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ABSTRACT

Galaxy clusters grow by merging with other clusters, giving rise to Mpc-wide shock waves that travel

at 1000− 2500 km s−1 through the intra-cluster medium. To study the effects of merger shocks on the

properties of cluster galaxies, we present the first spatially resolved spectroscopic view of 5 Hα emitting

galaxies located in the wake of shock fronts in the low redshift (z ∼ 0.2), massive (∼ 2×1015 M�), post-

core passage merging cluster, CIZA J2242.8+5301 (nicknamed the ‘Sausage’). Our Gemini/GMOS-N

integral field unit (IFU) observations, designed to capture Hα and [Nii] emission, reveal the nebular gas

distribution, kinematics and metallicities in the galaxies over > 16 kpc scales. While the galaxies show

evidence for rotational support, the flux and velocity maps have complex features like tails and gas

outflows aligned with the merger axis of the cluster. With gradients incompatible with inside-out disk

growth, the metallicity maps are consistent with sustained SF throughout and outside of the galactic

disks. In combination with previous results, these pilot observations provide further evidence of a likely

connection between cluster mergers and SF triggering in cluster galaxies, a potentially fundamental

discovery revealing the interaction of galaxies with their environment.

Keywords: Emission line galaxies (459), Galaxy evolution (594), Galaxy clusters (584), Metallicity

(1031), Star formation (1569), Shocks (2086)

1. INTRODUCTION

The most extreme overdensities in the Universe evolve

into the most massive (∼1015 M�) gravitationally bound

objects, galaxy clusters. Overdense environments heav-

ily influence the evolution of galaxies: the densest parts

of local, relaxed clusters are dominated by elliptical

galaxies, devoid of ongoing star formation (SF) and

the cold gas necessary for any future SF episode, while

at lower densities the fraction of star-forming, gas-rich

galaxies is larger than in the core (e.g. Dressler 1980;

Solanes et al. 2001; Lewis et al. 2002; Tanaka et al. 2004;

Mahajan et al. 2010).
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The role relaxed clusters have on galaxy evolution

is well-established in the literature, but the picture is

less clear for clusters undergoing a significant growth

phase. Local, massive galaxy clusters gain most of their

mass through mergers with less massive clusters, rather

than infall of matter (Muldrew et al. 2015). In a sim-

plified merger scenario, two clusters fall towards each

other with speeds of thousands of km s−1 and merge

over the course of 1–2 Gyr (e.g. Ricker & Sarazin 2001).

As the two clusters pass through each other, significant

energy is injected into the intracluster medium (ICM) in

the form of large-scale bulk disturbances, fast-travelling

shocks and cluster-wide turbulence. In the context of

hierarchical structure formation, merging clusters are

located at active nodes in the cosmic web and thus

surrounded by an extensive network of filaments and

smaller subclusters.

Merging clusters represent 30–50% of the galaxy clus-

ter population at z < 1 (Mann & Ebeling 2012;
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Figure 1. Our five shocked cluster galaxies in the ‘Sausage’ cluster. Radio contours at 300 MHz from the Giant Metrewave
Radio Telescope (Stroe et al. 2013) are drawn over a Chandra X-ray image (Ogrean et al. 2014). The cluster has undergone
a major merger in the plane of the sky, as evidenced by the elongated X-ray distribution. The large scale arc-like patches of
radio emission located towards the north and south of the cluster trace large-scale shock waves induced by the merger 0.5–1 Gyr
ago. The white squares mark the positions of the targets followed-up with GMOS IFU spectroscopy. We display a 10′′ × 10′′

(31.4 kpc×31.4 kpc) i-band Subaru/Suprime-Cam (Jee et al. 2015) zoom-in image on each target.

Andrade-Santos et al. 2017; Rossetti et al. 2017) and

of particular interest to the community as they present

some surprising reversals of the typical environmen-

tal trends found in relaxed clusters. Studies contrast-

ing statistical samples of relaxed and merging clusters,

found that merging galaxy clusters have a higher density

of emission-line, star-forming and blue galaxies, with

higher specific SF rates (sSFR), stronger barred mor-

phological features and large gas reservoirs and a higher

fraction of active galactic nuclei (AGN) (Miller & Owen

2003; Cortese et al. 2004; Hwang & Lee 2009; Hou et al.

2012; Jaffé et al. 2012, 2016; Sobral et al. 2015; Stroe

et al. 2015b,a; Stroe et al. 2017; Cairns et al. 2019; Yoon

et al. 2019; Yoon & Im 2020).

One of the most spectacular merging galaxy clusters

is CIZA J2242.8+5301 (z = 0.188, see Figure 1), nick-

named the ‘Sausage’. The cluster hosts a unique over-

density of star-forming galaxies, over 25 times denser

than the average cosmic volume at the cluster redshift

and a SF rate (SFR) density >15 times above the level of

typical star-forming galaxies at the ‘cosmic noon’ (z ∼2–

3), the peak of cosmic SF (Stroe et al. 2014b; Stroe et al.

2015b). The cluster star-forming galaxies are massive,

more metal-rich with lower electron densities compared

to field galaxies and show evidence for outflows, driven

either by supernovae or AGN (Sobral et al. 2015; Stroe

et al. 2015b). Moreover, the ‘Sausage’ displays evidence

for sustained SF over time scales of 500 Myr, as well as

large neutral gas reservoirs to fuel future SF episodes

(Stroe et al. 2015a).

To understand the evolution of SF in cluster galax-

ies, we must take into account the extraordinary merger
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history of the ‘Sausage’ cluster. The ‘Sausage’ cluster

went through a massive merger <1 Gyr ago, along the

north–south direction, in the plane of the sky, between

two progenitors, each ∼ 1015 M� with a relative speed of

2000–2500 km s−1 (van Weeren et al. 2011; Stroe et al.

2014a; Jee et al. 2015). Two symmetric, fast-moving

(∼1000–2500 km s−1) shocks were produced as the two

subclusters passed through each other 0.5–1 Gyr ago.

The shock waves propagated through the ICM along

the merger axis and are revealed as arc-like, Mpc-wide

patches of diffuse radio emission at the cluster outskirts

(Figure 1, e.g. Stroe et al. 2013).

To explain the unusual nature of the star-forming

galaxies in the ‘Sausage’ cluster, Stroe et al. (2015b),

in agreement with models from Roediger et al. (2014)

and Ebeling & Kalita (2019), speculate that the trav-

elling shocks pass through the gas-rich cluster galaxies,

disrupt the gas to trigger SF and fuel an AGN. Similarly

to infalling galaxies experiencing ICM ram pressure (e.g.

Gunn & Gott 1972), the shock interaction model pre-

dicts a disruption of the gaseous disk in galaxies located

in the wake of the shock fronts and the presence of tails,

knots or filaments of ionized gas aligned with the merger

axis (e.g. Ebeling & Kalita 2019).

What causes the surprising SFR in the ‘Sausage’ clus-

ter galaxies? In this paper, we put the shock-induced

SF model to the test. We present Gemini GMOS-

N IFU spectroscopic observations of five, Hα-selected,

star-forming, active galaxies within the ‘Sausage’ clus-

ter (see Figure 1, Table 1), which unveil the Hα and

[Nii] (6585 Å) gas dynamics, the detailed Hα morpholo-

gies and resolved metallicities and provide direct proof

on whether the ionized gas regions in cluster galaxies

are disrupted by the passage of the shock waves.

We assume a flat ΛCDM cosmology, with H0 =

70.0 km s−1 Mpc−1, Ωm = 0.3 and ΩΛ = 0.7. At the

redshift of the cluster, 1′′ = 3.142 kpc.

2. TARGETS, OBSERVATIONS AND DATA

REDUCTION

2.1. Target selection

Our targets are drawn from our SFR limited narrow-

band survey, which uniformly selects Hα emitters in the

‘Sausage’ cluster and the cosmic web around it (Stroe

et al. 2015b). For the present study, we focus on five

galaxies (see Figure 1, Figure 2 and Table 1), confirmed

as cluster members in our follow-up spectroscopic survey

(Sobral et al. 2015). For the IFU follow-up, the targets

were chosen to be massive (& 2 × 109 M�), bright, with

Hα fluxes of & 10−15 erg s−1 cm−1, and i band magni-

tudes between 17 and 20 mag (AB), and spatially ex-

tended over & 5′′ (equivalent to & 16 kpc). The galaxies

are located in post-shock regions, traversed by shock

waves as recently as 500 Myr. Three galaxies are pow-

ered primarily by SF, while two have significant contri-

butions from AGN, while still presenting morphologies

consistent with spiral structure. Based on the 1D spec-

troscopy, two galaxies have evidence for outflows, pow-

ered by SF or AGN (Sobral et al. 2015). As such, the

sample enables us to test the effect of the cluster merger

and the shock waves on the triggering of SF and black

hole activity.

2.2. Observations and Data Reduction

We observed five galaxies with the Gemini Multi-

Object Spectrograph (GMOS1) in the IFU mode (Gem-

ini program GN-2018B-Q-318, PI Stroe). With the 2-slit

configuration, the observations covered a 5′′ × 7′′ field-

of-view (FOV) centered on the galaxy, and a 5′′ × 3.5′′

sky area, offset by 1′ from the target. We obtained six

exposures of 813 s for each target in queue mode observ-

ing, taking advantage of the poorer observing conditions

at Mauna Kea, with gray moon, cloudy weather and

image quality varying between 0.50–0.75′′ at zenith, as

measured on a point source during acquisition. We used

the R150 grating in combination with the GG455 filter

and a central wavelength of 7300 Å and 7600 Å to cover

the wavelength gaps. This setup results in a contiguous

5100–9900 Å coverage at ∼ 300 km s−1 resolution.

2.3. Data Reduction

The data were reduced with the Py3D data reduction

package for fibre-fed IFU spectrographs initially devel-

oped for the CALIFA survey (Husemann et al. 2013). It

has already been successfully applied to similar GMOS

IFU data beforehand (e.g. Husemann et al. 2016). We

perform basic reduction steps on individual exposures

which include bias subtraction, cosmic ray cleaning us-

ing PyCosmic (Husemann et al. 2012), fiber identifica-

tion, fiber tracing, stray light subtraction, optimal spec-

tral extraction, wavelength calibration based on CuAr

arc lamps and fibre flat-fielding based on a twilight ob-

servation. The standard star Wolf 1346, used as flux

calibrator, is calibrated in the same way as the data

to determine the sensitivity curve for the given instru-

mental setup. The individual exposures were flux cal-

ibrated before a mean sky background spectrum was

constructed from the dedicated offset sky fiber and sub-

sequently subtracted from all fiber spectra in the tar-

get FoV. A final data cube is reconstructed by drizzling

(Fruchter & Hook 2002) all fibers into a regular grid of

1 http://www.gemini.edu/instrumentation/current-instruments/
gmos

http://www.gemini.edu/instrumentation/current-instruments/gmos
http://www.gemini.edu/instrumentation/current-instruments/gmos


4

Table 1. Basic properties of the galaxies, including coordinates, redshift, stellar mass, Hα flux, i band AB magnitude, an estimate of
the Hubble morphological classification and the classification as SF or AGN from the 1D spectroscopy (measurements from Sobral et al.
2015).

Target R.A. Decl. z M? FHα
a ib Morphology Classification

hh : mm : ss.ss ◦ : ′ : ′′ (109 M�) (10−15 erg s−1 cm−2) (mag)

Sausage 5 22:43:12.90 +53:00:10.08 0.182475 3.9 ± 1.6 1.78 18.94 SBa SF

Sausage 6 22:42:59.85 +53:02:14.57 0.1836 2.6 ± 1.7 1.88 18.70 SBc SF

Sausage 7 22:42:57.63 +53:05:14.75 0.18315 33.5 ± 10.6 2.13 17.72 Sb SF + outflows

Sausage 8 22:43:08.88 +53:05:25.04 0.1843 42.8 ± 13.2 4.06 17.42 SBa AGN

Sausage 9 22:42:41.07 +52:58:28.67 0.18394 45.1 ± 13.8 5.14 17.35 Sb AGN + outflows

aErrors typically < 10%.

bErrors < 0.01 mag.

squared pixels with a 0.2′′ sampling. With emission lines

masked, we collapsed the cube between 7400–8150 Å to

obtain a continuum image, which was used to refine the

astrometry (within 0.2′′) and precisely align the IFU for

each galaxy to its i -band image.

We employ a 2D Gaussian filter with a 1.2 pixel stan-

dard deviation to spatially smooth the data. Overall,

we find excellent agreement between spectra extracted

in 1.6′′ apertures from the IFU observations and our slit

and fiber observations from Sobral et al. (2015) (see Fig-

ure 2). Hα and [Nii] are detected at high signal to noise

ratio (S/N) in all the galaxies, while faint continuum

emission and Hβ, [Oiii] and [Sii] are detected at lower

S/N only in some of the galaxies. For the rest of the pa-

per, we focus solely on the analysis of the Hα and [Nii]

emission lines in line with our main science goals.

3. ANALYSIS

We use the gleam2 Python package (Galaxy Line

Emission & Absorption Modelling, Stroe 2020) to

jointly fit the Hα and [Nii] emission lines and the contin-

uum emission for each spaxel in the smoothed GMOS-N

cubes. A window 140 Å wide around Hα and [Nii] is

modelled with a constant plus two Gaussian models 3,

which are all free parameters in the fit. The redshift

measured from the 1D spectroscopy (Sobral et al. 2015)

is used as starting solution for the Gaussian center. The

positions of Hα and [Nii] was allowed to independently

vary within 9 Å (or ±350 km s−1) around the wavelength

predicted by the systemic redshift. We require a S/N of

3 for emission line detections.

2 https://github.com/multiwavelength/gleam
3 [Nii] (6550 Å) contribution is negligible

We build flux, velocity and dispersion maps from the

continuum subtracted fluxes and line velocities, as re-

ported from the Gaussian fits (Figure 3) and associ-

ated S/N and error maps (Figure 4). The minimum

dispersion measurable (120 km s−1) is limited by the in-

strumental resolution. For SF-dominated galaxies and

in regions where both [Nii] and Hα are detected at

S/N> 3, we use the [Nii]/Hα line ratio to derive spa-

tially resolved metallicity maps (Figure 3). Using the

calibration from Pettini & Pagel (2004), we convert

the [Nii]/Hα ratio to metallicity (oxygen abundance):

12 + log10(O/H) = 8.9 + 0.57 log10([Nii]/Hα).

4. FLUX, DYNAMICS AND METALLICITY MAPS

Figure 3 shows a gallery of our five targets, unveil-

ing their Hα flux, Hα velocity and dispersion, together

with an i band optical image. We also show a metal-

licity map for the star forming galaxies. We robustly

detect dynamics of nebular Hα and [Nii] emission ex-

tended over 16 kpc in all five galaxies, with evidence for

disturbed morphologies, including tails of ionized gas

offset from the stellar disk. The metallicity maps show

diverse distributions.

Sausage 5, 6, 7 are firmly classified as SF spiral galax-

ies based on line ratios in their 1D spectra (Sobral et al.

2015). Further evidence to support this scenario comes

from the IFU data, where the emission is consistent

with photoionization throughout the galaxies, consid-

ering the small ratios between the [Sii] doublet (which

in many cases is not detected) and Hα (Kewley et al.

2006). All three galaxies have strong Hα velocity gra-

dients with comparatively low dispersions, confirming

their rotating nature. All three galaxies have bright

knots of ionized gas emission with high relative veloc-

ities of ±300 km s−1. Generally, the Hα flux extensions

follow the motion of the disk, but with larger ampli-

https://github.com/multiwavelength/gleam
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Figure 2. Aperture (1.6′′) spectra extracted from the Gemini/GMOS IFU observations are in excellent agreement with the 1D
spectra from our 1.6′′ fiber and 1′′ slit observations (Sobral et al. 2015). The spectra are continuum subtracted and normalized
to the Hα peak.

tudes in velocity. In Sausage 5, the peak of the Hα

emission is offset in the north direction by about 0.2′′

(∼ 0.6 kpc). The ionized nebular gas in Sausage 5 has

an asymmetric rotation pattern with higher amplitude

in velocity on the approaching side (∼ −100 km s−1 with

7–8 km s−1 uncertainty per pixel) and velocities of up to

70 ± 23 km s−1 at the northern tip, an offset flux peak

towards the north-west from the stellar disk. The tails

and spurs of ionized gas are detected at S/N ∼4–10 per

pixel across the features. For example, in Sausage 6, the

Hα emission peak, embedded in a region of metal-poor

gas (8.5±0.05 per pixel) is offset 0.6′′ (∼ 1.9 kpc) north-

west from the peak of the stellar emission, followed by

a spur of extremely metal-rich gas (9.0± 0.05 per pixel)

towards the north-west of the galaxy (offset 3.7′′ west

and 1.2′′ north from the stellar disk center). In Sausage

7, the ionized gas maps look remarkably different from

the stellar distribution. The bright nucleus surrounded

by a well-defined spiral structure is not reflected in the

complex, clumpy Hα gas, whose bow-like distribution is

offset north from the stellar disk. The peak of the Hα

emission is also offset 0.5′′ (∼ 1.6 kpc) from the peak of

the stellar light. The metallicity has a strong 0.2 dex

gradient along the disk of the galaxy, with elevated val-

ues on the side closest to the northern cluster-scale shock

front.

While the emission line budget in both Sausage 8

and 9 is dominated by AGN contribution (Sobral et al.

2015), the resolved IFU observations reveal a more com-

plex picture. With the fastest Hα rotational velocities

but also the largest gas dispersions of the sample (over

∼ 400 km s−1), Sausage 9 is a classical Seyfert 1 type

source, with a bright nucleus dominated by AGN emis-

sion, broad emission lines and a pronounced spiral arm

pattern powered by SF, recovered in both the i band

and the ionized gas maps. The peak of Hα emission is

offset south in Sausage 9, by ∼ 0.9 kpc with respect to

the optical nucleus. Sausage 8 shows two tails of Hα

emission distinct from the general disk rotation pattern:

one tail of redshifted gas and a spur of blueshifted Hα

emission towards the north-west.

5. DISCUSSION

We explore the role of the merging cluster environ-

ment in triggering sustained SF in five massive, gas-rich,

main-sequence galaxies in the post-shock region within

the ‘Sausage’ cluster. Our IFU observations reveal mor-

phological and kinematical disturbances in the nebular

gas, generally aligned with the merger axis of the clus-
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Figure 3. A gallery of ‘shocked’ galaxies in the ‘Sausage’ cluster merger. For each galaxy, clockwise from the top left, we
show the Hα flux map, i-band Subaru/Suprime-Cam image with Hα flux contours, Hα dispersion and velocity map. For SF-
dominated galaxies, we also show the metallicity map, with the Hα detection border shown in light gray. All galaxies show
evidence for morphologies and kinematics disturbed in the north-south direction. The alignment with the merger axis of the
cluster suggests a tight connection between the merger event and the triggering of SF. Corresponding S/N and error maps can
be found in Figure 4.

ter. Our main aim is to disentangle whether the high-

significance tails, spurs and knots are caused by infall

and interaction with the ICM, by galaxy-galaxy merg-

ers/interactions or by a cluster-wide process, such as a

merger-induced shock.

5.1. Infalling galaxies?

The majority of isolated and undisturbed galaxies

have regular kinematic maps and strong negative gas-

phase metallicity gradients (e.g. Poetrodjojo et al. 2018),

explained by an inside-out disk formation model, where

the central metal-rich region has been undergoing sus-

tained SF for longer than the metal-poor gas at the out-

skirts of the galaxy (e.g. Pilkington et al. 2012). For

star-forming cluster galaxies, we might expect a large

fraction of disturbed Hα kinematics and morphologies

due to the interaction with the ICM during their infall

and gravitational perturbations (Cortese et al. 2007).

However, in their large sample of Hα-selected galax-

ies, Tiley et al. (2020) find a variety of Hα morpholo-

gies, including regular, centrally-peaked distributions

with disk-like velocity maps and irregular distributions

in both field and cluster environments, as galaxies un-

dergoing significant quenching would not be included in

their Hα-selected sample.

A particularly interesting class to compare with are

jellyfish, galaxies infalling into clusters which exhibit
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Figure 4. Error maps corresponding to the gallery of galaxies presented in Figure fig:gallery. For each galaxy, clockwise
from the top left, we show the Hα S/N map, the [Nii] S/N map, the Hα velocity dispersion uncertainty map and Hα velocity
uncertainty map. For star forming galaxies, we also show the metallicity error map. In the [Nii] flux and metallicity maps we
show the border of the Hα emission in light gray.

gaseous tails with bright star-forming knots caused by

ram pressure. Despite the extreme interaction with the

ICM, jellyfish galaxies display strong negative gas-phase

metallicities from the center towards the stripped tails,

consistent with an inside-out formation in isolation, fol-

lowed by a outside-in removal of gas upon infall into

the cluster (e.g. Bellhouse et al. 2019; Franchetto et al.

2020). Our galaxies show offset Hα flux peaks, extended

tails of nebular emission and bow-like and asymmetric

velocity maps reminiscent of those seen in jellyfish galax-

ies. However, the tantalizing alignment of these features

with the merger axis is broadly incompatible with galax-

ies infalling into the cluster radially and, unlike jellyfish

galaxies, we actually find consistent evidence against ra-

dial metallicity gradients.

We can draw comparisons between detailed studies of

infalling galaxies in local clusters. For example, Chemin

et al. (2006) conducted a detailed kinematic analysis of

30 typical spiral galaxies in the 1.2×1015 M� Virgo clus-

ter, located at a distance of just ∼ 16.5 Mpc. The bulk

of their sample is located outside the core of the cluster,

specifically at relative velocities and radii larger than our

sample (see phase-space diagram in Figure 5). Chemin

et al. (2006) find evidence for disturbed Hα kinematics,

but the offsets between the peak of the stellar light and

the Hα are of the order of 0.2 − 0.4 kpc, smaller than

what we observe in our galaxies (0.6 − 1.9 kpc). Out-

side of its core, the Coma cluster (7 × 1014 M�, located

at ∼ 100 Mpc) is dominated by disturbed galaxies with

tails of Hα emission (Gavazzi et al. 2018). Three Coma
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galaxies are located to the cluster center as close as our

galaxies Sausage 6-9 (Figure 5). However, these three

galaxies are undergoing extreme ram pressure. With

only one galaxy powered by SF and two by AGN, there

is little to no Hα within the stellar disk and the bulk of

Hα is found outside the galaxies, streaming out in long

tails (Yagi et al. 2010). Observations of both Coma and

Virgo indicate that infalling galaxies can present tails of

Hα emission and perturbed kinematics, but the Hα gas

is removed from the outside in, while the peak of the

emission, close to the nucleus of the galaxies does not

get displaced.

Considering that our galaxies are deeply embedded in

the hottest parts of the ICM (see Figure 5) and present

disturbed morphologies and kinematics throughout and

outside the stellar disk, it is improbable that the nebu-

lar gas features are caused by ram pressure in infalling

galaxies. The orientation of the gas tails imply infall

pathways for galaxies 6, 7, 8 and 9 which would cross the

densest, hottest parts of the ICM. Under the assump-

tion of infall, the gas reservoirs in these galaxies would

be almost completely depleted, as evidenced by detailed

analyses of the Coma and Virgo clusters (Chemin et al.

2006; Yagi et al. 2010; Gavazzi et al. 2018).

5.2. Interacting galaxies?

The kinematic disturbances seen in our sample are

reminiscent of those seen in interacting or merging

galaxies (e.g. Torres-Flores et al. 2014). Additionally,

metallicity gradients can be much shallower in lower

mass galaxies and galaxies that are disturbed, for ex-

ample by a tidal interaction or a merger with another

galaxy which can funnel pristine, metal-poor gas to-

wards the core of the galaxy (see review by Kewley

et al. 2019). The interaction scenario explains some,

but not all of the observations: our galaxies maintain

regular kinematics within the bulk of the stellar light

and all three star-forming galaxies have metallicity gra-

dients across the stellar disk. Since galaxy-galaxy in-

teractions are most common in low-mass clusters and

group-like environments, it is highly unlikely that all five

galaxies are undergoing mergers in an extremely mas-

sive, 2 × 1015 M� cluster such as the ‘Sausage’.

5.3. SF induced by cluster merger?

Fast-travelling, relatively low-Mach number (M ∼1–

4) shocks, such as those produced in cluster merg-

ers (Roediger et al. 2014), possibly compounded with

the time-dependent tidal fields of merging clusters (e.g.

Bekki 1999) are expected to result in elevated pressure

which compresses the interstellar medium, not only at

the outskirts, but also deep within galaxies, and results

Figure 5. Phase-space diagram for the cores of the Sausage,
Virgo and Coma clusters, highlighting kinematically dis-
turbed Hα galaxies. We show our five galaxies with respect
to the properties of the closest subcluster (as derived from
weak lensing and dynamics in Jee et al. 2015), together with
data from Chemin et al. (2006) on the Virgo cluster and
Gavazzi et al. (2018) for the Coma cluster. Our galaxies are
embedded deep within the ICM. Unlike galaxies at similar
cluster-centric radii and relative velocities in Coma and Virgo
which are almost completely devoid of Hα within the disk,
the Sausage galaxies show Hα throughout the stellar disk,
with large offsets between the peak of Hα and the stellar
light.

in galaxy-wide SF sustained on 100–500 Myr timescales.

The features we observe in the flux, velocity and metal-

licity maps of our galaxies can be ascribed to this sce-

nario. Unlike a galaxy-galaxy merger, the shock front

would not ‘destroy’ the disk structure of the galaxy, but

cause ionized tails broadly aligned with the merger di-

rection and propagation direction of the shock. This

is reflected in our nebular gas kinematic maps, which

have disk-like kinematics with Hα and [Nii] tails, spurs

and offsets in the general north-south direction, despite

the range of position angles the galaxies span on the

sky. The metallicity maps reveal SF trends inconsis-

tent with a simple inside-out disk formation scenario.

Located only 500 kpc away from the northern shock

front, Sausage 7 was traversed by the shock less than

200 Myr ago and is thus expected to show strong ev-

idence for shock interaction. Indeed, the source’s ele-
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vated metallicities support a scenario of elevated SF ac-

tivity throughout the galaxy. The star-forming sources

all show metallicity gradients across the galaxy disk

which broadly follow the distribution of the disrupted

offset nebular gas, suggesting a plausible causal con-

nection between the shock disruption and the trigger-

ing of SF. Overall, SF is quenched in clusters with sig-

nificant populations of galaxies disturbed by ram pres-

sure or tidal fields. By contrast, the Sausage cluster

presents ample evidence of a significant enhancement of

SF (Stroe et al. 2015a; Stroe et al. 2017). If ram pressure

or tidal disruption alone cause the features in our veloc-

ity, metallicity and gas maps, similar SF enhancements

should be visible in other clusters. When taking all evi-

dence into account, both presented in the present paper

and in previous analyses, the simplest scenario that ex-

plains all the data suggests a likely causal connection

between the merger of the cluster and the features ob-

served in our data.

6. CONCLUSION

We presented the first resolved IFU spectroscopic ob-

servations of five Hα-selected main-sequence galaxies in

the low-redshift (z ∼ 0.2), massive (∼ 2 × 1015 M�),

‘Sausage’ merging cluster, which displays a surprising

reversal of the typical environmental trends observed in

z < 1 clusters. The five galaxies have disk-like Hα mor-

phologies and kinematics, with evidence of disturbed Hα

and [Nii] tails and spurs aligned with the merger axis of

the cluster. Metallicity gradients are consistent with SF

triggered throughout the galaxies. These observations

possibly present the most direct evidence for SF induced

by the merger of massive galaxy clusters and their as-

sociated large-scale shock waves, especially when com-

bined with previous results of elevated SF in the Sausage

cluster.

The pilot observations shown here demonstrate that

leaps in our understanding of galaxy cluster physics are

achievable with IFUs, even with modest telescope time

investments. Future studies of statistically significant

samples will disentangle shock, merger and ram pressure

contributions in triggering SF across a range of local

densities and stellar masses.
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2001, ApJ, 548, 97, doi: 10.1086/318672

Stroe, A. 2020, gleam: Galaxy Line Emission & Absorption

Modelling, 1.0, Zenodo, doi: 10.5281/zenodo.3974969

Stroe, A., Harwood, J. J., Hardcastle, M. J., & Röttgering,
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