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Exoplanets are hot

• All known exoplanets
• Hot Jupiters (M > 0.5 MJ, a < 0.5 AU)

orbital periods of 3 – 120 days
eccentricities of 0 – 0.97

• Nearby HJs (within 50 pc)
• Nearby HJs in the northern sky
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List of targets

only 20% of the band had to be removed in order to achieve this result. During normal

LWA1 observing, we anticipate less than 10% of the data will be lost to RFI.

3. Proposed Observations of Targeted Sources

Our volume-limited survey includes all known extrasolar planets that satisfy the following

criteria:

• The distance (d) to the system is less than 50 pc.

• The system is in the northern sky.

• The semimajor axis (a) is less than 0.5 AU, the typical upper limit for exoplanets to be

considered hot Jupiters.

• The projected mass (M sin i) is greater than 0.5 MJ. Planets with lower masses are

unlikely to emit above the 10 MHz ionospheric cutoff.

Thirteen planets, listed in Table 4, meet these requirements.

We propose to observe each source for 3 hr per day, for 30–40 days. To reach the low

frequencies required by this search, the observations should happen in the pre-dawn hours,

when the ionosphere is quietest. The month during which each source transits in the early

morning is given in Table 4.

Table 4. Extrasolar planets in our volume-limited targeted search

d a Porb M Coordinates Best Num.

Planet (pc) (AU) (d) (MJ) (J2000) month days

Hot Jupiters likely to be tidally locked:

υ And b 13.49 0.059 4.62 1.4 01h37m +41◦24� Sep 37

τ Boo b 15.62 0.048 3.31 6.5 13h47m +17◦27� Mar 43

HD 189733 b 19.45 0.031 2.22 1.13 20h01m +22◦43� Jun 29

HD 187123 b 48.26 0.042 3.10 > 0.51 19h47m +34◦25� Jun 31

HD 209458 b 49.63 0.047 3.52 0.69 22h03m +18◦53� Aug 32

Hot Jupiters less likely to be tidally locked:

55 Cnc b 12.34 0.116 14.65 > 0.84 08h53m +28◦20� Dec 30

ρ CrB b 17.24 0.226 39.84 > 1.06 16h01m +33◦18� Apr 30

70 Vir b 17.99 0.484∗ 116.69 > 7.46 13h28m +13◦47� Mar 30

HD 195019 b 38.52 0.137 18.20 > 3.58 20h28m +18◦46� Jun 30

HD 114762 b 38.65 0.363∗ 83.89 >11.68 13h12m +17◦31� Mar 30

HD 38529 b 39.28 0.131∗ 14.31 > 0.86 05h47m +01◦10� Nov 30

HD 178911 Bb 42.59 0.345∗ 71.48 > 7.29 19h09m +34◦36� Jun 30

HD 37605 b 43.98 0.261∗ 54.23 > 2.86 05h40m +06◦04� Nov 30
∗ Sources with eccentricities greater than 0.1.
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Emission from Hot Jupiters
• Low frequency:
eB / 2πme = 28 MHz at 10 G

• Bright!
~100 mJy fluxes predicted
(but less than confusion)

• High circular polarization:
LWA1 is very good at this!

• Predictably time-variable:
• pulsar-like emission
• secondary eclipses
• periastron passages of 

high-eccentricity HJs

• However, substantial 
observing time is required 
for good upper limits



Emission from Hot Jupiters
366 J.-M. Grießmeier et al.: Predicting low-frequency radio fluxes of known extrasolar planets
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Fig. 1. Maximum emission frequency and expected radio flux for known
extrasolar planets according to the magnetic energy model, compared
to the limits of past and planned observation attempts. Open triangles:
Predictions for planets. Solid lines and filled circles: previous observa-
tion attempts at the UTR-2 (solid lines), at Clark Lake (filled triangle),
at the VLA (filled circles), and at the GMRT (filled rectangle). For com-
parison, the expected sensitivity of new detectors is shown: upgraded
UTR-2 (dashed line), LOFAR (dash-dotted lines, one for the low band
and one for the high band antenna), LWA (left dotted line) and SKA
(right dotted line). Frequencies below 10 MHz are not observable from
the ground (ionospheric cutoff). Typical uncertainties are indicated by
the arrows in the upper right corner.

are found for LOFAR. Considering the uncertainties mentioned
above, these numbers should not be taken literally, but should
be seen as an indicator that while observation seem feasible, the
number of suitable candidates is rather low. It can be seen that
the maximum emission frequency of many planets lies below
the ionospheric cutoff frequency, making earth-based observa-
tion of these planets impossible. A moon-based radio telescope
however would give access to radio emission with frequencies
of a few MHz (Zarka 2007). As can be seen in Figs. 1−3, this
frequency range includes a significant number of potential target
planets with relatively high flux densities.

Figures 1−3 also show that the relatively high frequencies of
the LOFAR high band and of the SKA telescope are probably not
very well suited for the search for exoplanetary radio emission.
These instruments could, however, be used to search for radio
emission generated by unipolar interaction between planets and
strongly magnetised stars.

4.2. A few selected cases

According to our analysis, the best candidates are:

– HD 41004 B b, which is the best case in the magnetic energy
model with emission above 1 MHz. Note that the mass of this
object is higher than the upper limit for planets (≈13MJ), so
that it probably is a brown dwarf and not a planet.

– Epsilon Eridani b, which is the best case in the kinetic energy
model.

– Tau Boo b, which is the best case in the magnetic energy
model with emission above the ionospheric cutoff (10 MHz).

– HD 189733 b, which is the best case in both the magnetic
energy model and in the CME model which has emission
above 1 MHz.

– Gliese 876 c, which is the best case in the CME model with
emission above the ionospheric cutoff (10 MHz).
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Fig. 2. Maximum emission frequency and expected radio flux for known
extrasolar planets according to the CME model, compared to the limits
of past and planned observation attempts. Open triangles: predictions
for planets. All other lines and symbols are as defined in Fig. 1.
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Fig. 3. Maximum emission frequency and expected radio flux for known
extrasolar planets according to the kinetic energy model, compared to
the limits of past and planned observation attempts. Open triangles: pre-
dictions for planets. All other lines and symbols are as defined in Fig. 1.

– HD 73256 b, which has emission above 100 mJy in the mag-
netic energy model and which is the second best planet in the
kinetic energy model.

– GJ 3021 b, which is the third best planet in the kinetic energy
model.

To this list, one should add the planets around Ups And (b, c
and d) and HD 179949 b, whose parent stars exhibit an increase
of the chromospheric emission of about 1−2% (Shkolnik et al.
2003, 2004, 2005). The observations indicate one maximum per
planetary orbit, a “Hot Spot” in the stellar chromosphere which
is in phase with the planetary orbit. The lead angles observed by
Shkolnik et al. (2003) and Shkolnik et al. (2005) were recently
explained with an Alfvén-wing model using realistic stellar wind
parameters obtained from the stellar wind model by Weber and
Davis (Preusse 2006; Preusse et al. 2006). This indicates that a
magnetised planet is not required to describe the present data.
The presence of a planetary magnetic field could, however, be
proven by the existence of planetary radio emission. Although
our model does not predict high radio fluxes from these planets
(see Table 1), the high chromospheric flux shows that a strong
interaction is taking place. As a possible solution of this prob-
lem, an intense stellar magnetic field was suggested (Zarka 2006,
2007). In that case, Table 1 underestimates the radio emission of
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• Low frequency:
eB / 2πme = 28 MHz at 10 G

• Bright!
~100 mJy fluxes predicted
(but less than confusion)

• High circular polarization:
LWA1 is very good at this!

• Predictably time-variable:
• pulsar-like emission
• secondary eclipses
• periastron passages of 

high-eccentricity HJs

• However, substantial 
observing time is required 
for good upper limits



Emission from Hot Jupiters

PASI image of 
a Jovian burst
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Emission from Hot Jupiters

Unpolarized power

Circularly polarized

(absolute V, without calibration!)
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Phase coverage of known-period HJs

For the five sources for which the rotational periods are likely known, the observation

are daily and are generally centered around the times of transit. In some cases a shift of a

few minutes per day is added to maximize coverage of rotational phase. Figure 4 shows the

resulting phase coverage, which has no gaps.

For the eight sources with unknown rotational periods, we adopt a logarithmically spaced

observing schedule to maximize the likely phase coverage. These programs total 30 obser-

vations per source, spreading these observations unevenly over 2 months with daily observa-

tions around the time of best observation. To improve coverage of rotational periods close

to 24 hr, pseudo-random offsets of order 1 hr are added to the times of observation. These

offsets were chosen using a Monte Carlo simulation to maximize the coverage of random

rotational periods between 1 and 30 hr. Figure 5 shows the distributions of phase coverage

for the optimal offsets. 96% of orbital periods less than 30 hr will have at least 95% phase

coverage.

For the sources with eccentric orbits (marked with asterisks in Table 4), the time of best

observation accounts for the time of periastron in addition to the time of early morning

transit. Their radio flux at periastron should be at least a factor of 2 greater than at

apastron, using the standard assumption that the electron cyclotron maser emission is

linearly proportional to the incident radiation from the parent star. For the highly eccentric

exoplanet HD 37605 b, the radio flux should be 40 times greater at periastron than apastron.

In most cases (including HD 37605 b), a periastron serendipitously occurs within a week of

early morning transit during the year starting Apr 2011.

We will use the widest available tuning (16 Msps) and stack the usable bandwidth of a

beam’s two tunings to give ≈26 MHz bandwidth per beam. This strategy accommodates

the unknown cutoff frequencies and expected broadband emission. One beam will cover

10–36 MHz, the other 36–62 MHz. We request that the other two LWA1 beams that

Figure 2. The rotational phase coverage provided by the proposed observations for the

five targeted sources. The roughly month-long programs give at least single coverage (light

gray) at all phases, as well as some double coverage (dark gray). At right, the black boxes

show the extent of a single night’s 3 hr observation. The flux densities give the mean noise

limit achieved by each 3 hr observation if the source has a cutoff frequency of 35 MHz (first

number) and ≥ 62 MHz (second number).

4

■ Single coverage
■ Double coverage emission window?
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Observations processed to date
429 beam hours taken

Tau Boötes b
• HJ: 90 beam hours
• Ref: 90 beam hours

HD 189733 b
• HJ: 21 beam hours
• Ref: 21 beam hours



Early Tau Boo observation
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Later Tau Boo observation

Time: 02:25 – 05:25 MDT, March 10, 2012 Avg spec: 50 – 95 dB
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Later Tau Boo observation
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Later Tau Boo observation

Time: 02:25 – 05:25 MDT, March 10, 2012 Avg spec: 25 – 95 dB
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Deep integration

Work in progress!

Integration of Tau Boo b 
field, 58 – 74 MHz, from 
March 8.

 —  Total intensity
 —  Circular polarization
– –  1 / T

Credit: Lin Cheng (Caltech)



Deep integration
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Integration of Tau Boo b 
field, 58 – 74 MHz, from 
March 8.

 —  Total intensity
 —  Circular polarization
– –  1 / T

Credit: Lin Cheng (Caltech)
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To-do list for deep integration of Stokes V
• Circular pol calibration

• sign: RH or LH?
• correction for ant pattern

• Live testing of beam levels
• what is the best level?
• automatic gain control

• Optimal zeroing of DRX data 
around clipped samples

• RFI flagging and excision
• Bandpass calibration

• bootstrapped
• modeled

• Flux calibration

Polarization leakage for Cyg A in 
TBN data, as measured by PASI



To-do list for deep integration of Stokes V

Tuning 1 (50 MHz CF)
rms:2.79 sat:2.2e-03
rms:2.84 sat:2.8e-03

Tuning 2 (66 MHz CF)
rms:1.96 sat:2.4e-06
rms:2.06 sat:1.4e-05

http://www.phys.unm.edu/~lwa/lwatv/beam_status.html• Circular pol calibration
• sign: RH or LH?
• correction for ant pattern

• Live testing of beam levels
• what is the best level?
• automatic gain control

• Optimal zeroing of DRX data 
around clipped samples

• RFI flagging and excision
• Bandpass calibration

• bootstrapped
• modeled

• Flux calibration



• Circular pol calibration
• sign: RH or LH?
• correction for ant pattern

• Live testing of beam levels
• what is the best level?
• automatic gain control

• Optimal zeroing of DRX data 
around clipped samples

• RFI flagging and excision
• Bandpass calibration

• bootstrapped
• modeled

• Flux calibration

Too high (Tau Boo; March 13; 8 – 44 MHz)

Too low (HD 189733; June 25; 8 – 44 MHz)

To-do list for deep integration of Stokes V



To-do list for deep integration of Stokes V
• Circular pol calibration

• sign: RH or LH?
• correction for ant pattern

• Live testing of beam levels
• what is the best level?
• automatic gain control

• Optimal zeroing of DRX data 
around clipped samples

• RFI flagging and excision
• Bandpass calibration

• bootstrapped
• modeled

• Flux calibration

Options:

Power thresholding

Kurtosis thresholding
(lsl.statistics.kurtosis)

CASA algorithms
(tflagdata, mode = “tfcrop” or “rflag”)

LOFAR algorithm(s)

other?



To-do list for deep integration of Stokes V
• Circular pol calibration

• sign: RH or LH?
• correction for ant pattern

• Live testing of beam levels
• what is the best level?
• automatic gain control

• Optimal zeroing of DRX data 
around clipped samples

• RFI flagging and excision
• Bandpass calibration

• bootstrapped
• modeled

• Flux calibration


