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1. Introduction

® In the charm sector, CP is conserved to good
approximation due to the dominance of the first

two generations. ViVud + ViVius + ViV =0
O(A) O(N) O(N\?)

® LHCb and CDF reported evidences of direct
CPVin D° — 7T+7T_,K+K_:
AAcp= Acp(KTK™) — Acp(ntn™)
( [—0.82 4 0.21 (stat.) & 0.11 (sys.)] % LHCb
—0.62 £ 0.21 (stat.) & 0.10 (sys.)] %  CDF

= <

(D% — f) — I‘(DO—>f) ()f g

[(D° — f) +T(D° — ) ace(f) + 7 ack

which is much larger than the naive expectation
O (Im{ cb b} - ) ~ 0(10™%)
V¥Vial m
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Acp(f) =




Our strategy

® Factorization methods are not so reliable, since
| /mc corrections are expected to be large and
the relevant energy scale is lower than the scale
where a perturbative method is applicable well.

E’ We do not use factorization.
® SU(3)r breaking effects are sizable.

E} We use only the isospin decomposition.
® Rescatterings are taken into account :3 :

with unitarity and data on =V 2y C
scattering near the D mass scale u

® We estimate the size of penguin from the
observed CPV.
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2. Isospin decomposition V' Vg is real

VcbVUb
A(D+ — 7T+7TO) — ﬁ A7, rckm = Im (VCEVud)
0 i ~ 6.4 x 10~*
A(D"” — ) = + BT
( mrs \/_Az \/_( Frow), A : CP-even
A(DO S 7_‘_0) _ \/7“42 _I_ 7 ( —I_ ZTCKMB ) B 5 CP'Odd

o, AK
A(DT — KtK') = ,

(All T ZTCKMBM) )

— A5 + (ALY +irckmBiy) — (AF +irckmBy)
2
— A5 + (Af +irckmBiy) + (Ag +ircxmBg)
S :

AD°® - KTK™) =

9

AD° - K'K') =

AT 1 —0nn(KK), AT =1/2
A T =2n7m, Al = 3/2

® AKX I=1KK, AT =1/2
®AE : I=1KK, AT =3/2
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Br’s and CP-even amplitudes

® Br’s are governed by A's.
®» No AT = 1/2 like enhancement.

® The last one should vanish in the SU(3) limit.

® Large strong phase. ~ . Large SLK3)
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RG invariant parameterization . sivestrini (2000

AS = —\/g)\d [E1 () + Ex(7)], Ag = VC"(‘iVud
- 1 o) - ) _ 3pCIM _\ _ apGIM
Ap = \/§>\d 2E;(7) — Ea(m) + 3Ax(w) — 3PV () — 3P (m)]

Bl = —v3 Xg [P1(m) + Ps3(m)] ,

2
A{g — _g Ad [Al(K) + A2(Q739 q, K)] ’

2 1
Aﬁ:)‘d El(K)_§A1(K)+§A2(Q739Q9K)+P1GIM(K) ’

Bl = X\ [E1(K) + Pi(K)],
A(I)< — _>\d [El(K) o A2(q739 q, K) + 2A2(37 Q737K) + PlGIM(K) + 2P3GIM(K)} Y
Bf = —Xi[E1(K) + 2A2(s,q,8,K) + P1(K) + 2P3(K)],

Ey, Ay ~ 0(1)7
Ez, Az, Pl, P1GIM s O(l/N),
P;, P™ ~ O(1/N?).
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Significant subleading contributions

® From the fit to the BRs, we find that subleading
topologies are of the same order of leading ones:

Ey(70) + Eao(m) = (1.72 -

- 0.04) e*°

By () + Az(w)?:— PS™ (1) — (2.10 -

|}

- 0.02) 6i(5:|:(71:|:3)0)

A ' . ]
Eo(m) — Ag(w)i+ PES™ (1) = (2.25 £ 0.07) 0T (62£2)°)

in units of 107% GeV

> i
' ._ 2R I — @ m-r )
: : S T T
Leading amplitude 3 =r | e e
S o[ e B (meP ()
o) B P L
o . Fo |
o 0.4_— :I IE ok
0.2 :— ::: J
gl 1 L |1L’~1 L | Lo, ., | Cl ey 1ix10°
4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2
GeV
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3. Unitarity and FSI phases

® Generalized Watson’s theorem

/ D — D D — nm D 5 KK _\
T —> D T — T T — KK; . o 1 _,':(T)T
S=| KK —-D|KK—»nmr KK—» KK --. E(—z’CP(T) S )

T =A+ 1B

A= S5 (A)" | <~ CP-even amp.

Unitarity
E* B = Sgs (B)* |« CP-odd amp.

® Since exp data on the scatterings at mp are
ambiguous, we consider the two scenarios for
the I=0 amplitudes:
- Two-channel unitarity

= Three-channel unitarity (where KK is almost decoupled.)
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Experimental data for I=0 amplitudes

® |=0 S-wave phase and inelasticity parameter are
extracted from the wIN scattering data.
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am — KK

n = 0.95 + 0.05
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|I=1 and I=2 amplitudes

® No available data for the |=1 KK scattering
around the D mass scale.

® The data for the |=2 7w scattering shows
a sizable inelaticity at the D mass scale.

Durusoy et al. (1973)

Ve do not impose unitarity relations.
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4. Analysis of direct CP asymmetries

® We impose an upper bound on the size of
CPV contributions as follows:

1By | < k|Ag |

By — Ag | <k |Ay |
K K K K K
B11 — (A1 — Ags)l < a A — Ajs

R parameterizes the size of the
subleading (penguin) amplitudes

2 1 IM
SBi(x) — S Ba(m) + Aa(m) — PEM(m)

[Py ()] < &

[P (K) — PFIM(K) + Az(q, s, q, K)|
< k|E1(K) — A2(q, 8,9, K) + 2A2(s, q, s, K) ‘I‘Pl(;IM(K)'
|P1(K) — P1GIM(K) — Az(q,5,q,K)|

< 5 |E1(K) + A2(q, 5,9, K) + PP (K)
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Predictions (CP asym’s are not included in the fits.)

® Two-channel scenario:

5O u i ” . dir./. “ 001L i _
S 0.01 : Aadlr £ 0.01 : Ir. %_, E a((ijlll:') (K+K )

~—

CP

=0 L
0.005 3 0.005 |

0

20,005 [ -0.005 |

20,01 errern T -0.01 ¢

The prediction does not reach the central value
of the data within 2 o even for k = 8.

® Three-channel scenario (the most general case is similar).
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FIitS (CP asym’s are included in the fits.)

® Two-channel scenario:

=0 C R — C . —
T Aadp £ Oragp () g 00k gdin (Fet i
0.005 [ 35 0.005 55 0.005
0 0
-0.005 f -0.005 f
0.01F -0.01F 001

® Three-channel scenario:

0 —
B O C : ! C C 1
L 001F dir B 0.01F ¥ 001F dir + 1 —
5 00 Agdi L oo 2 oo gdin (KTK™)
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How large is penguin?

2 1
|[Pi(m)| < K §E1(7T) — §E2(7T) + Ag(w) — P7™M ()
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® In the three-channel scenario, the central value of

the data corresponds to |Pi| ~ 13 x 10~° GeV,

about 6 times larger than the other RGI param’s.
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5. Conclusions

® We have studied Aalll, phenomenologically, based
on isospin decomposition with partial information
on rescatterings from the 7wV scattering data.

® We have confirmed large nonfactorizable cont’s,
large SU(3) breaking and large strong phases.

® Unfortunately, the FSls are not able to be fully
determined from the 7N scattering data.

® Penguin must be enhanced by a factor of 6 (or larger),
which is well beyond theoretical expectations.

® Improving the experimental accuracy could lead to
an indirect signal of NP.
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CPV in SCS D9 decays

® In the case of D° decays, the time-integrated
CP asymmetry may be written as a sum of

direct and indirect asymmetries:

I'(D° — f) —T(D° = f) _
['(D° — f) +T(D° — f)

& @)

d1r (f)+alnd/ dt t

0 Tpo

Acp(f) = Dy (t)

1r < > 1n
— %P(f)"‘ D(]: acg

Distribution of proper decay time

® The effects from indirect CPV cancel to a large
extent by taking the difference
AACP — ACP(K_I_K_) — ACP(TF_I_TF_) A<t>

= G (K K) — i) + 0 g
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First evi
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Isospin decomposition

Effective Hamiltonian:

H o 3 1> L H 1 1>
off = H3/2 |5 5 1/2 |50 5
Initial states:
|D+> — |1/291/2>9 |DO> — |1/27_1/2>

Final states:

+7TO> =12, 1), ’7T+7T_> — i |2 0) + \/gloa 0), ‘770770> — \/§|2 0) — % 0, 0),
K+K>:|1, 1), |[KTK~)= 7(|1 0) + |0, 0)) ‘KO >:7(|1 0) — |0, 0))

TTT . ] — O’ )

KK : I=0,1
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Isospin decomposition

® The decay amplitudes are written in terms of
reduced matrix elements:

V3

3
A(D* — %) = 2 (2| Hy al[1/2)

1 1
A(D - wtrT) = = (2| Hapal|1/2) + = (0| Hafal [1/2)

V6 V'3
A(D° — 70 = \/g(ZHHg/zHl/Z) —~ % (0| Hy/2]]1/2)

0 1
ADT - KTK') = — 5 (L|Hs/2|[1/2) + (1]|Hy/2[|1/2) ,

1 1
A(D® — KTK™) = _ (1||Hs/2|[1/2) + 5 (LIH1/2|[1/2) + 5 (0][H1/2][1/2)

N | =N =

0 1 1
A(D® — K°K") = _ (1||H3/2|1/2) + 5 (LIH1/2|[1/2) — = (0][Hy/2][1/2) .

2
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Generalized Watson’s theorem

S B ,r' 621‘,571- Z\/]_ . ,'72 82(57T+5K)
S — ’L\/]_ L ,,72 ei(5w+5K) 7 627:5K

( T
cos(arg(AX) — 0x) = Ao

). ¢

sin(arg(Ay’) — k) = |

1+4+7n
1—n
1—n

sin(arg(Ag) — 0x) ,

cos(arg(Ag) — 0rx) ,

1—n AX | 1+n
I I I R G :
where T S ar| S1o, has to be satisfied,

and analogous formulae for the CP-odd amp’s.
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RG invariant parameterization . sivestrini (2000

® Buras and Silvestrini introduced an RG invariant
parameterization of two-body non-leptonic B-decay
amplitudes based on the OPE in Heff and on Wick
contractions.

1. Consider all possible contractions:

S5 OO,

Em:ss:ons
Do B AL B0 wwnasnon Annihilations «

CA;(q3, G2, q1; B, My, My)

. and so on.

DPi(Q37QQ;Q1§B7M1,M2) CP@(Q&Q%QEB,Ml,Mz)

Penguin contractions Satoshi Mishima (INFN Rome)



RG invariant parameterization . sivestrini (2000

® Buras and Silvestrini introduced an RG invariant
parameterization of two-body non-leptonic B-decay
amplitudes based on the OPE in Heff and on Wick
contractions.

2. Construct the effective amplitudes which are
independent of renormalization scale and scheme:

El =ClDE1—|—C’QCE2, E2 =C’2DE2—|—C’10E1,
Al :ClDA1+Cch2, A2 :CzDA2+Cch1,
Pr=C:CP,+CeDP; + ---, P; = Cy CPA; +~C2 DPA3 + - - -,

PF™ = C1[CPi(s) — CPi(d)| + C2[DP»(s) — DP»(d)] ,
Pa™ = C1[CPA,(s) — CPA;(d)| + C2|DPA,(s) — DPA,(d)] .

Emissions, Annihilations, Penguin contractions, GIM penguins
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1/N power counting

® Large-Nc classification:

o), O(1/N) . O(1) O(1/N)
; %ﬁqz ) a3 1 b M,
5 .7 . q b % My
T Qi
q B [/ N\ 1 B q
M2, My <> (f( M.
Emissions I ",
DE;i(gs, @2, qu; B, My, M) CEi(gs, g2, qu; B, My, My) DAi(gs, 42, 415 B, My, M) Ann’hllatlons N

CAi(q37 q2, q1; B, My, MQ)

O(1/N*  O(1/N)

b b M
B q1 B q1
’enguin contractior M,

DP;(qs3, 2, q1; B, My, M) CPi(q3, 2, q1; B, My, M)

® Also, numerically, the Wilson coefficients obey
Ci ~O(1), C3~ O(1/N),
Ci6 ~ O(1/N®), Css~ O(1/N*).
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P.d.f.’s In the two-channel scenario
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P.d.f.’s In the three-channel scenario
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