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Spectral Compression of Narrowband Single Photons with a Resonant Cavity
(Dated: May 30, 2019)

We compress the spectrum of narrowband heralded single photons generated by four-wave mixing
in cold 3’Rb atoms using a near-resonant cavity as dispersion medium. N {_’ = wb\ w.l-\{ 0’1’“‘ aclt™

Introduction - Efficient atom-light interactions at the
single quantum level, the core of many proposals for stor-
ing, processing, and relaying quantum information [1, 2],
requires single photons matching the spectrum of atomic
transitions.

A widely adopted solution for generating spectral-
matching single photons is passive filtering of bright,
broadband sources [3, 4], with the unavoidable conse-
quence of a drastic reduction of brightness.
photon-atom interaction experiments require a high in-
teraction rate and photon losses can compromise the fea-
sibility of such experiments. -

Inspired by techniques to compress ultra-fast pulses [5,
6] we developed a method to compress the bandwidth of
already narrowband photons using an asymmetric cavity
as dispersion medium. In principle, the photon rates are
unaffected while the photon spectrum is narrowed. The

quent temporal phase manipulation. In previous works
a long silica fiber provided sufficient non-linear dispersion
to compress broadband photons. In the case of already
narrowband photons, the necessary non-linear dispersion
is several orders of magnitude larger, corresponding to an
unpractical fiber length and the associated-unaceeptable
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~In-our-demensttation we introduce the necessary non-_

compression mechanism relies on dispersion and a subse: "/

linear dispersion with a highly reflective asymmetric cav-
1%

y. Its dispersion is a function of the finesse and can be
adjusted by tuning the resonance frequency. In principle
this cavity does not introduce optical losses.

Theory - Let? single photon with intensity
time envelope |1p(t)|2 and its corresponding power spec-
trum | (w; wg,I‘p)|2, connected by the Fourier trans-
form F: ¥(w) = F[¢(t)] and characterized by a spec-
tral width T', and central frequency wo. The first step
is to spread out the wave packet in time with a disper-
sion medium. To introduce the dispersion necessary for
stretching the pulse in time, we consider an asymmet-
ric optical cavity. Choosing the output mirror to be
fully reflective Roy = 1, the cavity reflects any inci-
dent wavepacket without introducing losses, but adding
a frequency dependent phase factor. Assuming a cav-
ity linewidth T'; much smaller than the Free Spectral
Range, the transfer function for frequencies around the
resonartice we can be approximated with

Te+1i2(w—we)
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Multiplying the transfer function of Eg. (1) and the
single photon state ¥(w; wo,I'p) returns the dispersed

However 4

state
V' (w; Aw,T¢,Tp) = ¥ (w; wo,Tp) C(w; we,Te), (2)

where Aw = wg — w, is the detuning between the
wavepacket and the cavity resonance. The state ¥'(w)
has the same power spectrum as ¥(w)because the cavity
did not introduce any loss |C(w; we,Te)|? = 1.

We now use the inverse Fourier transform F'~! to re-
turn to the time description

Y'(t; Aw, T, Tp) = F7H U (w; Aw, T, Tp)] . (3)

The new time envelope ¢'(t; Aw,T¢,T'p) is broader
in time and has acquired a time-dependent
phase ¢'(t; Aw,Tp, T;) 1

Similar to '@ﬁéﬂ—&hﬁﬁ"ﬁk Fourier-
transform limited pulses, where the time-bandwidth

product is minimized by a frequency-independent spec-
tral phase, we expect to reduce the spectral bandwidth
of the heralded single photon by removing any time-
dependent phase.

To complete the compression,)fe\ﬂ'nen-ﬁppl)( a time-
varying phase shift ¢, (%) s&fha[i . (o L " M =
Pe(t) = —?’(t; Aw, Fparc): (4)

finally resulting in the spectrally-compressed

V' (t; Aw,Tp,Tp) = ¥/ (t; Aw,Tp,Te) €@ . (5)
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FIG. 1: Concept of’compression. Top row is the temporal
intensity profile of a photon, bottom row the respective power
spectra. The initial pulse is dispersed by a cavity. The pho-
ton has now a new temporal shape, but the spectrum is un-
changed. An EOM manipulates the phase of the pulse which
leads to a narrower spectrum. Q
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To quantify the compression we compare the spectral
widths before and after the compression obtained from
the respective power spectra. The power spectrum of the
compressed photon is obtained through a Fourier Trans-
form of Eq. 5.

We now consider the specific case of a signal and idler
photon emerging from an atomic cascade decay, where we
intend to compress the idler photon. The detection of the
signal photon projects the idler mode into the heralded
state

W(t) = /Ty e FEWO(t - 1), (6)

where £y and t are the detection times of the signal and
idler photons, respectively. The exponential decay with
the constant I'p is a characteristic of the spontaneous
process, while the Heaviside step function © is a conse-
quence of the well-defined time order of the cascade decay
process. For simplicity, we set to = 0 s.

Given this temporal profile, we expect a Lorentzian
power spectrum for the idler photons. The bandwidth
of a Lorentzian is described by the full-width half max-
imum T, which also corresponds to 50% of the total
pulse energy. The compressed spectrum is a non-trivial
distribution and the commonly used full width half max-
imum (FWHM) is not a good quantifier for bandwidth.
Hence, we instead dem{a-th as the smallest spec-
tral width containing 50% of the total pulse energy, as
this definition of bandwidth is compatible for both a
Lorentzian and a generic spectra.

To obtain the optimum cavity parameters, we numer-
ically minimize the bandwidth of the compressed pho-
ton spectrum. The spectrum is obtained from the
Fourier transform of Eq.5. We find that the maximal
compression is achieved by a resonant cavity Aw = 0
with a bandwidth of T, &~ T, /4. Under these conditions,
the compressed single photon time envelope can be writ-
ten as

Y'(t) = e~ O ST, Ace
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Theoretically the narrowest bandwidth achievable with
compression based on an asymmetric cavity is ~ 0.3T.
The temporal photon envelope |1(t)|? and power spectra
|¥(w)|? for an exponential decay are depicted in Fig.1.

Experiment — We-experimentally tested—thespeocttal — (FP) with linewidth T'sp =

compressiormetheod= The setup is shown in Fig. 2. We

generate the time-ordered photon pairs by four-wave mix-
ing in a cold ensemble of 87Rb atoms in a cascade level
scheme [7]. Pump beams at 780nm and 776nm ex-
cite atoms from the 55,5, F = 2 ground level to the
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FIG. 2: _@mp;nmi Schematic of the setup for generation

and spectral compression of heralded single photons. Single-
photon detectors Dg 7, Electro-optical modulator EOM, Po-
larization dependent beam splitter PBS, QWP Quarter-whve
plate, IF anterfence ﬁlter (ml‘ft) Energy level scheme

for four-wave mixing in 8"Rb.
l.Lu Xt)

5D3/5, F = 3 level via a two-photon transition. The
762nm (signal) and 795 nm (idler) photon pairs emerge
from a cascade decay back to the ground level and are
coupled to single mode fibers. Phase matching is en-
sured with all four modes collinear and propagating in
the same direction. The two pumps are focused in the
cloud with a beam waist of about 400 gm. The 780 nm
pump is 55MHz blue-detuned from the 55,3, F' = 2
to 5P/, F' = 3 transition and has an optical power
of 0.25mW. The 776 nm pump shares the same optical
mode, has an optical power of 11.4 mW, and is tuned such
that the two-photon transition to the 5D/, F' = 3 state
is 5 MHz blue-detuned. When the excited atoms decay
via the 5Dy o, F = 2 state back into the Tnit oun
state, a 762nm and 795 photon is-emitted—ATter fil=
tering the pump beams and separating the photons into
different modes, we collect them in single mode fibers.
The 762nm signal photon is detected with an avalanche
photo diode and heralds a 795 nm idler photon. The time
correlation between the detection in the signal and idler
modes, shown as blue circles in Fig. 3, corresponds to the
intensity time envelope |1(t)|2.

We measure the inital power spectrum of the
wavepacket, shown in Fig. 4 blue dots, by ’n_l]e_’a/su_ﬂy.mlhg
photon transmission rate through a Fabry-Perot cavity
27 % 2.6 MHz. The trans-
mission is recorded at different detunings corresponding
to different parts of the photon spectrum. The observed
photon spectrum is 20 £ 2 MHz, wider than the atomic
line width of 6 MHz. We attribute this to collective emis-
sion effects in the cloud.
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We then introduce the mecessary dispersion by cou- 0
pling the 795nm idler photon to a cavity. The highly
reflective dispersion cavity has mirrors with nominal re-

flectivity = 097 and (Rou»= 0.9995 separated
(M? by 10.1cm, zEesulténg—i-n—entZ’d‘ﬁee spectral range
of = 1.48GHz and a measured linewidth I, =~ 27 *
7.3 MHz. A Pound-Drever-Hall frequency lock keeps the
cavity resonant to the photons throughout the experi-
ment. The measured time envelope of the single pho-
ton wavepacket after dispersion is shown as red cipeles i
Fig. 3. obs
The spectral compression is completed by applying the oo —_
temcizral' pl;a:e :-,)}fl th St, in the fontnhof a }ll)hag; switch °_0 540 B0 20 10 "0 10" 20 ‘30— 40" Eb
synchronized to the photon passage through a fiber con- ;
nected electro-optical modulator (EOM). Since the idler M? [-“9(\‘%[ fefur < :Demmng (MH:E"‘ o (T~
photon is heralded, ;hgmatvg_,\i/cz;g{the photon after some &‘:G. 4: Spectral profile of heralded photons with (red) and
propagation time is known. The phase flip is applied, ithout (blue) compression measured by scanning fabry-perot
right after the first part of the dispersed photon exits  cavity. The solid lines are calculated from Eq. 5, Iy, is inferred

the modulator and the second part starts to propagate from initial photon time correlation and I’ by experimentally
characterizing the cavity bandwidth. The red and blue areas

Coincidence rate (s1)
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. =20 0 20 40 60 80 100 . .
g Detection tima difference At (ns) to our data points and plot the Lorentizan part as the

00y through it. The right timing is indicated as dashed line
\ .
- in Fi We meagure the compressed photon spectrum BorSiE0% ef thiettocalipomeE
by again recording the photon transmission rate through
the Fabry-Perot cavity, shown as red dots in Fig, 4. The measured spectral profiles before and after com-
pression is shown hs—dotsin Fig 4. We observe a dip
0.15 around the central frequency in the spectral profile of
N the uncompressed photons, and we attribute this to a re-
£ absorption of the generated photons in our source. We
g ( model this by combining a Lorentzian with an absorption
g ' model
4 pooid (olov edy 2
§ 8 A 2T —OD—La
2 , S(w,0D;T,,T,) == —F_ ¢ w12 (9
© pr+a 2 ] bl
s - ooy cdlppe™ A */;m—~“\w);rp e,
E,i' S W‘N" foc ) lod with@_l?)&.l.hg optical density of the c}o andZ& a 4
g\ g (1 b /40 p«!", scalingfactor as free fitting parameters. I', determined
3 s v fevious fit, T', is set to 6.06 MHz, the atomic line
(1Ot width of the 551 /5 — 5P, /o transition. We fit this model

blue line in Fig. 4. We rescale the expected compressed

y FIG. 3: Photon detection=probability density before (blue pow.er spectrum I‘Il(w)|2 using the fitted value for the
C[ Vi /dxss) and after (red dots) the dispersion cavity. We fit an scaling factor A, shown as the red line in Fig. 4.

“ exponential decay Eq. 6 to the initial time correlation (blue Discussion - A successful compression results in a nar-

solid line) , from which we infer the photon bandwidth I';. rower spectral width with an increased W—

From Eq. 2 we calculate the expected temporal profile after _~tude at the central photon frequency. In our experiment

the photon passed through the dispersion cavity (red solid “ we measure a bandwidth of 202 MHz for the initial pho-

line). \LL(-«WQ e,‘.‘\u..,uut'\'ﬂ ton and 8+2 MHz for the compressed photon. This al-
e x\u)»v\nhk DN\ most matches 6 MHz, the natural D transition linewidths
odeling-ihe=data - To obtain a initial photon band-  of 3’Rb. The maximal photon flux through the spec-

width I',, we fit'Eq. 6 to the temporal envelope of the  troscopic cavity is increased by 23944 percent. These
photons from our source; the blue dofs in Fig, 32 The  two experimental observations demonstrate the success-
solid red line, is the expectéd temporal envelope after the  ful spectral compression of narrowband photons. The
dispersion cavity, corresponding to Eq. 7, with I', ob-  compressions mechanism is in principle lossless since the
tained from the fit of the injtial photon shape, and I'r  photons are not spectrally filtered. However, we still suf-
was experimentally determined, The measured temporal  fer from photon loss due to the compression optics. In
envelope after|the dispersion caNity agrees well with the  our experiment we have losses of >90%, where the main
expected profile. contribution of 70% comes from the fiber-based EOM.
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This loss can be reduced signficantly by using a free-space

EOM instead, which can have losses < 10%.

¢  The maximal compression is foW@&
—tire dispersion cavity bandwidth 1 0.25T,. We be-

lieve that this compression method is a useful resource to

relax the bandwidth requirements on narrowband single
photon sources.
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Spectral Compression of Narrowband Single Photons with a Resonant Cavity
(Dated: May 30, 2019)

We compress the spectrum of narrowband heralded single photons generated by four-wave mixing
in cold ¥ Rb atoms using a near-resonant cavity as dispersion medium.

Introduction — Efficient atom-light interactions at the
single quantum level, the core of many proposals for stor-
ing, processing, and relaying quantum information [1, 2],
requires single photons matching the spectrum of atomic
transitions.

A widely adopted solution for generating spectral-
matching single photons is passive filtering of bright,
broadband sources [3, 4], with the unavoidable conse-
quence of a drastic reduction of brightness. However,
photon-atom interaction experiments require a high in-
teraction rate and photon losses can compromise the fea-
sibility of such experiments.

Inspired by techniques to compress ultra-fast pulses [5,
6] we developed a method to compress the bandwidth of
already narrowband photons using an asymmetric cavity
as dispersion medium. In principle, the photon rates are
unaffected while the photon spectrum is narrowed. The

compression mechanism relies on dispersion and a subse- [/
quent temporal phase manipulation. In previous Worksﬁj
L4

a long silica fiber provided sufficient non-linear dispersion
to compress broadband photons. In the case of already
narrowband photons, the necessary non-linear dispersion
is several orders of magnitude larger, corresponding to an
unpractical fiber length and the associated unacceptable

losses. !! ! ¢ -0 r_lt ) —T.?CA
I " we introduce the necessary nen-

Hnear dispersion with a highly reflective asymmetric cav-
ity. Its dispersion is a function of the finesse and can be
tadjusted by tuning the resonance frequency. In principle
this cavity does not introduce optical losses.

Theory el ider a single photon with intensity
time envelope |4(t)|* and its corresponding power spec-
trum | ¥(w; wo, Tp)|%, connected by the Fourier trans-
form F: ¥(w) = F[(t)] and characterized by a spec-
tral width I', and central frequency wy. The first step
is to spread out the wave packet in time with a disper-
sion medium. To introduce the dispersion necessary for
stretching the pulse in time, we consider an asymmet-
ric optical cavity. Choosing the output mirror to be
fully reflective Rout = 1, the cavity reflects any inci-
dent wavepacket without introducing losses, but adding
a frequency dependent phase factor. Assuming a cav-
ity linewidth I, much smaller than the Free Spectral
Range, the transfer function for frequencies around the
resonance w, can be approximated with

Te+i2(w—w,)

Cw; we, T'e) = T, 3 2w —we) (1)
Multiplying the transfer function of Eq. (1) and the

single photon state W(w; wg,T’p) returns the dispersed

state
\Iﬂ(w; Aw,rc,rp) =¥ ("J; wo, Pp) C(‘”; wcvrc) ) (2)

where Aw = wy — w, is the detuning between the
wavepacket and the cavity resonance. The state ¥'(w)
has the same power spectrum as ¥(w)because the cavity
did not introduce any loss |C(w; we, [o)|* = 1.

We now use the inverse Fourier transform F~! to re-
turn to the time description

Yt Aw, T, Tp) = F71 ¥ (w; Aw, T, Tp)] . 3)

The new time envelope %'(¢; Aw,T¢,T'y) is broader
in time and has acquired a time-dependent
phase ¢'(t; Aw,Tp,Te)

Similar to what—happens—imr—the—ease—of Fourier-
transform limited pulses, where the time-bandwidth
product is minimized by a frequency-independent spec-
tral phase, we expect to reduce the spectral bandwidth
of the heralded single photon by removing any time-
dependent phase.

To complete the compression, we—themrapply a time-
varying phase shift ¢.(t) so that

Pe(t) = —¢'(t; Aw,Ty,Te), (4)
finally resulting in the spectrally-compressed

¥ (t; Aw,Tp,Te) =9/ (; Aw,Tp,Tp) et (5)

(el 190
b t| % t % t
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= Dispersion Phase shift
¥ (w)
w, w w, w w, w
FIG. 1: Concept of compression. Top row is the temporal

intensity profile of a photon, bottom row the respective power
spectra. The initial pulse is dispersed by a cavity. The pho-
ton has now a new temporal shape, but the spectrum is un-
changed. An EOM manipulates the phase of the pulse which
leads to a narrower spectrum.
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To quantify the compression we compare the spectral
widths before and after the compression obtained from
the respective power spectra. The power spectrum of the
compressed photon is obtained through a Fourier Trans-
form of Eq. 5.

We now consider the specific case of a signal and idler
photon emerging from an atomic cascade decay, where we
intend to compress the idler photon. The detection of the
signal photon projects the idler mode into the heralded
state

B(t) = /Ty e FERO( — 1), 6)

where ty and t are the detection times of the signal and
idler photons, respectively. The exponential decay with
the constant ', is a characteristic of the spontaneous
process, while the Heaviside step function © is a conse-
quence of the well-defined time order of the cascade decay
process. For simplicity, we set tg = 0s.

Given this temporal profile, we expect a Lorentzian
power spectrum for the idler photons. The bandwidth
of a Lorentzian is described by the full-width half max-
imum I'p, which also corresponds to 50% of the total
pulse energy. The compressed spectrum is a non-trivial

913‘ PBS QWP oty
780nm 795nm 2
Pump Idler Y
{ 503&:}_.. K .
= i T
! Pump Signal ; ! swi
! 776nm 762nm v
5P, —— Timestamp
T s,
+ Pump Idler
1 780nm 795nm : .
: \ : Spectroscopic D,
N 58, ; cavity
FIG. 2: (top-sight) Schematic of the setup for generation

and spectral compression of heralded single photons. Single-
photon detectors Dg,r, Electro-optical modulator EOM, Po-
larization dependent beam splitter PBS, QWP Quarter-wave
plate, IF Interfence filter. (boticmaleft) Energy level scheme
for four-wave mixing in 5"Rb.

distribution and the commonly used full width half max- e ;‘.6,'., h.l\7

imum (FWHM) is not a good quantifier for bandwidth.¢
Hernce, we instead define bandwidth as the smallest spec-
tral width containing 50% of the total pulse energy, as
this definition of bandwidth is compatible for both a
Lorentzian and a generic spectra.

To obtain the optimum cavity parameters, we numer-
ically minimize the bandwidth of the compressed pho-
ton spectrum. The spectrum is obtained from the Fest
Fourier transform of Eq.5. We find that the maximal
compression is achieved by a resonant cavity Aw = 0
with a bandwidth of I'; = T',/4. Under these conditions,
the compressed single photon time envelope can be writ-
ten as

- o -ft
,‘/)Il(t) — e—z¢ (t) \/E 2lce (FP + FC) € @(t) ’
Fp -T.
(7)

At
wheve-the phase function s~

() =70 e el I

f 5> Seilel Theoreticatly the narrowest bandwidth achievable with
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compression based on an asymmetric cavity is ~ 0.3T,.
The temporal photon envelope |¢(¢)|? and power spectra
|¥(w)|? for an exponential decay are depicted in Fig.1.
Ezperiment —~We-experimentally tested the-speetral
jon m . The setup is shown in Fig. 2. We
generate the time-ordered photon pairs by four-wave mix-
ing in a cold ensemble of 8"Rb atoms in a cascade level
scheme [7]. Pump beams at 780nm and 776nm ex-
cite atoms from the 55,2, F = 2 ground level to the

5Dg/9,F = 3 level via a two-photon transition. The
762nm (signal) and 795nm (idler) photon pairs emerge
from a cascade decay back to the ground level and are
coupled to single mode fibers. Phase matching is en-
sured with all four modes collinear and propagating in
the same direction. The two pumps are focused in the
cloud with a beam waist of about 400 um. The 780 nm
pump is 55 MHz blue-detuned from the 55,2, F = 2
to 5P3/5, F = 3 transition and has an optical power
of 0.25mW. The 776 nm pump shares the same optical
mode, has an optical power of 11.4 mW, and is tuned such
that the two-photon transition to the 5D3/s, F' = 3 state
is 5 MHz blue-detuned.[ When the excited atoms decay
via the 5Dy9, F = 2 state back into the initi{al_gxg@_?
state, a 762nm and 795 nm photon is emitted( After fil-
tering the pump beams and separating the photons into
different modes, we collect them in single mode fibers.
The 762 nm signal photon is detected with an avalanche
photo diode and heralds a 795 nm idler photon. The time
correlation between the detection in the signal and idler
modes, shown as blue circles in Fig. 3, corresponds to the
intensity time envelope |1(t)|?.

We measure the inital power spectrum of the
wavepacket, shown in Fig. 4 blue dots, by measuring the
photon transmission rate through a Fabry-Perot cavity
(FP) with linewidth TI'pp ~ 27 * 2.6 MHz. The trans-
mission is recorded at different detunings corresponding
to different parts of the photon spectrum. The observed
photon spectrum is 20 £+ 2MHz, wider than the atomic
line width of 6 MHz. We attribute this to collective emis-
sion effects in the cloud.



We then introduce the necessary dispersion by cou-
pling the 795nm idler photon to a cavity. The highly
reflective dispersion cavity has mirrors with nominal re-
flectivity Rin, = 0.97 and R.N,,’ﬁ= 0.9995 separated

by 10.1cm, Wﬁf&%ﬁ +i;ree spectral range
of #]1.48 GHz and a measured Inewidth I'; = 2w *
7.3MHz. A Pound-Drever-Hall frequency lock keeps the
cavity resonant to the photons throughout the experi-
ment. The measured time envelope of the single pho-
ton wavepacket after dispersion is shown as red circles in
Fig. 3.

The spectral compression is completed by applying the
temporal phase of Eq. 8, in the form of a phase switch
synchronized to the photon passage through a fiber con-
nected electro-optical modulator (EOM). Since the idler
photon is heralded, the location of the photon after some
propagation time is known. The phase flip is applied,

right after the first part of the dispersed phpton exits
the modulator and the second part sﬁé‘fwﬁ&%ﬁy

through-i. The right timing is indicated as dashed line
in Fig.1. We gg&i’é’ the compressed photon spectrum
by again recording the photon transmission rate through
the Fabry-Perot cavity, shown as red dots in Fig. 4.
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FIG. 3: Photon detection probability density before (blue

dots) and after (red dots) the dispersion cavity. We fit an
exponential decay Eq. 6 to the initial time correlation (blue
_solid line) , from which we infer the photon bandwidth T'j.
E‘rom Eq. 2 we calculate the expected temporal profile after
the photon passed through the dispersion cavity (red solid
ine). The ne Zg‘ ...
which (5 ia
Modeling the data — To obtain a initial photon band-
width T, we fit Eq. 6 to the temporal envelope of the
photons from our source; the blue dots in Fig. 3. The
solid red line is the e*pectted- temporal envelope after the
dispersion cavity, Soaperd é"ﬁ) Eq. 7, with T, ob-
tained from the fit of the initial photon shape, and T'.
was experimentally determined. The measured temporal
envelope after the dispersion cavity agrees well with the
expected profile.
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FIG. 4: Spectral profile of heralded photons with (red) and
witheut (If¥¢}) compression measured by scanning fabry-perot
cavity. The solid lines are calculated from Eq. 5, T, is inferred
from initial photon time correlation and T'; by experimentally
characterizing the cavity bandwidth. The red and blue areas
cover 50% of the total power. E@O~

The measured spectral profiles before and after com-
pression is shown as dots in Fig 4. We observe a dip
around the central frequency in the spectral profile of
the uncompressed photons, and we attribute this to a re-
absorption of the generated photons in our source. We
model this by combining a Lorentzian with an absorption
model
A 2T,

r——— O

S(w'iODl‘I‘z_,,l"a) = 1212
an QP,A'C el Jans{Lv @b

with as the optical density of cloud, and / 2 ol
scalinmﬁmm:determined Z/vL
by the previous fit, I, is set to 6.06 MHz, the atomic line s
width of the 5512 — 5P/, transition. We fit this model

2
—ODZ;;'iF{ )

a
to our data points and plot the Lorentizan part as the .

blue line in Fig. 4. We rescale the expected compressed
power spectrum |¥(w)[? using the fitted value for the
scaling factor A, shown as the red line in Fig. 4.
Discussion — A successful compression results in a nar-
rower spectral width with an increased photon flux ampli-
tude at the central photon frequency. In our experiment
we measure a bandwidth of 20+2 MHz for the initial pho-
ton and 8+2 MHz for the compressed photon. This al-
most matches 6 MHz, the natural D transition linewidths
of 8"Rb. The maximal photon flux through the spec-
troscopic cavity is increased by 239+4 These
two experimental observations demonstrate the success-
ful spectral compression of narrowband photons. The
compressions mechanism is in principle lossless since the
photons are not spectrally filtered. However, we still suf-
fer from photon loss due to the compression optics. In
our experiment we have losses of >90%, where the main
contribution of 70% comes from the fiber-based EOM.
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This loss can be reduced signficantly by using a free-space
EOM instead, which can have losses < 10%.

The maximal compression is found to be achieved when
the dispersion cavity bandwidth is set to 0.25I';,. We be-
lieve that this compression method is a useful resource to
relax the bandwidth requirements on narrowband single
photon sources.
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