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The model

General Framework

5D: Type I L5D 3 y ν̄HN + ckN̄N + δ(z − zUV )MNNRNR

4D: Type I

Normal KK basis (Huber, Shafi, 03)

Only zero mode contribute to neutrino mass, which
has MM � TeV

Type I seesaw

⇒ No hope to produce it on collider ?

NOT close to Mass basis !
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The model

General Framework

5D: Type I L5D 3 y ν̄HN + ckN̄N + δ(z − zUV )MNNRNR

4D: Inverse

Mass Basis

TeV Pseudo-Dirac pair with tiny Majorana Mass
splitting contribute to neutrino mass
Inverse seesaw (Mohapatra, 86)

⇒ Phenomenological interesting !

Peizhi Du (UMD) warped seesaw May 10, 2016 4 / 16



The model

5D overview

SU(2)L × SU(2)R × U(1)X SU(2)L × SU(2)R × U(1)X

SU(2)L × SU(2)R × U(1)X
⇓

SU(2)L × U(1)Y
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BC : New Fermions WR Z ′(−+)

Peizhi Du (UMD) warped seesaw May 10, 2016 5 / 16



The Signal

Signal Channels
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Assuming N is pure Dirac ⇒ No Lepton number violation
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The Signal

Production

Coupling :
W+

L uLd̄L = gSM√
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The Signal

WR Branching Ratio

Forbidden channels:
WR → u d No Coupling
WR → q F KK Kinematics

MKK
L,Q > MWR

> MN ,Ml̃
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Decay channels:
WR →WZ
WR → Nl̃
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The Signal

Backgrounds

Channels Di-lepton Tri-lepton

Signal l±l∓W (jj)H(bb̄) l±l∓l±H(bb̄)

Irreducible BKG l±l∓W±H l±l∓W±H

Reducible BKG
tt̄H → bW+ b̄W−H

→ bbHl+ l−

jjl± l∓H

tt̄W → bW+ b̄W−W

→ l+ l− l+bb̄

Cuts (GeV)

40 < Mjj < 120

Mll > 120

1500 < MWR
< 3000

110 < Mbb < 140

1000 < MWR
< 2600
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The Signal

Signal+BKG

Parton level + Smearing+b-tagging (14 TeV LHC 300 fb−1)

MWR
= 2TeV ,MN = M

l̃
= 750GeV , gl = gR , kπR = 34

Di-lepton Channel
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Tri-lepton Channel
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The Signal

Final results

Di-lepton Channel
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Tri-lepton Channel
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The Signal

Comparison with 4D LR model

Warped Seesaw
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LR inverse seesaw (Chen,Dev,12; etc)

u

d̄

W+
R

N

W+
L /W

∗+
R

j

j

l−

l+

Models Warped Seesaw LR inverse seesaw

Production
gSM√
kπR
× Mixing gSM

BR(WR → Nl) ∼ 4
7

∼ 2
13

Final states
l± l∓jjbb̄

l± l∓ l±bb̄ MET

l± l∓jj

l± l∓ l±MET

Z ′ channels Comparable to WR Suppressed by MZ′
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The Signal

More Channels

Z ′channel
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Conclusion

Conclusion

Type I (High scale) seesaw in 5D model can naturally go to 4D TeV
inverse seesaw, which can be directly probed by LHC

∼5 σ signal of Di-lepton and Tri-lepton channles can be achieved by
on-shell production of WR and cascade decays

Comparing to LR inverse seesaw, warped seesaw have an extra H
(bb̄), can further suppress background. Z ′ channel is only
unsuppressed in warped case

More channels are possible in warped seesaw (SU(2)L doublet decay)
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Conclusion

Thank you
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Conclusion

Lepton Mixing

L5D 3 yLLHL̃R

Neutrino Mixing

yv ν̄LNR + MDN̄LNR

MD(N̄L + yv
MD
ν̄L)NR

NL ≈ NL + VvNνL
νL ≈ νL − VvNNL

Charged Lepton Mixing

yv ēLẽR + MD
¯̃eLẽR

MD(¯̃eL + yv
MD

ēL)ẽR

ẽL ≈ ẽL + Vl l̃eL
eL ≈ eL − Vl l̃ ẽL

V2
vN = V 2

l l̃
= 0.001
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