Nuilnt02 Conference Summary

36 Talks --> 45 Min -->1.5
Transparencies/Talk

(what to do?)

Arie Bodek, Univ. of Rochester
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My Apologies to those talks that | have not covered.

Better to cover a few topics in more details.

Also, | have prepared most of this talk at the
Restaurant Conference Dinner....... So | had to make some choices

Advice to Future Speakers at this conference

And theorists who would like to help us in the future.

From an Advance Copy of the National Academy of Science Report
“Physics in the 21st century” (to appear 2003 on the WWW).

1. If your stuff is not on the WWW, it does not exist
(and is not in this talk)

2. If your model cannot be implemented in a Monte
Carlo... It does not exist..

3. Any model must be implemented to predict BOTH neutrino
and electron scattering cases. So that some parameters can be
tuned with precision electron scattering experiments




Since I have prepared most of this talk at the
Restaurant Conference Dinner - this talk is organized
(if you call this organized). As follows:

1. Slides I prepared during the salad (without the goat cheese)

2. Slides that I prepared during the appetizer (also without
the cheese)

3. Slides that I prepared during the main course
4. Slides that were prepared with dessert and coffee

5. Slides that were not prepared yet, but will be prepared for
The proceedings.

My apologies if some of the results are in the wrong section of
This talk.




In the first decade of the 21st Century,

new discoveries are expected in the fast growing

Physics-Biology-Genetics-Medicine
Physics-Astronomy
Computer Science - Biology-Genetics

Computer Science and Physics

Arie Bodgztgﬂv. of Rochester




It is appropriate that in 2001 the first year

Of the 21 century, NulntO1 was started as

The first of series of conferences focusing on

A single overlying unifying goal

“Neutrino Oscillations

Which requires drawing on contributions from

Nuclear, Particle, and Astrophysics

Requires Understanding of non-perturbative
QCD




MEGVWFERErgy-Neutrno-RPRysICs

| Motivational Talk by Kevin McFarland, Univ of Rochester

th Rate Neutrino Beams

Neutrino Oscillations
* N W

Connection to Astrophysics
Is CP Violation in the Lepton sector->Leptogenesis
Possible origin of Matter-Antimatter
Asymmetry in
the
Universe ?




56/arNeutrino,Oscillations
SMEficitHof electron neutrinos from /’

stintebserved in many experiments /)
SN0 hias recently shown these X
gppear as other flavors

Fluxes
(10° cm™= &)
1.76(11)
3.41(66)
5.09(64)
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Note that both
SNO and KAMLAND
Use Theoretical
Cross Sections 3%

Precision (assumed)
between 5 -175 MeV
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Arie Bodek, Univ. of Rochester




________ Good News: solar DM2 LARGE - GOOD FOR CPV .

1 Pion BAD NEWS: WE NEED PRECISION NEUTRINO S
production/

resonances f

Quasielastic 3 =

W=Mp 3

—————— total s

including s/En}
DIS = =
W>2GeV

1..]‘:

1. Bubble Chamber language. - Exclusive final states
2. Resonance language. - Excitation Form Factors of Resonances and decays
3. Deep Inelastic Scattering -PDFs and fragmentation to excl. final states

-Note: Form Factors can be converted to PDFs




MIT SLAC DATA 1972 e.g. E0O = 4.5 and 6.5 GeV

scattering A. Bodek
PhD thesis 1972
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The electron scattering data in the
Resonance Region is the “ Frank
Hertz Experiment” of the Proton. The
Deep Inelastic Region is the
“Rutherford Experiment” of the
proton’ SAID

V. Weisskopf * (former faculty member
at Rochester and at MIT when he
showed these data at an MIT
Colloquium in 1971 (* died April 2002

What do
The Frank Hertz”
and “Rutherford
Experiment”

of the proton’
have in
common?

A: Quarks!
And QCD

Arie Bodek, Univ. of Rochester




account for Fermi Motion/binding
effects in nucleus) e.g. Bodek and
Ritchie (Phys. Rev. D23, 1070 (1981)

* Resonance  (low Q2, W<2) v +
p-->w+p+nn
Poorly measured , Adding DIS and
resonances together without double
counting is tricky. 1st resonance and
others modeled by Rein and Seghal.
Ann Phys 133, 79, (1981)

* Deep Inelastic
v,+p —>w+X (high Q2 W>2)

X=1
(quasi)elastic

F2 quasi

e integral=0.43
“' Very large
R T R B ) e-p
6.1 02 @8 04 05 08 -
x [9%=0.22] x=1

(e.g. SLAC data at Q2=0.22)
. Issues at few GeV :

- Resonance production and low
Q? DIS contribution meet.




different spectator quark effects.
(There are fascinating issues here
as we will show)

How is fragmentation into final
state hadrons affected by nuclear
effects in electron versus neutrino
reactions.

Of interest to : Nuclear
Physics/Medium Energy, QCD/
Jlab communities

matrix precisely

requires knowledge of both
Neutral Current (NC) and
Charged Current(CC)
differential Cross Sections
and Final States

These are needed for the
NUCLEAR TARGET from
which the Neutrino Detector
is constructed (e.g Water,




Focus on recent results from collaborative efforts between

Jlab and Neutrino Community
Start with results from one collaboration between

Jlab Medium Energy Physicists and
High Energy Neutrino Physicists
(As a result of NulntO1)

ON NUCLEON ELASTIC FORM FACTORS

Howard Budd, Arie Bodek
University of Rochester
and

John Arrington - Argonne/Jlab

With the help of Will Brooks, Andrei Semenov

And Cynthla Keppel (WhO got us together)




For Q2< 1 GeV2 ONLY

r Global L/T analy51s
[ Polarization trﬂnsfer - Hal

New precision polarization

Transfer measurements on

Gep/Gmp agree with Standard

Rosenbluth technique.

HOWEVER: Above Q2>1 GeV?2

 Polariz, result [t
0 1 2

There is disagreement.

3 4
Q" [GeV]* Note, this high Q2 region

Is not relevant to neutrino

Non zero Gen

Experiments. So use latest Gen,

Most important

Gep, Gmn, Gmp form factors

As new input Vector form

Factors for quasi-elastic

Neutrino scattering.




Squasi-elastic neutrinos on Neutrons - Calculated

Squasi-elastic Antineutrinos on Protons - Calculated

From H. Budd -U of Rochester (NuIlnt02) (with Bodek and
Arrington) DATA - FLUX ERRORS ARE 10%

With the most
Quasi-Elastic Cross Section, JRA {it, CS+HallA Krutov

;,; 1.46 Up to date
a” 1.2 ] R Form Factors
< 1F _/ H I 'H’ | The agreement
C b ¥ ¥ T :f
el i F W - o1 ﬁ ‘t With data is not
0.6 8 1300 e g e S |
L I FL ,I|[:] T 4";7[}] i.,rANl_ 77D, v Seérpukov, Al SpeCtaCU lar
0.4t [i]l PO T SRAT 96; CF BV SKAT 96 CF Br
L / . vANL 73D, v GGM 79, CF,Br
0.2 / LRSSl Sl ST oe1. T T ) .
. Viep N+t oy arip, Antineutrino data
W 2 4 6 8 10 mostly on nuclear

E, (GeV)

Arie Bodek, Univ. of Rochester

targets




Compare to Original Llewellyn Smith Prediction (
0Ol1d LS results with

0Old ga=-1.23 and
Ma below. Plot in LS paper

Antineutrino data on nuclear
targets

QuaSI Elastic CS,GEp GMp GMp=dipole, GEn=0 ,m_=85,9.=-1.23
% A

Is 10% lower than the cross

Section we calculate with the

£
i Same wrong parameters.
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Neutrino Cross Sections i

Nov. 10,1995

H. M. Gallagher and M. C. Goodman



Pt — Monte Carlo

CC v, Quosi—Elostic Cross Section Session. Sam
= © ™ Serpukow, Belkov, I Phys, ASZ0, 625 (1985), Al
E 2 — & BHL, Boker, Phys. Rev. 023, 2469 (1981), O, Zeller@Nulnt02
L - ¥ ANL, Bariab, Phys, Rev. D18, 3103 (10774 Oy
V.78 [ ® FMAL Kitagakl, Phys. Ree. B28, 436 (1963). B, Talk compares
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o - & CERM—WAZS, Aligsic. Mucl Prys, G343, 285 {1990), i
2 1.5 [ v GEM, Bonalll, I"Iuﬂ::l-. r:ml.n,aﬂﬂ. 280, {1877, CsHy Various Monte
E CF, o
,?*1 oo = Carlos for Quasi
M [ Elastic scattering
Sl
o NOTE: Budd-Bodek-
= 4 Arrington code
Q.5 - / .
028 | / A i) Clves same resulis
b NLX (fros nacleon) With the same
o -_. = L e MEWE glifres nupleond | )
10 1 1d ! Input form f r
£, (Bav) put fo actors
» Selecting a consestent set of parameters: AIS(%OMZ%?IZ:hankS
- My = 1.032 GeV Hawker, etc for
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First result done at NulntO2 (yesterday)

(2 suppression or Larger M,?

Arie Bodek, Univ. of Rochester







blue = oo ma=1.02y5mak3mas = (Dipole, Gen=0, Ma=1.02)/ Best Model
red = (D0DD ma=1.1)/(DODD ma=1.02) = (Ma =1.1) / (Ma =1.02)
green = (DODD ma=1.1)/JhakJha) = (Dipole, Gen=0, Ma=1.1)/ Best Model

Ratios, Neutrinos

Wrong Ma=1.1 (used by K2K)
W=/ Ma=1.02  (Ratio)

»

If One Uses Both wrong Form
Factors (used in K2K MC)

LAl ( Wrong Gen =0 +Wrong Ma=1.1)
/ Best Form Factors (Ratio)

1151

105 T
--> Get right shape

100 But wrong normalization of 10%

Ratio of Cross Sactions

Wrong Gen /Best Form Factors (Ratio)

R N Talk by Budd at NuInt02

Forol%}=1 %Be\/ s W L0 24 (work of Budd, Bodek Arrington)

Q2 . of Rochester ZO0223




Ratio of Cross Jections

Ratio of Cross Sections

. . . Ratios, Neutrinos
Ratios, Anti—neutrinos

1.20 T T T T

Neutrino

st Anti-neutrino

105

1.00

Ratio of Cross Sections

095 095

0.00 0.25 0.50 0.75 1.00
g2 ¢

Ratios, Anti—neutrinos Red Ma:l_l (used by KZK)
/ Ma=1.02 (Ratio)

0.00 0.25 0.50 0.75 1.00 1.25

Green: If One Uses Two wrong
Form Factors (used in K2K MC)

Anti-neutrino

By (Wrong Gen =0 +Wrong Ma=1.1)
» / Best Form Factors (Ratio)

. . . | Blue:
0'08_00 0.25 0.50 0.75 100D 125

For E=1 Ge¥ Wrong Gen /Best Form Factors (Ratio)




What about Nuclear Effects? Get Lots of Information from Jlab
Data (Talk by Rolf Ent). e. e. e. e.g Polarization Double Ratio

Using Polarization Transfer Experiments
--> Gep/Gmp for Protons Bound in He4 (Hard copy transp)
Divided by Gep/Gmp Free (or PWIA = plane wave
Impulse approximation) for Q2 between 0.4 to 1.0
= 0.9 +- 0.03 (JLAB E93-049, and Phys.Lett. B500,47(2001)

Expect 0.92 from Thomas RDWIA (QMC - Quark Meson Clouds)
Relativistic Distorted Wave Impulse Approximation, and 0.96
from Udias RDWIA model.

So Gep may have binding effects of order -10%. Or Gmp may
have binding effect of +10%. Effect on neutrino cross sections
will be estimated By Budd, Bodek and Arrington)- could not be
done in time for this summary.

Need to understand if this is real. (PLEASE REPEAT THIS AT Q2
CLOSE TO ZERO WHERE NO EFFECT IS EXPECTED in Gep --
Charge conservation)
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FIG, 1. Kinematics for on-shell and off-shell scat-
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Off-shell kinematics, on shell

Dynamics. Q2, W final state

Bodek/Ritchie (1981)
Brief Review of (PWIA)

Plane Wave Impulse

Approximation.
Spectator System=
Excited A-1 Nucleons
Is ON SHELL
Interacting Nucleon is
OFF SHELL and virtual

Boson brings it on to

The mass Shell.
Structure Functions for
Bound Nucleon Must

Be functions of Q2, W,
And off-shell corrections




High momentumComponents aew
from Two -Nucleon Correlations Or
Quasi-deuterons.

P=F,=-F, and E,=M,- (P +MmH)!"2, (3)

After the scattering the invariant mass of the
final state (neglecting the free spectator) is

PR=wi=(P +q)t=P2+2P-q- @},
W= (E!- B} +2Ewv-2P|4; |- @,

(4

§= E'I:_ﬁﬁ' EjIMA—{TP*.zi-MA-]aJifz}
and (5)
W"ﬂzi:Eizﬂﬁ.?}"‘inb'-BPaIa|"'@a-

Spectral Function P = Probability
to have Mometum p and Recoil
Excitation € of Spectator

A-1 nucleon system.The Fermi
Motion model is just one

Approximation P(p, 8)

Arie Bodek, Univ. of Rochester
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Note, spectral functions have now Been
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FIG. 3, The Fermi momenta K for various nuclei of
atomic weight A from Moniz ef al, [Ref, 6).
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Calculate
WI1A
W2A

For a

wa, =2 [ |o(B) 2B [Wh.ipe @)

+ gimilar terms for the neutrons . (12)

Eguating individual tensor components, we obtain
egquations for W, and W, which are identical to
those derived for the deuteron in Ref. 1 except
that nuclear-momentum distributions are used for
Eq&-{?}l | %, In addition, the identification of the off-
shell kinematics is as described in the previous
gection,

wi=z [ |o(®] asB (Wh+ b (B2 PyY)

Nucleus
EM Current
We DO NOT

SMEAR CROSS
SECTIONS

ONLY MATRIX
ELEMENTS

+ similar terms for the neutrons, (13)

W=z f|¢{i$1|=d3§[( = r-{i%)(%)z

+ similar terms for the neutrons .

Arie Bodek, Univ. of Rochester



Electron Scattering on OXygen| yeutrino Fermi
DATA, MC{NUANCE)
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NUANCE K2K
MC with Recoil
binding Energy
of 25 GeV, No
high Moment.
Component.

Compare to
Electron Data -
can tune the
model if
needed. Need
to Add inelastic
and Rad corr.

Another case of
JLAD - Neutrino
community
collaboration



Electron Scattering on Carbon

)
=]
]

Cross Section {nb/Me¥/sr

Cross Section {nb/MaV/sr)

80 [
a0 |
L

20 [

DATA, MC(NUANCE)

10
Entries
Mean

156
4800
119.9
J9.17

e n i
®" s g 8 a

160 150

3UOMeY, E0dey.

200 230 3o
Ebeam—Escat{Mey)

|0 158
Entries 2986
Mean 19B6.2
RS a0.58
gy *
1 | 1 1 1 | 1 1 1 1
400 500 G500

2040 300

FB0MeY, 50.4dey.

Ebsam—Escat{May)

At present this
is rather
crude: Take
Neutrino MC,
select To
electron
Neutrinos.

Fix incident
Energy and
Scattering
Angle for a
Jlab electron
Scattering
Data set.

Need to add
DIS and
change
couplings for
better test







Visible Energy in a Calorimeter is NOT equal
to the True Neutrino Energy

s Kinetic Energy # Total Energy

« Nuclear Effects cause some 7 to be reab-
sorbed

¢ Detector Resolution (not considered here)

Neugen Predicts:

;J,t ‘r
0.05 _ - |

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

Ratia Vigible,/ True Energy

As Energy gets higher, function gels narrower

Talk by
Debbie Harris-FNAL







Additional Lessons from Jlab data

1. Beyond the Fermi-Gas Models now give good description
Of the binding energies in nuclei. Good wave functions for
A<10 exist now, and O16 is OK since it is a closed shell.

Other A<15 in a few years. (see hard copy R. Ent talk)

2. Hadron propagation through nuclear matter. Good news
Is that for the Q2 range of interest, There is NO Color
Transparency. l.e.low energy hadrons propagate through
Nuclear matter with typical hadronic cross sections. Glauber

Calculations, coupled with Beyond the Fermi Gas models

Give a good descriptions of the data. (but need to include
Pauli Blocking). R. Ent, D. Duttam W. Brooks S. Wood talks.







M. Strikman Nuln02 Talk, ALSO PRL 65, 1725, (1990)

Shadowing/and anti-shadowing effects are different
for Valence and Sea quarks At High Q2. Shadowing will

be larger at low Q2 and small x for both F3 And F2.
Future fits by Kumano for nuclear effects in the DIS region should
be done in X;,, so that they can be used in resonance region




Initial quark mass m | and final mass ,m-=m " bound in a proton of mass
M -- Summary: INCLUDE quark initial Pt) Get & scaling (not x=Q2/2Mv )
for ageneral parton Model

. . a=q3,q0
E Is the correct variable which is P.=PO.PAM NPF Pe3,me=m’
Invariant in any frame : g3 and P in o
- - . — /
opposite directions. P=Po+PiM
Pl,PO g3 90 Special cases:
_P°+P? VEY hot (1) Bjorken x, xg,=Q2/2Mv , E, -> X
E_p0+p3 %394_'322294% Formg2=m,2=0 and High V2,
P P
2 2 ) 2 (2) Numerator m  2: Slow Rescaling &
(q+ I:)| ) - PF ® g t 2I:)| >‘CI+ I:)| - m|: as in charm production

Please derive this on the plane (3) Denominator: Target mass term

€ =Nachtman Variable
+ m + A ) € =Light Cone Variable
W= ¢ = for m',Pt=0| & =Georgi Politzer Target
{MV[L+J0+Q*Iv?)] + B} Mass var. (@ll the same &)

Most General Case: (Derivation in Appendix)
€ W= [Q’2+B]/ [ Mv (1+(1+Q?3/v?) ) V2 +A] (with A=0, B=0)<<<<<<<<
where2Q2=[Q?+ m2-m 2]+ {(Q?*m 2-m 2) 2+ 4Q? (m 2 +P2%t) }~
Bodek-Yang: Add B and A to account for effects of additional A m2
from NLO and NNLO (up to infinite order) QCD effects. For case § ,, with P2t =0
see R. Barbieri et al Phys. Lett. 64B, 1717 (1976) and Nucl. Phys. B117, 50 (1976)
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Bodek/Yang
Modified
GRV98 PDFs
To DIS Data
Fit to electron
And muon
Scattering

DIS data.
Predict reson.
Photo and
Neutrino data

%2 = 1268 / 1200 DOF

Dashed=GRV98LO QCD
F2 =F2qcp (X,Q?)

Solid=modified
GRV98LO QCD

F2 = K(Q?) * Faqcp(E W, Q?)







K2K 1KT data  decay
| I{EK\ilMG 1|<TDATA

2] LT v
total invariant mass (MeVic’) total invariant mass {|




1. EOI to FNAL ctor

- 2
program Committee % — Can study cross
- Off axis Near (NBB)
Detector.See Talk

— Near/far for v, —>v;
— backgrounds for v, —>v

g; Not everything

by: Steve Manly-
Univ. of Rochester

2. See Talk by
Jorge-Morfin - On
Axis Near Detector

€

uoisay Leoa(

Locate off of
Can be done access drift

At Jlab.

In principle off-axis
near detector in the
tunnel can be
moved to on-axis
location .

3. Also, On-Axis
MinBoone EOI.

SONTIAL

Ue View from above

my  |Swpg adarg

2Inso[ouy
SONIIW
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Spbkesperson

Fe layers=1.7m

Fe tIO<Jt);e‘rs:O.66m total
n " 1" Active/passive
Active slslilstalils frame around target
scintillator 175+ B oo Syhﬁ;f-tvvet;v?beerﬂsg

RA

strip target veto  target magnet

3y
RB4 i




readout. (A;;; = 80 cm, X, =44 cm

Fiducial volume: (r =.8m L =1.5m): 3.1 tons ST M
R=15m-p: u=45GeV,n=51,K=.86, P =1.2 Scintillator Only
R=.75m-p: n=29 GeV, =32, K=.62, P =.93 W

Also 2 cm thick planes of C, Fe and Pb.
— 11 planes C = 1.0 ton (+Scintillator)
— 3 planes Fe = 1.0 ton (+MINOS)

— 2 planes Pb =1.0 ton

Readout: Current concept is VLPC.

. Upstream Half
7 Scint. + Planes of C, Fe,




{

Length: 45m - Height: 9.6m - Width: 9.5m
25 m clear upstream of MINOS detector

2 m x 2m detector
cross-section

Center of the NuMI
Neutrino Beam




FNAL Program Committee report not
yet released. Informal feedback is
that since all three EOI's have very

similar detectors (scintillator strips) and
the cost is mostly in optical readout
and electronics, a common R+D effort for
All three groups may make sense.
Further possibilities for collaboration

Between US and Japan communities

Arie Bodek, Univ. of Rochester 46






