
Vol. 35 (2004) ACTA PHYSICA POLONICA B No 10
TESTING THE MIRROR WORLD HYPOTHESISFOR THE CLOSE-IN EXTRASOLAR PLANETSR. FootShool of Physis, University of MelbourneVitoria 3010, Australiae-mail: foot�physis.unimelb.edu.au(Reeived June 15, 2004)Beause planets are not expeted to be able to form lose to stars dueto the high temperatures, it has been suggested that the observed loseorbiting (∼ 0.05 AU) large mass planets (∼ MJ) might be mirror worlds� planets omposed predominately of mirror matter. The aretion ofordinary matter onto the mirror planet (from e.g. the solar wind fromthe host star) will make the mirror planet opaque to ordinary radiationwith an e�etive radius Rp. It was argued in a previous paper, Phys. Lett.B505, 1 (2001), that this radius was potentially large enough to explain themeasured size of the �rst transiting lose-in extrasolar planet, HD209458b.Furthermore, Phys. Lett. B505, 1 (2001) made the rough predition:
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√

Ts
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, where Ts is the surfae temperature of the ordinary matter inthe mirror planet and Mp is the mass of the planet (the latter dependeneon Mp being the more robust predition). We ompare this predition withthe reently disovered transiting planets, OGLE-TR-56b and OGLE-TR-113b.PACS numbers: 97.82.�j, 12.60.�iSine the 1995 disovery of a planet around the star 51 Pegasi [1℄, morethan 100 extrasolar planets have been found [2℄. Perhaps the most surprisingharateristi of these planets is that some of them (inluding 51 Pegasi b)have been found whih have large mass (∼ MJ) with orbits very lose totheir star (∼ 0.05 AU). This is surprising beause the environment lose tothe star is far too hot for giant planet formation to our [3℄.Some years ago, it was suggested [4,5℄ that the lose-in extrasolar planetsmight be omposed not of ordinary matter, but primarily of mirror matter[6℄. If this were the ase, then the lose-in orbits of the planets would notpose any problem. A signi�ant ordinary matter subomponent ∼ 10−3MJ(2473)



2474 R. Foot(MJ means Jupiter mass) would neessarily our � being areted fromthe stellar wind of the host star [5℄. The ordinary matter subomponentwill make the mirror planet opaque to ordinary radiation with an e�etiveradius, Rp. The ordinary matter subomponent would be very hot and(relatively) low in density. This means that the ideal gas law ould be usedto relate the pressure to the density and temperature and from the onditionof hydrostati equilibrium a simple relation ould be derived for Rp [5℄:
Rp ∝

√

Ts

Mp

, (1)where Ts is the surfae temperature of the planet and Mp is the mass of theplanet. This was only a rough predition (espeially the dependene on Ts)but a predition nevertheless. Heuristially it is very easy to understand:inreasing the mass Mp inreases the fore of gravity whih auses the gas ofordinary matter to beome more tightly bound to the mirror planet (therebydereasing the e�etive size, Rp), while inreasing the temperature of thegas inreases the volume that the gas oupies (thereby inreasing Rp). Ofthese two e�ets we expet that the dependene on Mp should be the morerobust predition. Beause the size of ordinary gas giant planets (i.e. planetsmade mostly of ordinary matter) depends quite weakly on their mass, thedependene on Mp � whih is signi�ant aording to Eq. (1) � shouldallow a deisive test of the mirror planet hypothesis.Although radial veloity surveys have been very suessful in �ndingplanetary andidates, they do not give the mass of the planet, only Mp sin i,and do not provide information about the planet's size, Rp. This informationan be obtained if transiting systems are found. In this ase sin i ≃ 1(whih means that the mass of the planet an be established from the radialveloity measurements), and the depth of the transit an be used to estimatethe planets size. The �rst transiting planet, HD209458b was disovered in1999 [7�9℄, with parameters Mp = 0.69±0.05MJ and Rp = 1.43±0.05RJ [10℄.The large size of this planet indiates that the interior is very hot, with someauthors suggesting that some internal heating mehanism is required [11℄while others argue that this is not neessary [12℄.Following the disovery of the �rst transiting planet, HD209458b, in-tensive e�orts have been underway to searh for other transiting extrasolarplanets. The OGLE survey (Optial Gravitational Lensing Experiment) an-nouned the detetion of more than 100 short-period transiting objets [13℄.These observations were followed up with radial veloity measurments lead-ing to the reent disovery of three new transiting planets: OGLE-TR-56b [14℄, OGLE-TR-113b [15, 16℄ and OGLE-TR-132b [15℄. It will be in-teresting to see how well the rough predition, Eq. (1), agrees with this newdata.



Testing the Mirror World Hypothesis for the Close-in Extrasolar Planets 2475The e�etive surfae temperature of the planet, Ts, an be related tothat of the star via:
Ts =
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4

)1/4 (
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T star
eff , (2)where a is the albedo, Rstar is the radius of the star and D is the (mean)orbital distane of the planet. The parameters D, Rstar, T

star
eff for the systemswith transiting planets are given in Table I. TABLE IThe stellar radius (Rstar), temperature (T star

eff ) and the mean orbital radius (D) forthe four known transiting systems.Transiting planet D [AU℄ Rstar [R⊙] T star
effHD209458b 0.045 [7℄ 1.20 ± 0.02 [10℄ 6000 ± 50 K [9℄OGLE-TR-56b 0.0225 [14℄ 1.10 ± 0.10 [17℄ 5900± 80 K [17℄OGLE-TR-113b 0.0228 [15℄ 0.765 ± 0.025 [15℄ 4752 ± 130 K [15℄OGLE-TR-132b 0.0306 [15℄ 1.41+0.49

−0.10 [15℄ 6411 ± 179 K [15℄Using, Eq. (2) and the parameters from the above table, we an estimatethe e�etive temperatures for the four transiting planets (we assume analbedo of a = 0.31). This information, together with the measured massand radius we give in Table II below: TABLE IIThe planet radius (Rp), mass (Mp) and e�etive surfae temperature (Ts) for thefour known transiting planets. For the planet OGLE-TR-113b, we take the valuesgiven in Ref. [15℄ (similar results were independently obtained in Ref. [16℄).Transiting planet Rp [RJ] Mp [MJ] TsHD209458b 1.43 ± 0.05 [10℄ 0.69 ± 0.05 [9℄ 1370 KOGLE-TR-56b 1.23 ± 0.16 [14℄ 1.45 ± 0.23 [14℄ 1820 KOGLE-TR-113b 1.08 ± 0.07 [15℄ 1.35 ± 0.22 [15℄ 1210 KOGLE-TR-132b 1.15+0.80
−0.13 [15℄ 1.01 ± 0.31 [15℄ 1920 KIn �gure 1 we plot the values of Rp versus √

Ts/Mp for the three mostaurately measured planets, HD209458b, OGLE-TR-56b and OGLE-TR-113b. The solid line is the predition, Eq. (1), where we have used HD209458b
1 Note the dependene of Rp on the albedo suggested by Eq. (1) is very weak[∝ (1 − a)1/8℄ and for this reason possible unertainty in albedo does not signi�-antly a�et the predition for Rp.



2476 R. Footto �x the proportionality onstant. Clearly, the observations agree reason-ably well with the rough predition, Eq. (1). This appears to be non-trivial:in the ase of ordinary matter planets, inreasing the mass does not signi�-antly a�et the radius, and does not generally lead to a dereasing radius(for example, Jupiter is three times heavier than Saturn, but is 15% larger).
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Ts/MpFig. 1. The measured e�etive size, Rp, of the transiting planets HD209458b,OGLE-TR-56b and OGLE-TR-113b versus √

Ts/Mp (in units where √

Ts/Mp = 1for HD209458b). The straightline is the predition, Eq. (1), whih assumes thatthe planets are omposed predominately of mirror matter.In onlusion, we have ompared the rough predition, Eq. (1), with thereently disovered lose-in transiting planets OGLE-TR-56b and OLGE-TR-113b. This predition is found to be in agreement with the observationswhih seems to favour the mirror matter interpretation of the lose-in extra-solar planets. However, it is ertainly possible that the apparent agreementwith the rough prediition, Eq. (1) is oinidental � so more data wouldbe welome. Espeially deisive would be the disovery of a muh heaviertransiting planet, Mp
>
∼ 2MJ, whih should have a radius less than RJ if itis a mirror world.
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