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DESY 07-129Suppression of Supergravity Anomalies in Conformal SequesteringMotoi EndoDeuts
hes Elektronen Syn
hrotron DESY,Notkestrasse 85, 22607 Hamburg, GermanyAbstra
tWe show that the anomaly-mediated supersymmetry breaking via the K�ahler and sigma-modelanomalies is suppressed by 
onformal dynami
s in the supersymmetry breaking se
tor.
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I. INTRODUCTIONLow-energy supersymmetry (SUSY) is one of the most plausible extensions of the stan-dard model (SM). So far, low-energy experiments su
h as measurements of 
avor-
hangingneutral 
urrents (FCNCs) have imposed 
onstraints on its breaking me
hanism and media-tion. We often assume to put our world be se
luded from the SUSY breaking se
tor. Then,the SUSY breaking is mediated only via the gravitational e�e
ts [1, 2, 3℄, and the dangerousFCNCs are suppressed naturally.It was proposed that the separation is a
hieved by geometri
al 
on�guration in higherdimensions [1℄. This me
hanism is simple and easy to imagine. However, it has been notedthat moduli �elds in the bulk may indu
e the dangerous 
ouplings. The 
ontributions dependon the ba
kground, and the warped one, namely the AdS spa
e, is su

essful, be
ause theyare warped away [4℄.On the other hand, the separation is realized in the four dimensional setup by assuminga 
onformal dynami
s in the SUSY breaking se
tor. This s
enario is 
alled as the 
onformalsequestering [5℄. The renormalization group (RG) evolution of the 
onformal dynami
ssuppresses the 
onta
t 
ouplings between the SM and SUSY breaking se
tors.These two me
hanisms are suggested to be dual to ea
h other a

ording to theAdS/
onformal �eld theory (CFT) 
orresponden
e [6℄. This implies an equivalen
e of themass spe
trum of the superparti
les. It has been studied that the tree-level mediation ofthe SUSY breaking is suppressed in both 
ases [1, 5℄. Then the soft parameters arise atthe quantum level. There are three anomalies in supergravity (SUGRA), whi
h are knownto mediate the SUSY breaking [1, 2, 3℄. In the AdS setup, the mediation is given by theSuper-Weyl (SW) anomaly, while the other two anomalies in SUGRA, 
alled the K�ahler andsigma-model anomalies, are known to 
an
el to ea
h other [3℄. In 
ontrast, any 
an
ellationor suppression has not been dis
ussed in CFT. In this letter, we will show that the 
onformaldynami
s suppresses the K�ahler and sigma-model anomalies are suppressed.II. ANOMALY MEDIATIONThe anomaly-mediated SUSY breaking (AMSB) with respe
t to the SW, K�ahler andsigma-model transformations is represented by the non-lo
al operators in SUGRA [3℄. How-2



ever, the result is not easy to dis
uss the 
onformal dynami
s. They are easily obtainedfrom the super
onformal formula of SUGRA [7℄. Only the leading terms with respe
t to1=MP are phenomenologi
ally signi�
ant. Then the Lagrangian is expanded asL = [�y�QyQ℄D + [�K℄D � 16[K2℄D + [�3W ℄F + � � � ; (1)where K and W denotes the K�ahler and superpotential in the Einstein frame. The 
hiralsuper�eld �eld Q denote the visible and hidden mattes. It is noted that � is the 
hiral
ompensator �eld to �x the gauge degrees of freedom of the super
onformal symmetry.Namely, the frame is not �xed before giving a VEV for �. The notation [� � �℄D;F means totake D- and F -
omponents in the global SUSY, respe
tively. Further, we simply assume a
anoni
al normalization for the matters. The se
ond term in the right-handed side representsthe higher dimensional terms, potentially in
luding dire
t 
ouplings between the visible andhidden se
tors. The third one is obtained after expanding �3e�K=3. The negle
ted termsare phenomenologi
ally irrelevant, sin
e they 
orrespond to higher order terms of 1=MnP inthe Einstein frame.The 
hiral 
ompensator �eld, � is a sour
e to mediate the SUSY breaking via the SWanomaly. It is easy to introdu
e the Pauli-Villas (PV) �elds Q0 to see AMSB. Essentially,the superpotential involves the mass term,W = M 0Q0 �Q0 (2)with the regularization s
ale M 0. After 
anoni
ally res
aling Q0, the SUSY breaking B termis evaluated as B = M 0F� in addition to the mass term M = M 0�. Thus similarly to theevaluation of the gaugino mass in the gauge-mediated SUSY breaking, the loop diagrammediating Q0 gives M� = �4� F�� : (3)This has a sign opposite to that of the gauge-mediation be
ause Q0 is the PV �eld. Wenoti
e that the result is independent ofM 0 and �nite even forM 0 !1. The Einstein frameis realized by taking a � = eK=6 �1 + �2 �eK=2W � + 13KiF i�� : (4)a See [3℄ for the terms involving spinors. 3



Then we reprodu
e the AMSB result from the SW anomaly.The sigma-model 
ontribution originates in the se
ond term of the right-handed side in(1). The B term is from the higher dimensional operator in the K�ahler potential. In fa
t,for a hidden matter Z, ÆK = 
ZQ0Q0y+h:
: gives ÆFQ0 = �
FZQ0, leading to B = �M 0
FZby 
ombining to the mass term (2) (e.g. see below). Note that � does not 
ontribute to thesigma-model anomaly. Thus the gaugino mass be
omesM� = � �4�
FZ : (5)This result is generalized to the result in [3℄ straight-forwardly. Then the anomaly is onlyfrom the U(1) subgroup of the 
onne
tion, �jij � Kj`�Ki`�j. It is also 
ommented that thisresult depends on the higher dimensional operator in K and 
an appear in global SUSYmodels [8℄.Let us dis
uss the K�ahler anomaly. The third term of the right-handed side plays a roleto mediate the SUSY breaking in (1). It looks like a higher dimensional operator in theD-term, [� � �℄D, and the B term be
omes B = 2=3M 0KZFZ for both Q and �Q, similarly tothe sigma-model anomaly. So the gaugino mass isM� = �4� 23KZFZ: (6)It is stressed that although the result depends on the linear term of K, it substantially 
omesfrom the higher dimensional operator in (1).From (3), (5) and (6), we obtain the 
omplete AMSB for the gaugino mass whi
h is
oin
ide with the result in [3℄. In the literature, the operator is denoted by the super�elds,involving the gravity super�eld, R. We 
an see that the super�eld representation of thenon-lo
al terms is derived from the se
ond and third terms in (1) for the K�ahler and sigma-model anomalies. However, only a part is obtained for that of the SW anomaly, be
ause wefo
us on a sour
e of AMSB and introdu
ed only � in this letter.The B terms are essential to derive AMSB in the above. For the K�ahler and sigma-model anomalies, they 
ome from the higher dimensional operators. The K�ahler potentialis generally written as (here and in the following, we omit a prime of �elds for simpli
ity)K = jZj2 + jQj2 + j �Qj2 + hdZ + 
QZjQj2 + 
 �QZj �Qj2 + h:
:i+ � � � ; (7)and the mass term is W =MQ �Q. Here the 
oeÆ
ients 
Q; �Q; d may depend on the (hidden)4



matters as a ba
kground. Expanding eK=3, we obtain the higher dimensional operators;� 3e�K=3 � (
Q � d=3)ZjQj2 + (
 �Q � d=3)Zj �Qj2 + h:
:: (8)These terms are a sour
e of mediating the SUSY breaking in the K�ahler and sigma-modelAMSB. The B term is easily obtained by solving the equation of motion of FQ and F �Q.Another approa
h is to erase them by res
aling, Q ! Q[1 � (
Q � d=3)Z℄. Then the massterm is modi�ed as MQ �Q �! M "1�  
Q � 
 �Q � 2d3 !Z#Q �Q: (9)This involves the B term, and provides the gaugino masses. It is noted that the tadpoleterms of Z are irrelevant after the expansion.The 
ontributions from the K�ahler and sigma-model anomalies, (5) and (6), exa
tly 
an
elto ea
h other, if the K�ahler potential is the sequestered form [3℄,K = �3 ln �1� 13(jQj2 + jZj2)� : (10)This 
an
ellation is easily seen in (1). The se
ond and third terms in the right-handedside are a sour
e of the SUSY breaking for the sigma-model and K�ahler anomalies. If wesubstitute (10) for the K�ahler potential in (1), they 
an
el to ea
h other. From anotherpoint of view, they 
orrespond to the higher dimensional operators of �3eK=3. Namely, thehigher dimensional operators in the Einstein frame are pra
ti
ally equivalent to those in the
onformal frame [9℄. In the 
onformal frame, sin
e (10) does not have the 
onta
t termsbetween the visible and the SUSY breaking se
tors, the K�ahler and sigma-model anomaliesare absent, and only the SW anomaly remains.III. CONFORMAL SEQUESTERINGLet us dis
uss the K�ahler and sigma-model anomalies under the 
onformal dynami
s. Inthe previous se
tion, we saw that they are related to the higher dimensional operators in(1). Thus we fo
us on the evolution of them in the 
onformal dynami
s.At the 
uto� s
ale, the Lagrangian is assumed to be general, involving the (
avor-violating) higher dimensional operators. Let us �rst dis
uss the 
ase when the operatorsin the D-term linearly depend on the matters in the SUSY breaking se
tor, S. This means5



that 
Q; �Q and d in (7) are independent of the SUSY breaking �elds. To see a suppression ofthem, we res
ale the visible matters as Q! Q[1� (
Q�d=3)S℄. Then the AM 
ontributionsis derived from a 
oupling of S in front of the mass term in the superpotential, giving the Bterm. Its evolution is represented by the anomalous dimension of S. Near the �xed point,the B term behaves as (see e.g. [10, 11℄)W � � �M��
�S MSQ �Q; (11)where 
�S is the anomalous dimension at the �xed point. Sin
e S should be gauge-singlet,
�S is positive. Thus the B term be
omes suppressed in the infrared limit.The bilinear terms with respe
t to the SUSY breaking �elds in the D-term 
an alsobe a sour
e of mediating the SUSY breaking if the �eld has a �nite va
uum expe
tationvalue. Regarding the visible �elds as a ba
kground, their evolutions are represented by theanomalous dimensions [5℄; (� lnZ) = eLt(� lnZ)0: (12)Here the s
ale is t = ln(�=M�) and (� lnZ) is de�ned as (� lnZ) � lnZ + 
�t. Sin
ethe SUSY breaking se
tor usually 
onsists of multiple �elds, L forms a matrix. If it ispositive, i.e. all eigenvalues are positive, (� lnZ) approa
hes to zero for the infrared limitt ! �1. Then the 
onta
t terms are absent from the low-energy e�e
tive Lagrangian,be
ause they arise as (� lnZ)0 � 
QQy. Therefore the 
onformal sequestering is realized forL > 0 [5, 10, 12℄. At the same time, the sour
es of the SUSY breaking mediation be
omesmall as well, be
ause they are denoted by the higher dimensional operators. Thus theK�ahler and sigma-model anomalies are suppressed by the 
onformal dynami
s. Althoughthe 
oeÆ
ients 
 and d in (9) may depends on the hidden matters more 
omplexly, they 
anbe treated similarly, or are pra
ti
ally irrelevant for phenomenology.Consequently, the B terms relevant for the K�ahler and sigma-model anomalies are sup-pressed, and so they are absent in the 
onformal sequestering. In 
ontrast, the SW anomalystill remains after the dynami
s, sin
e � arises as an overall fa
tor in front of the D-term b.Let us 
omment on a 
hoi
e of the regularization s
heme. So far, we used the PVregularization. If we apply the other s
heme (see e.g. [3, 8, 13℄), the dis
ussions in theb The 
onformal dynami
s may a�e
tKiF i=3 in (4). The evolution, however, depends on details of SUGRA,and we retain the dis
ussion for a future work. 6



above are not so trivial. In order to see the suppression of AMSB, we fo
us on the UVinsensitivity. When a matter �eld de
ouples by a heavy mass, the threshold 
orre
tions givethe gaugino mass, M (de
:)� . The UV insensitivity tells us that it exa
tly 
an
els with thatfrom the regularization, that is, the AMSB mass, M (AM)� . Thus if we evaluate the gauginomass from the matter threshold by postulating a hypotheti
al mass term, we obtain theAMSB mass as M (AM)� = �M (de
:)� . Repeating the same dis
ussions in this letter, we obtainthe same result.So far, we fo
used on the gaugino mass. The soft SUSY breaking e�e
ts also 
ontains
alar masses, s
alar trilinear 
ouplings, and holomorphi
 s
alar mass terms. The SUGRAanomalies mediate the SUSY breaking to the parameters. Nevertheless, the 
omplete resulthas not been known for the K�ahler and sigma-model anomalies (see also [14℄). On the otherhand, the SUSY breaking is mediated by the higher dimensional operators in (1). The softparameters other than the gaugino mass are also 
onsidered to originate in the terms. Wesaw that they are suppressed in the geometri
al and 
onformal sequestering. Thus, if thesequestering is realized in nature, the K�ahler and sigma-model anomalies do not 
ontributeto the soft parameters.IV. DISCUSSION AND CONCLUSIONSIn this letter, we dis
uss the suppression of the K�ahler and sigma-model anomalies inthe 
onformal sequestering. The 
ontributions are obtained from the higher dimensionaloperators in the D-term, namely after expanding �3e�K=3. Sin
e the 
onformal dynami
ssuppresses them, the anomalies are found to vanish.A dynami
s of the gauge term R d2�ZWW is treated by using the anomalous dimen-sions [11℄. However, the operators we fo
us on now are represented by the non-lo
al oper-ators at the Plan
k s
ale [3℄, so its evolution is non-trivial. Instead, the 
ounter term mayexist at the 
uto�, and 
an a�e
t the gaugino mass [3℄. If it has a form of R d2�f(Z)WW ,where f(Z) = �Z + � � � is a fun
tion of Z, its 
ontribution tends to be suppressed by the
onformal dynami
s.The method in this letter 
an also be applied to dis
uss the anomaly-indu
ed in
atonde
ay [9, 15℄. The de
ay into the SUSY breaking se
tor is obtained by the higher dimensionaloperators of Z in the D-term for the K�ahler and sigma-model anomalies. Thus they are7



naturally suppressed by the 
onformal dynami
s, even when the SUSY breaking �elds donot always appear expli
itly in the operators [16℄.A
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