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53Cr3+:Y2
28SiO5 monocrystals are considered as promising materials for quantum memory applications[1,2]. By

using the isotopically pure impurity ions 53Cr3+ the high density of optical resonance medium is achieved. Also,
the inhomogeneous linewidth of the resonance transition can be decreased if the host crystal is formed with
monoisotopic 28Si compare to silicon with natural abundance due to the non-zero nuclear spin I = 1/2 of 29Si
isotope and its interaction with nuclear and electron spin of the 53Cr3+ impurity ions.
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Y2SiO5 belongs to monoclinic symmetry group C2/c with two

Y positions: Y1 [YO7] and Y2 [YO6]. Cr3+ ions substitute Y3+

ions in Y2 site.

Lattice parameters[3]

a, Å b, Å c, Å β,°
10.41 6.721 12.49 102.65

Cr has 4 stable isotopes: 50Cr (4.345%), 52Cr (83.789%),
53Cr (9.501%) and 54Cr (2.365%). 53Cr has I = 3/2.
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In order to analyze experimental orientational dependencies the following Hamiltonian was used[4]:ℋ = 𝜇𝛽𝑒 𝐇 ∙ 𝐠 ∙ 𝐒 + 𝐒 ∙ 𝐃 ∙ 𝐒 + 𝐒 ∙ 𝐀 ∙ 𝐈 − 𝜇𝛽𝑛𝑔𝑛(𝐇 ∙ 𝐈)
Model parameters:

g: gx = gy = gz = 1.967; A: Ax = Ay = Az = 52.4 MHz; D: Dx = -3.162 GHz, Dy = -13.758 GHz, Dz = 16.921 GHz

0 10 20 30 40 50 60 70 80 90
1

10

100

 0.001 at.% 
53

Cr

 0.005 at.% 
53

Cr

T
m

(
s

)

T (K)

Two-pulse echo decay T
m
 measurements

0 10 20 30 40 50 60 70 80 90
100

1000

10000

100000

1000000

Fit

two-phonon Raman process

Aminov - Orbach process

0.005 At % 
53

Cr

 

 

1
/T

1
 (

S
-1
)

T (K)

0.001 At % 
53

Cr

Direct single-phonon process

Inversion - recovery T
1
 measurements

0 10 20 30 40 50 60 70 80
1

10

100

 0.001 at.% 
53

Cr

 0.005 at.% 
53

Cr

T
m

(
s

)

T (K)

Carr - Purcell - Meiboom - Gill method T
m
 measurements

𝑇1−1 = 𝐴𝑇 + 𝐵𝑇7 + 𝐶𝑒𝑥𝑝(−Δ𝑇) Each point was found by echo approximation with following equation[4]:

A = 64 s-1K-1, B = 0.3·10-7 s-1K-7, 
C = 0.85·105 s-1, Δ = 90K

𝐴 = 𝐴0𝑒𝑥𝑝 − 2𝜏𝑇𝑚 𝛼 , here α = 1.8



53Cr3+:Y2
28SiO5 monocrystals are considered as promising materials for quantum memory

applications[1,2]. By using the isotopically pure impurity ions 53Cr3+ the high density of optical resonance
medium is achieved. Also, the inhomogeneous linewidth of the resonance transition can be decreased
if the host crystal is formed with monoisotopic 28Si compare to silicon with natural abundance due to
the non-zero nuclear spin I = 1/2 of 29Si isotope and its interaction with nuclear and electron spin of the
53Cr3+ impurity ions. Y2SiO5 belongs to monoclinic symmetry group

C2/c with two Y positions: Y1 [YO7] and Y2 [YO6].
Cr3+ ions substitute Y3+ ions in Y2 site.

Lattice parameters[3]

a, Å b, Å c, Å β,°

10.41 6.721 12.49 102.65

Cr has 4 stable isotopes: 50Cr (4.345%), 52Cr
(83.789%), 53Cr (9.501%) and 54Cr (2.365%).
53Cr has I = 3/2.
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In order to analyze experimental orientational dependencies the 

following Hamiltonian was used[4]:ℋ = 𝜇𝛽𝑒 𝐇 ∙ 𝐠 ∙ 𝐒 + 𝐒 ∙ 𝐃 ∙ 𝐒 + 𝐒 ∙ 𝐀 ∙ 𝐈 − 𝜇𝛽𝑛𝑔𝑛(𝐇 ∙ 𝐈)
Model parameters:

g: gx = gy = gz = 1.967; 

A: Ax = Ay = Az = 52.4 MHz; 

D: Dx = -3.162 GHz, Dy = -13.758 GHz, Dz = 16.921 GHz
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𝑇1−1 = 𝐴𝑇 + 𝐵𝑇7 + 𝐶𝑒𝑥𝑝(−Δ𝑇) Each point was found by echo 
approximation with following 

equation[4]:

A = 64 s-1K-1, B = 0.3·10-7 s-1K-7, 
C = 0.85·105 s-1, Δ = 90K 𝐴 = 𝐴0𝑒𝑥𝑝 − 2𝜏𝑇𝑚 𝛼 , here α = 1.8


