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Abstract

Quantum effects through the Fermi temperature and the Bohm potential on the Debye—Hiickel
shielding potential have been examined in a supercold qguantum plasma. The Bohm potential
due to collective interaction of the quantum plasma modifies the Debye length significantly
under an appropriate condition. The relevance of our results in supercold dense plasmas, viz.
the microelectronic systems, laser-produced plasmas, compact astrophysical objects, etc has
been pointed out.

PACS numbers: 03.65w, 52.27.Lw, 52.35-¢g

Inrecent years, there has been growing interest in the quantum We consider a zero-temperature Fermi gas, an
mechanical effects in plasmas and microelectronic deviceklectron—ion plasma with motion of plasma particles in
([1] and references therein). The importance of quantuome-dimension X-direction). Fermi gas obeys the pressure
plasmas has been shown in microelectronic devi@s [law [1, 10]

in dense astrophysical system3] fand in laser-produced pj = m;VEn?/3n%, (1)
plasmas 4]. New quantum mechanical results have beew
predicted in super-cooled dusty plasmas by a number r%ass,vpj — (2kgTe; /)2 is the Fermi speedks is the

Worlgaaréigﬁ]. i a olasma is cooled to an extremel IOWBoltzmann constant, antk; is the Fermi temperature. Here,
Y: P Y 1%, is the total number density with its equilibrium valog.

temperature, the de Broglie wavelength of the charge carrier's The linearized equation of motion for théh species with
may be comparable to the dimension of the systems, ViZUantum Bohm potential term is

the Debye length of the plasma. In such situations, {6 P

ultracold plasmas must behave as a Fermi gas and the quantum /3 G 5
mechanical effects are expected to play a vital role in tHBj”iO(ﬁ +V1>VJ1= —0jNjoVdL = Vpjr+ = V(Vonjy),
behavior of collective interactions of the charged particles. : )
However, a plasma is a plasma if the Debye length is smallghere gj.m; and v; are the charge, mass and collision
than the size of the plasma systems. So, one could say fighyency with the immobile neutrals for thigh species.
when the de Broglie wavelength of carriers is comparabﬁere, 1 is the potential of an electrostatic wave,is the
to the Debye length, the quantum mechanical effect must pgnck's constant divided byz2 The quantum correction in

significant in Debye shielding. equation ) appears through the Fermi temperatufesand
Recently, Shuklzet al [8] have calculated near and fariq |ast term of the Bohm potential.

field potentials of a slowly moving test charge in a quantum continuity equation for thgth species is

plasma. They have utilized the already derived dielectric

function of Pines 9] considering the Fermi temperature of anjy o 9V 0 3)
the quantum plasma gas. However, they have ignored the ot 0%

quantum effect arising out of the Bohm potential term due Assuming that the variation iy, niz and ¢1 is
to the collective interaction in the equation of motion. | roportional to expi(wt — kx)] WherJeC; :imd Kk are the
this paper, we show the modification of the usual Deb avefrequency and the wavenumber vector, equat®n (
shielding in a supercooled Fermi gas plasma using a ‘quantlfjgauces to '
hydrodynamic model’ of the plasmas.

Pere j =e for electrons andj =i for ions, m; is the

. . . . ik kVFZ-
3Permanent address: Department of Physics, Jahangirnagar University, (w+iv))vjix = qJ_ o1+ _J(l +yj)Nnj, 4)
Savar, Dhaka 1342, Bangladesh. m n;j
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where ) modified shielding potential for a static or a slowly moving
i = Rk 5) test charge. It is noticed from equatior$y &and (L1) that the
J 8mjkgTej Debye length does depend on the Fermi temperaligie and

the quantum correction factgr. However, for arbitraryy;,
the Debye length is given by equatidk?) and fory; ~ 1, the
Debye length includes a correction due to the Bohm potential.
Obviously, our results yield the Debye length derived by
w%j Shuklaet al[8] in absence of the Bohm potential correction.
@ iy = V2 1+ We now dlsguss two extreme condltloqs. (i) First, we
. Fl . considery; < 1, i.e.h?k? < 8m;kgT¢;. Thus, if we neglect
wherewp; = (47qu2nj0/mj)l/2 is the plasma frequency of theth® Bohm potential term compared to the Fermi temperature
jth species. term in the equation of motion, we retrieve the results of

The dielectric function of the plasma can be obtainealUkla et al [8]. Here, ap; = Ve;/wp;. (i) For y; >1,
from e(w.k) =1+ye+y. Taking Vij > w/k, we can One can haven?k > 8m; ks Trj. Under this condition, the .
immediately obtain guantum mechanical effect through the Bohm potential in

the equation of motion becomes more dominant than the
+ 1 7) collective effect arising through the Fermi temperature of the
k2a3’ guantum system. Then, the Debye shielding is due to quantum
mechanical effect explicitly anapj ~ hk/,/167€’njom;. A
where 1 01 1 similar quantum mechanical shielding of electrons in metals
2 T2 + I (8) was earlier shown by Bohm and Pin&g]. Thus, the quantum
D De D mechanical effects become important for the supercooled
and ) plasma due to the collective behavior of the quantum plasma.
32— E (L+y;) ) Our results would be useful in understanding the modified
Pl a)f)j 7 Debye—Hiickel potential around a test charge in ultracold
rc]qgantum plasmas, e.g. in micro- and nano-systems, dense

The electrostatic potential around a test charge in t ; . :
; . : laser-produced plasmas, and dense astrophysical objects like
presence of an electrostatic ma@eg k) in a uniform plasma, .
white dwarfs and neutron stars.

whose dielectric response function is given by equatin (
is [11]

Combining equations3j and @) and writing the density
perturbation asnj; = —x; k2¢1/4ﬂqj, the susceptibility
function with quantum mechanical effects is given by

Xi=

e=1
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