
S. E. Anderson1, 2, P. Rousselot2,  E. Jehin3, B. Noyelles2, J. Manfroid3, P. Hardy4, 2 and V. Robert5, 6

1 LAM, Laboratoire d’Astrophysique de Marseille, Aix Marseille University, 38 rue Frédéric Joliot-Curie, Marseille, 13013 France e-mail: sarah.anderson@lam.fr
2 Institut UTINAM UMR 6213 CNRS, Université de Franche-Comté, OSU THETA, BP 1615, 25010 Besançon Cedex, France
3 STAR Institute, Université de Liège, Allée du 6 Août 19c, 4000 Liège, Belgium
4 Laboratoire Interdisciplinaire Carnot de Bourgogne, UMR 6303 CNRS, Université de Bourgogne, 9 Av. A. Savary, BP47870, F-21078 Dijon Cedex, France
5 Institut Polytechnique des Sciences Avancées IPSA, 63 bis Boulevard de Brandebourg, 94200 Ivry-sur-Seine, France
6 IMCCE, Observatoire de Paris, PSL Research University, CNRS UMR 8028, Sorbonne Universités, UPMC, Univ. Lille 1, 77 avenue Denfert- Rochereau, 75014 Paris, France

Cracking the Comet 
Cold Case

New results from blue comet 
C/1908 R1 (Morehouse)
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Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet

The Nitrogen Depletion in Comets
All of 1P/ Halley’s light 
elements were found in the 
same relative abundance as in 
the Sun – except for nitrogen. 

Geiss 1987, Composition 
measurements and the history of 
cometary matter.
Values from the mass spectrometer of 
the Giotto spacecraft.
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THE COMPOSITION OF 
COMETARY ICES

Bockelée-Morvan and Biver, 2007

Other
CO/H2O ~ 4 - 8% 

(DelloRusso et al. 2016)

N2/CO ~ 0.1%
(Cochran et al. 2000)
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The N2/CO ratio

N2
+ and CO+ in Comets 122P/1995 S1 (deVico) and C/1995 O1 (Hale-Bopp) 

Anita L. Cochran, William D. Cochran and Edwin S. Barker, 2000 

‘g’ factors or ‘excitation’ factors of: 
7.0 × 10−2 photons.sec−1.mol−1 for the N2

+ (0,0) band 
(Lutz et al. 1993) 
3.55 × 10−3 photons sec−1.mol−1 for the CO+ (2,0) band 
(Magnani and A’Hearn 1986) 

Owen and Bar-Nun (1995) 
estimate this ratio should 
be in the order of 0.06



Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet

Context: Comet C/2016 R2 (PanSTARRS)

● Remarkably depleted in water with an 
observed H2O/CO ratio of only ~0.32%
(McKay et al. 2019).

● Spectrum dominated by bands of CO+ 
as well as N2+ : N2/CO is estimated to 
be 0.09 (Anderson et al. 2022) 
— consequently blue!

● Dust poor with a Afρ ∼ 750 cm 
(Opitom et al. 2019).

● Low CN production rate of only (3 ± 1) 
×1024 mol/s (Opitom et al. 2019). 



Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet

Average Comet C/2016 R2 (PanSTARRS)

McKay et al. 2019





Le Grand Larousse de L’Astronomie, 1948
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Blue Comet C/1908 R1 (Morehouse)
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Blue Comet C/1908 R1 (Morehouse)

● Observed from September to December 1908.
● Notable for rapid tail variations after becoming

visible beyond 2 au (Chambers et al. 1909)
● Blueish color due to dominant ion emissions (blue,

violet, and UV light) (Guillaume et al. 1908).
● Spectroscopic analysis of comet tails was rare at the

time; second after Comet C/1907 L2.
● Absence of continuous spectrum in tail (Deslandres et

al. 1908)
● Depletion of CN in the coma, Campbell et al. 1908})
● Detected bright bands at 4256 Å and 4279 Å, later

identified as CO+ emissions (De la Baume Pluvinel et
al 1911).

● First ever confirmed detection of N2+ in a comet
(Deslandres et al. 1909).
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Three-pronged approach:

Dynamics
Do the two 

comets have 
similar 

dynamical 
histories?

Composition
Do the two 

comets share 
their unique 

compositions?

Morphology
Did the two 

comets behave 
the same way 

when visiting the 
inner solar 

system?



Dynamics01 Do the two comets have 
similar dynamical histories?

Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet
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Orbital Elements
Element C/1908 R1 (Morehouse) C/2016 R2 (PanSTARRS)

Date 1908-Oct-31.0 2018-May-29.0

e 1.0009 ± 0.0002 0.9963 ± 1.9501 x10-6

a (au) -1023.0389 ± 182.87 705.3500 ± 0.37245

q (au) 0.9454 ± 0.0001 2.6024 ± 1.1386 x10-6

i (deg) 140.1738 ± 0.0008 58.2241 ± 8.7863 x10-6

node (deg) 104.4586 ± 0.0006 80.5690 ± 6.748 x10-6

Arg. of perihelion (deg) 171.5825 ± 0.0103 33.1919 ± 2.0025 x10-5

Time of perihelion (TDB) 1908-Dec-26.2480 ± 0.0063 2018-May-09 ± 9.1186 x10-5







Comets are like cats: they have 
tails, and they do precisely what 

they want to.
David H. Levi, Comets
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Dynamical History

MERCURY Simulation
Av. eccentricity: 1.16

REBOUND Simulation
Av. eccentricity: 1.00

Despite the uncertainties, C/1908 R1 is clearly dynamically new.
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Is it interstellar?

−
𝐺𝑀⊙

2𝑎
=
1
2
𝑣∞
!

Where:
• G is the gravitational constant.
• M⊙ is the mass of the Sun.
• a is the semi-major axis of the object's orbit.
• v∞ is the velocity of the object at infinity, also known as the hyperbolic excess velocity.

For C/1908 R1, v∞ = 0.9 km/s…significantly lower than the 
excess velocities of interstellar objects

1I/’Oumuamua (27 km/s) and 2I/Borisov (33 km/s).



Composition02 Do the two comets share their 
unique compositions?

Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet





Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet
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Mr Flammarion, Comte de la Baume Pluvinel, Bosler, 
Roland Bonaparte, Général Ferrié
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Plates conserved in the library
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NAROO Project
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Date Observer Exposure 
time rh ∆

1908 October 18
De La Baume 

Pluvinel & Baldet
(Juvisy)

3h57 1.50 au 1.04 au

1908 October 30
Deslandres &  

Bernard
(Meudon)

1h36 1.36 au 1.12 au

1908 October 31
1908 November 1

De La Baume 
Pluvinel & Baldet

7h01 1.35 au 1.13 au

1908 November 28 Deslandres &  
Bernard

1h17 1.01 au 1.58 au

Plates used in this study:





Nucleus
Region

Tail
Region

October 31-November 1 1908

N2
+/CO+ ratio of 7.7%

N2
+/CO+ ratio of 6.2%
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Dust Production & CN
No Afρ of Q(CN) due to the lack of absolute flux calibration of the spectra 
as the exposure time of the reference stars was not given. 

Comparison comet: C/2012 K1 (PanSTARRS).
• TRAPPIST measurements for C/2012 K1 give an Afρ value of roughly 4×103 cm (Jehin+2011).
• By extrapolation, C/1908 R1 Afρ could be around  4×104 cm, assuming comparable 

magnitudes and contributions from dust and gas emissions. 
• C/2012 K1 may not be the best comparison to C/1908 R1, since total magnitude may have 

been less representative of a dust coma and rather a CO+ dominated one. 
• An Afρ upper limit of 104 cm.

• The observed solar continuum was described as weak, but without flux calibration, we 
cannot quantify it.

• Weak solar continuum usually indicates a low dust content, as it is not sufficient to scatter 
the Visible-UV part of the continuous spectrum (also observed in C/2016 R2).

• This also prevents us from quantifying the CN production rate. 

We NEED to find the reference star exposure time!
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Dust Production & CN
We can estimate the CN production by comparing it to another comet at a similar distance.

• Comparison comet: C/2000 WM1
• The CN and C2 intensities line up perfectly: not depleted compared to other comets.
• Could Comet R2 have had the same CN production if it had only come a little closer to the sun?



C/1908 R1C/2016 R2C/2000 WM1
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What about water?
We have no measurements of OH as the spectrum does not go so far into the 
blue, so no estimation of H2O.

• We could not identify the usual 
brightest bands of H2O+ at 620 
and 590 nm. 

• Baldet (1926)  reported a non-
identified band at 7027 Å which 
could correspond to the H2O+ 

(0,6,0) band, but this region is 
also very rich in NH2.

• Baldet specified it was found in 
the head of the comet, which 
favors NH2.

• Two other non-identified bands at 
5369 Å and 4987 Å also 
correspond to NH2-rich regions. 
(NH2 was not identified in comets 
in 1926.)We would also expect to see bright H2O+ (0–8–0) bands at 

6183–6216 Å, but these are not noted in their table.
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What about water?
IF the comet was typical, we can use the Jorda relation to determine its 
water production from its magnitude:

log𝑄[𝐻2𝑂] = 30.76 − 0.25𝑚𝐻

Which would give us a 𝑸 𝑯𝟐𝑶 = 𝟏𝟎𝟐𝟗. 𝟓mol/s.

But bias in water production for C/2016 R2 due to its large heliocentric 
distance, with its perihelion at 2.7 au, when the sublimation efficiency of 
H2O is less than at 1.1-1.4 au; C/1908 R1 has a perihelion of 0.9 au.



Morphology03 Did the two comets behave the 
same way when visiting the inner 
solar system?

Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet
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Tail Evolution



WILFRID GRIFFIN.
Pittsfield, Mass., 
January 14, 1909.
Scientific American











The Press04
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Conclusions05
Comet C/1908 R1 (Morehouse) as a C/2016 R2 (PanSTARRS)-like comet
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C/2016 R2 (PanSTARRS) C/1908 R1 (Morehouse) 

Nearly Parabolic Nearly Parabolic

High N2/CO ratio – 0.09 0.07

Dust-poor - Afρ ∼ 750 cm Very Weak

H2O-poor - H2O/CO < 0.32% Not found

CN-poor – Q(CN) = 3 × 1024 mol/s Not depleted

So, is C/1908 R1 Morehouse a C/2016 R2 
PanSTARRS-like comet? 
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Formed in 
unique formation 

zones?

Remnants 
from another 
solar system?

Fragment of a 
differentiated 

object?

But what ARE they?
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But astronomers are far from having said their last word on the composition of 
comets, and we must hope for the appearance in the sky of some brilliant 

comets to allow us to go further in the study of the constitution of these 
strange bodies. So, you see that if comets no longer spread terror, as in 

the past, they are still filled with mystery today.

Aymar de La Baume Pluvinel



Thanks!
Let’s talk comets! 
Sarah.Anderson@lam.fr
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