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Abstract: Hollow-core optical fiber (HCF) gas cells are an attractive option for many 
applications including metrology and non-linear optics due to the enhanced gas-light interaction 
length in a compact and lightweight format. Here, we report the first demonstration and 
characterization of a selectively pressurized, hermetically sealed hollow-core fiber-based gas 
cell, where the core is filled with a higher gas pressure than the cladding to enhance the optical 
performance. This differential gas pressure creates a gas-induced differential refractive index 
(GDRI) that is shown to enable significant modification of the HCFs optical performance. 
Measurements on fabricated gas cells indicate a significant broadband reduction in attenuation 
of up to ~10 dB (at 1100nm) for a 24m fiber length and an estimated pressure difference of ~6 
bar between the gas in the core and cladding regions. Additionally, using the fabricated gas 
cells, we show experimentally for the first time that GDRI can reduce macrobend loss in HCFs. 
Finally, long term (one year) measurements indicate no degradation in the gas cell performance 
due to gas permeation or gas exchange between the core and cladding regions, demonstrating 
the viability of using this gas cell format to implement a GDRI within a HCF to improve optical 
performance over an extended time period in an all-fiber format.

1. Introduction
Since the first demonstrations of a hollow-core optical fiber (HCF) [1] and the possibility of 
low-loss light transmission through hollow-core structures [2], extensive attention has been 
focused on utilizing them for diverse applications. While there is high interest in the potential 
of HCFs for data transmission [3, 4] due to their ultimate low latency, non-linearity, and loss 
[5, 6], the enhanced gas-light interaction length provided by the simultaneous confinement of 
light and gas within the hollow core makes them ideal for a range of other applications including 
high sensitivity gas detection [7-9], nonlinear optics [10, 11] and frequency metrology [12]. 
The core of a HCF can be filled with a gas sample to create a compact gas cell and several 
different methods for integrating HCFs into hermetically sealed all-fiber gas cells have been 
demonstrated [12,13]. Key challenges in the fabrication of HCF gas cells are controlling the 
gas pressure within the hollow regions of the fiber and sealing the two ends in a hermetic 
manner, while maintaining low insertion loss. By splicing both ends of a gas-filled HCF to all-
solid fiber, a hermetically-sealed gas cell can be fabricated with low insertion loss and no need 
for bulk optic alignment; moreover, this gas cell can be easily interconnected with other optical 
fiber components [14, 15]. Up until now, the HCF-based gas cells that have been reported have 
been fabricated by filling both the core and cladding regions of the HCF simultaneously, with 
the same gas composition at the same pressure. However, independent control of the gas 
pressure and/ or composition within the core and cladding of the fiber adds an extra degree of 
freedom to tune the optical properties of HCF-based gas cells. 



Recently, it has been reported that by creating a gas-induced differential refractive index 
(GDRI) between the core and cladding of a HCF, the fiber’s optical properties such as 
attenuation, bend loss and modality can be significantly modified [16]. Practically, it was 
demonstrated that a very small refractive index change introduced by selectively filling the core 
with higher gas pressure than the cladding can lead to significant improvement in the fiber 
attenuation. This method introduced a new approach to tailor HCF characteristics post-
fabrication, with the potential to attain performance metrics that are otherwise challenging (or 
potentially impossible) to achieve due to fiber design and fabrication constraints [17, 18]. 
However, in [16], the differential pressure required to create the GDRI was delivered by 
collapsing the cladding region at the distal end of the HCF and subsequently using a bulk gas 
chamber to selectively pressurize the core region; this arrangement resulted in high insertion 
loss, a bulky arrangement, and a non-uniform pressure profile along the HCF.

Here, we demonstrate a novel technique to employ GDRI in a hermetically sealed, all-fiber 
HCF-based gas cell via an approach which enables selective-core filling to achieve the 
differential gas pressure required and implement a splicing routine whereby there is no gas 
exchange between the core and the cladding regions of the fiber, so the differential pressure is 
maintained. We confirm this by comparing optical measurements before and after gas-filling 
and demonstrate an increase in transmission of up to ~10 dB at 1100 nm [19]. Furthermore, we 
report the first experimental bend loss measurements of hermetically sealed and selectively 
pressurized gas cells and demonstrate that, as predicted in [16], the GDRI reduces bend 
sensitivity, thus highlighting the potential of using this gas cell format to reduce bend loss in 
HCFs. Long-term (12 months) optical measurements of the fabricated gas cells confirmed that 
this change in HCF properties is maintained, with no sign of gas permeation through the thin 
(~428 ± 30 nm) membranes which separate the core and cladding regions of the fiber or leakage 
at the splices. 

In Section 2, the design and fabrication of the HCF based gas cells studied in this work is 
described. Characteristics of the gas cells are analyzed in Section 3, specifically their optical 
transmission and bend loss behavior. Section 4 provides a theoretical background to discuss the 
origin of the observed improved optical performance of the gas cells. Finally, this work is 
concluded in Section 5.

2. Fabrication of selectively filled HCF gas cells
The air-filled regions in HCFs, the carefully arranged air holes defined by thin glass 
membranes, lead to their beneficial gas-light interaction properties but also make splicing them 
more challenging than conventional all-glass optical fibers [20, 21]. In the work presented here, 
extra complexity is unfortunately added as, in addition to providing low optical loss and a 
hermetic seal between the voids in the HCF and the surrounding environment, prevention of 
gas exchange between the core and the cladding regions of the HCF is also required. 

2.1 Hollow-core fiber design 

The HCF used in our experiment is a 7-element single-cladding ring (“tubular” fiber, termed 
7T-HCF in this paper) hollow-core antiresonant fiber with a core diameter of ~20.5 μm, an 
outer diameter of ~223 µm, an average cladding hole diameter of ~9.43 µm and cladding 
membrane thickness of 428 ± 30 µm, as measured from the SEM shown in Fig. 1(a). The fiber 
was drawn using the standard stack-and-draw method, details of which can be found in [22]. 
The fiber design was optimized for applications in the visible region with a minimum 
attenuation of 23.6 dB/km at 570 nm [22], and thus its loss in the near-infrared (near-IR) region 
is much higher in comparison (0.6 dB/m at 1310 nm) as measured using the cutback technique 
[19]. While this near-IR loss is significantly higher than state-of-the-art HCFs [e.g., 23], this 
fiber provides an ideal testbed for exploring the potential of improving the transmission 
properties of HCFs using GDRI due to its simple structure, as the principles shown within this 
work can also be applied to other, lower loss HCFs to improve their optical performance. 



Fig. 1. (a) SEM image of 7T HCF structure; (b) side-image showing spliced joint at buffer fiber-
7T HCF interface captured on Fujikura, ARCMaster-FSM-100P screen; (c) microscope image 
of cladding tube imprints of HCF on solid buffer fiber side to confirm good attachment after 
splice without deformation of the cladding tube structures.

2.2 Hollow-core fiber gas cell fabrication 

To make a low-loss HCF gas cell, we built upon the all-fiber approach reported in [12], but 
with additional crucial steps to enable differential core and cladding pressure. A ~24m length 
of the 7T-HCF was used for each gas cell; this length was selected based on the near-IR 
transmission of the fiber, to ensure any improvements in the loss of the fiber due to GDRI are 
easily detected, while also ensuring the gas filling times are reasonably short (as gas filling 
times scale with fiber length squared) [24]. The method reported, and validated here, can also 
be directly applied to longer fiber lengths albeit with longer fill times. 

To enable the all-fiber format, during the cell fabrication process, the HCF is fusion-spliced 
(Fujikura, ARCMaster-FSM-100P) to a solid-core fiber (SCF) at both ends. There are several 
key considerations when selecting the SCF including the core diameter, mode field diameter 
(MFD), numerical aperture (NA), and outer diameter (OD) to ensure a strong and low loss 
splice, as well as the practicality of what SCFs are available. Furthermore, due to the presence 
of the thin glass membranes that define the cladding structure, the splice parameters need to be 
carefully selected and controlled to reduce the insertion loss of the final cell. Given that the 
MFD and OD of the 7T-HCF are ~14.4 and 223 µm respectively, we chose to splice the HCF 
to conventional SMF (corning SMF-28) via a ~1 m length of a commercially obtained, custom 
buffer fiber with a core diameter of 20 µm and OD of 200 µm. The buffer fiber is not perfectly 
mode-matched (MFD ~18.9 µm at 1200 nm) but well matched in terms of NA (0.06), and outer 
diameter. Calculation suggests the minimum splice loss at 1200 nm (without any structural 
deformation) will be ~ 0.5 dB (due to a MFD mismatch loss of 0.32 dB and Fresnel reflection 
of ~ 0.15 dB). 

An effective splicing recipe for these fibers was developed and tested by measuring the 
impact of varying the splicing parameters such as arc time, fusion power, overlap factor and 
heat offset on both the optical performance and splice strength. A balance was established 
which enabled acceptable optical loss (~ 1 dB per splice) without visible collapse or 
deformation of the microstructure and good mechanical strength (determined qualitatively by 
investigating the ease with which the splice could be broken while imaging the imprint of the 
HCF on the end face of the SMF). 

As it is necessary to control the core and cladding pressure of the fiber separately in this 
work, which is not normally relevant or investigated for HCF to SCF splicing, gas movement 
between the core and cladding regions must be prevented. Practically, for the splice connection, 
this requires that the cladding tubes are securely fused to the buffer fiber; whereas in a standard 
HCF to SCF splice this may not be the case, as the splice performance can be adequate with 
only the outer jacket of the HCF fused to the SCF. Here, we modified the splicing routine to 
ensure this strong contact between the cladding tubes and SCF, which may have resulted in the 
slightly increased loss (~ 0.5 dB) due to splicing, and hence the measured total splice loss of 



~1 dB. To achieve this, the overlap factor (a measure of to what extend the HCF is pushed into 
the solid core fiber to make the attachment firm and leakage-proof) used in the splicing recipe 
was set to 10 µm. Strong attachment was confirmed by breaking a series of test splices after 
fusing and observing the SCF side under a microscope. For a suitable splice, the image of the 
cladding tube imprints from the HCF could be clearly seen on the solid fiber. Figure 1(b) shows 
a side image of a typical splice, alongside an image of the imprint of the cladding tubes on the 
buffer fiber side (Fig. 1(c)) after breaking the splice joint. These images confirm good 
attachment of the cladding tubes of the 7T-HCF onto the solid buffer fiber side without 
significant deformation of the cladding tubes due to splicing.

The fabrication of each HCF gas cell is a multi-step process and the key steps are outlined 
schematically in Fig. 2. Firstly, a reference cell is fabricated, see Fig. 2(I.); here the gas content 
inside the HCF is atmospheric air at standard temperature and pressure (s.t.p). A ~24m length 
of 7T-HCF was fusion-spliced to a buffer fiber and SMF pigtail assembly at both ends, to ensure 
repeatability and ease of measurement in subsequent measurements. Splicing of buffer fiber to 
SMF pigtail is a standard solid to solid fiber splicing where the loss contribution comes mostly 
from the MFD mismatch with very low splice loss (~0.05 dB). The optical transmission of this 
reference cell was then recorded using a white light source and optical spectrum analyzer; the 
details are reported in Section 3. 

Following the optical measurement of the reference cell, the splice between the HCF and 
the buffer fiber was broken at the distal (measurement) end. The cladding tubes of the HCF at 
the distal end were then collapsed using a fusion splicer (Fujikura Arc fusion Splicer: FSM-
50S), shown in Fig. 2 (II.). This enables the core of the HCF to be selectively filled with a 
higher gas pressure without changing the gas composition or pressure in the cladding holes 
(which was atmospheric air at s.t.p. throughout the process). The core was then selectively filled 
with Argon at 6.8 bar gauge pressure (in ~ 45 minutes) using a gas filling manifold, as depicted 
in Fig. 2(III.). The pressure value of 6.8 bar was chosen because, from our previous work [16], 
this pressure difference had been shown to be high enough to significantly modify the optical 
properties of the HCF used and also because this was readily available in our laboratory. Note, 
after gas filling, the gas composition in the final gas cell is not 100% Argon as the fiber is not 
evacuated before the gas filling process. The HCF samples used in this work were left open to 
the atmosphere for a sufficiently long time before filling (>1 week) and therefore were initially 
filled with air at atmospheric pressure. However, the refractive index of Argon is very similar 
to air [25], so the actual impact on the resultant change in the optical properties due to the mix 
of Argon and air in the final cell is minimal as compared to a cell filled with pure Argon.

Fig. 2. Schematic representation of selective gas filling steps while fabricating gas cells starting 
from taking reference spectrum to continuous monitoring of transmission spectra of selectively 
filled HCF gas cells.



After gas-filling, the collapsed cladding section of the HCF was cleaved off (Fujikura, CT-
101) and this end was spliced quickly to a length of buffer fiber and SMF, resulting in an all-
fiber gas cell comprised of ~24 m of 7T-HCF (with a core selectively pressurized with argon 
gas) and hermetically spliced buffer fiber-SMF pigtails assembly at both ends, Fig. 2 (IV.). 
Two similar gas cells have been fabricated following the same methodology for the purpose of 
our study. The only known difference between the fabrication of these cells is in the time taken 
for the quick second splice after releasing the collapsed fiber end from the gas manifold. For 
gas cell 1, this splice took ~90 seconds and for gas cell 2 it took ~40 seconds. The effect of this 
on the final core gas pressure is discussed in the following sections.

3. HCF gas cell characterization
All the reported optical measurements were made using a tungsten-halogen white light source 
(Bentham, WLS100) and optical spectrum analyzer (OSA: Yokogawa, AQ6315A) set to a 10 
nm resolution, with both directly connected to the gas cells (HCF-buffer fiber-SMF pigtails 
assembly) via FC/APC connectors.

3.1 Transmission measurements

The effect of the selective gas filling process can be seen in Fig. 3 by comparing the 
transmission from the reference cell (black lines in Fig. 3(a) and (b)), where the core and 
cladding have equal gas pressures (air at atmospheric pressure), with the transmission of the 
selectively-filled gas cells. Transmission data on the selectively-filled gas cells was measured 
immediately after fabrication (red lines), and then at different time intervals post-fabrication 
over the following year. These measurements are shown in Fig. 3(a) and Fig. 3(b) for gas cells 
1 and 2 respectively. 

Fig. 3. Evolution of the recorded transmission spectra of 7T HCF-based gas cells after filling 
with Argon gas over 12 months after fabrication (a) gas cell 1 (b) gas cell 2. The black lines 
show the reference cell transmission.



The results show a substantial improvement in transmission for both gas cells when the core 
is selectively filled with Argon at an elevated pressure compared to the cladding. The largest 
increase in transmission for both gas cells immediately after fabrication is recorded at a 
wavelength of ~1100 nm as 8.5 dB and 10 dB for gas cells 1 and 2 respectively. For gas cell 1, 
this increase in transmission then slightly reduces by ~ 2 dB over the initial ~few hours after 
fabrication, while for gas cell 2, the initial transmission is relatively stable, but a discrete 
improvement in transmission is observed after 29 days. The possible causes of these changes 
are discussed further in Section 4. 

Following the initial changes to their transmissions, the performance of both gas cells, Fig. 
3(a) and (b) show that their transmission spectra remained extremely consistent over 
subsequent measurements made in the following year. The dips seen in the transmission spectra 
of both gas cells between 1350 and 1400 nm can be attributed to water vapor absorption in the 
gas cell. This reduces over the ~one year time period of the measurements which is consistent 
with previously observed behavior in sealed HCF gas cells [26] and can be attributed to the 
water molecules (vapor) present in the fiber’s core adsorbing to the silica walls that surround 
the core over time. 

3.2 Bend loss measurements

Bend-loss measurements were performed on both selectively pressurized fiber cells ~12 months 
after their fabrication using a ~3 m portion of the ~24m fiber length of HCF (at the OSA/ 
distal/measurement end) to bend-diameters of 40, 32, 24, 16, 13, 8, and 4 cm respectively, with 
increasing number of turns as the fiber coil diameter decreases. The 3m length was selected as 
it is long enough to show the significant change due to bending without risking the integrity of 
the gas-filled fiber cells with increasing number of turns. Taking spectra at a bend diameter (ϕb) 
of 60 cm as the reference, to mimic the fiber transmission when deployed in a straight state 
(due to lab space constraints), the bend loss was determined for each bend diameter. After each 
measurement, the fiber was restored to initial condition (ϕb = 60 cm) to ensure that any stress 
in the fiber is released and to recover the initial status. The same procedure was used for both 
gas cells, as well as a reference cell, which was not selectively pressurized. This reference cell 
was fabricated using the same 7T HCF (~24m)-buffer fiber-SMF assembly, but with the core 
and cladding left at same pressure (Patm), and bend loss measurements performed following the 
same procedure as the selectively-pressurized gas cells. 

To investigate the additional loss encountered by the gas cells due to tight bending, a 
specific wavelength, 1206.8 nm, within the transmission band has been selected. This 
wavelength is close to the maximum transmission in the near-IR window for both cells, and its 
bend-sensitivity is shown in Fig. 4(a) as well as for the reference cell. 

Fig. 4. (a) Comparison of additional loss due to bending between selectively filled 7T HCF gas 
cells with unfilled reference cell at 1206.8 nm wavelength for different bend diameters of 40 cm, 
32 cm, 24 cm, 16 cm, 13 cm, 8 cm and 4 cm; (b) transmission spectra of 7T HCF gas cell 2 
recorded with 3m of fiber coiled at different bend diameters to investigate bend loss behavior. 



Figure 4(a) shows that the bend loss dependence of the two selectively-pressurized gas cells 
is slightly different at tight bend diameters, <8cm, but prior to this, the change in transmission 
is insignificant. Hence, bend-loss is negligible for gas cell 1 down to a diameter (ϕb) of 4 cm, 
resulting in a loss of only 0.32 dB/m at 1206.8nm. Gas cell 2 shows even lower bend-sensitivity 
with little if any change even at 4 cm diameter (0.07 dB/m), with the change seen being close 
to the noise on these measurements (±0.05 dB/m). Furthermore, the measured bend-loss spectra 
for gas cell 2 are shown in Fig. 4(b) as an example of best bend performance of the selectively 
pressurized cells. Gas cell 2’s bend insensitivity is clearly seen here right across its near-IR 
(950->1550nm) transmission window. 

 Comparing this performance against the reference cell (black curve in Fig. 4(a)) the 
significance of the bend-loss sensitivity improvement in the selectively pressurized gas-cells 
(red and blue curves) can be clearly seen, as the bend-loss of the reference cell begins to 
increase at ~13cm diameter, and reaches >0.85 dB/m at 4cm, much higher than that seen in the 
selectively pressurized cells with no significant change being recorded for gas cell 2 at this 
bend diameter. 

4. Discussion
The transmission spectra shown in Section 3 for the two fabricated gas cells suggest that the 
enhancement in optical properties is strictly dependent on the differential gas pressure between 
core and cladding of the HCF. Hence, perfect collapse of the cladding holes, hermetic splices, 
and the time taken to perform the second splice (that seals the cell) in the gas cell fabrication 
process play a crucial role in determining the improved characteristics. 

To theoretically investigate the gas pressure profiles inside gas cells 1 and 2, after the second 
splice, the pressure evolution was simulated approximating the fiber core with a cylindrical 
tube of the fiber core diameter [27]. The simulation considered the pressure evolution during 
and after splicing as a 2-step process - gas leaking out before and during splicing, and pressure 
equalization (along the fiber’s core) after the cell is sealed. Starting with a flat pressure profile 
of ~6.8 bar argon across the 24m length of HCF, the average pressure inside the gas cell has 
been estimated, for the case of one open end, after a series of times, see Fig. 5 (a). Based on 
these simulation curves, and the estimated time between removal of the cells from the 
pressurization system and completion of the second splice (~90 seconds for cell 1, ~40 seconds 
for cell 2, as already mentioned), the final pressure profile within the fiber can be deduced. 

In turn, this final profile can then be used to simulate how the pressure within the core of 
the HCF in the sealed gas-cells equalizes in time, and hence the final cell pressure. An example 
of this, for gas cell 1, is shown in Fig. 5 (b), which results in a final pressure estimate of ~ 5.6 
bar. Following an identical process the final pressure for cell 2 is estimated to be ~ 6 bar.

Fig. 5. (a) Simulated pressure profile in the fabricated, selectively-filled 7T HCF gas cells before 
completion of the second (sealing) splice when filled with 6.8 bar pressure; (b) post-splice 
pressure equalization along the fiber length for gas cell 1.



Using these simulated average final core gas pressures inside the fabricated gas cells, and 
assuming the cladding gas pressure is 1 bar atmospheric air, the effect of GDRI for this fiber 
configuration can be numerically simulated (using COMSOL Multiphysics) [16]. Figure 6 
shows the results of these simulations and, as expected, that selective pressurization of the core 
reduces the fiber loss (blue lines in Fig. 6(a) and (b)). The change in loss, calculated from the 
simulated loss values for the fiber with 1 and 5.6/6.0 bar core pressurization, are also shown in 
Fig. 6. Comparing this to the measured loss reduction values obtained from the fabricated gas-
cells pre- and post-selective pressurization (just after filling as shown in red arrows in Fig. 3) 
shows good agreement to the 5.6 bar pressure estimated for cell 1 but weaker agreement with 
the loss obtained by simulation for cell 2 pressurized to 6.0 bar. This suggests that while the 
pressure estimate for cell 1 is good, the estimate for cell 2 may be less accurate. However, as 
the precise time between the active pressurization finishing and completion of the second splice 
can only be roughly estimated, due to the practicalities of the process, it is possible that the 
pressure in cell 2 may be higher than estimated. 

An alternative explanation is that some higher order mode (HOM) content may have been 
excited at the input splice (between the buffer fiber and the HCF) of both cells due to mode 
field mismatch and/or core alignment [28]. As the simulations reported in Figure 6 only 
consider the fundamental mode loss, the presence of HOM content would affect the actual loss 
(given these modes are much higher loss than the fundamental). From [16], GDRI will also 
impact (reduce in the case of a higher gas pressure in the core region than the cladding) the loss 
of the HOMs and therefore some HOM content could result in a higher reduction in the 
measured fiber’s loss than predicted from the simulations that are based on the fundamental 
mode alone. As the excitation of HOM content is also highly dependent on the alignment of the 
cores in the buffer and HCFs, the amount of HOM content may vary between the cells, 
explaining why this is seen more in cell 2. While every care was taken to prevent core 
misalignment, as the precision of the splicer used is not absolute, it is hence not possible to 
ensure perfect alignment. 

Additionally, simulated confinement loss for different core pressures is shown in Fig. 6(c) 
where the cladding pressure was kept fixed at 1 bar. This plot depicts that the loss in the HCF 
reduces with increasing differential pressure. 

The transmission data reported in Fig. 3(a) for gas cell 1 shows an initial reduction in the 
transmission in the first few hours, consistent with a reduction in pressure difference between 
the core and cladding. While there are a number of possible reasons for this, including the 
evolution of the environment inside the core of the fiber (as reported in [26]), one possibility is 
the potential part pressurization (e.g. with 1.2-1.3 bar) of the cladding holes due to a non-ideal 
collapsing of the cladding holes combined with the time taken for the second splice, resulting 
in a subtle pressure equalization in the cladding during the first few hours. It is important to 
mention here that the equalization of pressure is within the cladding holes themselves, not 
between core and cladding as they are hermetically sealed.

Figure 3(b) shows an apparent sudden change (improvement) in the transmission spectra of 
gas cell 2 between day 9 and 29. The stability of the cell’s transmission before and after this 
change suggest it may have occurred as a single, potentially discrete change. Furthermore, there 
was no apparent change in any of the fibers (SMF, buffer, or hollow-core), their deployment, 
or the measurement set-up between the measurements on day 9 and 29. Due to a lack of 
information regarding the precise details of this change, it is hard to explain it with any 
certainty, especially as it could be attributed to a range of potential factors (either individually 
or collectively). However, from experience, sudden, discrete changes in coupling at splices can 
occur due to factors such as the relaxation of stresses inadvertently introduced at the splice 
point, or an unobserved subtle change in the bend condition of the buffer fiber (and hence its 
modality and/or beam profile) close to the splice point, and it is suspected this may be the cause 
here.



   

Fig. 6. Comparison between the modelled loss of the gas cells with differing core pressurization 
(blue lines, solid = 1 bar, dashed = 5.6/6 bar) and measured (solid green line) and modelled 
(dashed green line) change in loss with respect to the reference cell. Gas cell 1 is shown in (a) 
(inset: schematically shows pressure regions in core: Pcore and cladding: Pclad of the HCF 
structure), core pressure, Pcore, = 5.6 bar. Gas cell 2 is shown in (b), Pcore, = 6 bar. In both cells 
cladding pressure, Pclad, = 1 bar. For the reference cell, Pcore = Pclad  = 1 bar. (c) simulated 
confinement loss for selected values of core pressure while cladding pressure is fixed at 1 bar.



Given how consistent the transmission of both gas cells was outside of these effects (initial 
change in cell 1 and discrete change in cell 2) we do not believe either impacts the overall utility 
of this selective pressurization scheme, but further investigation is planned to attempt to 
understand both more fully. Table 1 summarizes all the gas cell measurements.

Table 1. Summary of improved optical properties of the gas cells due to selective gas filling.

Gas pressure 
at core

Wavelength 
(nm)

Improvement (dB) Time scale

~ 8.5 dB (initial)~ 5.6 bar 1100 nm
~ 6.5 dB (after few hours)

~ 10 dB (initial)

12 months (constant)
Gas Cell 1

Gas Cell 2 ~ 6.0 bar 1100 nm ~ 11 dB (after 29 days) 12 months (constant)

The reliability of this approach in terms of hermetic sealing can also be evaluated by 
consideration of the transmission spectra measured over 12 months. Periodic measurements 
over 12 months confirm that the transmission increase seen after 1 day (and/or 9-29 days for 
cell 2) are maintained for the full duration without any indication of gas permeation or leakage. 
The ~ 10 dB enhancement at 1100nm in the transmission of gas cell 2 indicates the reduction 
of loss by a factor of 3, from ~0.6 dB/m to an estimated loss ~0.18 dB/m, clearly demonstrating 
the significant effect GDRI can have on HCF optical performance. The HCF reported here is a 
simple tubular design, has higher confinement loss than more advanced designs (e.g., Nested 
Antiresonant Nodeless Hollow Core Fiber (NANF), Double Nested Antiresonant Nodeless 
Hollow Core Fiber (DNANF)) but GDRI can significantly improve the optical performance of 
the tubular fiber, and the selectively-core filled gas cells shown here demonstrate a practical 
route to do this.

5. Conclusion
In conclusion, hermetically sealed, selectively pressurized (positive core-cladding pressure 
difference) hollow-core fiber-based gas cells have been experimentally demonstrated for the 
first time. Measurements show that in the selectively-filled fabricated gas cells, the loss and 
bend sensitivity of the HCF is significantly reduced. A ~10 dB enhancement in the transmission 
at 1100nm is achieved for ~6 bar core pressurisation, indicative of a reduction in loss by a factor 
of 3. The HCF’s bend-loss performance is also dramatically enhanced allowing coiling to 4cm 
bend diameter with minimal additional loss. Crucially, periodic measurements of the 
transmission of the gas cells indicate that these improvements in optical performance are 
maintained over at least 1 year with no indication of gas permeation between the core and the 
cladding regions and no leakage at the splice points. This work therefore demonstrates a 
practical, all-fiber format which can be used to exploit GDRI to improve the optical 
performance of a HCF. This opens up a practical means to significantly improve the optical 
performance of simple HCF designs like the tubular design tested here, potentially enabling 
competition with more complex state-of-the-art nested fibers. Also, this approach could be 
particularly attractive for gas photonics applications requiring a compact footprint, such as high 
sensitivity gas detection, spectroscopy, non-linear optics, and frequency metrology. 
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