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The ground rules we were given:

1.  FY05 running is settled
(Please wish us good beam!)

2.  FY06 is expected to be part of a long-term plan,
which will be considered next year.

3.  FY06 is what it to be addressed in this meeting,
presented within the context of the FNAL Proton Plan

Janet Conrad, Columbia University



An overview 
of the plan...

Osc. 
analysis at 

start of FY06 
run?

Signal?

yes

Choose Best Option:
nu 50m, nu 25m or antinu

yes

no

no

Choose appropriate
run mode to address 
analysis issues

Long run to study
LSND w/ antinu's,
FY06 is 1st year:
xsecs & searches!

Our Goal!!!
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The Case of a Signal

Janet Conrad, Columbia University



We expect to accumulate,
a total between...

5´ 1020 POT:
90% CL LSND   @ ~3s
Only just covers at LSND 99% CL  
at <1.6s

90% CL

99% CL

1.6  3  5s

1´ 1021 POT:
Good coverage:

90% LSND allowed at > 4s

(Energy fit)

Note:
LSND
is 4s

Janet Conrad, Columbia University



Which means the result may or may not be decisive. 

Do a joint analysis...
Form a c2 for the agreement of Posc
to find joint probability

Þ  Depends upon assumed Dm2,
      since L/E is not the same!

Top: MiniBooNE null signal 

Bottom: 1s background fluctuation 
(16% probability for 
upward fluctuation)

2%

1%

5%

2%
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Depending on the result there are several options:

1.   Continue present running conditions
®  if we are confident of systematics and the issue is only statistics

(note from run plan:  stat err= sys err at 2E21)

2.   Run with the 25 m absorber installed
®  if we want to check systematics

3.  Switch to antineutrino running
®  an interesting alternative if we are satisfied the signal is solid

We will choose the best option when the time comes...

I f we see an indication of a signal, 
there is a solid case for  continued running 

at least through FY06



The Case of No Signal
in Neutrino Mode

Long Term Plan:

MiniBooNE
in n mode



LSND needs to be checked in antineutrino mode
because underlying physics might lead to a difference

in the oscillation probabilities....

One example:
(because it is new since the Run Plan)

CP Violation 

If no signal is observed in neutrino mode



Aguilar-Arevalo,
Barger, Sorel and 
Whisnant, 
preliminary

Posc(na®  nb) ¹  Posc(na®  nb)
 

CP Violation:

MiniBooNE can have
a small signal in neutrino-mode

(which could easily fluctuate to a null signal!)
 &  a ´ 3 larger  signal in antinneutr ino mode

The same 
mechanism as
for 3-generation 
CP violation



Report of the APS 
Multidisciplinary Study 

on the future of Neutrino Physics

Janet Conrad, Columbia University
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WOO HOO!
A



And so, our long-term plan is to run in antineutrino mode:

MiniBooNE
Coverage Scale:
Complete
Substantial
Moderate
Marginal
Bronx Cheer

For 3 years of 
running at
2E20,
Coverage is...

As an example....

Our  first look!
Added info may change 
this....    Preliminary!!!

Energy fit

(This is worst case:
no neutrino oscillation
only antinu oscillation)

We will present our 
long-term goals 
in light of the 
neutrino running data 
at a PAC meeting 
next year



The Physics of FY06

in the case of a signal:
Pursue it!

in the case of no observed 
signal in neutrino mode:

What can we accomplish in the
1st year of antineutrino running?



Truth in Advertising Slide...

Things we know well...
a)  Response of our detector (all discussion is based on 

well-tuned hit-level MC with 
full reconstruction)

b) ''Design Properties'' of the beam (proton beam size & divergence,
response of the horn, etc.)

Things we do not know so well...
a) Secondary production of p-   (we are analyzing HARP data now)
b) Cross sections for events (that's the point, 

we are going to measure them!)

So in 2 years, don't expect exactly the number of events I show.



Event Rates  for 1st year:
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NC elastic 13,300
CC p 
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Antineutrino 
events:



1.  The antineutrino beam, produced by p- ,  
has lower  intensity and is softer  
(<En>=650 MeV compared to <En>=750 MeV)

2.   Spin suppresses the cross section for n interactions (RH)
because at our energies we only hit valence quarks (LH)

For those who have not thought about antineutrinos in a while...

Compare:

LH neutrino + LH quark
Jz=0

RH antinu + LH quark
Jz=1

easily scatters into: cannot scatter into:

Jz=0 Jz =- 1

Overall Result:   About 4 times less antineutrino than neutrino events...



All anti-neutrino beams suffer from  
neutrino (aka ''wrong-sign'')  background

At MiniBooNE:
CCQE 32,500 11,200
NC elastic 13,300   4,700
CC p 

- 11,900          0
CC p +          0      770
NC p0   6,500   2,200
(rates before nuclear effects are applied)

n n

Compare to  ~2% WS 
contamination in neutrino mode

Link, Tanaka, Wascko and Zeller
have developed a method to reduce WS error on xsec to 2%

THIS IS CRUCIAL TO OUR PHYSICS GOALS

Applicable for:  K2K cross section measurements
   T2K CP violation search
   SK Mass hierarchy measurements

Anyone w
ith a 

1 GeV beam and

a large C
ere

nkov

detec
tor.

Why?
Because the leading 
+ charged particle
is hard to defocus



Three Independent Methods of Understanding WS Background.

1.  Angular distribution of the CCQE scatters:

Fitting the angular distribution:
7% measure of WS (2% error on xsec)

2.  Muon Lifetime measurement:

8% of m-  capture but 0% of  m+ capture
Affecting the measured 

lifetime of stopped m
30% measure of WS (9% error on xsec)

3.  CC p+ analysis

15% measure of WS 
(5% error on xsec)

includes all
backgrounds



Three examples of 
physics measurements
that can be completed in FY06:

 2 Interesting Cross Section Measurements
 Antineutrino Disappearance

... other ideas are in development



Cross Sections



Why MiniBooNE?

Opportunity:
We can do these measurements now, without upgrades.
No other experiment will have our event rates for many years! 

1.  Our beam:
a) The secondary production will be well-understood from HARP
b) The design is simple and therefore systematics from design are low

(e.g. only one horn, beamline is only 50 m, etc.)
c) ~1 GeV is an important energy range for study.
d) Because L=500m,  there is no beam parallax

2.  Our detector:
a) Carbon-based measurements are valuable for any future experiment

using scintillator or oil-base 
b) Cerenkov detectors are good at isolating CCQE and single p

event types in the ~1 GeV  range



Cross Sections: CCQE

Existing data set is <1000 events,
Scattering from free protons should be well understood,
Scattering from Carbon is not.  This is due to nuclear effects

n

p

m+

n

J

.

Mini
BooNE
range

should be
well predicted

A
Mini
BooNE
range

Is prediction 
~20% high?

A

AAAAAA
AAAAAAAAA



Planned CCQE Analysis:

Goals:
1.   Obtain the cross section vs. energy  -- 20% measurement.

needed for our oscillation analyses!
2.   Study nuclear effects 

Start w/ 40k events (n+n)
hit level MC
with all processes.

Apply the n reconstruction...

Do we see 
larger/
different
effect?

Study  
suppression
in n also

Joint analysis
of 
MiniBooNE n
MiniBooNE n
&
e- scattering data
(collaboration started
by our xsec group)

An order of magnitude 
more events



Cross Sections: NCp0

Existing data set:   
There are NO published n measurements in our range
(one published measurement of a single data point at 2 GeV)

antineutrinos isolate the coherent contribution:

n

p,n p,n
p0

n

Range of n-mode predictions 
(compared to resonance):

50%  (shown)  ®   5%

(angle w/r/t beam)

Coherent is not hit by the 
helicity suppression
(& lower E helps too)...



Planned NCp0 Analysis:
Points:

extracted number of signal p0 events
in each bin using our neutrino-mode
analysis technique

Soild:
breakdown of the signal by type

1.  Distinguish between the mechanisms:
In most forward bin,
We expect between 100 and 1000 coherent events with Nuance
compared to ~500 resonance events.

2.  Make a measurement valuable to other oscillation experiments
Backgrounds for nm®  ne  (MiniBooNE, et al)
Signal for sterile vs. active studies (SK)

Goals:



 nm Disappearance
CCFR 
antineutrino
results 
are up here

Disappearance in antineutrino mode
has not been explored 
in our range at all....

Systematics limited after 1 yr of running

If we don't see 
a signal in neutrino mode
this is a search for CPT violation

(See, for example, for 3+1 models
Barger, et al,  hep-ph/0308399)

MiniBooNE



Summary of analyses 
in FY06

Should we confidently exclude LSND in neutrino mode
 We plan to embark on antineutrino running
 We have identified interesting analyses

cross section measurements  & new physics searches
All of which can be done with 2E20 POT

 More ideas are under development 
 We see this as the first step in a long term antineutrino run. 

If we see a signal in neutrino mode,
We will choose the best running mode to pursue it further.
FY06 running will be very important.



.

This plan is ''ready to go'' ...

The necessary power supply for running in antineutrino mode 
was purchased by LANL in 2002.
(Not yet tested, but we expect no problems since change in 

circuit is straightforward)

The absorber to allow 25 m running was installed when the beam
was constructed.

The detector is running well.



State of The MiniBooNE Collaboration in FY06...

The collaborators are committed to FY06 running and beyond

U. Alabama, Bucknell U., U. Cincinnati, U. Colorado,
Columbia U., Embry Riddle Aeronautical U., Fermilab,
Indiana U., Los Alamos, Lousiana State, U. Michigan, 

Princeton, St Mary's of Minn., Westerm Il., Yale

8 full-time graduate students (2 graduating this spring)
3 new full-time graduate students expected next summer

9 post docs presently   
(3 found faculty/scientist-level positions last year, 
3 are seeking this year)

3 new postdocs to arrive this winter



The split between the initial neutrino running
and FY06 and beyond

is an optimal time to change cospokespersons...

Janet and Bill will look after all issues related
to the run through FY05 & analysis 

starting in January,
Steve Br ice and Richard Van de Water  
will be responsible for all issues related 

to the run starting FY06 and beyond

Janet & Bill
running through FY05
and analysis of this data

Richard & Steve
running & analysis

in FY06 and beyond

time
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Our Request to the PAC 

.....


