
Fermilab to DUSEL
and 

Non-Standard Interactions (NSI)

• Fermilab to DUSEL

• NSI 

Stephen Parke
Fermilab 
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Tevatron  →  LHC

≤ 14 TeV p-p collisions 
Expect to turn on late 2009
 ~25 ns between proton bunches
Low luminosity running (1033 cm-2s-1) to 
accumulate ~10 fb-1 by 2011
Will eventually record ~100 fb-1 per year
By 2012 will produce ~100,000 Higgs 
events per week (MH = 120 GeV           
at 14 TeV)

1.96 TeV p-p collider 
396 ns between bunches
Has delivered  ~6 fb-1 of data since 
2002, and running smoothly:

expect ~10 fb-1 by end of 2010
Total of  ~10,000 Higgs events 
produced (MH = 120 GeV)

1 km 4.2 km

Tevatron Turned Off  sometime in 2011 or 2012
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(Project X)

Huge Detector

(LAr or/and Water)

= Proton Decay Detector



Beyond the First Oscillation Maximum:

Broadband Beam: Same L, Lower E Fermilab to DUSEL

Narrow Band Beam: Same E, Longer L T2KK
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Pµ→e ≈ |
√

Patme−i(∆32±δ) +
√

Psol |2

0 when ∆31 = π/2

0 in vacuum

a = GF Ne/
√

2 = (4000 km)−1, ∆ij = |δm2
ij|L/4E

and ± = sign(δm2
31)

⇑
⇑

2θ13
θcrit

∼ (aL)θ13

⇓
⇔

∼ ∆31 cot ∆31

– Typeset by FoilTEX – 17

Beyond the First Oscillation Maximum:

Broadband Beam: Same L, Lower E Fermilab to DUSEL

Narrow Band Beam: Same E, Longer L T2KK

In VACUUM the SAME but NOT in MATTER

sin2 2θ13 = 0.04
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Beyond the First Oscillation Maximum:

Broadband Beam: Same L, Lower E Fermilab to DUSEL

Narrow Band Beam: Same E, Longer L T2KK

In VACUUM the SAME but NOT in MATTER

sin2 2θ13 = 0.04

L=1200km E=0.6 GeV

vacuum ⇐
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Beyond the First Oscillation Maximum:

Broadband Beam: Same L, Lower E Fermilab to DUSEL

Narrow Band Beam: Same E, Longer L T2KK

In VACUUM the SAME but NOT in MATTER

sin2 2θ13 = 0.04

L=1200km E=0.6 GeV

vacuum ⇐

⇐ same height
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October 16,2008 R. W. Kadel: DUSEL 

Infrastructure
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Current draft layout of 4850 level

3 x 100 kT H20 Detector

October 16,2008 R. W. Kadel: DUSEL 

Infrastructure

11

Current draft layout of 4850 level

3 x 100 kT H20 DetectorSite consideration conclusion

None of the physics signatures requires a depth greater than the 
~4850 ft level at Homestake (~4300 meters-water-equivalent). We 
therefore recommend that geotechnical studies for the large detector 
be carried out at the 4850 ft level as soon as possible. This depth is 
sufficient to carry out an excellent physics program, and takes the 
best advantage of the infrastructure and rock conditions at the 
Homestake Mine.

Thursday, March 5, 2009



Intensity frontier: detector options

• Water Cerenkov
– Known technology

• Liquid Argon TPCs
– Great promise (x 3-4)

Options under consideration:
~300 kt WC, ~100 kt LAr, or some combination of the two.

Fermilab supports both technologies.
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FIG. 9: Simulation of detected electron neutrino (top plots) and anti-neutrino (bottom plots) spectrum (left

for normal hierarchy, right for reversed hierarchy) for 3 values of the CP parameter δCP, −45o, 0o, and

−45o, including background contamination. This simulation is for 300 kT of water Cherenkov detector with

the performance described in Section 10.1. This is for an exposure of 30×1020 POT for each neutrino and

anti-neutrino running. The hatched histogram shows the total background. The νe beam background is also

shown. The other parameters and running conditions are shown in the figure.
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beam NC bkgd
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WATER CERENKOV: 300 KT

Normal Invertedbeam NC bkg

ν ν̄
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arXiv:0705.4396



Geordi La Forge:
in “The Enemy”

Star Trek: The Next Generation

The visor “sees”
Neutrinos!!!
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Evolution of the Liquid Argon Physics Program

R&D

R&D Physics

R&D Physics

R&D Physics

Physics !!!

Luke & Bo

ArgoNeuT
microBooNE

LAr5
near

Yale TPC

far

M x N = 100 kT

Purity, electronics development

Underground safety, cryo operation,
TPC performance, reconstruction

Cold electronics, evacuation
requirement, tank construction,
 insulation

Large Mass operation,
Technical & cost scaling

“phased R&D program”



DIS neutrino event candidate 

!"

!"

ArgoNeuT Event Display:   Raw Data 
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CC RES neutrino candidate 
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ArgoNeuT Event Display:   Raw Data 
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Liquid Argon Impact 

!"#!$#!%& '(&

!"#$%&#&'()*#

+,+-#.'/)0#123)#42'(05#

678#)9:;)(:<#;0#=#>?#@"#+AB/;)0#0B&&)0A#CDD#%A#678#E#FDD%A#@"#

(Note: SK ~ 150 kton yr) 

Go BIG to make a big improvement )*+,-&./012+&3456&781+292&:2/9&62;1<+2&
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FIG. 9: Simulation of detected electron neutrino (top plots) and anti-neutrino (bottom plots) spectrum (left

for normal hierarchy, right for reversed hierarchy) for 3 values of the CP parameter δCP, −45o, 0o, and

−45o, including background contamination. This simulation is for 300 kT of water Cherenkov detector with

the performance described in Section 10.1. This is for an exposure of 30×1020 POT for each neutrino and

anti-neutrino running. The hatched histogram shows the total background. The νe beam background is also

shown. The other parameters and running conditions are shown in the figure.
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beam NC bkgd

– Typeset by FoilTEX – 4

beam NC bkgd
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LIQUID ARGON: 100KT
Normal Invertedbeam NC bkg

ν ν̄
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beam NC bkg

ν ν̄
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Sensitivity: 

 LAr 100kt  3+3 yrs   20e20 POT/yr



• First Propogation  (Hiroshi Nunokawa, SP,  Renata Zukanovich-
Funchal)

• Source / Propogation /Detector  (Joachim Kopp et al)

NSI
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2-4, Jun. 2008 Melbourne Neutrino Theory Workshop 7/19

We concentrated on effects of NSI in ! propagation in matter

Valle, Gago-Guzzo-Nunokawa-Teves-Zukanovich Funchal
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• Hiroshi Nunokawa, SP,  Renata Zukanovich-Funchal
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NSI sensitivity of FNAL-DUSEL wide band beam
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WBB, 300 kt WC ' 1300 km ( 1 kt ND

GLoBES 2009

better

90) C.L. discovery reach

sin22Θ13 # 0.05, ∆CP # 3"2 Π

only one Ε - 0 at a time

Favorable phase

Unfavorable phase

Current bounds

GLoBES simulation:
ν + ν̄ running
3× 1021 p+ on target each
Far detector: 300 kt (fiducial)
water Čerenkov @ 1 300 km
Includes hypothetical 1 kt
water Čerenkov near detector
Includes 3-flavor treatment,
systematical uncertainties,
detector response function,
parameter correlations, . . .

GLoBES experiment description based on work by Mary Bishai, Mark
Dierckxsens, Milind Diwan, Christine Lewis, Patrick Huber
Current bounds from Biggio Blennow Fernandez-Martinez
arXiv:0907.0097

Result:
Bounds can be improved by up to
one order of magnitude, but not to
the level that is interesting from a
model builder’s point of view.

Joachim Kopp (Fermilab) New physics from neutrino experiments 11

from Joachim Kopp
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  Brinkman/Dehmer  Visit, August 13th, 2009

Project X and LBNE to Homestake

• 5% of the time line, the 2 GeV linac feeds a simple Rapid Cycling 
Synchrotron (RCS), 500m circumference, to strip, accumulate and 
boost the energy to 8 GeV

• Six pulses of the SAB are transferred to the recycler, filling the 
existing recycler, and every 1.4 sec transferred to the Main Injector 
for acceleration to high energies (60 GeV to 120 GeV)

18



  Brinkman/Dehmer  Visit, August 13th, 2009

Project X and 2 GeV beams

• The greatest potential for rare processes comes from 2 MW 
continuous beam. Intensity experiments need continuous beam: pile 
up is the main limitation in pulsed beams

19
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