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Short Baseline physics
— Neutrino Scattering Physics (B. T. Fleming)
— Oscillation Physics (A. Bazarko)
— Near detector physicsat T2K (C. McGrew)

physics motivations
experiments at existing and future facilities
making progress



Physics at short baselines

Neutrino Scattering physics
Cross section measurements for next generation neutrino experiments
Form factor measurements
DIS measurements

sin2q, Measurement

pentaguark searches and strangeness
neutrino magnetic moment searches

|mpact on astrophysics ..
Other things? Lots of great SBL physics in near

and far term...
|mprovements with superbeams!!!
how big? what new physics?



Short basaline neutrino facilities

Running:
K2K near hall
FNAL Booster n beamline at 500m

Near future:
NuMI near hall (on and off axis) - 120 GeV

Near locations on FNAL 8 GeV Booster n beamline

JPARC near halls (280m and 2km)
BNL 3 GeV?

Farther future:
near detector locations at a proton driver at
Fermilab Proton Driver 5, 8, 120 GeV
Brookhaven proton driver 28 GeV
JLab ELIC injector, 10+ GeV



Short baseline detection technologies

Cerenkov detectors

Calorimeters

plastic and liquid scintillator detectors
Liquid Argon TPC

others?

Challenges for different physics measurements:
resolution -- more fine-grained (testing ground?)

flux uncertainties

neutron detection

others?



Different proton energy ® Different neutrino energy spectra

BNL 3 GeV K 2K NuMI low, medium,

Booster T2K and high energy beams

At low energies: AGS _ _
clean beams, but ENAL 5or 8 At. higher energies:
flux and cross sections  GeV Linac single p turns on.

dropping rapidly J ab? DISturnson



Different neutrino spectra® Different physics

FINeSSE w, fluxes {with no factor 1.5 rescaling)
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good for measurements with pion backgrounds
bad for measuring pion production cross sections and DIS
good for short and long baseline oscillation physics?
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no p® background ® clean near detector measurements
clean SBL measurements
clean q;3 measurement.....

conventiona
neutrino scattering
physics ~25 kTons
i ~70 km
0,2, Measurement
~200m s
hlgh Dm2

oscillation physics

= with x 10 statistics from BNL Booster
measure sin2q,,

VERY new idea
need 3 GeV high intensity BNL Booster



Neutrino beam program at JL ab:
parasitic running of neutrino SB program off ELI1C booster
beta beams along arms of ELIC collider rings
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Anal ogous ideato running AGS for aneutrino program whileitisa
feeder for RHIC and eRHIC



Injectorsfor 50 GeV light ion (protons up to Argon) ring:

200 MeV LINAC
10+ GeV, 10-30 Hz Booster

® would sit idle during 10+ hour collider store

Pros.

1022 POT/yea sn?acl) In;;te
good LBL lengths : :
In design stage In design stage

Neutrino session at upcoming EIC workshop at JLAB
to explore these ideas



Cross section measurements important for the next generation of
neutrino physics experiments

N, CCQE cross section

Neutral current p© production
Charged current single p channels

To what precision do
we need to know these for
the next generation of short
and long baseline
measurements?

where will we measure
them?



N, CCQE cross section

Uncertainties in the
5-10 GeV

no heavy target data at low E, Sam Zeller

|mportant right now for
oscillation measurements



Turnover at low Q2?

PRELIMINARY

MiniBooNE

Could be a“nuclear effect”

too large to be explained by Pauli Blocking
At NulntO3 problem was “fixed” by changing M, by 10% (unphysical)

Other nuclear models?
The“M, fix” lowered the expected QE s

Need to understand  in the energy-region where SK is most sensitive
this for oscillation (a significant source of the recent Dm? change)

measurements!!!



Measure single p cross sections: backgrounds for
CCQE samples
N, appearance samples

n.n® mpp’:
existing data at

low energy
on light targets

N
FINeSSE
fine-grained
scibath
detector

N

Sam Zeller



NC p° production: dominant background in n® n, oscillation
searches

n.p® n.pp°

very little NC
single pion
production
data

in v
Sam Zeller FINeSSE
scibath  how well do we need to know these

detector for oscillation measurements?

measure flux averaged
Cross section for each
energy spectrum



Coherent pion production

n |,n
NC or CC \/WZ |

production .
ra 0+
5% of total pomeron
Cr 0SS section A A
Preliminary

signature:
very forward
final state pion

Angular distribution
of MiniBooNE

PO sample

Consistent with recent
K2K data (LP '03)
Consistent with models
with less coherent
production



Physics at short baselines

Neutrino Scattering physics
Cross section measurements for next generation neutrino experiments
Form factor measurements
DI S measur ements < conventional

sinZqy, measurement neutrino scattering
pentaquark sear ches and strangeness physics
neutrino magnetic moment sear ches

|mpact on astrophysics
Other things?



Low Q2: Measure G,S (Q%=0)=Ds

(Ds: the strange quark contribution to the nucleon spin)

This will address a fundamental aspect of nucleon structure:

- What carries the nucleon spin! valence quarks, sea quarks, gluons?
- Can we describe the proton in terms of a fundamental theory?
These are still open questions!

— Ds is important for certain dark matter searches
where the neutralino-nucleus cross section depends on quark spins.

n | N n
guasi-elastic \ Neutral current

CC scattering _scatteri ng
W 7 g=any quark
q q

g=up and down _
quarks only In the nucleon
\ ® strange quarks
q q

Difficult to measure np® np with large flux uncertainties:
measure theratio np® np/Nn® nNp



Detector Requirements

To measure Ds with error £ 0.04, N NC

need R(NC/CC) to ~5%

Also need to measure R(NC/CC) as D
function of QZ(:Zmpr) down to 0.2 GeV

- Need a large, low-threshold, n CcC
FULLY ACTIVE, homogeneous >
tracking "vertex" detector P

GEANT-generated events in scintillator:
Q?=0.2 GeV?, E_=800MeV

T ~100 MeV, T ~600 MeV

WLS fibers in vertex detector



Difficult to measure np® np with large flux uncertainties:
measure theratio np® np/Nn® nNp

— = Sensitivity of R(NC/CC) to Ds
FINeSSE WI|| sensitivity of R(NC/CC) to G ° (Ds)
measure
this ratio to... (Q?=0.25,

0.45,
0.65 GeV?)

b R(NC/CC) to 5%
will yield Ds to +0.04

big improvement over
previous neutrino
measurements of

Ds

more improvements....

— gotolow energies (3 GeV BNL beam) for clean measurement
— detector with better resolution® better neutron detection (ie: LAr TPC)



nvs nrunning allows for

sensitivity to Ds and other form factors

neutrino

R(NC/CC) vs Q*fornand “n vary Ds
with different values of

S S S
Fl, F2 : GA : I\/IA
- anti-neutrino R(NC/CC) event vary F.°

more sensitive to Ds
- sensitivity to other f.f.s smaller

than to Ds vary F
- but, with a complete data set

(neutrino and antineutrino

running over range of Q%) would

allow an extraction of all strange vary M,

form-factors ( Fl, F2 : C:‘-A : MA)

anti-neutrino

takes along time at conventional neutrino Sources...

|mprovements with Superbeams?



Cross sections
at higher
energies

|

MINERVA
Experiment

Sam Zeller

NuMI low energy on axis
and off axisfluxes

above where DIS turns on



Sam Zeller i

high event rate
lots of DIS



Physics Goals with MINERVA
beam

(n+n-->m +p, 300K events off 3 tons CH)
Precision measurement of s(E,) and ds/dQ important for neutrino oscillation studies.
Precision determination of axial vector form factor (F,), particularly at high Q2
Study of proton intra-nuclear scattering and their A-dependence (C, Fe and Pb targets)

(eg.n+N--->n/m + D, 600 K total, 450K 1p)

Precision measurement of s and ds/dQ for individual channels

Detailed comparison with dynamic models, comparison of electro- & photo production,
the resonance-DI S transition region -- duality

Study of nuclear effects and their A-dependencee.g. 1p<-- >2p<--> 3pfind
states

(n+A->n/m+A+p, 25K CC/125K NC)
Precision measurement of s(E) for NC and CC channels

Measurement of A-dependence
Comparison with theoretical models

from H. Gallagher




Physics Goal's cont.

(C, Fe and Pb targets)
Final-state intra-nuclear interactions. Measure multiplicitiesand E, off C, Fe and Pb.

Measure NC/CC as afunction of E,, off C, Fe and Pb.

M easure shadowing, anti-shadowing and EM C-effect as well as flavor-dependent
nuclear effects and extract nuclear parton distributions.

MINERNA measurements enable greater precision in measure of Dm, sin?g,, in MINOS
MINERNA measurements important for g,,in MINOS and off-axis experiments

MINERNA measurements as foundation for measurement of possible CP and CPT
violations in the n- sector

(2.8 M total /1.2 M DIS events)
Precision measurement of low-energy total and partial cross-sections
Understand resonance-DI S transition region - duality studies with neutrinos

Detailed study of high-xg; region: extract pdf’s and leading exponentials over 1.2M DIS
events

from H. Gallagher




Physics Goal's cont.

(> 60 K fully reconstructed exclusive events) -
Exclusive channel s (E,) precision measurements -

Statistics sufficient to reignite theorists attempt for a predictive phenomenol ogy
Exclusive charm production channels at charm threshold to constrain m,

(few K events)

Provide unique combinations of GPDs, not accessible in electron scattering (e.g. C-odd,
or valence-only GPDs), to map out a precise 3-dimensional image of the nucleon.

MINERNA would expect afew K signature eventsin 4 years.

Provide better constraints on nucleon (nuclear) GPDs, leading to a more definitive
determination of the orbital angular momentum carried by quarks and gluonsin the
nucleon (nucleus)

provide constraints on axial form factors, including transition nucleon --> N* form

factors from H. Gallagher

How much improvement can we get using Superbeams?
When are the measurements systematics limited?




Detector Overview MINERVA

Experiment

Active target, surrounded by calorimeters
upstream calorimeters are Ph, Fe targets

Magnetized side and downstream tracker/cal orimeter

from K. McFarland







Coherent Pion Production

MINERNA: 25K CC/ 125K NC eventsoff C - 8.3 K CC/ 4.2 K NC off Fe

and Pb
Characterized by asmadl energy transfer

to the nucleus, forward going p.

-Data has not been precise enough to discriminate
between severd very different models.

Expect roughly (30-40)% detection efficiency with

+Can also study A-dependence with

Sam Zdler



from Ken Hicks, Ohio University

Pentacuark seerdnes

Mininumoaoontent: 4 quarksand 1 anticuark aqqag

"Exatic' pantaguarksarethosewharetheantiquark hasadiffaent flavar
thantheaha 4 quarks

Quantumnunbars cannat beddined by 3 quarksalone
Example: uudss, non-exotic
Baryon number = 1/3+1/3+1/3+13-13=1
Strangeness =0+0+0 1+1=0

Example: uudds, exotic
Baryon number = 1/3+1/3+1/3+13-13=1
Strangeness = o0+0+0+0+1 = +1

~ Help us unfold quark dynamics in the nucleon




SmMmary o Expainats

Evidence (3nce Od doa 2002):
LEPS(4.6s, peka mass=154GaV)
ITEP (45s, peek a mass=1.539 G&V)
CLASd (5.5, peek at mess= 1.542 &)
SAPHIR (4.8 s, pesk a mess=1.540 GaV)
ns -- WA21, E180 (6.7s, m=1533+/- 5MeV)
CLAS (7.8s, m=1555 +/-5MeV)
pPK® fronHERMES~5s, m=1527 M&V)
2¥one X - fronCERN (~8s, m= 1865 M&V)
NEW: pK°franZEUS(~5s, m= 1525 Me&V)

from Ken Hicks, Ohio University




Neutrino
LA taing

Courtesy of
Ddgdenko
(ITEP)

Reandyssd

bubdle dhanmoe
expaimatsfrom
WA21, WA25, WARS,
E180, E632

M(K ) Soectrum

- -
(=]

comb. / 10 MeV

from Ken Hicks, Ohio University

Neon plus Deuterium

1 | 1 1 1 | 1 1 1 | 1 1 1
2 22 24 26

m(Ksp) , GeV

:h‘lII|III|III|III|III|III|III|III|III|III|III|III

Chi2 / ndf=22.33/21

mass =1.533+0.004737
sigma =0.008379 + 0.002043
excess =25.56 £ 6.417

p3  =1.2140.5881

p4_ =17.71:4732

J

| 1 | 1 | 1
1.6 1.7 18 1.9

m(Ksp) , GeV




L ooking for Pentaguarks using neutrinos:
understand underlying theory of nucleon dynamics
existing or future

n \ m
SBL experiments?
/ Using what detectors?

Can we see these at

occccl
oOoccconl

final state particle separati Oon  need fine-grained

energy resolution detector

What can the neutrino experiments tell us that we don't already know
from other experiments?
Differentiate between theories of nuclear dynamics?



Address the NuTeV sin?q, result:

Measure sin?q,, using ne elastic scattering

very well known cross section
no QCD uncertainties

Conventional superbeams:

n.£® n e
need LOTS of statistics!

Studies have been done on this for
neutrino factories
(K. McFarland, B. King, J. Yu)
Difficult to do without high statistics:
normalization error.....



Neutrino magnetic moment searches?

N N
massive neutrinos imply existence
of HR
> . b
§ g
8 shape change
Increase in in the
overall cross section dlfferentl_al
Cross section
S =S + S
tot weak EM

flux error abig issue!



Different beyond-the-Standard-Model theories
predict different sizes for this neutrino magnetic moment

Minimally Extended Standard Model

_ 3eG
m=—_
" 8CRp°

m, ~3x 10™m
B

SUSY models® left-right supersymmetric models
M, @5.34 x 1015 - 10-16 my

M, @L.13 x 1012 - 10-13 my ]

My, @L.9 X 1012 g Ci

Large ExtraDimensions
m@1.0 x 1011 my



Limits set from experiment and astrophysics.

Electron n magnetic moment: m®15-1.8x1010m,

superK data: shape of recoil electron spectrum
reactor experiments. combined measurement

Muon n magnetic moment: M, £ 6.8x100m,

LSND experiment: combined measurement of electron and
muon neutrino magnetic moment using total ne® ne cross section

Tau n magnetic moment £ 109y
SuperK & SNO bounds for all neutrinos

Slow rate of plasmon decay in horizontal branching stars
m £ 101 ny
Neutrino energy loss rate from supernova 1987A
m £ 10-12ny



Running SBL experiements
looking.....

a MiniBooNE.......

n.£® n.e
Interactions /

produce
clear signature
in detector n.£® n.£

al events

Monte Carlo

Events are very
forward

CO0X(,

Monte Carlo

little scintillation

light

Scintillation

Cerenkov



Expected MiniBooNE sensitivity
to neutrino magnetic moment

for 100 ne elastic scatters with electron recoils from 10-1000 MeV
determine MiniBooNE sensitivity by
throwing events against weak cross section

fit these datato
weak + EM cross section

fitted values of m to recover fit m,
for 10,000 fake data
experiments sensitivity:

m =3.2 X 10‘10mB

Nm



Neutrino Magnetic Moment measurements at future detectors

|mprove measurement with
high resolution detector to get clean sample
low electron recoil threshold
lots of neutrinos -- superbeam sources!

The FINeSSE Experiment:
at FNAL, JPARC, BNL.....

liquid scintillator with grid
of WL S fibers strung throughout



Liquid Argon TPC ® energy threshold of afew MeV

With 15,000 events
(x 100 mBooNE statistics)
1 MeV €electron
recoil resolution

Into range of magnetic moments
predicted by
Large ExtraDimensions



Detection techniques:
fine-grained, low threshold detectors:

SciBar MINERVA JPAR\C’i BNL?
Bl B 2cm X R& D under way
bln 1cm for plastic
HlE plastic scintillator detectors
“ |1l scintillator S
gl |o bars liquid scintillator
detectors?
MiniBooNE FINeSSE LAr TPCs?

What detector R& D do we need to do now to prepare for the SB era?
Overlap with detection techniques at far detectors -- testing ground...



Liquid Argon TPCs:

mature technol ogy

need more US expertisel

A future technology
for SBL and LBL...



Short Baseline neutrino scattering physics

Lots of really good physics at short baseline!
Explorethis at existing and future facilities

What facilities and detectors do we need to do the physics?
How do the US plans for SBL physicsfit into the global program?

Connections to nuclear and astro physics communities should be
pursued. What isthe best way to do this?

working group website:
http://home.fnal.gov/~bfleming/sbl_sb.html



