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0 Motivation s ———ee
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= Knowledge of shape, structure, and length of electron bunches out of a photoemission gun under
different photo excitation conditions

= Beginning of the project as a collaboration between HZB, HZDR, JGU, MSU, and SPSPU

. Now collaboration between HZB, HZDR, DESY, University of Siegen, JGU, and the additional support
through University of Rostock, University of Wuppertal, and TU Darmstadt
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= Some fundamentals
Semiconducting photocathodes
Photoemission process

= Time response measurements
Experimental setup
Measuring principles
Measuring results

= Conclusion and Outlook
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= Penetration depth E
ca. 1250nm @ 800 nm (E, = 1.55eV) 4
ca. 15nm @ 400 nm (Ev =3.10eV) |

= Band bending region (BBR) causes an

electric field con‘l;ucting b E BBR
—~J [ E.

Electrons near the surface get accelerated \\

1
1
1
:
Parameter Value :
1
1
1

band gap (at 300K) 1.42¢v. 1 '
absorption coefficient 800 nm 0.8um™1!
absorption coefficient 400 nm 67.1pm™?! : ; > X
p-doped solid «<—>{  vacuum
diffusion constant 20 cm?s™! i snm
s 8
doping level 2.8+1.2x10¥cm™3 E “i
4 ":
layer thickness 10 um i‘ ==i
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RF Master Solid State Amplifier Phase Shifter  Freq. Divider DBM

@ — D (=)o — [
Detector/ Slit

Stabilization
76MHz-Filter/
/1 Photodetector
Channeltron

_<]<____I4<_;$(() NN I<TT TTTTT N2

D

Beamsplitter Laser

CCD Camera YAG Deflector Cathode
Screen Cavity

= Conversion of the longitudinal profile into transverse profile by TM_,, RF
Deflector Cavity

= Electron bunches must be emitted synchronously to RF Master

- Longitudinal profile directly visible on the screen (intensity) or can be sampled
by a Channeltron Detector
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Generation of short electron bunches:

I

Laser pulse (red), Electron bunch (green),
synchronous with RF Electron Gun
100 keV DC

YAG Screen/
Channeltron Slit

e Bunch

o
RF Deflection —_— g
\ A
700 mm Laser
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= RF system:
2.45 GHz master oscillator
2.45 GHz solid state amplifier (developed in house)
P...=322W

Electronic phaseshifter with 400° range
(developed in house)

TM,,, deflector cavity —

= Laser system:

Verdi 10G Modelocked Ti:Sapphire Laser (MIRA 900) HarmomXX SHG
= Pump laser = Pulsed (~150fs) or CW Frequency doubler
- Ay =532nm + .. = 755—800nm tunable (Second Harmonic

Generation)
Ajaser = 400 Nm
= P ~ 500 mW

T P I U § 0w

= P_,~10W (CW) = Repetition rate 76MHz (32" subharmonic of master) )
~1.6 Wat 4., = 800 nm pulsed

- P

out )

out

PIOA_____ =

INS83HOD &)
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..................
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EA t = Beam profile YAG-screen

g L § = CW-beam (integrated over 25 x 10° bunches)

% g ‘ ' = Bunch charge <0.01fC

£ = Intensity distribution equals the convolution of

Without RF With RF the transverse beam profile of deflection plane
and the time response

4 n i i i i i
] - = 800nm't | . .
3 . o2 026pe time of flight effects because of energy
r i I e distribution within the bunch
.‘? 0.1 ] | - 800_long
g ' laser pulse length
: = N —— laser spot size
g 0.01
AR
1E-3 +——1—

T T T T T T T T T T T 1
15 10 -5 0 5 10 15 20 25 30 35 40 45 50
time [ps]
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Simulations with the diffusion model

'3 ‘ I % =800nm, o = 0.8 um’
- e 1=400nm, a=67.1um"
»
0.1 0.1 :
.
= > %
% 0.01 % 0.01 *
£ ] k= ]
e o ]
I I .
© 1E-3 © 1E-3 °
£ E £ I
TN | 2 .
u
[ ] [ J
1E-4 4 o @ 1E-4
E ‘ o ] =
[ J
1¢ 2
10 -5 0 5 10 15 20 25 310 -5 0 5 10 15 20 25 310
time [ps] time [ps]
= After 10 ps the intensity at 400 nm is about 2 orders of = Simulation with a diffusion model
magnitudes smaller. . Describes the pulse response only qualitatively not
o guantitatively
= Quantum efficiency
= The signals do not fall as fast as in the

QEgy, = 0.05% measurements

QE,0, = 0.5% E.g. unknown doping level
Electrons at 400 nm do not follow a diffusion

ERL 2017 | Geneva | MOIBCC002 10
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30 -
] B Sommer 1963
u e #2015-04-29
25 - A #2016-01-25
. v = v #2016-05-13 Used for measurements
20 1
o 154 A
" | v u
T 104 A
|
] I . C! )
5 - ¢ . Y Further information:
. ° . X ; Poster
0+ ¢ ® 3 Victor Bechthold
, : , : , : , . , . . , MOPSPP004
400 450 500 550 600 650 ‘ )

Wavelength / nm

Victor Bechthold, DPG spring meeting 2017, Dresden

HOPE ||*|5i5“~“fse“3?" Monika Dehn, 19.06.2017 ERL 2017 | Geneva | MOIBCC002 11




j6lu Time Response Measurements

—-—’///_—_”f’

B TENGERS, Compariso}of CsO:GaAs

MAINZER MIKROTRON

1 E = Cs0O:GaAs, Ogoo™ 1.9ps 1 | [ CsO:éaAS, 030(;: 1.9ps
® CsO:GaAs, o, = 1.7ps ] ® CsO:GaAs, o, = 1.7ps
] 4 K,CsSb,c,,=1.0ps 01 4 K,CsSb, g, =0.9ps
0.1 w 3
%‘ ] ? 0.01
S 0.01 - T .
S ] £
S - 1E-3
N Iy
(_EU 1E-3 5 C_EU A
E (4 A
S - = 1E-4
s 1/ 5
1E4 -—: 1 :g
T ‘ o 1E5-A o
§ ‘
1@
K J
-10 ' -5 ' 0 ' 5 ' 1I0 ' 15 ' 20 ' 25 ' 3I0 -10 -5 ' 0
time (ps) time [ps]
= Red and blue line: NEA
= Black line: PEA
Pulse response faster than NEA
Variation of the intensity in the tail: between a factor of 2 (left) and 10 (right)
QE=1%
W TMME=Y \Vionika Dehn, 19.06.2017 ERL 2017 | Geneva | MOIBCC002
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= Conclusion

Pulse response measurements with CsO:GaAs photocathodes at 800 nm and 400 nm

Lower contribution to unwanted beam at 400 nm due to higher concentration to
electrons at the surface

Pulse response measurements with K,CsSb photocathodes at 400 nm

Pulse response of K,CsSb is faster than CsO:GaAs, and lower contribution to
unwanted beam even to CsO:GaAs

Actually, the measurements with K,CsSb show the lowest limit of our time resolution
with 0 = 0.9 ps

= Outlook
Analysis of the different types of jitter during the measurements
Time resolved measurements with other types of GaAs photocathodes (thin layers)

Investigations in the differences of the tail intensities of K,CsSb
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U Time Response Measurements

RSl |imits of the Resolutl 3 0T
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= Different effects
Real transverse spot size only by the emittance
High voltage power supply: jitter
Beam spot: jitter
RF phase: jitter
Laser bunch length: jitter
Electrons: different starting energies
Electrons: different transverse momenta
Channeltron: hum of the mains

Water cooling: drifts
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= Limits by the Experimental Setup
Phase Stability (Jitter and Drift of the RF Cavity)

Jitter (fast) mainly due to the Laser Systems
Drifts (slow) by thermal effects
= Tjitrer depends on measurement time
Finite transversal size of the electron bunch
“Deflection speed” on the screen ~400um/ps at minimum transversal size of ~190um
= TBeam ~ 1ps

Size of Laser spot on Cathode affects bunch size (Emittance)

9 VgBeam X dBeam 9 €Beam X dLaser 9 dBeam X V dLaser < VTLaser

— 2 2 2 2
2 TApp. - \/Tjitter (t) + TBeam + TLaser + 7%

= Physical Limits (beam transport)

Longitudinal dispersion caused by distribution of kinetic energy at emission

__ \J2mENEA
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15 1,2
== a= (0 mrad
al ® 1
: ‘l == o5 mrad
_ . H "
] —
g o ' <08 -\ “
> ETN l
3 : \ 1%
c 20 [
-9 "g 0,6 ' "‘
c ]
= £ Y
g : \ EJ Y
S 0014 g 0,4 ; i
g E B ‘\ " '
2 \ LA
N N
~ ! *—~
1E-3 | . ' ' ' ' i | i 0 -y dam TE
0 25 50 75 100 125 150 179 200 0 45 90 135 180 225 270 315 360
hase [° phase []
1.0+ .
034 E ?r?g::: chsen . . .
= Phase shift: 200° el § scorinwote oo0sv =015 = Cavity simulation
= Pulse repeats after 169° g oo : i E.g. a beam deviation of 5mrad through
S0l ! the cavity shows an additional phase
Boe shift and an intensity modulation.
< 02 E l
o ,.‘ Lo I-'ll .
1 ﬁm'le[pS]1 1
Source: Kirsch, E.: Johannes Gutenberg Universitdt Mainz, Diplomarbeit, 2014
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= Absorption
Condition: E}, > Ey4y

Absorption coefficient:

me’h 1 2

a(Ey) = mzcnreEyg |pCV|2PCV(Ey)

= Diffusion model for GaAs-photocathodes

Electron motion only by diffusion, not by scattering:

d? d
D@c(x,t) —Ec(x,t) =0

= ;.=800nm,«=08um’
® 5.=400nm, o = 67.1um’

e

And the solution " e
oo X\ _(kT
c(x,t)=2 Aksin<—)e (t) bt
k=1 d

Emitted current:

o
2

normalized intensity
7
o

m
N
il

d o — k_TC 2 | -. T T T T T T 1
j(t) oc C(O, t) Oc A;(e ( t ) Dt : ’ ’ “:.imt-z[ps]‘5 N N B
. dx Zk=1
with -
;o km[1-(-1)"e™®
Ak = kAk und Ak (08 (@d)2+ (k)2
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Some Calib}ations
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. . 7 !
Electronical phaseshifter _ - 450 Pixel = 23mm
400 rel. Phi . 1 Pixel = 0.051111mm
—— Polynomial Fit of Sheet1 E e = "
E E 1 - l‘
(39} oA
1 N 3 ‘
1 ‘@ =
— s -
5 [} g 0,1 3 |
~ yflmerIEEpl+B|':‘1 +B2°x"2 + B3"x"3 + B4 _5 — ‘I‘
= 2004 Fon 45 a g ¥
- >) S ]
- Weight No Weighting LN [+
9 :eél;il:;ar‘ezum 7033012 q. g | .
uare: =} L
1 Ao R Value Standard Eror = 1 23mm -
Intercept -8,67962 0,85093 -
B 130,52733 187555 1
B2 -34 6GBT16 118519 -
rel.Phi 83 6,30288 0,30183 n
0 B4 -0,56835 0,03326
-1 - B5 0,01949 0,00132 T T T T T T T T T T T T T T T T
o] 50 100 150 200 250 300 350 400 450
T T T T T T T pixel number
0 2 4 6 8 10
U (V)

Source: Bechthold, V.: Johannes Gutenberg Universitat Mainz, internal notes, 2016

Calibration of the cavity 18.617mm
350 1 1 1 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1
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250 . n B ™~ ©
3 b L © — =
] .. C S © 2 [
200 . - o 00 2 "
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