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Booster Neutrino Beamline magnetic focusing horn

8 GeV beamline

- beamline, horn, target performing well
- proton intensity increasing!

Be target



Booster Neutrino Flux
MiniBooNE Event Time 

Booster Neutrino Beamline
- large n flux 
- intermediate energy (E

n
~1 GeV)             Þ   excellent opportunity for n- physics

- low duty-factor 

1.6 ms
67 ms (min) , 15 Hz

~20 ms t

beam-on-target

DAQ readout

"spill"



FINeSE Overview
Physics: 
  Important measurements in both 
  Nuclear and Particle Physics!
  - strange spin of the nucleon (Ds)
  - n cross sections
  - n oscillations (w/MiniBooNE)

Experiment: 
  - 10 ton (fiducial) active-target, 
     segmented, "tracking" detector
  - located ~100m from n target on
    Booster Neutrino Beamline

Requirements:
  - building: ~30x30ft2

  - detector: ~15 tons total
  - support from FNAL, HEP, and NP
  - collaboration of ~30 physicists from 
    high-energy and nuclear physics
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Ds: The "strange" spin of the proton 
Nucleon structure:
How to describe the static 
properties of the nucleon in terms
of the fundamental constituents?

Important problem in nuclear and particle physics!

n nZ"Proton Spin Puzzle":

What carries the nucleon spin?

We can address this question by using the n as a probe of nucleon 
structure!

nN neutral-current scattering can be used to measure: 

               Ds: fraction of proton spin carried by strange quarks



Ds: The "strange" spin of the proton 

Nucleon spin and strange form-factors are subject of 
much effort in nuclear community. 
(RHIC-spin, HERMES, Jlab, SLAC, Mainz, MIT/Bates)

-Polarized-lepton DIS (EMC, SMC, SLAC) results 
indicate that the fraction of proton spin carried by light 
quarks:    DS < 1, Ds ~ -0.10±0.05     
(However, scheme dependent, and assumptions  of SU(3) 
symmetry limit conclusive interpretations.)

- latest results from HERMES (semi-inclusive data) 
indicate Ds > 0   (Int. J. Mod. Phys. A17, 3551, '02.)

- SAMPLE experiment (PV e- scattering) measures   
strange magnetic moment consistent with 0.  
  Ds measurement not possible in PV e- scattering. 
  (hep-ph/0203011)
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      nN elastic scattering allows for a theoretically 
 robust,  complementary measurement of Ds

(PR D56, 5330,'97.)

from SAMPLE

from SMC



Measuring Ds...
The neutrino-nucleon elastic scattering
process is uniquely sensitive to Ds:

- Nucleon Neutral Weak Current, Jm  , depends  most strongly on 
  GA  (axial) form factor... (somewhat on F1,F2)

- GA (Q
2) = - t

z
gA(Q2) + GA

s(Q2)

   - gA known (nuclear b decay)

          - GA
s (Q2=0) = Ds

- np ®  np  NC cross section at low Q2:

-  So a measurement of np ®  np  NC  cross section yields Ds

but... cross section ratios reduce systematics...
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with cross section ratios:

- Ratio of neutral-current elastic scattering on protons to neutrons: 
            R(p/n)= s(np ®  np)/s(nn ®  nn)
   is quite sensitive to GA

s (Ds) because:

      GA  = -gA t
z
+ GA

s   ,  (t
z 
= +1 p, -1 n) 

   (Garvey et al., PR C48, 1919, '93) 
   However, the systematic errors of neutron  detection are problematic.  So...

- Ratio of NC elastic scattering to CC  quasi-elastic scattering:
            R(NC/CC)= s(np, NC)/s(np, CC)
   is somewhat less sensitive to Ds,     but experimentally easier.

Very small systematic error due to the  uncertainty in neutrino flux! 

Measuring Ds...



CC:

~400k evs 
NC:

~50k evs 

stat errors only

A definitive measurement of Ds: 

Þ  Must measure NC/CC ratio,
     R

NC/CC
= s(np® np)/s(nn® mp), 

     to 5%

Goal: s(Ds) ~ 0.03 

as measured by... 
a 10 ton (fiducial) detector, 
with 5E20 POT, 
at 100m 
on Booster n Beamline

Event Rates: (vs Q2)

NC/CC ratio: (vs Q2)

Ds = -0.1

Ds = 0.0

Ds = +0.1



neutrinos antineutrinos

A definitive measurement of Ds: 

- Do this at Q2 > 0.2 GeV2...
- minimize nuclear 

         corrections (Carbon)
- proton detection (T

p
 = Q2/2m

p
)

- and Q2 < 0.5 GeV2...
- minimize worries about 

         Q2   evolution
       - event rates higher as well 

- Ideally, measure NC/CC ratio 
  as a function of Q2 with neutrinos 
  and antineutrinos  

  Þ   determine:  Ds  and m
s 
,

       check: M
A  

, other systematics



Need an active-target,  segmented detector:

- active target, 
  segmented (for tracking)
- ~10 ton fiducial
- good particle id (p/p/m/e) 
  via range vs energy
- (minimal) muon system
- use extruded scintillator, 
   read out with fibers/CCDs
- readout and trigger
  is "easy" due to short 
  beam spill/long cycle time 
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A definitive measurement of Ds...
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Measure NC/CC ratio. The error on ratio is dominated by 
error on muon detection efficiency: 
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A definitive measurement of Ds...

Challenges:
- proton has short range
- muon doesn't
Þ   will need: 
      high segmentation and a
      muon system

Other worries:
- n/p confusion
- backgrounds from NC 
  scattering from dirt.
Þ  currently being studied

GEANT event:
- Q2 = 0.2 GeV2 , E

n
 = 800MeV

  T
p
~100 MeV, T

m
~600 MeV, 



High precision measurements of 
CC and NC cross sections:
- with large samples 
        (10-100k events) 
- at Booster neutrino energies 
        (100-1000MeV)

Needed to understand:
  - event rates in oscillation  exps
  - Standard Model
  - Nucleon Structure

Cross Section Measurements w/FINeSE

CC cross section

Booster Neutrino Flux



Charged-Current quasi-elastic cross section:

Most of existing data is on light targets.

Measurement on a heavier targets (C)
- useful for other neutrino exps
- test the nuclear models 
- measure G

A
 in Carbon

Cross Section Measurements...
n m

W
N N



Charged-current single pion production:

n
m
n® m-pp0n

m
p® m-pp+ n

m
n® m-np+

Cross Section Measurements...
n m

W
N N*

N

pAgain, most of existing data is on light targets.

Measurement on Carbon:
- useful for other neutrino exps (backgrounds)
- test the nuclear models 
- measure G

A
 (ND) 

   - Channel for n
e
 appearance at MiniBooNE  (n

e
N® eNp)
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Cross Section Measurements... n n

Z
N N*

N

p

Very little data.
- useful for other neutrino exps (backgrounds)

Neutral-current single pion production:

Coherent pion production (CC and NC):

s(NC p0 coherent)      1
s(CC p+ coherent)      2= r 2b2
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- Measurement of isovector axial-vector coupling
-  b previously measured to 10-20%

n
l l,n
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pomeron

A A

Neutrino-electron elastic scattering:

n n

Z,g

e e

- neutrino magnetic moment
- difficult due to small-cross section but...



If MiniBooNE...

- sees a signal, FINeSE will be an 
important addition in the effort to study 
the signal.

- does not see a signal, FINeSE can help
to push the  oscillation search lower in 
Dm2 vs. sin22q

MiniBooNE
sensitivity

Neutrino Oscillations (FINeSE + MiniBooNE)

For n
e 
appearance:

- By measuring intrinsic n
e 
in beam to 3-4%

  to improve on current 7-8% uncertainty. 

For n
m 
disappearance:

- By measuring product of  
  (n

m 
flux) x ( n

m 
cross section)



FINeSE Price
Building:

- From FNAL engineering
         $720,000 for a 30 x 30 ft building  at beam level (~25 ft below grade)
Detector:

- Based on K2K upgrade scintillator tracker
         $3.0M  
Total:

- Under $4M

FINeSE People
 D. H. Potterveld, P. E. Reimer 

Physics Division, Argonne National Laboratory, Argonne, Illinois
B. T. Fleming

Particle Physics Division, Fermi National Accelerator Laboratory, Batavia, Illinois
C. Horowitz, T. Katori, H.-O. Meyer, R. Tayloe

Department of Physics, Indiana University, Bloomington, Indiana

Currently building a collaboration of ~30 physicists from 
high-energy and nuclear physics.



We have an existing and running neutrino beam, 
we need an aggressive schedule:

2002 2003 2004 2005 2006 2007

submit
 EOI submit 

LOI

submit 
proposal

receive
approval

building and
detector

construction

detector
completed

Start
taking
beam!

FINeSE Timeline



Summary 
- Booster Neutrino Beamline at FNAL is commissioned and working.

- Using these neutrinos, FINeSE experiment can 
  provide unprecedented, precision neutrino physics
  measurements 

- For more info, contact us and see:
     http://home.fnal.gov/~bfleming/finese.html
   


