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Cosmologial impliations of a supersymmetriextension of the Brans-Dike theoryRiardo CatenaDeutshes Elektronen-Synrotron DESY, 22603 Hamburg, GermanyAbstrat. In the Brans-Dike theory the Plank mass is replaed by a dynamialsalar �eld. We onsider here the supersymmetri analogous of this mehanismreplaing in the supergravity Lagrangian the Plank mass with a hiral super�eld. Thisanalysis is motivated by the researh of possible onnetions between supersymmetriDark Matter senarios and Dark Energy models based on Brans-Dike-like theories. We�nd that, ontrary to the original Brans-Dike theory, in its supersymmetri analogousthe gravitational setor does not ouple to the matter setor in a universal metri way.As a result, violations of the weak equivalene priniple ould be present in suh asenario.DESY 07 { 1431. IntrodutionIn the Brans-Dike approah to the gravitational interation, the Plank mass is replaedin the Lagrangian by a dynamial salar �eld ' [1℄. Even though, as a theory ofgravity, the original Brans-Dike theory is at present very onstrained by solar systemmeasurements [2℄, its modern versions, namely Salar-Tensor (ST) theories [3℄ { where anon trivial potential is assoiated to ' { an still pass all osmologial and astrophysialbounds leading at the same time to interesting and testable preditions [4℄.Like in General Relativity, in ST theories matter ouples to gravity in a universalmetri way i.e. all matter �elds feel the gravitational interation only through one andthe same metri. Beause of this property, ST theories are by onstrution proteted byany violation of the weak equivalene priniple and even ultra-light degrees of freedommediating long range fores are not in this framework phenomenologially dangerous [5℄.Suh a feature makes ST theories interesting arenas for dynamial Dark Energy modelbuilding[6, 7℄.However, a realisti osmologial senario an be only ahieved when Dark Matteris onsistently inluded to the piture [8℄. Among di�erent theories providing suitableDark Matter andidates, Supersymmetry is ertainly one of the most remarkable [9℄.The interesting possibility to relate a ST interpretation of Dark Energy to asupersymmetri desription of Dark Matter leads to study supersymmetri extensionsof ST theories. This is the topi of the present work.
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Cosmologial impliations of a supersymmetri extension of the Brans-Dike theory 2We onsider here the supersymmetri analogous of the BD idea: we replae inthe supergravity Lagrangian the Plank mass with a hiral super�eld, the \Planksuper�eld". Suh a replaement de�nes the \natural" supersymmetri extension ofthe BD theory. Let us refer to it as the Minimal Supersymmetri Brans-Dike theory(MSBD) to distinguish it from other possible approahes. We �nd that, ontrary tothe original BD theory, in the MSBD the gravitational setor does not ouple to thematter setor in a universal metri way. As a result, possible violations of the weakequivalene priniple ould make the minimal supersymmetri extension of the BD ideaphenomenologially inonsistent.The plan of this work is as follows. In the next setion we review the BD modeland the onept of universal metri oupling. The third setion is devoted to the MSBDtheory; we will speially underline the di�erenes between its phenomenology and theone of the original BD theory. The results are �nally disussed in the Conlusions. Fornotation we refer in the following to [10, 11℄.2. The Brans-Dike theory and the universal metri ouplingIn General Relativity the oupling between gravity and matter is desribed by thefollowing LagrangianLEH = �12 eM2P lR + LM [eam;	℄ ; (1)where e � det(eam), R is the Rii salar and 	 symbolially represents all matter �eldsinvolved in the theory. In the BD approah to the gravitational interation the Plankmass appearing in eq. (1) beomes dynamial by means of the substitutionM2P l =) '2(ym) ; (2)where '(ym) is a real salar �eld. As a onsequene eq. (1) is replaed byLBD = L'[eam; '℄ + LM [eam;	℄= � 12 e �'2R+ ! �m'�m'�+ LM [eam;	℄ ; (3)where the fator ! that multiplies the kineti term of ' has to be tuned to �t thepost-newtonian bounds [2℄. Eq. (3) gives the so alled \Jordan frame" formulation ofthe theory. In this frame the BD salar does not appear in the matter Lagrangianand partile physis is just the standard one. The theory an be formulated inother frames related to the Jordan one by a Weyl resaling of the vielbein suhas eam ! eam el('), where l(') is some '-dependent funtion. In these alternativeformulations the matter Lagrangian aquires an expliit funtional dependene from', i.e. LM = LM [eam el(');	℄. However, the inverse Weyl resaling eam ! eam e�l(')always brings bak the theory to its original version in whih partile physis is just thestandard one.Eq. (3) shows that in the BD theory all matter �elds feel the gravitationalinteration through the same vielbein, the Jordan frame vielbein. For this reason suh a



Cosmologial impliations of a supersymmetri extension of the Brans-Dike theory 3matter-gravity oupling is also alled universal and metri. This is a non trivial propertyand has very important phenomenologial impliations. It an be shown, for instane,that in a theory where matter ouples to gravity in a universal metri way the weakequivalene priniple is satis�ed by onstrution [5℄.3. The Minimal Supersymmetri Brans-Dike theoryEq. (2) gives a presription to onstrut the BD Lagrangian starting from the Einstein-Hilbert one. In this setion we apply an analogous presription to the supergravityLagrangian Lsg = �3M2P l Z d2� 2ER + LM [H;	℄ + h.. ; (4)where H is the supergravity multiplet, E is the hiral density and R represents theurvature super�eld, de�ned as the ovariant derivative of the spin onnetion.Let us start introduing a hiral super�eld � with omponents given by the power seriesexpansion �(ym; ��) = A(ym)+p2 ����(ym)+����F (ym), where A(ym) and F (ym) areomplex salars and ��(ym) a Weyl spinor. We will all � the Plank super�eld. Thisdynamial objet allows the natural supersymmetri extension of the substitution (2)M2P l =) �2(ym; ��) : (5)Applying the substitution (5) to eq. (4) one �ndsLMSBD = L�[H;�℄ + LM [H;	℄= � 3 Z d2��2 2ER�� 18 Z d2� 2E � �D _� �D _� � 8R��y� ++ LM [H;	℄ + h.. ; (6)where in the third line, in analogy with eq. (3), we introdued a kineti term for �. Tobe as general as possible we do not assume any partiular form for LM .Eq. (6) de�nes the Minimal Supersymmetri Brans Dike theory (MSBD). Itsinvariane under supergravity transformations follows from the properties of hiraldensities. By de�nitions, hiral densities transform like total derivatives in the spae(ym; ��) and the produt of a hiral density and a hiral super�eld is again a hiraldensity [10℄. Moreover, the super�elds � �D �D � 8R��y� and �2 are hiral if � is hiral.This proves the invariane of the Lagrangian (6) under supergravity transformations.Let us fous now on its phenomenology. As it was shown in [11℄, the omponent�elds expansion of eq. (6) gives rise to a Lagrangian with the following strutureLMSBD = L�[eam;  a�; ba;M;A; ��; F ℄ + LM [eam;  a�; ba;M;	℄ ; (7)where we introdued the gravitino  a� and two auxiliary �elds: a vetor ba and a salarM . Eq. (7) is the supersymmetri version of eq. (3). The ruial di�erene betweenthe two Lagrangians is that in the supersymmetri one LM and L� ommuniate alsothrough the auxiliary �elds ba and M . This has deep phenomenologial onsequenes



Cosmologial impliations of a supersymmetri extension of the Brans-Dike theory 4when the auxiliary �elds are removed by means of their equations of motion. To showthis point, let us write the general solution of the equations of motion for M and ba asfollows ba = h1(: : : ; A; ��) ;M = h2(: : : ; A; ��) ; (8)where h1 and h2 are two appropriate funtions of the �elds involved in the theory. Ineq. (8) we underlined the ruial dependene of h1 and h2 from A and ��. Now, replaingthe solutions (8) in the Lagrangian (7), the degrees of freedom of the Plank multipletexpliitly appear in the matter Lagrangian. Sine no Weyl resaling of the vielbeinan remove the auxiliary �elds from LM , it follows that the Plank multiplet ouplesintrinsially to matter. Therefore, there is no way to write the matter Lagrangian asLM [eam;  a�;	℄ by means of a suitable vielbein rede�nition of the form eam ! eam el(A;��;F ),where l is an appropriate funtion of the omponents of �. In other words, a Jordanframe does not exist for suh a theory. The main onsequene is that in the MSBDtheory the weak equivalene priniple is not satis�ed by onstrution and time variationsof masses and ouplings are not under ontrol. Expliit expressions for eqs. (7) and (8)an be found in [11℄.4. ConlusionsIn this work we have studied the minimal supersymmetri extension of the BDtheory (MSBD) de�ned by eq. (6). The underlying motivation was the researh ofpossible onnetions between a Salar-Tensor interpretation of Dark Energy and asupersymmetri desription of Dark Matter. Eq. (6) is obtained replaing the Plankmass with a hiral super�eld in the supergravity Lagrangian (4). We alled thisextra super�eld the Plank super�eld. Although this approah looks very natural, theresulting phenomenology is radially di�erent from the one of the original BD theory.In the MSBD theory the extra degrees of freedom of the Plank super�eld intrinsiallyouple to matter and a Jordan frame formulation an not be ahieved through a suitablevielbein rede�nition. As a onsequene, this theory does not satisfy the weak equivalenepriniple by onstrution. This onlusion ould make the minimal supersymmetriextension of the BD idea phenomenologially inonsistent.AknowledgmentsI sinerely thank Massimo Pietroni for many useful suggestions and disussions onSalar-Tensor theories and their possible supersymmetri extensions. I would alsolike to thank Wilfried Buhmueller for interesting disussions on the topi. I �nallyaknowledges a Researh Grant funded by the VIPAC Institute.
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