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Electroweak penguin decays proceed via flavour changing neutral currents that, in the Standard
Model (SM), are forbidden at the tree-level and only allowed via higher order loop diagrams.
New particles beyond the SM could significantly affect these rare processes, altering their pre-
dicted branching fractions and angular distributions. Recent results from the LHCb experiment
on semileptonic b — s{T ¢~ processes are reviewed. While most observables show good agree-
ment with SM predictions, an interesting local deviation is observed in an angular observable of
the decay B — K*°u"u~. Recently, also a test of lepton universality using the branching frac-
tion ratio Ry = Z(B™ — K u*tu~)/%(B* — K"ete™) has also shown an interesting tension
with the SM prediction.
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Figure 1: (Left) the longitudinal polarisation fraction of the K*°, £, and (right) the forward-backward
asymmetry Apg with SM predictions [3] overlayed.

1. Introduction

Electroweak penguin decays proceed via flavour changing neutral currents (FCNC) that, in
the Standard Model (SM), are only allowed to occur as higher loop-order processes. New heavy
particles beyond the SM can significantly contribute to these rare processes and affect both their
branching fractions as well as the angular distributions of the final state particles. Semileptonic
b — suTu~ decays provide a clean experimental signature and, due to their sensitivity to non-SM
contributions, constitute a cornerstone of the LHCb physics program.

2. Angular analysis of the decay B® — K*0u*pu~

The decay B® — K*Ou*u~ exhibits a particularly rich phenomenology due to the many an-
gular observables accessible in this decay mode. The differential decay rate depends on the three
decay angles cos 6y, cos Ok and ¢ and is given by
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where F_denotes the longitudinal polarisation fraction of the K*°, Agp the forward-backward asym-
metry of the dimuon system and S; the remaining CP-averaged angular observables [1]. Using data
corresponding to an integrated luminosity of 1 fb~! recorded in 2011, LHCb performed a measure-
ment of /1, Agg and S3 ¢ in bins of qz, the invariant mass of the dimuon system squared [2]. Figure 1
shows Fi, and Agg in bins of qz, together with the SM predictions from Ref. [3] which are in good
agreement. Of particular interest is the zero crossing point of Agg, q(z), which is precisely predicted
in the SM as form-factor uncertainties cancel at leading order. The result of q% =4.9+0.9GeV? is
in good agreement with the SM prediction anM = 4.361’83? GeV? [4].

For the angular observables P/ that have been proposed in Ref. [5] the form-factor uncertain-
ties cancel at leading order over the full ¢* range. In Ref. [6], LHCb determined the observables
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Figure 2: The angular observables (left) P; and (right) P{. While P, shows good agreement with the SM pre-
diction [5], a local deviation with a significance of 3.7 ¢ is observed for P, in the ¢° range [4.3,8.68] GeV?/c*.

Pises =S4578/+/FL(1 —F.) using a data sample corresponding to an integrated luminosity of
1fb 1. Figure 2 shows P, 5 with the SM predictions [5] overlayed. While P; shows good agree-
ment with the SM predictilon, P, shows a local deviation corresponding to a significance of 3.7 ¢
in the ¢* range [4.3,8.68] GeV?/c*. Accounting for the 24 measurements performed in Ref. [6]
the probability to find a deviation of this size or larger is 0.5%. Global fits to the data find that
agreement with data can be improved by introducing a non-SM vector current [7, 8, 9, 10] which
could be attributed to a Z’ boson. The significance of the observed deviation could however be
lessened by a different estimate of the form-factor uncertainties [11] or the contribution from c¢
resonances [12]. An updated analysis using the full LHCb Run I data sample, corresponding to an
integrated luminosity of 3 fb~!, is currently in preparation which will help clarify the situation.

3. B— K®u*u~ branching fractions and isospin measurements

Branching fractions of b — su™ 1~ processes can also be affected by possible contributions
beyond the SM. The LHCb experiment has performed measurements of the branching fractions
of the decays B® — K*'utu~ [2], Bt - K*u*u~, B® = K'utu~ and BT — K*tu*tu~ [13],
as well as BY — ¢u*u~ [14]. The differential branching fractions d%/dg? of the decays B* —
Ktu*tu=, B - Kou*u~ and Bt — K*tu*u~ are given in Fig. 3. The measured differential
branching fractions generally lie below the SM predictions but agree when accounting for the large
form-factor uncertainties of the SM predictions [15, 16]. Recently, more precise predictions of
b — s~ branching fractions at high ¢> became available from lattice calculations [17, 18].
Interestingly, the data on the branching fractions of B® — K*'u*u~ and BY — ¢u*u~ at high ¢>
hint at a similar, but less significant, deviation of the b — su™ ™~ couplings seen for the angular
observables of B — K*u*u~ atlow ¢> [19].

The isospin asymmetry Ay is defined as the ratio of branching fractions

BB — Kutp=) - 2 BB - KW ptur)
BB — KOutp=) + 2 BB — KOt ptu-)

A= 3.1
The leading form-factor uncertainties cancel for the isospin asymmetries, thereby making them
sensitive probes for New Physics. Figure 4 gives the isospin asymmetries for B — Ku™u~ and
B — K*utu~. They are in good agreement with the SM predictions which are (1%) [20, 21,
22]. Tensions with the SM prediction for Aj(B — Ku*pu~) that were hinted at by a previous
analysis [23] are not confirmed.
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Figure 3: The differential branching fractions of the decays (left) B¥ — K*u*u~, (middle) B® — Ku*u~

and (right) BT — K*tutu~.
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Figure 4: The isospin asymmetry Ap for (left) B — Ky~ and (right) B — K*ut u~ decays.
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Figure 5: (Left) the flat parameter Fi; and (middle) Apg for BT — K+Tu*u™ decays. (Right) the flat para-
meter Fy for B® — K%u™u~ decays. The outer error bars include systematic uncertainties.

4. Angular analysis of B — Ku 'y~ decays

The differential decay rates of the decays B — K™yt~ and B — KQu™u~ depending on
the decay angle cos 6y are given by

1dC(BY > K pfpm) 3 20y, ]
T =>(1-Fy)(1— —Fy+A 4.1
r dcos 6y 4( n) (1 —cos 9£)+2 H +Afg cos 6y, 4.1)
1dr(B® — Koutu~) 3

r ( d]cosSGl:] = ):2(1—FH)(1—|COSGZ|2)—|—FH, (4.2)

where Agpg is the forward-backward asymmetry of the dimuon system and Fy the flat parameter,
which corresponds to the fractional contribution from (pseudo)scalar and tensor amplitudes to the
decay. Since the decay flavour of the decay B® — Kg W u~ is unknown from the final state particles,
App is not accessible for this decay. LHCb performed an angular analysis using the full Run I data
sample [24]. The results are given in Fig. 5 and are in good agreement with SM predictions. No
hints for large (pseudo)scalar or tensor contributions are seen.
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Figure 6: CP-asymmetry Acp for (left) the decay BY — K+ u*u~ and (right) the decay B — K*%u*pu~ in
bins of ¢°.

5. CP-asymmetries in B — Ku™ 1~ decays

The direct CP asymmetry Acp is defined as

T(B—KWuru ) —T(B— K ptu)
I(B—K®utu-)+T(B—KHutu-)’

Acp = (5.1

and free from form-factor uncertainties. It can therefore be precisely predicted in the SM. For the
decay B’ — K*O/,L+/,L_ Acp is ﬁ(10_3) [1] but Acp can be up to £0.15 in scenarios beyond the
SM [25]. LHCDb has measured Acp using the full Run I data sample [26]. The results, binned in qz,
are given in Fig. 6 and in good agreement with the SM expectation.

6. First observations of the decays Bt — K 77 utu  and Bt — oK utu~

Using the full Run I data sample, LHCb has performed the first observations of the b — sy ™y~
transitions BT — K wtx utu~ and Bt — 9K~ [27]. The decay BT — K1 (1270) T utu~
is expected to contribute significantly to the B" — K*a" 7~ u*u~ final state and is of particular
interest since the K (1270)7 is an axial-vector [28]. Figure 7 shows the invariant mass distributions
of the signal candidates for both decays as well as the differential branching fraction for the decay
BT — K"~ utu~. The total branching fractions are determined to

BBT K ntn ptu) = (4.36703 (stat) £0.21 (syst) £0.18 (norm)) x 1077,
BB — KTt uT) = (0.827017 (stat) 703 (syst) £0.27 (norm)) x 1077,

Due to the low statistics, no attempt is made to disentangle the contributions to the K™ 7t zw~utu~
final state. The B — K*n" 7~ u*u~ branching fraction is lower than, but compatible with, the
SM prediction of Z(B* — K;(1270)*u*pu~) = (2.3 713 709) x 1076 [28].

7. Lepton universality in Bt — KT/7/~ decays

Another quantity which is precisely predicted in the SM is the ratio Rk defined as

f6GeV2/c dI'[BT =K utu]

1GeV?2/c* dg? _3
RK_ 6Gev2/ch AT[BY 5K et e ]d 5 = 1 Il:ﬁ(lo ) (7])
leeVz/c“ B
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Figure 7: (Left) B" — K™n"n~u "y~ and (middle) BY — ¢K ™™~ signal candidates integrated over
¢*. (Right) the differential branching fraction for the decay Bt — K*ntn—putu~—.
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Figure 8: (Left) BT — J/y(— eTe™ )K" and (middle) BT — KTeTe™ candidates. (Right) the Rk value
determined by LHCb in comparison with results from the B factories [30, 31]

for the ¢* range [1,6] GeV?/c*. Due to universal coupling of the photon and Z° to leptons this ratio
is close to unity in the SM, with only small effects due to the phase space difference and Higgs
penguin contributions. The LHCb experiment measures a value of

Ri = 0.74573:9% (stat.) +0.036(syst.),

which is compatible with the SM prediction at the 2.6 ¢ level [29]. Figure 8 shows BT — J/y(—
e"e”)K' and B" — K'e'e™ signal candidates as well as the Rk value in comparison with results
from the B factories [30, 31]. Further analyses of electroweak penguins with electrons in the final
state are in preparation to clarify the situation.

8. Conclusions

With its large bb production cross section, excellent particle identification capabilities and its
precision vertexing and tracking system, the LHCb experiment is ideally suited for the study of
electroweak penguin decays. Since they proceed via flavour changing neutral currents these rare
decays exhibit high sensitivity to possible contributions beyond the SM. While most observables are
in good agreement with SM predictions, interesting tensions are found for the angular observable
P! in the decay B® — K*'u™u~, and for Rk, the ratio of decay rates B" — K"u*u~ and B* —
K*eTe™. In addition, branching fractions of b — sy~ modes tend to lie below SM predictions,
which is consistent with the deviation seen in P{. An update of the angular analysis of the decay
B — K*%u* 1~ using the full Run I data sample is currently in preparation.



Electroweak penguin decays Christoph Langenbruch

References

(1]
(2]
(3]
[4]
(5]
[6]

[19]
(20]
(21]
[22]
(23]
[24]
[25]
[26]
[27]
(28]
[29]
(30]
(31]

W. Altmannshofer et al., JHEP 0901 (2009) 019 [arXiv:0811.1214 [hep-ph]].

R. Aaij et al. [LHCb Collaboration], JHEP 1308 (2013) 131 [arXiv:1304.6325 [hep-ex]].
C. Bobeth et al., JHEP 1107 (2011) 067 [arXiv:1105.0376 [hep-ph]].

M. Beneke et al., Eur. Phys. J. C 41 (2005) 173 [hep-ph/0412400].

S. Descotes-Genon et al., JHEP 1305 (2013) 137 [arXiv:1303.5794 [hep-ph]].

R. Aaij et al. [LHCD Collaboration], Phys. Rev. Lett. 111 (2013) 19, 191801 [arXiv:1308.1707
[hep-ex]].

S. Descotes-Genon et al., Phys. Rev. D 88 (2013) 7, 074002 [arXiv:1307.5683 [hep-ph]].
W. Altmannshofer et al., Eur. Phys. J. C 73 (2013) 2646 [arXiv:1308.1501 [hep-ph]].

F. Beaujean et al., Eur. Phys. J. C 74 (2014) 2897 [arXiv:1310.2478 [hep-ph]].

T. Hurth et al., JHEP 1404 (2014) 097 [arXiv:1312.5267 [hep-phl]].

S. Jager et al., JHEP 1305 (2013) 043 [arXiv:1212.2263 [hep-ph]].

J. Lyon et al., arXiv:1406.0566 [hep-ph].

R. Aaij et al. [LHCb Collaboration], JHEP 1406 (2014) 133 [arXiv:1403.8044 [hep-ex]].
R. Aaij et al. [LHCb Collaboration], JHEP 1307 (2013) 084 [arXiv:1305.2168 [hep-ex]].
P. Ball et al., Phys. Rev. D 71 (2005) 014029 [hep-ph/0412079].

A. Khodjamirian et al., JHEP 1009 (2010) 089 [arXiv:1006.4945 [hep-ph]].

R. R. Horgan et al., Phys. Rev. D 89 (2014) 094501 [arXiv:1310.3722 [hep-lat]].

C. Bouchard et al. [HPQCD Collaboration], Phys. Rev. D 88 (2013) 5, 054509 [arXiv:1306.2384
[hep-lat]].

R. R. Horgan et al., Phys. Rev. Lett. 112 (2014) 212003 [arXiv:1310.3887 [hep-ph]].

T. Feldmann et al., JHEP 0301 (2003) 074 [hep-ph/0212158].

A. Khodjamirian et al., JHEP 1302 (2013) 010 [arXiv:1211.0234 [hep-ph]].

J. Lyon et al., Phys. Rev. D 88 (2013) 9, 094004 [arXiv:1305.4797 [hep-ph]].

R. Aaij et al. [LHCb Collaboration], JHEP 1207 (2012) 133 [arXiv:1205.3422 [hep-ex]].
R. Aaij et al. [LHCb Collaboration], JHEP 1405 (2014) 082 [arXiv:1403.8045 [hep-ex]].
A. K. Alok et al., JHEP 1111 (2011) 122 [arXiv:1103.5344 [hep-ph]].

R. Aaij et al. [LHCDb Collaboration], arXiv:1408.0978 [hep-ex].

R. Aaij et al. [LHCDb Collaboration], arXiv:1408.1137 [hep-ex].

H. Hatanaka et al., Phys. Rev. D 78 (2008) 074007 [arXiv:0808.3731 [hep-ph]].

R. Aaij et al. [LHCD Collaboration], arXiv:1406.6482 [hep-ex].

J. P. Lees et al. [BaBar Collaboration], Phys. Rev. D 86 (2012) 032012 [arXiv:1204.3933 [hep-ex]].

J.-T. Wei et al. [BELLE Collaboration], Phys. Rev. Lett. 103 (2009) 171801 [arXiv:0904.0770
[hep-ex]].



