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in the experimental data analysis, these relations can help to reduce the background from
S-wave pollution. We further point out the discriminative power of the maximum of the
angular observable P» as a charm-loop insensitive probe of right-handed currents. More-
over, we show that in absence of right-handed currents the angular observables P; and P}
fulfill the relation P; = P, at the position where P reaches its maximum.
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1 Introduction

Rare B decays constitute one of the cornerstones in the search for physics beyond the Stan-
dard Model (SM). Among them, the semileptonic mode B — K*(— Km)u™pu~ represents
a particularly interesting channel as the measurement of the 4-body angular distribution
provides a plethora of information which can be used to probe and discriminate different
scenarios of New Physics (NP). In 2013, LHCD presented results of the measurement of an
optimized set {Pi(/)} of angular observables [1-5] based on 1fb~! data. These observables
are constructed in such a way that, to leading order in the strong coupling constant o
and in the large-recoil expansion, non-perturbative form factors cancel in the region of
low squared invariant mass ¢ of the dilepton pair, a unique and powerful feature in the
hadronic environment.

Experimental data showed several interesting tensions with respect to SM expecta-
tions [6]: most striking is the 40 anomaly! encountered in the observable P! [4] in the

n ref. [7] this discrepancy is quoted as a 3.70 tension between the experimental result and the 68.3%
confidence level of the theoretical prediction, while we have quoted the tension between the experimental
result and the theoretical central value. Note also that using the updated predictions [8] for all observables,
including parametric and form factor errors, factorizable power corrections together with an estimate of
non-factorizable ones and charm-loop effects, the tensions with data, albeit slightly reduced, are still clearly
present.



bin [4.3,8.68] GeV2. The observable P, [2, 3] further displayed a 2.90 deviation in the
q*-bin [2,4.3] GeV2. The position of its zero (¢Z = 4.9 & 0.9 GeV?), which is identical to
the zero of the forward-backward asymmetry App, is in agreement with the SM prediction
qg ~ 4 GeV? but allows for higher values. It is remarkable that all these deviations point
to the same negative NP contribution C}fp to the Wilson coefficient of the semileptonic
operator Oy, possibly accompanied by a NP contribution C’%\IP to the Wilson coefficient of
the magnetic operator O7. New Physics contributions to the Wilson coefficient Cg, and,
in particular, to the coefficients 04,9,10 of the chirality-flipped operators are consistent with
zero already at lo. The full pattern, first pointed out in ref. [6] and obtained using all
available experimental bins in B — K*u™u~ together with data on B — K*v, B — X7,
B — X,putpu~ and By — pTpu, is given by the 1o ranges

o € [-1.6,-0.9], O € [-0.05,-0.01], o € [-0.4,1.0],
CNP € [-0.2,0.8], CNP € [-0.04,0.02] CRY €[-0.4,0.4], (1.1)

where the mild preference for a positive C}\} is mainly driven by By — u*u~ data.

The large negative NP contribution to C9 was independently confirmed later on by
other groups, using different observables S; [9, 10] (relying on the single large-recoil bin
[1,6] GeV? and low recoil data), different statistical approaches [11] or form factor input
from lattice [12]. Although it had been shown in refs. [6, 13] that a large C3F + C) < 0
was preferred in order to explain the P} anomaly, the possibility of a substantial positive
C} enforcing C)F + Cf ~ 0 was discussed in refs. [10, 14], driven mainly by the 1fb~!
data [15] on the charged B decay BT — Kt u™u~ in the region of low hadronic recoil. The
situation has become more coherent recently as the latest 3fb~! data on B — KTt~
and B — K%u*pu~ provided by LHCD [16] is also in good agreement with the solution
CYP 4+ Cf < 0 [6], both in the region of large as well as low hadronic recoil [17, 18]. The
three modes thus seem to point to a consistent overall picture of NP in agreement with the
pattern given by eq. (1.1). Moreover, under the assumption that NP affects only muons
but not electrons, also the 2.60 deviation measured by LHCb [19] in the observable

Br(BT — Ktutu™)
Br(Bt — Ktete)

Ryi = (1.2)
can be explained within the same scenario [20-22]. In order to be able to draw solid
conclusions and to see how this pattern evolves, it will be crucial to know the 3fb~! data
on the observables Pi(/) in B— K*utu~.

In parallel, the question has been raised if the observed discrepancies between data
and SM predictions could be attributed to non-perturbative QCD effects [23], even though
hadronic form factors enter optimized observables Pi(,) only at order a, or through cor-
rections breaking the large-recoil symmetries (factorisable power corrections). There exist
two different approaches to account for factorisable power corrections: they can either be
calculated (under certain modelling assumptions) within a non-perturbative framework like
light-cone sum-rules (LCSR) [10, 24], or they can be estimated exclusively on the basis of
dimensional arguments and fundamental model-independent relations [8, 23, 27]. While the



first method with full correlations among the form factors is suitable in order to extract the
maximal information from a particular non-perturbative calculation, the second option in
which correlations are included via large-recoil symmetry relations reduces the dependence
on non-perturbative input to a minimum. The two approaches are thus complementary
and, because the large-recoil symmetries are expected to be the dominant source of corre-
lations, they should give similar results. Indeed, the resulting uncertainties obtained with
the first method in ref. [10] and with the second method in ref. [8] are of the same order of
magnitude (see also ref. [25]). Both these analyses find hadronic uncertainties from form
factors to be under control.?

As a different explanation of the anomaly, the possibility of a large non-perturbative
charm-loop contribution has been proposed [28], requiring a huge correction with respect
to theory predictions within the factorization approximation. The discussion in ref. [28]
relies on two model-dependent assumptions: first that the resonance structure obtained
from a fit to high-¢> data on the scalar mode BT — K upu~ can directly be transferred
to the vector mode B — K*u™p~, and second that it can be extrapolated to low values of
q*. The only existing calculation [29] seems to be in contradiction with the low-¢? scenarios
of B — K*utu~ obtained with this ansatz in ref. [28] as it finds a much smaller size for
the charm loop and, moreover, the opposite sign for its contribution in B* — KTy pu~ as
compared to B — K*utut (contrary to the assumption in ref. [28]). Furthermore, if the
2.60 deviation in the observable Ry persists, it poses a serious problem for the charm-loop
or any other low-energy QCD explanation which cannot generate effects violating lepton-
flavor universality. Also the observable P, in B — K*u™put can be instrumental in testing
the charm-loop hypothesis proposed in ref. [28] (see also [25]).

While the polluting effects from non-perturbative QCD have been studied in detail in
the literature, less attention has been paid to the so-called S-wave pollution, generated by
the background decay B — K3(— Km)utu~ where K is a broad scalar resonance. In
ref. [30] a detailed and complete calculation of the S-wave background was performed and
it was concluded that any observable will unavoidably suffer from its pollution. While this
conclusion is correct in the case of uniangular distributions, it does not apply to full or
folded distributions where the P- and the S-wave parts can be separated according to their
different angular dependence. As shown in ref. [31], S-wave pollution can be avoided for the
Pi(l) observables if folded distributions are used instead of uniangular ones. A discussion

2Refs. [23, 27], on the other hand, quote much larger uncertainties. One of the reasons for that has
been identified in ref. [8]: the decomposition of a form factor into a leading-order part and a O(A/my)
power correction is not unique but (as in any fixed-order calculation) introduces a scheme dependence of
observables at neglected higher orders in A/m;. As the observables are effectively calculated at leading order
(O(A/my) effects are not calculated but only estimated), they exhibit a scheme dependence at O(A/my)
implying a ~ 100% scheme dependence of power corrections. In order to ensure predictivity of the method,
it is hence crucial to exploit the freedom of choosing a scheme to minimize the impact of the unknown power
corrections on the relevant observables (in the same way as in a fixed-order calculation in quantum field
theory the renormalization scheme is chosen such that neglected higher orders do not spoil the perturbative
expansion). It was demonstrated in ref. [8] that the sensitivity to factorizable power corrections of the
key observables like Pi is significantly reduced if a different scheme is chosen than the one employed in
refs. [23, 27].



of the experimental implications of the S-wave contribution was presented in ref. [32] (see
also ref. [33]).

Experimental analyses of B — K*u™pu~ rely on theoretical information regarding the
S-wave background. To this end, a set of model-independent bounds on the coefficients of
the S-wave part of the angular distribution was presented in ref. [5], derived from appli-
cation of the Cauchy-Schwarz inequality. On the other hand, it was shown in refs. [3, 34]
that the coefficients of the P-wave part are not independent parameters but that they are
correlated through the spin-symmetry of the angular distribution. In this work we transfer
this idea to the S-wave sector. We derive two relations which effectively reduce the num-
ber of free coefficients of the S-wave distribution from six to four. It is expected that the
inclusion of these relations into the data analysis can help to further improve the back-
ground estimation. We illustrate the effect of the correlations for the ratio of the S-wave
observables A§ and Ag and study implications at the position ¢* = ¢? of the maximum of
the observable P,. Moreover, we point out a relation between P; and P; at ¢® = ¢ and
suggest to use the maximum of P, as a golden observable to probe right-handed currents
(for an explicit model generating right-handed currents see e.g. ref. [35]).

The outline of this paper is the following: in section 2 we discuss the spin-symmetry
of the differential B — K*u"p~ decay rate and determine the number of independent
observables in the P- and in the S-wave sector. In section 3 we derive the resulting symmetry
relations. Their phenomenological consequences are discussed in section 4. First, we study
the discriminating power of the maximum of P, as a test for right-handed currents, then we
determine a relation between Pj and P; at the position of the maximum of P, and finally
we investigate constraints on the S-wave observables Ag) and derive simple relations among
them at the position of the maximum and the zero of P,. Section 5 contains our conclusions.
In appendix A we present an explicit example of how to use the freedom introduced by
the symmetries to fix a possible convention for the amplitudes, while appendix B contains
details of the derivation of the bound on Ag.

2 Spin symmetry of the differential decay rate

The differential decay rate of the full four-body decay B — Kw¢T¢~ receives contributions
from the P-wave decay B — K*(— Km)¢{t{~ as well as from the S-wave decay B —
K§(— Km)¢t ¢~ with K} being a broad scalar resonance. It can thus be decomposed into
a P-wave and an S-wave part,

d°T
dg? dm?3._dcos O dcos by dg

— WP + WS 5 (21)

with Wp containing the pure P-wave contribution and Wg containing the contributions
from pure S-wave exchange as well as from S-P interference. Here, ¢ denotes the square
of the invariant mass of the lepton pair and my, the invariant mass of the Km system.
Further, 6;, 0 are the angles describing the relative directions of flight of the final-state
particles, while ¢ is the angle between the dilepton and the dimeson plane (see ref. [34] for
exact definitions). Angular momentum conservation dictates the dependence of Wp and



Wg on 0y, 0k, ¢ to be

9
Wp=— [Jls sin? O +J1. cos? Ox ~+(Jas sin? O + Jo. cos? O ) cos 26,

321
+ J3 sin? O sin? 6; cos 20+ Jy4 sin 20 sin 20; cos ¢+ J5 sin 20 sin 0; cos ¢
+(J6s sin? O + Jge cos? O ) cos 0+ J7 sin 20 sin 6; sin ¢+ Jg sin 20 sin 20, sin ¢
+Jg sin® O sin® 6; sin 2¢] (2.2)
and
1 .- - - - -
Ws = —[Jf, + Jfycos Ok + (J5, + J5, cos O ) cos 20, + J4 sin O sin 26, cos ¢

47
+ J5 sin O sin 0; cos ¢ + J7 sin O sin O sin ¢ + Jg sin O sin 260, sin ¢] . (2.3)

The coefficients .J; and J} are functions of ¢ and m%ﬁ.
If not explicitly stated otherwise, we will neglect lepton masses in the following. Then,

the decays B — K*(*¢~ and B — K}{T¢~ are described by six complex amplitudes Aﬁ’fo

and two complex amplitudes AE)L’R, respectively, where the upper index L, R refers to the
chirality of the outgoing lepton current, while in the case of the P-wave the lower index
||, L, 0 indicates the helicity of the K*-meson.? These amplitudes are multiplied by a Breit-
Wigner propagator BWi(m%ﬁT) with ¢ = K*, Kj describing the propagation of the K* and
K} meson, respectively. For the exact form of the Breit-Wigner functions BW;(m%. ) we
refer to ref. [30].

Since the final state is summed over the spins of the leptons, the obervables .J; and J; are
exclusively described in terms of spin-summed squared amplitudes of the form AZL*AJL +
Aﬁ‘*A?.4 This pattern suggests to combine left- and right-handed amplitudes to two-
component complex vectors:

ALBWp AL BWp ALBWp AFBWg
n| = I , ng = . y T = ., »  N§= y :
Al*BW3 — A BW?, At*BW3 Af*BW

: (2.4)

Using this notation, the observables J; and J; can be expressed in terms of scalar products
T

n;n; of these vectors. Neglecting lepton masses and presence of scalars we find

3 2 2 _ 2 1 2 2

Jis = (el + Iy F), Jie = Inol?, T = 2 (Inol” + Imy )
1 1

2 _ 2t 2 2 _ t
Ja2e = —|nol”, J3 2(|M\ Iy %) J4 ﬂRe(nonu),
Js =2 Re(ng; ny), Jos = 2 Re(ni n) Jr=—V2 Im(nzr) n)

1

Jg = ——= Im(ng m_) s Jg = — Im(ni n”) y J@C = 0, (25)

V2

3In the case of non-vanishing lepton masses and of scalar operators coupling to the lepton pair, two

additional amplitudes A; and As have to be included.
“nterferences of different K* and K helicities ¢ # j contribute, as these particles only appear as
unobserved intermediate states.



and

- - 3 3
cha = _‘]é:a = §(|A6L‘2 + ‘AE)R’2)|BWS‘2 = §|ns‘2’

. . 3 3
Jiy = —J5, = TV3Re [(AF A" + AFAT) BWs BWE] = TV3Re(nfny),

Ji =71/ 5 Re [(AG A" + ATFA[™) BWs BW ] = 4\[236@ ),

Jo = . iRe [(A{)LAJL_ _ A{)RAE )BWSBM/P] = 2\/;Re(nir9 ni),

o= 3w e - sy = 3y S )

5 3 /3 1L 4 Lx IR A Rx * 3 /3 1

Jg = V3 Im [(Af" AL+ AGTAT*)BWsBWp| = 1Va Im(n) ng). (2.6)

The fact that the J; and J; observables involve a sum over the spins of the leptons
implies that they are not sensitive to the full information contained in the helicity ampli-
tudes Aﬁ’fo, AE)L’R. This can be easily seen from the notation in terms of the vectors n;.
As the J; and J; observables are scalar products of the n;, they are invariant under a U(2)
rotation of these vectors. It is thus impossible to fully reconstruct the amplitudes from the
LE = A'LR fom experiment, it is
I,L,00 <0 p ’

mandatory to fix a convention which resolves the ambiguity related to the U(2) symmetry.

Ji, jz observables alone. If one wishes to extract the A

A possible choice is presented in appendix A.
The number of independent observables that can be constructed from n,4 complex
amplitudes is given by 2n 4. In presence of a symmetry S with nge, generators, there exist

NObs = 2N A — Ngen (2.7)

independent observables which respect the symmetry S. The U(2) spin symmetry of the
Ji and J; observables with nge, = 4 generators thus leads to the following consequences:

e In the P-wave sector there are ngbs = 2.6 — 4 = 8 independent observables. This
observation implies the existence of a relation between the 9 non-trivially different
P-wave coefficients J;. The corresponding relation has been derived in ref. [34] and
its phenomenological consequences have been discussed in ref. [36].

e In the S-wave sector there are ngbs =2.-8—-4-— ngbs = 4 additional observables.

This observation implies the existence of two additional relations among the 6 S-wave
coefficients jZ and the P-wave coefficients J;. These relations will be derived in the
following section.

This parameter counting implies that a basis in the P-wave sector consists of 8 indepen-
dent observables, like the basis {I", App or Fp, Py, P», P3, P, Pt Pi} proposed in ref. [5].
In particular, the observables of this basis are not related among each other through a
symmetry, but they are connected to the observable P{. In the S-wave sector, a basis
consists of 4 independent observables. This means that from the complete set of S-wave
observables {FS,AS,Aé,Ag,Ag,A%} (see section 3 for their definition) a subset of four
has to be chosen as basis, while the remaining two are obtained from symmetry relations.



3 P-wave and S-wave symmetry relations

The observables J; and J; can be expressed in terms of scalar products njn] Since n) and
n | span the space of complex 2-component vectors, the other two vectors can be expressed
as linear combinations of the former:

ni = a;n| +biny, 1=0,5. (3.1)
Contracting with n and n we get a system of linear equations

nﬁnz = a,-]nH\z + bi(nﬁnj_) ,
ninl = ai(nﬂ_nH) + bi|nL|2, (3.2)

which can easily be solved for a;, b;:

ni P(nfns) = (nfn1)(nf ny) ) [y [2(nf ns) = (0 ) (nfma) 5.3

a; = ; i = . .
nylFinL]® = inymy niFinLl® —Inymy
[y 2n ]2 = [ndny 2 Iy 2n |2 = oy 2

Using the decomposition (3.1) of ng, ng in terms of n|,n. to calculate the scalar products

Ino|?, Ins|?, ngng, one finds

ng)ns = as(ngn”) + bg(ngm_) . (3.4)

Reexpressed in terms of the coefficients J;, J; of the angular distribution, this gives the

three symmetry relations:®

Joc[1603; — (45 + J§, + 4J3)] =
4[J68(J4J5 + J7J8) + Jg(J5J7 — 4J4J8)]
= 2[(2J2s + J3)(4JF + JF) + (25 — J3)(JE +4TF)] (3.5)
9 .
~5ta (163, — (45 + Jg, + 4J3)] =
A[Jos(Jads + JrJg) + Jo(JsJ7r — 4JuJs)]
[(2‘]28 + JS 4J4 + ‘]7> (2']25 - J3)(j§ + 4j82)] ) (36)
(

2J5,[16J3, — (473 + J3, + 4J3)] =
[J J4J5 + J5J4 + J7J8 + J8J7) + Jg(J5J7 + J7J5 — 4J4J8 — 4J8J4)]
+ [(ZJQS + J3)( 4J4J4 + J7J7) + (2J9s — J3)(J5J5 + 4J8Jg)] . (3.7)

Eq. (3.5) had already been derived in ref. [34], determining explicitly the amplitudes in
terms of the J; coefficients after fixing a “gauge convention” (see appendix A for a possible

®The same results are obtained if instead of {n),n.} a different subset {n;,n;} is chosen as basis and
the derivation is adjusted accordingly. In particular, the stated results are valid also for values of ¢2 for
which n| and n, become aligned.



gauge condition). Here, it has been obtained in a “gauge-independent” way. As a cross-
check, we have also rederived egs. (3.6), (3.7) following the alternative procedure of ref. [34].
Of the two relations involving S-wave parameters, eq. (3.6) and eq. (3.7), the first one is
quadratic in the J; while the second one is linear. It is interesting to note that relation (3.6)
for the S-wave coefficients j4757778 has the same structure as the well-known relation (3.5)
for the P-wave coefficients Jy 575, and further that the combination of the three equations
for Jo. — %jfa F ijb has exactly the same structure as eq. (3.5) substituting J; — J; £+ j@
for i = 4,5,7,8.
The S-wave observables are defined as

_8 I5 + 5 AgP:§ I5 = T4
— s p—) ’
3%+ Trun 3%+ Tran
A= it P (3.8)
314 4T 31, 4T
full full full full

where .J;, j, and f/full denote the corresponding angular coefficients and differential de-
cay width for the CP-conjugated decays B — K*uTp~ and B — KipTu~. The total
differential decay width T}, is given by

P = T + Tk (3.9)
where in the limit of massless leptons
Dhew = 4Jog — Joe e = gjfa. (3.10)
Expressing eqgs. (3.5)—(3.7) in terms of the S-wave observables Ag) and
i T

Fg=—-0__70 (3.11)
Tt + Than
and the P-wave observables Pi(/) and Fr (as defined e.g. in ref. [5]) we obtain
kplki — PE —4PF —4P§] =
— 4P, [PyPL + PyPs| — AP3|PLPg — Py
+ (kr + P1)[(P)? + (P)*] + (b — P1) [(P)* + (Fg)] (3.12)
ksFrFs(1 — Fs)[ky — PE — 4P — AP =
8 4
—gﬁpﬁA%+A@%]+§%LﬂA7—&ﬁAa
1 1
+ 5 (kr+P1) [4(A3)*+(A5)°] + S (kr—P1) [(43)*+4(48)°] . (3.13)
Fr
As | T [ — P2 — 4P —4P}) -

— AP, [PjAY + 2P, AS — 2P{AY — PLAY]
+4P3[PLAL — PLAY — 2P A% + 2PL A%
+2(kr + P1)[2P{AS — P{AS] + 2(kr — P1)[PLAS — 2P§AS],  (3.14)



with

kp=kr=ks=1. (3.15)
These relations are valid up to terms which are quadratic in the CP-violating parameters
Ag)CP, F gP, Pi(/) P and FTCP. Exact versions of the equations can be obtained by the

replacements

PO - pO — pl) 4 pICP, ADCP 70 _ g0 | gOCP
ki > ki=1+F/F (i=1L,T,S), (3.16)
or
P PO — pl) _ pICP, ADCP 40 _ g _ pOCP
ki — ki=1—F°/F, (i=1L,T,S). (3.17)

In the form the equations are displayed, lepton masses are neglected. For the P-wave
observables, the full lepton-mass dependence can easily be restored by the replacements
Py — BP,, P, — BP. and P} — BP§ with 8 = /1 —4m?/q?. In the following we will
typically suppress factors of 8 ~ 1 and only restore them in final results. For the S-wave
observables, given their poor experimental precision, we will neglect any terms suppressed
by small lepton masses throughout the paper.

Note that eq. (3.12) is equivalent to eq. (4) of ref. [36], while egs. (3.13), (3.14) involving
the S-wave parameters constitute the main result of the present work. The information
contained in the two S-wave relations is twofold. On the one hand, they can be used
to obtain independent bounds on the five S-wave observables Ag, A%, A%, A7, A%. As
we will show, the resulting bounds are equivalent to the ones derived from the Cauchy-
Schwarz inequality in ref. [5]. On the other hand, the equations relate the six S-wave
observables Ag, A‘é, A5, Ag, ASS and Fs to each other, reducing the number of independent
observables effectively from six to four. These correlations should thus be implemented in
the experimental data analysis in order to improve the background estimation.

4 Phenomenological implications

4.1 Connecting P; and P;: the maximum of P, as a test for the presence of
RH currents

Before discussing the phenomenological consequences of egs. (3.12)—(3.14), let us first have
a closer look at the observable

x =k — P} —4B°P? — AP} (4.1)
appearing on the left-hand side of these equations. In eq. (4.1) we have reinstalled the

dependence on the lepton mass by means of the parameter § = /1 — 4m% /q%. Expressing
kr, P123 in terms of nj and n (and the respective vectors n) and n) parametrising the
CP conjugated amplitude), it can easily be shown that x > 0 up to terms quadratic in the
CP-violating observables® FIQP, Plcp, PQCP, P:,)CP. From this observation the upper bounds

5The observables Z and & constructed from eq. (4.1) via the replacements (3.16) and (3.17), respectively,
fulfill z > 0 and & > 0 exactly.



|P1| <1, |Py| <1/(28) and |Ps| < 1/2 can be read off immediately. On the other hand, it
can be concluded that, if one of the three observables P 5 3 saturates its bound at a point
q®> = ¢?, the other two observables have to vanish at this point. The experimental result
(P2)[2,4.3 = 0.50Jj8:89 indeed suggests a quasi-saturation” of the bound for the observable
Py in the bin [2,4.3] GeV2. Depending on how this result evolves with the new data, the
correlation with P; via the positivity condition & > 0 could be useful to constrain the less
precisely measured observable P; in the respective bin.

In order to study the information encoded in the maximum of P, and the relation with
the observable P; in more detail,® let us have a look at the expressions of these observables

in terms of the vectors n| and Ik

g |y ? 1 (nL—nt(nL—ny)

P= e M B= |1
[nL|?+|n[? 20 [nL ]2+ |nyl?

(4.2)

Obviously, P, reaches the extreme value 1/(23) at the position ¢ of its maximum if and
only if ny (¢f) = ny(q}), ie. if AL (q}) = Aﬁ(q%) and Af(¢?) = —Af(q%). At leading order,
the second of these two conditions is automatically fulfilled in the absence of right-handed
currents C7, = C§ = C{, = 0, while the first condition is fulfilled in this case (and neglecting

the small Im Cgﬁ entering P, quadratically) for

2my MpCSft
Cio —ReC§™(¢3)

¢ = (4.3)
From this observation we conclude that any CP-conserving new-physics contribution added
to the Wilson-coefficients C7,9 10 will shift the position ¢ of the maximum of P,, while
maintaining its height at Py* ~ 1/(23). Compared to the SM-prediction ¢? ~ 2 GeV?,
the experimental result <P2)[274,3] = 0.50f8:89 prefers a larger value for g7, more to the center
of the bin [2,4.3] GeV2. This pull to larger ¢>-values for the position of the maximum of
P, is consistent with the pull to larger g?-values of its zero mentioned in the introduction.
From eq. (4.3) we see that a larger ¢? can be obtained by a negative NP contribution to Co,
as required by the P/ anomaly, and/or by a positive contribution to Cj. Notice further
that, while it was claimed in ref. [28] that charm-loop effects might affect the position of
the zero of P, their impact on the position of the maximum is basically negligible for all
scenarios studied in ref. [28]. In general, the maximum of P, probes the Wilson coefficient
C’Sﬁ in a different region in ¢? than the P/ anomaly or the zero of P». While a potential NP
contribution to CSH is g*>-independent and thus induces exactly related effects in the three
observables, a charm-loop contribution enters CSH as a non-trivial function of ¢ which is
expected to decrease with increasing distance to the c¢ resonance region. A measurement
of the maximum of P, can thus help to discriminate between NP at high energies and
non-perturbative charm effects, and the upcoming data with smaller-sized bins will help
to determine it more precisely.

In contrast to C7 9 10, a new right-handed contribution to one of the Wilson coefficients
04,9,10 will not only shift the position q% of the maximum of P, but will also lower its value

"Note that in practice a complete saturation cannot be accomplished due to the finite bin-size.
8We will assume real Wilson coefficients for all this discussion.
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Figure 1. Left: comparison of the Ps-curves (central values) in the SM (green) and in two scenarios
of New Physics. The scenario NP (red) corresponds to Co'F = —1.5, the scenario RHC (blue)
corresponds to C§ = 1, Cfy = 0.4, C% = 0.06. Dashed lines represent the central value for the
integrated bin [2,4.3] GeV? of the respective curve, while the black cross indicates the measured
value in this bin. Right: the analogous curves for P; with the black crosses representing the
measured values in the respective bins.

P*#* pushing it below 1/(253) [2]. At leading order, this can be seen from the fact that
in the presence of right-handed currents the identity Af = —Aﬁ% does not hold anymore
for all ¢> so that the two conditions A% (¢?) = Aﬁ (¢3) and A% ($) = —Af(q%) required
for P2(q) = 1/(28) cannot be fulfilled at the same point ¢?. In general, right-handed
currents will cause [n (¢7)| # |n)(¢)| and thus induce a substantial non-vanishing Py (q7),
preventing P;(q3) from reaching its absolute maximum 1/(2/3).

In order to illustrate the discriminating power of the bin [2,4.3] GeV? of P», we show
on the left-hand side of figure 1 the curve of P, (central value) in the neighbourhood of
its maximum together with the integrated result for three different scenarios: the SM, a
new physics scenario NP with C’é\lp = —1.5, and a new physics scenario RHC with the
right-handed currents C, = 0.06, Cj = 1, C7y = 0.4. In the scenario NP, the maximum
of P, is not lowered but its position is shifted to a higher ¢?-value leading to a better
agreement of the integrated result with the measured value. In the scenario RHC, on the
other hand, the height of the maximum is lowered resulting in a stronger deviation of the
integrated result from the measured value compared to the SM case. The scenario RHC
has been chosen in such a way that the central values for all low-¢? bins of P; fall within
the experimental 1o regions, as demonstrated in the plot on the right-hand side of figure 1.
It thus constitutes an illustrative example of a setup with new right-handed currents to
which the maximum of P» exhibits a stronger sensitivity than the observable Pj.

4.2 Relation between P; and P at the position of maximum and at the zero
of P2

Eq. (3.12) is quadratic in the parameters Pj, Pi, Pg, P§. The requirement of real solu-
tions for these observables constrains the allowed ranges of possible values. For example,
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demanding a real solution for P from eq. (3.12) implies

0 < A(P)) = —4x(P4)? — 4z(P)® — 4 (kr + P1) B} — 2Py Py — 2P3 Pi)* + dwky (kr — P)
(4.4)
with x defined in eq. (4.1) and fulfilling = > 0. Hence, the first three terms in eq. (4.4)
are negative definite and each of them has thus to be smaller in absolute value than the
positive fourth term. From this observation we can directly read off constraints on |P| and
| P{|, while constraints on |P;| and |Pf| can for example be obtained by considering A(PY).
The total set of constraints is given by

1
Pyl < VEL(kr — P1), |Pé|§5 kr(kr + Pp),
1
\Pé|§5 kr(kr — Pr), |Pg| < Vkr(kr + Py). (4.5)

As before, these bounds (with the reinstalled S-dependence for P} and Pf) are valid up
to quadratic terms in CP-violating coefficients, while exact versions can be obtained via
the replacement rules (3.16) and (3.17). The constraints are obtained for > 0 and thus
are valid for any ¢ except for the single point where x reaches its minimum value z = 0.
Continuity of the P/ then implies the bounds to be valid also for z = 0.

In the limit  — 0 the third term in eq. (4.4) has to vanish in order to render Pj real.
Proceeding in the same way for the other A(Pé,@',s) we obtain four relations at ¢ = ¢ with
2(qf) = 0:

kp + PPy — 2P, P, — 2P3 P} @ = 0,

=N
|

( )

(k‘T — Pl)Pé — 2P2Pé -+ 2P3P4 g
( )

( )

]
]
Py — 2P, P} + 2P3 P
]

kT + Pl q% = 0,
kr — PL)P} — 2PP} — 2PsFy] , = 0. (4.6)
1

Neglecting P3FPgg < P2Pj 5 and including the S-factor for P, the last two equations
reduce to

(4.7)

kr — P,
Pitat) = or [ |
97

kr+ P

This relation is valid at the zero ¢? of  where Py = 1/1{:% — P2/23. For P, < 1, which is

an excellent approximation in the absence of new right-handed currents, ¢} coincides with
the position of the maximum P}"* ~ kp/(23) of P,, and eq. (4.7) becomes

Pi(q?) = B(a}) P3(ai) - (4.8)
While eq. (4.7) is model-independent, eq. (4.8) only applies if there are no new right-handed

currents. Its experimental validation therefore provides a test on the size of right-handed
currents.
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Figure 2. Illustration of the relations (4.8) and (4.9) between the observables P; and P! (central
values) at the position of the maximum and the zero of P». Left: SM. Right: scenario NP with
CiP = —1.5.

An analogous relation between P; and P at the position ¢> = g3 of the zero of P,
was derived and discussed in ref. [36]. We reproduce it here for completeness. Dropping
quadratic terms in P3, Fsg and in the PZ-CP it reads

[Py + 3P o =1 = 0(g5) (4.9)

where 7(q2) = [P1? + P1(Py* — B2P5/2)]qg is completely negligible (of order n(q3) ~ 1073)
in the absence of new right-handed currents. Let us assume that, as data seem to suggest,
the zero g3 of P, would be larger than predicted by the SM. In this case, eq. (4.9) forces
the absolute value of P%(g3) to be smaller than in the SM, in agreement with the anomaly.
In figure 2 we show central values of the theory predictions for the two functions
P; — BP} and (P})? + B%(P4)? — 1 for the SM and the new-physics scenario NP with
C’é\lp = —1.5. The zeros of the corresponding curves at ¢> = q% and ¢° = qg, respectively,
demonstrate that the relations (4.8) and (4.9) are indeed fulfilled to excellent precision.

4.3 Constraints on the Ag) and relations at the position of the maximum and
the zero of P

Eq. (3.13) is quadratic in the parameters A%, Ag, Ag, A%. The requirement of real solu-
tions for these observables constrains the allowed ranges of possible values. Following the
procedure described in section 4.2 for the P/, we find in a completely analogous manner
the bounds

1
|A%] < 5\/za/cSFTEq(l—Fs)(lcT—Pl), |A3| < \/3ksFrFs(1—Fs)(kr+Py),

1
A5 < V/BhsPrEs(1=Fs)(kr—P1), A3 < 5\/3ksPrFs(1-Fs)(kr+P1).  (4.10)

Combining further the egs. (3.12)—(3.14), one obtains a similar bound on Ag (see ap-
pendix B for a detailed derivation):

|As| < 2/3kpksFs(1— Fs)(1— Fr) (4.11)

The constraints (4.10) and (4.11) are identical to the ones given in eq. (51) of ref. [5] up
to the Breit-Wigner factor F' = Z/v XY present in the latter. The results of ref. [5] were
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derived using a different method based on the Cauchy-Schwartz inequality. The factor F
is a consequence of the implicit assumption of a narrow S-wave resonance made in ref. [5],
and it has to be replaced by its upper limit Fj,,x = 1 in the general case. This subtlety
has little impact on the numerical results given in ref. [5] as the phenomenological analysis
there was performed taking F' = 0.9 = 1. We further note that once again the stated results
in egs. (4.10) and (4.11) are valid up to quadratic terms in CP-violating coefficients, with
exact versions being obtained via the replacements (3.16) and (3.17).

Proceeding in an analogous way as in the P-wave case in section 4.2, we find also for
the S-wave parameters relations at the position ¢ = ¢? of the zero of the observable z.
The corresponding equations read

[(kr + P1)AG — AP, A% + 2P3 A , =
[(kr — P1) A% — PyAG — 2P3 A
[(kT + Pl)A4 - PQA% — 2P3A%

[(kr — P1)AY — APy AL + 2P3 AT,

0 =
1

] 0
Jg=0
Jp =0
] 0, (4.12)

@

and simplify to

kr — P kyr — P
2AL(¢%) = | A%, /L d AL(g) = 248,/ —1L 4.13
S(Q1) [ S kp + P, 2 an S(Q1> S kr + Py 2 ( )

under the assumption of P3Ai5 < PQAg. For P; < 1, one obtains at the position q% of the
maximum of Py:

245(q7) = A%(q7) and  A§(q7) = 245(q}). (4.14)

The symmetry relation (3.13), together with the implicitly contained rela-
tions (4.13), (4.14) at the zero ¢? of z, imposes correlations among the Ais implying con-
straints that go beyond the individual bounds given in egs. (4.10), (4.11). To illustrate
this, we assume that a measurement gives Ag’g < A?S. In this case, the symmetry rela-
tion (3.13) implies a direct correlation between A% and A3. If for example A% is measured
to be AY = aP} where a = \/3FrFs(1 — Fs)kg/ky, A% is completely fixed to A% = §P.
This scenario is illustrated in figure 3 for constant Fg ~ 6%. The orange dashed curves in

the plots on the left are obtained for SM values of Py 5, while the red dashed curves in the
plots on the right correspond to the presence of C'Y = —1.5 (in addition the SM curve
is shown also in the plots on the right to visualize the shift between the two curves). If
one of the curves is measured for Ag, the corresponding curve for A‘é is predicted by the
symmetry relation, and vice versa. Note that also the blue bands corresponding to the
uncorrelated bounds from eq. (4.10) are slightly different in the SM and in the NP case.

— 14 —



0.3 : . : . 0.3
| 0.4 ] { 04
0.2 \ 0.2
0.1 - 1 0.2 _ __ 0.1 e 0.2 .
™= 0.0 w00 w00 w00 _
SO | e W 02
-0.2 | % -0.2
I —04 ] f -04
03 2 4 6 8 0 2z 4 6 8 "My 2 4 6 s 0 2 4 6 8
2 2 2 2 2 2 2 2-
¢ (GeV) g7 (GeV?) g7 (GeV?) g*(GeV?)

Figure 3. Illustration of the constraints on A§’5 obtained from relation (3.13) in the SM (left
two plots) and in the presence of CJ'f = —1.5 (right two plots). Blue bands correspond to the
uncorrelated bounds from eq. (4.10). Dashed lines illustrate the correlation between A% and A%

obtained from relation (3.13) for the scenario described in the text (orange for the SM, red for
CiP = —1.5).

As in the previous section for the P-wave observables, we give also for the S-wave ob-
servables simplified versions of the symmetry relations at the zero ¢% = qg of P,. Neglecting
the small P;, Pgg terms, egs. (3.13) and (3.14) simplify to

[(4A‘§2+A22)(1+P1)+(A552+4A22)(1—P1)}qg :3[(1—F5)FSFT(1—P12)]qg , (4.15)
A2 — 2v/1—Fr(2A5(14+ Py) Pj+ A% (1—Py)PL)
S’(qO)_ m(l_Pf) qg'
(4.16)

5 Conclusions

In this article we have exploited the spin symmetry of the angular distribution of the decay
B — K*up~, both in the P-wave as well as in the S-wave sector. We have shown that
the symmetry reduces the number of independent S-wave observables from six to four,
implying two non-trivial relations among the observables Fg, Ag, A‘é, A3, Ag and A%
which we derived explicitly. The relations allowed us to obtain individual bounds on the
A(Si) which agree with the ones determined in ref. [5] via the Cauchy-Schwartz inequality.
However, the constraining power of the symmetry relations goes beyond these individual
bounds as they correlate the S-wave observables among each other. The implementation of
these correlations into the experimental data analysis is expected to reduce the background
from S-wave pollution. As an example, we have shown how for AE’S < Aéﬁ the correlations
fix A% from a measurement of A% and Fg (or A% from a measurement of A% and Fg) in
the whole range of the of the squared dilepton invariant mass ¢°>. We further showed that
A‘é /Af’q and Ag /ASS are completely fixed at a point ¢ = q% where q% coincides with the
position of the maximum of the P-wave observable P, in the absence of new right-handed
currents.

We also pointed out the strong potential of the maximum of P, for probing NP beyong
the SM, in particular the presence of new right-handed currents, in a region far away from
charm resonances. We have shown that a shift of the position of the maximum of P
compared to its SM expectation, with the height of the maximum P;"®* kept at the SM
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value 1/(2f), would be a signal of a NP contribution to the SM-like Wilson coefficients C7,
Cy, C1p. A maximum value P3"** < 1/(2f3), on the other hand, would detect the presence
of new right-handed currents and thus complement information from the (currently not
very precisely measured) observable P;. We have further proven and illustrated that for
C% = Cy = (1, = 0 the angular observables P; and P! fulfill P; = SP. at the position
of the maximum of P, so that any deviation from this relation would equally signal the
presence of new right-handed currents.
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A Gauge conditions for the amplitudes

All the angular observables studied by the LHCb experiment are invariant under a U(2)
rotation of the vectors n; defined in eq. (2.4). As a consequence, the amplitudes AZ-L R
cannot be determined unambigously from experiment. In order to arrive at a one-to-
one correspondence between the experimental observables and the theoretical amplitudes,
one has to fix a convention which picks for every class of U(2)-related amplitudes a certain
representant (similar to “fixing the gauge”). One convenient choice that has been proposed
and is used by the Imperial group of the LHCb experiment [37, 38] consists in requiring

ReAl!=0, ImAf=0, ImAl=0, ImAf=0.

This choice is not unique, several combinations are possible (see ref. [34] for a different
choice). Starting from an arbitrary amplitude, one arrives at the above configuration by
means of the U(2) transformation

etor () ] [cos 0 —sin 0] { cosh i) — sinhif
PR

e [O et “sinhif coshif |

sinf cos@
with

Im A Re A} + (L ++ R)
AT — 145>

Re A(I)% +Im AOL tan 0

tan 20 = 2

tanf = —ReAOL4—1111143)%‘52111@7
tan g, = ImA6+ImA(I)%tan9—(ReA{f—ReAétan@)tanéN’
—Re A} + Re Al tan 0 + (Im AT + Im A tan ) tan 6
tam g = Im AF + Im AL tan 6 — (Re A — Re A} tan 0) tan §

—Re A + Re A% tan § + (Im AL +ImAftan0)tan0~.
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B Derivation of the bound on Ag

In this appendix we present an explicit derivation of the constraint on the S-wave observ-
able Ag given in eq. (4.11). Combining the relations (3.12)—(3.14) as a? (3.12) +3b? (3.13)
+ab (3.14) with arbitrary real coefficients a,b, one obtains an equation for linear combi-
nations aP! + (2)bA% of P- and S-wave observables which has the same structure as the
individual P/- and A%-relations (3.12) and (3.13):

Y (a,b) [k} — P~ 4P} —4P3] = —APs[(aPj+2bA%)(aPy+bA%) +(aPy—bAL) (aPs—20A%))]
— 4P3[(aPL+bA) (aP—bAL) —(aPy+2bA%) (P —2bA%)]
+ (kr+P1)[(aPy+2bA%)? +(aPs—bAG)?)
+ (kp—P1)[(aPs+bA%) 4 (aPy—2A%)?] (B.1)

with

F
Y(a,b) = a?ky, + 3b%ksFrFs(1 — Fg) + abAgy : SF
— 'S

b Fr 1> v Fr
=k A —
L[“*sz S 1—FT] Ak 1— Fp

[12kpksFs(1 — Fs)(1 — Fr) — A%] .
(B.2)

Requiring A(aP; +2bA%) > 0 in analogy to eq. (4.4) in order to ensure that the observable

aPj + 2bA% is real, one finds that Y (a,b) > 0. This condition has to be fulfilled for any

possible linear combination, i.e. for any value of a, b, which according to eq. (B.2) enforces
Ag to respect the constraint (4.11):

|As| < 24/3krksFs(1 — Fs)(1 — Fr). (B.3)

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] F. Kriiger and J. Matias, Probing new physics via the transverse amplitudes of
B? - K*9(— K—nt )¢t ¢~ at large recoil, Phys. Rev. D 71 (2005) 094009 [hep-ph/0502060]
[INSPIRE].

[2] D. Begirevi¢ and E. Schneider, On transverse asymmetries in B — K*{T0~
Nucl. Phys. B 854 (2012) 321 [arXiv:1106.3283] [INSPIRE].

[3] J. Matias, F. Mescia, M. Ramon and J. Virto, Complete anatomy of Bq — K*°(— Kr)éti~
and its angular distribution, JHEP 04 (2012) 104 [arXiv:1202.4266] [INSPIRE].

[4] S. Descotes-Genon, J. Matias, M. Ramon and J. Virto, Implications from clean observables
for the binned analysis of B — K*p*u~ at large recoil, JHEP 01 (2013) 048
[arXiv:1207.2753] [INSPIRE].

17 -


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1103/PhysRevD.71.094009
http://arxiv.org/abs/hep-ph/0502060
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0502060
http://dx.doi.org/10.1016/j.nuclphysb.2011.09.004
http://arxiv.org/abs/1106.3283
http://inspirehep.net/search?p=find+EPRINT+arXiv:1106.3283
http://dx.doi.org/10.1007/JHEP04(2012)104
http://arxiv.org/abs/1202.4266
http://inspirehep.net/search?p=find+EPRINT+arXiv:1202.4266
http://dx.doi.org/10.1007/JHEP01(2013)048
http://arxiv.org/abs/1207.2753
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.2753

[5]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

23]

S. Descotes-Genon, T. Hurth, J. Matias and J. Virto, Optimizing the basis of B — K*{T{~
observables in the full kinematic range, JHEP 05 (2013) 137 [arXiv:1303.5794] [InSPIRE].

S. Descotes-Genon, J. Matias and J. Virto, Understanding the B — K*u*u~ anomaly,
Phys. Rev. D 88 (2013) 074002 [arXiv:1307.5683] [INSPIRE].

LHCDb collaboration, Measurement of form-factor-independent observables in the decay
B — K*9u* =, Phys. Rev. Lett. 111 (2013) 191801 [arXiv:1308.1707] [NSPIRE].

S. Descotes-Genon, L. Hofer, J. Matias and J. Virto, On the impact of power corrections in
the prediction of B — K*u*u~ observables, JHEP 12 (2014) 125 [arXiv:1407.8526]
[INSPIRE].

W. Altmannshofer et al., Symmetries and asymmetries of B — K*utp~ decays in the
standard model and beyond, JHEP 01 (2009) 019 [arXiv:0811.1214] [InSPIRE].

W. Altmannshofer and D.M. Straub, New physics in B — K*uu?,
Eur. Phys. J. C 73 (2013) 2646 [arXiv:1308.1501] [INSPIRE].

F. Beaujean, C. Bobeth and D. van Dyk, Comprehensive Bayesian analysis of rare
(semi)leptonic and radiative B decays, Eur. Phys. J. C 74 (2014) 2897
[Erratum dbid. C 74 (2014) 3179] [arXiv:1310.2478] [INSPIRE].

R.R. Horgan, Z. Liu, S. Meinel and M. Wingate, Calculation of B® — K*°u*t = and
B? — ¢utu observables using form factors from lattice QCD,
Phys. Rev. Lett. 112 (2014) 212003 [arXiv:1310.3887| [INSPIRE].

S. Descotes-Genon, J. Matias and J. Virto, Optimizing the basis of B — K*I*1~ observables
and understanding its tensions, PoS(EPS-HEP 2013)361 [arXiv:1311.3876] [INSPIRE].

C. Hambrock, G. Hiller, S. Schacht and R. Zwicky, B — K* form factors from flavor data to
QCD and back, Phys. Rev. D 89 (2014) 074014 [arXiv:1308.4379] [INSPIRE].

LHCb collaboration, Differential branching fraction and angular analysis of the
Bt = Ktutu~ decay, JHEP 02 (2013) 105 [arXiv:1209.4284] [iNSPIRE].

LHCb collaboration, Differential branching fractions and isospin asymmetries of
B — K™yt u~ decays, JHEP 06 (2014) 133 [arXiv:1403.8044] [INSPIRE].

S. Descotes-Genon, L. Hofer, J. Matias and J. Virto, Current status of the B — K*u*tpu~
anomaly and global analysis of b — stl deviations, in preparation.

M. Wingate, private communication.

LHCDb collaboration, Test of lepton universality using BT — K+Y{T{~ decays,
Phys. Rev. Lett. 113 (2014) 151601 [arXiv:1406.6482] [INSPIRE].

D. Ghosh, M. Nardecchia and S.A. Renner, Hint of lepton flavour non-universality in B
meson decays, JHEP 12 (2014) 131 [arXiv:1408.4097| [INSPIRE].

T. Hurth, F. Mahmoudi and S. Neshatpour, Global fits to b — sél data and signs for lepton
non-universality, JHEP 12 (2014) 053 [arXiv:1410.4545] nSPIRE].

W. Altmannshofer and D.M. Straub, New physics in b — s transitions after LHC run 1,
arXiv:1411.3161 [INSPIRE].

S. Jager and J. Martin Camalich, On B — V¢ at small dilepton invariant mass, power
corrections and new physics, JHEP 05 (2013) 043 [arXiv:1212.2263] [INSPIRE].

~ 18 —


http://dx.doi.org/10.1007/JHEP05(2013)137
http://arxiv.org/abs/1303.5794
http://inspirehep.net/search?p=find+EPRINT+arXiv:1303.5794
http://dx.doi.org/10.1103/PhysRevD.88.074002
http://arxiv.org/abs/1307.5683
http://inspirehep.net/search?p=find+EPRINT+arXiv:1307.5683
http://dx.doi.org/10.1103/PhysRevLett.111.191801
http://arxiv.org/abs/1308.1707
http://inspirehep.net/search?p=find+EPRINT+arXiv:1308.1707
http://dx.doi.org/10.1007/JHEP12(2014)125
http://arxiv.org/abs/1407.8526
http://inspirehep.net/search?p=find+EPRINT+arXiv:1407.8526
http://dx.doi.org/10.1088/1126-6708/2009/01/019
http://arxiv.org/abs/0811.1214
http://inspirehep.net/search?p=find+EPRINT+arXiv:0811.1214
http://dx.doi.org/10.1140/epjc/s10052-013-2646-9
http://arxiv.org/abs/1308.1501
http://inspirehep.net/search?p=find+EPRINT+arXiv:1308.1501
http://dx.doi.org/10.1140/epjc/s10052-014-2897-0
http://arxiv.org/abs/1310.2478
http://inspirehep.net/search?p=find+EPRINT+arXiv:1310.2478
http://dx.doi.org/10.1103/PhysRevLett.112.212003
http://arxiv.org/abs/1310.3887
http://inspirehep.net/search?p=find+EPRINT+arXiv:1310.3887
http://pos.sissa.it/cgi-bin/reader/contribution.cgi?id=PoS(EPS-HEP 2013)361
http://arxiv.org/abs/1311.3876
http://inspirehep.net/search?p=find+EPRINT+arXiv:1311.3876
http://dx.doi.org/10.1103/PhysRevD.89.074014
http://arxiv.org/abs/1308.4379
http://inspirehep.net/search?p=find+EPRINT+arXiv:1308.4379
http://dx.doi.org/10.1007/JHEP02(2013)105
http://arxiv.org/abs/1209.4284
http://inspirehep.net/search?p=find+EPRINT+arXiv:1209.4284
http://dx.doi.org/10.1007/JHEP06(2014)133
http://arxiv.org/abs/1403.8044
http://inspirehep.net/search?p=find+EPRINT+arXiv:1403.8044
http://dx.doi.org/10.1103/PhysRevLett.113.151601
http://arxiv.org/abs/1406.6482
http://inspirehep.net/search?p=find+EPRINT+arXiv:1406.6482
http://dx.doi.org/10.1007/JHEP12(2014)131
http://arxiv.org/abs/1408.4097
http://inspirehep.net/search?p=find+EPRINT+arXiv:1408.4097
http://dx.doi.org/10.1007/JHEP12(2014)053
http://arxiv.org/abs/1410.4545
http://inspirehep.net/search?p=find+EPRINT+arXiv:1410.4545
http://arxiv.org/abs/1411.3161
http://inspirehep.net/search?p=find+EPRINT+arXiv:1411.3161
http://dx.doi.org/10.1007/JHEP05(2013)043
http://arxiv.org/abs/1212.2263
http://inspirehep.net/search?p=find+EPRINT+arXiv:1212.2263

[24]

[25]

[28]

[29]

[30]

[31]

[32]

[33]

A. Bharucha, D.M. Straub and R. Zwicky, B — V{T£~ in the standard model from light-cone
sum rules, arXiv:1503.05534 [INSPIRE].

S. Descotes-Genon, L. Hofer, J. Matias and J. Virto, Theoretical status of B — K*u*u~: the
path towards new physics, in Proceedings of the 4th Symposium on Prospects in the Physics
of Discrete Symmetries (DISCRETE 2014), London U.K., 2-6 Dec 2014

[J. Phys. Conf. Ser. 631 (2015) 012027] [arXiv:1503.03328] [nSPIRE].

P. Ball and R. Zwicky, New results on B — w, K,n decay form factors from light-cone sum
rules, Phys. Rev. D 71 (2005) 014015 [hep-ph/0406232] [INSPIRE].

S. Jiager and J. Martin Camalich, Reassessing the discovery potential of the B — K*{T4~
decays in the large-recoil region: SM challenges and BSM opportunities, arXiv:1412.3183
[INSPIRE].

J. Lyon and R. Zwicky, Resonances gone topsy turvy — the charm of QCD or new physics in
b— sT{~ % arXiv:1406.0566 [INSPIRE].

A. Khodjamirian, T. Mannel, A.A. Pivovarov and Y.M. Wang, Charm-loop effect in
B — KM+~ and B — K*vy, JHEP 09 (2010) 089 [arXiv:1006.4945] [INSPIRE].

D. Becirevi¢ and A. Tayduganov, Impact of B — K1~ on the new physics search in
B — K*{*t{~ decay, Nucl. Phys. B 868 (2013) 368 [arXiv:1207.4004] [NSPIRE].

J. Matias, On the S-wave pollution of B — K*{+t{~ observables,
Phys. Rev. D 86 (2012) 094024 [arXiv:1209.1525] [INSPIRE].

T. Blake, U. Egede and A. Shires, The effect of S-wave interference on the B® — K*0¢+ ¢~
angular observables, JHEP 03 (2013) 027 [arXiv:1210.5279] [InSPIRE].

M. Doring, U.-G.Meiiner and W. Wang, Chiral dynamics and S-wave contributions in
semileptonic B decays, JHEP 10 (2013) 011 [arXiv:1307.0947] INSPIRE].

U. Egede, T. Hurth, J. Matias, M. Ramon and W. Reece, New physics reach of the decay
mode B — K*°¢* ¢~ JHEP 10 (2010) 056 [arXiv:1005.0571] [INSPIRE].

E. Lunghi and J. Matias, Huge right-handed current effects in B — K*(Km)¢{T4~ in
supersymmetry, JHEP 04 (2007) 058 [hep-ph/0612166] [INSPIRE].

J. Matias and N. Serra, Symmetry relations between angular observables in BY — K*u*p~
and the LHCb P} anomaly, Phys. Rev. D 90 (2014) 034002 [arXiv:1402.6855] [INSPIRE].

K.A. Petridis, private communication.

U. Egede, M. Patel and K.A. Petridis, Method for an unbinned measurement of the q>
dependent decay amplitudes of B® — K*°u*pu~ decays, JHEP 06 (2015) 084
[arXiv:1504.00574] [INSPIRE].

~19 —


http://arxiv.org/abs/1503.05534
http://inspirehep.net/search?p=find+EPRINT+arXiv:1503.05534
http://dx.doi.org/10.1088/1742-6596/631/1/012027
http://arxiv.org/abs/1503.03328
http://inspirehep.net/search?p=find+EPRINT+ARXIV:1503.03328
http://dx.doi.org/10.1103/PhysRevD.71.014015
http://arxiv.org/abs/hep-ph/0406232
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0406232
http://arxiv.org/abs/1412.3183
http://inspirehep.net/search?p=find+EPRINT+arXiv:1412.3183
http://arxiv.org/abs/1406.0566
http://inspirehep.net/search?p=find+EPRINT+arXiv:1406.0566
http://dx.doi.org/10.1007/JHEP09(2010)089
http://arxiv.org/abs/1006.4945
http://inspirehep.net/search?p=find+EPRINT+arXiv:1006.4945
http://dx.doi.org/10.1016/j.nuclphysb.2012.11.016
http://arxiv.org/abs/1207.4004
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.4004
http://dx.doi.org/10.1103/PhysRevD.86.094024
http://arxiv.org/abs/1209.1525
http://inspirehep.net/search?p=find+EPRINT+arXiv:1209.1525
http://dx.doi.org/10.1007/JHEP03(2013)027
http://arxiv.org/abs/1210.5279
http://inspirehep.net/search?p=find+EPRINT+arXiv:1210.5279
http://dx.doi.org/10.1007/JHEP10(2013)011
http://arxiv.org/abs/1307.0947
http://inspirehep.net/search?p=find+EPRINT+arXiv:1307.0947
http://dx.doi.org/10.1007/JHEP10(2010)056
http://arxiv.org/abs/1005.0571
http://inspirehep.net/search?p=find+EPRINT+arXiv:1005.0571
http://dx.doi.org/10.1088/1126-6708/2007/04/058
http://arxiv.org/abs/hep-ph/0612166
http://inspirehep.net/search?p=find+EPRINT+hep-ph/0612166
http://dx.doi.org/10.1103/PhysRevD.90.034002
http://arxiv.org/abs/1402.6855
http://inspirehep.net/search?p=find+EPRINT+arXiv:1402.6855
http://dx.doi.org/10.1007/JHEP06(2015)084
http://arxiv.org/abs/1504.00574
http://inspirehep.net/search?p=find+EPRINT+ARXIV:1504.00574

	Introduction
	Spin symmetry of the differential decay rate
	P-wave and S-wave symmetry relations
	Phenomenological implications
	Connecting P(1) and P(2): the maximum of P(2) as a test for the presence of RH currents
	Relation between P(4)' and P(5)' at the position of maximum and at the zero of P(2)
	Constraints on the A(S)**(i) and relations at the position of the maximum and the zero of P(2)

	Conclusions
	Gauge conditions for the amplitudes
	Derivation of the bound on A(S)

