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Proton properties as listed by the Particle Data Group

Mass 938.272013 * 0.000023 MeV
Charge +1
1(JP) 1/2 (1/2%)
Charge radius 0.8768 £ 0.0069 fm
Mean life > 5.8 - 102° years
Magnetic moment 2.792847356 £ 0.000000023
Electric dipole moment <0.54-102%e-cm
Valence quarks uud
Electric polarisability ag, 12+ 0.6 - 104 fm3
Magnetic polarisability By, 1.9+0.5-104 fm?3




Proton electric polarizability
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Proton magnetic polarizability
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Nucleon Scalar Polarisabilities

- Polarisabilities are fundamental structure constants of the nucleon

- Scalar polarisabilities (o, ) describe a response of nucleon structure to
static EM field

- They appear in effective interaction Hamiltonian at second order In
photon energy:
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(a, p) measured in real Compton scattering for proton




Nucleon Vector Spin Polarisibilities

Spin Vector polarizabilities describe spin response to a changing EM field
(parametrizing the “stiffness” of the nucleon against EM induced deformations

relative to the nucleon spin axis)

Four vector pol. (Ye1e1 Ymimt Yeime Ymieo) appear at 3 order in eff. Hamiltonian

—_ —_

H'Y = —d4r [,_ 1@ (E x E) + Yy - (H < H)
—”1;25 fTH‘i‘fJHEH E]

Only two linear combinations of vector polarizabilities measured

Yo = —YE1E1 — YM1M1 — YE1M2 — YM1E2 = —1.01 £0.08 & 0.10 x 10—4 fm?

| —4p 4
Y = —YE1E1 + YM1M1 — YE1M2 + YMmi1E2 = 8.0 £ 1.8 X 107* fm

- Most model-independent way to measure (Yeie1 Ymim: Yeime Ymies) 1S
In double-polarized Compton scattering below pion threshold



Nucleon Vector Spin Polarisibilities (Theory)

Theory / 10— *fm* Experiment
O(p*) [1] | O(°) [2] | LC4 [3] | SSE [4] | BGLMN [5] | HDPV [6] | KS [7] | DPV [8] ! 10~ 4m*
E1EL -1.4 -1.8 -2.8 -5.7 -3.4 -4.3 -5.0 -4.3 no data
M1M1 33 2.9 -3.1 -3.1 2.7 2.9 3.4 2.9 no data
E1M2 0.2 0.7 0.8 0.98 0.3 -0.01 -1.8 0 no data
M1E2 1.8 1.8 0.3 0.98 7.9 2.1 11 2.1 no data
0 3.9 -3.6 4.8 0.64 -1.5 -0.7 23 -0.7 —1.01 +0.08 + 0.13 [9]
T 6.3 5.8 -0.8 8.8 T 9.3 133 9.3 8.0 + 1.8 [10]
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Proton Spin Polarizabilities (Measurement)

¢ Linearly polarised photons, parallel and perpendicular to the scattering plane,
unpolarised target
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# Circularly polarised photons (left-handed (L) and right-handed (R)), longitudinally
polarised target
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¢ Circularly polarised photons (left-handed (L) and right-handed (R)), transversely

polarised target
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Upgraded A2 Tagging system (Glasgow, Mainz)
1. Production and energy measurement of the Bremsstrahlung photons.

! Primary Beam

(| || Tagging
||, —— Spectrometer

MAMI-C Beam 7 7
E(=1508 MeV ) S Collimator

2. Determination of the degree of
polarization of 3. Coherent
the electron beam (Moeller Polarimeter). production of
Circularly polarized photons. linearly polarized

photons on a
diamond radiator



Enhancement

Polarlsed Photons @ MAMI C
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4 photon Spectrometer @ MAMI

TAPS:
366 BaF, detectors =
72 PbWOQO, detectors </

Crystal Ball:
NaJ detectors
Max. Kin. energy:

Max. Kin. energy:

w2 233MeV
n - 180 MeV T 240 MeV
K™ : 280 M K+ : 341 MeV
P o 360 Me, P: 425 MeV

Vertex detector:

2 Cylindr. MWPCs
480 wires,
320stripes

PID detector:

24 thin plastic
detectors




Frozen spin target
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Saturated electrons of target material not polarized (Pauli principle)

Free electrons ‘ Radicals in material by
chemical or :
#radicals

radiative doping Forotons” 1074

Dilution factor (fg,,,=10/74)
determines quality of target material.

We have 9*1022 pol. Protons per cm2 in our
2cm long target cell.

Butanol
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Target material is mixture of H, C and‘He — require p in analysis
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Modification: Active Polarised Target
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Material for active target

,,,L:Hg EHE_\‘ II::HQK "_Hg_\ H/_CHE_\‘ __’_EHE_“ f_

styrens polysiyrene

CH, 'III CH,
O



Material for active target

Discs with 7 = 10 mm and
d=0.5mm, m ~ 300 mg




Test of material: Build-up of polarisation and relaxation
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Maximum values

Density 3.0 - 10" em™ at 32 mK  Density 1.5 10 em™ at 26 mK

and 0.2 T: and 0.2 T:
Polarisation P ~ 70% Polarisation P ~ 44%
Relaxation time 7 = 5.5 h Relaxation time 7 = 35 h

Dependence of 7




oading of the target material




Insert with light guide




Insert with light guide




Insert with light guide




Insert with light guide




Conclusions @ Outlook

Measurements of spin polarisabilities important but challenging!

Measurements with active target below m-meson threshold are most
model-independent way to extract y’s independently

They could be complemented by measurement of spin asymmetries with
butanol target at higher energies (up to 300 MeV)

The measurements so far:

2,, measurements (circularly pol. photons, transversely pol. Butanol):
2 Wks Sept 2010, 3 Wks February 2011

Carbon subtraction data: 1 Wk December 2010, 2 Wks January 2011
Planned for 2012/2013:

2, measurements (linearly pol. photons, liquid H2 target)

2,, mesurements (circ. pol. photons, linearly pol. Butanol)

Preparation of target insert with scintillating polystyrene and light guide for
measurements with active target



Thank you!



Nucleon Vector Spin Polarizabilities
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Nucleon Vector Spin Polarizabilities
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Butanol target: Missing mass spectrum (Preliminary results)

| MissMr - Cut Comp, ProtOA, Sync - Targ |

MissMr - Cut Comp, ProtOA, Sync - Back |
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Butanol target: Asymmetry Z,, (Preliminary results)

| Asymmetry (270-390 MeV) |
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