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Outline

First 7 minutes

e (KTK —7ntn7)
Motivation: LHCb and CDF results for AAnp

Estimate of AAcp In SM
Conservative conclusion about origin of AAgp

Last 12 minutes

Broken U-spinin D — PP
Predictions for A-p & correlations in several Dt — PP
Conclusion



Asymmetry definitions
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~ AZL(f) + - ABL () t = proper decay time

Ai(fwl% ~ zsin ¢ ~ indep. of f (A hastiny weak phase)
r=Am/T < 1% y=Al'/T < 1% ¢ = arg(q/p)(As/Ay)
AAcp = Acp(KTK™) = Agp(rn7)
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Experimenta\Aqp

® LHCb: AAgp =1]-0.82+0.21(stat) & 0.11(syst)]%
A(t)/Tp = [9.83 £ 0.22(stat) & 0.19(syst)]%
PRL 108, 111602 (2012)
® CDF: AAcp =[-0.62 £ 0.21(stat) &= 0.10(syst)]%
A(t)/mTp = [26 £ 1]% CDF Note 10784
Combining and assuming uncorrelated Gaussian errors
AAIE, = (—0.67+0.16)% ALRS = (—0.02 £ 0.22)%
Little effect: E687 (1994), E791, FOCUS, CLEO, BaBar, Belle (2008)

CDF, PRD 85, 012009 (2012)
—0.63% < Acp(D’ — KTK™) <0.15% prefer <0

90% c.l:
%o —0.21% < Acp(D° — n777) <0.65%  prefer > 0



Compare with crude SM estimate
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P/T =ree ™™ = Acp(rtn™) ~ 2rsindsiny
U-spin: Acp(KTK~ )later—ACp(WJrﬂ )= AAcp~—4rsindsiny
sind ~siny~1 = r~ (17+£4) x 107*
VoVl WP CalUPDL_ KPDL
VeaVaual [T 1) 7HE K7D

Perturbation: L2 |>|~a3(mc)/7r~0 1,however m. s not>Aqcp




P, D contraction of tree operators
Expect large 1/m, corrections

J. Brod, A.L. Kagan, J. Zupan

Walit 7 minutes for
experimental evidence

Difficult calculation H-n.Li, C-D. Lu, F-S. Yu
Sizable uncertainties E.Franco, S. Mishima, L. Silvestrini



Nonperturbative penguin enhancemel

Al = 1/2 enhancement
N K — 27
IS not calculable perturbatively

most probably from penguin

M. Shifman, A. Vainshtein, V. Zakharov, JETP Lett 22,55 (1975)

M. Golden, B. Grinstein, Phys Lett B 222,501 (1989)
anticipated P enhancement in D decays



Conservative conclusion

AAq-p by LHCb & CDF
IS not Inconsistent with SM

Accounted by P enhancement



Experimental tests

Tests of SM
and P enhancement

IN ACP(DO’+ — PP)



Cabibbo-favored) — PP

Examples D — Kr, Kn Bhattacharya, Rosner
Amplitudes with 4 flavor topologies Cheng, Chiang
q=1u,d,s c Vi S
c Vi s d

T

Equivalentto flavor SU(3) amplitudes Pirtskhalava,Uttayarat
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Cabibbo-favored) — PP

F:|A\2pcm/87TMl% B.Bhattacharya, J.L. Rosner, PRD 81 (2010)
Good fit (slight dependence on n—»’ mixing*,units 10~ GeV)

T =293 C =234 152" [ = 1571210 A = (.33¢170°

Decay Amplitude Theor B% Exp B %
DY — K7t T+E 3.90 3.87 £ 0.06
K070 (C - E)/V2 2.35 2.25 £ 0.09
KO C/V3 1.00 0.90 & 0.06
K%' —(C+3E)C/\6 1.92 1.88 +0.10
Dt — KO0rt T+C 3.09 2.93 £ 0.09
Df — KK+ C+A 2.94 2.96 = 0.16
Ly (T —2A)//3 1.81 1.83 +0.15
o/ 2(T + A)/\/6 3.60 3.94 4+ 0.33

* )



Five comments on CF decays

Weak Hamiltonian o (5pv*cr)(dryudr) Is AU =1
U-spin C SU(3) <d> —doublet u,c = singlets
S

Single CKM ViV,4, n0o P: Acp =10

|E|

T >(0.5formally 1/m. suppressed: Large 1/m. correction

Large strong phases § (FSI, nearby resonances)

CF and DCS D decays are related by U-spin
M. Gronau, J.L. Rosner, PLB 500, 247 (2000)
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Singly-Cabibbo-suppressdd — PP

T, C, E, Amultiplied by £\, X = tan(@Cabibbo) = 0.2317

A

u u

A

U-spin predicts branching ratios for SCS D decays
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U-spin breaking IM\U=1 SCS

T,C,E, A from \(5c¢)(us) — (dc)(ud)] are AU =1 like CF

ADY - KTK™) 2% _ADY - 7777 ) = \NT + E)

tiny Py (KTK") = Py(ntr) /MEZL i

— ACP(K+K_) ~ —ACP(W+7T_) d78

u

ADC K"Kl _ 181 40.04

A=)

U-spin is strongly broken [ }
exp

2
Decay constants and form factors: frc /] +<D*K>(m§< ) — 1.38
f7r f+(D—>7T)(m7T)

are insufficient, requires U-spin breaking in AU =0
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Pure U-spin breakinghU =0

¢ — u penguin is AU = 0 and U-spin breaking
Comparing with enhanced P,. U-spin breaking ~ 10% (wait 3 min)

ms#mdipEPS—Pd#O, PAEPAS—PACZ#O
Same CKM (\) as AU =1 (+A) = no CPV
P+PAincreases A(KTK ™) & decreases A7) (equal sign)

Accounts wellfor Bt =), B K ") and other SCS decays

: . . + K
U-spin discussion of %@ff: Feldmann, Nandi, Soni

Brod, Grossman, Kagan, Zupan
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SCSD" T amps with U-spin breaking

Final Amplitude [A] (1077 GeV)
State f representation Experiment Theory
Tt A (Tr+E)+(P+PA) 4.70+0.08  4.70
KTK~ A(Tk+E)+(P+PA) 8.49+0.10 8.48
70 _\(C—E)/v2—(P+PA)/v/2 3.51+0.11 3.51
KR —(P+PA)+P 2.3940.14  2.37
m a0 (T +C) /2 2.66+0.07  2.26
KR A(Ti—A)+P 6.55+0.12  6.87

P+PA=0.44+1.41i (10~"GeV) P=-1.52+0.08i (larger error)
Excellent & reasonable fit for D' & D' decays

Determines strong phases gbéi of amplitudes relative to T
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Acp INn SCSD decays

Allasymmetries dependonsamep,é |1}/, ¢§i, vy=T6° given
(like P use flavor SU(3))

CDF 90% c.l. limitson Agp(r n , KTK~): —26<0<0.4

p and ¢ are correlated by AAcp = (—0.67 £ 0.16)%

s x=68%c.l. 'Formosté: p~ 10~ GeV

S ‘ ‘ ,

(5 ey ! N i p _ -3 P __o.

1c_>I ,,,,,,,,,,,,,,,, i factor out CKM

= ‘ : | | P/ _ . |

o 7 N > 7 o[V Vi) 0.10 = u-spin breaking

: | | | | | f : P,—P
O s L0 s 0 Sos o0 'nP:(Ps+Pd31/2
0
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Predictions forAqp(K K, 77 ™)

Asymmetries as function of 4 using the (6 — p) constraint

X=68%c.l. x=90% c.l. e
g oo\ S 00
For most § g - i
Acp(KTK™) <0 3
Acp(nTn™) >0 .
|[Acp(nn )|
e (KTE) L

Error on Agp(KTK™)
or Acp(m 7~ ) must be
Improved by much in
order to constrain ¢

Acp(n™ ") (%)




Predictions ford¢p( K+ K°, 7(0+)70)

X = 68% c.l.
x =90% c.l.

Acp(KTK% < 0 for most §
assumes P A, = 0

tested in Acp(KOK0) =0 R

Correlation between
two asymmetries

Acp(n°n°) (%)

AC’P(DjL — 7T+7T0) — 0 | ‘ ‘ ‘
no Pb (A[ — 1/2’ ]7T+7TO _ 2) 25 20 15 6_1_0
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Conclusion

AU=1tree & AU=0 penguin U-spin breaking amplitudes
account well for SCS DY & DT — PP decay rates

AACPG(+K — 7t 77) is not inconsistent with SM, needs
penguin enhancement by ~ 10 relative to naive estimate

Like D'-DY mixing: nonperturbative, hard to calculate

Acp(KTK~, ntn7) ~ afew x1073 are very interesting ;
Challenge: measure separately to predict other A-p

Acp at a similar level are expected in other D — PP
Acp(DT—KYKY) predict<0=(—0.16 £ 0.58 £ 0.25) % (Belle 2010)

Correlations are expected: (K™K, 7 n~) (KTK%7x")
[Acp(rT7%)|>0.001 is unexpected = new A[:% physics

Study Acp inn>2-body decays: Dt — K*OK T, p0z ™
DT — ¢zt Belle (0.5140.284-0.05)%  Hayashii's talk
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Backup

Tiny tree phases of V)V, = =\, ViVis = A
do not affect asymmetries significantly
Unitarity of CKM:
VeaVua + VisVus + VoV = 0
Aa(R=X) + As(RA) + Ay (~A7) = 0
Im(AgAs) = Im(AsAy) =~ [Ves|[Vaus| [ Vep| [V | siny

‘Vcb|vub|

— siny ~ —0.5 X 10_4 .
Vel [Vis|

arg(AsAy) ~

Contributions to Acp(PP) are smaller
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