
Brookhaven National Laboratory 

U.S. Department of Energy
USDOE Office of Science (SC), Nuclear Physics (NP)

Electron-Ion Collider

June 2026

A. Poblaguev

Comments on the paper “Eliminating beam-induced depolarizing effects in
the hydrogen jet target for high-precision proton beam polarimetry at the

Electron-Ion Collider” (Part II)

BNL-229973-2026-TECH

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No. with the U.S. Department of Energy. The publisher by accepting the technical note for publication
acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable, world-wide license
to publish or reproduce the published form of this technical note, or allow others to do so, for United States
Government purposes.



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  



Comments on the paper
“Eliminating beam-induced depolarizing effects in the hydrogen jet target for

high-precision proton beam polarimetry at the Electron-Ion Collider [1]”
(Part II)

A. A. Poblaguev∗

Brookhaven National Laboratory, Upton, New York 11973, USA
(Dated: July 15, 2026)

In this note, additional critical comments on the recent publication by F.Rathmann et al., Phys.
Rev. Accel. Beams 29, 021001 (2026), are presented.

Recently, Ref. [1] claimed that the beam-induced de-
polarization of the Polarized Atomic Hydrogen Gas Jet
Target (HJET) at the future Electron-Ion Collider (EIC)
would inevitably be large for a 120mT holding field, cor-
responding to the value currently used at the Relativistic
Heavy Ion Collider (RHIC).

This conclusion was challenged in Ref. [2], which pre-
sented an alternative evaluation of the beam-induced de-
polarization for the EIC HJET and demonstrated that
the depolarization had been significantly overestimated
in Ref. [1]. The methodology employed in Ref. [1] was
further examined in the critical review of Ref. [3]. How-
ever, that review focused primarily on the overestima-
tion of the depolarization, leaving several other incorrect
statements in Ref. [1] unaddressed.

In this note, we discuss some of these additional inac-
curacies.

A. Molecular contamination in atomic beams

In Appendix A of Ref. [1], it is stated that

The approach used in Ref. [5] to determine
the molecular fraction by simply turning off
the dissociator is ill-fated, as it does not pro-
duce defocused atoms and, as such, does not
lend itself as a method to realistically esti-
mate the molecular content in the target.

This statement is inaccurate and misleading.
In Ref. [5], a background-subtraction method was de-

veloped that accurately accounts for the contribution
of molecular hydrogen originating from defocused atoms
that recombine on the inner surfaces of the sextupole
magnets. As explicitly discussed in that work, this
method is, by construction, insensitive to the small
molecular fraction originating directly from the nozzle.
To evaluate this latter contribution, a dedicated mea-
surement with the dissociator turned off was performed.
Thus, the two procedures employed in Ref. [5] address
different physical sources of molecular hydrogen and are
complementary rather than mutually exclusive.
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5.4. Summary of the profile measurements

Table 3 summarizes results of the measurements of the ABS beam
profile with the compression-tube and the QMS setup. The larger
errors of the widths, measured with the QMS, are due to the lack of
measurements with the dissociator switched off and the necessity
to estimate the background signal from the existing data. Within the
errors, the measured widths do not show a dependence on
the distance from the last magnet. This facilitates positioning the
feeding tube of the storage cell in a wide range of a distances to the
last magnet. The average values Γx ¼ ð6:3870:60Þmm and
Γy ¼ ð6:8470:33Þ mm agree within the errors and yield a common
width of Γx;y ¼ ð6:7370:29Þ mm. The two-dimensional Gaussian
distribution of this width allows one to estimate the fraction η of
the beam intensity injected into the compression tube or a feeding
tube. For a tube of 10 mm diameter η¼ 0:7870:03, comparable with
η≈0:7 given in Section 5.1.

6. Degree of dissociation

Besides the intensity of the atomic beam it is important to
determine the molecular fraction in the beam. Molecules injected
into the feeding tube, reduce the polarization of the target gas.

6.1. Measurements with crossed-beam QMS

In addition to the data on the profile of the atomic hydrogen
beam (Section 5.2), data on the distributions of molecular hydro-
gen in the beam were taken, too, at the positions z¼567 mm and
697 mm behind the last magnet. The relation between the degree
of dissociation and the QMS signals by the atomic and molecular
beam component was given above by Eq. (6). The coefficient
kv ¼ vm=va, however, is chosen here under the assumption that
the average velocity of the atoms is determined by the nozzle
temperature of 65 K and that of the molecules by scattering and
recombination on the ABS chamber walls at 290 K. This yields
kv ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2� 65=290

p
¼ 0:67, in good agreement with Ref. [13], where

this coefficient was determined by the measured velocity distribu-
tions under similar conditions.

The measured profiles of the atomic fraction (identical to those of
Fig. 21), those of the molecular fraction, and those of the degree of
dissociation, deduced from Eq. (6), are collected in Fig. 24. As it is seen
from the figure, the distribution of the degree of dissociation shows a
dip around the central line due to the higher density of molecular
hydrogen originating from the nozzle. The mean value in an aperture
of 10 mm diameter results as α ¼ 0:95 7 0:04.

6.2. Measurements with the Lamb-shift polarimeter

The measurements with the QMS were extended with the use
of a Lamb-shift polarimeter described in Refs. [7,8]. The entrance
aperture of its ionizer was positioned at 372 mm from the last ABS
magnet. A cup in the quench chamber of the Lamb-shift polari-
meter (LSP) allows one to measure the currents IcupðH1Þ and
IcupðH2Þ of the Hþ

1 and Hþ
2 ions, extracted from the ionizer and

separated by the Wien filter with the cesium evaporation and the
spin filter switched off (cf. Fig. 1 in Ref. [7]). The relation between

Table 3
Dimensions (FWHM) of the atomic hydrogen beam measured with the compres-
sion tube (CT) and the crossed-beam quadrupole mass spectrometer (QMS) at
distances z to the last magnet along perpendicular directions x and y.

Device z (mm) Γx (mm) Γy (mm)

CT 300 6.4270.09 6.9970.06
CT 337 6.2770.08 6.5870.08
QMS 567 7.3670.43 6.6870.80
QMS 697 6.6970.22 6.3870.27

Fig. 24. Spatial distributions of H1ð�Þ;H2ð○Þ and degree of dissociation (■) averaged over 3 mm wide bands in the xz and yz planes, respectively (here the z-axis is the
geometrical axis of the ABS).
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FIG. 1. (Fig. 24 in Ref. [4]) Spatial distributions of H1 (•),
H2 (◦), and the degree of dissociation (■), averaged over 3mm-
wide bands in the xz and yz planes, respectively (here the
z-axis is the geometrical axis of the ABS).

Furthermore, in Appendix A (of Ref. [1]), the molecular
hydrogen content of the target is estimated using a graph-
ical analysis (shown in Fig. 1) of quadrupole mass spec-
trometer (QMS) measurements performed at the ANKE
experiment [4]. By considering measurements at multi-
ple transverse positions in the x and y directions (per-
pendicular to the atomic beam) at a distance of 697mm
downstream of the last sextupole magnet, the resulting
degree of dissociation of the atomic beam is estimated
(Eq. (A1) of Ref. [1]) as

α[1] =
1

1− 2 ρm/ρa
= 0.934± 0.006, (1)

where ρa and ρm are the measured integrated densities
of atomic and molecular hydrogen, respectively, within a
10mm aperture of the beam.

It should be emphasized that the quoted uncertainty
in Eq. (1) is in significant disagreement with the accuracy
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reported in Ref. [4], from which the data were taken:

ᾱ[4] = 0.95± 0.04. (2)

A cursory inspection of the graphs used for the esti-
mate in Appendix A suggests that this discrepancy most
likely arises from the neglect of systematic uncertainties
in the analysis presented there. The following simplified
consideration illustrates possible sources of systematic er-
ror in the analysis of Ref. [1].

Assuming that the transverse density of the atomic
beam is

ρa(x, y) =
na

2πσ2
a

exp

(
−x2 + y2

2σ2
a

)
, (3)

and a similar expression holds for the molecular hydro-
gen density parameterized by nm and σm, the degree of
dissociation for a sufficiently large aperture is given by

α =
1

1 + 2nm/na
. (4)

Within this approximation, the dissociation profile along
the x-axis depends on the following ratio:

ρm(x, 0)

ρa(x, 0)
=

nm

na
× σ2

a

σ2
m

exp

[
− x2

2σ2
m

(
1− σ2

m

σ2
a

)]
. (5)

The experimental distributions of ρm(x)/ρa(x) and
ρm(y)/ρa(y) shown in Fig. 1 therefore indicate that σm <
σa. A similar conclusion also follows from a visual com-
parison of the ρa and ρm density distributions in Fig. 1.
However, if the dominant source of molecular hydrogen

is recombination of defocused atoms on the inner surfaces
of the sextupole magnets [1], one would instead expect
σm ≫ σa [5]. For molecular hydrogen originating directly
from the nozzle, one expects σm ≳ σa [5].

We are thus led to conclude that the molecular hydro-
gen density profiles ρm(x, y) extracted in Ref. [4] are ei-
ther not representative of those at RHIC HJET or are sig-
nificantly affected by systematic uncertainties (e.g. back-
ground contributions) in the measurement.

Given the relatively large uncertainty of 4% in the de-
gree of dissociation reported in Eq. (2), the presence of a
negligible (or even vanishing) molecular hydrogen com-
ponent cannot be excluded. This, in turn, implies sub-
stantial systematic uncertainties in the experimental de-
termination of ρm(x, y).
Notably, this result itself calls into question the capa-

bility of QMS-based methods to determine the molecular
hydrogen fraction in the atomic beam with sub-percent
accuracy, as required for the EIC.

B. Doppler broadening of the transition frequency

It is stated in Sec. V.B.1 of Ref. [1] that the veloc-
ity distribution of the atomic beam introduces significant

broadening mechanisms that affect the resonance condi-
tions.
Typically, Doppler broadening of an electromagnetic

wave arises from the velocity distribution of the emit-
ters. In the present case, however, the beam-induced
magnetic field propagates along the z-axis (following the
beam bunches), while the hydrogen atoms move with a
nearly fixed velocity va ∼ 1800m/s along the y-axis. This
configuration corresponds to a transverse Doppler effect,
which modifies the oscillating magnetic-field frequency f
in the atomic rest frame as

f → f ×
(
1− v2a

c2

)
. (6)

For the |1⟩ → |2⟩ transition harmonic, this corresponds
to an effective shift of the holding field of approximately
20 pT, with even smaller effects for other harmonics.
Such corrections are entirely negligible.

C. The stimulated transition rate

In Sec. VI.D of Ref. [1], it was claimed that
the quantum-mechanical framework presented in Ap-
pendix C of Ref. [1] was used to quantify the depolar-
ization effects. As follows directly from Appendix C, the
stimulated transition rate for a specific hyperfine transi-
tion |i⟩ → |j⟩ is given by

Γij(f) =
2π

ℏ
|⟨i|H1|j⟩|2 S(f)Vint, (7)

where S(f) is the spectral power density, and the matrix
element ⟨i|H1|j⟩ is assumed to be time independent.
However, in the practical calculations presented in

Sec. VI.D, the well-known Rabi formula for the resonant
transition probability,

Γij = sin2
(
ωR(f)τint

2

)
, (8)

was used instead. Here, ωR(f) is the Rabi frequency, and
τint is the interaction time, i.e., the time during which the
atom remains under resonant conditions.
Thus, the declared calculation method appears to be

irrelevant to the method actually used.

In the second example discussed in Sec. VI.D, the in-
teraction time τint ≈ 0.94µs was determined from the
time required for an atom to traverse the region where

the induced field exceeds ∆Bpk
h = 2.0mT. However, it

was overlooked that, due to the bunch structure of the
beam, with temporal rms width σt = 0.2 ns and bunch
period τb = 11.027 ns, the condition ∆Bh(t) > 2.0mT is
satisfied only during a small fraction of the bunch period,

2σt

τb

√√√√2 ln

(
Bm

∆Bpk
h

)
≈ 0.033, (9)



3

where Bm = 3.03mT is the maximum peak value of the
beam-induced magnetic field. Therefore, the value of τint
should be reduced by at least a factor of 30.

Moreover, for a more accurate evaluation of τint, only
the time intervals during which the frequency of the reso-
nant harmonic of the induced field is consistent with the
transition frequency should be included. The latter de-
pends on the holding field value, including the spatially
varying beam-induced component parallel to the static
field, within the corresponding Rabi-frequency width.
Such a treatment would lead to an additional reduction
of the effective interaction time τint.

D. Calculation of the effective power broadening

In Sec. V.B.1, the effective power broadening was in-
troduced as a standard deviation derived from the previ-
ously calculated Rabi frequency fR:

σpower
f =

fR

2
√
2 ln 2

. (10)

The factor 2
√
2 ln 2 ≈ 2.36 is readily recognized as the

ratio between the full width at half maximum (FWHM)
and the rms width of a Gaussian distribution.

However, for small detuning ∆f , the transition proba-
bility in the Rabi process is given by

f2
R

f2
R +∆f2

sin2
(
πt
√
f2
R +∆f2

)
. (11)

As a function of ∆f , the corresponding resonance curve
has an FWHM equal to 2fR, rather than fR. Therefore,
the value of σpower

f in Eq. (10) should be multiplied by a
factor of 2.

E. Hyperfine-state eigenenergies for the complete
Hamiltonian

The dependence of the ground-state hydrogen hyper-
fine energy levels on the holding field Bh, expressed as

functions E|i⟩(x) of the dimensionless parameter

x =
−2µeBh

Ehfs
=

gJµBBh

Ehfs
, (12)

is presented in Eq. (11) of Ref. [1]. However, these ex-
pressions were derived neglecting the nuclear magnetic
moment µp = gIµN/2.
A more accurate treatment was attempted in Ap-

pendix B of Ref. [1], where the complete Hamilto-
nian, expressed in terms of the parameters x and y =
2gIµNBh/Ehfs, is given in Eq. (B5). However, a com-
parison of Eqs. (B1), (B2), and (B3) indicates that the
sign of the term gIµNIzBh in Eq. (B3) was written in-
correctly. Therefore, in Eq. (B5), one should replace

y → −2y, (13)

where the factor of 2 arises from redefining the parameter
y in a form analogous to that used for x:

y =
gIµNBh

Ehfs
. (14)

Noting that, for y = 0, Eq. (B5) reproduces the en-
ergy levels given in Eq. (11) of Ref. [1], one immediately
obtains

E|1⟩(x) =
Ehfs

2

[
−1

2
+ 1 + (x− y)

]
, (15)

E|2⟩(x) =
Ehfs

2

[
−1

2
+
√
1 + (x+ y)2

]
, (16)

E|3⟩(x) =
Ehfs

2

[
−1

2
+ 1− (x− y)

]
, (17)

E|4⟩(x) =
Ehfs

2

[
−1

2
−
√
1 + (x+ y)2

]
, (18)

in exact agreement with Eq. (12.37) of Ref. [6].
Since y/x ≈ 0.0015, the energies E|2⟩ and E|4⟩ can be

approximated, with relative accuracy O(2× 10−6), as

E|2⟩(x) ≈
Ehfs

2

[
−1

2
+
√

1 + x2 + y
x√

1 + x2

]
, (19)

E|4⟩(x) ≈
Ehfs

2

[
−1

2
−
√

1 + x2 − y
x√

1 + x2

]
. (20)

Thus, in addition to the incorrect sign of y, the de-
pendence of the hyperfine energy levels |2⟩ and |4⟩ on y
was also calculated incorrectly in the paragraph of Ap-
pendix B following Eq. (B5).
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