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Different	
  scenarios	
  have	
  been	
  inves0gated:	
  	
  
ü  crystals	
  in	
  the	
  horizontal	
  and	
  ver6cal	
  planes	
  separately	
  
ü  7TeV	
  beam	
  with	
  nominal	
  collision	
  op6cs	
  (β*=55cm)	
  
ü  only	
  one	
  secondary	
  collimator	
  inserted	
  to	
  absorb	
  the	
  channeled	
  and	
  extracted	
  beam	
  	
  
ü  full	
  collima6on	
  chain	
  downstream	
  the	
  crystal	
  in	
  place	
  
ü  Sta6s6cs	
  of	
  >107	
  protons	
  intercepted	
  by	
  the	
  collima6on	
  system,	
  to	
  allow	
  es6ma6on	
  of	
  losses	
  ~10-­‐6.	
  

Simula0ons	
  have	
  been	
  done	
  for	
  a	
  perfect	
  machine	
  and	
  crystal:	
  
•  no	
  op6cs	
  and	
  orbit	
  errors	
  
•  no	
  collimator	
  setup	
  errors	
  
•  no	
  miscut	
  angle,	
  amorphous	
  layer	
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Parametric	
  studies	
  have	
  been	
  performed	
  on	
  the	
  halo	
  genera6on	
  changing	
  its	
  amplitude	
  and	
  spread.	
  

Taken	
  the	
  one	
  which	
  leads	
  to	
  reasonable	
  compu6ng	
  6me	
  needed	
  to	
  run	
  the	
  simula6ons,	
  
	
  and	
  at	
  the	
  same	
  6me	
  gives	
  a	
  single-­‐pass	
  channeling	
  efficiency	
  comparable	
  with	
  the	
  H8	
  experimental	
  data	
  

Average	
  impact	
  parameter	
  used	
  ~5μm	
  

What	
  comes	
  in:	
  

What	
  comes	
  out:	
  

CH	
  
VR+MCS	
   DC	
  

DIFF+NCS	
  DIFF+NCS	
  

MCS	
  

Ver6cal	
  kick	
   Horizontal	
  kick	
  
CH:	
  Channeling	
  
DC:	
  Dechanneling	
  
VR:	
  Volume	
  Reflec6on	
  
MCS:	
  Mul6ple	
  Coulomb	
  Sca`ering	
  
NCS:	
  Nuclear	
  Elas6c	
  Sca`ering	
  
DIFF:	
  Single	
  Diffrac6ve	
  

Impact	
  parameter	
  

cut	
  in	
  x’	
  

Crystal	
  bending:	
  40	
  μrad	
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Main	
  constraints	
  in	
  the	
  layout	
  design:	
  
•  Be	
  able	
  to	
  demonstrate	
  an	
  efficient	
  crystal	
  collima6on	
  (using	
  ideally	
  only	
  one	
  TCSG)	
  in	
  the	
  various	
  

machine	
  configura6ons	
  (injec6on,	
  ramp,	
  squeeze,	
  etc)	
  	
  
	
  

•  Minimum	
  impact	
  on	
  present	
  layout	
  and	
  infrastructure	
  (control	
  cabling,	
  supports,	
  etc.)	
  
•  Absorp6on	
  of	
  channeled	
  and	
  extracted	
  halo	
  sufficiently	
  upstream	
  from	
  cold	
  magnets	
  
•  Changes	
  of	
  op6cs	
  are	
  in	
  principle	
  possible	
  

the	
  overhead	
  for	
  beam	
  tests	
  will	
  become	
  too	
  important	
  

conceive	
  op6mum	
  layouts	
  for	
  the	
  nominal	
  IR7	
  op6cs	
  

Study	
  based	
  on	
  Semi-­‐analy6cal	
  Models	
  and	
  full	
  SixTrack	
  simula6ons	
  have	
  been	
  performed	
  
to	
  find	
  a	
  layout	
  which	
  fullfils	
  all	
  the	
  requirements	
  

Calculated	
  the	
  trajectory	
  of	
  the	
  channeled	
  beam	
  for	
  any	
  available	
  posi6on	
  of	
  the	
  crystals	
  :	
  

xs =
�

βs

βCr
cos (∆φ)xCr +Θ

√
βsβCr sin (∆φ)

1

First	
  selec6on	
  of	
  the	
  layouts	
  that	
  give	
  beOer	
  impact	
  parameters	
  on	
  the	
  secondary	
  collimator	
  at	
  any	
  energy	
  	
  

Full	
  SixTrack	
  simula6ons	
  with	
  complete	
  layout	
  and	
  geometry	
  implemented	
  for	
  the	
  choose	
  subset	
  

can	
  we	
  beat	
  the	
  present	
  excellent	
  cleaning?	
  Can	
  we	
  address	
  the	
  opera6onal	
  challenges	
  of	
  the	
  LHC?	
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radµ0

Cry TCSG TCLA

beam	
  envelope	
  
N√β(s)ε 

projec6on	
  on	
  the	
  plane	
  of	
  interest	
  of	
  collimator	
  aperture	
  	
  

trajectory	
  of	
  kicked	
  par6cle	
  at	
  the	
  crystal	
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Found	
  a	
  subset	
  of	
  suitable	
  posi0ons	
  for	
  crystals	
  installa0on	
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Horizontal	
  crystal	
  at	
  the	
  TCP	
   Horizontal	
  crystal	
  at	
  the	
  TCSG	
  

Ver6cal	
  crystal	
  at	
  the	
  TCP	
   Ver6cal	
  crystal	
  at	
  the	
  TCSG	
  
@7TeV	
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Summary	
  table	
  of	
  the	
  collima6on	
  chain	
  seVngs	
  used	
  in	
  the	
  SixTrack	
  simula6ons	
  	
  
shown	
  in	
  the	
  next	
  slides	
  

Coll.	
  Name	
   Se8ng	
  [σ]	
  

TCP.*	
   6	
  

TCSG.*	
   7	
  

TCLA.*	
   10	
  

Coll.	
  Name	
   s	
  [m]	
   Orient.	
  
Se8ng	
  [σ]	
  
Hor.	
  plane	
  
(Cr	
  @	
  TCP)	
  

Se8ng	
  [σ]	
  
Ver.	
  plane	
  
(Cr	
  @	
  TCP)	
  

Se8ng	
  [σ]	
  
Hor.	
  plane	
  
(Cr	
  @	
  TCSG)	
  

Se8ng	
  [σ]	
  
Ver.	
  plane	
  
(Cr	
  @	
  TCSG)	
  

CRY.TCP.H	
   19795.18	
   Hor.	
   6	
   99	
   -­‐	
   -­‐	
  

CRY.TCP.V	
   19800.78	
   Ver.	
   99	
   6	
   -­‐	
   -­‐	
  

CRY.TCSG.H	
   19919.24	
   Hor.	
   -­‐	
   -­‐	
   6	
   99	
  

CRY.TCSG.V	
   19845.30	
   Ver.	
   -­‐	
   -­‐	
   99	
   6	
  

TCP.*	
   -­‐	
   H/V/S	
   99	
   99	
   99	
   99	
  

TCSG.*	
   -­‐	
   Skew	
   25	
   25	
   30	
   30	
  

TCSG.D4L7	
   -­‐	
   Ver.	
   25	
   7	
   30	
   7	
  

TCSG.6R7	
   -­‐	
   Hor.	
   7	
   25	
   7	
   30	
  

TCLA.*	
   -­‐	
   H/V	
   10	
   10	
   10	
   10	
  

IR7	
  for	
  Std.	
  Collima0on:	
  

IR7	
  for	
  Crystal	
  assisted	
  Collima0on:	
  

Coll.	
  Name	
   Se8ng	
  [σ]	
  

TCP.*	
   15	
  

TCSG.*	
   18	
  

TCLA.*	
   20	
  

IR3	
  in	
  both	
  cases:	
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IR7	
  zoom	
  for	
  reference	
  Loss	
  Map	
  of	
  cleaning	
  performance	
  of	
  the	
  present	
  collima6on	
  system	
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LHC Loss Map
Collimator losses
Warm losses
Cold losses

Local	
  cleaning	
  inefficiency	
  ~10-­‐5	
  

D.S.	
  losses:	
  
-­‐	
  5864p	
  from	
  TCP	
  
-­‐	
  686p	
  from	
  TCSG	
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Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Only	
  one	
  TCSG	
  (6R7)	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  253p	
  from	
  Cr	
  

Ø  253	
  DIFF	
  
-­‐	
  96p	
  from	
  Collimators	
  

Ø  5	
  not	
  abs.	
  
Ø  91	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~2	
  10-­‐6	
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Crystal	
  in	
  amorphous	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Only	
  one	
  TCSG	
  (6R7)	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  14754p	
  from	
  Cr	
  

Ø  DIFF	
  
-­‐	
  3997p	
  from	
  Collimators	
  

Ø  485	
  not	
  abs.	
  
Ø  3512	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~10-­‐4	
  



-­‐	
  62p	
  from	
  Cr	
  
Ø  38	
  NES	
  
Ø  28	
  DIFF	
  

-­‐	
  3p	
  from	
  Collimators	
  
Ø  3	
  not	
  abs.	
  

Of	
  which:	
  
-­‐	
  3	
  from	
  TCSG.6R7	
  

Losses	
  from	
  the	
  Cr	
  due	
  to	
  events:	
  
ü  NES	
  &	
  DIFF	
  with	
  “negligible”	
  Δp/p	
  (<10-­‐3)	
  
ü  kick	
  in	
  x	
  <	
  |7|μrad	
  (able	
  to	
  bypass	
  the	
  6R7)	
  
ü  kick	
  in	
  y	
  >	
  |60|μrad	
  

Loss	
  Maps	
  (H.	
  Cr.	
  @	
  TCP)	
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Example	
  of	
  far	
  losses	
  genera6on	
  “playing”	
  with	
  the	
  collimators	
  seVng	
  and	
  coverage	
  given	
  by	
  the	
  Coll.	
  chain	
  	
  

IP8	
  

Crystal	
  in	
  channeling,	
  IR7	
  TCSG	
  @	
  30σ	
  and	
  Ver0cal	
  TCLA	
  @	
  20σ	
  (look	
  slide	
  6	
  and	
  3)	
  



Loss	
  Maps	
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Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Full	
  chain	
  of	
  TCSG	
  downstream	
  the	
  crystal	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  34p	
  from	
  Cr	
  

Ø  34	
  DIFF	
  
-­‐	
  51p	
  from	
  Collimators	
  

Ø  4	
  not	
  abs.	
  
Ø  47	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~<10-­‐6	
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Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Only	
  one	
  TCSG	
  (6R7)	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  132p	
  from	
  Cr	
  

Ø  132	
  DIFF	
  
-­‐	
  122p	
  from	
  Collimators	
  

Ø  5	
  not	
  abs.	
  
Ø  117	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~10-­‐6	
  

Warm	
  losses:	
  
-­‐	
  122p	
  from	
  Cr	
  

Ø  24	
  NES	
  
Ø  98	
  DIFF	
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Loss	
  Maps	
  (H.	
  Cr.	
  @	
  TCP)	
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Crystal	
  in	
  amorphous	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Only	
  one	
  TCSG	
  (6R7)	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  14899p	
  from	
  Cr	
  

Ø  	
  DIFF	
  
-­‐	
  3787p	
  from	
  Collimators	
  

Ø  565	
  not	
  abs.	
  
Ø  3222	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~10-­‐4	
  



Loss	
  Maps	
  (H.	
  Cr.	
  @	
  TCSG)	
  

07/06/13	
   Daniele	
  Mirarchi,	
  ColUSM	
   15	
  

Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Full	
  chain	
  of	
  TCSG	
  downstream	
  the	
  crystal	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  34p	
  from	
  Cr	
  

Ø  34	
  DIFF	
  
-­‐	
  51p	
  from	
  Collimators	
  

Ø  4	
  not	
  abs.	
  
Ø  47	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~<10-­‐6	
  

Warm	
  losses:	
  
-­‐	
  133p	
  from	
  Collimators	
  

Ø  85	
  not	
  abs.	
  
Ø  48	
  DIFF	
  



Loss	
  Maps	
  (V.	
  Cr.	
  @	
  TCP)	
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Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Only	
  one	
  TCSG	
  (D4L7)	
  in	
  place	
  

Local	
  cleaning	
  inefficiency	
  ~2	
  10-­‐6	
  

D.S.	
  losses:	
  
-­‐	
  311p	
  from	
  Cr	
  

Ø  311	
  DIFF	
  
-­‐	
  58p	
  from	
  Collimators	
  

Ø  9	
  not	
  abs.	
  
Ø  49	
  DIFF	
  

Warm	
  losses:	
  
-­‐	
  6062p	
  from	
  Collimators	
  

Ø  1839	
  not	
  abs.	
  
Ø  4223	
  DIFF	
  



Loss	
  Maps	
  (V.	
  Cr.	
  @	
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Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Full	
  chain	
  of	
  TCSG	
  downstream	
  the	
  crystal	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  73p	
  from	
  Cr	
  

Ø  73	
  DIFF	
  
-­‐	
  117p	
  from	
  Collimators	
  

Ø  19	
  not	
  abs.	
  
Ø  98	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~2	
  10-­‐6	
  



Loss	
  Maps	
  (V.	
  Cr.	
  @	
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07/06/13	
   Daniele	
  Mirarchi,	
  ColUSM	
   18	
  

Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Only	
  one	
  TCSG	
  (D4L7)	
  in	
  place	
  

Local	
  cleaning	
  inefficiency	
  ~2	
  10-­‐6	
  

D.S.	
  losses:	
  
-­‐	
  280p	
  from	
  Cr	
  

Ø  280	
  DIFF	
  
-­‐	
  67p	
  from	
  Collimators	
  

Ø  6	
  not	
  abs.	
  
Ø  59	
  DIFF	
  

Warm	
  losses:	
  
-­‐	
  4103p	
  from	
  Collimators	
  

Ø  1655	
  not	
  abs.	
  
Ø  2448	
  DIFF	
  



Loss	
  Maps	
  (V.	
  Cr.	
  @	
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Crystal	
  in	
  channeling	
  orienta6on,	
  no	
  relevant	
  spikes	
  around	
  the	
  whole	
  LHC	
  ring,	
  shown	
  only	
  the	
  IR7	
  

Full	
  chain	
  of	
  TCSG	
  downstream	
  the	
  crystal	
  in	
  place	
  

D.S.	
  losses:	
  
-­‐	
  94p	
  from	
  Cr	
  

Ø  94	
  DIFF	
  
-­‐	
  16p	
  from	
  Collimators	
  

Ø  2	
  not	
  abs.	
  
Ø  14	
  DIFF	
  

Local	
  cleaning	
  inefficiency	
  ~<10-­‐6	
  



Summary	
  of	
  7	
  TeV	
  results	
  

07/06/13	
   Daniele	
  Mirarchi,	
  ColUSM	
   20	
  

Four	
  suited	
  posi6ons	
  for	
  crystals	
  installa6ons	
  have	
  been	
  found,	
  suitable	
  for	
  beam	
  tests	
  at	
  7TeV	
  with	
  low	
  intensity:	
  
•  two	
  crystals	
  H	
  &	
  V	
  close	
  to	
  the	
  present	
  TCP	
  collimators	
  
•  two	
  crystals	
  H	
  &	
  V	
  between	
  the	
  TCSG	
  collimators	
  chain	
  

Similar	
  results	
  in	
  cleaning	
  inefficiency	
  have	
  been	
  found	
  for	
  each	
  proposed	
  layout:	
  
•  improvement	
  of	
  a	
  factor	
  between	
  5	
  and	
  10	
  in	
  cleaning	
  efficiency	
  w.r.t.	
  Std.	
  Coll.,	
  if	
  used	
  only	
  one	
  TCSG	
  to	
  intercept	
  the	
  

channeled	
  beam	
  
•  improvement	
  by	
  factor	
  10	
  if	
  the	
  complete	
  TCSG	
  chain	
  is	
  closed	
  (but	
  it	
  would	
  mean	
  to	
  lose	
  the	
  gain	
  in	
  impedance	
  

achieved	
  otherwise	
  and	
  the	
  “simplicity	
  of	
  the	
  system”	
  with	
  what	
  it	
  concerns)	
  	
  
•  Clearly,	
  intermediate	
  condi6ons	
  on	
  TCSG’s	
  selngs	
  are	
  under	
  inves6ga6on	
  

Main	
  difference	
  between	
  layouts	
  with	
  only	
  one	
  TCSG	
  and	
  the	
  full	
  chain	
  in	
  place:	
  	
  
presence	
  and	
  level	
  of	
  warm	
  losses,	
  almost	
  no	
  losses	
  except	
  that	
  in	
  the	
  DS	
  

The	
  less	
  radioac0ve	
  environment	
  for	
  crystals	
  installa0on	
  would	
  be	
  preferred,	
  i.e.	
  the	
  one	
  at	
  the	
  TCSG	
  

Not	
  dangerous	
  spikes	
  in	
  the	
  losses	
  have	
  been	
  found	
  when	
  crystal	
  in	
  amorphous	
  orienta6on	
  

In	
  any	
  case	
  the	
  first	
  tests	
  in	
  the	
  LHC	
  will	
  be	
  made	
  at	
  low	
  intensity	
  (~	
  5	
  109)	
  to	
  avoid	
  any	
  safety	
  risk	
  for	
  the	
  machine	
  and	
  
damages	
  to	
  the	
  collimator	
  jaw	
  used	
  to	
  absorb	
  the	
  extracted	
  halo	
  

For	
  both	
  layouts,	
  one	
  can	
  achieve	
  a	
  cleaning	
  beOer	
  than	
  the	
  present	
  system	
  using	
  	
  
one	
  single	
  TCSG	
  as	
  “absorber”	
  (according	
  to	
  simula6ons).	
  	
  

For	
  both,	
  we	
  should	
  be	
  able	
  to	
  demonstrated	
  the	
  principle	
  feasibility	
  of	
  crystal-­‐assisted	
  collima6on	
  without	
  too	
  many	
  problems.	
  	
  

Studies	
  are	
  ongoing	
  to	
  determine	
  the	
  best	
  crystal	
  parameters,	
  which	
  are	
  strictly	
  correlated	
  to	
  the	
  final	
  se^ngs	
  of	
  the	
  
chain	
  of	
  TCSG	
  will	
  be	
  used	
  in	
  the	
  tests	
  (soon	
  a	
  talk	
  on	
  it)	
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Op0cs	
  studies	
  at	
  450	
  GeV	
  for	
  proposed	
  layout	
  (@TCSG,	
  see	
  next	
  slides)	
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   Ver0cal	
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Reasonable	
  impact	
  parameter
(>1mm)	
  on	
  the	
  selected	
  TCSG	
  also	
  at	
  
450	
  GeV	
  with	
  bending	
  of	
  40	
  μrad	
  

Horizontal	
  case:	
  to	
  use	
  the	
  TCSG.B4L7	
  
could	
  be	
  problema6c	
  due	
  to	
  the	
  

frac6on	
  of	
  par6cles	
  not	
  absorbed	
  and	
  
diffrac6ve	
  events	
  in	
  the	
  jaw	
  	
  	
  	
  	
  

Ver6cal	
  case:	
  no	
  problems,	
  since	
  
TCLA	
  are	
  at	
  the	
  same	
  phase	
  of	
  

the	
  TCSG.D4L7	
  	
  

Under	
  inves6ga6on	
  either	
  the	
  
possibility	
  to	
  increase	
  the	
  crystal	
  

bending,	
  and	
  “smart”	
  seVngs	
  of	
  the	
  
TCSG’s	
  chain	
  	
  

1σ	
  
1σ	
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Proposed	
  posi6on	
  for	
  installa6on	
  of	
  ver6cal	
  crystal	
  
(shown	
  half	
  cell	
  C6L7)	
  

Simula6ons	
  made	
  for	
  
CRY.V.B1	
  @	
  s=19845.30m	
  

Final	
  posi6on	
  moved	
  @	
  19843.82	
  
to	
  leave	
  the	
  present	
  support	
  (in	
  the	
  B2	
  line)	
  

ready	
  for	
  a	
  possible	
  use	
  
TCP.B1	
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Proposed	
  posi6on	
  for	
  installa6on	
  of	
  horizontal	
  crystal	
  
(shown	
  half	
  cell	
  C4L7)	
  

CRY.H.B1	
  @	
  
s=19919.24m	
  TCSG.D4L7.B1	
  

TCSG.B4L7.B1	
  


