Journal of Physics: Conference Series

OPEN ACCESS You may also like

Unleashing the full power of LHCb to

Testing the Standard Model with rare decays at " probe stealth new physics

M Borsato, X Cid Vidal, Y Tsai et al.
the LH Cb - Probing new physics effects in .. (p)*
decay via model-independent approach
. Agsa Nasrullah, Ishtiag Ahmed, M Jamil
To cite this article: Eugeni Graugés and (on behalf ofthe LHCb Collaboration) 2013 J. Phys.: Conf. Ag|am etal .

Ser. 455 012035
- The LHCb Detector at the LHC
The LHCb Collaboration, A Augusto Alves
Jr, L M Andrade Filho et al.

View the article online for updates and enhancements.

w The Electrochemical Society -
Advancing solid state & electrochemical science & technology

Vancouver, BC, Canada. May 29 - June 2, 2022

ECS Plenary Lecture featuring

» Prof. Jeff Dahn,
~ Dalhousie University

This content was downloaded from IP address 161.116.168.89 on 16/05/2022 at 15:14


https://doi.org/10.1088/1742-6596/455/1/012035
/article/10.1088/1361-6633/ac4649
/article/10.1088/1361-6633/ac4649
/article/10.1088/1402-4896/ac1c16
/article/10.1088/1402-4896/ac1c16
/article/10.1088/1402-4896/ac1c16
/article/10.1088/1402-4896/ac1c16
/article/10.1088/1748-0221/3/08/S08005
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsv7bFkhhAAQ7PO27MFp43xI0gefsL8LEkN199MhhKX9nmdxjlRNlRGtOnB8KzRQ14TnGEtG0Wi5oUhMsKGcr7a6HgcOu9bvjSVkZm7x9AYpUKKq3KROoQlCjdw0AGEWfmdWZ7ZwUN0uk2sPNLZIXhSjkW___wqmjpBARWsqx6Vx3X7NaBKDHK4H5CssE2tM78nYSe1SnWBqVuz3sszBCgapuQOg0gg7z6g6BEN9Z8lLy0AuAjyo_pJxAqWsOaGJTsY1t9VcjVIChOy8Neusj4cJrl-icTbZKVk&sig=Cg0ArKJSzFVLXgCNBhEJ&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3D798362dc-7e0c-42ba-aaf6-31c3418f151e%26RegPath%3DEventRegFees%26FreeEvent%3D0%26Event%3D241st%2520ECS%2520Meeting:%2520Vancouver,%2520BC,%2520Canada%26FundraisingEvent%3D0%26evt_guest_limit%3D9999

International Workshop on Discovery Physics at the LHC (Kruger2012) IOP Publishing
Journal of Physics: Conference Series 455 (2013) 012035 doi:10.1088/1742-6596/455/1/012035

Testing the Standard Model with rare decays at the
LHCbD.

Eugeni Graugés, on behalf of the LHCb Collaboration

Departament d’Estructura i Constituents de la Materia, Institut de Ciéncies del Cosmos,
Universitat de Barcelona, Marti i Franques 1, E-08028 Barcelona, Catalonia, Spain.

E-mail: eugeni.grauges@cern.ch

Abstract. The study of rare decays of B, D and K mesons (as well as 7 leptons) can provide
either very stringent tests for the Standard Model or excellent opportunities to search for hints
of new physics beyond the SM. A review of the recent results of studies of such rare decays
from analysis of pp collision data recorded at the LHCDb experiment at CERN, is presented. All
decays channels studied so far are in agreement with SM predictions.

1. Introduction

The LHCb experiment [1] at CERN’s Large Hadron Collider (LHC) is focused on the study of
b-quark hadrons to perform precision measurements of CP violating observables and rare decays
that could unravel possible contributions from new physics (NP) beyond the Standard Model
(SM). At the LHC proton-proton (pp) collision energies, charmed mesons and tau leptons are
also copiously produced (at the level of b-hadrons or higher), and therefore, the corresponding
equivalent observables can also be studied. These proceedings concentrate on key measurements
of rare decays, while the measurements on CP violation observables are described on separate
proceedings contribution [2]. The LHCb detector, described elsewhere [1], has been performing
extremely well in the first LHC runs. With around 99% of operational readout channels and
approximately a 95% of data taking efficiency, the LHCb experiment has been able to fully
exploit the provided luminosity delivered by the LHC accelerator. The measurements presented
here, unless mentioned otherwise, have been performed using the data set, corresponding to an
integrated luminosity of 1.0 fb=! of pp collisions collected at a centre-of-mass energy of 7 TeV
during 2011. Roughly an additional 2 fb~! of data at a centre-of-mass energy of 8 TeV have
been collected during 2012 and, therefore, some of the analyses here presented might reach an
increased sensitivity, once the entire data set is analysed.

The study of very suppressed, within the SM, beauty and charmed meson decays searching
for any possible unpredicted enhancement of their respective branching fractions (BF) , is an
excellent place to look for hints for NP processes, beyond the SM, that could provide extra
contributions to the otherwise very suppressed decay amplitudes. Those extra contributions
could also affect the Lorentz structure of the decay amplitudes and therefore the angular
distributions of the decay products become also a very sensitive observable. Processes like
By = K*%, By = ¢v, B » K*utp~, Bt — Ktutp~, By — ¢uu~, BY — ntutu,
B°/By — ptp~, Kg — ptp~ and D — ptp~ are examples of flavour-changing neutral current
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processes (FCNC) which are expected to be very rare, since they cannot occur at tree level in
the SM.

Additionally, searching for processes that are directly forbidden by the SM, such as those
violating baryon (BNV) or lepton number conservation (or both) like 7 — putp~ or BT —
hutp™, would, if found, be unequivocally a signature of physics beyond the SM. Another
example would be the 7 lepton decay 7= — pu~ ™, which would correspond to lepton-flavor
violating (LFV) decays, which are essentially forbidden in the SM because they can occur only
through lepton mixing.

2. Rare B, D and K meson decays.

The SM decays of By — K*%y and By — ¢ occur through a FCNC transition involving loop
diagrams. In LHCb, the relative ratio of BFs of the former decay channels, that only differ in
the B meson spectator quark, is measured to be [3]

DEQaIC) — 1,93 £ 0.06 (stat.) & 0.04 (syst.) & 0.10 (fo/fa),

where the first uncertainty is statistical, the second systematic, and the third is associated with
the ratio of fragmentation fractions fs/fg. This result is in good agreement with the theoretical
prediction of 1.0 £ 0.2 [4].

Since the initial B meson flavour in the By — K*%y decay channel is self tagged through
the ulterior decay process K* — KTn~, the direct CP asymmetry of this decay can be easierly
measured. Even though, in the SM, this CP asymmetry is predicted to be below 1% level [5],
some NP models [6] predict it to be enhanced up to values around 15%. In LHCb, the most
precise measurement to date of this CP asymmetry results in [7]

Acp(BY — K*%) = (0.8 £ 1.7 (stat.) & 0.9 (syst.) ) %,

in agreement with the SM expectation [5]. Similarly the CP asymmetry of the B® — K*Op*u~
decay channel is measured to be [8]

Acp(BY — K*%ut =) = - 0.072 4 0.040 (stat.) & 0.005 (syst.),

which is also consistent with the SM prediction [9].

Studying the same former B meson decay channel, it is possible to access other observables
sensitive to possible NP effects. For instance the forward-backward asymmetry defined in bins
of invariant mass squared of the dimuon system Arp(q* = mfﬁ#_) flips sign, according to the

SM, at a precisely predicted value of ¢ between 4 - 4.3 GeV?2/c* [10]. The zero-crossing point of
the forward-backward asymmetry is measured in LHCb and it is determined to be ¢& = 4.92:%
GeV?/c*. Also, the measured differential branching fractions (in ¢? bins) and other angular
observables sensitive to NP are measured to be consistent with the SM predictions [11]. The
same observables have been studied and measured in the similar, but charged B meson decay,
Bt — K*u*p~ channel [12], and no significant inconsistency with the SM predictions [13]
has been found. Comparing the (neutral and charged) B meson decays BY — K®)9,+;~ and
Bt - K (*H,Lﬁ,u_, it is possible to measure the so-called isospin asymmetry, defined as

A= BF(B* K™t u~) — (70/74)BF (Bt KO+t )
BF(BO—K®)0utp=) + (70/74)BF(BT KO +u+pu—)’
in bins of ¢>. The LHCb measurements for the B — K*uT =~ channels are in agreement with
the SM expectations, while the isospin asymmetry measurement for the B — Kpu* ™~ channels,
if integrated over the whole ¢? range, show a disgreement at the level of 4.4 standard deviations
from the SM prediction of a 0 value [14]. These results are nevertheless consistent with previous
measurement by other experiments [15].
Another rare B meson decay studied is the By — ¢u*u~, whose BF is measured [16],
normalized to the decay of Bs — ¢ J /v (where J/¢ — utu~) , to be
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BF(Bs — ¢utp~) = ( 0.78 £ 0.10 (stat.) £ 0.06(syst.) & 0.28 (BF) ) x 1075,

where the first error is statistical, the second error is systematic and the third error is due to
the uncertainty on branching fractions, in this case BF(J/v — ptu™).

The rarest B meson decay ever observed, that is, the BT — 77 u* ™ decay, was first observed
in LHCb. This decay corresponds to a FCNC transition from a b to a d quark type. Its BF was
measured in LHCb to be BF(BT — 7T utpu™) = (2.4 £ 0.6 (stat.) 4+ 0.2(syst.) ) x 1078, in
agreement with the SM prediction [17].

One of the key LHCb measurements and an excellent B meson decay channel to search for
hints of NP beyond the SM is the B®/Bs; — utpu~. These decays are doubly suppressed since
they correspond to a FCNC trasition and the amplitudes of these processes are helicity supressed.
The SM prediction [18] for these decay channels are of the order of 1079 - 10719, Therefore,
if any significant signal is found, implying an enhancement of the predicted BFs, it could be
a very strong hint for NP. The search for these decay channels has been carried out using a
data set of pp collisions of approximately 2fb~!, collected by the LHCb experiment during 2011
and 2012 with a centre of mass energy of 7 TeV and 8 TeV respectively. Evidence for signal,
with a significance of 3.5 standard deviations, is found [19] in the By — p*p~ decay and the
corresponding BF is measured to be

BF(Bs — ptpu~) = (32 *15) x 1077,

in impressive agreement with the precise SM predictions. No significant signal yield is found
in the B® — p*p~ decay channel search [19], and the corresponding upper limit (UL) at 95 %
confidence level (CL) is set at

BF(B® — utp™) < 9.4 x 10710,

Similar analysis techniques have been used to look for other meson decays into a muon pair,
that are as supressed as the B meson decays. Particularly the search for the decays of the K
and D° mesons has been carried out in LHCb. The K% — 1~ decay has a BF predicted by
the SM [20] of the order of 107'% while the D — pTu~ BF is expected to be of the order of
107! [21]. No significant signal above the background level has been found in both decays [22]
[23] and the corresponding UL on the BF’s at 95% CL have been set at

BF (K% — ptp~) <11 x 1079
BF (D° — pTp™) < 1.3 x 1078

The result for the K! decay is a improvement of a factor 30 with respect to previous
measurements, whilst in the result on the D? decay, an order of magnitude improvement is
achieved with respect from the previous best limit [24].

3. Search for lepton number and flavor violation decays.

Lepton flavor violation is allowed in the SM when accomodating the neutrino oscillations.
Nevertheless the BF for the LFV decay 7= — u~ptu~ predicted by the SM is beyond the
actual experimental scope (some estimates consider it of the order of 10754). That might not
be the case if NP models are considered, since some of them predict enhancements in its BF
up to the 10719 - 1078 range. With a production cross section of 7 leptons of approximately
22/1b within the LHCDb acceptance, nearly 10! 7 leptons are produced per fb~! of collected pp
collision data at a centre of mass energy of 7 TeV (mostly from D} decays). No signal has been
observed as a result of analysing this data set, and the corresponding UL on the BF at 95% CL
has been set at [25]

BF(r— = p putp™) < 7.8 x 1078,
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Additionally a search is performed for the lepton and baryon number violating decays
7 — putp~ and 7 — put . If found, this kind of process could provide clues for extra (beyond
SM) sources of BNV, that could shed light into the explanation for the matter/antimatter univers
asymmetry. Unfortunately, no signal is found in the data [26] and the corresponding UL at 95%
CL are set to

BF(1 — putp~) < 4.5 x 1077
BF(t — putp~) < 6.0 x 1077,

Finally, a search for Majorana type neutrinos in B~ decays in final states containing hadrons
plus a ~p~ pair have been performed using 0.41 fb—! of data collected with LHCD detector in
pp collisions at a centre of mass energy of 7 TeV. No signals are found and the UL are set on
Majorana neutrino production as a function of mass, and also on B~ decay branching fractions
[27].

4. Summary and Outlook.

The LHCb experiment is revealing itself as a fantastic experiment to look ar rare B, D and
K meson decays that are very sensistive NP. So far, the analysis of the data have resulted in
measurements, all of them consistent with the SM predictions and, therefore, in establishing very
strong constraints for NP models beyond the SM. No evidence for LF'V neither for LNV(BNV)
has been found in analyzing specific 7 lepton and B meson decays. Nevertheless, the precision
of the current measurements is bound to be improved with the addition in the physics analysis
of data set of pp collisions at a centre of mass energy of 8 TeV gathered in LHCb during
2012. The energy of the LHC is expected to increase up to 13 TeV, after a shutdown period
of about two years (2013-2014), and an extra 5fb~! are expected to be collected, allowing for a
further improvement of the measurements precision and physics reach. An upgrade of the LHCb
detector is foreseen during the period 2018-2019, just after a second long shut down of the LHC
accelerator. The main goal of that upgrade is to operate the experiment at higher instantaneous
luminosity (increasing the data collected) and to improve further the trigger efficiency for heavy
quark decays to purely hadronic final states.

References
1] A. A. Alves, Jr. et al. [LHCb Collaboration], JINST 3 (2008) S08005.
2] Olaf Steinkamp on behalf of the LHCb collaboration, LHCb-PROC-2013-021
R. Aaij et al. [LHCDb Collaboration]|, Phys. Rev. D 85, 112013 (2012)
A. Ali, B. D. Pecjak, and C. Greub, Eur. Phys. J. C 55, 577 (2008)
M. Matsumori, A.I. Sanda, Y.Y. Keum, Phys. Rev. D 72 (2005) 014013, arXiv:hep-ph/0406055.
C. Dariescu, M.-A. Dariescu, arXiv:0710.3819;
M. Aoki, G.-C. Cho, N. Oshimo, Phys. Rev. D 60 (1999) 035004, arXiv:hep-ph/9811251;
M. Aoki, G.-C. Cho, N. Oshimo, Nucl. Phys. B 554 (1999) 50, arXiv:hep-ph/9903385;
A.L. Kagan, M. Neubert, Phys. Rev. D 58 (1998) 094012, arXiv:hep-ph/9803368.
[7] R. Aaij et al. [LHCDb Collaboration], Nuc. Phys. B 867 (2013) 118
[8] R. Aaij et al. [LHCDb Collaboration], Phys. Rev. Lett. 110, 031801 (2013)
[9] C. Bobeth, G. Hiller, and G. Piranishvili, JHEP 07 (2008) 106, arXiv:0805.2525.
W. Altmannshofer et al., JHEP 01 (2009) 019, arXiv:0811.1214
[10] ] C. Bobeth, G. Hiller, D. van Dyk, and C. Wacker, JHEP 01 (2012) 107, arXiv:1111.2558.
M. Beneke, T. Feldmann, and D. Seidel, Eur. Phys. J. C 41 (2005) 173, arXiv:hep-ph/0412400
[11] R. Aaij et al. [LHCD Collaboration], LHCb-CONF-2012-008
[12] R. Aaij et al. [LHCDb Collaboration], JHEP 02 (2013) 105 arxiv:1209.4284
[13] Christoph Bobeth, Gudrun Hiller, Danny van Dyk, JHEP 07 (2011) 067
C. Bobeth, G. Hiller, D. van Dyk and C. Wacker, JHEP 01 (2012) 107
[14] R. Aaij et al. [LHCDb Collaboration], JHEP 07 (2012) 133
[15] BaBar collaboration, Phys.Rev. D 86 (2012) 032012, arXiv:1204.3933.
CDF collaboration, T. Aaltonen et al., Phys. Rev. Lett. 107 (2011) 201802, arXiv:1107.3753.
[16] R. Aaij et al. [LHCDb Collaboration], LHCb-CONF-2012-003

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

6



International Workshop on Discovery Physics at the LHC (Kruger2012) IOP Publishing
Journal of Physics: Conference Series 455 (2013) 012035 doi:10.1088/1742-6596/455/1/012035

[17] R. Aaij et al. [LHCDb Collaboration], JHEP 12 (2012) 125, arxiv:1210.2645 and references therein.

[18] Buras, Isidori: arXiv:1208.0934
De Bruyn et al., Phys. Rev. Lett. 109, 041801 (2012) using LHCbCONF2012002

[19] R. Aaij et al. [LHCb Collaboration] Phys. Rev. Lett. 110, 021801 (2013), arxiv:1211.2674

[20] G. Ecker and A. Pich, Nucl. Phys. B366 (1991) 189.
G. Isidori and R. Unterdorfer, JHEP 01 (2004) 009, arXiv:hep-ph/0311084.

[21] G. Burdman, E. Golowich, J. L. Hewett, and S. Pakvasa, Phys. Rev. D66 (2002) 014009, arXiv:hep-
ph/0112235.

[22]

[23] R. Aaij et al. [LHCDb Collaboration], LHCb-CONF-2012-005

[24] M. Petric et al. [The Belle Collaboration], Phys. Rev. D 81 (2010) 091102
[25] R. Aaij et al. [LHCDb Collaboration], LHCb-CONF-2012-015

[26] R. Aaij et al. [LHCDb Collaboration], LHCb-CONF-2012-027

[27] R. Aaij et al. [LHCDb Collaboration], Phys. Rev. D 85 (2012) 112004





