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Solar Hidden Photon SearhMatthias Shwarz1, Axel Lindner2, Javier Redondo3, Andreas Ringwald2, G�unter Wiedemann11Hamburger Sternwarte, Gojenbergsweg 112, D-21029 Hamburg, Germany2Deutshes Elektronen-Synhrotron DESY, Notketra�e 85, D-22607 Hamburg, Germany3Max-Plank-Institut f�ur Physik, F�ohringer Ring 6, D-80805 M�unhen, GermanyDOI: will be assignedThe Solar Hidden Photon Searh (SHIPS) is a joint astropartile projet of the HamburgerSternwarte and DESY. The main target is to detet the solar emission of a new speies ofpartiles, so alled Hidden Photons (HPs). Due to kineti mixing, photons and HPs anonvert into eah other as they propagate. A small number of solar HPs { originating fromphoton ! HP osillations in the interior of the Sun { an be onverted into photons in along vauum pipe pointing to the Sun { the SHIPS heliosope.1 IntrodutionHidden Photons (HPs) are the gauge bosons of a hypothetial hidden loal U(1) symmetry.Suh symmetries arise in popular extensions of the Standard Model, espeially in those basedon string theory [1℄. Known partiles have no diret interation with HPs (hene the latter arehidden), but still HPs may have a tiny residual interation with them, as very massive partileswith both eletri and hidden harge an generate kineti mixing with the standard photon [2℄.In this ase, the natural value of the kineti mixing angle � is that of a quantum orretion,� � eeh=(16�2). Sine the hidden gauge oupling eh an be very small and beause of possibleanellations between di�erent mediator ontributions, there is no lear minimum for �: valuesin the 10�16|10�3 range have been predited in the literature [3, 4, 5, 6, 7℄. The very feebleinteration makes HPs promising andidates for the dark setor that urrent osmology andastrophysis are revealing. They have been proposed as Dark Matter (DM) [8, 9, 10, 11℄ and asmediating Dark Fores between DM partiles [12, 13℄. Moreover, if their mass is in the meV andtheir kineti mixing in the miro range, their osmologial reli abundane ould also providethe right amount of extra dark radiation [14℄ favored by reent CMB observations [15, 16, 17℄.The kineti mixing term indues avor osillations between photons and HPs [18℄. After apropagation length L, a HP has a probability to onvert into a photon (or vieversa) given byP (0 $ ) = sin2 2�(os 2�+ f)2 + sin2 2� sin20�m20Lq(os 2�+ f)2 + sin2 2�4! 1A ; (1)wherem0 is the HP mass, setting the osillation length / 4!=m20 , with ! the photon frequeny,and f = 2!2�n=m20 enodes medium e�ets via �n = n � 1, with n the photon index ofrefration in the medium.Patras 2011 1
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Figure 1: The heliosope TSHIPS at-tahed to the equatorial mount of the Os-kar L�uhning Telesope at the HamburgerSternwarte.

This osillation mehanism enables us tosearh for HPs even if � is tiny. One of the mostpowerful means to searh for HPs is to measure theux of HPs from the Sun [19, 20℄. These HPs orig-inate from osillations of photons from the outerlayers of the Sun's interior and their ux predi-tions are overed by one of us in another artile inthese proeedings [21℄. The enhaned luminosityfrom the solar surfae produes a ring-like stru-ture in the signal on Earth that an be used to op-timize the signal-to-noise [22℄. Therefore, imagingdetetors might be very advantageous for searh-ing for HPs.In this artile we report on the status of theSolar Hidden Photon Searh (SHIPS), a searh forthe reonversion of solar HPs into detetable pho-tons in a long light-tight vauum tube trakingthe Sun. SHIPS is an o�spring of the ongoingALPS (Any Light Partile Searh) projet [23, 24℄at DESY in Hamburg.2 Experimental setupSHIPS is a heliosope-type experiment very muhlike SUMICO [25℄ at Tokio University or theCERN Axion Solar Telesope (CAST) [26℄. Thereis however an important di�erene: unlike theseother heliosopes, SHIPS does not exploit a mag-net. In fat, a bakground eletromagneti �eld isnot needed for solar HP searh, sine HP-photon osillations happen already in vauum. Thisis in ontrast to axion $ photon osillations, whih our only in eletromagneti �elds.The expeted number of photons originating from the reonversion of solar HPs in thevauum tube is proportional to the HP ux (�0) the olleting area (A), the tube's length (L),measuring time (T ), and the osillation probability (1),N = AT Z d�0d! P (0 ! )d!: (2)The osillation probability an be enormously suppressed if f � 1, i.e. if the index of refrationis large. Therefore, the gas density has to be kept under a ertain minimum given by the HPmass. To obtain optimal results, the olleting area and tube length should be as large aspossible.The urrent Telesope for Solar HIdden Photon Searh TSHIPS onsists of a 430 m longstainless steel tube with a diameter of 25 m ombined from the tubes of two prototype vauumvessels and a detetor ompartment (see Fig. 1). The upper tube is a lightweight vault struturedeveloped for this projet. TSHIPS is mounted on the Oskar L�uhning Telesope (OLT) loatedat the Hamburger Sternwarte in Hamburg-Bergedorf and an thus be remotely ontrolled. It2 Patras 2011



will be run in a pressure range of 10�6 mbar or lower. A membrane pump reates a pre-vauumof 10�2 mbar. A turbopump, diretly attahed to TSHIPS, establishes the required minimalpressure of less than 10�4 mbar in the heliosope volume of more than 260 liters within minutes.Regenerated eletromagneti photons propagate along the same trajetories as their HPprogenitors. This enables us to observe a soure like our sun in the `light' of HPs. The optialsystem is plaed inside the detetor ompartment. The prinipal item is a Fresnel lens witha foal length of about 20 m. This devie ensures a high transitivity and image quality inthe optial and near infrared band, where the solar ux of sub-eV mass HPs dominates asthey are reated deep in the solar photosphere. Initially available ultra-low-noise detetors aretwo photomultiplier tubes (PMTs) and a low-noise CCD amera, all ooled to minimize darkurrent. The frequeny range of the detetors is hosen to be optial and near infrared. TSHIPSis urrently mounted with a PMT featuring a dark urrent of approximately 2.8 Hz at ambienttemperature. This makes single photons detetable. The other available PMT has even a lowerdark urrent of 0.5 Hz.
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Figure 2: Current exlusion regions for hidden photons with kineti mixing angle � and massm0 , in partiular from the light-shining-through-a-wall experiment ALPS and from the helio-sope experiment CAST, together with the projeted sensitivity of TSHIPS (gray region).3 Present status and outlookThe �rst measurements and results on HPs are expeted within the next weeks. We estimatedthe dark urrent noise to be d ' 1:7 Hz. The signi�ane of an HP ux disovery sales asS = 2 �pN + dT �pdT� � N=pbT . Figure 2 shows the expeted S < 3 exlusionlimit (similar to 95% C.L.) ahievable in 1 and 4 weeks of Sun traking. Assuming a hypothetialPatras 2011 3
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