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0.5-5 GeV neutrino energy regime is the 
region of interest for long baseline νe appearance searchs

0ff-axis beams: 1st and 2nd oscillation maxima 
Wide-band neutrino beams (VLBNO)

 LAr detectors ameliorate the statistics limitations and
background rejection capabilites of conventional detectors

hep-ph/0505202

S=small:
30 kton NOvA
8 kton LArTPC

M=Medium
30 kton NOvA x5
40 kton LArTPC

etc.....
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Neutrinos from the NuMI
beam at Fermilab



The Main Injector 
complex at Fermilab

ν’s t o Soudan  

NuM I ext ract ion line

for the 
MINOS

experiment

Booster
ν beam
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NuMI performance 
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reached a max beam power 
of 270 kW down the NuMI 
line (stably for ~ ½ hour)

 reached a peak intensity of 
3×1013 ppp on the NuMI 

target



Performance comparison....

Neutrino beams power
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J-Park: path to a few MW 
facility is being studied
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J-Park: path to a few MW 
facility is being studied

Upgradeable to higher intensities
long-term viability of this beamline for neutrino physics



Neutrino beams towards a DUSEL site

1495-6.66-105.8439.76Henderson
1289-5.84-103.7744.35Homestake

Distance from 
FNAL (km)

Vertical angle from 
FNAL (deg)

LongitudeLatitude

W . Sm artIntensity upgrades above/PD + new beamline

Neutrino beams for extensions to MINOS
Intensity increases:
●slip stacking in Main Injector
●Booster batch storage in the recycler
●Shortening of main injector cycle time

● timing modifications
● extraction energy modifications

●Further understanding of beam losses

Future of the NuMI beamline



W es Sm art



Seeing Neutrinos at 
NuMI..



Seeing Neutrinos at 
NuMI..

Why bother?



Efficiencies and mis-ID  estimates are 
extremely promising!  

Need a sizable sample of e's and π0's 
from neutrino interactions at 2 GeV....

●How bad is mis-ID?
●How good is νe efficiency?
●How small are backgrounds from other channels?
●Are cosmic backgrounds a problem?
●How good is energy resolution? 
●What about angular resolution?

π0→γγ identified by two trackes emerging from displaced vertex, 
coupled with e+e- dE/dx shower deposition

Physi
cs R

&D

Monte Carlo



See ν 
Interactions 

in an LArTPC 
at NuMI

or m aybe 50  kt on



Electron Neutrinos in MINOS 
Surface Building

NuMI is present ly provid ing ~ 2E20 POT per  year .
● a  50  t on ( f id.  vol)   LAr TPC det ect or w ill see 

~ 16 0 0  νe event s/year 

νe CC 

events /  
50 MeV

●The charged cur rent  νe 
event  spect rum  in t he 
MINOS sur face bui ld ing.

● The νe event  spect rum  
peaks just  below  2 GeV.

●There are ~ 2,000 νe events 
show n here f or  6.5E20 POT 
and the 20.4 ton f iducial  
m ass NOvA near  detector .

From  the NOvA Proposal  March  15, 2005

2 GeV off-axis NuMI beam



Muon Neutrinos in MINOS 
Surface Building

● Sam e assum pt ions 
as previous sl ide, 
except  th is show s 
~ 15,000 m uon 
neut r inos.

● The νμ peak  at  ~ 2.8 

GeV is f rom  Kaon 
decay.

From  the NOvA Proposal  March  15, 2005

νμ CC 

events /  
50 MeV

● a  50  t on ( f id.  vol. )  LArTPC  det ect or w ill see  
~ 3 40 0 0  νCC event s/year

    



Absorber (Beam 
DUMP)

MiniBooNE

NuMI beam line

Decay PIPE

Neutrino beams
are big!

MiniBooNE sees
NuMI beam!

Experiments seeing off-axis neutrino
 beams at FNAL are already a reality!

plenty 
of real 
estate
here
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Simple cuts -> Neutrinos hitting MiniBooNE

width of beam pulse
from Main Injector to NuMI

Already beginning to 
understand off-axis
NuMI beam using

MiniBooNE



Ingredients for precision, low energy, 
neutrino cross section measurements

●High intensity beams → high event rates

●Minimize flux uncertainties
● 15-20% in the past → 5% expected by 

MiniBooNE and less by MINOS/MINERvA

●Minimize background contamination
● low energy neutrino spectrum (below DIS 
   turn-on and with small high energy tail)
● fine-grained detector →good final state 

separation -- K2K SciBar measurements

reduced
statistical 

errors

reduced
systematic 

errors

What can we learn beyond Physics R&D?
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LArTPC running in a high intensity, low energy neutrino
beam brings together all of these components for the first time!



      

νl

p

Z
π0   

Neutral current π0 production: least known cross section at low energies!

need fine-grained detector
to distinguish π°s from νes

No data 
below 
2 GeV

Lack of data and 
conflicting predictions
→experiments assume

100% uncertainty



Both rate and kinematics of π°s are not well known...
different contributions from resonant and coherent

Fine-grained detectors can take
advantage of shape of contributions in extracting data

Comparisons to 
less dominant channels
can also help unfold 
resonant vs. coherent

Need fine-grained, high statistics data set

νμ
μ

π°

CCπ°→  5% ~ events

Resonant only!

n p



What do you gain from higher statistics?
Cross Section measurements!

MiniBooNE (~800 MeV):
100 K (after cuts)

K2K(~1.2 GeV): 
SciFi: 10K
SciBar:24K
1kt: 30K

T600(~17 GeV): 
2900/kton/year

Existing data
on fine-grained

detectors is 
minimal!



Conclusions

Physics R&D program for 2 GeV ν interactions
in LArTPCs in the running NuMI neutrino beam!

 Record and reconst ruct  com plet e  neut r ino 
int eract ions (νe   and °π )  in t he  0 .5 -5  GeV range

of int erest  for  fut ure  long baseline νe  searches
no exist ing dat a!

 

Help to establ ish internat ional  
physics col laborat ion! 

 

● Develop event  ident i f icat ion
●  Develop reconst ruct ion
●  Develop analysis
● Test  bed for  R&D

Continue to:


