MousQe

multi unit spectroscopic explorer
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EXPLORING HEII1640 EMIS‘SION LINE PROPER‘TIES. AT Z=2-4 \
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Whatis sospecialabout Hell???
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and in more moderate systems..



Hell may
becomethe
mostdominant

emissionline
atlower
metallicities

7

7

Z=0.0001

7 8
log( Age/years )

7
log( Age/years )

Z=0.00001




Currentstellarpopulation/photoionisation
models failtopredicttheobserved Hellfeatures
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Currentstellarpopulation/photoionisation
models failtopredicttheobservedHellfeatures
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He+ionisingphotonscanbeproducedvia
multiple mechanisms,sosomesolutionsinclude:

Blaries
DecreaseZ/mass threshold to produce W-R stars
VMS
Include contribution from X-Ray Binaries XRE POE’“M&WM
SjV\&hQSLS
Increase N of Young massive stars IMF variabiowns

Sub-dominank
Consider contributions from Shocks and AGN ACrN



Testingthesemodelsandprovidingconstraints
requires Hellemittersinavarietyofconditions
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Partl: Sample Construction



WeusemultipleGTOpointingswithdeepexposures
toidentifyanyHellA1640 emitters

Field name FOV® Exposure Nc? Ns¢

Time (h)
UDF10 1" x 1/ 31.00 122
UDF MOSAIC 3" x 3 10.00 431

HDF'S 1" x 1’ 27.00 139
Groups COSMOS 30 1" x 1’ 9.75 35

Groups COSMOS 34 1" x 1 5.25 7
Groups COSMOS 84 1" x 1’ 5.25 13
Groups COSMOS 114 1/ x 1/ 220 2
Groups VVDS 189 1" x 1 2.25 1
Quasar J2321 1" x 1 9.00 13
Quasar Q0422 1" x 1’ 20.00 25
Quasar UM2K7 1" x 1’ 9.00 11
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WeusemultipleGTOpointingswithdeepexposures
toidentifyanyHellA1640 emitters

Field name FOV® Exposure Nc? Ns¢
Time (h)

UDF10 - 1!x1 3100 122

'UDF MOSAIC 3 x 3 10.00 431

HDFS 1" x 1 27.00 139

'‘Groups COSMOS 30 1"x1" 975 35

Groups COSMOS 34 1’ x 1/ 5. 25 7

Groups COSMOS 84 1" x 1’ 5.25 13
Groups COSMOS 114 1/ x 1/ 220 2
Groups VVDS 189 1" x 1 2.25 1
Quasar J2321 1"x1 900 13
Quasar Q0422 1"x1" 20 00  25
Quasar UM287  1'x1" 11
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Partll: Analysis



—o— 7/ = 0.0001 Z, = 0.004
/Z, = 0.001 Z = 0.010
— 7 = 0.002 —8— Z = 0.020

Whencomparedto
Gutkin+2016 models, most

galaxiesinoursamplefall
withinthelineratios
occupiedbythemodels.

Senchyna2017 + detections
Senchyna2017 + limits
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—o— / = 0.0001 Z, = 0.004
Z, = 0.001 Z = 0.010
—&— 7/ = 0.002 —8— Z = 0.020

Whencomparedto
Gutkin+2016 models, most

galaxiesinoursamplefall
withinthelineratios
occupiedbythemodels.

Senchyna2017 + detections
Senchyna2017 + limits

B 2016+
Parameter Sampled values n Crg

Berg2018+
Zi1sMm 0.0001, 0.0002, 0.0005, 0.001, 0.002, 0.004, 0.006, e Patricio2017-+
0.008, 0.010, 0.014, 0.017, 0.020, 0.030, 0.040

log Us —1.0, =15, -2.0, =2.5, =3.0, —=3.5, —4.0

£q 0.1,0.3,0.5 —-0.70 —-0.50 —-0.25 0.00 0.25  0.50
log(ny/cm ™3 1,2,3,4
(C/(O)/(C/O)Q; 0.10, 0.14, 0.20, 0.27, 0.38, 0.52, 0.72, 1.00, 1.40 lOgm (O IH] )\1666/He 11 )\1640)
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Considering effects
of binary stars
iIntroduces added
complexity to the line
ratio diagnostics.

~—~
-
A
O
\m—
~
—
—f
<
an
~—
Q0O
-
D
™
~
C—
e
|
@,
~—
-
—
Ql
o
—

Z = 0.0001
Z = 0.0010
Z = 0.0020
Z = 0.0040
Z = 0.0100
Z = 0.0200
Z = 0.0400

o
+

lOgl()(US) = —2.5
log10(Us) = —2.0
loglo(US) = —1.5

—1.0

—0.9

0.0

0.0

log1p(O111) A1666 /He 11 A1640)




The Equivalent-widths are largely under predicted
even with extremely low-Z high U models
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The Equivalent-widths are largely under predicted
even with extremely low-Z high U models
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1/200thZsbinarystellarmodelsarerequiredto

matchobservedvs predictednumbersofHe+ionising
photons
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1/200thZsbinarystellarmodelsarerequiredto

matchobservedvs predictednumbersofHe+ionising
photons
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1/200thZsbinarystellarmodelsarerequiredto

matchobservedvs predictednumbersofHe+ionising
photons
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We lack a comprehensive understanding of stellar spectra in the FUV

which may contribute to lack in mechanisms producing of
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Thelackofhardionisingphotonsis
commonformoststellarpopulation models
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Partlll: Where arethe missing photons?



Is it variations inthe IMF?

o,=-1.80, M_=300M,
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Is it variations inthe IMF?
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Is itvery massive stars at Eddington limit?

log(Ly, ) =37.28 EW=149 A
FWHM = 680 km/s =
.

log(Lyy)=3740  EW=240A
FWHM = 490 km/s

7=0.01Z, log(L,)=37.57 EW=356A
v, =328km/s  FWHM =310 km/s
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Is itvery massive stars at Eddington limit?

, | Og(H I , , . _ -.EWM 9 j
FWHM = 680 km/s

07, [l =757 EW=3564 |
v_=328km/s  FWHM =310 km/s ]
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Is itvery massive stars at Eddington limit?

[
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Is itvery massive stars at Eddington limit?
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Is itcontributions from X-ray Binaries?
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Is itcontributions from X-ray Binaries?
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Is itcontributions from X-ray Binaries?

m— 7()20-bin
w7001 0-bin
z005-bin
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Is itcontributions from X-ray Binaries?

m  7()20-bin

mms 7()10-bin

z005-bin
s 7()02-b1n
m— 7()01-bin

Some Low aqge

effect?

[(4686)/1(HB)

RPASS + X“raj
binaries

BPASS (W*\i.j

log(W(HB)) [A]



How can we provide observational

constraints7
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Deep high S/N data for simultaneous rest-UV |
emission and absorption analysis.




How can we provide observational
constraints?

Deep high S/N data fo sultaneous rest Uuv |
emission and absorption analysis.

Deep MUSE

pointings:
o MXDF~160h5|ngIe
UDF pointing

e HFF parallels

Is




MUSE XDF program




MUSE XDF program
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MUSE XDF program
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MUSE HFF program
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How can we provide observational
constraints?

Deep high S/N data fo sultaneous rest Uuv |
emission and absorption analysis

Deep MUSE

pointings:
o MXDF~160h5|ngIe
UDF pointing

e HFF parallels

Is




How can we provide observational
constraints?

Deep high S/N data for simultaneous rest-UV
emission and absorption analysis

lzzl i

Deep MUSE Stacking MUSEUDF\

pointings: ~ (30h)+ MUSEWIDE ¢
e MXDF ~ singleh (10h*9)+several~10
UDF pointing T otherGTO '

o HFF parallels pointings




Testing stellar population models

Include X-ray binary spectra VMS evolutmn models in SSPs!
and 1nvestigate observed correlations with galaxy properties

/
Investigate the variations 1n the IMF along with

other changes

Include realistic dust models and 1nvestigate how extra
ionising photons effects observed emission line ratios |

/




CONCLUSIONS - arXiv™902.05960

VP
We compose acatalogue with =13 Hellis4o detections from MUSE (and =20 tentative detections from
other publicsurveys).

Using Gutkinetal., (2016) models we show our observed emissionline ratios can be reproduced via
high-U sub-solarZ models.

Including effects of binaries from Xiao etal.; (2018) models makes the model parameters
degenerate.

We show even BPASS models are unable toreproduce the observed HellAis40 and Olll1Aisss equivalent
widths.

We show that matching HellAiss0 luminosities with BPASS models require ~1/ 200 Zo, models which
areintension with gas phase metallicities inferred vialine-ratio diagnostics.

IMFs with larger fractions of high mass stars (top heavy) or exotic stellar population mechanisms
such as XRBs or very massive WNh stars that can produce photons at wavelength > 275 A with

/ relatively low wind effects arerequired to match our observed data with models.
5.y T/ B LR Gl =N AN | T W



