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Mo4va4on	  

InvesLgaLon	   of	  beam	  halo	   transverse	   distribu4on	   is	   an	   important	   issue	   for	  
beam	   loss	   and	   background	   control	   in	   ATF2	   and	   in	   Future	   Linear	   Colliders	  
(FLC).	  	  
	  
In	   April	   2013	   LAL	   and	   IFIC	   have	   started	   to	   collaborate	   to	   study	   transverse	  
beam	   halo	   collima4on	   in	   ATF2	   and	   the	   project	   was	   approved	   by	   the	   ATF2	  
technical	  broad	  2013.	  	  
	  
The	  main	  objec4ves	  of	  the	  halo	  collima4on	  system	  are:	  
•  The	  reduc4on	  of	  the	  background	  noise	  at	  the	  Shintake	  Monitor	  
•  To	   control	   the	   halo	   extension,	   in	   the	   verLcal	   and	   horizontal	   plane,	   to	  

enable	  reliable	  measurements	  of	  the	  Diamond	  Sensor	  (DS)	  that	  is	  installed	  
aSer	  the	  BDUMP	  to	  invesLgate	  the	  transverse	  beam	  halo	  distribuLon	  

Prior	  to	  the	  (DS)	  installaLon	  carried	  out	  by	  the	  LAL	  group	  in	  December	  2014	  	  a	  
first	   aZempt	   of	   transverse	   beam	  halo	   distribu4on	  measurement	   have	   been	  
done	  with	  the	  wire	  scanners	  installed	  in	  the	  ATF2	  EXT	  line	  and	  Post-‐IP	  
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•  Beam	  halo	  measurement	  in	  the	  ATF2	  EXT	  line	  

•  Status	  report	  on	  the	  beam	  halo	  collimaLon	  project	  
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Outline	  



Beam	  halo	  measurements	  were	  done	  in	  2005	  using	  the	  wire	  scanners	  in	  the	  ATF	  	  beam	  line	  	  
Ø  These	  experiments	  have	  been	  updated	  for	  the	  ATF2	  beam	  line	  in	  2013	  

	  
Transverse	  beam	  halo	  measurements	  have	  been	  done	  in	  the	  EXT	  and	  post	  IP	  line	  

§  The	  data	  has	  been	  analyzed	  and	  the	  new	  parameterizaLon	  of	  the	  beam	  halo	  will	  be	  
used	  for	  halo	  collimaLon	  tracking	  studies	  

	  
	  
	  
	  

Cherenkov	  Detector	  

MW2X	  wire	  scanner	  

Beam	  halo	  measurements	  in	  ATF2	  EXT	  line	  

ATF2	  beam	  line	  

Wire	  scanner	  

Post-‐IP	  wire	  scanner	  
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Ø  In	  December	  2014	  measurements	  with	  the	  OTRs	  system	  have	  been	  done	  in	  the	  EXT	  
line	  of	  ATF2.	  The	  data	  is	  being	  analysed	  to	  invesLgate	  the	  beam	  halo	  distribuLon	  and	  
will	  be	  compared	  with	  the	  wire	  scanner	  beam	  halo	  measurements	  

On	  going	  work	  

Beam	  halo	  measurements	  in	  ATF2	  EXT	  line	  
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MW2X-16A- V
Core Gaussian fit -3<X<3

-1.5; X>5 ~X-73<X<5 ~X
-2.5; X>6 ~X-3.53<X<6 ~X

3σ	   5σ	   6σ	   2005	  model	  

2013	  model	  

X,	  

ρH/N = 1.0 X−3.5

ρV /N =

�
1.0 X−3.5 with 3 < X < 6
1.7 X−2.5 with X > 6

ρH/N = 1.0 X−3.5 with 3 < X < 6

ρV /N =

�
1.0 X−3.5 with 3 < X < 6
1.7 X−2.5 with X > 6

2005	  Halo	  Density	  Model 

ρH	   horizontal	   beam	   halo	  
density,	   ρV	   ver7cal	   beam	  
halo,	  X	  number	  of	  σ	  ,	  N=1010	  

T. Suehara et al., “Design of a Nanometer Beam 
Size Monitor for ATF2”, arXiv:0810.5467v1 

Ver7cal	  beam	  halo	  distribu7on	  



Mo?va?on	  of	  the	  study	  

•  "Reduc4on	  of	  the	  background	  noise	  at	  the	  Shintake	  Monitor	  (IPBSM)	  at	  the	  IP	  
 
•    Reduce	  	  halo	  	  extension,	  	  to	  	  improve	  	  the	  	  detec4on	  efficiency	  	  of	  	  the	  	  Diamond	  	  

Sensors	  	  (DS)	  	  located	  	  between	  	  the	  	  BDUMP	  	  bending	  magnet	  	  and	  	  the	  	  DUMP	  	  to	  	  
measure	  	  the	  	  beam	  	  halo	  	  distribu4on	   	  and	  	  the	  	  Compton	  electrons	  coming	  from	  
the	  interacLon	  between	  the	  laser	  and	  the	  electron	  beam	  

Diamond	  Sensor	  

Shintake	  Monitor	  

6	  

Beam	  halo	  collima4on	  project	  

IP	  and	  Post-‐IP	  ATF2	  beam	  line	  
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BDUMP	  



Objec4ves	  of	  the	  project	  

1.   Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  studies	  in	  ATF2	  to	  	  
evaluate	   the	   efficiency	   of	   a	   rectangular	   halo	   collimaLon	   system	  
(IFIC-‐LAL-‐KEK)	  

2.   Design	   of	   a	   retractable	   halo	   collima4on	   device:	   mechanical	   and	  
material	  study	  (IFIC-‐LAL)	  

	  
3.   Construc4on	   and	   calibra4on	   of	   the	   halo	   collimaLon	   device	   (IFIC-‐

LAL)	  	  

4.   So[ware	  design	  of	  the	  halo	  collimaLon	  device	  control	  system	  (IFIC-‐
LAL)	  

5.   Installa4on	   and	   commissioning	   of	   the	   halo	   collimaLon	   device	   in	  
ATF2	  (IFIC-‐KEK-‐LAL)	  

6.   Halo	   control,	   background	   reduc4on	   and	   collimator	   wakefield	  
studies	  using	  the	  ATF2	  halo	  collimator	  (IFIC-‐KEK-‐LAL)	  
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	  Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  studies	  	  

Ø  Beam	  core	  (Gaussian	  distribuLon)	  -‐>	  No	  losses	  were	  observed	  	  
Ø  Beam	  halo:	  with	  different	  op4cs	  and	  halo	  models	  (gaussian,	  uniform,	  realisLc)	  to	  find	  

the	  best	   loca4on	  and	   the	  most	  efficient	   collima4on	  depth	   in	   terms	  of	  halo	  cleaning	  
and	  wakefield	  minimiza4on	  of	  a	  transverse	  betatron	  halo	  collimaLon	  system	  

8	  28/01/15	  

Beam	  and	  halo	  input	  simula?on	  parameters:	  
	  Number	  of	  	  par4cles:	  104	  
	  E=1.3	  GeV	  
	  εx	  =	  2	  10	  -‐9	  	  	  m.rad	  	  
	  εy	  =1.18	  10	  -‐11	  m.rad	  	  
	  σE:	  0.08%	  

Op4cs	  configura4on:	  	  
Mul7poles	  
No	  misalignments	  
No	  coupling	  between	  x-‐y	  planes	  

10x1	  	  (v5.2)	  	  	  
1x1	  	  (v5.2)	  	  

Tracking	  studies	  along	  the	  EXT+FF+PostIP	  line	  of	  ATF2	  using	  MAD-‐X	  -‐>	  Loss	  map	  studies	  

-‐	  3	   3	   25	  -‐	  25	  -‐	  50	   -‐50	  -‐	  72	   72	  
	  Number	  of	  σy	   -‐	  3	   3	   25	  -‐	  25	  -‐	  50	   -‐50	  -‐	  72	   72	  

	  Number	  of	  σy	  

-‐	  3	   3	   25	  -‐	  25	  -‐	  50	   -‐50	  -‐	  72	   72	  
	  Number	  of	  σy	  

Gaussian	   Uniform	   RealisLc	  
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Ø  Between	  QD10BFF-‐QM11FF	  
Ø  βy=7126.51	  m	  
Ø  0.6	  m	  available	  free	  space	  length	  

QD10BFF	  

QM11FF	  
0.6	  m	  

Ver?cal	  halo	  	  collimator	  

Round	  tapered	  structure	  

	  Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  studies	  

	  

Ø  Between	  QD4FX-‐QD3FX	  
Ø  βx=157.02	  m	  
Ø  2	  m	  available	  free	  space	  length	  

BDUMP	  

QM4X	  
QM3X	  
2	  m	  

Horizontal	  halo	  	  collimator	  
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Tracking	   loss	   map	   considering	   round	   tapered	   collimator	   and	   a	   ver4cal	   rectangular	  
collimator	  with	  different	  half	  apertures	  considering	  a	  realis4c	  halo	  model	  

28/01/15	  

With	  a	  half	  aperture	  of	  5	  mm	  (17	  σy)	  we	  do	  not	  have	  losses	  at	  the	  BDUMP	  	  

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000
Loss map

Num
ber

 of p
artic

les 
left

start
MQD2X

MQF4X
MQF6X

MQD8X
MQD10X

MQD12X
MQD14X

MQD16X
MQD18X

MQD20X

MQM16FF

MQM14FF

MQM13FF

MQM11FF
COLLBY

COLLB

MQD10AFF
MSF6FF

MQD8FF
MQD6FF

MSF5FF

MQD4BFF

MQD4AFF
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MBDUMP
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a= 4.000000e−03 mm
a= 5.000000e−03 mm
a= 6.000000e−03 mm
a= 7.000000e−03 mm
a= 8.000000e−03 mm
a= 9.000000e−03 mm
a= 1.000000e−02 mm
a= 1.100000e−02 mm
a= 1.200000e−02 mm
a= 1.300000e−02 mm
a= 1.400000e−02 mm
a= 1.500000e−02 mm

IP	   DS	  

END	  BDUMP	  

Ver?cal	  halo	  	  collimator	  

Round	  tapered	  
structure	  

10x1	  op?cs	  

	  Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  studies	  
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Tracking	   loss	   map	   considering	   round	   tapered	   collimator	   and	   an	   horizontal	  
rectangular	  collimator	  and	  different	  half	  apertures	  for	  the	  realis4c	  halo	  model	  

28/01/15	  

Even	  for	  a	  very	  small	  aperture	  of	  2	  mm	  (4	  σx)	  we	  have	  losses	  at	  the	  BDUMP	  
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Round	  tapered	  
structure	  

Horizontal	  halo	  collimator	  

10x1	  op?cs	  

	  Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  studies	  

Future	  work	  
Ø  BDSIM	  tracking	  simulaLons	  to	  take	  into	  account	  secondary	  parLcles	  emission	  



	  

Geometrical	  and	  material	  study:	  
Wakefield	  study	  

Ø  Dependence	  of	  the	  wake	  poten4al	  with	  	  
	  	  	  	  	  	  the	  geometrical	  parameters	  and	  material	  

•  Analy4cal	  (Stupakov	  model	  2002)	  
	  -‐>	  Review	  calculaLon	  done	  in	  2006	  
•  Numerical	  simula4ons	  using	  CST	  PS	  

This	  study	  has	  given	  the	  geometrical	  parameters	  for	  a	  first	  3D	  design	  
	  
Thermal	  study-‐>	  is	  in	  progress	  
	  
Beam	  impact	  studies	  (orbit	  distorLon	  and	  beam	  size	  growth)	  

•  Analy4cal	  
•  PLACET	  tracking	  code	  	  

–  The	   wakefield	   impact	   of	   a	   rectangular	   collimator	   based	   on	   analyLcal	  
calculaLon	  but	  with	  a	  longitudinal	  plane	  dependence	  added	  is	  implemented	  	  

–  This	   is	   being	   done	   in	   coordinaLon	   with	   PLACET	   experts	   (A.	   LaLna	   and	   J.	  
Snuverink)	  
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Design	  of	  a	  retractable	  halo	  collima4on	  device:	  mechanical	  and	  
material	  study	  

28/01/15	  

A	   retractable	   halo	   collima4on	   type	   is	   being	  
considered	   because	   of	   its	   flexibility	   in	   terms	  
of	  opera4onal	  aspects	  



Wakepoten?al	  beam	  offset	  of	  1	  mm	  
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•  Rectangular	  chamber	  in	  x	  and	  y	  
•  Two	  independent	  movable	  ver4cal	  jaws	  
•  Parameters	  studied	  

•  a:	  	  between	  2	  mm	  	  and	  8	  mm	  
•  Lf:	  	  between	  50	  mm	  and	  300	  mm	  
•  α:	  between	  3°	  and	  90°	  
•  Material:	  Cu,	  Al,	  SS	  

Design	  of	  a	  retractable	  halo	  collima4on	  device:	  mechanical	  and	  
material	  study	  

Ø  Numerical	  simula4ons	  using	  CST	  PS:	  simplified	  model	  

•  Beam	  
•  σz=7	  mm	  	  
•  N=106	  (Charge	  1pC)	  
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CST
Analytical model (Inductive regime)

aw=	  0.024	  V/pC/mm	  	  
a	  =5	  mm	  

aw=	  0.006	  V/pC/mm	  	  
a	  =8	  mm	  

Aperture	  study	  

Ø  Analy4cal	  calcula4ons	  

Geometrical	  and	  material	  study:	  

LF=100	  mm,	  α=3°	  

28/01/15	  

[G. V. Stupakov, “High-frequency impedance of small-angle collimators”, PAC01] 

[A. Piwinski,  DESY-HERA-92-04, 1992] [G. Rumolo, A. Latina, D. Schulte,”Effects of wakefields in the CLIC BDS”, EUROTeV 2006] 



Linear	  slide	  

Transi4on	  pipe	  
(24mm	  ID	  bore	  to	  

24x26	  HxW	  
rectangular	  pocket)	  	  

Transi4on	  foil	  
(elasLc	  part)	  	  Jaw	  (mask)	  

Lf=100	  mm	  
α=3°	  

a=12-‐5	  mm	  
h=12	  mm	  
LT=238	  mm	  	  

Adjustable	  
bohom	  wall	  
(reduce	  channel	  
width	  at	  26	  mm	  –	  
grid	  paZern	  for	  

pumping	  capacity)	  	  

84
8	  
m
m
	  

600	  mm	  

Chamber	  (with	  single	  
removable	  cover	  (not	  
shown)	  ;	  allow	  jaws	  	  

checking/adjustment	  with	  
respect	  of	  external	  ref.)	  
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First	  3D	  design	  Design	  of	  a	  retractable	  halo	  collima4on	  device	  

Material from S. Wallon (LAL) 

§  Real	  mechanical	  design	  and	  cost	  study	  of	  collimator	  is	  in	  progress	  
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•  Two	  independent	  movable	  ver4cal	  jaws	  
•  Parameters	  studied	  

•  a:	  	  5	  mm	  
•  Lf:	  	  100	  mm	  
•  α:	  3°	  	  
•  Material:	  PEC	  

Design	  of	  a	  retractable	  halo	  collima4on	  device:	  mechanical	  and	  
material	  study	  

Numerical	  simula4ons	  using	  CST	  PS:	  new	  model	  

•  Beam	  
•  σz=7	  mm	  	  
•  N=106	   (Charge	   1pC)	   (real	   beam	  	  

1010	  but	   this	  parameter	   increases	  
the	   Lme	   of	   the	   simulaLons	   and	  
the	   wakepotenLal	   given	   is	  
normalized	  to	  the	  charge)	  

On	  going	  work	  

The	  transi7on	  
part	  between	  
the	  jaws	  and	  
the	  beam	  pipe	  
have	  been	  
added	  



Design	  of	  a	  retractable	  halo	  collima4on	  device:	  mechanical	  and	  
material	  study	  

a 

Lf 

! 

The	  transverse	  wakefield	  average	  kick	  of	  the	  rectangular	  tapered	  collimator:	  
Ø  with	  a=8	  mm	  is	  comparable	  with	  the	  impact	  of	  the	  round	  tapered	  collimator	  
Ø  with	  a=3	  mm	  is	  comparable	  to	  the	  reference	  cavity	  	  

Beam	  impact	  studies:	  	  first	  wakefield	  impact	  evalua7on	  
	  

(high	  level	  of	  wakefields*)	   (low	  level	  of	  wakefields)	  

a=8	  mm,	  LF=100	  mm,	  α=3°	  	  
Reference	  cavity	   Round	  tapered	  “collimator”	   Rectangular	  tapered	  collimator	  

Refrence	  cavity	   Round	  collimator	   Rectangular	  collimator	  

aw	  (V/pC/mm)	   0.089	   0.0052	   0.0061	  

28/01/15	   16	  

*hZps://agenda.linearcollider.org/event/5840/session/40/contribuLon/232/material/slides/0.pdf	  

(between	  QD10BFF	  –QD10AFF)	  
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Design	  of	  a	  retractable	  halo	  collima4on	  device:	  mechanical	  and	  
material	  study	  

a(mm)	   Δy	  (nm)	  at	  IP	   Δσ	  (nm)	  at	  the	  IP	  

AnalyLc	   Placet	   AnalyLc	   Placet	  

5	   13	   12	   5	   6	  

8	   4	   4	   1	   3	  

Beam	  impact	  studies:	  analy7cal	  and	  PLACET	  tracking	  code	  studies	  
Ø  The	  same	  input	  parameters	  used	  in	  MADX	  tracking	  studies	  
Ø  Rectangular	  collimator	  with	  a=5	  mm,	  LF=100	  mm,	  α=3°	  

Preliminary	  results	  

∆y = R34aθ =
�

ββ∗sin(φ)
eqy

E
aw

Beam	  size	  growth	  (semi-‐analyLcal):	  
σW:	  CST	  PS	  wake	  poten4al	  spread	  

Orbit	  displacement	  (analyLcal):	  
aW:	  analy4c	  average	  kick	  

∆σ =
�

σ2 − σ2
0 = R34σθ =

�
ββ∗sin(φ)

eqy

E
σw

*wakefieldeffect20130708.pptx	  



•  Beam	  halo	  measurements	  in	  the	  EXT	  line	  have	  been	  done	  with:	  
–  Wire	   scanners	   in	   2013-‐>	   The	   data	   has	   been	   analysed	   and	   an	   ATF2	   note	   has	   been	  

wriZen.	  	  
–  OTRs	  system	   in	  December	  2014	  run	  -‐>	  the	  data	   is	  been	  analysed	  to	   invesLgate	  the	  

transverse	  beam	  halo	  distribuLon	  and	  compare	  with	  the	  wire	  scanner	  measurements	  

•  The	  best	  loca4on	  and	  the	  efficiency	  as	  a	  funcLon	  of	  the	  half	  aperture	  for	  a	  ver4cal	  
and	  a	  horizontal	  halo	  collima4on	  system	  for	  ATF2	  have	  been	  studied	  

•  A	   wakefield	   study	   has	   been	   done	   using	   analy4cal	   formulas	   and	   numerical	  
simula4ons	   using	   CST	   PS	   in	   order	   to	   opLmize	   the	   geometrical	   parameters	   and	  
materials	   of	   a	   rectangular	   collimator	   prototype	   and	   a	   first	   preliminary	   3D	  
mechanical	  design	  has	  been	  done	  with	  the	  opLmized	  	  parameters	  

•  The	   wakefield	   impact	   has	   been	   evaluated	   by	   comparison	   with	   other	   structures	  
studied	   in	  ATF2	  and	  the	  beam	  dynamics	   is	  also	  being	  studied	  by	  using	  the	  tracking	  
code	  PLACET	  	  

28/01/15	   18	  

Summary	  and	  future	  work	  

•  OTRs	  data	  analysis	  
•  CST	  PS	  simulaLons	  with	  a	  more	  realisLc	  collimator	  structure	  	  
•  Real	  mechanical	  design	  and	  cost	  study	  of	  collimator	  is	  in	  progress	  
•  Tracking	  studies	  by	  using	  BDSIM	  taking	  into	  account	  secondary	  parLcle	  emission	  



Thank	  you	  very	  much	  for	  your	  a_en7on!	  
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Back	  up…	  
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Signal:	  Ionized	  e-‐	  hole	  pairs	  
	  
Dynamic	  range:	  
⇒	  1～ >108	  e-‐	  
(adding	  amplifier	  or	  a^enuator)	  
	  
Possible	  background:	  
•  Beam	  halo	  hi`ng	  B-‐Dump	  
⇒	  	  can	  be	  collimated	  by	  collimators	  
upstream	  
•  Back-‐sca^ered	  par?cles	  from	  dump	  	  
⇒	  	  can	  be	  separated	  in	  ?me	  	  
•  Bremsstrahlung	  photons	  
⇒	  	  can	  be	  neglected?	  	  
	  
Data	  Taking	  :	  
•  Different	  channel	  for	  beam	  core	  and	  halo	  
	  ⇒	  	  possible	  to	  do	  overall	  scan	  

Diamond	  Detector	  

Signal: Bremsstrahlung photons 
 
Dynamic range limited by: 
•  Background level 
•  14 bit ADC counts 
•  PMT high voltage	  
 
Background sources:  
•  Beam halo hitting the beam pipe 
•  Beam halo hitting another wire 

Data Taking : 
•  Difficult to combine data  
•  Difficult to avoid beam position 

jitter 
 

Wire	  Scanner	  	  

28/01/15	  
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T. Suehara et al., “Design of a Nanometer Beam Size Monitor for ATF2”, 
arXiv:0810.5467v1 

First	  beam	  halo	  measurements	  were	  done	  in	  2005	  using	  the	  wire	  scanners	  
in	  ATF	  EXT	   line	  -‐>	  these	  experiments	  need	  to	  be	  updated	  for	  the	  present	  
beam	  opLcs	  of	  ATF2	  

Beam	  halo	  measurements	  in	  ATF	  in	  2005	  	  

ρH/N = 1.0 X−3.5

ρV /N =

�
1.0 X−3.5 with 3 < X < 6
1.7 X−2.5 with X > 6

ρH/N = 1.0 X−3.5 with 3 < X < 6

ρV /N =

�
1.0 X−3.5 with 3 < X < 6
1.7 X−2.5 with X > 6

Halo	  Density	  Model 

ρH	   horizontal	   beam	   halo	   density,	   ρV	  
ver7cal	   beam	   halo,	   X	   number	   of	   σ	   ,	  
N=1010	  

ATF2_background_and_halo_study.pptx 

28/01/15	  



Wire	  scanners	  set	  up	  

Posi4on	  (m)	   σx	  (μm)	   σy	  (μm)	   μx/2π	   μy/2π	  

MW2X	   43.54	   88.54	   11.77	   2.98	   2.27	  

IP	   61.39	   8.93	   0.0367	   4.04	   2.96	  

Post-‐IPW	   89.92	   140.47	   215.48	   5.53	   4.46	  

In	   each	   wire	   scanner	   eight	   wires	  
are	  arranged	  and	   the	   set	  up	   is	  45°	  
to	  the	  beam	  direcLon.	  	  
	  

150	  mm	  

28/01/15	   23	  

	  
Ø  At	  the	  Post-‐IP	  with	  Post-‐IPW:	  

•  X	  wire	  	  (50	  μm	  	  )→	  horizontal	  
•  	  Y	  wires	  (50	  μm)	  →	  verLcal 

Ø  At	  the	  EXT	  line	  with	  MW2X:	  
•  X	  wire	  	  (50	  μm	  	  )→	  horizontal	  	  
•  Y	  wires	  (10	  μm)	  →	  verLcal	  	  
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Position(mm)
16 18 20 22 24 26 28 30

S
ig
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l 
s
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e
n

g
th

1

10

210

310

410

MW1X Horizontal 17th.April

500V

900V

1000V

1100V

1200V

1300V

1400V

1500V

1600V

Data	  acquisi4on	  and	  analysis	  

2 .Data	   normal i za4on: data	   i s	  
normalized	   to intensity	   varia4on,	   wire	  
orienta4on,	  number	  of	  sigmas	  and	  voltage	  
normalizaLon	  

1.Data	   acquisi4on:	   the	   data	   was	   taken	  
with	  different	  PMT	  voltages	  in	  order	  to	  be	  
sensiLve	   to	   beam	   halo	   parLcles.	   Lower	  
PMT	   voltage	   is	   used	   for	   beam	   core	   and	  
higher	  PMT	  voltage	  for	  beam	  halo	  

Wire Position/mm

14 16 18 20 22 24 26 28 30

S
ig

n
a

l 
s

tr
e

n
g

th

3
10

4
10

MW1X Horizontal 17th.April 2013

500V

900V

1000V

1100V

1200V

1300V

1400V

1500V

1600V

3.Data	   binning:	   in	   order	   to	   reduce	  
fluctua4ons	  for	  the	  posterior	  analysis	  

	  4.Firng	   range:	   we	   define	   the	   firng	  
range	   limited	   by	   the	   background	   (flat	  
distribuLon)	  

5.	  Firng	  model	  and	  normaliza4on:	  

ρH,V /N = (A/N)X−b N:	  number	  of	  parLcles,	  X:	  number	  of	  sigmas	  



Halo	  collima4on	  betatron	  depth	  

Aperture	  
(mm)	  

VerLcal	  
(σy=0.3265)	  

Horizontal	  
(σx=0.5592)	  

5	   15σy	   9σx	  	  	  

6	   18σy	   11σx	  	  	  

7	   21σy	   13σx	  	  	  

8	   24σy	   15σx	  	  	  

10	   30σy	   18σx	  	  	  

12	   37σy	   21σx	  

15	   46σy	   27σx	  
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1.02!109 X "3.5 dX
3

6
# + 0.17!109 X "2.5 dX

6

100
# = 2.9!107electrons

Halo	  loss	  rate	  at	  the	  collimator:	   1.02!109 X "3.5 dX
X

100
#
1.02!109 X "3.5 dX

3

100
#

From	  the	  2005	  realisLc	  ,	  the	  total	  number	  e-‐	  in	  the	  beam	  halo	  can	  be	  esLmated 

	  

Future	  work	  
	  

•  RadiaLon	  level	  esLmaLon	  	  in	  order	  to	  chose	  some	  components	  of	  the	  collimator	  

Aperture	  
(mm)	  

Number	  of	  
sigmas	  cut	  

(σy)	  

Halo	  loss	  rate	  
from	  Tracking	  

(%)	  

Halo	  loss	  rate	  
from	  

calculaLon	  (%)	  

ParLcle	  lost	  of	  real	  beam	  
intensity	  of	  1010	  	  (%)	  	  

Ver4cal	  beam	  halo	  collimator	  

12	   37	   0.5	   1.3	   0.004	  

Horizontal	  bean	  halo	  collimator	  

12	   27	   0.2	   0.9	   0.001	  
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	  Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  studies	  in	  ATF2	  
An	  important	  issue	  when	  doing	  collimaLon	  is	  to	  control	  the	  losses	  at	  the	  collimator	  
for	   radiaLon	  protecLon	   issues.	   It	   is	   reminded	   that	   radiaLon	   safety	   at	  ATF	   requires	  
less	  than	  0.4	  %	  beam	  loss	  of	  the	  maximum	  intensity	  in	  normal	  operaLon	  



Gaussian	  distribu?on:	  nx=24	  ny=28	  	  (Ax=6	  mm,	  Ay=0.43mm)	  

	  

Realis?c	  distribu?on	  (2005	  model	  ):	  nx=60	  ny=81.25	  (Ax=6	  mm,	  
Ay=0.3mm)	  

	  	  

Uniform	  distribu?on:	  nx=45	  ny=72	  	  (Ax=6	  mm,	  Ay=0.3mm)	  

	  	  

T.	  Suehara	  et	  al.,	  “Design	  of	  a	  Nanometer	  Beam	  Size	  Monitor	  for	  ATF2,	  
arXiv:0810.5467vl”	  
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ρz = 0 for z < −σz and z > σz

ρz = nz
1

(−σz)− σz
for − σz ≤ z ≤ σz

ρz = nz
1

σz

√
2π

e
− z2

2σ2
z z = x, y

N:	  number	  of	  parLcles,	  X:	  number	  of	  sigmas	  

-‐	  3	   3	   25	  -‐	  25	  -‐	  50	   -‐50	  -‐	  72	   72	  
	  Number	  of	  σy	  

-‐	  3	   3	   25	  -‐	  25	  -‐	  50	   -‐50	  -‐	  72	   72	  
	  Number	  of	  σy	  

-‐	  3	   3	   25	  -‐	  25	  -‐	  50	   -‐50	  -‐	  72	   72	  
	  Number	  of	  σy	  

z = H,V

ρV =

�
1.0 N X−3.5 with 3 < X < 6
0.17 N X−2.5 with X > 6

ρH = 1.0 N X−3.5

	  Beam	  dynamics	  simula4on	  and	  realis4c	  tracking	  
studies	  in	  ATF2	  


