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Teruaki Enoto 
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本講演の目的 
自分も製作チームだったNICER 
ユーザーを日本でも増やしたい！



Launch by SpaceX-11 resupply, June 3, 2017



Neutron star Interior Composition ExploreR
• NICER mission: Soft X-ray (0.2-12 keV) timing spectroscopy 

for neutron star structure, dynamics, and energetics. 
• Platform: ISS external attached payload with active pointing 

• Launched June 3, 2017; Installed on ISS, June 13 
• Duration: 18 months science mission + GO extension

(c) NICER Team (PI: K. Gendreau, NASA/GSFC)
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Inside NSs: Big nucleus? 
中性子星の大気
水素, ヘリウム, 炭素 (H, He, C)

(とても薄い)

アウタークラスト
原子核(鉄ほか)＋電子

インナークラスト
中性子過剰核＋電子＋(超流動)中性子

原子核密度の2倍

1015 g/cm3

原子核密度 
2x1014 g/cm3

neutrino drip
4x1011 g/cm3

アウターコア
(超流動)中性子＋電子＋(超伝導)陽子

インナーコア
なんかやばい。ハイペロン？

Equation of State (EoS) inside neutron stars is 
still a big question in the fundamental physics

Radius 10-12 km

(C) Scientific American より改変



Modeling Surfacee X-ray Emission to Infer M-R

Weak Gravity

Lightcurve modeling of the gravitational light-bending constrains the compactness (M/R) 
and viewing geometry of a non-accreting millisecond pulsar through the depth of modulation 
and harmonic content of emission from rotating hot-spots. 

(Gendreau, Arzoumanian, and NICER Collaboration)



(c) NICER Team  
(PI: K. Gendreau, NASA/GSFC)

• Energy band : 0.2-12 keV (Resolution : 85 eV @ 1 keV, 140 eV @ 6 keV) 
• Time resolution : <100 ns RMS (absolute) 
• Non-imaging FOV 6 arcmin diameter 
• Background : < 0.5 cps  
• Sensitivity: 1×10-13 erg/s/cm2 (5σ, 0.5-10 keV, 10 ksec exposure for Crab-like) 
• Max rate: ~38,000 cps (3.5 Crab) Gendreau et al., SPIE (2012), Arzoumanian et al., (2014)
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Large Effective Area of NICER 

(K. Gendreau, et al., SPIE, 2012; Z. Arzoumanian, et al., SPIE, 2014)

• 56 parallel X-ray Timing Instruments (XTIs) 
• XTI = X-Ray Concentrator (XRC) + Sillicon Drift Detector (SDD)  
• Large effective area (x2 of XMM at 1.5 keV), Dedicated to NS surface emission.



Future NICER-MAXI Collaboration on the ISS

Discussion with T. Mihara, W. Iwakiri & K. Gendreau et al. (Information & figures from Mihara-san)
http://www.washingtonpost.com/sf/national/2013/09/14/the-skies-the-limits/

Sensitive follow-up for source identification

Trigger for Transients

NICER MAXI 
(Monitor of All-sky X-ray Image)

• example: MUSST                                  
(MAXI Unidentified Short Soft Transient) 
• Detected only in soft X-rays (<10 keV) 
• Short transients (duration <0.5 day)  
• Unidentified (no detection with Swift 

XRT follow-ups) 
• MAXI localisation (0.3°) is insufficient 

for optical follow-up observations. 
• ~8 MUSSTs during 6 years of MAXI  
• Rapid X-ray follow-ups with NICER 

(100 mCrab within1min)

A MUSST, GRB 140814A. 
Reported as a GRB, but no 
detection by Swift follow-up. X-
ray image at discovery and light 
curve in the scan.



10(Strohmayer et al., ApJ 2018)

8.62c = (13 degrees of freedom), and the implied fractional
pulsed amplitude is B/A=2.04±0.11%. Figure 5 shows the
resulting pulse profile and fitted model. We did not detect any
harmonic signals. We note that the pulsed amplitude measured
with NICER is comfortably below the upper limits reached in
the recent pulsation search with XMM-Newton reported by van
den Eijnden et al. (2018), which likely explains why they did
not detect the pulsations. We also computed pulse phase
residuals using the best orbit solution. We show these in
Figure 6, where we have added in the orbit-predicted phase
delay in order to visually show the size of the delays. We did
not find any statistically significant long-term trends in these
residuals. Finally, we allowed for a constant pulsar spin
frequency derivative, ṅ , in the timing model, and recomputed
Z1

2 on a grid of ν0 and ṅ values. We found no significant
increase in Z1

2, and we derived the following limits,
6 10 4 1015 15n- ´ < < ´- -˙ Hz s−1 (1σ).

4. Discussion and Summary

Our analysis of observations of J1706 with NICER obtained in
2017 August, October, and November confirms the discovery by
SK17 that it is a 163.656 Hz AMXP, and allowed us to derive the
orbital parameters of the system for the first time. The
37.97minutes orbital period of J1706 is the shortest currently
known for an AMXP, and our measurement confirms several
previous indirect indications that the system is an ultracompact
binary (Hernandez Santisteban et al. 2018; van den Eijnden
et al. 2018). We measure a mass function, f m isinx d

3= ( )
m mdns

2+( ) a isinx
3

orb
2w= (( ) ) G M9.12 10 8= ´ -

:, which
is also the smallest among stellar binaries. The mass function
defines a lower limit to the mass of the donor star, md. For a
neutron star mass in the range from mns=1.2–2Me we find a
minimum donor mass in the range from 0.005 to 0.007Me. Given
the orbital period and a plausible range of total system mass, the
separation between the components is of order 300,000 km, and
would fit within the Earth–Moon distance.

The reasonable assumption that the donor star fills its Roche
lobe provides a constraint on the mean density of the donor.
This can be expressed as a constraint on its radius in units of

the component separation, a, that depends principally on the
system’s mass ratio, q=md/mns (Eggleton 1983). We
combine this constraint with that from the measured mass
function to explore the implications for the nature of the donor
star and the system’s orbital inclination.
Our results are summarized in Figure 7, which shows

constraints on the donor mass and radius. We plot the Roche
lobe constraint for three different neutron star masses, 1.2
(green), 1.4 (black), and 1.8 Me (red). The closeness of the
three curves is a visual demonstration of how insensitive this
constraint is to the assumed neutron star mass. The different
symbols along the curve mark inferred donor masses from the
mass function constraint for different assumed orbital inclina-
tions, i, and for two values of the neutron star mass at each
inclination. For each pair of symbols the left- and right-most
correspond to a neutron star mass of 1.2 and M1.8 :,
respectively. The left-most symbol for i 90= n marks the
minimum donor mass for a 1.2Me neutron star. First, we note
that the constraints require hydrogen-deficient donors, as is
expected for systems with an orbital period less than about
80 minutes (Rappaport & Joss 1984; Bildsten 2002). For
additional context we show mass–radius relations obtained
from the literature for several donor types. The dashed curve is
the mass–radius relation for low-mass, cold, pure helium white
dwarfs from Zapolsky & Salpeter (1969), as corrected by
Rappaport & Joss (1984). Here we have plotted it using the
fitting formula of Nelemans et al. (2001). The dotted curves
denote a range of mass–radius values from the binary
evolutionary calculations of Deloye et al. (2007) for the
helium donors of AM CVn systems. The region between
the upper and lower dotted curves gives an indication of the
allowed range in mass and radius for donors at different
evolutionary stages, and with different values of central
degeneracy at the onset of mass transfer (see Deloye
et al. 2007 for details). Lastly, the dashed–dotted curves show
mass–radius relations for carbon white dwarfs with central
temperatures of 104 (lower) and 3×106 K (upper), from
Deloye & Bildsten (2003). Thus, J1706 appears to be a
somewhat more extreme example of the currently known

Figure 5. Pulse profile obtained after phase folding the August, October, and
November NICER exposures of J1706 with the best-determined orbital
solution. The profile includes events in the 0.3–3.2 keV range, and we used
16 phase bins. The best-fitting sinusoid, A B sin f+ ( ), is also plotted (red).
The fit has χ2=8.6 with 13 degrees of freedom. The pulsed amplitude is
B/A=2.04±0.11%.

Figure 6. Pulse phase residuals from NICER observations of J1706 as a
function of mean pulsar longitude computed using the best orbit solution. The
residual is plotted in units of pulsar phase (cycles), and the orbit-predicted
phase delay is added to the residuals to show the orbital variations.
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The Astrophysical Journal Letters, 858:L13 (7pp), 2018 May 10 Strohmayer et al.Discovery of the Shortest Orbital Period
NICER found ultracompact (and the 
shortest) 37.97 minute orbital period 
from the accreting millisecond pulsar 
IGR J17062-6143! 
(orbital separation ~ d of Earth-Moon)

Smallest mass function! 
Minimum donor mass 0.005-0.007 
Msun for NS masses of 1.2-2Msun!



Magnetar & Magnetosphere (M&M) Science
• Covers highly magnetized neutron 

stars (NSs) with surface B>1011 G. 
• Towards understanding of diversity 

and evolution of different classes. 
• Magnetars 
• Rotation-powered pulsars (RPPs) 
• High-B pulsar 
• XDINSs (X-ray Dim Isolated NSs) 

• NICER will provide: 
• Long-term monitoring of timing 

behaviours for spin ephemeris 
• Phase-resolved spectroscopy 

(absorption, thermal/non-thermal) 
• Coordination of flexible multi-

wavelength observations

Gendreau et al., SPIE (2012), Arzoumanian et al., (2014)

Several example of NICER data!
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Magnetar

XDINSs

High-B pulsars

Rotation-powered 
pulsars

CCO

Millisecond pulsars

Several example of NICER data!
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Crab Pulsar



Crab Pulsar — Simultaneous with Radio 

−1 −0.5 0 0.5 1

0

0.05

0.1

0.15

32
3.

1−
32

7.
1 

M
H

z
−1 −0.5 0 0.5 1

0

5×10−3

0.01

0.015

2.
2−

2.
3 

G
H

z

−1 −0.5 0 0.5 1

2.5×105

3×105

3.5×105

0.
4−

10
.0

 k
eV

Phase
−1 −0.5 0 0.5 1

0

0.05

0.1

0.15
32

3.
1−

32
7.

1 
M

H
z

−1 −0.5 0 0.5 1
0

5×10−3

0.01

0.015

2.
2−

2.
3 

G
H

z

−1 −0.5 0 0.5 1

2.5×105

3×105

3.5×105

0.
4−

10
.0

 k
eV

Phase
−1 −0.5 0 0.5 1

0

0.05

0.1

0.15

32
3.

1−
32

7.
1 

M
H

z

−1 −0.5 0 0.5 1
0

5×10−3

0.01

0.015

2.
2−

2.
3 

G
H

z

−1 −0.5 0 0.5 1

2.5×105

3×105

3.5×105

0.
4−

10
.0

 k
eV

Phase

Tohoku Univ. Iitate  
(0.3 GHz) 

Pulse Phase

JAXA Usuda 
(2.3 GHz) 

NICER 
(0.4-10 keV)

In
te

ns
ity

 (A
.U

.)
In

te
ns

ity
 (A

.U
.)

X
-r

ay
 C

ou
nt

s

with collaboration for radio pulsar observation in Japan



Crab Pulsar — On-orbit actual NICER data

X-ray profile appears with accumulation in a short exposure (~1 sec) !



Crab Pulsar — On-orbit actual NICER data

X-ray profile appears with accumulation in a short exposure (~1 sec) !

Exposure for Detection of the Crab Pulsar (Real Data)
Exposure (sec)
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0.1

1

Number of pulses
1 10 100

3 sigma

5 sigma

Reduced chi-square
Z22
Phase bin 34

More 
significant 
detection



Crab Pulsar — NICER X-ray Profile

• NICER large effective area of ~1,900 cm2@1.5 keV, x2 of XMM-Newton. 
• 1 Crab X-ray Intensity = 1e+4 cps for NICER, including the pulsar and nebula 

How we can use this large effective area?



Giant Radio Pulse (GRP) of the Crab Pulsar

(Buhler & Blandford, 2014)
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Figure 2. Spectral energy distribution of the average emission of the Crab nebula
(blue) and the phase averaged emission of the Crab pulsar (black). The data for
the nebula were taken from Meyer et al. (2010) with the addition of the Fermi-LAT
measurement reported in Buehler et al. (2012). The pulsar spectrum is reproduced
from Kuiper et al. (2001). Additionally shown are infrared measurements reported in
Sollerman et al. (2000) and Tziamtzis et al. (2009), radio measurements referenced in
Thompson et al. (1999) and gamma-ray measurements referenced in Fig. 8. Please
note, that the low frequency radio data (! 1 GHz) comes from non-contemporaneous
measurements, which are likely affected by time varying interstellar scintillation
(Rickett & Lyne 1990). The luminosity shown on the right axis was calculated assuming
a distance of 2 kpc.

and swings from PA ≈ 90◦ to PA ≈ 180◦ during P2.

2.2. The Crab nebula

The appearance of the nebula in the sky is approximately ellipsoidal with a major axis of

∼ 7 arc minutes and a minor axis of ∼ 4.6 arc minutes. This corresponds to a projected

length of ∼ 4.1 pc and ∼ 2.7 pc, respectively. As one observes the nebula at higher

frequencies, a toroidal structure becomes increasingly apparent. Images of the inner

region in X-rays and optical are shown in Fig. 4. A torus surrounding the pulsar and
a jet emerging perpendicular to it are apparent. It is striking that there is no bright

emission in the region within ∼ 10 arc seconds of the pulsar (Hester et al. 1995, Hester

et al. 2002, Mori et al. 2004, Temim et al. 2006). The pulsar wind is apparently

radiationless (or “cold”), until interaction with the ambient medium happens. The

first interaction is commonly thought to occur at the “inner ring” observed in the X-ray

image (Weisskopf et al. 2000).
As can be seen in Fig. 4, the inner nebula is a highly dynamical place. Thin arcs of
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Power-law energy distribution. Unknown radiation mechanism! 
Connection to cosmological fast radio bursts?



Giant Radio Pulse (GRP) of the Crab Pulsar

(Buhler & Blandford, 2014)
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Optical enhancement!

~3%

Radio coherent emission is somehow 
linked to incoherent radiation in optical.



GRP Enhancement in High-Energy Bands?

(Hitomi Collaboration+2017)

Opt.

X-ray

γ-ray

Upper-Limited in the higher energy band 
(X-rays and gamma rays). 

→ Search for the signal with NICER! 



Crab Pulsar — NICER X-ray Profile

• NICER large effective area of ~1,900 cm2@1.5 keV, x2 of XMM-Newton. 
• 1 Crab X-ray Intensity = 1e+4 cps for NICER, including the pulsar and nebula 
• Simultaneous radio observations: Tohoku Univ. Iitate, NICT Kashima, JAXA Usuda
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Magnetar Outbursts: 4U 0142+61
• A prototypical persistently bright 

anomalous pulsar at P=8.69 sec. 
• SGR-like short burst detected with 

Fermi GBM on 13 July, 2017 during 
NICER's PV phase (GCN 21342). 

• NICER ToO triggered 0.88 days 
after the burst, with a 3-month 
followup campaign (total ~96 ks)

Nynka et al., submitted

https://gcn.gsfc.nasa.gov/gcn3/21342.gcn3
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NICER (complimented Swift and NuSTAR) 
observed:  

• A glitch and its recovery: Δν=4.04e-7 Hz 
with a relaxation time scale of ~61 days. 

• Spectral characteristics in outburst: Soft X-
ray flux increased by ~30% for ~50 days  

• Significant pulse profile change at least 4 
days pos-outburst phase (four distinct 
pulsed component!) and its evolution
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Magnetar Outbursts: XTE J1810-197 
• P = 5.54 s and Bs = 2.1e+14 G 
• The first magnetar to have detected 

radio pulsation, discovered from an 
X-ray outburst in 2003. 

• X-ray flux decay for 4 years to the 
quiescent level  

• In December, 2018, a radio flux 
increase at 1.53 GHz (ATel 12284)

PoC: Tolga Guver 

(Camilo+16)

total flux

hot comp.



Magnetar Outbursts: XTE J1810-197 

PoC: Tolga Guver 

• P = 5.54 s and Bs = 2.1e+14 G 
• The first magnetar to have detected 

radio pulsation, discovered from an 
X-ray outburst in 2003. 

• X-ray flux decay for 4 years to the 
quiescent level  

• In December, 2018, a radio flux 
increase at 1.53 GHz (ATel 12284) 

• Most of X-ray observatories can not 
observe this magnetar in this winter 
due to the sun angle constraint 
except for a few cases: MAXI and 
NuSTAR (ATel 12291 and 12297) 

• Once the Sun angle constraint will 
end in February, NICER will 
monitor this transient magnetar.
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A NICER snapshot “before” the recent burst 
- June 22, 2017 (28 ks) 
- 9.3e-13 erg/s/cm2 (0.5-3.0 keV) 
- ~0.76 cps 
- Two blackbody (~0.16 & 0.43 keV)

A new outburst will be monitored with NICER and radio



Monitoring of LIGO Targets for the CGW
• Two pulsars only seen in X-rays 

• PSR J1412+7922 (Calvera) 
• P=59.2 ms, Pdot=3.3e-15  
• Descendent of CCO? 

• PSR J1849-0001 
• P=38.5 ms, Pdot=1.4e-14 
• Energetic young RPP 

• Targets of LIGO/Virgo searches for 
continuous GWs due to a mountain 
or fluid motion 

• NICER factor of 100 improvement 
in Pdot uncertainty for both  

• Timing model for more sensitive 
LIGO/Virgo searches and pulsation 
searches at other wavelengths

Bogdanov et al., to be submitted soon
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J1412+7922 
371.8 ks

J1849-0001 
60.4 ks

• Two pulsars only seen in X-rays 
• PSR J1412+7922 (Calvera) 

• P=59.2 ms, Pdot=3.3e-15  
• Descendent of CCO? 

• PSR J1849-0001 
• P=38.5 ms, Pdot=1.4e-14 
• Energetic young RPP 

• Targets of LIGO/Virgo searches for 
continuous GWs due to a mountain 
or fluid motion 

• NICER factor of 100 improvement 
in Pdot uncertainty for both  

• Timing model for more sensitive 
LIGO/Virgo searches and pulsation 
searches at other wavelengths



https://heasarc.gsfc.nasa.gov/docs/nicer/nicer_analysis.html





NICER データ解析について
• NICER は Chandra, XMM, Suzaku のような大規模グループでは
なく、Calibration を少人数（<5人) でやっている現状です。 

•時間解析は現状でも十分な解析が可能です: 例 パルス探査、GRP 
同期のＸ線増光、パルス波形解析、ブラックホールのQPO など 

•検出器キャリブレーションが不十分でレスポンス関数も改訂中。
スペクトルの詳細解析はまだ先: 吸収構造、<5% フラックス測定 

• NICER は非撮像系で、バックグラウンドはモデル化する必要が
ある。極めて暗い天体はまだこれから。 

•現状のオススメは、「明るい天体の速い時間変動」や「パルス探
査、パルス波形の解析」などから始める。まだデータがあふれて
います。解析したい人がいたら、サポートします。



京大白眉→理研白眉研究チーム(2019年10月~)

2020年4月以降に着任の以下の受け入れが可能です。
• 基礎科学特別研究員制度: http://www.riken.jp/careers/programs/spdr/

• 大学院生リサーチ・アソシエイト（JRA）:http://www.riken.jp/careers/programs/jra/ 
• 国際プログラム・アソシエイト（IPA）:http://www.riken.jp/careers/programs/ipa/

•雷雲と雷放電の高エネルギー大気物理学 

•超小型衛星を用いたスケーラブルなＸ線天文学 

•多波長連携を中心においた中性子星の天体物理学

http://www.riken.jp/careers/programs/spdr/
http://www.riken.jp/careers/programs/jra/
http://www.riken.jp/careers/programs/ipa/


Summary
• NICER Magnetar and Magnetosphere (M&M) group covers 

magnetized neutron stars. 

• NICER detected a signature for X-ray enhancement 
associated with giant radio pulses from the Crab pulsar, a 
similar percentage increase as reported in the optical band. 

• NICER continued follow-up observations of magnetar 
transient activities: 4U 0142+61, PSR J1622-4950, XTE 
J1810-197, and SGR 1806-20. 

• NICER improved pulsar ephemerides of PSR J1412+7922 
and J1849-0001 providing timing models for future LIGO/
Virgo continuous GW search. 

• NICER are monitoring rotation-powered pulsars, such as 
Vela pulsar and PSR B0656+14.


