NIVERSITA
| TRENTO

Testing photo-emission of Au-coated surfaces for the LISA
Gravitational Reference System (GRS)

(r\ Francesco Venturelli, William Joseph Weber, Antonella Cavalleri, Vittorio Chiavegato,
) . . . 5 5 .
(qg Davide Dal Bosco, Rita Dolesi, Teodoro Klaser, Francesco Dimiccoli Agenzia
taliana
TIFPA
LISA Maximum Charge Requirement GRS Charge Management System
LISA GRS has to protect : = LISA Pathfinder GRS
P ™ total ch Total capacitance along x . . o
the free-fall motion of the otal charge ™ . . Cosmic rays charge the free-falling TM  Injection Electrodes  S3imini\k
e Sensing/Actuation , 17 N h QPR -
Test Mass FOTM  _ _Qrm 0C%s A. | —— electrodes produce atarate A =1-100 e/s ==>1=10" A A9V Al ~98KNZ - g UV light emitters
Stray Fields and TM Charge T,moise Cry | g |2 random Strav Fields To avoid touching the free-falling TMs, sine NE J
couple into a force noise | y 3 foreach TM
P TM-EH total capacitance photo-electrons are extracted from the Cither pointin
along the measurement e surfaces illuminating with ~250 nm ther pointing
V| I m light(UV) at the TM or EH
SA;U (f) _ 1 QTM 0C; i g (f |9 fm Qrm Si/f 2 | EDs driven by
9 - \Mqy Crus | Oz a:f) = 2z \[2.4pC 200 pV /v/Hz programmable
_ 5¢ = 11/2 o 6¢ = /4 _ yulses
Sensing/Actuation Electrodes |
s T . counter external forces : :
o o o - : - Pulsed Illumination
= oy Flectrc Flelds Nofee> = | I: = ] " @ UV light in short pulses (~1us)
M I n _ ® Photo-electrons are subject to Phase/delay "DC"
_ 107 : : I 0 ;‘5¢=3/4 o flelds determined by the instantaneous injection
: L © | . L 49 - | o potential
£ o ® Reduces charge noise during sicence operations
7107 I@F[’\"' 4_F@1 : Continuous illumination
- . - ® Train of pulses at 100 kHz
® More charges near the TM
— v, 3 ® Main Strategy of LPF, kept as backup in LISA

R N T
f [Hz]

The facility core are prototype Test Mass

and Electrode Housing of LPF era Electrical Configuration

All surfaces are Au-coated B T Fphoto ™
The UV light is modulated via an in-fiber , pro— .55 | Aoy A/ 3
shutter so that the source is not perturbed s — R . e . I
o , eSO river—y] e e N |
EH Z face is illuminated R sy | o —— ~
.14 EXample with VEH = -60 mV - ' , Y linekzlce PSWI& / i 1= - ot
s A7 Q55 Ure\Monitof - e . - i | |
& NS e ) s Ven | = idarg
=t b e e T < & B N/ w7 | V.V V
= . - | . = Ficax =
to virtual GND
5.0 AV =Vry —Verg = aVij+Vrpmo o= gmj =0.12
AN AaAaC .6 O eOpened ™
S Vrmo emulates the free charge on the TM
g 23 Ve sets the istantaneous TM potential
Vinj applyied with respect to Vg
0.0550 600 65;0 700 750 800 850 Closed
time [s] ~13
Purnp group Performance +0 —— Vacuum chamber Grounded
] ] 1 —— Vacuum Chamber to Vgy
The measurement of current can e e b W'tt‘/f 10 minutes measure
be converted via known ‘ ’ S;' (50 mHz) = 25fA /VHz
paramters to the surfaces slz :
Apparent Yield ,Nj///////m L 0'(50 mHZ) = 1fA ,;i, 10 1
Y(AV) _ I(AV)/e The electrometer is set to 10 NPLC
PuvAuv /hc integration implying sampling frequency
. . of 1.6 samples/s
Defined as the ratio of emitted electrons O N O 2 R | A A
against incident photons v v fir) : a
Reference for LISA noise, UV Source iol . .
charging and discharging Yield pumping time dependency BART
hani g LED from Univeristy of Florida TRL4 CMD , . . . g
mechanisms and more Apv = 258.87nm HWHM — 5nm From LISA Pathfinder era Yield changes over time were observed by P. Wass et || Beam Assisted Radiation Test
R al. on a span of 14 days after putting Au-Coated samples in vacuum |
LISA RedBook Power output inside the EH  Pyy = 49(1) nW P y , P J , o P 'ph
: Ref. Peter J. Wass et al.; Effective decrease of photoelectric emission threshold from gold plated —
surfaces; Review of Scientific Instruments (06 2019) vol. 90(6) p. 064,501; ISSN 0034-6748; A @
Injection Potential DC emulation More investigation on this topic is needed:
. fof I disch ® Preference for reducing yield upon first days of pumping? —
.. . . roton beam
® Fora setof Vin; measure a discharge curve ® No specific clean atmosphere was used in the measurements at Trento
@ Makes the local DC fields as Vi + aVi, @ Consistent time of stabilization of Yield around 20 days in two different runs .
. 10 Vrao= 1.7V
@ Measure feasible on EM,QM and FM of LISA 1e-s June 2025 = — vacuum Chamber
0] o= — —~+ 05106 A St 2025
@ For the complete set N —+ 10 - -+~ Nov 2025
—4— 12/06 I
173 Vinjx 409 Ver % 1005 X 6cycles = 4days - 1306 hof ! Twin facility used to directly
s —— 15/06 ¥ "\\_ LA -
® Directly measures Pulsed Illumination Yield £ B S e = A measure the effect of
o 41 4+ 1006 B . by PR secondary electrons during a
Y(=Viu) =Y (Vrno + aVing; Ving) = Y (Vraro + aVing (09); Vinj (09)) " s E w0s | SEP, simulated by a single
i I T H : 25/06 0751+ g e T T TTE RS Ll ]
® Continuous lllumination Yield estimated as average 6. 260 o energy proton-beam in the
Y (Vraro) = <Y(VTM0 + aVini(9); %nj(¢))> | seim/2:3/2x] 7 nal- R Y range 70-228 MeV
~15 -1.0 -05 VTzi([)V] 0.5 1.0 15 0 > dayiofmm airexptssure 20 2 0.5l
le-5 0.6
L o W A TM and EH illumination Yields "
I *\“‘i‘\"‘\l i 346V <105 Measured Yield Typical Yield 021
—0.25 ~ \\ i 1 3 092 ¥ 20 —¢- EH illuminaition 1 .
< ‘\ ‘I\ I —- 0.0V —¢- TM illumination > . . o
. ‘\ ‘\ it -4+- 095V +\~‘~-+ t Sam}ation TM Illumination S S0 M
¥ _0.501 ! \lI i i 1.5 - - EH Tlumination 4 83
X \L W % ~f- 49V N g [ —
@ -0.75 ELUAL R ) Imbalance most £ N N Ll
i’c_: \Il\'\ \\\\\ g- ] \\\ Ilkely due to GPRM :% Saturation E(ll)l‘l’ltlézg:lm 125
;1o AR z \ olesnotclosed ] T, N || T
g 2 3] | and light emitter = TM Potential [V] & ~0.8{ — 198
\ - Equilibrium .
—1.25 \ mmanual 3 Potential Saturation 20 -15 -10 -05 00 05 1.0 15 20
e B B N spositioning 2 Vi
—1.50 - | \\‘ \\\\\\ <
“u ey \ R it bl P, c c C
| o5 _ Saturation Article in progress main author
-3 -2 -1 0 1 2 3 , , , , , , , , , ) )y .. .
VMO [V] -20 -15 -1.0 -05 VSMIFV] 0.5 1.0 1.5 2.0 | Francesco D|m|CCOI|




