


















UT group in 2008 joined NOνA
NuMI Off-axis νe Appearancee pp

15 kT liquid 
scintillator 

Neutrino beam from Fermilab, IL

detector
in construction

,
to Ash River, MI

appearance eμν ν→

νμ→νe appearance measurement
measurement of parameters of neutrino mixing matrix

2 GeV νμ

p g
determining of ordering of neutrinos masses
measure CP violation effect with neutrinos

NONOννA will start taking data in ~ 2012, full scale detector in 2014A will start taking data in ~ 2012, full scale detector in 2014

Will are looking for GRA student for NOvA with PhD work due in ~ 2012-13



Far Future:Far Future:
NNbar experiment at NNbar experiment at DUSEL or NISTDUSEL or NIST
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Deep Underground Science and Engineering Laboratory
to be built at Homestake mine in South Dakota by NSF
http://www.dusel.org

NNbar stands for neutron → antineutron transformation search



Transformation of matter to antimatter?Transformation of matter to antimatter?
How is it possible ?How is it possible ?
● Transformations of matter to antimatter 
is known for many years to occur e.g.
with neutral kaons  →

● It occurs when some approximate 
symmetries are broken (Noether’s theorem)
E.g. in kaon → anti-kaon transformation 
strangeness quantum number is violatedstrangeness quantum number is violated.

● Majorana neutrinos               (future possible observation in
neutrinoless double β-decay) would violate Lepton number .

ν ν↔

● n → n would violate Baryon number that we know is violated in nature,
but so far it was not directly observed. Neutron can be a Majorana particle.

Is Is it it important important ??

● New force of nature. New Physics beyond the Standard Model.
Understanding of Unification of other forces. Possible explanation of matter-antimatter 
asymmetry of the Universe. Connected to new physics to be observed at Colliders.
See recent 2007 workshop http://inpa.lbl.gov/BLNV/blnv.htm   



Neutron
source 

1.5 km vacuum 
flight tube

Anti-neutron
detector



Annular Core 
TRIGA Reactor
3.4 MW with 

ti

LD2 CM
Schematic of NNbar Schematic of NNbar 
Experiment at DUSELExperiment at DUSEL

convective 
cooling.
2E+13 n/cm2/s
central thermal flux

Focusing 
Reflectorcosmic veto cosmic veto

neutron
beam

L~33 - 150 m

Vacuum 
tube

L~1000 m
dia ~ 4 m                                         

10−5 Pa

tin
eu

tro
n

Neutron

Transition 
point

rim
et

er

or
im

et
er

ac
ke

r

ac
ke

r

an
t

Annihilation 
target

dia ~ 2 m 

Annihilation 
  detector

eut o
trajectory Xca

lo

ca
lotra tra

nn
ih

ila
tio

n
ta

rg
et

1 m

10 m

Beam dump
Not to scale

an

1 m Beam dump

Approximate
scales

beam 
dump 6Li

If  approved  by funding agencies, If  approved  by funding agencies, 
NN--Nbar experiment can start in > 2016Nbar experiment can start in > 2016



Prof. Yuri Prof. Yuri 
EfremenkoEfremenko

Prof. YuriProf. Yuri
KamyshkovKamyshkov

Opportunity to make PhDOpportunity to make PhD

Prof. Thomas Prof. Thomas 
HandlerHandler

Opportunity to make PhD Opportunity to make PhD 
research in neutrino physics research in neutrino physics 
by ~ 2012 in Double Chooz by ~ 2012 in Double Chooz 
and in ~2013 in NOvAand in ~2013 in NOvA

KamLANDKamLANDKamLANDKamLAND

Double ChoozDouble Chooz We have one OPEN GRA position 
now for Double Chooz experiment

NONOννAA
ννSNS, SNS, 

MajoranaMajorana
EDMEDM

We have one OPEN GRA position
now for NOvA (Fermilab) experimentnnEDMEDM NNbarNNbar
now for NOvA (Fermilab) experiment 



Seminar “Particle Physics Astrophysics and Cosmology”Seminar “Particle Physics Astrophysics and Cosmology”Seminar Particle Physics, Astrophysics, and CosmologySeminar Particle Physics, Astrophysics, and Cosmology

Section 599003  for  graduate students

1 cr. hour  per semester; one seminar per week

What people are working on in Particle Physics, Astrophysics, and Cosmology

Review of physics of UT faculty  projects , new ideas and developments

Students talks

Requirement: need to attend classes and ask questions

Assignment: present one ~20’ talk on the topic of your choice (or advice)

W b htt //h h tk d / h i /Webpage:  http://hep.phys.utk.edu/~physics/

To sign for this section contact : Prof. Stefan Spanier  <sspanier@utk.edu>




