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Layout:	  The	  LIU-‐SPS	  beam	  cleaning	  system	  with	  a	  magne=c	  bump
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Goals	  of	  the	  MDs

‣ Demonstrate	  the	  concept	  of	  beam	  scraping	  with	  a	  fixed-‐mask;

‣ Compare	  the	  results	  from	  new	  scraping	  system	  with	  a	  fixed-‐mask	  and	  previously	  used	  moveable	  scraper;

‣ Determine	  the	  cleaning	  speed	  as	  a	  funcEon	  of	  the	  beam	  angle	  and	  the	  bump	  duraEon	  for	  fixed	  scraping.

‣ Determine	  the	  feasibility	  of	  a	  full	  beam	  scan	  by	  using	  the	  fixed	  scraping	  method.

‣ Study	  the	  feasibility	  of	  the	  full	  scraping	  within	  a	  cycle.

‣ Provide	  supplementary	  informaEon	  for	  the	  FLUKA	  studies;

‣ EsEmate	  the	  potenEal	  side	  effects.

Two	  MD	  sessions	  	  were	  dedicated	  to	  the	  tail	  cleaning	  studies:	  

14/11/2012	  (EDMS#1252467),	  

28/11/2012	  (EDMS#1254658).
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Set-‐up

‣ LHC	  single	  bunch	  and	  Q26	  opEcs	  were	  provided	  for	  the	  tests;

‣ Four	  horizontal	  bumpers	  in	  the	  LIU	  Scraping	  System	  Scheme	  (MPSH.61402,	  MPLH.61655,	  MPLH.61996,	  
MPSH.62199)	  were	  used	  to	  produce	  the	  local	  orbit	  bump	  required	  for	  the	  beam	  intercepEon	  onto	  the	  
TPSG.61773;

‣ Orthogonal	  steering	  (posiEon	  and	  angle)	  knobs	  were	  designed	  and	  implemented	  in	  the	  control	  system	  
associated	  to	  the	  MD	  cycle;

‣ SPS	  cycle	  for	  MD-‐I:	  7.2s	  flat	  bofom+ramp+flat	  top	  (LHCFAST_MD_2012_V1)	  

‣ SPS	  cycle	  for	  MD-‐II:	  3.76s	  long	  flat-‐bofom	  (MD_26_L7200_West_Bump_V1)
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LHC Beam Horizontal Trajectory
LHC Beam Horizontal Envelope (4 )
LHC Beam Horizontal Envelope (1 )
SPS Horizontal Apertures
Circulating CNGS Injection Aperture Limit (5 )

Orbit	  Angle	  Control

Bump
Posi%on:	  25	  mm
Angle:	  0	  μrad

Experimental	  Studies	  on	  the	  tail	  cleaning	  with	  a	  fixed	  mask
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LHC Beam Horizontal Trajectory
LHC Beam Horizontal Envelope (4 )
LHC Beam Horizontal Envelope (1 )
SPS Horizontal Apertures
Circulating CNGS Injection Aperture Limit (5 )

Bump
Posi%on:	  25	  mm
Angle:	  100	  μrad

Orbit	  Angle	  Control

Experimental	  Studies	  on	  the	  tail	  cleaning	  with	  a	  fixed	  mask
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Orthogonal	  Steering	  Knobs	  (Posi=on	  and	  Angle)
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Orthogonal	  Steering	  Knobs	  (Posi=on	  and	  Angle)
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10	  mm	  Orbit	  Movement
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Orthogonal	  Steering	  Knobs	  (Posi=on	  and	  Angle)
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10	  mm	  Orbit	  Movement 100	  μrad	  Angle	  Change
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14

0 500 1000 1500 2000 2500 3000 3500 4000
0

200

400

600

800

1000

1200

1400

Time (ms)

In
te

ns
ity

 (x
10

8 )

 

 

5

10

15

20

25

30

35

40

45

50

800 900 1000 1100 1200 1300 1400
45

40

35

30

25

20

15

10

5

0

5

Time (ms)

D
er

iv
at

iv
e 

of
 In

te
ns

ity
 C

ur
ve

s

 

 

5

10

15

20

25

30

35

40

45

50

Defini*on:	  the	  intensity	  drop	  during	  the	  scraping.	  	  

How	  to	  determine	  the	  scraping	  duraEon?
‣ The	  first	  deriva0ves	  of	  an	  intensity	  curve	  gives	  the	  0me	  dura0on	  for	  the	  intensity	  change.	  
‣ The	  scraping	  0me	  interval	  is	  assumed	  as	  the	  dura0on	  where	  the	  first	  deriva0ve	  of	  the	  intensity	  
curve	  is	  non-‐zero	  around	  the	  intensity	  drop.
‣ Method	  sensi0ve	  to	  the	  intensity	  fluctua0ons.
‣ Work	  on-‐going	  for	  a	  clever	  algorithm	  to	  determine	  the	  scraping	  0me.	  
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Data
Fit

Cleaning	  Speed

15

...as	  a	  func%on	  of	  the	  beam	  angle

Bump
Posi%on:	  26	  mm
Angle:	  0-‐700μrad

‣Measurement	  at	  each	  cycle,	  subsequent	  measurements	  for	  each	  angle,

‣ Error	  bars	  show	  cycle-‐to-‐cycle	  standard	  deviaQons.
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...as	  a	  func%on	  of	  the	  beam	  angle

Bump
Posi%on:	  26	  mm
Angle:	  0-‐700μrad

‣ Localized	  beam	  losses,

‣Moves	  from	  upstream	  to	  downstream	  by	  changing	  angle.
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Cleaning	  Speed
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...as	  a	  func%on	  of	  the	  bump	  dura%on
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Data
Fit
Mean Efficiency = 4.61 x108 (protons/s)

Bump
Posi%on:	  26	  mm,	  
Angle:	  700μrad,	  
Bump	  Dura%on:	  800-‐100ms

‣ Cleaning	  efficiency	  is	  independent	  of	  the	  bump	  duraQon	  within	  the	  staQsQcal	  error	  bars;

‣ A	  lower	  limit:	  the	  stable	  current	  region	  of	  the	  local	  orbit	  bumpers,	  ~150	  ms.	  
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Cleaning	  Speed
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...as	  a	  func%on	  of	  the	  bump	  dura%on

Bump
Posi%on:	  26	  mm,	  
Angle:	  700μrad,	  
Bump	  Dura%on:	  800-‐100ms

MKE3 BLM.61651 QDA TPSG MST1 MST2 MSE1 MSE2 MSE3 MSE4 MSE5 MKE1 MKE2
0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

BLMs

Be
am

 L
os

s 
(G

ra
y)

 

 

5

10

15

20

25

30

35

40

45

50

55



O.MeteSPS	  MD	  Results	  on	  Scraping,	  MSWG,	  15	  February	  2013	   19

3355 3360 3365 3370 3375 3380 3385
0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Cycle Number

Be
am

 L
os

s 
(G

ra
y)

10 15 20 25 30 35 40 45 50
0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Bump Amplitude (mm)

Be
am

 L
os

s 
(G

ra
y)

 

 
Data
Fit,  = 2.39, µ = 27.55 (mm), 2 = 0.99

The	  Full	  Beam	  Scan	  with	  Fixed	  Scraper	  

Bump
Posi%on:	  30-‐13mm,
Angle:	  700μrad,	  
Bump	  Dura%on:	  200ms

‣ Scraping	  with	  a	  fixed	  mask	  can	  serve	  as	  a	  diagnosQcs	  tool	  to	  measure	  the	  beam	  profile.
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The	  Full	  Beam	  Scan	  with	  Fixed	  Scraper	  

Bump
Posi%on:	  30-‐13mm,
Angle:	  700μrad,	  
Bump	  Dura%on:	  200ms
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Confirma=on:	  Beam	  Profiles	  from	  the	  Wire-‐scanner

21

Measurement	  @	  Flat	  Top
Bump	  Off	  (No	  Scraping)
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Confirma=on:	  Beam	  Profiles	  from	  the	  Wire-‐scanner
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Measurement	  @	  Flat	  Top
Bump	  Off	  (No	  Scraping)

Measurement	  @	  Flat	  Top
Bump	  On	  (Scraping	  during	  the	  ramp)
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Confirma=on:	  Beam	  Profiles	  by	  the	  Movable	  Scraper
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scan6, sigma= 0.32, mean= 8.33
Fit, 2 = 0.99436
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scan5, sigma= 0.11, mean= 6.78
Fit, 2 = 0.99976

Measurement	  @	  Flat	  Top
Bump	  On	  (Scraping	  during	  the	  ramp)

Measurement	  @	  Flat	  Top
Bump	  Off	  (No	  Scraping)
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Bump: 36mm, 1260urad, TPSG: IN, SCRAPER:IN

-‐-‐-‐-‐	  Fixed	  Scraper:	  ~2.7E+8	  p/s

Movable	  Scraper:	  ~0.8E+8	  p/s	  -‐-‐-‐-‐

Comparison:	  Fixed	  Scraper	  vs.	  Movable	  Scraper
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‣ Cleaning	  with	  a	  movable	  scraper	  takes	  more	  Qme;

-‐	  ParQcles	  scabered	  from	  the	  scraper	  jaw	  circulaQng	  the	  machine	  for	  many	  turns	  before	  being	  
absorbed;	  

‣ IntercepQng	  the	  beam	  with	  a	  long-‐fixed	  absorber	  block;	  the	  parQcles	  are	  absorbed	  quickly.
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Beam	  Scraping	  within	  a	  Cycle
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A	  stepped	  bump	  amplitude	  profile	  was	  
implemented	  into	  the	  control	  system.

Corresponding	  response	  of	  the	  bumper	  
(MPLH)	  at	  the	  locaQon	  6150.
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Beam	  Scraping	  within	  a	  Cycle
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Beam	  Scraping	  within	  a	  Cycle
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For	  the	  Qme	  being	  200	  ms	  scraping	  Qme	  and	  200	  ms	  waiQng	  Qme	  (in-‐between	  the	  scraping	  
steps)	  found	  to	  be	  opQmum	  in	  order	  to	  observe	  clean	  stable	  scraping	  steps	  in	  the	  BCTs.
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Results	  of	  LIU-‐SPS	  Scraping	  System	  Review	  Mee=ng

27

‣ LIU-‐SPS	  Scraping	  System	  Review:	  hUps://indico.cern.ch/conferenceDisplay.py?confId=221617	  

‣ Outcomes	  and	  RecommendaEons:	  hUps://indico.cern.ch/conferenceDisplay.py?confId=232456

Slide from Jorg Wenninger, Giovanni Rumolo, 
from Outcomes and Recommandations Meeting.

https://indico.cern.ch/conferenceDisplay.py?confId=221617
https://indico.cern.ch/conferenceDisplay.py?confId=221617
https://indico.cern.ch/conferenceDisplay.py?confId=232456
https://indico.cern.ch/conferenceDisplay.py?confId=232456
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Slide from Jorg Wenninger, Giovanni Rumolo, 
from Outcomes and Recommandations Meeting.
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Conclusions
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Experimental	  studies	  on	  tail	  cleaning	  with	  a	  fixed	  mask

‣ Two	  SPS	  MD	  sessions;	  demonstra=on	  of	  the	  concept	  of	  tail	  cleaning	  with	  a	  fixed	  mask,

‣ OpEmizaEon	  of	  the	  operaEonal	  condiEons;	  cleaning	  speed	  as	  a	  funcEon	  of	  the	  beam	  
angle	  (quadraEc)	  and	  the	  bump	  duraEon	  (constant),

‣ A	  cleaning	  speed	  of	  ~4.7E+8	  protons/s	  was	  recorded	  for	  the	  opEmized	  beam	  angle	  
under	  the	  test	  condiEons,

‣ The	  concept	  of	  the	  beam	  scan	  within	  one	  SPS	  cycle	  was	  demonstrated	  successfully,

Opera=onally	  

‣ The	  scraping	  system	  can	  serve	  as	  a	  tail	  cleaner,	  a	  diagnos=cs	  tool	  and	  can	  be	  used	  for	  
intensity	  reduc=on;	  it	  is	  a	  cleaner,	  faster	  and	  more	  stable	  tool	  compared	  to	  the	  present	  
scraper	  in	  the	  SPS.

LIU-‐SPS	  Scraping	  System	  

‣ Designed	  and	  reviewed,	  
‣ Ready	  to	  be	  implemented	  in	  case	  of	  need,	  

‣ Technical	  Design	  Report	  in	  progress...	  
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Thank	  you	  for	  your	  aCenDon.
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