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Abstract

% ZEUS/CSOIc &% High-z (z > 0.05) [c&(F5 [OIII] 88um D#FH&EH,

S Y= v k& APM 08279+5255 (z = 3.911, QSO) & SMM 102399-0136 (z =
2.8076, SB)s WINDI AT L%, [OIII]88 HEIL Liomss(apparent) ~ 1011 Lsun &
AN TICE W,

s APMO08279
% [OIII] flux IFEERD/INZ 5 A LTETILAEIEE, Teff > 36,000 K DENXFACHIZR

BTG, M82 &Il TW3B, ~35%DFIRNEISEFE TN AIEE(FRD IFAGN),
@ —AHT. BbLafewx 103 cm3 OEBENH S5, AGN NRLTHEEEEAIEE,

% SMM J02399
s [OIII] [&. Teff > 40,000 K D# L EFEWEN DK BHIIEENS HTWB AR T

Wo FIRY:EEstarbursth’ dominate LTW 3,
s [OIII]88 &=AFHTO starburst / AGN %Z characterize 95 DICEXR,
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1. Introduction (1/2)

<  What's [OIII]88?
@  8DMHEESLIFIR fine-structure line® > 50 & D (cf. [CII]158, [NII]122,205,

[NIII]57, [OI]163,146, [OIII]88,52)
% ISOT88EDaFERAZ&#A L. 75% TR, HERICF [CII]158, [0I]63 [citA

T 2-3FBICEV, ~10%TlEHRHEW, L_[OIII]88 / L_FIR = 0.03%-2%

(median: 0.15%)
% O++%E1ESICIE35eV photon (Teff > 36000K) h\hE, FHEICHEIFE (level: 164 K,

critical density: 510 cm~-3)3 5D T, EEESA ADREICIE insensitive, ~100
cm3 2E D ionized gas cloud R TW3,
<% B7RdC [OIII]5007A (& AGN NLR T—3HFH 3 L\AI{RIER
o ZOmXTIE
% z>0.05 TO [OIII]88 &tz WS

% H—4v NiE. BAL QSO APM08279 (ug ~ 4-90, z = 3.9), SMG SMMJ 02399 (g
~ 2.38, z = 2.8)
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1. Introduction (2/2)

APM08279
% AGN/starburst ARy N X T L, L_bol(apparent) ~ 7 x 10r15 Lo T, 2D

25 2 x 10714 Lo IEFIR THTW5, DemagnifyLTH. 8 x 10013 Lo
% CO 6 transition 2’/ 900 pc T4 RIS > TWT, M(H2) ~ 5.3E+11 pgt
Mo [CET b, SEDETU UM 5E AGN A dominant heating source 5 UL\,

SMMJ02399
9 ZBE5%H AGN/SB OAVIRIvY ko RAICE DM oz / CORE S N/=SMG,

M(H2) ~ 2.38E+11 pg! Mo, L_FIR ~ 1.9E+13 ug! Lo EEX,

% 43V IR—X> kK, L1: weak BAL QSO, L2: 3"IcU%3h>TWB, HSTTE 5(c2
ViR—% Y~ (L2SW, L1N), CO¥L_FIRWE. (LI1THL2THARL) L2SWHSETH
n. ZZH starburst DH 1 K,

R/
%®



SMM J02399

lvison+10
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2. Observations

s ZEUS (Redshift (z) and Early Universe Spectrometer; Stacey+07, Hailey-
Dunsheath+09) / CSO

Echelle grating spectrometer
1 x 32 pix bolometer array, R ~ 1000, ¥%9 2 350 um & 450 um Z#NZNn5

R, ARETHE LTHNEE. REDEEIE. 280 km/s (434um), 320 km/s
(336um) 2E,
% €SO 10.4m T 11" E—LA, T_RX < 50 K (CHHX,
% APMO08279% 70t&H. 77min on-source. 37% KXEEE
% SMMJ02399%4.101&H, 77min on-source. 23% AKX EREK,

X/ R/
%S 00

1x32 pixel GSFC bolometer array similar to the ZEUS array

8n the CSO \
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3. Results

3.1. Line Luminosity

% L_[OIII]/L_FIR ~ 5.3E-04 (APM, ISO typ.M1/3%Z), 3.6E-3 (SMM, ISO typ.D2{Z)
% 1818 < 400-600 km/s 7w DT, HII region®™NLROWF 1ih (BLRTARLY),

APM 08279+5255 SMM J02399-0136
2 [onj@z=39 [Oll) @ z = 2.8076 - 6
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Figure 1. ZEUS/CSO detection of the [Om] 88um line from Figure 2. ZEUS/CSO detection of the [Om) 88um line from
APM 08279+5255. Velocity is referenced to z = 3.911. The continuum emission SMM J02399-0136. Velocity is referenced to z = 2.8076. The continuum
has been subtracted off. emission has been subtracted off.
Table 1
Source Parameters
Source R.A. (J2000) Decl. (J2000) z Dy (Gpe) Ligr_1r (Le) F([Om)) (10~ W m~2)2 L([Om]) (Ly)
SMM J02399 02"39™515.9 —01°35'59" 2.8076 23.8 2.9E13° 6.04 + 1.46 1.06E11
APM (08279 08"31™41%.6 52°45'17" 3911 35.6 2.0E14°¢ 2.68 £+ 0.38 1.05E11
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3. Results

3.1. Minimum Mass of Ionized Gas

/NERTAEE
. ERE - 2aERR
%  HII regionH DELEENO++ICH D ERE, Teff > 40,000 KH\hE

4 - D% My
i—;‘Alohvlo ¥

Muin(H™) = Fio -

% Aio: Einstein AREL, g1: FEETHIEH(3), gr: PECEEE =5 giexp[-AEi/kT], h: Planck
EH, vio: BRILRIKEL, D HEEERE, x(O*): /XY F YR (O**/H* 2 O/H) T
I& O/H = 5.9E-4 Z{RE,

TS
< Mmin(H+) ~ 3.0E+9 pgt Mo ~ 1% M(H2)
** ionized/molecular fraction H/ &L\ (<=> ~12% for M82)

R/

¢ EEOEERO/HEICKREAITZEDT, TeffliciB < KEFT 5
Teff ~ 36,000 K => BBRD~14%D0++ => BHEARXIE7EF



4. Discussion: Gas Excitation Mechanisms
4.1. APM08279 (1/3)

< 4.1.1. The Ionization State of the Gas
% [NII]205um H{E>S & EBERREN D D, N+ ion. potential: 14.5eV, N++: 30 eV

DT, O++ NMHEBZARXIEN++ICHE>TWD, N+/O++LIXUVIZDE S ICIKRTE
% [OIII]88 / [NII] 205 > 17 ==> Teff D TIREZ 525

% 4.1.2. Stars as the Energy Source
s % R B DI gas density, abundance, stellar Teff

O/H = 6.76E-4, N/H = 1.15E-4 %{K%E ("K” model, Rubin85)

[OIII]/[NII] ==> Teff > 36,000 K (O9V star)

nu > few cm=3 if M(H+) < M(H2)

Nt < 10000 cm™3 if L(ion. star) = L_FIR

“K49” model (107°49 ion. photons/s/HII region) — O star®{EHN D H 5

M(H+) ~ 4.3E+10 pgt Mo if Teff = 36,000 K
(3-30)E+8 09V stars (Teff = 36,000 K)
L(O9V) ~ (4-40)E+13 pgt Lo

M(H+) ~ (3-8)E9 pg! Mo if Teff = 40,000 K
(3-10)E+7 O7.5V stars (Teff = 40,000 K)
L(O7.5V) ~ (6-20)E+12 pg! Lo

M(H+) ~ 0.6% - 8% of M(H2)

< low-metallicity "D49” model (O/H = 1.27E-4) f£&. M(H+)I5%, OE2EIL3E

R/
%®

7/
%

R/ X/ K/ 7/
%S 00 00 o0
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Discussion: Gas Excitation Mechanisms
4.1. APM08279 (2/3)

4.1.2. Stars as the Energy Source (cont’d)
M82 & D ELER

60,000 ionization-bounded HII regions, ne ~ 180 cm™3, #NZ N DHII
regionl£104° photonZz H9 1EADKEEE

M(H2) ~ 8E+8 Mo
2-3 Myr g4 U7z instantaneous burst (M < 100Mo IMF)%Z{RET % &.
L star ~ (3-5)E+10 Lo &£7%%, L_FIR ~ 2.3E+10 Lo &consistent,

< #BODSF indicator (H+, PAH) & D LB -2 4H 5 APM08279(EBLROEE TH+,

PAHIZ&ICILT=T,

<  AGN
L_[OIII], L_FIR, M(H2) I&. M82 ® 3000 pg! fZSIc AT —ILT=3, (f=F
L. L_FIR @ 1/3-1/2 A' staruburst 7&%5) ,

D Z D [FAGN heated (Tdust = 65 K &E X (L consistent)

*

FEEMB2DHEFE L AR EHBH A L. 5E+8 pgt 09V stars, IMF ZE L&EbtEN
¥, L_FIR ~ 6.9E+13 pyglLo #HBET=Z 3
SFR_FIR ~ 12,000 pg! Mo/yr

10



4. Discussion: Gas Excitation Mechanisms

4.1. APM08279 (3/3)

% 4.1.3. The AGN as the Energy Source — [OIII] flux Z NLR THBET & EDRD?

/7
0‘0

7/
%®

—fRIC ...
AGN NLR nH ~ 100-10,000 cm™3 (average 2000 /cc)
ZD&ZE, [OIII]5007A/88um ~ 0.3 (3) to 65 (180) for “K” (*"D”) model
[OIII]5007(ZAGN L_bol & RWHES, L_ O3 = L_bol / 3500

APM
L _bol ~ 7E4+15 pgtLlo = L_O3 ~ 2E+12 pg !t Lo = L_[OIII]88 ~ 1E+10 -
6E+12 pg! Lo (nH, abundancelc &%) --> “abundance”? see Rubin 85

nH ~ 2000 (1000) /cc for “K” (*"D”) model & 5(X. &Rl L_[OIII] X
100% AGN #IJRETH KL

A/l: K, D model > T7RIC ? (see Rubin 1985)
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4. Discussion: Gas Excitation Mechanisms
4.2. SMMJ02399

% L2SW (pure-SB) (X9 %%
< I(PAH6.2um) ~ I([OIII]88) &M . star-formation paradigm (not AGN)
% [OIII]5007 & DLbER
[OIII]5007 / Ha (=1.5) i& O++/H+ HIcik?E - UV OFES
[OIII]5007 / 88um (=4.8) & density KT

Teff = 40,000 K (O7.5 stars), nh ~ 100, 1000 cm-3 if low-Z (*D") and
Galactic-Z ("K") TEL<EHHER=Z 71 v N TE3

M(H+) ~ (3.3-30)E+9 pg! Mo (lower value for “K” model)
L_[OIII] (& 1.0E+8 pgt 07.5 stars [ZX IS

Z Dy ElE. L_FIR ®75%%&tA — SFR = 5000 pg! Mo/yr
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5. Outlook

%  fttd oxygen fine-structure line

% [OIII]52 Z2>H ZIE. gas density H*oh S, [0III]52/88 = 0.7 (low n) = 10
(highn, n > 10*cm= TYF %), 5& 2 ERREIZ/CH. Herschel f2&EWiTF 3
()
[OIV]26 ZD M ZIX. UV hardness BXoh 3, AGN/SBDYID 731+ H E]EE,

7/
%®
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Abstract

Dwarf Galaxy Survey (DSG): Herschel/SPIRE MD230hrz# U TIEEE = IR & €74
L. AN - X -BZ ML —RITEIBRRBERODT—IR—XZBEITZTO0I7 K,
S0E DR, TEE  1/50 Zsun N5 ~1 ZsunEX T. SFR : 447

BHIC, low-Z dwarfiRJADISMOYBEZRTD &, EKICT AN - HRAOEE, £LV
heating/coolingZ7 Ot X %= x5 2 EHBIZ

PACS, SPIRED Y v 7, FIRMH#ESEHR ([CII]158, [OI]63, [0I]145, [OIII]88,
[NIII]57, [NII]122, [NII]205). & & O'SPIRE/FTSIC & %CO (J=4—-3 to 13—-12),
[NII]205, [CI]370, [CI]609%EXS,

B TILED, YU TILIRAONE., SFABE, KERT—5 O
BROGGHDOLETRY, [HN: SBRESICHENHS 7]
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[OIII]88?

% [OIII]88

\/
%

R/
0‘0

7/
%

13%9H30H AEH

8D MHES LYFIR fine-structure line® > 50 & D (cf. [CII]158, [NII]122,205,

[NIII]57, [O1]63,146, [OII1]88,52)
ISO T88EMEEEAAER L. 75% i, [CII]158, [O1]163 ICItAT 2-3&H

IC3W, ~10%TlEEHMML, L[OIII]88 / LFIR = 0.03%-2% (median: 0.15%)
O++%1E5ICIE35eV photon (Teff > 36000K) h\hE, fEEICHIE (level: 164 K,
critical density: 510 cm”-3)9 2D T, BEESA R DREICIE insensitive,

57T [OIII]15007A (£ AGN NLR T—&FAB 5 L\AI{RIELR
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