
The Enigmatic
Diffuse Interstellar Bands

Ben McCall
Department of Chemistry and Department of Astronomy

University of Illinois at Urbana-Champaign

Apache Point Observatory DIB Collaboration:

Meredith Drosback (Colorado), Scott Friedman (STScI), Lew Hobbs (Yerkes), Ben McCall 
(UIUC), Takeshi Oka (Chicago), Brian Rachford (ERAU), Ted Snow (Colorado), Paule

Sonnentrucker (JHU), Julie Thorburn (Yerkes), Dan Welty (Chicago), Don York (Chicago)



The First Interstellar Radical
As of 1900, two types of lines known in stellar spectra: stellar lines or 
atmospheric lines

In 1904, J. Hartmann (Potsdam) studied the binary star δ Orionis and
observed velocity variations in stellar lines.

“Among the lines...the calcium line at λ3934 [K] exhibits a very peculiar behavior.  
It...does not share in the periodic displacements of the lines caused by the orbital 
motion of the star.”

“We are thus led to the assumption that at some point in space in the line of sight 
between the Sun and δ Orionis there is a cloud which produces that absorption...we 
admit the further assumption, very probable from the nature of the observed line, 
that the cloud consists of calcium vapor.”

Ca+



Interstellar Na·

In 1919, Mary Lea Heger (Lick) found the sodium D lines are 
“stationary” in binaries β Sco & δ Ori.

“The close relationship between the D lines of sodium and the H and K 
lines of calcium in the two stars...is very striking.  We have still to look 
for an explanation of the peculiarity in these lines.”

“Do sodium clouds similar to the hypothetical calcium clouds exist in 
space?...Are there any other star lines which we might suspect of a 
behavior similar to that shown by the H and K and the D lines?”



Molecular Radicals

• Unidentified lines observed in late 1930s
• Assigned to CH, CH+, CN in the early 1940s

CN

CH

Adams, ApJ 93, 11 (1941)



Interstellar H· (21 cm)



Ubiquity of H·
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Dense vs. Diffuse Clouds
Diffuse clouds:

• H ↔ H2

• C → C+

• n(H2) ~ 101–103 cm-3

• T ~ 50 K

ζζ PerseiPersei

Photo: Jose Fernandez Garcia

Dense molecular clouds:

• H → H2
• C → CO
• n(H2) ~ 104–106 cm-3

• T ~ 20 K

Pound
ApJ 493, L113 (1998)



A Census of Galactic Radicals
• H· 3×109 M = 6×1042 g ~ 3×1066 radicals

• Optical studies:
– CH ~ 5×1057

– CH+ ~ 8×1058

– CN ~ 7×1057

– OH ~ 1×1059

– NH ~ 2×1057

– C2 ~ 5×1058

– C3 ~ 4×1057

• Radio studies:
– C2H ~ 3×1058

– C3H2 ~ 2×1057

– (HCO+) ~ 5×1057

– (HOC+) ~ 8×1055

• Infrared studies:
– (H3

+) ~ 2×1059

Based on abundances from Snow & McCall, ARAA 44, 367 (2006)

– DIBs ~ 1058 ?



Discovery of the DIBs

B. J. McCall, in preparation

• λλ5780, 5797 seen as unidentified bands
– ζ Per, ρ Leo (Mary Lea Heger, Lick, 1919)

• Broad (“diffuse”)
• Possibly “stationary”



Interstellar Origin

P. W. Merrill, ApJ 83, 126 (1936)

P. W. Merrill, PASP 483, 179 (1936)



DIBs as Radicals?
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A Growing Problem
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• Mostly in the visible
– 4175–8763 Å

• None known in UV
• Few in near-infrared

– 9577, 9632, 11797, 13175 Å



Examples: Lorentzian Profiles

Snow, Zukowski, & Massey, ApJ 578, 877 (2002)

0.38 ps



Examples: Smooth Profiles

Krelowski & Schmidt, ApJ 477, 209 (1997)

M. Drosback, Ph.D. Thesis (2006)



Examples: Fine Structure

Galazutdinov et al., MNRAS 345, 365 (2003)



Examples: Molecular Structure?

Kerr et al., MNRAS 283, L105 (1996)

Sarre et al., MNRAS 277, L41 (1995)

Galazutdinov et al., MNRAS 345, 365 (2003)



The APO DIB Survey
• Apache Point Observatory 3.5-meter
• 3,600–10,200 Å ; λ/∆λ ~ 37,500 (8 km/s)
• 119 nights, from Jan 1999 to Jan 2003
• S/N (@ 5780Å) > 500 for 160 stars (115 reddened)
• Measurements & analysis still underway



Echelle Image

KH

D

A

Fraunhofer Lines

H: Ca II ~ 3968 Å
K: Ca II ~ 3934 Å

D: Na I ~ 5890 Å

A: O2 ~ 7650 Å



Stellar Spectra
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Overview of Preliminary Results

• Spectral atlas of DIBs
– for comparison to laboratory spectra
– Version 1: HD 204827
– Version 2: Four reddened stars

• DIB correlations
– between DIBs & other species

→ chemistry, environment of carriers

– among DIBs
→ spectra of carriers



DIB Spectral Atlas: Version 1

• Initial target: HD 204827
– heavily reddened: EB-V=1.11
– early spectral type: ~B0V
– fairly bright: V=7.94
– member of open cluster Trumpler 37

• in Cepheus OB2 association

• Abundant C2

• Champion of C3

Adamkovics, Blake, & McCall, ApJ 595, 235 (2003) 



Spectroscopic Binary!

10 Lac

avg

Night 1

Night 2

Night 3

Night 4

Night 5



Great Test for DIBs

• DIB count: 259 confirmed, 115 new, 374 total!
• Atlas to be released late 2007 or early 2008



DIB Spectral Atlas: Version 2

Four heavily reddened stars:

< 6×10121.27B7IaeHD 183143

160×10121.39O8eHD 166734

200×10121.99O7fCyg OB2 5

440×10121.11B0VHD 204827

N(C2)EB-VSp. TypeStar



Atlas Plots: 4300–4500 Å
reddened

unreddened
previous

w
orkDIBs



Atlas Plots: 4900–5100 Å
reddened

unreddened
previous

w
ork



Atlas Plots: 6500–6700 Å
reddened

unreddened
previous

w
ork



Statistics & Status

• Issues still to address:
– defining the continuum
– blends of DIBs with each other

• Complete atlas sometime in 2008

3812701115 σ10 σ

Total 
DIBs

Confirmed 
DIBs

New 
DIBs

Criterion   
(4 stars)

Criterion   
(2 stars)

4 σ ― 284 350 634

8 σ 4 σ 151 291 442



DIB Correlations: H & H2

r=0.944
(linear fit,

w/o outliers)
r=0.589

(linear fit)

λ5780 well correlated with H
[a la Herbig ApJ 407, 142 (1993)]

York et al., in preparation

no correlation with H2



The “C2 DIBs”
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• First set of DIBs known to be correlated with a 
known species!

Thorburn et al, ApJ 584, 339 (2003)



Correlations Among DIBs
• Assumptions:

– gas phase molecules
– DIBs are vibronic bands
– low temperature

• carriers all in v=0
– relative intensities fixed

• Franck-Condon factors
• independent of T, n

• Method:
– look for DIBs with tight 

correlations in intensity
• Prospect:

– identify vibronic spectrum of 
single carrier

– spacings may suggest ID X v=0

A v=0



Correlation Plots
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Example: Bad Correlation

r=0.55



Example: Good Correlation

r=0.985

measurement errors
could be causing deviations?



More on λ6613 & λ6196

• Observed r=0.985
• Assume perfection
• Add Gaussian noise
• 1000 M.C. trials
• Double the noise
• 1000 M.C. trials
• Statistically OK if we 

underestimated errors

r=0.996
r=0.985

Can observed scatter be due to measurement errors?



Statistics of Correlations

• 58 strong DIBs
• Pairs of DIBs

observed in >40 stars
• 1218 pairs
• Generally well 

correlated
• Few very good 

correlations
– 118 with r > 0.90 
– 19 with r > 0.95



Why So Few Perfect Correlations?

• Assumption of a common ground state bad?
– energetically accessible excited states?

• spin-orbit splitting?
– if linear molecules

• low lying vibrationally excited states?
– if very large molecules

• “Vertical” transitions?
– intense origin band
– weaker vibronic bands

• correlations could be seen with weaker bands?



The Road to a Solution

• Laboratory spectroscopy is essential!
• Blind laboratory searches unlikely to work

~107 organic molecules known on Earth
~10200 stable molecules of weight < 750 

containing only C, H, N, O, S
• Observational constraints & progress are 

also essential!
• Computational chemistry will play an 

important role
• Close collaborations needed!



• Infrared spectra of ions important in:
– astrochemistry
– atmospheric chemistry
– propulsion/combustion

SCRIBES: Sensitive Cooled Resolved Ion BEam Spectroscopy

Advertisement

• Optical spectra → DIBs ?



NASA Laboratory
Astrophysics

http://astrochemistry.uiuc.edu
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