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1. Introduction

The discovery of the Higgs boson in 2012 by the ATLAS [1] and CMS Kleximents at the CERN
Large Hadron Collider (LHC) provided the long-awaited experiment exadehat “completed” the
Sandard Model (SM). Although this model has been phenomenally sfatasreproducing the
results of all particle physics experiments that have been reported toitdads, a large number
of parameters that have to be input from experiment, it does not promidexgplanation for dark
matter, dark energy or the matter-antimatter asymmetry of the Universe, asdhdbincorporate
Gravity. For these and other reasons, most particle physics resesiefieve that the SM, in spite
of its considerable success, is not a complete theory of nature.

As aresult, a number of extensions of the SM, so-called beyond-theBSM) theories, have
been proposed, most of which predict the existence of new, as ye¢nnmassive particles [3],
usually with masses in the 100 GeX TeV range that is accessible at the LHC. The most com-
monly discussed BSM theory is Supersymmetry (SUSY), which proposeS$y Partner for each
of the established SM partners, and an assortment of five Higgs partiatéactude a doublet of
charged Higgs scalars [4]. Other BSM theories predict heavy versibtheZ andW bosons [5],
a fourth-generation of quarks [6], etc. To the disappointment of maagtitioners in the field,
the first operational period of the LHC, which studieg collisions in the,/s= 7 ~ 8 TeV range,
uncovered no new patrticles (besides the Higgs), and most of the SU8MWeier space for SUSY
partner particle with masses beldw~ 1 TeV has been ruled out [7]. However, the LHC is now in
the process of (approximately) doubling both the CM energy and the luminasdyhopes remain
high that first signs of BSM particles will emerge in the higher energy datavitiatart becoming
available in early 2015. It can be expected that the LHC and the ATLASCAAE energy frontier,
high-pr, high luminosity experiments will remain the “Flagship” experimental high enpagticle
physics programs for at least the next decade.

In contrast to ATLAS and CMS, the LHCb experiment runs at lower lumindaifgw fb~/yr)
and exploits the large cross section BBmeson production in multi-Te\pp collisions ¢ 300ub
at/s=7 TeV) to do high precision measurements of the decay properties of paudaitaining
b- and/orc-quarks. The LHCb experiment has been remarkably productive imdeuof areas.
It has recently made first observation (witlr 4tatistical significance) of the very rare ded&y—
utu~ process #(Bs — utu~ ~ 3x 1079 [8, 9] and made spectacular measurements of the
Bs-Bs mixing frequency with an impressive 0.1%-level precisidn= Amg = 17.768+ 0.0.23+
0.006ps ! [10, 9]. As discussed at this meeting by U. Uwer [9], these and otherureasnts
place strong constraints on a number of proposed BSM theories [11].

Prior to the startup of LHCb, the BaBar and Belle B-factory experiments datetrthe land-
scape ofB andD meson decay physics. The main goals of these experiments were tests of the
SM mechanism for CP violation [12]. Here the highlight of both groupséaesh programs in
the first half of the 2000-2009 decade were measurements @Rolating phasep, (akaf) in
time-dependen€PV asymmetries irB° meson decays intBP eigenstates such &9J/y. Their
measurements [13] confirmed SM expectations and led to Nobel prizesliaryidshi and Maskawa
in 2008. Subsequent notable results from these experiments, whichl ftapertant constraints
on BSM theories, included measurements of time-deper@@rtolating phases in penguin dom-
inatedCP eigenstate decay modes suchBis— K°p andB® — K°n’ [14] and measurements of
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B mesons decays to final states containirigptons,i.e., purely leptonid8™ — 1*v; [15, 16] and
semileptonidB — D™ 1tv; [17, 18] decays.

BaBar stopped taking data in 2008 by which time it had accumulated a data saatpierth
responded to a total integrated luminosity of 531%bBelle stopped in 2010 after accumulating
a 1040 fb'! data sample. The KEKB collider and the Belle detector are currently beingaded
to SuperKEKB and Bellell. The SuperKEKB design luminosity is 40 times tha{BKB and
will start providing yearly data samples of 10&tby about 2019 (1 ab'= 1000 fB3). The LHCb
and Bellell programs will be largely complementary: the yearly sampldsmesons registered
by LHCb and Bellell will be similar. Because of the larger boost factotsCh will have much
better vertexing than Bellell and they will accumul&end Bs decays simultaneously. On the
other hand, thanks to the cleahe™ — Y(4S) — BB environment, Bellell will be uniquely capable
of studying inclusive modes such hs- sy andb — uy, and modes with missing energy, such as
B* — 77 v;. However, forBs physics, Bellell would have to run at th&5S), where the production
cross section foBs andB meson production is about a factor of five lower.

In this report | will give a few examples of how intensity-frontier flavoyplts measurements
impact BSM searches at the energy-frontier. For more comprehetissigssions | refer the reader
to Refs. [19] and [20].

2. Particle-antiparticle mixing

The idea that neutra{® mesons would spontaneously change into their antipa#i®lgandvice
versa) was first proposed by Gell Mann and Pais in 1955 [21]. Measurenoétite properties of
the relatedKs andK| eigenstates was a major activity in the 1960s and led to the discov@y of
violation in 1964 [22]. In the SM, the frequency fisP-K° mixing or, equivalently, th&s-K, mass
differenceAny, is adequately described by the imaginary part of the four-quark gsat@wn in
Figure 1.
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Figure 1: One of the quark-level box diagrams responsiblekiBK° mixing (upper). lllustration of theAmk calcula-
tion (lower).

From the lower portion of Fig. 1, we can see that

AMc T G (VieVaa (M) +VeaVea f (). (2.1)
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In a four-quark world, the quark-flavor mixing matrix is simply a two-dimenalaotation by the

Cabibbo anglefc):
(Vud Vus> _ ( co§6c sin6c>7 2.2)
Ved Ves —SinBc cosBe
and Eq. 2.1 becomes
AmM 0 G2 (f(my) — f(mc)) cosBe sinBc ~ G2né cosfc sinée. (2.3)

The mixing frequency depends on the difference beiween-tArdu-quark masses, in fact, almost
entirely on thec-quark mass. Thus, when Glashow, Illiopulis and Maiani proposed tisecaxe
of the charmed quark in 1970 [23], they predicted its mass to be “not ldrger3-4 GeV,” based
on the measured value Afrk at that time.
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Figure 2: One of the quark-level box diagrams responsibIeB%n??O mixing (upper) and an illustration of thé&my
calculation(lower).

The major flavor physics event of of the 1980s was the unexpectedseiyonf B°-B° mixing
by the ARGUS experiment in 1987 [24]. In this case, since the mixing invahlethird-generation
b-quark, a six-quark analysis, as indicated in Fig. 2, is necessaryexjression for the neutr&l
meson eigenstate mass differedegy is

Amg™ 0 GE (VipVua F(My) + Ve Vea f (Me) +VigMa F (), (2.4)

whereVjj is theij™ element of the well known CKM six-quark-flavor mixing-matrix. Note that

if the quark masses were degenerate, my = m¢ = m, Amg would be proportional t&; Vg +

Vi Ved + VipVid, Which the unitarity of the CKM guarantees to be zero. So, in this case also, the

BY-BY mixing frequency depends on timen-degeneracy of the quark masses and, to a good ap-
proximation depends primarily on the top-quark mass. The SM expectation is

A 0 GEmY|VipVeal?. (2.5)

Thus, as a consequence of the ARGUS discovery of IBt&° mixing, it was realized that the
top-quark mass was much higher than was previously thought to be th& Saseific calculations
gave values arouna ~ 170 GeV [25]. The top quark was discovered in 1995 [26] and its mass is
measured to be 173.5 GeV with0.3% precision [27].

IMuch to the dismay of those of us who, at the time, were searching forghark in them, ~ 30 GeV mass region.
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2.1 Influence of SUSY on particle-antiparticle mixing

In the SM, there are no Flavor Changing Neutral CurreRSNC) that directly convers — d or

b — s, etc. Thus, the SM descripton for mixing necessarily involves secothel-areak-interaction
box diagrams as shown in Figs. 1 and 2 above. The process is mediatedyrtual parti-
cles: in the case oB%-B° mixing, by virtual top-quarks anW/-bosons. If SUSY exists, virtual
SUSY partner particles could also occur as virtual legs in the mixing boxatiegand, thus, cause
differences between the measured mixing frequencies and their SMtmadic

S O T
s d
KK g g KO
d g s
d “ (KL-R )13 “ S

Figure 3: A potential SUSY box diagram contribution 6°-K° mixing. Here the vertical lines represent gluino
propagators and the dashed lines squark propagators.

A typical SUSY contribution to mixing is shown in Fig. 3, with virtual squarks ghainos
replacing theV's and up-type quarks in the SM diagrams shown in Figs. 1 and 2. He(Etlag];
terms denote off-diagonal elements of a mixing matrix that accounts for tisgébpidg that squark
flavors are not necessarily aligned with ordinary weak interaction #avblere, unlike the SM
diagrams, the vertices at the corners of the box are not due to weakctitasa but are strong
interactions. Thus, instead of being proportional the weak couplingthey are proportional
to the QCD couplingxs, which is much larger. Thus, potential SUSY contributions to ordinary
particle-antiparticle mixing are prior, large.

Grossman provided a convenient formula that characterizes the redatveth of the SUSY
and SM contributions t&mk [28]:

AmRUSY | (100 Gev ° (bmg
AmgM ms ma

Q
Heremg is the squark mass adfing is some measure of squark mass differences.

2
) e|(KL)13(Kr)13]- (2.6)

Table 1: Measured particle-antiparticle mixing frequencies arart8M expected values.

Channel Am (expt) Am (theory)
(ps ™) (ps ™)

K9-K® | 0.00530+0.00001| 0.00502+ 0.00051

BO-BO 0.510+0.004 0.55:391

B2-BY? 17.69+0.08 17.3+2.6
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The measured values of the mixing frequencies®rB® andB?, taken from the HFAG [29]
and PDG [27] averages, are compared to theoretical expectation31[3, Table 1. In all cases
there is good agreement; the comparison is limited by the precision of the thabcatulations,
which have errors in all three cases that are abdii%. The does not leave a lot of room for SUSY
contributions per Eq. 2.6. If we, somewhat arbitarily, assume that the|&@8b-of agreement
between experiment and SM predictions given in Table 1 constrains therr&tm 2.6 to be less
than 0.3, we find that for a squark mass that would have been accessii#aecent LHC runi.e.
mg <1TeV,

Amf5 2
( M2 ) Z€](KL)13(Kr)13] <~ 0.003 (2.7)
Q

This says that the venerable, 50 year-old, measuremedisyofplace very severe constraints on
SUSY. Either the squark masses must be highly degenerate, and vegytheliguark masses which
range over nearly five orders of magnitude, or the SUSY squark fawost align with the weak
interaction quark flavors to an extraordinary degree of precisiommesombination of the two.
Since there is nothing in the SUSY theory that would naturally enforce sathiations, this is
called “the Flavor Problem,” which is well known inside the SUSY community)dsg well know
generally.

To address this problem in a “natural” way, Nir and Raz devised a symmetgigde that
restricted the off-diagon@K,_ r) matricx elements to higher order values of@nthereby limiting
down-type squark contributions to particle-antiparticle mixing to acceptablesaHowever, this
so-called “horizontal symmetry” necessarily requires up-type squattoneéements to be of order
sinfc, which would make large SUSY contributions to th&-D° mixing frequency 4m); they
predictedAm. ~ 0.1 ps 1 [32]. Subsequent to the Nir-Raz paper, anomalously IBGB° mixing
was observed by Belle and BaBar [33], however this appears to be niosklg real part of the
mixing amplitude that relates the life-time difference between the neDtrakeson eigenstates.
The HFAG group’s average of the mass-difference measurementsthire w20 of zero [29], the
95% confidence level upper limit 8m. < 0.01 ps*, an order of magnitude below the Nir-Raz
prediction.

2.2 Time-dependenCP violation asymmeties

The experimental precision of the mixing measurements discussed in theysreection far ex-
ceeds that of the predictions based on SM theory. Until the theoreticasjone is improved, there
is no pressing need for more precise experimental measurements. Hadwegituation is reversed
for the case of measurements@® violating phases in mixing-induced interference effects. For
these, since QCD iBP conserving, SM predictions for tl&P violating phases are not effected by
long-range effects or additional gluons etc., and are consequentbrnidsguous and more precise.
Mixing-induced time-depende@IP violating asymmetries are due to the interference between
the direct decay and of B meson to &P eigenstate such & — K°J/y and the process where
tthe B first transforms into &° and then decays to the same final st&®:— B® — K°J/y, as
illustrated in Fig. 4. Here the— d vertices, which have a strength proportional/p have eCP
violating complex phasey. In the SM, all the other vertices in the diagrams shown in Fig. 4 are
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real. The interference between the two diagrams is proportiong}j;, and has a CPV phase of
2¢.
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Figure 4: Quark flow diagrams that produce mixing-indud@@l violations. The direct decaB® — K°J/y (upper)
interferes withB? — B® — K0J/y decayg(lower). Here the only flavor changing vertices with a non-z8RY phase
is thet — d transition. The interference amplitude is proportional to gir) &vhereq, is the phase ofq.

The measurement technique used atBHactories is illustrated in Fig. 5. A cohereBfB°
meson pair is produced in an asymmegrie - collision. After some time, one of the mesoiBf)
decays into a flavor-specific final states., a final state that reflects thgflavor of the decaying
meson. (These types of decays occur more than 90% of the time.) If thedfd®g, can be tagged,
e.g. by the charge of a lepton from semileptonic decay or a charged kaorttiedm— ¢ — sdecay
sequence, that ensures that the accompanying mBgpnhas the oppositB-flavor at that time,
which is set a$ = 0. Then, aBcp evolves with time, it starts to mix into its antiparticle state, the
unmixed and mixed components Bép interfere. The interference can be seen wBgp decays
into aCP eigenstate. The asymmetry between the number of timeB{hdecay was &° or aB?
as a function of the time th&cp decays, follows a siimgt curve (both forward and backward in
time) with amplitude sin@, as sketched in the figure. The relative time between the two decays
is inferred from the measuredposition of each decay vertex. Figure 5 shows the case for the
CP = —1, Bcp — KsJ/@ decay mode. Decays ©P = +1 final states, such &cp — KL.J/y,
have the opposite asymmetry. In the actual experiment, the amplitude of the asyroomee is
reduced from its ideal value of sigRby experimental dilution factors, primarily due to incorrectly
taggedBiag decays. The effects of these mistags are measured with high stadStemileptonic
decay events in the same data samples and are experimentally well understood

This technique has been carefully developed and optimized by both the BelBe®8ar teams
and it is now quite well understood. Results based on the full data samphesife two groups [34]
are shown in Fig. 6. In these figures results from@ike= —1 andCP = +1 final states are shown
separately and they display opposite-sigh asymmetries, as expected. asgreneents ofy are
quite precise; the current average value of the two groups’ measuteissin 2p = 0.679+0.020
(corresponding tay = (21.38+0.79)°). In both cases, the precision is still limited by statistics.
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Figure 5: An illustration of the technique used to measure mixing-induced time-depe@&V asymmetries at the
B-factories.

It is expected that the precision could be improved by about a factor ob&fiare measurements
using this technique are systematics limited. This is about the level of validity dhéweetical
equivalence of the measured asymmetry andgin 2
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Figure 6: Belle (left) and BaBafright) measurements &P violations forB® — K°(c€) decays. The upper plots show
the time distributions for numbers 8- andE:O-tags and the lower plots show their time-dependent asymmetries.

2.3 BSM searches using mixing-induce@P-violating asymmetry measurements.

Sensitive searches for signs of new, BSM physics can be made byirapihe above-described
mixing-inducedCPV asymmetry measurement technique to @Bte-+ CP-eigenstate decays that
are mediated by penguin diagrams. An example isBthes Ksg decay mode, for which the SM
leading order decay amplitude is the penguin-mediated process shown if(&ig. The CKM
matrix elements involved here avg andVs, neither of which have &PV phase. Thus, as in the
case ofB° — K23/ etc., the interference between the dirBet— Ksp decay amplitude and the
mixed B® — BY — Ks@ amplitude all comes from mixing and will have the sang 2PV phase,
and the interference asymmetry will have the same giranplitude.

However, BSM theories that have new particles that can coupke &nd s-quarks can, in
principle, modify this process. For example, in the case of SUSYW\rendt-quark in the SM
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process could be replaced by a squark and a chargino (the SUSpaftineW), as shown in
Fig. 7(b). In that case, the SUSY part of the decay amplitude would caterdo differentCPV
phase. (SUSY has 44 non-triviaPV phases.) Thus, a significant difference between the mixing-
inducedCP-violating asymmetry iB® — Ks¢ (sin 2¢°™) and that inB® — KsJ/ would be a clear
sign of new, BSM physics. This is also the case for many other penguin-teédéae decays, such
asB® — Kgn’, BY — K, etc.
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Figure 7: a) The SM penguin diagram f@° — K%p decays anth) possible SUSY contributions. Belle measurements
of the time-depender’ andlgo-tag distributions and théPV asymmetry foB® — KgJ /i decays are shown it) and
d), respectively.

Such measurements were carried out by Belle and BaBar [14]; resurtigtie Belle measure-
ment are shown in Figs. 7(c) and (d). The weighted average of the tupgrmeasurements of
sin 2¢8" for BY — K@ decays is sin@™ = 0.39+ 0.17, which is 180 below the SM expectation
(of 0.679+ 0.020). Results for other penguin processes have similar precision. Tihecareent
issue is statistics. Penguin processes are rare: the branching fractifh- Ksg is a factor of a
hundred smaller than that f@&° — KsJ/@. Thus, while the Belle measurements shown in Fig. 6
include over 12KB — KsJ/@ events and more than 10B— K J/( events, thélsgp measure-
ments shown in Fig. 7 are based on only about B58 Ks@ events. Bellell ultimately expects to
accumulate a data sample thatig0 times larger than the Belle data sample. With such a sample,
sin 2rpfff will be measured foKs@ and many other penguin modes with a precisions-af0.03
for each mode. These will severely test the SM.

The LHCb experiment is also challenging the SM with measurements of the mixdaged
phaseg in Bs — @J/ decays. Since none of the CKM elements in the SM box diagram for
BY — §8 have aCPV phase, the SM prediction fag is that it should be very small. This was
discussed at this meeting by U. Uwer [9].

2.4 Generic new physics limits from mixing-inducedCP-violation measurements

From dimensional analysis alone, the inclusion of new, BSM physics athanhégs scalé;
that mediates the Flavor Changing Neutral Currests:(d, b — d b — sandc — u) that are at
play in particle-antiparticle mixing could be described by an effective Liagjean of the form

C.
Lot = Lom+ A—'ZOi(FCNC), (2.8)
i
wherec; is the coupling strength that depends on the details of the new physics,tlaeary
O;(FCNC) is the operator that produces the transition. Thus, the influence of ngsicpleffects
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depends org; //\f. Figure 8 illustrates the limits that current particle-antiparticle mixing measure-
ments place o\ for the cases wherg = 1 [35]. For thei = s — d transition, the allowed mass
scales are all above 1deV. For the other channels, the limits start nearér Té, but still are
quite impressive. Thus, as we noticed in the discussion associated with7Eapb&e, for new
physics with mass scales that are accessible at current or futurefrthesldHC, the theories are
tightly constrained to have very, very small values for¢heoefficients.
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Figure 8: Range of limits om\; for different generici(e. ¢ = 1) new physics FCNC processes channels for particle
antiparticle oscillation an€PV measurements. Hegg is the CPV parameter for th€%, system3 = ¢, andAg, is
the limit on aCPV asymmetry in semileptont decays. (From M. Neubert's talk at EPS HEP 2011.)

3. Search for signs of a charged Higgs

A feature common to many BSM theories is that they have Higgs sectors thatoaeecompli-
cated than the single neutral Higgs scalar of the SM. For example, in SUS¥lsriibére are five
Higgs scalars, including a doublet of charged Higgs partidiésand these all have SUSY-partner
higgsino fermions. The search for charged Higgs particles is a majoitactithe high{pt LHC
experiments.

Models with charged Higgs doublets are classified into three types: in Typdels, the Higgs
couples to up-type and down-type quarks with equal strength; in Typ@dlels, the couplings to
up-type and down-type quarks differ by a ratio that is commonly expdeasetarB; Type I
models are all other cases. Since many versions of SUSY are Type llsntitese have been the
most extensively studied.

Since Higgs couplings are proportional to madsneson decays to final states containing
leptons are most sensitive to possible effects from charged Higgs.eFga)y shows the quark-line
diagram for purely leptoni8™ — 1+v; decay?

In the SM, this decay is mediated by a virtWsi~ boson that couples to thel vertex with a
strengthvy,Gr; the SM expression for the branching fraction is

2
BBY = 1hv) = GFLBm%( — ﬁ) f2|Vup|?Te = (0.731333) x 1074, (3.1)

8m mg

2In this discussion, the inclusion of charge conjugate modes is implied.

10
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wherefg is theB™ decay constant calulated by Lattice QCD ands theB™ meson lifetime.
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Figure 9: Quark line diagrams fo) Bt — 17 v; andb) B — D*) 1 v;. In the SM, the decays are mediated by virtual
W™ bosons; in BSM theories, virtual charged Higgs bosd#s$)(can also contributec) The ratio of the expected
B™ — 1T v; branching fraction and its SM valugy) as a function of tafi/My .. d) Corresponding ratios f& — D1 v;
(upper) andB — D*T vy (lower).

If there is a Type Il charged Higgs with mas®, it can also mediate this decay and would
couple to theou vertex with a strengtim,tanf and to therv decay vertex with a strength; tanf3.
This modifies the branching fraction by a factor [36]

mg
rg=1 = tarf 3, (3.2)
which is shown as a function of t#Ymy as a red curve in Fig. 9(c).

The same charged Higgs would also modify SM expectations for semilefBorid*) Tv
decays as shown in Fig 9(b). Here the SM “predictions” are the meabuaedhing fractions for
B — DWWty (¢t = ut oret) scaled by factor that reflects the reduced phase spade ferr.
The Type Il model charged-Higgs-induced modifications for By and D*tv final states are
different, and given by the ratios /v andD*/*v, Rp andRp-, that are shown as a function of
tanf/my in the upper and lower sections of Fig. 9(d), respectively.

3.1 Experimental issues witlB — tv and B — D*) Tv measurements

Experimentally, measurements®meson decay channels that containeand av; are challenging.

Final states have at least two neutrinos and, thus, missing mass techniguesrdyg used to
study single neutrino final states associated witly and u~—v lepton pairs are not applicable.
The BaBar and Belle experiments use the “tagBédechnique that exploits the fact that tiBe
mesons produced i@ e~ collisions at theY(4S) are produced irBB_pairs, with no accompanying
particles. Thus, if on® meson decay is completely reconstructed, one knows with confidence that
any remaining particles in an event must be decay products from the aang'm9§ For the

B~ — 7~ v measurement, Belle selects events that contain one fully reconst&ictaéson and a
single accompanying charged track, which is potentially a lepton from: ¢~vv or am from

T~ — 1 v [15]. An event display of a candidaBs — 7~ v decay in Belle is shown in Fig. 10(a),

11
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where aBt — DOt decay, withD® — K* 7 7t 17, is reconstructed in the tracking system, along
with a single, well identified electron. Many othBr decay channels produce a single track in the
detector. However, these also contain other neutral particles, suychags, s, K. mesons, etc.
Usually, these particles deposit sgnificant amounts of energy in the [Bsihoeter that surrounds
the Belle tracking system, covering85% of the total 4t solid angle. The signature f& — 177 v

is an excess of events with small excess energy deposit in the calorinsesbigwan in Fig. 10(b).
Here the background level is established by studying events in which@dBdgaccompanied by

a meson that decays via the semileptddtic— D*°¢~ v decays, and other well understood control
samples. Th& — D*)1v event selection, described in Ref. [17], is similar. Since the probability
for fully reconstructing the accompanyirgymeson is very lowy~ 0.25%, this method has very
low efficiency, but it is best that one can do. These measurements babeodone at ae"e™
B-factory operating at th¥(4S).

350

300
250
200
150 |
100 E

50 F - ]
L Lozieise)rousel]

0 .2 04 08 _ 1
02704 06 08, 1. 2

Figure 10: a) An event display of 8~ — 7~ v event candidate in Belle. HereBd is fully reconstructed as discussed
in the text and tha decays via tha~ — e vv mode. Here the purple arrow indicates the direction of the missing
momentum in the evenb) The distribution of unassigned energy in the Csl calorimeteBfes Tv candidate events.
The small excess over background below 200 MeV is the signd fertv.

The 2013 PDG world average— tv branching fraction i$1.054-0.25) x 10~#[27], which is
higher than the SM value, given above in Eq. 3.1~bYo. Results from Belle [17] and BaBar [18]
onB — Dtv andB — D*1v range from I to ~ 2.50 above the SM expectations. These discrep-
ancies are intriguing, but not significant enough to make any claims.

The situation is summarized in Fig. 11, where current experimental restignsas blue
bands, are superimposed on the curves indicating expectations frope &l Higgs doublet model
shown above in Fig. 9. The locations of the crossing points of the expewiteands with the
red expectation curves should locate the value ofitany. As can be seen in the figure, the
preferred tafs /my values for each mode are inconsistent0.28 for v, ~ 0.45 for Dtv, and
~ 0.8 for D*tv. These discrepancies are undoubtably are due to the large statistical-ethere
is no compelling evidence in the data for a charged Higgs to begin with. Howewrercould
imagine a situation where, with 40 times more data as expected for Bellell, thitsresttle on
the current central values but with error bars that are four or five tenesler and, at the same
time, LHC experiments report signals for a charged Higgs. In that casegnty would theB
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Figure 11: a) The blue band shows combined BaBar and Belle resul&on> T~ v compared with expectations from
the SM (horizontal line aty = 1) and the Type Il Higgs doublet model. The measured value is almabbve SM
expectationsb) BaBar results of8 — Dtv (upper) andD " tv (lower). Here for both modes the measured values are
about 2r above SM expectations) Corresponding results from Belle.

decay measurements provide additional compelling evidence for some Bfgklsgr but also clear
diagnostic evidence that rules out its interpretation as a Type Il charggsH

4. Comments

In this talk | intentionally avoided giving a shopping list of physics topiasd, instead, tried
to provide a few detailed and concrete examples of how flavor physicsunesasnts place tight
constraints on any proposed model for physics beyound the Standatel Mind also how future
precision measurements of rare processes can probe for new paysiess scales that are far
above those that will ever be accessed by the LHC. | described arscémat illustrates how
flavor physics measurements will provide essential diagnostic informatiorcainahelp classify
the “DNA’ of a charged Higgs candidate that might be observed by LHg&edments. The flavor
physics measurements are an essential component of new, BSM pHhygstsspsearches.
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