“Conventional” Neutrino Physics in the

Near and Not-so-Near Future

Is there anything left to learn from
v Deeply Inelastic Scattering?

Jorge G. Morfin
Fermilab

CTEQ QCD

HERA is not the only place to study sz

1. G. Morfin
June 200G

Deeply Inelastic Scattering

n GvN»_is,mariji(;rders of magnitude smaller than Gy
Events are hard to accumulate.

m However, v/ V have ability to resolve flavor of nucleon’s
constituents: V interacts with d, s, u, and ¢ while V
interacts with u, ¢, d and s.

B V/ V have definite spin/helicity states, can they be used
to determine partonic spin contribution to the nucleon? : .-

m The Vis a very effective partner in determining 2 v
the partonic and spin structure of the nucleon §
via measurement of the structure functions.
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Start W1th unpolarlzed functions.

N Latest measurements of F, and XF3 from CCFR.
Results from E-815/NuTeV “soon”.

m Based on 950,000 v events and 170,000 v events.

m Errors:
in stat. (1-3)%,
xF,: stat (2-10)%

Systematic errors about the same size
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Current Status of Neutrino

Measurements of Ry (x,Q?) - on Fe
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n Heagz nuciéar targets needed to accumulate
sufficient statistics. Measuring v-Fe not v-N

m Statistics and systematics not yet at level to
allow extraction of all possible information.

Independent v and v structure functions
not yet well measured!

CTEQQCD

Effect of These Compromises: SummerShoo

J. G. Morfin
June 2000

Measured Structure Functions
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m What do we gain by measuring separate v and 'V structure
functions?

m Doess=sandc=7¢ overall x?

’

AN

(X Q%) =x[u+a+d+d+25+2c]
'FeXN(x QY= x[u+u+d+d+25+2c]
XFXN(X,Q2)=x[u+d-

u-d-28+2c]
xFYN(x,Q%) =x{u+d-u-d +2s-2¢]

F;-F} =2[(s-5)+(c-c)]

Fy -xFy =2(u+d+2c)=2U +4¢
Fy -xF] =2(u+d+25)=2U +45

xFy -xFy =2[(s+8)-

T

s(z) from CDHSW data?

—— vy T -

(€+c)]=

F. Zomer. Eur. Phvs..J (112:243.2000

~ the CDHSW v data at low gy are larger than both

45 -4c

+d) + s.

(u+u)+(d+d)+s

— Thus. the CDHSW data could introduce a large asvin
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MINOS : .
o dxF3 CCFF {stat-sys V !
osb x = 0015 @

m AxF,; sensitive to s and ¢ (model { -
dependent). Extract directly
from data-model independent.

m Extraction of F, also dependent
' TR~VPS {MRST o) [M=Q} May 2000

on AXF3 | ———  ACOT-VFS (CTEQunQ) [M=ACOT} 2
~———  FFS (GRV94) {um=2mc}
- L{BG) - i

dio(v+v) C= (1-y+ y?)F, +(y - y? )AxF,

m Newly extracted F,’ at low x : et ;
(< 0.1) now agrees with F}** a vl | T TSRS OD sl vy o
long-standing problem. has
been eliminated!

m NuTeV results with increased
Vv data “soon”.

CTEQQCD

How (In Principle) to Extract all SIX  sasiow

June 2000

Measured Structure Functions

MINOS

dO'VA G2 vA v, (1 Y) Y v.

dde2 ZTIX[ (F2 (X Q2)+xF3A(x Q2 )) 5 (FZA( Q2 —xF A(x Q2 )

do‘\_iA GF FvA( 2 xFVA 2 (1_ Y)2 FVA 2 XFVA 2

dxdQ?  2mx 2( 24 (2, Q) - xF3A (x, Q1) + = (F7* (x, Q") + xF3* (x,Q"))
- : J -2y?F(x,Q?)

* With R = Whitlow

o(%Q%,1-y)?) R =10
G?/2nx o / Q=3 GeV?
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.

 m Statistics: need sufficient events in each x - Q? bin to

populate (1-y)* distribution for fit to R, slope and
intercept. Goal: Order 1% or better.

B Beam systematlcs. minimize “wiggle” in slope and
intercept. Goal: Order 2% or better

m Measured quantities: need good calibration for
confidence in (1-y)*and to understand migration/
smearing between x-Q* bins. Goal: Better than CCFR /
NuTeV.

m Particularly vicious complications involving treatment
of the charm quark.

CTEQ QCD

Effect of These Compromises: Summer S

June 2000

Heavy Nuclear Targets
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X
B nuclear effects measured (with high statistics) in U-A

not in v-A.

m from low-to-high xy go through: shadowing, anti-
shadowing, ”EMC” effect, Fermi motion.

AP e
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MINOS

m Ingeneral, v/ V can isolate nuclear effects for valence quarks
from the sum of all quarks.

® More specifically, recall
Fy -xFy =2(+d+2c)=2U+4¢
Fj -xFy =2(u+d+25)=2U+45
xFy -xFy =2[(s+5)-(C+c)|=45-4¢

m Could measure nuclear effects on individual partons...

' CTEQQCD
Any Indication of a Difference in Nuclear Summer Scho
une 2000
Effects of Valence and Sea Quarks? ’

m Nuclear effects similar in Drell-
Yan and DIS for x < 0.1. Then
no “anti-shadowing” in D-Y* \
while “anti-shadowing” seen in N -
DIS (5-8% effect in NMC).
Indication of difference in
nuclear effects between valence
& sea quarks?

m This quantified by K.J. Eskola®
et al within LO (t = 2) DGLAP
using initial nuclear
distributions from CTEQ4L and
GRV-LO and assume scale
evolution of nuclear parton
densities is perturbative.

R

2 hep-ex/9906010 P hep-ph/9807297
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MINOS

S.A Kulagin has calculated shadowing for F, and xF, in v-A interactions
based on a non-perturbative parton model.
At 5 GeV?, ratio of shadowing xF; : F, = 0.5 at x = .02 to = 2 at x = .0001.
Most recently calculated shadowing in VMD region (lower Q* : dominant
for x < .01) and finds significantly stronger shadowing.
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Another Open Nuclear Effects Question: CTEQ gcD
. . Summer School
Behavior of F, as x --> 1.0 in Nuclear 5. Mot
- Environment

Need to add more than Fermi gas model to simple nucleon
model to reproduce behavior of F,at high x in nucleus.

Few-nucleon-correlation and multi-quark models allow quarks
to have higher momentum ---> high x tail with F, o "%,
Analyses by SLAC, BCDMS, CEBAF and CCFR with values of a
varying 7 < a < 17 in various kinematical regions and targets.

BCDMS and CCEFR are in similar kinematical regions:

Y- Data
-

— Buras-Gaemers |
e Cleg 4

10*

BCDMS (u+C):a=165+0.5
CCFR (v + Fe):a= 8.3+0.7+0.7(syst.)

Number of Event.

Is a dependent on nucleus?
Is a dependenton v vs. u?
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has Q*< 1.0.

MINOS

m HERMES data at .01<x<0.1
m HERMES effect translates
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m Being tested with further

06~

data at HERMES and JLab.
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BV Goals in Study of Nuclear Effects summs St
> Al with v/ v scattering e
MINOS SRR

m Overall Goal: Measure nuclear effects across full Xp;-
range in v/V scattering off a variety of targets.

m Goal: Measure nuclear effects separately for F, and xFj
What are the nuclear effects for valence quarks alone?

m Goal: Determine nuclear dependence of R at low x and

QZ

m Long-term Goal: High statistics v/ v scattering_
experiment on H, and D, as well as heavy nuclei.
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m NuMI

~ Uses high intensity Main Injector with 120 GeV
protons and horn focussed & K beam for v.

~ MINOS (Oscillation Expt.) using low-energy v

beam on schedule for 2003.

~ 2nd generation high energy DIS expt. in 2006?

m Neutrino Factory

~ Uses muon storage ring with production of v, and

v, via decay of p*
~ Possible in 2010 - 2015 time frame

3.7 x 10 protons/year
on the NuMI target
will yield

2.5x10° CCv
0.6 x10° CCv
events / year-ton

high energy-
configuration

v,% / ton / yeor / 0.2 GeV

NuMI v/ v events:
Intensity and Kinematic Domain

CTEQ QCD
Summer School
J. G. Morfin
June 2000

Event Rates at MINOS Near Detector
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MINOS

MINOS

A4 s A

W2>5GeV? (26 M events) In units of 10° events/year

Q2= 0 2 4 8 16 >30 GeV?2
x=0
22,6 1 .04
03
15.6 .6 1 .05
05 °
17.6 2.4 5 .06 01
075
. 14.9 5.6 .6 2 02
1
115 6.5 1.7 25 .02
12
> 8.9 7.1 3.1 2 .03
15
13.1 11.9 8.5 1.3 3
20 12.1 18.3 17.8 6.5 8 01
30 22 13.6 17.1 11.9 2.0 .03
45
9 1.7 6.9 6.9 2.8 2
65
1 .5 14 8 5
1.0 255,

(Expect ~ 100,000 events x >075)" ,

Modified Near Detector (MIDIS) summs S
for a High Energy Beam Run

June 2000

Standard MINOS near detector: Solid scintillator planes with
fiber readout between 2.5 cm thick Fe plates (0.40 ton fiducial/
plate) yielding 16 tons in 40 plane target region.

This translates into 40 M v events/yr. and 10 MV / yr. in the
fiducial volume.

MIDIS Near Detector
Retain 11 fiducial tons of Fe with 26 planes.

Assume 12 (instrumented) planes of C ( = 4 M fiducial events /
yr.), 2 plane of W (5 M events) and 2 year v and 2 yearV run.
Ratios: beam syst. cancel.

Assume C-Fe-W relative target syst. same as Tevatron Muon
Expt. O (1 %) added in quadrature.
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MINOS

Solid scintillator planes with fiber readout sandwiched between
2.5 cm thick Fe pgtes.

Instrumented out tor = Im : 0.6 ton/plate

0.40 ton fiducial: 1.00 M v events/plate - yr: v=v/4.0

Forward Section Spectrometer Section
Veto Target Hadron Shower Muon Spectrometer
20 planes 60 planes 160 planes ‘

40 planes

7.13m 9.50m .
3.05m Steel 1.20m Scintillator 2.88m gap 4.06m Steel 0.4m Scintillator 5.04m gap

NuM]

TV

a Muon Storage-Ring /Collider

1. G. Morfin
. June 2000

SR . : , . Summey S
%’g Further in the Future: DIS with Neutrinos from

13

How does a muon collider

work?
® Intense Proton Source (8 - 16
GeV, 10222 /year) Sy
® Pion Target and Capture i Capiira
Solenoid :'?E;‘:’:'::
m Decay Channel (yield 1020-21 Femtention
muons /year) e 8o
® Ionization Cooling Section .
® LINAC + Storage Ring :,::“:.:“.. ana
B Muon Collider {::;:-:;.dx_hr;:“n
® DIS from pP collider and Vigks. iy, W, .

intense v beams
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Drift Chambers

m Liquid deuterium cryogenic target followed by rotating
high A targets.

m All targets (r = 10 cm) acquire 107 v, events and 4 x 10°
v, /year.

m D, @50cnlong, C @ 3.7cmand W @ 0.45cm

CTEQ QCD

Summer School

Compare Event Rates for Two Future 1. G Morin

June 2000

Experiments

MIDIS in the NuMI Beam Near Detector/50 GeV NuFact
(50 m away from 800 m straight section)
m 3.7 x 10° protons/year on

20
the NuMI target. m 10”7 p decays/year
m 2.5x10° CCv or m 4.0x10° CC v, and
6
0.6 x 10° CCV events /ton-year 17x10° CCv,
(in high energy configuration) events/kg-year (fid.vol.r < 10cm)

m Know ¢(E,) and Jo(E,) to m Know ¢(E,) and Jo(E,) to
< 2% <1.0%

m First Beam 2003. m First Beam .... a bit after
HE beam run > 2006 MINOS runs are finished
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MINOS
XS

m MIDIS: 26 M v (Fe) evts (6.5 MV evts) /year in fid. vol.
m Analysis based on four year run

m NuFact: Analysis based on 2 year run

m Statistical errors negligible at small values of (1-y)?

® R value now dominated by systematic errors

MIDIS Kinematica] Boand

Neutrino

MIDIS: R_Whitlow
NeuFact: R_Whitlon
Antineutrino
MIDIS: R_Whitlow
NeuFact: R_Whitlow

e r» @ o o @

o(x,Q% (1-y)%)
G?/2nx

O T 090 050 040 050 060 O x:.10-125 .
0.10 0.20 0.30 0.40 0.50 0.60 0.70 {
(1-y)? Q?:2-4GeV? ¢

. CTEQ QCD

MIDIS / NuFact v Nuclear Summer St

June 2000

Shadowing Measurement

1.00 : 4 mMmLos
) ¥ ] NENDOS: 4 Years
i ¢ . o FeC
0.951 s
o § a WIC
< oy
N
& 0901 {
~
2 ] 50 GeV NeuFactory
~ 0.85 2 Years
[ ] { * W/D_2
0.801
0.75 T

0.00 0.01 002 003 004 005 0.06
x_Bj




MINOS

Kulagm's Non Perturbative Parton Model
: «1.00 .
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NuMl » CTEQ QCD

Summer School

SUMMARY o

MINOS

m NuMI/MIDIS will offer an intense, lower energy v beam to
explore with impressive statistics and reasonable
systematics among other topics:

> a first look at precision measurements of separate v /v F,, xF; & R.
> study of v / 'V nuclear effects, particularly HERMES effect!

® NuFact, a “few years” after MIDIS, with H,, D,, and
nuclear targets as well as polarized targets:
> improve statistical and systematic errors of MIDIS measurements.
> Complete measurements of the partonic spin structure of nucleon.
~ High statistics charm production with “clean” final state. )
~ Precision electroweak measurements; v-e scattering.
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