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We show how a resonance from the recently proposed Lee-Wéeid&rd Model could lead to the
observation at the LHC of a here-proposed new observabglamitong vertex displacement/e
study which could be the possible ‘longest-lived’ Lee-Wckticle that could be created at LHC,
and we study its possible decays and detections. We conttiuolegh a Monte Carlo simulation
that this unique signature for acausal resonances, whdyzadavithin the Lee-Wick Standard
Model, would be measurable in the LHC era if Minimal Flavouolgtion is accomplished and if
the Lee-Wick electrons mass scale is betewt50 GeV.
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The Lee-Wick Standard Model (LWSM) [1] is a recently propbsxtension to the Standard
Model which solves the hierarchy problem at the price obidtrcing a Lee-Wick (LW) partner for
each SM particle. The LW particles have the same statistibeis SM partners, but their kinetic
term have the opposite sign, leading to partial cancefiatim loop corrections that eliminates
guadratic divergences. See Ref.[1b] and references thinea recent review on the LWSM and
its consequences.

A very interesting and distinctive feature of the LWSM isntécroscopic acausal behaviour,
which is originated in the opposite sign in the kinetic termAtthough the theory to be consistent
should forbid the temporal exploration of this acausal biEha, we propose here a new observable
calledwrong vertex displacemef] which would explore spatially this acausal behaviountigh
the creation of a boosted LW resonance.

A wrong vertex displacement is defined as a vertex displanemevhich the total momentum
of the particles coming from the secondary vertex pdioigardsthe primary vertex instead afvay
of it, and its invariant mass corresponds to a new resondincan be shown that this characteristic
behaviour corresponds to an acausal resonance [2] andpasted, the higher is the momentum
transferred through the resonance, the higher is the tp#iiget due to acausality. On the other
hand, it is interesting to notice that the greatest tempacalisal behaviour in the primary vertex
occurs in the system of reference where the LW resonanceshasrromentum.

In order to find which are the LW particles which would proddbe greatest wrong vertex
displacements at the LHC, we need to find which have the smaitih, ', or greater ‘life-time’.
Having into account the LWSM interactions and the consgraimthe LW quarks and gauge bosons
partners V3 andB) coming from the EWPT [3] and those on the LW Higgs [4] we code that
the LW leptons are the best candidates to produce wrongagigplacements. Assuming Minimal
Flavour Violation (MFV) we obtain, after the proper diagbpation of the Yukawa terms, that the
physical states partners of the SM left electréh), and the SM right electrorg, are by far the
best candidates to produce the sought signature. We plag.ibaRthe partial and total width df.
Since the LWSM favors pair-creation of LW leptons, the chtedstic signature at the LHC would
betwowrong vertex displacements and it would look like in Fig.1b.

In the following we analyze the experimental perspectigaméasure wrong vertex displace-
ments due to a LW electroff at the LHC. In order to observe the sought signal the LW edectr
needs to be created with the higher possible momentum. Hawto account that the LHC de-
tectors have better resolution in the transverse plane agsfon requirements on the transverse
momentumpy of the LW electron. If we take as a reference value for thestrarse resolution of
the secondary vertex positidkx = 20 um, we find that LW electrong® created withpr > MM Ax
will produce a detectable displacement. This allows us tainbminimum transverse momentum
pr for the LW resonance as a function of its mass. For LW maskes 300, 400 and 500 GeV, we
obtain that a cut in the transverse momentum of the LW elestpp > 450, 980 and 1700 GeV,
respectively, is required to obtain displacements grahtarAx = 20 um. _

We used MadGraph/MadEvent [5] to obtain the total productimss section of e pair at
the LHC with a center of mass energy of 14 TeV. We have also ctedphe cross-section after the
above-mentioned cut ipr such that the transverse vertex displacement is greateAtha 20um.
Fig. 2a shows a simulation for they distribution and its cut irf®® production at the LHC. We
plot our results for a relevant range of LW masses in Fig. Ziere we have takem, = 200 GeV.
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Figure 1. (a) Partial widths of® as a function of its mass fan, = 200 GeV. The dotted line corresponds
to ['[/€ — h+ €], the dashed line t6[¢¢ — Z + €] and the solid line to the total width. The neutral current
decay dominates the width f&f, < 700 GeV ifmy, 2 200 GeV. (b) Two wrong vertex displacement: decay
products travel from the secondary towards the primaryexeihstead of moving away from it.

As a general feature we see that the cross section after theswa strong dependence with the
LW scale. ForM; = 300 GeV the total cross section is rather largeg6 fb, and after the cut we
still have a sensible cross sectienl1 fb for my, = 200 GeV and~ 8 fb for m, = 150GeV. On the
other hand, foM, = 500 GeV, there is not enough energy at the LHC to create théyhigposted
LW leptons.
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Figure 2. (a) pr distribution for /e¢e production at the LHC settintyl, = 400 GeV. The shaded region
—which survives after the cut ipr— represents the events that would produce wrong verteladisments
greater tham\x = 20um. We usedViy, = Mz = 3 TeV and a center of mass energy of 14 TeV. The first
resonance corresponds Zoand the second one #W° and B, whereas the tail for higlpr is due to the
lack of available energy in the quarks of the proton’s beam.Total (upper line) angbr-cut (lower line)
cross-sections fofe/® production in LHC. Thepr cut ensures that the wrong vertex displacement is greater
thanAx = 20um. In both figures the-axis is in GeV units.

Once created, each energetic LW lepton will mostly decay anhard electron and. The
electrons will have a very largpr because they are produced in a two body decay of a heavy
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LW lepton, and also because the LW state itself has a |pfgeFor instance, foM, = 200 GeV
the pr distribution of the final hardest electron is centeregpin~ 200 GeV, whereas foM, =
400 GeV is centered ipr ~ 900 GeV, see Fig. 3. Therefore, although the cut in the tenssv
momentum of the LW lepton suppresses the production cras®seat the same time, it allows
us to impose hard cuts in th@ of the most energetic leptopy = ¢(200) GeV, with low impact

in the signal. The hadronig decay dominates, producing a jet pair for each vector. There
the signal corresponding to the dominating channel is detiyea very energetic electron-positron
pair and four jetsete jjjj. Each pair of jets with an invariant mass corresponding &Zzth
when considered together with the proper lepénwill have an invariant mass peaked around the
LW-lepton mass.

The backgrounds for the sig- 0.01

nal here presented do not seem to
cause further complications. How- —
ever, a detailed SM background |
analysis should be performed to ng
verify that the whole luminosity —'®
for theeejjjj signal data —with a
suitable cut in the electrons’ trans-
verse momentum opr(e) > 200

GeV- can be collected to perform

an off-line analysis (this is known Figure 3 pr distribution for the most energetic electron in
as an un-prescaled trigger). After- the signalete™jjjj after imposing the cut on thpr of the
wards, the peculiarity of this sig- LW-leptons to obtain wrong vertex displacements greatan th
nal would need a proper vertexing Ax = 20um. The dotted (red), dashed (blue) and black (solid)
algorithm to cope with the correct lines correspond to LW masskt = 200 GeV, 300 GeV and
wrong vertex assignment. 400 GeV, respectively.
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