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Introduction

Motivation

@ Over the last decade, neutrino oscillation experimentg lsadown that
neutrinos are massive.

@ Massive neutrinos can be accomodated by introducing heavy
right-handed SM singlet neutrinoSRg.
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Introduction
Motivation

@ Over the last decade, neutrino oscillation experimentg lsadown that
neutrinos are massive.

@ Massive neutrinos can be accomodated by introducing heavy
right-handed SM singlet neutrinoSRg.

o Many models with heavy massive right-handed neutrinos @stain
new charged gauge bosoi¥’s

o If new heavy states at the TeV scale, the LHC has potentiaktmder
the states.
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Introduction
Motivation

@ Over the last decade, neutrino oscillation experimentg lsadown that
neutrinos are massive.

@ Massive neutrinos can be accomodated by introducing heavy
right-handed SM singlet neutrinoSRg.

o Many models with heavy massive right-handed neutrinos @stain
new charged gauge bosoi¥’s

o If new heavy states at the TeV scale, the LHC has potentiaktmder
the states.

@ In particular, ifMyw > My, then it may be possible to observe the
spectacular lepton-number-violating process
pp — W' — £E7%]

o If such patrticles are discovered, it will be imperative toasgre their
properties, such as mass, spin, and chiral couplings.
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Theoretical Framework
Interaction Lagrangian

Charged current interactions of Majorana neutrinos, \&héhteractions:

T n+3

=e

m=4
T nt+3

+ Z Ga \py *“/Z WZ NEVEsyWPal + h.c.

@ V andV? are neutrino mixing matrices.

e W will denote aW’ with purely left-handed couplings, avil; a W’ with
purely right-handed couplings.
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Signal Reconstruction and Selection at the LH

Signal

@ We consider the lepton number violating process:
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Signal Reconstruction and Selection at the LH

Signal

@ We consider the lepton number violating process:

o To fully reconstruct the event, the origin of each charggdde must be
determined.

@ There are two possible solutions to the neutrino mass:
M = (Pry + Py, +P)° OF MR = (Piz + Py, +Pj,)?

@ The lepton that most closely reconstructs the majoranaineunass is
identified as the lepton originating from the neutrino.
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Signal Reconstruction and Selection at the LH
Event Selection

@ Energy resolution is simulated according to a Gaussianiision, and
is parameterized according to
o(E) a
— =—O b
E VE
where for leptong = 5%, b = 0.55% and for jet& = 100% b = 5%.
@ The basic detector acceptance cuts are applied:
pr > 30GeV, pf > 20GeV, n; <3.0, n, <25
@ Signal consists of two leptons and two jets that are requodze well
separated:
ARPM > 0.4, AR; > 0.3
o Finally, apply the missing energy and invariant mass cuts:

Im$C—my| <0.1my,  [VE—Mw| < 0.1My
Fr <30GeV, 60 GeV<m; <100 GeV
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MeasuringW’N¢ Chiral Couplings

MeasuringWW'N/ Chiral Couplings
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MeasuringW’N¢ Chiral Couplings

MeasuringW’N/# Chiral Couplings

@ The chiral coupling of th&V' is encoded in the polarization of the
Majorana neutrino.

@ Spin observables, such & - &), are sensitive to the neutrino
polarization.
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MeasuringW’N¢ Chiral Couplings

MeasuringW’N/# Chiral Couplings

@ The chiral coupling of th&V' is encoded in the polarization of the
Majorana neutrino.
@ Spin observables, such & - &), are sensitive to the neutrino
polarization.
o DefineB* to be the angle betweenand the motion of the lepton in the
neutrino’s rest frame:
1 dr
I dcosb*
whereA is called the analyzing power and is related3q- &)

(1+2AcosB"),

NI -

(N — i) =
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MeasuringW’N¢ Chiral Couplings

MeasuringW’N/# Chiral Couplings

@ The chiral coupling of th&V' is encoded in the polarization of the
Majorana neutrino.
@ Spin observables, such & - &), are sensitive to the neutrino
polarization.
o DefineB* to be the angle betweenand the motion of the lepton in the
neutrino’s rest frame:
1 dr
I dcosb*
whereA is called the analyzing power and is related3q- &)

(N — i) =

(1+2AcosB"),

NI -

@ Choosea’as the direction of the neutrino in the partonic c.m.
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MeasuringW’N¢ Chiral Couplings

Lepton Angular Distribution

At partonic level, the angular distribution of the leptomgamating from neutrino decay is

~ ~ ~ ~ 2 2
dé pr + + n—y 00 U(WO) _ G(VVT) ggg - gré 2— Xﬁ
dcosd,, (ud = N = LTI WT) = 5 1+ &(Wo) = 6(Wr) g§‘2+g["'2 247, cosfy,

@ 0y, is the angle between the lepton in the neutrino rest frametandirection of motion
of the neutrino in the partonic c.m.

@ G(Wp) andG (W) are the cross sections for neutrino decay into longitubjirsaid
transversely polarized/s, respectively.

@ xy = mn/V3andxy = my/my.

2 2
11-2¢, 2—x4 o' — gl
21+ 2%y 2+ %] gNe® 4 gNe?

For an on-shelW, the analyzing power i& = A=
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MeasuringW’N¢ Chiral Couplings

Lepton Angular Distribution

[N

T T T T 1
—- Theory
LH — 4 RH 1 All cuts 1
s Reconstructed M, =25 Tev 08
%N @; 0.8~ m, =500 GeV B ?;
; 0.6~ B E 06 E 0.6f
8 o4 138 3
5 04 504 504
— — —
o 14 TeV LHC 1 7 os od
M,, =2.5TeV m, =500 GeV M, =2.5TeV m =500 GeV
01 05 0 05 1 of 05 0 05 1 % 05 0 05 1
cos, cos,

( cos);

A _ A 50Wn) — 6 N2 _ (NE2 5 2
O dseNsggw) =D 1+(g( ) g(wr))gR L 27X cosp,

dcosoy, 2 g2 4 g2 244
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MeasuringW’N¢ Chiral Couplings

Spin Correlations
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MeasuringW’N¢ Chiral Couplings

Lepton Forward Backward Asymmetry

o Without cuts:
A - o(cosB, > 0) —a(coshy, < 0)
~ 7 o(cosB, > 0) +0(coshy, < 0)

o ForMy, = 2.5 TeV andmy = 500 GeV:
A= 10.43 forW'r andW', respectively.

@ Results for4 from signal simulation and reconstruction:

14 TeV
W | Wgr

Aa

No cuts or smearing | -0.43 | 0.43
All cuts and smearing 0.063| 0.71
Without AR; cuts -0.36 | 0.46

BF2011, 10-20-2011
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W and initial state quark chiral couplings

W' and initial state quark
chiral couplings
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W and initial state quark chiral couplings

W and initial state quark couplings

o Distribution of angle between neutrino production and giqaanes ®,
is sensitive tdV' coupling to initial state quarks.
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W and initial state quark chiral couplings

W and initial state quark couplings

o Distribution of angle between neutrino production and giqaanes ®,
is sensitive tdV' coupling to initial state quarks.

@ The angular distribution is then

qd?  qq?
(Wr) gr . o ZCOSCD
aq

Or

46 oo, 3 xu G(Wo) -5
do  2m 16 24+ x3 6(Wo) + 6(Wr) g
@ Where® is measured in the partonic ¢.m.:

Pn X Pe f)NXPq)
PN X Pef [Bn X Pgf
o TheW andWk distributions are 180out of phase.

® — sign((Bn x pr) - Pg) cos™ (
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W and initial state quark chiral couplings
To explain this results, choose frame and orientation cdyef
@ Work in the neutrino’s rest frame.

@ DefineZdirection to be the neutrino’s direction in the partonic c.m

@ Definey direction to be the quark momentum component
perpindicular taz”

@ In this frame and with this orientatioh = @, — ¢r.

@ Analyze spin correlations with s the quantization axis.
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- N ~ qq?  qq?
dé _ %o 14 ﬁ XN O0(Wo) —G(Wr)gr' — 0 cos(y — @)
do ~ 2m 16 2 6(Wo) + B(Wr) qaa? | qad? %
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W and initial state quark chiral couplings

@ Distributions

To measurab, associate the system direction in the lab frame with thigaht
state quark direction.
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W and initial state quark chiral couplings

@ Distributions

To measurab, associate the system direction in the lab frame with thigaht
state quark direction.
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Conclusions

Conclusions

@ Over the last decade, neutrino oscillation experiments shown that neutrinos
are massive.

@ Many models with heavy massive right-handed neutrinos@stain new
charged gauge bosonw!s

@ If new heavy states at the TeV scale, the LHC has potentidstmder the states.

@ If such particles are discovered, it will be imperative toasure their properties,
such as mass, spin, and chiral couplings.
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Conclusions

Conclusions

@ Over the last decade, neutrino oscillation experiments shown that neutrinos
are massive.

@ Many models with heavy massive right-handed neutrinos@stain new
charged gauge bosonw!s

@ If new heavy states at the TeV scale, the LHC has potentidstmder the states.

@ If such particles are discovered, it will be imperative toasure their properties,
such as mass, spin, and chiral couplings.

@ We analyzed the signglp — W — £ /7jj

® Through analytical results, intuitive understanding, ar@hte carlo simulation
we showed that

(a) theW'N/ chiral couplings can be measured by observing the angular
distribution of the lepton as originating from the neutrindhe neutrino’s
rest frame.

(b) The chiral couplings of th#/ and initial state quarks can be measured b
observing the angular distribution of the neutrino proéhrcand decay
planes.
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Decays of Majorana Neutrino

Majorana Neutrino Decay

Majorana neutrino may decay W*, Z and higgs:

2 2
H\WT HWF) — 92y 2 _
IN(WG) = 64TIN|2 Veal?mg (1— IN(WE) = 32T[‘Vk4| my (1 X\2N>
2
9% 2 "ﬁ 212 2
TN(VZ) = o2y 1 1- Fa(veH
2) = gz Vil +2M2)< R AV
wherex; = M; /my.
10° 1
Total
3 10} o -
8 Tw Z
N_q 1] Pies i 1 -1 i
Z10 = g:,10 .
W L @ - We
[ 100, /// 4 [ea)
10160 000 1000 500 T00¢
m, (GeV) m, (GeV)
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Decays of Majorana Neutrino

Signal and Background

For My = 2.5 TeV andmy = 500 GeV, the signal cross section with consecutive cuts is:

a(fb) 14 TeV
W | Wgr
No cuts or smearing 27 | 3.6
+Smearing+Acceptance Cuis 2.4 | 2.6
+AR cuts 1.2 | 20
+mCandscuts | 0.95| 1.8
+Hr andmy cuts | 0.77 | 1.5

The largest backgrounds atawith
t—=Wrb— ¢tyb, t—W b—W cwet.
Other backgrounds include
pp — WEWEWT | pp — WHEWEjj
pp—JiZZ,  pp—jiZW

At the 14 TeV, with all cuts except{® ands, the total background cross section i6&b fb.
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