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Introduction Physics:
Quark Model
Classification of Baryons
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Simple Constituent quark picture: \
Proton p(938): luud>~ [T T4> Spin 1/2 M1 -Transition

Delta A(1232): luud> ~ [TT1> Spin 3/2 (Small 2.5% E2)



Introduction: Excitation Spectrum of the Nucleon
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What is the nature of the Nucleon Resonances?
-Excitation mner deg. of freedom

Unpolarised total photoabsorption cross section

300

200

100

© MacCormick et al.

# Armstrong et al.

® This work

-Molecule
-Quark — Diquark Structure
-Dynamical Generation
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Nature and Properties of nucleon resonances

=P Polarisation observables used to disentangle broad, overlapping resonances.

Observables in pseudoscalar meson prod.
(Barker, Donnachie & Storrow Nucl Phys B95 (1975) )
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A2 Tagging system (Glasgow, Mainz)

1. Production and energy measurement ot the Bremsstrahlung photons.

Glasgow Tagging Spectrometer
EPJ A 37,129 (2008)

" Primary Beam

] .." Tagging
| —— Spectrometer

MAMI-C Beam

Ey=1508 MeV Collimator

Radiator

2. Determination of the degree of polarization of 3. Coherent

the electron beam (Moeller Polarimeter).

Circularly pol. photons.
N =N~

A =
N +N~

— aﬁtﬁb COS(Z)

production of
linearly polarized
photons on a
diamond radiator



Enhancement

Polarlsed Photons @ MAMI C
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47 photon Spectrometer (@ MAMI

TAPS: Crystal Ball:

366 BaF, detectors P ~ 2 Nal detectors

72 PbWO, detectors Y7 &7 SN Max. kin. energy:

Max. kin. energy: % Ay u :233MeV
180 MeV ™ 240 MeV

K*:280 MeV. K™ :341 MeV

P: 360 MeV P: 425 MeV

Vertex detector:
2 Cylindr. MWPCs
480 wires, 320stripes

) PID detector:

yp > S11 = pn | 24 th1n plastic

Heﬁe@'tors
YYYYYY




Helicity Dependence E of Meson Photoproduction on the Proton and Neutron
Helicity dependenT ToToI Cross section
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Simultaneous measurement of G and E for ©¥ production (F.Afzal, K.Spieker)
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Black Circles — new MAMI Measurement, red triangles Bonn CBELSA, green triangles older data.




convergence of the multipoles in the region of leading resonances using PWA.
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New double polarization data from several facilities

pid

CLAS, Jlab
With a variety of new measurements of spin observables it comes to a
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Excited baryons
from Lattice QCD:

R.Edwards et al.,
Phys. Rev. D84
(2011) 074508



Proton Polarizabilities
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Figure 1: The scalar polarizabilities, 3y;; versus ag; for the proton (left) and neutron
(right). “Sum rule” indicates the Baldin sum rule constraint. “PDG” represents the
latest Particle Data Group value [14]. The covariant baryon chiral perturbation theory
(BChPT) prediction [15] is shown by the red blob.
Determination of the scalar
polarizabilities of the proton

New measurement of the Proton Scalar using beam asymmetry X3 in

Polarisabilities via beamasymmetry in Compton scattering

Compton pr?cess finished in ‘?“.ly 2018. [PhD V.Sokhoyan et al., Eur. Phys. J. A (2017)
E.Mornacchi] more than 1 Million Comptons! 53



Spin Polarizabilities

-Spin Vector polarizabilities describe spin response to an incident photon

- Four vector pol. (Ye 5, Yt Yeine Yvies) appear at 3™ order in eff. Hamiltonian

—

3),spi 1 . = - BoR
Héﬁ)c = _54“@121510 ‘ExE+ypumS - BxB - 2ypeoEijoH; + ZVEIMZH’G'E’j

= -7
- Only two linear combinations of vector polarizabilities measured:
Yo — —YE1E1 — YM1M1 — YE1M2 — YM1E2 — —1.01 £0.08 £0.10 x l()_J"fm
S D 1Nn—4 p -
Yo = —YE1E1 +YM1M1 — YE1M2 + YMmiE2 = 8.0 £ 1.8 X 1077 fm

The Forward S.P. y, was determined in GDH-Experiment at ELSA and MAMI
(DAPHNE) :

(89

< @) — @
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The Backward S.P. v, was determined from dispersive analysis of backward angle
Compton scattering. [B. Pasquini et al., Proton Spin Polarizabilities from Polarized

Compton Scattering (2007).]



Theory: Nucleon Vector Spin Polarisibilities

Status 2014
¥ Theory / 10— *fm* Experiment
O(pY) [1] | ©(°) [2] | LC4 [3] | SSE [4] | BGLMN [5] | HDPV [6] | KS [7] | DPV [8] / 10~ *fm?

E1E1 -1.4 -1.8 -2.8 -5.7 -3.4 -4.3 -5.0 -4.3 no data

M1M1 3.3 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 1.1 2.1 no data
0 3.9 3.6 48 0.64 15 0.7 2.3 0.7 | —1.01 £0.08 +0.13 [9]
™ 6.3 5.8 -0.8 8.8 7.7 9.3 11.3 9.3 8.0 + 1.8 [10]
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2. K.B. Vijaya Kumar, J.A. McGovern, M.C. Birse, Phys. Lett. B 479, 167 (2000).
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Polarized Target

Polarization = Orientation of Spins in a magnetic field

a A -
_ NT-NJ
cally: All spins 1n field directio S

? P=100%

Complicated interplay between

Polarising force ~ magnetic field B
and
Depolarising force  ~ thermal motion of spin particles

(temperature T — relaxation)



A l
4<_Ag v, ——70GHZ —< | v, =106MH:
l -1
B=0T  B=2.51 B=0T B=2.5T]
electron proton
Thermal equilibrium _ E
Boltzmann distribution N (E +AE) _o kT B TIMK] | e [%] | p[%] | d[%]
N( E) [Tesla]
N N B 25 | 100 | 99,8 | 0,51 | 0,10
H 1000 | 93,3 | 0,25 | 0,05
P = = tanh —
N + N kT 50 | 100 | 100,0 | 5,09 | 1,05
1000 | 99,8 | 1,28 | 0,11

Trick: Transfer of the high electron polarization to the nucleon via

u-wave irradiation (DNP)




Target material

Saturated electrons of target material not polarized (Pauli principle)

Free electrons |:> Radicals in material by
chemical or 4 radicals
radiative doping ~107%

71.8 ‘
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Additional challenges for the analysis of experiments with Frozen Spin Target = Dilution Factor.
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Event Selection

» Compton Scattering

» Pion Photoproduction

Pion photoproduction off of a proton
1s 75-100 times more likely than

Compton (in the 240-280 MeV
range) —>

Kinematic overdetermination used
for cuts (missing mass, proton angle,

).

Test with ‘substraction target’.



Measurements of the Proton Spin-Polarizabilities
with Double-Polarized Compton Scattering
P.P.Martel et al., PRL 114 (2015) 112501

oR _ ol 0.6
5y = oL Ol - E =273 - 303MeV
R L 04—
G + O 1 B
0.2
g of
0.2
0.4
-0.6—
oo oo b by by by b by by
0 20 40 60 80 100 120 140 160 180
Compton 6, (deg)
o(*) o(p*), O(p*), K matix HDPV DPV L, HByPT ByPT Experiment
vep  —1.9 =54 13  -48 —43 -38 -37 —1.1 4 1.8 (theory) -3.3 35412
vuigi 04 1.4 3.3 3.5 29 29 25 22-+0.5(stat) +0.7(theory) 3.0 3.16 + 0.85
venn 07 10 02  —18 -002 05 12 —0.4 4 0.4 (theory) 0.2 07412
ym 19 1.0 1.8 1.1 22 16 12 1.9 4 0.4 (theory) 1.1 1.99 + 0.29
Y0 —1.1 1.9 -3.9 2.0 -0.8 —-1.1 —1.2 -2.6 —1.0 —1.01 £0.08 +0.10 [3,4]
Y 3.5 6.8 6.1 11.2 94 7.8 6.1 5.6 7.2 8.0+ 1.8 [5]




Next Step: Compton with longitudinal Polarized Target
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Spin polarizabilities of the proton by measurement
of Compton double-polarization observables
D. Paudyal, G.Huber et al., to be published 2019

Main problems:
*Low energetic recoil protons do not escape from the target and do not reach the detector.
*Events are produced on the background nucle1 (Carbon, coherent, incoherent, k~13%). ).




New Developement:

Active Polarized Target

e Slit for cooling and NMR coil
CH,
n
Spacers/ PMMA Wavelength-shifting head

9x 0.5mm thickness 0 @26mm/ia20mm /L 20mm

-

Polarizable scintillator
10x 220mm / 1mm thickness
Doping: 1.5-10-9%cm?-3

Inner vacuum window
PMMA 1mm thickness

|

Light guide tube / PMMA
0 e26mm/ie20mm/L 1.5m



Active Polarized Target

HWave guide with UHF tuner He-vacuum feedthrough for
and outlet port for DNP the light guide tube

Temperature probes Outlet nozzle of the He-vacuum feedthrough for
4He pre-cooling line cabling, yWave and pre-cooling
Target head with cooling slit HUWave radiation shield

and transverse NMR coll

T=45mKelvin after 5 days by *He/*He mixture €< < Vacuum in beampipe



[M.Biroth et al., IEEE Transaction on Nuclear Science,
Detector Vol. 64, Issue 6, June 2017]
Electronlcs 3x Micro-HDMI Connector Spring-mechanism to
. (5x Differential SiPM work under thermal cycling
at 150Kelvin 1x 4-wire Pt-1000) /

15x SensL 3x3mm?2 3x Temperature Light guide Detector board
C-Type 35um Probe Pt-1000 Radiation shield
SiPMs depends strongly from the temperature . Therefore it is necessary to

control the and to have a stable temperature. [PhD M.Biroth, Mainz]
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First count rate asymmetries from June 2016

distribution for ©t° production
p
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Investigation of dilution factor for n° production

Proton 7° photo production
\NANANAB)
) Recaoil proton

Coherent n°

‘ Recoil proton

Recoil nucleus



APPT Missing Mass, Target not fired

hAPPT_mMass_EO_Pi0

45000 = Entries 539587
- Mean 927.4
40000 |~ RMS 32.75
35000 —
30000 —
25000 —
20000 —
15000 |—
10000 |—
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oF
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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C Mean 947.3
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and
a broad distribution from
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Conclusions

=) Data taking with CBall TAPS detector system started 2010 at MAMI C.
All directions of polarization were measured for protons and deuterons in
Butanol. Analysis for meson production and Compton process 1s ongoing.

=P The active polarised proton target was in operation in our 47 detector

system in 2016.
Outlook

=) R&D for polarised active szintillator target for threshold production
and Compton will continue. Analysis of first data proofs light output.
New active target insert with better light transport system, fibers,
Scintillating target container with Butanol.

=) Measurement of 4 Vector Spin Polarisabilities in Compton process.
=) Neutron Scalar Polarisabilities with helium target starts in 2019.



Thank You!
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MANCHESTER

S Other asymmetries and polarisability transfer observables

The University of Manchester

ejectile

Yoy’

L analyser

O e M recoil "~ AT (Pn'x ’
scattering plane target z’
L AT
Z2x
Numerical index: polarisation of light Cartesian index: polarisation of nucleon

e 3:linear,0orm e 7: along beam
e 1:linear, £7% e y: | to reaction plane
e 2: right/left circular e x: in reaction plane, 1 to z

Prime on either indicates scattered photon or nucleon: polarisation transfer.
polarised scattered nucleon might be detectable.

Judith McGovern Glasgow, April 9th 2018



