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Figure 1.8: 2%Pb(p,p') inelastic scattering spectra at lab angles of r, = 5°,9°
[Dja82]. The continuum background lineshape is a phenomenological estimation of
the quasi-particle scattering. The different resonances are fit to the data with the
inclusion of the background. Notice at 17.6 MeV in (b) there is another resonance
included to fit the data. The authors argue this is possibly due to high energy
octupole resonances but the argument is inconclusive. Identification of the resonance
multipolarity and isospin is done via the angular distribution of strength after the
spectral fit.
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Introduction

Isovector Giant Dipole Resonance (IVGDR) [2-5]
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Introduction

Isovector Giant Qudrupole Resonance (IVGQR) [2-5]
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Methodology

Polarized Compton Scattering [11]
208Pb, Dale, Laszewski, and Alarcon @ Illinois

-off-axis tagged bremsstrahlung (polarized-gamma)
0,0, {RHE R A E) (L THAT, RIEFT
BRAAE: 120 deg
-15-30 MeV
- IVGDR(E1) and IVGQR(E2) ({f®t)amplitude
» Thomson amplitude ... [R FZDERYI XD R LI NS,
- nucleon polarizability, two-body currents DFIRIE+ 73 /NS0 [12]
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Fi(q) = / p(r)e @ dr. \ (2.6)




Off-Axis Tagged Bremsstrahlung Gamma Source
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Off-axis Bremsstrahlung
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Methodology _3
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D.S. Dale et al., PRL68, 3507(1992)

Off-axis Bremsstrahlung, 28Pb
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shown by the dashed line. The solid curve indicates the best fit
of the E1-E2 interference to both the polarization asymmetry
and the total photoabsorption.
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High Intensity ?—Ray Source (HIYS)
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Laser Compton Backscattered Photons
employing Free Electron Laser

HIyS, Duke, H.R. Weller PPNP62,257(2009), N. Pietralla et al., NIMA483, 556(2002).
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Parameters of high-flux, quasi OW Hly5 operation
Parameter Value Comments
E-beam configuration Symmetric two-bunch beam AE 3 (y
E-beam current (mA) 10-80 In two bunches ~ 0
y-ray energy, E, (MeV)

With mirrors 1064 to 190 nm 1-84 Available with existing hardware

With 156 nm mirror 85-158 Require FEL and mirror development 9
iR ~10” photons/sec
(a) No-loss mode (<20 MeV)

E, = 1-3MeV 5 x 107-5 x 105

E, = 3-5MeV 5 x 108-1 x 10P

E, = 5-10 MeV 1% 10°-2 x 10°

E, = 10-20 MeV 2 % 10°-3 » 10°
(b) Loss mode (=20 MeV)

E, = 21-60 MeV =2 x 10%°

E, = 61-84 MeV =1 x 1080 190 nm mirror

E, = 85-158 MeV =1 x 10%¢ 156 nm mirror
Linear and circular polarization =05% Depending on collimator size

# High flux horizontally polarized y-ray beams can be produced by the OK-4 FEL. The circularly polarized y-ray flux is low due to the dynamic impact
of OK-5 wigglers.

" The flux is currently limited by the capability of sustaining a high intracavity power by the FEL mirrors.

£ Radiation resistive FEL mirrors at 156 nm need to be developed and the FEL wigglers need to be powered at 4000 A.



Table 3.1: HI4S facility operational specifications for 4-ray production. Compared
to other Compton facilities in the world HI¥S has the unique combination of high
energy tunability, high monoenergetic flux, and high degree of polarization.

Parameter Value

Location Durham, NC
UsS

Electron energy (GeV) 0.24-1.2

Laser energy (eV) 1.17-6.53

~-ray beam energy (MeV) 1-100

Energy Selection Collimation

Polarization Linear, Circular

E,-resolution (FWHM)

AE (MeV) 0.008-8.5
% (%) 0.8-10
Electron beam current (A) 0.01-0.1
Max on-target flux (7’s/s) 1 x 10%-5 x 108
Years of operation 1996-Present
S 16— i
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Figure 3.3: The v-ray energy scattering angle correlation calculated from Equa-
tion 3.3. The red dashed lines denote the cutoff of the spectrum resulting from the S S HenShaW

collimator.
PhD thesis, 2010
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Figure 3.1: Layout of the DFELL. The LINAC injects the electron beam into the BS
where it is ramped to the nominal energy of the ESR. Once this energy is reached the
electron bunches are injected into the ESR where they travel counterclockwise around
the racetrack shape. As the electron bunches enter the OK-4/OK-5 FEL systems FEL
photons are generated as well as J-rays . The J-rays pass the downstream mirrors,
transport to the collimator hut via an evacuated beam pipe, enter the air at the
entrance to the collimator hut, and are collimated to the experimental specifications.
The H-rays finally enter the target room where they interact with the target. The
~-rays which do not interact in the target traverse the target room where they are
stopped by a 12”7 thick nickel beam stop.

S.S. Henshaw
PhD thesis, 2010
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~100% efficiency
AE/E=5-6% at 4.4 MeV

Segmented
Nal Shield

Figure 3.9: Schematic drawing of the HINDA array in the configur
current experiment. The angles and distances to the target for each ¢
in Table 3.5. Four detectors sit in the plane of polarization and two
it. The blue line represents the path of the incident y-ray beam.

Mechanical
Support

Core PMTs
6-7 PMT’s

Figure 3.10: A schematic of a HINDA detector assembly. The red section in the
center is the core Nal(Tl) crystal, while the red rectangles on top and bottom are

Shield PMTs

S.S. Henshaw the shield Nal(T1) erystals. The lead shield(grey) defines the solid angle acceptance
. of the detector. Inside the acceptance of the collimator sits a paraffin plug to reduce
PhD the51s, 2010 neutron capture backgrounds.
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Figure 2.6: Energy dependence of the forward scattering amplitude’s magnitude(a)
and phase(b). The blue(dash-dot) and red(dash) curves include the effect of the
modified Thomson amplitude on the nuclear E1 amplitude at forward(55°) and
backward(125°) angles respectively. To generate the curves, Equations 2.12 and 2.16
were inserted into Equation 2.18 and the resonance parameters listed in Table 2.2
were used. To compute the effect of the modified Thomson amplitude the parameters
discussed in Section 2.2.1 were used.
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Figure 2.5: Real and imaginary parts of the £1 and E2 nuclear forward scattering
amplitudes as a function of the incident ~-ray energy. FE1 parameters of Kahane
[Kah94] were used, i.e. EF! = 13.49 MeV, I'¥! = 3.74 MeV, and of! = 693 mb,
which 1s ~ 1.4 TRK sum rules. E2 parameters close to the experimental values
were used to generate the resonance curves and have values of: FE2 = 23.0 MeV,
I'®2 = 3.9 MeV, and o} = 25.9 mb, which is approximately 0.75 IVQ-EWSRs, as
defined by Equation 1.14.
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Figure 6-19 Systematics of dipole resonance frequency. The experimental data are taken
from the review article by E. Hayward (Nuclear Structure and Electromagnetic Interactions,
p. 141, ed. N. MacDonald, Oliver and Boyd, Edinburgh and London, 1965), except for “He,
for which the resonance frequency is that given in the survey article by W. E. Meyerhof and
T. A. Tombrello, Nuclear Phys. A109, 1 (1968). In the case of the deformed nuclei, which
exhibit two resonance maxima, the energy represents a weighted mean of the two resonance
energies. The solid curve represents the estimate based on the liquid-drop model (see Eq.
(6A-65)).



