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Experimental Results on Direct CPV in D° Decays
LHCDb collaboration, at the end of 2011, measured

AAcp = acp(KTK™) —acp(n'7”)

Aacp = (—0.82+0.2140.11)% (LHCb (2012)),
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Experimental Results on Direct CPV in D° Decays
LHCDb collaboration, at the end of 2011, measured

AAcp = acp(KTK™) —acp(n'7”)

Aacp = (-0.82+0.21+0.11)% (LHCb (2012)),
= (-0.62+0.21+£0.10)% (CDF(2012)),
= (—0.87+0.41+0.06)% (Belle (2012)),
= (40.24+0.62£0.26)% (BaBaR (2008)),
= (-0.34£0.15+0.10)% (LHCb (2013)),
= (+0.49+0.30£0.14)% (LHCb (2013)).
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Experimental Results on Direct CPV in D° Decays
LHCDb collaboration, at the end of 2011, measured

AAcp = acp(KTK™) —acp(n'7”)

Aacp = (—0.82+0.214+0.11)% (LHCb (2012)),
=  (—0.62+0.21+0.10)% (CDF(2012)),
= (—0.87+0.41+0.06)% (Belle (2012)),
=  (+0.24+0.62+0.26)% (BaBaR (2008)),
= (—0.34+0.15+0.10)% (LHCb (2013)),
=  (+0.49+0.30+0.14)% (LHCb (2013)).

A naive weighted average (2013)
Aacp = (—0.33£0.12)%
By taking into account the last data from LHCb (2016)

Aacp = (—0.32+0.22)% PDG2014
— (—0.137+£0.070)% HFAG Feb2016
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Plan of the talk

@ The non-leptonic decays of D mesons
©@ A model to evaluate two body decays

© CP violations

@ Conclusions
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Hadronic two-body Decays of D Meson (1)

In the Standard Model flavour changing transitions are induced by exchange of W bosons:

u
Vo
lj’
Veq
c q
u u
@ CKM hierarchy leads to two-generation dominance
Ve  Vus Vb 1—A%/2 A AA3(p —m)
Vem=| Voo Ves Voo | = -2 1-22/2 A2
Ve Vis Vi A(1—p—m) —AA? 1
Uit
A | 0.22534+0.00065
A 0.821+£0.012
p 0.136 +0.024
n 0.361+0.014

UTFit Collaboration
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Hadronic two-body Decays of D Meson (2)

Due to the CKM hierarchy we can classify decay processes into three classes

Cabibbo Favoured (CF)

[Ves Vig| = 1 as, d
for example, D° — K~ &+
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Hadronic two-body Decays of D Meson (2)

Due to the CKM hierarchy we can classify decay processes into three classes

Cabibbo Favoured (CF)

Vs Vgl ~ 125, i
for example, D° — K~ &+

Singly Cabibbo Suppressed (SCS)

[Ved Vigl = A
(D° — mtm) . Ve y
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Due to the CKM hierarchy we can classify decay processes into three classes

Cabibbo Favoured (CF)

Vs Vgl ~ 125, i
for example, D° — K~ &+

Singly Cabibbo Suppressed (SCS)

v ‘ Vo VEI &~ A Vi :

|VchJd|z}» : | <(:)s us‘ _
& (D° — KTK—, s

(D°—mha) - = p e Ve o

D% — KOKO)
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Hadronic two-body Decays of D Meson (2)

Due to the CKM hierarchy we can classify decay processes into three classes

Cabibbo Favoured (CF)

|Ves Vgl = 1 as, d
for example, D° — K~ &+

Singly Cabibbo Suppressed (SCS)

Via ’ Vs Vi = A Vi .

[Vea Vil ~ 2 N G .
a (D° = K*K~, :

(D% — ztm™) . Ve y . Ve .

D% — KOKO)

— @ G @

Double Cabibbo Suppressed (DCS)

|Vea Vi = A2
(D° — K*Tm™)
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Weak Effective Hamiltonian(1)

The Charged Current weak interaction Lagrangean

£ =— 2f\/,, (%" (1 — 1) 2)) W + h.c.
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Weak Effective Hamiltonian(1)

The Charged Current weak interaction Lagrangean

£ =— 2f\/,, (%" (1 — 1) 2)) W + h.c.

The Effective Field Theory approach allows to build an effective hamiltonian in which short and long
distance contributions are separate:
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Weak Effective Hamiltonian(1)

The Charged Current weak interaction Lagrangean

£ =— 2f\/,, (%" (1 — 1) 2)) W + h.c.

The Effective Field Theory approach allows to build an effective hamiltonian in which short and long
distance contributions are separate:

G .
Herr = 7; ; Visan Ci(1) O()
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Weak Effective Hamiltonian(1)

The Charged Current weak interaction Lagrangean

4CC — z\f Vi (2" (1= %) 2)) W + h.c.

The Effective Field Theory approach allows to build an effective hamiltonian in which short and long
distance contributions are separate:

G .
Herr = 7; ; Visan Ci(1) O()

@ Hqr should be p-independent;

©@ The Wilson coefficients C;(u) summarize the physics contributions from scales higher than u and

due to asymptotic freedom of QCD they can be calculated in perturbation theory as long as i is not
too small.

Q It is customary to choose (1 to be of the order of the mass of the decaying hadron = Large logs
Inmy /(L = renormalization group improved expansion
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Weak Effective Hamiltonian (2)

We start with the operator (q,q’ € {d,s})

0z = [g“7"(1— ) ca] [TP (1 — 1) a]

and

We have the operator

01 = (37" (1 — )] [T (1 — %)qt]

and so

Hor = % Vorw [C1(12) Or (1) + Co(1t) Oa(1)]
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Weak Effective Hamiltonian (3)
We have another kind of Feynman diagrams
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Weak Effective Hamiltonian (3)
We have another kind of Feynman diagrams

The QCD penguins operators
c w u
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Weak Effective Hamiltonian (3)

We have another kind of Feynman diagrams

O = [I*P'(1-m)ca] Y [ﬁﬁYuU — ) pg]
p=u,d,s

0y = [P(1-%)g] Y [PPr(l—%)pa]

oy p=u,d,s
kéi Os = [BP'(1-®)ea] ¥ [FPou(1+1)pp]

P P p=u.,d.s

O = [0"V"(1-%)cs] Y. [PP7(1+%)pd]

p=u,d,s

The QCD penguins operators
c w u
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Weak Effective Hamiltonian (3)
We have another kind of Feynman diagrams

0 = [7P*(1-w)ea] ¥ [Pt —1)ps]

p=u,d,s

0y = [P(1-%)g] Y [PPr(l—%)pa]

dys,b p=u,d,s
E{ O = [D(XW“_YS)QX] Z [l_)ﬁ?’u“‘l‘YS)Pﬁ]

The QCD penguins operators
c w u

P P p=u.,d.s
Os = [0%7"(1—%)cs) Zd [B° (1 + 15)pa]
p=u,d,s
HSS = % Vua Vog [C1 (1) OF (1) + Co(1t) OF ()] (g=4q =d)
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Weak Effective Hamiltonian (3)
We have another kind of Feynman diagrams

O3 = [Da'yﬂ('l —’}/5)Coc] Z [ﬁﬁ}/ﬂ(1 _Y5)pﬁ]
The QCD penguins operators pruds
® w u

Oy = [W**(1-%)cs] Zd (PP 7. (1 — 15)Pec]
dys,b p=u.d,s
k? Os = [0*"(1-%)ca) Zd [PP v (1 + %)pg]
P P p=u,d,s
0 = [r(-mg] T [Pr0+me
p=u,d,s
HSS = 3’; Vua Vog [C1 (1) OF (1) + Co(1t) OF ()] (g=4q =d)
+ 3;2 Vi Vi [C1()O3(1) + Co()O5(1)]  (a=d =)
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Weak Effective Hamiltonian (3)
We have another kind of Feynman diagrams

O3 = [Da'yﬂ('l —’}/5)Coc] Z [ﬁﬁ}/ﬂ(1 _Y5)pﬁ]
The QCD penguins operators pruds
® w u

Oy = [W**(1-%)cs] Zd (PP 7. (1 — 15)Pec]
d,s,b p=u,a,s
\? Os = [0%V"(1—15)Ca] Zd [8° (1 + 15)pg]
P P p=u,d,s
0 = [r(-mg] T [Pr0+me
p=u,d,s
HESS = % 10 Vi [0 (W) + C:(m)0¢ ()] (a=4 =d)
+ ﬁvus Vo [C(m)03u) + Co(m)05(1)]  (a=d =)
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Weak Effective Hamiltonian: CF and DCS

HEF = Gr Vg Vi {61( TP (1 — ) o] [8%vu (1 — 1) dp ] (1) +

-
Co(m)[3%1 (1 — w)ca] [T 11— 1) 0] ()] + .

HRCS — fj;i Vus Vi [01( TP (1= 18)ca] [d%9u (1 — 1) 5] (1) +

Co(1)[@* 7" (1 — 18)ca] [BP (1 — 1) 5] (u)] +he.
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Hadronic Matrix Elements

We have to evaluate

A(D — 1) = (f| H D) = SE v () (11 O(w) D)

V2
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Hadronic Matrix Elements

We have to evaluate

A(D — 1) = (f| H D) = SE v () (11 O(w) D)

V2

@ The Wilson coefficient are process independent !
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Hadronic Matrix Elements

We have to evaluate

A(D — 1) = (f| H D) = SE v () (11 O(w) D)

V2

@ The Wilson coefficient are process independent !

@ The hadronic matrix elements are dominated by non-perturbative QCD: they
summarize the physics contributions to the amplitude from scales lower than u

e HQET is expected to do not work well, due to the large Aqcp/me

corrections
e x—perturbation theory cannot work due to the large m; mass
o from first principles: Lattice QCD (in the not so near future)
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Hadronic Matrix Elements

We have to evaluate

A(D — 1) = (f| H D) = SE v () (11 O(w) D)

V2

@ The Wilson coefficient are process independent !

@ The hadronic matrix elements are dominated by non-perturbative QCD: they
summarize the physics contributions to the amplitude from scales lower than u

e HQET is expected to do not work well, due to the large Aqcp/me
corrections

e x—perturbation theory cannot work due to the large m; mass

o from first principles: Lattice QCD (in the not so near future)

@ Models of calculations can be useful to estimate order of magnitudes

e Factorization & Final state Interactions
e Flavour symmetries (SU(3)F, isospin, U-spin, etc. )
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Factorization: A Simple Model to Evaluate Matrix Elements

The idea (due to Feynman) is

(My Mg | J*Jy) | D) = (My | J* | D) (M| Jj; |0)
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(My Mg | J*Jy) | D) = (My | J* | D) (M| Jj; |0)

Color allowed external W .\i

emission tree amplitude: T — () ()
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Factorization: A Simple Model to Evaluate Matrix Elements

The idea (due to Feynman) is

(My Mg | J*Jy) | D) = (My | J* | D) (M| Jj; |0)

Color allowed external W
emission tree amplitude: T — () ()

Color suppressed internal W
emission tree amplitude: C —
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Factorization: A Simple Model to Evaluate Matrix Elements

The idea (due to Feynman) is

(M Mp| JEJj; | D) = (My| J* | D) (Ma| Jy [0)

Color allowed external W |\§

emission tree amplitude: T — () (

N

Color suppressed internal W
emission tree amplitude: C —

QCD Penguin amplitude: P —

=
~
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Factorization: Simple Model to Evaluate Matrix Elements (1)
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Factorization: Simple Model to Evaluate Matrix Elements (1)

(My Mg| J*Jy | D) = ...+ (0| J* | D) (My Mz | Jj, |O)

W —Exchange amplitude
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Factorization: Simple Model to Evaluate Matrix Elements (1)

(My Mg| J*Jy | D) = ...+ (0| J* | D) (My Mz | Jj, |O)

W —Exchange amplitude

Annihilation amplitude
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Factorization: Decay Constants and Form Factors

(Pi(p)|A|0) = —ifp p*
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Factorization: Decay Constants and Form Factors

(Pi(p)|A|0) = —ifp p*

2 m me
(Pi(p)| V* |Pi(p)) = (d‘wf—#q“) @)+~
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Factorization: Decay Constants and Form Factors

(Pi(p)| A*[0) = —ifp p*
R — m? R — P
I I
PRIV IP(R)) = | P +8 === " | () + =" (")
qa = P—Phi
f(0) = £(0)
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Factorization: The D° — 7~ 7" Amplitude

AR = mt) =

7% Vua Viy % [(Cg+§c1) (| dyuc|D°) <n+|Dy"y5d\0)}
G _
+7; Vb Vi X [(C4+§Ca) (n~ | dyuc|D°) {m"|uy ysd|0)
—2(Cs+&Cs) (m 't | tulo) (0| uysc|D?)
+2(Cs+&Cs) (| de|D°) <7r+|17y5d\0)}
= o _ _ fomp
(0lapc|D®) = e
g _ fhm
(zt|updlo) = e

At the end we should consider effects of Final State Interaction to compare predictions and experimental
data. J
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Final State Interaction Effects

These long-distance effects are dominated by resonances with the correct quantum numbers and masses
very near the one of charmed mesons.

K* u

Pietro Santorelli (Universita di Napoli) D decays & CP Violation Strong Fields & Heavy Quarks 15/ 46



Final State Interaction Effects

These long-distance effects are dominated by resonances with the correct quantum numbers and masses

very near the one of charmed mesons.
K* u K+ wt

K~ T
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Final State Interaction Effects

These long-distance effects are dominated by resonances with the correct quantum numbers and masses

very near the one of charmed mesons.
K* u K+ wt

K~ T

for the PP final state a scalar octet, S, with J© =0t

9888 dabc Pa Pb Sc
(&
tand = e
2 (mé = mD)
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Resulis

This kind of approach gives:

@ a quite good agreement with the experimental data (at that time) on the
branching ratios;

@ direct CP violation effects of the order of 10—3;

In particular
Aacp = alil(KTK™) —ad(ntn7) ~0.11 x 1073

Buccella, Lusignoli, Miele, Pugliese, P.S., Phys. Rev. D51 (1995) 3478
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Singly Cabibbo Suppressed D° Decays

In the limit of SU(3) flavour symmetry

AD® - KTK)=-AD’ —»ntn) =
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Singly Cabibbo Suppressed D° Decays

In the limit of SU(3) flavour symmetry

AD° 5 KTK)=-AD° »rntn) = &3 (KTK)=-alh(zt7n")
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Singly Cabibbo Suppressed D° Decays

In the limit of SU(3) flavour symmetry

AD® - KTK)=-AD’ - ntn) = al(ktK)=-alh(nTn)

Thus Br(D° — n* 7~ should be larger than Br(D° — K*K~) (phase space
difference). Experimentally

Br(D® - ntmn~) = (1.421+£0.025)x 103
Br(D° - KTK™) = (4.014£0.07)x103
PDG 2014
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Singly Cabibbo Suppressed D° Decays

In the limit of SU(3) flavour symmetry

AD® - KTK)=-AD’ - ntn) = al(ktK)=-alh(nTn)

Thus Br(D° — n* 7~ should be larger than Br(D° — K*K~) (phase space
difference). Experimentally

Br(D® - ntmn~) = (1.421+£0.025)x 103
Br(D° - KTK™) = (4.014£0.07)x103 S
Moreover combining data from Babar, Taking into account also LHCb (2014)

Belle and LHCb until the end of 2012

(Franco Mishima Silvestrini JHEP 1205 (2012) 140)

data HFAG gives

’ dir ( -+ —— _ 0,
ag/’;(n+ n-—) _ (+045:l:026)% adcp(ﬂf+ (3 ) = (+005:l:015)%)
" lir — _ . 0
alL(KTK™) = (—0.214+0.24)% agp(KTK™) = (-0.16£0.12)%
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Singly Cabibbo Suppressed D° Decays

In the limit of SU(3) flavour symmetry

AD® - KTK)=-AD’ - ntn) = al(ktK)=-alh(nTn)

Thus Br(D° — n* 7~ should be larger than Br(D° — K*K~) (phase space
difference). Experimentally

Br(D® - ntmn~) = (1.421+£0.025)x 103
Br(D° - KTK™) = (4.014£0.07)x103 S
Moreover combining data from Babar, Taking into account also LHCb (2014)

Belle and LHCb until the end of 2012

(Franco Mishima Silvestrini JHEP 1205 (2012) 140)

data HFAG gives

’ dir ( -+ —— _ 0,
ag/’;(n+ n-—) _ (+045:l:026)% adcp(ﬂf+ (3 ) = (+005:l:015)%)
" lir — _ . 0
alL(KTK™) = (—0.214+0.24)% agp(KTK™) = (-0.16£0.12)%

Large SU(3)F Violation
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A Simple Model to Evaluate SCS D° Decays

@ We assume that SU(3)r breaking effects are due to FSI
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A Simple Model to Evaluate SCS D° Decays

@ We assume that SU(3)r breaking effects are due to FSI

@ We evaluate bare amplitudes using SU(3)r symmetry (less model
dependence than in factorization)

Buccella, Lusignoli, Pugliese, P.S., PRD88(2013) 074011
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A Simple Model to Evaluate SCS D° Decays

@ We assume that SU(3)r breaking effects are due to FSI

@ We evaluate bare amplitudes using SU(3)r symmetry (less model
dependence than in factorization)

Buccella, Lusignoli, Pugliese, P.S., PRD88(2013) 074011

@ The D° is a U-spin singlet
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A Simple Model to Evaluate SCS D° Decays

@ We assume that SU(3)r breaking effects are due to FSI

@ We evaluate bare amplitudes using SU(3)r symmetry (less model
dependence than in factorization)

Buccella, Lusignoli, Pugliese, P.S., PRD88(2013) 074011
@ The D° is a U-spin singlet
@ The effective Hamiltonian

Hy = Hay=1+Hay=o =
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A Simple Model to Evaluate SCS D° Decays

@ We assume that SU(3)r breaking effects are due to FSI

@ We evaluate bare amplitudes using SU(3)r symmetry (less model
dependence than in factorization)

Buccella, Lusignoli, Pugliese, P.S., PRD88(2013) 074011
@ The D° is a U-spin singlet
@ The effective Hamiltonian

Hy = Hay=1 + Hau=o = sin ¢ cos 0c Hay=1 + Vub Vi, Hau=o

~A ~A8:22

Pietro Santorelli (Universita di Napoli) D decays & CP Violation Strong Fields & Heavy Quarks 18/46



A Simple Model to Evaluate SCS D° Decays

@ We assume that SU(3)r breaking effects are due to FSI

@ We evaluate bare amplitudes using SU(3)r symmetry (less model
dependence than in factorization)

Buccella, Lusignoli, Pugliese, P.S., PRD88(2013) 074011
@ The D° is a U-spin singlet
@ The effective Hamiltonian

Hy = Hay=1 + Hau=o = sin ¢ cos 0c Hay=1 + Vub Vi, Hau=o

~A ~13.22
Hav=1 = \/—(VSV:S_VUdV:d)[C1(O1S_O1d)+CZ(o§_Og)]
Gr . S d S d
=F sin ¢ cos O[C1 (05 — OF) + Co(05 — OF)].

V2
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A Simple Model to Evaluate Cabibbo Suppressed D° Decays
There are only two independent combinations of S-wave states having U=1

Hau=1|D%) = a|vi) + b|vz)
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A Simple Model to Evaluate Cabibbo Suppressed D° Decays

There are only two independent combinations of S-wave states having U=1

Hau=1|D°) = alvi) + b|ve)
where
]
lvi) = §{|K+K’>+|K’K+>—|7r+7t’>—|7r’7r+>}
\/5{ 0.0 1 0 0
v = ——7x° >~ >—— (|7°ng >+ 7r>}
|v2) 2\/§| M8 s ﬁ(l Mg > +[ne 7’ >)
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A Simple Model to Evaluate Cabibbo Suppressed D° Decays

There are only two independent combinations of S-wave states having U=1

Hau=1|D°) = alvi) + b|ve)
where
]
lvi) = §{|K+K’>+|K’K+>—|7r+7t’>—|7r’7r+>}
\/5{ 0.0 1 0 0
vy = —x%°x% > — >——(|nns > + 7r>}
|va) v | 8 Mg ﬁ(| Ng > +|Ne ° >)

v

A(D = K*K™) = (KTK™ | Hay=1 |D°) = a(K"K™ | vi) + b(K"K" | vo) |
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A Simple Model to Evaluate Cabibbo Suppressed D° Decays
There are only two independent combinations of S-wave states having U=1

Hau=1|D°) = alvi) + b|ve)
where
]
lvi) = §{|K+K’ >+HK K> —|nta >z 2t > }

— \/5 0.0 1 0 0
v2) = z—ﬁ{lﬂ ™ >—|nsna>—%(|ﬂ Mg > +[Ns 7 >)}

v

A(D = K*K™) = (KTK™ | Hay=1 |D°) = a(K"K™ | vi) + b(K"K" | vo) |

AD® - wta”) =(n" 1" |Hay=1|D°) = a{mn~ | vi) + b(x* 7| v2) |
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A Simple Model to Evaluate SCS D° Decays (1)

More interestingly the two independent combinations of S-wave states having U=1
can be written in terms of two representations of SU(3)r

3
|8,U:1>:§5 { |[KTK™ > +|K Kt > —|nta > |z a" >
1
0.0 0 0
= T > — >——(|7 > +Ngm” > },
1755 > —{nate > ~ (1710 >+ >)]

’
27, U=1) = — { KtK™ > +K Kt > —|nta >—|n n" >
ru=n=—5 { | | | |

§ 0,0 _L 0 0
+ 5 Dﬂ? T > —|ngng > \/g(\n Ng > +|Nsm” >) }

v
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A Simple Model to Evaluate SCS D° Decays (1)

More interestingly the two independent combinations of S-wave states having U=1
can be written in terms of two representations of SU(3)r

3
|8,U:1>:i { |[KTK™ > +|K Kt > —|nta > |z a" >
2v/5

]
- {|ﬂ°ﬂ° > ~[e1s > ——=(17°1 > +[ne7° >)} 3

’
27, U=1) = — { KtK™ > +K Kt > —|nta >—|n n" >
ru=n=—5 { | | | |

§ 0,0 _L 0 0
+ 5 Dﬂ? T > —|ngng > \/é(\n Ng > +|Nsm” >) }

v

(8,U=1|Hay=1|D°%) < T’—gc’

(27,U=1|Hpy=1|D%) < T'+ C’

=

v
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A Simple Model to Evaluate SCS D° Decays (1)

More interestingly the two independent combinations of S-wave states having U=1
can be written in terms of two representations of SU(3)r

3
|8,U:1>:%5 { |[KTK™ > +|K Kt > —|nta > |z a" >
1
0.0 0 0
= T > — >——(|7 > +Ngm” > },
[| N8 Ms \/5(‘ Ts Ne )}
1
27, U=1)= — { |KTK™ > +|K Kt > —|nta” > —|n a" >
/10
3 1
+ 3 {|”07T0>—|718718>—7§(”0718>+|7187T0 >)} }
|
— / 2 / -/ v/
<8,U:1|HAU:1’DO>°<TI_§C/ * A(DO—)K+K ) = (X(T—EC)-FB(T“FC)
(27,U=1|Hpy=1|D%) < T'+ C’ AD® = rtn) = y(T'—SC’)-ﬁ-&(T’-}—C')
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What about D" decays? And CF and DCS Decays?
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What about D" decays? And CF and DCS Decays?

Regarding DT, SU(3)F predicts

tanfc A(DT — K°z™)
—_

CF
Br(Dt — n°zt)
Bl’(DJr = Ksﬂ+)

Pietro Santorelli (Universita di Napoli)

V2 A(DT — n°zh)
———— —
scs

PhS(DT 0+
an?(65) S(D" — nnt)

D decays & CP Violation

PhS(Dt — KOmrt)

= 0.057/(0.077 +0.004)
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What about D" decays? And CF and DCS Decays?

Regarding DT, SU(3)F predicts

tan8c A(DY — K°z") = V2A(DT — 2°zt)
—— — N—— —
cF scs

Br(Dt — n°zt)
Bl’(DJr = Ksﬂ+)

PhS(Dt — n0zt)

_ 2
= (%) prs(pr 5 RoxT)

= 0.057/(0.077 +0.004)

Regarding D° decays, SU(3)F predicts

Br(D° — K*rm™)
Br(D° — K—mt)

= tan*(6¢) = 0.0029 (0.00356 +0.00008)
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What about D" decays? And CF and DCS Decays?

Regarding DT, SU(3)F predicts

tan8c A(DT — K°zt) = V2 A(DT — nzT)
S——— S—————
CF scs

Br(Dt — n°xnt)
Br(D+ — Ksmtt)

PhS(Dt — n0zt)

= tan®(6p)———— =+
( C)PhS(D+ = KonT)

= 0.057/(0.077 +0.004)

Regarding D° decays, SU(3)F predicts

Br(D° — K*rm™)

22 77 2 ) tan*(6c) = 0.0029 (0.00356 - 0.00008
Br(D0 - K-m+) o (6c) ( )

New Parameters

@ To take into account these discrepancies we explicitly break SU(3) symmetry by allowing a different
parameters for the color connected (T) and color suppressed (C) amplitudes in the CF and DCS
channels: i.e. T'=T(1+¢€) and C' = C(1 —¢)

@ For D' we have tree independent amplitudes (8 H® |D*), (8| H'® |D*) and (27| H'5 | D) we have
a new parameter we called D.

@ Another parameter (K) takes into account the non conservation of the current 5y, (1 — ¥%)qg with an
opposite sign in the CF and in the DCS.
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Final State Interactions in D Decays

We describe the FSI as the effect of resonances in the scattering of the final particles. J

In other words, strong phases are generated by the resonances responsible for rescattering of final states.
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Final State Interactions in D Decays

We describe the FSI as the effect of resonances in the scattering of the final particles.

In other words, strong phases are generated by the resonances responsible for rescattering of final states.

Assuming no exotic resonances belonging to the 27 representation, the possible resonances have SU(3)r

and isospin quantum numbers (8,/=1), (8,/=1/2), (8,/=0) and (1,/= 0). Moreover, the two states
with / = 0 can be mixed, yielding two resonances:

o> = +sing [8,/=0>+cos¢ |[1,/=0>
|fi> = —cos¢ [8,/=0>+sing |1,/=0>
Pietro Santorelli (Universita di Napoli) D decays & CP Violation
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Final State Interactions in D Decays

We describe the FSI as the effect of resonances in the scattering of the final particles. )

In other words, strong phases are generated by the resonances responsible for rescattering of final states.

Assuming no exotic resonances belonging to the 27 representation, the possible resonances have SU(3)r
and isospin quantum numbers (8,/=1), (8,/=1/2), (8,/=0) and (1,/= 0). Moreover, the two states
with / = 0 can be mixed, yielding two resonances:

‘f0>
%>

+sin¢ [8,/=0>+4cos¢ [1,/=0>
—cos¢ [8,/=0>+sing [1,/=0>

The mixing angle ¢ and the strong phases &, &}, 6; and &, » are our model parameters together with the
amplitudes T, T/, C, C’, D, and K. Moreover, we assume that

T'=T(1+¢&)and C'=C(1—¢)

The phases for the decay modes of Dj is expected to be different from those coming in the D° and DT
decay modes as an effect of SU(3) breaking. So we have parameterized this with €5 such that

8 = & (1-€5) and &) = 5, (1 - &5)
2

Buccella, Franco, Lusignoli, Paul, Pugliese, P.S. , Silvestrini, in preparation
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Some Amplitudes Expressions

A(D® = ntK) = %(37_2c_x)e’3%+§(r+c)
ADt > atR) = (T+c)
ADF = KR = —%(2T—30+D>e’5‘+§<T+C)
AP s ata) = (T 20/){75(’60-&-6’50) <f%cos(2¢)+43ﬁsin(2¢)) (e"séfe"so)}
()
A=K K) =(T 70’){%((9'50 +e’5)+(—cos(2¢)+4rsm(2¢)>( % gh)
+%e’5 }+(T’+c/) 7
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Fit to the Experimental Data (€5 = 0)

Channel Fit (x1079) Exp. (x1079)
CF
BR(D" — ntKs) | 15.724+0.41 | 153+ 0.6
R(D" — ntK,) | 1427 £0.38 | 146+ 05
R(D° — ntK~) | 39.334+0.40 | 39.3+0.4
(D° — n°Ks) | 12.02+0.35 | 12.0+0.4
(D° — 7°Ky) 9.484+028 | 10.0+£0.7

SC

BR(D° - ntn~) | 1.424+0.03 | 1.421 +£0.025
BR(D° — n°70) 0.83 £ 0.04 | 0.826 = 0.035
BR(D* — tn®) | 1.244+0.06 | 1.24 4 0.06
BR(D® — K*K~) | 4.0040.07 | 4.0140.07
(D° — KsKs) 0.17 £ 0.04 | 0.18 +0.04
(D" — K*Ks) | 2.994+0.14 | 2.95+0.15

DC
BR(D" — n°K™) | 0.166 +-0.011 | 0.189 + 0.025
BR(D® — 7~ K*) | 0.140 4 0.003 | 0.1399 + 0.0027
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Numerical Results for the Free Parameters (€5 = 0)

Parameter | mean + rms Parameter | mean + rms
T 0.408 + 0.003 o -2.721 £ 0.203
C -0.231 4 0.003 66 -1.038 £+ 0.107
£ 0.057 £ 0.009 6% -1.599 + 0.031
D -0.003 £+ 0.057 04 -1.301 4+ 0.090
K 0.097 £+ 0.012 ¢ 0.346 + 0.053

Note that

Pietro Santorelli (Universita di Napoli)

T'=T(1+¢)and C'=C(1 —¢)
X?/NdF =5/3~1.7
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Our Predictions (€5 = 0)

Channel Fit (x10~9) Exp. (x1073) [ pull
CF

BR(D® — Ksn) | 359+0.10 | 4.85+0.3 -3.98
BR(D} — KtKs) | 172+ 1.9 15.0 + 0.5 1.12
BR(Df —ntn) | 34.1+1.8 17.0 £ 0.9 8.49
SCS

BR(D° — nn) 1.01 £0.11 | 1.70 + 0.20 -3.02
BR(D"™ — ztn) | 3.27+051 | 3.66+0.22 -0.70
BR(D° — #°n) 0.74 +0.06 | 0.69 +0.07 0.54
BR(DF — n°K™) | 1.18 £0.10 | 0.63 £ 0.21 2.36
BR(Df — ntKs) | 1.244+0.08 | 1.22+0.06 0.2
BR(D: — K*n) | 1.294+0.07 | 1.77+£0.35 -1.34
DCS

BR(DT — K™n) | 0.050+ 0.003 | 0.112 4 0.018 | -3.40

Here we identify 1 = ng
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Fit to the Experimental Data (€5 # 0)

Channel Fit (x10~3) Exp. (x1072%)

CF
BR(DT — 7T Ks) | 15.72 £ 0.41 15.3 + 0.6
BR(DT — wTK,) | 14.34+037 | 146405
BR(D® — wtK~) | 39.31 £0.40 | 39.3+0.4
BR(D° — 7°Ks) 11.9 + 0.33 12.0 + 0.4
BR(DC — 7°K}) 9.39+£0.27 | 10.04+0.7
BR(DF — K*Ks) | 15.0+05 15.0 £ 0.5

sc
BR(D® — n¥n) 1.42£0.03 | 1.421 £0.025
BR(D° — n°7°) 0.83+0.04 | 0.826 + 0.035
(D+ — atn0) 1.22+£0.06 | 1.24 +0.06
BR(D® — K*K~) | 4.024+0.06 | 4.01+0.07
BR(D° — KsKs) 0.17£0.04 | 0.18 +0.04
(D+ — K'Ks) | 2894012 | 295+0.15
BR(DF — n°K*) | 1.03 £ 0.04 0.63 £ 0.21
(D+ — T Ks) | 1.24 +0.06 1.22 £ 0.06

DCS

BR(DF — n°k¥) | 0.155+0.005 | 0.189 + 0.025

BR(D® — 7~ K*) | 0.140 & 0.003 | 0.1399 + 0.0027

Pietro Santorelli (Universita di Napoli)
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Numerical Results for the Free Parameters (€5 # 0)

Parameter | mean & rms Parameter | mean &£ rms
T 0.407 £+ 0.003 o -2.628 = 0.176
C -0.230 £ 0.003 66 -0.995 + 0.101
£ 0.055 £ 0.008 6% -1.590 4+ 0.030
&s 0.057 + 0.04 04 -1.245 4+ 0.062
D -0.058 + 0.024 () 0.368 + 0.050
K 0.0952 + 0.024
Note that
T'=T(1+¢) C'=c(1-¢)

8 = 8(1—¢s5)

8 =81(1—¢5)
5 3

X?/NdF =9/5~1.8
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Our Predictions (g5 # 0)

Channel Fit (x1079) Exp. (x1073) [ pull
CF

BR(D° — Ksn) | 3.56 £ 0.1 4.85+0.3 -4.08
BR(DF — mtn) | 841+ 15 17.0+0.9 9.75
SCS

BR(D®° —nn) | 0.96 + 0.1 1.70 £ 0.20 -3.31
BR(D* — mtn) | 2.84 £0.22 | 3.66 +0.22 -2.64
BR(D®° — 7°n) | 0.70 +£0.04 | 0.69 + 0.07 0.124
BR(DY — K*n) | 1.144+0.07 | 1.77+0.35 -1.77
DCS
BR(D* — K™n) | 0.047£0.002 | 0.112+0.018 | -19.8

Here we identify 1 = ng
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Standard Model and CP Violation

In the SM CP Violation can emerge in the interaction involving charged currents.

— CP —

ViuVe — —VoY'w

_ CP —

ViYu¥s¥e — —VW,Y sy
CP

w, — -wH

£ = gV (1 — B veWt+ gV Won (1 — %)y W
(8 (3
Vi WP (1= 1) i Wi + gV W,V (1— 1) 2 W,

gCP
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Neutral Flavoured Mesons

A generic flavoured neutral meson M° (K?, D°, BS and BY?) with non-zero
eigenvalue of flavor F and its antiparticle M° are defined by

FIM®) =+ [M°) FIM®) = —[M°)
Moreover,
CP|M°) = [M°) CP|M°) = [M°)
Weak interactions don’t conserve flavour quantum numbers and so M° and M°

cannot be physical states.
But, if CP is conserved, the physical states are

My = — [|M°) +|M°)] CP|My) = +|M.)
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Neutral Flavoured Mesons:Time Evolution

The exact time evolution of M° and MC is prohibitively complicated: M° and M°
couple together and can decay into other states.

Starting from initial states which are linear combinations of M® and M°, we can
study the time evolution of the coefficients by considering the weak
interactions as perturbation to the strong ones. At the second order in the
weak interactions and in the subspace M° — MP, the effective hamiltonian can
be written as

d _
th—|w) =H|y) H = M-irT M=M
at 2 r=rt

Note that d 1
o Vv =2 (ITly)

Moreover,

H= Hstrong + He.m. + Hyeak = HAF:O + HaF=1
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Neutral Flavoured Mesons:Time Evolution (1)
A generic state |y) = a(t) |M®) -+ b(t) | M°) satisfy the equation

¥ =K J" g (o) = (-3 (59 J

where
M11—(l/2)r11 M12—(l/2)|—12)

Moy —(1/2)T 21 Moo — (1/2)T 22

with
Mass matrix elements Decay matrix elements
n| Hy [MP) |?
My = M3, :mo+<M°\HW|M°>+Z@|<|%””f|En>| Fi1 =5 =21 Y 8(mo — En)| {n] Hu [M°) |2
n n
X _ _ [(n| Hy |MO) 12| Top =T, =21 8(mo — E,)| (n| Hy | W°) |2
Vs = Uy = -+ (8| Hy ) + 7 7 LA ez = =2 B 3w =l ol e )
0 F12 = I'§1 Zzﬂzﬁ(mo—En) X
Mz = M3, :<M°|HW}A7IO>+Z@<MO}HW|'7> {rl H | 11°) n ~
== oo (M Hi ) (| o | )
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Neutral Flavoured Mesons:Time Evolution(2)

CPT symmetry .
= Ma) = p|M°)+q|M°)
My = Mz 0 s
My) = p|M°)—q|ir°)
My = T2
a _ 4 Hor Mi, — (1/2)T,
P Hiz Miz — (1/2)[ 12

[Map(1)) = & 20! [ Map(0)) = e~ Me"e"20/2 | My 5(0))

Aa = ma—(z/2)|'a:H11+gH12:H11+\/H12H21
A = mb—(l/z)rb:Hﬂ_gH12:H11_VH12H21

Map = My1 =RV HiaHa
Fap = T11F23vHi2Hoq
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Neutral Flavoured Mesons:Time Evolution(3)
It is very simple to evaluate the time evolution of the flavour eigenstates:

MO (8)) f+(t)|M°>+gL(t)]l\7lo>

=
o
—

~
~—
g

f+(t)|l\7I°>+§L(t)]M°>

where
fi(t) = %e imat o—T at/2 {1 4 gtAmtg AH/Q}
Probability to find at time t the

same flavour eigenstate which it P[MC(t) — M°] = P[M°(t) — M°] = |£, ()|?
had at time t =0

2
—_ q 2
PIMO(t) — M°] = || |F-(¢
Probability that an initial M° (M(1) ] ‘p ()]
becomes MP and viceversa . P2
PIM(t) - M°] = q £ (1)?

v
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Mixing Parameters

mp—m; Am

1 x = =
P[MO(t) = M°] = —e "!(cosh(yIt)+cos(xIt)) r r
& , = ool AT
_ 1 = =
PIMO(t) = M°] = — ‘ﬂ e " (cosh(yT't) —cos(xTt)) 2r ar
2lp r o= ot
B 2

In the case of charm

5 D°| 2 A |D°) +(D°| # 2| D°
— ;{<DO|%|DO>W;< | |n) (o |m%15} 1) (n] | )
y = ;TZPn[<D°\=%”In><nlﬁf\D°>+<D°|;f|n><n\3f|D°>]

x,y = A2[SU(3)breaking]?

Falk, Grossman, Ligeti, Petrov (2001)
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Widths and Mass Differences

D decays & CP Violation

KS KL D1 DZ
-0.02-0.015 -0.01-0.005 0 0.005 0.01 0.015 002 -10 -8 -6 -4 -2 0 2 4 6 8 10
ps? ps?
B, By
3 15 -10 -5 0 5 10 15
ps?

M.Gersabeck, arXiv:1207.2195 [hep-ex]

Strong Fields & Heavy Quarks 37/46



Mixing Parameters: the D° + D°

System

1
Ry = S+
2
2yep = (la/pl+Ip/alJycosé — (la/pl—Ip/al )asing
24y = (la/pl = lp/al Jucosé — (la/pl+ Ip/a] e sing
TRore = T
Ygome = Y
a/Plyonr = la/p] Parameter | No CPV  No direct CPV CPV-allowed 95% CL Interval
Arg (@/P)kors = @ in DCS decays
z (%) 0.49 4012 0445013 0.37 £0.16 [0.06, 0.67]
(J{I) _ ( cos 53«“ Singxn) (E) v (%) 0.61 +0.08 0.60 +0.07 0.66 +097 [0.46, 0.79]
v . —sind,. cosd. ) \y . 07 935
Km0 “ o Sien (°) 6.9777, 364191 118797, [-21.1, 29.3]
Ry, (%) 0349 £0.004 0348 £0.004  0.349 +0.004 0.342, 0.357]
@’ cosd  sind) [z _
(y,) = (—sinﬁ cos»‘) (;,) Ap (%) - - ~0.39 1108 [~2.4, 1.5
) ) la/pl - 1.002 +£0.014 0.91 4032 [0.77, 1.14]
M= M % (°) - ~0.07 £0.6 —9.4F119 12.9]
la/pl* + |p/dl . 4233 210 )
Spenn (°) 18.1 4233 2031314 , 74.8)
T A, - 0.10 +0.14 0.10 £0.15 [~0.19, 0.38)
z't = (leM) (2’ cos ¢ 3/ sin ¢) Ag - —0.14 £0.13 —0.15 +0.14 [~0.42, 0.12)
M
LA\ Ty (‘/) - 044791 0.13, 0.69]
yE = (IIFAM> (y' cos & F @' sin ) 2 (% - 0.60 +0.07 0.45, 0.74]
M 612(® ) - 02 +1.7 (4.1, 4.6]
ID°—~K*tr) + I(D°—K-t) _ o NO CPV ={Ap =Ax =Ar=0and |q/p|=1¢ =0}
T(D°—K-nt)+T(D°—K+x—) P q _ .

(D0 = K=m®) + D(DO— K™ NO Direct CPV = {Ap = 0 and a relation between |q/p|, x, y'}
LD = Ktro) I = K-w%) e
(D= Ktn) + T(D— K- D » July 2015

L(D°—K*K™) -T(D°—K'TK") (&) yindirect
= = A+ AT
I(D°—K+K-) +T(D°—K+K~) ™

T(D°—ntn~) —T(D°—ntn)
I(D°—nmtr—) + (D> mtm—)
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Neutral Flavoured Mesons: Types of CP Violation

CP Violation in the Mixing
This occurs when the physical states do not coincide with CP eigenstates,

lal # |pl

For example if As in the case of semileptonic decay modes

MO = Fo MO or MO Ao fFee 0| MO =0T XM and  MP A0 X< MP

C(MO(t) = 0 X)—T(M°(t) > T X)  1— lo/q|*
F(MO(t) — €= X)+T(MO(t) — £+ X) 1+ lo/ql*

2 2

|
AN
-

This kind of CPV is of the indirect type
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Neutral Flavoured Mesons: Types of CP Violation(1)
CP Violation in the Decays (Direct)

This occurs when the decay amplitudes for CP conjugate processes into final
states f and f are different in modulus

|A(i — £)| # |A(i — F)|
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Neutral Flavoured Mesons: Types of CP Violation(1)
CP Violation in the Decays (Direct)

This occurs vyhen the decay amplitudes for CP conjugate processes into final
states f and f are different in modulus
A — f)| # |AT = F)|
In this case Am~ Al ~ 0 and
oy T(M° — f) —T(M° — )
P T (MO = £)+ T (MO — 7)

MO MO
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Neutral Flavoured Mesons: Types of CP Violation(1)
CP Violation in the Decays (Direct)

This occurs vyhen the decay amplitudes for CP conjugate processes into final
states f and f are different in modulus
A — f)| # |AT = F)|
In this case Am~ Al ~ 0 and
oy T(M° — f) —T(M° — )
P T (MO = £)+ T (MO — 7)

2 2

This kind of CPV is the only one is also possible for charged particles, which are forbidden to mix by charge
conservation. J
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Neutral Flavoured Mesons: Types of CP Violation(2)

CPV in the interference of mixing and decays
This occurs when both, M° and M°, decay into the same final state

MO — fe MO @ This is the case of CPf = £f: D° — KK, nw < D° J

@ but not only: for example DO(EO) L

A(M® — £) + A(M® — MOYA(M® — f)

Useful definition

(M°| M) A(M® — 1) qA

2{ =
"M M) AMO = F)  p A
CP Symmetry implies
@ |A¢| # 1 CPV in mixing or decay
)pf = — = lf = At A
At @ 3(A¢) # 0 CPV in interf. mixing and decay
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Direct CPV in SCS D° Decays

A nonzero direct CP asymmetry is present only when the decay amplitude is

o =Ae% 4+ Be%
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Direct CPV in SCS D° Decays

A nonzero direct CP asymmetry is present only when the decay amplitude is
o =A%+ Be

the CP conjugate amplitude is

,Qf_: A elﬁA +B* 6155
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Direct CPV in SCS D° Decays

A nonzero direct CP asymmetry is present only when the decay amplitude is
o =A% +Beds
the CP conjugate amplitude is
o = A* &% 1 B g%
and the CP asymmetry is:

N A
F |2+ | |2
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Direct CPV in SCS D° Decays

A nonzero direct CP asymmetry is present only when the decay amplitude is
o =A% +Beds
the CP conjugate amplitude is
o = A* &% 1 B g%
and the CP asymmetry is:

gr _ PP 2 3(A* B) sin(8, — 5s)
P T P+ |2 JAE+|BE+2R(A B) cos(da— ds)
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Direct CPV in SCS D° Decays

A nonzero direct CP asymmetry is present only when the decay amplitude is
o =A%+ Be
the CP conjugate amplitude is
o = A* &% 1 B g%

and the CP asymmetry is:

I L e L 2 3(A* B) sin(84 — 8g)
P ™ o2+ |AR+ B2 +2R(A*B) cos(a— Jg)
What about the amplitude B? ]
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Direct CPV in SCS D° Decays (1)

The amplitude B is provided by

(flHau=o |D°)
where
HAU:():—\GF {Z C.O; + c1(o1 +o$’)+cz(02+od)]}
m Tree (T", C")
But i
[/l =leieli= sin GucbcoC:Gc =99
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Direct CPV in SCS D° Decays (1)

The amplitude B is provided by

(flHau=0|D°)
where
HAU:O:—\GF {Z C.O; + c1(o1 +O$’)+cz(02+od)]}
m Tree (T”, C")
But e
[/l =leieli= sin GucbcoC:Gc = 0
Large CPV can be due only to the Penguin terms )
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Direct CPV in SCS D° Decays (2)

Neglecting the contribution of the terms containing 7" and C”

A(KTK™) = T'r(5,0,C'/T") + P (8, 9)
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Direct CPV in SCS D° Decays (2)

Neglecting the contribution of the terms containing 7" and C”

A(KTK™) = T'r(5,0,C'/T") + P (8, 9)

and so
: . 2T 3(P)3(frF) 3(P)
dir [ o+ T'p
K"K )~ - 1.
aCP( ) T’Z‘fr|2 + i T!
. P
ar(ntn) = -34 3;_,)
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Direct CPV in SCS D° Decays (2)

Neglecting the contribution of the terms containing 7" and C”

A(KTK™) = T'r(5,0,C'/T") + P (8, 9)

and so
Akt k)~ 2T 3T(:):|£"T B, = s S(T’,D)
alf(ntn™) = -34 ng)
8P _ WanVeol <K'KO|XR, GO+ 5[0{Of+ O} +C{ a3+ QEN ID° > _ o 0
T~ sinBgccos B¢ <KtK-|Ci(Qf — Q)+ Co(Q5 — QF) |D° >
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Direct CPV in SCS D° Decays (2)

Neglecting the contribution of the terms containing 7" and C”

A(KTK™) = T'r(5,0,C'/T") + P (8, 9)

and so
: _ 2T 3(P)S(frfh) 3(P)
dir ( -+ ~ [2 _ 1
agp(KTK™) ~ 2|1 P T oo +1.5 77
; P
ar(ntn) = -34 S;_,)

8(P) _ Vel . <K'K7|Elg GOt a[C{OI+ O} +CAGE+OPIDP> _ e
T~ sin@ccos6c <KtK-|Ci(Qf — Q)+ Co(Q5 — QF) |D° > ’

Aacp =3.03107°%
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Possible Point of view for Large Direct CPV
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Possible Point of view for Large Direct CPV

New Physics
@ The ratio
P O
K b3

acp ~1074=107°
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Possible Point of view for Large Direct CPV

New Physics
@ The ratio
Pl _as
K b3

acp ~1074=107°

@ A lot of models

o Composite Higgs
o L-R simmetries
e extra-dimensions
o ...

Pietro Santorelli (Universita di Napoli) D decays & CP Violation Strong Fields & Heavy Quarks 45/ 46



Possible Point of view for Large Direct CPV

New Physics Standard Model
@ The ratio @ The ratio |P/T'| could be large as in the
Pl o case of Al =1/2in the K decays
K T @ The FSI could be large
acp~10"*+107° =
acp ~ 1072

Golden, Grinstein (1989);

Brod, Kagan, Zupan (2012);

Brod, Grossman, Kagan, Zupan (2012);
. . Bhattacharya, Gronau, Rosner (2012);
Composite Higgs Franco, Mishima, Silvestrini (2012);

L-R simmetries
extra-dimensions

@ A lot of models

Obviously, New Physics could be responsible
of a |P/T'| enhancement
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Possible Point of view for Large Direct CPV

New Physics Standard Model
@ The ratio @ The ratio |P/T'| could be large as in the
Pl o case of Al =1/2in the K decays
K T @ The FSI could be large
acp~10"*+107° =
acp ~ 1072

Golden, Grinstein (1989);

Brod, Kagan, Zupan (2012);

Brod, Grossman, Kagan, Zupan (2012);
. . Bhattacharya, Gronau, Rosner (2012);
Composite Higgs Franco, Mishima, Silvestrini (2012);

L-R simmetries
extra-dimensions

@ A lot of models

Obviously, New Physics could be responsible
of a |P/T'| enhancement

o’

In any case

i)
al5(KTK)
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Conclusions

We analyzed the decays into two pseudoscalar mesons of D°, DT, and Ds in the
framework of a model that ascribes the most of the observed SU(3) violations to
final state interactions.

We were able to give an accurate description of decay branching ratios

The values of the strong phases are in principle suitable to predict consistent CP
violations in the decay.

The experimental situation regarding the CP violating asymmetries seems to be rather
clear: there is no significant CP violation in the SCS decays at the level of 1072,

Nevertheless, we think interesting to have shown that large asymmetries can be
obtained, considering the uncertainties of long distance contributions, even without
invoking New Physics.
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Conclusions

We analyzed the decays into two pseudoscalar mesons of D°, DT, and Ds in the
framework of a model that ascribes the most of the observed SU(3) violations to
final state interactions.

We were able to give an accurate description of decay branching ratios

The values of the strong phases are in principle suitable to predict consistent CP
violations in the decay.

The experimental situation regarding the CP violating asymmetries seems to be rather
clear: there is no significant CP violation in the SCS decays at the level of 1072,

Nevertheless, we think interesting to have shown that large asymmetries can be
obtained, considering the uncertainties of long distance contributions, even without
invoking New Physics.

CP violations asymmetries can be written in terms of the ratio 3(P)/T’, and

ap(rta)
aB(KTK™)
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Backup Slides
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Kt =+us, K°=+4ds, K°=+4sd, K =—si, )
= +ud, noz—\i@(—i—ua—da), T =—di, (3)
ng:—%(+uu+d8—2s§), No=— \f(—&—uu—&—dd—i—ss) (4)
8R8=1085D8, 0100 10D 27, (5)
(828)s=1385®27. (6)
33R3=30306015. (7)
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The Grinstein-Lebed Approach

Grinstein, Lebed PRD 53 (1996) 6344

_ o VaVas o (VagVig — VésVis) VesVid 16 (Vag Vg —3Ves Vis)
H Hy + H® HY — H®
= \/5 0 2 1/2 7 \/é 2\/6 1/2
ViV,e+ ViV, ViV
+( cd usﬁ cs ud) H115+ C\d/élld Hﬁ]/2
From which we have, for example
1 /3 1 /5 1
0 + = _ 6 RIS 15 15
AD’—rm'm) = *E\/;st/z 2\/> 81/2 \/7':"273/2 6\/ﬁﬁzm/z

1T 2R 4 s Tpgs 1 pis
2\ 512t 5 3.3/2 T G\F Rapajet 3v30 2732 5 qg e/

A(D® — KTK™)

where Rj _ is the reduced matrix elements of H* which transform the initial D meson into the representation
of dimension b and with A/ = ¢
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