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The 𝟑𝟑𝐇𝐇𝐇𝐇 breakup test
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𝑽𝑽𝒑𝒑 = 𝒑𝒑𝒑𝒑  
𝑽𝑽𝒅𝒅 = 𝐧𝐧𝐧𝐧𝐧𝐧 𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚  
𝑽𝑽𝒏𝒏 = 𝒏𝒏𝒏𝒏,𝒏𝒏𝒏𝒏,𝒏𝒏𝒏𝒏  

• The taggers readout is 
triggered by HJET (any signals, 
prompts or recoils)

• Main goal of the study is to 
find correlation between 
elastic-like recoil protons in 
HJET and hits in the taggers.



The recoil proton kinematics for the breakup events 
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∝ 𝒕𝒕 = −𝟐𝟐𝒎𝒎𝒑𝒑𝑻𝑻𝑹𝑹

Since 𝒕𝒕 < 𝟎𝟎.𝟎𝟎𝟎𝟎 𝐆𝐆𝐆𝐆𝐆𝐆𝟐𝟐 in the HJET 
measurements, the breakup 
fraction should be strongly 
suppressed.



Deuteron breakups at HJET 
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HJET

• In Run 16, the deuteron-gold 
collisions were studied at RHIC for 4 
beam energies, 10, 20, 31, and 100 
GeV.

• The deuteron breakup events were 
isolated in the HJET data.

• The evaluated breakup rate is in good 
agreement with the buble chamber 
measurements in Dubna.



The bubble chamber results for He3 
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Schematic explanation of the breakup detection
Displacement of the spectator 
nucleons in the veto detectors.

𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟏𝟏𝟏𝟏𝟏𝟏 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏 
𝑳𝑳𝐭𝐭𝐭𝐭𝐭𝐭 = 𝟐𝟐𝟐𝟐 𝐦𝐦 
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⁄𝑑𝑑𝑑𝑑 𝑑𝑑𝑝𝑝𝑥𝑥 distribution used was evaluated at HJET for the 100 GeV/n  
deuteron beam. For 16 GeV (injection beam) it should be a factor 6 
wider. For the breakup detection, the efficiency quadratically depends 
on the width.

An incoherent scattering of proton from 3He can be 
approximated by scattering off a nucleon 𝑚𝑚∗ = 𝑚𝑚𝑝𝑝  
or di-nucleon 𝑚𝑚∗ = 2𝑚𝑚𝑝𝑝 .  Thus, the breakup 
corrections (to the interference terms) are limited by:

𝜔𝜔2𝑚𝑚 𝑇𝑇𝑅𝑅 ≤ 𝜔𝜔int 𝑇𝑇𝑅𝑅 ≤ 𝜔𝜔𝑚𝑚 𝑇𝑇𝑅𝑅
𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟏𝟏𝟏𝟏𝟏𝟏 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏 



Tagger waveforms 

2024.08.05 He3 breakup at injection 7



Event distributions (no correlation cuts) 
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𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏 =  𝒘𝒘𝐧𝐧𝐧𝐧 × 𝟏𝟏 + 𝒘𝒘𝐧𝐧𝐁𝐁 × 𝟐𝟐 + 𝒘𝒘𝐧𝐧𝐂𝐂 × 𝟒𝟒 + 𝒘𝒘𝐩𝐩𝐩𝐩 × 𝟖𝟖 
𝒘𝒘𝒊𝒊 = 𝟎𝟎 𝐨𝐨𝐨𝐨 𝟏𝟏 



The 
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Tagger distributions 
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Statistics per channel 
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15   18   14   19   18   14   11   11    6    2    0    0
    0    4    5    6    9   20   18   15   21   12   12   19
  208  140   89   71   51   56   35   27    1    0    0    0
    0    0    2   17   32   30   38   53   78  108  121  211
   13   14   20    8   15   15   14    8    2    2    0    0
    0    0    3   10   12   12   11   19    5   16   14   21
 1491 1382  812  236   72   39   34   23   11    1    0    0
    0    3    9   13   23   42   44   80  287  850 1517 1694

   68  128  102   94   77   72   83   85   76   44   31   13
   10   34   58   92   90   75   79   73   79   96  103   64
 5253 5605 5497 5714 5597 5336 5389 5268 4306 1570  105    0
    0   71 1495 4200 5087 5257 5307 5489 5629 5505 5547 5027
   67   78   68   66   54   64  111  144  197  187   53    0
    0   73  159  194  115   76   67   68   74   57   67   44
 3217 3815 4385 4779 5101 5064 4886 4745 4208 2325  288   11
    0  451 2623 4766 5164 5293 5489 5596 5403 4984 4134 3377



Accidental Coincidense 
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Statistics per channel (accidental events) 
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3    5    1    2    1    1    5    1    1    0    0    0
    0    0    0    1    1    0    1    4    2    1    2    2
   28   19   25   26   24   18   24    6    1    0    0    0
    0    0    0    0    5   14   19   15   34   17   30   24
    3    1    2    1    4    5    3    3    1    0    0    0
    0    0    0    0    4    2    0    5    1    1    1    3
   20   24   33   24   16   24   17    5    7    0    0    0
    0    0    1    0    8   10   35   27   24   36   27   21



Summary 
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• Too many coincidence events (~50%) in Chan. 95.
• Reasonable number (~0.3%) of such events in Chan 90.
• The best explanation I have, we observe hadronic showers after 

secondary interaction of the elastically scattered He3 in some walls. 
(No proofs, no reasonable explanations)

• If so, situation for 100 GeV must be much better.



The 
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The 
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Schematic explanation of the breakup detection
Displacement of the spectator 
nucleons in the veto detectors.

𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟏𝟏𝟏𝟏𝟏𝟏 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏 
𝑳𝑳𝐭𝐭𝐭𝐭𝐭𝐭 = 𝟐𝟐𝟐𝟐 𝐦𝐦 
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Scattered 
nucleon Spectators Detectors

𝑛𝑛↑ 𝑝𝑝↑𝑝𝑝↓ 𝑽𝑽𝒑𝒑 × 2

𝑝𝑝↑ 𝑛𝑛↑𝑝𝑝↓ 𝑽𝑽𝒏𝒏,𝑽𝑽𝒑𝒑

𝑝𝑝↓ 𝑑𝑑↑ 𝑽𝑽𝒅𝒅 

• Schematically high energy helion can be approximated as a 
flux of weakly bounded constituent nucleons.

• If one of the nucleons is kicked out in the scattering, the 
spectator ones continue to move forward as a deuteron or 
two  unbounded nucleons

• The opening angle ~ ⁄𝑝𝑝𝑥𝑥 𝐸𝐸beam is defined by the internal 
motion transverse momentum px.

• The veto events, i.e., those which trigger 𝑉𝑉𝑝𝑝,𝑉𝑉𝑑𝑑 ,𝑉𝑉𝑛𝑛, may 
include meson production scatterings of the beam helion.  

⁄𝑑𝑑𝑑𝑑 𝑑𝑑𝑝𝑝𝑥𝑥 distribution used was 
evaluated at HJET for the 10 GeV/n  
deuteron beam.



The breakup events in HJET
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• At the HJET, only low momentum transfer, −𝑡𝑡 < 0.02 GeV2 events can be 
detected.

• For the 3He beam, only following processes can be detected in HJET
 ℎ + 𝑝𝑝𝑗𝑗 → ℎ + 𝑝𝑝𝑗𝑗       (elastic)
 ℎ + 𝑝𝑝𝑗𝑗 → 𝑝𝑝 + 𝑑𝑑 + 𝑝𝑝𝑗𝑗
 ℎ + 𝑝𝑝𝑗𝑗 → 𝑝𝑝 + 𝑝𝑝 + 𝑛𝑛 + 𝑝𝑝𝑗𝑗

• For 100 GeV/n helion beam, the elastic and breakup events cannot be 
separated in the recoil proton measurements only

• If the recoil proton from the breakup scattering is detected at HJET, then, due 
to low 𝑡𝑡, all breakup particles can be efficiently detected in the Veto detectors.

• Geometrical acceptance of the HJET detectors is about 𝒇𝒇𝐚𝐚𝐚𝐚𝐚𝐚 ≈ 𝟕𝟕.𝟒𝟒𝟒.

My personal opinion (arXiv: 2207.09420, 2207.06999) is that the EIC helion beam 
polarization can be precisely measured by the HJET

 𝑷𝑷𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣
𝒂𝒂𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛
𝒂𝒂𝐣𝐣𝐣𝐣𝐣𝐣

× 𝝁𝝁𝒑𝒑−𝟏𝟏 −𝟐𝟐𝐈𝐈𝐈𝐈𝒓𝒓𝟓𝟓
𝒑𝒑𝒑𝒑+ …

⁄𝝁𝝁𝒉𝒉 𝟐𝟐− ⁄𝟏𝟏 𝟑𝟑 −𝟐𝟐𝐈𝐈𝐈𝐈𝒓𝒓𝟓𝟓
𝒉𝒉𝒉𝒉+ …

It is assumed that
• Proton-helion hadronic spin-flip amplidudes 𝑟𝑟5

𝑝𝑝𝑝 ≈ 𝑟𝑟5
𝑝𝑝𝑝𝑝and 𝑟𝑟5

ℎ𝑝𝑝 ≈ ⁄𝑟𝑟5
𝑝𝑝𝑝𝑝 3 

can be derived from the proton-proton one (measured at the HJET) 
• The breakup correction are small and cancel in the analyzing power ratio

The main goal of the 𝟑𝟑𝐇𝐇𝐇𝐇 breakup test should be evaluation of the 
breakup fraction in the HJET elastic data

𝝎𝝎 𝑻𝑻𝑹𝑹 = ⁄−𝒕𝒕 𝟐𝟐𝒎𝒎𝒑𝒑 = ⁄𝒅𝒅𝑵𝑵𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 𝑻𝑻𝑹𝑹 𝒅𝒅𝑵𝑵𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 𝑻𝑻𝑹𝑹

AP, Phys. Rev. C, 106, 065202 (2022)
AP, Phys. Rev. C, 106, 065203 (2022)
AP, arXiv 2303.10409



What should be measured?
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• It is considered that Veto Tagger signals will be recorded in the HJET FADC250 (in a dedicated 
7th board).

• To trigger DAQ, HJET “OR” will be used.
• The Veto signal coincidence with the elastic-like, ℎ𝑝𝑝 → ℎ,𝑝𝑝𝑝𝑝,𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑝𝑝, events in HJET will be 

studied.
• The primary goal should be experimental evaluation of the breakup fraction in the elastic data

𝝎𝝎 𝑻𝑻𝑹𝑹 = ⁄𝒅𝒅𝑵𝑵𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕 𝑻𝑻𝑹𝑹 𝒅𝒅𝑵𝑵𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 𝑻𝑻𝑹𝑹

• An estimate of 𝜔𝜔 𝑇𝑇𝑅𝑅  for the 100 GeV/n 3He beam, 
based on the deuteron beam measurements at HJET 
(Run 16).

• It is likely that actual 𝜔𝜔 𝑇𝑇𝑅𝑅  will be about factor lower.
• The main contribution to the 𝜔𝜔 𝑇𝑇𝑅𝑅  is given by ℎ → 𝑝𝑝𝑝𝑝.
• The accidental coincidence rate should be flat 

(𝑇𝑇𝑅𝑅  independent) and thus can be separated from the 
elastic one (unless the accidental rate is too high)

• The Run 23 regular gold beam can be used to test and adjust the DAQ.
• For the preliminary study, “Bunch zero” trigger can be very helpful.
• The gold beam 𝜔𝜔 𝑇𝑇𝑅𝑅  is also of great interest for us.



𝟏𝟏𝟏𝟏.𝟓𝟓 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒄𝒄 𝟑𝟑𝐇𝐇𝐇𝐇 scattering in the hydrogen bubble chamber
V.V. Glagolev et al., C 60, 421 (1993) 𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟒𝟒.𝟔𝟔 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏

𝝈𝝈𝐭𝐭𝐭𝐭𝐭𝐭 = 𝟏𝟏𝟏𝟏𝟏𝟏.𝟎𝟎 ± 𝟏𝟏.𝟐𝟐 𝐦𝐦𝐦𝐦 
𝝈𝝈𝐞𝐞𝐞𝐞  =  𝟐𝟐𝟐𝟐.𝟐𝟐 ± 𝟏𝟏.𝟎𝟎 𝐦𝐦𝐦𝐦,    𝑩𝑩 = 𝟑𝟑𝟑𝟑.𝟐𝟐 ± 𝟏𝟏.𝟑𝟑 𝐆𝐆𝐆𝐆𝐆𝐆−𝟐𝟐 
      𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑  = 𝟕𝟕.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦 
      𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑𝒑𝒑 = 𝟔𝟔.𝟗𝟗𝟗𝟗 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦 

From Table 5, one can evaluate the cross section 
seen by the Veto detectors:

𝝈𝝈𝐕𝐕𝐕𝐕𝐕𝐕𝐕𝐕~ 𝟖𝟖𝟖𝟖 𝐦𝐦𝐦𝐦
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A superficial (but considering efficiency of the recoil proton detection) analysis gives the following 
estimate for 𝑡𝑡 < 0.018 GeV2(HJET):

𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑𝒑𝒑
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 < 𝟎𝟎.𝟎𝟎𝟎𝟎 𝐦𝐦𝐦𝐦 ≪ 𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑

𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 < 𝟎𝟎.𝟑𝟑𝟑𝟑 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦                 (for elastic scattering,  𝝈𝝈𝒉𝒉→𝒉𝒉
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇~𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦)

𝟑𝟑𝐇𝐇𝐇𝐇 → 𝒅𝒅𝒅𝒅 and 𝟑𝟑𝐇𝐇𝐇𝐇 → 𝒑𝒑𝒑𝒑𝒏𝒏 breakups at 𝟒𝟒.𝟔𝟔 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏    

𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑  = 𝟕𝟕.𝟑𝟑 𝐦𝐦𝐦𝐦

The HJET acceptance 
(for 100 GeV/n)

An estimate based on the deuteron beam 
measurements at HJET

If 𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑 + 𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑𝒑𝒑
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 < 𝟏𝟏 𝐦𝐦𝐦𝐦, then the 

breakup corrections are negligible in the 𝟑𝟑𝐇𝐇𝐇𝐇 
beam polarization measurement  by HJET.

𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑𝒑𝒑 = 𝟔𝟔.𝟗𝟗 𝐦𝐦𝐦𝐦 

Each dot on the graphs 
adds 𝜹𝜹𝜹𝜹~𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 𝐦𝐦𝐦𝐦

J. Stepaniak , Acta Phys. Polon. B 27, 2971 (1996) Hydrogen bubble chamber, 𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟒𝟒.𝟔𝟔 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏  

𝒑𝒑𝒑𝒑 → 𝒑𝒑𝒑𝒑
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The estimates details

𝒉𝒉 → 𝒑𝒑𝒑𝒑

𝒉𝒉𝒉𝒉 → 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 𝒉𝒉 → 𝒑𝒑𝒑𝒑𝒑𝒑  In the HJET area, only isolated point (which can be 
associated with a background) are seen. Only an upper limit, 
𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑
𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯 < 𝟎𝟎.𝟎𝟎𝟎𝟎 𝐦𝐦𝐦𝐦 can be set (before the efficiency corrections).

𝒉𝒉 → 𝒑𝒑𝒑𝒑    A continuous distribution is seen in the HJET area. 
Number of events cannot be counted. A conservative estimate gives 
𝝈𝝈𝒅𝒅𝒑𝒑𝒑𝒑
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇~𝟎𝟎.𝟎𝟎𝟎𝟎𝝈𝝈𝒅𝒅𝒅𝒅𝒅𝒅 = 𝟎𝟎.𝟐𝟐𝟐𝟐 𝐦𝐦𝐦𝐦 ⇒  ~𝟎𝟎.𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦 

• It might be interesting to simulate the considered distributions. 
(Only an event generator is needed)

2024.08.05 He3 breakup at injection 22

Most of the 3He 
beam breakup events 
are not seen in the 
HJET



Proton-3He elastic scattering at intermediate energies
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A. Watanabe et al., Phys. Rev. C 103, 044001 (2021)

• 65 MeV proton beam scattering off the 3He target was studied. 
• The scattered protons were detected  by the NaI(Tl) scintillator 

at 𝜃𝜃lab. = 75°.
• The breakup spectrum is consistent with 𝒉𝒉 → 𝒑𝒑𝒑𝒑 and 

inconsistent with 𝒉𝒉 → 𝒑𝒑𝒑𝒑𝒑𝒑. 

The phase space factor in the breakup event rate:
• ℎ → 𝑝𝑝𝑝𝑝      ⁄𝑑𝑑𝑑𝑑 𝑑𝑑∆ ∝ ∆ − 5.5 MeV 1/2

• ℎ → 𝑝𝑝𝑝𝑝𝑝𝑝    ⁄𝑑𝑑𝑑𝑑 𝑑𝑑∆ ∝ ∆ − 7.7 MeV 2

             ∆= 𝑀𝑀𝑋𝑋 −𝑀𝑀ℎ

Elastic

𝒉𝒉 → 𝒑𝒑𝒑𝒑 

𝒉𝒉 → 𝒑𝒑𝒑𝒑𝒑𝒑 

For low momentum transfer, the 3-body breakup 𝒉𝒉 → 𝒑𝒑𝒑𝒑𝒑𝒑 
fraction is strongly suppressed.



Rate estimates
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𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛−𝟏𝟏 𝐇𝐇𝐇𝐇

Veto

𝑽𝑽𝒑𝒑|𝑽𝑽𝒅𝒅|𝑽𝑽𝒏𝒏 𝟏𝟏𝟏𝟏−𝟑𝟑 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏

𝑽𝑽𝒅𝒅 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟒𝟒 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑

𝑽𝑽𝒑𝒑 𝟕𝟕 × 𝟏𝟏𝟏𝟏−𝟒𝟒 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔

𝑽𝑽𝒏𝒏 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟒𝟒 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑

HJET 
prompts 𝟏𝟏𝟏𝟏−𝟑𝟑 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏

𝒉𝒉 + 𝒑𝒑𝒋𝒋 → 𝒉𝒉 + 𝒑𝒑𝒋𝒋 𝟏𝟏𝟏𝟏−𝟓𝟓 𝟏𝟏𝟏𝟏𝟏𝟏

𝒉𝒉 + 𝒑𝒑𝒋𝒋 → 𝒑𝒑 + 𝒅𝒅 + 𝒑𝒑𝒋𝒋 ≲ 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟕𝟕 ≲ 𝟑𝟑

𝒉𝒉 + 𝒑𝒑𝒋𝒋 → 𝒑𝒑 + 𝒑𝒑 + 𝒏𝒏 + 𝒑𝒑𝒋𝒋 < 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟖𝟖 < 𝟎𝟎.𝟑𝟑

Veto 
triggered by 
HJET elastic

𝑽𝑽𝒑𝒑|𝑽𝑽𝒅𝒅|𝑽𝑽𝒏𝒏 ≲ 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟕𝟕 ≲ 𝟑𝟑

𝑽𝑽𝒅𝒅 ≲ 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟕𝟕 ≲ 𝟑𝟑

𝑽𝑽𝒑𝒑 ≲ 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟕𝟕 ≲ 𝟑𝟑

𝑽𝑽𝒏𝒏 < 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟖𝟖 < 𝟎𝟎.𝟑𝟑

(For 𝟏𝟏.𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐜𝐜𝐜𝐜−𝟐𝟐 jet density, 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛−𝟏𝟏 beam intensity, and 𝟏𝟏𝟏𝟏𝟏𝟏 𝐧𝐧𝐧𝐧 bunch spacing)

• Estimates by order of magnitude only.
• Accidental background was not considered.



Measurements without scintillators 𝑽𝑽𝒅𝒅 and 𝑽𝑽𝒑𝒑 
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• ZDC (𝑽𝑽𝒏𝒏) is not sensitive to the dominant breakup mode ℎ + 𝑝𝑝𝑗𝑗 → 𝑝𝑝 + 𝑑𝑑 + 𝑝𝑝𝑗𝑗.

• So, only the low intensity breakup component  �𝝈𝝈𝒉𝒉→𝒑𝒑𝒑𝒑𝒑𝒑
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 𝝈𝝈𝒉𝒉→𝒉𝒉

𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 < 𝟎𝟎.𝟑𝟑𝟑 can be evaluated.

• In one hour running about 1000 inelastic events (if 𝜎𝜎ℎ→𝑝𝑝𝑝𝑝𝑝𝑝
HJET = 0.3 mb) can be detected.

• This is sufficient to check if our understanding of ℎ → 𝑝𝑝𝑝𝑝𝑝𝑝 breakup rate is correct                
(unless the accidental rate is too high)

• However, such measurements cannot provide evaluation of the total breakup fraction in the 
HJET elastic data.



The 𝟑𝟑𝐇𝐇𝐇𝐇 breakup test DAQ
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Internal Triggers from 
HJET FADC boards

Signals from the Tagger 
Detectors.

• The breakup test DAQ is incorporated to the HJET DAQ.
• The dedicated FADC board is used for the Tagger Signals.
• The readout trigger is generated by internal logical OR of 

the internal triggers in 6 HJET FADC boards.
• The DAQ is ready for operation:

 The readout Veto signals are recorded to the disk in 
standard HJET format.

 Simplified analysis of the data (amplitude, time 
distributions) is provided.

 The signals waveform can be viewed.
• However,

 The signals must be synchronized with the triggers.
 The thresholds and waveform length should be 

optimized.
 The offline analysis (including finding coincidence 

between HJET and Tagger signals) is not developed yet.

• The commissioning of the Taggers can be done with Au beams.
• 2 weeks of low intensity stores with 6-28 bunches for initial tune 

up of timing and trigger at sPHENIX is convenient time for that.



Run 23 Timeline
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sPHENIX Commissioning:RHIC Run

May, 8  ?



An alternative way to evaluate the 𝟑𝟑𝐇𝐇𝐇𝐇 beam breakup rate 
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For 1.𝟑𝟑 < 𝑻𝑻𝑹𝑹 < 𝟐𝟐.𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌𝟏𝟏/𝟐𝟐 0.003 < −𝑡𝑡 < 0.009 GeV2 , the 
measured averaged breakup fraction was experimentally evaluated to be
• 𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛 =  𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 %    for 3.6 < ∆ < 8.5 MeV  (3.85 GeV) 
• 𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛 = −𝟎𝟎.𝟎𝟎𝟎𝟎 ± 𝟎𝟎.𝟎𝟎𝟎𝟎 %    for 20 < ∆ < 60 MeV    (26.5 GeV)  

⁄𝒅𝒅𝒇𝒇𝒃𝒃𝒃𝒃𝒃𝒃 𝑻𝑻𝑹𝑹,∆ 𝒅𝒅∆ = �𝒅𝒅𝑵𝑵𝐛𝐛𝐛𝐛𝐛𝐛 𝑻𝑻𝑹𝑹,∆ 𝒅𝒅𝑵𝑵𝐞𝐞𝐞𝐞 𝑻𝑻𝑹𝑹 ,    ∆= 𝑴𝑴𝐛𝐛𝐛𝐛𝐛𝐛 −𝑴𝑴𝐀𝐀𝐀𝐀 



Evaluation of the  𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛 𝑻𝑻𝑹𝑹,∆  
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The 𝟑𝟑𝐇𝐇𝐇𝐇 breakup test
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Schematic explanation of the breakup detection

𝐇𝐇𝐇𝐇𝟑𝟑

𝒑𝒑 𝒑𝒑

𝒏𝒏𝒅𝒅

Jet proton

Spectator nucleons

Scattered      nucleon

𝒉𝒉

𝒅𝒅𝒅𝒅 → 𝒑𝒑𝒑𝒑𝒑𝒑 𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟐𝟐.𝟏𝟏 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏

�𝝈𝝈𝒑𝒑𝒑𝒑𝒏𝒏
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑 < 𝟏𝟏.𝟒𝟒𝟒

Evaluated 
at HJET

B.S. Aladashvily et al., Nucl. Phys. B92, 189 (1975)
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𝒅𝒅𝒅𝒅 → 𝒑𝒑𝒑𝒑𝒑𝒑 𝑬𝑬𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝟐𝟐.𝟏𝟏 ⁄𝐆𝐆𝐆𝐆𝐆𝐆 𝒏𝒏

�𝝈𝝈𝒑𝒑𝒑𝒑𝒏𝒏
𝐇𝐇𝐇𝐇𝐇𝐇𝐇𝐇 𝝈𝝈𝒑𝒑𝒑𝒑𝒑𝒑 ≈ 𝟏𝟏.𝟓𝟓𝟓

The HJET evaluation of the 10 GeV/n 
deuteron breakup fraction 𝟓𝟓.𝟎𝟎 ± 𝟏𝟏.𝟒𝟒𝟒 
in elastic data at −𝑡𝑡 = 0.0066 GeV2 is 
in excellent agreement with the 
theoretical prediction, 5.𝟐𝟐±?%. From 
the low 𝑡𝑡 experimental points, one can 
evaluate 2.𝟗𝟗 ± 𝟎𝟎.𝟖𝟖𝟖. 

B.S. Aladashvili et al., Nucl. Phys. B92, 189 (1975)
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