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Research program has put ultra short-pulse laser
and beam physics at the Forefront of Science

Acceleration, Radiation Sources, Nuclear Applications, Medical Applications
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Doubling energy in a plasma wake




YcKopeHue 3JIeKTPOHOB

Lemm:

*PekopaHbie dHEPIrun. | s3B-uHxKeKTOp 1A
CTAHIAPTHOTO YCKOPUTEIIA.

*KoHTpONMpyeMbIii HCTOYHHK BHICOKOYHEPTHYHBIX
ICKTPOHOB «HA CTOJICH
«JITC. Fast 1gnition

*Hctounnku propuunoro nanydenusa (THz — gamma).
JICB «Ha cToyie»

*JJICKTpPOHHAsA paauorpadus
*KOpOTKOXKUBYIIIME MEAUIMHCKNE U30TOIIHI.

*DJICKTPOHHAS Tepanus pakKa



Fermitron

[ ~10"km
E =10"eV

JlazepHbIN yCKOUTEID

v

~ 460 m ~1m
SPring8



Classical and LWF Accelerators

E-field =~ 10-100 MV/m E-field ~ 10-100 GV/m

max
Material breakedown
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INJECTOR Electron Bunch
RF cavity § el glestis el
i Compact electron accelerators
1 Gel = 0.1 km Plasma wakefields:
fast waves

30 Gel" =3 km (SLAC)

I TeV = 100 km s Plasma channel: Guides laser
Pulse and supports plasma wave

breakedown



Center for Ultrafast Optical Science
CUOS
NSF Physics Frontier Center “Frontiers in
Optical, Coherent, and Ultrafast Science”
FOCUS
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c § o oo Experiments to intensities greater than
University of Michigan 1022 W/cm? are being performed
(up to 500 TW
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T. Tajima and J. M. Dawson
(1979)

FIG. 1. (Color) Plasma demsity perturbation
excited by Gaussian laser pulse with ag=1.5,
kel k=20, kL= 1. and k rg=8. Laser pulse
is traveling to the left.
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Solitary bubble regime
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NHkeKknug

1. BHeIHASI HHKEKIHA NMYYKA

2. CamouHKeKIuA (OHpOKI/I,I[bIBaHI/Ie, TorepevHbie SPPeKThL, Tepopmars
JTa3€PHOT0 UMITYJIbCA, CTOXAaCTHYECKUI HArpeB SIIEKTPOHOB, JAe(popMalIys IIa3MEHHOM

BOJIHBI 3aXBAYEHHBIMU YACTUIAMU ... ) HEKOHTPOJIUPYEMAA
3. CamouHxeKIIHuA KOHTPOJIHIPyeMas (IpopUIMpoOBaHHUE ITIOTHOCTH. .. )

4. OnTHYecKAasi HHKEKIHA KOHTPOJIUPYeMAas (tonjepomoTopHas || u -
CTAJIKUBAIOIIHECS UMITYIILCHL. ..)

B

Electrons excited by the
mtense short focal length laser
spot are trapped in linear

plazma wave and accelerated.

injection pulse

Ve v

: | Short focal length

S. loHH3aIHOHHAA HHKEKIHA

driving pulse

a |]_DHE focal lenﬂth




KoHTpo/mMpyeMasi HHKEKIUS 3 CUET
HEOAHOPOAHOCTH

HEI

Laser pulse Plasma slab

; 1,=20%

100 200 300
E, MgV

A.V. Brantov et al., _
PHYSICS OF PLASMAS 15, 073111 2008




CxeMa THIMHYHOTIO SKCIMEPUMEHTA

Electron Beam
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Near-GeV electrons from gas jet

S. Kneip et al., PRL 103, 035002 (2009)

“Astra Gemini” RAL, 2=800nm, t=55fs, [=2x10!°W/cm? (10J, a=4), D=22pum
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FIG. 1 (color online). Spectrally dispersed electron beams at
the exit of the magnefic spectrometer for gas jet lengths (a) 3,
(b) 5, (c) 8, and (d) 10 mm, at a plasma density of r, = (5.7 =
0.2) x 10" em™* with (10.0 = 1.5) J of laser energy on target.
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IKCNEPUMEHTHI ¢ KANIUJLISIPOM

D=60 pm

two prepulses 0.7 and 6.3 ns

Kitagawa et al., PRL Vo0l.92, No.20 (2004)

+V

% V\’\'\'\F
laser-machined capillary

into sapphire D=190-310 pm

laser in electrons

electrode

. . W. P. LEEMANS et al.,
Gas-Discharge Capillary Nature Phys. 2, 696 (2006)



1 GeV bunches by channelling 40 TW laser pulse in
a 3-cm-long gas-filled capillary discharge waveguide

ey

The horizontal axis 1s the
beam energy and the vertical axis
003 0150175 03 0.4 0.6 08 .0 1s the beam size. The 0.5 GeV

! (1.0 GeV) beam was obtained in
the 225 (310) um capillary with
n=3.5x 108 (4.3 x 1018) cm3
and laser power of 12 TW
40 TW).
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Ionization during the interaction

Experiment+simulation(theory) =CUOS(MMICHIGAN)+VNIITF+FIAN
Phys.Rev.Lett. 104, 025004 (2010)

Simulation

— Better injection — increased charge

— Lower divergence

.
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How far can Iaser-plasma acceleration go?

Wei Lt £ “Generatir 19

1 multi-GeV
Phys

electron

lev. Special Topics

bunches using :|||f||n~ stage
ccelerators & Beam:

e laser wakefield acceleration in a 3D nonlinear regime,”
10, 061301 (2007)

3D computer simulations increasingly guide development of future experiments

Laser Pulse Plasma Spot Int. - Energy comments
Power | Duration | Density | Size | Length | charge | Gain
[FW] [fs] [em™] [Hm] [m] [nC] [GeV]
channel-guided,
0.04 30 1.5x1018 14 0.011 0.25 0.95 self-injected
Leemans (2006)
1.0 80 |5x1017 | 34 | 008 | 13 | 57 enjacted
20 | 100 |3x107 | 47 | 018 | 1.8 | 102 | e
2.0 | 310 1016 | 140 | 16.3 | 1.8 | 99 | coeman miectes
40 | 330 |4x10% | 146 | 42 | 8 | 106 | et
20 1000 1015 | 450 | 500 | 57 | 999 | seriedies
lable entries feature 1. stable plasma structure
2. |II_.-J sing — 'I o depletion

3 f:'-: u]‘l g heh

Mn energy extraction & beam quality

Texas Petawatt



Interaction with an ultrathin foil

. PensiruBHCTCKAs HAHOIJIA3MOHHUKA

Submicron electron sheets

Typical foil parameters: n = 50 n_., foil thickness 6 ~ 80 — 120 nm

crrs



Electromagnetic field in the focus
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JJIEKTPOHBI «BIEepeI» U3 YJIbTPA-TOHKHUX IJICHOK

Sp— 3D PIC
CyOMUKPOHHEBIE CIIOU
il (PEIATUBUCTCKHUE
3epkaia for tunable ultra-
E
2 0 short X-ray source)
=,
n=100n.
Ak ~30 fs
120TW
fil
I 20
= 7 | 100 nm, 120 TW
2 410 | 250 nm, 120 TW —-=-=- X, um
= | 250 nm, 500 TW ===~
< 310 f | e ol
g alx.f)=ay exp[—(x/c—1)"/AT*]
i 7
- 210 _ ) Iy _
- ' 5 T exp[- (nTVATY]
il " = T dlicCos 3
=T Y % | expl—((n - 1)T/AT)?]/
= "x_\_
= .
D = AE R’ 2mwmc’R?
0 40 80 120 160 200 Afows DB 4, 2P
= Aa, -
e, MeV " Ae

KBASHMMOHOOHCI CTUYHOCTD TOJILKO

JUISL IOCTATOYHO TOHKUX (POIIBT
K I Popov et al, PHYS. PLASMAS 15, 013108 (2008)

K. I Popov et al, PHYS. PLASMAS 16, 053106 (2009)



JJICKTPOHBI U3 YJIbTPA-TOHKHX IJICHOK (3KCIL.)

b)
g W

collmator —, o LANL, “Tn dent”,
’ [P} 90J, 1=500fs,
laser pol.

axis: @ T — A=1.053um, D=9 um,
»H 1.{ 85 - T [=2-102"W/cm?, (a=12)

DLC Relativistic electron sheet (sheets) DLC targets
foll

x 10°

2
]

electrons

o

Tunable ultra-short
X-ray source

.
o

particles (Me‘u’_1 msr_1:]

f=]
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energy (MeV)

— Enm
A 2NN

D. Kieferl et al., Eur. Phys. J. D 55, 427 (2009)



Toacras S10, MuieHb, Front IP Back IP

IJICKTDOHbLI «KHA3A1» E > 150 keV E > 300 keV
P T T ho prepulse

a L ur )
g
a
= go!
% Electron beam E-
g &
G T / &
oy
Prepulse line <
=4
!
1.2 off-axis <
2md, 30 fs paraboloidal mirror \L
800 nm pulses o
Ui
(S
S
. Well collimated e- beam between -
specular and normal v g

Il.  Electron signal increases with 0t to a
max at ~ M2; For > A2 scale-length
the beam broke up, toward normal

.  Electrons evacuated along the laser
axis: direct acceleration
of femtosecond e- bunch Laser specular cone




Beam Profile [

m For E> 300 keV, FWHM
intensity of the e- beam has
a divergence of ~15°

— Horizontal
== \fertical

m Total charge
in the beam ~7pC

Signal [arb.unit.]
o
&

Energy Distribution and Scale-length:
“Ouasimonoenergetic” Bean 108

co

— No prepulse
m  Non-Maxwellian spectra with a - dt = 27 ps
double-peaked structure for short

and intermediate scale-length

m High-energy peak becomes hotter
with increasing scale-length to a
max at A/2

n AtL,=N2, E,

dN/dE [(0.01 MeV sr shot) ]
P

= 780 keV

m For long scale-length, distribution 1s
close to a Maxwellian

04 08 12 16 20
Electron energy [MeV]

Averaged over up to 250 laser shots



Collimated relativistic electron jets from field

A&  electron ionization
= e bunches from

3 mJ, 32 fs pulse Oand S
Rf=1 2 |.Im 0, energy

0 .15

P-Polarization

150

100 =i i

SIO, massive target

210\

ionizec
target
2D Hybrid Code PICNIC

(RFNC-VNIITF, Russia,

Target expansion —
during prepulse s
of 20 ps

1800 s T
B e ¥

I. Glazyrin et al.) 1.0t Jml
3087 |
© i 1 2100
- - - E Ols i
Experiment+simulation(theory) 2
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CUOS(MICHIGAN)+VNIITF+FIAN 3
Phys.Rev.Lett. 235001 (2009)
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Compact synchrotron radiation source

Gas jst

Laser

Electron
spectrometer

Seintillating Y
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Undulator radiation spectrum and corresponding electron spectrum
Black — from 64 MeV, 28 pC ¢electron bunch
Red — from 58 MeV, 14 pC electron bunch.

H.-P. SCHLENVOIGT et al., Nature physics 4 130 (2008)



Betatron Motion in LWFA Plasma

Kneip et al. Proc. SPIE 7359 73590T (2009)

Betatron motion in ion channel - A

Synchrotron
A-ray beam

————

—

Electrons bunch

Significant size reduction can be achieved by using LWFA plasma as a
source for x-ray beam

Stanford Lihéar Accelerator Center



A narrow x-ray beam (6, <4
mrad) 1s observed.

20 mrad

10 MeWimrad?

::-a ___g—rwﬁ‘wum___
o 6, =12mrad
6. = Amrad
y
- Electrons: 220 MeV ¥ =440
-K =vy0
. K,=5, K,=1.5

- ~10° photons at 1 keV

Nozzle dia. 5 mm
N, =5x10"® cm3
a;~ o



Peak brightness comparable

SOUrces.

to 3rd generation light

P
-
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DESY

ESRF

Petra 3 X-ray uw

*Some shots shows E_.,~ 40 keV
*The brightness is calculated by assuming
30 fs duration of x-ray pulse which is the

duration of 400 MeV electron beam

2 . Hercules ! E_. ~ 10 keV
e 107+
o
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o
B L0
= 10" Petra 3 VUV undulator SOLEIL
-~ U20
v - LBNL
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X-ray source with relativistic mirrors
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Spatial Fourier analysis of
the reflected (red) and
incident (black) pulses in the
case of a mass limited target.

a thin foil (d, e).

The electron density distribution and the distribution
of counterpropagating pulse electric field after reflection.

S.S.Bulanov et al., Phys. Lett. A 374, 476 (2010)



Positron Creation Using Ultra-intense Lasers

Penning-Malmberg Traps Ultra-intense Lasers

Theory only Experimental
N, ~ 8x10'4 N_, ~ 8x107
V ~2.7x% 107 cm?® V~6cmx1mm(D.) V~1mmx1mm(D.)

i I

Could lasers create the highest density of positrons in the laboratory, by
creating a large number in a short time (~ picosecond) ?




Two main processes involved in laser positron
creation in the presence of high-Z nucleus

1. Direct (Trident) pair production
e+l D2 +tet+”2
(Z: nucleus)
2. Indirect (Bethe-Heitler) pair production:
e+ Py+e +”
r+/Z de +et+”2
(v. Bremsstrahlung)

-
-
-
-

w - 6 +Z->6"+207+2 T =
_2 'r" - "
107 / . LASER 0’"\0 e
_3 r
10 7}; K. Nakashima and H. Takabe, - e- Y ek
_4lli Phys. Plasmas, 1505, 9 (2002) B

0 20 40 60 80 100
Photon or Electron energy [MeV] GOLD TARGET

=

G o- Y+2->68 +6 +Z

£ 10 r’

N |
107} -

H

o

O

High energy (>MeV, relativistic) e-s are the key to both processes



On-site production of short-lived isotopes for medical imaging
Limitations to the widespread use of PET arise from the high costs of cyclotrons needed fo

produce the short-lived radionuclectides for PET scanning .... Few hospitals and universities
are capable of maintaining such systems ... - Wikipedia -

Positron Emission Tomography

15F PET scan of tumor 130 PET scan of human brain
radiotracer | activation reaction half-life medical use
150 180 (y,n)150 2 minutes neuro-imaging on-site
production
1g 2C(y,n)"C 20 minutes neuro-receptor-specific brain imaging essential
8F 9F(y,n)'1%F 110 minutes clinical oncology




Electron beams in radiation therapy

Dose. sk un
1 i e
0.8 Electron beam
0.8 :
4 lLu.s
0.6 i
e 0.4

Dose, arb un
1- r—

Dose deposifion

i 0.6
B e S| N 15 MV clinical accelerator

x-ray beam

C. DesRosierset al., Phys. Med. Biol. 45, 1781 (2000)



YcKOpeHHe HOHOB

Lemm:

*KoHTpONMpyeMbIii HCTOYHHK BHICOKOYHEPTHYHBIX
HOHOB «HA CTOJIC)
«JITC. Ion fast 1ignition

[Ipon3BOACTBO KOPOTKOKUBYIINUX U30TOIIOB
BemecTBo B 3KCTPEMAIBHBIX COCTOAHUAX
Pagunorpadus

MHXEKTOP 111 HOHHOT'O YCKOPHUTEIA

* AIpOHHAA Tepanus

I nepHasa puzuka
*AcTpodu3uKa «Ha CTOJICH
*HenTpOHHBIA HCTOUHHMK
MoHHaa uMIianTanums



No significant increase in particle
energies since first demonstrations

100 - =N
1 PW LLNL, 500 fs f ’{ T - Protons with

450J, 3x10% Wem'? | \‘\\ Enax=58 MeV
max

a5° \u'
B et —t, R.A. Snavely etal.,
Phys. Rev. Lett. 85,
2945 (2000)

o

.
T L

Intensity [a.u.]

100-um CH target

Newest result (APS
DPP meeting 2009):
“Trident”, LLNL
150 TW, 500 fs
80J, 10 Wcem2

Protons with
E . ..=67 MeV




DIEKTPOCTATUUECCKUM MEXAHU3M YCKOPECHMUS

* KBasuHeNTaNbHbIA Pa3JieT
Preplasma lon Beam  JIBOMHOU CJ10U I
4  KynoHoBCKk#Hit B3pbIB v

I L ] L ] L] L L
. Thin targets give higher ion energies but
Electron laser prepulse destroy the target!
Cloud
fs ps ns Thin Foil
TurMuHBLi cMeKT MPOTOHOB «BIIEPeI» MPH HeBBLICOKOM KoHTacTe (<10 %) YiayuvineHHBIH KOHTPACT
__E PTLL | SR el e %‘ "2 | opaanonat aams aness acn: socsy (N, Ui T OO
g | S s The higher < 2 5 ]
2 ool E contrast <
=} E Ti= KoV I.E 2.0 . ?
: \‘\fﬂ £ s the thinner ¢
E-mar "~ 1 3 ) b | tal‘ Et Lg
a | Eﬂerg?l E 1.0 H £
= 108 . . . .Em-u.ﬁ i E 0.5 i e apetated . s - D e
04 06 08 1 12 14 168 g 5 10 15 20 25 30 8 I S o
Energy (MeV) = Aluminum Film Thickness (jim} _Lower detection fimit ___, ]
L /}" ] I -fiI JD‘ J' .I;I'.'I... .-1 D(; -‘I 20
A Maksimchuk et al., Phys.Rev.Lett \ Target Thickness (um)
84, 4108 (2000)

A.J. Mackinnon et al., Phys. Rev.
Lett. 88, 215006 (2001)



Very sophisticated targets

2Uum
Poly tetra-fluoroethylene
(PTFE) film with micro tips

Pizza-Top Cone Target

«Trident» LLNL Hamamatsu Photonics
B?V IIpenBapurenbHbIn
] I/IMl'Iy.]'IbC
= -

— &
o OCHOBHOU |-2um
20
% HUMITYJIbC
% 20 40 60
¥,

Y.Y. Ma, et al., Phys. Plasmas
16, 034502 (2009)

MIyY



Most energetic ions from nm foils

109 L ) 1 1 I r—
— Best shot at
| e 10 58 nm
- Losames Trident 2 0.525GeV C°*
2009 > 10
= .
. @ T
Surface ?leanmg 2 10
1. Heating o
2. Laser ablation % 104
104'l'l'f'l'l'l'l'l'f'l'l
0 100 200 300 400 300
Eiarget = 90.1J, t=540fs Energy [MeV]

| = 2x10 2x1020 20 W/cm?

Short Prepulses = Contrast (I, / |,,.) < 5x10-1°
Pedestal = Contrast (I .,/ |,,.) < 2x10-12

Protonsignal [a.u.]



Optimal foil thickness

2D PIC Proton energy from
simulation H-foil target
There is an optimal thickness for * n, =100 n,
given density and laser intensity )
Relativistic transparency: 100 | 35fs |
nl [=10"Wem™
< << a 1L 1 1 1
n ] 03 L0 1.5 {{ pm
c
Brantov et al., Quantum Electronics
37 863 (2007)
&i — '3 4+ U *l(f . {) O \/ ! \2 I ()_1(\‘ Ne ] Condition of
% A o N a=U.00 / _ a>TmT—— Coulomb explosion

Esirkepov et al., PRL 96, 105001 (2006)

Ne A
Ema:x — TTZNN‘_’ZI(]

Maximum 1on energy



Quasimonoenergetic 10ns.
Optimization of laser-target parameters

Target thickness/density

Target composition/design/shaping

Mass limited target / foil

Laser intensity/duration/polarization/focusing

Laser hot sport Gaussian/Flat-top(super-Gaussian)



JABycJ10iiHbIE (POJIBLIU

0.56
EcTecTBEeHHOE 3aT PA3HCHHC 0.48

0.32

Hexonmposutyemoiii cnekmp 0-24¢
0.16}

Maxkcumuyk u p., @usuka 1wiasmsl 30, 514 (2004) T
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lase p——
‘;_-_; |
20 pm E yn- | AD
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| Large (mm-size) Au foil,
2 pm thick
: i 50x 80 x 2 pm
?q. AL
SRV 4 o .

Mass-limited
targets BAT I

(see J. Fuchs' talk )

dN/dE (A.U.)
o

!

1 LULIL, 100 TW \
|I | 1)
0] 2 4 6 8 10
Energy(MeV)

100nm Front CIRI 82
MAG: 300 x  HV: 7.0 kV  'WD: 6.0 mm

Disks: 32um diameter, 40nm thick SIN membranes

Supporting wires: 1um wide , 40 nm thick

Hole etched through 400um thick Si.

Potential for further miniaturization !



3D simulation of directed Coulomb explosion
of mass-limited target

| =5 102! W/cm?
,—-*"_/ ________‘-——____
FWHM, (D) = 4 pm m7 -
B o OHO3HEPICTHYIYHOCTD
FWHM, (1) = 30 fs_ : / P

s N i

{ BBLICOKAsI DHEPIrusi HOHOB

| *VJILTPA-TOHKAA (oJIbra
/ *OrPAHNYCHHAS MUIIICHb
B eJIerKas npuMech
*BBLICOKHI KOHTPACT

*PAANATBHOE
CIIAKNBAHIE ITYIKA

*paanaAILHAS
. | [OJISIP W3 AL
e® Impurity (protons), *YJIBTPAKOPOTKHI
7=1,M=
,M=m,,n = ZM /7 M= HMITYJIBC
_ n,=10n=20n,
. Heavy ions Brantov, Bychenkov,



Proton energy spectrum

=102 W/cm?2
t=151s

=35 10%2 W/cm?
t =30 fs

1 foil ~_

~  mass-limited
target

0 50 100 150 200

20 100 150 200

Homogeneous target

I=510%21W/cm?
T =30 fs

1022 W/em?
- 15 fs

>

Double layered target

0 30 100 150 200

HeT npenmyinecTsa OT AByCIOMHON MulieHu ! bosee mpocras AByx-
KOMIOHEHTHas oqHOpoaHas honbra paboraer He Xyxe !



KiacrepHas ninasMa. KyJIOHOBCKUM B3pbIB

gas + clusters

. ot e _______C_-l_u_sterjet
’ e S T U L el
- C laser
de Laval e, D
nozzle i N > (1/87)c(O/R2)?

(20-30 K) o »
skimmer collimator

micro plasma with Emax = R Gu-D~ R R
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NOoHBI U3 1a30BOH MUIIIEHH

mixture: He gas and CO, clusters

(a) Clusterwgas target 5-___;-4 . .
FSSR spemmmeter “‘x . 4-TW Ti:sapphire laser at JAEA-KPSI
with CCD J .“. ~" cragsaek  1~0.1n,, [F7x101"Wem? =self-focusing
% E:_Li Probe laser
4 _J\
‘ |_] Pulsed valve
Main laser with 3-stage nozzle
carbon &
5 10° > r -
3 ‘ £ 40| | 15 MoV
g y ‘. :g_ 4 | e
% 107 3 # §. 20 : —J ,“J
m 1 & 2 o4 e R d l
5 .2 o 20 40 60 r ner rn .
5 *In:;rag x, T €Co energy pe uc
g ] e TReeen for so low laser intensity |
2w0'q e w ye
5 10 15 20
lon Energy (Me\/u)

Y. Fukuda et al., Phys.Rev. Lett. 103, 165002 (2009)



3D simulation of proton acceleration from dense gas

i} Laser - 10 fsec, 10>*W/cm?, focus 5 pum

Particle density " linear polarization
g = W
Target—  dense gas plasma 40 pm
electrons + protons
_ 2 density 10°! cm

0 Lo 0 3% 4 50 a0 g )

- \
trisuticn L1 tie pkase subsaacz: 1 - 1IL.IL aaveperiods
T T T T T T
Qm = =1, Cule+in ®
cim = 547 1

o

=) - wn o

0 wo 0 2000 300 400

Electron phase space MeV
"’ (I T T Proton spectra




Detections of fields driving protons acceleration

Short-lived (~ps) deflection
at peak of interaction

N

Expansion of
bell-shaped
ion front

-4 ps

~ peak of | 3 ps
interaction
LULI 100 TW, I- 1018 Wh:m?__ .

Set-Up

[ —— === = = 1
e h
Y {
@ 0 i
I | '
| 0 !
! - 1
03 g Py o
L |

Initial large(10'" V/m) E field

ERT

E field at
lon front

(Mora,PRLO3)




Diagnosis of electron transport inside dense-maftter

(Weibel-driven filaments?)

50mg/cc triacrylate foam, 30%
Br doping, Au coating at front n,= 102-102 ¢cm>  Interaction: 500 fs, ~10™W/cm*

Proton driver: ~ 500 fs, > 1029 W/cm?<.

2Mym

t;-12 ps

E ~20 MeV"
Top view B, for CH density 250mg/cc
Filaments appear near the peak
CPA of irradiation pulses within a ~45° cone
‘ Large MeV current (~-100KA) is injected
* into target and is unstable to Weibel-like
instabilities
p+




Medical Isotope Production using Proton

Beams MMO3UTPOHHO-DMUCCUOHHAs

ToMorpadusi
Nuclear Half-life Q Peak Radiation
reaction (MeV) Cross- measured RAL: Vulcan
section 5X1019 Wcm—2
(mb)
TBpn)'C 2034 276 430 oo 200 kBq per shot
- “ _—_— Nucl.Instr.&Meth.Phys.Res.
“Nip.a) 'C 34 2.92 2 T 99%
i B183, 447 (2001)
“O(p.e)PN 996 522 140 B 100% X
© mins 1.E+06
PNpn)o 123 3.53 200 B 100%
) seconds 1.E+05 1 11 . + .
L — o 1.E+04
Deuterated %
Polysterene ;
Layer CR-39 3 1.E+03
Mylar 6 um E
Laser l / Boron \ | E+02 s
_ sample H
N 1.E+01 ¥“N(p,x)"'C half-life 20.13"0.5 mins
N CUOS, "B(d,n)!'C
- S i 1.E+00 = ] T T T T
N o 0 50 100 150 200 250 300
H[gh..energy E ApplPhySLett o o
-] deuterons 78, 595 (2001) Time/min

SR,

/,,z

Mylar filter

fs

Figure 4. Decay curves for the activated boron and silicon
nitride samples, showing that the 1sotope 1¢ was produced
via the reactions 'B(p.n)*'C and “N(p.a)''C.



Hadron therapy. Proton therapy

Photons don’t stop
Protons Stop

PHOTONS

- 10°-1010¢!

- Ag/e< few %

- P: 200-250 MeV

© C:300-350 MeV/n

The « optimum » =y
dose distribution &
Delivers 100% =30
dose to the 8
tumour target (o)
and not to normal =]
tissues. This Q
should resuit >
in improved "é'
clinical outcomes —
when proton &)

beams are used.

B
o




Fast Ignition using protons (1ons)

Requirements:
(31010 MeV) ~15 kJ

~100 kJ (for nLaser—}prGtﬂn~1 5‘%)

Curved proton rick
protons

=+ E

Laser
Laser Protons |- & ILaser ~1020 W.cm™=
Jlmlo&ed Fuel protons <20 ps |
DT fuel at 300g/cg (Dprﬂtﬂn5~35 um =>focusing

ignition

M. Roth et al., Phys. Rev. Lett. 86, 436 (2001)
V. Yu. Bychenkov et al., Plasma Phys. Rep. 27, 1076 (2001)

M. Temporal et al., Phys. Plasmas 9, 3098 (2002)

Fast 1ignition with hole boring

Pulse 1

hole boring Pulse 2

lon propagation
lon acceleration

and energy deposition {

possibility of fuel ignition at the 30 PW & 100 kJ level



CoaBTOpHBI

Cnacu6o um!

OHAH Poccus CIIIA Kanana Opanmus
bpaHTOB ['maspipun | Maksimchuk | Rozmus Mourou
boukape | ymuukosa | Bulanov(Jr) |Popov Tikhonchuk
Annpusitu | PomanoB | Nees Mordovana- | Masson-
["'oBpac Casenbes | Krushelnick | KIS Laborde
Matsuoka Naumova
Cnacu6o Bcem! The End!
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