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ABSTRACT

We have used public JWST/NIRSpec and JWST/NIRCam observations from the
CEERS and JADES surveys in order to analyze the star-forming main sequence (SFMS)
over the redshift range 1.4 < z < 7. We calculate the star-formation rates (SFRs) of
the galaxy sample using three approaches: Balmer line luminosity, spectral energy dis-
tribution (SED) fitting, and UV luminosity. We find a larger degree of scatter about
the SFMS using the Balmer-based SFRs compared to the UV-based SFRs. Because
these SFR indicators are sensitive to star formation on different time scales, the differ-
ence in scatter may be evidence of bursty star-formation histories in the early universe.
We additionally compare the Ha-to-UV luminosity ratio (L(Ha)/vL,,1600) for individ-
ual galaxies in the sample and find that 29%—52% of the ratios across the sample are
poorly described by predictions from a smooth star-formation history. Measuring the
burstiness of star formation in the early universe has multiple significant implications,
such as deriving accurate physical parameters from SED fitting, explaining the evolu-
tion of the UV luminosity function, and providing constraints for sub-grid models of
feedback in simulations of galaxy formation and evolution.

Introduction:

SFMS: galaxies are experiencing a smooth buildup of stellar mass overtime
The intrinsic scatter in the SFMS — “burstiness” of galaxy SFHs

Bursty SFHs may cause the excess of galaxies at the bright end of the UV LF

Observations and Measurements:
CEERS + JADES
SED: FAST (FSPS + delayed-t + sub-solar metallicity + SMC curve)

T — T T T Sample selection criteria:

; 1 JADES 1 1) JWST/NIRCam + 3DHST photometry
CEERS ] 2)>50 detections of at least two Balmer
lines for dust correction

20

4) Remiove AGN contamination [N Il]/Ha
flux'ratio < 0.5

146 galaxies in the redshift range
14<z<7

Figure 1. Redshift distribution of the com-
bined CEERS and JADES sample that we analyze
consisting of 146 spectroscopically confirmed star-
forming galaxies with robust SED measurements.
Of these, 106 galaxies come from CEERS and 40
galaxies come from JADES.
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Five redshift bins: 1.4<2<2.7,2.7<2<4,4<2<5,5<2<6,6<z<7

M, estimate the best-fit parameters
log(SFR) = m x log | —+— .
5(SFR) &\ 107M, ) by usingthe Python Markov
5 +b+N(0,62,) Chain Monte Carlo (MCMC)
2 implementation emcee
§ Shiveet  (2015) SFR Indicator Redshfit Bin m b o i % Ginpign’ N
& 1 —o= Speagle+ (2014) . int int,low int high
% Topping+ (2021) He 14<2 <70 0697558 05600 0537000 0577007 0.59%551 146
= { == ll'n:mz (202) Ha 1d<z<27 U.ssiﬁ;ﬁ;} 0.16t§ Eﬁ 0.5et§:‘§§ o.sgtﬁ;ég 0.53t§;§§ 52
1'1‘m.<<\2\-(;§k; Ha 27<z2<40 U-GTtnﬁlg 0597008 0427007 0.45%000 0447077 32
Ha 40<2<50| 0745045 0817013 0547510 026700 074400 25
Ha 50<z<6.0 075701 0837017 0447515 0517095 0321017 23
Ha 6.0<2<70 0697038 0971038 042°01 0267010 062103 14
SED 14<2z<70| 0537007 051700 0.45t8‘3§ 0.447002 0474003 146
SED 14 <2 <27 | 0.62550 023700 0397007 0347383 0391302 52
= SED 27<z<40 072501 0611008 048700 nzstg;ﬁ; 0.544001 32
s SED 4.0 <2<50| 055700 050708 0447510 0277093 0554007 25
¥ SED 5.0< 2 <60 0557004 0817010 0.447550 u,/mtg;:;g 0417508 23
= o=t SED 6.0<z<7.0] 063907 0907013 0367515 0361007 0.0805 14
5 Shivaci+ (2015) uv 14<2z<7.0 | 0547005 058700 0347003 0357007 034400 145
£ 1 —— Speagle+ (2014) uv 14 <2 <27 0597059 0327000 0317005 0247082 033730 52
é ] Topping+ (2021 uv 2.7<z<4.0| 0685008 0.637002 0.237003 u.znt{:;:;; 0.261007 31
= = Bipenteel {003) uv 4.0<2<50 056190 068700 0237908 0167005 030109 25
14<2<7 (),IIS: 0.05 0.04 (l,()% 0.04
(This work) UV 5.0 <z <60 053058 08850 034050 0324001 0.30%007 23
uv 6.0 <z<7.0|0.645005 0887008 0187508 0.22400% 0.08*00¢ 14
3 T T
li<z<27 | Jar<:z<4 | 14 m MOSDEF
I I ] 5 The Ha-based
aoadid. I 4 SFMS from JWST
shee oy -tm‘ dry :bﬁ-.\.‘-{ =s @ o — .
L ‘ e observations at
Ve , : b S < 14<z527
= y R 3 = T =
<2<6 :.‘. 2 <7 ‘\‘..,le;m\ limit E 5 (purple) and
n
| § & MOSDEF
: 4 ] . (=}
ok L =" ) | 3 i i) )
" ¢ ‘. | The Ha-to-UV luminosity " | observations at
. o sop = 0.5670-10
iE 1 ratio vs. stellar mass b JWST 7008 20<z<26
B + ' o Oint, MoSDEF = 0.447 7703
- 1
logio(M./ Mg) 2 3 10 1o
. . log(M./Mo)
Discussion:

1. SFR Intrinsic Scatter
The Ha-based SFMS is characterized by a larger intrinsic scatter than the UV-based SFMS by 0.21+0.05 dex
Not see any consistent mass dependence on intrinsic scatter from the low- to high-mass bins across redshift.
a) Comparison to theoretical works

Dominguez+2015 gasoline hydrodynamic simulations: consistentin UV, larger scatter in observation of Ha

Donnari+2019 lllustrisTNG simulations: observations exceeds the predictions in both

(Theinability to resolve these processes the burstiness of SFHs in models)

b) Comparison to observational works

Tentatively observe a mass dependence comparing to MOSDEF sample (10%48M, vs. 10998 M)

A larger, mass-complete spectroscopic sample is needed

2. The Ha-to-UV luminosity ratio Redshift Bin /g, P Tt D-'l"i[u oy
Ha and UV luminosities (Timescale: ~5 Myr and ~100 Myr) ld<z<27]054 013 033 037008
Mehta+2023: the L(Ha)/L(UV) ratio reaches an equilibrium after ~100-200 Myr, 27<z<4 [071 013 016 0300
reaching values the range of -1.93 and -1.78 (different metallicitiy). 4<z<5 [052 032 016 03650
Asada+2024: 60% of their galaxies deviate from a constant SFH by greaterthan lo. 5<z:<6 [048 017 035 04610}
This work: 29-52% of galaxies in the sample deviate from this ratio predicted fora 6<z<7 |064 021 014 02901

constant SFH over a 100 Myrtimespan
Decreasing star-formation (low Ha/UV ratio) and Rising star-formation (high Ha/UV ratio): galaxies at
similar evolutionary stages have a mixture of both rising and falling SFHs
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