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Introduction: Hard X-ray backgrounad

In order to achieve higher sensitivities in hard X-ray band (> 10 keV),
- Improving S/N ratio by focusing X-rays.
© Reducing non-X-ray background (NXB).

- Need to understand the properties of NXB.

Principal components of NXB in future observations:
- Atmospheric neutrons
- Radioactivation
- Aim of this work:
Understanding the contribution of each component
quantitatively.



NX

3 measured by the Hard X-ray
Imager (HXI) onboard Hitomi

» Hard X-ray Imager (HXI) onboard Hitomi
achieved the best NXB performance ever.
- Most suitable for understanding

NXB in greater detalil.

Cosmic-ray (CR) moni% HXI &

- Double-sided Si Strip Detector
(DSSD; 0.5 mm thickness) x4, NXB components of

- CdTe-DSD (0.75 mm thickness) agch layer of the HXI
I [ Electrons (Hagino+18)

—— | Seem to be dominated by atmospheric
e | nevtrons > Formar half of this talk.

:—:— Proton-induced radioactivation
32 om - Latter half (briefly) (Odaka+18)
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1. Atmospheric Neutron Background

In order to extract neutron NXB, we did

« Checking spatial correlation of data and CR-rate in orbit
(because atmospheric-particle rate « CR rate)

« Comparison of measured spectrum to simulations
to extract contribution of neutrons

Cosmic-ray (CR) monitor

65cm

DSSD2-4

BGO active shields
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——
. DSSD2-4 e
Data reduction ———
« Data of the blank-sky observations obtained with DSSD 2-4
were used. Observation period OBSID Target name
-> Eff. exposure 3/14 16:20-3/14 18:00 000007010 None2
~500 ks 3/14 18:00-3/15 17:56 000007020 None2

3/15 17:56-3/16 19:40 000008010-000008060  IRU Check out
3/16 19:40-3/19 19:00 100043010-100043040 RX J1856.5-3754
3/23 13:30-3/25 11:28 100043050-100043060 RX J1856.5-3754

« Excluded periods from the data:

Periods with high electron rates Periods with strong radioactivation
DSSD 1 rate (s!) (5-150 keV) CdTe rate (s) (5-150 keV)
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Spatial distribution of DSSDP-4 Em—
DSSD 2-4 rate ——

» Screened DSSD 2-4 rate showed a spatial correlation with
CR rate obtained with the CR monitor.
- NXB of DSSD 2-4 seemed to be dominated by

atmospheric particles (neutrons and gamma-rays).

DSSD2-4 rate (s') 5-150 kev) CR-monitor rate (s1)
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Spatial correlation between DSSD 2-4
and CR rates
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» Linear-function correlation was found.
- Atmospheric particles should compose the

proportional component (Ax).



Spatial correlation between DSSD 2-4
and CR rates
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» Linear-function correlation was found.
- Atmospheric particles should compose the

proportional component (Ax).



Spatial correlation between DSSD 2-4
and CR rates

**Binned into five points in each panel
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» Linear-function correlation was found.
- Atmospheric particles should compose the

proportional component (Ax).



Extraction of the atmospheric particle
components

» We subtracted the spectrum in low-CR periods from
that in high-CR periods, to obtain “Difference spectrum?”.

SqgtE T e, - Bi-K | CRrate (s)
C 0 BT el >15
— F ——— T o <15
oL ” ﬂn” mml
T 14 NN
S10E Jr JrJr .
S = Difference spectrum J(
- (= atmospheric particles) J[ }l
- did not show line features
107° =3
10_6 1 I 1 1 1 1 1 1 1 1 I ‘ h
10 10°
Energy (keV)
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Extraction of the atmospheric neutron

component
» We conducted a Monte-Carlo simulation using Geant4 toolkit
i : : (Armstrong+73;
] to es:cln_wfte the ieectra of atmospheric particles. Sk 18)
BT e e Bi-K | CR rate (s
%) 10 = ++ Tty +++II+++ ('I 5)
R n +Ht +++++++* > .
- F S +#+ " ’ " A <15
%) H |
i h il
: P "mm
10 '
S10°E =
S = Difference spectrum
- Simulated spectrum of
- |_atmospheric neutrons
- Upper limit of simulated
atmosplherlc gamma-ray spectru |
—6 1 1 1 1 1 1 1 1 1 1 1 1
10 10 107
Energy (keV)

» Difference spectrum required only atmospheric neutrons.
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2. Radioactivation Background

In order to extract radioactivation component, we

« Focused on CdTe-layer data
= dominanated by radioactivation background
(because of high-sensitivity in hard X-ray band)

~ Cosmic-ray (CR) monitor

65cm

BGO active shields
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Measured spectra f

> Data selection
« Earth occultation data of CdTe-layer of the HXI
« Data were clasified into non-SAA orbits (time after SAA > 6 ks)
and SAA orbits (time after SAA < 5 ks)

» Extracted spectra from each dataset
U I B L B L L BN I

SAA orbits ;
Non-SAA orbits ]

L L

0.014

Cd/Te

LI L

0.012

o
o
—
IIII
|

Bi-K ]
107mAG -

[ 119 ]
0.006 - 103mRp Sb -

0.004 -
125m-|-e 112m[n |

0.002 — .

[counts s keV ]
o
o
o
00
[

O _ | | 1 I | | | I | | | I | | | l 1 | | I | | | I 1 1 | I | | 1 | |
0 20 40 60 80 100 120 140 160

Energy [keV] 13




[counts s keV™]
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Comparison with our
Monte-Carlo simulation

CdTe |

» We compared the measurement to our Monte-Carlo simulations,
and conﬂrmed that the data could be explalned well.
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Summary

» We investigated NXB produced by atmospheric neutrons and
radioactivation, both of which have significant contributions to
the entire NXB, using HXI onboard Hitomi.

> 1. Atromspheric neutron background:

« We found that the screened data rate of the Si-layers of HXI
onboard Hitomi had a positive correlation with CR rate.

« We extracted the spectrum and spatial variations of the
atmospheric-particle background.

« Comparing to estimates by our Monte-Carlo simulations, the
extracted data could be explained well only with atmospheric
neutrons.

> 2. Radioactivation background:

« The screened data of the CdTe-layer of HXI, which were
dominated by radioactivation, were explained well with our
Monte-Carlo simulations.
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1-2. 88 E/N\wv 790572 K (53
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High-CR rate - Law-CR rate
= Difference spectrum
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CountRate (cps)
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3-4 NXB=al—>3>E&EDHEK
> HXI?_-[Abi\—g_T\L:’T?'D TC:/E L l/_:/ 3 \/I%:IE% (Odaka et al. 2018 submitted)
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