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ABSTRACT: We emphasize that the recent measurements of the BY — BY mass difference
AM; by the CDF and D@ collaborations offer an important model independent test of
minimal flavour violation (MFV). The improved measurements of the angle v in the uni-
tarity triangle and of |V,| from tree level decays, combined with future accurate measure-
ments of AM;, Sykg, Sype, Br(Bas — ptp™), Br(B — Xqsvv), Br(Kt — ntvw) and
Br(Ki, — 7%wv) and improved values of the relevant non-perturbative parameters, will
allow to test the MFV hypothesis in a model independent manner to a high accuracy. In
particular, the difference between the reference unitarity triangle obtained from tree level
processes and the universal unitarity triangle (UUT) in MFV models would signal either
new flavour violating interactions and/or new local operators that are suppressed in MFV
models with low tan 3, with the former best tested through Sy and Ki, — 70up. A brief
discussion of non-MFV scenarios is also given. In this context we identify in the recent
literature a relative sign error between Standard Model and new physics contributions to
Sye, that has an impact on the correlation between Sy4 and Ag; . We point out that the
ratios Sye/Ag;, and AM,/AT's will allow to determine AM,/(AM,)®™. Similar proposals
for the determination of AMgy/(AM)SM are also given.
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1. Introduction
The recent measurement of the BY — B? mass difference by the CDF collaboration [fi]
AM, = (17337053 +0.07) /ps (1.1)

and the two-sided bound by the D@ collaboration [f 17/ps < AM, < 21/ps (90% C.L.)
provided still another constraint on the Standard Model (SM) and its extensions. In
particular, the value of AM; measured by the CDF collaboration turned out to be rather
surprisingly below the SM predictions obtained from other constraints [f,

(AM ), = (21.5 + 2.6) /ps, (AM,) S insitier = (21.7759) /ps. (1.2)

The tension between ([.1]) and ([.9) is not yet significant, due to the sizable non-perturba-
tive uncertainties. A consistent though slightly smaller value is found for the mass difference
directly from its SM expression [f]

G2 -
(AM)Pe, = Shmsma, (Bp, F3,) My S|Vl = (178 £ 48)/ps,  (L3)

with S(z;) being the SM Inami-Lim function, |Vis| = 0.0409 £ 0.0009 and the other input
parameters collected in table [.

It should be emphasized that AM, > (AM,)M is favoured in many simple extensions
of the SM like Two-Higgs-Doublet Models type II, MSSM with low tan 3, Littlest Higgs



Model without T-Parity [f] and Universal-Extra-Dimensions [f]. A notable exception is
the MSSM with minimal flavour violation (MFV) and large tan (3, where the suppression
of AM, with respect to (AM;)™ has been predicted [§]. In more complicated models, like
the MSSM with new flavour violating interactions [B], AM; can be smaller or larger than
(AM,)SM,

In this paper we would like to emphasize that this new result offers an important
model independent test of models with MFV [[[0-[2], within the BY and B? systems. We
will summarize its implications for MFV models and discuss briefly non-MFV scenarios.
The first version of our paper appeared few days before the announcement of the result
in ([L.1) [[l], which has considerably reduced the uncertainties and prompted us to extend
our analysis.

We will use first a constrained definition of MFV [[L(], to be called CMFV in what

follows, in which

e flavour and CP violation is exclusively governed by the CKM matrix [[L3]

e the structure of low energy operators is the same as in the SM.

The second condition introduces an additional constraint not present in the general
formulation of [L1], but has the virtue that CMFV can be tested by means of relations
between various observables that are independent of the parameters specific to a given
CMFV model [I(]. The violation of these relations would indicate the relevance of new
low energy operators and/or the presence of new sources of flavour and CP violation,
encountered for instance in general supersymmetric models [[4]. The first studies of the
implications of the AM, experimental results on the parameters of such models can be
found in [f, [3-[[9 and the result in ([.I]) has been included in the analyses of the UTfit
and CKMfitter collaborations [B], [.

Our paper is organized as follows: section 2 is devoted entirely to CMFV and AB = 2
transitions. In section 3 we study the implications of ([.1) on the CMFV relations between
AB =1 and AB = 2 processes. In section 4 we discuss briefly the tests involving both K
and B systems. In section 5 we discuss the impact of new operators still in the context
of MF'V. In section 6 we analyse some aspects of non-MFV scenarios, and in section 7 we
have a closer look at the CP asymmetry Sy4 and its correlation with Ag; . In section 8 we

give a brief summary of our findings.

2. Basic relations and their first tests

It will be useful to adopt the following sets of fundamental parameters related to the CKM
matrix and the unitarity triangle shown in figure [}

Vusl =X, [Val, Ry, 7, (2.1)
|Vus| = )‘7 |‘/cb|, Rta ﬂ (22)
The following known expressions will turn out to be useful in what follows:
Vaa Vi ——— A2\ 1| Vi
R, = ~ud"ubl _ 2 2 (1—-—2—2—-)= 2.3
V= Wl VT 2 ) x| 2




Figure 1: Unitarity Triangle.
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While set (R.1)) can be determined entirely from tree level decays and consequently

(2.4)

independently of new physics contributions, the variables R; and 3 in set (R.4) can only be
determined in one-loop induced processes and are therefore in principle sensitive to new
physics. It is the comparison between the values for the two sets of parameters determined
in the respective processes, that offers a powerful test of CMFV, when the unitarity of the
CKM matrix is imposed. One finds then the relations

1— R;cos 3

Ry= 1+ R}~ 2Rpcosf. coty = —p 0,

(2.5)
which are profound within CMFV for the following reasons. The quantities on the l.h.s.
of (2-5) can be determined entirely in tree level processes, whereas the variables 3 and R;
from one-loop induced processes. The important virtue of CMFV, to be contrasted with
other extensions of the SM, is that the determination of 5 and R; does not require the
specification of a given CMFV model. In particular, determining 8 and R; by means of

sin Qﬂ = Sﬂ’KS? (26)
& |AMy [mp, AMy [mp, A2 4
R, = )\”AM o, 1 Af”AMs - cos 3 + 5 + O(\%)
17.4/ps AMy
~ 0.92 2.
0-923 123 \/ \/0 507 /ps’ 27)
where R0
Bp, Fp,
¢= V=" =1.23+0.06, (2.8)
Bp,Fg,

allows to construct the UUT [I(] for all CMFV models that can be compared with the
reference unitarity triangle [R1] following from Rj, and . The difference between these two



Gr =1.16637-107°GeV ™2 | |Vip| = 0.00423(35)

My = 80.425(38) GeV |Vep| = 0.0416(7) B3
a=1/127.9 A =0.225(1) 4
sin? Oy = 0.23120(15) Fg, \/BBS = 262(35) MeV
m, = 105.66 MeV € =1.23(6)

AMpg = 3.483(6) - 10~'*GeV | Bp, = 1.28(10)

Fx = 159.8(15) MeV Bp, = 1.30(10)

mgo = 497.65(2)MeV B3 | Bp,/Bg, =1.02(4) ]
mp, = 5.2793(7) GeV m = 1.32(32) I5|
mp, = 5.370(2) GeV n3 = 0.47(5) Bd
7(Bq) = 1.530(9) ps n2 = 0.57(1)

7(Bs) = 1.466(59) ps ng = 0.55(1) [i]
7(Bs)/7(Bg) = 0.958(39) ny = 1.012(5) (%]
AMy = 0.507(5)/ps e = 1.30(5) GeV

Syxs = 0.687(32) B | M. = 163.8(32) GeV

Table 1: Values of the experimental and theoretical quantities used as input parameters.

triangles signals new sources of flavour violation and/or new low energy operators beyond
the CMFV scenario. Here, Syk stands for the coefficient of sin(AMgyt) in the mixing
induced CP asymmetry in B}(BY) — 1 Kg and, in obtaining the expression (R.7) for Ry,
we have taken into account a small difference between |V| and |Vis|, that will play a role
once the accuracy on £ and AM, improves.

The values of the input parameters entering in (P.7) and used in the rest of the paper
are collected in table [ In particular, we take as lattice averages of B-parameters and
decay constants the values quoted in [P0], which combine unquenched results obtained
with different lattice actions.

Until the recent measurement of AMj in ([L.T]) [fl], none of the relations in (R.5) could
be tested in a model independent manner, even if the imposition of other constraints like
ex and separate information on AMy; and AM;, implied already interesting results for
models with CMFV [B, l, B§. In particular in [[1] the UUT has been constructed by using
ek, AMy and AM; and treating the relevant one-loop function S = S(z¢) + AS as a free
parameter. A similar strategy has been used earlier in [RP9] to derive a lower bound on
sin 23 from CMFV. While such an approach is clearly legitimate, we think that using only
quantities in which one has fully eliminated the dependence on new physics parameters
allows a more transparent test of CMFV, and in the case of data indicating departures
from CMFV, to identify clearly their origin.

With the measurement of AM, in ([L1) at hand, Syks and AM, known very pre-

cisely [R3], we find using (R.6) and (R.7)
(sin 28)cmpy = 0.687 £0.032,  (Ry)omry = 0.923 £ 0.044, (2.9)

and subsequently, using (2.5),
(Rp)cmrv = 0.370 £ 0.020, Yomry = (67.4 +6.8)°. (2.10)
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Figure 2: R, and v in CMFV as functions of sin 20 and &, respectively.

This should be compared with the values for R; and v known from tree level semileptonic
B decays R3] and B — DWEK B, respectively

(Rb)true = 0.440 £ 00377 Ytrue = (71 + 16>O' (211)

The relations in (P.5) can then be tested for the first time, even if the quality of the test
is still not satisfactory. We have dropped in (R.11) the solution v = —(109 4 16)° as it is
inconsistent with 8 > 0 within the MFV framework, unless the new physics contributions
to the one-loop function S in Bg — Bg mixing reverse its sign [B(]. Moreover, it is ruled
out by the lower bound on AMj,.

With future improved measurements of AM,, of v from B — D™ K and other tree
level decays, a more accurate value for Ry from |V, /Vep| and a more accurate value of &,
the important tests of CMFV summarized in (R.5) will become effective.

In the left panel of figure P we show R as a function of sin 2 for ¢ and AMj varied in
the ranges (B.§) and ([.T]) respectively. The lower part of the range (R.11]) obtained for R,
from tree level semileptonic decays is also shown. This plot and the comparison of (P.I0)
and (B.11]) show very clearly the tension between the values for sin28 and Ry in (P.9)
and (R.I1)), respectively. We will return to this issue in section 6. For completeness we
recall here the even stronger tension that exists between the value of R; in (R.11)) and the
measured (sin28)yxs = 0.47£0.19 23] coming from the CP asymmetry in BY(BY) — ¢Kg,
which is sensitive to new physics in the decay amplitude.

In the right panel of figure | we show ~ as a function of ¢ with AM; and sin2f3
varied in the ranges ([.1)) and (.9), respectively. As the uncertainty in this plot originates
dominantly from AMj, the main impact of the recent measurement of AM; in ([L.)) is to
constrain the angle v in the UUT. With the sizable errors on ¢ in (R-§) and e in (R.17),
the second CMFV relation in (P.J) is satisfied, as seen from (R.10) and (R.11]), but clearly
this test is not conclusive at present. It will be interesting to monitor the plots in figure [}

when the errors on the values of the quantities involved in these tests will be reduced with
time.

Finally, in figure [} we show the universal unitarity triangle and the reference unitarity
triangle, constructed using the central values in (P.9) and (P.11)), respectively. The qualita-
tive differences between CMFV and tree determination, to which we will return in section
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Figure 3: Reference Unitarity Triangle and Universal Unitarity Triangle.

6, can clearly be seen in this figure. However, these differences are small and the basic
message of figure fJ is that from the point of view of the so-called “Bg-triangle” of figure [ll,
the present measurements exhibit CMFYV in a reasonable shape.

3. Implications for rare decays

The result for AM; in (.1]) has immediately four additional profound consequences for
CMFYV models:

e The ratio .
Br(Bs — ptu™) _ Bs, 7(Bs) AMj
Br(Bg— ptu~)  Bp, T(Ba) AMy

=3244+19 (3.1)
can be predicted very accurately [BIl], subject to only small non-perturbative uncer-
tainties in Bp,/Bp, and experimental uncertainties in 7(Bj)/7(Bq).

e Similarly, one can predict

BT(B — XSVD) _ ’WS‘Q _ deiAMs

= = =223+22 3.2
Br(B — Xqvv)  |Val*  mp, £ AMy ’ 3.2)

where the second relation will offer a very good test of CMFV, once |Vis| and |Vi4]
will be known from the determination of the reference unitarity triangle and the error

on ¢ will be decreased.

e From (B.J) we can also extract

[Vidl
[Vis|

=0.212 £+ 0.011 (3.3)

which, although a bit larger, is still consistent with the results of the UTfit [B] and
CKMfitter [ff] collaborations and the recent determination of this ratio from B — V&

decays [BJ:
[Vidl
Vis| ursie

Vil

“/ts ’ CKMfitter

= 0.202 + 0.008, = 0.20111)008% (3.4)



H/td‘ Belle

|‘/23| B—Vxy

= 0.207 = 0.027(exp.) =+ 0.016(th.), (3.5)

where the values given in (B.4) shifted from 0.198 + 0.010 and 0.195 £ 0.010, respec-
tively, due to the inclusion of the recent measurement of AM; ([[.1) in the analyses.

e The branching ratios for Bs4 — pu~ can be predicted within the SM and any
CMFV model with much higher accuracy than it is possible without AM; 4. In the
SM one has [B]]

Br(B, — ut =(C— AM,, =s,d 3.6
(Bg — u'u) By, S M (g ) (3.6)
with ) s
Ny o my —10
C =6+ =4.39-10 3.7
TFUB <47rsin2 9W> M‘%V (3:7)

and S(x;) = 2.33+0.07 and Y (z;) = 0.9540.03 being the relevant top mass dependent
one-loop functions.

In figure | we plot Br(By — utp~) and Br(B, — ptp~) in the SM as functions
of Bp , and B B., respectively, with the errors in the other quantities entering (B.6)) added
in quadrature. Clearly, a reduction of the uncertainties on E’Bq is very desirable. For
Br(Bg — p ™) the updated value obtained by means of (B.f) reads

Br(Bg — pp)®™ = (1.03 4+ 0.09) - 10710, (3.8)
and with the value for AMj in ([L.1)), we also obtain
Br(Bs — ptp™ )™ = (3.35 £0.32) - 1077, (3.9)
These values should be compared with the most recent upper bounds from CDF [B3]
Br(Byg— putp™)<3-107%,  Br(B;—ptpT)<1-1007  (95% C.L.), (3.10)

implying that there is still a lot of room for new physics contributions.

We stress that once LHC is turned on, the accuracy on sin 25 and AM, will match the
one of AM,, and consequently the accuracy of the predicted values for R, and v in figure B,
of the ratios in (B.1])~(B.3) and of the SM predictions in (B.§) and (B.9) will depend entirely
on the accuracy of £ and B B, Which therefore has to be improved. The resulting numbers
from (B.I)-(B.j) can be considered as “magic numbers of CMFV” and any deviation of
future data from these numbers will signal new effects beyond CMFV. We underline the
model independent character of these tests.

Another very important test of CMFV and of MFV in general, still within B 4 de-
cays, will be the measurement of the mixing induced asymmetry in BY(BY) — ¢ that is
predicted within the MFV scenario to be Sy = 0.038 £0.002 B, ll. We will return to this
issue in section 7.
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Figure 4: Br(B; — ptp~) and Br(B, — ptp~) in the SM as functions of Bp, and Bp,,
respectively.

4. Tests beyond B, decays

The tests of CMFV considered so far involve only B; and Bs mesons. Equally important
are the tests of the CMFV hypothesis in K meson decays and even more relevant those
involving correlations between B and K decays that are implied by CMFV [[L(].

The cleanest model independent test of MFV in K decays is offered by K — wvw
decays, where the measurement of Br(Ky, — 7'vv) and Br(KT — mvi) allows a very
clean determination of sin23 [B0}, B4] to be compared with the one from By(By) — ¢ Ks.
The recent NNLO calculation of K+ — 7"vi BY] and the improved calculation of long
distance contributions to this decay [Bf] increased significantly the precision of this test.
As the determination of sin283 from Bg(By) — % Kg measures the CP-violating phase in
Bg — Bg mixing, while the one through K — wvv measures the corresponding phase in
Z% penguin diagrams, it is a very non-trivial MFV test. In fact, similarly to Sye, it is a
test of the MFV hypothesis and not only of the CMFV one, as due to neutrinos in the final
state MEV=CMFYV in this case. Unfortunately, due to slow progress in measuring these
two branching ratios, such a test will only be possible in the next decade.

Thus, for the time being, the only measured quantity in K decays that could be used
in principle for our purposes is the CP-violating parameter €. As it is the only quantity
that is available in the K9 — KV system, its explicit dependence on possible new physics
contributions entering through the one-loop function .S cannot be eliminated within the K
system alone. For this reason the usual analysis of the UUT involved so far only |V, /Vep|,
Syxs and the upper bound on AM,/AM; B, B

Here, we would like to point out that in fact the combination of ex and AMy, used
already in [R9 to derive a lower bound on sin23 from CMFV, can also be used in the
construction of the UUT and generally in the tests of CMFV. Indeed, in all CMFV models
considered, only the term in ¢ involving (V;%V;q)? is affected visibly by new physics with
the remaining terms described by the SM. Eliminating then the one-loop function S in € i
in terms of AM, one finds following 9]

0.542 lek|
k| [Va|?Bk

sin 23 = —4.97P.(ek) (4.1)



with
2

AM, 214 M
K= [ d ] eV Po(ex) = 0.29 + 0.06, (4.2)

0.507 - ’
/ps F, / Bs,

that should be compared with sin 243 in (B.9). As the second term in (f1) is roughly by a
factor of three smaller than the first term, the small model dependence in 77 can be neglected

for practical purposes. The non-perturbative uncertainties in Bx and Fp d\/;Ri B0 do
not allow a precise test at present, but the situation could improve in the future.

In summary, CMFV has survived its first model independent tests, although there
is some tension between the values of Biue and Bcmpv, as seen in figure E We will
return to this issue in section 6. Due to the significant experimental error in the tree
level determinations of v and |Vy,/Vip| and the theoretical error in £, these tests are not
conclusive at present. We are looking forward to the reduction of these errors. This will
allow much more stringent tests of CMFV, in particular, if in addition also the tests of
model independent CMFYV relations discussed above and in [m that involve rare
B and K decays will also be available. Future violations of some of these relations would
be exciting. Therefore, let us ask next what would be the impact of new operators within
MFYV on some of the relations discussed above.

5. The impact of new operators

In the most general MFV no new phases beyond the CKM one are allowed and conse-
quently (R.6) remains valid. On the other hand in models with two Higgs doublets, like the
MSSM, new scalar operators originating dominantly in Higgs penguin diagrams become
important at large tan 8 and, being sensitive to the external masses, modify AM,; and

A M, differently [§]
AM, = (AMq)SM(l + fq), fqox —mymyg tan? 3 (¢g=d,s). (5.1)

Consequently the CMFV relation between R; and AM;/AM; ([R.7) is modified to

¢ 17.4/ps | AM, 1+ f,
R, = 0.923 VRaq,  Rug=-—12 5.2
t [1.23 AM, \/ 0.507/ps TTIT (52)

In the MSSM at large tan 3, fs < 0 and fq ~ 0 [}, as indicated in (B.T), but as analyzed
in [[L1], more generally f5 could also be positive. In figure [jl we show the impact of Rgq # 1

on the value of v for different values of ¢ with the errors in the remaining quantities added
in quadrature. This figure makes clear that in order to be able to determine Rgq from the
data in this manner, the error in £ should be significantly reduced.

The new relation in (p.9) has to be interpreted with some care. After all, R; depends
only on AM, and f; and not on f, and AM,, which has been primarily used in (.7) and
here to reduce the non-perturbative uncertainties due to Bp L %d in AMy. For instance,
if fs is indeed negative as found in the MSSM with MFV at large tan 8, the measured
value of AM; will also be smaller cancelling the effect of a negative f, in calculating R;.
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Figure 5: 7 as a function of Rgq for different values of &.

Thus in the MSSM at large tan 8 in which fg ~ 0, the numerical value of R; is basically
not modified with respect to the SM even if AM; measured by CDF appears smaller than
(AM)™ as seen in ().

The fact that AM, could indeed be smaller than (AM,)SM is very interesting, as most
MFV models studied in the literature, with a notable exception of the MSSM at large
tan 3 [{], predicted AM; > (AM, s)°M. Unfortunately, finding out whether the experimen-
tal value of AM, is smaller or larger or equal to (AM,)*™ would require a considerable

reduction of the uncertainty on Fp, \/;33 that is, at present, roughly 10 — 15%. We will
return to this issue in section 7.

In this context let us remark that an improved calculation of Fg, B B, together with
a rather accurate value of |Vig| and AM; would allow to measure in a model independent
manner the function S and, consequently, to check whether the SM value of this function
(S(z¢) in [L.J) agrees with the experimental one.

Of considerable interest is the correlation between new operator effects in AM; and
Br(Bsq — ptp™) that has been pointed out in the MSSM with MFV and large tan 8
in [§] and subsequently generalized to arbitrary MFV models in [[LT]. In particular within
the MSSM, the huge enhancement of Br(Bsg4 — p'p~) at large tan 3 analyzed by many
authors in the past [Bg is correlated with the suppression of AMg with respect to the
SM, in contrast to the CMFV relation (B.6). Detailed analyses of this correlation can be
found in [§, i with the most recent ones in [I6, [, 2]. Here we just want to remark
that due to the fact that AM; is found close to the SM prediction, no large enhancements
of Br(Bgs — ptp~) are expected within the MSSM with MFV and an observation of
Br(Bs — ptp~) and Br(Bg — ptp~) with rates few - 1078 and few - 1077, respectively,
would clearly signal new effects beyond the MFV framework [R§. Indeed such a correlation
between AM; and Br(Bs; — ptpu™) can be avoided in the MSSM with new sources of
flavour violation [[ig].

On the other hand, the fact that AM; has been found below its SM expectation keeps
the MSSM with MFV and large tan § alive and this version of MSSM would even be
favoured if one could convincingly demonstrate that AM, < (AM,)SM.

Let us remark that in the case of the dominance of scalar operator contributions to

,10,



Br(Bgs — ptp™), the golden relation (B.1]) is modified in the MSSM to [B1]

Br(Bs — ,u+,u_) B Bd T(Bs) AM; [m35]4 1 (5.3)

B’I“(Bd — ‘LLJFIU,*) o Bs T(Bd) AMd mp, 1+ fs

with fs being a complicated function of supersymmetric parameters. In view of the theo-
retical cleanness of this relation the measurement of the difference between (B.1)) and (f.3))
is not out of question. On the other hand, the impact of new operators on relation (JL.1]) will
be difficult to see, as these contributions are small in €  and AMy and the non-perturbative
uncertainties involved are still significant.

6. A brief look beyond MFV

Finally, let us briefly go beyond MFV and admit new flavour violating interactions, in
particular new CP-violating phases as well as fs # fy. Extensive model independent
numerical studies of the UT in such general scenarios have been already performed for
some time, in particular in [, [, [4-p2), where references to earlier literature can be
found. The analysis of [i] has recently been updated in [i§] in view of the result in ([.1)).
Here we want to look instead at these scenarios in the spirit of the rest of our paper.

Let us then first assume as indicated by the plot in figure P that indeed the value of
Ry, following from (R.5) is smaller than the one following from tree level decays. While in
the case of the angle ~, nothing conclusive can be said at present, let us assume that -y
found from tree level decays is in the ball park of 75°, say v = (754 5)°, that is larger than
roughly 60° found from the UT fits [[, fl. In fact such large values of v from tree level
decays have been indicated by the analyses of B — 77 and B — 7K data in [3] §4].

In order to see the implications of such findings in a transparent manner, let us in-

vert (B.5) to find

1 — Rycos~y

R, = \/1 + R2 — 2Ry, cos v, cot f = (6.1)

Rpsiny

In the spirit of the analysis in [f4] we then set Ytrue = (75 £ 5)° and (Rp)true = 0.44 + 0.04
and determine the true values of 5 and Ry,

Birue = (25.6 £2.3)°, (Rt)true = 0.983 £ 0.038, (6.2)
to be compared with
Bemry = (21.7 £ 1.3)°, (R¢)omry = 0.923 +0.044, (6.3)

that follow from (R.6) and (R.7), respectively. The difference between (.2) and (f.3) is
similar to the one shown in figure E, though we have chosen here viye to be larger than
the central value in (R.11)). The present data and the assumption about the true value of
v made above then imply that [54]

ﬂwKS = BCMFV < ﬂtrue, sin 2(ﬁtrue + @Bd) = SwKSa PYB; < 0 (64)
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with ¢p, being a new complex phase, and

(Rt)CMFV < (Rt)true- (65)

The result in (p.4) has been first found in [J§] but the values of R; and v obtained in [fJ] are
significantly lower than in [f4] and here. The pattern in (f.5) has also been indicated by
the analysis in [i4], but we underline that the possible “discrepancy” in the values of 3 is
certainly better visible than in the case of Ry.

In particular we find g, = —(3.9 + 2.6)° in agreement with [f] and [f4]. Note that
now sin 23tyye = 0.780 &£ 0.051 in conflict with Sy = 0.687 £ 0.032.

The possibility of a new weak phase in Bg — Bg mixing, indicated by (b.4), could be
tested in other decays sensitive to this mixing but could more generally also imply new
weak phases in other processes. The latter could then be tested through enhanced CP
asymmetries, Sye, Acp(B — Xyvy) and Ag’ﬁl that are strongly suppressed in MFV models.
Such effects could also be clearly seen in Ky, — 7'vo.

The origin of a possible disagreement between (Ri)iue and (Ry)cmpy is harder to
identify as it could follow from new flavour violating interactions with the same operator
structure as in the SM or/and could imply new enhanced operators that are still admitted
within the general formulation of MFV [[]] as discussed above. Within the AF = 2
processes alone, it will be difficult, if not impossible, to identify which type of violation
of CMFV takes place, unless one specifies a concrete model. On the other hand including
AF =1 transitions in the analysis would allow to identify better the origin of the violation
of CMFV and MFV relations, but such an analysis is clearly beyond the scope and the

spirit of our paper.

7. Some aspects of Sy, and Ag,

In the next years important tests of MFV will come from improved measurements of the
time-dependent mixing induced CP asymmetry

D(BJ(t) — v¢) —T(BI(t) — ¥¢)
[(BY(t) — v¢) + T(BI(t) — v¢)

where the CP violation in the decay amplitude is set to zero, and of the semileptonic

scp(wgﬁ, t) = = Sﬂ@ sin(AMst), (71)

asymmetry

s I'(BY —1tX)-T(B? — I~ X) 1 (Ff2> (7.2)

SLTT(BY - 17 X) +T(BY — I~ X) M,
where T'§, represents the absorptive part of the BY — BY amplitude. The semileptonic asym-
metry Ag; has not been measured yet, while its theoretical prediction in the SM has recently
improved thanks to advances in lattice studies of AB = 2 four-fermion operators [f5] and
to the NLO perturbative calculations of the corresponding Wilson coefficients [p6], 7.

Both asymmetries are very small in MFV models but can be enhanced even by an
order of magnitude if new complex phases are present. This topic has been extensively
discussed in the recent literature, in particular in [i§] where the correlation between Ag;
and Sy, has been derived and discussed for the first time. Here we would like to point
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out that in most recent papers the sign of the new physics contribution to Sy, is incorrect
with an evident consequence on the correlation in question.
Adopting the popular parametrizations of the new physics contributions [B], 7, g

AM, = (AM,)SM1 + hee?:| = (AM,)*MCp,, (7.3)
with
1 + hee?@s = Cp, e¥5s (7.4)
we find
Spo = —Nyesin(2Bs +2¢p,),  Vis = —|Vigle (7.5)

in the parametrization of [J, i and

sin 20 sin 234(1 + hg cos 20
Sw¢ — —’r’w(b hs S + /BS( S S)
Cp Cg

s

(7.6)

E]

in the parametrization of [i§] and setting cos 2835 = 1, since 35 ~ —1°. Here Ny is the CP
parity of the ¢ final state, for which we take 74 = +1. We find then

Sye = sin(2|0s| — 2¢p,) & —sin2¢p,, (7.7)
o s sin 2 1+ hy cos2 hy sin 2
sin 20 cos 20 sin 20
Spp = —————= +5sin?2 - e 2. 7.8
¢¢ CBS + s ’/BS| CBS CBS ( )

While the sign of (Sys) M, obtained from above for o5 = 0, hy = 0, Cp, = 1 and
vp, = 0, agrees with the recent literature, it is important to clarify that the asymmetry
Sy measures sin(2|4s| — 2pp,) and not sin(2|3s| + 2¢p, ) as stated in the literature. This
is probably not important for the model independent analysis of Sy alone, but it is crucial
to have correct signs when one works with specific new physics models, where the new
phase in AB = 2 observables is generally correlated with the phases in AB = 1 processes,
and if different AB = 2 observables are considered simultaneously.

As an example let us consider Ag;, that can be rewritten as

s Im < 'Yy )SM cos2¢p, Re < 'Yy )SM sin 2¢p,

SL

Mf2 CBS Mfz CBS
s, \ M sin 2¢pB
~ —R 12 s 7.9
¢ (Mf2> CBS ( )

Recalling that Re(I'§,/M3,)™ < 0 and using (7.7), we find the following correlation be-

tween A and Sye
rgy )™
Re ( >
M7,

shown in figure fl, for different values of Cp, and with |Re(I'{,/M3$,)SM| = (2.6 + 1.0) -
1073 [Bd] fixed to its central value. We would like to stress that already a rather small
value of Sy ~ 0.1 would lead to an order of magnitude enhancement of Ag; relative to its

1
- 1
oy S (7.10)

A
SL — ™

SM expectation.
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Figure 6: Ag; as a function of Sy for different values of Cg,.

We note that the theoretical prediction for Re(I'$,/M7,)SM obtained in [p] and used
here is smaller than the value found in [5§]. This difference is mainly due to the contribu-
tion of O(1/mj}) in the Heavy Quark Expansion (HQE), which in [F§ is wholly estimated
in the vacuum saturation approximation (VSA), while in the matrix elements of two
dimension-seven operators are expressed in terms of those calculated on the lattice. More-
over, we emphasize that the negative sign in ([.10), now confirmed also in [[§], is model
independent as Cp, = |1 + hsexp (2i0,)| > 0. In [A]] a first-order expansion in hy is per-
formed and the effect of Cp, is enclosed in neglected O(h?) corrections. More generally,
for arbitrary hy the formula (f.10) is not a simple correlation between Ag; and Sy, but
a triple correlation between these two quantities and Cp,. The high generality of this
correlation prevents it to be used as a model independent test of New Physics, while in a
specific model it can be useful to predict one among these three quantities once the other
two are known. Therefore we would like to point out that ([.10]) offers in principle an
alternative way to find out whether AM, differs from (AM)™. Indeed, the inversion

of (7.10) together with ([7.3) yields
s SM
(3t
M7y

With respect to (AM,)SM, Re(T'§,/M;,)%M is free from the uncertainty coming from the
decay constant Fg,. On the other hand, in Re(I'5, /M3, )M significant cancellations occur at

AM,

s
AN = 2vé (7.11)

S -
ASL

NLO and at O(1/mj) in the HQE, which make it sensitive to the dimension-seven operators,
whose most matrix elements have never been estimated out of the VSA. Future lattice
calculations together with experimental measurements of the semileptonic asymmetry Agp
are certainly desired for a significant determination of AM,/(AM,)™ through (7.11)).

Similarly, one has in the By system

FcllQ SM
= |Re (Md >
12

where ¢p, is the new phase in (f.4). We note that in this case Im(I'{, /M )M = —(6.4 +
1.4) - 10~* cannot be neglected with respect to [Re(I'{,/M®)M| = (3.0 + 1.0) - 1072 [56)].

AM,
(AM,)™

. SM
sin 2¢p, - ( ré, > cos 2¢p, (7.12)

d d d ’
ASL M 12 ASL

— 14 —



Finally, one could use

AM, AM, 7, \*M
W - — < AF:) Re (M—11q22> COS 2(,0Bq s (713)

with pp, extracted from Syg and Syk, for ¢ = s and g = d, respectively. These proposals
have been recently adopted in [F9] where an extensive phenomenological analysis in the
Littlest Higgs Model with T-parity has been performed. It remains to be seen whether in
the future our proposals to measure the ratios AM,/(AM,)*™ by means of (F11)—(F-13)
will be more effective than the direct calculations of (AM,)5M.

8. Conclusions

The recent measurements of AM; by the CDF and D@ collaborations gave another support
to the hypothesis of MFV. Even if possible signals of non-MFV interactions, like ¢ g, # 0
and (Ry)omry < (Ri)true, are indicated by the data, they are small as seen in figure B}
However, it should be emphasized that future measurements of CP violation in B, decays,
in particular of the CP asymmetries Sy4 and Ag; and of the branching ratios Br(Bgs —
put ™), could modify our picture of non-MFV effects significantly. Also the signals of new
weak phases in B — 7K decays, discussed in [f4] and references therein, should not be
forgotten.

In the present paper we have concentrated on quantities like ratios of branching ratios,
AMy/AM; and various CP asymmetries which do not require the direct use of the weak
decay constants Fp, that are plagued by large non-perturbative uncertainties. Observables
sensitive only to § and Bp, have a better chance to help us in identifying new physics
contributions. One of the important tasks for the coming years will be to find out whether
the data favour positive or negative new physics contributions to AM,. As seen in (1.3),
from the present perspective, this will not be soon possible through a direct calculation of
AM,. Therefore, we have proposed the formulae (F.11)—(F.13) as alternative ways to shed
light on this important question. We are aware that also these routes are very challenging
but they definitely should be followed once the data on A%L and improved data on AT,
will be available.

Truly exciting times are coming for MFV. We should be able to decide in about 2 — 3
years, whether this simple hypothesis survived all model independent tests summarized in
this paper, with the final precise tests of the correlations between B and K systems left for
K — 7vp in the first years of the next decade. On the other hand if non-MFV interactions
will be signalled by the data, flavour physics will be even more exciting. We hope that the
formulae and plots collected above will help in monitoring these events in a transparent

manner.
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