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Testing neutrino mass generation  
at LHC 

•  Introduction: Anything LHC has to say about ν 
oscillations is model dependent.  

•  Neutrino masses and lepton number violation 
•  Signatures of see-saw messengers at LHC 
•  Multilepton signals at LHC 



Chicago, July 21, 2009 F. del Águila (Univ. de Granada) 

   The signals of new physics at large colliders depend on the 
new masses and couplings.  

     Here, we are mainly interested in new particles which may 
contribute to light neutrino masses, in particular which result 
upon integration in the only dimension 5 operator involving 
Standard Model fields and generating Majorana masses for 
the 3 known ν’s. 

     There are 3 such tree level messengers: N, Δ, Σ. (There are 
other ways to give neutrino masses if they are, for instance, 
Dirac particles.                              ) 

Neutrino masses and lepton number violation 

S. Weinberg,  Phys. Rev. Lett. 43 (1979) 1566 
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E. Ma, arXiv: 0905.0221 [hep-ph] 
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See-saw messengers of type I,II and III 

A. Abada, C. Biggio, F. Bonnet, M.B. Gavela and T. Hambye, JHEP 0712 (2007) 061  
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   The production mechanism is proportional to the mixing 
between the light leptons and the new heavy neutrino N, 

    as there are the light neutrino masses, BUT in the first case 
enters the specific mixing matrix element and in the second 
one the combination of all of them and cancellations are 
possible.   

Some debate on N production and detection 
X.-G. He, S. Oh, J. Tandean and C.-C. Wen,  arXiv: 0907.1607 
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     The observation of this signal requires, as always, relatively 
small backgrounds, which are different for heavy Majorana 
and Dirac neutrinos. 

     Although for heavy Majorana neutrinos the signal is lepton 
number violating, the backgrounds are not completely 
negligible for the energies and cross sections involved.    

Some debate on N production and detection 

F.A., J. de Blas and M. Pérez.-Victoria, Phs. Rev. D78 (2008) 013010 
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T. Han and B. Zhang, Phys. Rev. Lett. 97 (2006) 171804 

Without 
CKM data  

Otherwise, 
VeN = 0.045 
VmN = 0.006 
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Signatures of see-saw messengers at LHC 

-2 YΔµΔΜΔ
-2 


~ l+l+W-W- 
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Fermion singlet N 

F.A., J.A. Aguilar-Saavedra and R. Pittau,  
JHEP 0710 (2007) 047 

Large backgrounds 

Likelihood analysis 

Limit on their mass   
~ 120 (150) GeV for D (M) 
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LNC signals may be more significant than LNV ones  

F.A. and J.A. Aguilar-Saavedra, Phys. Lett. B672 (2009) 158  

mN = 100 GeV 
|V|2 = 0.003 

Difference due  
to kinematics 

Coupling to 
 e and µ,  

respectively  
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    LNV signals have smaller backgrounds than LNC ones 
BUT for a fixed number of final particles. As a matter of 
fact  the significance of trilepton LNC signals is similar to 
the  significance of LNV dilepton signals. 

      At any rate, multilepton signals are complementary in 
order to discriminate between models. Scalar and fermion 
triplets mediating the see-saw mechanism have final 
states with many leptons (up to 6), as many other new 
particles at the TeV scale (as, for example, heavy leptons 
or quarks, or Z’s decaying into them).  

Some debate on LNV versus LNC signals 

11 
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-2 YΔµΔΜΔ
-2 


~ l+l+W-W- 
Scalar triplet Δ 

F.A. and J.A. Aguilar-Saavedra, Nucl. Phys. B813 (2009) 22  

Multilepton signals at LHC 
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Scalar triplet decay 

J. Garayoa and T. Schwetz, JHEP 0803 (2008) 009 

Δ BR’s into leptons are a high energy window to neutrino masses and mixings, and may even allow 
for reconstructing the MNS matrix. 

A.  Hektor, M. Kadastik, M. Muntel, M. Raidal and L. Rebane, Nucl. Phys. B787 (2007) 198 

P. Fileviez Perez, T. Han, G.-Y. Huang, T. Li and K. Wang, Phys. Rev. D78 (2008) 015018 

F.A. and J.A. Aguilar-Saavedra, Nucl. Phys. B813 (2009) 22  
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LHC  reach 
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mΣ = 300 GeV 

Fermion triplet Σ


F.A. and J.A. Aguilar-Saavedra, Phys. Lett. B672 (2009) 158  

σD = 2 σM  

FCNC  D. Ibañez, S. Morisi and J.W.F. Valle, arXiv:0907.3109 [hep-ph]  

R. Franceschini, T. Hambye and A. Strumia, Phys. Rev. D78 (2008) 033002 

A. Arhrib, B. Bajc, D.K. Ghosh, T. Han, G.Y. Huang, I. Puljak and G. Senjanovic, arXiv:0904.2390 [hep-ph] 
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J.A. Aguilar-Saavedra, arXiv:0905.2221 [hep-ph] 

mΣ,… = 300 GeV 
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mΣ,… = 300 GeV 

< 30 GeV 

LHC  reach 

 Many other Standard Model additions give multilepton signals, and the 
comparison of different channels in general allows for discriminating 
between them.  F. A., Ll. Ametller, G.L. Kane and J. Vidal, Nucl. Phys. B 334 (1990) 1 
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F.A. and J.A. Aguilar-Saavedra, JHEP 0711 (2007) 072 
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J.A. Aguilar-Saavedra, arXiv:0907.3155 [hep-ph] 
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Summary 

LHC reach 

Multilepton 
5σ discovery 
luminosity 

M = 300 GeV 
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Thanks for your attention 
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J.A. Aguilar-Saavedra 
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F.A. et al., NPB 813 (2009) 22,  
Distinguishing see-saw models at LHC with multi-lepton signals  
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B. Bajc, M. Nemevsek and G. Senjanovic, hep-ph/0703080  

F. del Aguila, Ll. Ametller, G.L. Kane and J. Vidal,  
                                     Nucl. Phys. B 334 (1990) 1 

Heavy leptons 
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Summary. II 
•  Independently of the heavy neutrino character EWPD 

require 
     Fermion singlet  mN > MW 

        |VlN Vl’N|  <  0.012    0.0001   0.01    S. Bergmann et al., hep-ph/9803305 
                           0.003   0.0096    0.01    D. Tommasini et al., hep-ph/9503228   
                                       0.0032   0.016   F. del Aguila et al., 0803.4008[hep-ph] 
                                                     0.0062 
                                  mN < MW 

                 |VlN|2  <  0.0002                              L3, Phys. Lett. B 295 (1992) 371 
      Fermion triplet   mN > MW   

        |VlN Vl’N|  <   0.0004  1.1X10–6  0.0005 A. Abada et al., 0803.0481[hep-ph]  
                                          0.0003   0.0005 M. Raidal et al., 0801.1826 [hep-ph] 
                                                        0.0007 
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L3, Phys. Lett. B 295 (1992) 371 L3, hep-ex/0107014 
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mN > MW                                    mN < MW 
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 pp → WR → eN → eejj 

S.N. Gninenko, M.M. Kirsanov, N.V. Krasnikov and V.A.Matveev,  
                                                    Phys. Atom. Nucl. 70 (2007) 441 

N production with extra interactions 

Observable for MWR and MN up to  
3.5 TeV and 2.3 TeV for L = 30 fb-1 
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A.Hektor, M. Kadastic, M. Muntel, M. Raidal and L. Rebane,  
                                                                0705.1495 [hep-ph]  

Scalar triplets 

Scalar masses up to 800 GeV can be discovered at LHC for a L = 30 fb-1 
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B. Bajc, M. Nemevsek and G. Senjanovic, hep-ph/0703080  

F. del Aguila, Ll. Ametller, G.L. Kane and J. Vidal,  
                                     Nucl. Phys. B 334 (1990) 1 

Fermion triplets 
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W. Porod, M.Hirsch, J.C. Romao and J.W.F. Valle, hep-ph/0011248 

Other model dependent neutrino signals 
at large colliders 

Ratio of neutralino branching ratios as a function of the atmospheric mixing angle  
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S. Bar-Shalom, A. Rajamaran, D. Whiteson and F. Yu, 0803.3795[hep-ph] 
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S. Bar-Shalom, G. Eilam, T. Han and A. Soni, 0803.2835[hep-ph] 
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Summary. III 

•  Heavy Majorana neutrino coupled to muons: VeN a factor 2 
better at LHC, but  

•  new EWPD analysis reduces VeN by a similar factor. 
Moreover, a complicated cancellation is needed not to 
disturb light neutrino masses. 

•  Heavy Dirac neutrino can not improve indirect limits but 
they do not contribute to light Majorana masses. However, 
they have not LNV signals either. 

•  In both cases |VeN| < 0.007 for mN around 300 GeV at ILC, 
and a factor ~ 3 better for a several TeV heavy neutrino at 
CLIC.  
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Summary. IV 

•  In the presence of extra interactions these limits increase 
up to several TeV (no mixing suppression and resonance 
enhancement) for both heavy fermions and gauge bosons. 

•  Heavy scalar triplets can be observed at LHC for masses 
up to 800 GeV. 

•  Fermion triplets have similar discovery limits. 
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                              90 % C.L. 
Fermion singlet  |VlN| < 0.039 
Best value         |VlN| = 0.026, mh = 121.5 GeV  
Scalar triplet                2 (YΔ )eµ (YΔ

+
 )µe ΜΔ

-2


                                     |(YΔ )eµ ΜΔ
-1| < 0.47 TeV-1


                                                               4 |µΔ|2 ΜΔ
-2


                                 |µΔΜΔ
-2| < 0.043 TeV-1 

Fermion triplet    |VlΣ| < 0.018 
Best value         |VlΣ| = 0.015, mh = 116.2 GeV 
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M.C. Gonzalez-Garcia and M. Maltoni, 0704.1800 [hep-ph] 

Light neutrino masses and mixings 


