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Agenda: ANSEL MOssbauer Experiment

Mopbauer (Mossbauer) Spectroscopy with proportional counters:

Ultra-high-precision photon energy measurement:
Precision scanning resonant-absorption spectroscopy
with doppler-shifted photon energy, using gas amplification counters.

» Gas amplification counters, proportional counters, electronics.

» MaOossbauer Principles:

Resonant y absorption.
Recoil effects in y emission and absorption,
Recoilless y absorption by macroscopic samples,

» Determination of electric and magnetic HF interactions in various
chemical Fe compounds

Reading Assignments:
(Knoll, LN): X ray spectroscopy with proportional counters (PC),

E -dependent absorption coefficients, gas amplification counters,
Response of proportional counters to y=- and X rays, spurious peaks.



The MoOBbauer Effect

Rudolf M&pbauer

1961 Nobel Prize in Physics.

Discovered (1958) recoilless nuclear fluorescence of
gamma rays in 1Tr.

Famous application: proof of red shift of gamma
radiation in the gravitational field of the earth
(Robert Pound and Glen Rebka);

Pound-Rebka experiment was one of the first
experimental precision tests of Albert Einstein's
theory of general relativity.

Long-term importance:

Use of Mossbauer effect in

"Mé&ssbauer spectroscopy” testing solid-state and
chemical environments via electric and magnetic
hyperfine interactions between atomic electrons and
huclear charge and magnetization distributions.



Precision Absorption Spectroscopy with >/Fe

I7Z'
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_ 270-day Co*’
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57
Fe Electron capture

- 0.136 MeV

9% 0.122MeV 91%
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: E=14.37eV
a7 I r=75-10"eVv
L r=1.4.107s

Ground state

>’Co source emits 14.4 — keV y —rays
Measure scanning resonance absorption
with Doppler —tunable y — ray energies

— chemical compounds >’Fe — X(t)

"Tunable" y —rays
D E (0) ~ 14.4(1 £ vfc) keV

°’Co y — source
moving with velocity v

>’Fe-X
Absorber

emits precisely controlled

D
etector Doppler - shifted E, (U)

Resolving power T/E =3-10"
y detectors : Ty, [E, ~107 1072




Resonant y Absorption

Absorption of radiation= competition of various interactions of photons with (atomic,
nuclear) constituents of structured material (*fabsorbers”) 2>

Absorbance (LnI,/I,) = sum of statistical probabilities per constituent.
Mass absorption coefficient (photons) :|ul(E, ) = E
—> D (p ):u(E,) =2 m(E,)

>’Co->>’Fe Source >’Fe-X Absorber
Special case: Nuclear |Excited S'a“’w
Resonant Absorption E. A Ee

/uv(Ey) =,ures(Ey)

Breit — Wigner Resonance

2
‘Ll (E )OC (Fres/z)
res\Ey 2 2 |Ground state e
(Fres/z) - (E;/ - Eres) \.r ‘/

Resonance parameters E, ., T .. Eg \ /' Z,N Eg
N -~

Here:EreSZEe—Eg e ~ il b ~ -
Transmission of y —ray photon

|:> Free nucleus: E, = E, - E;, Recoil effects



Spectroscopy Challenge: y Energy Shift due to Nuclear Recoil

Emission and absorption of y-rays by nuclei in motion (thermal lattice vibrations, recoil
effects due to y emission) - Doppler effect both in emission and absorption.

- y emission or absorption energy is different from nominal transition energy! Ey # E, - Ef
Nominal transition energy hv, = (E;- E))= E,+ Ex (photon and nuclear recoil)

Recoil in yemission Recoil in y absorption

Pr _:_Ey/c P, :Ey/C Vgi :pR/MR
-4—. AVACAV. o .—>
e A VAYAY
p. =hv /c
Nuclear recoil ’ y/
Ve =—hv, [Mc Ver = (Pe —hv, /C) /M,
A, v
Vi=v_ A = A{1 c)

Typical recoil velocities vg ~ (103 - 105)cm/s

Emitter velocity v
— A red(blue) shift
for stationary observer

Doppler Shift : E (v)~ hv, -(1+v/c)
[> + sign : v blue or red shift



Resonant Emission/Absorption of y-Rays

Quantum Effect: System absorbs electromagnetic radiation strongly if y
energy hv, equals a system energy level difference: hv, =(E;, - E,) For
absorption, the lower level (i, k) must be occupied, the other empty.

I'<«<h- Vae —V,.k‘

~— | t— £ —

I
|
l
l
|

hvg hv;, hv,
Emitted Nominal= Required for
Transition absorption
—— — Energy el

- Use for scanning level scheme {E,}

|-¢—2ER—p—|
Line width  gmter  Absdrber
IF'=h-Av

=h-Aw

L=h-Av

Ey
e
hve } hv,
Overlap
Resonance Absorption

can occur in overlap

Always present thermal motion: Large velocities of emitters and absorbers,
broad line shapes destroy resonance requirement, - absorption patterns are

washed out at large T.



Recoilless Emission/Absorption

Momentum-energy transfer to nucleus (mass m) changes effective y
energy > Loss of resonance condition

Emitter Nucleus °’Fe Receiver Nucleus °’Fe
Z,N
ER % ANANANANANNANN> . *. ER
yray L, Nl
Recoil energy E, = —
2m

Anchored to macro crystal
E?2
Saoames.  Recoil energy E, =—_~0
gy M

Momentum-energy transfer to nucleus embedded in macro
crystal lattice is negligible > Resonance condition retained




Mopbauer Experiment DAQ Setup

Scan transmission Ey ~ 14.4keV

Driver Controller

Velocity Drive €
(Transducer)

Co-57 y Source o Drive Position

A Il
: $ \ >| Drive Velocity
\4

BK 4011A 5MHz

Absorber| . | = <’uatomic e_> T Hnuclear resonance
Be Window —y—=
23 mg/cm? Measure drive velocity v
PROPORTIONAL for each detected
COUNTER "14.4 _keV" PC y event DAQ
{ —> T(hv(v))of absorber DDC-8

a{ PREAMP p——m AMP p——t

T —

HV SCA |
Supply 144 keV [T Trigger




Precision Absorption Spectroscopy

Moving
S?CO
Source

>’Fe

Absorber Detector

L
ra

Tunable E, (v)

= 14.4(1+ v/c)keV

Lower transmission for E,(v) = E(<57Fe>)

<57Fe> °’Fe e Absorber lattice

V<0 v=0
+Up]
Ny v(t) > E(t) :
Je \
g I
0)0 I
= 10 300 Time t
o : ' ' (channel#)
n : | |
| I
|
o ; . 5 I
—_ : : ; |__maximum
= ' I | I normalized
~ I I | I # detected
S ! TLE(t)] |. | 14.4-keV
0 : : 'I ' photons
g ‘ | | \
C 1 |
£ b | ; ' + J t ' v >
+4h 2 0 =2 =4 =2 0 +2 +4 (mm/sec)

Example /inear velocity drive:
Identical source & absorber
Phases (crystal lattices) and
no external electric or
magnetic fields

v(t)=vy-(tx £t); te[nT,(n+1)T |
— dN/dt « dN/dv

Minimum transmission =
Maximum (resonant)
no — field absorption at

E((*"Fe))=E,(v=0)
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ANSEL Mossbauer Drive/Setup

ANSEL drive has non-linear, sinus-type
velocity profile defined by function
generator controlling electro-magnet

v(t) = vy sin(2zt/T) — dN/dt X dN/dv
Velocity signal 1mm/s £16mV

Drive velocity profile is highly stable and
precise. Auto-correction via electronic
feedback to function generator from
magnetic induction pickup.

Loudspeaker

Source holder
& magn. pickup
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ANSEL Mossbauer

Ultra-sensitive, scanning y absorption
spectroscopy = measuring precisely

energy levels of nuclei

in the fields of atomic electrons/lattice.

Scanning of Doppler-shifted y- ray
absorption energies using a moving
5"Co > °"Fe 14.4-keV vy source.
5TFe-XX absorbers = samples studied.

Precision (resolving power)
of audio drives
AE, (v) Ao mm (

Ey C S

-1
3.108 gj - 1022

Transducer
N

v

Absorber

Feed-Back

Funct
ion

Gene
rator

Proportional
Counter
. Optional
Pre F‘ﬁ‘ Monitor
; —p Slow  ————— . Energy
Det. Discr GG/ :
Bias 14.4 —»Inverter—»| Trigger
keV
¥ Velocity

DAQ

Accessible effects:

« Isomer shift (el. monopole interaction)
* Quadrupole splitting (el. dipole interaction)

« Magnetic hyper-fine splitting

(magnetic dipole interaction)

> Nuclear diagnostic instrument

Source Proportional
counter

Magnetic pickup
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Suitable X Ray Calibration Sources

133Bg Energy Photons

atomlc X rays kev per IOO (“Sin':.

XL (Cs) 38—57 16,0 (8)

XKaz  (Cs) 30,625 34,0 (4) } Ke

XKa;  (Cs) 30,973 62,8 (7) }

XK@;  (Cs) 34,92}

XKB,  (Cs) 34,987} 18,2 (2) K &

XKg;  (Cs) 35,245 )

XKg;  (Cs) 35,259  }

Find 199 Co y, X —raysa on

data sheets (lnternet)
3
R
N
2
c
=
=}
O

Barium-133 photon spectrum,

low-energy region, obtained

with a solid-state detector
(patterned CdTe crystal, used on ESA Solar

Orbiter). O. Grimm et al. J. Instr. 7. C12015.
10.1088/1748-0221/7/12/C12015.

Calibration needed in the /.e. range
0 keV < E, <100 keV > Xrays

E.g. use 133Ba, 199Cd, *"*Am, K, and K X
ray energies/intensities

133Ba X and y-rays
180 T T T T T

oo 31§kev

Small pixel

‘ Large pixels |~ @

Cd/Te ;.
escape .
peaks: 35 keV 81 keV:

1

&
o
1

~ 53.1keV

0 10 20 30 40 a0 60 70 80 90 100
Energy (keV)
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Intro to MB Principles/ANSEL Setup/Tasks

Experimental and analytical tasks

Set up electronics for PC
Calibrate PC for very low y energies (absorber method)
Identify characteristic spectral features of PC

Adjust transducer frequency to mechanical drive resonance

Measure transducer velocity (interpret spectral features, absorber
method)

Goals/Theory: Hyperfine interactions - Lifting of level degeneracy
through interaction with external fields

Functionality of ANSEL setup for scanning absorption spectroscopy

Explain/interpret shape and specific features of velocity spectra:
1) no absorbers or non-resonant (“background”) absorption,
2) resonant absorption for specific Fe compound absorbers,
3) method of background correction.

Deduce isomer shift, electric quadrupole and magnetic HF
interaction energies and related nuclear electric/magnetic moments
for given chemical Fe environments.
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