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X-1FU

The X-IFU is a cryogenic X-ray spectrometer, based on an array of
3840 Transition Edge Sensors (TES) of 250 um side, 7 um

thickness, offering 2.5 eV spectral resolution, with ~5’’/pixel, over
a field of view of 5 arc minutes in diameter.

Parameter Requirements
Encrgy range 03-12keV
X-ray entrance - —
Encrgy resolution: E < 7 keV 2.5 ¢V (250 x 250 em TES pixel)
Cryoperm shield @4K
Encrgy resolution: E > 7 keV E/AE = 2800
Filte . .
ker Ficld of View 5’ (diameter) (3840 TES)
Thermal shield @600mK Detector quantum efficicncy @ 1 keV >60%
Filter Detector quantum efficicncy @ 7 keV >70%
TES sensor array @50mK Gain crror (RMS) 0.4 eV
Niobium shield @50mK Count rate capability - faint source 1 mCrab (>80% high-resolution events)
1** stage readout @50mK Count rate capability — bright source 1 Crab (>30% low-resolution events)
Thermal insulating suspension Time resolution 10 us
Electrical signa] harness Non X-ray background < 5 107 counts/s/cm?*/keV

Table 2: Key performance requirements for the Athena+ X-ray Integral Field Unit
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Above 120 MeV particles can cross the spacecraft and
reach the focal plane from every direction.

There are no data MC
about NXB for X-ray - Simulations
ucal in L2 (GEANT4)

Several steps:

* Define mass model —> EM
* Define radiative environment
* Define physics » Activation -
* Validation and data analysis ] 167 T Solar provons
Set detail 1000000 —— CRalpha
Ievel 100000 — CR protons
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* Collaboration with software developers
 Simplified simulations to reproduce experimental data
* Reproduced Suzaku-XRS background for the first time 001
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Validation using Suzaku XRS data

+ simulation
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The simulations

1000 | —— solar min (2020/2031) |

100

We reproduced all the components of the
background expected in L2 in the worst case
(solar min), with a random distribution of
incoming directions over a sphere e Hemzmmpemie:
surrounding the geometrical model e aeehomee

TB-43 solar min = 4.27 p cm?s”

0.1

0.01 integrated fluxes [150 MeV - 100 GeV]
solar max=1.57 pcm”s”

flux [pcm?s” GeV']

1E-5 ey MR | rorrrey MR | MR | ML |
1E-3 0.01 0.1 1 10 100

E (GeV)
Spacecraft: aluminum sphere
Cryostat: modeled in great detail according to IXO specifics (conservative for ATHENA)
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First results: without ACD

Without ACD the background can be rejected only

075 through pattern recognition and energy selection.
o The residual bkg is 3.1 cts cm?s™*
0.60 . .
055 It is composed mainly of MIP protons
0.50
>
£ o045
N'\g 0.40
S o3 Underneath the TES array, an active
T o anticoincidence detector must be placed to
020 screen this particle background.
o The ACD is also based on TES technology
(Macculi et al. 2012, 2013)
E [keV)
Table | Particle fluxes experienced in the detector neighborhoods without the anticoincidence detector backgroun
particles
— Primaries Secondayies
Total [cts/cm'/s] Ictsvcm'%stl [t“l;'cm‘s‘s]
Total background on TES array 5.6 43 1.3
Total background on TES array [0.2-10 keV] 3.7 3.0 0.7
Background after autorejection 4.6 3.7 0.9
Background after autorejection [0.2-10 keV| 3.1 2.6 04
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0.15 4

1 —TOT

: protons

- o
0.10 4 —e

] Nb L

1 Y / CuK
o w-\1ﬂ""IJ"-I—LLJ“_‘VI‘ /

4 o7 mwwﬂwmb%w
0.00 4 TR o O e D e s e e e,

T e o SR, )
0 1 3 4 5 6 7 9 10
E [keV]

9t JACHEC Meeting— Airlie Center, Warrenton, Virginia

able | Unrejected background induced
from the different primary particles:

detailed model

Primaries Rate (cts cm” s )
d=2mm
Protons 0.28
Electrons 001X
Alpha 98 x 107
Total 0.31

c4aps




Background composition

unrejected background composition unrejected background geometrical origin

e_
5.95% primaries
4.48%
h supports
g 7°5t;”3 10.57%
. (]
other other
proton 2.33% 4.04%

4.96%
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Unrejected primary protons
geometrical distribution
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Background reduction

The bkg main components are secondary electrons and primary protons due to the ACD low
efficiency in the outer zones. We then improve the geometrical efficiency of the ACD and exploit
materials with low electron production yield
Anticoincidence and reduction effects
* Reduce the distance between the TES il AGD
array and the ACD from2 mmtolmm: 1 &7 T —reducedbackground und
19% reduction

reduced background

Factor 10

e Kapton layer inside the Nb shield:
70% reduction

ctsicm?/s/keV

e Kapton filter very close to the detector:
17% reduction

E (et

Putting everything together we achieve a further bkg reduction of
a factor 6, and reach the background level of 0.05 cts cm™ s
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Summary

 The main component of the particle bkg is MIP protons. However this
component is easily discriminated in every detector through energy/
pattern selection analysis

* Once MIP are removed secondary low E electrons become the main
problem. They can be restrained exploiting materials with low
electron production yield (low Z) and clever FPA design (see Lotti et
al. 2013, 2014.).

« In FI CCDs there is a non-sensitive layer that absorbs these low E
electrons, acting as our kapton layer. Thus FI cameras exhibits a
background significantly lower than BI devices.
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