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Sommario1. Teoria di ampo eÆae per mesonipesanti e leggeri2. Mesoni pesanti di massa superiore3. Appliazioni nella �sia delle violazionidi CP Riferimenti1. H. Georgi, Ann.Rev.Nul.Part.Si.43:209,19932. M. B. Wise hep-ph/98054683. R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, F.Feruglio. R. Gatto and G. N. Phys. Rep. 281 (1997)1454. P. Colangelo, F. De Fazio, G.N., hep-ph/00012005. P. Colangelo, F. De Fazio, G.N., N. Paver and Ri-azuddin, Phys.Rev. D60: 033002, 19996. A.Deandrea, R. Gatto, M.Ladisa, G.N., P.Santorelli hep-ph/0002038 Phys.Rev.D to appear.



MOTIVATIONSUsefulness of an e�etive �eld theory for hadronsexhibiting (approximate) symmetries of QCD.Starting from the lowest order, suessive termsan be introdued, inluding orretions to the(approximate) symmetries and an inreasing num-ber of light meson derivativesThe simplest lagrangian should therefore1. Exhibit symmetries of QCD2. Contain the minimum number of light hadron�elds derivativesRemark: An e�etive way to take into aountthe behaviour for higher values of momentum isby form fatorsThese rules an be applied not only to lightquark setor of QCD (hiral symmetry) but alsoto heavy setor (heavy avour-spin symmetry ofHQET)



Building bloks
1. E�etive heavy and light hadron �elds2. Heavy quark symmetry: invarianeunderSU (2)heavy flavor�SU (2)heavy spin3. Invariane under the hiral group4. Minimum number of derivatives oflight hadron �elds



E�etive heavy meson �eldss` onserved together with the spin sQin the in�nite quark mass limit ( ~J =~s` + ~sQ). This an be used to organizethe heavy states in multipletsLow lying multipletsP̀ = 12�omprises a 0� and a 1� degeneratestate: B; B� for beauty and D; D� for harm.Expliit matrix representatio:H = (1 + =v)2 [P ��� � P5℄where v =heavy meson veloity, v�P �a� = 0 andMH = MP = MP �); =vH = �H=v = H ; if�H = 0Hy0 , then �H=v = �=v �H = �H .P �� and P = annihilation operators normalizedas follows: h0jP jQ�q(0�)i = pMHh0jP ��jQ�q(1�)i = ��pMH



Higher spin statesMultiplet sP̀ = 12+omprises a 0+ and a 1+ de-generate states. For harm the 1+ state maybe identi�ed with the broad D01(2461) state re-ently seen at CLEO(allowing somemixing withthe D1(2420) narrow state).S = 12(1 + =v)[P �1 �5 + P0℄Multiplet sP̀ = 32+omprises a 1+ and a 2+degenerate states. For harm: D1(2420)andD1(2460) . For beauty a bunh of states B��at 5697� 9 MeV:T � = (1 + =v)2 2664P ��2 � � vuuut32 ~P1�5 0�g�� � 13�(� � v�)1A3775



Multiplet sP̀ = 32�omprises a 1� and a 2�degenerate states. Not yet disovered. Pre-ditions from onstituent quark models � =mH �mQ = 1:2� 1:4 GeV.H� = (1 + =v)2 [D���2 5��vuuuut32 ~D�1� 0B�g�� � 13�(� + v�)1CA ℄
Multiplet sP̀ = 52�omprises a 2� and a 3� de-generate states. Not yet disovered. Preditionsfrom onstituent quark models. For harm: D3:2:76� 2:83 GeV. For beauty: 6:11 GeV:H�� = (1 + =v)2 [D���3 � � vuuuut535D�0��20�g��g�� � �5 g��(� � v�)� �5 g��(� � v�)1A ℄



Light meson �eldsOtet of the pseudo Goldstone bosonsOne uses the exponential form� = p� = exp iMf�M = 0BBBBBBBBB�
s12�0 + s16� �+ K+�� �s12�0 + s16� K0K� �K0 �s23�

1CCCCCCCCCAf� = 132MeV .Lagrangian for H, S and � with hiral andspin-avour symmetry and at the lowest orderin light mesons derivatives:L0+L1 = f 2�8 < ������y > +i < Hbv�D�ba �Ha >+ < Sb (i v�D�ba � Æba �) �Sa > +i g < Hb�5A�ba �Ha > +i g0 < Sb�5A�ba �Sa > +[i h < Sb�5A�ba �Ha > + h::℄



< : : : >= trae, �= mass splitting of the Sstates from the ground state H ,D�ba = Æba��+V�ba = Æba��+12  �y��� + ����y!baA�ba = 12  �y��� � ����y!baUnder the hiral symmetry the �elds transformas follows � ! gL�U y = U�gyR�! gL�gRyH ! HU y�H ! U �Hwhere gL, gR are global SU(3) transformationsand U is a funtion of x, of the �elds and of gL,gR.



Weak urrents: Heavy!HeavyDesribed in terms of universal form fators inthe mQ ! 1 limit (orretions an also beinluded): � = �IW (v � v0) ; �1=2; �3=2; �5=2.They an be omputed by non perturbative meth-ods, e.g QCD Sum Rules (Neubert; Colangelo,De Fazio, G.N., Paver)
Typial e�etive urrentsJ� = ��IW (v � v0) < �H(v0)�(1� 5)Hb(v) >J�0 = ��1=2(v � v0) < �S(v0)�(1� 5)Hb(v) >



Weak urrents: Heavy!lightAt the lowest order in derivatives of the pseu-dosalar �elds and in the symmetry limit, weakinterations between light pseudosalars and aheavy meson are desribed by1L�a = i�2 < �(1� 5)Hb�yba >where � is related to the pseudosalar heavymeson deay onstant fH< 0jqa�5QjPb(p) >= ip�fHÆab� = fHpMHThe urrent desribing the weak interationsbetween pseudosalar Goldstone bosons and thepositive parity S �elds:L̂�a = i�̂2 < �(1� 5)Sb�yba >and the urrent by whih the H �elds interatwith the light vetor mesons:1Wise; Burdman-Donoghue; Casalbuoni, Deandrea, Di Bartolomeo, Feruglio, G.N.,Gatto



L�1a = �1 < 5Hb(�� � V �)b�ya >
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Appliazioni1. Spettrosopia2. Deadimenti forti3. Deadimenti semileptonii B ! D�`�4. Deadimenti semileptoniiB ! D��`� (talkdi Colangelo)5. Deadimenti semileptonii B ! ��`�6. Deadimenti radiativi B� ! B7. Deadimenti rari (b! s, ! u)8. Splitting iper�ni9. Violazioni di CP: B ! �� (talk di Dean-drea)Due appliazioni relative alla �sia delle vio-lazioni di CP



Unitarity triangle
VCKM = 0BBBBBB� 1� �2=2 � A�3(�� i�)�� 1� �2=2 A�2A�3(1� �� i�) �A�2 1
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�� = �(1� �2=2) ; �� = �(1� �2=2)� � 0:22; A � 0:83



Un metodo per estrarre informazioni sui CKM:mixing �B0 �B0 e �Bs �Bs�mq = G26�2 jVtbj2jVtqj2mBqf 2BqBBq�Bm2tF ( m2tm2W )
�md / A2�6[(1� �)2 + �2℄�ms / A2�4Aleph fDs = 284� 62MeVDelphi fDs = 329� 97MeVL3 fDs = 309� 77MeVWorld fDs = 241� 32MeVfDsfD = 1:1(Teoria e�ettiva ad 1 loop : idem D ! B)Risultati simili da QCD sum rules e retiolo.



Un parametro ollegato e'fBspBBsfBdrBBd = 1:11+0:06�0:04(�t: Parodi et al.)Teoria e�ettiva hirale ad 1 loop (Grin-stein et al.)f2BsBBsf2BdBBd = 1� (73 + 3g2) m2K16�2f2� lnm2K�2he india una orrezione simile numeriamentea quella trovato da Parodi et al.



sin 2� = 0:79+0:41�0:44from CDF: B !  Ks�sin 2� = 0:08 (B fatories)� sin 2� = 0:01 (LHC)
Disrete ambiguity� ! �2 � �
Possible way to solve the ambiguity:B ! DD� hannelAn appliation of the e�etive theory



Relevane of B ! D+D��0 fordetermining �
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Hnl = Gp2VbV �da2�b�(1�5)��(1�5)d+h::Vb V �d real: Weak phase only from t mixingB0 � �B0 (no penguins)Time dependent amplitude for an osillatingstate jB0(t) >tagged as B meson at t = 0:A(s+; s�; t) = A(s+; s�) os �mt2+e�2i� �A(s+; s�) sin �mt2



Time deay probability of a state = B0 at t = 0:P (t) = e��tfG0(s+; s�) +G(s+; s�) os�mt+Gs(s+; s�) sin�mtG0(s+; s�) = jA(s+; s�)j2 + j �A(s+; s�)j2G(s+; s�) = jA(s+; s�)j2 � j �A(s+; s�)j2Gs(s+; s�) = �2 sin 2�ReA� �A+2 os 2�ImA� �AKnowledge of the term proportional to sin�mtin the time-dependent deay probability, i.e.Gs(s+; s�)gives aess to a os 2� term.Thus one an solve the� ! �2 � �ambiguity, whih is inherent to any deay pro-ess produing asymmetries � 2�, for exampleB ! J= Ks time dependent CP asymmetry.



Remarks1) The os 2� term must be present.Negleting penguins, ImA� �A = 0 (A has noweak phase) only if �nal state interations ouldbe negleted, whih is not permitted, sine theyarise from resonane prodution of theD� pairs(D�; D�� ! D�) (Charles et al.)2) The os 2� term an be disentangled fromthe sin 2� term.The oeÆient ReA� �A of the latter is symmet-ri in s+ ! s�, while ImA� �A is antisymmet-ri.Performing symmetri (antisymmetri) integra-tions in the Dalitz plot (s+; s�) one gets rid of� ImA� �A ( � ReA� �A) part. Therefore thetwo ontributions an be disentangledos 2� = �s1� sin2 2�For an aurate evaluation of the strong phases,arising from both resonant and non-resonant in-terations, the e�etive �eld theory for light andheavy mesons is partiularly useful.



Evaluating B ! DD�
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Resonant diagramsP = D�(2:01); D1(2:42); D01(2:461); D2(2:46)Pb = B�(5:33); B��(5:7)All strong oupling onstants given in terms ofthree oupling onstantsg ; h; h0Weak non leptoni e�etive lagrangianwith pions and heavy mesons interating weakly.



It has the urrent�urrent and implements fa-torization of the amplitudesLeff = Gp2a2VbV �d < (L+L0)�(J+J 0+J 00)� >L� = i�2 < �(1� 5)H�y >L�0 = i�+2 < �(1� 5)S�y >�; �+ desribe pseudosalar heavy meson de-ays D ! ��, D0 ! ��, D1 ! ��et.J� = ��IW (v � v0) < �H(v0)�(1� 5)Hb(v) >J�0 = ��1=2(v � v0) < �S(v0)�(1� 5)Hb(v) >J�00 = ��3=2(v�v0) < v� �T � (v0)�(1�5)Hb(v) >Simple parametrizations of the IW �s (QCDsr)�IW (y) = 0BB� 21 + y1CCA2�1=2(y) = 0:3 [1� 0:5(�1 + y)℄�3=2(y) = 0:3 [1� 0:8(�1 + y)℄



Complete alulation inludes 9 ontributionswith their interferenes.Results�( �B0 ! D+D��0) = 5� 10�16GeVBR( �B0 ! D+D��0) � 1� 10�3should be detetable atB fatories (for ompar-ison BR(B ! D�+D��) = (6:2+4:0�2:9 � 1:0) �10�4 at CLEO II)SU(3) related proessB0 ! D+D�KsFairly large BRB(B0 ! D+D�Ks) � 9� 10�3Appealing hannel for experimental analyses (seeT.E. Browder et al.)



Chiral e�etive lagrangian for heavy hadrons:Useful tool
1) Allows to implement orretions to light andheavy quarks systematially2) Allows a systemati expansion in light mesonmomenta3) Helps in organizing diagrams for various ex-lusive deays.As an example, its usefulness in omputing on-tributions relevant for the study of CP viola-tions in B deays has been shown.
Its kinematial range is however limitedTo extend the validity a number of ouplingsand/or form fators have to be introdued andmeasured.Some (many?) of them will be hopefully mea-sured at future B fatories and at LHC.


