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On	  the	  History	  of	  High	  Energy	  Channeling	  
	  

Edward	  	  Tsyganov	  
UTSW	  MC	  at	  Dallas	  

	  

Richard	  Carrigan	  
Fermilab	  
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Outline	  of	  the	  talk:	  
	  
•  Bent	  crystals	  for	  beam	  deflecRon	  
•  Bent	  crystals	  for	  beam	  extracRon	  	  
•  Bent	  crystal	  scrapers	  on	  colliders	  	  
•  Channeling	  radiaRon	  of	  high	  energy	  
electrons	  and	  positrons	  

•  High	  energy	  experiments	  using	  bent	  
crystal	  

•  Full	  beam	  reflecRon	  in	  bent	  crystals	  
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Fermilab,	  1975	  

Robert	  R.	  Wilson	  
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Dick	  Carrigan	  and	  family	  
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Channeling	  at	  Fermilab,	  1977	  
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ConRnuum	  	  potenRal	  	  energy	  	  for	  	  protons	  	  channeled	  	  in	  	  the	  (110)	  	  planes	  	  of	  	  Si.	  	  
D.S.	  Gemmel,	  	  Reviews	  	  of	  	  Modern	  	  Physics,	  	  46	  (1974)	  129.	  
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6	  -‐	  member	  	  	  ScienRfic	  	  	  Panel	  	  	  held	  	  	  at	  	  	  Fermilab	  	  
including	  	  Prof.	  	  D.S.	  Gemmel	  	  from	  	  Argonne	  NaRonal	  
Laboratory	  	  rejected	  	  	  proposal	  	  to	  	  deflect	  	  high	  	  energy	  
beam	  	  	  using	  	  	  bent	  	  crystal.	  “No	  chance”.	  
	  
	  
The	  	  paper	  	  was	  	  rejected	  	  by	  	  Phys.	  	  Rev.	  	  Le`.	  
Prof.	  	  Alexis	  	  A.	  	  Maraddudin	  	  of	  	  UC	  Irving	  	  declared	  that	  
the	  	  paper	  	  is	  	  scien2fic	  	  absurd,	  senseless,	  unintelligent,	  
bizarre	  proposal.	  	  
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CERN COURIER, September 1977: 
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In	  June	  1979	  the	  group	  of	  prominent	  channelists	  
including	  J.	  Lindhard	  and	  E.	  Uggerhoy	  visited	  	  
Dubna	  acer	  Tulinov’	  conference	  in	  Moscow.	  	  
I	  presented	  our	  plans	  for	  the	  experiment.	  	  	  
J.	  Lindhard	  and	  E.	  Uggerhoy	  were	  quite	  skepRcal	  
on	  possible	  success	  of	  the	  experiment.	  “No	  
chance”.	  
	  
Joint	  InsRtute	  for	  Nuclear	  Research	  at	  Dubna	  
under	  the	  leadership	  of	  Prof.	  N.	  Bogolyubov	  
decided	  to	  go	  on	  with	  the	  experimental	  proof	  of	  	  
the	  hypothesis.	  
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Channeling	  8.4	  GeV	  protons	  in	  single	  crystals	  of	  	  
Si	  and	  Ge	  at	  Dubna	  synchrophasotron	  
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Si crystal, semiconductor detector and bending device 
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IonizaRon	  losses	  in	  Si	  crystal	  

random direction (110) plane aligned 



15	  Channeling	  2012,	  September	  23-‐28,	  2012	  Alghero	  (SS),	  Italy	  	  

Beam	  deflecRon	  in	  bent	  silicon	  crystal	  



16	  

Beam	  deflecRon	  in	  bent	  silicon	  crystal	  
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Channeling	  radiaRon	  experiments	  
at	  Serpukhov	  
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Beam	  line	  of	  10	  GeV	  electrons	  	  
and	  positrons	  at	  IHEP,	  Serpukhov	  
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Channeling	  of	  10	  GeV	  electrons	  	  
and	  positrons	  in	  Si	  and	  Ge	  
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Axial	  channeling	  of	  10	  GeV	  positrons	  in	  Si	  



24	  Channeling	  2012,	  September	  23-‐28,	  2012	  Alghero	  (SS),	  Italy	  	  

Gamma	  spectra	  for	  10	  GeV	  positron	  planar	  (110)	  channeling	  in	  Si	  
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Axial	  channeling	  of	  10	  GeV	  electrons	  in	  Si	  
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Gamma	  conversion	  efficiency	  for	  10	  GeV	  electrons	  	  
for	  the	  axial	  oriented	  <111>	  thick	  Si	  single	  crystal.	  
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PublicaRons	  on	  channeling	  of	  10	  GeV	  electrons	  	  
and	  positrons	  in	  Si	  and	  Ge	  
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Beam	  extracRon	  using	  bent	  crystals	  
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SchemaRcs	  of	  beam	  extracRon	  from	  Dubna	  synchrophasotron	  
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7.5 GeV First	  	  	  bent	  	  crystal	  	  extrac2on	  	  (1984)	  
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InsRtute	  	  of	  	  High	  	  Energy	  	  Physics	  	  at	  	  
Serpukhov	  
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The	  diagram	  of	  beam-‐split	  staRon	  

Straight	  line	  –	  beam	  for	  neutrino	  experiments,	  channel	  23	  –	  experiment	  	  
“ГИПЕРОН”,	  channel	  21	  –	  experiment	  “СФИНКС”.	  
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Crystal	  deflector	  design	  

Crystal	  with	  skew	  cat	  edges	  had	  channeling	  acceptance	  ±5	  mrad,	  	  
depending	  on	  verRcal	  posiRon,	  and	  was	  bent	  by	  80	  mrad.	  
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The	  diagram	  of	  slow	  beam	  extracRon	  from	  У-‐70	  
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First	  beam	  slow	  extracRon	  at	  Serpukhov	  	  
using	  bent	  crystal	  (1986)	  

Primary	  beam	  extracRon	  for	  experiment	  “ПРОЗА”,	  channel	  14	  	  
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Profiles	  of	  primary	  70	  GeV	  beam	  extracted	  for	  experiment	  “ПРОЗА”.	  	  
Profiles	  of	  40	  GeV	  pion	  beam	  also	  shown	  for	  comparison.	  
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Bending	  experiment	  at	  CERN	  
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Bending	  device	  at	  CERN	  
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Sca`er	  plots	  
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First	  bending	  results	  at	  CERN	  
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Experimental	  set-‐up	  
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Bending	  device	  
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DeflecRon	  200	  GeV	  AND	  450	  GeV	  proton	  beams	  
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First	  extracRon	  from	  SPS	  
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ExtracRon	  from	  SPS	  
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ExtracRon	  scheme	  
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Angular	  scan	  at	  firs	  extracRon	  from	  SPS	  
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Extracted	  120	  GeV	  beam	  parameters	  
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ExtracRon	  efficiency	  
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Beam	  deflecRon	  by	  bent	  crystal	  at	  Fermilab	  
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Three	  point	  bending	  device	  
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Results	  with	  four	  point	  bending	  device	  
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Fermilab	  beam	  extracRon	  using	  bent	  crystal	  
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Fermilab	  beam	  extracRon	  schemaRcs	  	  
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Fermilab	  beam	  extracRon	  schemaRcs	  	  
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Bent	  crystal	  at	  Fermilab	  beam	  extracRon	  
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Lambertson	  
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Very	  first	  results	  on	  beam	  extracRon	  	  
from	  Tevatron	  using	  bent	  crystal	  
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Later	  bent	  crystal	  beam	  extracRon	  developments	  at	  IHEP	  

Extraction of the Proton Beam from the
70 GeV IHEP Accelerator.

A.G. Afonin*, V.T. Baranov*, V.M. Biryukov*,
Yu. M. Ivanov**, A.A. Kardash*,V.I.Kotov*,
V.A.Maisheev*, V.I.Terekhov*, E.F. Troyanov*,
Yu.S. Fedotov*, V.N. Chepegin*, Yu.A. Chesnokov*.

*   IHEP, Protvino, Moscow reg.,   142280 Russia
** INPh, Gatchina, St. Petersburg,  188350 Russia



70	  Channeling	  2012,	  September	  23-‐28,	  2012	  Alghero	  (SS),	  Italy	  	  

Strip-shaped crystals, ∼2 mm length along the beam
and subjected to special chemical polishing, showed
the best beam extraction efficiency: ∼85%. A general
view of the bending device, with a strip-shaped
crystal, is shown in next figure
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№  

Posit
ion 

T
y
p
e 

Bend 
angle 
mrad 

Sizes 
l×h×R,  
mm 

Efficiency,  
 % 

Energy 
GeV Extraction scheme 

1 SS-1
06 S 1.0 2.0·35·0.5 85 

80 
70 

70 
106-24-26 

106-20-22-26 
2 SS-1

06 
О 0.7 3.5·5·0·0.7 60 70 106-24-26 

3 SS-1
9 

S 2.0 5.0·45·0.5 67 70 20-22-26 

4 SS-1
9 

О 2.1 5.0·5.0·0.7 65 70 20-22-26 

5 Unit 
22 

S 0.8 1.9·45·0.5 85 70 24-26 

6 Unit 
22 

S 0.9 1.8·45·0.5 80 50 24-26 
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CONCLUSION
At once after the first experiment of extraction by the
bent crystal we began to use proton beam for physical
needs. That was urgent necessity because the only
crystal channeling gave us the possibility to have 70
GeV proton beam at the experimental facility which
worked before with the secodaries. The need to have
intensity in the range 109 – 1011 proton per spill led us
to utilization of short crystals with the help of bending
extraction magnets. Resonant slow extraction system
dos not work well in such range of intensity. And it
dos not work in parallel with the internal targets. We
have fulfilled such extraction system. Every
accelerator run some experimental set-up works using
the proton beam extracted by the bent crystal.
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Spin	  precession	  of	  Σ+	  in	  bent	  crystal	  
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Crystal mirror concept 
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Angular	  distribuRons	  of	  outgoing	  parRcles	  for	  the	  cases	  when	  the	  tungsten	  
crystal	  planes	  (110)	  are	  Rlted	  (a)	  by	  0	  µrad,	  (b)	  by	  8.5	  µrad,	  (c)	  by	  12.75	  
µrad,	  and	  (d)	  by	  68	  µrad	  relaRve	  to	  the	  direcRon	  of	  an	  incident	  900	  GeV-‐
protons.	  	  
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Impact	  parameter	  for	  different	  crystal	  mirrors	  SC2:	  a	  -‐	  silicon,	  b	  -‐	  tungsten.	  
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“The	  device	  is	  suitable	  for	  cleaning	  up	  the	  proton	  beam	  
halo	  (a	  clean	  crystal	  scraper),	  or	  for	  useful	  extracRon	  of	  
the	  proton	  beam	  halo	  parRcles	  with	  a	  99%	  efficiency.	  
When	  it	  is	  used	  as	  a	  clean	  scraper,	  it	  could	  work	  as	  an	  
efficient	  clean	  radiaRon	  drain	  prevenRng	  radiaRon	  due	  
to	  a	  proton	  beam	  loss	  that	  now	  is	  spreading	  around	  the	  
Tevatron.	  
	  
The	  device	  is	  suitable	  to	  be	  used	  at	  the	  LHC	  collider	  for	  
both	  circulaRng	  proton	  beams.	  It	  could	  reduce	  the	  
background	  radiaRon	  due	  to	  a	  beam	  halo	  loss	  by	  a	  
factor	  of	  about	  100.”	  
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A.M.	  TaraRn,	  S.A.	  Vorobiev,	  “DeflecRon	  of	  High-‐Energy	  Charged	  
ParRcles	  In	  Quasi-‐Channeling	  States	  in	  Bent	  Crystals”,	  Nuclear	  
Instruments	  and	  Methods	  in	  Physics	  Research	  B26	  (1987)	  512-‐521	  
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Yu.M.	  Ivanov,	  A.	  A.	  Petrunin,	  V.V.	  Skorobogatov,	  Yu.A.	  Gavrikov,	  A.V.	  Gelamkov,	  L.	  P.	  
Lapina,	  A.	  I.	  Schetkovsky,	  S.	  A.	  Vavilov,	  V.	  I.	  Baranov,	  Yu.A.	  Chesnokov,2	  A.	  G.	  Afonin,	  V.	  T.	  
Baranov,	  V.	  N.	  Chepegin,	  V.	  Guidi,	  W.	  Scandale,	  and	  A.	  Vomiero,	  “Volume	  ReflecRon	  of	  a	  

Proton	  Beam	  in	  a	  Bent	  Crystal”,	  PRL	  97,	  144801	  (2006)	  
	  

Protvino,	  70	  GeV	  
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S.V.	  Kos’yanenko,	  L.P.	  Lapina,	  A.A.	  Petrunin,	  V.V.	  Skorobogatov,	  V.M.	  Suvorov,	  A.I.	  
Shchetkovsky,	  A.M.	  Tara2n,	  W.	  Scandale,	  “Volume	  ReflecRon	  of	  1-‐GeV	  Protons	  by	  a	  Bent	  
Silicon	  Crystal”	  JETP	  Le[ers,	  2006,	  Vol.	  84,	  No.	  7,	  pp.	  372–376.	  

The	  right	  and	  lec	  
peaks	  are	  easily	  
idenRfied	  as	  the	  
regions	  of	  the	  
channeling	  effect	  and	  
reflecRon	  effect,	  
respecRvely.	  
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thanks	  for	  your	  a[en2on!	  
grazie	  per	  la	  vostra	  a[enzione!	  


