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CR	  Features	  	  

	  Channeling	  Radia2on	  (CR)	  	  
	  CR	  is	  emiVed	  when	  a	  rela2vis2c	  electrons	  pass	  through	  a	  single	  crystal.	  	  

-‐e 

X-‐ray 
θc =

2γVmax
mc2 γ 2 −1( )

∝
1
γ

◯	  Incident	  angle	  <	  cri2cal	  angle	  

1.	  quasi-‐monochroma2c	   ︎	  	  
2.	  Hard	  X-‐rays	  
3.	  High	  intensity	  	  

Expected	  applica2ons	  
1.	  X-‐ray	  imaging	  (Phase	  contrast)	  
2.	  Medical	  treatment	  	  
3.	︎  Crystal	  structure	  analysis	  

We	  want	  	  
compact	  high	  intensity	  coherent	  X-‐rays	  source.	  

◯	  Below	  100	  MeV	  electron	  energy,	  
	  	  	  	  discrete	  and	  quasi-‐monochroma2c	  	  
	  	  	  	  	  X-‐rays	  

Cri2cal	  angle	  :	  

X-‐ray 

X-‐ray 

Now,	  almost	  coherent	  X-‐rays	  sources	  are	  large-‐scale	  facili2es.	  
(XFEL,	  storage	  ring	  )	  
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Parameter	 Value	

Beam	  Energy	 20,	  50	  MeV	

Bunch	  charge	 1	  -‐	  200	  pC	  

Bunch	  frequency	 3	  MHz	

sampling frequency of the laser of 3 MHz and it can even-
tually be lowered to 1 MHz to accommodate the maximum
counting rate of the x-ray detector.

Figure 1: Overview of ASTA low energy section. The
legends are: ”L1", ”L2" solenoidal magnetic lenses,
”CAV1",”CAV2" superconducting TESLA style cavities,
”BC1" magnetic bunch compressor.

The electron source consists of a 1.5-cell resonant RF gun
operated at 1.3 GHz (Fig. 1). The RF power enters the gun
through a coaxial input coupler. A CsTe photocathode is
located on the back plate of the RF gun and it is designed to
generate electron bunches of several nCs when illuminated
with UV laser. With the nominal value of 40 MV/m peak
field at the cathode the kinetic energy at gun exit is about
5 MeV. The cathode is also exposed to the magnetic field of
two solenoids to minimize the beam correlated emittance
growth. The energy of the electron beam is increased to
about 40-50 MeV by two superconducting TESLA cavities
located downstream of the gun. The beamline also includes
several quadrupoles, a magnetic bunch compressor and a
dipole for energy measurements.

An important beamline component for this experiment
is the goniometer which holds the crystal and positions it
such that the beam is parallel with one of the crystallografic
planes. The goniometer, on loan from HZDR, is located just
downstream of the magnetic bunch compressor. The crystal
inside the goniometer can be translated horizontally and ro-
tated around horizontal and vertical axes. In particular, the
rotation precision is critical for this experiment and must be
better than one tenth of the critical angle (0.0050). For this
goniometer the rotation precision is better than 0.0010.

Electron beam and the CR produced in the crystal co-
propagate for about 1 m when a vertical dipole deflects the
electrons to a dump. The CR goes undeflected for another
1 m to a x-ray detector located just outside of the beampipe.
At least in the first stage of the experiment we use the x-
ray detector Amptek X-123CdTe with energy range 5 to
150 keV and energy resolution better than 1%.

Since the x-detector is outside the vacuum region it is
important to choose a window as transparent to CR as pos-
sible [6]. The best choice (Fig. 2) is a beryllium window
but instead we decided to use a high quality diamond single-
crystal window we already have from a previous experiment.
The transmission coefficient for this window is at least 50%
in the domain of interest 10 to 50 keV. We estimate that
about 1m long lead shielding will be required to block back-
ground sources of X-rays from entering the detector.

Figure 2: Transmission energy dependence for several win-
dows.

EXPERIMENT STATUS AND EXPECTED

RESULTS

ASTA beamline is in the commissioning process till the
end of April 2014. So far, nominal values for laser sampling
rate (3 MHz), macropulse duration (1 ms) and repetition
rate (5 Hz) have been achieved. The laser intensity must still
be increased to reach the nominal bunch charge of 3.2 nC
from the present value of 0.25 nC. Beam kinetic energy is
about 20 MeV.

The goniometer was cleaned and passed vacuum and ra-
diation tests. Stepping motors controls were developed by
HZDR and have been tested at ASTA. This goniometer
was previously operated in the ELBE superconducting free-
electron laser facility.
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Figure 3: Left: simulations of transverse normalized emit-
tance at ASTA for different bunch charges. Simulations
were performed with different laser longitudinal profiles
(right).

The expression of brilliance (Eq. 1) shows that lowering
the beam emittance is more important than increasing the
beam current. However, the bunch charge cannot be arbi-
trarily decreased in order to also decrease the emittance be-
cause ASTA diagnostics are not effective below about 10
pC and, more importantly, emittance dependence on bunch
charge was never tested beyond this range. Previous beam
dynamics studies at ASTA [7] show that the transverse nor-
malized emittance can be as low as 100 nm and the angular
spread 0.1 mrad (Fig. 3) when bunch charge is 20 pC. With
these values the average current given by Eq. 2 is 300 nA
and the only unknown parameter in the brilliance equation 1
is the differential photon yield Y .
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	  For	  high	  brightness	  

1.	  Low	  emiVances	  	  
2.	  High	  charge	  	  

Brightness	  equa2on	  of	  CR	  	  

FAST’s	  Injector	  !!	  

～FAST’s	  Injector～	  

Parameter	 Value	

Normalized	  emiVance	 0.2	  μm・rad	  (20pC)	

Bunch	  length	 3	  ps	  

Energy	  spread	 <	  1	  %	  

	  Channeling	  Radia2on	  (CR)	  	   4	



Our	  purpose	  

1.	  To	  emit	  high	  brightness	  coherent	  X-‐rays	  (40	  keV	  -‐	  110	  keV)	  
	  	  	  	  	  with	  low	  emiVance	  electrons	  beam.	  	  
2.	  To	  demonstrate	  that	  CR	  is	  compact	  high	  brightness	  	  
	  	  	  	  	  coherent	  X-‐ray	  source.	  

1. ︎	  Beam	  op2cs	  for	  high	  brightness	  at	  20	  pC	  
2.	  CR	  spectrum	  including	  background	  	  
3.	  Compton	  scaVering	  for	  X-‐ray	  monitor	  	  

Today’s	  topics	  (only	  simula2on)	  

Our	  goals	
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✔︎	  Bunch	  energy	  and	  charge:	  	  43	  MeV	  and	  20	  pC	

✔︎	  Normalized	  emiVances	  :	  εx	  =	  εy	  =	  0.2	  mm-‐mrad	  

Beam	  parameters	  to	  simulate	  op2cs	  	  	

αx	  =	  αy	  =	  -‐3.80	  
✔︎	  Ini2al	  twiss	  parameters	

βx	  =	  βy	  =	  21.3	  m	  
ηx=	  0	  
ηy=	  0	  

✔︎	  Momentum	  spread:	  ΔP/P=	  0.1%	

Bav ∝
1
σ e
2

	  For	  high	  brightness	  
Brightness	  of	  CR	  	  

	  Minimum	  beam	  sizes	  

At	  the	  crystal	  	  
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These	  parameters	  were	  generated	  with	  ASTRA	  	

!σ e = 0.1mrad <θc =1.1mrad( )

At	  the	  crystal	  
beam	  divergences	  

@43	  MeV	



Beam	  op2cs	  at	  20	  pC	

Path	  length	  vs	  Twiss	  parameters	

dump	Start	  point	  	  
(8	  m	  from	  cathode)	

Crystal	

Crystal	

Beam	  sizes	  =22um	  at	  divergences	  of	  0.1mrad	  @crystal	  	

:Q-‐magnet	
:Bending	  magnet	

: V	 : H	
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	  Expected	  minimum	  beta	  func2ons	  at	  crystal	

σ x ≈ 4.14µm
σ y ≈ 3.96µm
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Minimum beta functions and  beam sizes @ crystal	

Beta	  func6on	  vs	  Beam	  size	  @crystal	

At	  low	  beta	  func2on,	  chroma2c	  aberra2ons	  increase	  the	  beam	  size	  above	  
the	  simple	  analy2c	  es2ma2on	
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Expected	  spectra	  of	  CR	  and	  bremsstrahlung	  
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Bremsstrahlung	  were	  simulated	  with	  Geant4.	  

y	
z	

-‐e	

:	  in	  the	  detector	
:	  in	  forward	  direc2on	

Crystal:	  Diamond,	  plane:	  (110),	  thickness:	  168um

CR	  spectrum	 Bremsstrahlung	  spectrum	

CR	  energy	  for	  43	  MeV	  electrons	  :	  50	  keV,	  68	  keV,	  110	  keV,	  	  δE/E	  =	  10%

detector	  acceptance	  :	  2	  mrad
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Spectrum	  of	  CR	  including	  Bremsstrahlung	  
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X-ray energy [keV]	

Expected	  Spectrum	  of	  CR	  including	  bremsstrahlung	

Electrons	  Energy	  :	  43	  MeV,	  	  Electrons	  Number	  :108,	  	  Crystal	  :	  Diamond	  (168	  μm)	  

:	  Background	
:	  CR	

Signal	  to	  background	  ra2o	  :	  6,	  10,	  8	  for	  50	  keV,	  68	  keV	  100	  keV	  	
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X-‐ray	  detector	  

Compton	  scaVering	
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X-ray_Energy=15 keV X-ray_Energy=70 keV 

X-ray_Energy=110 keV X-ray_Energy=1000 keV 

◯	  CdTe	  detector	  
	  	  	  	  →Pile-‐up	  effect	  for	  high	  intensity	  !!	  
◯	  To	  avoid	  pile-‐up	  effect,	  reduce	  the	  number	  
	  	  	  	  of	  photons	  in	  the	  detector	

Klein-‐Nishina’s	  formula	  (cross	  sec2on)	

minimum	  at	  90°	  	

The	  second	  CdTe	  detector	  at	  90°	  	
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X-‐ray	  energy	  :	  70	  keV,	  dE/E=10%,	  Number	  of	  photons	  :	  1x109	

	  PVC	  C2H3Cl	  　t=2	  mm	
Entries  164
Mean    60.82
Std Dev     5.805
Integral     164

 / ndf 2χ  19.15 / 24
Constant  1.17± 10.03 
Mean      0.6±  61.1 
Sigma     0.663± 6.131 
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 / ndf 2χ  19.15 / 24
Constant  1.17± 10.03 
Mean      0.6±  61.1 
Sigma     0.663± 6.131 

Compton	  ScaVering	  at	  90	  degrees	  	  

detector	  acceptance	  :	  8	  mrad

Number	  of	  photon	  :〜170	  	  
X-‐ray	  Energy	  :	  61	  keV	  

The	  photon	  number	  at	  90	  degrees	  is	  reduced	  by	  about	  seven	  order.	  
This	  will	  be	  sufficient	  to	  measure	  X-‐rays	  without	  pile-‐up.
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Conclusions	

1.  Beam	  op2cs	  for	  high-‐brightness	  CR	  
	  	  	  	  	  →	  Minimum	  Beam	  sizes	  at	  the	  crystal	  are	  about	  4um.	  	  
2.	  Expected	  X-‐ray	  spectrum	  including	  background	  
3.	  Compton	  scaVering	  to	  avoid	  pile-‐up	  effect	  

We	  can	  produce	  the	  high-‐brightness	  CR	  with	  low	  emiVances	  
beams	  at	  FAST.	  	  
	  
The	  average	  brilliance	  in	  our	  experiment	  is	  expected	  to	  be	  
about	  one	  order	  of	  magnitude	  higher	  than	  that	  in	  previous	  
experiments.	  
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Thank	  you	  for	  your	  aVen2on	
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