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Proton spin problem and Δs
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CERN-EMC experiment
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Proton spin problem and Δs - EMC results -
Nucl. Phys. B328 (1989) 1, Phys. Lett. B206 (1988) 364
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Proton spin problem and Δs - EMC results -
Nucl. Phys. B328 (1989) 1, Phys. Lett. B206 (1988) 364

∫0

1
dx g1

p
(x )=0.126±0.01±0.015

a0~0.1
a3=1.26

a8=0.58

 s~−0.19

Negatively polarized

“strange sea!!”

Negatively polarized

“strange sea!!”
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Polarized DIS experiment

Beam 26.7 GeV  pol. electron/positron

Target 1996-1997 Long. H

1998-2000 Long. D

2002-2005 Trans. H

2006-2007 unpol. H

Beam 160 GeV pol. muon

Target 2002 - 2006 Long. + Trans. 6LiD.

2007 Long. + Trans. NH
3

2010 Trans. NH
3

2011 Long. NH
3

+ JLab experiments+ JLab experiments
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Updated results on g
1
 and Δs

Phys. Rev. D 75 (2007) 012007  

Δ s=−0.08±0.01±0.02 Phys. Lett. B 647 (2007) 8  ※ from global QCD analysis

∫0.021

0.9
g1

d
(x)dx=

0.0436±0.0012±0.018±0.0008±0.0026

Proton 

Not saturated

Proton 

Not saturated

NS  a∝
3
 = Δu-Δd

Not saturated

NS  a∝
3
 = Δu-Δd

Not saturated

Deuteron 

Saturated

Deuteron 

Saturated

Δ s=−0.085±0.013±0.008±0.009

- inclusive DIS

- with SU(3)
f
 symmetry

- inclusive DIS

- with SU(3)
f
 symmetry

- inclusive DIS

- with SU(3)
f
 symmetry

- inclusive DIS

- with SU(3)
f
 symmetry

We now know Δs with its uncertainty δ(Δs) ~ 0.02We now know Δs with its uncertainty δ(Δs) ~ 0.02
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SU(3)
f
 violation and impact on Ds

cQM calculation:  (X. Song et. al, Phys. Rev. D55 (1997) 2624-2629)

SU(3) symmetry: Δs = -0.1 

SU(3) breaking: Δs = -0.05

cQM calculation:  (X. Song et. al, Phys. Rev. D55 (1997) 2624-2629)

SU(3) symmetry: Δs = -0.1 

SU(3) breaking: Δs = -0.05

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

SU(3):  symmetric    ↔    violated

E. Leader et. al.,

Phys. Lett. B488 (2000) 283

E. Leader et. al.,

Phys. Lett. B488 (2000) 283

Possible large contribution from SU(3)
f
 breaking  ⇔ δ(Δs) ~ 0.02
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Flavor tagging in DIS

d 3
Δσ

h

dx dz dQ2

Flavor Tagging:

Hadron carries information on 

quark flavor

through fragmentation function

Flavor Tagging:
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through fragmentation function
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Δs determination with SIDIS data

assuming

Δq(x)=0

Q 2=2.5GeV 2 q=∫0.023

0.6
dx  qx 

 u=0.601±0.039±0.049
 d=−.226±0.039±0.050
 u=−.002±0.036±0.023
 d =−.054±0.033±0.011
 s=0.028±0.033±0.009

Phys. Rev D 71 (2005) 012003 s x =0 assumed

- without SU(3) symmetry assumption

- only partial moments are available

- “LO” extraction

Δ s+Δ s̄=0.03±0.03
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Δs determination with SIDIS data
COMPASS PRLB693(2010)227

Δ s+Δ s̄=0.02±0.03

Δ s+Δ s̄=0.03±0.03
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Δs measured in DIS

Inclusive measurement: Δs = -0.08 ± 0.02Δs = -0.08 ± 0.02

Flavor taggingFlavor tagging

Without SU(3)
f

Without SU(3)
f

Limited x rangeLimited x range

Semi-inclusive measurement: Δs = 0.03 ± 0.03Δs = 0.03 ± 0.03

SU(3)
f
 symmetrySU(3)

f
 symmetry
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Nucleon Form Factors

Axial charge, and Δs

a0=Δ u+Δ d +Δ s

a3=Δ u−Δ d

a8=Δ u+Δ d−2Δ s

=1.26
β-decayβ-decay

=0.86
hyperon-decayhyperon-decay

= 0.3
polDISpolDIS
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Nucleon form factors

D. H. Beck and B. R. Holstein, J. Mod. Phys. E10 (2001) 1

Electric chargeElectric charge

Magnetic momentMagnetic moment

Spin: ΔqSpin: Δq
GA

s
(0)=Δ s

GA
s
(Q2

)=
GA

s
(0)

(1+Q2
/ M A

2
)

2

Strange contribution:
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Neutrino-Nucleon scattering
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Experimental results on 

neutral current ν-N(A) cross section

E734, SciBooNE*, MiniBooNE, T2K*
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Neutral current elastic scattering cross section
Liquid scintillator + Drift Tube 170 t

0.5E19 POT for neutrino 

2.5E19 POT for anti-neutrino

RNC /CC


=0.152±0.007±0.017

RNC /CC
 =0.218±0.012±0.023

RNC
 /=0.302±0.019±0.037

GA
s
Q2

0= s=−0.21±0.10

-0.21 < s < 0
strong correlation with the axial mass M

A

Neutrino scattering and s
- E734 results -

E734, Phys. Rev. D35 (1987) 785

Q2 dependence of G
s
A

Further analysis based on E734

From G
A

s(Q2) to s
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SciBooNE

(NuFact06, H. Tanaka)
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SciBooNE H. Takei, PhD. Thesis
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MiniBooNE
PRD82 (2010) 092005

ArXiv:1309.7257

CH
2
 target

ν+N → ν+N

Δ s=0 → M A=1.39±0.11 GeV

Δ s=−0.2 → M A=1.35±0.11 GeV
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Determination of Δs at MiniBooNE PRD82 (2010) 092005

arXiv:1309.7257arXiv:1309.7257
ν̄−NCEL
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T2K results on neutral current elastic scattering

Stat.: 3%

 ⇔ Stat.: ~10% (MiniBooNE)

Model for BG process: ~ 15%

Flux: ~ 20%

Outside BG: 6.4%

D. Ruterbories @NuFact 2013
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Is it really possible to extract Δs from R(NC/CC) measurement

with NUCLEAR target?
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R(NC/CC) and Δs 

B. I. S. van der Ventel and J. Piekarewicz,

Phys. Rev. C73 (2006) 025501

T'
p
 (MeV)

Δs = -0.19

Δs = 0.0

A. Meucci et al.,

 Nucl. Phys. A 773 (2006) 250

Δs = 0.0

Δs = -0.1

Both were calculated for 12C.

a relativistic plane-wave

impulse-approximation.

a relativistic distorted-wave 

impulse-approximation 
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R(NC/CC) and strange form factors

Δs = 0.0, μ
s
=0.0, ρ

s
=0

(solid) Δs = -0.1, μ
s
=0.0Δs = -0.1, μ

s
=-0.5

(dotted) Δs = -0.1, ρ
s
=+2

Strange quark contribution 

to the magnetic form factor G
M

s

also contributes to R(NC/CC)
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Global analysis of strange form factors

GE
s GM

s GA
s
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D. H. Beck and B. R. Holstein, J. Mod. Phys. E10 (2001) 1

Strange from factors: G
E

s and G
M

s 

G0, Phys. Rev. Lett. 95 (2005) 092001

Parity violating electron-proton scattering
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Global analysis of the strange form factors
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Nuclear Effect
Q2 dependence

Strange form 

factors

Normalization

flux/background

Δs

Accurate measurement of NC ν-H in 0.1 < Q2 < 0.4 GeV2

which is covered by the electron scattering.
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Methods of s measurement

n-H scattering extraction

Using two targets with different mixture of H and C

Separation of n-H and n-C scattering becomes possible

Neutrino flux information is needed to extract the cross section. 

n-H scattering extraction

Using two targets with different mixture of H and C

Separation of n-H and n-C scattering becomes possible

Neutrino flux information is needed to extract the cross section. 

R(NC/CC) measurements

Neutrino flux should be canceled. 

It also suppresses the nuclear effect.

Is there any model dependence uncertainty?

R(NC/CC) measurements

Neutrino flux should be canceled. 

It also suppresses the nuclear effect.

Is there any model dependence uncertainty?
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Beam flux

1 GeV for “on-axis”

< 1GeV for “off-axis”
1021 POT/year (130 days)

anti-neutrino beam

neutrino anti-neutrino 
asymmetry measurement

J-PARC -beam line        

Expected ν flux (MC data)

 ※ Feasibility study done for T2K in 2007 ※ Feasibility study done for T2K in 2007
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WLS readout

Dual SciBath configuration

Geant4 data

ν: 500 MeV

p: 270 MeV

5 m

5 m

5 m

BC501A BC533

Fiducial volume:

3x3x3 m3
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Extraction of N
NC

H

BICRON: H/C ρ(g/cm3) ρH(g/cm3) ρC(g/cm3)

BC501A1.212 0.874 0.112 0.688

BC533 1.96 0.8 0.080 0.794

N NC
H

=23.4×N NC
BC533

−20.3×N NC
BC501A

N NC
C

=−2.36×N NC
BC533

3.30×N NC
BC501A

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

Nuclear effect free extraction:

( ~ 15% *N
NC

 )
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Statistical error only

Stat. + Sys. errors

δ(Δs) = 0.03

(dipole form factor) 

Expected sensitivity

Expected sensitivity assuming the dipole approximation: 

δ(Δs) = 0.03

Systematic errors must be studied carefully. (Normalization, Background)
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Proton spin problem

Δs is a key for understanding of sea quark contribution
HERMES, COMPASS: Δs = -0.08 ± 0.02 with SU(3) symmetry

HERMES SIDIS: Δs = 0.03 ± 0.03 ( partial, no SU(3) symmetry)

Strange nucleon form factor constrains Δs first moment
Neutrino scattering: NC elastic scattering

E734 NC cross section measurements : -0.2 < Δs < 0.0

FINeSSE proposed R(NC/CC) measurement : δ(Δs) = 0.04

SciBooNE: Data taking was started in 2007

Key points: nuclear effects in R(NC/CC), Q2 extrapolation

Summary given at workshops in 2007given at workshops in 2007

DoneDone MiniBooNEMiniBooNE T2KT2K ・・・・・・
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Summary

Δs measurement at J-PARC

Aim to measure NC cross section on H, not R(NC/CC) 

Sensitivity study based on
1E21POT neutrino off-axis beam at 280m away from the production 

target

Dual SciBath detector (BC501A and BC533) 

δ(Δs) ~ 0.03 expected (with dipole form factor assumption)

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

Q2 extrapolation (Q2 dependence) also has to be carefully studied.

given at workshops in 2007

Normalization, Background (especially “Dirt”) 

has to be under control. Systematic is Key!



2014/02/9 @KEK-TOKAI 39

YAMAGATA UNIVERSITY


	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	NuInt
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29
	ページ 30
	ページ 31
	ページ 32
	ページ 33
	ページ 34
	ページ 35
	ページ 36
	-Summary-
	ページ 38
	ページ 39

