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13.1 Superconducting nanowire single photon detec-

tors (SNSPD)

13.1.1 Detection mechanisms

All of the currently proposed detection mechanisms for
SNSPDs are based on a photon induced non-equilibrium
area, namely a hotspot, playing an important role in most
SNSPDs. The different detection models predict differ-
ent hotspot sizes depending on the superconducting ma-
terial, but they are unable to explain all the experimen-
tal results so far. By measuring the inelastic interaction
time, electron diffusion constant, and quasiparticle life-
time, we defined the hotspot size more precisely [1]. With
this definition, we can explain all the current phenom-
ena in SNSPDs, for instance, the temperature, current and
wavelength dependences of the detection efficiency. The
definition of the hotspot size has also been experimentally
confirmed by a two-photon delay experiment [2].

WSi has become the most fascinating material for
SNSPDs, which holds the record of detection efficiency
(up to ≈ 93%) [3]. The underlying mechanism respon-
sible for the good performance of this promising ma-
terial, however, is still unknown. We successfully de-
posited ultrathin amorphous WSi films with critical tem-
peratures Tc comparable to and even higher than those
used by other groups, as it is shown in Fig. 13.1. In or-
der to figure out the mechanism of the high detection
efficiency for WSi-based SNSPDs, we measured the su-
perconducting material parameters through magneto-
transport experiments [1]. We found that the supercon-
ducting coherence length in this amorphous material is
larger than that in crystalline or granular NbN materi-
als. Therefore, detectors based on this material are more
robust to electrical and geometrical constrictions. As a
result, the experimental critical current is closer to the

local depairing current, and the detection efficiency be-
comes very high. The most striking characteristics of
WSi are the long electron-phonon interaction time and
intrinsic quasiparticles lifetime, as shown in Fig 13.2.

Fig. 13.1 – Critical temperatures of WSi films as a function
of the film thickness.

Fig. 13.2 – Measurement of the quasiparticle lifetime in
amorphous WSi. Inset: the device used for the measure-
ment [1].
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Fig. 13.3 – Measured count rates vs the X-ray source cur-
rent Ix (with an acceleration voltage VA = 30 kV) at bias
current Ib ranging from 10 µA to 100 µA, with an incre-
ment of 10 µA. The dashed line indicates a slope of 1.

Fig. 13.4 – Count rates as functions of the reduced bias
current (normalized to the critical current at each temper-
ature) with an acceleration voltage of 49.9 kV.

The relatively long electron-phonon interaction time sup-
presses the probability of electron thermalization through
the phonon channel, which makes the photon energy con-
version efficiency higher in WSi than in other materials.
Moreover, a large intrinsic quasiparticle lifetime results in
a larger hotspot in WSi. In summary, our models and ex-
perimental data successfully explain the remarkable de-
tection efficiency of WSi as compared to NbN.
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13.1.2 X-ray sensitive superconducting photon detec-

tors

One of our most interesting results in our research on single

X-ray photon detectors (X-SNSPD) comes from the amor-

phous nature of the WSi films [4]. The amorphous structure

makes this type of detectors more robust against radiation

damage and therefore makes them suitable for detecting high-

energy particles. Moreover, due to their modest requirements

on substrate quality and deposition conditions, very large and

complicated WSi X-SNSPDs can be produced relatively easily

on different substrates.

Our WSi X-SNSPDs show no degradation of their super-

conducting properties after the device fabrication, which is

very different from the commonly used NbN based devices.

In Fig. 13.3, we illustrate the single X-ray photon resolving

ability of a WSi X-SNSPD. The linear slope of the curves

indicates that our detector works in the single-photon regime

at all bias currents. The detection performance of our detec-

tor is shown in Fig. 13.4. A saturated detection efficiency is

observed at all temperatures, which ensures a high signal-to-

noise ratio. Unlike optical SNSPDs, which need to be oper-

ated at ultralow temperature (T/Tc << 1) our WSi detector

is able to sense X-ray photons up to the critical temperature.

Due to the amorphous nature and relatively large magnetic

penetration depth, the bias current is very stable within the

nanowire, and thermal fluctuations can therefore be ignored.

As a consequence, the dark counts in our X-SNSPD are neg-

ligible. All these properties, saturated quantum detection ef-

ficiency, negligible dark counts and ultrafast response, make

our X-SNSPDs competitive to the best ultrafast X-ray photon

detectors on the market.
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13.2 Insulator-to-metal transition in CsAuCl3 and

CsAuBr3

In a series of experiments, we studied the physical proper-

ties of CsAuCl3 and CsAuBr3. It is known that CsAuCl3
undergoes an insulator-to-metal transition under the ap-

plication of external pressure, which is accompanied by a

tetragonal-to-cubic phase transition at p ≈ 12.5 GPa at T
= 300 K [5]. Corresponding Raman investigations strongly

indicate a transition from mixed valent (MV) Au(I)Au(III) to

formally single valent (SV) Au(II)Au(II) in the metallic state
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Fig. 13.5 – (a) Mixed valent (MV) to single valent (SV)
transition of Au in CsAuX3 with X = Cl and Br (taken
from Ref. [6]); (b) Electron density of states (EDOS) of
CsAuCl3 for ambient and high pressure. The inset displays
the EDOS at ambient pressure for the respective Cl, Br and
I variants.

with delocalized charge carriers (see Fig. 13.5(a)) [6]. This

situation is very similar to Ba1−xKxBiO3 [7], in which the

substitution of Ba by K not only changes the crystal struc-

ture from monoclinic to cubic but also lifts the mixed-valent

character of Bi(III)Bi(V) of the insulator BaBiO3, leading to

Fig. 13.6 – Evolution of the resistivity of a single crystal of
CsAuBr3 under external pressure

a quasi single valent Bi(IV)Bi(IV) state, which is metallic and

even superconducting below Tc ≈ 30 K for x ≈ 0.37 [7].

In a first step, we wished to obtain more precise infor-

mation on the electronic structure of these compounds (in

collaboration with Prof. R. Thomale, Univ. Würzburg, Ger-

many). Corresponding electronic structure calculations using

the full-potential local-orbital minimum-basis scheme con-

firmed that the high-pressure phase of CsAuCl3 shows a fi-

nite density of states at the Fermi level, in contrast to the

situation at ambient pressure (see Fig. 13.5(b)). Moreover,

at p = 15 GPa, the Au(I)-Au(III) character is lost, with a

nominal Au(II) valency, but without stabilization of a mag-

netic moment. The energy gap at ambient pressure is grad-

ually reduced when Cl is replaced by Br or I (see inset of

Fig. 13.5(b)).

We have grown single crystals of CsAuCl3 and CsAuBr3

according to the recipe published in Ref. [8]. Inspired by the

diagram shown in Fig. 13.5(a), we have measured the re-

sistivity of CsAuBr3 at external pressures up to 7.9 GPa

(see Fig. 13.6, in collaboration with Dr. S. Medvedev and

Prof. C. Felser, Max Planck Institute for Chemical Physics

and Solids, Dresden, Germany). At 4.8 GPa, CsAuBr3 is
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semiconducting with some anomaly at ∼130 K. The resistiv-

ity decreases several orders of magnitude upon increasing the

pressure up to 6-7 GPa (see Fig. 13.6(a)). At pressures above

6 GPa (Fig. 13.6(b)), the evolution of the resistivity is pecu-

liar, with a slight gradual increase at low temperature, with

some resemblance to the behaviour of CsAuI3 [9]. There

must be various phase transitions (or crossovers) involved,

whose origin remains to be investigated.
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13.3 Investigations on the quantum magnets

Sr3Cr2O8 and Ba3Cr2O8

Sr3Cr2O8 and Ba3Cr2O8 are two insulating dimerized spin

systems with the spin 1/2 magnetic ions Cr5+. These ions

are located in hexagonal bilayers with a strong antiferromag-

netic interaction that leads to a singlet ground state and

triplet states separated from the singlet state by an energy

gap ∆. This gap closes as soon as the external magnetic field

reaches a critical value Hc which is given by the Zeeman

splitting of the triplet states. We have previously shown that

the intradimer interaction constant J0 as well as Hc strongly

depend on stoichiometry if Ba is successively replaced by Sr

(Ba3−xSrxCr2O8), thereby introducing disorder and an ex-

pansion of the unit cell [10–12].
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13.3.1 Magnetization measurements on single crystals

Single crystals of Ba3−xSrxCr2O8 were successfully grown

for x = 2.8 and 2.9 at the Helmholtz Zentrum Berlin (HZB)

by using a high-temperature optical floating-zone furnace (in

collaboration with Prof. Bella Lake). In Fig.13.7, we show

the magnetic susceptibilities for magnetic fields applied par-

allel and perpendicular to the c-axes, respectively [13]. The

magnetic behaviour is typical for dimerized spin systems, and

is in agreement with our previous measurements on polycrys-

talline samples [11]. However, the data show a certain direc-

tional dependence, particularly for x = 2.8, which suggests a

weakly anisotropic tensor of the gyromagnetic g factor, as it

has been also reported for the pure Br3Cr2O8 (x = 0) [14].
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Fig. 13.7 – Magnetic susceptibilities for single crystals of
a) Ba0.1Sr2.9Cr2O8 and b) Ba0.2Sr2.8Cr2O8 with magnetic
fields parallel and perpendicular to c, respectively.
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Fig. 13.8 – Measured room-temperature dispersion relation for Ba0.1Sr2.9Cr2O8 from our inelastic neutron scattering
experiments [15]. The solid lines correspond to a random-phase approximation model for three different Jahn-Teller induced
crystal domains, rotated 60◦ with respect to each other. The calculated relations for Sr3Cr2O8 (x = 3) and Ba3Cr2O8

(x = 0) are shown for comparison.

13.4 Magnetic dispersion relation in Ba0.1Sr2.9Cr2O8

To complement our investigations on Ba3−xSrxCr2O8, we
have performed a series of inelastic neutron scattering
measurements (at HZB Berlin, Germany), to directly mea-
sure the magnetic coupling constants and the spin gap ∆

[15]. In Fig.13.8, we show our corresponding data that we
obtained on a Ba0.1Sr2.9Cr2O8 single crystal, and we fitted
them with a random-phase approximation model similar
to that described in Ref. [16] for Sr3Cr2O8. To achieve this,
we had to respect the fact that due to a Jahn-Teller dis-
tortion (see our last annual report), three different crystal
twin domains, rotated by 60◦ with respect to each other,
have to be taken into account, resulting in three disper-
sion modes that merge in the center of the Brioullin zone
(i.e., in the Γ point). The result for the intradimer inter-
action constant J0 is consistent with our previously pub-
lished results [17–19]. The spin gap ∆ (i.e., the minimum
in the dispersion relation) is at ∆ = 3.23 meV (see Fig.
13.8) resulting in a critical field µ0Hc = ∆/gµB ≈ 28.8 T

(using g = 2), which compares favourably with our pub-
lished value µ0Hc ≈ 28.6(1) T from our high-field magne-
tization measurements [19]. The corresponding value for
pure Sr3Cr2O8 is µ0Hc ≈ 30.4 T [16, 18].
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