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6 mJ @25 fs
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Main Theme

• Microscopics of intense field ionisation and plasma 

generation

• Understanding the laser interaction in matter

and

• Manipulating laser produced plasma for selective channeling 

of the absorbed energy

Hot electrons in plasma : Generation, propagation, magnetic 

fields

Neutral atom acceleration; negative ions generation; coloumb 

explosion

X-ray emission from novel targets; increasing absorption; 

lowering laser threshold



Atoms/molecules

Solid slab/foil

Nano clusters

Micro droplets

** @TIFR a unique environment is setup to study all the 

different states of matter under single roof with the same laser.

What have been upto ?

Bacteria

m-crystal Boric acid



A Snapshot!



Experiment

R.Rajeev et.al, Phys. Rev. A 85, 023201 (2012)

90% absorption 
~100 fs

1014- 1016 W/cm2
103-104 

atoms/cluster
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Maximum ion energy = 700 keV

Mean ion energy = 75 keV
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Ion energy (eV)
Vinod et. al.Phys.Rev. Lett. 87, 085005(2001)

Upto MeV ions

Ar3+

Ar8+

Ar14+

J.Phys.B 39 625 (2006)in prep.

Phys Rev. A (2012)

Rev. Sci. Instrum (2012).
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Cluster charged with neutrality

(in press)
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Doped cluster for better ion acceleration

novel and non-intututive

Ar 40000

~100 fs

1016 W/cm2

Mean charge state of Ar8+

~50 keV /atom
~100 fs

1016 W/cm2

10 fold in x-rays

7 fold in electrons

3 fold in ions

Ar clusters doped

with water
Phys. Rev. Lett. (2001)
App. Phy. Lett (2006)
J.Phys. B Lett. (2005)

Chem. Phys. Lett. (2006)
Euro.Phys. Lett (2008)



5 Xe atoms doped in 40,000 He

Ionize all the atoms!!!

Under otherwise unionizable 

condition

Done with Max planck partner group
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 Microdroplet(with prepulse)

 Solid (with prepulse)

 Solid (no prepulse)

M. Anand et al., Appl. Phys. Lett. 88, 181111 (2006).

Patent :

Efficient Hard x-ray source 

- occurrence method and 

device

Patent :: JP/2004-162188  

X-ray Yield : Solid vs Micro-Droplets

22

68 times enhancement 

at 

2 X 1015 W/cm2



23

120 times

104 times

Normal Bacteria

Biologically Inspired Plasma Science

Engineered Bacteria

X-ray brilliance of bacteria !?!

Opt. Exp. (2012) patented Opt. Exp. (2015)



THz acoustics in a hot, dense laser plasma

BK7 glass 

Pump: 800 nm, 30 fs
IL = 5×1016 W/cm2
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Ultrafast optics of solid density plasma
using multicolor probes

Vol. 22, No. 19 | DOI:10.1364/OE.22.022320 | OPTICS EXPRESS 22320



EXPERIMENTAL SET-UP

Laser
3.35 mJ

1kHz

Liquid droplet
15 µm diameter

NaI detector

108cm

9cm

Capillary
6mm Lead



X-Ray data high energy 500 sec collection time
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 Exp. data 

 2 exp fit
T1= 74 +/- 3 KeV

T2 = 455+/- 14 KeV

Relativistic energies and realistic rates?!?
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 TAG

 ExpDec2 Fit of TAG

 ExpDec1 Fit of TAG

 ExpDec3 Fit of TAG

Equation y = A1*exp(-x/t1) + A2*exp(-x/t2) + y0

Adj. R-Square 0.92019

Value Standard Error

TAG y0 1.40025 0.56317

TAG A1 50.22094 11.3672

TAG t1 613.83609 95.6352

TAG A2 229.00817 83.07256

TAG t2 134.6935 30.81311

Equation y = A1*exp(-x/t1) + y0

Adj. R-Square 0.91191

Value Standard Error

TAG y0 2.91908 0.25206

TAG A1 110.00019 4.11332

TAG t1 370.1694 11.7386

Equation y = A1*exp(-x/t1) + A2*exp(-x/t2) + A3*exp(-x/t3
) + y0

Adj. R-Square 0.92244

Value Standard Error

TAG y0 0.82838 1.03685

TAG A1 34.63487 15.32563

TAG t1 773.66524 256.35608

TAG A2 137.6322 25.57776

TAG t2 195.84078 49.00734

TAG A3 2.75261E38 1.86541E40

TAG t3 3.40205 2.68638

Yield: 5.6*10E-9

Live time:3.73sec

600 keV !?



Petawatt 
Laser 

Key proposition @TIFR.Hyd



FRET-B, Hyderabad



Astrophysics Accelerator

Warm condensed 

matter
Particle physics

Petawatt

It Engulfs Basic science, technology
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