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Mission status



The Imaging X-ray Polarimetry Explorer

m NASA-ASI SMall EXplorer mission dedicated
to (linear) X-ray imaging polarimetry

-
-

m 3 identical telescopes

-

-

5.2 m total length
4.0 m focal length

Energy range: 2-8 keV
Polarimetry: MDP>5.5% in 10 days for
107 cgs

+ Imaging (< 30 arcsec)

+ Timing (~ 10us)

+ Spectroscopy (<20% at 5.9 keV) DU (1 of 3)

Grazing-incidence X-ray mirrors (3+1
spare)

Imaging X-ray photoelectric polarimeters
based on GPD design (3+1 spare)

The two are separated by an extensible
boom

Stowe
configuration




The Imaging X-ray Polarimetry Explorer

m Involved parties

@ Marshall Space Fliight Center

Pl team, project management,
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m Outstanding science:

= polarimetry of tens of sources belonging to

-

fundamental physics

almost all astrophysical classes of sources
Insight in source modelling and

Stowed
configuration

5.2 m total length
4.0 m focal length
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IXPE Mirrors

m Manufactured at NASA/MSFC with replica
from mandrels technique e — g

) Front Spiders &
£7 Mounting Range

m Nickel-cobalt alloy shells, 24 shells/module

m Heritage from HERO, FOXSI and ART
programs

Outer Housing
Tube

24NiQo shells.
2x30cmlong (8
16-27 cm diam

Central Support
Tube

Mirror Module
Assembly (MMA)

Thermal Shield Rear Spiders

m Contribution from Nagoya University Mo
(Japan) for thermal shields

4.0 m focal length
Shell thickness: 178-254 um
Mass: 93 kg for three mirrors

Measured total collecting area: 540 cm? at
3 keV

m Measured angular resolution <30 arcsec
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The Gas Pixel Detector

Developed by INFN-Pisa and INAF-IAPS since 2001

Photons are absorbed in a gas mixture

Primary ionization is multiplied with a Gas Electron Multiplier (GEM) and eventually collected
on the top layer of a dedicated ASIC

Polarization is derived from direction of emission of the photoelectron

m All the characteristics of the photons are measured contemporaneously and photon by photon

{Principal axis _ Response to polarized radiation

Absorption point

Drift plane

v, [Boener .
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The Instrument on-board IXPE

m The GPD is hosted inside the Detector Unit

m The Back-End Electronics which powers and controls
the GPD Collimator

m A filter and calibration wheel

Filter Calibration Wheel
UV Filter

1 polarized at two energies (3.0 and 5.9 keV)

3 not polarized (5.9 and 1.7 keV) 60 ousogvas
All powered by %°Fe

Filters for special observations

GPD Housing
Bottom Plate

L2 2 2N )

BEE Backplane

DAQ Board

L Board

BEE Housing

HV Board GPD Thermal Items

(Peltier and Thermal Strap) I & -
nnnnnnnnn -

[Soffitta et al., 2021; Baldini et al., 2021]
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Launch!

9th December, 2021 from LC 39A in the “NASA Kennedy Space Center”
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Separation...

Solar panels fully open!

v

T+00:33:34 @ @

STAGE 2 TELEMETRY
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and commissioning

m 1 month duration to switch on all systems,
including the Instrument
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and commissioning

m 1 month duration to switch on all systems,
including the Instrument on BUSINESS
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and commissioning

m 1 month duration to switch on all systems,

including the Instrument

16250 %20 =

More Than 30,000
People Ordered
Evacuated in

Colorado as Wind

Gusts Fan Wildfires

Residents of Superior and
Louisville, in Boulder County,

forced to flee.

Wildfires Prompt Evacuation in Northern
Colorado

02




and commissioning

m 1 month duration to switch on all systems,
including the Instrument
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and commissioning

ml month duration to SWItCh on a” SyStemS, 500 DUL- calibration, 2019-10-0 500 DU2 calibration, 2019-11-2 U3 - calibration, 2020-01-14
. . ]
including the Instrument | » |

£ 300 ,' £ 300 i “ \
B BOA
o \ i
m All systems were nominal o \ w [
o 4 po—— teaseithef
m First photons acquired! O . O . Tacoma
. . 300 DUL1 - in-flight, 2022-01-07 DU2 - in-flight, 2022-01-07 3501 DU3 - in-flight, 2022-01-07
m (on the left) Spectrum of cal C calibration h
source i
570 %20 |
200 g 1
= Comparison with on-ground calibration 0 g
100 100
= Measurements 2 years apart ) % » .
PHA_EQ [ADC] PHA_EQ [ADC] PHA_EQ [ADC)

Resolution at 5.9 keV DU1 DU2 DU3
Calibration (late 2019) 16.93+£0.16% 16.66+0.16% 16.954+0.17%
In-flight (Jan-2022) 17.514+0.21% 17.49+0.17% 17.714+0.18%
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Calibration



An extensive on-ground calibration

3 ( Instrumente calibration \ " ( MMA calibration \
Can not rely on previous ICE Integration at Ball Aerospace Stray-ight facility

experience or standard candles
m DU and MMA are first
calibrated separately
w  DUs are calibrated at

INAF-IAPS NASA-MSFC

INAF-IAPS
=  MMAs are calibrated at
NASA-MSFC
m 3x Flight Models are delivered
to Ball for integration , sl
m Spare DU and spare MMA A Nf\SAMSFC %

are calibrated jointly at
NASA-MSFC
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The IXPE Instrument calibration

m Nominally, 40 days for each of the 4 DUs
m ~80% of time dedicated to polarized and unpolarized response

= Requirement on knownledge of the response <0.1%
= Required custom sources and procedures

m Started on 26th July 2019, last measurement on the spare on 14th September 2020

= Source set-up and alignment during working hours, 7 days per week
= Data acquisition round the clock with remote monitoring
= 530 measurements, 4052.3 hr acquisition and 2.250 billion counts collect

m Other calibrations:

Spatial resolution
Absolute quantum efficiency  ocusing afece
Pixel-to-pixel equalization Fcs
Gain disuniformities
Energy resolution
Dead time
Spatial resolution

Response to inclined beam

L2 2 2 2 O AN J

Unpolarized, 6 energies

E In-orbit calibration:



The (instrument) pipeline

Provided and maintained by
Italian partners (ASI-SSDC,
INAF, INFN)
Pixel equalization
= Affect track
reconstruction
Event energy calibration
= Correction for
temperature,
charging and secular
Spurious modulation
subtraction
= Depends on the
energy
Normalization by the
modulation factor

Raw track image in LV1 file

(i) il

Peak map calibration,
GEM HV value, secular gain

|

ixpeevtrecon(1)
Remove offset from

ASIC correction values Pixel equalization map
| |
2 2
ixpeevirecon(2)

Application of ASIC ixpeevirecon(3)

ixpegaincorrpkmap
Pea, HV and secular calibration <—
PHA-> PI=f(x.y,PHA)

PHA -> PHAGor=I(x,y.)

diagnostic events > corrections to spurious —>  Pixel charge equalization
(Gij)diagn=(q;-255) modulation i -> Qireq=1(1].j)
Charging model parameters BEE temperature from HK.
ixpeevtrecon(s)
Charging correction l«—  Temperatrecomection  <— Track reconstruction

PHA > PHAcorr=(x,y.t) (%Y.9eq) -> (xy:phi.PHA)

Spurious modulation map

I

Best parameter estimation

Calculation of Stokes

ixpeevirecon(4)
Clustering
1,9 ->XiYi i

—

Bad pirel map

— —

d pirel
removalinterpolation

ixpeeventrecon

eadjmod Calculation of moment weight

calibration-related quantities
(e.g., BARX, BARY, ..)

(DETX,DETY,phi) between 1st || parameters [ Correction for spurious mod. w_mom=f(TRK_MzL.
and 2nd step (phi)->(q.u) G=Q-spurious(X.Y.E) TRK_M2T)
Tasks in Task already
development implemented CalDEprodicts ik

!

PR

Lv2 file
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On-board calibration sources |

m Used for monitoring performance, on-ground and
in-flight
Update response matrices as needed

m Each is powered by a single 5°Fe
. IB
m A set in each DU ca
Cal A | polarized X-rays at 3.0 and 5.9 keV = o} -
Cal B | unpolarized spot at 5.9 keV 2\ . :

Cal C | unpolarized flat field at 5.9 keV o
Cal D | unpolarized flat field at 1.7 keV

calC calD
[Ferrazzoli et al., 2020]
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On-board calibration sources

Modulation curve

Modulation curve

Moduston crve
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Detector health: energy resolution

Time [days]
2020 Jul 2021 Jul 2022

Energy resolution for DUL

o o
2 £
5 =

et

o

+ *’

Nearly constant for 3 years now

0.19

. and much better than requirement (<25%)

0.18

Indicator of good health

0.17

Energy resolution for DU2

0.16

m Measured for really monochromatic X-rays from Cal A

0.19

0.18

Energy resolution for DU3

0.8 0.9 1.0 11 12 13 1.4 15 16 17
Time MET [s] 1e8
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Detector quantum efficiency

Pressure (and hence quantum efficiency)
inside the GPD is decreasing

filling: 2019-01-24 [Asymptotic pressure: 635.0 = 2.3 mbar
Characteristic - 371 + 13 days

Pressure [mbar]

m Associated to adsorption on the glue

m Effect nearly saturated by the launch ) i :
m Monitored with source counting rate E . '

m Included in response matrices

Gain [ADC countsfeV]
s o @

Source rate [Hz]
®

"eb Apr Jun Aug OCt Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun
2020 2021

Date and time

[Baldini et al., 2022]
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Detector quantum efficiency

m Pressure (and hence quantum efficiency) e
inside the GPD is decreasing € 1o m . " i g‘.w\;w.,w‘#%
o o E 130 é + H
m Associated to adsorption on the glue 3 e 3 E '
m Effect nearly saturated by the launch 2 1o
m Monitored with source counting rate %mo . } b
i | R T TN
m Included in response matrices {7 EIN A
EIEDO i
m Rate corrected for deadtime, ®°Fe decay and g0 ‘
modelled pressure decay the :’é g ”ﬁﬁ'&k"’ﬁﬁ":""m:ﬁ
= Pressure effectively saturated as expected 3 10 g L !
m Drop after launch associated to storage at S is % s e e 70

leg

survival temperature
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Modulation factor with Cal A

Time [days] Time [days] Time [days]
. Generate polarized X_rays at tWo energies 055 2020 2021 2022 2020 2021 2022 2023 2020 2021 2022 2023
® 59kev ® 59kev ® 59kev
= First and second order diffraction of E 3 3
graphite crystal g g ‘ 4 3, ‘
= Polarization smaller that 100% Al 3 * 3
m Monitored since the DU thermo-vacuum test o4
(with different nuclides) <03 < R 20k
m Increase <1% for pressure decrease EP 3 | E
o = e ! 8
= modeled with Monte Carlo 2., 3 3
= included in the response matrices 2o
1.0 15 2.0 1.0 15 2.0 1.0 15 2.0
Time MET [s]  1e8 Time MET [s]  1e8 Time MET [s]  1e8
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Energy calibration |

Important per se and for polarimetric response calibration

5.9 1.60
m Calibration for spurious modulation . BN i
—— det3 CalD
57 1.56
Geal = 2€0S 20k — Gsm(X, ¥, E) < v
£ 561 —+ detl CalC ]
Ucal = 2sin 20 — Usm(XaY7E) 555 I deacac glsz
[} i 1.50
54 1.48
5.3 1.46
=  gsm and uUsy, are measured on-ground and .
interpolated at the event energy [Rankin 22-01-13 10 22-03-16 03 22-05-16 20 12;-?)1-23 16 22-03-20 20 22-05-16 00

Time [YY-MM-DD HH] Time [YY-MM-DD HH]

et al., 2022]

m Normalization by the modulation factor

“Raw" energy reconstructed for
m Cal C at 5.89 keV (left

1= p(E) ( : )

m Cal D at 1.74 keV (right)
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Energy calibration Il

m Each day either Cal C or Cal D for all

detectors
m 10x10 bins gain maps are generated with 10 tncomecied Lonected
Cal Cand Cal D 100
= Two energies, allows to derive slope and 101
offset

H
2

= |nterpolated at intermediate energies

) ;
32000 10°¢
a 1000 2 4 6 8 10 2 4 6 8 10
Energy [keV] Energy [keV]
D i Results of energy calibration with on-board
N sources

m Calibration during target occultation
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._.
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Conclusions

m Telescopes are perfectly cross-calibrated
= Calibration is being monitored
= Energy adjusted with frequent calibration
m Polarization detection with high-significance on ~40%
of objects belonging to different classes: poarimely Expior,

= |solated neutron stars...

= Binary systems with either neutron stars and black
holes

w  Blazars...

m Magnetic field the main player, but also scattering at
work!

m Just 4.5 months of observations

m X-ray polarization window is eventually open!

m Long term observing plan:
https://ixpe.msfc.nasa.gov/for_scientists/Itp.html
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