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Earths & Super Earths 
Around M Dwarfs��

 

0.1 1.0 10.0
Distance (AU)

0.1

1.0

M
 / 

M
O •

10 M
E  at K = 10 m

/s
5 M

E  at K = 3 m
/s

10 M
E  K = 3 m

/s

Sun

M5

M3.5

M2

M1

M0

Mid/Late M stars are attractive targets since RV amplitude of terrestrial 
planets in HZ  is so much higher than around F, G, K.  



The NIR Bands 

The Y band is quite clean compared to J and H, and has the most 
amount of RV information for mid-late M dwarfs…… 



Pathfinder Instrument @ PSU 

Pathfinder : One that discovers a new course or way, especially 
through or into unexplored regions. 

 
• Penn State NIR Pathfinder spectrograph is a test bed to explore 
challenges in precision NIR radial velocities. 

• Pathfinder is a testbed built from existing off the shelf available parts. 
Uncooled, uses a H1 array that is sensitive to 2.7µm 

• Initial motivation was to retire some of the risk in the Gemini PRVS 
proposal, which it succeeded in doing.  

• Now going beyond to explore more of the fundamental issues in NIR 
velocity extraction to pave the way for future instruments. 





Challenges: Calibration 

U has a lot more bright lines in the NIR than Thorium. Ar  lines 
are extremely bright and not usable at precisions of few m/s 

U-Ne lamps now in routine use in Pathfinder   

An FTS NIR ATLAS OF Uranium lamps now 
published and available: Redman et al. 2011, APJS!

• Exploring Other lamps.  

                            Thorium 232Th    Uranium 238U 

Heavy Element         Yes                       Yes 

0 nuclear spin           Yes                       Yes 

Long ½ life                Yes                       Yes 

Many Lines               Yes                       Yes 

Mononucleide           Yes                       NO  

                                                         (0.7% 235U) 

 

The Astrophysical Journal Supplement Series, 195:24 (9pp), 2011 August Redman et al.

Figure 5. Comparisons to historical uranium line lists. Top: a comparison to the lines of Palmer et al. (1980). The average offset and one standard deviation of this
offset is (0.75 ± 0.53) ! 10"3 cm"1. The equivalent velocity offset and single standard deviation (using the central wavenumber) is (20 ± 14) m s"1. The fact that the
statistical deviation between the two data sets is smaller than the estimated uncertainty for most lines indicates that Palmer et al. (1980) did a good job estimating the
uncertainty of their uncalibrated data. Some outliers are weak lines near bright, unresolved uranium lines (which exhibit ringing); these lines are difficult to measure,
and our measurements differ slightly from those of Palmer et al. (1980). Bottom: a comparison to the lines of Conway et al. (1984). The average offset and one standard
deviation of this offset is (1.26 ± 0.80) ! 10"3 cm"1. Error bars in each are the sum in quadrature of our uncertainties and the uncertainties of the aforementioned
authors. In the case of Conway et al. (1984), we have omitted the error bars for readability; the average error bar in this case is ±0.001 cm"1. The equivalent velocity
offset and single standard deviation (using the central wavenumber) is (57 ± 36) m s"1.

Figure 6. Histograms of the number of documented standard uranium, thorium, argon, and neon lines in the NIR. It is important to note that these distributions are
not necessarily proportional to the intrinsic distribution density of these spectral lines, since these lines are compiled from various sources and different observation
conditions. Top: histograms of the uranium (this work) and thorium (Kerber et al. 2008) lines in the NIR. The large gap in the number of uranium lines around
9250 cm"1 is from a gap in the spectral response functions of these archived data. The spectral response functions of SP5 (left) and SP3 (right) are based upon tungsten
strip lamp spectra taken with the same observing conditions as the U/Ar or U/Ne spectra. The drop in the number of uranium lines above 12,000 cm"1 is purely
artificial, based on our chosen upper limit for this compilation. Bottom: the same, but for argon (Whaling et al. 2002; Sansonetti 2007) and neon standards (Sansonetti
et al. 2004).
(A color version of this figure is available in the online journal.)

lamp spectra taken under the same observing conditions as their
corresponding uranium spectra.

The bottom plot in Figure 6 shows a comparison between
the number of neon and argon lines in the same spectral region
(bottom). As shown in Figure 1, not only are the neon lines less
numerous, they are also much fainter than argon lines in the
same spectral region.

6. CONCLUSIONS

We have measured 10,100 uranium lines in the NIR, which
represents a significant increase in the number of calibration
lines over the current NIR emission standard, Th/Ar. This line
list has been generated specifically with astronomical appli-
cations in mind—we have taken care to avoid blended lines,
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Challenges:NIR Detectors 

HgCdTe!
Inter Pixel Capacitance!

Persistence!

Image Credits: Ian 
McLean, Jim Beletic, 

Dali!



Pathfinder @ HET 

May-August 2010: Tests at the HET to 
obtain stellar RVs in the NIR 



Pathfinder @ HET 

Observations of Tau Boo with 
Pathfinder@ HET 

10-15m/s RV precision over 6-7 days 

star 

U/Ne 



Pathfinder @ HET 

Pathfinder is currently the only high resolution fiber fed NIR  
astronomical spectrograph on  built for RV precision!

!
• Valuable Test bed for Frequency Combs that really can only 
reach their full potential with a fiber-fed spectrograph!

• Pathfinder team collaboration with NIST/CASA to test their 
H band frequency comb.!

• H band!.!



Pathfinder @ HET 





RVs with Simultaneous Ref. 

Stellar NIR RVs with Laser Frequency Comb 

comb!

star!



Challenges: Telluric Lines 

Terraspec Telluric Modeling Code (Bender et al. 
2012, in prep) 



First On-Star RV Results with a NIR Laser Frequency Comb! 



Challenges:Fiber Modal Noise 
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Coherent light of a given focal ratio entering an optical
fiber excites a unique set of modes and produces a
specified modal distribution pattern.

Non-uniformities in a fiber, such as index of refraction
variations, fiber diameter variations, and core-cladding
interface irregularities, affect modal propagation in a
quasi-random manner, redistributing power between the
various modes. External stresses, temperature
fluctuations, and beam truncation change the modal
distribution in a fiber

However, stability of the instrument profile on the
spectrograph is key in measuring tiny Doppler shifts!
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Test modal noise at 635 nm and 1550
nm using single mode fiber pigtailed
laser diodes

Couple single mode fibers to 200
micron multimode fiber and image
fiber output face using NIR camera

Vibrate multimode fiber at 60 Hz to measure
modal noise difference between static and
vibrated frames
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The HZPF on the HET 

The Habitable Zone Planet Finder at the Hobby-Eberly 
Telescope 

Timescale: ~2014 



HZPF 



In Summary 

• Significant Development work is going into NIR RV 
Spectrographs!

!

• Frequency combs are now in use in astrophysical settings!

• Significant challenges in NIR RVs are being overcome 
with AMO/Laser Physics, astronomical spectrograph design, 
fibers, detectors, and atmospheric physics.!

• Testbeds are REALLY useful………!



Spectral Lines 

Terraspec Telluric Model: Can Do Very Well 
with Atmospheric Physics & HITRAN 



Spectral Lines 

Terraspec Telluric Model: Can Do Very Well 
with Atmospheric Physics & HITRAN 


