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Problem: Neutrinos are small



Model

Field Content:

SM + Φν =
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ν

(vν + φ0,r
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2

)
+ νRi

Symmetry:

Φν νRi Everything else
U(1) +1 +1 0

L(Φν , νRi ,X ) = L(Φνei(+1)θ, νRi e
i(+1)θ,Xei(0)θ)
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Symmetry breaking



Particles

Dirac neutrinos:

ν1 ν2 ν3

Scalar particles:

h H± H0 A0

mixing of order: vν
vSM

LYuk =
mνi
vν H0ν̄iνi −

imνi
vν A0ν̄iγ5νi −

√
2mνi

vν [U∗`iH
+ν̄iPLe` + h.c.]



Neutrino mixing

stolen from Berkeley Lab



H+ decay

BR(H+ → `+ν) =
P

i m2
νi
|U`i |2P

`

hP
i m2
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|U`i |2
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Processes

Signal:

pp → H+H− → `+ν`−ν̄

Background:

pp → VV → `+ν`−ν̄; V = W , Z , or γ

pp → t t̄ → `+ν`−ν̄bb̄



Can we find the model at LHC?

Simulate events with MadGraph/MadEvent

↓
Pass events through PYTHIA/PGS

↓
Apply cuts

↓
Apply k factors to approximate NLO

↓
Check the ratio of signal to background
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Significance at LHC for MH+ = 100 GeV
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Significance at LHC for MH+ = 300 GeV

 1

 10

 100

 1000

 0.001  0.01  0.1  1

lu
m

in
os

ity
 fo

r 5
!

 d
isc

ov
er

y 
[fb

-1
]

lightest " mass [eV]

all channels

300 fb-1 of collected data

30 fb-1 of collected data

NH
 1

 10

 100

 1000

 0.001  0.01  0.1  1

lu
m

in
os

ity
 fo

r 5
!

 d
isc

ov
er

y 
[fb

-1
]

lightest " mass [eV]

all channels

300 fb-1 of collected data

30 fb-1 of collected data

IH



Conclusion

I Model explains small neutrino masses
I Has the possibility of being detected at LHC



Cuts
Cut name Explanation
Basic cuts Present are a lepton and antilepton, both with p` >

20 GeV. Also, pmiss
T > 30 GeV. For parton level,

there is cut applied so that |ηe| < 3.0 and |ηµ| < 2.4.
Jet veto Designed to reduce t t̄ background, any event with a

jet of pjet
T > 30 GeV was cut. For parton level, the

veto is only applied when |ηjet | < 5.0.
Z pole veto To eliminate events that include Z → `+`−, we

veto events with the invariant mass of the two lep-
tons between 80 GeV and 100 GeV (applied only to
e+e−pmiss

T and µ+µ−pmiss
T final state events).

H ′T cut To eliminate the background mediated by W/Z/γ,
we make use of the mass difference of these par-
ticles versus H+, and also the spin difference of
these particles (1) versus H+ (0). It was found
that the best way to accomplish this was to cut on
H ′T ≡ p`

+

T + p`
−

T + pmiss
T . For MH+ = 100 GeV, we

require H ′T > 200 GeV, and for MH+ = 300 GeV,
H ′T > 600 GeV.



Next-to-leading order (NLO)

|M|2NLO = |MLO +M1−loop|2 + |M|21−jet

σNLO = kσLO + σ1−jet

σNLO = mσcut
LO + nσcut

1−jet
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