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The mvestigation of collective excitations, especially electric
and magnetic dipole vibrations of nucle1 play an important
role 1n determination of nuclear structure. The data from
these excitations have revealed exciting new insights into
nuclear structure. The study of these excitations gives
valuable information about nuclear structure and nucleon-
nucleon forces at low energy.

Therefore, sensitive experimental tools are needed to
investigate electromagnetic dipole and other higher order
excitations




Nuclear collective excitations have bin
investigated i (e,e’), (p,p ) and (y,y )
scattering experiments.

(v,y') photon scattering experiment named
Nuclear Resonance Fluoresances (NRF) is the
most efficient method to study collective
excitations.




Recently electro- magnetic dipole response E |1
and M1 can be studied using real photons as
projectiles. The photon scattering method gives

complete and model independent information
about dipole strength distributions.




Figure 1. The principle NRF experi-
ments using a bremsstrahlung beam




The observable which can be obtained from this
pure electromagnetic excitation method are™:

I. The energy of the state ;

2. The y-decay branching ratios to the ground
state and excited states;

3. The multipolarity of the transition and from this
the spin of the excited state;

4. The absolute transition strength or lifetime of
the state if all decay branches are known;

5. The parity of the states

*All these observable are deduced model independent way




The capacity of NRF experiments limited
by many factors:

. Analyzing power of the Compton scattering
process 1s energy dependent and approaches
zero at energies more than 4 MeV

2. The rather weak interaction between the
photons and the target material. Therefore,
one needs for typical obtainable photon
currents of about 10° c/(s keV) at the target
position large amounts of 1sotopically
enriched target material (1.e. around 500 mQ)




3. The typical count rates in the Ge(HP)
detectors 1s of the order of a few thousand
events per second at electron bem currents
of about 5 pA leading to typical
measuring times of several hours for the
Spectra 4-8MeV

4. High energy background irradiation from
evidence material




Figure 1.The principle NRF experiments
using a bremsstrahlung beam




Table 1. Materials wich have been used as radi-
ators or collimators In NRF

[sotope Abundance (%) |Neutron separation energy (MeV)

Fe 5.8 13.4
Fe 91.7 11.2
Fe 2.2 7.6
>8Fe 0.3 10.0

%Cu 69.2 10.9
%Cu 30.8 9.9

180T 0.01 6.6
181y 99.99 7.6

197 A4 100 8.1

204l 1.4 8.4
206Ph 24.1 8.1
207Ph 22.1 6.7
208pt 57 4 7.4




An Ideal photon source used In (y,7’) scattering
experiments should have the following charac-
teristics:

- High spectral mtensity (I=N, /eV s)

- Good monochromaticity (AE/E )

- Tunable 1n a broad energy range

- High degree of linear polarization (P =100%)




Unfortunately up to now there are no such ideal
sources available fulfilling all these
requirements in every respect. Therefore,
diverse photon sources have been applied in
low energy photon scattering depending on the
special experimental requirements and aims

intended in the investigations. Therefore, only
with the advent of the new generation of
experimental facility with improved detection
characteristics it 1s possible to imvestigate in

detail the fine structure of the magnetic and
electric response.




Table 2.Characteristics of the different photon sources

Photon Source | Spectral Intensit | AE /Ey Py [%] | Target Mass
[v/s-eV] [7o] M [g]




An 1deal
for nuc!

bhoton source can be free electron laser
ear spectroscopy experiments that 1s

cover a.

1 of above characteristics.

Comparison of traditionally used photon sources

and FEL can be shown from Table 1. It 1s very
clear that, FEL photons are best for all four
basic requirements for NRF experiments.




FEL-Nucleus Colliders

Recently, a new method has been proposed to
investigate the scattering reactions with photons

on fully 1onised nuclei, namely FEL-Nucleus
colliders wich is free from the above-
mentioned troubles.

[H.Aktas et al., Nuc. Instr. &Meth A428 (1999)271-275]




Figure 2. General schematic view of the proposed
design
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® In the nucleus rest frame the energy of FEL
photon 18 multiplied by 2y, , where vy, 1s the
Lorentz factor of the nucleus

m Due to good monochromaticity (AE/E<10-+10)

with the typical obtainable number of photons
of the order of 10'° y/bunch and excellent
tunability, this method can be successtully used
to mvestigate nuclear excitations with low
multipolarity in wide energy region.







The luminosity of the FEL y- Nucleus collisions
can be expressed as

[uminosity is obtained as L=104°-10°° cm st




The number of the events :

G . 1S/ aVeraged Cross Sections .




Table 3.Main parameters of the TTF FEL beam.

Number of elctrons per bunch, n_ (10'9)

Pulse length, us

Number of bunches per pulse, n,

Repetition rate, £ (Hz)

Number of photons per bunch, n, (10'°)

Energy of FEL photons, ® (eV)
Energy spread of photons AE¢; /Eqp; (1073-10-4)

Rms beam size, o, . (um)




Table 4. Main parameters of nucle1 beam at LHC

LHC
Maximum beam energy , E (TeV) 7.0

(108) 1.4
Normalized emittance, €N (mm mrad) 1.5
Amplitude function at IP , B” (cm) 20
RMS beam size at IP, o,  (pm) 10
Number of bunches in FEL pulse, n® (ns)

Particles per bunch, n

nuc




This facility allows the production of
monochromatic photons with high density and
the accelerated fully 1onized nucle1 see the few
kev energy FEL photons as a ”’laser” beam with
MeV energy.

The potential of FEL-Nucleus colliders in search
for collective 17 =1* excitations of *C, *3Pb
1490Ce ,15*Sm, and '"*°Hf had been made.

Below we present some results for these nuclet:




Table 5. (%) scattering results for excitations of *>4Sm.
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Table 6. (7,7) scattering results for excitations of 180Hf
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