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DESY 06-068We need lab experiments to look for axion-like partilesJoerg Jaekel1, Eduard Masso2, Javier Redondo2, Andreas Ringwald 1, Fuminobu Takahashi 11 Deutshes Elektronen Synhrotron, Notkestrasse 85, 22607 Hamburg, Germany2 Grup de F��sia Te�oria and Institut de F��sia d'Altes Energies Universitat Aut�onoma de Barelona08193 Bellaterra, Barelona, SpainThe PVLAS signal has renewed the interest in light bosons oupled to the eletromagneti�eld. However, astrophysial bounds oming from the lifetime of the sun and the CASTexperiment are seemingly in onit with this result. We disuss e�etive models that allowto suppress prodution of axion-like partiles in the sun and thereby relax the bounds by someorders of magnitude. This stresses the importane of laboratory searhes.1 IntrodutionReently the PVLAS ollaboration has reported a rotation of the polarization plane of an orig-inally linearly polarized laser beam propagating through a magneti �eld 1. This signal ouldbe explained by the existene of a light neutral spin zero boson with a oupling to two photons,e.g. a pseudosalar �, L� = 12(���)2 � 12m2��2 � g4� ~F��F�� ; (1)with mPVLAS� = (1� 1:5)meV; gPVLAS� = (1:7� 5)� 10�6GeV�1: (2)The favorite andidate for suh a light and neutral partile is the axion, the pseudo-Goldstoneboson of the Peei-Quinn symmetry that was proposed to solve the so alled strong CPproblem2;3;4. However, the PVLAS measurements are not ompatible with the expetationsfor a standard axion, for whih one has a relation that essentially determines m�g�1� in terms ofQCD quantities. All natural axion models are loated in the green vertially shaded strip in Fig.1. As we an see from the same �gure, the PVLAS result is far outside this region. Hene, it isprobably not an axion. We will all it an axion like partile (ALP) due to its similar properties.The troubling point of the partile interpretation of the PVLAS data is that the ation (1)with parameters (2) already is in onit with observations. Astrophysial onsiderations basedon the prodution of �'s from photons via the oupling g�F ~F in Eq. (1) atually give the strongbounds depited in Fig. 1. We will briey review these bounds in Set. 2.The motivation for our worka is the question: Can we resolve the onit between theastrophysial bounds and the partile interpretation of PVLASb and how an this be tested? Weattak the �rst part of this question in Set. 3. In our �nal Set. 4 we argue that laboratoryaThis note is based on a talk given by J. Jaekel at the "Renontres des Moriond: Contents and strutures ofthe universe" in La Thuile, Italy in Marh 2006. For more details see 5.bFor other attempts in this diretion see 6;7.
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Figure 1: Various bounds on the oupling g and mass m� of a (light) boson oupled to two photons (areas abovesingle lines are exluded). The green vertially shaded strip gives the range of all reasonable axion models. Thetwo lines within its boundaries give a typial KSVZ and DFSZ model. The green and red diagonally shaded areasgive the additional area allowed when we suppress the prodution of ALP's in the sun (the green smaller one isa little bit more onservative).experiment are the prime tool to give a onlusive answer if the partile interpretation of PVLASis invalid or if astrophysial bounds are evaded and PVLAS has deteted signals of new exitingphysis.2 Astrophysial bounds revisitedThe basi problem of the partile interpretation of the PVLAS data is that it is in onit withastrophysial bounds. For a better understanding of the problem let us briey review thesebounds.2.1 Energy loss of starsThe simplest bound omes from the energy loss argument. If any weakly interating partile isprodued in a star and esapes, it takes a ertain amount of energy with it, thus ontributingto the stellar luminosity. The amount of energy in exoti partiles an ontribute to shorten theduration of the di�erent phases of stellar evolution, whih an be observed (for a review see 8).Here, we fous on the sun, for whih we have a solid standard solar model from whih wean aurately alulate emission of ALPs.The lifetime of the sun is known to be around 10 billion years from radiologial studies ofradioative isotopes in the solar system (see 9). Solar models reprodue this quantity (amongothers). From this one onludes that the exoti ontribution to the luminosity annot exeedthe standard solar luminosity in photons. For our purposes this meansLALP < L� = 3:8� 1026W � 1:6 1030 eV2: (3)We ompute the ALP emission in the standard solar model BP2000 10 using Eq. (1) and nofurther assumptions. We obtain a slightly bigger value than that of 11, where the alulationwas done using an older solar model.LALP = 0:063 g210 L�; (4)where g10 = g 1010GeV. Together with Eq. (3) this gives a bound on the oupling. A somewhatstrengthened bound8 inluding data from so alled horizontal brah (HB) stars is shown inFig. 1.Another bound omes from the CAST experiment12. The CAST experiment tries to detetthe axion ux (4) by reonverting the axions in the strong magneti �eld generated by an LHCtest magnet. The rate of photons in the detetor israte � g2LALP � g4: (5)



R0=R� �0=(g m�3) T0=eV S(R0)0 150 1200 10:79 0:1 120 10�40:97 0:003 12 10�20Table 1: Several values for suppression fators.So far no signi�ant photon ux has been measured. The resulting bound is depited in Fig. 1.3 Evading astrophysial boundsOur strategy to evade the astrophysial bounds is rather simplisti. In the enter of the sunwhere most ALPs are produed the environment is di�erent from the environment of the PVLASexperiment. If the parameters m� and M� depend on the environmentm� !m�(environment); M� !M�(environment); (6)in a suitable way the prodution of the � partiles inside the sun is strongly suppressed. Inpartiular, we onsider the following:1. The density � inside the sun is quite high.2. Inside the sun the temperature T is high.3. The average momentum transfer hqi in the Primako� proesses generating the ALP's ishigh.We will not try to onstrut miro physial explanations but rather write down simplee�etive models and �x their parameters in order to be onsistent with PVLAS as well as theastrophysial bounds.For simpliity we allow in this note only a variation of the oupling g. Suppression via ahigh mass term in the sun environment is more diÆult sine it involves a strong oupling togenerate the high mass (for more details see 5). In addition, we will restrit the dependene toa single parameter � = �; T, et:. We are mainly interested in giving onservative bounds forg and the suppression sales involved, so instead of guessing possible dependenies g = g(�) wemake the alulations with the most optimisti suppression, a step funtion, i.e. if � > �rit,g = 0, and the generation of ALP's in this region is ompletely suppressed.The marosopi quantities �; T depend more or less only on the radius. Therefore, we getthe following simple piture. In the enter of the sun (where naively most ALP's would beprodued) the suppression is swithed o� while in the remaining shell we have no suppression atall. Using this we only need to alulate the prodution in the outer shell and ompare it withthe prodution within the whole volume happening in a senario without suppression ,S(R0) = suppression fator = prodution(R > R0)prodution(full sun) : (7)We treat the emission of ALP's as a small perturbation of the solar model and therefore anompute the emission of these partiles from the unperturbed solar model. We have hosen theBP2000 of Bahall et al 10. The suppression fator S for some radii is given in Tab. 3.Similar reasoning an be applied to hqi. However, writing down a model it is preferable touse diretly the mirosopi quantity q. In this situation one has to perform the thermal averageFor CAST atually one has to take into aount that the CAST detetor measures a number and not anenergy ux and is only sensitive in a ertain energy range. This gives a slightly modi�ed suppression fator ~S(see 5).



over the sattering proesses (see 5). For the suppression fators in the range 10�4 � 10�20 theresulting ritial q lie in the meV� eV range.Using Eqs. (4) and (5) we �nd that a suppressionSloss = g2supp=g2loss; SCAST = g4supp=g4CAST; (8)is needed to ahieve a less restritive bound gsupp.The neessary ritial values for the temperature, density and momentum transfer for ertainsuppression fators an be read o� from Tab. 3. It is rather obvious that none of these values isvery extreme. However, one has to ompare to the values in PVLAS. These are even smaller,�PVLAS < 2� 10�5g m�3; T < 300K � 0:025 eV; q � 10�6 eV: (9)Hene, we have room for some exoti possibilities. Even a suppression fator of 10�20 ismarginally possible, allowing for the PVLAS result. This gives the red (large) shaded region inFig. 1. For a somewhat more onservative suppression fator we �nd the green (smaller) shadedregion in Fig. 1.4 Conlusions: We need lab experiments!Naively, the partile interpretation of the PVLAS data is in onit with astrophysial bounds.If we allow for an interation between photons and axion like partiles (ALP's) that depends onother physial quantities (density, temperature and momentum are andidates), the produtionof ALP's an be suppressed and the astrophysial bounds an be evaded. However, the typialsales appearing in these models are rather low (typially eV and smaller) and the physis mustbe exoti in this sense. Nevertheless, one annot rule out these exoti possibilities from thestart and PVLAS is a good motivation to look more losely. Sine astrophysial bounds an beevaded, a true test an only ome from laboratory experiments where we have ontrol of theenvironmental parameters. A onlusive answer about the partile interpretation of PVLAS anome in partiular from so alled light shining through walls experiments, where the photon notonly disappears but is regenerated. It is exiting that experiments of this type, with enoughsensitivity to test PVLAS, ould be built in the next one or two years. An example of suh anexperiment is APFEL (Axion Prodution at a Free-Eletron Laser) whih has been proposed atDESY (see also Fig. 1) and is sensitive enough to test PVLAS13.J. Jaekel would like to thank the organizers for the wonderful onferene.Referenes1. E. Zavattini et al. [PVLAS Collaboration℄, Phys. Rev. Lett. 96 (2006) 110406 .2. R. D. Peei and H. R. Quinn, Phys. Rev. Lett. 38 (1977) 1440.3. S. Weinberg, Phys. Rev. Lett. 40 (1978) 223.4. F. Wilzek, Phys. Rev. Lett. 40 (1978) 279.5. J. Jaekel, E. Masso, J. Redondo, A. Ringwald, F. Takahashi in preparation.6. E. Masso and J. Redondo, JCAP 0509 (2005) 015 .7. P. Jain and S. Mandal, astro-ph/0512155.8. G. G. Ra�elt, \Stars as laboratories for fundamental physis: The astrophysis of neutri-nos, axions, and other weakly interating partiles", University of Chiago press (1997).9. J. N. Bahall and M. H. Pinsonneault, Rev. Mod. Phys. 67 (1995) 781 .10. J. N. Bahall, M. H. Pinsonneault and S. Basu, Astrophys. J. 555 (2001) 990 .11. K. van Bibber, P. M. MIntyre, D. E. Morris and G. G. Ra�elt, Phys. Rev. D 39 (1989)2089.12. K. Zioutas et al. [CAST Collaboration℄, Phys. Rev. Lett. 94 (2005) 121301 .13. R. Rabadan, A. Ringwald and K. Sigurdson, Phys. Rev. Lett. 96 (2006) 110407 .
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