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[epiypapua padnUaTog

Eicaywyika, E@appoyeEc otov TAavATn Apn
daocuarookoTria LIBS

Epapuoyég oto 1redio NG MNoAimouiking KAnpovouidag
dopnTt opyavoAoyia



daouarookotria Aéilep

Oswpnaon amro tn oKOmIA Tou AEICEp KAl TWV XAPAKTNPICTIKWY TOU
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Raman t-resolved  Multi-photon Mass Spec

Fluorescence LIDAR Harmonics LIBS



NASA'’s Mars Science Laboratory

Launch : 26/11/2011
Landing : 06/08/2012




NASA's Mars Science Laboratory

Curiosity Rover + Science Payload

chemcam MSL Scien
',/

Drill / Sieves
Scoop

Courtesy of NASA/JPL-Caltech

ce Payload

(CheMin, SAM
inside the rover)

Mastcam is a high-definition imager

ChemCam is the Chemistry and Camera instrument _
RAD is the Radiation Assessment Detector instrument

CheMin is the Chemistry and Mineralogy instrument

SAM is the Sample Analysis at Mars instrument

DAN is the Dynamic Albedo of Neutrons instrument

MARDI is the Mars Descent Imager instrument

MAHLI is the Mars Hand Lens Imager instrument

APXS is the Alpha Particle X-ray Spectrometer instrument

The brush, drill, sieves and scoop are tools on the rover’s
robotic arm

REMS is the Rover Environmental Monitoring Station

http://www.nasa.gov/mission_pages/msl/index.html



NASA's Mars Science Laboratory

CHEMCAM = LIBS + camera(s)

http://www.msl-chemcam.com/, http://msl-scicorner.jpl.nasa.gov/Instruments/ChemCam/
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NASA’s Mars Science Laboratory
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LIBS : Bagikég apxég Tng TEXVIKAG

Laser-Induced Breakdown (Plasma) Spectroscopy
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[TaAuIKO AiCep + YAN

=

Ablation — AiEyepan — Anuioupyia TTAGGPATOC

.

EktroutA a1m0 10 TTAGC A

daoua LIBS (arouikn eKTTOuTA)

XNUIKN TTAnpogopia

(aTouikry oUoTaON)

_LIBS : Baoikég apx£Q Tng TEXVIKIAG




Intensity (a.u.)

- ®aopa LIBS (Cu, Zn, Pb)
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LIBS - Texvika oToixeia

— — — —————

[TaApoi AEiCep kata TNV

avéiuon LIBS ATroTGTTwpal Béating oTnV

EMIQAVEID PUETAAOU

AlGpkeia TaAuou ASICEp

10 d10-EKOTOMHUPIOCTA TOU SEC

Ektrout) TAACGUATOC

10 EKATOUHUPIOOTA TOU Sec



Instrument synchronization

/\ Haluog Aéilep (10 ns)

Nnoluﬂ}i OVVEYOVS (1 ,uS)

mnoymi ano aroua, 1ovre (10 us)

> Detector

Delay

>
Pre-trigger 0 Time



_F_laTi LIBS ?

AVOAUTIKA XOPOKTNPIOTIKA

E@apuoyn in-situ (xwpic deiyyaroAnyia i mpogToiyaaia deiyuarog)
[10I0TIKI KQI TTOOOTIKA OTOIXEIAKK avaAuan

EuaioBnaia, mIAEKTIKOTNTO

TayuTtnra atnv avaluon

YynAn xwpeikn avaiuan, AlaaTpwuartiki avaiuan
MIKPO-KATAOTPETITIKN

MeTagpepouevn — popnTr) opyavoAoyia

ETITOTIEC UEAETEC




AvaAuan xpwoTiKwv uE Tnv Texvikn LIBS

Aubsvriko Zuvrnpnon
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AvaAuon xpwaortikwv o€ Bulavrivo XEIpoypapo
_ — —_—

Afaser = 395 nm
Pb Green Paint
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XpwaoTikéS
= [Ipdoivo xpwua : Pb, Sn — lead tin yellow [Pb,Sn0O,]
Al, Si, Na — ultramarine blue [Na;AlSi 0,,S;]
= AEUKO Xpwpua : Pb — lead white [Pb(OH), - 2PbCO,]
= Kokkivo xpwua : Hg — vermilion [HgS]
= Xpuooypwua : Au, Ag, Cu — gold - silver — copper alloy



AvaAuon LIBS og {wypagiko mivaka rou Greco
— : , - — —
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“H Barmrrion” (1566 or 1567)
Téumepa o {UAo (28%18 cm?)
=) Blue

> Yellow

Green

loropikd Mouocio, HpdkAgio
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AvaAuon LIBS og (wypagiko mivaka Tou G

reco
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AvaAuon LIBS og {wypagiko mivaka rou Greco
= —— —— — ———

————————————— Yellow paint : Pb, Sn, Si
Pb  Lead tin yellow
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WA

Pb
Pb

Pb

Sn
Pb g1

sn Sn Sn Sn
R h
260 280 300 320 340
Wavelength (nm) Wavelength (nm)

[




1F P Tk y Lo Yo
" =3 % " y ',i. . | S
e e "o « VA, 5
A o gl - é
AT I, 3 L b y
ke 280y e
! YAl By ) - £t
! >3 .Y-":: .:».'l r ' 5 . ] - ! . -‘>
NS L 4 VNE ‘v

NSO (08 S 5 3 )
5 s s, K 1 . = . 3 b ML W5 & A E P
e i QB e " A s 2 e S e 2o
Bt g At By SR AT ATy S OLT [ G et
!;{[, .~ Distancefromlens, cm y S ey
l.. e .“. e RN S Pody Pl ) " - { & 4 )
','!S.;-‘ l’ ;""‘. .‘_i »"‘\ j . . v.“'\l:f"; ’4 :'g -?; "z r"
B P R e, WA A
Wi s § pad oot N b e g w8
RO (3 1\: 2 al 5SS AN -? > " ar
e g gl
B ol Mont Dl Sl T L It s . fagi? SRl
S 100pm 5
=1 iV LAY & e

’ T Sk e \"" ks & o

ZXNUariouog Kkparnpa o€ S1aoTpwWuUATIKA

avaAvon LIBS
50 raAuoi Aéiep (355nm, 10ns)

¢ LIBS microscopy for
fine feature analysis

MeAérn oxnuariouoU kparipa

BeArioromroinon avaAuvong

«» Femtosecond LIBS




2Tpwparoypagikn avaAuan pe tnv rexvikn LIBS

Varnish

Pigment A

Pigment B

Ground

Aiadoyikoi raAuoi odnyouv aTnv amorumwon
TOU OTOIXEIQKOU TTPOQIA oTa O1a00XIKA

oTpwuara uAikou
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AvaAuon xpwaorikwy ue 1ic texvikée LIBS, LIF, Raman

Em{wypdenon | 2 o w0 0
Zn0O

Wavelength/nm

P

1053
Pb
=

1049
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[poadiopIoud¢ XPWOTIKWVY Kal
OlaoTPWHATIKN avdAuon o€ gIkéva Tou

190v aiwva. Mpoceroipaaia
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Popntn (uerapepopevn) diaragn LIB S
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Avaykn yia gopnrornra

.,
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= Immovable artwork

= Large monuments

= Where fast response is needed

= When fast decision-making is needed

= Field surveys

= Economical alternative to large equipment
= Able to serve many users at many places

= User friendly



Avarrruén avaAuriking ouakeung LIBS

Tumkn epyaornpiakn diaraén LIBS

> Epyaornpiako mpwréruiro
» Test-drive

210xo¢ 1



| Epyaag)glaké ITPWTOTUTTO oUOTNUA [.IBS

i > OAokAnpwaon mi uépouc oToIxEiwv
fTO)(OQ‘Z npwaor) Em HEPOUS TTOLY

» Euxpnortn, amAn avaAurikn ouokeun



~LMnrl : AvaAurikn ouokeun LIBS

LM~T,

AvaAuriké ouornua LIBS yia ro
XAPAKTNPIOHO apXaioAOYIKWY
AVTIKEINEVWV Kal UAIKWYV e Baon
OTOIXEIQKN TOUC oUaTAON

2¢e ouvepyaoia ue 1o INSTAP



~LMn1l : AvaAurikn ouokeun LIBS

— — — —————

2TOIXEia OUCTANATOC
Nd:YAG laser (1064nm, 10ns)
Grating spectrograph (res. 0.2nm)
ICCD detector
Optical fiber; Optics

Viewing camera

<X < X X X

Computer

AmAn Asiroupyia kar avaAuon
o0gdouEvVWY UECW EVIAioU AOYIOHIKOU




LMNTI AvaAurikn ouokeun LIBS
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Aciroupyia ouariuaro¢ kar avaAuon dedouévwy

> Initialization
» Calibration
» Acquisition

» Data analysis



To LMnTl aTo epyaampio auvtnpnong tou INSTAP




~LMn1l : AvaAurikn ouokeun LIBS

— — —————

Omrrik6 Tunua ¢ ouokeunc (Aéilep kai omrika)




LMnTl EmiAoyn anysiou avaAuong Eow KauePag




AvaAuon pivwikwv koounuarwy e tn ouokeun LMnrl
e — — ———

Emiypuoo avrikeiugvo amé eayesvriavi

IMoioTIKA KaI NUI-TTOCOTIKA Mo Ca
avaAuon LIBS kpaudrwv guysvwy
’ ’ A
per@AAwv (Au-Ag-Cu) o< pivwikd A } ’
’ a
Koounuara Ag
Au
Mg Si Au Cu
Mn
, , Si Al
Xpuoo koounua Mn% w Mn MAJ w
?’f"_ 260 280 300 320 340

Wavelength (nm)

lMooorikn avdaAuon @ikt pe n ué6odo
(Calibration Free-LIBS)

M. Corsi et.al. Eur. Phys. J. D 13, 373 (2001)
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AvaAuon avaokagikwy gupnuarwy ue tn cuokeun LMntl
— - —

» [llpwrn UAn : @ayevriavn ?? Eivar BaodArng ?

Pb+ Ca+ Fe -»Lead Bead Mg + Si = Serpentite
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Rivet from Minoan dagger

R —
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~ Xapaktnpiouog EMKaAUWEewY apyupou

Detection of Ag is straightforward

heavy surface corrosion

Silver decorated glass

revealing the presence of decorative
' silver coating even in artifacts with
e .
Cm

Mg 1st Pulse
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LMntl : TToooTikn avaAuan avTIKEINEVWV
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Cu  cu o  Quantitative determination of Sn

Mg o cuisn in bronze through proper
Sniisn calibration of the instrument with
reference bronze samples

o Cu-Sn [1%] « Sn content found : < 0.5%
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Arch. Museum, Agios Nikolaos, Greece



2T0)0C : Popntn avaAurtikn cuokeun LIBS

—————




LMNTII ®opnti avaAuTikr) ouokeun LIBS




LMNTII @opntr) avaAutikry ouokeun LIBS




LMNTII ®opnti avaAuTikr) ouokeun LIBS

e ——




L|\/|NT|| CDopnTn avaAuTikry ouokeun LIBS

—————

Apxalvoleo Mouaotcio, Apxaia Meaoanvn (09/2006)
AvaAuoeIC apxaloAOyIKWVY KPpauAaTwyv XaAkou

EC PROMET project
September 2006




AvaAuon LIBS pe 10 aUotua LMNTII

EOviko Mouocio Aauaokou, Oktwpfpio¢ 2007

PROMET (IM®-Anuékpirog, IHAA-ITE, TEI)



“Avaluon LIBS e 10 gUotnua LIMNTII

— —
Mari, SYRIA -
Gold alloy (Au-Ag-Cu)
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| Ad Ca Au
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Wavelength (nm)

Anzo God AE
\Early Bronze Age (3000 BC)

EOviko Mouocio Aauaokou, Oktwpfpio¢ 2007

PROMET (IM®-Anuékpirog, IHAA-ITE, TEI)



Avéiuon LIBS pe 1o guotnua LMNTI
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AoxaioAoyiké Mouaeio, Apyaia Képiveoc (09/2010)
AvaAuoeic QpayKIKwWV VOUIOUATWY
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Avéiuon LIBS pe 1o guotnua LMNTI

loTopikd Mouaegio Kpntne, HpbkAgio, 07-2014
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