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DESY 07-057SFB/CPP-07-16Lattie renormalisationof O(a) improved heavy-light operatorsBenô�t Blossieraa DESY, Platanenallee 6, D-15738 Zeuthen, Germany.AbstratThe analytial expressions and the numerial values of the renormalisation onstantsof O(a) improved stati-light urrents are given at one-loop order of perturbationtheory in the framework of Heavy Quark E�etive Theory: the stati quark is de-sribed by the HYP ation and the light quark is desribed either with the Clover orthe Neuberger ation. These fators are relevant to extrat from a lattie omputa-tion the deay onstants fB, fBS and the set of bag parameters Bi assoiated withB �B mixing phenomenology in the Standard Model and beyond.PACS: 12.38.G (Lattie QCD alulations), 12.39.Hg (Heavy quark e�etive theory), 13.20.He (Lep-toni/semileptoni deays of bottom mesons).1 IntrodutionThe extration of important quantities like Vub or jVts=Vtdj needs the non perturbativealulation of the hadroni form fators that enode the long-distane physis. For examplethe B meson deay onstant fB has to be preisely known to determine the exlusive Vubfrom B ! � �� [1℄. The detetion of physis beyond the Standard Model in the Bs, Bssystem is hopeless if the theoretial unertainty on the bag parameter BBs assoiatedwith the Bs � Bs mixing amplitude in the Standard Model is not redued [2℄. The mostsatisfying approah to ompute suh form fators is lattie QCD, as it is only based on�rst priniples of quantum �eld theory. However, disretisation e�ets indue importantsystemati errors if amQ � 1, where a is the lattie spaing andmQ is the heavy quark mass.The extrapolation to the ontinuum limit of physial quantities involving suh heavy quarksis diÆult, unless the alulation is done on a very �ne lattie (e.g. a � 0:02 fm), whih isnot possible for the moment beause of the too high ost in omputation time, or employingthe Relativisti Heavy Quark ation [3℄ with properly tuned parameters [4℄ (see [5℄ for areent appliation of this approah). A way around this problem is the use of Heavy QuarkE�etive Theory (HQET) [6℄ in whih all degrees of freedom of O(mQ) are integrated in
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Wilson oeÆients, wheremQ � �QCD. This approah is attrative beause the ontinuumlimit exists and results are independent of regularisation. A strategy to renormalise nonperturbatively the theory has been proposed and tested for a simple ase [7℄. A drawbakof the standard Eihten-Hill ation [8℄ is the rapid growth of the statistial noise on theorrelation funtions C(x0) at x0 � 1 fm, making diÆult the extration of hadroniquantities. A method to redue UV utuations is the use of HYP links [9℄ to buildthe Wilson line of the stati propagator; it has been found that this strategy improvessigni�antly the signal/noise ratio [10℄. In this paper we give the analytial expressionsand the numerial results of the renormalisation onstants of stati-light bilinear and four-fermion operators at one-loop of perturbation theory when the stati quark is desribedby the HYP ation and the light quark is desribed by the O(a) improved Clover ationor the Neuberger ation [11℄; in the latter ase the extration of the bag parameters Biis muh safer theoretially beause there is no mixing among dimension 6 four-fermionoperators of di�erent hirality. This work is an extension to smeared stati quark ationsof similar omputations done with the Eihten-Hill ation and with the Clover [12, 13℄and Neuberger ations [14℄ respetively. The �rst of these two new results might be usedby the authors of [15℄ to give the �nal number of the Nf = 2 P wave stati-light deayonstant omputed with the HYP ation. The paper is organised as follows: in Setion 2we will present results obtained by using the tree-level improved stati-light operators andin Setion 3 we will give renormalisation onstants of four-fermion operators, leaving thepresentation of the numerial result of the bag parameter BBs to a future paper.2 Tree level improved stati-light urrentA well known approah to redue the ut-o� dependene of matrix elements omputed onthe lattie is to improve the Wilson light quark ation by adding an O(a) term whih isirrelevant in the ontinuum limit, for example the Sheikholeslami-Wohlert Clover one [16℄.One needs also to improve the inserted operators: in the literature, authors de�ned rotated�elds  0 � �1� a r2 6D� [17℄. We will hoose r = 1 for the rest of the paper. In prinipleone ould also rotate the stati �eld but it has been shown that it is not neessary in theomputation of O(a) improved on shell matrix elements at tree level [18℄. A tree-level, theimproved bilinear stati-light operator will then readOI� � �h� 0 = �h� � a2�h� 6D ; (1)where � is any Dira matrix and we hoose the symmetri de�nition of the ovariantderivative D� (x) = U�(x) (x+�̂)�Uy(x��̂) (x��̂)2a . The stati quark ation readsSHQET =Xn hy(n) hh(n)� V y;HYP4 (n� 4̂)h(n� 4̂)i+ a Æmhy(n)h(n); (2)where V4 is a HYP-smeared link in time diretion and Æm is a ounter-term introdued toanel the linear divergent part of the stati quark self-energy [8℄. The light quark ationreads 2



stati quark propagator a(1� e�ip4a + �)�1vertex V a�;hhg(p; p0) �ig0T ah4�e�i(p4+p04)a2vertex V ab��;hhgg(p; p0) �12ag20h4�h4�fT a; T bge�i(p4+p04)a2light quark propagator a �i � �p+ am+ 12 p̂2��1vertex V a�;qqg(p; p0) �igT a(� os a(p+ p0)� � i sina(p+ p0)�)vertex V ab��;qqgg(p; p0) iag20Æ��2 �T a; T b	 (� sina(p+ p0)� + i os a(p+ p0)�)improved vertex V I�;qqg �g0T a r2 �P� ���(sina(p� p0)� os a2 (p� p0)��stati-light bilinear urrent O�1 �1improved stati-light bilinear urrent OI�1;qq � i2�1 6�improved stati-light bilinear urrent OI�1;qqg �a ig0 r2 �1� os a(p+ p0)�gluon propagator in the Feynman gauge a2Æ��Æab(2W + a2�2)�1Table 1: Feynman rules.SClover = SW � a4SW Xn;�;� hig a4 � (n)���P�� (n)i ; (3)where P�� is the disretised strength tensor. The Sheikholeslami-Wohlert oeÆient SWan be �xed at its tree level value treeSW = 1 to be onsistent with a one-loop alulation inperturbation theory. We ollet in Table 1 the Feynman rules whih are used. We followthe notations of [20℄ - [23℄ in the rest of the paper and we summarise them in Appendix A.Note that p0 and p are the in-going and out-going fermion momenta, respetively. Wealso introdue an infrared regulator � for the gluon propagator. We symmetrize the vertexV ab��;hhgg by introduing the anti-ommutator of SU(3) generators, normalized by a fator 12 .At one loop of perturbation theory, a bare matrix element regularised and renormalised ina ontinuum sheme - for example in the Dimension Regularisation (DR) and in the MSsheme - is written generially in terms of its tree level parthO(p; �)iDR;MS = "1 + �MSs (�)4� � ln��2p2� + CDR�# hO(p)itree ; (4)where  is the O(g2) oeÆient of the anomalous dimension of the operator. The samebare matrix element regularised on the lattie readshO(p; a)ilat = �1 + �s0(a)4� � ln(a2p2) + Clat�� hO(p)itree +O(a) : (5)At this level of perturbation theory one an identify �MSs (�) with the bare oupling �s0(a).One an then write thathOiDR;MS = �1� �s0(a)4� � ln a2�2 + Clat � CDR�� hOilat +O(a)� Z(a�)hOilat +O(a) : (6)3



The mathing onstant between the matrix element renormalised at the sale � = a�1in the ontinuum and the bare matrix element regularised on the lattie is then given byClat�CDR. In the following we will be onerned with the stati-light urrents and disussClat.Let us onsider the bare hadroni matrix element regularised on the lattie hH2jOI�jH1ilatwhere H1 ontains the light quark q and H2 ontains the stati quark h. It is omputedfrom the ratio R(t; t1; t2) = Z1Z2 C(3)J1;OI�;J2(p; p0; t; t1; t2)C(2)J1 (~p; t1)C(2)J2 (~p0; t2 � t)where C(2)Ji (~p; t) = X~x ei~p�~xhJi(t; ~x)Jyi (0)iis a 2-point orrelation funtion, Ji is an interpolating �eld of the hadron stateHi ontainingeither the stati quark �eld h or the light quark �eld q,C(3)J1;O�;J2(~p; ~p0; t; t1; t2) = X~x;~y ei(~p�~x�~p0�~y)hJ2(t2; ~y)OI�(t)Jy1(t1; ~x)iis a 3-point orrelation funtion in whih the operator OI� is inserted at time t.Eventually Zi = hH(0)i jJyi j0i, where H(0)i is the hadron ground state ontaining either thestati quark h or the light quark q. As usual we determine hH(0)2 jOI�jH(0)1 ilat in the intervalof t where R(t; t1; t2) is onstant (i.e. ground states are safely isolated). As the spetatorquark does not play any role in the renormalisation of OI�, one may relate hH(0)2 jOI�jH(0)1 ilatto h�h(p0)jOI�jq(p)ilat. That is why it is justi�ed to ompute the mathing onstants betweenthe urrents renormalised in a ontinuum sheme and the bare urrents regularised on thelattie by onsidering the matrix elements of quarks1, whih are the only states appropriateto do perturbative alulations. We stress that the mass ounter-term Æm is anelled inR: thus we will not onsider it in our one loop omputations.At this order of perturbation theory, h�h(p0)jOI�jq(p)ilat is given byh�h(p0)jOI�jq(p)ilat = pZ2hpZ2l n1 + �s4�CF �� ln(a2�2) + d1 + n� (l +m)+G(d2 + h� q � 2dI)�	 h�h(p0)jO�jq(p)itree� Zlath�h(p0)jO�jq(p)itree ; (7)where0�0 = G�; pZ2h = 1+�s4�CF �e2 � ln(a2�2)� ; pZ2h = 1+�s4�CF �f + f I + ln(a2�2)2 � ;1The renormalisation onstants omputed in the MOM sheme are atually extrated numerially onthe lattie by onsidering suh matrix elements [19℄.4



d1 + (d2 � dI)G, hG, n � (q + dI)G and �(l + m) are ontributions given by the 1PIvertex diagrams shown in Figure 1 and Z2h;l ome from the quark self energies. Finallythe expression of Clat readsClat = e+ f + f I2 + d1 + n� (l +m) +G(d2 + h� q � 2dI): (8)We have olleted the numerial values of the various onstants in Table 2 for the HYPparameter sets �i = 0 (orresponding to standard Eihten-Hill ation), �1 = 1:0, �2 =�3 = 0 (orresponding to APE bloking [24℄), �1 = 0:75; �2 = 0:6; �3 = 0:3 (HYP1) and�1 = 1:0; �2 = 1:0; �3 = 0:5 (HYP2); their analytial expression is written in Appendix B,while we have olleted Clat in terms of �i for axial and salar stati-light urrents in Table3. For the �rst set of �i our results agree with [12, 13℄.We note that the one loop orretions for the set HYP2 are very small ompared to theset �i = 0, on�rming the observation that UV utuations are strongly suppressed bythis ation [10℄, whih improves highly the signal/noise ratio. It is partiularly impressiveon the onstant e related to the stati �eld renormalisation. In that ase the tadpoleontribution is muh smaller for HYP2 than for Eihten-Hill (5.96 vs. 12.23) and the"sunset" ontribution is negative instead of positive (-9.58 vs. 12.25). Another interestingproperty of the HYP2 ation is that the ontribution oming from the hiral symmetrybreaking term of the light quark ation is redued ompared to what is found with theother stati quark ations, in partiular HYP1, as indiated in the last row of Table 3. Themain onsequene is that the ratio ZV =ZA between the mathing onstants of the vetorand axial stati-light urrents is loser to 1. Of ourse this feature is only true at one-loopof perturbation theory and an hange at the non-perturbative level.3 Bs �Bs mixing with overlap fermionsIn this part we present the results of the omputation of the renormalisation onstants ofstati-light four-fermion operators with the light quark desribed by the Neuberger ation.�i 0 APE HYP1 HYP2e 24.48 3.17 2.52 -3.62d1 5.46 4.98 4.99 4.72d2 -7.22 -3.33 -3.70 -1.87dI -4.14 -2.79 -2.80 -1.99h -9.98 -3.40 -4.43 -1.95n 0.73 -2.33 -1.80 -2.88q -2.02 -0.61 -0.78 -0.19
f 13.35f I -3.63l -3.42m 7.35

Table 2: Numerial values of ontributions to the orretion at one loop of perturbationtheory of the O(a) improved stati-light urrent regularised on the lattie to its tree levelexpression; f , f I , l and m are extrated from [18℄ whereas e was omputed in [25℄.5



(a) (b) () (d)Figure 1: Diagrams giving the 1 loop orretion to the O(a) improved stati-light urrentwith the O(a) improved light quark ation.The bag parameter BBs assoiated with the Bs � Bs mixing amplitude in the StandardModel is de�ned by BBs = hBsj(�bs)V�A(�bs)V�AjBsihBsj(�bs)V�A(�bs)V�AjBsiVSA ;hBsj(�bs)V�A(�bs)V�AjBsiVSA = hBsj(�bs)V�Aj0ih0j(�bs)V�AjBsi : (9)We have to introdue in addition to the operator O1 � (�bs)V�A(�bs)V�A the followingoperators of the supersymmetri basis:O2 = (�bs)S�P (�bs)S�P ;O3 = (�bs)V�A (�bs)V+A ;O4 = (�bs)S�P (�bs)S+P : (10)Then we de�ne as usual the bag parameters Bi=1;:::;4 in terms of the Vauum SaturationApproximation matrix elements byhBsjOijBsi(�) = hBsjOijBsiVSABi(�) :We de�ne the HQET operators eOi=1;:::;4 byeO1 � eOV V+AA = (�h(+)s)V�A (�h(�)s)V�A ;eO2 � eOSS+PP = (�h(+)s)S�P (�h(�)s)S�P ;eO3 � eOV V�AA = (�h(+)s)V�A (�h(�)s)V+A ;eO4 � eOSS�PP = (�h(+)s)S�P (�h(�)s)S+P ; (11)�i 0 APE HYP1 HYP2CAlat 26.26 5.71 7.13 0.61CSlat 12.46 4.46 3.63 1.31� -6.90 -0.54 -1.75 0.35Table 3: Lattie ontribution to the mathing onstant between the axial(salar) stati-light urrent regularised on the lattie and its ounterpart renormalised in the ontinuum.We indiated the ontribution � � d2 + h � q � 2dI oming from the hiral symmetrybreaking term of the light quark ation. 6



and their assoiated bag parameter eBi, i = 1; 2; 3; 4.The extration of BBs from our lattie simulation needs the following steps:(1) ~Blati (a) are mathed onto the ontinuum MS(NDR) sheme at NLO in perturbationtheory at the renormalization sale � = 1=a [14℄,(2) ~Bi are evolved from � = 1=a to � = mb by using the HQET anomalous dimensionmatrix, known to 2-loop auray in perturbation theory [27, 26℄,(3) ~Bi(� = mb) are �nally mathed onto their QCD ounterpart, Bi(mb), in the MS(NDR)sheme at NLO [26℄.The mathing sales are suh that neither ln(a�) in step (1) nor ln(�=mb) in step (3) orretstrongly the mathing onstants. In the following we will onentrate on step (1).The total lattie fermioni ation is S = SHQET + SNL whereSHQETH = a3Xn n�h+(n) hh+(n)� V y;HYP4 (n� 4̂)h+(n� 4̂)i��h�(n) �V HYP4 (n)h�(n+ 4̂)� h�(n)�+ Æm ��h+(n)h+(n) + �h�(n)h+(n)�	 ;SNL = a3Xn � (n)DN(m0) (n) ; DN(m0) = �1� 12�am0�DN + am0 ; (12)DN = �a �1 + XpXyX� ; X = DW � �a ; 0 < � < 2 :The stati quark (antiquark) �eld satis�es the equation of motion0h�(x) = �h�(x):The HQET ation is invariant under the �nite Heavy Quark Symmetry (HQS) transfor-mations �h(�)(x) HQS(i)�! �12�ijk�h(�)(x)jk (i = 1; 2; 3) ; (13)and the overlap ation is invariant under the in�nitesimal hiral transformation [28℄ ! h1 + i�5 �1� a2DN�i ; � ! � h1 + i��1� a2DN� 5i : (14)The mathing between the operators regularised on the lattie and their ounterpart of theontinuum needs normally 16 mathing onstants, as eO1 and eO2 an mix with eO3 and eO4:eOMSi (�) = Zij(a�) eOj(a); i = 1; :::; 4; j = 1; :::; 4 :However, thanks to Heavy Quark Symmetry, these onstants are not all independent.Here we give the details of the proof, as it was not fully presented in [14℄ or [29℄ (it wasindependently presented and generalised in [30℄). Under the HQS transformation (13), onehas eOSS+PP � � eO(V V+AA)0; eOV V+AA HQS(i)�! eOV V+AA; eOSS+PP HQS(i)�! � eO(V V+AA)i ;7



eOV V�AA HQS(i)�! j 6=iXj=1;3 eO(V V�AA)j � ( eO(V V�AA)i + eO(V V�AA)0) � ( eOV V�AA)? � ( eOV V�AA)k ;eOSS�PP � � eO(V V�AA)0; eOSS�PP HQS(i)�! eO(V V�AA)i :The di�erent onstraints are the followings:h eOV V+AA(�)i = Z11h eOV V+AA(a)i+ Z12h eOSS+PP (a)i+ Z13h eOV V�AA(a)i+ Z14h eOSS�PP(a)i ;h eOV V+AA(�)i = Z11h eOV V+AA(a)i � Z12h eO(V V+AA)i(a)i+ Z13(h eOV V�AA(a)i? � h eOV V�AA(a)ik)+ Z14h eO(V V�AA)i(a)i (HQS(i)) ;Xi=1;3h eOV V+AA(�)i � 3h eOV V+AA(�)i= (3Z11 � Z12)h eOV V+AA(a)i � Z12h eOSS+PP (a)i+ (Z13 + Z14)h eOV V�AA(a)i+ (Z14 + 4Z13)h eOSS�PP (a)i ;implying that Z12 = 0; Z14 = 2Z13 : (15)h eOSS+PP(�)i = Z21h eOV V+AA(a)i+ Z22h eOSS+PP (a)i+ Z23h eOV V�AA(a)i+ Z24h eOSS�PP (a)i ;�h eO(V V+AA)i(�)i = Z21h eOV V+AA(a)i � Z22h eO(V V+AA)i(a)i+ Z23(h eOV V�AA(a)i? � h eOV V�AA(a)ik)+ Z24h eO(V V�AA)i(a)i (HQS(i)) ;�Xi=1;3 eO(V V+AA)i(�)� eO(V V+AA)0(�) � �h eOSS+PP (�)i � h eOV V+AA(�)i= (3Z21 � Z22)h eOV V+AA(a)i � Z22h eOSS+PP (a)i+ (Z23 + Z24)h eOV V�AA(a)i+ (Z24 + 4Z23)h eOSS�PP(a)i= �(Z11 + Z21)h eOV V+AA(a)i � Z22h eOSS+PP (a)i� [(Z13 + Z23)h eOV V�AA(a)i+ (Z14 + Z24)h eOSS�PP (a)i℄ ;giving the onstraints Z21 = Z22 � Z114 ; Z24 = �(Z13 + 2Z23) : (16)h eOV V�AA(�)i = Z31h eOV V+AA(a)i+ Z32h eOSS+PP(a)i+ Z33h eOV V�AA(a)i+ Z34h eOSS�PP (a)i ;h eOSS�PP (�)i = Z41h eOV V+AA(a)i+ Z42h eOSS+PP(a)i+ Z43h eOV V�AA(a)i+ Z44h eOSS�PP (a)i ;h eO(V V�AA)i(�)i = Z41h eOV V+AA(a)i � Z42h eO(V V+AA)i(a)i+ Z43(h eOV V�AA(a)i? � h eOV V�AA(a)ik)+ Z44h eO(V V�AA)i(a)i (HQS(i)) ;8



Xi=1;3 eO(V V�AA)i(�)� eO(V V�AA)0(�) � h eOSS�PP (�)i+ h eOV V�AA(�)i= (3Z41 � Z42)h eOV V+AA(a)i � Z42h eOSS+PP (a)i+ (Z43 + Z44)h eOV V�AA(a)i+ (Z44 + 4Z43)h eOSS�PP(a)i= (Z31 + Z41)h eOV V+AA(a)i+ (Z32 + Z42h eOSS+PP(a)i+ (Z33 + Z43)h eOV V�AA(a)i+ (Z34 + Z44)h eOSS�PP(a)i :One obtains eventually the onstraintsZ44 = Z33; Z42 = �Z322 ; Z41 = 2Z31 � Z324 ; Z43 = Z344 : (17)The renormalisation matrix has the following struture:Z = 0BB� Z11 0 Z13 2Z13Z22�Z114 Z22 Z23 �(Z13 + 2Z23)Z31 Z32 Z33 Z342Z31�Z324 �Z322 Z344 Z33 1CCA : (18)Further onstraints are obtained thanks to the invariane of the overlap ation under the�nite hiral transformation ! i5 �1� a2DN� ; � ! i � �1� a2DN� 5 :Under suh a transformation one haseOV V+AA ! � eOV V+AA; eOSS+PP ! � eOSS+PP ;eOV V�AA ! + eOV V�AA; eOSS�PP ! + eOSS�PP :The �nal result is then Z = 0BB� Z11 0 0 0Z22�Z114 Z22 0 00 0 Z33 Z340 0 Z344 Z33 1CCA : (19)There is no mixing of left-left four-fermion stati-light operators regularised on the lattiewith dimension 6 operators of di�erent hirality, reduing signi�antly the systemati erroroming from suh a spurious mixing when the light quark is desribed by the Wilson-Cloveration: indeed the mathing of those operators with their ounterpart renormalised in theontinuum MS sheme does not need any subtration.We reall that the overlap propagator without mass reads2Saboverlap(k) = Æab a2� ��i 6�! + b + 1� ; b(k) = W (k)� � ; !(k) = a�pXyX�0 (k) ; (20)2We invite the reader to have a look in Appendix A in whih the notations used in those equations aremade more preise. 9



(a) (b) () (d)Figure 2: Diagrams giving the one loop orretion to a stati-light four-fermion operator.where X0 is the free part of the Wilson kernel with a negative mass � �a , and the quark-quark-gluon vertex is de�ned by [31℄V a;overlap�;qqg (p; p0) = �ig0T a �!(p) + !(p0)"��� is� + a2!(p)!(p0)X0(p0) �� + is�!X0(p)# :(21)The renormalisation onstants of dimension 6 stati-light four-fermion operators are givenat one loop of perturbation theory by the diagrams of Figure 2.Following the notations of [14℄, the mathing onstants are de�ned byZMS11 = 1 + �MSs4� �73 + ds3 � 10d13 � 3 � 4e3 � 4f3 + 2d�3 + 4 ln(a2�2)� ;ZMS21 = �MSs4� �� 536 � ds36 � 2dv9 + d12 + 4 � d�6 � 23 ln(a2�2)� ;ZMS22 = 1 + �MSs4� �169 + 2ds9 � 8dv9 � 4d13 + 23 � 4e3 � 4f3 + 43 ln(a2�2)� ;ZMS33 = 1 + �MSs4� �4112 � dv6 � 7d13 + 6 � 4e3 � 4f3 + 7d�6 + 72 ln(a2�2)� ;ZMS34 = �MSs4� �12 � dv + 2d1 + � d� � 3 ln(a2�2)� ;ZMS43 = �MSs4� �18 � dv4 + d12 + 4 � d�4 � 34 ln(a2�2)� ;ZMS44 = 1 + �MSs4� �4112 � dv6 � 7d13 + 6 � 4e3 � 4f3 + 7d�6 + 72 ln(a2�2)� ;where  and d1 orrespond to diagrams 2(a) and 2(b) respetively. The mathing onstant10



of the axial stati-light urrent is de�ned byZMSA = 1 + �s12�2 �54 � e + f2 � d1 + 32 ln(a2�2)� : (22)We have olleted the numerial values of  and d1 in Table 4 and we have given theiranalytial expression in Appendix C. We agree with the authors of [14℄ for the analytialexpression of d1(�i = 0) [32℄ and for its numerial value. f(�), ds(�) and dv(�), involvingonly light quark legs and omputed in [33℄, are inluded in the same table for � = 1:4 and1.6 that we hose to perform the lattie simulation, and d� = �4:792010. We obtain for� = 1:4 and the set HYP1ZMS11 (1=a) = 1 + �MSs (1=a)4� � 20:0579 ; ZMS22 (1=a) = 1 + �MSs (1=a)4� � 19:6915 ;ZMSA (1=a) = 1 + �MSs (1=a)4� � 11:2557 : (23)Here we would like to make two remarks.The �rst one is that the bag parameters eBMS(�)i are mathed to eB(1=a)i with ZijZ2A : in theratio the quark self-energies anel, reduing the orretions.The seond remark onerns the numerial value of the renormalisation onstants: oneneeds to de�ne the expansion parameter �s in terms of the lattie oupling, in order toimprove as muh as possible the perturbative omputation. We deided in our analysisto use the onstant �V (3:41=a), that is related to the average plaquette h1=3Tr(U�)i [34℄,and the ratio �MS=�V , to ompute �MSs (1=a) at two loops of perturbation theory. Analternative approah ould have been to hoose the sale � = q� between 1=a and �=a, asdone in [12℄, and inlude the spreading in the systemati error as done in [27℄. Of oursein that ase the logarithmi terms appearing in (6) must be taken into aount.4 ConlusionIn this paper we have alulated the one loop orretions at O(a) of stati-light urrents �h�qand four-fermion operators (�h�q) (�h�q) in lattie HQET with a hyperubi bloking of theWilson line whih de�nes the stati quark propagator. It determines the renormalization of� 1.4 1.6f(�) -17.47 -13.24ds(�) 2.55 3.06dv(�) 0.056 0.068d1(�; �i = 0) 0.648 0.707d1(�;APE) 0.320 0.346d1(�;HYP1) 0.285 0.306d1(�;HYP2) 0.032 0.026 �i 0 APE HYP1 HYP2 4.53 -3.63 -3.24 -7.82
Table 4: Numerial values of , d1(�), f(�), ds(�) and dv(�) de�ned in the text.11



the operators whih are used to ompute in the stati limit of HQET the deay onstant fBand the bag parameters Bi assoiated with the Bs�Bs mixing amplitude in the StandardModel and beyond.In partiular we have given values of the renormalisation onstants of the stati-light four-fermion operators when the light quark is desribed by the overlap ation, whih is anelegant way to restore on the lattie the hiral symmetry of the ontinuum but is highlydemanding in omputation time, so that a non perturbative renormalisation proedure,like the Shr�odinger funtional sheme [35℄, is not underway yet. However a further stepould be to ompute in this sheme { i.e. non perturbatively { the mathing onstants ofstati-light bilinear urrents when the light quark is desribed in the bulk by the Neubergeroperator [36℄.AknowledgmentI gratefully aknowledge helpful disussions with D. Be�irevi�, N. Garron, A. Le Yaouan,C. Mihael, A. Shindler and R. Sommer. This work is supported in part by the EU ContratNo. MRTN-CT-2006-035482 (\FLAVIAnet") and by the Deutshe Forshungsgemeinshaftin the SFB/TR 09.A NotationsWe give here the notations that appear in the main part of the paper and below in theanalytial expressions of mathing onstants.Zk � Z ��� d4k(2�)4 ; Z~k � Z ��� d3k(2�)3 ;U�(n) = eiag0Aa�(n)Ta = 1 + iag0Aa�(n)T a � a2g202! Aa�(n)Ab�(n)T aT b +O(g30);UHYP� (n) = eiag0Ba�(n)Ta = 1 + iag0Ba�(n)T a � a2g22! Ba�(n)Bb�(n)T aT b +O(g30);Aa�(n) = Zp eip(n+a2 )Aa�(p); Ba�(n) = Zp eip(n+a2 )Ba�(p);F 2 = 4Xi=1 F 2i ; ~F 2 = 3Xi=1 F 2i�� = sin ak�; � = os�a(p+ p0)�2 � ; s� = sin�a(p+ p0)�2 � ;M� = os�k�2 � ; N� = sin�k�2 � ; W = 2N2;E2 = ~N2 + a2�24 ; E21 = ( ~N2)2 + ~�241 + 2 ~N2 :12



B(1)� (k) =X� h��(k)A�(k); h��(k) = Æ��D�(k) + (1� Æ��)G��(k);D�(k) = 1� 1X�6=�N2� + 2 X�<�;�;� 6=�N2�N2� � 3N2�N2�N2� ;G��(k) = N�N� �1 � 2N2� +N2�2 + 3N2�N2�3 � � N�N�A0�;1 = (2=3)�1[1 + �2(1 + �3)℄; 2 = (4=3)�1�2(1 + 2�3); 3 = 8�1�2�3:B Mathing onstants of O(a) improved operatorsHere we give the analytial expressions of the onstants d1, d2, dI , n, h and q.d1(�i) = ln(a2�2) + (4�)2( 116 Z~k 11 + 2 ~N2 1p1 + E21 1E1  D4 + 3Xj=1 A0jN2j!+ 116 Z~k 11 + 2 ~N2 1E21 � E2 "D4 p1 + E2E � p1 + E21E1 !
+ 3Xj=1 A0jN2jM2j  1Ep1 + E2 � 1E1p1 + E21!#) ; (24)d2(�i) = � 116 Z~k D41 + 2 ~N2 1E21 ; dI = � Z~k D464 ~�21 + 2 ~N2 1~N2E21 ; (25)n = Z~k 116 11 + 2 ~N2 "D4p1 + E21E1 + Pj A0jN2jM2jE1p1 + E21+D4 +Pj A0jN2j4(E21 � ~N2)  4 ~N2(1 + ~N2)� ~�2p ~N2p1 + ~N2 � 4E21(1 + E21)� ~�2E1p1 + E21 !# ; (26)h = � Z~k 116D4~N2 ; q = � Z~k 164 D4~�21 + 2 ~N2 1E21 : (27)C Stati-light vertex with the overlap ationHere we give the analytial expressions of  and d1(�):(�i) = 2 ln(a2�2) + (4�)2 Z~k D24 � E2P3i=1N2i A02i4E3 1p1 + E2 ; (28)13
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