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Nuclear Compton Scattering and polarizabilities

Expand the Hamiltonian in incident- photon energy.
@ Second Order — Scalar Polarizabilities
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@ Third Order — Spin Polarizabilities
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where, E = 8, E, H = 0, H, Ej = 1(8,E) + 8jE)) and Hj = 3(8;H; + 8;H;)
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Previous Results on Spin Polarizabilities

@ Forward spin polarizability (asrens etat, prL87, 022003 (2001))

Yo = —YVE1E1 — YE1M2 — YMIM1 — YMIE2
1 [ 03/2(w) — 01/2(w)
=— 3 dw, (3)
472 Jor, w

= (—1.04+0.08 £0.10) x 10~*fm*

@ Backward spin polarizability ( Schumacher, Prog. Part. Nucl. Phys. 55, 567 (2005))

disp. )
D = —ve1E1 — YEIM2 + YMIMT + YME2

— (8.0+1.8) x 10~ *fm*

o Note: 47 P contributes -46.7 x10~4fm®.
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Proton Spin Polarizability Predictions

K-mat. | HDPV | DPV Ly HBxPT BxPT

YE1E1 —-4.8 —43 | -3.8 | =37 —1.1£1.8 (th) -33
YM1M1 35 29 2.9 25 | 22405 (st) £0.7 (th) 3.0
YE1M?2 -18 —0.02 | 05 1.2 —0.4+0.4 (th) 0.2
YM1E2 1.1 2.2 1.6 1.2 1.9+ 0.4 (th) 1.1

Yo 2.0 -08 | -11| —1.2 —2.6 -1.0
Yo 11.2 9.4 7.8 6.1 5.6 7.2

Spin-polarizabilities in units of 104 fm*.
K-mat : Kmatrix = Kondratyuk et al., PRC 64, 024005 (2001)

o

o

@ HDPV , DPV: Dispersion Relation = Holstein et al., PRC 61 034316 (2000), Drechsel et al., Phys.Rev. 378 99 (2003),
Pasquini et al., PRC 76 015203 (2007).

o

o

L, : Chiral Lagrangian = Gasparyan et al., NP A866 79 (2011)
HBxPT, BxPT: Heavy Baryon & Covariant Chiral PT = J. A. McGovern et al., Eur. Phys. J.A 49,12 (2013)
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Best Way to extract Spin Polarizabilities.

@ Spin polarizabilities appear in the effective interaction Hamiltonian at third
order in photon energy

@ ltisinthe A (1232) resonance region (E, = 250 — 350 MeV) where their
effect becomes significant.

@ In this energy region, it is possible to accurately measure polarization
asymmetries using a variety of polarized beam and target combinations

@ The various asymmetries respond differently to the individual spin
polarizabilities at different E, and 0.
@ Measure three asymmetries at different E,, 6.

@ Our plan is to conduct a global analysis:

@ include constraints from “known” ~o, v, a1 and Bus.
@ extract all four spin polarizabilities independently with small statistical,
systematic and model-dependent errors.
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Double Polarization Asymmetry 3",
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Left helicity state of the beam, target Polarized in +z direction Right helicity state of the beam, target Polarized in +z direction
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Right helicity state of the beam, target Polarized in -z direction
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Left helicity state of the beam, target Polarized in -z direction
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> », in terms of Cross section and Number of events

1 of — ok
D 5= il B 5)
2z PyPr\ o, + 05,
@ The degree of target polarization is different for positively and

negatively polarized target, so in terms of Number of events the
Asymmetry formula is

(6)

Z _ 1 (Nfz + N£z) — (NJer + N"jz)
2z Py \ Pea(NB, + NE) + Po(N5, + N,
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Experimental Apparatus at MAMI

Detector 352 Coincidence |
Electron Ladder ! Primary

Focal Plane / | Beam

Detector

Targej

PID
* Cylindrical detectors, 24
thin plastic scintillator
strips,ldentification of
charged particles

Crystal Ball TAPS
* 672 Nal crystals, * 366 BaF2, 72
separate PMT PbWO4 Crystals and
and 94 % solid 384 Veto Paddles

angle coverage

MWPC
MWPC between PID
and CB for track
reconstruction of
charged particles
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Target Polarization: Dynamic Nuclear Polarization

|

J\_ATET v —7—70GHZ ﬂ v, =106 MH:
[ t’

B=0T B=2.51 B=0T B=2.5T

electron proton

@ Polarizing Mode: Cool target to 0.2 K, use 2.5 Tesla magnet to
align electron spins, pump 70 GHz microwaves, causing spin-flips
between the electrons and protons.

@ Frozen Spin Mode: Cool target to 0.025 K, ‘freezing’ proton spins
in place, remove polarizing magnet, energize 0.6 Tesla ‘holding’
coil in the cryostat to maintain the polarization.

@ Relaxation times > 1000 hours, Polarizations up to 90%.
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2014 and 2015 beamtime summary

April 2014 May 2014 June 2015 | June 2015
Target Material Carbon FS Butanol | FS Butanol | Carbon
Radiator Moeller Moeller Moeller Moeller
Time (hours ) 140 190 + 90 140 + 160 55
Electron Energy (MeV) 450 450 450 450
Beam Current (nA) 7.5 7.5 20 20
Collimator (mm) 25 25 25 25
Energy Sum (MeV) > 40 > 40 >90 >90
Tagger Channels used 270 270 180 180
Target Polarization - 62%, 59% 63%, 60% -
E, Polarization 72% 72 % 72 % 72%

o Positively polarized, Negatively polarized,
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Compton Scattering: Event Selection

o Require ONLY one neutral and one .
@ Require a cut on Coplanarity Angle, Ag = |-, — | =180° £ 15°
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Sharp peak centered at 180° (MC Simulation).
@ Opening Angle, cos(Qp,) = —Lmiss-Precoil  — 10°
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Peak below 10° (MC Simulation) 11/21



7° Background

Scattered Decay
Photon Photons

~ ~
~ ~
~ ~
~
N
~

Y
Recoil Proton . Recoil Proton b

Compton Scattering 7% Photoproduction .

@ Provides an excellent reaction for systematic checks and
constraints. Due to the large cross-section (and clean reaction
signal), 7% production is an ideal reaction to perform systematic

checks
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Compton Missing Mass
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Figure: Results from 2014 beamtime at 6., = 125 — 140°.
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Compton 3", Asymmetry at E, = (285 - 305) MeV

@ Curves are from DR calculation of Pasquini et al., making use of
constraints on ~g, v, ag1 + By and agq — Buyq to vary by their
experimental errors.
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Figure: Error band represents the systematic error
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Compton 3", Asymmetry at E, = (265 - 285) MeV
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Proton Spin Polarizabilities Status and Future Work

@ Extract proton spin polarizabilities using the results from the
series of all three Asymmetry experiments (3 ,,, > 5 and > ,,).

@ Finalize the systematic errors and prepare a draft paper.

@ Graduate in summer 2017.
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Thank You
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> o, Martel, et al.
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@ Background contributions to MM: accidental coincidences ,
carbon/cryostat contributions (blue), reconstructed 7g.
background where one decay ~ escapes setup in: TAPS
downstream hole and CB upstream hole.

@ Right: Fully-subtracted MM spectrum with simulated Compton
peak and conservative MM <940 MeV cut is applied to exclude

natitral ninan nradi i~ i 18/91



> o, Martel, et al.

E=273 - 303 MeV
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@ New results. Physical Review Letters 114, 112501 (2015),
arXiv:1408.1576 [nucl-ex]

@ Measurement of a ) ,, asymmetry on the nucleon. Curves are
from DR calculation of Pasquini et al., making use of constraints
on Yo, Vm@e1 + Bmt, a1 — B (allowed to vary within
experimental errors).

@ Checks were done with By PT calculation of Lensky and
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>4 Collicot, et al.

E.=267.0 - 287.2 Me E,=286.9 - 307.1 MeV.
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e along with two theoretic urves using
+* photoproduction their preferred polarizabiliti

« Simulation of neutral pion
photoproduction in Liquid hydrogen
target matches background of the
distribution quite well
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Missing Mass (MeN)
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Frame Preliminary Combined Spin Polarizabilities

HDPV | ByPT | Z,, and Z;'ECS | %, and Z MAMI
Yee | -4.3|  -3.3 -3.5£1.2 -5.0+1.5
Yot | 2.9 3.0 3.16+0.85 3.1310.88
Ve | 0.0 0.2 -0.7+1.2 1.7+1.7
Yatie 2.2 1.1 1.99+0.29 1.26+0.43
Yo -0.8 -1.0 -1.03+0.18 -1.00+0.18
Vr 9.4 7.2 9.3x1.6 7.8%1.8
at+p 14.0+0.4 13.820.4
o-B 7.4+0.9 6.6+1.7
x2/df 1.05 1.25

@ Dispersion relation fits to ) _,, along with either Zg/’AM’ or EéEGS

@ (Note: Pion pole contribution has been subtracted)
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