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Principle:	
  	
  
1.  Electron	
  bunch	
  moves	
  through	
  a	
  high	
  precision	
  

co-­‐planar	
  slit	
  in	
  a	
  conducKng	
  screen	
  (Si	
  +	
  Al	
  
coaKng).	
  

2.  Electric	
  field	
  of	
  the	
  electron	
  bunch	
  polarizes	
  
atoms	
  of	
  the	
  screen	
  surface.	
  

3.  DR	
  is	
  emiZed	
  in	
  two	
  direcKons:	
  	
  
§  along	
  the	
  parKcle	
  trajectory	
  “Forward	
  
DiffracKon	
  RadiaKon”	
  (FDR)	
  	
  

§  In	
  the	
  direcKon	
  of	
  specular	
  reflecKon	
  
“Backward	
  DiffracKon	
  RadiaKon”	
  (BDR)	
  

Impact	
  parameter:	
  
ℎ≤ ​𝛾𝜆/2𝜋 	
  

3	
  

θy	
  =	
  observaKon	
  angle	
  in	
  verKcal	
  direcKon	
  
θ0	
  =	
  target	
  Klt	
  angle	
  
λ	
  =	
  wavelength	
  
γ	
  =	
  Lorentz	
  factor	
  



P.	
  Karataev	
  et	
  al.	
  

VerKcal	
  polarisaKon	
  
component	
  of	
  3-­‐dimensional	
  
(θx,	
  θy,	
  Intensity)	
  	
  DR	
  angular	
  
distribuKon.	
  

PVPC	
  is	
  obtained	
  by	
  
integraKng	
  over	
  θx	
  to	
  
collect	
  more	
  photons.	
  

Visibility	
  (Imin/Imax)	
  of	
  
the	
  PVPC	
  is	
  sensiKve	
  to	
  
verKcal	
  beam	
  size	
  σy.	
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Source	
  of	
  background	
   Contribu'on	
  

SR	
  from	
  beamline	
  opKcs	
   High	
  

Camera	
  noise	
  
Low	
  

Residual	
  background	
  

SR	
  +	
  DR	
  
interference	
  

SR	
  
suppression	
  

P.	
  Karataev	
  et	
  al.,	
  Proc.	
  of	
  EPAC	
  2004,	
  THPLT067	
  

Use	
  a	
  mask	
  upstream	
  of	
  target	
  to	
  
suppress	
  SR	
  contribuKon.	
  

Aperture	
  sizes	
   Interference	
  

amask	
  =	
  atarget	
   Significant	
  destrucKve	
  
interference	
  of	
  FDR	
  +	
  BDR	
  	
  

amask	
  ≈	
  2·∙atarget	
   Measureable	
  interference	
  	
  

amask	
  ≥	
  4·∙atarget	
   Negligible	
  interference	
  	
  

ODRI	
  consideraKons:	
  

A.	
  Cianchi	
  et	
  al.	
  Phys.	
  Rev.	
  S.	
  T.,	
  14	
  102893	
  (2011)	
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DR	
  

xBSM	
  

vBSM	
  
DR:	
  
•  Located	
  in	
  L3	
  straight	
  secKon	
  
•  Target	
  is	
  inserted	
  from	
  the	
  radial	
  outside	
  

vBSM	
  (Visible	
  Beam	
  Size	
  Monitor)	
  
•  measures	
  horizontal	
  beam	
  size	
  σx	
  	
  
(S.	
  Wang	
  et	
  al.,	
  IPAC2013,	
  MOPWA073,	
  p.
849.)	
  
	
  
xBSM	
  (X-­‐ray	
  Beam	
  Size	
  Monitor)	
  
•  measures	
  verKcal	
  beam	
  size	
  σy	
  	
  
(N.	
  Rider	
  et	
  al.,	
  IBIC2012,	
  WECD01,	
  p.585.)	
  

Beam	
  lifeKme	
  +	
  beam	
  current	
  monitor	
  
	
  
Beam	
  loss	
  monitors	
  downstream	
  of	
  DR	
  target	
  

hZp://www.cs.cornell.edu	
  

CesrTA	
  –	
  Cornell	
  electron	
  	
  synchrotron	
  Test	
  Accelerator	
  



Vacuum	
  chamber	
  assembly	
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•  Gate	
  valve	
  to	
  disconnect	
  CESR	
  vacuum	
  
for	
  target	
  changeover	
  

•  Target	
  mechanism:	
  rotaKon	
  +	
  translaKon	
  
IN/OUT	
  

LHS	
  =	
  Leq	
  Hand	
  Side	
  
RHS	
  =	
  Right	
  Hand	
  Side	
  

•  LHS	
  :	
  CHESS	
  operaKon	
  
•  RHS:	
  DR	
  experiment	
  
•  OpKcal	
  system	
  connected	
  to	
  DR	
  

viewport	
  





2.1	
  GeV	
   5	
  GeV	
  

200	
  nm	
   0.54	
  m	
   3.18	
  m	
  

400	
  nm	
   1.08	
  m	
   6.37	
  m	
  

​​𝛾↑2 𝜆/2𝜋 	
  given	
  γ	
  and	
  λ:	
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DR	
  from	
  
viewport	
  

f	
  

2.	
  Bi-­‐convex	
  
lens	
  to	
  reduce	
  
prewave	
  zone	
  

effect	
  
OR	
  

achromaKc	
  lens	
  	
  
to	
  image	
  target	
  

3.	
  Bandpass	
  
filter	
  

4.	
  Polarizer	
  

6.	
  UV	
  Camera	
  

1.	
  Mirror	
  Op'cal	
  System	
  



“Bonding	
  by	
  molecular	
  adhesion	
  (either	
  ‘direct	
  wafer	
  
bonding’	
  or	
  ‘fusion	
  bonding’)	
  is	
  a	
  technique	
  that	
  
enables	
  two	
  substrates	
  having	
  perfectly	
  flat	
  surfaces	
  
(e.g.,	
  polished	
  mirror	
  surfaces)	
  to	
  adhere	
  to	
  one	
  
another,	
  without	
  the	
  applica[on	
  of	
  adhesive	
  (gum	
  
type,	
  glue,	
  etc.).”	
  
	
  
Patent	
  US	
  8158013	
  B2	
  

Molecular	
  adhesion	
  target	
  (2mm	
  
version	
  shown	
  here).	
  1mm	
  aperture	
  
version	
  was	
  used	
  at	
  CesrTA.	
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Coplanarity	
  measurement:	
  

Metrology	
  by	
  Winlight	
  OpKcs	
  



Technical	
  drawings	
  by	
  N.	
  Chri[n	
  
Images	
  by	
  Y.	
  Li	
  

35	
  mm	
  
Aperture	
  sizes:	
  0.5	
  mm	
  and	
  1	
  and	
  2	
  mm	
  masks	
  
Material:	
  Aluminised	
  suprasil	
  fused	
  Silica	
  (SiO2)	
  
Thickness:	
  1	
  mm	
  
Tilt	
  angle	
  wrt	
  beam:	
  70	
  °	
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Target	
  

Figure 3: View of the DR target vacuum chamber from the
upstream direction. The target is inserted from right to left.

and far-field imaging such that the angular distribution of
DR can be observed using the planar convex (or biconvex)
lens. In the latter case, since the compact optical system is
within the prewave zone [3], the camera must be positioned
at the back focal plane of the planar convex lens.

Figure 4: Schematic and image of the optical system.

Targets used on circular machines must be modified to
have a fork-like shape since they must be retracted from
the storage ring during injection and then inserted to the
stored beam. The roughness, aperture size and coplanarity
of the target must be controlled during fabrication to avoid
distortions in the DR angular distribution.

Bonding by molecular adhesion is a technique that enables
two substrates having polished surfaces to adhere to one an-
other, without the application of adhesive [9]. The upper
and lower tines of the target are machined separately in sets.
The tines are then paired together in all variations to identify
which upper/lower pairs result in the best coplanarity and
attached to a flat mounting block. In e:ect, the molecular ad-
hesion target consists of three individually machined pieces:
two tines and the mounting block.

In this experiment a 0.5 mm molecular adhesion target
made of Suprasil fused Silica (SiO2) glass with an Alu-
minium (Al) and Chromium (Cr) coating was used. This
target was paired with a Silicon Carbide mask with 1 and
2 mm apertures. The mask was positioned 15.5 mm up-

stream of the target to reduce the synchrotron radiation (SR)
background (see Fig. 5).

Figure 5: Schematic of the mask and target assembly.

OPTICAL DIFFRACTION RADIATION
(ODR) MODEL WITH PROJECTED

VERTICAL POLARISATION
COMPONENT (PVPC)

The author of [10] has shown that the vertical polarisation
component is sensitive to beam size. It is assumed that
electron beam has a Gaussian distribution [2].

In [11], the expression for the ODR vertical polarisation
component convoluted with a Gaussian distribution is given
and shown here in Eq. 3 where � is the fine structure constant,
⇤ is the Lorentz factor, ⇧0 is the target tilt angle, tx,y = ⇤⇧x,y
where ⇧x,y are the radiation angles measured from the mirror
reflection direction, ⌃ is the observation wavelength, �y is
the rms vertical beam size, a is the target aperture size, ax

is the o:set of the beam centre with respect to the slit centre

and ⌦ = arctan
�

t
y⇤

1+t2
x

⇥
. This model is applicable when the

TR contribution from the tails of the Gaussian distribution
scraping the target is negligible i.e. approximately a ⇥ 4�y .

The projected vertical polarisation component (PVPC)
takes the vertical (y) projection of the 3-dimensional (⇧x ,
⇧y , intensity) DR angular distribution. The y-projection is
obtained by integrating over the horizontal angle ⇧x . The
visibility (Imin/Imax ) of the y-projection is sensitive to the
beam size of the electron beam. The reader should refer
to [11] for detailed steps to obtain the vertical beam size
measurement.

OPTICAL DIFFRACTION RADIATION
INTERFERENCE (ODRI)

FDR produced by the mask interferes with BDR emitted
by the target. Both of these DR sources will also interfere
with background SR. The ODRI model uses Eq. 4 with
parameters:

k =
2⌥
⌃

kx = k sin ⇧ cos  
ky = k sin ⇧ sin  

⌅ =
k
⇥⇤

f =
�

k2
x + ⌅2

⇥ =
�

1 � 1/⇤2

⇥0 =
2⌥d
⇥⌃

(1 � ⇥ cos ⇧)

⇥1 =
2⌥�
⌃

L =15mm; L
γλ

= 6



ODR	
  imaging	
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2mm	
  mask	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1mm	
  mask	
  



ODR	
  imaging	
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Beam	
  lifeKme	
  with	
  target	
  inserted	
  ≈	
  2-­‐3	
  minutes	
  



ODR	
  Angular	
  Distribu'on	
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2mm	
  mask	
  -­‐	
  ODR	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1mm	
  mask	
  -­‐	
  ODRI	
  



ODR	
  beam	
  size	
  effect	
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2mm	
  mask	
  -­‐	
  ODR	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



ODRI	
  -­‐Analysis	
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1mm	
  mask	
  -­‐	
  ODRI	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

A	
  beam	
  offset	
  of	
  120	
  μm	
  
obtained	
  using	
  a	
  least	
  squares	
  fit	
  
for	
  ODRI	
  data	
  given	
  parameters:	
  
σy=	
  17.6	
  μm,	
  σ	
  ý=	
  4.08	
  μrad	
  and	
  
coplanarity	
  offset	
  40	
  nm.	
  

A.	
  Cianchi	
  et	
  al.,	
  “NonintercepKng	
  electron	
  
beam	
  size	
  monitor	
  using	
  opKcal	
  diffracKon	
  
radiaKon	
  interference”,	
  Phys.	
  Rev.	
  ST	
  Accel.	
  
Beams,	
  14,	
  (2011),	
  10,	
  p.102803-­‐102812.	
  



Summary	
  

• ODR	
  angular	
  distribu'on	
  in	
  a	
  circular	
  
accelerator	
  was	
  measured	
  and	
  analyzed	
  

• We	
  have	
  measured	
  the	
  effect	
  of	
  the	
  beam	
  
size	
  effect	
  

• ODRI	
  was	
  observed	
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OTR	
  
•  Widely	
  used	
  
•  Simple	
  &	
  robust	
  
•  Single	
  shot	
  2D	
  profile	
  	
  
•  But	
  invasive	
  

ODR	
  
•  Non-­‐invasive	
  
•  Many	
  experiments:	
  
FLASH@DESY	
  [1],	
  
APS@ANL	
  [2],	
  
ATF2@KEK	
  [3]	
  

OTR	
  PSF	
  
•  Sub-­‐micrometer	
  	
  
ResoluKon	
  
•  2	
  dimensions	
  	
  

UV/X-­‐Ray	
  DR	
  
•  CesrTA	
  
•  Reduce	
  resoluKon	
  

TR/DR	
  
diagnos'cs	
  
@ATF2	
  

•  Imaging	
  
•  Angular	
  distribuKon	
  
•  Energy	
  spread	
  
•  OpKcal,	
  UV,	
  X-­‐rays	
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