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The LWSM philosophy in a toy scalar model

In the LWSM:
For every particle we add a higher derivative term

Lhd = 1
2∂µφ̂∂µφ̂− 1

2M2 (∂
2φ̂)2 − 1

2m2φ̂2 − 1
4!g φ̂4 (M � m)

D̂(p) = i
p2−p4/M2−m2 −→ two poles: p2 = m2, M2

Equivalent theory with new Lee-Wick field φ̃:

L =
1

2
∂µφ∂µφ−1

2
∂µφ̃∂µφ̃+

1

2
M2φ̃2 − 1

2
m2(φ− φ̃)2 − 1

4!
g(φ− φ̃)4

Dφ(p) =
i

p2 −m2
D̃φ̃(p) =

−i

p2 −M2

In the LWSM for every SM-field there is a LW-partner
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LWSM solves the hierarchy problem

SM hierarchy problem: Higgs mass quadraticaly sensitive to cutoff

1-loop corrections from W:

−→ δm2
h ∼

g2

16π2 Λ
2 ∼ (1018 GeV )2 if Λ ∼ MPL

Resolution in the LWSM:

−→ δm2
h ∼

g2M2
LW

16π2 log
(

Λ2

M2
LW

)
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Lee-Wick issue: acausality

Lee-Wick particles have opposite sign width Γ < 0 and hence these
resonances exhibit a time advancement instead of a time delay.

Decay products would show up before colision

No paradox if only average position is studied (Lee & Wick)

Marty Mcfly paradox: there might be natural constrains which
we ignore (Coleman)
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Wrong vertex displacement

due to a Lee-Wick resonance at LHC
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How to test acausality

LW particles live too little to make temporal acausal beaviors
explicit

We could look for spatial acausal behavior, with no paradox
around.

Wrong Vertex Displacements at LHC!
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E. Álvarez∗ (and C. Schat, L. Da Rold and A. Szynkman) Wrong vertex displacement due to a Lee-Wick resonance at LHC



The Lee-Wick Standard Model
Wrong vertex displacement due to a LW resonance at LHC

Wrong vertex displacement

Center of mass (à la Coleman):

E. Álvarez∗ (and C. Schat, L. Da Rold and A. Szynkman) Wrong vertex displacement due to a Lee-Wick resonance at LHC



The Lee-Wick Standard Model
Wrong vertex displacement due to a LW resonance at LHC

Wrong vertex displacement

Center of mass (à la Coleman):
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The ”longest lived” Lee-Wick particle

We seek for the LW-particle with smallest Γ

Mass and interactions are both important

Light leptons LW-partners are favourites (assume MFV):

ẽ and

(
˜̀
ν
˜̀
e

)
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The ”longest lived” Lee-Wick particle

Main decays for ˜̀
e within MFV

200 300 400 500
M

l
~ @GeVD

1 ´ 10-12

2 ´ 10-12

5 ´ 10-12

1 ´ 10-11

2 ´ 10-11

ÈGÈ@GeVD
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ÈΤÈ@secD

Γ[ ˜̀e ]

. Γ[ ˜̀e → Z e]

. Γ[ ˜̀e → h(200GeV ) e]
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Looking for a wrong displaced vertex

M˜̀e
∼ 400 GeV −→ |τ | ∼ 10−14sec −→ ∆x ∼ 10−3 mm

LHCb Vertex Locator resolves ∆x⊥ ≥ 10−2 mm

We need to create ˜̀
e boosted with γ ∼ 10

However.....10× 400 GeV ∼ 4 TeV .....is it possible at LHC?
(7 TeV )
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The process

Feynman Diagram
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The process

R3-space

1 look for two events of e Z (reconstructed) coming from
displaced vertex.

2 compute the invariant mass

3 check if the events are wrong displaced vertex
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E. Álvarez∗ (and C. Schat, L. Da Rold and A. Szynkman) Wrong vertex displacement due to a Lee-Wick resonance at LHC



The Lee-Wick Standard Model
Wrong vertex displacement due to a LW resonance at LHC

LHC simulation

Process pp −→ (γ, Z , W̃3, B̃) −→ ˜̀
e
¯̀̃
e simulated through

MadGraph/MadEvent for M ˜̀
e
= 400GeV
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LHC simulation

Cross-sections for having wrong vertex displacements at LHC.

σ(M ˜̀e
= 400 GeV ) = 3 fb −→∼ 1 year to have 100 events @ L = 1033cm−2s−1

At M ˜̀e
> 500 GeV there is a dumping due to the high pt needed. (pt > 1700 GeV −→∼ 50 years for

10 events)

Background analysis is missing for a real final estimation.
(Notice: signal comes with a high pT electron, for instance M ˜̀ = 400 GeV =⇒ pT (e) ∼ 1TeV )
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E. Álvarez∗ (and C. Schat, L. Da Rold and A. Szynkman) Wrong vertex displacement due to a Lee-Wick resonance at LHC



The Lee-Wick Standard Model
Wrong vertex displacement due to a LW resonance at LHC

Conclusions

The Lee-Wick Standard Model solves the hierarchy problem and will
be tested at LHC.

The distinguishable feature of the LWSM is its acausality.

We explored its possible evidence at LHC through wrong vertex
displacementes. Recall: acausality signal 6= time paradox!!

We found that MFV plus leptons with masses below 500GeV could
lead to evidence of acausal vertex displacements in LHC era.

Possible observation requires to go further and analyze the
bakgrounds.

Wrong vertex displacement is a general signal for any acausal theory.
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LWSM basic particle content and interaction
LW-gauge bosons are massive and mix:

L2g =
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(1)
Fermions are vector like and mix:

L2ψ =
X

ψ=qL, uR , dR

ψ̄i 6 ∂ψ −
X

ψ̃=q̃, ũ, d̃

ψ̃(i 6 ∂ − Mψ)ψ̃

−mu(ūR − ¯̃uR )(qu
L − q̃u

L )− md (d̄R −
¯̃dR )(qd

L − q̃d
L ) + h.c.

(2)
Interaction between gauge bosons and fermions:

Lint = −
X

ψ=qL,uR ,dR

g1ψ̄( 6 B + 6 B̃)ψ + g2ψ̄( 6 W + 6 W̃ )ψ

+
X
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(3)
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pT distribution for final SM electrons in signal

pT distribution for final SM electrons for events which generate
wrong vertex displacements > 0.02mm (M˜̀e

= 400GeV ).

pp → ˜̀
e + ¯̀̃

e → ejj + ējj
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