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e Inspiration

started in 1983 ...
a PRL paper with Wei-Yee Keung, Goran

VoLuME 50, NUMBER 19 PHYSICAL REVIEW LETTERS 9 May 1983

Majorana Neutrinos and the Production of the Right-Handed Charged Gauge Boson

Wai-Yee Keung and Goran Senjanovié
Physics Depavtment, Brookhaven National Labovatory, Upton, New Yovk 11973
(Received 14 February 1983)

A possibility of a very clean signature for the production of Wz* is pointed out. If the
right-handed neutrino is lighter than Wz*, left-right symmetric gauge theory predicts
the decay Wgr*—pu*u* + 2 hadronic jets, with the branching ratio ~3%. The lack of neu-
trinos in the final state and the absence of a sizable background make W * rather easy to
detect (if it exists). Detailed predictions regarding the production and decay rates of

Wg' are presented.
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r first proposed
ajorana neutrino N at TeV scale;
e channel for Wy, signal,

triking channel to search for AL=2
ade the connection with collider expt.

he paper came as a surprise ...
el-Yee Keung should have come to tell the story..
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ELEMENTARY
PARTICLES

HEP theory:
the triumph & ignorance
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Senjanovic’s
ed the searches ...

Fundamental diagram:

he transition rates are proportional to
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Favorable diagram:
q; [+

Wa -
g N
aj

AT the LHC: (Sergei Gninenko ...) * w=

[ TeV: M, = 1500 GeV, M =600 GeV;
14 TeV: M, = 3500 GeV, M\ = 2300 GeV.

My criteria for establishing the spontaneous P-violation:
1. Observing a new heavy W,
determining W' right-handed couplings; AND g,=0x
2. Observing new heavy fermions (N, ...);
determining their right-handed nature

3. Observing the Higgs triplet
AS WELL AS the bi-doublet
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Mixing with SM:

At the LHC:T

ounds:
Wb, Wb — buT, jj ¢ pt + EFss
R W= i
p — WEWE WT.
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Sensitivity reach:
ode: V2, ~5x 1077, or m4 ~ 400 GeV

ode: V3, below 0v3B bound at myg ~ ]
T.Han
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The Compact Muon Solenoid Experiment

Analysis Note Eﬂ;ﬁ_

‘Tha content of fhis nabe ts intandad for CMS Infemal usa and disirinsgian only

01 June 2009 (v9, 15 July 2009)

Searching for Majorana Neutrinos By Same-Sign
Dilepton Final State at /s = 10 TeV at The LHC

W. Clarida™ | T. Yetkin, Y. Onel
Umiversity of fowa, fova Ciry, fowa 52242
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Abstract

The Standard Model can be extended to include massive neutrinoes as observed in the recent oacillation
experiments. Perhaps the most commonly stedied model is the Type-1 seesaw. This model introduces
a new neutring with a Majorana nature with an unknown mass. In this study we present the potential
o the discovery of & Majorana neutring during the first year of data collection frem the Large Hadro
Collider. In the analysis we used muon triggers, muen isclation, jet esergy corrections, b-tagg)
examination of the combinatorial backgrownd. We found that the mass can be reconsi
the isolated muons and two jets with proper jet corrections applied: whereas thy
5 backgroumds was small. We conclude that the Pl
running at the LHC at % = 10 TeV with the CMS detec



(with a scalar

Mohapatra, Senjanoy

scalar triplet ® (Y =2): ¢**, ¢p*, ¢°
a gauge invariant/renormalizable term:

Yi;L; C(wg)CDL + h.c.

at leads to the Majorana mass:

MzJVfCVJ —|— h.c.

ere
M;; = Y;;(d) = Y0 SHNENE

same gauge invariant/renormalizable term:

\ uHT (io5)DTH + h.c.
2
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LHC Produ
of Triplet Scalar
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Nearly background-free.

'Events /300 fb™'
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0 fb~ ! integrated luminosity,
e upto M 14 ~ 1 TeV even with BR ~ 40 — 50%

N

a CC

Possible urements on BR's.

Tao Han, Gui-Yu Huang, Tong Li, Kai
ph]

tPavel Fileviez \\\
arXiv:0803.3450F
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ne Il (with a leptoni
(With GUT: Bajc, Senjano

a lepton triplet 7 (Y =0): 717 79 7, add t
—Mp(TTT~ + T7°7°/2) + 3 H iooTL;

hese lead to the Majorana mass: 0

M;; ~ YY)

Demand that My 51 TeV, M;; S1 eV,
Thus the Yukawa couplings:t
Yj 5 10—67

king the mixing 79 — /= very weak.

Main features:

79 a Majorana neutrino;
Decay via mixing (Yukawa couplings);
. air production via EW gauge interc

\




The Collaboration

In the summer of 2007:
the "BCSPIN” summer school in Beijing ...

The “Magnificent Seven” collaboration:
Abdesslam Arhrib, Borut Bajc, Dilip Ghosh, Guiyu Huang,
Tao Han, Ivica Puljak, Goran Senjanovic

Type Ill phenomenology at the LHC:

T°, T* with AL = 2 transition = Majorana nature
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Normalized ER
Normalized BR

= Hee ._ LT N '....| 1 ; :
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So, what do they
have In common?

muon neutrifo
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A collaborator, a teacher, an idol

Inspirational, and a quality guard.
Reliable resource with breadth and depth.
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2) Neutrino Mass and Spontaneous Parity Violation.

Rabindra N. Mohapatra, Goran Senjanovic, Phys.Rev.Lett.44:912,1980. Cited 2444 times
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Confucius said:
“ =+, PO+ f+HEKan,
ANTEIR , &+ MOFraR”

“Turn 30: independent

Turn 40: not being confused

Turn 50: knowing the laws of nature

Turn 60: deep understanding of everything
Turn 70: achieve anything as wish”

- SR T\
= sy .

We all admire and celebrate what yo hav achievedA!

Happy Birthday, Goran!

(On behalf of Vernon Barger and Pavel Fileviez Perez as well)



Many thanks to the organizers
for such an enjoyable festivity !
lvica Puljak, Alejandra Melfo,
Francesco Vissani, M.Tello, C.Aulakh... ...




