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Since left and right refer to the recoil particle direction, the definition should be

𝐴𝐴𝑦𝑦 =
1
𝑃𝑃𝑦𝑦

𝜎𝜎right − 𝜎𝜎left

𝜎𝜎right + 𝜎𝜎left
(unless 𝐴𝐴𝑦𝑦 defined with the opposite sign, i.e. 𝐴𝐴𝑦𝑦 = −𝐴𝐴𝑁𝑁).
The same correction applies to several other places throughout the presentation.
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Eqs. (9) and (10) are incorrect.
Regardless of ∆𝐹𝐹,

• 𝐵𝐵1 ⊥ 𝐵𝐵0 drives  ∆𝑚𝑚𝐹𝐹 = ±1 dipole magnetic transition
• 𝐵𝐵1 ∥ 𝐵𝐵0  drives  ∆𝑚𝑚𝐹𝐹 = 0
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This is not always true.    On resonance the transition probability is  𝑤𝑤𝑖𝑖𝑖𝑖 = sin2 𝜋𝜋𝑓𝑓𝑅𝑅𝑡𝑡 .

Since 𝑓𝑓𝑅𝑅  ∝ ⁄𝐼𝐼beam 𝜎𝜎𝑟𝑟 × exp −𝑓𝑓𝑖𝑖𝑖𝑖2/2𝜎𝜎𝑓𝑓2 𝜎𝜎𝑓𝑓 = 2𝜋𝜋𝜎𝜎𝑡𝑡 −1 = 0.8 GHz  the Rabi frequency 𝑓𝑓𝑅𝑅  — 
and hence 𝑤𝑤𝑖𝑖𝑖𝑖 —becomes extremely small for large 𝑓𝑓𝑖𝑖𝑖𝑖 ≳ 3 GHz.

For example, with 𝐵𝐵ℎ = 127 mT, 𝜎𝜎𝑡𝑡 = 0.2 ns, and 𝑡𝑡int~30 μs one finds 𝑤𝑤23~2 � 10−4 and 
𝑤𝑤13,𝑤𝑤24,𝑤𝑤14, ≪ 10−4  even if 𝑓𝑓𝑖𝑖𝑖𝑖  exactly matches a beam harmonic.
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• Potentially strong resonances 𝑓𝑓12 and 𝑓𝑓34 can be easily and reliably avoided by keeping 
the holding field within 120 < 𝐵𝐵ℎ < 140 mT.

• For 𝐵𝐵ℎ = 127 mT, the combined depolarization due to these resonances,

𝑤𝑤𝑖𝑖𝑖𝑖 =
𝑓𝑓𝑅𝑅
𝑖𝑖𝑖𝑖 2

𝑓𝑓ℎarm − 𝑓𝑓𝑖𝑖𝑖𝑖
2

+ 𝑓𝑓𝑅𝑅
𝑖𝑖𝑖𝑖 2 sin2 𝜋𝜋 𝑓𝑓ℎarm − 𝑓𝑓𝑖𝑖𝑖𝑖

2
+ 𝑓𝑓𝑅𝑅

𝑖𝑖𝑖𝑖 2
𝑡𝑡

     was evaluated (by solving quantum-mechanical equations)  to be aspproximately 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎  
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• Increasing the holding field does not help to suppress beam-induced depolarization and 
may, in fact, significantly increase systematic uncertainties in polarization measurements.

• There is no need to raise the holding field  if 𝜎𝜎𝑡𝑡 ≥ 0.2 ns. 
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• In my estimates, 𝑃𝑃𝑧𝑧 cannot be measured with sufficient accuracy by HJET unless the hadronic non-flip 
amplitude 𝜙𝜙−(𝑡𝑡) is anomalously large ⁄𝜙𝜙− 𝜙𝜙+ ≫ 10−3 at EIC beam energies. 

• According to N.H.Buttimore et al., Phys. Rev. D 59, 114010 (1999) : “There is persuasive evidence 
both from experiment and from dynamical arguments that 𝜙𝜙− is exceedingly small at high energies: 

⁄𝜙𝜙− 𝜙𝜙+ < 10−3 for energies beyond 𝑝𝑝𝐿𝐿 = 200 GeV/c”.
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• What accuracy in determining the fraction of H2 fraction (originating from the nozzle) can be achieved with the QMA?

• Even if a precision well below 1% were technically possible, the QMA alone cannot provide an accurate evaluation of 
the background, since it cannot account for the following effects:
 Atomic hydrogen and/or protons present in the beam gas,
 Partial polarization of the recombined H2,
 Background arising from beam proton scattering on nuclei in the jet, beam gas, or surrounding walls.

• Therefore, the QMA should be regarded only as an auxiliary diagnostic to support the background evaluation method 
developed for RHIC HJET.
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The polarized H and D atomic beam source for ANKE at COSY-Jülich 

• After accounting for systematic errors, no evidence remains that molecular hydrogen originating from 
the nozzle contributes significantly (or noticeably) to the jet beam.

• In QMS measurements, however, the systematic uncertainty in evaluating the 𝐻𝐻2fraction is 
unacceptably large for EIC requirements.

• Notably, It had been observed that the nuclear polarization in recombined hydrogen is partially 
retained after recombination. 
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Backup
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When designing a polarized 3He atomic beam source for the EIC, it should be kept in mind that 
the systematic uncertainties in the 3He beam polarization measurements may differ significantly 
from those in HJET.

• The kinematic distributions of recoil particles in the 3He recoil spectrometer differ 
substantially from those in HJET.

• Breakup of the target 3He nuclei may strongly distort the measured time–amplitude 
distribution.
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