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What sparked our interest in plasmonse

SuperCDMS (Super Cryogenic Dark Matter Search) has
developed high voltage g-scale calorimeters with eV-scale
resolution (called CDMS HVeV) that can achieve single-
charge resolution (1e-h pair)

Because of its resolution, SuperCDMS could be the first
experiment to detect plasmons by measuring their
electron-hole pair production

Using different approximations of the dynamic structure
factor of silicon S(q, w), we can roughly estimate the
expected volume plasmon signal in our detector

SuperCDMS dark matter detector



What is a plasmon?

Plasmon : a plasmon is a quasiparticle that describes how a plasma oscillates.
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The plasmon energy is given by the
plasma frequency:
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With n being the valence electron
density, e the electric charge, ¢, the
vacuum permittivity and m the electron
Mass.

w, = 16 — 17 eV for Si



Plasmons can be created by elecfrons or X-rays
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Typical X-ray inelasfic scaftering

Photon of energy hw,, wavevector K, and
polarization e, is scattered by an angle 6
iInfo a photon of energy hw,, wavevector
K, and polarization vector e,.

hw = hw, - hw, = Energy transfered to the
particle (valence electron in our case)

g = momentum fransfered

q = (W] + w3 — 2wywsy cos H_]l-' fe.

g = 2K sin(#/2)




In SuperCDMS, we could directly

Usually, plasmons are indirectly detected detect plasmons by measuring the

by measuring the difference in energy number of electron-hole pairs

between the incident photon (or
produced by the plasmon (4-5 e-h
electron) and the scattered photon. oair* 3.8 eV ~ 16-17 eV
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Schematic of an inelastic X-ray
scattering spectra

CDMS silicon HVeV detector with single e-h pair
resolution. Calibration taken with 650 nm laser
(1,91eV photons < plasmon energy). Ref[7]

Luke Neganov effect : Ephonon = QV = charge = potential across detector




Estimating the expected plasmon signal
INn our detector

The rate of plasmon production from Thomson scattering does not yet exist in
the literature (fo my knowledge) but can be roughly estimated to determine
whether its signal would be seen over the Compton background

Number of incident photons scattered into solid Lo 2o
angle [Q, Q + dQ] with the energy transfer = ( — ) S(q,w)
between [w, & + dw] over total incident photons df ddew dSdw / 1,

S(q. @) is the dynamic structure
factor, a mathematical function
which describes how a material
scatters incident photons

-The cross section depends on the dynamic structure factor S(q,w)
-at low g, the dynamic structure factor is dominated by plasmons

Th stands for
Thomson
scatterring



Measurement of the dynamic structure factor 5(qg, w)
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With increasing g (momentum transfered), the
peak of the dynamic structure factor moves to
the right and loses ifs sharpness.

It's because at low g, the dynamic structure
factor is dominated by nearly-undamped
plasmons.

At higher g, plasmons become strongly damped
because they can decay into particle-hole
excitations which now dominate the dynamic
structure factor.

The plasmon energy goes up with g

W, = Wy(a)



2 conditions for nearly-
undamped plasma excitations :

1) Im(g) =0
2) Re (g) goes from negative to positive

Where ¢ is the dielectric function (describes the
polarisation of a material when put under an
exterior electric field.)

wp (q) ; . When these two conditions are met, it
produces a sharp peak at frequency w,,.

Fig. 2.14. Upper row: real part =, and imaginary part =; of the free electron
RPA dielectric function £(q,w) (including weak damping the particle-hole
excitations) for (a) ¢ < g (g- = plasmon cut-off wave vector); (b) ¢ =g.., and

(¢) q=>ge. Lower row: RPA free-electron response function —Ime~1(q,w)

(including weak damping of the plasmon excitation) (a) g < g.; (b) g =g, and
(©) 4>ac.

S(aw) = (

When g > gc (plasmon cut-off momentum transfer), these two conditions can no longer be met
and there is no more sharp peak. The dynamic structure factor is then dominated by particle-hole
excitations.



Approximation of the dynamic structure factor S(q, )
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G(qg,w) is called the local field
correction. There exist a lot of _ [1 — (U + 2)? Inill
different G(q,w) in the litterature, +Z+1])
the simplest being G(g,w) = 0. We _ B p2k2 B

used a few different ones for our Z=|L| U=—2, Er="E, 4= —
calculations
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Evaluating the double differential cross section
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By integrating S(g,w) over g, we end up with S(w) which is the ratio between
Thomson scattering on an atom’s valence electrons and on free electrons



S(w) as a function of energy transfered by the incident
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The different plots represent different
approximations of S(q,w) (different local field
corrections G(q,w)

We see that near the plasmon
frequency, S(w) goes as high as
25; which means the Compton
differential cross section on
silicon valence electrons is
around 25 times the differential
cross section on free electrons.

At these low q, S(w) is
dominated by plasmons, and
we should therefore see a peak
above the compton scattering
background caused by
plasmon production.



What we learned

-Volume plasmons are quasi particles excited by electrons or X-rays

-The plasmon cross section has been roughly estimated to be almost 25x that
of the Compton cross section near the plasma frequency.
-Not negligible!

-Only indirect detection of plasmons have been observed so far by looking
at the difference in energy between the incident photon (or electron) and
the scattered photon

-SuperCDMS could be the first experiment to directly detect plasmons by
measuring their electron-hole pair production (~ 4-5 e-h pairs > ~16-17 eV ).
-We expect to be able to measure this effect this year!



References

SCHULKE, Winfried. “Electron Dynamics by Inelastic X-Ray Scattering”, Oxford
science publications, 2007

AGRANOVICH, V. M, MARADUDIN, A. A. . "The dieleciric function of condensed
systems”, Northern Holand, 1989

WEISSKER and al. "Dynamic structure factor and dielectric function of silicon for
finite momentum transfer:inelastic x-ray scattering experiments andab
initiocalculations”, Physical Review B 81 085104, 2010

Singwi K S, Tosi M P, Land R H and Sjolander A 1968 Phys. Rev. 176 589

Toigo F and Woodruff TO 1970 Phvs. Rev. B 2 3958

Farid, B., V. Heine, G.E. Engel, and |.J. Robertson (1993). Phys. Rev.B4811602

SuperCDMS collaboration. First Dark Matter Constraints from a SuperCDMS
Single-Charge Sensitive Detector”, hitps://arxiv.org/abs/1804.10697






