
R. Svoboda, UC Davis                    Oct 7, 2008




















































3

2

1

τ3τ2τ1

μ3μ2μ1

e3e2e1

τ

μ

e

ν

ν

ν

UUU

UUU

UUU

ν

ν

ν

10/13/2008 R.Svoboda 2

Neutrino Mixing

sij = sinqij cij = cosqij

atmospheric solar
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We now have numbers to put in!

…but d unknown



10/13/2008 R.Svoboda 4

but we don’t know the mass ordering

Can use an accelerator nm beam,
But there are complications…

Don’s violateCP? Isq13non-zero?
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ne appearance in a nm beam

P(nmgne) = (2c13s13s23)
2 sin2F31

+8c13s12s13s23(c12c23cosd-s12s13s23)cosF32sinF31sinF21

-8c13c12c23s12 s13s23sind sinF32sinF31 sinF21

+4s12c13(c12c23+s12s23s13-2c12c23s12s23s13cosd)sin2F21

-8c13s13s23(1-2s13 )(aL/4E)cosF32sinF31
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a = constant X neE

l CP violating

CP: ag-a, dg-d
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d

2 Observables:

• P(nmgne)

• P(nmgne)

Minakata and Nunokawa, 
hep-ph/0108085

There are Degeneracy Issues



10/13/2008 R.Svoboda 7

a) νe interactions in 
detector‡ [day MeV]-1

b) νe flux at detector‡

[108/(s MeV 
cm2)]

c) σ(Eν) [10-43 cm-2]

‡ from Palo Verde

Reactor Experiments

• reactors are an intense 
“free” source of ne

• low energy means 
distance need only be 
one or two km

• free of CP and matter 
effect uncertainties

4 MeV
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Oscillation Probability
(with both m2)

P(nene) = 1 

– cos4q13 sin2 2q12 sin2(m2
12 L/4E) 

- sin2 2q13 sin2(m2
atm L/4E)

(Ignores tiny matter effect)

P

L/E(km/MeV)

m2
23 dominated

m2
12

dominated

L = pE/(2.54 m2)

~ 1-2 km



The Double Chooz Experiment
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The experimental site
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DUSEL LONG BASELINE 
EXPERIMENT



DUSEL Experiment Development and Coordination (DEDC)
Internal Design Review

July 16-18, 2008
Steve Elliott, Derek Elsworth, Daniela Leitner, Larry Murdoch, Tullis C. Onstott and Hank Sobel



• 1300 km distance is significant for 
determination of neutrino mass hierarchy

• Deep underground site allows rich physics 
program in addition to LB neutrinos



IMB

3 ktons
Kamiokande

1 kton

Super-Kamiokande

22 ktons



NuSAG Report

0.013 0.03 0.03  

0.007 0.008 0.015 



A 100 kton

Water Detector













• Nucleon Decay: 300 ktons = 13 x Super-K 

• Galactic Supernova: @ 10 kpc 25,000 ne , 
1,000 forward scatter events, 2,500 NC+CC 
nuclear excitation events in WC

• Relic Supernovae: 100 kton WC detector 
doped with Gd should see these. ~40% of 
these should come from SN with z>0.5.

• HEP Solar Neutrinos: 18 MeV endpoint 
neutrinos from H-e-p reactions. Predicted but 
never seen. Super-K just on the edge.









Example Event (p→μ+ π0)

• Fully contained, Fiducial volume

• 2 or 3 rings

• Correct PID of rings (e‐like/μ‐like)

• π0 mass 85‐185 MeV/c2

• Correct # of μ‐decay electrons

• Mass range 800‐1050 MeV/c2

• Net momentum < 250 MeV/c











The feeble signal of all SNe

• Sum over the whole 
universe: Supernovae

S. Ando and K. Sato, New J.Phys.6:170,2004. 





Spectrum fitting in SK-I

free parameter

a = 0.0 : factor of SRN

b = 1.30±0.2    : factor of νe

g = 0.45±0.1 : factor of νμ

c2 =  7.2   /  13 d.o.f Visible energy [MeV]

SK-I
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Status of theory: anti-ne flux

• Differences due to different inputs/methods

C.L., Astropart.Phys.26:190-201,2006 

For a Gd-loaded 100 kton WC detector, estimates 

range from 2-20 events/year. 

SK background of ~20/year significantly reduced by 

neutron tagging. (Beacom and Vagins)

C.L., Astropart.Phys.26:190-201,2006, Fogli et al. JCAP 0504:002,2005, 

Volpe & Welzel, 2007, C.L. & O.L.G. Peres, to appear soon.



Water Cerenkov R&D Issues

• What is the PMT coverage required for efficiency 
neutron capture detection?

• What is the PMT coverage required for detection 
of precursor gamma ray from pgnK? (Note: 20% 
coverage in SK-II was too little).

• Can PMT’s be installed without SK style 
“mufflers”? BNL is working on PMT implosion 
testing. 



• How can Gd-loaded water be cleaned without 
removing the Gd? Is removal of Fe ions only 
enough– or do we have to worry about other 
things also?

• Can the walls of a large cavern be coated 
directly? Do we need to have concrete and/or a 
liner? How to mount PMTs cheaply?

• Do we need a veto region? SK had one, but 
DUSEL 4850 is much deeper. Note: IMB operated 
successfully without a veto region.

• Can efficiency for e/p0 be improved?





Liquid Argon R&D Issues

• Feasibility: insulation, purity, cold electronics, 
necessity for evacuation of vessel 

• Underground safety – this is a major concern

• What is the cost? 

• Also predictability of costs and minimization 
of risk
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backup
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Inner VETO
Inner radius = 3,27 m
Inner H = 7 m

t = 12 mm

Stainless steel 
Buffer
Inner radius = 2,758 m
Inner H = 5,674 m
t = 3 mm

Shielding
Inner radius = 3,471 m
Inner H = 6,840 m 
t = 170 mm

Detector Layout



M.Bishai, ANL, P5 presentation


