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For galaxies from zCOSMOS survey at redshift 0.45-1.25, we postulate empirical
relationship between D4000 and [OII]3727Å Equivalent Width. The relation can
be parameterized by new variable ZmiennaOII3727 (a combination of both input
parameters), and can be derived analytically in the first order approximation, if
Star Formation Rate follows exponential decay with the age t ∝ (D4000)2 – the
conditions satisfied globally by our sample.

1 Introduction

The [OII] line is often used to estimate galaxy Star Formation Rate (SFR) at high
redshift (Gallagher et al., 1989; Jansen et al., 2001; Kewley et al., 2004). The
D4000 index (Poggianti & Barbaro, 1997) is associated with stellar population age.
Previous studies focused on spectroscopic classification of galaxy with respect to
the [OII]3727Å Equivalent Width (EW) and D4000 (Mignoli et al., 2009; Coppa
et al., 2011) into two or more populations. This study postulates a direct link
between the two parameters, assuming that commonly used exponentially declining
star formation history model: SFR∝ e−

t
τ , where τ is a characteristic time of SFR

decay, holds. The use of exponentially declining model has been criticized in favor
of delayed exponential (Pacifici et al., 2013), or log-normal (Abramson et al., 2016)
histories, but remains a good approximation for the later epochs.

In our study, we use of a sample of 5178 galaxies, selected through quality flags,
out of ∼ 20 000 galaxies from the zCOSMOS survey (Lilly et al., 2007) in the redshift
range 0.45–1.25.

A note on units used:
Through the paper, we use following units of measure for the physical quantities we
operate:

• Equivalent Width (EW): [Å]

• D4000, ZmiennaOII3727, and Zmienna1OII3727: dimensionless (Kopczyński,
2017).

• Age t, and t1 = t− 1: [Gyr].
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2 Identification of the trend in D4000–[OII]3727Å EW and introduction
of new coordinates ZmiennaOII3727 and Zmienna1OII3727

We analyzed distribution of our galaxy sample on the D4000–[OII]3727Å EW plane
(see Fig. 1, left panel).

Fig. 1: Left: Density plot of a distribution of selected sample of galaxies on the D4000–
[OII]3727Å Equivalent Width plane, along with a trend line, described by equation 2,
marked by a black dashed line. Right: the same plot transformed to ZmiennaOII3727-
Zmienna1OII3727 plane, dashed line now indicates Zmienna1OII3727 = 0, that is the
trend line along ZmiennaOII3727 on the left panel.

We noted continuity and slight curvature of the distribution. Both these features
suggested smooth transition from the region of the highest [OII]3727Å EW and
lowest D4000, to the other extreme, along some line of trend. We tried to estimate

this trend. First, we transformed coordinates into D4000 vs

√
log EW[OII]3727Å,

in attempt to linearize the trend, than applied linear regression in a form:√
log EW[OII]3727Å = a×D4000 + b, (1)

with the following coefficients after fitting regression:

√
log EW[OII]3727Å = −(0.980± 0.010)×D4000 + (2.573± 0.011). (2)

Based on regression values, we transformed the plane into new orthonormal coordi-
nates, described by equations:

ZmiennaOII3727 =
1

0.93215 ×
√

log EW[OII]3727λ−D4000 + 0.379841

0.504047
, (3)

Zmienna1OII3727 =
0.93215×

√
log EW[OII]3727λ+D4000− 2.52322

0.189564
. (4)

Both variables are normalized, so the values = 0 indicate averages for the whole
chosen sample, and the values of ±1 indicate ±1σ deviation from the average values.
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ZmiennaOII3727 can be treated as an indicator of ongoing star formation or, a
measure of how evolved is a galaxy with regards to star formation activity. The
galaxy sample distribution in the new coordinates is shown on Fig. 1, right panel. We
can see that the galaxy distribution is roughly linear, spread along ZmiennaOII3727
variable, although there are some deviations, on the order ±1 Zmienna1OII3727
for extreme values.

3 A relation between age t and D4000

The key to model a relation between [OII]3727Å EW and D4000, is the relation
between D4000 and the stellar population age t: t(D4000). The relation have been
numerically modeled, e.g. by the Siudek et al. (2017), see Fig. 9 therein. Regardless
the metallicity assumed, the relation appears roughly parabolic in shape.

We examined distribution of age t, derived through SED-fitting by Hyperz code
(Bolzonella et al., 2000), vs D4000 for our sample (see Fig. 2). We have binned
galaxies in our sample in 1 Gyr age bins, and fitted parabolic solution in the form:

t = (7.08± 3.41)× [D4000− (1.05± 0.21)]
2
. (5)

Due to the high scatter, the relation can be treated only as approximate.

Fig. 2: The relation between age t and D4000 index for analyzed sample of zCOSMOS
galaxies. Left: the whole sample, right: the values for the 1 Gyr bins in t. Dashed blue
line: relation described by Equation 5.

4 Analytical solution

We start from Eq. 2, the linear relation between D4000 and

√
log EW[OII]3727Å

with regression coefficients. We transform it into the form:

log EW[OII]3727Å = (2.573− 0.98×D4000)
2
, (6)

and then obtain a direct formula on EW[OII]3727Å:
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EW[OII]3727Å = eln 10×(2.573−0.98×D4000)2 = e2.3×(2.573−0.98×D4000)2 . (7)

On the other hand, we transform relation between age t and D4000 (Eq. 5):

D4000 =

√
t

7.08
+ 1.05. (8)

Then:
EW[OII]3727Å = e2.3×(1.544−0.98×

√
t

7.08 )
2

, (9)

and it follows that:

EW[OII]3727Å = e2.3×(0.13565×t−1.1373×
√
t+2.3839). (10)

Let us denote: t1 = (t − 1), so t = t1 + 1. We utilize Taylor expansion:
√
t1 + 1 ≈

1 + 1
2 × t1. Then:

EW[OII]3727Å ≈ e2.3×(−0.433×t1+1.38225), (11)

leading to the exponential decay relation between EW[OII]3727Å and t

EW[OII]3727Å = 65.04× e−0.996×t Å. (12)

Assuming that SFR∝ [OII] line intensity, the Eq. 12 reproduces exponentially declin-

ing star history model; SFR∝ e− t
τ . The relation estimates start value of [OII]3727Å

EW≈ 65 Å (for the most star-forming galaxies), and τ ≈ 1 Gyr – the latter corre-
sponds closely to the global mean of modeled τ . Thus, we consider this model as a
good approximation of the global trend in our galaxy sample.

5 Conclusions

We have shown that, for general population of galaxies at z ∈ 0.45–1.25, both
D4000 and [OII]3727Å EW are directly connected with each other – it is the nat-
ural result of exponentially declining star formation history. The distribution of
both parameters on the common plane is continuous, with no indication of abrupt
quenching at any point of galaxy evolutionary path. Instead, a smooth decline from
highly star-forming to passive is clearly the preferred scenario. Both D4000 and
[OII]3727Å EW can be combined into a single parameter named ZmiennaOII3727
describing the current stage of galaxy stellar history. More studies about relation
between ZmiennaOII3727 parameter and other galactic properties will be presented
in further publications.
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