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LISA Pathfinder spacecraft

e ESA mission for
technology testing
of LISA the first
interferometer for
gravitational waves
in space

e The aim of this
experiment is to
study residual
acceleration noise
between two truly
free falling test
masses in space
(masses released in
February)




LISA Pathfinder apparatus scheme




LISA-PF Orbit

Science operation mode: March Ist

Lau&h:
— Vega from French Guiana
— Launch mass: 1910 kg

After launch B o - ~ Orbit

- Elliptical orbit around Earth ~ Large orbit around L1

— Six apogee-raising manoeuvres wath the spacecraft’s — 1.5 million km from Earth
own propulsion module [two weeks)

Propulsion madule
will be jettisoned a month
after the last burn

Ground station:

— Cebreros (Spain) 35 m-diameter antenna Durition of cridse L1

after last burn; six weeks

Operations:
- Mission operations from ESOC
— Science operations from ESAC
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LISA-PF ASD
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LISA performance whith the LISA-
PF acceleration noise

* Black hole merging with total mass 106 solar
masses at redshift z=3 with S/N ratio of 5000
(several 7% of LISA expected performance)

» Heavy black hole merger with 107 solar masses
total mass at redshift z=3 with

S/N ratio of 1400 (2000 expected with LISA).

* EMRIs and coalescing compact binaries will
present S/N ratio similar to LISA.



LISA-PF in Florence since 2003

Catia Grimani 2 main activities
Ruggero Stanga

Noemi Finetti (I) Two-degree-of-
Daniele Telloni (INAF - solar wind) freedom pendulum
Monica Laurenza (INAF - SEPs) Florence - Rome - Naples
G. Bagni, M. Barone, L. Marconi &

M. Fabi (Urbino) (I) Test-mass charging

Perugia for 4 years
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Test-mass charging study with Fluka

viewer-0 (OpenGLStoredX)

FLUKA MC
Simulation

Wass et al,, CQG, 22,2005, 83 11-5317
CGetal, CQG, 32,2015,035001



Test-mass charging

Net and effective charging estimated with the
Fluka MC Program

Ferrari et al., 2005-10 (Geneva:CERN)
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Where:j is the amplitude of the charge released by each event and A; is
rate of occurrence of that event.
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LISA
acceleration noise spectral density
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LISA-PF test-mass charging

Particle Anet Aesf S @solar minimum
(e™/s) (e/s) (e s'le'l/;’)

Domin 14.1 168.9  18.4 GEANT4:
Prmaz 22.5 2055  24.3 249 e sl HZ!2
Wass et al., 2005

Hed . 0.22 0.92 1.4

He? 1.9 5.6 3.4 FLUKA:

He}in 0.81 1.9 2.0 250 e s Hz'2
Hel . 3.8 10.7 46 (Pmax:H€max)
P11/2006 31.2 3126  25.0

PFD1a/12/2006 19.4 213.1 206 18.6 e 57! Hz !>
P27 —day+imin  16.6 176.2  18.8 (PrinsHemin)
P27—day—;min 10.9 173.7 18.6 Real data
P27—day+imazr 3.8 250.0 224 (13 may 2016):

27.1 239.7 219 TMI1:24.5 els
: TM2:27 els

P2k min 11.:

I)ZT—drxy—:ma.r

P2h mazx 30.0 231.1 21.5

CG etal. CQG,2015



LISA-PF TEST masses and radiation
monitors

2 silicon wafers
of 1.4 x 1.05 cm? area
placed 2 cm apart.




LISA-PF Radiation Monitor data
4 March — 31 March 2016
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Figura 3: Same as figure 2 during the 2491 Bartels rotation.

LISA-PF radiation monitor
data

Oulu neutron monitors

McMurdo neutron

monitors

Thule neutron monitors

Mexico neutron monitors



About gravitational wave detection

* In November 2013 ESA selected
the Gravitational Universe as one of its
corner-stone science themes.
LISA to be selected as the third large
mission after JUICE (L.2022), ATHENA
(L. 2028) initially scheduled for launch in
2034 will go probably by 2029.

* On February | Ith 2016 the discovery of

gravitational waves was announced by the
LIGO/Virgo collaboration.



LISA-PF mission extension

The mission duration, originally set to 6
months, was extended on June 2|st to May

31st 2017



Future activity

* RADIATION MONITOR DATA
ANALYSIS

* TEST-MASS CHARGING IN LISA



FTE 2017
o Catia Grimani 100%
* Ruggero Stanga 0%
* Noemi Finetti 50%
e Monica Laurenza 20%
e Daniele Telloni 40%

o FTE: 2.1
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