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Transverse beam size

=1~20pn

Existing advanced methods

SR - Interferometer

obj

— double slit
dichromic sheet polarizers
B0mm (max) 1
—
= "‘
- l-_é - — -
b0 1H
Imerferogram
about42.0m l — o
' /

lens =80 mm, f=1000 mm  band-pass filter A=1040,80nm

Figure 4: Set up of SR-interferometer

L aser wire scanner

electron beam Y

zr'q ‘f' ﬂ "‘ Joix)
lasar beam i ot A X
Sy
—— =
- o -
Figure 11 Scheme of a gaussian laser beam focused to its

diffraction Limit.

SakaiaY. Yamamoto, et.al., Review of
Scientific instruments, 71,3 (2000)

H. Sakai, et.al., Phys.Rev.ST

Accel.Beams
4:022801,2001.




Transition Radiation Monitor

lens

ak

am

vac.
chamber
25mm

offset in
chamber)

insertion

Figure 3: High-resolution optical transition radiation
monitor tested at ATF/KEK. The monitor is displaced

when the target is inserted m order to bring the beam

close 1o the lens.

M. Ross, et.al., 2001 IEEE Particle
Accelerator Conference, Chicago, IL,

2001.

Laser interferometer

interferenca pattern

AL

Figure 2: Schema of the generation of an interference pat-
tern using a split laser beam. d 1s the fringe spacing.

Intarrerance pattarn o a,= 4+diZn
e o ¢
B
L=
E D—: 1 [] 1
2 a,= 1edi2n
| e— Pl
alactran & M4
- M.
| eem——— b= P - ry ! F
E a = 1d=diZn
21
| —
| e— EE:

beam posifiond

Figure 3: Modulation of Compton scattered photons as a
function of the vertical electron beam position for different
beam sizes (top large, center medium, bottom small )

H. Sakai, et.al., Phys.Rev.ST
Accel.Beams 4:022801,2001.



What about a non-invasive
single bunch diagnostics?

Single bunch

Non invasive measurement
SR - Interferometer yes no
Laser wire scanner yes no
Transition no yes

Radiation Monitor

Laser interferometer yes no
? yes yes




Non-Invasive
diagnostics based on the
Optical Diffraction

Radiation




Short prehistory

Start: KEK ATF 2000

Flat slit target

=
N
()
é¥
]H'l

min _ f (G ) Edﬂ-
W (S &
i% B . .- -Ezn-
: Sensitivity limit was E 1A « WIRE 1
reached. di - ODR
0 1 1 1 T T
For E.~30 GeV the ot 2 30 a4 S50
ria - Beam size {wizr 1, pm]
oy W sensitivity decrease L oo
b < R : . Karataev, S. Araki
Measured ODR angular distribution catastrophically. et.al.. PRL 93, 244802

(2004)



ODR method modification

Beam size measurement technique using ODR from
crossing target was developed (G. Naumenko, KEK report, Nov. 2003)

Phase shift: Ap=I-®-At=
=I-4m-o-AzZ/A

Calculated:

16

Interference
pattern

-3
]



Beam size

a—

Example:

a=5.6 mrad

&

a

W,0g =

J v is the Lorenz-factor

5

)

For A=0.5mcm and y=60000
yA=3cm. a[] A4 Ispossible

V

am Beam size effect Is of the
order of OTR Intensity,
which was measured
No dependence on the Lorenz- i :
factor In far field zone usmg CCD from a Smgle
bunch.

a 5 18 15 287 25 3@ 36

For A=0.5mcm o=10mcm



Test of ODR interference from the crossed target

o bedgy AP KEK ATF extraction line = beam line
T — alignment laser

Air Cherenkov

. target chamber
== SCreen monitar

counter mask chamber gamira rays
5:“:::5 screen monitor
: I-lﬂ.-ﬁl? mirror chamber E:,E"df"g magnet
i Iﬁiﬁ? SR sonirce
L e
lead slielding [ ,ﬂz\
"
alignment laser s
) retatable mirror =
- - . e target
S elurice A
Target parameters: oo = 6.2mrad, a =420um —
_ )
Interference measured ;‘i"i—u-’il?_'i_{“j‘;
/ apiical g
_Only for filier GALBD &
Interference test. polarizer
e ¥
Not usable for IceD -d,,,
beam size ' 1
measurement

Scheme




Angular pattern bringing together using wending bi-prism

300 mm 3008 rmm

Theory (see apenix 1) is
based on the well known
expression for ODR from
semi-surface in system of
specular reflection
direction,

e .a.e—ﬁa(\/lwxzn-si-ez)

4n*(J1+62 —i-s*-6,)

WHETE s =1 S G = ; : '
, ; or left and right semi-surfaces

Example for
KEK ATF

Ez(si,a,Hx,02)=

and on a phase shift on bi-prism:

: 27T
A(Dprism (k’ X ) :_7 k‘|XI Where K is the wending angle




Example for KEK ATF extracted beam
y=2500, a=5.6mrad, t1=0.25m, t2=2.5m, A=0.5p

Interference pattern after the integration over the prism
surface and over a Gaussian electron beam profile:

C.= 2|

=

! . )
£ 4.159e-7
£ 8 i
I”\\\\\\\\ \\\\\\ \ - b i 8 p.o7e s
[ Lo
A R s R AL
AN L N AN e 7N
e e ' A ',.-.\\\wifzf.\\\\é'/’/f/ﬁ;&\\\\\\\\\&, 7
A “\\\\i\\\s;/;f/f“\\\\lijk,’,f:‘.&\\\\\vjffg ‘ M‘Wﬁ@@&ﬂ%\\wﬂ\\\
. = 7 SRS
o 5 @!gf NN _l.




The single bunch beam size
measurement on KEK ATF using
bi-prism with a tuning wending

angle 1s planed this year.




The same optical scheme may be realized
also using mirrors

300 mm 3300 rezre

This scheme Is more simple for understanding but it Is
more complicate for manufacture of a tuning system.



Some features for SLAC FFTB

E.= 28.5 GeV,
y = 57 000;

G, ® JU,;

Beam divergence:
horizontal = 5 /y

vertical =~1/y

Bunch population: 1-3x1010




1. Near field zone effect | target T

V.A. Verzilov, Phys. Let. A 273 (2000) 135-140 _«
detector

For SLAC FFTB 4 ~1800m
R FFTB 20m

V22

ﬁ — ~0.011
57000°-0.5-10

Effect is peculiar to radiation angular distribution.
It shows itself for ODR as well as for OTR.




Near field zone effect resolution

7

[

ﬁﬂ’f/@

Focus length

here

b
f

W' =

Example for OTR

Angular distribution image

—r o5 b "
TOE = [E(r)-r-d(
0

Near field zone

—27-R-r-r")dr,

Bessel function

Far field zone
without lens

i a.8
E.é R =

@8.815

-1

. B85

(0 0]

1 2 3 4

]



2. Electron beam divergence influence

Condition for ODR angular

distribution application; == << o 1
ODR o

7/

KEK ATF SLAC FFTB




Interference pattern

destruction by beam
divergence

i
s
(e
e
iy

No dependence on electron
osition

e 0, No dependence on
beam size



Solution of beam divergence problem

e ~— Condition for ODR
09 << GDR method application

Not May be
controlled Increased N
«—I\ €
We may increase ODR ‘TA//\itarget
divergence by using of

parabolic segments In
crossed target:



Near field model for bent target
2
W, = jjé’Ldz'dx'
X'z
where
e~(_> \/; 27 2 2 @ y
= K T . : | Target
{éi} TNy A / +zje {}
where Cs
modified
@ = 2/1—7[(‘§ "+ %) B(;)ssele

To turn to the
target system:

function of the

Observation
plane

first order .

(X =x'cos @, — y'sin 6,

=X'sin@ +y'cosd
y i { Target surface

ZsZ \Y'= f(xl’ Z'>_ profile:



Target surface profile:

angle between half's

12

1 = 1 a . it
y'=——+ S|gn(z )'_Xe‘/ electron position

Curvature radius

—Y
Z
y
b/2 ~al/2 b/2 .
W, (6,.x.)=| | | edz'+ | edz|dx
X202l 2 a2




Example for min/’Wl(é’J:QGe%)l
A=0.541, y=60000 (67=300,)

p=0.01yA~18m N
E
E

a=10mrad




However, for low
emittance beams (o, <_)

we need not a bent target




Conclusion

e Beam size ODR effect of this method is of the first order
In contrast to the effect of the second order for the method
based on a flat slit target. A radiation intensity beam size
effect comprises 20~60% of OTR intensity. Single bunch
measurement using CCD is possible near well as OTR
measurement.

e Interference pattern from a crossed slit target were
observed.

*The near field effect problem may be resolved using
optical system.

*The single bunch beam size measurement on KEK ATF
using bi-prism with a tuning wending angle is planed this
year.






Apendix 1

Angular pattern bringing together




Crossing target beam size measurement technique was developed
for an interference of the angular distribution patterns from the

both target planes (see KEK report at Nov. 2003) \

Using a cylindrical optical lens in this plane the patterns g
may be bringing together only if the radiation spot on
the target is focused on the detector plane.

We obtain the image of the spot from the targ

T In this case the phase difference Agin the
& observation direction does not depend on the
Ap € electron position.

So the minimum and maximum intensity
position In the spot image does not depend on
an electron distribution in the beam.

Observation
direction

How to bring together the angular distribution patterns?



Wending prism application for bringing
together the angular distribution patterns
(Fast introduction)

Wending prism provides the undistorted radiation turning.

Radiation beams A and B are symmetric and they differ only by the
phase Ap=(2n/A)-Ay, Which depends on the electron position.

If Ay<<AY, the interference picture
depends only on the phase difference,
that is, only on the electron position.

For example Agp=27n-n results an
Intensity minimum and Ap=n+2x:n
results a maximum in the point Y=0 for
the perpendicular electromagnetic field
component.

That i1s, a beam size may be measured



What Is difference between an optical scheme
with a lens and one with a prism?

€ field

L_ens

Ag=3T ~ 200 mcm

If we bring together radiation beams
from both target planes using an

optical lens, we obtain on a CCD the
Image of radiation spot on the target.

~ 0.5 mcm

As the transversal size of an electron
field is much larger, than the
distance between the target semi-
planes, the interference picture
depends on a target position, but not
depends on the electron position.

spot image



Prism

Here we don’t focus a radiation. We have to deal with an
angular distribution like in the experiment with the flat slit target.

We use effect like one from a Dad m——> €
manufactured flat slit target, where the bf
Interference picture depends on the longitude p
distance between semi-planes: Y
However for a crossing AV

target the phase shift A
depends on an electron
position




Detalil analysis

We start from the well known expression for ODR from
semi-surface in system of specular reflection direction.

% z Ez(siaé’ (92)—|S “°€

4zt (fivo —iost0))

where s"=1 g =1 for left and right semi-surfaces

Qo is the fine structure constant, a is the impact-parameter

Phase shift on a bi-prism:

Agpprism (k, X') :—2—;— k-|x'| Where K is the wending angle




Radiation field from semi-surface of crossed target just
downstream to the bi-prism:

o X L + ' + !
Ez(s ’a’y_/’t’ay’j/z/lj:EZ(S ,a,0, =28 ay’gz)Oe

i-47-s* -ﬁa i@

Y, Is the electron position

and a final radiation intensity from /
the crossed target:

% t X
W[aﬁay, 2/1,7/21 ‘H a}/,y/lj (Laﬂa% 2

where n_ Ty X=x'\ (2"
® 12 L( t) +

&




arb dhité” Angular distribution image
~perpendicular to the target slit.

.| 2FSTY  0=0.003, 4=0.5mcm, x=0.
1

3 185

An electron moves through the target

‘x /\/ \ 7 \/\\ ﬁ semi- plane Cross point.

_ _‘IE _

wTe 18~-5
6185
a .

An electron moves at the 4 18715
distance 4mcm from the == ! / /\ !

target semi-plane cross 5
VARVIA R
8 68 -48 -2 20 48 68 8

The foregoing allows to use this optical scheme for beam size measurement by the
comparison of radiation intensity in minimum and maximum of distribution.



Apendix 2

Near field model for bent target



Near field model for bent target

3\

0] (2 e 1] o
Ty yA Z

modified

¢ = 2/1—7[(‘§ "+ %) Bessel

function of the

O bservation

first order . plane

Toturntothe [x=Xx'cosé. —y'sin @,

Target surface profile:
target system:

Sy =X'sinéd,. +y'cos .
P =12
DR Intensity:

E & W =E_[
Integral is assumed to be taken { = J- J- Y deidz < ©
over the target surface E J|e 2
: L)t W, =E,




Illustration of radiation properties from bent target
for simple target geometry

Near field model may be simplified considerable for case
of axial symmetry and parabolic target in far field
approach:

W (p,80)= }Ezm-Kl °r e‘ﬁ“z’%l(znrﬁé)dr

where

D=pl ), f=r [ ¥4, 50 =56-y, p isatarget curvature radius,

I, is a radius of the target projection on the plane, normal to the observation direction,
00 Iis the observation angle in respect to the direction of specular reflection,
J, is a first order Bessel function.




Convex target

ho3
]
3

p=w

g

-81

-Ba5

8 ¥ 6 -5 4 -3 -2 -1 1 2 3 4 5 6 7

Usual transition radiation %

Example:
D=pl VA Japanese flat target
y=2500 P~
A=0510°m _
L N £ =0.9m

15 56 2k

Concave target results defocusing
effect as well as convex one.




We choose next target surface profile:

angle between half's

12 1
a

+sign(z')- :

G

X' <«— €lectron position
e

Curvature radius




Sample for the bent slit target with slit width
a=0.01yA, p= »A/1000, «’=0.01 in far field approach

b/2 -al2 b/2
j [ Te s jgdz-jdx-

Xi= h/2 \ 2= h/[2 Zi—a/2

2

W, =

Horizontal angular distribution for the
different electron positions

ool

i
vk Sl

Wl
il
Wl

5=

ﬁ%%é

80 100
0z-y



DR angular distribution for Gaussian transverse beam profile

o WE (G ol
(za)\/ZMJ e 7

Jmax
Example for . WJ_(sz =0, O'e')

1 W, (6,=300;)
}\a:O-Suq YZGOOOO 0.30

p=0.01-y?A~18m 025 1

o=10mrad e

min/fmax

T T T
20 25 30 35

o, /A



Main method advantages

e Radiation intensity Is comparable to the OTR
Intensity. This allows us to look forward to the
single bunch measurements using CCD.

* Very wake dependence on the Lorenz-factor
allows to use this method for high energy
electron beams.

* There Is reserve (target crossing angle and
wavelength) for using of this method for sub-
micron beams.



