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APPENDIX B: SUPPORTING INFORMATION Table B1. Catalogue of the most accurate and precise laboratory garam

d ters for fitting H, absorptions lines. Represented are all allowed Lyman and
Werner H transitions between the lowest 8 rotational levels in treugd
and excited states with excited state vibrational quantumbers up to 20

Table B1 and Fig. B1 are the complete versions of Table 1 an
Fig. 1. Captions for both Table B1 and Fig. B1 follow but only

_F'g' Bl '_s presented in this docume_nt. Table _Bl IS 'ns_tead'm and 6 for Lyman and Werner transitions, respectively. Tte Golumn pro-
in machine-readable ASCII format in the online version & ffa- vides a short-hand notation for the transition: lettersatera Lyman (L) or
per. Werner (W) line and the branch, where P, Q and R repre¥ent] = -1, 0
and 1, respectively, fal andJ’ the ground state and excited stditevels,
respectively; the firstinteger is the excited state vilral quantum number
and the second i&. The second column gives the most precise reported lab-
oratory wavelength and its &-uncertainty is given in the third column; the
fourth column provides the reference=1Bailly et al. (2009), 2= Ubachs
REFERENCES etal. (2007) (a sfiix “a” refers to directly measured wavelengths while “b”
refers to wavelengths calculated from directly measuneeklivia combina-
tion differences) and 3 Abgrall et al. (1993) for the excited state energy
levels with ground states derived directly from Jenningalef1984). Note
that wavelengths with reference 3 are much less precisettioze from ref-
erences 1 and 2. The fifth column gives the oscillator stiengthich were
calculated from the EinsteiA codficients given by Abgrall et al. (1994).
The sixth column gives the (natural) damping @méents which were cal-
culated from the total transition probabilities:] in Abgrall et al. (2000).
The final column gives the sensitivity déieients calculated in Ubachs et al.
(2007) which have estimated uncertainties of typicall§x 104 (see main
text).
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856

Abgrall H., Roudf E., Launay F., Roncin J.Y., Subtil J.L., 1993, J. Molecu-
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Figure B1. All regions of the J21230050 Keck spectrum fitted simultane-
ously in our analysis. The spectrum (black histogram) isnadized by a
nominal continuum (upper dotted line) fitted over large s@éscales. Lo-
cal linear continua (upper dashed lines) and zero levelgefladashed lines)
are fitted simultaneously with theHD and broader Lyman-lines. The
fits are shown with solid grggreen lines. H/HD transitions are labelled
and their constituent velocity components are indicatedriey/green tick-
marks immediately above the spectrum. Higher above thetrspecare
tick-marks indicating the positions of Lymantines (blue) and Fe lines
(red). Note that the metal-line velocity structure is coaisied with the
Fen 11608 A transition shown in the final panel of the figure. Thedesl
spectrum (i.e. [data} [fit]), normalized to the 1s errors (faint, horizontal
solid lines), is shown above the tick-marks.

© 2010 RAS



2 A.L.Malecetal.
T IMWM/\/:}W T T T IW\\MWJ\/} T T T T
| |
B TR LIn b N
1.0 “m ‘l” Y : o | HMLII |r“ﬂr
i 1: /"
05 : Y 1 i
5 HR : 4
0.0 e BN S -
| jHolsR2 W&
3070 3071 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081
R T T gt
N | Wm H VWMW Hm H
1.0 : L
i H Il ad | . - u‘l‘i
| L‘ I‘H u’.ll “| ‘ th HL‘I‘ jll‘"nr FI“.‘IH : HﬂT r‘ ‘Lﬁh . rl‘ Fﬂ I .
0.5 “W [ [ N: | ! : —
“\"‘ { f
00 : IR ” “l “ - . Nw - ”m‘ L _
.| [ HDWOR0 | HyL8P3 ,}‘12 WOIRI,V\IJOREIHZ WOR2 | Hzl L8R4, WOQI
3080 3081 3082 3083 3084 3085 3086 3087 3088 3089 3090 3091
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1
x ol A
= | [ I i HH | | ] ny
'U 10 [ llu I[\ e |“Li| . Ml . ™
Q i F'F\‘ L "“\ 1 '1"'” A \H o \" W ”‘l"
o - 1 . . . |
s 05 : R l‘ l My M (I
g | o Al I
= ‘ i i il \
2 0.0 = =¥ — e l"! i g — =W
o Ho WOQ2 | | HaWOP2 HoL8P4  Hp WOQ? LRO
3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101
MWMWW 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I WA\ 1
e JLL L M kL PRE Y
RILs WA I 1
05F | : 2l ,‘) : “ —
- U ! IV Al | .
0.0 W - S ataltets i - s
H, LRI Hy WORS,L7PI'  'Hy WOP3 | H2IL7R2|, woQd | HLTP2
3100 3101 3102 3103 3104 3105 3106 3107 3108 3109 3110 3111
1 I 1 I 1 1 I 1 1 I 1 I 1 I 1 I 1 I 1
J L] || N |
\i i
LoF fh WP n'l\" } LILIH‘ : W {IJflrliJ‘in H\v"ﬁjﬂ i
B 1 N ! i N | i v 7]
051 A | 0\ / el W "
- ‘ Y ) ! ¥l 0 .
.
0.0 |- B ey
Mo WOP4LTR3 : 2 WOQS | T T T L LA
3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 3120 3121

Wavelength [A]

Figure B1 — continued

© 2010 RAS, MNRAS0D00, 1-9



Constraint on the variationqgi 3

VWM I 1 1 I MMMI 1 I 1 I 1 I 1 I 1
| I |
1O kol nd £
ll L-"\‘”lﬂ Ihuwt"‘hlrl‘lw”v‘ o
A fl
0.5 |2 - -
00} — — —
L | , , g@pLRO,
3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131
T T T T 1 T 1 T T T T
] . N
1.0 = 1,*“', Al -L|‘ : P
B | Nwl\ y ‘1' M]I y ] ‘AI"\J-‘-M-‘l‘\HJ " h“ ‘EVI|
051~ W I‘ﬂ N: P\ ST
n I . ]
0.0 : Eialiatial; nEhalie T
__ [HaL7P4 | floLORO
3130 3131 3132 3133 3134 3135 3136 3137 3138 3139 3140 3141
. WWWWM
=
= ol L RN Y
Bl [P R b — ol Parsl— — — T B
S (" i ¥ o My l.""‘|"r"“‘
=05k | e Al 7]
g ' :f .
: AL
go.o—fff SN . S . — ’
(2 LpR2 | | HpLgP2: HpL7PS jH2 L6R3 | L
3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151
S B R T
| \ \ \
L AL i
b . p. W sl |
§ : gl i Radd? . "JW i ‘
05 LA S
B "»\" _
0.0 SaRaRest SRR . -
L | | Hprop3 | | :H)L6R4 L
3150 3151 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161
1 I 1 I I I 1 I 1 I 1 W\/\I\/‘MN\I I 1 I 1 I 1
1.0+ il ‘H I —
. P H }yL“ ‘
05} |
0.0 :
L | T T R L L T R
3160 3161 3162 3163 3164 3165 3166 3167 3168 3169 3170 3171

© 2010 RAS, MNRASD00, 1-9

Wavelength [A]

Figure B1 — continued



4

Normalized Flux

A. L. Malec et al.
1 I 1 I 1 1 1 I 1 I 1 1 I 1 1 1
\ - I
1.0 | : ||f“'»l' h\" 4 : }‘n i ]
= : 1 1 I‘['n i HTIL‘ : o ! .
0.5 P | i
0.0 [y e )"ﬂ “““““ "l‘ - 7
Ly HlSL GHgLsR2
3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181
1 I 1 I 1 WVWNI I 1 WMWV I 1 I 1 I 1 I 1 I/\N\N\M
] N N
1.0 H" ) o “J"rr' S 1"‘1 “_“‘Tj_
| |: "‘l‘ | o Fr \i ]
05 : } _
i o° R i
0.0 ~ ~ i ]
L HpLsP2 ) WSR3
3180 3181 3182 3183 3184 3185 3186 3187 3188 3189 3190 3191
1.0 =
0.5
0.0 :
HDLpRO | HoLs3 | GHppsR4
3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 3200 3201
1 I 1 I 1 I 1 I W\/Vv\ 1 I 1 I 1 I 1 I W/W\/
Al T,
1.0+ N ol
y O 1
05+ i'l‘ ‘!‘ —
0.0 |- : Vacnd SR
oy MMM H 4RO
3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I W\N/\Wﬂl
N RN 1)1 ] |
10 B "Llr ‘H -F'H . : “\,- ' : ‘."’ “f S J.,“'.‘ 1
- J‘ LY ‘II{ i 7 .Lqr‘-‘. TR )‘u" B
05 , “ i ‘ % ) ““r u |
0.0 |- 4 — AU . A , _
L Bl H 4P foLAR2 | HpLSPS:
3210 3211 3212 3213 3214 3215 3216 3217 3218 3219 3220 3221

Wavelength [A]

Figure B1 — continued

© 2010 RAS, MNRAS0D00, 1-9



Constraint on the variationgi 5

‘Hp L4R3 ' HD L4RO - Fer 10?5
| Nl | | | L | L | L | —

H, L4P2
3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231

| |
) )

05 B Lo sy — — gty Lf ]
Y J"f‘
\' A .

0.0 [~ L R : —

| | | B H, P4P3 : Hz L4.R4

3230 3231 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241

—
(=)

e
W

Normalized Flux
(e)
=

CHyLAP4 | 'HyLARS,  Fen1062;
3240 3241 3242 3243 3244 3245 3246 3247 3248 3249 3250 3251

| .

in LI3R1, llzeH 1?63 | ;Fell 1|064 : ;H2|L3R2I H; IL4P5

: _HyL3RO
3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261

Hy L3P

'Hp L3R3

'HD L3R0
. L | L | L | L

3260 3261 3262 3263 3264 3265 3266 3267 3268 3269 3270 3271
Wavelength [A]

Figure B1 — continued

© 2010 RAS, MNRASD00, 1-9



6 A.L.Malecetal.

§F2L3.P3|.||.|.|.|.
3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 3280 3281

oy e RS

3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291

—
(=)

e
W

Normalized Flux
(e)
=

3290 3291 3292 3293 3294 3295 3296 3297 3298 3299 3300 3301
I I I I I I I I I I I I I I I I I I I I I

. e — —a - .
b . ] . o .

\
FRpLIL U

1.0

05
of- = - ; oo
'HDI2RO,Hp LPLL2R2,E3PS | HL2P2}
3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311
I I I I I I I I I I I I I I I I I I I I I

L . I L I L I L I L I L I L I L I L I L I L
3310 3311 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321

Wavelength [A]

Figure B1 — continued

© 2010 RAS, MNRAS0D00, 1-9



Constraint on the variationgf 7
L | | T R R R | |
3320 3321 3322 3323 3324 3325 3326 3327 3328 3329 3330 3331
1.0 _
0.5 :
0.0 g :
jH2 L2P4 | Hz2 L2R3 T T R | | -
3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341
.
=
I
= 1.0
Q
N
é 05
8 0.0 : : = .
< 'HDLIRO,HyLIR0  [HyLIRI | | HyL2PS. H;LIPLLIR2 |
3340 3341 3342 3343 3344 3345 3346 3347 3348 3349 3350 3351
— T T — — T T T T T
| | L e
\f \ V‘A"‘I"I)'I"‘I’fl‘"""."I-‘.

0.5 -
0.0 - 77:777: 77777 :77 B
L | | | M LIP2:Hp LIR3 — cFep 1097 | |
3350 3351 3352 3353 3354 3355 3356 3357 3358 3359 3360 3361

1.0
0.5
0.0 :
L | | | F LIP3 L | |
3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371

Wavelength [A]

Figure B1 - continued

© 2010 RAS, MNRASD00, 1-9



8 A.L.Malecetal.

1.0

0.5

0.0 - : E —
HyLIP4 | HLIR]
3370 3371 3372 3373 3374 3375 3376 3377 3378 3379 3380 3381
L . B s B S B B B s B B B e

1.0

0.5

0.0

HyLORQ:
3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391

5 Wiy Wity
- | || L
o) 1.0 ., e T el el
O L L
N . R 1
'g 0.5 : f ]
BooF —— mm¥ms : )
< ' "Hy LORI "Ho LIPS

] | S ] | [ ] | ] | I | ] | | | , | .

3390 3391 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401

1.0

0.5

0.0

 H2foP2. HpLOR3
3400 3401 3402 3403 3404 3405 3406 3407 3408 3409 3410 3411

1.0

0.5

00 SREE _

L Horom | FoLOR4
3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421
Wavelength [A]

Figure B1 - continued

© 2010 RAS, MNRAS0D00, 1-9



Constraint on the variationgi 9

1.0

0.5} .
E 0.0 |- E -
o 5
ho) | | | | | | | | | | | | | | | | Civ |1548 | | | |
g 4905 4906 4907 4908 4909 4910 4911 4912 4913 4914 4915 4916
=

T T T T T T T T T T T T T T T T T T T T T

£
o
Z.

1.0 frnnste

» Bey PSR 1=\ A lly el it LTI
& A . AT TN T ot~ s Arfl . 2 e e ey T
» o . P o f

0.5

00} _
T R R B B e Aas Chier iy SR R
4915 4916 4917 4918 4919 4920 4921 4922 4923 4924 4925 4926

Wavelength [A]

Figure B1 — continued

© 2010 RAS, MNRASD00, 1-9



