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What is IBA’?
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Incident lons | Rutherford backscattering
(RBS), resonant scattering,

channeling

Nuclear Reaction Analysis

(NRA} p, a.. n
Particle induced x-ray {
emission (PIXE) [ ) 6

‘ Elastic recoil detection ‘

Absorber foil \2(_1’\




IBA METHODS:
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Method Acronym Interaction
Particle- Induced X-ray PIXE Characteristic X-ray
Emission emission following
ionization by the primary
beam
Rutherford Backscattering RBS Elastic scattering at
Spectrometry backward angles
Elastic or Nuclear (non- EBS Elastic scattering at
Rutherford) Backscattering backward angles
Spectrometry
Elastic Recoil Detection ERDA Elastic recoil at forward
Analysis angles, not necessarily
Rutherford
Nuclear Reaction Analysis NRA Nuclear reaction between
incident beam and nuclei in
the target, producing a light
charged particle
Particle Induced Gamma — PIGE Prompt y-ray emission
ray Emission during ion beam irradiation
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Summary of interactions of accelerated ion with atomic nucleusieus:

* Elastic scattering (Coulomb and nuclear)
» Inelastic scattering (residual nucleus is excited)

* Nuclear reactions with emission of particles and y-rays

Risitee  Common Characteristic s of IBA technigues :

»They are generally not destructive (least) and are thus suitable for use
with delicate materials.

»They are to a certain extent multielementary and produce high-accuracy
guantitative results.

»They require little or no preparation of the sample with the result that a
specimen (like an artifact) could be directly analyzed.

»Only very small quantities (mg) of sample are needed.

»They permit the analysis of a very small portion of the sample by reducing

the diameter of the ion beam to less than 0.5 mm.




Negative Common Characteristics:

» Some damage cannot be avoided (thermal, carbon buildup etc.)!

» A VdG type of accelerator is required.

» In most of the cases the experiments are carried out in vacuum
chambers.

» Several experimental issues need to be addressed, thus a minimum
knowledge of nuclear physics (experimental and theoretical) is mandatory.

» No direct information about the chemical environment can be produced .
» Issues like dating and authenticity testing can be addressed only
indirectly.

» Unlike NAA, the IBA analysis concerns only a few microns below the
surface of the samples.

» In most of the cases, a combination of techniques is required to solve a
problem, and this implies time consuming experiments!

THUS, DO WE REALLY NEED IBA?

YES, because it can solve problems that cannot be
addressed by all the other existing techniques!

‘{/@ i rﬂﬁmrﬁi'
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IBA PROFILING TECHNIQUES: NON-PROFILING:
* Rutherford Backscattering Spectroscopy / » Charged Particle Activation
Nuclear Backscattering Spectroscopy (RBS / Analysis (CPAA), Particle
EBS) / Channeling Induced X-Ray Emission (PIXE)
» Elastic Recoil Detection Analysis (ERDA) * Neutron Activation Analysis

(NAA), Secondary lon Mass

* Nuclear Reaction Analysis (particle-particle Spectroscopy (SIMS)

and particle-gamma reactions)

SPECIFIC REQUIREMENTS FOR ALL IBA TECHNIQUES:

 Electrostatic accelerator (mainly VdG, single-ended or tandem)
» Scattering chamber (vacuum or in-air)
* Electronics

 Software for acquisition and spectral analysis
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The Cochorob-Wallon acceisraict which was uvsed for the frel
nuclsar radction axparsment In 1632 Courasy of Ine Univerity of Cambridge,

Cavandizh Laboralory.
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Single — ended VdG accelerator

Tandem type VdG accelerator




Duoplasmatron ({fiar
gaseous materials)
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Several types of vacuum chambers : (a) with open — ends, (b) end — station /
compact geometry, (c) end — station with full vacuum system attached to the
accelerator line (rotary + turbo pumps)

Camera

| 1 Yypical external beam facility for
milli — or micro - beam

. # 'RBS co nical

chamber

J

Exit nozzle &7
Menitor detect.
» >
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Typical circuit diagram:
External Delay
BIAS
SUPPLY
L 2
Timing Signal
— . to TAC or
ool B CFD Coincidence

AMPLIFIER

ha ‘ ‘-\ Y - L Logic
J- PREAMPLIFIER  |— Energy Spectroscopy

PERSONAL
Si Detector AMPLIFIER MCA COMPUTER

Pulse-Height (Energy) Specirometry with a Si Charged-Particle Detector,
Including Derivation of an Optional Timing Signal.
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A short introduction in physics: The interaction of chargdthpgtgastwids nvatienatter

. dE
S(E) = ——

Stopping power = Average
energy loss per unit length
inside the material

1.6+

1.0

Stopping Power [MeV/um]

0.5 nuclear
00 T -.-‘--'l _____ 1 AR | T
0.01 01 ! 10 100 1000 Energy Loss of Alphas of 5.49 MeV in Air
Particle Energy [MeV] (Stopping Power of Air for Alphas of 5.49 MeV)
€
L
S
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=
)
Bragg peak (near the end of 5
range region) o
&
2
»

Path Length [cm]
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Ernest
Rutherford
(1871 —1937)
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»A great talent from New Zealand. Maybe the greatest
experimental physicist of his era after Faraday.

»1899 — Discovery and study of a and B radiation. Distinction
on the basis of penetrability and measurement of charge.
Professor in McGill, Canada till 1907. He named ‘ y-rays’. He
discovered the law of radioactivity and the existence of nuclear
reactions. He measured the age of Earth along with Soddy and
Hahn.

»Professor in Manchester till 1919. Famous ‘gold foil’
experiment with Geiger and Marsden. First nuclear model
suggestion. First study of a nuclear reaction: UN+a-->1"0+p

»Professor at Cavendish, Cambridge in the place of J.J.
Thomson till his death. Collaboration with N. Bohr in the new
‘atomic model’. Theoretical prediction for the existence of
neutron. Brilliant team of students and collaborators: Cockroft,
Walton, Chadwick, Wilson, Appleton.

»Nobel prize in Chemistry (1), 1908. In his speech he said: ‘It
was the quickest transition in my life’!

14
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1909-2009: 100 YEARS OF
NUCLEARPHYSICS

Ra source
Ernest Marsden, - -5 .
C _ M
(188¢ - 1€70) oo *. S
' S T ~ . Screen
Hans Geiger N =

(1882 — 1945)

E. RUTHERFORD: ‘It was quite the most incredible event that has ever happened to
me in my life. It was almost as incredible as if you fired a 15-inch shell at a piece of
tissue paper and it came back and hit you. On consideration, | realized that this
scattering backward must be the result of a single collision, and when | made
calculations | saw that it was impossible to get anything of that order of magnitude
unless you took a system in which the greater part of the mass of the atom was
concentrated in a minute nucleus. It was then that | had the idea of an atom with a
minute massive centre, carrying a charge.’

15
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Rutherford Experiment:
Nuclear Atom
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A short introduction in physics: The definition of the crbgscsesi@action

1. = Current of incident particles per unit time (s™*
Rh o p p
o = I N R, = Rate of outgoing particles {s“l}
a” r N, = Areal density of target atoms (#/em?)
p dR,
o — _
o /f IENE.'
.
| e r(6, @)dn
b d 0=
D7 1o N 1T
: do @(6, o)
Differential cross section: -
drl I N. 4w
dU 7 Dar dﬂ'
02,{‘:48=[sinﬂdﬁf"'d¢=—
v did J0 J'ﬂ dsl
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a+tX —> b+Y
Possible
Cross Sections Symbol Technique Application
Total o, Attenuation of Shielding
beam
Reaction o Integrate over Production of radioiso-
all angles and tope Y 1n a nuclear
all energies of reaction
b (all excited
states of Y)
Differential de/dS) Observe b at Formation of beam of b
(Angular) (8, ¢) but inte- particles in a certain
grate over all direction (or recoil of
energies Y 1n a certain direc-
tion)
Differential do/dE Don’t observe b, Study of decay of
(Energy) but observe excited states of Y
excitation of Y
by subsequent
v emission
Doubly d*c/dE, dQ Observe b at Information on excited
differential (6,¢)ata states of Y by angular

specific energy

distribution of b

10/22/2013
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A short introduction in physics: The Rutherford scatterindering

r Ezﬁf l
.ﬁ,l = - s - 2
TE
- . ) T — % mu |-2|1”]_ f.r"‘r 0
V=0 . , /s distance of closest approach
: = MUmin Fmin / b = impact parameter
T‘—-——!'-HIUE Umin Fmin / P p
2 ~ ‘x;
¢ =muvb S
s L zLe~
Umin Ty = S +
U % 4me, 7
T.ﬁ;’ ———————— r ’
g i man A
(random position)

—_—— -
— 2Ze? 1
V - "-1-#!‘:':] {f
T =0 ) .
The problem presents cylindrical

symmetry (or ¢ — invariance)
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=g (hx =N,
A f = nxwb?

(f = fraction of the
rdé incident particles with
impact parameters
less than b)

df = nx(2wbdb)

(df = fraction of the incident particles that pass
through the annular ring)

20
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And taking
into account
that:

¢ )\ I —_—
&@%} IAEA TIRANNG COURSE Lﬂ"'d
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+r— B == |mr X o =mr—
dr dt
4 zZe” +(7/2-0/) h
Ap = f cos B dfs
47—-""5{]3«‘015 —(w/2-8/2)
zZe" g
= COS —
0 d )
Ap = 2mu, sin 5 = h = ~cot
Z 2 2
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df 2 oot L 52 do )
= THNX—COl — C8C~—
& 4 2 2
— Y >
| I.|df|
r(0,6) = ———"
dSl/4x
/ 5 ¥ -'.-' | 2 a 4 \
do zZe<\7[ 1 \° 1
> k) o
d{) dae, | \ 4T, | . 0
' b - S1n ;
\ -
(Differential cross section / Rutherford formula in the c.m. system)
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Light substrate
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F(E, 6)

1.00

2000 keV
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90
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AuyBi
Ta
%Nb The relative yield differs between high — and
otk Fe low-Z nuclei by almost two orders of
e | i~ magnitude, thus RBS is ideal for heavy
% Si elements on light substrates.
o F
10'F 0
Eo
| | | | +
0 0.4 0.8 1.2 1.6 2.0
E (MeV)

Actual cross-sections  deviate  from
Rutherford at low energies for all projectile-
target pairs. This is caused by partial
screening of the nuclear charges by the
electron shells surrounding both nuclei.
This screening is taken into account by a
correction factor F: o =F oy
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The kinematic factor varies dramatically
with the ion beam mass and approaches
unity for protons impinging on heavy
elements. It depends only on the mass ratio
M,/M, and on the scattering angle 6.

0-0 1’ 1 " 1 U I U N WS S L
0 20 40 60 80 100 120 140 160 180 200

M2

To obtain good mass resolution, the
AE, = E.:.(%—E:-‘?}(Mé)ﬂ?"f: coeff@cient of AM, _has to be as large as
M5 possible. To accomplish this one can:
v Increase E
58 =mT—8§8 v Increase M
v’ Set 08 very close to 180 °
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2.5 MeV ‘He in Si

80 T T ' T T T ' T . .

| SIMNRA | Two basic phenomena affecting RBS
= Ll - measurements:
= Energy straggling of the incident ions
% wl and
= Limited resolution of the SSB
= detectors
g 20
g Si Detector Resolution for Heavy lons
n T LB T T T T L

o

Shown ore Partlcle Names

o
N
w
S

1000

T

Depth (1 0" atoms/cmz)

Si Detector Resolution (kaV)
100

10
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sF Ta at Surface §
af Counts h‘\ Step by step analysis of two
= Si at Surtace thin Ta XSiy silicides on a Si
o 3= .
x F j substrate, using 2.2 MeV
S o a-particles
o r Ta
1:—} l
EI;_‘ EI!Ei 1!0 1!4 1!EIJ 2.2 L
Backscattering Energy (MeV)
Sample 1 (S30 nm) —— Sample 2 (230 nm) ——

|

RBS spectra are analyzed from
high to low energies  —
(right to left)

Counts (x 1000)

1.0 1.4 1.8
Backscattering Energy (MeV)

Sample 1 (S80 nm) ——  Siin Substrate Siin Film 1N
Sample 2 (230 nm) ——  Siin Substrate M SiinFim W
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Counts

Counts
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Energy [keV]
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—e— Experimentall
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o

2 MeV “He, 8=165°

N S S S L L S M L L A L A A LA LR LA
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

Channel

RBS examples demonstrating
the power of the technique
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Other important RBBIJdifticliiktes:

v Measurement of the charge
v’ Charging of surface in the case of insulators

v Other problems (sputtering, heating, solid angle calibration, accelerator
calibration, non-unifoionmyty ofetayeksts, Am, signal mixing etc.)

Energy (MeV)
Entrance aperture 800 0.3 0.4 0.5 0.6 0.7
Faraday cup (area A)

\ i
b N
NG N L

D
[=]
o

Yield (counts/channel)
8
o

£

i
Target —300V

1 I | |
100 150 200 250 300 350
Channel

32



10/22/2013

@ ¢ )\ g T
i \{L\@j’ IAEA TIRAINNG COURSE Lﬂ‘"" s,
A = point of dechanneling The problem of
B = point of backscattering crystalline
A B targets: The

channeling case

Incident Beam \\i\

Channeled fraction

of the beam
Crystal

Surface

0 = alignment angle with crystal axis
¢ = small dechanneling angle
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mylar foil

Incident
ion

&

Eq Recoils ©2 ' 6

M2 2 Eo My 24
Detector
Kinematics lab frame

My O M, Zo My Z4 , [Zl Z2 62 (Ml + 1\42)]2
A>O‘—_O oo T T M, By cos g
Ez E,=KE
Mgo 2 O N ( .
x)c.(E5, ¢) {2 6E
Yr(Ed) s Q r r*-o o d

Ccos E)l dEd /’dx

4 M; M, cos” o .
(M +M,)? ERDA is complementary to RBS
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Time-of-flight elastic recoil detection

12 MeV Au* New trends in ERDA

Recoiled |

B,C,0,.. F — 1Meter measurements: TOF-ERDA
T o “

s 1>l
Sample & N

L L

Time-of-flight detector Solid state detector
= > particle mass = > particle energy

Sample mounted on

2-axis goniometer 2 mm dia.
Scattering chamber { collimator

Main problems:  mmeeep P e N A "

1.

Need for high
energy heavy ions

lon beam from
accelerator

: R il
(big accelerators) TOEE Evacuated beam line
Limited analyzing telescope

depth (=1 pm)

The Experimental Setup

\‘Q\@Z’/y IAEA TIRAINNG COURSE Lﬂﬂmd
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Are there any guantum mechanical corrections in the Rutherford formula?

CENTER-0OF-
MASS DIFFERENTIAL CROSS SECTION mb /srer.

4
0

o

2
19

10

1 "':'_'._'_'I'"_" I —
ELASTIELESEH.'ITEHING 41
% | 12

C +C

20 40 60 80 100 120
CENTER-OF-MASS SCATTERING ANGLE

Mott scattering:

doyy  dopg _ 7e? o
i = +"j"“""’(.¢neﬂ}.,-4.-”'” (““”‘ E)) 2

b 2
4(4dmepFpin )? ,f;-in!l:%}mﬂz{

A= (2)

£

(for O* ground state nuclei)
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(1) vermwnmcoows T

Other solutions in the problem of light element
detection: EBS, resonances in elastic scattering

I I I

atX =2 C* 2 a+X L1f= fem = 9217 2771, 2TA
e.g- Ep+Q:ER " Bcm = 131.6° h
+ Potential Scattering T S
(Rutherford) = Always an s ) -
| o . ok —
2 3 o B = 141.4° ‘... —]
NO, (dual nature) m (Fix) ¢ L o '
o="38,_ ~ A2 24 b N /
K™ (£—Lg) T17/54 E“r \ /

~
~
Ax 1.1 —
S B fem = 151.1°
N 10 — s
0.9 — Ep = 1119 keV |
T — 620 eV
T =4
0.8 |- I —
-]
. oo —
t 27AK(p.128si
3 50 — .at so0 ]
e —— | | |
T~ 1115 1120 1125
“\\J= &, tkell
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EBS: Formation of a
compound nucleus
Interference between

resonant and potential

scattering

Ultra thin oxidized Fe
on a pure Fe substrate

IAEA TIRANNG COURSE L‘Mmd

1600 1800 2000 2200

2400

2600

Energy [keV] Energy [keV]
3?0 490 54.‘)0 690 7?0 890 9?0 10".)0 11‘00 12‘00 13‘00 14‘00 15‘00 16‘00 490 690 890 10".)0 12‘00 14‘00
380+
360
340+

9

Counts
§88688883388¢8.

gaé&

2 MeV “He

Counts

/

B\ § 83888

3.05 MeV “4He

$$$$$$$X
2]

e
120 140 160 180 200 220 240 260 280 300
Channel

2 MeV protons on carbon and silicon at 165 ©

400 600
T T

Energy (keV)
800 1000 1200 1400

14000 |
12000

10000

simulated

« guperimental | |

Energy (keV)

400 &00  BOD 1000 1300 1400 1600 1800

= Expanimantal
simulated

Counts

6000
4000

2000

Counts

0
100

H—

i L i i i
300 40 S00 8O0 FOO

Channel

200

a00

T i
320 340 360 380 400 420 440 460 480 500 5:
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3333335 § Patina_natufl ’ RBS/EBS study of the roof at the
Municipality of Stockholm, using
1.5 MeV protons — rough samples,
complicated matrix!

Atomic concentration %

500
400 |
£ 200

200 -

e T Experiment .-. B
Simulation

" ! T T ; AR

300 800 1000 1200 1400 1600

Energy (keV)

Fig. 4. Proton backscattering spectrum E, = 1.5 MeV,

8 = 160°) of sample S1. The solid line represents the RUMP
simulation.
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Main difficulties in employing EBS:

1. Need for accurate/evaluated differential cross sections from literature
2. Overlapping resonances of different light elements

3. The (heavy) matrix may sometimes be important, impeding the analysis

E,=1.8 MeV (5], C, total ) E,=1.8 MeV (Thin SiC layer on Au)

Energy [keV] Energy [keV]
20 40 50 50 1o 1o Lo 150 it 40 800 00 b

Counts

50 100 150 200 250 300 350 400 450 SO0 55O 600 650 FOO 750 800 850 900 950 1,000 1,0501,1001,1501,200 1,250 1,300 1,350 1,400 1,450 1,500 1,550 1,600 100 200 300 40 500 600 700 000 1100 1200 1300 1400 1500 1600 1700 1,800

& E EER
Channel Channel
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Nuclear Reaction Analysis (particlepgaatindés)

NRA: Welll — esttinl sitresal noovestiisygsas one of tiheppincgipalBA technigeebniques far
amuUeteqqaantaatiee dkeptppobhihgepfliolitedéamesnisimooonmdéecnadt rosss
Based on the use of nuclear reactions. More frequently used:

1. (p,0): Low Q-wadhlhee (°Li, °Be, 1°B, 27Al) amdi High Qvalwe ( “Li, 1B, 180, 1°F,
23Na, 31P). Noaabsorber ffullcan beanpiest HHaitpedémtives

2. (a,p): Very fewes | demeaiss haveposdieeQuallies( 1911B, 19F, 22Na, 27Al, 31P,
35Cl) tthuss the Haakigyoount issmsxaerayreshicest Chassseetiimssare g
esrougiiam iy atingjinbeameaemerges

3. (d,p) and (d,a): Ainasstall |lighght isectpesshave Hogiingosditiee Qe lues
They perrmit sisiol tdteewmo. s sanredygsss off meamy| g itieéemetss imooomgdésx
matitess (e.g. C, O, N, B, S efc.) at the eypanse of peak avwes gyss or
background inteeidezanece in some cases Raqune very low beam
eareress Hratipdioorsztetiy preqaetansons are nraadaaiory ecausethe (d,m)
reantiomet feamned isad o Eliveysopem

4. Less frequently used: (p,d), (p,3He), 3He-NRA

V) uf rﬂﬁmnfi'
\\@Q/ IAEA TRANNG COURSE ~ §, 811" g
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BN L | - ————= Similar experimental
O = O (Ojns %out) Setup

Absorber foil

Eout (X )

b
E?°(x)™" Detector

e.g. The tcantbmm groiidden - RBS is weak, EBS can be applied only in
certain cases (no other interfering light elements present, no high-Z
matrix, very case-specific measurements) :

Energy [keV] Energy [keV]

290 4?0 6?0 890 1q00 12‘00 14‘00 16‘00 IBPO 290 490 6?0 8(?0 1q00 12‘00 14‘00 16‘00 18‘00 2q00 2%00 24‘00 26‘00 28‘00 3q00 32‘00 34‘00

7,000 15

145

.| Thin layer 70% Au + 12C : Eq=1.2 MeV

125
. 120
=1 30% C on Au backing
110
5,000 | 08|
100
4,500-] o
90 1
4,000-] 85 p
@l g 80| i’ O
S 3500 S ]
8 87
3,000 Zg*
554
2,500-] g
45
2,000-] o]
351
1,500 30
25
1,000 20
E,=1.8 MeV (~resonance)
.
500-| P 10
5]
T T T T T T T T T T T T T T T T T T 0 ! ! ! i T I T i T i T i T
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 0 50 100 15 200 250 300 350 400 450 500 550 60O 650 700
Channel Channel
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2500 T T T
i 160(d, p1)'70 y

2000 |- ]

— . 834 keV deuterons on a
2 i | e thick  SIO ,/Si sample,
3 r 3 using an absorber foil in

L 3 front of the detector

500 |- -

i 150(g, po)' "0 J
i D, 12¢(g, e :
0 1 1 x 1 JilJL.dwfj":)_Tl | e | f\l L L 1 L.-V\:jl L 1 | L] 1 1 1
0 100 200 300 400 500 600
Channels
Interesting points:
»Excitation of all possible kinematically permitted states
»Excitation of several isotopes
» Excitation of unwanted, background isotopes!
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Special NRA Characteristics:

POSITIVE

v" High isotopic selectivity

v' The matrix is not so important

v’ Clear isolated peaks with practically no background

v" If the deuteron beam is adopted, one can achieve simultaneous analysis of
most of the main light elements (C, O, N, F, B, Li)

NEGATIVE

< Not many cross sections available in literature / theoretical evaluation
pending

< Usually time-consuming studies
< Not all the elements present low enough MDLs

< Radiation safety is sometimes an issue

Typical sensitivities: 1:10 4 in atomic proportion
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» Use of a y-ray detector
(preferably HPGe)

> Use of standards in
Identical conditions:

250 Hf
269 Hf

2.4 MeVppoboorss

1014 Al

40 Na
511
— 884 Al

1389 Al

1378 Fe

Counts/10mC
-y a —
(=]

A % =
i1
é495 o]
657 Zr
§787110
992 Cu
1083 2r
1208 Zr
1266 P
1634 Na

_1757 Fe

~1779 Al

1920 Fe

Ci,s - (Cst Ss Yi,s) / (Sst Yi,st)

» Dealing with the problem
of different stopping powers 10

10 1000
between standard and target T 2000
Element oncentration (wt.%
> Lack of generally accepted . Be o
10°| & < 8 g.:-w‘a

computer simulation code

F 0.12
Na 4.5

11 478 Li

Counts/5000
=h e=by
o o
©w L=
P
351 0.,
= B
5._1275 .
1634 0
é:—— 1809 Na
2235 Al
=
(]
=S
N

—r
o
[+
1779 Mg
g

» Lack of accurate/evaluated A. by
cross section data for y-
inducing nuclear reactions

in literature

684 B
3854 B
4439 Be

500 1000 1500 2000
Channel number
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Demonstration of the mechanism:

Proton energy (keV)
990 992 994 996 998

—_ T T — ] ;16000 (483.6 keV resonance) 00 02 04
100 o s 0.3 - . x : ;
B o > 3 i
& 7 hi(p S .- 2 H 1
5 Er=991.9 keV W : g 0.2 _E E
2 Ty =0.10 keV @ c b 2 ]
g 50 + Ip = 0.65 keV & = ;
5 - £ 5
Q © 4
g a :tsu 01 | .
o

" L 44 =
100 200 0.0 L Y ST
Depth (nm) 00 02 04 06 08 10 12 14 16 1.8 2.0
Depth below surface (340 keV resonance) (microns)

0.6 r r S e
05 [ ] ) :Zf;&?ﬁ:
0.4 E i The depth resonance
0 | ) resolution: W'""""’
02 | F_ E
I | |~ ~75A
03 ¢ E 15+ ///

%2 N g 1 E i 385 - 0.005 VeV /

1.0 T i resonance energy

. - I,

0.6 V’_ i

04 L‘ _i ]

o2 f . » Changes in the beam energy

M a2 » Use of narrow, strong, isolated

resonances for superior depth profiling of
light isotopes not always possible
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The truth behind
Indiana Jones's latest quest

Hydrogen  profiling  indirectly
addresses the dating problem,
therefore PIGE information is
unique (pre-Colombian quartz
artifacts measured at AGLAE,
Louvre)!

10/22/2013
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Extra NRA (particle-gaammapCGhmasnsistiss:

POSITIVE

v" Excellent for hydrogen profiling, fluorine and aluminum (MDL~1-10 ppm)
v" Quite satisfactory for carbon, nitrogen, oxygen, magnesium, silicon

v Relatively easy to implement, due to the standards used

v Excellent for machine calibration (accelerator tuning)!

NEGATIVE

< HPGe detectors are very expensive, fragile, and need liquid nitrogen
cooling!

< Usually very time-consuming studies
< Very element-specific technique
< Overlap of resonances might occur if the sample is relatively thick

< Efficiency calibration of the HPGe detector is a requirement!
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SUMMARY

1. Rutherford backscattering (RBS) is ideal for depth-profiling of heavy
elements on lighter substrates.

2. Elastic recoil detection analysis (ERDA) is excellent for depth-profiling
of very light elements in thin films (for very small depths < 1 um).

3. Nuclear reaction analysis (NRA), is excellent for high resolution depth -
profiling of specific isotopes.

PRESENT SITUATION

1. A lot of work is being done in channeling, EBS and NRA (cross section
measurements and evaluations).

2. Micro-beams and measurements in air (Louvre) have enhanced IBA
capabilities.

FUTURE PERSPECTIVES

1. New techniques are always evolving (e.g. HR-RBS, TOF-ERDA).
2. Channeling analytical algorithms?
3. CAN WE SOLVE ALL THE PROBLEMS??? NO (BBUT MANY YES...)

\&@i}" IAEA TIRANING COURSE m

10/22/2013

51



