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Dispersive Broadening of Two-photon Wave Packets Generated via Type-I
and Type-II Spontaneous Parametric Down-conversion
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Photons generated via spontaneous parametric down-conversion (SPDC) have broad spectrums
and suffer from dispersive broadening of the temporal wave packets when they are transmitted
through dispersive media. In this paper we theoretically and experimentally study the detailed
amount of the temporal broadening of the two-photon wave packets generated via both type-I and
type-II SPDC with β-BaB2O4 of various lengths, by transmitting them through optical fibers. We
interpret the results with respect to the spectral properties of the two-photon wave packets. We
believe that our results will contribute to implementing protocols involving long-range distributions
of photon pairs.
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I. INTRODUCTION

The photon pair generated via spontaneous parametric
down conversion (SPDC) has become a useful resource in
quantum communication [1,2] and quantum computing
[3]. The photon pair is used as a heralded single qubit
source [4,5] or an entangled qubit source [6,7] in imple-
menting various quantum information protocols. And
many of these quantum information protocols require
long range distribution of photons through optical fibers.

The photon pair generated via SPDC are spectrally
correlated according to the phase matching condition of
the process [8–10], and each photon usually has a broad
spectrum even when they are generated by narrowband
pumping. The broad spectrum of each photon causes the
group velocity dispersion when it passes through disper-
sive media such as optical fibers.

Many studies have been done on the effect of dispersive
broadening of the temporal wave packet of the photon
pair generated via SPDC [11–14]. The temporal broad-
ening of the two-photon wave packets also has been used
in applications such as joint spectral intensity analysis
of biphoton [15], and long-distance temporal quantum
ghost imaging [16]. Research on the non-local manip-
ulation or cancelation of the dispersion using non-local
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nature of the entangled photon pair generated via SPDC
has been done as well [17–20].

In this paper we theoretically and experimentally in-
vestigate the detailed amount of the dispersive broaden-
ing effect on the photons generated via type-I and type-
II SPDC process. We theoretically calculate the spec-
tral properties of the photon pairs generated via type-I
and type-II SPDC process with nonlinear media of dif-
ferent lengths. Additionally, we consider the effect of
the spectral filtering on biphoton spectrum and simulate
the spectral properties when each photon passes through
the filters of different bandwidths. For the cases that the
photon pairs pass through optical fibers of three differ-
ent lengths, we simulate Glauber second order correla-
tion functions [21]. We observe the dispersive broadening
of the two-photon wave packets under aforementioned
conditions experimentally by measuring relative coinci-
dence counts as a function of time delay between the two
photons, using a time correlated single photon counting
(TCSPC) electronics. We reflect the transmission func-
tions of the interference filters, the detection efficiency
of the single-photon counters and the jitter time of the
electronics to the Glauber second order correlation func-
tions, and confirm that the experimental results agree
well with the theoretical expectations.

II. EXPERIMENT

The scheme of the experiment to observe the dispersive
broadening effect on photon pair generated via SPDC is
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Fig. 1. (Color online) Schematic of the experiment. A
type-I or type-II BBO crystal is pumped by a 408 nm diode
laser. The signal-idler photon pair of the SPDC is split at
the 50-50 beam splitter BS. IF1 and IF2 are spectral filters.
The signal and the idler photons are entangled with the joint
quantum state of |Ψ〉 and they are coupled into the single-
mode optical fibers SMF1 and SMF2, respectively. The de-
tection events at the detectors D1 at time t1 and D2 at time
t2 are then analyzed to record the second order correlation
function G(2)(t1 − t2) = G(2)(τ).

simple, see Fig. 1. The photon pair is generated via
type-I or type-II SPDC process by pumping the crystals
of which the optic axes are aligned so that the signal
and idler photons propagate collinearly. The photons
are split at the 50-50 beam splitter (BS) and are coupled
into the single-mode optical fibers of identical lengths,
SMF1 and SMF2, at each output of BS. Right before the
fiber couplers we put the interference filters IF1 and IF2
to block the pump beam from coupling into the fibers.
At the end of the fibers the photons are detected with
the single photon counting modules D1 and D2. The
temporal correlation of the two photons is measured from
the number of coincidence events of the single photon
detection of D1 at t1 and of D2 at t2. If the detectors and
the other electronics are infinitely fast then the temporal
correlation is measured to be proportional to the Glauber
second order correlation function G(2)(t1− t2) = G(2)(τ)
[21].

Glauber second order correlation function is expressed
as

G(2)(t1, t2) =
∣∣∣〈0|E(+)

1 (t1)E
(+)
2 (t2)|ψ〉

∣∣∣2 , (1)

where |ψ〉 is the state of the two-photon right after the

BS and E
(+)
1 (t1) and E

(+)
2 (t2) are the positive frequency

component of the quantized electric field operators at
detector D1 and D2, which can be written as

E
(+)
1 (t1) =

∫
dωf1(ω)â1(ω)e

i
n(ω)L1

c ωe−iωt1 , (2)

and

E
(+)
2 (t2) =

∫
dωf2(ω)â2(ω)e

i
n(ω)L2

c ωe−iωt2 (3)

with the annihilation operators for each mode, â1(ω) and
â2(ω), respectively. Here f1(ω) and f2(ω) represent the

amplitude of the electric fields at D1 and D2, and n(ω)
is the refractive index of the single-mode fiber. L1 and
L2 are the lengths of the fibers and c is speed of light.
f1(ω) and f2(ω) are determined by the detection ef-

ficiency of the single photon counting modules and the
transmission function of the filter in front of each detec-
tor. i.e.,

f1(ω) = S(ω)F1(ω), (4)

and

f2(ω) = S(ω)F2(ω), (5)

where S(ω) is the function describing the detection ef-
ficiency of the single-photon counting module [22] and
F1(ω) and F2(ω) are the transmission functions of each
filters in front of detector D1 and D2, respectively.

n(ω) is approximated up to frequency’s first order ex-
pansion with respect to Ωp/2, the central frequency of
the down-converted photons in degenerate case. i.e.,

n(ω) � n(0) + n(1) × (ω − Ωp

2
). (6)

In our case, the fused silica gives n(0) = n(Ωp/2) = 1.453

and n(1) = dn
dω

∣∣
Ωp/2

= 5.895 × 10−18 for 408 nm pump

beam.

1. Type-II SPDC process

The state of the photon pair generated via type-II
SPDC process is described as follows [9,10],

|ψ(ωp)〉 ∼
∫∫

dkodke

∫ L

0

dz

× eiΔzδ(ωo + ωe − ωp)â
†(ωe)â

†(ωo)|0〉, (7)

where L is the length of the non-linear media. The sub-
script o and e refer to the signal and idler photons with
horizontal and vertical polarizations, respectively, and
the subscript p refers to the pump photon, of which the
frequency ωp originates from each mode of the multi-
mode diode laser, centered at Ωp. The phase mismatch
between the pump, signal and idler photons is

Δ = kp − ke − ko. (8)

By expanding the wave vectors in terms of frequencies,
Eq. (8) can be written as the first order function of the
frequencies as follows,

Δ = −(ωp − Ωp)D+ − 1

2
(ωo − ωe)D, (9)

where the coefficients D+ and D can be presented with
the group velocities of the pump and the signal photons
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Fig. 2. (Color online) Experimental data (thin lines) and theoretical expectations (bold lines) for type-II SPDC with a (a)
1 mm BBO, (b) 2 mm BBO, (c) 3 mm BBO, and (d) 4 mm BBO. Both IF1 and IF2 have 80 nm FWHM bandwidth centered
at 816 nm. The acquisition time for each of the data plot is (a) 100 s, 600 s, 2000 s, (b) 100 s, 250 s, 500 s, (c) 150 s, 450 s,
1000 s, and (d) 150 s, 300 s, 1000 s, respectively, for a 2 m, 402 m, 802 m long single-mode fiber spool in each path of the signal
and the idler photons. The specific values of FWHM of the temporal wave packets in each plot under the effect of 2 m, 402
m, and 802 m of optical fibers are given as (a) 0.648 ns, 1.09 ns, and 1.85 ns, (b) 0.684 ns, 0.836 ns, and 1.20 ns, (c) 0.632 ns,
0.740 ns, and 0.936 ns, and (d) 0.696 ns, 0.728 ns, and 0.888 ns, respectively.

uo(Ω) and of the idler photon ue(Ω) at their central fre-
quencies;

D+ =

[
1

uo(Ωo)
+

1

ue(Ωe)

]
− 1

uo(Ωp)
, (10)

and

D =
1

uo(Ωo)
− 1

ue(Ωe)
. (11)

The central frequencies of each down-converted photons
Ωo and Ωe are equivalent to Ωp/2 for degenerate case.

|ψ〉 in Eq. (1) is the state after the BS, which is equiv-
alent to the state that the BS’s operation is applied to
Eq. (7); i.e.,

â(ω) → [â1(ω) + â2(ω)]/
√
2. (12)

Finally, incoherent addition of the results of Eq. (1)
for all ωp weighting them according to the pump laser
property gives us the temporal correlation of the photon
pair generated via SPDC in which a non-linear media is
pumped with a multi-mode diode laser [10]. Namely, the
overall state can be described as follows,

ρ =

∫
Φ(ωp)dωp|ψ(ωp)〉〈ψ(ωp)| (13)

where the spectral power density of the multi-mode diode

laser is given as,

Φ(ωp) ∼
N∑

n=−N

exp

[
− (ωp − Ωp)

2

2σ2
p

]
δ(ωp−nΔωp−Ωp),

(14)

with the bandwidth of the Gaussian profile σp and the
mode spacing Δωp.

We generate the photon pairs with various frequency
correlations via SPDC with different lengths of non-
linear media, using type-II 1 mm, 2 mm, 3 mm and
4 mm β-BaB2O4 (BBO) crystals. We measure the tem-
poral broadening of the photonic wave packets due to the
dispersive media by observing the coincidence counts of
detector D1 and D2 using two single-photon detectors
and a time-correlated single-photon counting (TCSPC;
PicoHarp 300, 4 ps resolution) device. The temporal
broadening is measured for the dispersive media of differ-
ent lengths by changing the lengths of SMF1 and SMF2
from 2 m to 402 m and to 802 m, adding one or two
400 m single-mode fiber spools to each path. We use
the interference filters which have 80 nm full width half
maximum (FWHM) of transmission spectral bandwidth
centered at 816 nm for both IF1 and IF2. In our exper-
iment we used 408 nm centered multi-mode diode laser
with 0.3 nm spectral bandwidth and 0.03 nm mode spac-
ing. We take the multi-mode effect into account in our
theoretical simultations, which is found to be insignifi-
cant.
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The results of the experiment are shown in Fig. 2,
with the results from theoretical simulation. The small
markers represent the experimental data, with error bars
obtained by repeating the measurements 20 times. The
thick solid lines are the results from theoretical simula-
tions. Each plot in Figs. 2(a - d) shows the results of
dispersive broadening of the photonic wave packets gen-
erated via using four different lengths of BBO crystals,
1 mm, 2 mm, 3 mm, and 4 mm, respectively.

Theoretically, a 2 m optical fiber is supposed to give al-
most no dispersive broadening effect on the photon pair.
Indeed the ideal temporal FWHM of G(2)(t1, t2) with 2
m optical fibers derived from Eq. (1) and Eq. (7) is less
than 4 ps, regardless of the length of the BBO crystal
used here for the SPDC process. However, the blue data
sets in Figs. 2(a - d) show temporal FWHM of 0.67 ns,
on average. The reason that the temporal wave packets
we get from the experiment have much broader width is
the electronics timing jitter of the detectors. A realistic
detector’s response function is not a delta function, but a
function with finite width. Therefore, the experimental
result is not G(2)(t1, t2) but convolution of G(2)(t1, t2)
and the detector’s response function.

Although we do not know the detector’s response func-
tion, we can deduce it from the experimental results us-
ing the fact that the convolution of a function with a
delta function is the function itself. Because the FWHM
of the ideal G(2)(t1, t2) is less than 4 ps for 2 m of optical
fibers, and 4 ps is much narrower than the experimentally
observed FWHM of 670 ps (the average of the blue data
sets in Fig. 2), we approximate the ideal G(2)(t1, t2) as
a delta function. Under this approximation, the experi-
mental result, which is the convolution of the detector’s
response function and the delta function, is detector’s re-
sponse function itself. Based on this, we find the fitting
function of each of the data set in Figs. 2(a - d) using
2 m of optical fibers and average the fitting parameters
to get the detector’s response function. The blue, green
and red lines from theoretical simulations, are the results
of convoluting the detector’s response function and the
ideal G(2)(t1, t2), each of which corresponds to the case
of using 2m, 402 m and 802 m fibers, respectively.

Each plot in Fig. 2 shows that as the dispersive media
gets longer the temporal wave packet gets broader. The
specific values of FWHM of the experimental data sets
in each plot of Fig. 2 under the effect of 2 m, 402 m, and
802 m optical fibers are given as (a) 0.648 ns, 1.09 ns, and
1.85 ns, (b) 0.684 ns, 0.836 ns, and 1.20 ns, (c) 0.632 ns,
0.740 ns, and 0.936 ns, and (d) 0.696 ns, 0.728 ns, and
0.888 ns, respectively. The plots show that the temporal
waveform spreading of the photon pairs generated from
the shorter crystals are the broader except for the cases
using 2 m optical fibers, where the waveform spreadings
entirely originate from electronics timing jitter of the de-
tectors.

When long non-linear medium is used for SPDC pro-
cess, the spectral property of the photon pair gets closer
to the perfect phase matching condition; i.e. the spec-
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Fig. 3. (Color online) Theoretically derived normalized
intensities of photon pairs generated via type-II SPDC under
the experimental conditions. Each of the blue, green, red and
light blue represent the normalized intensity of the photon
pair generated from 1 mm, 2 mm, 3 mm, and 4 mm thick
BBO crystals. The FWHM of each intensity profile is given
as 12.06 nm, 6.03 nm, 3.99 nm and 3.02 nm, respectively.

trum of the two photon wave packet is concentrated in
the state satisfying Δ = 0 and ωp = ωe + ωo. This
leads to the narrower spectral bandwidth of the down-
converted photon pair. Figure 3 shows the normalized
intensities of down-converted photon pairs from the per-
spective of the detectors, as a function of signal photon’s
wavelength. These normalized intensities is calculated
based on Eq. (7), with Eq. (4) being also taken into ac-
count. The blue line in Fig. 3 represents the experimental
condition of Figs. 2(a), green line (b), red line (c), and
light blue (d), respectively. The FWHM of each intensity
profile is given as 12.06 nm, 6.03 nm, 3.99 nm and 3.02
nm, respectively, showing the decrease in spectral band-
width of the down-converted photon pair as the length of
the non-linear medium increases. Since the filter with 80
nm FWHM centered at 816 nm works as a flat top filter
in the range of the type-II SPDC spectrum, it is guaran-
teed that the IFs are not distorting the waveform of the
type-II SPDC photon pair, while they keep the pump
photon from entering into the single-photon detectors.

2. Type-I SPDC process

The state of the photon pair generated via type-I
SPDC process is described as follows [10],

|ψ(ωp)〉 ∼
∫

dksdki

∫ L

0

dz

× eiΔzδ(ωs + ωi − ωp)â
†(ωs)â

†(ωi)|0〉, (15)

where L is the length of the non-linear medium. The
subscript s and i refer to signal and idler photon, re-
spectively. The phase mismatch between the pump, sig-
nal and idler photons generated via type-I SPDC process
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is

Δ = kp − ks − ki. (16)

Under the Taylor expansion of the wave vectors in terms
of the frequencies, Eq. (16) can be written as the second
order function of the frequencies as follows,

Δ = (ωp − Ωp)Dp − 1

4
D′′(ωs − ωi)

2, (17)

where the coefficients Dp and D′′ are given as

Dp =
∂kp
∂ω

∣∣∣∣
Ωp

− ∂ks
∂ω

∣∣∣∣Ωp
2

, (18)

and

D′′ =
∂2ks
∂ω2

∣∣∣∣Ωp
2

, (19)

respectively.
After applying BS operation, Eq. (12), onto |ψ(ωp)〉

and substitute |ψ〉 in Eq. (1) with the result, we get
the contribution of each pump mode of the multi-mode
diode laser to G(2)(t1, t2). Incoherently adding the con-
tributions for all ωp weighting them according to Eq. (13)
and Eq. (14) gives us the temporal correlation of the pho-
ton pair generated via SPDC using a multi-mode diode
laser as a pump source [10].

The FWHM of the natural spectral bandwidth of the
photon pair generated via type-I SPDC is much broader
than that of the photon pair generated via type-II SPDC.
Therefore, the IFs which are supposed to block the pump
beam can distort the waveform of the photon pair gen-
erated via type-I SPDC because the spectrum of each
photon is comparable to the IF’s transmission spectrum.
This means that due to the broad spectrum of the photon
pairs, we can see the effect of IFs on dispersive broaden-
ing rather clearly. Here, we experimentally observe the
dispersive broadening of the temporal wave packets of
the photon pairs filtered with various IF configurations.

We generate the photon pairs using type-I BBO crystal
of 3 mm length. We measure the temporal broadening
of the photonic wave packets due to the dispersive media
with three different IF configurations. Each IF configu-
ration has transmission spectrum of the FWHM 80 nm
both for IF1 and IF2; 80 nm for IF1 and 10 nm for IF2;
10 nm for both. The temporal broadening is measured
for the dispersive media of different lengths by changing
the lengths of SMF1 and SMF2 from 2 m to 402 m and
to 802 m.

The results of the experiment are shown in Fig. 4,
with the results from theoretical simulation. The plots
in Figs. 4(a - c) show the results of dispersive broadening
of the photonic wave packets generated via type-I SPDC
with different IF configurations. Fig. 4(a) is when both
IF1 and IF2 have 80 nm FWHM, (b) IF1 has 80 nm
FWHM and IF2 10 nm FWHM, and (c) IF1 and IF2
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Fig. 4. (Color online) Experimental data (thin lines) and
theoretical expectations (bold lines) with type-I SPDC for a
3 mm thick BBO. (a) IF1 and IF2 are 80 nm FWHM filters.
(b) IF1 is 10 nm but IF2 80 nm FWHM. (c) Both IF1 and
IF2 have 10 nm FWHM bandwidth. The acquisition time for
each of the data plot is (a) 10 s, 100 s, 150 s, (b) 60 s, 120
s, 180 s, and (c) 100 s, 200 s, 1000 s, respectively, for a 2
m, 402 m, 802 m long single-mode fiber spool in each path
of the signal and the idler photons. In this experiment, the
natural bandwidth of type-I SPDC is roughly 80 nm. Note
that spectrally filtering one of the photon pair is sufficient
to reduce the spreading of the two-photon wave packet.The
specific values of FWHM of the temporal wave packets in each
plot under the effect of 2 m, 402 m, and 802 m of optical fibers
are given as (a) 0.728 ns, 5.56 ns, and 11.4 ns, (b) 0.668 ns,
1.09 ns, and 1.99 ns, and (c) 0.692 ns, 1.01 ns, and 1.71 ns,
respectively.

both have 10 nm FWHM, respectively. The blue, green,
and red colored data sets in each plot refer to the exper-
imental situations with 2 m, 402 m, and 802 m fibers,
respectively. In theoretical results represented by the
solid lines in Fig. 4, we convolute the ideal G(2)(t1, t2)
and the detector’s response function that we found from
approximation using the data in Fig. 2.

Each plot in Fig. 4 shows again that as the dispersive
media gets longer the temporal wave packet gets broader.
However, comparing the results using the photon pair
generated via type-II SPDC the effect is magnified. The
specific values of FWHM of the temporal wave packets
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Fig. 5. (Color online) Experimental data (thin lines) and
theoretical results (bold lines) for type-I SPDC with a 0.5 mm
thick BBO. IF1 and IF2 are 80 nm FWHM filters. Since the
filter bandwidth is much narrower than the natural band-
width of SPDC, the biphoton wave packet dispersion is vir-
tually identical to the 80 nm case shown in Fig. 4(a). The
temporal spread of the wave packets are similar to that of
the case in Fig. 4(a), where the specific values of FWHM of
the temporal wave packets in each plot under the effect of 2
m, 402 m, and 802 m of optical fibers are given as 0.592 ns,
5.93 ns, and 11.7 ns, respectively.

in each plot of Fig. 4 under the effect of 2 m, 402 m, and
802 m of optical fibers are given as (a) 0.728 ns, 5.56 ns,
and 11.4 ns, (b) 0.668 ns, 1.09 ns, and 1.99 ns, and (c)
0.692 ns, 1.01 ns, and 1.71 ns, respectively. Comparison
of Fig. 2(c) and Fig. 4(a), the results from which the
photon pairs are generated using the same length of non-
linear medium and the same configuration of filters is
used, shows that the spectrum of photon pair generated
via type-I SPDC is much broader than that of via type-
II.

Comparing Figs. 4(a) and (b), the spectral filtering on
one photon dramatically reduces the dispersive broad-
ening effect on the photonic wave packet. Meanwhile,
comparing Figs. 4(b) and (c) shows the additional spec-
tral filtering on the other photon does not change the
spreading of the photonic wave packet very much. This is
because of the spectral correlation of the down-converted
photon pair, originated from the phase matching condi-
tion. Since we see the coincidence counts of the photon
pair, spectrally filtering a frequency component ωs on
the signal photon automatically filters the idler photon’s
frequency component ωi which has the correlation with
ωs. So the spectral filtering on only one side is sufficient
to reduce the dispersive broadening effect of the photon
pair generated via SPDC process [17].

The theoretically estimated value of the spectral band-
width of the signal and idler photons generated from
3 mm thick BBO crystal from Eq. (15) is about 89 nm
FWHM. This bandwidth is much broader than that of
the 10 nm FWHM IFs. So for the cases that the IFs with
10 nm FWHM are used, we can guess that the results
are reflecting the transmission function of the narrow fil-
ters clearly. However, since the spectral bandwidth is
comparable to the transmission spectrum of the 80 nm
FWHM IFs, it is possible that the resulting waveform
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Fig. 6. (Color online) Theoretically derived normalized
intensities of photon pairs generated via type-I SPDC under
the experimental conditions. Red line represents the normal-
ized intensity from the experimental condition corresponds
to Figs. 4(a), green line (b), blue line (c), where all three are
from 3 mm thick BBO crystal. Light blue line corresponds to
that from 0.5 mm thick BBO (Fig. 5). The FWHM of each
line is given as 9.70 nm, 11.04 nm, 72.37 nm, and 75.95 nm,
respectively.

can be distorted and not reflecting the filter’s transmis-
sion function clearly. For next step, we generate the
SPDC photon pair with broader frequency spectrum us-
ing 0.5 mm thick type-I BBO crystal, to see the effect of
IFs with 80 nm FWHM on the dispersive broadening of
photonic wave packets.

Figure 5 shows experimental and theoretical results
of dispersive broadening of the two-photon wave pack-
ets generated via type-I SPDC using 0.5 mm thick BBO
crystal, with 80 nm FWHM filters for both IF1 and IF2.
The natural spectral bandwidth of the down-converted
photon pair from 0.5 mm thick BBO is about 95 nm
FWHM, which is broader than the transmission spec-
trum of the 80 nm IF. Therefore the two-photon wave-
form can be effectively considered as the same as the
transmission function of the 80 nm filter. The specific
values of FWHM of the temporal wave packets in each
plot under the effect of 2 m, 402 m, and 802 m of optical
fibers are given as 0.592 ns, 5.93 ns, and 11.7 ns, respec-
tively, which are slightly broader than that of Fig. 4(a).

The results can be interpreted from the spectral prop-
erty of the photon pair generated under each experimen-
tal conditions. Figure 6 shows the normalized intensities
of photon pairs generated via type-I SPDC under each
experimental conditions. The red, green and blue lines in
Fig. 6 show the spectral properties of the photon pairs
generated from 3 mm thick BBO crystal, where red is
the result of filtering with IF1 = IF2 = 80 nm, green
with IF1 = 10 nm and IF2 = 80 nm, blue with IF1 =
IF2 = 10 nm. The red corresponds to Figs. 4(a), green
(b), and blue (c), respectively. Here we can check from
the green and the blue lines that filtering only one of
the photons and both of the photons give almost similar
waveforms. The FWHM of each bandwidth is given as
9.70 nm, 11.04 nm, 72.37 nm, respectively.
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The light blue line in Fig. 6 shows the spectral proper-
ties of the photon pairs generated from 0.5 mm thick
BBO crystal, filtered with IF1 = IF2 = 80 nm cor-
responding to the experimental situation in Fig. 5.
Whereas the natural bandwidth of the photon pair gen-
erated from 3 mm thick BBO crystal is comparable to
the filter’s transmission function, that from 0.5 mm thick
BBO crystal is broader. Therefore the light blue line in
Fig. 6 shows the undistorted transmission function of
the 80 nm filters. The FWHM of the bandwidth of (d)
is given as 75.95 nm, which is slightly broader than that
of (a) (red line).

III. CONCLUSIONS

We theoretically and experimentally investigated dis-
persive broadening of the wave packets of the photon pair
generated via spontaneous parametric down-conversion
(SPDC) process. We checked that the temporal spread-
ing of the photonic wave packets transmitting through
dispersive media is getting broader as the length of dis-
persive media getting longer. We generated photon pairs
via type-II SPDC process using various lengths of non-
linear crystals, and observed the relation between the
amount of dispersive broadening effect and the length of
the non-linear crystal. We also generated photon pairs
via type-I SPDC and observed the dispersive broadening
effect when the photon pair undergoes spectral filtering
by means of various configuration of interference filters.

We analyzed the results of dispersive broadening asso-
ciated with the spectral properties of the SPDC photon
pair. The temporal wave packet of the photon pair with
the broader frequency spectrum spreads more after the
photons transmitting through optical fibers. In addi-
tion we observed that due to the frequency correlation
between the photon pair, the spectral filtering of only
one of the photon pair sufficiently reduces the dispersive
broadening effect.

We believe that our results can contribute to imple-
menting various quantum informational protocols using
photons generated via SPDC process, by providing a pre-
cise description on dispersive broadening effect which can
be observed when long-range communication is involved.
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