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The “Ion Sphere” Model of IPD for a plasma
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The “Ecker-Kroll” Model of IPD


•  In 1963, three years before Stewart and Pyatt put forward their model, 
Ecker and Kroll argued that the relevant distance for determining the IPD 

was the mean distance between the total number of particles in the 

system:


• The E-K model predicts significantly larger values of the IPD as the 
charge states increase, scaling with an extra factor of z1/3. G. Ecker and 

W. Kroll, Phys. Fluids 6, 62 (1963).


• It has been largely ignored since being ‘superceded’ by Stewart-Pyatt.


•  Stewart-Pyatt is extensively used in the vast majority of plasma physics 

codes that model the atomic kinetics of dense plasmas – e.g. LASNEX, 

CRETIN, FLYCHK, SCFLY.
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Measured and Calculated Depressions�

SLAC Linac (3km) !
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Measured and Calculated Spectra�
�

SLAC Linac (3km) !

1480 1500 1520 1540 1560 1580 1600

Photon energy (eV)

0.1

1

10

100

1000

1x104

1x105

1x106

E
m

is
si

o
n

 in
te

n
si

ty
 (

A
.U

.)

Experimental data

SCFLY - Stewart-Pyatt

SCFLY - Ecker-Kröll

IV

V
VI VII VIII IX X XI

Kβ

K'β



[['

Summary  

g  Our first experiment at LCLS allowed us to heat a solid within 80-fsec (no time for 

hydro motion) to close to 200 eV by focussing the FEL beam to a small micron scale 

spot (~ 1017 Wcm-2). 

g  By tuning the FEL photon energy, we can directly measure the K-edge of highly 

charged ions in the dense plasma, and test >50 year old theories of ionisation potential 
depression. 

g  This is the first direct measurement of IPD in a very strongly-coupled plasma.  We find 

the model used in almost every kinetics code is wrong under these conditions. 

Subsequent measurements on other elements have confirmed very high IPDs. 

g  Current work is underway to try to understand why the ionization energy is reduced so 

much. 

g  These results are important, as the ionization potential determines the opacity and 

equation of state, and indeed all of the thermodynamics of dense plasmas. 

g  Further information -  see S. Vinko et al, Nature 482, 59 (2012), O. Ciricosta et al, 

Phys. Rev. Lett. 109, 065002 (2012), B.-I.Cho et al, Phys. Rev. Lett. 109, 245003 (2012) 
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Summary 
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The ‘UK Position’ 

g  UK Consortium formed as part of HiBEF (Edinburgh, IC, UCL, Oxford, SUPA, 

Plymouth, York, Strathclyde, QUB, Cambridge, Warwick) 

g  A formal approach has been made to EPSRC (by JSW) to re-engage via the 
HIBEF project by providing funding for the DiPOLE laser from RAL CLF 

g  Capital contribution of ~55% of DiPOLE costs (£3.5M + VAT) 

g  Pre-proposal for strategic equipment funding submitted May 2013 (should hear 
if we jumped that hurdle soon). 

g  EPSRC have also been consulted and ‘primed’ for a larger UK Consortium bid 

(~£7M) early next year. ‘Best-Science’ case to be formed over coming months in 

the light of ideas presented at the HiBEF kick-off meeting earlier this month. 

g  The landscape could change rapidly over the coming weeks depending on 
outcomes regarding capital expenditure. 
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