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The motlvatlon...A

The sky at h|gh gaIactlc Iat|tudes iS. host to a- W|de range of extenswe phenomena that emlt

~faintly. in optical lines:over a range of ex0|tat|ons These features remain largely: uneprored {o]8
7 the maijority -of. the observing programmes of the World'’s: largest teIescopes WhICh have-been
: concentrated on achlevmg h|gh angular resolutlon over small flelds , :

- ’ ’l. ? LIy .
e
.

i : - . o B NL.“""'ae e i :
-the foreground vew drffuse I|ne emission from’ the\galactlc plane needs accurate evaluatlon e
. down to resolutions of 1 arcmin to |mprove the |nterpretat|on of the Cosmlc Mlcrowave
,Background (CMB) e o 2
. sthe 100 degree Iong non-thermal radio ‘spur apparently projecting from the “Galactic centre. .-
. The question still remains.as to whether or not this is a'nearby supernova remnant or the more
“ dramatic eJectlon of relativistic partlcles from ‘the . Galactlc nucIeus |nto the Galactlc halo. 23

3 Remarkabty, no optlcal |dent|f1cat|on has yet occurred

-_"-The compIeX|ty of the nearest HII 30 degree dlameter bubble in- Erldanus also needs
evaluating with far. deeper €emission. fine observatlons to. dlstlngwsh between |t5rad|at|vely‘ _
- ionized and‘more f'r}amentary, _coII|S|onaHy lonlzed components It is the extremely Iarge angular? '
'S|zes of these phenomena that |nh|brts therr observatlon SRR - o

e 2



Prewous W|de F|eld Surveys

WHAM (Wlsconsm H Alpha Mapper) — 1995/2012 g

It is speolallzed to - observe the .warm . .
ionized interstellar gas of our Galaxy
~ FOV=10deg, 1.6’ resolu,tnon ; TP anne
- Covered the Northern Galactlc plane P g-j

-1t s speClahzed to study the dlstrlbutlon an"' R
'k|nemat|cs of diffuse, ionized gas in the Milky Way. - = =~

. “FOV= 1deg, 8-12km/s resolution spa{ally beam of .ﬁ'f’*-f;;,-w |
“the sky H|gher sensmwty, Iowe'r angylar resolutlon J /
R than SHASSA. #7 & R

SHASSA (Southern. H Alpha Skv SurVev Atlas 2000/2003
1t is speo|al|zed to observe the warm |on|zed ‘5/
interstellar gas of .our Galaxy ' e Seasly ‘
FOV 13deg,0 8 resolutlon [O 6m telescope] ’ oA T

".IPHAS 2003/08 & V'EHAS 2011 ‘lPhotometrlc Hat Survevsl N
- Both speC|al|zed to- observe emlssmn line: objects (WR; OB stars: etc )-;f e 9

: ‘;IPHAS at 2.5m INT Northern (La F”alma) Hor ri down to 20mag - '

“.FOV=0. 3deg, 0.33" resolution . - et L A .

- VPHAS - at 2.6m VST South (Paranal) u g r,I,HO( & S MR T
= ',FOV 1deg O 21” resolutlon(32 X 2kx4k ccd OmegaCam) _ i ) -_'f:‘j‘.i" :




i Thepast S

1Sf vers:on Wlde Fleld Fllter Camera ( WFFC) 1 977

Johnson Kaye Meabum 1978 Applled Optlcs 17 442

'_"'.:"'-"-3'0’ version — Manchester Wtdb Fleld Camera (MWFC) -20915? —
chklnson 2002' ghmﬁ?ms = g :

o ¥ 3 - ; : ; wetin T R -43




Manc':fhest'erwide_#ieldc,am'era -

Boumls et aI 2001 MNRAS 320 61

21x30 deg narrowband fllters ccd camera ~3 3 resolutlon

R 4
£ > 4

1t is conclhluded t-hat "theée
filamentary arcs 7are the

"».,superlmposed images of
separate shells (driven by_
. supernova - explosions -and/or
stellar winds) rather than the
7 edges of a single superbubble’
. ‘stretching from Barnard's; Are =
. (and the_Orion: ‘Nebula) to?‘
- these hlgh galactlc Iatltudes =

Deep Hd |magéry of the Endanus shell

PM=.13"lyr
1951 R

Upper limit

1996 Ha

e Deep Ha |magery of the Orlon Nebula




Manchester-Athens Wlde F|eId Camera

"--"-The proposed prOJect was to deS|gn and construct a state of—the art W|de-f|eld ( 30;7
-idegree diameter),: narrow- band opt|caI fllter camera — The Manchester—Athens ‘
'_%'Wlde Freld Camera (MAWFC) 5 el SR i

ffic instrument for astronomy that was constructed

- _,and tested completely |n Greece

The standalone camera 15 the ﬂrst_ f%é

',

We W'” CO”dUCt a Iarge area sky Survey that Wlfl IZQVIde maps at Iess than ik arcmln-;--,::
R resolutlon in order to |nvest|gate th{very extenswe‘\bﬂt famt Ilne emission reglons over theA 2

‘. {..-'_-We will make deep observatlons of ‘the northern sky"ln:t e optlcal emission I|nes of Ha, [O
- -] and HB from astronomlcal sites. The. successﬁ}l (}utcome WIlI have a S|gn|f|cant lmpact_f.: '-
] ‘.:-"j_,on toploal astronomlcal areas ef 'resear.ch‘., o o e X




' "Mahches'tér-Athensg Wide F_ield Camera.

Over‘a perlod of 7 to 8 months using - dark tlme to mlnlmize background contrlbut|ons (2
'weeks/month) we: Wllt make deep observatlons of the northern sky |

~ -
-
A
L
'xh‘vu. o

. _ With a. FOV of 30 degree dlameter ‘we can 1\cover the northern hemlsphere W|th 75., :
;|nd|V|duaI pomtlngs W|th adequate overlap between flelds for calibration of basetlnes

b -For each p0|nt|ng we- will reqUIre at Ieast 10 of 20 rmn exposures to provnde deep ( >3 hour),.

,observatlons usmg narrow-band (10 -20-A) Hay HB, and- [© NI} filters, .and- . shorter

te . observations in "continuum bands (= 100 A wide) to ‘remove stellar contamination.- The total

B '_|ntegratton time requwed |s ~7OO hours WhICh should be readlly achleved on. a tlmescale of - .'
. _~7t08months e - - s

ans



_ Manchester-Athens Wide Field Camera

We will use the rat|o of Hd and HB bnghtnesses to estlmate the dust extlnctlon at- Hd (see

o . Absolute cal|brat|on WI|| be achleved usmg standard nebular sources (e.g.. the Callforma

~nebula) or via the publlcally ava|Iable Wlsconsm l;l-Alpha Mapper (WHAM) Fabry Perot data. -
“on Iarge angular scales ( fAer € 200 _)., : B : -

. The |mages will then be comblned W|th apprOpnate background corrections, to- make a large

.. mosaic-map.-Combining this with other surveys (WHAM and SHASSA) will allow an accurate .

,fuIl sky map of Ha, with an angular resolution: of =1 arcmin. This will-be complementary tok'

te - h|gh -resolution Galactic plane surveys in Ha such as'the IPHASS/VPHAS surveys, and will -

el emission (e g-

. become a Legacy Survey to be used for many years to come for studylng dlffuse Galactlcf .'

s The callbrated sky maps WI|| be made publlcally a\/allable : e f_ ' b

' 'A pos5|ble future extenS|on to the survey would be to map other Ilnes. (e g [S H} etc ) or to map

-~ the’ Southern sky with’ partlcular emphaS|s on the enV|ronment of the Magellamc Clouds

L -



~ Manchester-Athens Wide Field Camera

- March 'Stairti'n}g Poifnt_;-(17 months -instead:of 2_6 _’_--~~31_2‘.'0(")0‘ EUR)
Personnel hlred (3 postdocs 1 IT techn|C|an), _Optlcal deslgn :

.'equment deC|ded - quotatlon & orders SCIel‘ltlfIC studles & startmg P|pel|ne %
.development EROE. - T g, '

S Mechanlcal deS|gn equment quotations, orders &
= ‘dellverles Tests the eqmpment in the Optlcal lab and Plpellne development '

: i - Manufacture of all mechanlcal parts eqmpment dellvery and S
BAR tests in the opt|cal Iab Plpellne development :

ans

i a2 Comm|ssmn|ng- (o} § MAWFC in the optlcal lab testlnggenod in .'
; '_Pentel| h|ll—F|rst Ilght on sky (1St oprr|I) : S SN |

]

g : [ Commlssmnmg of. MAWFC at Krlonerl Observatory, tests on sky, |
' ‘_startlng observat|ons campa|gn and data analyS|s F|nal|ze Plpel|ne and present first v
k. results X = — : !



‘Manchester-Athens Wide Field Camera -

Boumis et al: 2015, MNRAS, in prep.. ‘

30 deg, narrowband fllters ccd camera ~1 resolutlon

Optlcal layout /. demgn (2014 March August)

30 degrees square FOV
(098"(pixel) ANDOR iKON-L936 CCD
8 de%rre&s s}:;l;al!re field 2048x2048 13.5 microns
through filter FILTER WHEEL /

\.

120mm Optical Surfaces \
210mm /5.6 PLANO CONVEX FIELD LENS / \ \
Rodenstock Apo Sironar S / 60mm Optical Surfaces

FLAT-FIELD LENS / 200mm £/2 Nikon FIELD-FLATTENING WINDOW
76.5mm Edmund

CAMERA LENS

OPTIMISED ACROMATIC




Manchester—Athens Wlde Fleld Camera

Testlng in the Optlcal Iab (Aug 2014 Feb 2015)

B Gmdlng telescope i
£ ;SkywatChc/ ED8O (f/7 5)
= - Guiding ctd . ; A

~  Starlight Superstar (1 4kx1 Ok 4 65pm__ o v
-+ QE~50%) ‘ i
: '.-,-..--'-Equat I\Aount Paramounf ME. II .




Andor iKon-L ccd

2k x 2k, 13.5um. .

-100 C Peltier cooler :
'-'-—~QE > 90%

200 300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

ecl> hedit bias_x.fits 'date’

. flat22b. flts[BSI 1349,50:449] 200000 36192, 3801, flatlea. flt5[1514 1515, 1567:1666] 200 11580. 120.3 o
bias_01.fits,DATE = 2015-01-09T16:18:42 31894, 42151 1208

1 sy
bias_02.fits,DATE = 2015-01-09T16:18:49 ecl> )mstat flatloa fits[1517:1517,1567: 15551 sl . 1%
bias_03.fits,DATE = 2015-01-09T16:18:53 ecl> flat10a.fits[1517:1517,1567:1666] 11943. 134.1 : 201
bias_04.fits,DATE = 2015-01-09T16:18:56 ecl> hedit biask.fits 'date’ . 11692, 12416, : : F
bias_05.fits,DATE = 2015-01-89T16:19 bias_01.fits,DATE = 2015-01-09T17:11:53 ecl> imstat flatl0a.fits[1518:1519,1567: 15551 Faa
bias_06. fits,DATE = 2015-01-89T16:19 bias_02.fits,DATE = 2015-01-09T17:11:58 flat10a.fits[1518:1519,1567:1666] 11563. 126.3 & oo s e
bias_07.fits,DATE = 2015-01-89T16:19 bias_03.fits,DATE = 2015-01-09T17:12:07 11256. 11855 .-
bias_08.fits,DATE = 2015-01-09T16:19: bias_04.fits,DATE = 2015-01-09T17:12:10 ecl>
bias_09.fits,DATE = 2015-01-89T16:19: bias_05.fits,DATE = 2015-01-09T17:12:15 ecl> imstat flatloa.fits[1514:1515,1667:1766]
bias_10.fits,DATE = 2015-01-09T16:19: bias_06. fits,DATE = 2015-01-09T17:12:19 # NPIX MEAN  STDDEV
bias_11.fits,DATE = 2015-01-09T16:19: bias_07.fits,DATE = 2015-01-09T17:12:22
ecl> imstat biask bias_08. fits,DATE = 2015-01-09T17:12:26 flatlla flt$[1514 1515,1667:1766] 200 11255. 119.5
# IMAGE NPIX STDDEV bias_09. fits,DATE = 2015-01-09T17:12:33 10934.  11526.
MAX bias_10.fits,DATE = 2015-01-09T17:12:36 ecl> imstat flatl0a.fits[1516:1516,1667: 17551
bias_01.fits 4194304 1361. 5.386 . flat10a.fits[1516:1516,1667:1766] 3201, 87.21
1448. - ecl> imstat biasx 3121.
bias_02.fits 4194304 1361. 5.339 .M o# IMAGE NPIX MEAN  STDDEV ecl> instat flatlea. fits[1517:1517,1667: 1766]
1388. MAX flat10a.fits[1517:1517,1667:1766] 11584, 122.4
bias_03.fits 4194304 1361. 5.356 bias_01.fits 4194304 1362. 5.333 . 11331, 11905,
1448, - 1390. ecl> imstat flat10a.fits[1518:1519,1667:1766]
bias_04.fits 4194304 1361. 5.362 . bias_02.fits 4194304 1362. 5.335 flat10a.fits[1518:1519,1667:1766] 200 11227, 110.9
1392, 1388. 10984, 11542,
bias_05.fits 4194304 1361. 5.333 . bias_03.fits 4194304 1362. 5.367
1388. 1391. Line 1539
bias_06.fits 4194304 1361, 5.361 bias_04.fits 4194304 1362. 5.385 =
1515. ¥ 2273, ecl> imstat flauaa.fits[lzsu:1649,1537:15381
bias_07.fits 4194304 1361. 5.353 bias_05.fits 4194304 1362. 5.372 # NPIX MEAN STDDEV
1388, 1391.
bias_08.fits 4194304 1361. 5.338 . bias_06.fits 4194304 1362. 5.329 flatlla flts[lZSB 1649,1537:1538] 800 11915, 148.4
1387, 1473. 11485.
bias_09.fits 4194304 1361. 5.359 . bias_07.fits 4194304 1362. 5.305 ecl> lmstat flatloa fits[1250:1649,1539: 15391
1502. 1390. flat10a.fits[1250:1649,1539:1539] 11669. 133.5
bias_10.fits 4194304 1361, 5.383 bias_08.fits 4194304 1361. 5.371 . 11302,  11983.
1390. 1388. ecl> imstat flatl@a.fits[1250:1649,1540:1541]
bias_11.fits 4194304 1361, 5.359 bias_09.fits 4194304 1361. 5.36 flat10a.fits[1250:1649,1540:1541] 800 11924, 146.7
1389, 1388. 11521, 12270. Andor iken 9 Jan 2015
bias_10.fits 4194304 1362. 5.339
ecl> hedit dark_x exposure . 1391. RATIO MEAN(flatl0a.fits[1250:1649,1539:1539]) /
dark_01. fits, EXPOSURE = MEAN (flat10a. fits[1250:1649,1540:1541])
dark 62. fits, EXPOSURE = 2. Statistics BAD column 1516 and adjacent columns 11669 / 11924 ~ 0.98
dark 03, fits, EXPOSURE = 4.
dark_04. fits,EXPOSURE = 8. ecl> imstat flatlea.fits[1516:1516,1567:1966] Line 1027
dark_05. fits,EXPOSURE = 15. # IMAGE NPIX MEAN  STDDEV =
dark_06. fits,EXPOSURE = 30.00001 MIN MAX ecl> imstat flatlea.fits[1250:1649,1025:1026]
dark_07.fits, EXPOSURE 60.00002 flat1@a.fits[1516:1516,1567:1966] 400 3387. 507.2 # IMAGE NPIX MEAN STDDEV
for_trace_dark. fits,EXPOSURE = 300. (followed saturated frame) 1031. 9024.
for_trace_Light.fits,EXPOSURE = 3. (saturated exposure) flatlla fltS[lZSﬁ 1649,1025:1026] 800 13320. 199.5
# IMAGE NPIX MEAN  STDDEV 12812,
ecl> imstat darks MIN MAX ecl> Jmstat flatwa fits[1250:1649,1027: 1@271
# IMAGE NPIX MEAN  STDDEV ecl> imstat flatl0a.fits[1516:1516,1567:1666] flat10a.fits[1250:1649,1027:1027] 13012. 184.1
flat10a. fits[1516:1516,1567:1666] 100 2885, 737.4 12507, 13434,
dark_01.fits 4194304 1361. 5.367 . 1031, 9024 ecl> imstat flatl0a.fits[1250:1649,1028: 10291
ecl> instat flatlda. fits[1514:1515,1567:1666] flat10a.fits[1250:1649,1028:1029] 13314, 194.8

otz il




- Manchester-Athens Wide Field Camera

Nikon Camera lens

N . Collimator lens Andor CCD
Sironar ALUMINIUM TUBE

CRADLE
. in/out filter

. 1900 (CONTRM)

AA(1:10)

JLos

2040,

==y E3 3
7102014 1110

T
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ool vy FROPOSED ARRANGEMENT DRAWNG
RE

SK1T 9DL

TEL: 01613065400 FAX: 01477 571615




- -
.
; .
"
- - -

a ibey

Wide Field Camera



Manchester-Athens Wlde Fleld Camera

Mechamcal manufacturlng (Jan — Mar 2015) A'i

. Mochanical abcfatory - Uversity of Paras (MYEDPP) . "

-



Manchester-Athens W|de F|eld Camera

Mechanlcal manufacturlng (Jan - Mar 2015) ﬁ

S MAWF"C completed in the mechanlcal lab
i ’Acceptance tests performed successfully

.- 'Mecharifcal laboratory - University of Patras (MYEDPP)© -." -

-



: }.Manchester-Athens Wlde Fleld Camera

MAWFC in the Optlcal Iab (Mar 2015)

3 : Tl .-_'_Optlcal test_sj/Allgnments_-'_:,-‘f'-'- s



Manchester-Athens Wlde F|eld Camera

L Mechanlcal 3D Iayout :




Manchester-Athens Wlde F|eld Camera

Mechanlcal 3D Iayout

-

Optlcal Ienses Bt .
-+ 210mm /5.6 Flat- fleld Iens :
* - 120mm plano-convex field lens
~+ 76.5mm collimator lens
. -200mm f/2 camera Iens
_+ 60mm fleld flattenlng wmdow Iens




Manchester—Athens Wlde F|eld Camera

Flrst Ilght on sky tests (1*"t Apr|I 2015) i ﬁ
s IAASA.RS head quarters in- Pentelr h|II 2 2

-




Manchester—Athens Wlde Fleld Camera s

*First Ilght on sky tests (1St Apr|I 2015)
' IAASARS head- quarters in-Penteli hill -~

- Bias frafn”e (-90 C) !

" Dark frame_f(—QO:C')

%, ‘O'p,'ti-c'-vs fesigiin : First righﬁr'nag_e'in. Orion withoutaffi'lt'e_r;_’- i



Manchester-Athens Wlde F|eld Camera

F|rst I|ght on sky tests at 'Kryonerl Observatory (12th June 201 5)

- -

: :;::: e

o] A8 .




Manchester—Athens Wlde Fleld Camera

Flrst Ilght on sky tests at Kryonerl Observatory (12th June 2015)

~ Firstfight Ha image in Smith Neb — 20min. = First light [O Ili] image in Cygnus — 20min_~

-



‘Manchester-Athens Wide Field Camera

MAWFC web page: -

"http://mawfc:aétro;-noé.gr" A odiae M_AWFC_'pi_peIine:

MA 4
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The Manchester-Athens Wide-Field (Narrow-Band) Camera:
A Deep Sky-Survey of the Extensive Line Emission Regions at High Galactic Latitudes

- \ Pipeline Manual
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(MAWFCQC)
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Radlatlon studles from gamma rays to rad|o |n
GaIactlc and Extragalactlc SNRs I

The search for the b|nary companlons of SN
progenltors in'SNRs'in the Mllky Way and LocaI Group
PuIsar winds nebulae (|ncIud|ng Crab ﬂares)
Magnetlc fields in SNRs and PWNe i '_

- Collisionless shockwaves in SNRs Rode

Jets in SNRs e TN B N “
SNRs as probes and dr|vers of galaxy structure '

* SNe and SNRs cosmic ray acceIeratlon X

SN eJecta abundances cIumplness e
» SNe and SNRs W|th c|rcumsteIIar |nteract|ons hE
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