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まとめ：z=7.3 (宇宙年齢7億歳)に輝線なし、Balmer吸収のある銀河を検

出した。星質量は4-8e8Msunで、何らかのフィードバックで10-20Myr前
に星形成を急激に止めたと考えられる。

ターゲット；JADES-GS+53.15508-27.80178

• Oesch+2010でLBGとして同定

観測
• JWST Advanced Deep Extragalactic Survey
• 28hr NIRSpec-Microshutter Array 観測

• Z=7.29

輝線は受からず

• SFR(Hbeta)<0.65Msun/yr
• SFR([OIII]5007)<0.1Msun/yr
Continuum
• UVでのβ=-1.51 : 典型的なz>6銀河に比べて緩い。
• UVJカラーだけからだと星形成銀河に分類される

• Balmer 吸収 : W(Hδ)=4.8A
=> post starburst galaxyと分類される

Quiescent 以外の解釈
• f_esc>0.9 なextreme LyC Leaker / nebular emissionが弱

くなる
=> UV slopeやBalmer吸収を説明できない
=> そもそもISMにガスがないことになるのでそれは星

形成が止まっているということになる
• Dusty starformationが隠されている

=>完全には除外できないが、すくなくともALMAでは検出
されていない

SEDフィット ( PPXF, BAGPIPES, BEAGLE, PROSPECTOR)
• 星質量 4-8e8Msun

• 星年齢は40-120Myr / 10-30Myr
• 現在の星形成率は 1e-2.6~-1.3Msun/yr
• Z=-1~-2 Zsun

Quenchingプロセス

• おそらくは強いフィードバックでのガスの吹き飛ばし
• 低い金属量もそれで説明される
• ガスが落ちてきたらまたスターバーストするのでは
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Fig. 1: NIRSpec R100/prism spectrum of JADES-GS-z7-01-QU. The clearly
detected Lya drop and the Balmer break unambiguously give a redshift of
z=7.3. The absence of emission lines (together with the Balmer break) reveals
that this is a – temporarily or permanently – quiescent, post-starburst galaxy.
The vertical dashed lines indicate the rest-frame wavelengths of the strongest
nebular emission lines. The red line indicates the ppxf spectral fit. The upper
panel shows the signal-to-noise ratio in the 2D prism spectrum. The bottom
panel shows the ratio between the residuals of the fit and the noise.

(JADES) [45] through deep (28 h) NIRSpec-MSA observations with the prism.
The galaxy was pre-selected with the photometric Lyman dropout technique
and a blue rest-frame UV colour.

The prism spectrum of JADES-GS-z7-01-QU is shown in Fig.1. The red-
shift z=7.29± 0.01 is unambiguously determined (using the beagle code, see
Methods) from the combined observed wavelengths of the characteristic Lya
drop and Balmer break.
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marginalise over model assumptions and implementation, we use four different
SED-fitting codes (ppxf [58, 59]; bagpipes [60]; prospector [61]; and bea-

gle [62]). Fig. 1 shows, as an example, the best-fit ppxf model in red, overlaid
on the spectrum.

Key inferred properties ppxf bagpipes beagle prospector

log10(M?/M�) - 8.6± 0.1 8.8+0.1
�0.2 8.7+0.1

�0.1

log10(SFR [M�/yr]) - < –1.3 –2.5+1.0
�1.0 –2.6+1.5

�2.7

log10(Z/Z�) < –2.0 �0.7± 0.1 –1.9+0.4
�0.2 –1.7+0.2

�0.2

tquench [Myr] ⇠ 20 ⇠ 10 16+7
�4 38+9

�10

tform[Myr] ⇠ 100 40± 10 93+69
�47 116+85

�45

AV [mag] 0.4± 0.1 0.32+0.25
�0.17 0.51+0.03

�0.04 0.1+0.1
�0.0

Table 1: Key physical quantities inferred by the four full spectral(and pho-
tometric) fitting codes ppxf, bagpipes, beagle and prospector: Stellar
mass (M?), Star-formation rate (SFR), metallicity (Z), quenching lookback
time (tquench), formation lookback time (tform), and effective dust attenuation
optical depth (AV ).

The methods agree on a low stellar mass of M? = 4–6⇥108 M� (Table 1),
i.e. this is an object in the dwarf-galaxy regime – essentially the same mass as
the nearby, actively star-forming Small Magellanic Cloud, but at z=7.3 and
quiescent.

Fig. 2 shows the SFH of the galaxy, as inferred by the four codes. All
models agree that JADES-GS-z7-01-QU is quiescent and give similar stellar
population parameters. The oldest significant population of stars is 40–120 Myr
old, corresponding to a formation redshift z=7.6–8.8, while the youngest stars
have ages 10–30 Myr, corresponding to a quenching redshift of z=7.4–7.5.
These numbers imply that JADES-GS-z7-01-QU formed in a burst of star
formation lasting only 30–90 Myr – consistent with the formation timescales
of star-forming galaxies at similar redshifts [63].

The SFR at the time of observation inferred by bagpipes, beagle and
prospector are extremely low, between 10�2.6 and 10�1.3 M� yr�1, yielding
specific SFRs ranging between 10�2.3 Gyr�1 and 0.1 Gyr�1; these values are
between 2 and 3 orders of magnitude below the Main Sequence of star-forming
galaxies at this redshift [43, 64–67], hence confirming quiescence.

Three of the four codes infer a low average stellar metallicity of the galaxy
of log10(Z/Z�) ⇡ �2 (where Z� is the solar metallicity). However, bagpipes

infers log10(Z/Z�) ⇡ �0.7. ppxf indicates the presence of a weak enriched
population representing only 5 percent of the total stellar mass of the galaxy,
which formed last before quenching.

The inferred mass of this galaxy rules out, for this object, the quenching
scenario postulated by some simulations, in which the strong UV background
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(a) The stellar age-metallicity grid
resulting from the ppxf fit. The
code reconstructs dominant metal-
poor populations forming from ⇠100
to ⇠20 Myr prior to observation. The
colour-bar represents the fractional
mass distribution over the SSP grid.

(b) The star formation history
inferred by bagpipes. The solid green
line shows the median posterior, the
shaded region shows the 1-s range,
indicating a single star-formation
burst lasting ⇠30 Myr and quenching
⇠10 Myr before observation.

(c) The beagle posteriors for SFR,
metallicity (Z), lookback time of star
formation onset (tform) and quenching
(tquench). The red lines and the grey
regions show the median and the ± 1 s
posteriors, respectively.

(d) Star formation history inferred by
prospector, which suggests that the
galaxy quenched ⇠20–30 Myr before
observation after a star-burst lasting
⇠50 Myr.

Fig. 2: The galaxy’s star-formation history as inferred by four different full
spectral fitting codes, which use different (effective) priors on the galaxy’s SFH.
All four codes confirm that the galaxy is quiescent at the epoch of observation
and reconstruct comparable SFHs.

quenches very low-mass galaxies with M? ⇡ 105 � 107 M� (maximally <
108 M�) during the Epoch of Reionization [e.g. 55, 68, 69].

Interestingly, JADES-GS-z7-01-QU appears to lie ⇠1 Mpc from the centre
of a large overdensity at z ⇠7.3 (Endsley et al., in prep.). In the local Universe,
low-mass satellite galaxies are quenched primarily by environment [70, 71], but
in the primordial Universe environment effects may be different. Indeed, there


