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Introduction

A hybrid detector: ground array (Cherenkov) + Fluorescent
light detector
Cerenkov detector: 1600 water tanks in Argentina separated
by 1.5 km
Able to detect neutrino induced electromagnetic and
hadronic showers
Sensitive to energies of incoming neutrinos of [108, 1012] GeV

Florian LYONNET New Resonances at the PAO - GDR Terascale November, 5 2012 2 / 15



Introduction Models Cross sections Event rates

Introduction

A hybrid detector: ground array (Cherenkov) + Fluorescent
light detector
Cerenkov detector: 1600 water tanks in Argentina separated
by 1.5 km
Able to detect neutrino induced electromagnetic and
hadronic showers
Sensitive to energies of incoming neutrinos of [108, 1012] GeV

Florian LYONNET New Resonances at the PAO - GDR Terascale November, 5 2012 2 / 15



Introduction Models Cross sections Event rates

Introduction

A hybrid detector: ground array (Cherenkov) + Fluorescent
light detector
Cerenkov detector: 1600 water tanks in Argentina separated
by 1.5 km
Able to detect neutrino induced electromagnetic and
hadronic showers
Sensitive to energies of incoming neutrinos of [108, 1012] GeV

Florian LYONNET New Resonances at the PAO - GDR Terascale November, 5 2012 2 / 15



Introduction Models Cross sections Event rates

Introduction

A hybrid detector: ground array (Cherenkov) + Fluorescent
light detector
Cerenkov detector: 1600 water tanks in Argentina separated
by 1.5 km
Able to detect neutrino induced electromagnetic and
hadronic showers
Sensitive to energies of incoming neutrinos of [108, 1012] GeV

Florian LYONNET New Resonances at the PAO - GDR Terascale November, 5 2012 2 / 15



Introduction Models Cross sections Event rates

Introduction

W′, Z′ bosons

@ PAO

Deep Inelastic Scattering (DIS),

Glashow Resonance (GR) @ LO
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Ultra-high energy neutrino ∼ 1010GeV⇒ √s ' 100TeV

In the SM, the GR peak is below the PAO threshold ⇒
contributes only in BSM models
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Definitions and Motivations

Definitions

We consider the extended gauge group models :
G221 ≡ SU(2)1 × SU(2)2 × U(1)X

New gauge bosons : W′,Z′

Extra SU(2) appear in SO(10) and E6 breaking

Bottom-up approach :
I extended gauge group is a viable SM extension
I additional SU(2) is next to minimal
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Definitions and Motivations
G221

SU(2)1

×
SU(2)2 → 7 generators→ W±,W′±,Z ,Z′, γ
×

U(1)X

This implies @PAO :
I νN →W ,W′→ e− + X , (CC )
I νN → Z ,Z′→ ν + X , (NC )
I ν̄e →W ,W′→ f̄ ′f , (GR)

Realization of G221 models :
I Transformation properties, e.g. :(

uL

dL

)
∼ (2, 1,X ),

(
νL
eL

)
∼ (1, 2,X ), Q = T 1

3 + T 2
3 + X

I Breaking pattern
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Symmetry breaking

SU(2)1 × SU(2)2 × U(1)X → U(1)e.m.: Two different
breaking scales u > v

Pattern I:
I SU(2)1 × SU(2)2︸ ︷︷ ︸

SU(2)L

×U(1)X︸ ︷︷ ︸
U(1)Y︸ ︷︷ ︸

U(1)e.m.

, φ ∼ (2, 2̄, 0) H ∼ (1, 2, 1
2 )

Pattern II:
I SU(2)1︸ ︷︷ ︸

SU(2)L

×SU(2)2 × U(1)X︸ ︷︷ ︸
U(1)Y︸ ︷︷ ︸

U(1)e.m.

, φd ∼ (1, 2, 1
2 ), H ∼ (2, 2̄, 0)

Free parameters:
I pattern I: tanϕ ≡ g2/g1, x ≡ u2/v 2

I pattern II: tanϕ ≡ gX/g2, x ≡ u2/v 2, sin 2β
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Models studied
UU : Un-unified

NU : Non-universal

HP : Hadro-phobic

FP : Fermio-phobic

LR : Left-Right

LP : Lepto-phobic

SSM : Sequential SM

SSM, a heavy copy of the SM i.e. MB′ = αMB

UU (pattern I):(
uL

dL

)
∼ (2, 1,YSM)(

νL
eL

)
∼ (1, 2,YSM)

HP (pattern II):(
uL

dL

)
∼ (2, 1,YSM),

(
νL
eL

)
∼ (2, 1,−1

2 )(
νR
eR

)
∼ (1, 2,−1

2 )
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Exclusion limits

G221 limits

K. Hsieh, K. Schmitz, J.-H. Yu and C.-P. Yuan, Phys. Rev.
82, 035011 (2010)

Q.-H. Cao, Z. Li, J.-H. Yu and C.-P. Yuan, Phys.
arXiv:1205.3769 (2012)

2/3 free parameters fit to 37 observables (EWPT)

LHC@7 (+ Tevatron):
I ATLAS pp → Z′→ l+l−, 1.1fb−1

I ATLAS pp →W′→ lν, 1.04 fb−1

I CMS pp → Z′→ tt̄ in the electron + jet channel, 4.33 fb−1

Pattern I : MW ′/Z′ ∼ 2.5 (3.6)TeV for UU (NU)

Pattern II : MW′ ∼ 500GeV, MZ′ ∼ 1.7 TeV
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Cross Sections
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GR ′ in the PAO energy range of
sensitivity

1/x ≡ v 2/u2, sin 2β negligible.

LR,LP and HP,FP give the same
phenomenology
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Event rates - Calculation

Observable

νµ, νe downward-going neutrinos

CC, NC, GR interferences for all the models above

RK[Esh > Eth] = NAρair
∫
Eth

dEsh

∫ 1
0 dy

dσ
(ν+ν̄)
DIS (Esh, y)

dy

dφν+ν̄(Esh)

dEsh
A(Esh)

Event rate

Geometrical acceptance estimated by Capelle et al.

Cosmogenic flux of left-handed neutrinos evaluated by Kotera
et al.
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Event rates - Results

In the SM, for one year
Rtot[Esh > Eth] ∼ 4.9× 10−2 , Eth > 108 GeV, (KAO flux)

NU

LR

0 2 4 6 8 10 12 14 16
MV ′ [TeV]
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1.000

1.005

1.010

1.015

N
N
P

+
S
M
/N

S
M

HP

UU

SM

SSM Almost independent of
the flux

Mass suppression
dominant as compared to
the coupling enhancement

NP contributions modify
the SM up to 1%
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Conclusions and outlook

Conclusions

The G221 models can be parametrize by 2/3 parameters

A much bigger neutrino detector, ∼ 100 times, would be
required to observe the impact of W′,Z′

Outlook

The G221 models are reachable at the LHC : 14TeV,
L = 100fb−1 masses up to 5 TeV will be probed

Work in progress : NLO phenomenology @LHC with Roberto
Bonciani, Tomáš Ježo, Michael Klasen and Ingo Schienbein.
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Neutrino cosmogenic flux

p + γCMB/IR → ∆→ p + π0 or
p + γCMB/IR → ∆→ n + π+

π+ → µ+ + ν̄µ

π0 → γγ P = 0.92 or
π0 → γ + e− + e+ P=0.012

n→ p + e− + ν̄e

106 108 1010 1012

Eν [GeV]

10-9

10-8

10-7

10-6

E
2 ν
d
φ
/
d
E
ν

[G
eV

cm
−

2
s−

1
sr
−

1
] KAO

AGNM95

WB
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The couplings of Z′- and W′-bosons to the SM fermions in the
category of left-handed models can be written as:

C
W′

1,L '
1

t
C

W′

1,R = 0 (1)

C
W′

2,L ' −t C
W′

2,R = 0 (2)

C
Z′

1,L ' T3(f )cθ
1

t
C

Z′

1,R ' 0 (3)

C
Z′

2,L ' −T3(f )cθt C
Z′

2,R ' 0 , (4)

where label index 1 is a placeholder for q in Un-unified and 1st, 2nd

in Non-universal model, while label index 2 is a placeholder for l in
Un-unified and 3rd for Non-universal model.
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Theory motivated extensions of the SM

Cat. Model SU(2)1 SU(2)2 U(1)X

L
ef

t-
h

an
d

ed

Un-unified (UU)

uL

dL


νL

eL

 YSM for all fermions.

Non-universal (NU)

uL

dL


1st,2nd

,

νL
eL


1st,2nd

uL

dL


3rd

,

νL
eL


3rd

YSM for all fermions.

R
ig

h
t-

h
an

d
ed

Left-right (LR)

uL

dL

 ,

νL
eL


uR

dR

 ,

νR
eR

 1
6 for quarks,

−1
2 for leptons.

Lepto-phobic (LP)

uL

dL

 ,

νL
eL


uR

dR

 1
6 for quarks,

YSM for leptons.
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Zp couplings
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Wp couplings
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