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A Introduction i Applications of polarized beams
AAdvant ages oPhotdcattmdesir i ze d o

A Limitations and challenges i surface photovoltage, charge
lifetime, fluence lifetime

A Summary and outlook
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A Solid state physics with magnetic interaction
A high brillance beams (microscopy) & high time resolution
(e.g. Spin polarized ultrafast e-diffraction, n S-E B ms
typical application: E_ .. ~keV-MeV, t <<1ps, € ,,,<1mm
QB>pC, f=kHz-MHz
A Particle physicsi s pi n i nteraction at |
A medium (peak) brillance, high average current sources
e.g. ERL-based double polarized

e-lon collider (eRHIC, LHeC) E ~200-500keV,

source

CW. operation, current average mA1T 50mA
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Example: cw-Spii-po

MAGIX

Simon D. 2019

Experi Mode E | (MA) Data taking Polarisation
ment (MeV) (h)

P2 EB 155 0.15 15000 0.85, mandatory
MAGIX ER 105 1-10 ? 0.85, if possible
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GaAs/Ga As P0o St Swperiatbiako :

(T. Maruyama et al. Appl. Physics. Lett. 85,13 (2004) 2640)

SL causes shift of Band gap energy wrt GaAs and removal of degeneracy
. Gradient doping

Strained.. Super

YO SFHOYYO R Q1 & 0o 6 QOO

GaAs 5nm p=5 x 10 cm3
GaAs/GaAsP (3.8/2.8 nm)
SL x14
GaAsP, s 2750 nm p=5 x 108 cm3
GradEd (;aASPI N 18 3
(x = 0~0.35) 5000 nm p=5x10""cm

GaAs buffer 200 nm p=2 X 10'% ¢m?3

p-GaAs substrate (p>10'% cm3)
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Strained Superlatticevs fistrained | ayero
SL causes shift of Band gap energy wrt GaAs and removal of degeneracy
AAiBand structure engineeringo (e.g. fre
QE/P
. Superlattice
: QE/P strained —7
8 1r Eyap = 1424 €V
g
o ol
| Heavy-hole band —
A / Light-hole band ﬁ 60
Split-off band E ,a,?
2 P P | 1 1 1 s = S
E L & T A 8 g
F i il 51/2 Conduction band ‘_‘E 40
o]
+ n—.
Ep = 1426V a
20 — 80 meV —_— |P32 a0 17
0.34 eV ; ©) Valence bands i - ; ¥ 3 <] 5
v P12 | HH)  LHETEy ° 20
15 1.6 1.7 1.8 1.9
m; = -3/2 -1/2 +1/2 +3/2

Energy (eV)

(T. Maruyama et al. Appl. Physics. Lett. 85,13 (2004) 2640)
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—s=— QE for nonDBR .
(a) —e— QE for DBR g " e
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® ESP for DBR ]

Quantum Efficiency (%)

700 720 740 760 780 800

Wavelength (nm)
W. Liu et al. Appl. Physics. Lett. 109,252104 (2016) doi: 10.1063/1.4972180

Absorption enhanced by DBR-Reflector causing active region to be
a cavity with enhanced absorption at resonance
A increased QE. 6% @ 770nm (>30mA/Watt) @ >80% Pol.
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1. Due to low doping in small active region: large mean free path _ Q
A fast t<<b5ps
2. al most 100% Asinko at surface
A no tail (see talk by N. Scahill tomorrow)
3. Hugeigr adi ent osurfato pi ng at
A high current density and/or fluence possible i n s p phbtevoltageo i
4. (Quite) low transverse energy due to NEA-near band gap operation

K. Aulenbacher et al. J. Appl. Phys., Vol. 92, No. 12, (2002) 7536

- 19 R
GaAs 5 nm p=5x10""cm? N 150nm strained layer .
GaAs/GaAsP (3.8/2.8 nm) 18 Jes
SL x14 1.6 86
1.44 84 _,
5
5 124 @2 g
GaAsP 2750 =5 x 1018 cm3 e “3
aAsP; 35 nm p=5 X cm E ool 3
0.6
0.4
Graded GaAsP, r 18 3 0.2
(x = 0~0.35) 5000 nm p=5x10"°cm oo} .
GaAs buffer 200 nm p=2 x 108 cm?3 / Time/ps
>-Gas substrate (p>101® cm?) expected re_sponse without
exp. resolution
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MAINZER MIKROTRON

Limitations of Spi
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Limitations of

=P

SLAC pulse-measurements
for increasing laser intensity

G.A. Mulhollan et al. / Physics Letters A 282 (2001) 3091 318

4 | | | I

I/a.u.

|
0 100 200 300

How that?
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Limitations of Spl

Trapped el ectrons

i rPthouortagm)c ewhn ehi ordaurce

Model: Thermal equilibrium is NEA-state , but current diffusing to surface
charges i ¢ 0 n d e mdeecurrent discharges towards equilibrium

EJL
Conduction 1
band
A
EB v
g Surface states
b
Valence ) he/ 2y
band AVAVAVAVAVAVAVAY
p-doped GaAs C502| Vacuum X
I Ar P E, En A7 P
QB [1-=2 (1 Q_L_
A he A b4 Jp hcA

Conseguence:

- current density limit in steady state
(may be much lower than
vacuum space-charge limit)

- typical time constants of t~ns lead
to Acharge | 1 mito

- high fields, high doping level favorable

Model used by
G.A. Mulhollan et al. / Physics Letters A 282 (2001) 3091 318

Nahid Scahill EWPAA 2019

Response time measurements of GaAs and KCsSb
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S. Friederich et al. IPAC 2019 doi:10.18429/JACoW-IPAC2019-TUPTS011
Fits according to model

1 - ‘ power supply limit

QE,

2.40 %o
[.55 %
.15 %
0.85 %
0.50 %e
0.39 %o

Current density (A r.:m‘z)
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Power density on cathode (W cm™2)

steady state-current measurements with the MESA-source 2.5MV/m,
doping level 1-2*10%°

For practical purposes it is obviously important to avoid reduction of g.e.

Nahid Scahill EWPAA 2019 Response time measurements of GaAs and KCsSb
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Another illustration from MESA-source operation:

A
¢ @® Sourcep =5x 1072 mbar
----- QEqg =094 %, T = 3170h
= _; No experiments

VE ("To)

L]

|
N”'*---__

, : L
0.5 7 High current experiments 0o o 'Y
| | | | | >

0 500 1,000 1,500 2,000 2,500
Time (h)

S. Friederich et al. IPAC 2019 doi:10.18429/JACoW-IPAC2019-TUPTS011

Observation : Beam losses are (highly) detrimental.

Field emission counts as beam loss (or worse)

empirical: loss of 100nA reduces lifetime to 100hours

several tricks allow to reduce losses below 10 in the vicinity of the source
note finite lifetime without operationA chemical (thermal) decomposition?

s
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Difficulties of Spin* ==

N
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Lifetime/hours

#

1 i i i i i i i i
0 100 200 300 400 500 600 700 800 900

Irradiation Power [mW]

E. Riehn PhD thesis,

Good heat conductivity is essential Mainz 2011
Good example: U. Weigel et. al achieve DT= 15K/W
Nuclear Instruments and Methods in Physics Research A 536 (2005) 3231 328
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PhD thesis Aulenbacher
Mainz 1994, see also Andresen et al. SLAC pub

lon backbombardment.

excentricallystarted
Electrorbeam

causes back
traveling ions

Besides the contributions already discussed there is

crystal diameter 10mm

relative Quantenausbeuteverinderungen
nach 3 Stunden Strahl mit anfanglich 150 A
(ohne Nachcisierung )
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P P Besides the contributions already discussed there is
t T lon backbombardment. Example from MAMI-beam-times
2.1 Charge lifetime:
' C.=I"t ,,c=Q=const!
2049 _ ™ exp. decay at
o \‘--'; zero current Here ~200C |
FREE e Fluence lifetime:
K 1 i F=C, /A,eam, ~10° Clcm?
7
e]
164 exp. decay at 10,30,
' and 200 pA: . _ :
¢ _:720,516,220h Note: €,m~100nm in
15 these experiments
I (150mm Laser spot rms)
14 I I I I I I I I I 1 i i
0 10 20 30 40 50 60 70 80 90 100 A Ca_n Charge llfetlme
Runtime/hours be increased to >>1000C
at e~1nm?
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Careful experiments have been done at JLAB:

achieved >1000C with green light illumination at about 9mA current
Open question: other contributions become non negligible
(Heating, non-linear transmission 10ss?)

Note that(non-l i near space charge may <c¢create h

Charge lifetime

Fluence lifetime

J. Grames et al.
PHYS. REV. ST.-AB 14, 043501 (2011



