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,‘ﬂ %aotic (and thus Violent) Mutations L
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Cancer causing
human genome
g mutations: scary!
(Time Magazine)




5-year survival rates after curative treatment in

early cancer stages
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Radiotherapy Surgery Chemotherapy
alone alone alone
79 % (3Y) _QE o
Prostate 66— 79 % (10 y) 75-85% o
6 —50 %
Lung (Stereotact. RT: > 50 %) 30-807% @
Cervix 63 -91 % 74 - 91 % %
Skin up to 100 % up to 100 % 1]
60 — 80 % (T1, T2) comparable with
Anus 33 — 58 % (T3, T4) results after RT Z
Rectum ~ 65 % 78 —82 % %

@: no data in the literature: CHEMOTHERAPY has no curative potential in solid tumors (exception: testic@lar

cancer)



In the last decades: no improvement of survival
in metastatic cancer diseases L
(macroscopic metastases)
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Prlnz:p Hﬂﬁﬂ”ﬂg LUberlebensrate von Patienten mit metastasiertemn Oreankrebs in den verdandenen 26 lahres
Uberlebensrate 100 £ J 1 S
MAMMAKARZINOM

Jahre nach der Chemotherapie

DER SPIEGEL 41/2004 161

Data from "Tumor Center Munchen"
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VY4~ LMU:

Chemotherapy (medical cancer
treatment) has no curative
potential in solid tumors!

WHY?



Chemotherapy @;
LMU
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Homogeneous dose distribution

The tumor cell kill depends on intrinsic
radiation sensitivity, DNA repair capacity,
repopulation, oxygenation status etc..
However, the entire tumor can be irradiated
homogeneously with that dose, which is
necessary to kill all clonogenic tumor cells,
even the most resistant ones.
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Inhomogeneous dose distribution

The tumor cell kill depends on the transport of
the substance to the clonogenic cells and
molecular targets, DNA repair capacity,
repopulation, pO2, pH, MDR, etc.. In
macroscopic tumors not all the subvolumes of
the tumor, clonogenic cells and relevant
molecular targets are reached by those doses
of the medical substance which are needed
for cell Kill.
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Tumor- (Molls, TU Mlnchen; according to Tannock: Lancet 1998, Nature 2006)

cells

1070

108 l l 1 1 l l 6 Chemoth. cycles

100 | y-
104 | 109 |
104 |
102 I 102 |
0 .
O 0 1
0 1 2 3 4 5 6  month

Macroscopic Tumor: 2 5mm (more than 107 cells)
Microscopic Tumor: < 5mm (1 — 107 cells)

Cell kill after Chemotherapy: only about 3 logarithmic steps (ordinate)

M. Molls/ Japan Apr 09
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Prof. Molls (TUM/MAP) says: » e £

MG MU
“Solid tumors which consist in more than about 1000
cells apparently can not be cured by medical
treatment. This holds true especially for macroscopic
tumors which consist in more than 1 to 10 million
cells (exception: testicular cancer)

The main problem:

The medical substances don't reach all dividing
tumor cells and respective molecular targets in a
concentration which is high enough to kill the cells.
After medical treatment there remain dividing cells
from which tumor regrowth is starting.” 8




Breast Cancer: Improvement of survival by better diagnos

';‘/}\(Vﬁv and earlier detection of the tumor

(Patients with breast carcinoma in Brisbane, Australia; Webb et al, The Breast 2004)

Patients

Average age
Tumor < 1cm
Tumor > 2cm

Lymph node metast.

Stage 1
Stage 2
Stage 3
5y survival

Diagnosis
1981 - 84

469
56 J
1%
44%
50%
32%
61%

%
74%

Diagnosis
1990 — 94

520
53 J
22%
34%
38%
46%
47%

%
84%

M. Molls/ Japan Apr 09
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Bri I I iant X- rayS M. Molls/ Japan Apr 09 @

MPQ

ction enhanced imaging: breast, ex vivo |mu

1 CT ex vivo, 2 Brilliant X-ray image ex vivo, 3 Histology

www.attoworld.de

skin-muscle  collagen strands

&
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Ca in collagen

fat

2: DEI 33 keV 3: Histology

Bravin et al. Phys Med Biol 52:2197-211, 2007 10
© D.Habs



Small-angle X-ray scattering (SAXS)

L

normal tissue
contains collagen

fibrils in regular,
hexagonal-like »
arrangement m Wos
- s
* 1" cancer cells degrade

\ regular structure of

o -,
P o collagen fibrils, making
';!..'L ) them thinner and their
healthy cancerous axial period longer

micro-x-ray beam

vision: direct cancer diagnosis without biopsy

M. Molls/ Japan Apr 09 from © D.Habs
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A discerning view
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Before and after

DaimlerChrysler’s long turnaround
PAGES 12 AND 83-85

Reform fatigue in Turkey

Pressure on China's currency
FAGES 11 AND &7

An editor's valedictory thoughts

Sctanze and tachnslogy 71
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Encyclopasdia Britannics snd Mulum

T FIRST, it was an inneesrs e of ac

curacy. Last year, joumalisyat Kutune

wondsrad ko seientific entries. n Wikl-
pedin—a free web pneyclupudic tha any
ant can edil-compamed with shose i
UErcychomaedia Brianmica”. They oo
plled 2 b=t of subjects, downlosded e
vant eniiles (rom each website, amd e
tha mesults o expers

Thie firschrgs wens puhlished in Dicen-

Lrer arsd Brimmnica won=a hlmw bad heen
siruck hy the gold-slendas] encycopedia
compibed by meperts uver ke cellecnive
kacwledge of a banch of hoblyins and
amateur Escepl thar he esulis held &
suipeise, Dritennics conteined a Lot of er
s A 1t was only %% meaw sreuraiy
than e leee epcvologedia

s wews il oo musch e Bricapomica
o, fve weeks agn, it lssmched o woatnossy
imireal bl editor and sxperis mpick
apnrtthe Motune shudy, The lim's 20-pige
pepodt concluded thm “abmims everything
about the joumal's investigadon was
wmng and paseschng”. Oh, and 8 de-
manded thin Manre e s sy, Ko
ture it back with its cwmn eebaial and e
fused in rracy emything. O March 17h
Britannka ford anathes =lva, with ad
wertisements in the Times and the New
Vark Tomes, Mutuncwetumed fire with ore
bl editorial

Some of BAmnnica's criocisms s
ptihlen. I ddidn’t Bee Namre's headline,
aid Ted Fagra s, Brsanmaca’s maostive edi
o, sy Miatire didn't allow Britnnica in
sapamy of thesvidizics oo whh hesudy
wis based until 2 week after 2 wax gub
lished That i & b unspoeiing. 1o the
medip benge after the sbudy's release. M-
pare’s pomalisis malked wodaly shout this
findirs, while Brismnica's ednars Gli
ehey could pet dedfand iheseil ves.

Besidas these quibintes, thans i Gou
il of e st lssues, Omeisthe ovee
all arruracy of Erilunnica, the oiher ks s
rekative acousacy coempaeed with Wikipe:
diw. Cin the first, Nanire ideniified 123 e
mors in 4 Brilesmics e, These com-
frise facnaal arms medasding siements
wnd exilical amissions.

Hivweves, many of thise “ermoes” are
peally the opinion of the meviesn. Foe e
armple, a Matsee reviewer soys of the B
manraca enicy an e Cambiien peclod dhat
the “evolation of hem pares ab chi b e
mng af (he Cambran mokeed much
muore than descdapmesl of caldiumn car
bonaie” Briviomics mwpdes: “the eticke s

Phase contrast imaging: F. Pfeiffer
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phase tomograms

absorption tomograms

F. Pfeiffer et al., Phys. Med. Biol. 52, 6923



State-of-the-art 3D phase-contrast tomography atiz)

\fighly brilliant synchrotron radiation sources
7 renoble/ France

www.attoworld.de

tumor
white & gray brain matter (2mm size)
contact:
franz.pfeiffer@psi.ch &
WWW: F. Pfeiffer et al., Phys. Med. Biol. 52, 6923
http://people.epfl.ch/fran (2007)

z.pfeiffer
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}WP Small tumor detection 15
/ W= :
(by such method as Phase Contrast Imaging)

Early tumor detection:

 Less chance of metastasis

« Higher Quality-of-Life (QoL)

 Fit for laser acceleration approach
(compact laser accelerator:

not good for large dose)

15



Sharpness of Dose of Proton Therapy 2.

V|-

LMU

X-ray IMRT

Jaosued ajelsoud

wnjoal

Proton IMRT

Surgical sharpness of dose compared with
X-ray Intensity Modulated Radio Therapy
(X-ray IMRT)

www.attoworld.de
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Artist’s view of the Heavy lon Therapy Center
(HIT) in Heidelberg

www.attoworld.de



Suggested Strategy for o)

N, }\L\I[ﬁ"_l:a_s_e_r_l_o_n_kc_c_e_l_e_rato_r_ LMU':

Detect early and small (laser-driven
brilliant coherent X-rays): micro tumors

small spot irradiation(including scanning):

ideal for laser acceleration of ions, as ion
therapy is nearly surgically sharp

Feedback necessary:
irradiate—verify—irradiate—verify—....
Shallow tumors and other shallow

treatments (e.g. ARMD) first
Other industrial applications
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Toward Compact Laser-Driven lon @
Therapy LMUE

7V Y-
PET or yray image of autoradioactivation
Proton accelerator+gantry
T e
L= —{pi% el
. X & K N X | \ /
laser ~sm

:rFF Eﬁc‘:ﬂﬁﬁ‘f)
Laser particle therapy (image-guided diagnosis—>irradiat|on—>dose verification)
targeting at smaller pre-metastasis tumors with more accuracy



m 5 Small tumor treatment ki)

AV AT AY LMU:

* 1kg tumor (10cm x10cm x 10cm): 70J
proton energy @ 70Gy

* 1g tumor (1cm x 1cm x 1cm): 70mJ

* 1Tmg tumor (1Tmm x 1Tmm x 1mm): 70uJ

takes about 108 protons at ~100MeV (only 10% of
the beam assumed to be used to 1nject, and 1n turn
10% of which stops at tumor; with 10% laser to
proton efficiency, laser energy of 70mlJ); takes 10°
protons per laser shot (if 2minutes therapy at 10Hz)

Within grasp!



Macular de
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egeneration; & 14 2 BEIE)

RMD (Age Related Macular
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Spot-Scanning Simulation of Laser Proton Radiotherapy

=
g
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V)

(Stmulati
dose
distribution)

Spot-scanning simulation of laser proton radiotherapy for eye
melanoma (a,b) and ARMD (c,d).

Particle-in-cell simulation (PIC) software which calculates the properties of
laser-accelerated protons, Monte-Carlo simulation software, and visualization
tools for the dose evaluation were used. Iso-dose curve:Blue: 25%, Sky blue: 22
90%, Yellow: 75%, Orange: 90%, Red: 110%. Miyajima(JAEA)2005
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Al Recent breakthroughs in LIA |

From incoherent (or heating) of electrons
to Coherent drive of them

l !

CAIL (Coherent Acceleration of lons by Laser)

TNSA (Target Normal Sheath Acceleration)

Laser

{circ. pol)
lons

Electrons

Electron cloud

Target

Taiima et al.. 2009
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Laser -Thin Foil Interaction

X.Yan et al., 2009
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Comparison of the phase space dynamics: @
' labat) i MU

(metallic boundary)

=
0
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b) i . .
?/’ lon trapping width:
N Virion ~ CNao(m/M
% I | tr,ion | 0( )
j//f;.—::rf; o RV
thick target %j 1 //: :‘; ~
(not moving) i P |
11 P e
c) d) Vi ii Al
L I 11
| T -
i X
1 - "
{i‘i:‘_ ,z;I ) g 0 —
- CAIL (with CP)
target moves
thin target

Rev. Accel. Sci. Tech.
CAIL (Tajima, Habs, Yan, 2009)
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Optimal Thickness Scaling

(

F
o g Y
www.attoworld.de

,_
=
=

VY-V
Optimal acceleration of ions

Normalized thickness o ~ a,(normalized intensity)

YW 5 10 1 20 25 389
LLNL55 (Mey) a=eE/m, oc
(T.Esirkepov et al.2006)



Recent Experimental Breakthroughs
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V- L
Leadership Nanometer target:
by Dieter Habs DLC

Sharp contrast laser
LMU, double plasma
MPQ, mirrors
Max-Born Institute
LANL, l
RAL,
PMRC More coherent

electron dynamics
in o~a,




vecent experiments in CAIL Reglmeg@g
NS LMU;

CAIL Regime: Overcomes old TNSA regime

Ultrathin film :o0 =a, , where o =d n/An_({=0/a,)
High laser contrast: not to destroy ultrathin target

¢=1]
|5 T ' |
~ o= + 1IN
= .g H circ
> R ~e= . lin.
f [0F Zs 3‘».,*.__ ce circ. |4
il C ".‘LTZ;;';' ..............
% P hen,, i
il “ @ N, WL
c B e
2 ol ':ﬁ‘ .............................................
'9 r: h~~~ ..........................................................................
£
0 L L L L L L 1 L 1 . .
0 5 10 I5 20 25 30 35 40 45 50  \lenigetal, 2009;

Steinke et al.
target thickness (nm) einke et al.)



Laser—ion energy

Conversion efficiency of laser to ion energy’:

N\-

/e

Two orders of magnitude higher efficiency in CAIL

100
>
&)
(-
2
O
° 1
C
Q
<
o
Z
S 0.1
&)
0.01

| | | | | | | | |
L 54109 W/em? NOVA 3x10%° |
| + 6x10'° _
i RAL 2x10%°
— 7x10'° —
i AsJTrRA 1x10® il
i 7x1018 _(T;g;g“;) stal
— 3k thin foil RPA 18/‘
B 2x10 .

4 thick foil TNSA
I I I
10 100 103 10%

Laser pulse duration [fs]
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Maximum energies of ions

AVl AT AY LMU
000 | |
=) 10" wW/cm?®
>
= 10%° |
—~ 100 -
9 _
Q 10'°
QJ ]
-
2 10 RAL 2x102° 7
= _
o ¥ protons, TNSA _
£ 1 .5 x protons, nm foil —
2 10 o
= e carbon, nm foil
= m carbon, cluster -
0.1 | | | |
10 100 10° 10%

Laser pulse duration [fs]

Tajima et al.
(2009)



{oward monoenergy spectrum

7V
« Circularly polarized laser irradiation

more adiabatic acceleration— more monoenergy

=k - =k
[=] =] [
] -1 -]
[ |

carban ion number (Mev™" msr)

=k
|
i
i

O.
'

10 —2

20 an ;é?-___'___b________'_jfﬁff-’
anergy (Mel) 50 6o 1

Carbon spectrum for three consecutive shots using circular polarized light
at 5 109 W/cm2 and a DLC foil target thickness of 5.9 nm
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Comparison of CP and LP toward monoenergy

) [ =
— 107} | e R RO I )
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Henig et al, PRL (2009) ==& 1=¥]
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Energy Gain in Laser lon acceleration: CAIL (Coherent

, Acceleration of lons by Laser) regime

* When electron dynamics by laser drive is sufficiently
coherent, with coherence parameter a of electrons, the
lon energy in terms of electron energy is :

S
K&

LS Y
www.attoworld.d

Emax.i — ':2'11 - 1:| {:l? =0 lon energy

(the more coherent the electron motion, the higher the ion energy)

% : , Electron energy =
c0 = me’ (Hfl + ﬂé — 1) 9Y

ponderomotive energy
Smax.i — '::2&' + 1:' (‘l?::ﬂ '::f'l ::' (Iil =+ W, tl ]1__.-“2211-+1 — 1)

a_maximizes at ¢ = 1
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\-CAIL Theory Prediction .

- CAIL (Coherent Acceleration of lons by Laser) theory has definitive
prediction of max energies

Id.d

tw

Theory E<10
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For the case of LANL
experiment prediction (relative long pulse with nm targets)



Circularly polarized laser driven

Id.de

If -
| 8

"-\--‘f

=

F
=
QO

www_attow

,_
=
=

CP laser drives ions out of ultrathin (nm) foil adiabatically

Monoenergy peak emerges
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(X. Yan et al: 2009)

30

Bucket trapping ions

l
2R’

.-..-..—.
" 5

o o
o] 2 =

= " M‘

-
oz - e F
ﬂf
Duan
] -

3 51 32 3% 54 385 56 37 38 38
X3

H

WwNUWSWOowWw uoj

V. = c\(@agm/M)

Ponderomotive force drives electrons,
Electrostatic force nearly cancels
Slowly accelerating bucket formed
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N %ward more adiabatic acceleration(4) LM
AN R B

The more adiabatic, the longer accelerated, the higher energy
Energy by CP tends to increase as ~ a,?
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Concave Ultrathin Target Enhances Energy
N vdaﬁ e

Concave target focuses
laser energy, doubling
the ion energy

(Wang et al. 2010)
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Energy Doubler: Concave Target
A% L

At 102°W/cm? the concave target lets over 100MeV protons,
doubling energy over a flat target
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"1G. 4: (color online). (a)Proton energy evolution for LP
md CP laser. (b)Maximum proton energy versus radius of
milge-out target for LP and CP laser.

Wang et al. 2010
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%ﬂ noenergetic electron bunch et
NV ?

Ultrathin (2nm) foil (CP) irradiation drives monoenergetic electrons

|deal for driving coherent brilliant X-rays
< 10° for phase contrast imaging
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(Kiefer et al, 2009)
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%diabatic (Gradual) Acceleration
NV L

Accelerating structure

Inefficient if

suddenly
accelerated
|
protons 1 | |
l Accelerating structure (cf.human trapping width:
-\ l - Vtr,human - 1m/S << Cs)
= M. = 4\
— Efficient
- = @L when
gradually

accelerated



Adlabatlc acceleration (2)

Thick metal target

\
laser protons electrons
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Most experimental
— . configurations of

proton
acceleration(2000-2009)

Innovation (“Adiabatic
Acceleration”)
(2009-)

—— - = Method to make the electrons
within ion trapping width

-

e
slow

ooo/

However, in ELI automatic

Graded, thin (nm), or clustered Vir ion = C \/ao( m/M) ~ ¢
target and/or circular polarization (ultrarelativistic a, ~ M/m )



Mﬂ W Nanostructured target

(Habs, 2009)
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Toward Adiabatic Acceleration(ca.1999)

A -

aen | 2 'd e

Energy conversion and acceleration of particles is

strongly dependent on the state uf the thin foil surfflf:fr

a, = 30

Li]

1 PW Laser
Intensity;

electron density

Al

soild : 6*10%m?
(416ng)

gas ;1.5*10¥cm?
(10.4n¢)

culster;3*10%¢m*
(208n¢)

H

soild ; 4,6*10%em”

(31.8ng)

neg: cut off density
1.4710°cm”

AI‘“*{ﬁﬁmn} m"' (2240nm) | AI'“*¢(112nm)
target type |solid culster
a,, =69 H* (28nm) H _(zanm} H* (28nm}
solid solid solid
energy o o
= ow?érsm 24% 50% 31%
ion: 8% 4% 14%
electron; 16% 46% 17%
peak
(average)
energy
H"; I 0.4GeV 0.2GeV 0.8GeV
| (95MeV) (58MeV) (115MeV)
AR 2GeV 1GeV 2GeV
(500MeV) (130MeV) (500MeV)
electron; 15MeV 25MeV 20MeV

-
=
c

Patent (Tajima) : submitted from LLNL (2002); granted (2005)

wv, attoworld.de



Why is Laser-Cluster Interaction Strong?

A B TR

nn

clusterd phase" vs. "gas", "plasma", "solid phase"
0% 09.0% o
O
009099 "¢ o &Y
009 9992 .0
/ %0°8 0 0220

gas * plasma - solid cluster like large molecular

Transverse polarization manifest!

® "Small particle system" and enhanced fluctuation

" free energy originated from
the surface 1s NOT neglected. % W B
/ %
V.

" energy and structual deformation/fluctuation o~/ || ®)
1Z W % %) /4

e Freedom of tansverse polarization L/ é 2 | O
through "surface" / #» |
" different nature in linear and non-linear dispersion
R. H. Doremus, J. Chem. Phys. 40, 2389 (1964) 44

(Y.Kishimoto) A. Kawabata and R. Kubo, J. Phys. 40, 1765 (1966)



Cluster target: order of magnitude @)
W energy gain mu;

With a modest (140mJ) laser, to go beyond 15MeV/nucleon by cluster

target
g 103 =
ﬁ_ ]l - E o 15 Wsiier
2 o] g -
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E- ] I--. 5
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= 1'[|= - i 20 41] &0
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2 10§ N LS

o 10 13 20

hor Enaegy (e
FI{i. 3 {oolor onhinel. The ion emergy specimum abizaned by the

TOF method The inset shows TOF specium obiinesd in one
laer shot which remsers 15 MeViu on sgnal A samoded
sigmal around the flight time r— 5 is cansed by hard x mys
emnitiad from the beer-clusier mieraction Egan

Clustered target allows another leap in energy of ions

Fukuda et al. (PRL 2009)
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Cluster ions strongly energized @)
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Laser-carbon cluster interaction

a2

LIVIWY =

-"‘?V} V&J"-vf”"f‘ 25x10  *

lon energy
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Maximum energy vs. laser intensity

g 4 V“"'V'"“ e
energy.vs.a CIUSter target scaling
at t=700fsec
25x10 — -
=<@--Eneray [keV] "'
210 ° Consistent to the
2 Theory by
3 L Yan et al. (2009),
5 s though it is based
. on thin film case
5x10 ' /J"
¢’ Eax = (2a + I)Q 1+ag
0

1 2 3 4 5 6 7 8
Pulse Strength a

Kishimoto, 2009



Distribution f(Ei)

Ion Energy spectrum r=125um

[on Energy Distribution
fEilog_a4 _[820_Nxy128_p1m_r125nm
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Ion Energy vs. Cluster Radius

IV

IWEWr =

“Cluster target scaling: ion energy ~
1/(cluster radius)

energy.vs.radius
at t=700fsec
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Conclusions

ancer: unsolved problem, as fundamental to biology

* |on beam radiotherapy: superior cure to chemotherapy, though
expensive today

« Detection and cure of small unmetastasized tumor = future
(fundamental cure, better quality of life, better fit for compact laser
accelerator)

« Compact laser ion acceleration: niche for small tumors

« Breakthroughs in laser ion acceleration: overcomes the previous
paradigm (TNSA) with the new conditions

« Higher energies, higher efficiency, and less energy spread

« With compact laser (102°W/cm?) 100MeV protons possible

* Feedback therapy essential for small tumors

« Laser-driven compact coherent X-ray source : detect small tumors
« A lot more medical applications on the horizon

Merci Beaucoup et a la Prochaine Fois
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