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. Focus

#* Neutron Spin Polarizabilities
#* Neutron- particularly challenging

#* Polarizabilities- EM properties-
Compton Scattering

Polarization observables in Compton
Scattering on d and He-3

#* Chiral Perturbation Theory (xPT)-
pions and nucleons- o~m_

3/26/2007 Fundamental Neutron Physics, INT




¥)] Polarizabilities
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State of affairs

* Proton
Proton EM polarizabilities are well established.

a, =(12.0+0.7)x10* fm* B =(1.6+0.6)x10"* fm*

Spin polarizabilities less known (only v, and v,)

Neutron still remains elusive

# Even electric and magnetic polarizabilities not known to
desired accuracy

Spin polarizabilities less known (only v, and v,)

Problems:

Neutron charge = 0
Lifetime ~887 secs

* Experiments @ HIyS
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HIyS @ TUNL
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Thus, we study

Compton Scattering

Light Nuclei (d & He-3)

at
Low Energies (E~m. )

using

HByPT(upto O(Q3))
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DC, D.Phillips
(PRC 71, 044002)
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(“) The scattering amplitude

#* 7. has a chiral expansion.

Naive dimensional analysis-
Q" for a vertex with n powers of p or m,
Q-2 for pion propagator ( )

Q! for nucleon propagator ( )

Q* for loop ( )
Q3 for a two-body diagram ( )

# The wavefunctions are derived from
potential model or chiral potential.
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How do the polarizabilites enter
intfo the calculations?

#At O(Q3) the calculations are
predictive.

2

A = —ZV+(0¢ + Bcos0)w’ +(Aa +ABcos0)w’

ZZ
A, :VQH'B@Z + AP’

a
A3_2|\/|2

3
ro (An—(AZz +2Ay,)cos0) o, = a, =12.2x10 fm’
(Z+x)w

A =- VE +a°y, + @°Ay, B, =B, =1.2x10"* fm°

1Z2(Z +2)—(Z + x)cos 6] + AS”0 +o(y, -y, + 2y, )cos 6)

0 =y =4.4x10"" fm*
LA +a)37/4+a)3A74 Y1p = 71n X

Vop = Von = 2.2 x107* fm*
Y3p = Van =1.1x10""* fm*

Vo = Vo = ~1.1x10~* fm*
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CN'D) Obser‘vable (Double Polarization

Asymmetries, A, & A,)
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Effect of varyingy’s on A, at 135 MeV (lab)
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Effect of varyingy's on A, at 135 MeV (lab)
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‘\PHe> = ‘ p12qa>: ‘ P,da, >‘0‘T>

: 1). .
‘aJ > - (|12512 )112 My, (Is E) JsMs, (112 J3)‘JM > Wins from
A. Nogga

DC, A. Nogga, D. Phillips (submitted to PRL)
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Anatomy of the Calculation

DC, D. Phillips,
A. Nogga (in
preparation)
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#*To the extent that polarized He-3 behaves as an
"effective” neutron, contributions from A.28(i=3..6)
are negligible
*AE ~ A8 (O(Q?)) + AAS

* AA1B ~ AA1B(n)
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A, vs cm angle at 120 MeV
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A, vs cm angle at 120 MeV
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DCS vs cm angle at 120MeV (Effect
of o, and B,)
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. Not so Simple!

# Proton Spin polarizabilities not well known
Experiment scheduled at HIyS (R. Miskimen)
Measure double polarization observables for
Compton scattering on proton.

#* Neutron electric and magnetic

polarizabilities not accurately known

Unpolarized Compton scattering experiment on
d at MAXLab (Lund).
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@)] Theoretical Ambiguities

#* Boost corrections (really small)
Included in d calculations.
Effect studied for He-3 calculations.
# Recoil corrections
Included in d calculations.
Effect studied for He-3.
* Wavefunction dependence
Studied for both d and He-3.

# Effect of the Delta

Collaborated with R. Hildebrandt for polarized
vd
Needs to be done for yHe-3
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(q])) Wavefunction Dependence

# For polarized yd calculation
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Wavefunction Dependence (yHe-3)
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(q])) Effect of the Delta (r. Hildebrandt)

*_Additional diagrams
at O(e3)

* EN(pﬂ mn? AO)

DC, R. Hildebrandt (in preparation)
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Effect of varyingy’s on A, at 135 MeV (lab): yd
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Effect of varyingy’s on A, at 135 MeV (lab ): yd
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Summary

# Elastic scattering - "promising” avenue to extract
polarizabilities.

* We have taken the first step with yHe-3 and

olarized yd calculations.
»* m

Double pol. Observables are sensitive to combination of neutron
spin polarizabilities.

il y He — y He

Double pol. Observables are quite sensitive to combinations of
neutron spin polarizabilities.

dcs is sensitive to o, and B, and can be used to extract them if
heeded.
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. Outlook

3/26/2007

#* More needs to be done both in theory and
experiment.

Proton spin polarizabilities should be measured
first (HIyS - scheduled).

a, & B, should be pinned down (Lund -
unpolarized yd experiments).

Neutron spin polarizabilities through polarized
vd and yHe-3 (HIyS - scheduled).

Theory: Delta-ful, O(Q*) calculations

Effort required to reduce theoretical
uncertainties.
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Thank Youl

e ——
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(momentun of nucleon ~ 1)

Lab Angle
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