
MIR, an experiment for the measurement 
of the

Dynamical Casimir Effect



2. The high frequency vibrating wall: the MIR proposal

MIR: the plasma mirror

...

n = 1 , 2 , 3 , 4,    ...    , 103
Plas = 10 nJ/100 ps

∆T = 100 ps

T = 1 µs

L0 L0 - ∆L

L0

The idea is to switch an effective microwave mirror on and off, 
at very short intervals of time, changing the reflectivity of a 
semiconductor by shining a pulsed laser beam on its surface.

Starting configuration:
Resonator = rectangular cavity
TE101 mode  >>
Slab in E ≅ 0



Fundamental mode TE101: the electric field E

3.  The cavity with a semiconductor wall for MIR



Fundamental mode TE101: the magnetic field H

4.  The cavity with a semiconductor wall for MIR



1. Show that a semiconductor slab when illuminated behaves indeed as 
a metal;

2. Find a semiconductor with a recombination time τ < 50 ps, and 
measure it under microwaves (or with pump-probe techniques);

3. To demonstrate that the quality factor Q of the cavity does not 
degrade with the insertion of the semiconductor inside the cavity;

4. Minimum detectable signal inside the cavity << Expected number of 
RF photons;

5. To create a train of laser pulses as previously shown;
6. Photons coming from stray effects? (Generation/recombination of 

carriers noise)

5.  The high frequency vibrating wall: the MIR proposal

Steps to study the feasibility of this technique:



6.  The illuminated semiconductor of the MIR proposal

1. Show that a semiconductor slab when illuminated behaves 
indeed as a metal;

What is a mirror for microwaves?
Metals/good conductors reflect microwaves... So let’s see how they behave with 
respect to an incident EM field and which are the fundamental parameters 
playing an important role in the reflection process... The plasma has to show 
similar parameters.

The electromagnetic wave gets into the  
so-called skin depth:

In copper (σ = 5.8×107 [Ωm]-1) at  2.5 GHz the skin depth is 1.3 µm



To obtain a good mirror: 
plasma thickness ≥ skin depth

Absorption coefficient α for several semiconductors

7.  The illuminated semiconductor of the MIR proposal



In order to understand the reflection properties of the semiconductor
under laser illumination, it was enclosed in a waveguide structure.

Semiconductors probed with this setup are
• 1 mm thick Si (electronic grade material)
• 600 µm thick GaAs 
• damaged with He++ ions1 GaAs

1 to reduce recombination time the specimen under study was irradiated with a dose of  
5×1015 ion/cm2. The energy of the He++ beam was 6 MeV (xdam=25 µm). 

8.  The illuminated semiconductor of the MIR proposal



Silicon: the benchmark of the 
measurement... (τ ≅ 100 µs)

Measured reflection in mV versus time in µs

R.T. 1.    R + T + A = 1   ⇒ R = 1 ± 1%
2.    Cu slab instead of the Si one ⇒

same reflected power

Measured transmission

λ = 1064 nm   Eph = 1.16 eV
αSi(R.T.) ≈ 16 cm-1 ⇒ p1/e ≈ 625 µm

77 K

Reflected and transmitted power

R.T.

9.  The illuminated semiconductor of the MIR proposal

αSi(77 K.) ≈ 0.25 cm-1 ⇒ p1/e ≈ 4 cm  I(1mm)/I(0) = 97%



Measured reflection and transmission. 866 nm

R.T.

Measured reflection and transmission. 816 nm

Timebase       2 µs/div
400 kS              20GS/s

77 K

GaAs: EXCESS CARRIERS RECOMBINATION and T 
10.  The illuminated semiconductor of the MIR proposal

Laser pulse duration = 10 ns  > τGaAs
λ1= 866 nm   Eph = 1.43 eV
λ2= 816 nm   Eph = 1.52 eV
αGaAs(R.T.,  77K) ≈ 104 cm-1 ⇒ p1/e ≈ 1 µm

same light power, same concentration of carriers

λ1 λ2



MODELING THE REFLECTION
11.  The illuminated semiconductor of the MIR proposal

Comparison of simulated and measured S11.
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n = 2.8 1014cm-3
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2.    Find a semiconductor with a recombination time τ < 50 ps, 
and measure it under microwaves

Efficient (low τ) recombination centers are 
impurities with energy levels close to the middle of 

the bandgap (i.e. Gold in Silicon ⇒ τ = 200 ps; 
in GaAs Cr ⇒ few tens of ps )

One of the most efficient techniques to obtain 
relaxation times as short as few tens of 

picoseconds is high energy particle irradiation.  

12.  The illuminated semiconductor of the MIR proposal

Clusters of point defects behave 
as deep neutral centers



3.    The quality factor Q of the cavity with the  insertion of the 
semiconductor inside the cavity.

The EM field penetrates into the 
cavity walls by the skin depth

Losses/unit surface area produced in this thin layer:

, with

HS magnetic surface field, RS surface resistance

power dissipated 
in the walls

W
U

TW
UQ 02

periodper  consumedenergy 
energy stored 2 ωππ ===

13.  The high frequency vibrating wall: the MIR proposal



MIR the  semiconductor inside the cavity, 

dissipative effects  and   Q
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In our experiment the semiconductor is set where the electric field in the TE101 mode is 
minimum.

GaAsCu WWW +=

14.  The cavity with a semiconductor wall for MIR

The measurement (indirect) of the power dissipated  WGaAs inside the semiconductor 
was performed with a 600 µm thick slab of GaAs, set inside a copper cavity with 
dimensions:
a = 7.2 cm
b = 2.2 cm
c = 11.2 cm
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15.  The cavity with a semiconductor wall for MIR



1.66 µs0.89 µs200 nsτ
1.3×10470001568QL

2.506472.50582.498fc  (GHz)

4 K77 KR.T.Cu_cavity

Cu_cavity + GaAs

1.55 µs1 µs500 nsτ
1.2×104155003936QL

2.516472.51572.5072fc  (GHz)

4 K77 KR.T. The required Q is 
at least 106  
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CAVITIES

MIR geometrical factor is 1.1*105
8 -14

 K4@ 10Q   obtain  tom][10 >Ω< −
GaAsσ

16.  The cavity with a semiconductor wall for MIR



( )hn pne µµσ +=
‘freeze out’ of carriers at cryogenic temperatures

7.74×10-322.3×10-20ni (77 K)    [cm-3]

1.79×1061.45×1010ni (300 K)  [cm-3]

GaAsSi

Freeze-out of intrinsic carriers already at 77K... Free carriers could in 
this case come only from impurities (IF PRESENT), that if very close to the 

bottom of the conduction band (electrons) or above the top of the valence 
band (holes) can, with very small probability, already be ionized:

kT(@4K) = 0.34 meV

17.  The cavity with a semiconductor wall for MIR
8 -14

 K4@ 10Q   obtain  tom][10 >Ω< −
GaAsσ



4.    Minimum detectable signal inside the cavity

Receiver electronics: two-stage cryogenic amplification +
heterodyne processing of the signal

18.  The receiver electronics for MIR

Pin1



To give an estimate of the 
minimum detectable signal.

A well known RF PULSE in input is 
observable at the end of the receiver 

electronic chain with a charge integrator:

Pin = 10-14 W ∆t = 1.6 µs

ERF pulse =10-14 J/s × 1.6 10-6 s = 1.6 × 10-20  J = 10-1 eV   ⇒ 104 RF photons 

With 100 sweeps: 103 RF photons 

19.  The illuminated semiconductor of the MIR proposal



1. Show that a semiconductor slab when illuminated behaves indeed as 
a metal;

2. Semiconductor with a recombination time τ < 50 ps is commercially 
available.

3. The quality factor Q of the cavity does not degradate with the 
insertion of the semiconductor inside the cavity (Cu cavity); soon 
the test will be repeated for the superconducting cavity;

4. Minimum detectable signal inside the cavity < Expected number of 
RF photons;

5. Train of laser pulses available in one year;
6. No ‘generation/recombination noise’ in the present electronic S/N 

Conclusions & Perspectives


