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Lunch Talks at NAOC

Talk 1:
Title: Neutrino Sensitivity Study for A Giant Radio-detection Array
Date: Dec. 12, 2012

Talk 2:
Title: Building A Giant Telescope to Probe Relic Neutrino
Background
Date: Oct. 22, 2013

Talk 3:
Title: Tianshan Radio Experiment for Neutrino Detection (TREND)

Experimental Setup and Status on Cosmic Ray Measurements

Date: Nov 27, 2013
Talk 4:

Title: Ultra High Energy Neutrino Source & Detection
Date: TBD

Talk 5: with Fabio Hernandez from IHEP Computing Center
Title: TREND Computing: DAQ, GRID, Clouds etc
Date: early 2014
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Outline

Last Talk: Probe the Relic Neutrino Background
through Z resonnance of Utra High Energy Neutrino Spectra

Introduction
Cosmic Rays Measurement
Radio Experiments around the World

Motivation
Why Cosmic Rays
Why Radio

Tianshan Radio Experiment of Neutrino Detection
Experimental Setup
Current Status on Ultra High Energy Cosmic Ray Measurement

Towards a Giant Neutrino Telescope
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Relic Neutrinos

CMB vs Cosmic Neutrino Background (CNB), or so-called relic
neutrinos (RN)

CMB at 2.725 K
RN at 1.945 K

Possibility to reveal the Existence of RN by Z 0 Resonance
Relic Neutrino + Ultra High Energy Neutrino -> Z 0

Resonant Cross-section is large
Dips in the Spectrum of UHEN at Resonance Energies
Let's Map out Our Universe with Neutrinos!
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Neutrino Cross Section

Total neutrino annihilation cross section
relic neutrino mass of m� = 10� 5 eV and zero redshift
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Motivation

Why Neutrinos

Why Cosmic Rays

Why Radio
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Nobel Discoveries on Neutrinos and Cosmic Rays

1936 Nobel Prize, Vitor Hess:
Observed rising radiation at rising altitudes,
Concluded that a radiation of very great penetrating power enters
our atmosphere from above (1912).

1995: Frederick Reines
for the �rst detection of the (anti)neutrino
Using (anti)neutrino + proton ! neutron + positron
"His works and discovery of the neutrinos emitted from Supernova
SN1987A helped to inaugurate the �eld of neutrino astronomy ."

2002: R. Davis and M. Koshiba
for "pioneering contributions to astrophysics, in particular for the
detection of cosmic neutrinos"

...
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Listen to Nature's Messengers:
Cosmic Rays from Ancient Universe

Cosmic Rays (CR):
Energetic charged particles, originating in outer space
Most primary CR: protons, atomic nuclei, or electrons
Energy spectrum of primary CRs known to extend beyond 1020 eV
Compare to the world's largest particle collider LHC:
� Designed goal: 14 TeV = 14 * 1012 eV

Extensive Air Shower (EAS)
When CRs enter earth atmosphere, collider with oxygen / nitrogen,
produce a cascade of light secondary particles – air shower
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Listen to Nature's Messengers:
Cosmic Rays from Ancient Universe
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Listen to Nature's Messengers
from Ancient Universe Using Radio Antenna

Motivation & Advantage of Radio Detection:
Ultra High Energy Cosmic Rays (UHECR):

Most energetic particles in the Universe
Energy > 1016 eV

What are the possible sources of UHECR?

Advantage of Radio Detection:
Low price + stable setup

Easy to maintain
Easy to extend and built large array for sensitivity needed

Maximum observation cycle, independent of weather condition
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Introduction: Radio vs Traditional Technology
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Introduction: Radio Detection
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Introduction: Radio Detection
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Introduction: Radio Detection

Radio Experiments on Cosmic Ray and Neutrino Measurements
around the World:

China: TREND

France: CODALEMA

Northern Europe: LOFAR

Siberia: Tunka-Rex

Western Argentina: AERA

South Pole: ARIANNA, ANITA, ARA

...
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Introduction: TREND Collaboration

China - France Collaboration, with O(10) collaborators
China: CAS

Leader: Prof. Wu Xiang-Ping
member institutes:

NAOC: J. Deng, J. Gu, T. Sangrin, X. Wu, J. Zhang, M. Zhao...
IHEP: Q. Gou, F. Hernandez, H. Hu, H. Lin, Z. Liu...

France: CNRS-IN2P3
Leader: Dr. Olivier Martineau-Huynh
member institutes:

LPNHE: O. Martineau-Huynh
SUBATECH: P. Lautridou, O. Ravel, ...
LPC-Clermont: V. Niess
CC: F. Hernandez

USA:
UCI: M. Schernau
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Introduction: Ulastai Site for 21CMA and TREND
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Introduction: Ulastai Site for 21CMA and TREND

������������	�
��
��
�
�
������������������������������� � �

��������

Jianrong Deng (NAOC) Cosmic Rays & Radio 2013-10-23 17 / 67



Introduction: TREND Project Timeline

2009: 6 Antennas

2010: 15 Antennas + 3 Scintillators

2011: 50 Antennas + 3 Scintillators
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TREND Current Status

Current Antenna Array
50 antennas: Yellow Triangles
3 scintillators: Red Squares
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TREND Current Status: A Cosmic Ray Candidate
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TREND Preliminary Results on Cosmic Ray
Measurements
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Background Rejection

Three kinds of background sources:
Unavoidable broad band sources

Galactic Background
Thermal Noise: from antenna electronics

Human Made Background:
Often narrow in frequency or time
Reduced by �ltering out strong signals from commercial radi o
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Ulastai Site for 21CMA and TREND
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Extremely clean radio environment above 20 MHz
Galactic noise and dimension of antenna:

Set the limits on the suitable observation frequency band
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Ulastai Site for 21CMA and TREND
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Background Rejection: Very different signatures

EAS Signal:
Plane wavefront
Fast drop of amplitude when moving away from SHOWER AXIS

Background:
For close sources:

Spherical wavefront
Fast drop of amplitude when moving away from SOURCE

For distant sources:
Plane wavefront
Constant Amplitude
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TREND Upgrade

Background Rejection is a key issue for EAS radio detection
For TREND-50, � 100 Hz background event rate
Expected EAS trigger rate: � 2 events/day

EAS signal:
Polarized

Background:
Random polarization

Using dual-arm or triple-arm butter�y antennas to measure
polarization
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TREND Upgrade: Dual-arm Butter�y Antenna
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Summary

TREND:
Self triggering
Stand alone antenna arrays for ultra-high energy cosmic ray
measurements

To Further Reject Background, upgrade to
Polarized measurements with triple-arm butter�y antennas
NSFC funding (Q. Gou @ IHEP) for TREND scintillator array
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Man Power

Short of man power. New Comers are welcome!

Please come and talk to us if you are interested:
Jianli: A118, jlzhang@nao.cas.cn
Junhua; A120, jhgu@nao.cas.cn
Jianrong: A112, jdeng@nao.cas.cn
Olivier: olivier.martineau-huynh@lpnhe.in2p3.fr
Xiang-Ping: A108, wxp@nao.cas.cn
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Stay Tuned: TREND Lunch Talks at NAOC

Talk 1:
Title: Neutrino Sensitivity Study for A Giant Radio-detection Array
Date: Dec. 12, 2012

Talk 2:
Title: Building A Giant Telescope to Probe Relic Neutrino
Background
Date: Oct. 22, 2013

Talk 3:
Title: Tianshan Radio Experiment for Neutrino Detection (TREND)

Experimental Setup and Status on Cosmic Ray Measurements

Date: Nov 27, 2013
Talk 4:

Title: Ultra High Energy Neutrino Source & Detection
Date: TBD

Talk 5: with Fabio Hernandez from IHEP Computing Center
Title: TREND Computing: DAQ, GRID, Clouds etc
Date: early 2014
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Extra
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TREND Preliminary Results on Cosmic Ray
Measurements
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TREND Preliminary Results on Cosmic Ray
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Standard Model: What We Know Today

Atom

Nucleus

Gluon

Up quark                    Down quark

Electron

Proton

Figure: The fundamental particles of ordinary matter.cite(Kane2003).
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Standard Model: What We Know Today
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Standard Model: What We Know Today
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Congratulations to Our Theory Colleagues!

To Prof. Peter Higgs: What A Wonderful Life as a Boson!!
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Cosmic Microwave Background

Photons take time to reach the Earth from distant parts of the
universe

Whenever we look outward in space, we are also looking back in
time
As the universe cooled and expanded, there was an increase in
wavelengths of high-energy photons

such as in the gamma-ray and X-ray portion of the Electromagnetic
Spectrum
and a shifting to lower-energy microwaves

CMB:
a microwave excess associated with a thermal radiation �eld with a
temperature of about -4540F (3K)
Observed in 1965, observing the most ancient radiation in the
universe and providing evidence for the Big Bang model
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Z(ee) Boson Event Selection (from My CDF Thesis)

e# Z " e+e#1 (2) leptons for W(Z) :
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Neutrino Survival Probabilities

Survival probabilities in the ideal experimental scenario
m� = 10� 5 eV
Red: L = 104 Mpc; Blue: L = 105 Mpc
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Neutrino Mass and Mixing

the mixing between mass and �avor eigenstates
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Absortion Spectrum Integrated over Redshift

Survival probabilities after an integration back to redshift z = 20

m� = 10� 1 eV
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Perspective: Onto the Golden Age of High Energy
Neutrino Astrophysics

A Possibility to Establish the Existence of Relic Neutrinos from the
Big Bang

Using Ultra High Energy Neutrino Absorption Spectra
Very Long Term Goal: the experiments will not be done very soon.

See A Bright Future:
A Golden Age of Neutrino Astrophysics is Coming!

IceCube's Recent Publication on the Observation of 2 PeV (1015

eV) Neutrinos
Marks the Beginning of High Energy Neutrino Astrophysics
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Neutrino Sky Map

Let's mapping out our Universe with Neutrinos!

Cosmic Microwave Background Radiation Map
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Connection of LHC and UHECR to the Big Bang

The Energy at Colliders and of Ultra High Energy Cosmic Rays:
Recreate the Condition (Energy) as they were during the Big Bang:

at t < 0.1 ns (10� 10s) after the Big Bang:
Probe the earliest tick on the cosmic clock
Try to understand what happened in that �rst second

time(s) E (GeV) T (Kelvin)
10� 37 s after Big Bang 1015 1028

10� 10 s after Big Bang 102 1015

of UHECR/Neutrinos 1011 1024

@LHC 104 1017
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Reference

"Diagnostic Potential of Cosmic-Neutrino Absorption
Spectroscopy", G. Barenboim, O. Requejo and C. Quigg,
arXiv:hep-ph/0412122v1 (2004)

...
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Nobel Discoveries at Fermilab and CERN

A Zoo of Nobel Discoveries at Fermilab and CERN

at Fermilab:
the Top Quark (1995): by CDF and D0 Experiments
the Bottom Quark (1977): the E288 Experiment
...

at CERN
...
the Discovery of W and Z bosons in 1980s
Higgs
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The Standard Cosmological model: the hot Big Bang

the Hot Big Bang
a homogeneous, isotropic universe whose evolution is governed by
the Friedmann equations obtained from general relativity
It also predicts the existence of a cosmological background of
neutrinos

The Fundamental Interactions:
The evolution of the �rst phases of the hot Big Bang depends
essentially on the physics of elementary particles and the theories
that describe it.
For EM, weak and strong interactions:

quantum describes them in terms of the exchange of bosonic
particles which play the role of force carriers
QED: Quantum electrodynamics
QED: g(QED) = 1/ 137
Weak force: the mass of w and Z boson makes the ewak interactions
short range
the Electroweak theory by Glashow, Salam and Weinberg around
1970
QCD: Quantum chromodynamics (QCD). 8 massless bosons: gluons
Grand Uni�ed Theories: uni�cation of the strong interactio ns with the
electroweak force
Theory of Everything: a uni�cation of all four interactions
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Nobel Discoveries on Neutrinos and Cosmic Rays

1936 Nobel Prize, Vitor Hess:
Observed rising radiation at rising altitudes,
Concluded that a radiation of very great penetrating power enters
our atmosphere from above (1912).

1988: L. Lederman, M. Schwartz and J. Steinberger
for "the discovery of the muon neutrino leading to classi�ca tion of
particles in families"
Discovery of the muon neutrino in 1962

1995: Frederick Reines
for the �rst detection of the (anti)neutrino
Using (anti)neutrino + proton ! neutron + positron
"His works and discovery of the neutrinos emitted from Supernova
SN1987A helped to inaugurate the �eld of neutrino astronomy ."

2002: R. Davis and M. Koshiba
for "pioneering contributions to astrophysics, in particular for the
detection of cosmic neutrinos"

...
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Listen to Nature's Messenger:
from Ancient Universe Using Radio Antenna

Cosmic Rays (CR):
Energetic charged particles, originating in outer space
Most primary CR: protons, atomic nuclei, or electrons
Energy spectrum of primary CRs known to extend beyond 1020 eV
Compare to the world's largest particle collider LHC:
� Designed goal: 14 TeV = 14 * 1012 eV
� Currently collides: 8 TeV

Extensive Air Shower (EAS)
When CRs enter earth atmosphere, collider with oxygen / nitrogen,
produce a cascade of light secondary particles – air shower
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Listen to Nature's Messenger:
Neutrinos from Ancient Universe Using Radio Antenna

Motivation & Advantage of Radio Detection:
Ultra High Energy Cosmic Rays (UHECR):

Most energetic particles in the Universe
Energy > 1016 eV

What are the possible sources of UHECR?

Ultra High Energy Neutrinos:
Several models for origin of highest energy cosmic rays

also predict signi�cant neutrino �uxes

Neutrinos have their straight-line propagation out of the galaxy.
very 'clean' probe (no de�ection / no interaction)

Advantage of Radio Detection:
Low price + stable setup

Easy to maintain
Easy to extend and built large array for sensitivity needed

Maximum observation cycle, independent of weather condition
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Radio Detection of Neutrinos from Behind the
Tianshan Mountain

Detection mechanism for the tau Neutrino (� � ):
Earth-skimming � � penetrates the Earth
� � interacts in rocks to produce tau lepton (� )
� propagates in rocks
� escapes the Earth and decays in the atmosphere
Extensive Air Shower (EAS) generated in the atmosphere
Radio Array detects the air shower� ��
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Connection of the Higgs Boson to the Big Bang

About 13.7 billion years ago:
the Big Bang ! a universe of massless particles and radiation
energy

Fractions of a second later:
Part of the radiation energy ! congeal into the Higgs �eld

When the Universe Began to Cool:
Particles acquired mass from the Higgs Field
Form composite particles and, eventually, atoms
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Advantage of Ulastai site:
Role of the Tianshan Mountain Rage
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TREND topology Doubles the effective surface
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Introduction: TREND Project
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Introduction: TREND Project
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Introduction: TREND Project
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Introduction: TREND Project
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Introduction: TREND Project
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Neutrino Sensitivity Estimation: Simulation Scheme

Simulation scheme from the neutrinos to the radio detection of EAS:
Earth-skimming tau neutrinos:

� � enters the Earth
Simulation of the topology of TREND site
Their interactions in the Earth rocks

Charge Current (CC) interaction
Neutral Current (NC) interaction

Their conversion to � leptons in rocks

Tau leptons:
� propagation and energy loss
� escape to air and decay in �ight
Produce a cascade of secondary particles - air shower

Radio Detection of extensive air shower (EAS)
Quasi-horizontal EAS in the atmosphere
Radio simulation at large zenith angle
Antenna response

Jianrong Deng (NAOC) Cosmic Rays & Radio 2013-10-23 65 / 67



Neutrino Sensitivity Estimation: Exposure
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Neutrino Sensitivity Estimation: Flux Limit
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