
❑H-jet operation in Runs-2017-21

❑Detectors development for short bunch spacing EIC 
operation

❑Beam profile monitor for LEREC

❑Preparation for the Run-22. 

A.Zelenski, G.Atoian, A.Poblaguev.

Credit to beam instrumentation, vacuum and control groups., 

H-jet preparation for the Run-22
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Record 12.6∙1016 atoms/s 
Atomic Beam intensity.
Atomic beam velocity ~ 1800 m/s
H-jet thickness at the collision 
point-1.2 ∙1012 atoms /cm2

The distance from the nozzle

To collision point is 127 cm

H-jet polarimeter
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Spin filtering technique. Atomic Beam Sources.

Hydrogen atoms with electron 
polarization: mJ=+1/2 trajectories

RF transition, polarization transfer
from electrons to protons

RHIC beam crossing

Breit-Rabi polarimeter

Ne-Fe-B permanent magnet
sextupole - 1.7 T
gradient  5.7 T/cm 

Magnet system design, NIM A256, (2006)
T.Wise, W.Haeberli, H.Kolster et al.



Polarized Atomic Hydrogen 
Gas Jet Target  (HJET)

17 October 2017 PSTP 2017.  HJET in RHIC Run17. 5
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H-Jet polarimeter.

Ptarget is measured by Breit- Rabi Polarimeter

<5%

Elastic scattering: Interference between 
electromagnetic and hadronic amplitudes in the 
Coulumb-Nuclear Interference (CNI) region.
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7

New Si-strips detector assembly. Better energy resolution. 
Large solid angle and kinematic range, Run 2015



Poblaguev, PSTP2017Poblaguev, PSTP2017



Sources of systematic errors in HJET :  Molecular Hydrogen

17 October 2017 PSTP 2017.  HJET in RHIC Run17.
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A.Poblaguev, PSTP 2017



A.Poblaguev, PSTP 2017





Absolute Beam Polarization measurement in Run 2017, 255 GeV

Statistical error summary:

PSTP 2017.  HJET in RHIC Run17. 12



H-jet is the absolute, high precision polarimeter !

• High (~4.5%) analyzing power in a wide energy range (23-250 GeV).

• High event rate due to high intensity (~300 mA) circulated beam current in 
the storage ring (~2.5 % statistical accuracy in one

8hrs. long fill). High polarized H-jet density in RHIC ABS.

• Non-destructive.

• No scattering for recoil protons.

• Clean elastic scattering event identification.

• Straightforward calibration with Breit-Rabi polarimeter.

• Most of the false asymmetries are cancelled out in the ratio:

P beam =( 1/A)Beam asym / Target asym

A typical result for 8-hrs store:  ‹ P › = (~ 56 ± 2.0 stat ± 0.3syst) %



Polarization Profiles

• Polarization loss from intrinsic resonances: polarization lost at edge of beam 
→ polarization profile.

• Impact of polarization profile on beam polarization at collisions:

For RH ≈ RV = R and small: P0 = Pjet (1+R)2 ; 

Pcoll. = Pjet (1+ ½R)

Bazilevskiy, Roser, Fisher

<P>=Pjet-average polarization measured by H-jet or p-Carbon polarimeter 

in a sweep mode. P0-maximum polarization in the beam center.
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Upper limit for polarization in collisions (single spin 
asymmetry) vs. H-jet polarization.
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P0=80% - Red line

P0=70% - Blue line

Pjet- black line

low limit on Pcoll

For P0=55 %, maximum

Pcoll~ 60% 

R=0.1, Pcoll.pC~ 58%
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The prompts at HJET

Possible contributions to the prompts:

• For the 𝒑𝒑 scattering
• pions,  𝒑𝐣𝐞𝐭 → 𝝅+ 𝑿 𝑻𝑹 < 𝟑𝐌𝐞𝐕

• photons,  𝝅𝟎 → 𝜸𝜸
• For the 𝒑𝑨 scattering

• “target ion” dissociation 
𝑨 → 𝒑, 𝒅, 𝜶,… + 𝑿

• Beam halo
• Induced pulses (must not be seen at HJET)
• Optical photons (???)

The prompts rate is reduced by factor 3-4 if the 
jet is OFF

4 MeV

90 ns

• For 107 ns bunch spacing at RHIC, prompts are not real problem. However, it may be an 
issue at EIC with 10 ns bunch spacing

• Due to relatively low rate, < 𝟏𝟎𝟎 Τ𝐇𝐳 𝐬𝐭𝐫𝐢𝐩 𝑻𝑹 > 𝟎. 𝟓 𝐌𝐞𝐕 , of the prompts, the 

problem can be solved by hardware and/or software elimination of prompts.

Poblaguev, 2017
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Prototype of a double-layer detector for HJET

#85        #88   

The prototype was assembled using 
available components:
• 1.6 mm of ceramics between layers
• ~10 mm gap between layers
One of 8 HJET detectors was replaced 
by the prototype.

• The goal was to veto punch-through 𝜋, 𝑝, 𝑑, 𝛼, … , which are expected to have 
momentums 100-500 GeV/c. The ceramics between layers must not be the problem 
for that.

• The detector was tested in 5.76 GeV/n Au beam (Run 2020)
• The prompts rate in the second layer was 30-40% compared to the first one.
• The prompts veto efficiency can be evaluated as ≲10-20%.

The test results were  inconclusive. Most of the prompts are not punch-through
𝜋, 𝑝, 𝑑, 𝛼 . Due to relatively low rate, < 100 ΤHz strip 𝑇𝑅 > 0.5 MeV , of the prompts, 

the problem can be solved by hardware and/or software elimination of prompts.

Poblaguev, 2021



H-jet luminescence monitor

At injection At store 250 GeV



Blue vert. IPM measurement-16 pi.

RHIC beam (100 GeV) vertical emittance measurement 
by luminescence monitor in  the H-jet polarimeter.



H-jet luminescence induced by bunch RF field.



H-jet imaging



H-jet imaging



H-jet status and preparation for the Run-2022

• After 2017 polarized proton run, we operated H-jet during all heavy ions 

Runs-2018-21.

• Many upgrades to improve performances and reliability.

• Different test configuration for systematic error studies.

• H-jet application  for the beam profile monitoring for LEREC development 

and operation.

• For the Run-22 we are doing a major turbomolecular pumps power supply 

and control upgrades to ensure future multi-year H-jet operation.

• The H-jet is an established beam diagnostic device and responsibility for 

future H-jet technical support can be transferred to the instrumentation and 

vacuum group. We already started this transfer. 

• The H-jet is in a good shape for the Run-2022 and hopefully many more 

years of the RHIC and EIC operation.


