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CMS weighs in on flavour anomalies

Recent results from the
CMS LHCb and other experiments
appear to challenge the
" assumption of lepton-flavour
“==“ universality. To explore
further, the CMS collaboration has recently
conducted a new search probing one of
the theories that dllempls to explain these
flavour “anomalies”. Using 77.3 fb™' of
proton—proton collision data recorded in
2016 and 2017 at a centre-of-mass energy
of 13 TeV, the CMS analysis is the first
dedicated search for a neutral gauge boson
with specific properties that couples only to
leptons of the second and third family.
Although the Standard Model (SM)
has been successful in describing current
experimental results, it is generally believed
to be incomplete. It cannot, for example,
explain dark matter or the observed
asymmetry between matter and antimatter
in the universe. There are also several
smaller differences between the experiment
and the SM prediction that have been
building up over the last few years. One set
of intriguing anomalies has been reported
by LHCb and other dedicated B-physics
experiments, indicating a possible
lepton-flavour universality violation in
B-meson decays (CERN Courier April 2018
p23). Another is the long-standing tension
in the measurement of the anomalous
magnetic moment of the muon, for which
an updated measurement is eagerly awaited
(CERN Courier September 2018 p9).
One extension to the SM that has been
proposed to explain these anomalies is
an enlarged SM gauge group with an
additional U(1) symmetry. Spontaneous
breaking of this symmetry leads to the
prediction of a new massive gauge boson,
Z’.To keep the extended gauge symmetry
free from quantum anomalies, only
certain generation-dependent couplings
are allowed. The model investigated by
CMS promotes the difference in lepton
numbers between the second and third
generation to a local gauge symmetry,
and until now has only been constrained
slightly by experiment. Since the predicted
Z’ boson only couples to second- and
third-generation leptons, the only way
to produce it at the LHC is as final-state
radiation off one of these leptons. The ideal
source of muons for the purposes of this
search is the decay of the SM Z boson to
two muons, which can be measured with
excellent mass resolution (~1%) in CMS.
If aZ’ boson exists, it will be radiated by

10

77.3f07 (13 Tev)

cMs ® daa
25 [ SM 4p production
——  m(Z') =5 GeV, g = 0.008
—  m(Z) =15 GeV, g=0.01
20 —— m(Z)=30GeV,g=0.01
background syst. uncer.

events/bin

m(z;)(GeV]

Fig. 1. The distribution of the opposite-sign muon pair with the lowest reconstructed invariant
mass, m(Z;), for data (points), SM background (solid histogram) and a few examples of a
potential Z” signal (open, superimposed histograms).

CcMS 77.3 17 (13 Tev)

= Tand BTeH

10 102 10°
m(Z) [GeV]

Fig.2.The expected and observed limits m

resonant character of the new gauge boson’s
di-muon decay. Events are selected that
contain at least four muons with an invariant
mass near the SM Z-boson mass. Di-muon
candidates are then formed from muon pairs
of opposite sign and a peak in their invariant
mass distribution is sought, which would
indicate the presence of a Z’ particle.

The event yields are found to be consistent
with the SM predictions (figure 1). Upper
limits of the order of 10-*~10-" are set on the
branching fraction of a Z boson decaying
to two muons and a Z’, with the latter also
decaying into two muons, as a function of the
Z’ mass. This can be interpreted as alimit on
the Z’ particle’s coupling strength to muons,
and provides the first dedicated limits on
these Z” models at the LHC. Compared to
other experiments and to indirect llmm from

95% 1 level on the

the LHC atlower

strength g as a function of the Z’ mass,
and comparison with other experimental
constraints. For comparison, the
electroweak couplings g,,,and g}, are
0.6 and 0.3, respectively.

one of the muons and decay subsequently
to another pair of muons, leading to a final
state with four muons.

Such a final state is also produced by
arare SM Z-boson decay to four muons
mediated by an off-shell photon. The first
observation of this rare decay of the SM
Z boson in proton—proton collisions was
reported by CMS in 2012. In order to reduce
this background, the search exploits the

energies during Run 1, this search excludes
asignificant portion of parameter space
favoured by the B-physics anomalies (figure
2). The analysis demonstrates the power and
flexibility of the CMS experiment to adapt
to and test new incoming physlcs models,
which in turn react to previous experimental
results, showing that experiments and theory
go hand-in-hand.

® Further reading

W Altmannshofer et al. 2016 J. High Energy Phys.
1612106.

CMS Collaboration 2018 arXiv:1808.03684.
CMS Collaboration 2012 J. High Energy Phys.

1212034.
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1. Efe TOP-16-016: “Search for standard model four-top-quark production at 13 TeV”
2. Efe FTR-16-006: “Prospects for Standard Model measurements the HL-LHC”

3. Efe SMP-16-018: “Measurement of electroweak production of two jets in association with a Z boson in proton-proton collisions at Vs =
13 TeV”

4. Efe TOP-15-001: “Measurement of the top quark mass using single top quark events in proton-proton collisions at Vs = 8 TeV”

5. Zhang huagiao B2G-16-017 Search for WO boson resonances decaying into a top quark and a bottom quark in the leptonic final state
using data collected atp s = 13 TeV

6. Zhang Huagiao B2G-16-016 Searches for W’ bosons decaying to a top quark and a bottom quark in proton-proton collisions at 13 TeV
7. Francesco EXO-16-006: Search for W decaying to tau lepton and neutrino in proton-proton collisions at vs=13 TeV

8. Francesco EXO-16-023: Search for third-generation scalar leptoquarks and heavy right-handed neutrinos in final states with two tau
leptons and two jets in proton-proton collisions at vs = 13 TeV

9. Francesco EXO-16-045: Search for heavy neutrinos and W bosons with right handed couplings in proton-proton collisions at vs = 13
TeV

10. Francesco EXO-17-011: Search for a heavy right-handed W boson and heavy neutrino in the final state with two charged leptons
and two jets at Vs = 13 TeV

11. Francesco EXO-17-008: Search for high-mass resonances in tau+MET final state

12. Bian Jianguo BPH-16-001‘Observation of the Z0->IIJ/y(+X) Decay Channel’

13. Chen Ye HIG-17-008, Searches for H(bbar)H(2gamma) at sqrt(s)=13TeV with full 2016 dataset

14. Chen Mingshui CMS-EXO-16-046, Search for new physics with dijet angular distributions (dijet chi analysis).

15. Bian Jianguo BPH-14-008, 'Observation of Upsilon(1S) pair production in proton-proton collisions at sqgrt(s) = 8 TeV', JHEP.
16. Zhang Huagiao, B2G-15-004, Search for W'->tb in the semileptonic final state at sqrt(s)=13 TeV

17. Zhang Huagiao, B2G-16-009, Search for Wprime->tb in the all-hadronic final state at sqrt(s)=13 TeV with the 2015 dataset
18. Francesco, SUS-18-001, LQ reinterpretation of MT2 (2016)

19. Efe, SMP-17-011, EW W+jets with 2016 13 TeV data

20. Efe, SMP-18-004, WW cross section

21. Efe, FTR-18-031, Projections of sensitivities for tttt production at HL-LHC and HE-LHC

22. Hongbo Liao, B2G-18-005, Search for Pair Production of Vector-Like T Quarks in the Fully Hadronic Channel
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1. Qiang Li, SMP-14-008, Prospects for the study of vector boson scattering in same sign
WW and WZ interactions at the HL-LHC with the upgraded CMS detector

2. Qiang Li, HIG-16-042, Higgs to WW with 13TeV with full 2016 dataset
3. Qiang Li, HIG-17-033, High mass H -> WW with 2016 dataset

4. Dayong Wang, HIG-16-035, A search for BSM light bosons decaying into muon pairs
with 13TeV data

5. Dayong Wang, HIN-18-003, Drell-Yan differential cross section measurements in pPb at
8.16 TeV in the muon channel
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Thesis Award Committee Member
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