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- Compton scattering and nucleon spin-polarizabilities

* First measurements of double-polarized Compton scattering
asymmeftries on the proton



Measuring nucleon spin-polarizabilities in polarized
Compton scattering

* AT O(w3) four nucleon structure terms involving
nucleon spin-flip operators enter the Real Compton
Scattering expansion.
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Spin polarizabilities tell us about the response of the
nucleon spin to the photon polarization.

The 'stiffness” of the spin can be thought of as arising
from the nucleon’s spin interacting with the pion cloud.



Experiments

The GDH experiments at Mainz and ELSA used the Gell-Mann,
Goldberger, and Thirring sum rule to evaluate the forward S.-P. v,
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Yo = (~1.01£0.08 £0.10)x 10~*fm*

Backward spin polarizability from dispersive analysis of backward
angle Compton scattering
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y =(-8.0+1.8)x10* fm*

The pion-pole contribution has been subtracted from y_



Proton spin-polarizability measurements and predictions in units of
10-4 fm#

O(p3) [O(p*) | O(p*) | LC3 |LC4 ATheory | Experiment

Ve |06 | LA 181 32|-28 43 | Nodata

Ymime | L1 | 33 | 29 |-14(-3.1 6.5 No data

Yeqme | 31 1 02 | 7 | 7| .8 2.9 No data

Ymiez| 11 | 1.8 | 1.8 | .7 | .3 1.8 No data

=1L 000 000
Yo 46 | -39 | -36 | 3.1 |48 +0.10
Y 46 | 6.3 | 5.8 | 1.8 | -8 8.0+ 1.87

Calculations labeled O(p") are ChPT

LC3 and LC4 are O(p3) and O(p*) Lorentz invariant ChPT calculations




Polarization observables in real Compton scattering
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Polarization observables in Compton scattering
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Dispersion Model for RCS and VCS?

*

Y Y
Im =
N N

Connects pion electroproduction amplitudes from MAID with
VCS

- Unconstrained asymptotic contributions to two of the 12 VCS
amplitudes are fit to the data. Valid up to

Enhanced sensitivity to the

Vs < M, +2m, e polarizabilities

B. Pasquini, et al., Eur. Phys. J. A11 (2001) 185, and D. Drechsel et al.,
Phys. Rep. 378 (2003) 99.



Sensitivity Study for %,

* Vary a, B, yo and vy, within experimental error bars, and

* vary Yeig1 hOldlng YMIML fixed, or

° Var‘y YMIM1 hOldlng YE1E1 fixed
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Polarization observables in real Compton scattering

Circular polarization
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Measurements of X, at MAMI-Mainz

Circular polar'nzcmon
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Phil Martel's Ph.D. thesis, UMass Amherst



Experiment
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Glasgow Photon Tagger

@ e~ beam with energy Eg,
strikes radiator producing
/) Bremsstrahlung photon
.- dr:;r \ beam with energy
)/ | distribution from 0 to Ep.

i Primary Beam

Focal Piﬁﬂ:[ucmr [/ | @ RE‘:Sidual E_ pathS dare bent
AT in a spectrometer magnet.

@ With proper magnetic field,
MAMI-B Beam W= | / /20 array of 352 detectors
By =450 MeV IJ??- «f .",»’»’ ~Collimator . .
s MO rrrrrro determines the e~ energy,

Target
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Radiaior g and ‘tags’ the photon energy
by energy conservation.
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Frozen spin target
e 2 cm butanol e P~90%

* target polarized at 25 mK « > 1000 hours relaxation time
« 0.6 T holding field




Crystal Ball and TAPS
& 47 photon detection, 4° <6< 160°
CB: 672 NalI crystals, AE~3%, A6~2.5°

TAPS: 366 BaF, and 72 PbWO, crystals
AE~5%, A6~0.7°




Analysis
®00C

Event Selection

Crystal Ball TAPS

cylindrical WC -
scintillators -
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Analysis
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Event Selection

Crystal Ball TAPS

Require detection of ONLY one photon, and ONLY one
charged particle, both in time with a tagger hit.

Ly 7 Ay
RS T o Collaboration



Analysis
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Event Selection

Crystal Ball TAPS

Make an ‘opening angle’ cut, requiring that the proton
is detected within a cone of its expected angle.
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Proton detection efficiency measured in the yp — n° p reaction

Peak efficiency ~60%
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Signal and Background Reactions

Proton Compton

Coherent Compton

Incoherent Compton

Require only two
tracks in the

detector, one
neutral and one

charged, and -

require correct
opening angle
between Compton
scattered photon
and charged track,
and co-planarity

Coherent m°

Incoherent m°



Analysis
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Pion Background

Crystal Ball TAPS

Especially now, there are obvious places where a «
decay photon can escape.
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Missing Mass - 270-310 MeV, 100-120 deg
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Asymmetry with transverse polarized target and
circularly polarized photons
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Summary

* First measurement of a double-polarized Compton scattering
asymmetry on the nucleon, X,,

* Data have sensitivity to the ygg; spin-polarizability

Outlook
« Data taking on X; later this year at MAMTI ( for ygig and ypmi )
« Data taking on X, in 2013 ( for ypmi )

* A global analysis of all polarized Compton scattering data on the
proton using dispersion analysis treatment is in progress

« Development of an active polarized target has been approved for
MAMI. Polarizable scintillators have been developed at UMass.





