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Particle physicists’ quest...
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Current State-of-the-
| Art "matter peeling”

_ (Standard model of Particle physics)
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Of course, the electron is
npt alone... (see Rabbi’s: "Who ordered that?”)

electron cat

neutrino fleas
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(Just a bit of) Formalism...
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Formalism (1II)

;’mi/ar/y... d
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Formalism (III)

: ...turns out that..
V= ’@ Vi
;, k=1
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Formalism (IV)

If mass diff. are small and momenta are large (p
>> m).. a flavor state produced in a weak
interaction...

n g, Flavor eigenstates are
‘Va> =>U. Vk> linear combinations of
k=1 mass eigenstates
T < y _iEkr >
‘va>,— ;Uake VE) gyoom
..after some
(more) algebra ‘V 0‘>t: Z 1% '3> Avﬁvﬂ )

P=e,u,t
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Formalism (who's counting?)

Tinsiﬁon Probability:

P, 0-14, , 0= BU.e UL
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In the ultrarelativistic limit...
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Formalism (mostly done)
The Maki-Nakagawa-Sakata
PMNS) matrix itself:

—is ionl?
C2Ci3 S12C13 S1:€ e 0 0-‘

; g i /2
—S120237012323513615 01202373123233136 S2Ci3 0 ea‘ 0
] _ iS5 0 0 1J
Su2Sn—CuCrSue'®  C125237812C23513¢'C  CwCis
Mixing angles

c;=C0s &  g,=sin I,
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Inside the Sun...
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Solar Neutrino “problem”

+ Well, we're only getting about 1/3 of them..
+ Where's the rest?

—_—
Ve = V,

N/
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Anything else?...

+ There might be some odds & ends:
+CP violation?
+Link to dark energy/matter?
+Axial FF
+Quark PDFs !
+Neutrino 6PDs W
+Duality w/ neutrinos?..
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The K2K Expenment

Goal: conﬁrmatlon of atmospheric osclllatmns by measuring muon neutrine
ice in a long-b accelerator-based experiment
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Far Detector Cavern Layout
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Soudan 2 Cavern

...and there are more.:.
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(disappearance) Experiment (Stagted 05) \'w"'"

MINOS Experlmen‘t -~

Two Detector Neutrino Oscnllatson
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T helowl is + / of Minerva, gada’ess of
ry

_-the unofficial symbol of the MINERVA experiment.
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Why Minerva?

+ Inherent interest in the phenomena of low-energy
neutrino-nucleus scattering

+ "BASF effect”: Provide knowledge that will help
improve/enhance other neuﬁ/na studies (read
|

3

‘oscillations”)

The Chemical Company

+ MINERVA is a compact, fully active neutrino detector|
designed to study neutrino-nucleus interactions in
detail at high statistics”
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+ Fermilab
+ Numi beamli

+ Several nuclear te
effects in neutrino
+ Provides cruc_id_ﬁiﬁ'im‘t
experiments |
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Neutrino cross-sections

+ Neutrino interactions
Q Quasi-Elastic / Elastic  (W-=-Mp)
* v,+n -=> p+p  (x=1, W=Mp)
> well measured and described by form factors (but need to account
for Fermi Motion/binding effects in nucleus)
> Bodek and Ritchie (Phys. Rev. D23, 1070 (1981)

Q Resonance (low Q2, W< 2)

a V., WPkae? 1 * et T
+ Poorly measured and only 1st resonance described by Rein and Seghal

Q Deep Inelastic

+ v,rp -->u + X (high Q2 W> 2)

+ well measured by high energy experiments and well described by
quark-parton model (pQCD with NLO PDFs), but doesn’t work well
at low' Q? region.

-
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Issues at few GeV : I—
* Resonance production and low Q¢ DIS contribution meet. -

The challenge: describe both processes at a given neutrino
(or electron) energy.

o

A. Bodek, Rochester ™

Who is (in) MINERVA?
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Hampton University
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5. Kulagin Tnstitute for Nuclear Research, Russia
I. Niculescu, 6. Niculescu
James Madison University

6Gran Universi i J.K. Nelson#, R.M. Schneider, D.S. Damiani
& Graney, WAL Comion v Rokin The Callege of Wiliam and Mary
" “Northern Tilinois University” *  Co-Spokespersons

#  MINERvA Executive Committee

A collgboration of 79 Particle, Nyclear, and.
Thearetical physicists from 20 Institutions

W.K. Brooks, A. Bruell, R. Ent, D. Gaskell,
W._ Melnitchouk, S. Wood
Jefferson Lab

D. Buchholz, H. Schellman Northwestern

University
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Minerva at a glance

* Fully Active
Target: I » 40 "
8.3 tons Side HCAL (OD) |

NN

Downstream ECAL
Downstream
HCAL
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Event Sample
Assume: 4.0 x 10?° POT LE and
12.0 x 10%° POT ME beam

_ Target Fiducial Vol. Expected cC
(tons) Yields (10°)
CH (scintillator) 3 9.0 :
He 0.2 0.6
1z 0.15 0.4
Fe 0.7 2.0
Pb 0.85 2.5 S

Main CC Physics Topics (Statistics
in active target only - CH)

“I I 4 0L EEMHNETEFEN
Energy (k)

+ Quasi-elastic 0.8 M events

+ Resonance Production 1.7 M total

+ Transition: Resonance to DIS 2.1 M events

+ DIS, Structure Funcs. and high-x PDFs 4.3 M DIS events
+ Coherent Pion Production 89 k cc /44 K Nc

+ Strange and Charm Particle Production > 240 K fully

reconstructed events
+ Generalized Parton Distributions ~ 10 K events
6 8




Neutrino cross-sections?
|

+ In the few GeV neutrino energy (relevant for osc. expt’s)..
+ Errory on o,,, are large
4+ A-\dependence data - scarce
+ Understanding of backgrounds needs (I T =1 |
differential cross-sections on target
+ Theorefically difficult region:
transitiog from elastic to DIS

Estimated Cross section uncertainties
Process  Cument  Affer MINERvA

(E W% 54
Res 0% S0%(CCINC)
DS W%
Coh 0% 204
V.paclonepitt
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Quasi(-elastic) MINERVA

MINERvA Measurement of Axial FF
QE scailering, v, I'R(Q?},-"d:pu]t:. My=1.014 GeV

1.50 = Minerva, Fy(q)

I F G*(Q7), Pelarization/dipole|
125} 1 o BNL B1, Dy, Baker et al. |
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+ First prec 025l ‘ |
@ of pro; 11 S| (SR RS | ) |
Expeocted MiniBooNE 2 4 6

+ First stud, & K2K measurements @ {GeV/e)?
fa,'m facfL J. Nelson, W&M, NuInt07
R
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MINERvVA and
Coherent z production...... ...

Conerent

w MINEFRVA

. Phym, Rev. Lett. 63, 2340 (1989)
Phys. Lett. 1258, 230 (1383)
Rev, Lett. 52, 1096 (1984)

NUCLE

+ Overwhelming sfq?_isﬁcs ()
+ Wide energy range .,

+ Range of nuc/ear“garyefs €, Fe, Pb) - ..+ +n
+ MINERVA is in a position to measure this

important background for v, appearance
and to check the surprising K2K null result

4-year MINERV/

un
100 | ¢+ g '}. g

1

8, 267 (1983)
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5
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Minerva’s impact on Am-~
measurements (MINOS)

4 Visible Energy in Calorimet
is NOT v ene/'_qy/H

16 1.8 3 73 24 6 JB 3

| @A) A, A=Am?

* T absarpﬁan, rescatter,
+ final state rest mass

AM - Ante Minerva  ppj—
. PM
w/ Charged Lepton 5| DM _ Post Minere
Scattering, fronvesteriumtoLead,at 5 gl
energies : - eV}
oEhss YW AN

Oscillation Measurements
and Neutrino Interaction
Uncertainties

urrent Generation'’s Primary Goal: MINOS

+ Precise Am? measurement from v, disappearance measurements vs.
neutrino energy

+ Biggest systematic concern: how do you know you're really
measuring the energy correctly?
+ Next Generation's Primary Goal:
+ Search for v,—v, transitions at one neutrino energy
+ Biggest systematic concern:
+ Predicting Background accurately
+ At first, claiming discovery based on an excess above &
background/ y
+ Later, precision measurements with neutrinos and anti-neutrinos
+ Next Generation's "quaranteed” measurement

+ More precise Am? measurement, if you can understand the
backgrounds in narrow band beam
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NOVA, T2K

MINERVA & NOVA

Total fractional error in the predictions as a
function of reach (NOvA)

e

g—': 0.014) === Current o Errors
E a.m2 = & Ervora after MINERwA
5 oo — Sutistical
< o008
0,005
0.004 Near Detestor
0.002] K20km |
" NC
0.01 0.02 £.03 0.04 0.05 .06 0.07 0.08 0.08 0.1 ¥
ain*28,, Far Deteggocss
Process QE RES COH DIs
do/a NOW (cc,Nc) 20% | 40% 100% 20%

Jo/o after MINERvA (CC,NC) | 5%/na | 5%/10% | 5%/20% | 5%/10%
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MINERVA & T2K

4+ T2K©& near detector will see different mix of events
than the far detector

* ake-an-accurate prediction one needs

a1 A Lal/ maidnina ~mace cortinne

T2K Events at SK {Osc)

T2K Events at SK {NoOsw)

%, T In

Structure functions,
CD & PDFs

Neutrino Scattering

Fo0)=uru+ld+a)+[s+s)

”M” xE0={u-dsla-d]

q EW Charged lepton scattering

E® =x{% (u +§) +% (d +Zl) +% (s +§)
F o) =tl+d)+ 3l Hls-+9)

q q
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Recall ....

p'=p)x

e (D) -lu (p)e"

With a bit more work you can turn it info...

doc _GME ( Mxy ]_y)%g/
dx dy s 2

P q -
y == inelasticity x- ZP

well..., x

F; are process dependent, and functions of x and Q¥ |.
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Quark-Hadron Duality:
complementarity between quark and hadron
descriptions of observables

At “high enough” energy:

Hadlronic Cross Sections

averaged over appropriate
energy range

Perturbative
Quark-6luon Theory

ZHadrons - unarks&gluons

Can use either set of complete basis
states to describe physical phenomena

Gabriel Niculescu %
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Duality in F; Structure Function

First observed ~1970 by
Bloom and Gilman at SLAC
by comparing resonance
jproduction data with deep
inelastic scattering data

= Integrated F, strength
in Nucleon Resonance
region equals strength
under scaling curve.

Shortcomings:

® Only a single scaling curve
and no Q2 evolution
(Theory inadequate in pre-
QCD era)

® No o, /o; separation > F, i |
data depend on i saserae 2345678
assumption of R = ¢, /o, o = 1+W2/Q?

©® Only moderate statistics Gabriel Niculescu %&%

Duality in the Fz Structure
Function = 5 oo »

Now can obtain “true” F,
a

® Empirically,<DIS region is
where logarithmic scaling
/s observed:

&> 56el?, W2 > 46Gel”

" Duality:

Averaged over W, log
scalin abserved o wor'k
also for Q" > GelP?,
Wz <4 l/z

" Jlab results Eo4110): - Wil
Works guantitatively to ) 1
better than 10%

e e
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Duality observed in all unpolarized
slfucture functions
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...and in Nuclei (F,)
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...and in Spin Structure
Functions
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Stay tuned ...

(MINERvA)
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MINERVA: Kinematic

ﬁoverage

08

Proposed-
Minerva Gz

W03y
Existing
neutrino

data i
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