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But what research In
elementary particles, and'its

accelerators and detectors
have to do with everyday life?




Fundamental research nas
always been a driving force for Innovation

X f For GPS to work, we
B _have to take into account
M the correction due to time
& dilation. Otherwise, there
would be ayposition error
- of around 10mnafter just
¥ 5 minutes of travel-time!

Telephones use
electromagnetic
waves tQ
communicate




Other spinoffs include... WWW
>20 years old!




Accelerators: developed in

physics labs & used in hospitals

Around 9000 of.the 17000
accelerators operating in
the World today are used
for medicine.

Hadron therapy is a
growing method of treating
tumours




Detectors: developed in physics

labs & used for medical imaging

PET (Positron Emission
Tomography) uses
antimatter (positrons).

-




Particle Accelerators
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Ion Beam Analysis

X ray
(PIXE)

Sianal

Detector

e o K57,
a AR (EEL ,\

Emitted
radiation

ﬁlstically scattere
particle (RBS)

Radiation to be detected
(X rays, y, particles)

_gamma ray
(PIGE) »
Powerful techniques for the compositional ‘-V
analy SIS e A 1 Gl Cl e NI
4 4 Proton beam
Based on the emission of characteristic ———— * ¢
radiation, which is induced by accelerated — * " B

particles, which bombard the material to be
analysed :

Object under study
X rays (PIXE), v rays (PIGE), scattered particles (RBS), .... '




Analysis of documents
of historical interest

(INEFN FI, Bibl.Naz. FI, MPI Berlin)

PIXE measurements to
quantitatively determine ancient
Inks . composition

Important contribution to the
chronological reconstruction of
Galileo's hand-written notes
about motion

Comparison of ink composition
oy 2 _ : in the notes (which are not
¢ A letter of Galileo during PIXE a’ated) with that in dated
- documents (letters, efc.)




Discriminating:between different
kS with PIXE

Ms.Gal. 72 £.128

Pb
Pb
Cu 7Zn pp /\ ’/L
T SRR S ‘ ‘ ‘ ‘

Ms.Gal.26 £.29v

/n
M Zn  Pb

Ms.Gal. 14 £.27r




A precious database of dated. inks.:

the “agenda of Galileo (M. Gal.26)

Y

.{.’

] : :
: - ~{‘L L t)( r) .“;"{./ ’/‘ //(.'," )){%O (?MM
»\ | :'-' -' v /. B < l '\7 - c ,, D Y E : » fd! ' ’bu’,("\ = —- - ‘azg
3 e F Ay & o) )' » :; ﬁd# /g

J' S/ # 13 1w Qt// '”'" / 6{3-.-./‘ M}:'ﬂ 10 .
i N LRI I M L . < a‘
v ! I R "::""“56 “:& ‘ L R( f'dé, l A f\’_a‘ 72%‘ m(&lo ( dt"‘ #
? ‘ 4 4 ? "/ f,m,ﬁ-(»’ (’ff —ts (1 & o By (j‘/“/{oﬂ-lﬂlﬂ ‘o.tbwm
\#] ' .“ 5 ”, &1- rv‘( el C_,?‘ /’dﬁ( __\7’,,‘ & '.,‘ = y d Syae 2‘/ w STIAAA w"’“f al. 3505

o 3 : - ~ ¢
..‘; ' "/‘H‘- : ~(/. “t"' 7, “/J % 4“")'( l 7 %! . e
e R R
ﬁ § V73 mas g IR (\JV‘Y’Q Y : - ) ‘6‘“ 3,1"#
,t E ¥ )./: "“.u; =T '/‘ -,c,\ (“/ b\})‘t\ c‘\ﬂf# L™ :

1 . X -.- (“ ™ " —y ,7.':\é.'7 Y ~3:“ . ' ;f ’ My = ‘e : ’.~.‘(:“ ", )(J'Q 0 /& L h\“ ; “‘—‘:-; +¢.

N - ‘ r‘ 4 " 5(!34\41 g (5 FRCEA

. lo @ ‘e-— L 12 NN e 'f jul.ﬁ\""‘t(u ' ‘h’

NS FE e L emmaie )’l

5 .‘. 4 ’I / 4':’1-“1* J,{ \]‘(\ ‘ P
M~ §. &‘t’&d’ .(ﬂ{ /5 ( .y LU i 4t wld '”'”“ B

. o gt [ 5 TR S S ReirRe
4 3 { l' 6 i ﬁ f)““ U (2e ' 7 : o e ‘M AN :
"‘f' . 9 UHisttal s ‘ o .ﬁvoﬁ'%"d kaaC ¥ ’x .?@
g
c-.
;‘ )

; ;é 'T/J’A 1R edraie raau a Secek /c

L ‘mh 4-'"‘0 ‘/1’}14 7 /M/‘g,.“,

-

’lv.l ”

‘R netin e Gl

uﬂ(,\fQ\ -f()vu v-(/ VPC f!(}v 7 4

7{ Ji *r,?ké‘}d/“u"lu‘m i
Wil ol 7 0

MWan o et I e saleg

C 0 oy PN VA

o ) Mfﬂ|

— 1 -

/' .‘. . o %({ g0 S
R “-“N""“ N IS

maw e _313"

‘

[ "-‘.f

', @"’ {. 9(0314%0“‘
350 |
W:@i

/l‘& s f?fm .&'f!f ’5"”

IJ o ’Lm1(0‘m\*0 fﬂ?‘f« 3‘:. ‘
=i oy , \

I..f-t.o et Ry



Analysis of paintings
O WO0d. 011 Canvas

Understanding the

“Secrels of painting
techniques of famous artists
andy/or: reconstructing the
history of a specific painting
(possibility to be a forgery,

previous restorations, etc.)

PIXE, differential PIXE and PIGE
analysis of the

Madonna dei Fusi, by Leonardo

Universal Leonardo Project,
coordinated by OPD Firenze




PIXE analysis of the “Ritratto di
fanciullo” by Luca Della Robbia —
before restoration at the Opificio
delle Pietre Dure in Florence

Analysistof:
ceranmics

Collaboration Louvre — OpiiiciorPietre
Dure — INEN'Genova, Firenze, LNS

Production techniques of:the

glazed terracottas by.the
Della Robbia’s

Characterisation of the

Schools of Andrea, Luca,
thelr sons and Imitators

Changes In the raw materials
employed, correlated with
time, have been pointed out




Accelerator Mass Spectrometry

(AMS)

*\q very.Sophisticated technique which detects rare

Isotopes
—=extraordinary. Sensitivity

—>measurement of '’Be, “C, “°Al, *°I' and other

radioisotopes of archaeological, geological,

environmental interest




9C dating principle

« 4C is a radioactive isotope (1, — 5730y)

o [ts decay is compensarted by a continuous production in the
troposphere due 1o COSmIC 1:ays

o An equilibrium concentration of ““C is established
(~1.2-102) in atmosphere and. in all living organisms

» When an organism dies, its “*C concentration starts. to
decrease with the law of radioactive decay

[“Cl=[“Cl, e”
(with [“"Cly=1.18 10"

10000 [jmefrom death 30000 4000 years 0
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9C dating principle
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How “C can be measured
AN/ = A N

- P

[-counting mass spectrometry

!

Accelerator Mass Spectrometry

large sample masses (10=100'g)
and. long counting times (hours or
even days) needed

“Standard “mass spectrometry is
not sufficiently sensitive

Ultra-high sensitivity (10:7°)
—> dating range up to 50000 years

— mass of a sample needed for dating = 1 mg




Accelerator Mass Spectrometry

(AMS)

*\q very.Sophisticated technique which detects rare

Isotopes
—=extraordinary. Sensitivity

—>measurement of '’Be, “C, “°Al, *°I' and other

radioisotopes of archaeological, geological,

environmental interest




4C measurement with AMS

Stripping at HV terminal
(eliminates interference
of °CH, ?CH,)

3 MV tandem accelerator

i

Switching magnet to
9 IBA beam lines

Sources dedicated
to IBA

Multi-sample source
dedicated to AMS

Low-energy side

High-energy side

Negative ion source Final analysis of high energy ions

(eliminates interference
of “N)

(removes residual interferences)




[so dated two fragments from the pillow,
A Franciscan relic: the frock from Cortona on which tradition tells St. Francis was

leaning his head while passing away

back side

o
o
o

Following tradition, worn by the Saint while passing away

©
o
o

The S.Croce frock in Florence

For comparison, we were also asked to date another frock, kept in the
church of S.Croce in Florence: it was also assumed to have belonged to
St. Francis

| !

eta convenzionale (anni)

Cortona_1
Cortona_3 1
Cortona_5 1
Cortona_6 1
Cortona_7 1
cuscino_1 |
S.Croce_1 |
S.Croce_2 |
S.Croce_3 ]
S.Croce_4 ]
S.Croce_5 |
S.Croce cingolo 1

Atmospheric data from Reimer et al (2004):0xCal v3.10 Bronk Ramsey (2003): cub r:5 sd:12 prob usp[chron]

tonaca Cortona 857+18BP g

cuscino 1 915+40BP %
cuscino 3 885+30BP g_ !

Tonaca S.Cfoce 66611gBP ' | | é_é

i . cingolo S.Croce 852+34BP
davanti SFE: | . | . L | \ | . \ ‘ |

600CalAD 800CalAD 1000CalAD 1200CalAD 1400CalAD 1600CalA

A sample was also picked up from the rope belt assumed to be .
associated with the frock (sample SFF6) Colllbizirei- e




Dating the
“Arthemidorus payrus” _

S

Atmosphenc data from Reimer et al (2004):0xCal v3.10 Bronk Ramsey (2005): cub -5 sd:12 prob usp[chron]

Artel 1974+80BP “"‘“‘_s
e e
Arte2 1906:67BP

-

CalBC/CalAD
Calibrated date

Calendar date of the papyrus

between 15 AD and 85 AD (1 o confid. level)
between 40 BC and 130 AD (2 o confid. level)




Conclusions

Basic research on elementary particle physics is trying to
answer fundamental questions about how the Universe works

The Standard Model is one of the most successful theories

The Standard Model tested so far but many questions are still without an answer.
Fermions s * What is the origin of the mass of quarks, leptons and
B force carriers ?
g B + Why matter is made of fermions and force carriers of
gluon bosons ?

F * What is the dark matter (and dark energy), which
e pervades the Universe ?
The simplest solution: * Why our World is made with matter and how the
antimatter disappeared ?
* Why the interactions are so different in strenght and
why Gravity cannot be included in our SM theory?

1 01 * Are quarks and leptons fundamental particles or have
Banallite aliiosil : ol they internal structures ?

S W honr iy el e We believe that the answer to some of these questions is probably

found !
; hidden in the so far unexplored TeV region which will become
accessible with the CERN Large Hadron Collider (LHC)
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=

This basic research requires the use of cutting-edge technologies and
instrumentation and therefore stimulates advances in technology which
may have big impact on the everyday life.



