What IS the nature of Neutral Hydrogen
talls In the MeerKAT Fornax Survey?

+

Presented by: Sambatriniaina Rajohnson
Collaborators Paolo Serra Alessandro Loni & The MeerKAT-Fornax Survey team

% _ | B The Fifth Nat|onal Workshop on the SKA Project - From
+ : - precursors to SKAO

+
Bologna, Area della Ricerca del CNR, Italy




-

* "

« Galaxy properties influenced by their
place in the cosmic web

« Low-density environments: slow decline in
SFR

- High-density environments: ISM stripped
more rapidly, accelerated quenching

Dressler (1980), Larson (1980), Postman &
ML LR R R SR Geller (1984), Giovanelli et al. (1986),
. (2005) Cappellari et al. (2011), etc.

osmic web “image” from Springel et a
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These environmental mechanisms leave observable signatures (especially in the cold gas component) 2
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| Studymg the |mportame of Hydrodynamlcal effects that are well establlshed in l,
.. massive cIusters (Gavazzi+78; chkey+97 Chung+0709) P , '

& e Studying the effects of galaxy interactiéns WhICh are more reIevant in smaJI

. ' groups (Hlbbard+01 English+10; Serra+13 Lee-Waddell+19). _ : :

G Studylng the effect and ba)ance between the various enwronmental processes in -
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What are the physical processes at play in Fornax? '

Insights: Evidence of galaxies with tails and two-step ISM stripping
(first tidal then hydrodynamical) in relatively large gas-rich
galaxies in Fornax (Serra+23, 24)

Open r*

questions: | 1. What type of interactions are relevant in small clusters
like Fornax? ﬂ

4 2. Which processes—tidal or hydrodynamical—dominate,
and under what conditions? On what timescales?

3. How does the HI content of galaxies with signatures of 4
gas stripping vary with galaxy properties? J

e e
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The MeerKAT Fornax Survey .
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e 91 fields (this work: 62 fields)
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Zabel+24, Kamphuis+25
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VST data

Classifying galaxies undergoing gas,stripping -
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MFS data



CIaSSnylng galames under'gomg gas str'lpplng VST data

lodice+16)
Yoon et aI 2017 Classmcatlon scheme
Symmetric? Truncated on both or one side? How HI MFS data
deficient?
Class O - Regular Hi Class 1 - Early Class 2 - Ongoing Class 3 - Past Class 4 - Slow
Stage Stripping Stripping depletion/Starvation

.
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Classification:-additional medifications
Class 5 - Re-accreting ETs

- Massive Ellipticals not expected to

have HI emission

- Unusual HI distribution

- Probably re-accreting gas once
they reach the cluster

2/35



Classification:-additional medifications
Class 5 - Re-accreting ETs
- Massive Ellipticals not expected to

have HI emission /_'t \
- Unusual HI distribution

- Probably re-accreting gas once )
Y 99 e Tidal
they reach the cluster

TIDAL FLAG - is a tail tidal or hydro?

e Hydrodynamical

)
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Classification:-additional medifications
Class 5 - Re-accreting ETs TIDAL FLAG - is a tail tidal or hydro? Quantifying outer
- Massive Ellipticals not expected to asymmetries (Lelli+14)

have HI emission Vs N\
. . . NGC1437A
_ Unusual Hl dlStI’IbUtIOﬂ Asymmetry from galaxy centre
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Asymmetry vs. Truncation «
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HI mass vs. Stellar mass = + -

« Class 1 (early stage) mostly
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mass vs. Stellar mass
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Galaxies with signs of
hydrodynamical interactions
show signs of tidal interactions
the closer they are to the
relation.



Unperturbed

Deficiency vs. Truncation - A
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Gas:stripping and-Star Formation
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Stripping may remove outer H | faster than star formation can respond, leaving the central ISM still
capable of sustaining star formation for some time. 1 1




Lessons learned -« . .
1- What type of interactions are relevant in small clusters like Fornax?
A. Diversity of gas removal stages revealed from early to past interaction, and starvation

2 - Which processes—tidal or hydrodynamical—dominate, and under what conditions? On what timescales?
A. Combination of tidal + hydrodynamical processes responsible of the observed structures (l.e. a
mix of HI stripped from the galaxy then cooled from the ICM)
B. The formation of the largest HlI tails requires a tidal interaction to trigger the hydrodynamical
effects. However, if the gas has been stripped for a long time, the tidal features may already have

faded.

3 - How does the HI content of galaxies with signatures of gas stripping vary with galaxy properties?
A. Strong stripping linked to deficiency, truncation and asymmetry.
B. Although stripped galaxies have lost most of their outer H | gas, their central regions retain
enough ISM to prevent the star-formation rate from dropping.

MFS Data products (Cubes, images, etc.) publicly available here —




Potential with -Future SKA surveys
Expand deep, high-resolution H |
imaging to more targets and wider

cosmic-web environments (groups,
filaments, cluster outskirts).

Reach MFS-level depth and resolution
at larger distances.

Current limitation: very long integration
times needed for the same area (e.g.,
~6,000 hr at 40 Mpc).
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Solution: SKA AA*, AA4 will enable this
by being ~4.5x faster.

10!
resolution (kpc)
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2D AND 3D DISTRIBUTION
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COLOUR-COLOUR DIAGRAMS

1.25

1.00

0.75

0.50

0.25

0.00

FDOL

‘ﬁﬁw -t

¢

F248

A

E359-2
F332

F134

A F9Q
222 67 M

358-15

N1387
*

N1365

N1386N1427 .

E3
Q\j iN1436
1437

358-51

HI undetected
Unperturbed

[ I 2

Early

Ongoing Hydro

Hydro

A Past Hydro
B Starvation

Re-accreting ETs

M R B T R R R

-10.0

-12.5

-15.0 -17.5
M, (mag)

-20.0

—-22.5

(mag)

M

—22
-20
-18
= —16
-14

-12

-10

T I
I ‘11365
w1387 N1427
B N1386 ]

N1436
A ‘358-63 1
‘427A :
(ﬁ& 437A
28 E359-2 %‘ e
A ‘358-15 i
; ]
L AF207 ‘gﬁ o _
ilZB os 6 _
B AF134 7 ‘ ' _
o ‘07 ¢ Unperturbed |
@® Early Hydro

F248 |
A FDO11 100 Ongoing Hydro |
= A Past Hydro —
B Starvation 1

| * Re-accreting ETs

I T | I | M |
5.6 6.4 7.2 8.0 8.8 9.6 10.4

log(MHI / M® )




Marker size ~ fi
Regular HI :
Early interaction (HI tail) F507
Ongoing interaction (HI truncation and tail) FD100b ‘
Past interaction (truncated HI) H E358-16

. 306
Starvation e, A 102 A
Re-accreting ETs : ‘ SN F.3

E358-63
128

F
4378 26
90 1z F248

N1436

O F332
£359-2 A A

«—0O




Marker size ~ fi
---- Wang+16
—— Rajohnson+22
+30 scatter
0 Regular HI
Early interaction (HI tail)
Ongoing interaction (HI truncation and tail)
A Past interaction (truncated HI)
B Starvation
Re-accreting ETs

F248 F134 N1387 F

F207 FDO11

8.0 8.8
log(Mur/Mg)




CLASS O

—34°44' 117e+08 M, -36°32'1 o ® Fccaz0 9.98e+07 My
1.19e+08 M,
115408 Me ! - - m?itgﬂ Mo
117e+08 M, . 1.00e+08 Mo
110e+08 Mg 5 7o S . 8 595+0§_M°
—35°40" % > e .
46 R 3 Voig .
_ ~ a2 ». - -
g 8 2 g
S S - S S 36
o~ o . | o o~
= =4 o, ‘ = = .
o o
o 8 2 g
8 g w g 3 ;
50 .
ECR
L E 46 el
52 .. e .. 5 K \. b (i ) A ’ g .
— 77107k @98 — 12x10%km @ 21° * — ax10vkmi @98 — 12x10%m’ @21 — 12x10%ni @9 — 12x10%m’ @ 21° 40" — 79x10%mi @9 — 12x10%cm’ @ 217
— 13x10"em’ @ 66" . V10" x42x 10"cm’ @ 11° — 13x10"m’ @ 66" — V10" x4.0x 10"’ @ 11" — 22x10"km @ 66" — (10" x 6.4 x 10%cm’ @ 11 — LAx10Vem' @ 66" . /10° x42x 10"’ @ 117
s o a8' | — 2maomm e i _— 450 @ . — 29%10%am’ @ 41°
333m24s 128 00* 32m48° 3"33m245 12 00° 32m48° 327m40° 30° 20° 10° 3"33m508 40° 30° 20°
RA (2000) RA (2000) RA (2000) RA (2000)
10k Frce 2.9e407 My —36°16' 1.91e+08 My - 10kpes ; 4.09e+07 3 R TE YT
. FCC299 ~2.9! e407 o 1.92::08 Mo ; FeC 32.3- ,mszgm s | .FCCB 0507 .. " 5556+07 Mo
x % 2 8.11e+07.M, . 91e+08 M; 4.03é+07°M, ¥ . . 5.7%+07 M,
3.20e+07 M, 87e+08 My ' v 4.04e+07 My . +.5.90e+07 My
’ s e 289e407 Mow 1.68€+08 M, * K . 373e+07 Mg« P ok daseror Mg
- Y 1 : -36018'{ ;. " ; i
L 3 2 y %
-36°52' 3 . x ~36°20'] : *
5 > 5 . S o g 3 .
=3 1= 20 =3 ¥ » 1=} ¢
S S ” S - S
[ ~ ~ * ~ 20 -
S ) P > T awfieaas : 2 % -
g LAl g ; g .
o 3 o ; =) - B e o ‘
< 22'§ A /
B % - e ¥ 2 ‘ o
> L] > . . 22"
56 . 24 . (Tl p Ll FLVE R, 2 R
— 7x107m @98 — 12x10%cm? @ 21° = Tsx0vimt @9 — 12x10%cm? @ 217 — Texi07m @98 — 12x10%m @ 210 — 22a0nmiese  — 120 @1
= 15x10"cm’ @ 66" — 10% x 4.6 x 10™cm? @ 11" — 13x10"%m’ @ 66" — V10" x4.1x10%cm’ @ 11 = 14x10"m’ @66" — V10" x4.1x10%cm? @ 11" — 39x10"cm’ @66  — 10° x12x10"%cm’ @ 11"
L — spacwmear — 27x10%cm? @ 417 L — 28a0%miear L — soxwmiear
3h45m10% 00° 44m50° 3h46m00° 45m48° 36° 24° 3h47m508 40° 30° 20° 3n28M20% 10° 00° 27m50°
RA (J2000) RA (J2000) RA (J2000) RA (J2000)
1.15e+07 M, oare ] 10K 1.19e+07 M 10 kpc * . 1 *'6.29e+08 M,
- ;R sy S oo SR g PR Sl 1 T
- ~ 21e+07 Mg » v - * he+ M ~35°06" < . - e+ o W
1.10e+07 M, . - 121e407 M. * 35°06 'Qb’ " *  615e¥Q8 Mo
7.63e+06 M - 1.09e+07 "_‘» ~ +6. Ale.ﬂlﬂ Mo
: : 1)
v a2'{. i
o~ 48' . —_ . —_~ o p
o . o o
=3 =3 =3
S * S % S ¢
o~ o~ . o
> = . = .
o o - g 3
o o . -
o . o 44 . o 12' 4w
50' : Z
. & o y
. X | - S 15 . 4 - . 5
— L1x10%em? @ 98"  — 12x10%cm? @ 21 46' — 74x107/cm? @ 98"  — 12x10"cm’ @ 217 — 91x107/em? @ 98" — 12x10'%em? @21
52' — 19x10'%m’ @ 66" — /10" x5.6x 10%cm? @ 11 | — 13x10%W @ 66"  — V10" x4.0x 107’ @ 11" Y — 16x0%m @66 — V107 x47x10%m? @ 11°
— 3sx10%mt @ 41° — 27x10%m’ @ 41° — 33x10%an @ 41

3h41m10° 00°

RA (J2000)

40m50°

3h41m40°

30°
RA (J2000)

20°

3m29m15° 00° 28M45

RA (J2000)

s 30°



CLASS 1

2.23e+09M 1.12e+08 M, ok Sk 3 4.74e¥07M
-34°50" 223e+09 Mg 112e+08 Mg | = RECB0905 da3etor Mo
110e:08 M ; VTl e e
—36°10" E ¢ - : » .87e.
36°10 0. . ¥ gb2erorn -34°34'{-. 2 2 ¥ ' 3:80e%07 Mo |
; -« 4 1 - " 4 P "
55 3 o ¢ -
y e 12 :
5 ;S s % S 36 -
g g : g
-35°00' F 2 G S p
= = . P > - \
o ® v o i
[ [ 14' .
o . ’ o % 8 ’
. o % 38'1,
05 ) ; : 3 - &
% . . V"_ o p ¢ s 3
. : 16' « g T gl *
1004 .~ . — 77X10%m? @ 98" — 12x109cm? @ 21° f— 78x107(m? @ 98" — 12x10%cm? @21 , — B0X107/m? @ 98" — 12x107cm? @ 21°
@ — 13x10%%m’ @66" — V10" x4.1x 10"’ @ 11" — L4x10"m’ @ 66" — 10" x42x10"%cm? @ 11" 40 = 14x10"%em’ @ 66"  — V10" x 4.4 x10"/cm? @ 117
) st B ol T et o
3h47m00% 46™30° 00 45m30° 3h32m30s 20° 10° 00° 31m50° 3h34m10% 00 33m50° 40°
RA (J2000) RA (J2000) RA (J2000)
-35°30"f "10kpe ;‘% 3 Noc1a37a .. ssoerosm, —36°16'f 101 ‘FEC 396 1.91e+08 Mg
: S \ 7 2 Nt L52e+08 Mo
it A ¥ £ o 87e+08 M,
® & @ 168e+08 M, °
-36°15' 1y
) boos ) ) ;
S-36°00' 1« s g
S S ey 8 .
v v (%] .
3 3
Q [=] 8
L 22' ¢ .
I o e 21y . -
*eo 0 0. ! : .
30" : s - - e o % 24 = . 3 "L Dok
. — 7.5%10"/cm? @ 98" — 12x10"%cm’ @ 217 — 7.4%x10"/cm? @ 98~ — 12x10"%cm’ @ 21" — 7.5%10"/cm’ @ 98" —— 12x10"%cm’ @ 21°
L0 ™ 13x10%m? @ 66"  — V107 x4.0x 10%cm? @ 117 s — 13x10%W @66"  — V107 x4.1x10%cm? @ 11 — 13x10%cm? @ 66" — V10" x4.1x10%cm? @ 11°
A 2x10%om’ @ 41 - .t — 2o @ a1 ] — 270 @ a1°
3h43m 42m 41™ 40m 39m 38m 3M43m30% 15 00° 42m45° 3h46™00° 45m48° 36° 24°
RA (J2000) RA (J2000) RA (J2000)

—35°40'1

-36°00"

Dec (J2000)

—37°00"

20'1

# NGC13654 . : 166e+10M
t OR L Teset10 M
2 @ - N

: - ¥
[y — 8.8x10V/cm’ @ 98" —— 12x10'%cm’ @ 21"
PO 1510 @66 — V107 x4.0x 10%em? @ 110
5 —— 32x10'*/cm’ @ 41"
3n36m 34m 32m
RA (J2000)



CLASS 2

e . -35°50"
® ESO 358-051 - .£:3fet08 M 10 k ¥ © 1:81e+07 My’
§_thg u Sokpe 3 ESO 359-002s - L neg i
s et e
—34%51° s &, ; 19¢+06 Mo
. ’ .
; 52 g B e
o .. . .
S sa s e
1<) A <3 .
g | Ak .
= t—) ¥
1% K [} ™
@ -~ o @ :
(=) -
st g - AR
. ” 5 = - : » %
s ¥ - 3 F L ; .- -
-35°00' i o - ' g
. —1.3x10V/cm @ 98" —— 12x10"/cm’ @ 20 58" —1Ax10%/cm’ @ 98" —— 12x10"cm’ @ 21"
o 2T 13x10% @66  — V10" x3.9x10%cm? @ 11" — 2.4x10*%/c 66" — V10" x7.3x10¥/cm? @ 11"
— 27x10'%m’ @ 41" - — 5.1x10"/cm? @ 417
3M41m45% 30° 15° 00* 3h50m50% 40° 30° 20°
RA (J2000) RA (J2000)
- 2 3 4.26e+07 Mo * -10 k o350 14 “. 3.37e+08 M,
o p R MO0 dmm g A O g W L
% 8 s y 4,67e+07 M, % | 9e+08 Mo
o Sp— . . 3.07e+07Ms, SR
- SR : Gl -36°20'{ . .
50 ;4% g H 3w
eSS s
g LD - g I \
g Ffud e ] & ]
] . by . ¢ 8 25
¢ - v gt : : g . 7
o & ¢ . o ‘ .
-36°00'] . .. : % .
. F e . . 3 ; o 30' o . . :
o 3 e 7.4x10"/cm? @ 98  —— 12x10"%cm’ @ 217 o= 76x10"/cm’ @ 98" —— 12x10"/cm’ @ 21"
. — 13x10"m’ @ 66" — /10" x4.0x10"/cm? @ 11" E] — 13x10"m? @ 66" — V10" x4.1x10"/cm? @ 11"
L — 27x10%cm? @ 417 .= 27x101%cm? @ 41
3"37m00s  36M30° 00° 35m30% 3h46m40° 20° 00° 45m40%
RA (J2000) RA (J2000)

-35°54'

56"

Dec (J2000)

58

-36°00"

1.80e+07 Mo

Féc 332, - Fy2 . Liser07 Me

i, 1/50e%07 Me
- 1,186+07 M,
5.+ "1131e406 Mo
" . .
” *

— 12x10"%m’ @
— 56x10%m? @ 11°

3{ 11x104/cm? @ 98
P — 1.9x10"/cm? @ 66*

— 38x101/cm? @ 41°

3"50m00°

49M50°
RA (J2000)

40°

2.41e+06 Mo
3.42e+06 Mo *
334406 M

o .o 398406 Mo
@ '3.36e+06 Mg?

- . .
B — 22x10%cm? @98° = 12x10%cm? @ 21°

— 3.9x10"/cm’ @ 66"
—— 82x10'%cm’ @ 41"

— 12x10%cn? @ 11°

-33°54'
=)
8
~ 56'
=)
1"
13
g N,
58'4
3h34m30¢

20° 10°
RA (J2000)

00°




CLASS 3
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