
Goal:  Start an all-heliosphere Lyman-alpha campaign to study
27-day variations

Why? Heliospheric Lyman-alpha is multiply scattered around
the Sun;  so observed heliospheric 27-day variations should 

be increasingly damped with increasing radial distance

The damping can determine the heliospheric hydrogen 
density, independent of UV calibrations.



Shemansky, Judge and Jessen 1984 found strong damping in Pioneer 10 (at 30 AU) and less 
damping in Voyager 2 (at 10 AU) Lyman-alpha data from 1982…

Pioneer 10 (thick) compared to SME (thin)                  Voyager 2 (thick) compared to SME (thin)





Quemerais et al.:
27-day wave 
damping with 
distance illustrated 
for a hydrogen 
density of 0.15 cm-3



Quemerais et al.  next applied their damping 
model to 1991 Voyager data, here using 
a hydrogen density NH =0.10 cm-3.

The amplitude of 27-day Lyman-alpha waves was damped
by 0.4 at ~44 AU  (New Horizons recently hit 50 AU)

Paper concluded NH=0.15+/-0.10 cm -3

Generous error bars reflect somewhat
noisy Voyager data.

(New Horizons potentially provides higher
signal-to-noise data)





Cassini Data from 2003-2004 
(10 AU out from the Sun).

A single-scattering
model matched some 
rotations of the data. 

Damping from multiple 
scattering is not yet obvious 
at 10 AU



Voyager 1 data
from 2003-2004

• Solar modulations at 88-92 AU
were very damped, by a factor 
of  ~0.21 compared to the 
optically thin model

We next compared this 
damping to expectations from 
Pradip Gangopadhyay’s two-
shock outer heliosphere model



H Densities are ~ constant outside the ionization cavity near 
the Sun, until heliospheric boundaries are approached.
Pradip’s models used in Pryor et al. 2008 included a 
hydrogen wall (left) H density tabulated is the value near 
the termination shock, after filtration by outer heliospheric
boundaries.



Lyman-alpha damping estimates for the hydrogen density so far are compatible with 
New Horizons SWAP based estimates from pick-up protons…
(NH=0.127+/-0.015 cm-3 at Termination Shock)



New complications:

• Galactic Lyman-alpha signal may be significant in the outer 
heliosphere

• Katushkina et al., 2017 found possible galactic signal ~25 R

• Gladstone et al., 2021 found isotropic galactic signal 43+/-3.4R

• This needs to be worked into future damping calculations 

• Pradip’s code is no longer available

• Others here may have suitable codes?



When should we have
a campaign?
• At solar minimum, 27-day 

modulation is usually small (no 
sunspots)

• Should be done during current 
rising phase in solar activity at a 
time when the Sun has a 
significant active region..

• Based on previous work, expect 
New Horizons to see significantly 
damped (factor of ~0.4?) 27-day 
waves at its current location.

• Best results will be obtained 
when Earth and New Horizons are 
near opposition:  seeing same 
Sun!



Summary:

-New Horizons Ultraviolet Spectrometer could improve on these earlier 
hydrogen density determinations

-New Horizons has not yet studied 27-day variations at Lyman-alpha.

-Maybe we can arrange for a campaign involving multiple spacecraft in 
coming years?


