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Motivation

" Theories to describe OTR and ODR are simplified, e.g. free-
floating targets and single-electron pass.

" To take account of real optical elements (finite-size lenses,
filters, targets, etc.) > Zemax.

" First step: get simulations to agree with theory, using same
assumptions.

= After agreement: diffraction limitations, misalignments and
beam size effects can be studied.
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Theory
*OTR

= Angular distribution of intensity of a charged particle passing through a
boundary between vacuum and an ideal conductor with ultra-

relativistic approximation (6,, Gy, yi<<1)[1]: Wy, @ 0 +gy2

= ODR dwdQ_;(y‘2+Hj+Hy2)
= Charged particle moving through a slit between two tilted semi-planes
i.e. only DR produced from the target is considered. The vertical

polarisation component is sensitive to beam size. ODR vertical
polarisation component convoluted with a Gaussian distribution [2]:

2masing, >
J2W Otj/z cXp _T I+7, 81’0 Adma 2masinf
y exp| ——2(1+17)|cosh| ——=\/1+1 |-cos| =———2¢ +2
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with t,  =vyB, and = arctan(t,/(1+t,?)). Valid when the transition
radiation contribution from the tails of the Gaussian distribution is
negligible (approx. a 2 40,).

[1] A. Potylitsyn, Nucl. Inst. And Meth. B 145 (1998) 169-179.
[2] P. Karataev et al., Phys. Rev. Lett. 93 (2004) 244802. 4
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Zemax Zemax "=

= Readily available commercial optical design software: standard tool to
conceptualise, design, optimise, analyse and tolerance optical systems.

= Geometrical ray tracing is incomplete description of light propagation.

= Coherent process: wavefront travels through free space and interferes
with itself - physical optics.

= Physical Optics Propagation (POP): Zemax mode that calculates wavefront
propagation through an optical system surface by surface.

= Target as radiation source: initial electric field defined in 2D matrix (bi-
nary or text) or computed with Windows Dynamic Link Library (DLL).

= In POP: wavefront modelled with this array (dimension, sampling and
aspect ratio are user-definable).

= Array then propagated in free space between optical surfaces - transfer
function is computed at each surface - matrix is propagated from one
side to the other.

= In this way, simulation of any source of light is possible (e.g. TR, DR,
synchrotron radiation (SR)).




T. Aumeyr, 27th September 2013, RREPS’13

OTR Source

OTR electric field at the source for vertical polarization
component induced by a single electron on a target surface [3]:

2 2 JO(%Z)
Ey=c0nstl —JTK1 “z|-
Z| yA YA Z

where Z = x+y, x = pcos(¢p) and y = psin(¢) are two orthogonal
coordinates of the target measured from the point of electron
incidence, p and ¢ are the polar coordinates, y is the charged
particle Lorentz factor, A is the radiation wavelength, K; is the
first order modified Bessel function and J, is the zero order
Bessel function.

[3] M. Castellano, A. Cianchi, G. Orlandi, V.A. Verzilov, Nucl. Inst. And Meth. A 435 (1999) 297.
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OTR Simulations

At the Accelerator Test Facility (ATF), the OTR monitor uses an observa-
tion wavelength of A = 550 nm for a beam Lorentz factor of y = 2500.
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Zemax output: intensity at the source created by a single electron passing through an ideal conductor (y = 2500, A = 550
nm) (a), detector plane after 100-m free-space propagation (b) and horizontal cross-section of the detector plane (c).




T. Aumeyr, 27th September 2013, RREPS’13

OTR Simulations

At the Accelerator Test Facility (ATF), the OTR monitor uses an observa-
tion wavelength of A = 550 nm for a beam Lorentz factor of y = 2500.
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OTR Simulations

The far-field requirement for OTR is L >> y?A/2mt = 0.55 m, therefore
distance between source and detector plane for the simulation was set to
100 m. The size of the source was ., = 10 - yA/2rt = 2.188 mm.
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ODR Simulations

At the Cornell Electron Storage Ring (CesrTA), the ODR monitor uses a
target with a 1-mm slit at an incident target angle of 6, = 70¢, an
observation wavelength of A =400 nm and a Lorentz factor of y =4110.
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Zemax output: intensity at the source created by a single electron passing through a 1-mm vertical slit (y = 4110, A = 400
nm) (a), detector plane after 100-m free-space propagation (b) and horizontal cross-section of the detector plane (c)
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ODR Simulations

The far-field condition is fulfilled for a distance is L >> y?A/2nt = 1.08 m. The
distance between source and detector plane was set to 100 m, therefore

angular distribution is fully defined. The size of the source wasr__ =10 -
VA/2m = 2.617mm.
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ODR Simulations - Far Field: Zemax vs. Theory

——Eq.3.24
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ODR Simulations — Paraxial Lens: Zemax vs. Theory

——paraxial lens, f= 308.5 mm
—farfield 14 m
——Eq.3.24
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ODR Simulations — Biconvex Lens

¥ Zemax12 IE - 34988 - E\CESR-ODR Zemax\biconv._test.ZMX

(==
File Editors System Analysis Tools Reports Macros Extensions Window Help
New| Ope | Sav [ Sas | Bac | Res | LoE MFE[McE| T0E | £DE[ " Upd | Upa| Gen| Fie | wav| " Lay | L3 | Lsh | Ray | Op] Spt | Mt | Fps [Rms| Enc [ opt [ aib [Ham| Tol [ Gia [ Len | sye | Pre | chic| vop |
€ 4:3D Layout1 o|[@][=
Update Settings Print Window Text Zoom
€ Lens Data Editor VI M ” G = t |
it SotvesView b elies griot iens
Surf:Type Comment Radius Thickness Glass Semi-Diameter Conic Par O(unused) | Par 1(unuse L t
OBJ| Standard) Infinity 300.000 0.000 0.000 a yo u
ix Standard] BICX-50.0-308.5-UV] 308.500 8.300 F_SILICA| 25.000| U 0.000
2* Standard) -308.500 0.000 25.000| U 0.000
STO| Standard] Infinity 308.500 I 10.744 0.000
IMA| Standard) Infinity - 11.609 0.000 P |
{ ]
Image at 308.5 m !
0
.
€ 1: Physical Optics Propagation 1 s [@= & 2: Physical Optics Propagation 2 s [®= @ 3: Physical Optics Propagation 3 S [®=
Update Settings Print Window Text Zoom Update  Settings — Print — Window— Text —Zoom Update —Settings—Print—Window— Text—Zoom
€.0149 6.015
sa 1
4.8119 § om 1
£
mage :
T ) 4
3.6089 z
1000 E i
£ 4
2.40860 :‘E’
1.2030
e 1
ada Al
ey V= Yo
0.0000 X coordinate value
Total Irradia surface 4 Irrad n X-Cross t n_surface 4
18/02/2013
Wavelength 0.40000 pm in index 1.00000 at 0.0000 (deg)
xr, ¥ = 0.0000E+
- - 1 Wi er = 1.2308E-
7 5 E+001, Rayleigh= 9 E+001, Rayle
E+000, Rayleigh= § E+000, Rayle:

53, [& = = EFFL: 329.528 'WFNO:178.3 ENPD: 21.6707 TOTR: 3168
o N , Y 2 5:02
O 20 €©  2|g SEEO

* ODR angular distribution is very sensitive to distances away from the focal plane.
The detector must therefore be exactly in the back focal plane.
* Extensive lens and glass catalog 16




Irradiance [a.u]

T. Aumeyr, 27th September 2013, RREPS’13

ODR Simulations — Biconvex Lens: Zemax vs. Theory
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Normalised irradiance
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ODR Simulations — Biconvex Lens: Move Image Plane
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ODR Simulations — Biconvex Lens: Move/Tilt Lens
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OTR PSF Simulations — Achromat Lens: Move/Tilt Lens
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Conclusion & Outlook

= With assumptions similar to theoretical boundary
conditions, Zemax simulations of OTR and ODR agree with
the analytical expressions.

" Next step: comparing analytical equations with Zemax
simulations for a finite beam size (convolution or Monte
Carlo). After this, the software will have been proven useful
for studies of any type of optical system using OTR or ODR.

" Enable simulations of all misalignment errors and
optimisation of a real optical system to be implemented in a
real diagnostic station (viewports, polarisers, filters, etc.).
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