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NRS

spectroscopy

measurements

done

Nuclear resonance scattering - Elements

18 isotopes

6 keV < E < 93 keV
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What means extremely narrow nuclear transitions?

Isotope E0
[keV]

Γ0
[eV]

ΔE/E τ
[s]

a
[%]

f [%]
300K / 0K

α
σ0 ~ α-1

57Fe 14.4 4.7*10-9 3.2*10-13 1.4*10-7 2.1 75 88 8.2
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Transitions narrower than 57Fe

Isotope E0
[keV]

Γ0
[eV]

ΔE/E τ
[s]

a
[%]

f [%]
300K / 0K

α
σ0 ~ α-1

57Fe 14.4 4.7*10-9 3.2*10-13 1.4*10-7 2.1 75 88 8.2
181Ta 6.2 7.5*10-11 1.2*10-14 8.7*10-6 99.99 71.5
67Zn 93.3 4.9*10-11 5.1*10-16 1.3*10-5 4.1
45Sc 12.4 1.4*10-15 1.1*10-19 0.45 100 77 93 427

107Ag 93.1 1.0*10-17 1.1*10-22 63.9 51.4 10-5 4 20
103Rh 39.8 1.4*10-19 3.4*10-24 4856 100 45 74 1350

229mTh 0.0078 ≈7.8*10-20 ≈10-20 600 ? 0 no IC
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Transitions within the XFELO energy range

Isotope E0
[keV]

Γ0
[eV]

ΔE/E τ
[s]

a
[%]

f [%]
300K / 0K

α
σ0 ~ α-1

57Fe 14.4 4.7*10-9 3.2*10-13 1.4*10-7 2.1 75 88 8.2
181Ta 6.2 7.5*10-11 1.2*10-14 8.7*10-6 99.99 Fe Fe 71.5
45Sc 12.4 1.4*10-15 1.1*10-19 0.45 100 77 93 427

229mTh 0.0078 ≈7.8*10-20 ≈10-20 600 ? 0 no IC
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Transitions fitting to the XFELO energy range

Isotope E0
[keV]

Γ0
[eV]

ΔE/E τ
[s]

a
[%]

f [%]
300K / 0K

α
σ0 ~ α-1

45Sc 12.4 1.4*10-15 1.1*10-19 0.45 100 77 93 427

229mTh 0.0076 ≈7.6*10-20 ≈10-20 600 ? 0 no IC
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ΔE/E = 1.1*10-19

g = 9.81 m s-2 = 1.1*10-16 c2 m-1

Red shift of a photon travelling 1mm up in the earth
gravitational field corresponds to  a linewidth

Extreme metrology using the 45Sc transition
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Applications
Gravitational constant, Cosmology, Quantization of gravity

Table top red shift and nuclear quantum optics experiments

Validity of Einstein’s Clock Hypothesis – Is there a maximal acceleration ?

The rate of an accelerated clock is the same as the rate of an unaccelerated
co-moving clock.

Extreme metrology using the 45Sc transition

XFELO will provide 1014

photons/sec/meV
≈100 photons/sec/ Γ0
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Eγ = E0 (1+௩

) à Eγ = E0 (1+ 


)

Testing the clock hypothesis using the 45Sc transition

45Sc foil

If clock hypothesis is wrong and am exists

Δt = ħ am / E a

Current limit am ≥ 1.5*1021 m/s2 W. Potzel (67Zn)
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45Sc applications – relativity – clock hypothesis
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45Sc applications – relativity – clock hypothesis
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45Sc applications – relativity – clock hypothesis

Broadening and shifts both increase with ω
-> keep ω small using the 45Sc transition
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229Th applications – fine structure ‘constant’
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229Th applications
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229Th applications
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229Th applications
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229Th applications

Pump the 29.18 level with the XFELO
Measure E, τ -> Γ



Hans-Christian  Wille |  XFELO workshop SLAC  |  June 30  2016  | 18

XFELO will allow for spectroscopy with yet
unreachable energy resolution

ΔE / E ≤ 10-19

!! THANK YOU FOR YOUR ATTENTION !!
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Energy dissipation due to friction causes losses of ~10% BIP

<=> enormous economical interest in understanding and reduction of
friction losses

Friction coefficients still empirical quantities because the contact area
is hardly investigable

Approach: nano x-ray beams for structural and dynamical studies

(PETRA III and PETRA IV)

Outlook – The dynamics of friction on the nano-metre level

µeV – IXS spectrometer
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ΔE/E = 1.1*10-19

g = 9.81 m s-2 = 1.1*10-16 c2 m-1

Red shift of a photon travelling 1mm up in the earth
gravitational field corresponds to  a linewidth

Outlook – Extreme metrology using the 45Sc transition
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Clock hypothesis
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Outlook – multi photon events

(by courtesy of Cornelius Strohm)
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It works …but good sapphire is hard to find…

From 2004 to 2009 the resolution was improved from 7meV to ~1meV, theory: 0.2 meV / 0.4 meV

Sb2Te3 , 125Te CoSb3 , 121Sb
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Ultimate Goal of NISà Density of Phonon States

DPSphonons

speed of sound

force constant Grüneisen parameter

vibr. entropy

internal energy

Applications of the ΔE/E=10-8 monochromatization

Pavel Alexeev |  The backscattering monochromator at P01 – Commissioning and performance  04.06.14
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Mössbauer Spectroscopy – Magnetic hyperfine splitting

Em = B * µ =  - gN µN m B , B = Bhf + Bext , µN = eћ/(2mp)

Δm = 0, ± 1, ± L , degeneration of 2I+1 states lost

Six lines (multi polarity L=2 quasi not observed in Fe, dipole M1 only)

|Ie –Ig| ≤ L ≤ Ie +Ig
With a known direction of µ, B can be measured very precisely and
vice versa
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Nuclear Resonant Scattering Techniques

Only nuclear resonant photons are
counted. These are delayed in time
with respect to the prompt electronic
scattering due to the lifetime of the
nuclear level

-> fast detectors / electronics, timing
mode

Γ = ћ / т
Time energy Fourier transformation


