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The X-ray Integral Field Unit (X-IFU)

• very high spectral resolution imaging (4 eV FWHM and a 4’ FoV)
• 1504 TES (Transition Edge Sensor) pixels
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The X-ray Integral Field Unit (X-IFU)

Pixels are single Transition Edge Sensors, operated at 50 mK
⇒ measure temperature increase of photon hitting the pixel
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X-IFU Implementation in the end-to-end simulator SIXTE

sixtesim:
• full detector array
• full imaging implemented
• fast detection simulation using

response matrices +
microcalorimeter-specific
effects

⇒ science simulations

tessim/xifusim + SIRENA
• Simulation of TES physics

and pulse reconstruction
• Slower than sixtesim, but

much better physics
• pixel interaction (crosstalk)
⇒ Input for sixtesim

⇒ physics-based tessim/xifusim results converted to be used in the
fast and general sixtesim simulation (event grading, crosstalk, . . . )
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Example: SIXTE X-IFU simulation of a Galaxy Cluster
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SIXTE describing, simulating, and analyzing complicated sources
X-IFU spatially resolved high-resolution spectroscopy
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Simput Binning

One consideration for any high-resolution instrument: binning your SIMPUT!
When calling simputfile with an XSPEC or ISIS file, the spectrum is
evaluated once, on the energy grid defined by the parameters Elow, Eup and
Nbins.
Setting this value too low will have strange effects on a spectrum with
high-resolution features (e.g. an APEC):
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Spectrum generated from 0.1 to 15 eV

Nbins=1000 (∆E = 14.9 eV)
Nbins=14900 (∆E = 1 eV)

Christian Kirsch , Remeis Observatory & ECAP 6



Grading
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pulses with smaller separation yield lower energy resolution
⇒ Event Grading depending on the source flux
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Grading
Grade ∆t since previous pulse ∆t until next pulse Energy res.

(1) Very High res. ⩾ 24.0 ms ⩾ 55.2 ms 4 eV
(2) High res. ⩾ 24.0 ms ⩾ 26.8 ms ∼ 4 eV

(3) Intermediate res. ⩾ 12.0 ms ⩾ 11.1 ms 4.2 eV
(4) Medium res. ⩾ 12.0 ms ⩾ 3.16 ms 5 eV
(5) Limited res. ⩾ 12.0 ms ⩾ 1.20 ms 7 eV

(6) Low res. ⩾ 12.0 ms ⩾ 0.05 ms 30 eV

Throughput per grade
(“branching ratio”) strongly
depends on source flux!
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Crosstalk

unintended transmission of information between signal channels

Different types of crosstalk:
• thermal coupling of two pixels (physical neighbors)
• electrical coupling due to e.g. mutual inductance
• coupling due to multiplexed readout (TDM)

→ implemented in SIXTE

crosstalk effect on events is predictable
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Crosstalk
Simulation of a narrow emission line (1 Crab)
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Crosstalk effect is predictable,
can remove events strongly
affected by crosstalk.

trade-off between
energy resolution and

throughput
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Bright source mitigation

Defocusing distributes
flux across detector.

Filters reject flux at low
energies
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Bright source mitigation

Use defocusing + filter to improve high-resolution throughput
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Bright source mitigation

Use defocusing to improve number of valid events and crosstalk performance

In-Focus
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Bright source mitigation

X-IFU event files contain additional information to characterize bright source
effects:

• Extension columns giving the event grade
(GRADING), crosstalk energy shift (E_XT) and
number of events causing crosstalk (N_XT)

• These can be used for filtering!

• Header keywords for number of valid/invalid
events and overall grade distributions
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XRISM Resolve
How do we simulate XRISM Resolve with SIXTE?

Simply use sixtesim with a different XML!

This simulates the Grading effect as well. Crosstalk is not yet implemented,
due to lack of data.
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Example: Cas A, center

50 ks Resolve with Gate Valve 1 ks X-IFU with Be Filter
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Example: Cas A, center

50 ks Resolve with Gate Valve 1 ks X-IFU with Be Filter
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Summary: The X-IFU with SIXTE

• 1504 TES pixels in a hexagonal array
• 4’ FoV
• higher flux (>10mCrab) reduces energy resolution and throughput
• science simulations with sixtesim, taking the most important TES physics

effects into account
• physics input to the simulation pipeline by tessim/xifusim
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