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Once upon a time..

Roman Republic Ist Cent. BC
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EXPANSION OF ROME

1' about 2nd Century B.C.
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Greece is attached to the Roman Republic

The rel:)ublic is transformed into Empire and ...
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In a small town, Herculaneum ...
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.. is founded an E’Picurean school under the guidance of

Philodemus of Gadara and the Patronage of Lucius Call:)umius Piso
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an eruption c]estro‘q Herculaneum,Pompeii) Stabiae. ..
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Simulation of co”apsing volcanic columns and pyroc astic flow - Sub-Plinian eruption
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’ Herculaneum vs l—"’ompéii
' Herculaneum, Onlg 7 km west ?“”“&"’

: Onl lastic f
of the crater of Vesuvius, HgonepYOCEEHE St i

. was buried under 20 m. of / -
( Pgroclastic cleposits AUring |

clepositecl In Pompeii. The

Pgroclas’cic flow cleposits at

Poml:)cii IS regarcle& as lateral

! the g Ption equivalents of the lower deposits
; at Herculaneum.
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sealed by Pgroclastic cleposits

5 \. Moce”a TEC Neea ror Compact Cohéfght [ ight SOL}CCS % -

-y —— B v~ —




ek [ GV N RN TN \

adhiad

.
e 48
i D s i, <l

SN

4

5 s " @ <l T LS SRR . :
- - - - s »

Ten JL

villa

' { P IAJ:? TA
,-\!on‘r:c: T RESINA

#)~ rrcoravo

e del sottoposto” . |-

| ocation of the villa compared to the excavations

_around 1820

Satellite

TR TV o Ty g P

s T T e A T g 5 I . Ay BTN AT T
> .




o

. o i g D g " it

gy e s b

R L e s =

What does Herculanean Papgri look like?

The Pgroclastic flow at around S0 carbonized Papgri

Preserving the writing inside |
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A Treasure for Humanitg

+ This is the onlg Ancient Librarg to survive togcther with
its books.

s This rich book collection, consisting Principa”g of

fiPicurean Philosophical texts, 1s a unique cultural
treasure: the texts Preserve& In these Papgri hacl bcen
unknown to scholars since thf:g had not been col:)iecl

and recopie& in late /—\ntic]uitg, the Middle Ages and

Renaissance.
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OPening methods

First attem Pt

lmmecliatelg after clisc:overg until 1848

3

Sx_stema attuale per lo sm]rrunento
Ce per la pubbhcazwne de paplrl o

* "Prescelti che sono i rotoh o le scorze o.
frammenti, che a gludmo deﬂl unpxegau nel~

I’ officina, sembrano esternamente p)u atti allo

" svolgimento, si espongono ad un sa:,glo "Se
le pnme paginie si rinvengono' o senza ‘carat~ -

teri, o ‘con lapparenza ‘sola di ‘esservi un
tempo esistiti (3), o se il rotolo atto non sxa
a svolgersi per altra’ c1rcost1nza (b) si ri-
‘pongono mnell” armadio per conservarsi come
semplici monumenti di’antichitd. Que’ pochi
che s’ incontrano atti allo sviluppo ed alla let-
tura, rimangono nelle mani degl’incaricati di
questa lunga e penosa operazione. Svolte che
sono tre o quattro pagine, si troncano dal resto
del papiro, e si fissano su di una tavoletta (a).

Total Scorzatura

Scratching the papyrus layer bg lager

Partial Scorzatura

A variant,

considcring negligible the middle Part

Destructive method

N
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Plaggjo’s Machine
| From 175% until the 1900

Partlg destructive method
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Technologlcal fenmg the Oslo Method
leve-Stormer | 985-199%
A biochemical method continues the method of Piaggjo, since In both

Fosse~

there is the use of a tgpe of glue that for its organic comPonents does not |

damage the pPapyrus; but if in the first case the detachment occurred for
mechanical traction, in accordance with the same gluc—:, once dried, causes

cletachment oxc the shee’t 1Crom the unclerlging |agers ch papyrus
broken in 380 broken in 283
fragments Fragmentg | Problematic Results

[PRER £ 3-EC N ETECH - —

oo /b FO /O 3 / 1A
PLUERC. 7;7»7/~" / PHERC . THRIS 2
Papgrl b@core the opening, with Oslo method opening, :
After
in ]986~87
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Present situation

sometimes still kept in the Position theg were

y

All further at’temPts to unroll the Papyri or to separate their Iagers mecl*xanica”g had

Placecl on the shelves of the librarg

been abandoned until now to preserve their Phgsieal integritg and the Possibilit9 of
reacling them as continuous texts one clay, because an excessive Percentage of

these ancient texts was irretrievablg lost bg the application of ditferent methods
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| Somethmg about wrltmg N Ant:qustg

|

P S N S — —— T &

Wrxtmg on paper IS essentlal to cuvxllzatlon as leg the Elcler remarks in I”IIS Natural

{Hlstorgl when he describes the different tgpes of Pap9r1 the method 01(‘,

‘ manwcacturmg them and all what concerns wrltmg materials in the mid-1st centurg AD

¢
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4 Material and Methods

2 Fragmcnts were used for the analgsis

f @ X~ Fluorescence (ID21)

Spectroscopic technicluc that allows elemental analgsis

@ Xray Diffraction (ID11)

atilh g APyt i By

Analgsis of the structural atomic arrangement (crista”inc

structure)

QX~R89 A]:)sorption Near Ecﬂgc Structure (Xanes - Dubblc)
Allows stuclging the chemical bounds, which compouncl of Pb
@/nfraRed Microscopg (Det lab)

D e i, Al g b by Ui - o iy~ e LGN

Qualitative tcchnic]ue for a better visualization
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Ruled lines
| PR 2 e Quartz stglus or
' Natural Ruled Lines?

tCristobalite has the same chemical formula as quartz, S102, but a distinct crgstal structure

Herculaneum 200C Fresh

Scribes used straight ancl;thick hOf’l:ZOl papyrus fibers to guiclc—:
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E. Brun, ..& V.Mocella., “Revealing metallic ink in Herculaneum Papgri”, Proc. Natl. Acad. Sci. USA, 113 (14) 3751-3754 (2016).
P. Tack, et al Tracking ink comPosition on Herculaneum papyrus scrolls: quantiﬁcation and sPeciation of lead bg X-ray based

Sl B i gmin,

1

4 techniques and Monte Carlo simulations. Scientific Reports 6,20763 (2016)
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'Non invasive reading :Principal ditficulties

)

+ Ink chemical contrast

{ In Antiquit% Papgri were written using a black carbon-based ink

|
!
)

|

R . A g g ity oy i

obtained from smoke residues, the clensitg of which is almost the same

as that of the carbonized papyrus.
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'+ Conventional aPProaclﬂes m e @'cm:@;,g\g;,. 3

A L o

Uﬂtll NOW, thercncore it has aPPearccl lmPOSSlblC t® cllstmgwsh 1n|< From
papyrus msxcle a papyrus ro” usmg the Penetratmg raclxatxon owC a
conventional X~ray source and tc—:clﬁnique, where the X~ray image contrast is

based exclusive|9 on the X~rag~absorption Patterns of ditferent materials

, —
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4 Absorption Radiographg & Tomographg |

Radiographg : Sum OF thé attenuation alonga rag Tomographg

, Good lateral resolution % Dimension in medicine and industxy

No clepth resolution .v‘

PENE ST

==&8 Collimateur
Détecteur

Nobel Prize 1979 (medicine) to G.N.
Hounsﬁeld, «forthe development of :

|
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X
ANy
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B
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First Public racliographg
(1895)
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computer assisted tomographg » ¢




jAbsorPtion vs Phase Contrast Racliographg :-_

, |
; |
| Absorptlon S T Phase Contrast |
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How letters are detected?

V. Mocé”a _ Nuove prospettive per la lettura non invasiva dei papiri..




* Phase vs Absorption

Complex refractive Index B= l—‘u U lincar absorption

: 4

27T

N electron clensitg

)

7
— ~ jCXP(——I’)X]O,X R atio between Phase and Absorption effect

%~ 10,1000 In hard X~ray

T = e
Z ﬂé t_ % 100 F A
; 3 N
PhBSC CII]CICCT’CﬂCC Water window Hard X-rays
' _Enerav (keV¥
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Phase sensitive images are obtained:

Direct Phase shift

—~ "¢
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Interferometer

Differential Phase shift

d®

s pad T 2

dx
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Propagation Based — cdge contrast

Crgstal analgser CO!"IC!’CH’C i”umination
Gratin g intencerometrg
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Coherent X~-ray source :

sgnchrotron light

The European Synchrotron

Grenoble..

.. atthe end of every roacl, a mountain

J Mocala 39'11

chrotron techniques applied to Herculaneum papyri
hrotron t q Pprclt H | papy




QOur aPProach (2)

* We raclica”g changecl the Paracligm of the technique:

‘o ——

P e T e g g oy i . ot

- ¢] etters can be read using Phase contrast - eclge detection

* The morphological information as the internal deformation or the length of the papyrus, the arrangement and
the characteristics of the fibers which make up the structure of the support IS on|9 the starting Point

*Our attemp’c is to retrieve a specxal l(lﬂCl of m?ormatxon the beXt: identified w:th the weak relxemc of mk depos:ted
on the papyrus surface. -

*Even if Papgrus and Ink absorb c]uite unhcormlg o1 signiﬁcantlg enhancing he image-—
contrast etfect is obtained ex]:)loiting X~rag Phase~contrast tomographg (XPEE

Monochromatic

Pre-Filtered X- X-ray beam
ray beam Optics
// system

Lave Papyrus roll
Monochromator

11m
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P i = R

Analgsed Papgri

PHerc.Paris.1
Fragment

PHerc.Paris. 4
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“would fall” “would sag”

WOVLD SAY WOVLD FALL

b MEL films
| e https ./ /vimeo.com/ 171548561
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5D Volume
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;Complex Internal Structure of PHerc . Paris. 4
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Letters sequences

inside the scroll

( The script here is noticeably different from that of Fragment from PHerc.Paris. |

K1

]COF example, a WOFCI O]C thC

HEY
feminine definite

can be a single word like article “The
e e e “The?

)" ’ ~
; , Lu.. verb Famllg KLVELV ‘to move’
xpv-eLoglal ... ‘to cleng

ﬁrst sgllable O{: a nominal

P N — - g —— - ————y oy il . ety A WPl —cntilh i

ct. for example, In English

euplﬁonia, euphonic,..
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sma” clecoratlve hook

not Frec]uent in others Papgri
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A Possible attribution

The overall close similaritg of the two hands could lead us to date
PHerc.Paris. 4 to the same Periocl asdeerc 1=k that IS, the second
c!uarter of the first centurg S according to the clating Proposed bg G.

Cavallo
R -y
- ‘T‘"’
e Y il

The papyrus 1S cuite likely to contain a
text bﬂ Phi loclerr us.
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Future Prospects (1)

» Pt analgsis:

lmProve algoritl’mms For segmentation aPPlied to very complex sumcace
?l many collaborations are s’tarting right NOW

Develop ’co’ca”g new a]:)l:)roaches

fixperimental tecl’miques

lmProvement of technique: new experiments are scheduled

Develo[:)ment O)C new techniques New cletectors

‘ New compac‘t coherent sources
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Experimental Techniques

New techniq UES (Most promisingis):
Fluorescence based Tomograplﬁg
combined with the

Phase Contrast Tomogra ohg

Can add chemical sensitivity exploiting our Knowleclge about ink

com]:)osition.

Requires the development OF Nnew e%cient cﬂetectors.
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New coherent comPact sources

1 Papgri can't go to the mountam—-sgncl’xrotron,

the mountain~59nchrotron must come to Papgri.

In Pcrspective :
* We cannot bring hundreds Papgri to Grenoble or elsewhere

* We exPect to find new burn Papgri in Herculaneum

We need Coherent Coml:)act sources

lclea”g combining new eficient and coherent comPac’c

source with new exPerimental techniques.
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Man9 COI"ICFCI"IJE COmPBCt SOUrce PFOPOSBIS
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Thomson backscattering (TS) such as it

SFARC LAD atat LNF
STAR Project (SOuthem european Thomson source for Applied Research)

. -

E3 /,‘
-

Inverse Com PtOﬂ scattering compact X-ray Iigtit source with flux and brilliance orders of

magnitucle i:)é\leﬂCl existing iaboratorg scale sSources are PFOPOSCCI
High—-l:)eak [:Jower laser (PW} Biedron et al. Proc. SPIE 996406 (2016)
Graphene ~P|asmons basecl tree—-electron

electron~P|asmon scattering is distinct from the electron-Photon scattering
of the standard Ti’iomson/ Coml:)ton CiCFCC’C, opening up many possibilities

not aci‘iievable With regular Plﬁotons

Nature Photonics 10, 46—52 (2016)

Plasma wakeiield Ci:i:CCt (Nature Phgsics 6, (2010)
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What about unexcavated levels

Partial excavation

- it .+

.
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Vi rtual

reconstruction
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NCW Prosl:)ects not onlg for the many Papgri still unopenec

i
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Future Prosl:)ects 2

A Promlse that many text from the li brar9 of the Villa dei Paplrx

the contents of which have so far remained unlmown,

may in future be decipherecl without ciamaging the papyrus n any way.

J

but also for others that have not yet been discovered, Perhaps includ Ing a

second IiBrarg of Latin Papgri ata lower, as yet unexcavated level of the Villa

\. Moce”a TFIC Neecﬂ Ior Compact Coherent ST ht SOurces




New excavations cannot be Postl:)onecl in&eﬁni‘celg

The eruPtion of 1944 of Mount Vesuvius
L

’

.

v

»

-~

A
=

Vesuvius is one of the most clangerous volcanoes in the world
Nature 473, 140-141 (2011)
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