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Abstract

The photonic spin Hall effect (PSHE) originates from the spin–orbit interaction (SOI) of
light. The literature indicates that the transverse spin-dependent shift, δ−H (SDS), from
the PSHE is weak (in the nanometer range) and difficult to measure directly. This study
utilizes a plasmonic structure to improve the δ−H in the PSHE. The obtained results of this
study demonstrate that the inclusion of silicon nitride (Si3N4) significantly enhances the δ−H
relative to its absence; however, plasmonic material is present in both cases. The enhanced
shifts exhibit a significant dependence on the resonance angle (θr) and the thickness of layers
of the PSHE structure to attain the maximum increase in δ−H of 350.82 µm at the plasmonic
resonance condition. A systematic analysis of the centroid positions of the reflected beam
indicates a distinct and constant separation of opposing spin components. Further, the
improved δ−H is utilized in cancer cell detection, as changes in the refractive index (RI) of
cells facilitate the identification of cancer cells from healthy to cancerous. All examined
cell types demonstrate that cancerous cells had a greater δ−H than normal cells, owing to
their elevated effective RI. These results illustrate that the proposed plasmonic-assisted
PSHE structure offers significant enhancement and a high sensitivity of 439.30 µm/RIU for
label-free detection of cancer cells.

Keywords: spin–orbit interaction; transverse spin-dependent shift; photonic spin Hall
effect; cancer cells detection

1. Introduction
Recently, the quantum science-based photonic spin Hall effect (PSHE) [1–4] has

emerged as a powerful tool in the advancement of photonic devices for assessing the
optical thickness of nanostructures [5] and determining the layer count of thin 2D materi-
als [6], chiral metamaterials [7], and nano-metal films [8]. PSHE results from the spin–orbit
interaction (SOI) of light, generating nanoscale transverse beam shifts. When linearly polar-
ized light passes through an interface with a refractive index (RI) gradient, light splitting
occurs into right-handed circular polarization (RCP) and left-handed circular polarization
(LCP) [4–6]. This separation arises from the mutual interplay and interaction between the
polarization and trajectory of the light beam. Onoda et al. first introduced this concept in
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2004, illustrating that linearly polarized light experiences spin-dependent splitting, δ−H (SDS)
into LCP and RCP components, which propagate perpendicular to the RI gradient during
interaction with a multilayer structure with different RIs [9]. In 2006, Bliokh et al. provided
a description of the transverse displacement of the PSHE based on electromagnetic field
theory, incorporating the principle of the conservation of the total angular momentum of all
photons. This provided the foundational theory for later investigations into the PSHE [10].
This theory fundamentally comprises two distinct geometric phases: the spin-redirection
Ryto–Vladimirskii–Berry (RVB) phase, associated with changes in wave vector direction,
and the Pancharatnam–Berry (PB) phase, related to changes in the polarization state of light.
Hosten and Kwiat conducted the initial experimental demonstration of spin-dependent
beam splitting at an air-glass interface in 2008 [11]. Researchers are presently utilizing
the phenomenon of the PHSE to design different types of sensors. The various sensing
applications have been documented in the scientific literature, including gas sensing [12,13],
RI sensing [14], hemoglobin sensing [15], cancer cell detection [14], magnetic field detec-
tion [16], and air quality index (AQI) sensors [17]. It has been observed that the sensitivity
of these sensors correlates with the δ−H present in the PHSE. This indicates that a larger δ−H
results in greater sensor sensitivity.

The PSHE refers to a spin-dependent shift, δ−H (SDS), of light caused by SOI. This
phenomenon can be utilized to detect minute changes in the RI [12,15] and to identify
cancer cells without the use of labels. A key aspect of this process involves the separation
of LCP and RCP light waves in different directions. This separation is highly sensitive to
various physical factors [2]. However, the intrinsic PSHE is typically weak, resulting in
δ−H values that range from the nanometer to several micrometers [2,7,9,13,18]. To enhance
the δ−H , researchers utilize various techniques and materials, including weak measurement
methods, the Brewster angle [19], surface plasmon resonance (SPR) [3], guided wave-based
SPR [1,20], metamaterials [21], chiral materials [22], optical Tamm states (OTS) [23], and
others [18] to advance extremely sensitive sensors and tunable photonic devices such as
RI sensors [14], gas sensors [12], biosensors [14,15,20], magnetic field detection [16], image
edge detection [24], etc. The optical vortex pair can also manipulate the amplitude and
polarity of the PSHE, facilitating improved and tunable transverse δ−H without necessitating
alterations to the material interface [25]. A 2024 study revisited the longitudinal δ−H process
and elucidates the physical relationship between longitudinal δ−H and the Goos–Hänchen
effect, resolving prior interpretative uncertainties [26]. These studies enhance the tunability
of spatially varying δ−H by integrating both transverse and longitudinal δ−H into a cohesive
framework based on the principles of angular momentum conservation. Despite these
efforts, this δ−H still requires further enhancements for applications such as sensing and
precision metrology.

The growing global burden of cancer underlines the urgent need for extremely sen-
sitive and early-stage diagnostic methods. In contemporary times, lifestyle choices sig-
nificantly influence the impact of cancer on human life. It is estimated that all types of
cancer, including breast, blood, skin, adrenal gland, and cervical cancers, claimed the lives
of 9.74 million people worldwide in 2022. The annual toll is expected to rise to 16.9 mil-
lion by 2045 due to aging populations and environmental carcinogens. According to the
latest global cancer death report, approximately 10.4 million individuals worldwide died
from cancer in 2023, with 18.5 million new cases reported [27]. Breast and blood cancers
remain the primary causes of cancer-related deaths globally (2022–2023), accounting for
a substantial share of all cancer fatalities, while skin, adrenal gland, and cervical cancers
account for relatively fewer occurrences. Breast cancer is one of the top five causes of
cancer deaths around the world, accounting for about 6.9% of all cancer deaths [28]. Blood
cancers, which include leukemia, lymphoma, and myeloma, account for about 6–7% of
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cancer deaths globally [29]. Cervical cancer is responsible for approximately 3.4% of all
cancer-related deaths, with low- and middle-income countries bearing the majority of these
cases [30]. Adrenal gland cancer is still very rare, making up less than 0.2% of all cancer
deaths around the world. On the other hand, skin cancers, especially melanoma, make up
more than 1% of all cancer deaths [31]. The literature indicates that the combined global
impact of breast and blood cancers is significantly greater than that of other malignancies.
Their detection is accomplished at an early stage through the usage of screening methods
such as mammography, Pap tests, colonoscopy, and low-dose CT scans, which lead to
satisfactory treatment results. However, these screening methods have the limitation that
they can provide false positive or false negative results [32]. Therefore, it is necessary to
use techniques that offer fast, accurate, non-invasive, and reliable cancer cell detection. In
this direction, researchers proposed cancer cell detection using optical methods such as
PSHE- and SPR-based sensing methods [14,20,33,34].

Based on the preceding discussion, it can be concluded that optical sensors are highly
suitable for this challenge due to their capability for real-time detection, high sensitivity,
compact design, and cost-effective operation without requiring elaborate sample preparation.
Additionally, it has been observed that in optical SPR sensors utilized for cancer cell detection,
cancer cells demonstrate a higher refractive index (RI) compared to normal cells, owing to
the increased chromatin content within their larger nuclei. Therefore, the RI can be regarded
as a vital parameter for differentiating between cancerous and normal cells [34].

The proposed PSHE structure in this work includes an SF10 glass prism, gold (Au),
silicon nitride (Si3N4), molybdenum disulfide (MoS2), and an analyte. This study represents
the first attempt to enhance the SDS amplitude using MoS2 and Si3N4. Additionally, we
investigate a PSHE structure for the detection of cancer cells. To our knowledge, there are
only a few works regarding the detection of cancer utilizing the PSHE. In this study, we
propose an optical RI sensor based on the photonic SHE and explore new applications
for the detection of cancer. The proposed sensor is capable of not only differentiating
between normal human cells (including skin, cervical, breast, adrenal gland, and blood
cells) and cancer cells but also distinguishing various concentrations of cancer cells. The
results illustrate the enhanced sensing capabilities of this proposed PSHE structure, with a
sensitivity of 439.30 µm/RIU, enabling effective discrimination between normal skin cells
and cancerous cells.

2. Concept and PSHE Structure Design
2.1. PSHE Structure Design

To illustrate spin-dependent splitting (SDS) in a PSHE-based multilayer structure
incorporating the Kretschmann configuration, a thin gold (Au) layer with optimized thick-
ness (d2) is deposited onto an SF10 glass prism. Subsequently, a layer of silicon nitride
(Si3N4) with an optimized thickness (d3) is deposited atop the gold, followed by molyb-
denum disulfide (MoS2) positioned on the Si3N4 with a thickness of d4 = 0.65 nm. The
sensing medium is situated above the MoS2, as depicted in Figure 1a. In this figure, the
PSHE of reflected light is represented. Here, θi is the angle of incidence, d2 is the thickness
of gold (Au), d3 is the thickness of Si3N4, and δ−H and δ+H are the transverse shifts of the
RCP and LCP of reflected light. The incidence plane is xz, and the transverse shift is
alongside the y-axis. The refractive indices (RIs) and thicknesses of all layers that make
up the PSHE structure are shown in Table 1. The biomolecule solutions designed for both
healthy and cancerous cells serve as a sensing medium to differentiate cancerous cells from
healthy cells. The RI values for various cancer cell types and status are listed in Table 2.
Gold serves as a plasmonic material that excites surface plasmons (SPs), which localize
electromagnetic (EM) waves at the Au-dielectric interface. The excited SPs augment the
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spin–orbit interaction (SOI) of light, thereby amplifying the magnitude of the PSHE [1,4].
The SF10 prism is chosen for its high RI, which aids in effective momentum matching and
enhances δ−H . Si3N4 is a high-RI material employed to reduce radiative losses and enhance
the confinement of the evanescent field at the metal–dielectric interface [35]. Furthermore,
the use of MoS2 is advantageous due to its direct bandgap, significant spin–orbit coupling,
and larger light absorption [1,36]. Therefore, it interacts with light more strongly than
conventional materials. This strong interaction modifies the refractive index variation gra-
dient, which can effectively enhance the PSHE [1]. The Supplementary Materials (SM-1 and
SM-2) [11,18,37–51] depict the potential experimental setup as well as possible deposition
and characterization techniques for the proposed work.

 

 

Figure 1. (a) Systematic representation of the proposed PSHE multilayer structure when a beam is
reflected from an interface. (b) Frontal aspect.

Table 1. RIs used in the proposed PSHE structure at a wavelength of 632.8 nm.

Layers Used RI (n + ik) Thickness (nm) Ref.

Glass prism SF10 1.72314 + i × 0 -- [4]

Gold (Au) 0.1378 + i × 3.6196 d2 [Optimized] [36]

Si3N4 2.0394 + i × 0 d3 [Optimized] [35]

MoS2 5.08 + i × 1.1723 d4 = 0.65 nm
[Monolayer MoS2 considered] [36]

Sensing medium
1.360–1.401

Depending on the types of cancer
as listed in Table 2

-- [34]
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Table 2. RI data on cells in both healthy and cancerous states [34].

Cancer (Cell) Types Status RI

Skin (Basal) Healthy 1.360
Cancerous 1.380

Cervical (HeLa) Healthy 1.368
Cancerous 1.392

Blood (Jurkat) Healthy 1.376
Cancerous 1.390

Adrenal gland (PC12) Healthy 1.381
Cancerous 1.395

Breast (MDA-MB-231) Healthy 1.385
Cancerous 1.399

Breast (MCF-7) Healthy 1.387
Cancerous 1.401

2.2. Concept and Working of PSHE Structure

When linearly polarized Gaussian light passes through an inhomogeneous optical
interface with a RI gradient, the PSHE occurs due to the interplay between the light’s
polarization and trajectory. This phenomenon arises from the spin–orbit interaction (SOI)
of light, which causes the linearly polarized light to be separated into RCP and LCP light
upon interacting with the interface. The photons of opposite spin states, which correspond
to right- and left-circular polarization components, experience minute transverse spatial
shifts. As illustrated in Figure 1, a monochromatic Gaussian light beam operating at a
wavelength of 632.8 nm is incident on the proposed PSHE structure with a variation in the
angle of incidence (θi). As illustrated in Figure 1b, the coordinate frames (xi, yi, zi) and
(xr, yr, zr) represent the incident and reflected coordinates, respectively. For the purposes
of this discussion, we will assume that the beam, which exhibits a linear polarization
state, is reflected from a planar interface. A laboratory coordinate system is defined such
that the reflecting interface lies in the xy-plane, and the plane of incidence is the xz-plane.
This means the y-axis is perpendicular to the plane in which the light beam is incident.
Because the proposed structure has an RI gradient in the xz-plane, the LCP and RCP
components of light experience slightly different optical paths when the beam interacts
with the interface. This difference causes the two spin components to shift in opposite
directions along the z-axis, i.e., out of the plane of incidence. This opposite displacement of
spins is known as the PSHE. So, when linearly polarized light is incident on the prism–Au
interface, whether by reflection or refraction, it can be decomposed into LCP and RCP
components. Each experiences a different geometric phase due to the RI gradient, causing
spin-dependent shifts (SDSs) perpendicular to the incident plane (i.e., along y). These shifts
are the observable signature of the PSHE in the device. It is generally agreed upon that
the PSHE is the result of an effective SOI that describes the mutually beneficial effect of
the trajectory and polarization of the light beam [1]. In studies by T. Tang et al. [52] and
T. Srivastava et al. [53], the transverse SDS was determined utilizing a beam propagation
model that incorporates angular spectrum theory. The transverse SDS (δ−H) can be written
as follows:

δ−H =
1
k0

{
1 +

|rs|∣∣rp
∣∣ cos(φs − φp)

}
cotθi (1)

where k0 is the free space wave vector, and rp(rs) and φp(φs) are the Fresnel reflection
coefficients and the phase difference between the incident and reflected lights of p-polarized
(s-polarized) light, respectively. Equation (1) presents the formula for calculating the
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mathematical amplification of the shift induced by the Fresnel reflection coefficients. It
is crucial to understand that this shift is distinct from the physically measurable spatial
displacement. The amplified shift outlined in Equation (1) arises from the rapid phase
variation of the Fresnel coefficients at the resonance angle, which enhances the computed
beam shift; however, it does not, by itself, indicate a spatial displacement. A measurable
displacement occurs only after the convolution of the finite beam profile with the detector’s
response [9,11].

2.3. Sensing Performance of PSHE Structure for Cancer Detection

The sensing performance of the PSHE structure is assessed through sensitivity (SPSHE)
and a limit of detection (LoDPSHE). The sensitivity can be defined to assess the performance
of the PSHE structure in detecting cancer cells as follows:

SPSHE =
∆δ−H
∆ns

(2)

where ∆δ−H represents the difference in SDS between healthy and cancerous cells, while
∆ns denotes the RI difference between these two types of cells. If the RI changes due to the
attachment of cancerous molecules in the sensing medium, the change in ∆ns is altered,
resulting in a corresponding change in ∆δ−H . The unit of SPSHE is µm/RIU.

The LoDPSHE is inversely proportional to the SPSHE and proportional to the smallest
detectable δ−H shift during the actual experimental measurements [4]. It is defined as follows:

LoDPSHE =
0.001o

SPSHE
(3)

The unit of LoDsd is degrees RIU/µm. Furthermore, for sensing applications, it is
essential that the sensor’s SPSHE be maximized, and that the magnitude of the LoDPSHE

be minimized.

3. Results
3.1. Optimization of Layers Thickness in the PSHE Structure

To improve the SDS (δ−H), it is crucial to optimize the thickness of both Au (designated
as d2) and Si3N4 (designated as d3) inside the PSHE structure. Figure 2a,b illustrate the
ratio of |rs |

|rp| alongside the maximum δ−H in relation to the thicknesses of Au and Si3N4. It

is important to note that δ−H is proportional to the |rs |
|rp| as indicated in Equation (1). This

correlation is also illustrated in Figure 2, where both parameters demonstrate comparable
tendencies, either increasing or decreasing concurrently as the thicknesses of Au and Si3N4

change. The peak δ−H value of 350.82 µm is achieved, corresponding to a maximum |rs |
|rp| of

approximately 3.2 × 107 at a resonance angle (θr) of 57.524 degrees, with d2 measured at
44 nm and d3 at 1 nm. These maximum values are indicated by the green circle in Figure 2.
Furthermore, this study utilized the optimized thicknesses of Au (d2) and Si3N4 (d3) to
assess sensitivity.

To investigate the effect of Si3N4 thickness on the peak of δ−H , we varied the thicknesses
of Si3N4, as shown in Figure 3a,b. In both figures, it is observed that the maximum δ−H is

achieved at d3 of 1 nm because at this thickness of Si3N4, the ratio of |rs |
|rp| is at its maximum

due to rp being at its minimum, and the phase gradient of rp (φp) is maximized. From
Figure 3, it is also indicated that without the use of Si3N4, i.e., d3 = 0 nm, the maximum
value of δ−H is only 9.10 µm. The enhancement of the δ−H induced by the introduction
of the Si3N4 layer is not attributed to its crystal structure, as Si3N4 is optically isotropic
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and non-chiral in the wavelength range considered. Instead, the enhancement originates
from interface-mediated SOI of light. The Si3N4 layer modifies the RI contrast and phase
accumulation at the interface, leading to an increased gradient of the Fresnel reflection
coefficients and an enhanced spin-dependent geometric (Pancharatnam–Berry) phase.
These interfacial effects strengthen the transverse spin splitting characteristic of the PSHE.
Prior research has extensively reported comparable enhancing mechanisms resulting from
dielectric multilayers and interface engineering [2,8].

 

Figure 2. Optimization of (a) |rs |
|rp| and (b) δ−H with the thicknesses of Au and Si3N4.
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Figure 3. Impact of thicknesses of Si3N4 on δ−H (a) θi vs. δ−H (b) d3 vs. δ−H .

Further, as the thickness increases, the δ−H is reduced because of the higher ohmic
losses.

Figure 4 illustrates the out-of-plane spatial shift (∆y) as a function of the θi to de-
termine the beam centroid position. This spatial shift is calculated using the expression

∆y =
s

yr|EH
r |2dxrdyr

s |EH
r |2dxrdyr

[24,37]. It is observed that the maximum centroid of 6.12 × 10−5 nm

occurs at the θr attributed to the maximum phase gradient with low intensity, and
∣∣EH

r
∣∣2

values for the RCP and LCP components are identical. At angles other than the θr, the phase
gradient changes, and

∣∣EH
r
∣∣2 values for the RCP and LCP components are not identical, so

the result is a lower value of ∆y in comparison to ∆y at θr = 57.524 degrees.
Finally, a comparison is made with the prism-based research on the PSHE to illustrate

the enhancement in δ−H for the proposed PSHE structure. Table 3 provides a comparative
analysis of the δ−H values achieved by different plasmonic PSHE structures. The obtained re-
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sults indicate that the proposed PSHE structure attains a substantially higher δ−H compared
to the current state of the art.

 

Figure 4. Beam centroid position shift with the θi.

Table 3. Comparative study of PSHE with prism-based work.

Structure SDS, δ−
H (µm) Ref.

Prism/Au/Air 3.00 [54]
Prism/Au/BlueP/MoS2/graphene/Biomolecule 11.26 [55]
Prism/Ag/Si/Air 11.50 [1]
Prism/PhC/Au/Biomolecule 18.00 [53]
Prism/Au/TDBC/Air 60.00 [56]
Prism/Au/Si3N4/MoS2/DI water (proposed) 350.82 In this work

The proposed PSHE structure is further analyzed in relation to its application as a
refractive index (RI) sensor for cancer cell detection.

3.2. Sensing Performance of the PSHE Structure for Cancer Cell Detection

From Figure 5, it is evident that the peak of the δ−H is distinguishable across all types
of cancer cells, showing a significant shift between healthy and cancerous cells. The RIs of
biomolecule solutions for healthy and cancerous basal cells in skin cancer are 1.36 and 1.38,
respectively. As illustrated in Figure 5a, the PSHE structure clearly shows the resonance
angle shift and δ−H resulting from the presence of cancerous basal cells. The SPSHE and
LoDPSHE are determined to be 439.30 µm/RIU and 2.28 × 10−6 deg. RIU/µm, respec-
tively. Normal HeLa cells become cancerous after infection with human papillomavirus
18 (HPV18). In Figure 5b, the RIs of normal and cancerous HeLa cells are measured at
1.368 and 1.392, respectively. The sensing performance of the PSHE structure for cancerous
HeLa cells yields an SPSHE of 322.02 µm/RIU and a LoDPSHE of 3.10 × 10−6 deg. RIU/µm.
In Figure 5c, the δ−H response as a function of the incident light angle is examined for normal
and Jurkat cell recognition using the PSHE structure. The SPSHE and LoDPSHE for this con-
figuration are found to be 149.78 µm/RIU and 6.68 × 10−6 deg. RIU/µm, respectively. For
adrenal gland cancer, breast (MDA-MB-231) cancer, and breast (MCF-7) cancer, the SPSHE

values are 118.68 µm/RIU, 102.82 µm/RIU, and 91.49 µm/RIU, with LoDPSHE values of
8.43 × 10−6 deg. RIU/µm, 9.73 × 10−6 deg. RIU/µm, and 10.90 × 10−6 deg. RIU/µm, re-
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spectively. These results indicate that the proposed biosensor has a high capability to detect
subtle refractive index changes between normal and cancerous basal cells, demonstrating
significant sensitivity. Additionally, a comparative analysis of all proposed configurations
is presented in Table 4.

  

  

  

Figure 5. The δ−H response curves for six cancer cells to be used to examine SPSHE and LoDPSHE for
(a) skin, (b) cervical, (c) blood, (d) adrenal gland (PC-12), (e) breast (MDA-MB-231), and (f) breast
(MCF-7) cancer.
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Table 4. The sensing performance of the proposed PSHE structure for cancerous cells with respect to
normal cells.

Cancer Type Cell Type RI ∆δ−
H

(µm)
Sensitivity
(µm/RIU)

LoDPSHE
(Deg. RIU/µm)

Skin
Normal cell 1.360

8.78 439.30 2.28 × 10−6
Cancerous cell 1.380

Cervical
Normal cell 1.368

6.44 322.02 3.10 × 10−6
Cancerous cell 1.392

Blood
Normal cell 1.376

2.99 149.78 6.68 × 10−6
Cancerous cell 1.390

Adrenal gland Normal cell 1.381
2.37 118.68 8.43 × 10−6

Cancerous cell 1.395

Breast (MDA-MB-231) Normal cell 1.388
2.05 102.82 9.73 × 10−6

Cancerous cell 1.399

Breast (MCF-7) Normal cell 1.387
1.82 91.49 10.90 × 10−6

Cancerous cell 1.401

Finally, Table 5 provides a comparative study of the proposed work with previously
reported results. This analysis emphasizes the superiority of the present research due to its
substantially enhanced sensitivity.

Table 5. Comparative analysis of sensitivity for the proposed PSHE structures with reported PSHE-
based cancer cell detection.

Structure Sensing
Mechanism Sensitivity LoDPSHE Applications Ref.

Multilayer structure PSHE
Sensor 1(H):

1029.0 nm/RIU -- Cancer Cells [20]

Sensor 2(V):
750.0 nm/RIU

Multilayer structure
(Present study) PSHE 439.30 µm/RIU 2.28 × 10−6

deg. RIU/µm
Cancer Cells This work

4. Conclusions
In this work, first, the enhancement of the spin-dependent shift (δ−H) using a multilayer

structure is proposed. The multilayer structure is optimized in such a way as to achieve
the resonance condition to improve the PSHE. The maximized δ−H of 350.82 µm is achieved
due to the combined SPR waveguiding effect, which is much higher than reported in the
literature. In the second part of the study, the enhanced δ−H is utilized to detect cancerous
cells. This sensitivity is achieved with minimal RI variations between healthy and cancerous
cells. The PSHE structure showed a substantial incident angle shift in the PSHE resonance
between healthy and cancerous blood cells. The maximum sensitivity of 439.30 µm/RIU is
attained for the skin cell. These findings collectively underscore the significant potential of
PSHE-based sensing for biomedical applications, especially in accurately differentiating
between diverse healthy and cancerous blood cells. This capability may facilitate the
creation of sophisticated diagnostic photonics devices specifically designed for cancer
detection and monitoring. Further, the authors believe that the proposed work also has
potential future applications, such as secure encoding and encryption [57], and hardware-
level security systems [58]. The proposed work can be further enhanced by integrating it
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with compact on-chip photonic platforms. This integration would allow for its application
within the wider framework of ongoing developments in PSHE-based sensing, security, and
information processing, ultimately strengthening the overall impact and future prospects
of the study.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/quantum8010017/s1, Figure S1: The schematic representation
illustrates the experimental setup for measuring PSHE.
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