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ABSTRACT

Velocity-map imaging of electrons is a pivotal technique in chemical physics. A recent study reported a quantum offset as large as 0.2 cm 

−1 in 

velocity imaging-based electron spectrometry [C. Blondel and C. Drag, Phys. Rev. Lett. 134, 043001 (2025)]. In this work, we assess the 

existence of this offset through a combination of simulations and experiments. Our simulations reveal that the velocity imaging results 

reconstructed using the maximum entropy velocity Legendre reconstruction method exhibit no such offset. Furthermore, experimental mea-
surements of the electron affinity of oxygen conducted at various imaging voltages show no discernible offset attributable to the electric field 

in the photodetachment region. Therefore, we conclude that there is no evidence for the claimed quantum offset in properly analyzed velocity 

imaging-based electron spectrometry.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0332540

I. INTRODUCTION

Velocity-map imaging (VMI) has revolutionized the measure-
ment of charged-particle energies by projecting electrons or ions 

onto a two-dimensional detector, thereby directly converting veloc-
ity information into spatial coordinates of the detection plane. 

1 

This projection-based approach was later adapted for negative ion 

photoelectron spectroscopy, establishing VMI as a key method for 

simultaneously probing electron energy and angular distributions. 

2,3 

Recently, a specifically designed VMI variant for low-energy elec-
trons, known as slow electron velocity-map imaging (SEVI) method, 

has achieved an impressive energy resolution of ∼1 cm 

−1 . 

4–9 This 

high resolution makes SEVI particularly valuable for obtaining 

precise measurements of fundamental properties such as electron 

affinities. 

10,11

In a recent study, Blondel and Drag claimed that there is 

a quantum offset as large as ∼0.2 cm 

−1 in photoelectron kinetic 

energy measurements using velocity imaging-based spectrometry. 

12 

They attribute this offset to the difference between the maxi-
mum classical trajectory radius R c 

and the electron current maxi-
mum radius R 0 

on the 2D detector in the laser photodetachment 

microscopy (LPM). 

13 From a semi-classical perspective, a detached

photoelectron with low kinetic energy E k 

follows a parabolic trajec-
tory in the uniform imaging electric field F. For a given point on the 

detector that the electron can reach, there exist two possible trajec-
tories with a phase difference, leading to interference that forms a 

characteristic pattern. The maximum classical trajectory radius R c 

falling off the axis, at which electron trajectories become degener-
ate, can be calculated as R c 

≈ 2 

√ 

zE k 

/qF with high accuracy, where 

q is the charge of the photoelectron and z is the distance between 

the detachment point and the detector. 

12,13 There is a relationship 

between these two radii: R 0 

2 

= R c 

2 

+ 4zx 0 
λ 0 

, where X 0 
= −1.018 79. . .

is the first maximum of the Airy function and λ 0 
is the characteris-

tic de Broglie wavelength of the electron in the acceleration field. 

12 

They further proposed that the energy offset Δ (in cm 

−1 ), caused 

by the gap between R 0 
and R c 

, depends solely on the electric field F 

(in V/m) in the photodetachment region as Δ = 0.002 765 . . .F 

2/3 . 

12

However, their analysis completely neglected the crucial aspect of 

SEVI: the reconstruction of the original three-dimensional Newton 

sphere from the two-dimensional detector image. This reconstruc-
tion can be accomplished by various methods, such as the maxi-
mum entropy velocity Legendre reconstruction (MEVELER) 

14 and 

the inverse Abel transform. 

15,16 In SEVI, the kinetic energy E k 

is 

derived from the weighted center radius R s 
of the photoelectron
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velocity distribution, obtained by summing the reconstructed three-
dimensional spherical shell over all angles, not from R 0 

as claimed in 

their work. 

11,17

The assertion of a substantial quantum offset has raised consid-
erable concern in the field, as it challenges the foundational accuracy 

of velocity-map imaging. To address this discrepancy, a rigorous 

evaluation of the alleged quantum offset is essential. In this article, 

we present a combined simulation and experimental study to assess 

the alleged quantum offsets in velocity imaging-based spectrometry.

II. RESULTS
A. Simulation of photodetachment imaging

An ideal photodetachment process was simulated under a uni-
form imaging electric field of F = 544 V/m, corresponding to an 

imaging voltage V = 75 V in our spectrometer, as illustrated in 

Fig. 1. The detachment laser energy was set to exceed the bind-
ing energy of a hypothetical photodetachment transition by 5 cm 

−1 ,
with the detachment point located at a distance z = 0.5 m from the 

2D detector. Theoretically, due to their wave nature, the detached

photoelectrons form an Airy-disk-like intensity distribution at the 

detector plane 

12 [Fig. 1(a)]. To accurately mimic our measurement, 

this ideal distribution was numerically convolved with a 2D Gaus-

sian function, (Ae
−4 ln 2⋅(x 

2 + y 

2 )
w 

2
), to account for the instrumental

response of the VMI spectrometer [Fig. 1(b)]. Here, A is the nor-
malization coefficient and w = 2.8 pixels is the full width at half 

maximum (FWHM) of the Gaussian profile. The resulting signal 

was then discretized by a pixelated detector (1024 × 1024 pixels). In 

typical analysis, the acquired photoelectron image is reconstructed 

either by the MEVELER method 

14 or an inverse Abel transform 

15 

to retrieve the underlying 3D velocity distribution. A central cross 

section of the reconstructed distribution is shown in Fig. 1(c). The 

corresponding radial distributions for Figs. 1(a)–1(c) are plotted 

in Figs. 1(d)–1(f), where three characteristic radii are indicated: R 0 

(the radius of maximum intensity on the detector), R c 
(the classi-

cal maximum radius), and R s 
(the weighted center radius obtained 

from Gaussian fitting of the reconstructed distribution). Notably, the 

reconstructed radius R s 
is nearly identical to the classical radius R c 

, 

in clear contrast to the assumption in Ref. 12, which relied on R 0 
.

FIG. 1. Simulation of photodetachment imaging. The simulation was performed under an electric field of F = 544 V/m (imaging voltage V i 

= 75 V), with the detachment region 

located at z = 0.5 m from the detector. The photon energy was set to 5 cm 

−1 above the binding energy of the simulated transition. (a) Theoretical two-dimensional distribution 

of photoelectrons at the detector plane. (b) Convolved photoelectron image after accounting for the Gaussian response of the spectrometer. (c) Image reconstructed using 

the MEVELER method. (d)–(f) Radial distributions corresponding to panels (a)–(c), respectively.
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To further quantitatively assess the measurement offset associ-
ated with the three radii (R 0 

, R c 
, and R s 

), we systematically varied 

the detachment laser energy hν in simulation from 3 to 8 cm 

−1 

above the photodetachment threshold and recorded the correspond-
ing radii, as summarized in Table I. The squared radii were then 

extrapolated as a function of the energy difference (hν − BE), with 

the intercept of the linear fit, indicating the binding energy offset 

for each radius (Fig. 2). Using the classical maximum radius R c 

as a benchmark yields a zero offset, as expected. Importantly, the 

radius R s 
obtained via the MEVELER method also gives a negligible 

offset 0.004(2) cm 

−1 , where the uncertainty of 0.002 cm 

−1 repre-
sents one standard deviation from the fitting procedure. In contrast,

TABLE I. Simulated values of the three characteristic radii (R 0 

, R c 
, and R s 

) at various
detachment laser photon energies. Energies and radii are given in units of cm 

−1 and 

pixels, respectively. The uncertainty of R s 
represents one standard deviation from the 

fitting procedure.

hν − BE R 0 R c R s

3 27.296 28.175 28.173(11)
4 31.776 32.534 32.535(8)
5 35.698 36.374 36.380(7)
6 39.230 39.846 39.858(7)
7 42.468 43.039 43.056(5)
8 45.477 46.010 46.020(5)

FIG. 2. Squared radii of the photoelectron spherical shells vs the energy difference 

(hν − BE) for the simulated transition at imaging voltage V i 

= 75 V. The binding 

energy offset for each radius, given by the intercept of linear least-squares fit, is
shown for (a) R 0 

2 , (b) R c 

2 , and (c) R s 

2 .

extrapolation using R 0 
results in a significant offset of 0.184 cm 

−1, 

consistent with the prediction in Ref. 12. These simulation results 

show that the quantum offset arising from the difference between R s 

and R c 
is negligible. Hence, no quantum offset is present in properly 

analyzed velocity imaging-based electron spectrometry.

B. Experimental offset assessments
It is important to note that unlike uniform electric fields 

employed in laser photodetachment microscopy (LPM), 

12,13 the 

electric fields in typical velocity-map imaging apparatus are not 

uniform. 

1,5 In our SEVI setup, a deliberately non-uniform elec-
tric field is applied within the imaging zone (0.1 m) to focus 

photoelectrons—originating from different initial positions but pos-
sessing identical velocities—onto a common point on the detec-
tor. After passing through the imaging lens, photoelectrons travel 

through a field-free zone (0.4 m) before hitting the detector. The 

electric field in the photodetachment region corresponding to 

each experimental imaging voltage was determined via numerically 

simulation of our VMI lens system.
To experimentally evaluate the potential quantum offset in the 

SEVI method, we measured the electron affinity (EA) of oxygen at 

various imaging voltages. Figure 3 plots the deviation of our mea-
sured EA values from the reference EA(O) value of 11784.671(1) 

cm 

−1 18 as a function of imaging voltage V i 
. Each EA value has been 

extracted using the procedure illustrated in Figs. 1(f) and 2(c). The 

dotted curve shown in Fig. 3 represents the offsets calculated using 

the formula Δ = 0.002 765 . . .F 

2/3 , using the electric field specific 

to the photodetachment zone. Since the electric field in our VMI 

spectrometer is non-uniform, the offset calculated using the average 

field over the entire 0.5 m flight path is also shown for compar-
ison (dashed curve). As clearly shown in Fig. 3, our results show 

no discernible offset from the highly accurate reference value. This 

stands in sharp contrast to the substantial deviations predicted in 

Ref. 12.
To further validate the absence of the claimed quantum offset 

across multiple systems, Table II summarizes EA values of several

FIG. 3. Experimental test of the quantum offset claim via SEVI measurements of 

the oxygen electron affinity. The measured deviation from the reference value (the 

solid red line; see the main text) is plotted against the imaging voltage. The dotted 

curve is the calculated offset Δ using the field in the photodetachment zone, while 

the dashed curve using the average field over the whole flight path (F = V i 

/0.5 m).
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TABLE II. Electron affinities of several main-group elements: SEVI vs other methods.
The SEVI-Other difference is shown in the last column. All values are in cm 

–1.

Z 
Element SEVI Other Difference

8 
O 11 784.66(4) 

a 11 784.671(1) 

b
−0.011(41)

16 
S 16 753.00(7) 

c 16 752.9753(41) 

d
+0.025(74)

33 
As 6 488.61(5) 

c 6 488.570(15) 

e
+0.04(6)

51 
Sb 8 447.70(6) 

a 8 447.86(15) 

f
−0.16(17)

82 
Pb 2 877.14(9) 

g 2 877.149(15) 

h
−0.009(92)

a SEVI (present work). 

b LPT. 

18

c SEVI. 

11

d LPM. 

21

e LPT. 

12

f LPT. 

19

g SEVI. 

22

h LPM. 

23

main-group elements measured by SEVI and other methods. Among 

these, SEVI results of EA(O) and EA(Sb) were obtained in the cur-
rent work. EA(O) is the average measurement results at the four 

voltages shown in Fig. 3. Other SEVI data were acquired at an imag-
ing voltage of 150 V, which, according to Ref. 12, would have a 

predicted offset of 0.292 cm 

−1 . The differences between SEVI and 

other methods show no consistent positive deviation, contrary to 

the prediction of Ref. 12, indicating that the purported quantum 

offset is absent in SEVI measurements. The previous EA(Sb) value, 

measured using the laser photodetachment threshold (LPT) method, 

carries a relatively large uncertainty of 0.15 cm 

–1 , 

19 and therefore, an 

independent, more accurate measurement is needed for a definitive 

comparison with our EA(Sb) = 8447.70(6) cm 

–1 . Furthermore, we 

recently found that the LPM-measured EA(Se) exhibits a significant 

deviation of 0.5 cm 

–1 , 

20 indicating that LPM alone may not serve as 

a reliable benchmark for validating other methods.

III. DISCUSSION AND CONCLUSIONS
Combined evidence from our simulations and experiments 

demonstrates conclusively that no quantum offset exists in SEVI 

spectrometry when the data are analyzed using an appropriate 

reconstruction methodology. The central point of disagreement lies 

in the identification of the relevant measured quantity in velocity-
map imaging. The hypothesis proposed by Blondel and Drag 

12 rests 

on the assumption that the key radius in velocity imaging-based 

electron spectrometry is the point of maximum intensity on the 

raw detector image, (R 0 
). In contrast, the standard SEVI analysis 

correctly extracts the expectation value of the radius, R s 
, from the 

reconstructed 3D velocity distribution, which aligns with the clas-
sical radius R c 

. In real SEVI measurements, the VMI lens system 

projecting the 3D photoelectron velocity distribution onto a 2D 

detector, may introduce distortions due to the nonperfect effects 

of the imaging lens and 2D detector as well as the sizes of laser 

beam and anion beam. These effects were taken into account via 

the instrumental response function in the simulation. Since the 

system has cylindric symmetry, the original 3D photoelectron veloc-
ity distribution can be reconstructed from its 2D projection. The 

resulting radius R s 
corresponds to the weighted center of the initial

velocity shell, consistent with quantum mechanics, which represents 

the expectation value of the radius. Therefore, the comparison made 

in Ref. 12 between a classical trajectory radius R c 
and a raw image 

feature R 0 
is not appropriate for evaluating a properly analyzed 

SEVI experiment. The correct counterpart to R c 
is the reconstructed 

radius R s 
. This correspondence is further supported by the Ehren-

fest theorem, which states that the quantum-mechanical expectation 

values follow classical equations of motion. For a particle moving 

in a potential U, the time derivative of its average momentum ⟨ṗ⟩ 

satisfies ⟨ṗ⟩ = −∇U(z), a relation that applies in both quantum and 

classical regimes. 

24 As a result, no quantum offset arises between R c 

and R s 
.

In summary, through simulations and experiments, we have 

shown that no universal quantum offset exists in velocity imaging-
based electron spectrometry when proper data analysis is employed 

and, specifically, that no such offset is present in SEVI. Our findings 

affirm that the SEVI method, as widely practiced, is fundamen-
tally sound and highly reliable for obtaining precise spectroscopic 

quantities such as electron affinities.
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