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Supplementary Figure 1 | The x-ray diffraction pattern of pristine TaP at
ambient pressure. The red line is the Rietveld refinement result of TaP with

space group l4imd. Two tiny peaks marked with asterisk (*) come from the

instrument background.
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Supplementary Figure 2 | Resistivity and MR of TaP single crystals. (a)



Temperature dependent resistivity under ambient pressure of TaP. (b) MR data
at different temperatures with external magnetic field paralleled to c-axis. The

SdH oscillations appear on the MR curve at 3 K (black) and 10 K (red).
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Supplementary Figure 3 | Temperature dependence of resistance and
upper critical field measured from the pressure released sample. (a) R(T)
curves under fields up to 16 T. The superconducting transition is totally
suppressed above 0.4 K at 4 T. (b) The upper critical field xoHc2 versus T shown
by the black squares. The red dashed line is the WHH fitting curve and the blue

dotted line is the fitting result of Supplementary Equation 1.



Supplementary Table 1 | The coordinates (in units of the length of =% for x
and y, and of the length of I'-Z for z) and energies (in meV) of W2 at pressure
of 0 GPa to 30 GPa. The energy values are relative to the Fermi level.

X y z E-W2(meV)
0 GPa 0.031 0.505 0.583 15.0
10 GPa 0.031 0.504 0.568 5.1
20 GPa 0.030 0.503 0.553 -0.62
30 GPa 0.030 0.501 0.541 -21.4

Supplementary Note 1 | Evolution of the structure and the Weyl point
positions with pressure

Calculated coordinates and energies of W2 under pressures from 0 GPa to
30 GPa are listed in Supplementary Table 1. Other W2 points are related to the
W2 point in Supplementary Table 1 by mirror symmetry, C4 rotation and time-
reversal symmetry. And all the energies of W2 points are equal. The
coordinates of W2 at 0 GPa are consistent with previous work!. With the
increase of pressure, the coordinate x and y of W2 are basically maintained
while the coordinate z of W2 decreases from 0.585 to 0.541. It is surprising that
the energies of W2 relative to Fermi level change significantly with the increase

of pressure.

Supplementary Note 2 | Measurements and determination of woHc2 in TaP
after decompression from 100 GPa
Since superconductivity survives after the decompression, we thus did a new

round of pressurizing experiment at room temperature. We chose a fresh TaP



sample and ramped the pressure up to 100 GPa, kept it for 24 hours and then
released the pressure to 1 bar. Afterwards, we put electrode contacts to
measure the resistivity from room temperature to 0.3 K. Since the sample has
only a size of about 30 um after being successfully exfoliated from the diamond
anvil cell, we only managed to make two electrodes instead of four on the
sample with an irregular shape, the contacting resistance is still included.
Without pressure cell, we were able to measure the resistivity down to He®
temperature (T = 0.3 K) with magnetic fields up to 16 T, and the results are
shown in Supplementary Fig. 3a. One can clearly see the superconducting
transition starting at about 3.25 K. The superconducting transition shifts
gradually down to lower temperatures with increasing magnetic field and the
transition temperature is totally suppressed to below 0.3 K when magnetic field
exceeds 4 T. A positive and moderate MR effect can be observed from these
measurements. In addition, we determine the upper critical field oHc(T) by
using the standard crossing method, which determines the superconducting
transition temperature by the crossing point of extrapolating lines of the normal
state and the steep transition part. In Supplementary Fig. 3b we plot the zoHc2
versus T by using filled symbols, and the fitting result by the Werthamer-
Helfand-Hobenberg (WHH) formula is shown in red dashed line. The
experimental data slightly deviate from the WHH formula at high magnetic fields.

The blue dotted curve is the fitting result with following equation

[1-(T/T.)?]%
Hea(T) = Hep () L7502 (s



We adopt this expression with two terms of 1-(T/Tc)? and 1+(T/Tc)? as
components because they are the basic ingredients for the description of critical

fields. The obtained oHc2(0) is about 4 T.

Supplementary Note 3 | XRD characterization and magnetoresistance of
pristine TaP

The XRD data were collected on TaP powders by crushing and grinding the
as prepared TaP single crystals. The XRD and the Rietveld refinement result
with weighted profile R-factor Rwp = 8.789% are shown in Supplementary Fig.
1. The refined cell parameters are a = 3.320 A and ¢ = 11.343 A. Two tiny peaks
that cannot be indexed with TaP come from the instrument background. The
rather clean XRD data indicate the high purity of the sample.

Temperature dependent resistivity of a TaP single crystal under ambient
pressure is shown in Supplementary Fig. 2a. The residual resistivity ratio (RRR)
(comparing the R(300 K) to the lowest temperature value at 3 K) reaches 31.
MR of the pristine TaP single crystal are shown in Supplementary Fig. 2b with
magnetic fields up to 16 T at temperatures 3 K, 10 K, 50 K, 100 K and 200 K.
Shubnikov-de Haas (SdH) oscillations are clearly shown at 3 K and 10 K. A

maximum value of MR about 45000% was observed at 3 K and 16 T.

Supplementary Note 4 | Resistivity measurements under high pressures



High-pressure resistance measurements with different warming-cooling
cycles were conducted with the four probe method in a screw-pressure-type
diamond anvil cell (DAC). Platinum (Pt) foils with a thickness of 2 ym were used
as electrodes. Diamond anvils of 200pm-culets and rhenium gasket covered
with a mixture of epoxy and fine cubic boron nitride (c-BN) powder were used
here. A single crystal with typical dimension of 65x20x5 ym? was loaded
without pressure-transmitting medium. Pressure was calibrated by using the
ruby fluorescence scale below 70 GPa? and the diamond Raman scale above

70 GPa3.

Supplementary Note 5 | High-pressure x-ray diffraction measurements
The angle-dispersive XRD experiments under high pressure were performed
at the HPCAT beamline 16-BM-D at the Advanced Photon Source, Argonne
National Laboratory. A MAR345 image plate detector was equipped in the
beamline and the diffraction was processed in a transmission mode. The
energy of x-ray for the experiments was set to 33.169 keV. The application of
high pressure was realized with a pair of 100um-culet diamonds mounted on a
symmetric diamond anvil cell. A 301 stainless steel sheet was used as a gasket
and silicone oil as a pressure-transmitting medium. The pressure-transmitting
medium was sealed in a 50um-diameter hole pre-drilled on the gasket for
preserving a quasi-hydrostatic pressure environment to the TaP sample. The

drilling was done using a laser micro-machining system developed by HPCAT%.



Supplementary Note 6 | Ab initial calculations

Ab initio random searching (AIRSS) method>® was applied for crystal
structure predictions in the frame of density-functional theory (DFT). Enthalpy
and band structure calculations were performed with the projected augmented
wave (PAW) method implemented in the Vienna ab initio simulation package
code (VASP)”® with Perdew-Burke-Ernzerhof (PBE)'° generalized gradient
approximation (GGA) exchange-correlation functional. The cutoff energy of 400
eV was set for a plane wave basis. The calculations of phonon spectrum were
performedina 3 x 3 x 2 supercell being computed with the PHONOPY code?!
and VASP code.

The calculations of semi-classic transport conductivity were performed using
Boltzmann equation method implemented in the BoltzTraP package!?*3, and
the mesh for self-consistent band energies is 16x16x22. Spin-orbit coupling
was concerned during calculations. The maximally localized Wannier functions
(WLWF)* for the d orbitals of Ta atoms and p orbitals of P atoms were
constructed. The projected surface states were calculated using surface

Green’s function in the semi-infinite system?>: 16,
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