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[1]. Introduction

• The influence of galactic outflow:

- suppressing star-formation, 

- modulating the metallicity within galaxies, 

- enriching the circumgalactic medium (CGM) and intergalactic medium (IGM) with 
metals

• The process by which outflow affects galaxies is complex.

• There is not much research on outflow at high redshift.

➔ Need to constrain how the properties of the outflow affect galaxy

[2]. Data and measurements

• spectroscopic data set from MOSFIRE Deep Evolution Field (MOSDEF) survey

• 598 star-forming galaxies at redshift 1.4 < 𝑧 < 3.8

• search for ionised gas outflows by decomposing H𝛽, [O iii]𝜆𝜆4960,5008 and H𝛼, 

[N ii]𝜆𝜆6550,6585 into narrow Gaussian components
• Find relationship mass loading factor with stellar mass, star formation rate (SFR), 

star-formation-rate surface density (ΣSFR= SFR/(2𝜋𝑅E
2), and specific star-

formation rate surface density (ΣsSFR = SFR/(2𝜋𝑅E
2 𝑀★)

[3]. How to find outflow?
• Narrow components: quiet, regular gas movement within the galaxy. 

• Broad components: fast, chaotic movement, like outflowing gas.

• Finding the broad component by measuring the FWHM of the emission lines

• The low signal-to-noise ratio (S/N) of galaxy spectra limits the detection of broad 

components. To address this, combined data from multiple galaxies to create a 
composite spectrum

[4]. Results

4.1 Find outflow fata

The MOSDEF dataset used in the study included a total with [O iii] or H𝛼 detection, of 
which 62 galaxies (10%) had significant of 598 star forming galaxies broad 

components.

- Number of galaxy with broad components in [O iii]: 39 (10%)

- Number of galaxy with broad components in H𝛼: 33 (7%)

4.2 Comparison of the physical properties of galaxies with and without ionized 

outflows

4.3 Comparison of galaxy features and Vmax derived from [O III] and H𝛼

• Star formation rate (SFR) and SFR surface 

density (ΣSFR):

- Ionized outflows are mainly observed in galaxies 

with high star formation activity.

• ΣSFR threshold:
- Almost all galaxies where outflows have been 

detected have a ΣSFR ≥ 0.05 M⊙ yr−1 kpc−2.

- This is consistent with the theory (Heckman, 

2002) that above this value, the ionized outflow 

overcomes the gravitational field of the galaxy 
and is ejected outward.

• Individual galaxy analysis (blue circles)

- significant correlation is not found

• Composite spectrum analysis (black squares)

- In the highest stellar mass, SFR, and ΣSFR, the Vmax values calculated from [O 

III] show significantly higher velocities than those at the lowest.
- Similarly, the Vmax values derived from H𝛼 show faster velocities in the high 

ΣSFR region and faster velocities in the low ΣsSFR region.

➔ [O III] is emitted appears to be more compact than the H II region, because [O II] 

requires higher ionization energies than H I (35 eV and 13.6 eV, respectively). 

• Relation between ηm and ΣSFR

- The higher ΣSFR of galaxy, the higher ηm value

- In the log(ΣSFR/𝑀⊙ yr−1 kpc−2) = -1.4 – 0.7 range, ηm increase 1.8 dex

(= same with ◆ Llerena et al. 2023)

- Conversely, ★ Marasco et al. (2023) found a strong negative correlation 
between ΣSFR and 𝜂𝑚 in their sample.

- Possible reason of difference result with ★ Marasco et al. (2023):

- This paper and ◆ Llerena et al. 2023:

     ΣSFR= SFR/(2𝜋𝑅E
2) -> ΣSFR ∝ 𝑅E

−2  & 𝜂𝑚 ∝ 𝑅E
−1

- Marasco et al. (2023) derived 𝜂𝑚 using outflow radius 
measured directly from the sample (independent of the 

effective radius).

4.5 Comparison with escape velocity

- The outflow observed in the [O III] 

emission line: outflow of 4 galaxies can 

escape

- The outflow observed in the H𝛼 

emission line: outflow of all galaxies 
remain inside the gravitational field, 

unable to escape.

- Interestingly, the shallow gravitational 

fields (=low stellar mass) is not related 

to the escape of galactic outflow

4.4 Mass-loading factor (ηm) 

: The mass removed by the outflow divided by the mass of the star that 

formed. This is used as a diagnostic tool for outflow efficiency.
ηm =

ሶ𝑀𝑜𝑢𝑡
𝑆𝐹𝑅

[5]. Conclusion

• In individual galaxies, the maximum ionization outflow speed: not 

significant relation.

• In the composite spectra, the maximum ionization outflow speed:  a 

trend for Vmax​ in regions with higher galaxy physical properties.
• The mass loading factor (ηm ​): a weak correlation with galaxy mass 

(M⋆ ​) and scales as ηm ∝ M⋆
−0.45 ​.

• For [O iii], maximum outflow speed of 4 galaxies is greater than the 

escape velocity from the host galaxy's gravitational potential, but 

none for H𝛼. 
--> suggests that ionized outflow gas often resides in galaxies.

• Relation between ηm and 𝑀★

- The lower mass of galaxy, the higher ηm value 

- In the log(𝑀★/𝑀⊙) = 9 – 10.7 range, ηm decrease ~ 0.6 (= same with ◆ 

Llerena et al. 2023)

- Mass loading factor of ★ Marasco et al. (2023) data is significantly lower 
compared to the MOSDEF data.
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