 2  2 4 / 0 7 / 0 2  2 5 / 0 7 / 0 2  O K   

4 3 t h  H CM B _ _ A 0 0 1  3 0 0 0 0 1 1  1 9 / 0 8 / 0 2  2 0 / 0 8 / 0 2  2 1 / 0 8 / 0 2  2 2 / 0 8 / 0 2  O k -w 
R ath er larg e v alue o f  b2  i n  bo th  
ap ertures 

3 6 t h  H CM B _ _ A 0 0 1  2 0 0 0 0 1 3  0 8 / 0 8 / 0 2  0 8 / 0 8 / 0 2  0 8 / 0 8 / 0 2  1 2 / 0 8 / 0 2  H O L D  

R e-c o llared  wi th  0 . 1  m m  m o re sh i m  
i n  th e o uter lay er – E f f ec t o n  
m ulti p o les d i f f eren t f ro m  wh at 
ex p ec ted  i n  c 1 ,  b5 ,  b7  

4 4 t h  H CM B _ _ A 0 0 1  3 0 0 0 0 1 2  2 0 / 0 8 / 0 2  2 2 / 0 8 / 0 2  2 4 / 0 8 / 0 2  2 6 / 0 8 / 0 2  O k -w 
R ath er larg e v alue o f  b2  i n  bo th  
ap ertures 

4 5 t h  H CM B _ _ A 0 0 1  3 0 0 0 0 1 3  2 3 / 0 8 / 0 2  2 3 / 0 8 / 0 2  2 4 / 0 8 / 0 2  2 6 / 0 8 / 0 2  O k   
 

• A  correctiv e action will b e tak en on A nsaldo 1 4 .  I t has b een ag reed to add m ag netic 
lam inations to recov er an integ rated m ain f ield within tolerances.  

• A nsaldo 2 0 0 0 0 1 3  that has b een collared and m easu red in J u ne 2 0 0 2  has b een de-collared 
f or electric p rob lem s and a thick er shim  on the ex ternal lay er has b een inserted ( 0 . 1  m m  
m ore) .  T he ef f ect on f ield q u ality  is dif f erent f rom  what ex p ected f rom  sim u lations ( see T ab le 
I I I ) ,  esp ecially  f or m ain f ield and b 5 .  T he collared coil has b een not ap p rov ed and 
inv estig ations are in p rog ress.  T he f ollowing  step s will b e tak en:  

o A ll collared coils that will b e de-collared f or any  reason,  in any  f irm ,   will b e 
m easu red b ef ore and af ter the de-collaring  to hav e m ore statistics.  

o Com p onents and assem b ly  p rocedu res of  A nsaldo 2 0 0 0 0 1 3  will b e analy sed 
   

Table III: E f f ec t o f  a sh i m  c h an g e o f  0 . 1  m m  o n  th e o uter lay er: m o d el,  m easurem en ts o n   
H CM B _ _ A 0 0 1 -0 2 0 0 0 0 1 3 ,  an d  d i sc rep an c y  wi th  resp ec t to  m o d el 

 
 ∆C1 ∆b3 ∆b5 ∆b7 

M o d el 4 . 0  1 . 6  -0 . 0 8  -0 . 0 2  
0 2 0 0 0 0 1 3  A p erture 1  7 . 4  1 . 0  0 . 4 6  -0 . 1 1  
0 2 0 0 0 0 1 3  A p erture 2  8 . 7  1 . 2  0 . 4 2  -0 . 1 3  
0 2 0 0 0 0 1 3  A v erag e 8 . 0  1 . 1  0 . 4 4  -0 . 1 2  

0 2 0 0 0 0 1 3  A v . -m o d el 4 . 0  -0 . 5  0 . 5 2  -0 . 1 0  
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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 between magnet numbers used in Figs. 2-25 and of f ic ial names 
 

1st 10 0 0 0 0 1 21st 10 0 0 0 10  41st  20 0 0 0 14 
2 n d  10 0 0 0 0 2 22 n d  10 0 0 0 11 42 n d   10 0 0 0 21 
3 r d  20 0 0 0 0 1 23 r d  10 0 0 0 12 43 r d   30 0 0 0 11 
4th  30 0 0 0 0 1 24th  30 0 0 0 0 7 44th   30 0 0 0 12 
5th  10 0 0 0 0 3 25th  30 0 0 0 0 8 45th   30 0 0 0 13 
6th  30 0 0 0 0 2 26th  20 0 0 0 0 8   
7th  20 0 0 0 0 3 27th  20 0 0 0 0 7   
8th  10 0 0 0 0 4 28th  30 0 0 0 0 9   
9th  10 0 0 0 0 5 29th  10 0 0 0 13   
10 th  30 0 0 0 0 3 30 th  20 0 0 0 0 6   
11th   20 0 0 0 0 2 31st 10 0 0 0 14   
12th  10 0 0 0 0 6 32 n d  10 0 0 0 15   
13th  30 0 0 0 0 4 33 r d  20 0 0 0 10    
14th  20 0 0 0 0 5 34th  20 0 0 0 0 9   
15th  10 0 0 0 0 7 35th  10 0 0 0 16   
16th  10 0 0 0 0 8 36th  20 0 0 0 13   
17th  30 0 0 0 0 5 37th  20 0 0 0 12   
18th  30 0 0 0 0 6 38th  10 0 0 0 17   
19th  10 0 0 0 0 9 39th  10 0 0 0 18   
20 th  20 0 0 0 0 4 40 th   10 0 0 0 19   

 
 
Ap p endi x  B . C ontr ol ch a r t f or  ma gneti c length  a nd ma i n f i eld 
 
C o n t r o l  l i m i t s  f o r  t h e  m a g n e t i c  l e n g t h  ( s e e  F i g .  3 )  a r e  p u t  a t  3  t i m e s  t h e  s p e c i f i e d  s i g m a  f r o m  t h e  
m e a s u r e d  a v e r a g e .  N o  t a r g e t  i s  a s s u m e d  f o r  t h e  a v e r a g e  m a g n e t i c  l e n g t h .  T h e  s a m e  a p p r o a c h  i s  
f o l l o w e d  f o r  t h e  c o n t r o l  l i m i t s  o f  t h e  m a i n  f i e l d  i n  t h e  s t r a i g h t  p a r t  ( s e e  F i g s .  4 -7 ) :  t h e y  a r e  p u t  a t  3  
t i m e s  t h e  s p e c i f i e d  s i g m a  f r o m  t h e  m e a s u r e d  a v e r a g e ,  a n d  n o  t a r g e t  i s  a s s u m e d  f o r  t h e  a v e r a g e  
m a i n  f i e l d .  W e  r e c a l l  t h a t  b e a m  d y n a m i c s  s p e c i f i c a t i o n s  a r e  g i v e n  i n  t e r m s  o f  t h e  s i g m a  o f  t h e  
i n t e g r a t e d  m a i n  f i e l d .  T h e r e f o r e ,  t h e  o n l y  c h a r t  r e l e v a n t  f o r  b e a m  d y n a m i c s  i s  i n  F i g .  5  a n d  7 .  W e  
a s s u m e  a n  e q u a l  s h a r e  o f  t h e  i n t e g r a t e d  m a i n  f i e l d  s p r e a d  ( 8  u n i t s )  b e t w e e n  m a g n e t i c  l e n g t h  a n d  
m a i n  f i e l d  ( 5  u n i t s  e a c h ) ,  i n  t h e  h y p o t h e s i s  o f  a  G a u s s i a n  s u m  o f  t h e  s p r e a d s .  
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Appendix C. Control chart for the systematic 
 
B e s t  e s t i m a t e s  f o r  s y s t e m a t i c  s h o w n  i n  F i g s . 9 -2 5  a r e  d e f i n e d  a s  t h e  a v e r a g e  o f  t h e  a v e r a g e s  o f  
e a c h  m a n u f a c t u r e r . T h i s  d e f i n i t i o n  t a k e s  i n t o  a c c o u n t  f o r  t h e  q u o t a s  o f  d i p o l e s  a s s i g n e d  t o  
m a n u f a c t u r e r s  ( o n e  t h i r d  e a c h ) . 
 
C o n t r o l  l i m i t s  f o r  t h e  s y s t e m a t i c  a r e  g i v e n  u s i n g  t h e  f o l l o w i n g  f o r m u l a  f o r  w o r k i n g  o u t  c o r r e l a t i o n s  
b e t w e e n  c o l l a r e d  c o i l  d a t a  bnc c  a n d  m u l t i p o l e s  a t  i n j e c t i o n  bni o r  a t  h i g h  f i e l d  bnh 

bnh  =( bnc c  / k )  +  bno h  bni  =( bnc c  / k )  +  bno i 
w h e r e  k =B1c c /  B1c m  = 1 .1 8  i s  t h e  m u l t i p o l e  r e s c a l i n g  i n d u c e d  b y  t h e  1 8 %  i n c r e a s e  o f  t h e  m a i n  f i e l d  
d u e  t o  t h e  y o k e  a s  d e r i v e d  f r o m  m a g n e t i c  m e a s u r e m e n t s .  
 
Appendix D . R emark s on the cross-section correction 
 
W e  r e c a l l  t h e  a i m  o f  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 :  

 
∆B1 = 0    ∆b3 = 3 .3    ∆b5 = 1 .1 5    ∆b7 = 0 .1 5  

 
T h e s e  s h i f t s  a r e  e x p e c t e d  i n  t h e  c o l d  m a s s ,  w h i l s t  i n  t h e  c o l l a r e d  c o i l  t h e y  a r e  s c a l e d  b y  t h e  f a c t o r    
k  =  1 .1 8  ( s e e  A p p e n d i x  C ) . T h e r e f o r e  i n  t h e  c o l l a r e d  c o i l  w e  a i m e d  a t  

 
∆B1 = 0    ∆b3 = 3 .9    ∆b5 = 1 .3 6    ∆b7 = 0 .1 8 . 

 
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  h a s  b e e n  b a s e d  o n  t h e  b e s t  e s t i m a t e s  o f  t h e  s y s t e m a t i c s  i n  t h e  
c o l l a r e d  c o i l ,  o n  t h e  c o r r e l a t i o n s  t o  m e a s u r e m e n t s  a t  1 .9  K ,  a n d  o n  t h e  b e a m  d y n a m i c s  
a c c e p t a n c e  r a n g e s . C o r r e l a t i o n s  a l s o  u s e d  d a t a  o f  p r o t o t y p e s  ( i f  h o m o g e n e o u s  w i t h  p r e -s e r i e s )  t o  
i n c r e a s e  s t a t i s t i c s . F i g s . 2 1  a n d  2 3  s h o w  t h a t  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  c a r r i e d  o u t  a t  c o l l a r e d  c o i l  
9  a i m e d  a t  c e n t r i n g  t h e  a l l o w e d  r a n g e s  f o r  b 3 a n d  b 5. 
 
F o r  t h e  b7 t h e  s i t u a t i o n  i s  d i f f e r e n t  ( s e e  F i g . 2 5 ) . T h i s  i s  d u e  t o  s o m e  c h a n g e  i n  c o r r e l a t i o n s ,  a n d  t o  a  
c h a n g e  o f  t h e  b7 a c c e p t a n c e  r a n g e s  t h a t  h a s  b e e n  c a r r i e d  o u t  a f t e r  t h e  d e f i n i t i o n  o f  t h e  n e w  X -
s e c t i o n . W e  r e c a l l  t h a t  d u e  t o  t h e  i n t e n s e  t r a c k i n g  c a m p a i g n  c a r r i e d  o u t  i n  2 0 0 1 ,  t h e  t o l e r a n c e  f o r  
b7 a t  i n j e c t i o n  h a s  b e e n  r e d u c e d  f r o m  [-0 .4 , 0 .4 ]  a s  p r e s e n t e d  i n  V i l l a r s ,  L H C  D a y s ,  M a r c h  2 0 0 1 ,     t o  
[-0 .3 , 0 .3 ]  i n  J u n e  2 0 0 1  t o  t h e  f i n a l  v a l u e  o f  [-0 .3 , 0 .1 ]  i n  t h e  L H C  P r o j e c t  R e p o r t  5 0 1  p u b l i s h e d  i n  
A u g u s t  2 0 0 1 . 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  c o m p u t e d  i n  J u n e  2 0 0 1  h a s  b e e n  b a s e d  o n  t h e  r a n g e  [-
0 .3 , 0 .3 ] . 


