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Motivation
• Excited neutrinos are one of the possible manifestations of new physics

beyond the Standard Model (SM)

• Last search for excited tau neutrinos at the LHC was performed by the
ATLAS Collaboration using the 2012 8 TeV pp data [1] and the limit on
the excited tau neutrino mass was set to 1.6 TeV

The Baur, Spira, and Zerwas model

• Model of composite quarks and leptons predicts the excited neutrinos
produced in proton-proton collisions via contact interaction (CI) [2]
that is described by an effective four-fermion Lagrangian

LCI =
g2∗

2Λ2

1

2
jµjµ′

– Single production via qq̄ → ll̄∗, l∗ l̄

– Pair production via qq̄ → l∗ l̄∗

• The excited neutrinos can decay to an SM neutrino via CI or through
the mediation of a gauge boson, gauge interaction (GI)

• The transition of excited neutrinos to the SM neutrinos via GI is
described by the effective Lagrangian
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• Final state includes missing transverse energy and zero to three
charged leptons and/or jets

Excited Tau Neutrino Decay Modes

• Decay modes of excited tau neutrino:

– Contact interaction (CI): ν∗τ → ντff̄ , (f = q, l, ν)

– Gauge interaction (GI): ν∗τ → ντZ, τW

• Relative branching ratios for decays of excited tau neutrinos ν∗τ depend
on the coupling constants f , f ′ and the ratio of the mass of the excited
tau neutrino mν∗τ

and compositeness scale Λ

• The variation of the branching fractions of the different decay channels
as a function of mν∗τ

/Λ for different combinations of the coupling con-
stants f and f ′ is shown in Fig. 1,2

• The CI dominates the region of high mν∗τ /Λ or the region of low f, f ′

• The GI dominates the region of low mν∗τ /Λ and high f, f ′
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Fig 1: f = f ′ = 0.1 Fig 2: f = f ′ = 1

Simple Reinterpretation of the ATLAS Monojet Search

• Scanning the possible final state scenarios depending on the model pa-
rameter values one can identify searches on LHC that can be reinter-
preted as a search for the excited tau neutrinos

• One of such searches is the Monojet search by the ATLAS Collaboration
[3]

• Searches for new physics produced at the LHC in proton-proton colli-
sions at

√
s = 13 TeV, using events with energetic jets and large missing

transverse momentum

• Signal region is defined by the presence of up to four jets with leading
jet pT > 150 GeV and missing transverse energy EmissT > 200 GeV,
which can also be sensitive to the ν∗τ

• Publicly available results of ATLAS Monojet Search can be reinter-
preted as a search for excited tau neutrinos by replacing signal samples
with samples for ν∗τ generated by Pythia 8.3 [4] and Delphes 3 [5]

• Syst+stat uncertainty of the background estimate is taken as a total
syst+stat uncertainty of the background estimate from original search

• ATLAS Monojet Search uses following control regions: W → µν, Z →
µµ, W → eν, Z → ee, Top

– Need to check the signal contamination of the control regions

– The ratio of the number of generated signal events that passed
selection criteria of CR to the number of background in the CR for
W → µν CR with different combinations of strength of coupling
constants f , f ′ and mν∗τ

is shown in Fig. 3

– In W → µν CR the Sig/Bkg ratio reaches no more than 5 % in-
cluding the syst+stat uncertainties

– Sig/Bkg ratio in W → eν CR is up to 3 %, for Z → µµ CR up to 5
%, for Z → µµ CR up to 3 %, for Top CR up to 6× 10−3 %
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Fig 5: Signal/Background ratio in W → µν CR

Limit on Excited Tau Neutrino Mass
• Using reinterpreted ATLAS Monojet Search as a search for excited tau

neutrinos, the rough limit on the mν∗τ
can be estimated

• ν∗τ events are generated for different values of the mν∗τ
with the com-

positeness scale set to Λ = mν∗τ and coupling constants f = f ′ = 0
which corresponds to the CI only

• The upper 95 % CL limit on the ν∗τ production cross-section as a func-
tion of mν∗τ

is shown in Fig. 4

• ν∗τ with masses below 4 TeV can be excluded at 95 % CL in scenario
with CI only and Λ = mν∗τ

• The reinterpretation of the ATLAS Monojet Search can considerably im-
prove the limit on the excited tau neutrino mass compared to the pre-
vious ATLAS search [1] where the limit was set to 1.6 TeV

1000 2000 3000 4000 5000
 [GeV]

τ
*νm

1−10

10

310

510

710

 [f
b]

σ
95

%
 C

L 
lim

it 
on

 

Theoretical
Obs
Exp
Exp stat-only

σ 1±Exp 
σ 2±Exp 

Fig 4: Upper 95 % CL limit on the ν∗τ production cross-section
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