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* beam diagnostics for MESA « 155 MeV, 150pA

e 100 kV dc-electron gun polarized beam - EB-Mode
+ normal conducting injector ¢ 105 MeV, 1 mA (10 mA @
up to 5 MeV stage 2) - ERL-Mode

« 1.3 GHz cw electron beam * bunch charge up to 8 pC
(10 mA @ 1.3 GHz)

experiments

Igor Alexander ERL - 11.07.2015 2
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Important properties of the source/injector

« emittance must be much smaller than the acceptance of
the accelerator — &, <1um

* high extractable current

 |long life time — stable photo emission
 reliable

e polarized an unpolarized beam

Igor Alexander ERL - 11.07.2015 3
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- charge life time of photo cathode 0O=700 C (our result)

- aver. electron current for experiment ] —1 (1()) mA —> é ~-36 (36) %

« phase acceptance of the accelerator — 790

gDa cc.accept.

— with dc electron source 80% of the charge is wasted
— experimental time lp =40 (4) h

« with dc electron source 80% of the charge is wasted — pulsed source
increase the operational time by a factor 5

MESA would need pulses with a length of 160 ps and a repitition rate of 1.3 GHz

Igor Alexander ERL - 11.07.2015 3}
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= 1mm?
4 —>| le— cathode
« current limit ]Sc T po?U‘?’/2 |J ® '
« acceleration voltage U=100 kV
Eacc
. A
T perveance Po=233-107 75 |d = 150 mm
 current limit with source I . = 3 mA | - ] ano|de
parameters ’

« current limit of the source fulfills MESA stage1

« new 200 kV source in production

Igor Alexander ERL - 11.07.2015 6



Jolv Components
sJonannes GUTENBERG

UNIVERSITAT Manz Overview of PKA2

IMAINZER MIKROTRON

source 100 keV
\ S(
A
laser wavelength
405 nm and 520 nm
quadrupol
doublet quadrupol
doublet

= .

3 solenoid Wien-Filter

g doublet @

$
Sey quadrupol /%
e doublet /&
Scanner 1 r3
(7]
2]
S /
alpha- quadrupol 3 quadrupol resonator
Magnet doublet 3 triplet
i ol 2 BN VS
Cup ( SiC)
_ bha-
laser horizontal gnet
wavelength
~800 nm pulse length measurement

Igor Alexander ERL - 11.07.2015 7



16|y Components
R Overview of PKA2

T

scanner 2

alpha-magnet 2

scanner 3

S T g

-G

./ °
4
: e
i -
F 4 & i 3

Igor Alexander ERL - 11 .0.2015




J6lu

sonannes GUTENBERG
UNIVERSITAT MaINz

anamorph
prism pair

Components
UV-VIS laser system

ic dircroitic
mirror

uncoated
beam gplitter

laser diode o o S
S o 3
520 nm 5 o &)
< = s c )
O @ © n > S
—
o o
T 0
C '
o Q
laser diode
A* 405 nm
1 60 —l— Leistung (mW) ohne HF [PKAT-Modell]
4 | = Leistung (mW) mit HF [PKAT-Modell]
—@~— Leistung (mW) ohne HF [RLV4215] -
140 4| = Leistung (mW) mit HF [RLV4215]
) | | = Leistung (mW) ohne HF [SLD3237VF]
—/\— Leistung (mW) mit HF [SLD3237VF]
| =¥ Leistung (mW) ohne HF [ML320G2-11] /L
—/~ Leistung (mW) mit HF [ML320G2-11]
1 | =@ Leistung (mW) ohne HF [GH04P21A2GE]
~()— Leistung (mW) mit HF [GH04P21A2GE]

laser power (m\W
B (e} (0] 8 B
o o o o Cl)

N
o

o
L

injection current (mA)

Igor Alexander

40 60 80

100

coupling
mirror

virtual
cathode

wave length :405nm & 520nm
dc-beam: Prax < 300 mW
P, <300 mW

avr.

pulsed-beam: P, <300 mW
3 mW

avr.

pulsed cw-beam: P, <3000 mW
Pavr. < 3 mw

avr.

ERL - 11.07.2015

PRISMA

0

D)

IMAINZER MIKROTRON

0 20 40
dc beam

Y~

pulsed beam | 10ps < t, < 500 ps
f=<50 Hz

laser power

\ B

pulsed cw beam | 60ps < t, < 160ps

f=<50 Hz und fp. = 1.3 GHz

Y~




J6lu

cuenees GOMponents — Deflecting cavity @ PRiISMA

UNIVERSITAT MAINz

D)

IMAINZER MIKROTRON

electron bunch
solenoid pair (20° =~ 43ps)

\
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deflecting cavity

collimator

~

continuous electron beam <> adjustable
slit width w

Diploma thesis: V. Bechthold
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« Scanner 1
— Ce:YAG D =25 mm
— wire (W G = 40um)
— 21 hori. & 21 verti. slits
(w=25pum/ 250 um)
« Scanner 2
— Ce:YAG @ =25 mm
— wire (W @ =40um)
— 21 x 21 holes (d =25 um /250 uym)
« Scanner 3
— Ce:YAG @ =25 mm
— Ce:YAG @ =25 mm with hole @ 2 mm (heli.correlated) halo
— Ce:YAG @ = 25 mm with hole @ 3 mm (heli.correlated) halo

Ce:YAG - Yttrium-Aluminium-Granat

Igor Alexander ERL - 11.07.2015 12
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alpha- variation quadrupol
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e - @ - &
'-‘ ' vacuum window
[ K ] limiting apperture
. - - >
field of view drift space

camera —*

focus stregth: 2,75 diopter focus stregth: O diopter focus stregth: -2,75 diopter
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emittance measurement
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measured slit mask @ 0.5 mA

Results — Slit mask

@ PRISMA
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« diagnostic beam line is build up and ready to get used

« possibility to measure the two trans. phase spaces an the temporal
distribution for different currents and beam diameter

« cross check between screen, wire and mask measurements
» three available laser wave lengths (405 nm, 520 nm & 780 nm)
* investigations of the beam halo with wires and perforated screens

« get final results for all laser wavelength
« closer look to helicity correlated asymmetries
« characerization if the bunches are suitable for 1 mA/0.8 pC (stage 1)

Thanks for your attention!

Igor Alexander ERL - 11.07.2015 19
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Emittance-ellipse jx” + 2c0x'+ fx"” = ¢
A X' (mrad)
* 6 dimensional phase space _JB

accelerator

« transversal: ¢  acceptance

- displacement and divergence

* longitudinal: a

- phase and energy spread
«  TWISS-Parameters:
- a,pBundy

Igor Alexander ERL - 11.07.2015 20
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Emittance-ellipse jx” + 2c0x'+ fx"” = ¢
A X' (mrad)
possibilities to measure the emittance _JB

accelerator
£ acceptance

« quadrupole scan (std. technique)

* measure the beam profiles for a
different focus strength

» slit or hole mask (new technique in IKPH)

* measure the position displacement &
width of divergence distribution

Igor Alexander ERL - 11.07.2015 21



J6lu

sJonannes GUTENBERG
UNIVERSITAT Mainz

 beam diameter is linked to the
Beta-Matrix
rﬁns = x’ =g =&,

*Beta-Matrix with TWISS-Parameters

M, = (6511 512} _ 8( LB - 0‘]
&1 S -—a Yy
* emittance calculation
&= \/det Beta \/51 lél 2 §1 2
» matrices for the drift & quadrupol
cos( ks)
MQuad,—x =
| L ~Jksin(Vks)
Mo =\ 1
cosh( kS)
MQuad,x =
~ Jksinh(Vs)

Igor Alexander

Backup — Quadrupol-Scan

@ PRISMA

fit-function for the data of the
quadrupol scan

& feos(Vks)- £ sin{Ves
+9‘22(\/7s1n(\/_s)+Lcos(\/_s))2

2
rrms(
+ 2512(\/7 sm(x/_s)+ Lcos(x/_s))
(cos(\/_s) L\/7 sm(\/_s))
1 N

\/% sin \/ES) Kk - focus strength

L - length of the drift
os( ks)
| S - eff. length of the Quad.

a, Bundy - TWISS-Parameter

\ﬁéshﬂlxﬂés) _
€ - emittance

cosh( ks)

ERL - 11.07.2015
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Scanner 2

translation table 25 mm way

Igor Alexander

% "

Backup — Quadrupol-Scan @ PRISMA [l

digital camera

analog camera

attenuator

beam splitter 50:50

Scanner 1 |
ERL - 11.07.2015 23
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« Example for a slit mask measurement
— Fit function contains a sum of Gauss functions

2
A X — X,
F . — i X]] _ 0i
Flt (x) Zi o2 - ( o2 j

— elements of the Beta-Matrix
= fowi RMS-beam width

_ , < ) =X |
= inwi correlated und uncorrelated beam divergence
I

correlation between beam width & divergence

ZWO' +(X01 <XO> xl.)

L

— calculation of the emittance :
em;J[lzxswij[lzwi(oh(xm 5 ) b))

Igor Alexander ERL - 11.07.2015 24
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holder for investigations of the

« Scattering width = penetration depth electron scattering in YAG

* penetration depth

— Bethe-Bloch <48 uym
— ,GEANT 4° <45 um
— ,Casino” <30 um
— Crytur Inc. 38 um
% ®m  scattering width
linear Fit
T
» first estimation: scattering is bigger ‘%’
than the hole diameter (25 pm) z”
) slope: (0.30169 + 0.01454) pm / keV' |

60 65 70 75 80 85 90 95 100 105

energy (keV)
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Ce:YAG
25 mm diameter
20 mm higth

reflective foile

Igor Alexander

light-tigth Alu-
housing

mounted on Scanner 1
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@ PRISMA

with Scanner-Kiste & Oszi

Backup - y detektor

IMAINZER MIKROTRON
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MIKROTRON

RMk

Diploma thesis: V. Bechthold
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o directional T T directional bias-tee
§ coupler coupler
= N\ -20 dB -20 dB T
z = — 1]
s laser
iz I diode
double stub
Tuner
a e J\
incoupled power reflected power
powermeter -20 dB Powermeter -20 dB dc-current
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vacuum manipulator @8
\ 3':;

| ‘\ vu:,féb‘ PR
transport chamber [EEae"—
\ -~ AE -

preparation chamber )
F R e source chamber

a

-

cover of the UV-VIS la

Igor Alexander ERL - 11.07.2015 30



J6lu

onoases GUTENBERG Components - Source @ PRISMA [l

UNIVERSITAT MAINz

IMAINZER MIKROTRON

from source

A scanner 3

alpha-magnet 2

2

scanner 2

3

Vst
Mt It S T — ’-z—-:;-.'ﬁ
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1.3 GHz deflecting cavity

!_7_ 44 ‘

first working rf T 82
component for MESA N s

-

w4 7 - .E
(CRC)

| & ! 3 . N
| . d
-2 _ 1 e o/
-~ g e ! . —— [ — ] ‘m‘
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L : iy

. 4 =
/ - 4 &.’

1 E e./ - L | P f:\}

i 7 - ‘., ' » . ® C) K

| A BTN, ee=—RREE

/.
(2

SiC-Faraday Cup
2“ Ce:YAG screen

beam line was build up with:

V. Bechthold (diploma thesis)
B. Ledroit (bachelor thesis) % w

634 \a‘ \\2\',-‘ "
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holder for YAG-screens

holder for investigations of the
electron scattering in YAG

slit mask
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IMAINZER MIKROTRON

all components are UHV suitable =

“\
.|
h. ©

e

- e

o

with ITO coating
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IMAINZER MIKROTRON

focus stregth: 2.75 diopter focus stregth: 0 diopter focus stregth: -2.75 diopter
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source 100 keV —— ligth from screen
4/ — electron beam * Investigations on helicity correlated
A —— laser beam . .
asymmetries for P2 experiment
Quadrupol » switching helicity with 1 kHz instead of 50 Hz
with RTP pockels cell
<
g lenoid . . .
: “doublet * circular polarisation of 99.99%
— * loss 1.2% of measurement periode
o
alpha- quadrupol § fmrizontal 7o} ey 12 ps ) 15
v .Magnet doublet i B ' ; )
. . — R :
: calculated intensity :
- > alpha- ol | M. T - . _ AU USRI, « | ———— 10
horizontal Magnet N
vacuum window = %
CCD-camera 2 = measured intensity g
telescope S 3
§ ......................................................................... § B
pockels cell
ggms I —_— \oltage on \oltaOé divider lo
polarizer 0.00 0.01 0.02 0.03 0.04

Y laser time [ms]
m.rror B /Wf;’g:)e:ﬂh Diploma thesis: Chr. Matejcek

shutter ~anamorphic RTP: rubidium titanyl phosphate - RbTiOPO4

prism pair
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