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• model-specific analyses: derive bounds on masses of new heavy degrees of 
freedom and additional flavor- and CP-violating parameters

• model-independent analyses: derive constraints on coefficients of higher-
dimensional operators thereby gaining information on scale Λ of NP

• helpful to think of model-independent analyses in flavor physics of small 
sister of fits to electroweak precision data leading for example to S-T ellipse
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• analogy makes clear that model-independent analyses are very sensitive to 
multiplicity and quality of available experimental data

• due to plethora of higher-dimensional flavor-violating operators and fact that 
neither multiplicity nor quality of experimental data is “yet there”, in many 
cases strong theoretical assumptions like reduction of operator basis are still 
necessary to “get something out” of model-independent analyses of Wilson 
coefficients; but there are high hopes that this situation will improve in future
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*apologies to everybody that contributed but did not make list

Model-independent analyses in flavor physics:

• Buchalla et al., Z-couplings in exclusive b→sl+l-, hep-ph/0006136
• Ali et al., Semileptonic and radiative rare B-decays, hep-ph/0112300
• D’Ambrosio et al., B- and K-decays in MFV, hep-ph/0207036
• Hiller and Krüger, Scalar and pseudoscalar operators in b→s transitions, hep-ph/0310219 
• Gambino et al., Determination of sign of b→sγ amplitude, hep-ph/0410155
• Buchalla et al., CP asymmetries in b→s transitions, hep-ph/0503151 
• Matias and Krüger, Transverse amplitudes in B→K*l+l-, hep-ph/0502060
• Bobeth et al., Correlations of B- and K-decays in CMFV, hep-ph/0505110
• Lee et al., Short-distance information from b→sl+l-, hep-ph/0612156
• Fox et al., Correlations between flavor-changing bottom and top decays, arXiv:0704.1482
• Haisch and Weiler, Determination of sign of Z-penguin amplitude, arXiv:0706.2054
• UTfit Collaboration, ΔF = 2 transitions in MFV, NMFV, and beyond, arXiv:0707.0636
• Dassinger et al., Lepton flavor-violating tau decays, arXiv:0707.0988
• Bobeth et al., Angular distributions in B→Kl+l-, arXiv:0709.4174
• Grzadkowski and Misiak, Anomalous Wtb couplings from B→Xsγ, arXiv:0802.1413
• Bobeth et al., CP asymmetries in exclusive b→sl+l-, arXiv:0805.2525
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Let’s have a closer look at three random examples: 

3*apologies to everybody that did not make random list



Constraining ∆F = 2: K−K, B−B, and D−D mixing− − −

4*UTfit Collaboration, arXiv:0707.0636
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• due to enhancement in renormalization 
group evolution and chiral factors in matrix 
elements non-standard operators Q2-5 and 
Q1-3 are more severely constrained than 
coefficient of SM operator Q1

• scale Λ of NP in models that generate    
ΔF = 2 operators beyond minimal flavor-
violation typically pushed to scales that lie 
beyond reach of direct searches at LHC
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Constraining ∆F = 2: K−K, B−B, and D−D mixing− − −

4*UTfit Collaboration, arXiv:0707.0636 **Csaki et al., arXiv:0804.1954

parameter limit onΛ suppression in RS
ReC1

K 1× 103 TeV 23× 103 TeV
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***

• in Randall-Sundrum scenario 
model-independent limit on  
Im CK     following from |εK| 
imply that Kaluza-Klein gluon 
mass has to be generically 
larger than 20 TeV

• model-independent bounds 
on ∆F = 2 Wilson coefficients 
allow for first “sanity check” in 
flavor sector when building NP 
models
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• angular decomposition:

Learning effectively from b→sl+l-

*Lee et al., hep-ph/0612156 5
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• angular decomposition:
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• take away messages:

‣ design b→sl+l-  observables that are “simple” to measure, theoretically 
clean and at same time have highest possible sensitivity to magnitudes 
and phases of different combinations of Wilson coefficients

‣ implement all experimental cuts into theory predictions and agree to use 
optimized cuts in b→sl+l-  measurements; for example avoid region close 
to photon pole which does not add any information with respect to b→sγ

‣ combine all available experimental information on inclusive and exclusive 
b→sl+l- channels and other b→s processes, to allow for complementary 
and more complex tests of underlying theory 

‣ don’t forget that experiments measure decay distributions not Wilson 
coefficients; considerable care should be expended to make extractions of 
Wilson coefficients as model-independent as possible, so that meanings 
of experiment and theory remain distinct 
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Learning effectively from b→sl+l-



*Grzadkowski and Misiak, arXiv:0802.1413

• ATLAS measurements should allow 
to put stronger bound of few 10−2 on 
gR, while expected bounds on vR and 
gL are weaker than B→Xsγ limits by 
more than order of magnitude due to 
chiral  mt/mb  enhancement in b→sγ 

• Single top production measurement 
at Tevatron imply δvL = 0.3 ± 0.2.  
Around order of magnitude better 
bounds are expected at LHC which 
would overcome current B→Xsγ 
constraint on NP contribution to vL 

95% CL bound δvL vR gL gR Re C(p)
7 ReC(p)

8

upper 0.03 0.0025 0.0004 0.57 0.04 0.15

lower −0.13 −0.0007 −0.0015 −0.15 −0.14 −0.56

TABLE I: Theoretical accuracy, effect on B(B̄ → Xsγ) relative to the SM prediction, and if applicable, constraint on the parameter
space following from B̄ → Xsγ in popular NP scenarios. Arrows pointing upward (downward) indicate that the NP effects interfere
constructively (destructively) with the SM b → sγ amplitude. Single (double) arrows specify whether the maximal possible shift is
smaller (larger) than the theoretical uncertainty of the SM expectation. See text for details.

approach can be used to predict large logarithms of the
form ln(Emax − Ecut). These computations have also
achieved NNLO accuracy [24] and incorporate Sudakov
and renormalon resummation via dressed gluon exponen-
tiation (DGE) [24, 25]. The present NNLO estimate of
1−T = 0.016±0.003pert [24, 26] indicates a much thinner
tail of the photon energy spectrum and a considerable
smaller perturbative uncertainty than reported in [20].

The DGE analysis thus supports the view that the inte-
grated photon energy spectrum below Ecut = 1.6 GeV is
well approximated by a fixed-order perturbative calcula-
tion, complemented by local OPE power corrections. To
understand how precisely the tail of the photon energy
spectrum can be calculated requires nevertheless further
theoretical investigations.

IV. NEW PHYSICS IN B̄ → Xsγ

Compared with the experimental WA of Eq. (1), the
new SM prediction of Eq. (4) is lower by more than 1σ.
Potential beyond SM contributions should now be prefer-
ably constructive, while models that lead to a suppression
of the b → sγ amplitude are more severely constrained
than in the past, where the theoretical determination
used to be above the experimental one [3].

NP affects the initial conditions of the Wilson coeffi-
cients of the operators in the low-energy effective the-
ory and might also induce new operators besides those
already present in the SM. Complete NLO matching
calculations are available only in the case of the two-
Higgs-doublet models (THDMs) [27, 28], the minimal su-
persymmetric SM (MSSM) with minimal-flavor-violation
(MFV) for small and large tanβ [28–33], and left-right
(LR) symmetric models [28]. In the general MSSM [34],
extra dimensional models like minimal universal extra
dimensions (mUED) [36] or Randall-Sundrum (RS) sce-
narios [37], and littlest Higgs (LH) models without [38]
and with T -parity (LHT) [39], the accuracy is in general
strictly LO and hence far from the one achieved in the
SM. The main features and results of recent analyses of
beyond SM physics in B̄ → Xsγ are listed in Tab. I. In
the following we will briefly review the most important
findings.

Even though the effect of charged Higgs boson contri-
butions in the THDM type II model is necessarily con-
structive [27, 28], the lower bound on MH± following
from B̄ → Xsγ remains in general stronger than all other
direct and indirect constraints. In particular, B̄ → Xsγ
still prevails over B → τν [40] for all values of tanβ apart
from those lying in the range tanβ ∼ [45, 65]. This is il-
lustrated in the upper panel of Fig. 2. The derived 95%

confidence level (CL) limit amounts to MH± > 295 GeV
independently of tanβ [13]. In the THDM type I model,
the strongest constraint on MH± stems from the ratio of
the widths of the Z-boson decay into bottom quarks and
hadrons, Rb, and not from B̄ → Xsγ.

In the MFV MSSM the complete NLO corrections to
B̄ → Xsγ are also known. The needed two-loop diagrams
containing gluons and gluinos were evaluated in [28, 29]
and [30, 31], respectively. Since EW interactions affect
the quark and squark mass matrices in a different way,
their alignment is not RG invariant and MFV can only
be imposed at a certain scale µMFV that is related to
the mechanism of supersymmetry (SUSY) breaking [31].
For µMFV much larger than the SUSY masses MSUSY,
the ensuing large logarithms can lead to sizable effects
in B̄ → Xsγ, and need to be resummed by solving the
RG equation of the flavor-changing gluino-quark-squark
couplings.

In the limit of MSUSY $ MW , SUSY effects can be ab-
sorbed into the coupling constants of local operators in an
effective theory [32, 33]. The Higgs sector of the MSSM is
modified by these non-decoupling corrections and can dif-
fer notably from the native THDM type II model. Some
of the corrections to B̄ → Xsγ in the effective theory
are enhanced by tan β. As a result, they can be sizable,
of order αs tan β ∼ 1 for values of tanβ $ 1, and need
to be resummed if applicable. In the large tan β regime
the relative sign of the chargino contribution is given by
−sgn(Atµ). For sgn(Atµ) > 0, the chargino and charged
Higgs contributions interfere hence constructively with
the SM result and this tends to rule out large positive
values of the product of the trilinear soft SUSY breaking
coupling At and the Higgsino parameter µ.

In the MSSM with generic sources of flavor violation
a complete NLO analysis is still missing up to date. Ex-
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Anomalous Wtb couplings from B→Xsγ
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Road to NP via model-independent flavor analyses 
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• develop strategies to extract all measurable Wilson coefficients from 
experimentally visible but theoretically clean measurements 

• use all available experimental information with goal to over-constrain 
Wilson coefficients following example of unitarity triangle fit 

• mimic experimental set-up concerning cuts and include theory 
uncertainties into model-independent analyses

• more communication between experimentalists and theorists is needed 
to exploit full potential of expected plethora of data

• build explicit NP models that correlate and explain observed model-
independent effects to make sure that class of models is not empty 


