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Outline	  

•  Brief	  introduc8on	  +	  workflow	  
•  Non-‐uniform	  B-‐field	  cases	  studied:	  

¨  1%	  varia8on	  along	  z	  direc8on	  
¨  10%	  varia8on	  along	  z	  direc8on	  

•  Comparison	  of	  the	  tracking	  performance	  
•  Comparison	  with	  the	  CMS	  case	  
•  Conclusions	  and	  next	  steps	  
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Magne8c	  system	  overview	  

•  Central	  solenoid	  +	  2	  forward	  	  
an8-‐solenoid	  superconduc8ng	  	  
magnets	  
¨  Main	  func8ons	  of	  the	  	  

an8-‐solenoids:	  
§  to	  protect	  QD0	  (final	  focusing	  	  
quadrupole)	  from	  demagne8za8on	  

§  to	  reduce	  the	  local	  central	  solenoid	  	  
magne8c	  field	  in	  order	  to	  limit	  	  
perturba8on	  of	  the	  incoming	  par8cles	  

•  Effects	  of	  the	  magne8c	  field	  to	  be	  considered:	  	  
¨  Field	  outside	  detector	  is	  important	  because	  it	  can	  cause	  perturba(on	  

in	  other	  magne(c	  fields	  
¨  Beam	  crossing	  angle	  of	  20	  mrad	  à	  par8cles	  see	  also	  a	  perpendicular	  

field	  component	  =>	  distor(on	  of	  the	  trajectory	  and	  luminosity	  loss	  	  
¨  Distor8on	  of	  the	  field	  is	  important	  because	  it	  can	  distort	  par8cles	  

trajectories	  =>	  tracking	  performance	  are	  affected	  (like	  the	  the	  track	  
resolu8on	  and	  the	  track	  efficiency	  reconstruc8on)	  
à	  no	  calo	  performance	  are	  studied	  at	  the	  moment	  

an8-‐solenoid	  

solenoid	  
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Workflow	  

1)	  Geometry	  defini8on:	  	  compact.xml	  +	  	  
	  	  	  	  GeomConverter	  
	  Non-‐uniform	  B	  field	  introduced	  by	  a	  map	  with	  
posi(on	  coordinates	  and	  field	  values	  

2)	  Simula8on:	  SLIC	  (based	  on	  Geant4	  à	  	  
	  	  	  	  	  	  interac8on	  of	  par8cle	  in	  ma_er)	  
	  Tracker	  hits	  are	  simulated	  according	  the	  non-‐
uniform	  B	  field	  	  

3)	  Reconstruc8on:	  LCSim	  
	  Uniform	  B	  field	  assumed	  (value	  at	  the	  IP):	  
	  	  	  	  	  -‐	  CPU	  usage	  +	  no	  tracking	  reconstruc8on	  code	  	  
	  	  	  	  	  	  	  available	  for	  non-‐uniform	  B	  field	  (also	  CMS	  choice)	  	  
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Non-‐uniform	  B-‐field	  map:	  ~1%	  varia8on	  
•  First	  case	  studied:	  ~1%	  varia(on	  of	  the	  field	  along	  the	  z	  direc8on.	  
•  Probably	  not	  realis(c	  case:	  homogeneity	  of	  the	  field	  due	  to	  a	  doubling	  of	  the	  

solenoid	  in	  the	  coil	  extremi8es	  à	  not	  possible	  from	  the	  engineer	  prospec8ve	  	  

Bz	  field	  component	   Br	  field	  component	  

main	  tracker	  region	   main	  tracker	  region	  

zo
om

	  

doubling	  of	  
the	  solenoid	  
at	  the	  coil	  
extremi(es	  

1.5%	  vari
a8on	  

1%	  varia8
on	  

r	  ϕ	
y	  
x	  

z	  

coil	  half	  L	  
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10%	  varia
8on	  

main	  tracke
r	  region	  

•  From	  beam	  line	  studies,	  expected	  a	  10%	  varia(on	  of	  the	  B-‐field	  along	  the	  
beam	  line	  direc8on	  (20	  mrad)	  	  

•  More	  realis8c	  expecta8on	  
•  Preliminary	  results	  obtained	  imposing	  a	  10%	  varia8on	  of	  the	  Bz	  component	  

independently	  from	  the	  Br	  component	  inside	  the	  main	  tracker	  region	  
q  A	  proper	  map	  for	  the	  SiD	  detector	  concept	  is	  under	  deriva(on	  (thanks	  to	  

Benoit	  	  Cure)	  

main	  tracke
r	  region	  

1%	  varia8
on	  

Non-‐uniform	  B-‐field	  map:	  10%	  varia8on	  
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Tracking	  performance	  –	  number	  of	  hits	  
µ−,	  p	  =	  1	  GeV	   µ−,	  p	  =	  10	  GeV	   µ−,	  p	  =	  100	  GeV	  

“central	  region”	  
45°<|θ|<90°	  

“forward	  region”	  
|θ|<45°	  
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Tracking	  performance	  –	  d0,	  z0	  resolu8on	  
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Comparison	  with	  CMS	  
•  CMS	  pays	  a	  lot	  of	  a_en8on	  to	  

field	  in	  the	  yoke	  (arXiv:0910.5530)	  
à	  less	  cri8cal	  for	  CLIC	  

•  Field	  inside	  the	  tracker	  region	  
preLy	  uniform	  (long	  solenoid)	  
¨  Main	  non	  from	  non-‐

symmetry	  in	  z	  (different	  
number	  of	  spires	  in	  the	  coil)	  	  

•  Tracker	  field	  mapped	  with	  an	  
accuracy	  <0.1%	  à	  important	  
for	  physical	  analysis:	  
¨  measurements	  of	  track	  

parameters	  near	  the	  
interac8on	  vertex	  	  

¨  to	  limit	  bias	  in	  the	  
momentum	  scale	  (w.r.t.	  the	  
momentum	  resolu8on)	  	  

Thanks	  to	  Benoit	  Cure	  
and	  Nicola	  Amapane	  

CMS	  
Bz	  component	  

CMS	  
Br	  component	  

CLIC_2014_L5m_R7m	  
Bz	  component	  

CLIC_2014_L5m_R7m	  
Br	  component	  

B.	  Cure	   B.	  Cure	  

B.	  Cure	  B.	  Cure	  

SiD	  with	  reduced	  iron	  yoke	  in	  the	  
endcap	  will	  be	  used	  
(CLIC_2014_L5m_R7m)	  expected	  
a	  bit	  more	  non-‐uniform	  field	  =>	  
more	  relevant	  for	  these	  studies	  

~8%	  

~8
%
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CMS	   SiD	  

B	  [T]	   3.8	   5.0	  

L	  [m]	   12.5	   6.4	  

R	  [m]	   3.0	   5.4	  



Conclusions	  and	  next	  steps	  

•  Non-‐uniform	  B-‐field	  is	  an	  important	  aspect	  to	  take	  into	  account	  
during	  the	  design	  of	  the	  detector	  

•  Distor8on	  of	  the	  par8cle	  trajectory	  à	  effects	  on	  the	  tracking	  
performance	  
¨  Not	  negligible	  effects	  are	  observed	  for	  B-‐field	  non-‐uniformi8es	  of	  10%,	  

in	  par8cular	  for	  the	  momentum	  resolu8on	  performance	  
à	  varia8on	  of	  the	  B-‐field	  of	  5-‐10%	  looks	  as	  a	  realis8c	  expecta8on	  

¨  Work	  on-‐going	  to	  have	  a	  proper	  B-‐field	  map	  for	  SiD	  

•  CMS	  benefits	  of	  a	  more	  uniform	  B-‐field	  in	  the	  tracker	  region	  thanks	  
to	  the	  longer	  solenoid	  	  

•  Important	  to	  study	  the	  case	  of	  the	  new	  geometry	  (with	  the	  longer	  
tracker)	  à	  the	  longer	  dimension	  of	  the	  solenoid	  could	  provide	  a	  
more	  uniform	  field	  as	  well	  	  
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BACK-‐UP	  
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B	  field	  in	  CMS	  

2010 JINST 5 T03021
Figure 4. Representation of the magnetic elements included in the TOSCA model (underground configura-
tion).

Figure 5. Value of |B| (left) and field lines (right) predicted on a longitudinal section of the CMS detector,
for the underground model at a central magnetic flux density of 3.8 T. Each field line represents a magnetic
flux increment of 6 Wb.

passing through the endcap disks. One third of the total flux escapes radially, returning outside
the steel yoke. For this reason, particular care has to be taken in modeling boundary positions.
Truly open boundaries cannot be specified with TOSCA. The simplest way to approximate open
boundaries is to compute the field in a large region enclosing the solenoid and yoke. The effect of
different choices for the enclosing volume on the same TOSCA model is shown in figure 6. A small
enclosing region (e.g., R < 13 m) forces too much flux to return in the yoke, causing a distortion in

– 6 –
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Tracking	  performance	  –	  reconstructed	  p	  
µ−,	  p	  =	  1	  GeV	   µ−,	  p	  =	  10	  GeV	   µ−,	  p	  =	  100	  GeV	  

“central	  region”	  
45°<|θ|<90°	  

“forward	  region”	  
|θ|<45°	  

Log	  y	  scale	  
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Tracking	  performance	  –	  reconstructed	  p	  
µ−,	  p	  =	  1	  GeV	   µ−,	  p	  =	  10	  GeV	   µ−,	  p	  =	  100	  GeV	  

Linear	  y	  scale	  

“central	  region”	  
45°<|θ|<90°	  

“forward	  region”	  
|θ|<45°	  
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Tracking	  performance	  –	  p	  resolu8on	  
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Bias	  in	  the	  momentum	  
reconstruc(on	  in	  the	  forward	  
region	  	  not	  symmetric	  
around	  0	  

In	  the	  forward	  region	  beyond	  the	  
worse	  resolu8on	  it	  seems	  to	  be	  also	  a	  
bias	  in	  the	  momentum	  reconstruc(on	  
(not	  centered	  at	  0)	  
à Some	  double	  peak	  distribu(ons	  

(more	  evident	  at	  high	  p	  where	  the	  
be_er	  resolu8on	  allows	  to	  
dis8nguish	  the	  peaks)	  

à The	  performance	  are	  actually	  worse	  
than	  what	  it	  looks	  like	  
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Comparison	  between	  5	  T	  and	  4.5	  T	  B	  field,	  
uniform	  and	  non-‐uniform	  
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zoom	  in	  the	  main	  tracker	  region	   zoom	  in	  the	  main	  tracker	  region	  

Comparison	  between	  rescaling	  methods	  

same	  color	  scale	  

ILD	  style	   SiD	  style	  

ILD	  style	   SiD	  style	  
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Rescaling	  func8on	  for	  ILD	  map	  to	  
match	  SiD	  expecta8on	  

Closure	  test:	  	  
ILD*rescaling	  func8on	  

Closure	  test:	  	  
ILD*rescaling	  func8on	  

•  The	  ILD	  and	  SiD	  Bz	  and	  Br	  field	  projec8on	  are	  fi_ed	  with	  a	  parabolic	  func8on:	  
	  
	  
•  The	  rescaling	  func8on	  obtained	  as	  the	  ra8o	  of	  the	  two	  fi_ed	  func8ons	  

	  
	  
and	  then	  applied	  to	  rescaled	  ILD	  field	  to	  SiD	  expecta8on	  	  

f (x) = a+ bx + cx2

FBz,Br
rescaling(x) = fBz,Br

SiD (x) fBz,Br
ILD (x)

Bz
rescaled = Bz

ILD (x)FBz
rescaling(x), Br

rescaled = Br
ILD (x)FBr

rescaling(x)
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Choice	  of	  LCSim	  2.5	  and	  not	  CDR	  version	  
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BeLer	  resolu(on	  for	  CDR	  version.	  	  
But	  CDR	  version	  gives	  results	  
beLer	  than	  expecta(on	  too…	  	  
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, p = 10 GeV-µSingle 

LCSim	  2.5	  

BeLer	  tracking	  
uncertain(es	  performance	  	  
for	  LCSim	  2.5	  	  pull	  
distribu(on	  more	  centered	  
at	  0	  and	  with	  rms	  closer	  to	  
1	  across	  different	  theta	  
	  Probably	  due	  to	  
underes(ma(on	  of	  
mul(ple	  scaLering	  in	  CDR	  
version	  
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