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PRime-focus Infrared Microlensing Experiment

望遠鏡インストール完了!! (2022 Aug) 

Ø H-band microlensing survey
ü銀河系中心領域を高頻度で観測

à 惑星検出数：MOAの約5倍
ü将来計画の事前観測

• Romanの惑星探査領域の最適化
• JASMINE
• ULTIMATE-Subaru

Ø GW、GRBのToO観測
Ø トランジット惑星探査
Ø SANDによるRV惑星探査

@南アフリカ、SAAOサザーランド観測所現在コミッショニングフェーズ

広視野 近赤外線 南天
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PRIME望遠鏡/PRIME-Cam 主要諸元
ØPrimary diameter: 1.8m

ØFilters: Z, Y, J, H, 3NBs (NB1063, NB1243, NB1630)

ØDetector: 4 x H4RG-10
ØFOV: 1.45deg2
ØPixel Scale: 0.5”/pix

ØSurvey Field: 銀河系中心付近の~20deg2 (TBD)
ØCadence: > 15min

ØLim Mag: 18.7mag w/ H-band (5sigma, 100s exp.) 
PRIME望遠鏡 PRIME-Cam
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コロナ禍でのPRIME 
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光学調整①：3D測定器
• 主鏡・レンズユニットに参照点を配置しFAROにより測定。
• 主鏡、レンズユニットの光軸が揃うようにレンズユニットの
decenter, tip/tiltを調整
• Tip/Tilt < 10”
• Decenter < 50µmの精度

• ハルトマン定数：
• 視野平均: 0.7”
• 視野中心: 0.57”



H-bandテストカメラでの
first light

(αケンタウリAB)z-bandテストカメラでのfirst light時の様子
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PRIME
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PRIME/Test-Camera First Light!!!

z-band テストカメラ
CMOS x3

H-band テストカメラ (Yama-Cam)
InGaAs, 1280x1024pix, 5.3°x4.2°

Kuijken+04, ⼭脇さん修論
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光学調整③：ハルトマン検査

ハルトマン板の取り付け

Ø ハルトマン定数: 最適焦点位置での光線の光軸から
の平均距離 →光学系を評価できる。

Ø 各々の光線の光軸からのズレ量は波面の傾きに相当
するので、ハルトマン画像から波面・ゼルニケ係数
を推定できる。

評価に加え、調整もする

ü decenter, tip/tiltの変化量と発生する収差量(ゼ
ルニケ係数)は、およそ線形。

ü モデルのゼルニケ係数と比較することで、光学系
修正量を推定。

• ハルトマン定数：
• 視野平均: 0.295”
• 視野中心: 0.262”

Yama+ in prep.

H-band ハルトマン画像

光学調整用web
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H-bandテストカメラによる試験観測

銀河系中心方向のマイクロレンズイベント
の追加観測画像

シーイング平均(9/7~14) ~1.3”
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PRIME-Cam (今日、観測所に到着予定)
q NASA/GSFCにて製作完了

• Alexander Kutyrev et al. (NASA/GSFC, UMD) + Yuki Hirao (阪大)
q Romanチーム協力のもとH4RG-10を4枚使用。
q 詳細は、22年秋季年会V216c
「PRIME望遠鏡近赤外主焦点撮像装置：PRIME-Camの開発」平尾さん講演



PRIMEによるNIR高頻度撮像探査
8 Andrew Gould
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Figure 4. Cumulative Distribution of log θE for 30 FSPL
events with giant-star sources that were found in four sea-
sons of KMTNet data, 2016-2019. The absence of detections
θE!4µas is due to selection effects, while the paucity for
θE"300µas is due to a combination of selection effects and
the lack of bulge stars M"1M!. The remaining feature,
the factor ∼ 3 “Einstein Desert”, 8.8µas < θE < 26µas,
is the signature of two populations, i.e., BDs/stars with
masses 0.02!M/M!!1 to the right and FFPs with much
lower masses to the left. The former are detected mainly
in the bulge, while the latter are likely to be about equally
drawn from the bulge and the disk. See Section 8.3. This
Figure can be compared to Figure 10 from Kim et al. (2021).

dicates that, with accumulating statistics, this may no
longer be true. A Kolmogorov-Smirnov (KS) test yields
an unimpressive p = 28%. However, KS is a very “for-
giving” test because it assumes no prior information on
the form of the deviation. By contrast, our eye is drawn
to the near absence of events with z0 > 0.82, where we
might expect the greatest difficulty for detections. The
green line, which ignores the single detection at z0 ! 1,
appears more satisfying. Kim et al. (2021) argued that
there is substantial information about ρ in the regions
of the light curve having z ≡ u/ρ > 1, so that uniform
sensitivity over [0 ≤ z0 < 1] was plausible. However, it
is also plausible that there would be at least some effect
for z0 ∼ 1, as seems to be indicated by Figure 3, albeit
weakly.

One might suspect that the dearth of events with
z0 ∼ 0.9 is the result of the z0 < 1 boundary in our ini-
tial selection combined with ordinary statistical noise.
That is, some events with initial estimates z0,init ∼ 0.9
were ultimately eliminated after they were determined
to have z0,TLC > 1 from subsequent TLC reductions,
but the “complementary” events that would have had
z0,TLC ∼ 0.9 (if TLC reductions had been done) were
not investigated after it was found that z0,init > 1. In
fact, we were concerned about this and obtained TLC
for 5 events with z0,init"1. However, z0,TLC > 1 was

confirmed for all 5. Hence, we do not believe that such
selection bias is a strong effect.

6. THE EINSTEIN DESERT

Figure 4 shows the cumulative distribution log θE for the
30 FSPL events in the survey. It exhibits three principal
features; 1: a paucity of detections with θE"300µas, 2:
a complete absence of detections with θE < 4µas, and
3: the “Einstein Desert”, i.e., the absence of detections
over the interval, 8.8µas < θE < 26 θE.

As discussed in Section 3, the first was expected, pri-
marily due to the rapid fall-off of the bulge mass function
for M"1M!, but somewhat augmented by selection ef-
fects due to saturation. The latter will be examined
more closely in Section 7.
As will also be discussed in Section 7, the second fea-

ture is likewise due to selection.
However, selection effects play no role in the third fea-

ture, the “Einstein Desert”, because the selection func-
tion is smoothly increasing from a factor of 2 below the
Desert to a factor of a few above it.
As was already anticipated in Section 3, the upper

shore of this desert (at θE = 26µas) can be attributed
to the sharp fall-off in the bulge mass function in the BD
regime. In this sense, it is qualitatively similar to the
first feature, but with a crucial difference. Being gener-
ated by a fall-off at the high end of the mass function,
the first feature is “washed out” by contributions of disk
lenses of much lower mass (hence, higher specific fre-
quency) but with similar θE =

√
κMπrel. By contrast,

the population of disk stars and BDs only contribute to
θE in regions well above the desert, and so the upper
edge of the Desert is sharp.
The 4 events that lie below the Desert must repre-

sent a separate, low-mass population because they have
Einstein radii that are a factor "3 below those of the
lowest-mass bulge BD lenses (and even farther below
those of the lowest-mass disk BD lenses). The existence
of the Desert is a powerful constraint on the nature of
this population: whatever model one adopts must not
only reproduce the observed low-θE detections but must
also respect the absence of such detections in the Desert.
Figure 5 shows a scatter plot of FSPL proper motions

against Einstein radii. Generally, the proper motions are
consistent with those expected for bulge and disk lenses.
Note that the FFPs are within this range, somewhat
more tightly grouped but with a median similar to the
sample as a whole.

7. SELECTION EFFECTS

7.1. Selection Effects Due to Lens Mass (thus, θE)

There are two principal selection effects due to lens mass
that can prevent a given event from entering the sam-
ple. These derive from the requirements that, first, the
light curve must initially be selected as a “microlens-
ing event”, and second, that finite source effects must
be detected in this event. In Section 2, we adopted a
threshold for finite source effects: ∆χ2

fspl ≡ χ2(PSPL)−
χ2(FSPL) > 20. The threshold for event detection,

検出なし

褐色
矮星
・

星イ
ベン
ト

浮遊
惑星

イベ
ント

7

Figure 4. Microlensing parallax ⇡E vs. Einstein crossing time tE (left) and maximum astrometric shift �c,max (right). Points
are from the PopSyCLE simulation. Contours are 1� 2� 3� (39.3-86.5-98.9%) credible regions from the microlensing model fits
to the five BH candidates. There are two fits for OB110462 (default weight (DW) and equal weight (EW); see Supplemental
§5.3 of Lam et al. (2022) for details). The OB110462 DW solution has a smaller ⇡E than the OB110462 EW solution, and
has a correspondingly more massive lens mass. Both solutions fall solidly in the NS-BH mass gap, making OB110462 the best
BH-candidate. MB09260 and OB110310 are most likely white dwarfs or neutron stars, although due to uncertainty in ⇡E and
�c,max higher and lower mass lenses cannot be definitively ruled out. OB110037 and MB10364 are not BHs as they have very
large ⇡E , as well as relatively short tE and small �c,max. MB09260, MB10364, OB110037, and OB110310 are discussed in detail
in the Supplemental paper.

ferred lens types for the targets (Supplemental Table 9369

of Lam et al. (2022)).370

Both EW and DW models for OB110462 fall solidly371

within the 2� 5M� mass gap shown in the ⇡E � �c,max372

parameter space. Because the EW solution leads to a373

larger and more uncertain value of ⇡E than the DW374

solution, a neutron star or even white dwarf lens is a375

possibility. On the other hand, the DW solution prefers376

a smaller and more well constrained value of ⇡E than377

the EW solution, leading to a much more definitive so-378

lution of a mass-gap BH. However, both the EW and379

DW solution for OB110462 fall in a somewhat unusual380

part of the ⇡E�tE parameter space for BHs: typical BH381

⇡E are around 0.02, while for OB110462, ⇡E is around382

0.1. This is because PopSyCLE simulations only contain383

BHs with masses from ⇠ 5�16M�; if OB110462 is truly384

a mass-gap BH, it would not correspond to any BHs in385

the simulation.386

5.2. OB110462 in comparison to the BH population387

Several attempts have been made to determine the388

Milky Way BH mass function using dynamical mass389

measurements of BHs in binaries. The mass-gap be-390

tween 3-5 M� was first observed in low-mass X-ray bi-391

naries (Bailyn et al. 1998; Özel et al. 2010; Farr et al.392

2011). However, more recent detections of BHs in this393

mass range from both gravitational wave mergers and394

in non-interacting binaries suggests that the mass-gap395

may actually be filled with BHs (e.g. Abbott et al. 2017;396

Thompson et al. 2019). For a complete description of397

the Milky Way BHs found to date, see Supplemental398

§8.1 of Lam et al. (2022). If OB110462 is a BH, it too399

shows that the mass function of BHs extends into the400

mass-gap regime.401

It is somewhat surprising that massive BHs have not402

been found in our microlensing search as well as in403

searches for BHs in wide binaries (Rowan et al. 2021;404

Thompson et al. 2019; El-Badry et al. 2022). Both mi-405

crolensing and radial velocity searches should be biased406

toward finding 10 M� objects more easily than 3 M�407

objects as described in Supplemental §8.1 of Lam et al.408

(2022). It may be that the selection bias is o↵set by409

the steep mass function for massive stars and thus BHs.410

As the sample of BHs in the Milky Way grows, a more411

quantitative analysis of the sample selection will be es-412

sential to constrain the true BH mass function.413

6. CONCLUSION414
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Bound/unbound
の冷たい惑星分布

Isolated BHの
検出・統計量

銀河モデルの検証

Suzuki et al. in prep Gould+22
Lam+22

Koshimoto+21

PRIME
telescope

Roman惑星探査領域の最適化

ミラの観測可能性 
8.5 kpc（銀河系中心の距離）では、A(Ks)>3.5 の減光がない限りＫsバンド(VVV)ではミラが明るすぎる
一方、I バンドでは A(Ks)<1.2の領域しか検出できない。PRIME の J バンドの独壇場となる範囲が広い。 

  

JASMINEの事前観測としての
ミラ型変光星の探査

松永さん提供
I

Y J H
K
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課題
vz-bandテストカメラのdefocus像を用いる光学調整はうまくいかなかった。。。

vH-bandテストカメラで何とかできたので良しとする？

vドームの回転が非常に遅い。
v大きく望遠鏡をふるとドームスリットにケラれる。
vドーム天頂から雨漏れする。

v観測体制、リモート化？
vデータ輸送 （~40TB/yr for µlensing）
vデータ公開
v観測割り振り（キュー観測を予定）
v… Microlens

50%SAAO
14%

Osaka U
12%

ABC
12%

NASA/UMD
12%

PRIME TIME ALLOCATION



üPRIME望遠鏡の建設が22年8月に完了。

üH-bandテストカメラによるファーストライト及び光学調整が完了。

ü22年10月にPRIME-Camのインストール予定。(来週から作業開始)

ü23年3月から銀河系中心サーベイを開始。

まとめ PRIME
telescope
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