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InFOCUS is a new generation balloon-borne hard X-ray telescope with focusing optics and spectroscopy. We had a successful 22.5-hour flight from Fort
Sumner, NM on September 16-17, 2004, In this paper, we present the performance of the hard X-ray telescope, which consists of a depth-graded platinum-
carbon multilayer mirror (called a supermirror) and a CdZnTe detector. The telescope has an effective area of 49 cm? at 30 keV, an angular resolution of 2.6
arcmin (HPD), and a field of view of 11 arcmin (FWHM) depending on energies. The CdZnTe detector is configured with a 12x12 segmented array of
detector pixels. The pixels are 2 mm square, and are placed on 2.1 mm centers. An averaged energy resolution is 4.4 keV at 60 keV and its standard
deviation is (.36 keV over 128 pixels. The detector is surrounded by a 3-cm thick CsI anti coincidence shield to reduce background from particles and
photons not incident along the mirror focal direction. The inflight background is 2.9 x 10 cts sec”! em2 keV-! in the 20 - 40 keV band.

Pt/C depth-graded multilayer mirror (supermirror)

Energy band = 40 keV
Diameter/Focal length 40 cm/8m

Optics Conical appr. of Wolter |
Incident Angle 0.105 - 0,356 deg.
Number of nesting 255

Number of reflectors 2040

Reflector Al-backed epoxy replica
Reflector radius 59 - 200 mm

Reflector length 100 mmx 2

Reflector Thickness 175 um

Reflector Surface Pt/C multilayer supermirror
Periodic thickness 20-130 A

Number of bi-layers 25-63
Reflection by multilayer mirror
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Observed Spectrum of 4U 0115+63
[ : : : :

_|_

L - J Inthe 2004 fight, we ohserved
5 Cyg X-1, Her X-1, 411 DEI5+63,

+ hsery ed '\|'|.L|f|||| (5.2 hours) NI 6240, and Ahell 2143,

We perfarmed a joint fit with an

XTE data for the 417 DLT5+63

data. Cyelotron Absorption

structures are seen at 23 3+/-0.3
=+ 1 and 29,3+-0.6 keV, We are doing
a further data analysis

w7 am

Phdone fom® u la?
e

m‘

Energy{keV) FOV [aremin Attitnde Control System

lnFOCpS Gundola

- Momentum wheel {Az)

Low back ground was achieved during the
flight owing to the anti-coincidence active
shield (3-cm (‘f.l) The back graund rate is

2.9 x 10 cts sec! em™ keV! (20-50 ke V).

Back ground spectrum
(altitude 35.2 km, 5.4g/cm?)

Pixellated CdZnTe detector with Cs-1 active shield

Detector Size 1x1 inch (11x11arcmin)
Pixel Array 12 x 12 {128 pixels)
Pixel Spacing 2.1 mm

Pixel Size/thickness 2x2 mm/2 mm
Operating Temperature 20 deg. C

Detection effici 100 % (<40keV

Active Shield 3-cm thick Cs-1 with PMTs
Collimator FOV 10 deg. (FWHM}

Onboard Calibration source 24 Am
(tagged by anti-coincidence)

Calibration Spectra Ene! i
The entire detector ﬁ.m by calibratian sources. Iy Reglution
4, Specim were obinined by sum of paxels with gain carrection. _Energy [keV] Res ke

A8 mm well e p " "
345 mm depth _f et #32
Detector ? of Tapged mw{* ]
2 et g
JeumiCal E [Intagged spectrum
e ]
Bl
m a m

E al Vetoed events
=
e
¥ 9F
= Unvetoed events
STLL
oL ’ :
o 1.00 rOD ao0n
v [1oav]
Back ground companson
shietding method author hmk_unund rate

cnts see-! em-? keV-!

plastic/lead or passive only  Parsons 1102
Bloser A-ix 0
Rothschild 6105

active heavy hack shield Parsons  Txl{3
Bloser Lx1i?
Slavis  2x|07

full active shield
covered aperiure Parsons  1x10-
Slavis  Tx10%
InFOCUS 28 1 (2040 keV)

19900 22 keV. ' 3n 3R {12:6%)
0 4.4 (7.3%)

] Distribution of pixels (24! Am)
Ham 60 keV :

ol [4]
BREEE

0o 122 keV

o ]
ANE R

Sipfitid ;J‘Wﬂﬂ*“""'lﬁkﬂ

o
energy [le¥]
Onboard Tag Source Spectrum (% Am)
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ey [1m¥]

Plagtic Scimtillator Doped *#'Am with PMT  PMTS for anti coincidence of the shield

InFOCpuS Sensitivity

Owing to the low background and large effective
area in the hard X-ray band, InFOCuS achieves
sensitivity as great as 500 pCrab in 20-50 keV for
the 2004 flight (an 8 hours observation, AE/E=2).
We plan to improve the angular resolution and the
mirror effective area (two mirrors) as well as make
CZT thinner for the future flights. We would expect
the sensitivity of 100 pCrab level.
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