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= Introduction to Imaging
» Transverse Profile Measurements based on OTR and ODR

= Parametric X-Ray Radiation

= Coherent Radiation Diagnostics and Smith-Purcell Radiation



Size Measurements

ﬁ HELMHOLTZ =
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@ task
» determination of beam profile
— measurement of characteristical size (rms, ...)
courtesy:

@ conventional size measurement J. Amundson (FNAL)

» take object and measure

y

» object not directly accessible

— 1nside vacuum beam pipe, accelerator environment, ...

@ optical imaging

> generate replica in comfortable environment » adjust replica size (image) to size of measuring device (CCD)
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Imaging and Resolution

ﬁ HELMHOLTZ =
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@ neglect lens imperfections (aberrations)

» diffraction limited systems — high quality, aberration-free systems
@ fundamental resolution limit

> point observer detecting photons from point emitter —  location of emission point ?

X A
Ax
NA = sind:
Y = Apx:th-siHSzZ-i-z—ﬁ-sinS .
AX || O "S- e T 9 2 A numerical aperture

point observer

emitter 1 A
ens uncertainty principle: AX-Ap, ~h = | Ax=—
2sin 4
BE)  high resolution: (i) small A (ii) high NA
o image of pOinT source http://www.astro.ljmu.ac.uk

[AX =0.61 Mﬂ ]
sin %

point-like _
object

Airy
pattern magnification M

image
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Fundamentals of Image Formation @

HELMHOLTZ =
‘ GEMEINSCHAFT

@ detailed resolution information

» requires basic knowledge of image formation

Qo S|mp|e Imaging setup source plane lens plane image plane

Ys Y1 Yi

@ procedure

» calculate image of point source (single particle radiation) —  Point Spread Function (PSF)

» image of extended object —  2-dim. convolution of source distribution and PSF

» resolution —  difference beween source distribution and image (resp. PSF)

@ PSF calculation

» el. field in source plane
» field propagation from element to element — in frame of scalar diffraction theory
(1) source plane — lens input (i1) lens input — lens output (i11) lens output — image plane

» 1ntensity distribution in the image plane
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cHELMHOLTZ =

Fundamentals of Image Formation

@ source fi eld source plane lens plane image plane
¥s 1

» radiation field — depends on mechanism of radiation generation '
XS

S

@ propagation

» scalar diffraction theory R et R SR ~
(here: from source to lense plane)

l ~ eika zi(x, +y/ +°0+00 izi(xszﬂsz) g XX Vs
- 7 . . a . a
E | (n,0)==I Py e’ I dxdy E. ' (P o)e e
aperture boundaries
L k
» far field (Fraunhofer) approximation: —(xf +y? )max <<a
2

e izi( P’ ) T s (= ~ikyx, +k,, ) & s X, ¥,
w2 Go=i o [ aan g oyt ) o Sl ) (et

a

—00—00

—  basis of Fourier Optics

@ thin lens approximation "
_iT(x12+y12)

: . - A
» quadratic phase shift: Ex,y, (’”ha’):E;é,",y, (7,0)-e 4 with %=—+—
@ intensit d*w : B (7. o)
Y (B Gl B o))
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Image Formation: Systems Approach ﬁ

HELMHOLTZ =
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@ image formation

Image = PSF ® Object + Noise

g

Point Spread Function (PSF)

—  image of a point source (single particle)
— characteristic of the imaging instrument
—  deterministic function

noise

®
1

— nondeterministic function

Image — described in terms of statistical distributions

from

. Wikipedia
PSF .

-

. . ) ) »standard® signal theory
@ systems approach to imaging (Fourier Optics)

—  1-dim. signals (in time domain)

Noise
— system analysis with delta pulse
Object Image > 1maging
— System o > | | | | |
Input Response Output —  2-dim. signals (in spatial domain)
Distribution Distribution

—  system analysis with point source

system response: PSF
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Radiation Generation: Considerations ﬁ

HELMHOLTZ =
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@ radiati ration via particle inte matter

gen monitors

@ radiation generation via particle electromagnetic field

» particle electromagnetic field » relativistic contraction characterized by Lorentz factor

1/y

2 E : total energy
[7/ =FE/m,c J
electric field lines
in LAB frame

2.
m,c” . rest mass energy

proton: mp62 = 938.272 MeV

electron: m,c’= 0.511 MeV

y — oo: plane wave
» mc?=0MeV : light — ,,real photon*

» ultra relativistic energies : idealization — ,,virtual photon*
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Separation of Particle Field @

HELMHOLTZ =
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@ electromagnetic field bound to particle

. : : separate field from particle
observation in far field (large distances) } P P

@ separation mechanisms

» bending of particle via magnetic field

synchrotron radiation (-

= | circular accelerators

Yoclly &

linear accelerators: no particle bending !

» diffraction/reflection of particle electromagnetic field via material structures

exploit analogy between real/virtual photons:

- light reflection/refraction at surface < backward/forward transition radiation (TR) h
- light diffraction at edges <> diffraction radiation (DR) (G
- light diffraction at grating <> Smith-Purcell radiation -
- light (X-ray) diffraction in crystal <>  parametric X-ray radiation (PXR) ... h
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Synchrotron Radiation

@ circular accelerator: radiation source available for free

ﬁHELMHOLTZ =

‘ GEMEINSCHAFT

> bending magnet (wiggler, undulator)

@ non-invasive

@ strong collimation (vertical)

» opening angle: [LP oC 1/}/ ]

@ emission over wide spectral range @ polarized

> choice of operational range » define vertical angular divergence

g: Lorentz factor

r: bending radius

wu QooL = =

E, =20 GeV
p=370 m

10 10 10 10° 10 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7
phOtOIl energy [eV] Angle relative to the orbital plane (degree)

spectral power density [a.u.]
Normalized Optical Power P, / max(P, )

,,,,,,
FlAS

2 e

@ particle beam diagnostics: resolution

» electric field propagation through optical elements —  radiation field
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SR Field: Standard Text Book

ﬁHELMHOLTZ =

‘ GEMEINSCHAFT

@ source field: particle field described by Liénard-Wiechert potentials: observer

t,/l

_elg

p— _e y j— B
ol ol

) field derivation: E(t)=—w(t)—%ﬁ<t), H(6)=V % A(1)

T

neglect velocity term  (far field approximation) I

i
A T=t-R@)c

origin

> Fourier transform: o
E(a))z — % J‘dz- [ﬁ % [ﬁ x B]]eia)(HR(r)/c)
c —00

@ special case:  charged particle moving on circular orbit

E(0)=E, =4, ;;Z (1+ 72T2).K2/3[£—Z(1+ ]/2‘{’2)3/2}

c c

3

. _3 V4 R
hao Iy hao /2 th hw,=—hc— N
Ey(a)):Eﬂ =A”%7/IIJ 1—}—}/2?2 ~K1/3|:%(1+}/2\P2)3 :| W1 a, 5 C P - y‘I

c c

m) analytical field description

@ comments: (i) approximative field description —  far field approximation

(11) emission from single point on orbit —  additional contributions: depth of field, orbit curvature
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Synchrotron Radiation Field

@ second representation:

ﬁ HELMHOLTZ

‘ GEMEINSCHAFT
starting point again Liénard-Wiechert potentials O.Chubar and P.Elleaume,

y Proc. EPAC96, Stockholm (1996) 1177
—e
olwiial o lwT)

» Fourier transform of potentials:

observer

‘e
(0((0):—6 Idrﬁeiw(ﬂﬂr)/c) , 2(({)):—6 J'dTMeiw(HR(r)/c)

R(z')

» field derivation: E (w0)=— lw—e jd {(ﬂ ) — ”( )} glo(rR(z)/e)
r W

it sz dz =%jd2[1+1+(7ﬂx2)72+(7ﬂy)2}

i
v T=t-R&)ic

origin

m)  knowledge of arbitrary particle orbit: E(w) determined

mm)  arbitrary magnetic field configuration: determines orbit and E(w)

@ comments: (i) exact field description

—  numerical near field calculation
(11) includes depth of field & curvature —  no additional contributions, only field propagation
(i11) free codes available —  easy field calculation, even field propagation!
SRW:  http://www.esrf.eu/Accelerators/Groups/InsertionDevices/Software/SRW (Chubar & Elleaume, ESRF)
Spectra: http://radiant.harima.riken.go.jp//spectra/index.html (Tanaka & Kitamura, SPring8)
Gero Kube, DESY / MDI
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Light Sources: Emittance Diagnostics

@ emittance typical values €& = 1-5 nm.rad and 1% emittance coupling

HELMHOLTZ =
‘ GEMEINSCHAFT

» example: s,,=40mMm, s, .,=20mM (PETRAIIl @ DESY)

A
fundamental resolution limit (uncertainty principle) [AO' ~ > AW ]

optical imaging: |=500nm and D¥=~ 1.7mrad [ | Ds...=145mm diffraction limited

vert

@ X-ray imaging: focusing optics
» reflective optics » diffractive optics » refractive optics

Kirkpatrick-Baez mirrors,... Fresnel zone plates,... Compound Refractive Lenses (CRL)

CRL monitor @ ESRF (32 keV)

Crotch Bearm port CVYD windows Lens hono
absorber absorber (2 x 0.3 mm} N=13 Lave Si(111)
electrons t vis-light

Source Imagin,
attenvator qing

(Cy)
¢ e—————— g=s570m > < b=16314m —>

F. Ewald et al., Proc. IBIC 2013, Oxford, UK (2013) 833
@ X-ray imaging: nhon-focusing optics

» pinhole camera example: Diamond Light Source C. Thomas et al., Phys. Rev. ST Accel. Beams 13 (2010) 022805
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‘ GEMEINSCHAFT

Light Sources: Emittance Diagnostics , \'e*

® SR interferometer
T. Mitsuhashi, Proc. of BIW 2004 Knoxville, Tennessee, p.3

horizontal Synchrotron Radiation Interferometer

“ N\.f' ol

‘ % i

USR studies at PETRA III (DESY): [ e ,J\, MJW Wk‘;‘
g, =160 pm.rad @ 3 GeV " e

@ m-polarisation imaging
V. Schiott et al., Proc. IBIC 2013, Oxford, UK (2013) 519

S

widely applied @ SLS R
@ coded aperture imaging
R.H. Dicke, Astrophys. Journal 153, L101, (1968) ' 7,:., - f‘f‘j,_
J.W. Flanagan et al., Proc. DIPAC 2011, Hamburg, Germany (2011) 561 e ]
C. Bloomer, ,Coded Aperture @ DLS*, TUCZB2 :: %ﬂ‘\

1] o5 14 (&3
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Constant Linear Motion

ﬁ HELMHOLTZ =
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. observer
@ source field A
i
» point charge with constant velocity v —  Liénard-Wiechert fields 7 (T),/ ,'l
7 1
_. ,5’ }’Al%: N
= E()=—c (- (ﬁ - ? t)=ix E(r) o Q(T);' >
n- AN 1
y\{ no acceleration term F(o)N
A
. . . Vorigin
» common representation —  cylindrical coordinate system observer
= fppzo= Kk Lkl | vt a2
TV V4 yv APy
» ultra-relativistic particles (y>>1) Ep
—  neglect longitudinal field component
p

—  pure transverse ,,pancake® structure

—  radial extension: ap =1

by x 7l
s virtual photon range

3-dim. theories

intensity [a.u.]

A.G. Shkvarunets and R.B. Fiorito, Phys. Rev. ST Accel. Beams 11 (2008) 012801
D.V. Karlovets and A.P. Potylitsyn, Nucl. Instr. and Meth. B266 (2008) 3738  ........

» separation of field —  different radiation sources
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Transition Radiation

ot

ﬁHELMHOLTZ =
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transition radiation: electromagnetic radiation emitted when a charged particle crosses boundary

between two media with different optical properties

visible part: Optical Transition Radiation (OTR)

beam diagnostics:  backward OTR

OTR foil

typical setup: image beam profile with optical system

Forward OTR
. B
advantage: fast single shot measurement = ) -
linear response (neglect coherence !) - 0T

disadvantage: high charge densities may destroy radiator

— limitation on bunch number Backward OTR [ __/"

: 6=1/y
. . . Y Y
field separation mechanism Direction of
= specular reflection
—  reflection at boundary (perfect conductivity)

reflected and incident

field are the same
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OTR Monitor Resolution

ﬁ HELMHOLTZ =
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L PSF CGICUIGTion ln image plane M. Castellano and V.A. Verzilov, Phys. Rev. STAB 1 (1998) 062801
. . . . A.P. Potylitsyn, in "Advanced Radiation Sources and Applications", p.149
» field propagation in frame of scalar diffraction theory D. Xiang, W.-H. Huang, Nucl. Instr. Meth. A570 (2007) 357
G. Kube, TESLA-FEL Report 2008-01
} P N s P(gtay?) kBN oy, SLAC-PUB-14758 (2011)
— _ . K - s s . upakov, = -14/00 (£U11) .......
E  (5n,0)==i P e 2 I dx dy, Exs’ys(rs,a))-ez" e @
a source plane lens plane image plane
integration limits ¥s N Y
> care: screen dimension <« field extension yA . %s X Xi
. . .o . z=0 2
—  might modify radiation properties
|- - —m— _a ————————— *»——»———-—}; ————————— bl
@ OTR resolution for beam imaging (far field)
x10"
5
sl | » resolution definition according to classical optics:
4t i
35l | = first minimum of PSF

w
T
L

(— diameter of Airy disk)

2
|f(9ma'YaC m)l

L5f RiO . MA
l l | RiO =1.12== M: magnification

0.5¢ 1 m 0,.: lens acceptance angle (NA)
E)40 -30 -2IO -1I0 0 1I0 2I0 30 40

Ri [pm] . . .. .
mm) O determined by optics, not by radiation properties !
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OTR Monitors

@ example: FLASH @ DESY

ﬁHELMHOLTZ =

‘ GEMEINSCHAFT

» screen shot: 6 DBC2

it hyutj

LALHEHH

Mover

S

|:| Electron beam

0 windom
DUV-200 window \ perpendicular to paper plane

Glazs window

2 screens

calibration
marks
Sereen | v

Filters f Fump el
I ; poseds

— | optical system ==f /\
Iumination 1ooo -

Vacuum chamber

¢ 3
Lews 0 | magnification f/mm a/mm b /mm i e ’ maaatace e - 3
p—- 1 250 500 500
0.382 200 724 276 K. Honkavaara et al., Proc. PAC 2003, p.2476
oo | Hi’ 0.25 160 800 200
@ standard monitors @ e-Linacs @ OTR @ hadron accelerators
» 10 keV: R.B. Fiorito et al., Proc. PAC 2007, p.4006 > protons: O.V. Afanasyev et al., Proc. BIW 2006, p.534

V.E. Scarpine et al., Proc. BIW 2006, p.473
» 30 GeV: P.Catravas et al., Proc. PAC 1999, p.2111

» heavy 10ns: B. Walasek-Héhne et al., Proc. HB 2012, p.580
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COTR and possible Mitigation

ﬁHELMHOLTZ =
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@ unexpected Coherent OTR observation during LCLS commissioning
R. Akre et al., Phys. Rev. ST Accel. Beams 11 (2008) 030703 H. Loos et al., Proc. FEL 2008, Gyeongju, Korea, p.485.
» strong shot-to-shot fluctuations
» doughnut structure
courtesy:

» change of spectral contents
H. Loos (SLAC)

‘ measured spot is no beam image!

@ interpretation of coherent formation in terms of “"Microbunching Instability”

E.L. Saldin et al., NIM A483 (2002) 516
Z. Huang and K. Kim, Phys. Rev. ST Accel. Beams 5 (2002) 074401

G. Stupakov, Proc. IPAC 2014, Dresden, Germany (2014), p.27809.

Energy deviation
Current

@ alternative schemes for transverse profile diagnostics

» short term perspective: scintillating screen monitors Time Time

» long term perspective: TR imaging at smaller A

proof of principle experiment @ A = 19.6 nm: L.G. Sukhikh et al., Proc. IPAC 2012, New Orleans (USA), p. 819
and submitted to PRST-AB

=> |additional advantage of better resolution

Gero Kube, DESY / MDI IBIC14, Monterey California (USA), September 16, 2014



PSF dominated Imaging

@ image formation [Image = PSF ® Object (+ Noise)]

» standard imaging:

ﬁHELMHOLTZ =

‘ GEMEINSCHAFT

minimize PSF contribution —  1mage is true replica of object
@ PSF dominated imaging He /ﬂ /m =
— =1
» object size << PSF L0 / / /I \\ — oo
g .
. . . 3 / \
image dominated by PSF properties §°° /f/ /; \\ \
5 \
. . %0 4 d ‘
» non-zero object size g / // \/J
02 . K. Kruchinin et al.,
—  smearing out of PSF ;é/ U %ﬁ Proc. IBIC 2013, Oxford, UK, 615
—  beam size determination 0835 640 645 650 655 660 665 670 675 680 . Phys.: Conf. Series 517 (2014) 012011

Y, microns

via image contrast 0

» resolution below diffraction limit

. . . . 550 E

—  resolve sub-micron beam sizes with optical methods i 3

'S 150 =

. e . ‘B, 450

@ experimental verification - ke
. . . . . . g

» synchrotron radiation ~—  m@-polarisation imaging 250 e

» OTR —  test experiment @ ATF2 300 250

50 100 150 200 250 300
X, pixel

P. Karataev et al., PRL 107 (2011) 174801

= minimum measured beam size (0.754 + 0.034) um
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Diffraction Radiation

problem OTR: screen degradation/damage
limited to only few bunch operation, no permanent observation

N
Optical Diffraction Radiation (ODR): non-intercepting beam diagnostics

» DR generation via interaction between particle EM field and conducting screen

—  diffraction of ,,virtual photons*

slit screen

screen: half-plane

» radial field extension » limiting cases a >> Ay : noradiation
a = Ay : DR
a << Ay : TR

radius APy /2m = Ay

H
L. Bobb et al., Proc. IBIC 2013, Oxford, UK, p. 619

comment: ODR in circular accelerator (CesrTA, Cornell)

Qo
IBIC14, Monterey California (USA), September 16, 2014
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ODR Imaging

ﬁ HELMHOLTZ
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@ PSF calculation in image plane D. Xiang et al., Phys. Rev. ST Accel. Beams 10 (2007) 062801

» field propagation in frame of scalar diffraction theory

—  no beam image, illuminated edge of half-plane

@ ODR imaging for beam diagnostics

A. Lumpkin et al., Phys. Rev. ST Accel. Beams 10 (2007) 022802
P. Evtushenko et al., Proc. BIW08, WECOTCO01 (2008), p.332

» (relative) 1D beam size monitor: o

X
— (1) Gaussian beam profile
(11) known distance between slit edge and beam center

—  pre-defined ROI: projected 1D intensity profile

!

fit profile with Gaussian distribution (c,)

—  cross-calibrate o, with OTR beam profiles

4

Y; wm)

-400

-300

-200

-100

0

100

PSF for vertical polarized ODR

from semi-infinite plane

-400 -300 -200 -100 0 100 200 300 400
% (um)

courtesy: P. Evtushenko (JLab)

©- ODR centroid

» 1D beam position monitor 1 [ orm oo

—  ODR centroid

Image x centroid (mm)
o

—  achieved sensitivity: 50-100 pm

(o, = 1.3 mm, depends on beam size)

-4 -2 o
rf BPM x-position (mm)
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ODR Angular Distribution
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@ angular distribution dependence 350-
) 300- 50 um
» on beam size ——100 um
_ 2501 ——250um
> on beam offset S 200
=
—  beam centered in slit aperture £ 150
£
» on beam divergence x’ 1001
. . 504
— interferometric methods .
@ 1D beam size determination  (c.) 4 0% 2 4 0123
y 6, [mrad] courtesy: E. Chiadroni (INFN)
P. Karataev et al., Phys. Rev. Lett. 93 (2004) 244802 and Nucl. Instrum. Meth. B207 (2005) 158

> very low emittance beam (g, = 1.5 x 10""! m.rad) @ KEK-ATF, centered in slit

> exploit visibility I, / I .. of projected vertical polarization component

1600 - 0.08 T
— courtesy:
1200 - §°'°6 i P. Karataev (RHUL)
5 ?, 800 - :: 0.04 - A. Potylitsyn (TPU)
c 800 GC, —
2 £ 400 - £ 0.02 -
E 400 700nm
% 200 4 0 0.00 -+ T 1
?3 -6 6 0 5 10 15 20
2 K4 X (um)
,

sensitive on beam size 6, ~ 10 um
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ODR Interferometry

ﬁHELMHOLTZ =

@ beam divergence: DR / ODTR interferometer

R.B. Fiorito and D.W. Rule, NIM B173 (2001) 167

@ ODRI: 1D beam size determination @ FLASH (DESY)

A. Cianchi et al., Phys. Rev. ST Accel. Beams 14 (2011) 102803 and

» compact double slit arrangement
» both slits with different sizes

second slit within radiation
formation length of first one

ccb
—/
BDR

Lens =—— e beam

\ b
N
\
i FDR ===1~~
Mirror ~ FOR 277100 o beam
TOP VIEW SIDE VIEW

» oy, 0, and offset by complex fit routine

Intensity [arb. units]

‘ GEMEINSCHAFT

R.B. Fiorito et al., Phys. Rev. ST Accel. Beams 9 (2006) 052802
M.A. Holloway et al., Phys. Rev. ST Accel. Beams 11 (2008) 082801

» slit centers slightly off-centered

(separation of beam size, divergence and offset)

Proc. IPAC 2012, New Orleans, USA, p. 831

‘ ——o=0 ¢'=200 prad 150 s
.04 ——o=150 '=0 1.0 ——o=1v0umo=
197 centered um o offset =0 '=200 urad
—— =0 ¢'=250 prad
0.8 0s{ 50 pm == ma
0.6 0.6 -
0.4 04
0.2 0.2 -
0.0 0.0
T T T v T T T T T T T T
-0.004 -0.002 0.000 0.002 0.004 -0.006 -0.004 -0.002 0.000 0002 0.004 0.006
Angle [rad] Angle [rad]
110 T T T T
2000 100 | — quad scan |
— ® OTR
1800 A= 800 nm | 90 - OTRFIT
E ——ODRIFIT
1600 -:—; 80
N
1400 £ 701
@
12001 ﬁ 60 |
1000 -]
50 4
800
40
600 T T T T T T T T T
400 -376 -37,4 -37,2 -37,0 -36,8 -36,6 -36,4 -36,2 -36,0 -358
Current [A]
200 1
0 3 0 5 2 = excellent agreement
angle [rad] x 108
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Parametric X-Ray Radiation (PXR)

ﬁ HELMHOLTZ

idea: higher photon energies ho
» better resolution

» 1nsensitive on coherent effects

real photons

» X-rays <> Bragg reflection, crystals

virtual photons

» field separation by Bragg reflection at crystal lattice
—

crystal periodicity (3D)

»discrete momentum transfer (reciprocal lattice vector

—  emission of line spectrum
i@zﬁf+h§+hﬁm 12r
SE =(pi=p, ) V=hk -V+hZy -V=ho .
A A ‘ﬂ'fhkl‘ :
Oy =NC——=—"= gl
1_\/;ﬂk 2t
g:1—|;50| o

dielectric constant (= 1)

radiation field: Parametric X-Ray Radiation (PXR)

‘ GEMEINSCHAFT

courtesy: M.J. Winter

(Science Photo Library)

Thit)
\\,\ ]
© 4 Sicrystal
1 E=855MeV
AE=950eV b @B:22.5°

K.H. Brenzinger et al.,

LTt L —— 7. Phys. A 358 (1997) 107
energy /keV

Gero Kube, DESY / MDI
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Parametric X-Ray Radiation (PXR)

@ PXR: Bragg scattering of virtual photons AN 7 106
d

e sr N K.H. Brenzinger et al.,
Z. Phys. A 358 (1997) 107

ﬁHELMHOLTZ =
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» virtual photon properties retained

2.0
—  double lobe angular distribution 1.0
0.0
@ radiation generation inside crystal
30 3 Si crystal
» material properties influence radiation characteristics E = 855 MeV
x / mrad 20 10
. > > X m 20 30 20 By / mrad O =22.5°
—  angular width: 1 ho plasma energy ho,
A= || —| + = (Si: 31 eV)
y hao
» additional contribution to angular distribution
@ background contribution: real photon diffraction —  DTR: smaller angular width

» transition radiation from crystal entrance surface

—  diffracted at crystal planes under same Bragg angle

hpy, = Ny,

Si(555)

ey/mrad 00 0_/mrad
X

A. Caticha, Phys. Rev. A 40 (1989) 4322
radiation amplitude: |4, = A_+R,(4,—4,,)

0.02 0.04

v

A(hw) /e
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PXR for Beam Profile Diagnostics ﬁ
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@ advantage of PXR diagnostics
» spatial separation from COTR background

—  OTR reflection wrt. surface normal

a> =>

—  PXR reflection wrt. reciprocal lattice

@ proposals
A. Gogolev et al., J. Phys.: Conf. Series 357 (2012) 012018
Y. Takabayashi, Phys. Lett. A 376 (2012) 2408

@ detection scheme (1)
> imaging with X-ray optics

—  sensitivity ? (2) scintillator CCD@

or detector

@ detection scheme (2)

> X-ray scintillator/detector close to emission point @ detection scheme (3)

— conversion of X-rays to visible light » exploit angular distribution
allows usage of standard optics and CCD — requires exact knowledge of shape
— parallel object and image plane PXR /DTR interference, ...
—  sensitivity, background ? — additional background contributions ?

Gero Kube, DESY / MDI IBIC14, Monterey California (USA), September 16, 2014
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PXR for Beam Profile Diagnostics
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@ direct imaging with pinhole camera o -
Y. Takabayashi and K. Sumitani, Phys. Lett. A 377 (2013) 2577 | PXR -
» test experiment at SAGA Light Source (Japan) .
— 255 MeV linac beam, f.,=1Hz, I,,=7nA E;
—  Sicrystal, t=20 um, (220) reflection @ 11.6 keV
> OTR beam profile > PXR beam profile EEEE ! Gty ¢ RS
— single shot — 12600 shots ® : OTR mee
— 3.5 h exposure time Z Y
mm)  image plate as detector g ;
@ detector close to emission point )
» test experiment @ SAGA RERE prat e
Y. Takabayashi, Phys. Lett. A 376 (2012) 2408
—  1mage plate 55.6 mm from target crystal > test experiment @ MAMI (Mainz, Germany)

. G. Kube et al., Proc. IPAC 2013, Shanghai, China, p.491
— 1 sec exposure time

: . —  scintillator close to target + CCD
—  1mage plate inside vacuum chamber

o —  sensitivity to low, no beam image
—  large background contribution 4 &

Gero Kube, DESY / MDI IBIC14, Monterey California (USA), September 16, 2014



PXR Angular Distribution

@ angular distribution measurements
G. Kube et al., Proc. IPAC 2013, Shanghai, China, p.491
» test experiment (@ MAMI (Mainz, Germany)
—  855MeV, I,,=500nA

ﬁ HELMHOLTZ

‘ GEMEINSCHAFT

o, /mrad
o, /mrad

— use of low-cost X-ray CCD

—  (100)-cut Si-crystal, t =50 pm
(400),

Conﬁ ‘

mm)  angular distribution sensitive on beam size 1

ho(220)=16.55keV  ho(400) = 23.40 keV

o, /mrad

—  two (out of 6) beam configurations

Config I: o, =45.7 um Config 2: o, =44.7 um

o, =42.9 pm o, =796 um

T
— 400
—220(]

» observation

0.6

— 0, independent on photon energy:  §,=0.6mrad ~ 1/y

o«
~
T T

—  additional lobes at 0, ~ 1.8 mrad

intensity / a.u.
&

o
w
T

» interpretation 02}
0.1
—  significant DTR contribution . 9,
—  additional contribution from diffracted bremsstrahlung ??? o * o mrad * N
y
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Longitudinal Profile Diagnostics

@ Coherent Radiation Diagnostics (CRD)

»  standard method for radiation based bunch length diagnostics long bunch (A<c,)

O. Grimm, Proc. PAC 2007, Albuquerque, USA, p.2653
@ basic procedure short bunch (A>c,) é\N\ﬁi

» principle: bunch length/shape dependent emission spectrum of coherent radiation

single particle spectrum bunch form factor

dU dU ( 2) . +o iﬂ
— = — | IN+N(N -1)|F(4 with F(A)= |dzS(z)e *
7 (dzl (N-1)F(A) (= Je5)e

—00

no. of particles per bunch bunch profile

> measure radiation intensity as function of wavelength in spectral region of interest

— bunch length determination requires spectral decomposition of intensity

— intensity-interferometer in THz region (Michelson or Martin-Puplett interferometer)
» Fourier transform

— bunch profile and bunch length

» radiation generation

— coherent radiation source: synchrotron radiation, transition radiation, diffraction radiation,

Smith-Purcell radiation, Cherenkov radiation, ...

Gero Kube, DESY / MDI IBIC14, Monterey California (USA), September 16, 2014
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Coherent Radiation Diaghostics

J TR, DR or SR based CRD Martin-Puplett interferometer @ FLASH

» polychromatic emission spectrum
—  spectrometer required for spectral decomposition ‘dd“

> Michelson / Murtin-Puplett interferometers: scanning devices I
— no single-shot capability

@ single-shot CRD

» extension to multi-stage single-shot grating spectrometer

S. Wesch et al., Nucl. Instrum. Meth. A665 (2011) 40

polarizer
3+ — TDS profile _|
— CRISP4 KK profile
absorber gl _
=
e r i
3
1F -
G2 GO absorber 0
n . l . | : n
pyro-electric line detector -100 -50 _ 0 - 50 100 150
30 channels @ room temperature longitudinal coordinate z (um)
indow, works i
g}sxgdoxltwor > I vacum S. Wesch et al., Proc. BIW’12, Newport News (VA), USA, p.256

sensitivity ~ 300 pJ (S/N=5)
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Smith-Purcell Radiation

ot

@ idea: dispersive radiation generation

» radiation generation and analysis with one device

— compact setup, option for single-shot capability

@ Smith-Purcell radiation (SPR)

» field separation

—  virtual photon diffraction at 1D

Bravais-structure (grating)

—  grating provides 1D discrete momentum

momentum conservation:

- 27
D, +hk+hn—~v
Py D

P
R = 2 . .
(pi—pf)'VZha)th'V+hn3V'V

27r£=2—7zvcost9+n2—ﬂv
A A

ni= D(l —CoS HJ
p

—  SPR dispersion relation

ﬁHELMHOLTZ =
‘ GEMEINSCHAFT
= ——t :9— );'
=
"]
—p "a
» distance dependence
—  range of el. field: ABy/2m
2D field description: Eoc e_%

intensity scaling:

> SPR identification

—  dispersion relation:

—  distance dependence:

4
12 —Td
Ioc‘E‘ oce P

necessary condition

sufficient condition
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SPR for Bunch Length Diaghostics

@ proposals
M.C. Lampel, Nucl. Instrum. Meth. A 385 (1997) 19
D. Nguyen, Nucl. Instrum. Meth A 393 (1997) 514

ﬁHELMHOLTZ =
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} dispersionrelation:  —  convert angle 6 to wavelength A

@ bunch length monitor based on SPR

G. Doucas et al., Phys. Rev. ST Accel. Beams 9 (2006) 092801 @ 45 MeV  (FELIX)
V. Blackmore et al., Phys. Rev. ST Accel. Beams 12 (2009) 032803 @ 28.5 GeV (SLAC, ESA)
H.L. Andrews et al., Phys. Rev. ST Accel. Beams 17 (2014) 052802 @ 20.35 GeV (SLAC, FACET)

measurement at 45 MeV, FELIX

similar
Carousel of A O0.5mm 5.5 ps fit
3 e 1.0mm —  Gaussian
Setup Gratlngs = 1.5Smm = == triangular, asymmetric
1
uartz Window
Optical System &
. = 7
11 pyroelectric detectors) = 0.1 ?
Winston E 1 t ! £ \
Cone = Ll b * £os| \
10 ] v Z
5 . " z Y
: / 2 k)
= ) ! S -4 2 0 2 4
courtesy G. Doucas, B i Time (ps)
V. Blackmore (Oxford) 105005 ) 15 200 25 3.0
4 wavelength (mm) for 1" order
Waveguide Array (b)

Plate Filter
@ critical items

» limited number of points for reconstruction —  interferometer: typically about 200 points

» single photon emission spectrum —  different model predictions, especially at high vy

D.V. Karlovets and A.P. Potylitsyn, Phys. Rev. ST Accel. Beams 9 (2006) 080701
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@ radiation physics widely used for beam diagnostics

» longitudinal and transverse beam profiles

» beam divergence, beam energy, ...

@ circular accelerators: synchrotron radiation

» new 3rd generation light sources with ultra-small beam sizes

—  X-ray imaging: possibility to measure beam sizes down to um level

@ linear accelerators: working horse OTR (+ screens), ODR in experimental stage

» OTR: invasive measurement, usually resolution of about 10 um
» better resolution ~—  smaller wavelengths (EUV), PSF-dominated imaging

» new 4™ generation light sources ~—  coherent emission compromises use of OTR as reliable diagnostics

o

ODR: high resolution measurements via angular distribution ~— ODRI offers possibility to resolve ambiguities

@ PXR: interesting for X-ray region

» still in early experimental stage ~ —  first experiments in view of beam diagnostics

@ CRD: bunch length/shape measurements
» CTR,CDR,CSR —  spectral decomposition with interferometers

» CSPR —  dispersive emission characteristic, but still some open questions...
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Outlook

@ commercial codes applied to radiation physics

» TR generation with CST Particle Studio®

K. Lekomtsev et al., Journal of Physics: Conference Series 517 (2014) 012016

> OTR/ODR generation and propagation with ZEMAX®

T. Aumeyr et al., Proc. IBIC 2013, Oxford, UK, p.852
T. Aumeyr et al., Journal of Physics: Conference Series 517 (2014) 012026
T. Aumeyr et al., Proc. IPAC 2014, Dresden,Germany, p.3722

@ (Surface) Cherenkov Radiation
» growing interest —  as radiation source

—  but also for beam diagnostics
A.S. Konkov et al., Journal of Physics: Conference Series 517 (2014) 012003 ...

@ Acknowledgment
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Gero Kube, DESY / MDI IBIC14, Monterey California (USA), September 16, 2014



	Radiation Sources and their Application for Beam Profile Diagnostics 
	Size Measurements
	Imaging and Resolution
	Fundamentals of Image Formation
	Fundamentals of Image Formation
	Image Formation: Systems Approach
	Radiation Generation: Considerations
	Separation of Particle Field
	Synchrotron Radiation 
	SR Field: Standard Text Book 
	Synchrotron Radiation Field
	Light Sources: Emittance Diagnostics
	Light Sources: Emittance Diagnostics
	Constant Linear Motion 
	Transition Radiation
	OTR Monitor Resolution 
	OTR Monitors 
	COTR and possible Mitigation
	PSF dominated Imaging
	Diffraction Radiation
	ODR Imaging
	ODR Angular Distribution
	ODR Interferometry
	Parametric X-Ray Radiation (PXR)
	Parametric X-Ray Radiation (PXR)
	PXR for Beam Profile Diagnostics
	PXR for Beam Profile Diagnostics
	PXR Angular Distribution
	Longitudinal Profile Diagnostics 
	Coherent Radiation Diagnostics 
	Smith-Purcell Radiation 
	SPR for Bunch Length Diagnostics
	Summary 
	Outlook 


<<

  /ASCII85EncodePages true

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile ()

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 524288

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Preserve

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /ABSALOM

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Algerian

    /ALIBI

    /AllegroBT-Regular

    /Arial-Black

    /Arial-BlackItalic

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /ArialUnicodeMS

    /AvantGardeITCbyBT-Book

    /AvantGardeITCbyBT-BookOblique

    /AvantGardeITCbyBT-Demi

    /AvantGardeITCbyBT-DemiOblique

    /BankGothicBT-Medium

    /BaskOldFace

    /Batang

    /BATAVIA

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BenguiatITCbyBT-Bold

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BernhardFashionBT-Regular

    /BernhardModernBT-Bold

    /BernhardModernBT-BoldItalic

    /BlackadderITC-Regular

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BremenBT-Bold

    /BritannicBold

    /Broadway

    /BrushScriptMT

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /CASMIRA

    /Castellar

    /Centaur

    /Century

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /CharlesworthBold

    /Chiller-Regular

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CopperplateGothic-Bold

    /CopperplateGothicBT-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DauphinPlain

    /EdwardianScriptITC

    /ELEGANCE

    /Elephant-Italic

    /Elephant-Regular

    /ELLIS

    /English111VivaceBT-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /EstrangeloEdessa

    /EXCESS

    /FelixTitlingMT

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /FreestyleScript-Regular

    /FrenchScriptMT

    /FuturaBlackBT-Regular

    /FuturaBT-Bold

    /FuturaBT-BoldItalic

    /FuturaBT-ExtraBlack

    /FuturaBT-Light

    /FuturaBT-LightItalic

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Gautami

    /GENUINE

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /GloucesterMT-ExtraCondensed

    /GoudyHandtooledBT-Regular

    /GoudyOldStyleBT-Bold

    /GoudyOldStyleBT-BoldItalic

    /GoudyOldStyleBT-Italic

    /GoudyOldStyleBT-Roman

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HELTERSKELTER

    /HERMAN

    /HighTowerText-Italic

    /HighTowerText-Reg

    /Humanist521BT-Bold

    /Humanist521BT-BoldItalic

    /Humanist521BT-Italic

    /Humanist521BT-Roman

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /ISABELLE

    /JOAN

    /Jokerman-Regular

    /JuiceITC-Regular

    /JUSTICE

    /KabelITCbyBT-Book

    /KabelITCbyBT-Ultra

    /Kartika

    /KristenITC-Regular

    /KunstlerScript

    /Latha

    /LatinWide

    /Lithograph-Bold

    /LithographLight

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MANDELA

    /Mangal-Regular

    /Mathematica1

    /Mathematica1-Bold

    /Mathematica1Mono

    /Mathematica1Mono-Bold

    /Mathematica2

    /Mathematica2-Bold

    /Mathematica2Mono

    /Mathematica2Mono-Bold

    /Mathematica3

    /Mathematica3-Bold

    /Mathematica3Mono

    /Mathematica3Mono-Bold

    /Mathematica4

    /Mathematica4-Bold

    /Mathematica4Mono

    /Mathematica4Mono-Bold

    /Mathematica5

    /Mathematica5-Bold

    /Mathematica5Mono

    /Mathematica5Mono-Bold

    /Mathematica6

    /Mathematica6Bold

    /Mathematica6Mono

    /Mathematica6MonoBold

    /Mathematica7

    /Mathematica7Bold

    /Mathematica7Mono

    /Mathematica7MonoBold

    /MATTEROFFACT

    /MaturaMTScriptCapitals

    /MICRODOT

    /MicrosoftSansSerif

    /Mistral

    /Modern-Regular

    /MonotypeCorsiva

    /MS-Gothic

    /MS-Mincho

    /MSOutlook

    /MS-PGothic

    /MS-PMincho

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MVBoli

    /NATURALBORN

    /NEOLITH

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /OCRAExtended

    /OldEnglishTextMT

    /Onyx

    /OPENCLASSIC

    /OzHandicraftBT-Roman

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /Playbill

    /PMingLiU

    /PoorRichard-Regular

    /PosterBodoniBT-Roman

    /PRETEXT

    /Pristina-Regular

    /PUPPYLIKE

    /Raavi

    /RADAGUND

    /RageItalic

    /Ravie

    /REALVIRTUE

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /ScriptMTBold

    /SerifaBT-Bold

    /SerifaBT-Italic

    /SerifaBT-Roman

    /SerifaBT-Thin

    /SHELMAN

    /ShowcardGothic-Reg

    /Shruti

    /SimSun

    /SnapITC-Regular

    /SouvenirITCbyBT-DemiItalic

    /SouvenirITCbyBT-Light

    /SouvenirITCbyBT-LightItalic

    /Staccato222BT-Regular

    /Stencil

    /Swiss911BT-ExtraCompressed

    /Sylfaen

    /SymbolMT

    /Tahoma

    /Tahoma-Bold

    /TempusSansITC

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /TRENDY

    /Tunga-Regular

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /TypoUprightBT-Regular

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Vrinda

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /WP-ArabicScriptSihafa

    /WP-ArabicSihafa

    /WP-BoxDrawing

    /WP-CyrillicA

    /WP-CyrillicB

    /WP-GreekCentury

    /WP-GreekCourier

    /WP-GreekHelve

    /WP-HebrewDavid

    /WP-IconicSymbolsA

    /WP-IconicSymbolsB

    /WP-Japanese

    /WP-MathA

    /WP-MathB

    /WP-MathExtendedA

    /WP-MathExtendedB

    /WP-MultinationalAHelve

    /WP-MultinationalARoman

    /WP-MultinationalBCourier

    /WP-MultinationalBHelve

    /WP-MultinationalBRoman

    /WP-MultinationalCourier

    /WP-Phonetic

    /WPTypographicSymbols

    /ZapfElliptical711BT-Bold

    /ZapfElliptical711BT-BoldItalic

    /ZapfElliptical711BT-Italic

    /ZapfElliptical711BT-Roman

    /ZurichBT-RomanExtended

    /ZWAdobeF

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /SyntheticBoldness 1.000000

  /Description <<

    /ENG ()

    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.000 791.000]

>> setpagedevice



