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Report on field quality in the main LHC dipole  
c ollared c oils :  M ay-J une 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 ay 1 st–J une 3 0 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. 
 

 

1. Measured magnets 
 
• 6  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 3 rd t o  3 8 t h ) 

o 4  A n s a l d o  ( H C M B _ _ A 001 -02 000009 ,  H C M B _ _ A 001 -02 00001 0,  H C M B _ _ A 001 -02 00001 2  
a n d  H C M B _ _ A 001 -02 00001 3 ) 

o 2  A l s t o m  ( H C M B _ _ A 001 -01 00001 6 ,  H C M B _ _ A 001 -01 00001 7 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1: Number of measured 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 . 
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2. Assembly data 
 

• Cross section :  A n sa l d o 9 -1 0  h a v e X -section  1  ( th e ol d  on e) ,  A n sa l d o 1 2 -1 3  a n d  A l stom  1 6 -1 7  
h a v e X -section  2  ( th e n ew  on e) .  

• S h im s:   
o A z im u th a l  siz es of  A n sa l d o 1 2 -1 3  coil s a re 0 . 1 -0 . 1 5  m m  l a rg er th a n  th e n om in a l  ( b oth  

in n er a n d  ou ter l a y er) ,  a n d  th eref ore th in n er sh im s h a v e b een  u sed  ( see T a b l e I ) .  T h is 
sh ou l d  n ot b e rel a ted  to th e n ew  cross-section ,  w h ere th e in n er l a y er on l y  h a s b een  
ch a n g ed .  L a rg er coil s h a v e a l so b een  m ea su red  f or 1 4 ,  1 5  a n d  1 6  th a t h a v e n ot 
b een  col l a red  y et.  T h e p rob l em  is u n d er in v estig a tion .   

o T h e rem a in in g  col l a red  coil s h a v e n om in a l  sh im 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 3 rd H C M B _ _ A 0 0 1 20 0 0 0 10  0 . 20  0 . 8 0  1 
3 4 t h  H C M B _ _ A 0 0 1 20 0 0 0 0 9  0 . 20  0 . 8 0  1 
3 5 t h  H C M B _ _ A 0 0 1 10 0 0 0 16  0 . 20  0 . 8 0  2 
3 6 t h  H C M B _ _ A 0 0 1 20 0 0 0 13  0 . 10  0 . 7 0  2 
3 7 t h  H C M B _ _ A 0 0 1 20 0 0 0 12 0 . 10  0 . 7 0  2 
3 8 t h  H C M B _ _ A 0 0 1 10 0 0 0 17  0 . 20  0 . 8 0  2 

 
3 . M ag n eti c  len g th  an d tr an sf er  f u n c ti o n  
 

• M a g n etic l en g th  of  col l a red  coil s 3 3 rd to 3 8 t h  a re w ith in  1  sig m a  of  th e a l l ow ed  ra n d om  p er 
a rc ( see F ig .  2 ) . N o d if f eren ce b etw een  ol d  a n d  n ew  cross-section  is ob serv a b l e,  a s 
ex p ected .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Magnetic length of the measured collared coils 
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• Main field in the central part of Ansaldo 12 and 13 (collared coils 37th and 36 th in F ig .  3)  is 4 . 5  

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)  that redu ce the m ain field of arou nd 11 u nits in the collared coil (i. e. ,  arou nd 2 
tim es the specified sig m a) .  W hen this effect is corrected,  collared coils 36 th and 37th fall in 
the low er part of the 3 sig m a rang e (see F ig .  4 ) .  A correctiv e action w ill b e tak en on b oth 
m ag nets,  adding  ferrom ag netic lam inations to increase the m ag netic leng th.  T his shou ld 
allow  to recov ering  an integ rated transfer fu nction w ithin the 3 sig m a lim it.  T his procedu re,  
foreseen in the specification,  w ill b e tested for the first tim e.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Average main f iel d  in t h e s t raigh t  p art  o f  t h e meas u red  c o l l ared  c o il s  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 : Average main f iel d  in t h e s t raigh t  p art  o f  t h e meas u red  c o l l ared  c o il s . D at a red u c ed  t o  no minal  s h ims  
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• Integrated transfer function reduced at nominal shims of magnets 3 3 rd to 3 8 t h  is w ithin 2  
sigma of the allow ed random p er arc ( see F ig.  5 ) .  In the last 1 5  collared coils w e start to 
ob serv e some sy stematic differences in the integrated transfer function b etw een the three 
firms.  Indeed,  v alues are alw ay s w ithin the 3  sigma b ound.  W e recall that the only  limit 
relev ant to b eam dy namics is on the integrated main field ( see also A p p endix  B ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Integrated transfer function in the measured collared coils. Data reduced at nominal shims. 
 
4. Estima te d  c o il  w a v in e ss 
 

• C oil w av iness estimated from the v ariation of the multip ole along the ax is is v ery  low  for 
A nsaldo 9 ,  1 0 ,  1 2  and 1 3  ( around 1 5  microns,  see F ig.  6 ,  collared coils 3 4 t h ,  3 3 rd ,  3 7 t h ,  3 6 t h ) .  
W e still hav e anomalous coil w av iness for one ap erture of b oth A lstom 1 6  and 1 7  ( around 
4 0 -5 0  microns,  see F ig.  6 ,  collared coils 3 5 t h  and 3 8 t h ) .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 6 : E stimated coil w av iness in the straight p art of the measured collared coils. 
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5. Systematic odd multipoles 
 
5 . 1  N o r m a l  s e x t u p o l e  
 

• Ansaldo 9 and 10 confirm that the positive trend in b3 ob served for the cross-section 1 is over 
( collared coils 3 4 th and 3 3 r d  in F ig . 8 ) . Averag e b3 in collared coils 15 th to 3 4 th rescaled to 
nominal shims ( see F ig . 8 )  is arou nd 2 .5  u nits. W e still have no ex plications for this larg e trend,  
common to all manu factu rers. 

• S ix  collared coils w ith cross-section 2  featu re a b3 arou nd –1.5  u nits,  i.e. 4 .0 u nits less than the 
previou s cross-section. T his is in ag reement w ith simu lations ( -3 .9 u nits,  see Appendix  B ) . D u e 
to the positive trend,  the b est estimate for the sy stematic in X -section 2  is at the u pper edg e 
of the allow ed rang e ( see fig . 8 ) . T he low  sy stematic difference b etw een Ansaldo and 
Alstom ob served in X -section 1 seems to b e preserved in X -section 2 . 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7: Average b3 in the straight part of the collared coils (dots), best estimate for systematic (blue line), and beam dynamics limits for the 
systematic (red line) based on correlations w ith 7 cryodipoles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 : Average b3 in the straight part of the collared coils (dots), best estimate for systematic (blue line) and beam dynamics limits for the 
systematic (red line) based on correlations w ith 7 cryodipoles. D ata are reduced to nominal shims and separated according to different cross-
sections. 
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5.2 Normal decapole 
 

• Ansaldo 9 and 10 (34th and 33 r d  i n F i g . 10)  c onf i r m  t h e  low e r  v alu e  of  nor m al de c ap ole  i n 
Ansaldo w i t h  r e sp e c t  t o Alst om -J e u m ont  i n X -se c t i on 1. 

• A low e r  v alu e  of  b5 i n Ansaldo w i t h  r e sp e c t  t o Alst om  i s also ob se r v e d i n t h e  si x  c ollar e d c oi ls 
m anu f ac t u r e d w i t h  t h e  ne w  c r oss-se c t i on (se e  F i g . 10) . Av e r ag e  b5 i s sh i f t e d dow nw ar d f r om  
1.8  t o 0.6  u ni t s i n Alst om ,  and f r om  1.1 t o -0.1 u ni t s i n Ansaldo. T h i s ag r e e s w i t h  w h at  
e x p e c t e d f r om  si m u lat i ons (-1.36  u ni t s)  w i t h i n st at i st i c al e r r or s.  

• T h e  b e st  e st i m at e  f or  t h e  sy st e m at i c  b5 i s now  0.2  u ni t s lar g e r  t h an t h e  u p p e r  li m i t . T h i s i s du e  
t o t h r e e  r e asons:  f i r st ,  t h e  dr i f t  i n t h e  sy st e m at i c  of  0.2  u ni t s (se e  f i g . 10)  f r om  c ollar e d c oi l 9 
(w h e r e  t h e  c or r e c t i on w as de f i ne d)  t o c ollar e d c oi l 2 5 . M or e ov e r ,  w e  st i ll m i ss 
m e asu r e m e nt s of  N oe ll c ollar e d c oi ls t h at  sh ou ld f e at u r e  a b5 low e r  t h an Alst om  and 
Ansaldo and t h e r e f or e  t h e  e st i m at e  of  t h e  sy st e m at i c  i s b i ase d (se e  Ap p e ndi x  C ) . F i nally ,  
t h e  c or r e c t i on as m e asu r e d i n si x  m ag ne t s g i v e s –1.2  u ni t s i nst e ad of  –1.36 . M or e  st at i st i c s i s 
ne e de d t o ob t ai n a r e li ab le  e st i m at e  of  t h e  sy st e m at i c  b5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Average b5 in the straight part of the collared coils (dots), best estimate for systematic (blue line), and beam dynamics limits for the 
systematic (red line) based on correlations w ith 7  cryodipoles. 
 
 

 
 
 

 
 
 
 
 

 
 
 
 
Fig. 1 0 : Average b5 in the straight part of the collared coils (dots), best estimate for systematic (blue line), and beam dynamics limits for the 
systematic (red line) based on correlations w ith 7  cryodipoles. D ata are reduced to nominal shims and separated according to different cross-
sections. 
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5.2 Normal 14-t h  p ole  
  

• Old X-s e c t i o n  c o lla r e d c o i ls  A n s a ldo  9  a n d 1 0  ( 3 4 th a n d 3 3 r d  i n  F i g s .  1 1  a n d 1 2 )  c o n f i r m  t h e  
s y s t e m a t i c  di f f e r e n c e  o f  n o r m a l 1 4 th p o le  i n  A n s a ldo  w i t h  r e s p e c t  t o  N o e ll a n d A ls t o m -
J e u m o n t .  

• N e w  X-s e c t i o n  c o lla r e d c o i ls  A ls t o m  1 6  a n d 1 7  ( 3 5 th a n d 3 8 th )  c o n f i r m  t h e  u n e x p e c t e d h i g h  
v a lu e  o f  b7 f e a t u r e d b y  A ls t o m  1 3  a n d 1 4  ( 2 9 th a n d 3 1 s t ) .  T h e  1 4 -t h  p o le  i n  t h e  c o lla r e d c o i l 
w a s  s h i f t e d u p w a r d o f  0 . 4  u n i t s ,  a g a i n s t  a  c a lc u la t e d s h i f t  o f  0 . 1 8  u n i t s .   

• N e w  X-s e c t i o n  c o lla r e d c o i ls  A n s a ldo  1 2  a n d 1 3  ( 3 7 th a n d 3 6 th i n  F i g .  1 2 )  h a v e  a n  
u n e x p e c t e d n o r m a l 1 4 th p o le .  T h e  s y s t e m a t i c  di f f e r e n c e  o f  –0 . 4  u n i t s  b e t w e e n  A n s a ldo  a n d 
A ls t o m  o b s e r v e d i n  X-s e c t i o n  1  h a s  di s a p p e a r e d.   T h e  o v e r a ll s h i f t  o f  b7 du e  t o  t h e  n e w  X-
s e c t i o n  i n  t w o  A n s a ldo  m a g n e t s  i s  0 . 6 5  u n i t s  a g a i n s t  a n  e x p e c t e d v a lu e  o f  0 . 1 8  u n i t s .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Average b7 in the straight p art o f  the c o l l ared  c o il s ( d o ts) ,  best estim ate f o r sy stem atic  ( bl u e l ine) ,  and  beam  d y nam ic s l im its f o r the 
sy stem atic  ( red  l ine)  based  o n c o rrel atio ns w ith 7 c ry o d ip o l es. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 : Average b7 in the straight p art o f  the c o l l ared  c o il s ( d o ts) ,  best estim ate f o r sy stem atic  ( bl u e l ine) ,  and  beam  d y nam ic s l im its f o r the 
sy stem atic  ( red  l ine)  based  o n c o rrel atio ns w ith 7 c ry o d ip o l es. D ata are red u c ed  to  no m inal  shim s and  sep arated  ac c o rd ing to  d if f erent c ro ss-
sec tio ns. 
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• The best estimate of sy stematic  b7 w ith the n ew  X -sec tion  is n ow  0 . 3  u n its mor e than  its 
u p p er  l imit,  w hic h c or r esp on d s to 0 . 3  u n its at in j ec tion  en er g y .  S imu l ation s su mmar iz ed  in  
L H C  p r oj ec t r ep or t 5 0 1  show  that a sy stematic  b7 of 0 . 2 2  u n its may  hav e some imp ac t on  
d y n amic  ap er tu r e at in j ec tion  ( r ed u c tion  of 0 . 4 -0 . 8  sig ma) ,  w hil st a sy stematic  b7 of 0 . 4  u n its 
r ed u c es the d y n amic  ap er tu r e of 2  sig ma.  

 
6 .  R a n d o m  m u l t i p o l e s  

• R an d om p er  man u fac tu r er  an d  g l obal  r an d om ( i. e. ,  the stan d ar d  d ev iation  of the 
d istr ibu tion  of al l  mag n ets)  ar e show n  in  F ig s.  1 3  an d  1 4 .  F or  od d  n or mal  mu l tip ol es w e 
ex c l u d e fr om the statistic s the mag n ets w ith the n ew  X -sec tion .  

• D ata r ed u c ed  at n omin al  shims ( see F ig .  1 4 )  show  that al l  the r an d om c omp on en ts ar e 
w ithin  sp ec ific ation s w ith the ex c ep tion  of the n or mal  sex tu p ol e,  d u e to the u p w ar d  tr en d .  

• I n teg r ated  tr an sfer  fu n c tion  B d L  is w ithin  tar g ets ( see F ig s.  1 3  an d  1 4 ) .  The g l obal  r an d om of 
B d L  is c l ose to tar g ets w hen  d ata ar e r ed u c ed  to n omin al  shims ( see F ig .  1 4 ) .  

• I n  g en er al  A l stom mag n ets featu r e a mu c h hig her  r an d om p ar t c omp ar ed  to A n sal d o an d  
N oel l .  This c ou l d  be r el ated  to the an omal ou s c oil  w av in ess.  

• The stan d ar d  d ev iation  of the d istr ibu tion  of al l  mag n ets ( mar k er  g l obal  in  the fig u r es)  is 
c l ose or  w ithin  the tar g ets of the r an d om p er  ar c ,  w ith the ex c ep tion  of n or mal  sex tu p ol e.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Table II: results of th e h old i n g  p oi n t for th e m easured  c ollared  c oi ls 
 

  M ag n et n am e 
C ollared  c oi l 

m easure 
D ata at 
C E R N  

A n swer to 
M M S -M D  

A n swer To 
m an ufac t.  R esult C om m en ts 

3 3 rd H C M B _ _ A 0 0 1  2 0 0 0 0 1 0  2 2 / 0 5 / 0 2  2 2 / 0 5 / 0 2  2 3 / 0 5 / 0 2  2 3 / 0 5 / 0 2  O k   
3 4 t h  H C M B _ _ A 0 0 1  2 0 0 0 0 0 9  2 3 / 0 5 / 0 2  2 3 / 0 5 / 0 2  2 7 / 0 5 / 0 2  2 7 / 0 5 / 0 2  O k   
3 5 t h  H C M B _ _ A 0 0 1  1 0 0 0 0 1 6  1 9 / 0 6 / 0 2  1 9 / 0 6 / 0 2  1 9 / 0 6 / 0 2  2 1 / 0 6 / 0 2  O k -w A n om alous wav i n ess i n  ap .  2  

3 6 t h  H C M B _ _ A 0 0 1  2 0 0 0 0 1 3  2 6 / 0 6 / 0 2  2 6 / 0 6 / 0 2  2 7 / 0 6 / 0 2   S TO P  

F i rst A n sald o wi th  n ew X -sec ti on .  
V ery  low m ai n  fi eld  p artly  d ue to 
n on -n om i n al sh i m s.  b3 ,  b5  ag ree wi th  
esti m ates,  b7  h i g h er th an  ex p ec ted .  

3 7 t h  H C M B _ _ A 0 0 1  2 0 0 0 0 1 2  2 7 / 0 6 / 0 2  2 7 / 0 6 / 0 2  2 7 / 0 6 / 0 2   S TO P  S uc h  as 2 0 0 0 0 1 3  
3 8 t h  H C M B _ _ A 0 0 1  1 0 0 0 0 1 7  2 6 / 0 6 / 0 2  0 1 / 0 7 / 0 2  0 1 / 0 7 / 0 2   O k -w A n om alous wav i n ess i n  A p .  1  
 

• Ansaldo 12 and 13 have been st op p ed t o f i nd ou t  a r esc u i ng  p r oc edu r e f or  t he low  m ai n 
f i eld.  I t  has been ag r eed t o add m ag net i c  lam i nat i ons t o r ec over  an i nt eg r at ed m ai n f i eld 
w i t hi n t oler anc es.  

 
9 .  A c k n o w l e d g e m e n t s  
 
M ag net i c  m easu r em ent s have been t ak en t hr ou g h p er sonnel and i nst r u m ent at i on of  t he L H C -
M M S -I F  sec t i on;  i n p ar t i c u lar ,  J .  B i llan,  V .  R em ondi no,  and G .  B r u n,  G .  B u set t a,  R .  C am u s,  X .  R ey nes,  
A.  M u sso,  and G .  P ei r o.  W e w i sh t o ac k now ledg e W .  S c andale,  L .  R ossi ,  S .  P au let t a,  A.  D evr ed,  E .  
W i ldner ,  S .  S anf i li p p o,  and L .  B ot t u r a f or  c om m ent s and di sc u ssi ons.   
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Appendix A. 
 
I n  F i g s .  2  t o  1 2 ,  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 nu mbers  u s ed  in F igs .  2-12 and  of f ic ial names  
M agnet 
N u mber M agnet name 

M agnet 
N u mber M agnet name 

1st H C M B _ _ A 0 0 1 10 0 0 0 0 1 20 th  H C M B _ _ A 0 0 1 20 0 0 0 0 4 
2 n d  H C M B _ _ A 0 0 1 10 0 0 0 0 2 21st H C M B _ _ A 0 0 1 10 0 0 0 10  
3 r d  H C M B _ _ A 0 0 1 20 0 0 0 0 1 22 n d  H C M B _ _ A 0 0 1 10 0 0 0 11 
4th  H C M B _ _ A 0 0 1 30 0 0 0 0 1 23 r d  H C M B _ _ A 0 0 1 10 0 0 0 12 
5th  H C M B _ _ A 0 0 1 10 0 0 0 0 3 24th  H C M B _ _ A 0 0 1 30 0 0 0 0 7 
6th  H C M B _ _ A 0 0 1 30 0 0 0 0 2 25th  H C M B _ _ A 0 0 1 30 0 0 0 0 8 
7th  H C M B _ _ A 0 0 1 20 0 0 0 0 3 26th  H C M B _ _ A 0 0 1 20 0 0 0 0 8 
8th  H C M B _ _ A 0 0 1 10 0 0 0 0 4 27th  H C M B _ _ A 0 0 1 20 0 0 0 0 7 
9th  H C M B _ _ A 0 0 1 10 0 0 0 0 5 28th  H C M B _ _ A 0 0 1 30 0 0 0 0 9 
10 th  H C M B _ _ A 0 0 1 30 0 0 0 0 3 29th  H C M B _ _ A 0 0 1 10 0 0 0 13 
11th   H C M B _ _ A 0 0 1 20 0 0 0 0 2 30 th  H C M B _ _ A 0 0 1 20 0 0 0 0 6 
12th  H C M B _ _ A 0 0 1 10 0 0 0 0 6 31st H C M B _ _ A 0 0 1 10 0 0 0 14 
13th  H C M B _ _ A 0 0 1 30 0 0 0 0 4 32 n d  H C M B _ _ A 0 0 1 10 0 0 0 15 
14th  H C M B _ _ A 0 0 1 20 0 0 0 0 5 33 r d  H C M B _ _ A 0 0 1 20 0 0 0 10  
15th  H C M B _ _ A 0 0 1 10 0 0 0 0 7 34th  H C M B _ _ A 0 0 1 20 0 0 0 0 9 
16th  H C M B _ _ A 0 0 1 10 0 0 0 0 8 35th  H C M B _ _ A 0 0 1 10 0 0 0 16 
17th  H C M B _ _ A 0 0 1 30 0 0 0 0 5 36th  H C M B _ _ A 0 0 1 20 0 0 0 13 
18th  H C M B _ _ A 0 0 1 30 0 0 0 0 6 37th  H C M B _ _ A 0 0 1 20 0 0 0 12 
19th  H C M B _ _ A 0 0 1 10 0 0 0 0 9 38th  H C M B _ _ A 0 0 1 10 0 0 0 17 

 
 
Appendix B . C o nt r o l  c h a r t  f o r  m a g net ic  l eng t h  a nd m a in f iel d 
 
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 .  2 )  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 .  3  a n d  4 ) :  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 .  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 .  
 
 
Appendix C . C o nt r o l  c h a r t  f o r  t h e s y s t em a t ic  
 
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 .  7 -1 2  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 ) .  F o r  t h e  c a s e  o f  t h e  n e w  c r o s s -s e c t i o n ,  w e  s t i l l  d o  n o t  h a v e  c o l l a r e d  
c o i l s  f r o m  N o e l l  a n d  t h e r e f o r e  w e  h a v e  a  b i a s e d  s y s t e m a t i c ,  d e f i n e d  a s  t h e  a v e r a g e  b e t w e e n  t h e  
A l s t o m  a v e r a g e  a n d  t h e  A n s a l d o  a v e r a g e .  
 
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 
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where k=B1c c /  B1c m  = 1 .1 8  i s  t he m u l t i p o l e res c a l i n g  i n d u c ed  b y  t he 1 8 %  i n c rea s e o f  t he m a i n  f i el d  
d u e t o  t he y o k e a s  d eri v ed  f ro m  m a g n et i c  m ea s u rem en t s . T hi s  rel a t i o n  en s u res  a  m o re p rec i s e 
c o rrel a t i o n  wi t h res p ec t  t o  t he a p p ro a c h u s ed  i n  t he p rev i o u s  rep o rt  b a s ed  o n  a  s i m p l e o f f s et .  
 
 
Appendix D. Remarks on the cross-section correction 
 
W e rec a l l  t he a i m  o f  t he c ro s s -s ec t i o n  c o rrec t i o n :  

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

 
T hes e s hi f t s  a re ex p ec t ed  i n  t he c o l d  m a s s ,  whi l s t  i n  t he c o l l a red  c o i l  t hey  a re s c a l ed  b y  t he f a c t o r   
k  =  1 .1 8  ( s ee A p p en d i x  C ) . T heref o re i n  t he c o l l a red  c o i l  we a i m ed  a t  

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

 
T he c ro s s -s ec t i o n  c o rrec t i o n  ha s  b een  b a s ed  o n  t he b es t  es t i m a t es  o f  t he s y s t em a t i c s  i n  t he 
c o l l a red  c o i l ,  o n  t he c o rrel a t i o n s  t o  m ea s u rem en t s  a t  1 .9  K ,  a n d  o n  t he b ea m  d y n a m i c s  
a c c ep t a n c e ra n g es . C o rrel a t i o n s  a l s o  u s ed  d a t a  o f  p ro t o t y p es  ( i f  ho m o g en eo u s  wi t h p re-s eri es )  t o  
i n c rea s e s t a t i s t i c s . F i g s . 7  a n d  9  s ho w t ha t  t he c ro s s -s ec t i o n  c o rrec t i o n  c a rri ed  o u t  a t  c o l l a red  c o i l  9  
a i m ed  a t  c en t ri n g  t he a l l o wed  ra n g es  f o r b 3 a n d  b 5. 
 
F o r t he b7 t he s i t u a t i o n  i s  d i f f eren t  ( s ee F i g . 1 1 ) . T hi s  i s  d u e t o  s o m e c ha n g e i n  c o rrel a t i o n s ,  a n d  t o  a  
c ha n g e o f  t he b7 a c c ep t a n c e ra n g es  t ha t  ha s  b een  c a rri ed  o u t  a f t er t he d ef i n i t i o n  o f  t he n ew X -
s ec t i o n . W e rec a l l  t ha t  d u e t o  t he i n t en s e t ra c k i n g  c a m p a i g n  c a rri ed  o u t  i n  2 0 0 1 ,  t he t o l era n c e f o r 
b7 a t  i n j ec t i o n  ha s  b een  red u c ed  f ro m  [ -0 .4 , 0 .4 ]  a s  p res en t ed  i n  V i l l a rs ,  L H C  D a y s ,  M a rc h 2 0 0 1 ,  t o  [ -
0 .3 , 0 .3 ]  i n  J u n e 2 0 0 1  t o  t he f i n a l  v a l u e o f  [ -0 .3 , 0 .1 ]  i n  t he L H C  P ro j ec t  R ep o rt  5 0 1  p u b l i s hed  i n  A u g u s t  
2 0 0 1 . T he c ro s s -s ec t i o n  c o rrec t i o n  c o m p u t ed  i n  J u n e 2 0 0 1  ha s  b een  b a s ed  o n  t he ra n g e [ -0 .3 , 0 .3 ] . 
 


