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Agenda: ANSEL MOssbauer Experiment

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

» MaOossbauer Principles:

Resonant y absorption (=part of p.)-
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.



Precision Absorption Spectroscopy with >/Fe

I7Z'

52"

3/2

12

_ 270-day Co*’
7/2

57
Fe Electron capture

- 0.136 MeV

9% 0.122MeV 91%

Y

|

: E = 14.37 keV
“7 I r=75.10"vV
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




Recoilless Emission/Absorption

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

Emitter Nucleus °’Fe Receiver Nucleus >’Fe
in Co crystal lattice in Fe—compound lattice
Z N
ANANNANANNANN> y
Er ~X— N X~ Eq
Y'r ay E2 | |
Recoil energy E, = —~

2mc?

Anchored to macro crystal

2

Ey N
2Mc?

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

Recoil energy E, =




MoBbauer Transmission Scan: DAQ Setup

<€

Driver Controller

Velocity Drive

(Transducer)

(0
Co-57 y Source %
/4

BK 4011A 5MHz

[/l Dive velocity v(t) pickup
;‘.\;.'

Hiotal] = <'uat e_> T Hpucl (EV)

Measure drive velocity v
for each detected

"~ 14 - keV" PC y event
— T(hv(v))of absorber

| Transmission (%)

\4
Absorber[ [t
Be Window —y—=
23 mg/cm?
PROPORTIONAL
COUNTER
Te[E,(2)] _
; I maximum
1 I normalized
| I # detected
' ! 14.4-keV
: ' photons
' l
P SR . ...
-2 0 +2  +4 (mm/sec)

#{ PREAMP AMP

T —

HV SCA
Supply =14 keV

—

Drive Velocity
V(1)

DAQ
Scan

Trigger




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




MoBbauer Spectroscopy Applications

Precise level energy scan, resolution AE ~ 10-10 eV

> Investigate small perturbations of nuclear level energies due to
interactions between

0 Nuclear charge distributions and electronic density distributions in
molecules, solid lattices (chemical shifts, electrostatic hyperfine
interactions)

[ Nuclear spins and magnetic moments with electronic or external
magnetic fields, in lattices (spin and g-factor determinations,
magnetic hyperfine interactions)

[ Other applications (chemistry, material science)



Isomer (Chemical) Shift of Atomic States

A Coulomb potential for spatially
extended nucleus 2 depends on R
2 . o . ,
o e = |Vl 2olnt2 finite size2 Perturbagion H' () =V (r) - Vo (r)
< V, = 2 for r=R
dmg, 1
V(r<R)= Ze 1 ri_l i]! Finite Size nuclear states
Adwe, R 2\ R Radii R=R, (n=0,1,..)

R <

Perturbation theory calculation of nuclear
energy level, perturbation = H' due to
interaction of p (r) with electrons w(r)

1% PT: H'(r) =V (r <R)-V,(r) = interaction J_/_l_V J_/_l_V
T: AE,
O, =(y, [ y.) = [ VB (. ()d’r — el !
SE, = s Ze'R. w,;(ﬂ}r Nuclear state (n=0,1,..) - :
’ % | Transmission of y-ray
AE = 1 7& v, { -R;) bD'fferencg ¥ : through absorber
bl
Os, etween 2 states | g b depends on source
ﬂEr';amw‘ = ﬂEﬂﬁ:arb - ﬂ'E.':oﬁrra = J_:_E. I VeIOC|ty
- .
1 ks - scan with T=T(v)
ZE? [R R:. |: absork amm‘:[])‘ ] ._I
IDE 0
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Electric Quadrupole Hyperfine Interaction in Atoms

Nuclear electric | 312 — zlf2

quadrupole moment eQ !EQ(;B)'Z)

measures deviation 32 Ao A,

from sphere.

Q.«(I) can be aligned via 1112 e 13/2

interactions of external

fields (spin I alignment). i
IO /(S .|, Y. RO

V=10 V>0 V<0

Energy shift depends on orientation

of Q (i.e., I) with respect to crystal
field gradient.

eQ= j o(r)r* (3ecos’ 6-1)d°r \ 2

; 2 ’
E,=tep|3cost ot || e
e 4= \2 2 )

&z

Transmission (%)

Orientation dependent

ﬂ I>(12)n

3m; —I(I+1)[ &'V,
4121-1) | & |

E, =eQ
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Magnetic Hyperfine Splitting in Atoms

Nuclear magneton py = 5.05078324(13)x10-27 J/T

_ _7.R— _ Nuclear magnetic moment u oriented || to spin I, can be
AE, fi-B m;g, iy B, aligned w/r to magnetic field B. g, = gyro-magnetic ratio:
ﬁ different for different nuclear states - structure information!
Orientation * —
of spin & u P g 3/2
/ b
Excited 3- €C—*" * ~1/2
state o -
N~ +1/2
N
\\
+3/2

VY Yy

Ground 1~ Y — +1/2
state o S P Y + ! s

Hyperfine structure splitting of the nuclear energy levels of Y Fe. (a) When
stainless steel is used, the levels are not split. (b) In ordinary iron, however, both levels are
split, giving rise to a hyperfine structure with six components.



Electric + Magnetic HF Interactions

Isomer-shifted Fe hyperfine level scheme and allowed E1 transitions |
Py F— 372
32— +3/2 3/2 Y = F1/2
S—p— , o
—_ S +122 r S ¥ 2iZ
x x -32
= 172 112 f -172
B —-aih 12T iz
:;gig N(ESQS \\"itthQS Hyperline Splitiing
. Mdssbauer velocity absorption spectra are shifted against zero and split |
% |
: WA i
- £
w |
=
= |
== | Chemical _
<" | Isomer Sh”;ts = QS : S
l-J AJ lS A-—J
0 0 ()
Relative Velocity

W. Udo Schroder, 2026
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Magnetic HF Interaction from MB Spectroscopy

v HF :E =-i-B=-m,-(g- \B|| 9., = gyro-magnetic ratios
exp 1 2 ”
OE" =E, (1 + cj scan a=TH r (9 ), ‘ ‘ Iv = Bohr Magneton (unit)

Nuclear states u,, =+(I- g)ge Ly

+3
§EA#I'J' :_(gem/_ggm])/'lNB [='% ___________ 1 43
Chemical CHEMICAL|SHIFT _ 3
Shift IS Eyg Exd JEFENE A AZAL
SEy = E, —(3/2g. —1/2g5)unB "
1
= E:,—(Ile—/‘-g)B =4 - ] 1
L -“‘H“‘-.,_ +%
-Ell _ ’ _ _ -
>y (1+ T) = By lue—uy)B Ferromagnetic Fe absorber- observe magnetic HF
B, (1+2) = Ej=(u/3-1u)B ‘ o T '
c 100 '
U3 |
E, (1+ 7) = Ey—(—pe/3— pg)B o8 [ | )
-EI. I = :I =4
E, (H?l) = E, —(pte/3+py)B 3 %L ¥
E (1+ 1':—’) E} — (—pe + p1g) B g 1 d
- = —[— Il '
T e i He T He g 92 L il ]
E, (l+%} = E_r—l[—;ig—pg}f:' E S0 ¢ ‘ il -
& 1
5 9 &~ 88 1 2 ! 5 B
> (v — ) — = —Zp.B . |
¢ 3 86 1 |:> |<:| 6 1
84 1 L 1 |n 1 | 1
(v2 — va) 22 = 2B ) e Ay -1z =% -4 ¢ $ . o
¢ ’ T — 1y ﬂ,u,g v (mmu's)

Velocity v=-v; < 0 source moving towards absorber




Applications in Chemistry/Material Science
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| | T i 1 1 I , | | . . . . .
R I i, ! et Simulation of chemical reaction in
G o) Ao 1 e . )
W T ¢ Martian (oxygen-free) environment.
: ! "{"'\ : &: .« . . .
: W4 Precipitation of Fe in water under
) Yo influence of UV light:
; 300K L
: :r Intense Hg lamp at distance d from
[ A=, ——sample B— | quartz flask
N e ol ~ 72 W :l-.*. N ow with Fe? solution d=5cm (A) or
CER ‘-';*f..‘ Bd Py miee N0 S d=10cm (B) = Factor 4 in UV
e oo A ' % U e intfensity
: f ‘ | 5 ‘
| 77K .
R JI | ¢ ] | L i i |
-0 -5 0 5 10 -0 -5 0 9 10
VELOCITY, MM/S VELOCITY, MM/S 5@mms-') A(mms') H(kG)
Moessbauer parameters at liquid- Photooxidized Fe**  sample A 0.39 —0.15 477
nitrogen temperature (77 K) of the fatgpleiB: 08 =ikl 482
photo-oxidized precipitation samples A Natutal FeOOH #FeOOH. 0.3 —0.13 487
y-FEOOH  0.49 0.54 0
and B, compared to natural FeOOH
-> o-FeOOH precipitates (B has lqr-ger- é: isomer shift, relative to Fe metal
. . A: quadrupole splitting
particles, strong B field at 300K) H: kgt lipehts fald
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Probing Ordinary Iron

| | I

s T LI B
Q
) |
o |
aQ I
g }
S . ol
2 | \ Z
é L— : 2+ | =~
@ | l =
: | ‘r\!
=+ | 6! =
c | |
= | 81 \| -
& | |
c [ ! 10 - | 2
2+ | 12 -
O | | | | 1 | L 1 1 1 1 1 |

=8 =& =2 0 2 4 6 0 2 4 6 8 10

Velocity (mm/sec) Velocity (mm/sec)

The expected pattern of the Mossbauer line when splitting of the levels takes
place. (a) Either the source or absorber is split; note that the Mdssbauer line is split into
six components and no absorption takes place for zero velocity. (b) When both source and
absorber are split a complicated pattern results with maximum absorption at zero velocity.



Other Mopbauer Cases

16

°’Fe is by far the most common isotope used in M6fbauer experiments.

Isotopes of other elements also frequently studied: 12°T, 1*9Sn, !215b

H He
Li |Be B|C|N|O|F|Ne
NajMg Al|Si| P |S |CllAr
K|Ca|Sc|Ti|V |Cr(Mn Co| Ni |Cu|Zn|Ga|Ge|As|Se|Br|Kr

Rb| Sr| Y |Zr|Nb|Mo| Tc |l Rh|Pd|A Cdm
Cs|Ba|La|Hi|Ta il Re|0s Il Pt Il Ha[ 71 [Pb] Bi [PoAt]Rn

FriRa|Ac

Ce|Pr|Nd|Pm|Sm Tb Ho ™Tm Lu
Pu|Am|Cm|Bk|Cf|Es|Fm|Md|No|Lr

Elements of the pericdic table which have xnown Mossbauer 1sctopes {(shown



http://en.wikipedia.org/wiki/Iron-57
http://en.wikipedia.org/wiki/Iron-57
http://en.wikipedia.org/wiki/Iodine-129
http://en.wikipedia.org/wiki/Iodine-129
http://en.wikipedia.org/wiki/Tin-119
http://en.wikipedia.org/wiki/Tin-119
http://en.wikipedia.org/wiki/Antimony-121
http://en.wikipedia.org/wiki/Antimony-121

17




	Slide 1
	Slide 2: Agenda: ANSEL Mössbauer Experiment 
	Slide 3: Precision Absorption Spectroscopy with 57Fe
	Slide 4: Recoilless Emission/Absorption
	Slide 5: Mőbbauer Transmission Scan: DAQ Setup
	Slide 6: ANSEL Mőssbauer Drive/Setup
	Slide 8: Mőbbauer Spectroscopy Applications
	Slide 9: Isomer (Chemical) Shift of Atomic States
	Slide 10: Electric Quadrupole Hyperfine Interaction in Atoms
	Slide 11: Magnetic Hyperfine Splitting in Atoms
	Slide 12: Electric + Magnetic HF Interactions
	Slide 13: Magnetic HF Interaction from MB Spectroscopy
	Slide 14: Applications in Chemistry/Material Science
	Slide 15: Probing Ordinary Iron
	Slide 16: Other Möbbauer Cases
	Slide 17
	Slide 18:  
	Slide 19: Signal Generation in Gas Amplification Counters
	Slide 20: Gas Counters 
	Slide 21: Experimental Task
	Slide 22: X Ray Energies
	Slide 23: Absorption of X Rays in Gases
	Slide 24: Complex PC Response to he Photons 
	Slide 25: Example: 57Co g-Rays
	Slide 26: Gas Counters 
	Slide 27: Complex PC Response to Photons 
	Slide 28: ANSEL Mőssbauer Experiment
	Slide 29: Agenda: ANSEL Mössbauer Experiment 
	Slide 30: Precision Absorption Spectroscopy with 57Fe
	Slide 31: Mőbbauer Experiment DAQ Setup
	Slide 32: ANSEL Mőssbauer Experiment Setup/Detector
	Slide 33: Mőbbauer Experiment: Selecting MB g Line
	Slide 34: Complex PC Response to Photons 
	Slide 35: Today’s Agenda
	Slide 36
	Slide 37: Precision Spectroscopy: g Energy Shift due to Nuclear Recoil
	Slide 38: Resonant Emission/Absorption of g-Rays
	Slide 39: Principle of Möbbauer Spectroscopy Experiment.
	Slide 40: Mőbbauer Experiment Setup
	Slide 41: Mőbbauer Experiment Setup
	Slide 42: The Mőbbauer Effect
	Slide 43
	Slide 44: Spectroscopy Challenge: g Energy Shift due to Nuclear Recoil
	Slide 45: Resonant Emission/Absorption of g-Rays
	Slide 46: Precision Absorption Spectroscopy
	Slide 47: ANSEL Mőssbauer Experiment
	Slide 48: Suitable X Ray Calibration Sources
	Slide 49: Agenda: ANSEL Mössbauer Experiment 



