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Three searches are presented for long-lived particles with specific production and decay features:
pairs of long-lived particles from Higgs boson decay and decaying either to jet pairs or to three
quarks, and long-lived particles decaying semileptonically. The searches are based on proton-
proton collision data corresponding to integrated luminosities up to 3.0fb~!, collected by the
LHCb detector at centre-of-mass energies of 7 and 8 TeV, using data sub-samples taken with
suitable triggers. All three searches observed no excess above background and set limits on the

production cross-sections as a function of the mass and lifetime of the long-lived particles.
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1. Introduction

Several New Physics models predict particles that are long-lived, typically because they are
loosely coupled to the Standard Model (SM) fields.

The LHCb detector [1] at the Large Hadron Collider (LHC) at CERN is a forward spectrome-
ter that has been designed for precision measurements of CP violation and for studies of rare heavy
flavour decays, but can also be used reliably for a variety of New Physics searches. Regarding
hypothetical long-lived particles (LLPs), LHCb is effective for detecting and identifying particles
with a lifetime short enough to decay inside the LHCb detector and long enough to decay at a
significant radial displacement from the beams. This corresponds to lifetimes of the order of 1 ps,
which implies that such particles have narrow widths. A secondary vertex with a significant dis-
placement from the beam axis is important to suppress backgrounds from SM processes originating
on the primary interaction vertex. Vertices up to 20 cm downstream of the interaction region are fit-
ted using tracks reconstructed from hits in the Vertex Locator (VELO) and can fire the experiment
trigger. Vertices farther away than 20cm and up to 200 cm along the beam line are fitted using
tracks reconstructed with relatively worse resolution by the downstream LHCDb subdetectors, and
don’t contribute to the trigger.

The main backgrounds for LLP searches at LHCb are tracks coming from displaced vertices
corresponding to either heavy flavour decays or secondary interactions with the detector. To sup-
press these backgrounds, we veto events with either vertices reconstructed as inside the detector
material or LLP masses measured to be consistent with known SM particles.

2. Search for long-lived particles decaying to jet pairs

Models with a hidden-sector non-Abelian gauge group that couple to the SM via a Higgs boson
portal may include long-lived bosons (named hidden-valley pion or 7 ) that can be pair-produced in
the decay of the SM Higgs [2, 3, 4, 5, 6], and then decay to two hadronic jets. In simulated events,
often only one of the two 7, decays occurs inside the LHCb acceptance. Therefore, to maximize
efficiency, we search for evidence of at least one LLP candidate, consisting of two hadronic jets
originating from a displaced vertex.

We use data collected with appropriated triggers for this search from pp collisions at centre-of-
mass energy of /s = 7TeV in 2011 (with an integrated luminosity of 0.62 fb~!) and at \/s = 8 TeV
in 2012 (1.38 fb~1). This analysis updates an earlier one based on just the 2011 dataset [7].

We search for two hadronic jets consistent with coming from a vertex whose distance from
the beam in the transverse plane is Ry, > 0.4mm. The di-jet momentum must be aligned with the
displacement from one reconstructed primary vertex to the candidate vertex. The two jets must have
a small separation to suppress background from back-to-back SM jets. We find no evidence for a
signal over the expected background in the di-jet invariant mass distribution and we set appropriate
upper limits [8] (Fig. 1) for the production cross-section (¢ /oY ) - Z(H® — mym,), where &

gg—HO

is the observed cross-section, G;é‘i , is the SM Higgs boson production cross-section via the

H
gluon fusion process and Z(H" — 7,7, ) is the branching fraction of the Higgs boson decay to 7,

particles.



Search for long-lived particles at LHCb Alberto Lusiani

—_
(=]
T

Fo m, =25GeV/ic?  ® m, =50GeV/c?

L+ my =35GeV/e®  x m, =35GeV/c,m, — cC LHCb

Lo m, =43GeV/c2  + m, =35GeV/c?, m, — s§

)- BH' - m,m,)
2

SM
gg—H’
\
\
\

(o/c
=
T
i
|

107 = 3

—2 L P S| L | L P
7 10 102 10°

Lifetime [ps]

Figure 1: Observed 95%-confidence-level upper limit on the production cross section of 7, pairs as a
function of their lifetime and for different masses and decay modes.

3. Search for long-lived particles decaying to three quarks

Certain minimal supergravity (mSUGRA) models [9, 10] predict Higgs-like bosons that can
be produced in pp collisions and decay to two LLPs neutralinos subsequently decaying to three
quarks. This latter decay is mediated by a very weak baryon-number-violating interaction [11].
We test this prediction by searching for candidate events containing two high multiplicity jets that
are consisting with originating from two separate vertices that also have a significant displacement
from the beam axis.

We search for two jets with at least four tracks each, in 0.62 fb~! of data collected in 2011 with
appropriate triggers. One jet candidate must have a minimum invariant mass larger than 3.5GeV/c?,
and the other larger than 4.5GeV/c?.

We find no evidence for a signal peak over the expected background in the reconstructed
invariant mass distribution and we set the limits [12] summarized in Figure 2.

4. Search for massive long-lived particles decaying to a muon and two jets

Some mSUGRA models with R-parity violation predict massive long-lived neutralinos that
decay to a muon and two jets [13, 10], via a very weak R-parity-violating interaction. We test
these model predictions by searching for candidate events containing a LLP with mass in the range
20-193GeV/c? and lifetime 5-100 ps. We consider several specific models for the production of
one or two LLPs in the same event, and we also consider a full inclusive search for LLP production
as simulated by PYTHIA 6 [14] by taking into account a full set of MSSM/mSUGRA production
mechanisms.

In the data collected in 2011 (1 fb~!) and 2012 (2 fb~ 1), we search for an isolated muon and at
least 4 tracks consistent with originating from a common vertex with significant displacement from
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Figure 2: Expected (open dots with 16 and 26 bands) and observed (full dots) upper limits at 95% confi-
dence level, for different Higgs-like-boson masses [(a) — (c)], for different LLP lifetimes [(d) and (f) ], and
as a function of the LLP mass [(e)]. The values of the other parameters are reported on the plots.

the beam axis. The muon is required to have a transverse momentum larger than 12GeV/c. We
search for a peak over the estimated background in the recostructed LLP invariant mass distribution.
We find no significant signal and we set limits [15] for all models considered and separately for the
2011 (7TeV) and 2012 (8 TeV) datasets. Figure 3 hows examples of these limits.

5. Conclusion

LHCb found no statistically significant excess of long-lived particles when considering three
different models of production and decay modes. When comparing published results on searches

for LLPs decaying to two jets, LHCb is complementary to ATLAS and CMS and is more sensitive
to shorter lifetimes (< 1 ps) and lighter masses [16].
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Figure 3: Expected (open dots with 16 and 20 bands) and observed (full dots) cross-section times branching
fraction upper limits at 95% confidence level, as a function of the LLP mass from the 2012 (8 TeV) dataset.
The theoretical models assume the full set of SUSY production processes available in PYTHIA 6 with default
parameter settings. The four plots report limits for different choices of the squark mass and the LLP lifetime.
The gluino mass is set to 2000 GeV/c?.
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