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Summary. — An overview of the indirect constraints from flavour physics on
supersymmetric models is presented. During the past few years flavour data, and
in particular b — sv transitions, have been extensively used in order to constrain
supersymmetric parameter spaces. We will briefly illustrate here the constraints
obtained by a collection of low energy observables including, rare decays, leptonic
and semileptonic decays of B mesons, as well as leptonic decays of K and D, mesons.
The Superlso program which is dedicated to flavour physics observable calculations
is also described briefly.

PACS 11.30.Pb — Supersymmetry.
PACS 13.20.-v — Leptonic, semileptonic, and radiative decays of mesons.

1. — Introduction

In addition to direct searches for new physics and new effects, indirect searches play an
important and complementary role in the quest for physics beyond the Standard Model
(SM). The most commonly used indirect constraints originate from flavour physics ob-
servables, cosmological data and relic density, electroweak precision tests and anomalous
magnetic moment of the muon. Precise experimental measurements and theoretical
predictions have been achieved for the B meson systems in the past decade [1] and
stringent constraints due to sizeable new physics contributions to many observables can
be obtained [2-4]. In the following, we present an overview of the most constraining
flavour physics observables, namely the branching ratios of B — X v, By, — utu~,
B — X,utpu=, B — tv;, B — Dtv,; as well as Dy, — 7v, and K — puv,. For each
observable we determine the regions excluded in the MSSM parameter space. In the
constrained MSSM scenarios, such as CMSSM or NUHM which we investigate here, the
fact that the number of free parameters is drastically reduced as compared to the general
MSSM allows for the observables to probe deeply the structure of the model. This indi-
rect information, in addition to the direct searches for new physics, will be very useful
for the physics strategy of a future linear collider.
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TABLE L. — Input parameters (in GeV if not specified otherwise) [6].

me | omkx | mke | mpo | mp | mp, | ms | ms,
0.1396 | 04937 | 08917 | 1.8648 | 1.8696 | 1.9685 | 52792 | 5.3663
m(my) | me(me) | ms | mpet | as(Mz)
4195988 | 127900 | 0a01%993) | 173.3+£1.1 | 0.1184+0.0008
filfe | fre (MeV) |5 (MeV) | Az (MeV) | fo, (MeV) | fp, (MeV)
1.1934£0.006 | 220+5 | 1928+9.9 | 510+£120 | 2388+£95 | 248+25
[Vual Vs | [Vus| |Ves|

0.97428 £ 0.00015 0.2253 £ 0.0007 (3.92 +0.46) 1073 0.97345 £ 0.00016

(8.6240.26) x 107% | (4.0340.11) x 1072 0.999152 £ 0.000045

| | |
| | |
|Ves| | |Vea| | |Vis| | \
(410 £0.11) x 1072 | | |

C | Eo | A2 (GeV?) | BR(B — X.eD)exp

0584001 | 1.6 | 0.12 | 0.1061 «+ 0.0017

All the observables presented here are calculated with the publicly available program
Superlso [5-7]. A brief description of each observable is provided below, and a more
detailed description of the calculations can be found in [6]. The input parameters used
in the following calculations are given in table I.

2. — Flavour physics constraints

Flavour observables can be classified in different categories, such as radiative penguin
decays, electroweak penguin decays, neutrino modes and meson mixings.

The inclusive branching ratio of B — X v and the isospin asymmetry of B — K*~ are
the most important observables in the first category. Since b — s transition occurs first
at one-loop level in the SM, new physics contributions can be of comparable magnitude.
Here penguin loops involve the W boson in the Standard Model, and in addition charged
Higgs boson, chargino, neutralino and gluino in the MSSM. The charged Higgs loop
always adds constructively to the SM penguin. Thus, BR(B — Xyv) is an effective
tool to probe the THDM scenario. Chargino loops however can add constructively or
destructively. If the interference is positive, it results in a great enhancement in the
BR(B — Xgv), which becomes therefore a powerful observable. On the other hand, if
the interference is negative, the other interesting observable which opens up is the degree
of isospin asymmetry in the exclusive decay of B — K*~.

The latest combined experimental value for BR(B — X,7) is reported by the Heavy
Flavor Averaging Group (HFAG) [8]:

(1) BR(B — X,7)%P = (3.55 £ 0.24 £ 0.09) x 10~%,
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Following [9,10], we calculate this branching ratio at the NNLO accuracy. With the
most up-to-date parametric inputs as given in [11] the SM prediction reads(*)

(2) BR(B — Xv)*M = (3.09 +0.22) x 10~*,

The allowed range at 95% CL for this branching ratio, including both the theoretical
and experimental uncertainties is [6]

(3) 2.16 x 107* < BR(B — X,7) < 4.93 x 107,

To investigate the NUHM parameter space, we perform scans over the parameters
such that mg € [50,2000] GeV, my/, € [50,2000] GeV, Ay € [-2000,2000] GeV, u €
[0,2000] GeV, m4 € [5,600] GeV and tanf € [1,60]. Figure 1(a) shows the resulting
constraints projected in the (mg+,tan )-plane. The excluded points are shown in red
and the allowed points are displayed in green in the foreground.

While in the CMSSM the isospin asymmetry of B — K*v appears to be very con-
straining [12], in NUHM since my+ can be treated as a free parameter, it is easier to
evade this constraint by adjusting the parameters.

The most relevant observables in electroweak penguin decays are the branching ratio
of By — ptp~, branching ratios and forward-backward asymmetries in B — X, putpu~
and B — K®ptp~ decays. The current experimental limit for BR(B, — utp™),
derived by the CDF Collaboration at 95% CL, is [13]

(4) BR(B, — ptp~) < 4.3 x 1078,

In supersymmetry, for large values of tan 3, this decay can receive large contributions
from neutral Higgs bosons. Including theoretical uncertainties, we compare the MSSM
prediction to the upper limit at 95% CL

(5) BR(Bs, — putp™) < 6.6 x 1078,

in order to explore the constraints imposed by this observable. The results are illustrated
in fig. 1(b). In the same way, we can use the latest Belle and Babar results for BR(B —
Xeptp™), separately for high and low ¢? regimes [11]:

(6) BR(B — Xeputp™)=(1.6+£05) x107%  1<q®<6GeV?,

(7) BR(B — X,utp™)=(44+13)x1077,  ¢* > 14.4GeV?,

leading to the following allowed intervals at 95% CL:

(8) 0.6 x107% < BR(B — X, pu~) <26 x1076, 1 < ¢® <6GeV?,
(9) 1.8x 107" <BR(B — Xutp™) <7.0x 1077,  ¢* > 14.4GeV2.
The results are presented in figs. 1(c) and (d). It is important to remember that using

the upcoming LHCb results, various observables corresponding to b — su™ ™ transitions
would provide very restrictive constraints in the near future.

1) The slight difference compared to earlier published results is explained by the parametric
g y
updates.
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Fig. 1. — (Colour on-line) Constraints on the NUHM parameter plane (my+,tan3) from the
branching ratios of b — sy (red), Bs — uTpu~ (yellow), B — X.uTpu~ at low ¢* (light blue),
B — X uTp~ at high ¢ (dark red), B, — 7v, (blue), B — Dtv, (orange), Ds — Tv, (grey)
and K — pv, (magenta). The allowed points are displayed in the foreground.
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Finally in the neutrino mode category, branching ratios of B, — 7v,, B — D7v,,
Dy — tvr, Dy — pv,, K — pv,, as well as double ratios of leptonic decays are the most
important observables. These decays can be mediated by a charged Higgs boson already
at tree level in annihilation processes and therefore are very sensitive to the charged
Higgs sector. The current HFAG value for BR(B, — Tv;) is [§]

(10) BR(B, — 7v;)"P = (1.64 + 0.34) x 10~ *.

The evaluation of BR(B,, — 7v,) suffers however from the uncertainties in the determi-
nation of |V,|. We consider the following ratio to express the new physics contributions:

(11) R, =

BR(B, — 7v,;)NF [ m% tan23 17
BR(B, — 7v,)SM M}, ) 14+etanf]

In the SM, R} = 1. The experimental result for this ratio is [8]
(12) RSP = 1.63 + 0.54,
leading to the following allowed interval at 95% CL [6]:
(13) 0.56 < R, < 2.70.
The resulting constraints are shown in fig. 1(e).
The semileptonic decays B — D/{v [14] have the advantage of depending on |Vi|,
which is known to better precision than |V,;|. In addition, the BR(B — D7v,) is
about 50 times larger than BR(B, — 7v;) in the SM. Due to the presence of at least

two neutrinos in the final state, the experimental determination remains however very
complex. To reduce some of the theoretical uncertainties, we consider the following ratio:

€n = BR(B — Drv;)
P = BR(B = Der,) '

(14)
The SM prediction for this ratio is [6]
(15) P =(29+3) x 1072,
and the experimental result by the BaBar Collaboration reads [15]
(16) o, = (41.6 £11.7+5.2) x 1072,
The 95% CL allowed interval is given by [6]
(17) 0.151 < &pev < 0.681,
leading to the constraints shown in fig. 1(f).
In analogy to the case for B, — 7v,, charged Higgs bosons would also contribute to
the decays Dy — Tv, at tree level [16]. The experimental results for this branching ratio

is [8,17]

(18) BR(Ds — 7v,)P = (5.38 £ 0.32) x 1072,
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Fig. 2. — (Colour on-line) Combined exclusion in NUHM models by different constraints. The
constraints are applied in the order they appear in the legend, and the colour coding corresponds
to the first constraint by which a point is excluded. All points have p > 0 and a neutral LSP.

while the SM prediction reads [6]
(19) BR(D, — 7v,)™M = (5.10 £ 0.13) x 1072,
We consider the following allowed interval at 95% CL [6]:
(20) 4.7 x107% < BR(D; — 7v,) < 6.1 x 1072,
and the results are shown in fig. 1(g).
The last leptonic decay that we consider is the decay K — pv,, and in particular we

consider the ratio [18]

Vus(KZZ) « Vud(0+ - 0+)
Vs (K3) Vud(e2)

2 2
(21) Rya3 = = ‘1 _ i <1 - md) tan” 5

MZ,, ms) 1+etan3|’

The SM value for this ratio is RZM = 1 while the experimental measurement gives [18]
(22) R,5Y = 0.999 + 0.007,

and the allowed interval at 95% CL reads

(23) 0.985 < Ry23 < 1.013,

resulting in the constraints displayed in fig. 1(h).

Figure 2 shows a combination of constraints applied to the NUHM parameter space [3].
Here we see that charged Higgs masses down to m g+ ~ 135 GeV can be accommodated,
with the lowest masses allowed for intermediate tan 3 ~ 7-15. For higher tan 3, the
combined constraints follow the exclusion by B,, — 7v,. This figure illustrates that most
of the indirect constraints are relevant in the same parameter space regions where the
charged Higgs production cross section at the LHC is the largest. An early discovery of
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Fig. 3. — (Colour on-line) Constraints obtained by the double ratio R in the NUHM plane
(myg+,tan 3). The zones in dark green are excluded at 95% CL.

the charged Higgs would therefore serve as an indication of a non-minimal model being
realized in nature.

Most of the leptonic observables are subject to uncertainties from decay constants.
In order to remove such uncertainties it is possible to define double ratios of leptonic
decays in a way to cancel the dependency on the decay constants [19,20]. We consider
the constraints obtained by the following double ratio [20]:

(21) r=(ien 2mr) | (BRE =)

The results are shown in the plane (mg+,tan ) in fig. 3, where the dark green points,
displayed in the background, are excluded by R. In a large part of the parameter space,
the double ratio is SM-like. In these regions, one can obtain |V,;| once the four decays
involved in eq. (24) are measured with almost no additional deviation due to SUSY. On
the other hand, one can use |V,;| as an input parameter and in this case as can be seen
from the figure, the area with my+/tan 8 < 8 GeV is excluded with no dependence on
the lattice inputs.

3. — Superlso program

Superlso [5-7] is a public C program dedicated mostly to the calculation of flavour
physics observables. The calculations are done in various models, such as SM, THDM,
MSSM and NMSSM with minimal flavour violation. A broad set of flavour physics ob-
servables is implemented in Superlso. This includes the branching ratio of B — Xy,
isospin asymmetry of B — K*v, branching ratio of By — pu*pu~, branching ratios of
B, — Xutp~, By — K*utp~, B, — Kup~ and the forward backward asymmetries
in these decays, branching ratio of B,, — 7v,, branching ratio of B — D7v,, branching
ratio of K — puv,, branching ratio of D — puv,, and the branching ratios of Dy — 71,
and Dy — puv,. The calculation of the anomalous magnetic moment of the muon is
also implemented in the program. SuperIso uses a SUSY Les Houches Accord (SLHA)
file [21] as input, which can be either generated automatically by the program via a call
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to a spectrum generator or provided by the user. The program is able to perform the cal-
culations automatically for different SUSY breaking scenarios. An extension of Superlso
including the relic density calculation, SuperIso Relic, is also available publicly [22]. Fi-
nally, in SuperIso we make use of the Flavour Les Houches Accord (FLHA) [23], the
newly developed standard for flavour related quantities, and the program provides an
FLHA output file as well.

4. — Conclusion

Indirect constraints and in particular those from flavour physics are essential to restrict
new physics parameters as we have seen here. The information obtained from these
low energy observables combined with the collider data will open the door to a very
rich phenomenology and would help us advance toward a deeper understanding of the
governing physics. This information will also be very valuable in the design and search
strategy of a future linear collider. Here we showed a few examples of possible analyses
but the same methods can of course be generalized to more new physics scenarios.
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