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Outline

@ The direct CP asymmetry in D° —+ KK~ and D° — 7*r

@ The "penguin” hadronic matrix elements determining the
magnitude of a§f (r*7~) and a§f (KTK™)

@ estimating the "pengiuns” with QCD light-cone sum rules &
duality; the method used before for B — 7w decays

@ some preliminary results
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Direct CP asymmetry
@ The width:

P==nK.

)

~\y_ Pppp +p—y[2
[(D— PTP~) = Po=rPiap  p+p-)|
87Tm%

Pp_, pp - the decay 3-momentum in the D rest frame
@ The asymmetry
[(D° — PtP~) —T(D° — PtP™)

dir P+P7 _ - ’
PP P ) = Do S PPy 1 1D = PR

@ The most recent LHCb update:
A&d = gl (KTK™) — aii(ntr~) = (—0.061 + 0.076)% .

the indirect components to a large extent are independent of the final state and
cancel in this difference

R. Aaij et al. [LHCb Collaboration], PRL 116,191601 (2016)

@ Can we make a quantitative estimate of this asymmetry in SM?
how small it should be in SM?
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Single Cabibbo-suppressed (SCS) decays

@ the effective Hamiltonian:

G
Heyr = 7%{)\(1(01 O1d+Cg O§)+>\s(c1 O1S+Cg Og)*)\b Z C,'O,‘} ,
i=3,...,6,8¢

Of = (ur,d) (dr*c) , Of = (dr,d) (ar“c) = O3, O§
)\D = VUDVgD7 (D = d7 S7 b)7 )\S =~ _)\d7 Ab < )‘S,d
@ the CKM unitarity in SM:

> Ap=0, or Ag=—(As+Ap).
D=d,s,b

@ we hereafter neglect O;<3 with ¢; < ¢4 »
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Decomposition of decay amplitudes

@ separating the contributions of O¢ 7, and Of , operators

AD® — 7)) = Mg(nt ™ |09 D% + As(nt ™ |OS|DOY
AD® — KTK™) = As(KTK~|0%|D°) + A\g(KTK—|0%D°),
using a compact notation:
o = G ZC,O,D, (D=4d,s).
/ 1,2

@ replacing Ay = —(\s + \p)
@ "penguin” type amplitudes - the central object of our interest

Pir = (ntn"|0°ID%, Pl = (K'K~|0%D°%,

"penguin” indicates that the operator contains a quark-antiquark pair not
belonging to the valence content of final state, otherwise no relation to
"topological " diagrams
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Decomposition of decay amplitudes

@ separating the O(\p) contribution with CP-phase
A
0 o) — 2b i
A(D° s ntn) = )\SAM{1+)\ (1+rﬂexp(15ﬁ))},

A(D® = KHK™) = AsArc{1 - %r,( exp(idi) } .
S

the notation:
Arr = (77|09 D% — (7~ |0O%| D),
Ak = (KTK~|0|D°) — (K*K~|09| D),

'PS
A7\'7T

Iy = ’ s On(K) = afg[P:Srd(KK | — arg[ Az kil

o= |

@ to a good approximation
“AsArr ~ A(D0 —rtrT),  AsAkk =~ A(DO — KTK™)
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The direct CP-asymmetry
@ In terms of the parameters entering the decomposition:
; —2rprk Sindk sin
dir ( e+ — b'K K Y
a K K == )

cr( ) 1 — 2ryrk COS 7y COS O + r2r2
B 2y Sin o, siny
1+ 2rc08(1 + r, €08 8,) + r2(1 + 2r, CO8 65 + r2)

agp(r*n)

@ the CKM elements involved
Vb Vc*b

D=pne M = )
7 Vs Vs

@ the "clean" observable (after time-integration)
Aafp = aZp(K'K™)—agp(n'r)
= —2n,siny(rksindx + ry sind,) + O(r2) .
@ a QCD-based calculation of P$_ and PZ,

@ combined with A, and Akk extracted from experiment
= an estimate of r, and rx
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Calculation of the "penguin" hadronic matrix element

@ The method employing QCD Light-Cone Sum Rules (LCSRs)
used earler for the B — 7w decays:

AK, Nucl. Phys. B 605 (2001) 558 [hep-ph/0012271];
AK, T. Mannel and B. Melic, Phys. Lett. B571 (2003) 75 [hep-ph/0304179];

AK, T. Mannel, M. Melcher and B. Melic, Phys. Rev. D 72 (2005) 094012
[hep-ph/0509049).

@ in gross features reproduce the QCD factorization results for
B — m adding nontrivial soft-gluon contributions

@ reproduce the magnitudes of branching fractions, also for
penguin dominated B — Km modes

M.Jdung, AK, B.Melic, unpublished, work in progress

but | have the same problem as QCDF to reproduce the strong phases to fit in
measured CP-violation
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Some details of the calculation

@ the correlation function for D — 7#+t7~ case

Fa(pv CI» k) : )
P [d*x e i(b-ax [y e~ =R (0| T{j{D)(y)O5 ,(0)LP (x)} 7 ()

@ sorting out the operators:

~ c
10§ + 05 =2¢105 + (§1+Cz) 5,

@ the colour-octet operator provides dominant contribution
~ A @
5= (8, — urt—
0 <3H23)<u 20),
@ the hadronic matrix element entering r;; :

P~ 201\G/g< 7|08 D°) .
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Some details of the calculation

@ the dominant diagrams for D — 7«7~ case:

@ The method, adapted to D — PP (D = w, K):

calculate a series of OPE diagrams in terms of light-cone
distribution amplitude of pion(kaon)

interpolate the second pion(kaon) and D-meson by quark
currents.

switch from the spacelike region of P? (artifitial 4-momentum
k # 0) the final state invariant mass and analytically continue to
P2 = m2 , relying on the local quark-hadron duality
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The light-cone sum rule

(=% )
(xt7~|05|D%) = j s Crme /dse*S/"’ﬁ du "o )
“on 3m2fD u

S \ .

1

x {P2 dzl(zuP?, m2) (z(1 — 2)px ()

0

2
+(1 —z):,;;c[<22+ L;7;°2> ueop(u)—&-% <22— Lfg) ( o (U) = U@Z(u))D
! 72 2 2 i
_““T’"C /dz/(_zumg/u, m§)i}[(1 + i’g;) op(1) + (1 _ i&) %6(1)]}
0

2
me

w2 f sz*T /M§
+%mc(—<aq>) / j";e< > {/(uP%mi)(z%(uHZ;;[Susop(u)

g
u)  uel(u
Leolu) Ul )])H ,
3 6 P2 —m2
y — x(1 — x)€?
the loop integral: I(’ ,mq) = g dxx(1 — x)In T .

0
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Preliminary numerical estimates

@ only for the D — n+t7n~ mode, D — K™K~ in progress

@ LCSR input: quark masses, pion, kaon DAs, Borel scales, effective
thresholds from the LCSR calculation of D — «, D — K and pion form factor

@ the hadronic matrix element calculated from the sum rule
(7~ |OZ|D%) = (3.24+0.3+..) x 10 2 exp[i(98 £ 2 +..)°)|GeV?
not all parametric uncertainties analysed yet

@ converting to the estimate of the penguin amplitude:
Cq (/Ldef) =1.25
|PS | = (6.5+0.5) x 1077

@ extracting the absolute value of A, from exp. :
BR(D° — n+n~) = (1.42 +£0.025) x 1072 [PDG]

4.65x 1077

_ -7
0519008 — 21.22 x 10

| Azr| =~ 1 | (DO — 77 7)| =
S
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Comparing with experiment

@ the CKM averages [PDG, global CKM fif] :
|Vip| = 0.00357, |Vgp| = 0.0411 , | Viys| = 0.225086, | Ves| = 0.97351, v = 73.2°

ry siny = 0.64 x 1073

@ from the measured difference of CP asymmetries
[Aa%%), Hep = (—0.061 +0.076)% = —2r;, Sin (7 Sin 6k + 1, SiN )

= Ik Sindk + rr sind, = (0.48 £+ 0.59)

@ we predict
fe = ||AW || =0.309+0.03% ... rk = (tobe obtained soon)

@ assuming (temporarily !) the SU(3)y limit:
|(r=8ind + rksindi) ~ 2|r.sind,| < 0.62 4+ 10% % ...% + Agy3)%
@ this limit consistent with the current LHCb result
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Summary and outlook

@ the magnitude of direct CP-violation in D — =7~ and
D — K*TK~ can be predicted and constrained calculating the
relevant hadronic matrix elements from LCSRs
can lattice QCD do that ?

@ no topological amplitude decomposition is used,
but | the OPE hierarchy sorts out the leading penguin-loop diagrams

@ the strong phase difference is not yet reliably accessible
need to calculate the full App

@ the issue of duality: scalar resonances influencing hadronic matrix elements ?
one may argue that the ratio P35, and A~ is not influenced

@ acomplete analysis for D — n+7~ and D — K*K—, including SU(3)-violating
effects and parametrical error analysis is in progress

@ our preliminary results indicate that the current LHCb central value for the
difference of CP-asymmetries is at the expected level in SM.
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