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® Do we really see NP effects in BB mixing now?
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‘We analyze three different new physics scenarios for AF = 2 flavor-changing neutral currents in the
quark sector in the light of recent data on neutral-meson mixing. We parametrize generic new physics
contributions to B, -B, mixing, g = d, s, in terms of one complex quantity A, while three parameters A%,
A%, and AY are needed to describe K-K mixing. In scenario I, we consider uncorrelated new physics
contributions in the B, B,, and K sectors. In this scenario, it is only possible to constrain the parameters
s and A, whereas there are no nontrivial constraints on the kaon parameters. In scenario II, we study the
case of minimal flavor violation (MEV) and small bottom Yukawa coupling, where A = A, = A, = A},
We show that A must then be real, so that no new CP phases can be accommodated, and express the
remaining parameters Aj¢ and Agf interms of A in this scenario. Seenario Il s the generic MFY case with
large bottom - Tn this case, is the B, and B, sectors. As in
the second scenario one has A, = A, = A, however, now with a complex parameter A. Our quantitative
analyses consist of global Cabibbo-Kobayashi-Maskawa (CKM) fits within the Rfit frequentist statistical
approach, determining the standard model parameters and the new physics parameters of the studied
We find that the recent indicating di the standard
model are well accommodated in Scenarios 1 and TNl with new mixing phases, with a slight preference
for Scenario I that permits different new CP phases in the By and B, systems. Within our statistical
framework, we find evidence of new physics in both By and B, systems. The standard model hypothesis
= A, = 1 is disfavored with p-values of 3.6¢ and 3.3¢" in Scenarios I and III, respectively. We also
present an exhaustive list of numerical predictions in each scenario. In particular, we predict the CP phase
in B, = J/ ¢ and the difference between the B, and B, semileptonic asymmetries, which will be both
measured by the LHCh experiment.

DO 10.1103/PhysRevD.83.036004 PACS numbers: 11.30Er, 1215 Hh, 12.15Mm, 12.60.—
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Mixing Induced CP asymmetry

@ For neutral B mesons decays, CP asymmetry can be expressed by the

parametrization invariant quantity A:

__(q> M (q) ~ Mz
 \p/gA(B° =)’ p)g M|’

where the B°B° mixing matrix element can be written as

< BO|HNP|BO >

Moy = MSM 4 MNP — MSM<1 i rNP), e = ——
12 12 12 < BO|HSY (B0 >

@ In the SM, the CP angle  is simply the imaginary part of A:
sin28 = ImA\(B — J/¢Ks) ~ ImA(B — ¢Ks)
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Mixing Induced CP asymmetry

® Discrepancy between sin 254ee and sin 2Spenguin

sin(2p*") = sin(20}") [
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Dimuon Charge Asymmetry

® Like-sign dimuon charge asymmetry measured by DO at Tevatron shows
3.2 ¢ deviation from the SM prediction:

@ CP violating like-sign dimuon charge asymmetry for b hadrons is defined
by
b Ngt =Ny~
TN AN,

where Nf(") are the number of events where two b hadrons semileptonically decay into muons with
charges of the same sign.

@ DO measurements (V.M. Abazov et al.,, Phys. Rev. D 82, 032001 (2010)):

AL = —0.00957 4+ 0.00251 (stat.) = 0.00146 (syst.)

@ SM prediction (A. Lenz, U. nierste, JHEP 0706, 072 (2007)):

APM) — (23198 » 10~
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Dimuon Charge Asymmetry

Combination
T A

P S P
-004 003 002 001 0 001

d
asl
(V.M. Abazov et al., Phys. Rev. D 82, 032001 (2010))
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Dimuon Charge Asymmetry

@ bb production at Tevatron:

@ One muon comes from direct semileptonic decay : b — u~ X

@ The other muon comes after neutral B meson mixing : B® — B° — w X
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Dimuon Charge Asymmetry

@ The asymmetry A’g, can be obtained from the charge asymmetry ag, for
“wrong-charge” semileptonic B3-meson decays induced by BB
oscillations:

M(By = ptX)—T(By = u=X) [T

al = —— -
ST N(BY = ptX) +T(By = u=X) M|

singg (g=4d,s)
where ¢4 = arg (—M,/T{,).

@ Since both By and Bs; mesons are produced at the Tevatron, Ag, is given
by a linear combination of a2 and a$;:

AL = (0.506 + 0.043)a% + (0.494 + 0.043)a5,.

(Y. Grossman, Y.Nir, G. Raz, PRL 97, 151801 (2006))
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BB mixing

@ BB mixing matrix element is obtained from the box diagrams:

b WW (9.9) d b ue.t d
—
ucit uet W.W (@.0) W.W (9.0)
PR —
a WW (9.9) T a uct 5

@ If NP = LRM, there could be possiblely large right-handed current contributions to
BB mixing matrix element with the following forms of V# (AMy yields no severe
constrant on My):

e 0 0 0 e 0
Vi = 0 cre'™ spe 2 |, Vi = cre'™1 0 spe'®2
0 —sgpe'*3  cre'™4 —spe'*3 0 cre'“4

where cg (Sg) = cos g (sinfg) (0° < 65 < 90°).
(P. Langacker and S.U. Sanker, Phys. Rev. D 40 1569 (1989))
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@ Inthe case of V', r’s ~ 0 and

iy & {—2.77( “Co =

(4.92 — 19.7¢5) In(1/¢g)
1-5.47¢,
153(1 —5.02¢g —

)C s el(a2 ag)
(0.498 — 1.99¢4) In(1/¢g)
1-9.94(g +28.9C2
@ Inthe case of V|, rfz ~ 0 and

s 1 Cq — (492 — 19.7¢4) In(1 /<)
e {16.9( AT
B 783(1 —5.02¢ —

) Lell-
~ sge

(0.498 — 1.99¢g) In(1/¢g)
1—9.94¢, +28.9¢2

)g spepe~8T4) 4 1.72¢,spe ’“3}

2B+ap oc3)

(S-h. Nam, Phys. Rev. D 66 055008 (2002))
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* Plots of the CP asymmetry difference Agp = ImA(B — J/¢Kg) — ImA(B — ¢Ks)

A
FKPP mini-workshop 12/17



« Contour plot corresponding to A% = —0.00957 = 0.00290:
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« Contour plot corresponding to A% = —0.00957 = 0.00290:
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Summary

@ The deviation of the dimuon charge asymmetry from the SM prediction
may imply the CP violation beyond the SM.

@ Inthe LRM , the W’ contributions to B°B° mixing and CP asymmetry in
BP decays are highly dependent upon the phases in the mass mixing
matrices V5A.

@ Right-handed currents cannot significantly contribute to AMg, and AMp,
simultaneously.

@ The new angle and phases in the right-handed quark mixing matrice V*
can explain the DO dimuon charge asymmetry at Tevatron.
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Appendix

Left-Right models

* General left-right model (LRM) with group SU(2), x SU(2)r x U(1) has the following
features:

@ Covariant derivative for the fermions f; g:
D"fir=0"fir+igLr WL‘f,f, TErfir+ igiB" SR
@ Unbroken U(1) (Electric Charge):
Q=T +T3+S
@ Quark & Lepton fields (T, Tg, S):

. v 11 L 11

qQ = ( d )L~(§70’6)7 CI,q*( Jd >R~(0~,Eag)7
v’ 1 1 , v 1 1
’ ~(5,0,—2), Ir= ’ ~ U, 5, —3

(%) ~Go-—p h=(%) ~0z-p

@ Higgs VEVs (simplest case):
@=(§ ¢) =) w=()
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Appendix

Left-Right models

@ Higgs couplings induce W, — Wgx mixing leading to mass eigenstates:

( w+ )7( cosé e '*osing )( W, )
W+ )7\ —sing e ™ cos¢ W

where 5
Cg: gHMW >£ _gR
= > ¢ =25
gGMz, aL
@ Charged interaction Lagrangian:
15 4
e = ——5P {[ngLcsu VAgrs RIW,, + [~ V'giseL + Vigact RIW,!
+
%)
IV Megios — VIMgrs{IL + (= Vi MgLce + V Megas )Rl
I+
%)
(V" Mpgyse + VRMNQR‘:;)L"" (V'Mngise + VRMPQH‘%)R] M“ }N
W/

+H.C. + ...,
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