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J-PARC Vv-beam line
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Proton spin

Proton spin: \ @ ;. 0. .

1 1 A
—=— (Aut+Ad+A q= q q
2 2% 2 g s)
The most naive case: AY=1
Naive parton model: Assuming SU(3) flavor symmetry, taking axial current matrix
AZZAM—I_ACH_ASZCIO From weak decay:
Au—Ad=a, a,=1.26,
Au+Ad-2As=a, a5=0.28
Aq corresponds to axial form factor - if As=0, 45=a,=0.58

Aq = G7 (0=0)
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Proton spin problem and As

- EMC results -
Nucl. Phys. B328 (1989) 1, Phys. Lett. B206 (1988) 364

xg? (x)

Polarized DIS (] 0.18 ﬁELLlS-JAFFE sum rule o xg° (x) J 0.0
x /g (x)dx '
u—I—N—>u’—I—X T s
Structure Function 5 ORF
(E,'p),«f” Fi(x’Q ) gl *0 * E" | j0:01.
(E, p) S g - 0,02
U——0— Parton Distribution 3 '
q(x,0%, Aq(x.0%) g - :
/ \___________________._._-—-—-—' g 10 1 10" 1 11
(u '. C p —
N <:ﬁk H_-:_>f d/r CL—;:—: o deg1< ) 9a0+ 12 a3+36
P=(M,0) %e X =0.126+0.01+0.015
SU(3) flavor symmetry
i a,=1.26,a,=0.58
=Au+Ad+As=0.12 - As=—0.19
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Updated results on g and As

0.16

g I 1 Q*=5 GeV?
%‘ ) 014 t I = : NS
[MES  phys. Rev. D 75 (2007) 012007 T onf § f s f I . d
: E 1 e p
0.9 _
J.0.021 gcf(x,SGe\/z)dx= mi_ E I EIIE
0.0436+0.0012+0.018+0.0008 =0.0026 o008 &
: [ 1
Assumption: \Q Y
" High x contribution =0 oo B OEEE k., o
" Saturation in the lower x region : -
0.02 - "
" SU(3) flavor symmetry: : ‘o
{].___--___---___--___--____--___--___---___--___- __*.___:!r-__*--_t--f!f--____.
As(5GeV?)=—0.085+0.013+£0.008+0.009 | L gE
0.02 - Fx L
T :4

Assuming SU(3) flavor symmetry

Phys. Lett. B 647 (2007) 8: A s5(00)=—0.08+0.01+0.02
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SU(3) violation and impact on As

J. Lichtenstadt and H. J. Lipkin, Phys. Lett. B353 (1995) 119

5 - w » ————————r 77— '

3 l 3 : T T T T T T | T T f
AS:HF?-ED[%ﬁ—;] -:.:‘:;- W As ++(b+},-4
ol H+H++H++

-0.08 F * _

E. Leader et. al., Phys. Lett. B488 (2000) 283 4, f
dg —(As + A%) 012 | _

-ﬂ'.‘il-:— i . "E
2'1__40 b ggé ir 33} R Y Y S T R R TR M 7 e

ar — . EEER VR . . . £

0,26 015 1 0.02 SU(3): symmetry <« violation

XQM calculation:
(X._Song et. al,_Phys. Rev. D55 (1997) 2624-2629)

SU(3) symmetry: As =-0.1
SU(3) breaking: As =-0.05
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Flavor tagging in DIS

J+N>I'+h+ X

Structure Function

Fi(x’Qz): gi(x’Qz*

o Parton Distribution

Fragmentation D(z, Qz)l

11/12@RCNP

RCNP#H%E=

Ao’ 2
A X,

e dodO Z q(x,0")D)(z,0")

_P'Ph_Eh

Z_P-q_T

Flavor Tagging:

Hadron carries information on

quark flavor
through fragmentation function
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0.2

Strangeness spin inside proton ' &z
I S

24+ N e +h+ X - HERMES results -
AS ()C ) —0 assumed Phys. Rev D 71 (2005) 012003
[ xau Vo :.:._j:.:.f- } { b2 = 2.5 Gev?
- ._.j """""""" o GRSV2000 \.\\':-\ 0 _:.:.:.:._.:.:.j.:.:#:.:.:.:.:.:.:.—.:.:. Y IS

'._.=.=.=.=_,._.=-=-‘F LO std N C — 4 _ GRSV2000
i i ‘+ _____ BBO1 LO L YAl LO std
. ﬁ ———————————— — i ] --—4- BB01 LO

1 L 1 L 1 1 L L L 1 1 L -0.1 —_

[ x-Ad - x-Ad
Ll ,:,:_4' ————————————————— T I + :
. E $ ______ { '_'-+"—-; ----- +=_ .=.=.;,:.:.é.:-:+"’ 0 ::._._._.?_._._._._#_?_._._._._._._.-i--- ajg‘gf)l:ugg
0.03 0.1 0.6
X [

Aq:fz:zm dx Aq(x) Q2=2.5 GeV’ 0 ::.:.:.:i.:.:i:.:.%.:. :.:+.:.:.+_—..:.=.;.= --------------
Au=0.601+0.039+0.049 ras | | o
Ad=—.226%0.039+0.050 0.03 0.1 0.6

X

Au=-.002x0.036+0.023
Ad=-.054+0.033+0.011
A s=0.028+0.033 £0.009

- without SU(3) symmetry assumption
- only partial moments are available
- “LO” extraction
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Neutrino-Nucleon scattering

2 2
do G
2: il Q2 (AiBWiCWZ) W:4EV_Q2
dQ 2T Ev m, mi
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Neutrino scattering and As
- E734 results -

* Neutral current elastic scattering cross section
* Liquid scintillator + Drift Tube 170 t T T

: 734, Phys. Rev. D35 (1987) 785 -
* 0.5E19 POT for neutrino i\ :

e 2.5E19 POT for anti-neutrino
2
» From G *(Q?) to As

_ G;(-)=As=—o.21io.1o

* Further analysis based on E734

Rycicc=0.152%0.007+0.017 |
R e =0.218+0.012+0.023

viv_ N N , , 000 02 04 06 08 10 12 14
Ryc=0.302£0.019£0.037  0.5<0’<1.0 GV Q2 [(Gev/c)?]

-021< As <0 strong correlation with the axial mass M,
Q? dependence of G #
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Flux Averaged do/dQ° [cm®/(Gev/c)®]




FINeSSE @ FNAL

FINeSSE Proposal, hep-ex/0402007

~ GOFTTTTTTIITTTIII I
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it - ]
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' -0 ‘-
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: : 201 .
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- R(NC/CC) measurement 3 -
- 60 e
cancellation of flux and nuclear effect T 50 10
Z(cm)
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FNAL booster neutrino beam-line
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FINeSSE @ FNAL

FINeSSE Proposal, hep-ex/0402007

x10 |

v Reaction

v, 6E20 POT

9 ton
CC QE, vyn — pup 146,610
NC EL, v,N = v,N 59,184
CCn*,vp— pu prt 66,690
CC 7 v,n — ppr® 13,932
CCn*, vyn — pu nr’ 11,664
NC 7% v,p — v,pr° 11,394

0.5 1 1.5

E, (GeV)
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2.5

RCNP#HE=

quantity, relative error, contribution to
() prefactor AQ/Q AR/R

Nne 1 1.2% 1.2%
Neo 1 1.0% 1.0%
F = %%—‘: 0.27 5% 1.4%
e 1 3% 3.0%
S excaNnes:  0.35 10% 3.5Y%
Y ecciNeos 0.29 10% 2.9%
Total experimental error 5.8%

0(As) = 0.04 (sta. + sys.), (+0.025 from form factors)
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SciBooNEL|  GiiBooNE @ FNAL

JAM flux,100m, 25m absorber \‘

" SciBar/EC detector from K2K
" Muon Range Detector

v/PQT/cm?/Gev

Primary physics goal:
precise cross section measurements of
non-QE v-interaction, anti-v interaction

> SciBooNE anticipates
. ~1620 POT v Proposal approved Dec. 2005

* ~1e20 POT anti-v
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(NuFact06, H. Tanaka)

SciBar Detector o

- O Extruded scintillators with WLS fiber readout glslslelslsalk
O Scintillators are the neutrino target (T 3
O 2.5x 1.3 x300cm?cell
0 ~15,000 channels
O Identify short tracks (>8cm)
O Distinguish a proton from a pion by dE/dx
O Total 15 tons
=» High track finding efficiency (>99%)
=» Clear identification of v interaction process /

S

_ I-Anode PMT
(64 channels)

5 Wave-Length /
AT LSS Shifting fiber
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SciBar Event Display with K2K data

NC candidate

R(NC/CC)=

Neutron background should be \
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SciBooNE: status and plan

- SciBar and EC were moved from SciBooNE Event Display:
KEK to FNAL (Jul. 2006) with anti-neutrino beam

- Civil construction started (Sep. 1500 |

2006) e o :

- Commissioning done (Apr. 2007) ' = 1l

- Physics RUN : ( May 2007 ~) ol i = q 1
with anti-neutrinos ( ~ Aug. 2007 ) | = T

3.4E19 POT ( ~ July 22™) o o o sl | I

- Detector live time: 96.5% — beam ’Em%m E I I

- Calibration of the detectors is et - . | "
on going. 100/ : I } |

- Physics RUN with neutrino started " neutrino CC-QE ¢andidate
(Oct. ~: 1 year, 1E20POT v, v-barjset | . 1.

- R(NC/CCQC) study is planned. 50 0 50 100 150 200

- One page

l|li'.l
250 300

“proposal” was submitted to FNAL on As measurement as extension of SciBooNE
http://www.fnal.gov/directorate/Longrange/Steering_Public/community _letters.html
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R(NC/CC) and As

B. I. S. van der Ventel and J. Piekarewicz, A. Meucci et al.,
Phys. Rev. C73 (2006) 025501 Nucl. Phys. A 773 (2006) 250
0.25 -
20 P E - “',f
: e il
E, = 500 MeV S As=-0.1 /
=0 2k o
0 =% - —e—e =
S =L /
o I y,
015 = = o o - \
| E, = 500 MeV B
: _ i As=0]0
e == B proton knockout
U 60 120 180 240 300 .l"}-1_||l |I|||' I |||I |IiI|. I 1
T (MeV) 0 50 100 150 200 250 300
T, [MeV]
a relativistic plane-wave a relativistic distorted-wave
iImpulse-approximation. Impulse-approximation

Both were calculated for 2C.
11/12@RCNP RCNPH#HE= Yoshiyuki Miyachi, Tokyo Tech




Nuclear Effect

Q? dependence

Normalization

Strange form flux/background

factors

Accurate measurement of NC v-H in 0.1 < @? < 0.4 GeV?
which is covered by the electron scattering.
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J-PARC Vv-beam line
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Methods of As measurement

* Nuclear effect (ex. C target):

— Nuclear model uncertainty on As extraction

* V-H scattering extraction:
— Using two targets with different mixture of H and C
* Separation of V-H and v-C scattering becomes possible

— Neutrino flux information 1s needed to extract the cross
section.
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Extraction of NNCH

Nuclear effect free extraction:

Using two liquid scintillators with different mixture of H and C:

BICRON: H/C p(g/cm?) p"(g/cm3) p&(g/cm?®)
BC501A 1.212 0.874 0.112 0.688
BC533 1.96 0.8 0.080 0.794

\

No=23AXN 7 —=203xX N7 (~15% "Ny )
NGe=—236XN 7 +3.30x N "

(FINeSSE: 5(As)~0.04 with 6E20 POT + 91)
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Dual SciBath configuration

SciBath1 MRD1 SciBath?2 MRD2

N
BC501A LS readout
N
% } EntriesZY 94
5m b
Fiducial volume: F Geant4 data
3x3x3 m3 sof-
£V S00Mey
3 p: 270 MeV
2005500 0050400 50200
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Expected sensitivity

E E « J-PARC expected 1E23 POT ((_)ff'aXiS)
1 o E734 + 2 * 27 t SciBath

g E

% Stat. + Sys. errors

Ho®

Statistical error only

e 8(As) = 0.03
]L (dipole form factor)

10-4[' IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o1 02 03 04 05 06 07 08 09 1 1.1

Q? (GeV?)
Expected sensitivity assuming the dipole approximation:
0(As) = 0.03

Systematic errors must be studied carefully. (Normalization, Background)
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Summary

* Proton spin problem

— As 1s a key for understanding of sea quark contribution
* HERMES, COMPASS: As =-0.08 £ 0.02 with SU(3) symmetry
« HERMES SIDIS: As =0.03 + 0.03 ( partial, no SU(3) symmetry)

— Flavor SU(3) symmetry? breaking?

— Strange nucleon form factor can constrain directly As

* Neutrino scattering: NC elastic scattering
— E734 NC cross section measurements : -0.2 < As <0.0
— FINeSSE proposed R(NC/CC) measurement : 6(As) = 0.04
— SciBooNE: Data taking was started in 2007
* R(NC/CC) study 1s planned using 1E20 POT.

— Key points: nuclear effects in R(INC/CC), O° extrapolation
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Summary

* As measurement at J-PARC
— Aim to measure NC cross section on H, not R(NC/CC)

— Sensitivity study based on
* 1E21POT neutrino beam at 280m away from the production target
* Dual SciBath detector (BC501A and BC533)
* d(As) ~ 0.03 expected (with dipole form factor assumption)

* Normalization and background contributions to the systematic error to
be studied.

() extrapolation (O’ dependence) also has to be carefully studied.
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