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PHOTON REGENERATION PLANS�A. RINGWALDyDeutshes Elektronen-Synhrotron DESY,Notkestra�e 85, D-22607 Hamburg, GermanyyE-mail: andreas.ringwald�desy.dewww.desy.de/~ringwaldPreision experiments exploiting low-energy photons may yield informationon partile physis omplementary to experiments at high-energy olliders, inpartiular on new very light and very weakly interating partiles, preditedin many extensions of the standard model. Suh partiles may be produedby laser photons send along a transverse magneti �eld. The laser polarizationexperiment PVLAS may have seen the �rst indiret signal of suh partiles byobserving an anomalously large rotation of the polarization plane of photons af-ter the passage through a magneti �eld. This an be interpreted as evidene forphoton disappearane due to partile prodution. There are a number of exper-imental proposals to test independently the partile interpretation of PVLAS.Many of them are based on the searh for photon reappearane or regenera-tion, i.e. for \light shining through a wall". At DESY, the Axion-Like PartileSearh (ALPS) ollaboration is urrently setting up suh an experiment.1. IntrodutionThe standard model of partile physis is phenomenologially extremelysuessful. However, there are a number of hints whih point to the pos-sibility that there is new physis beyond it. Proposed extensions of thestandard model aim at a solution of important problems suh as the uni�-ation of all fores, inluding gravity, or at an explanation of the abseneof CP violation in strong interations, among many others.Many attempts to embedd the standard model into a more general, uni-�ed framework, notably the ones based on string theory, predit, apart fromnew very heavy, m � 100 GeV, partiles also a number of new very light,m � 1 eV partiles, whih are very weakly oupled to ordinary matter.�Talk presented at the 6th International Workshop on the Identi�ation of Dark Matter(IDM 2006), Island of Rhodes, Greee, 11{16th September, 2006.
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2Prominent andidates for suh partiles go under the names axions (aris-ing in the ourse of a solution of the strong CP problem), dilatons, andmilliharged partiles.2. Polarization ExperimentsLaboratory experiments to searh for suh partiles may be based on thepossibility to produe them by shining laser photons along a transversemagneti �eld. Searhes for a hange of the polarization state of initiallylinearly polarized photons after the passage through the magneti �eld, inpartiular for a possible rotation (dihroism) and elliptiity (birefringene)(f. Fig. 1), are partiularly sensitive to new light partiles [2,3℄.

Fig. 1. Possible hanges of the polarization state of initially linearly polarized photonsafter the passage through a magneti �eld (adapted from Ref. [1℄).In a pioneering laser polarization experiment, the BFRT ollaborationestablished an upper limit both on a possible vauum magneti (VM)dihroism and birefringene [4℄. Reently, however, the PVLAS ollabora-tion reported the observation of a VM dihroism [5℄. Moreover, preliminarydata seem to indiate also evidene for a non-vanishing VM birefringene.These observations have led to a number of theoretial and experimentalativities, sine the magnitude of the reported signals exeeds the standardmodel expetations by far.Two viable partile physis explanations of the reported signals havebeen proposed: the real and virtual prodution
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Fig. 2. ALP interpretation of BFRT and PVLAS data: two photon oupling g versusmass m�. The 95% on�dene level upper limits from BFRT data [4℄ on polarization(rotation and elliptiity data) and photon regeneration are displayed as dotted lines. Thepreferred values orresponding to the anomalous rotation signal observed by PVLAS [5℄are shown as a thik solid line.(i) of a neutral spin-0 (axion-like) partile (ALP) � [2℄ with mass m� anda oupling to two photons viaL(+)int = �14g�(+)F��F�� = 12g�(+)( ~E2 � ~B2); (1)or L(�)int = �14g�(�)F�� eF�� = g�(�)( ~E � ~B); (2)depending on its parity, denoted by the supersript (�), or(ii) of a pair of milliharged, Q� = �e, partiles (MCP) �+�� [3℄ with massm�, oupling to photons in the usual way via the minimal substitution�� ! D� � �� � i�eA� in the Lagrangian.Indeed, as apparent from Fig. 2, the rotation observed by PVLAS an bereoniled with the non-observation of a rotation and elliptiity by BFRT, ifthere is an ALP with a massm� �meV and a oupling g � 10�6 GeV�1 [5℄.Alternatively, both experimental results are ompatible with the existeneof an MCP with m� � 0:1 eV and � � 10�6 [3℄ (f. Fig. 3). These parametervalues, however, seem to be in serious onit with astrophysial bounds,arising for example from energy loss onsiderations of stars [6,7℄. They may
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4be evaded if the prodution of ALPs or MCPs is suppressed in astrophysialplasmas [8,9℄, as realized, for example, in extensions of the standard modelinvolving extra U(1) gauge bosons whih kinetially mix with our familiarhyperharge U(1) [10℄, suh as in some realisti string ompati�ations [11℄.

Fig. 3. MCP interpretation of BFRT and PVLAS data: frational eletri harge � =Q�=e versus mass m�. The preferred values orresponding to the anomalous rotationsignal observed by PVLAS [5℄ are shown as a thik solid line.It is very omforting that a number of laboratory-based low-energy testsof the ALP and MCP interpretation of the PVLAS anomaly are urrentlyset up and expeted to yield deisive results within the upoming year. Forexample, in addition to PVLAS, the BMV [12℄ and Q&A [13℄ ollabora-tions will run further polarization experiments with di�erent experimentalparameter values whih �nally may lead to a disrimination between theALP and the MCP hypothesis [14℄.3. Regeneration ExperimentsThe ALP interpretation of the PVLAS signal will ruially be testedby photon regeneration (sometimes alled \light shining through walls")experiments [15{18℄, presently under onstrution or serious onsidera-tion [12,19{22℄ (f. Table 1). In these experiments (f. Fig. 4), a photonbeam is direted aross a magneti �eld, where a fration of them turns
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BFig. 4. Shemati view of ALP prodution through photon onversion in a magneti�eld (left), subsequent travel through a wall, and �nal detetion through photon regen-eration (right).into ALPs. The ALP beam an then propagate freely through a wall oranother obstrution without being absorbed, and �nally another magneti�eld loated on the other side of the wall an transform some of these ALPsinto photons | seemingly regenerating these photons out of nothing. A pi-oneering photon regeneration experiment has been done also by the BFRTollaboration [4℄. No signal has been found and the orresponding upperlimit on g vs. m� is inluded in Fig. 2.Table 1. Experimental parameters of proposed photon regeneration experiments: mag-neti �elds Bi and their length `i on prodution (i = 1) and regeneration (i = 2) side(f. Fig. 4); and the orresponding probability P� , with g � 2 � 10�6 GeV�1 in thePVLAS preferred region (f. Fig. 2).Name Laboratory Magnets P� for g � 2� 10�6 GeV�1ALPS [19℄ DESY/D B1 = B2 = 5 T`1 = `2 = 4:21 m � 10�19BMV [12℄ LULI/F B1 = B2 = 11 T`1 = `2 = 0:25 m � 10�21LIPSS [20℄ Jlab/USA B1 = B2 = 1:7 T`1 = `2 = 1 m � 10�23:5B1 = 5 TPVLAS [21℄ Legnaro/I `1 = 1 m � 10�23B2 = 2:2 T`2 = 0:5 m| [22℄ CERN/CH B1 = B2 = 11 T`1 = `2 = 7 m � 10�17Clearly, ruial experimental parameters for suh an experiment are themagneti �elds Bi and their length `i on the prodution (i = 1) and the re-generation (i = 2) side of the apparatus. Indeed, the onversion probability
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6for the proess  ! �!  is given byP!�! = P!�(B1; `1; q1)P�!(B2; `2; q2) ;P!�(B; `; q) = P�!(B; `; q) = 14 (g B `)2 F (q`) ; (3)where F (q`) � 1 is a form fator whih equals unity, if the photons and theALPs at oherently over the whole length of the magnet, i.e. forq` = �����2 (n � 1)!2 �m2�2! ����� `� 1; (4)! being the photon energy and n being the refration index of eventualbu�er gas in the beam pipe [23℄. At small momentum transfer, q` � 1,therefore, the regeneration probability sales as (B1`1B2`2)4. Correspond-ingly, strong and long dipole magnets from high-energy storage rings (e.g.HERA [18℄ or LHC) are partiularly suited for a photon regeneration ex-periment, as an be seen in Table 1.

Fig. 5. Shemati view of the experimental setup of the ALPS experiment [19℄.Importantly, one may optimize the sensitivity in ertain mass regionsby essentially tuning q towards small values by adjusting n , i.e. by vary-ing the gas pressure in the magneti �eld regions [23℄. This e�et will beheavily exploited at the Axion-Like Partile Searh (ALPS) experiment [19℄at DESY (f. Fig. 5), where the photon beam of a high-power, � 200 W,infrared laser, orresponding to an initial ux of � 1021 photons/s, will besent along the � 5 T, � 8:8 m transverse magneti �eld of a superon-duting HERA dipole magnet (f. Fig. 6). Filling in a bu�er gas with arefrative index n � 1 � 10�7, one will have the maximum sensitivity inthe PVLAS preferred parameter region (f. Fig. 7). ALPS, a ollaboration
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7of DESY, the Laserzentrum Hannover and the Sternwarte Bergedorf, hasbeen approved in priniple by the DESY diretorate and is planning to takedata in summer 2007.

Fig. 6. HERA dipole magnet at DESY's magnet test stand. It will be exploited for theALPS experiment [19℄.

Fig. 7. Isoontours of the probability P!�! , Eq. (3), for the parameters of ALPSexperiment: B1 = B2 = 5 T, `1 = `2 = 4:21 m, exploiting an infrared photon beam(! = 1:17 eV) in bu�er gas with a refrative index n � 1 = 5� 10�7 (from Ref. [19℄).
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84. ConlusionsThe evidene for a vauum magneti dihroism found by PVLAS has trig-gered a lot of theoretial and experimental ativities. Fortunately, in theupoming year a number of deisive laboratory based tests both of theaxion-like and milliharged partile interpretation will be done. In partiu-lar, the planned photon regeneration experiments (f. Table 1) will �rmlyestablish or exlude the axion-like partile interpretation. In summary, evenin the LHC era, small experiments might have a big impat on partilephysis!Referenes1. F. Brandi et al. [PVLAS Collaboration℄, Nul. Instrum. Meth. A 461, 329(2001).2. L. Maiani, R. Petronzio and E. Zavattini, Phys. Lett. B 175, 359 (1986).3. H. Gies, J. Jaekel and A. Ringwald, Phys. Rev. Lett. 97, 140402 (2006).4. R. Cameron et al. [BFRT Collaboration℄, Phys. Rev. D 47, 3707 (1993).5. E. Zavattini et al. [PVLAS Collaboration℄, Phys. Rev. Lett. 96, 110406 (2006).6. G. G. Ra�elt, Stars As Laboratories For Fundamental Physis: The Astro-physis of Neutrinos, Axions, and other Weakly Interating Partiles, Univer-sity of Chiago Press, Chiago, 1996.7. S. Davidson, S. Hannestad and G. Ra�elt, JHEP 0005, 003 (2000).8. E. Masso and J. Redondo, JCAP 0509, 015 (2005).9. J. Jaekel, E. Masso, J. Redondo, A. Ringwald and F. Takahashi,hep-ph/0605313; hep-ph/0610203.10. E. Masso and J. Redondo, Phys. Rev. Lett. 97, 151802 (2006).11. S. A. Abel, J. Jaekel, V. V. Khoze and A. Ringwald, hep-ph/0608248.12. C. Rizzo [BMV Collaboration℄, 2nd ILIAS-CERN-CAST Axion AademiTraining 2006, http://ast.mppmu.mpg.de/13. S. J. Chen, H. H. Mei and W. T. Ni [Q&A Collaboration℄, hep-ex/0611050.14. M. Ahlers, H. Gies, J. Jaekel and A. Ringwald, hep-ph/0612098.15. P. Sikivie, Phys. Rev. Lett. 51, 1415 (1983) [Erratum-ibid. 52, 695 (1984)℄.16. A. A. Anselm, Yad. Fiz. 42, 1480 (1985).17. K. Van Bibber, N. R. Dagdeviren, S. E. Koonin, A. Kerman and H. N. Nelson,Phys. Rev. Lett. 59, 759 (1987).18. A. Ringwald, Phys. Lett. B 569, 51 (2003).19. K. Ehret et al. [ALPS Collaboration℄, LoI subm. to DESY diretorate.20. K. Baker [LIPSS Collaboration℄, 2nd ILIAS-CERN-CAST Axion AademiTraining 2006, http://ast.mppmu.mpg.de/21. G. Cantatore [PVLAS Collaboration℄, 2nd ILIAS-CERN-CAST Axion Aa-demi Training 2006, http://ast.mppmu.mpg.de/22. P. Pugnat et al., Czeh. J. Phys. 55, A389 (2005); 56, C193 (2006).23. K. van Bibber, P. M. MIntyre, D. E. Morris and G. G. Ra�elt, Phys. Rev.D 39, 2089 (1989).
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