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ABSTRACT

ABSTRACT

As the basis of quantum communication and computing, the
investigation of the interaction between the light and atomic is very important.
Which including coherent population trapping (CPT), electromagnetically
induced transparency (EIT), quantum storage, slow light, laser without
inversion (LWI) and so on. Due to its unique absorption and dispersion
properties, EIT have a wide range of applications in many areas. EIT effect
can reduce the absorption loss of light in the medium while enhancing the
dispersion, thus it can be used in slowing the group velocity of the light,
quantum storage, laser without inversion and many other aspects. In
quantum communication, the reliability of quantum information processing
depends on the measurement of the noise. The research of quantum noise
properties of probe light field in Electromagnetically induced transparency
has a significant role in improving the reliability of quantum information.

First, we review the background knowledge of EIT, which including
discovery and physical mechanism, development, and applications of EIT.
Secondly, we analyze the absorption and dispersion properties of a two-level
atomic system resonance medium and A -type three-level atomic system EIT
medium through Semi-classical theory. Through comparison we can find that
A -type three-level EIT atomic system has strong dispersion and weak
absorption at the resonance. It’s different from the two-level atomic system:
which has strong dispersion and strong absorption. This feature of EIT makes
many phenomena possible. So EIT has been well used in many areas.

Finally, this paper focuses on the experimental study of quantum noise
properties of the probe field in EIT medium. Through the absorption and
dispersion properties of EIT we analyze the sources of additional noise of
probe field. We applied some relevant knowledge in the experiment, such as
the technology of saturated absorption, low noise AC/DC detector and
balanced homodyne detection system. These are the basis of the experiment
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of the interaction between light and atoms. We use balanced homodyne
detection and self-homodyne detection respectively to measure the
quadrature amplitude and quadrature phase noise spectra of the probe field in
electromagnetic induced transparency medium. Through adjusting the
voltage of the piezoelectric ceramic transducer, we change the optical path of
the local light, thus change the relative phase of the local light and the probe
light in the balanced homodyne detection. Then we measure the noise
components of the probe light with the different phase. In the experiment, we
observe that the coupling of the probe light and the coupling light lead to the
increase of the noise of the probe light in electromagnetic induced
transparency medium. And we find that the induced extra noise of the
different quadrature components of the probe field is different for the
different detuning of the coupling laser. Simultaneously, we give the
relationship between the noise of the probe field and the power of the
coupling light and analysis frequency. The analysis to quantum noise
properties of light field in EIT medium can be used as the basis of the
reliability of quantum information process and the method of phase noise
measurement of the light field.

Key words: Electromagnetically induced transparency; Amplitude noise;
Phase noise; Absorption and dispersion properties; A -style three-level
system
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5 S5 (Electromagnetically Induced Transparency—EIT) f8H/&—
WA GG — IR ISR MDA I 5 = RE % R GoMH TAE N, BRI 6 1 s bR i
SPGB MBS . EIT S8 A TR AR TAR F 3K (CPT) U8, (R W5 B 22 3,
CPT SE5& v HOG A DG s AR SE, T EIT S23e AN IE o FRATTRT DA 450 A5 BEAL SR R
EIT 2, Wil 1.1 o MR A B = Re R R GAE LA h IR L. fEEFE &
JEAERITE, ki |b) il |c) z&%ﬁé§§€$%|bd>$ﬂ|cd>[lg]o XA AR T |c) (K1 BE
BRI, IR LARIT AEZR |a) — |c) AyLst T4, HAi il |a) — |bd) #
|a) - |cd) IEXPIARRITAEGL, SLRS IERIDEBOZX PSSR, IF H S BUBIA LT
W A AR BRI G AE LRI AL RO SS , TR R EIT,

a é
c ()

1.1 BIFSERPHABRLE. HP|bd)H|cd) MR,

Kocharovskaya, KhaninY#1 Harris®4 21 F 1988 41 1989 4E32 H T EIT HIME
oo FERXW G CES, ATIHSELE R — M JohL T B RO 0GR
F, WOGHI P AR S L — SRR T B S o TR R R I A A B2 SO SURT 32 R
U, ZBORMOS RO TGO RIS, SR S I AR G T AR BOK .
SEIL TR TR SO S it BRI ES T SOOIk Az RS I R . TR
B0 Harris 55 A4 0 ok 18U Fe oG U R 5 B0 IR B b BRI E AT
PO IR b B B 8 SR 5 S R s R T S OO R, T Harris S8 ACK
M BRI S5 T 2RO 18, T SEBLICRE 78U B0 . EIT AR 58 27
FIX—HEi . Harris MET 1991 4FE ESL EISEE] EIT LR %9080 1) (o i
OB IE T 2R, WOt SR K Eot, R Regkai & 1.2 o, NABL=6E
R, AL TAE2E[2) > [3) 2 1, SHRMIHIEM T A4 < [3) 2. 52
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[51356) —— 13>
[45926] I T-TH
%= 5703 nm
4d5p 1D i‘-p’ 3371 nm
2 2=
[33827)
5s5p P, \
[21698] =
B1.2 BRFHPEREN EIT BEE TEE. BUXEER 337nm , BEHXFEEN

570.3nm[3]o

TRANSMISSION

(b)

0.0 I I 1
—a -2 o 2 a

PROBE LASER DETUNING (em=1)

1.3 BXAMBRIWET AR (a) ZEBAKER (b) BB xERT,

1.2 BEGAFSIERM Rt R
B HLIVE, FL7E Kocharovskaya, Khanin* 1 Harris®l4& 4 EIT (1182 2 i, OrriolstY!
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REE N E T, EEMICIZFKN 200 us R E AT 98.6%, 4.5ms ik
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1.3. 3 JE M A F MR AR

EIT /i B AEFLARAL FAT SR U IR 1E 5 (0 A B A B AE RSO FE D 55 1K S8E s A] DA
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