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According to the Convention, 
for RECOIL particles, 
the asymmetry is defined as

𝝐𝝐 =
𝑵𝑵𝑹𝑹
↑ − 𝑵𝑵𝑳𝑳

↑

𝑵𝑵𝑹𝑹
↑ + 𝑵𝑵𝑳𝑳

↑
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𝜶𝜶 - particles

• Alphas cannot be produced in 𝒑𝒑𝒑𝒑 scattering
• Most likely, we see a nucleus dissociation: 𝒑𝒑𝒑𝒑 → 𝒑𝒑𝒑𝒑 → 𝜶𝜶 + ⋯ .
• Background protons also can be generated in the dissociation
• In the data analysis, it was found that such protons are  

dominant background at the HJET (for the banana events).
• The simulation cannot be considered as complete without such 

𝒑𝒑𝒑𝒑 events. 

Wrong 
calibration?



About Time-Amplitude distributions
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• A Si detector segmentation by vertical strips, is critically important feature in 
the data analysis.

• Therefore, it is counterproductive to ALWAYS display the time-amplitude 
distribution  integrated over the whole detector (12 strips).

• The distribution for a single strip is much more informative.

+

+   inelastic 𝒑𝒑𝒑𝒑 + 𝒑𝒑𝐇𝐇𝟐𝟐



Page 4

BNL EIC Polarimetry  2021.05.12 Comments to the HJET simulation 6

For the HJET:
𝝈𝝈𝒛𝒛 = 𝟐𝟐.𝟔𝟔𝐦𝐦𝐦𝐦

The elastic pp ⁄𝒅𝒅𝑵𝑵 𝒅𝒅𝒅𝒅 is wrong.
Coulomb part is missed ?
𝑻𝑻𝑹𝑹 < 𝟐𝟐 𝐌𝐌𝐌𝐌𝐌𝐌 cut off ?

To compare with experimental data,
both beams, blue and yellow, should 
be simulated

As expected !



Recoil proton spectra for elastic 𝒑𝒑𝒑𝒑 scattering
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𝒅𝒅𝝈𝝈
𝒅𝒅𝒅𝒅

∝
𝒅𝒅𝒄𝒄
𝒅𝒅

𝟐𝟐
− 𝟐𝟐 𝝆𝝆 + 𝜹𝜹𝑪𝑪

𝒅𝒅𝒄𝒄
𝒅𝒅

+ 𝟏𝟏 + 𝝆𝝆𝟐𝟐 𝒆𝒆𝑩𝑩𝒅𝒅

𝒛𝒛𝑯𝑯𝑯𝑯𝑯𝑯𝑻𝑻 = �𝒛𝒛 𝑻𝑻𝑹𝑹, �𝒛𝒛 = 𝟏𝟏𝟏𝟏 ⁄𝐦𝐦𝐦𝐦 𝐌𝐌𝐌𝐌𝐌𝐌𝟏𝟏/𝟐𝟐

𝒅𝒅𝑵𝑵
𝒅𝒅𝒛𝒛

∝
𝒛𝒛𝒄𝒄
𝒛𝒛 𝒆𝒆𝒆𝒆

𝟑𝟑
+

𝒛𝒛
𝒛𝒛𝒄𝒄 𝒉𝒉

𝒆𝒆−𝟎𝟎.𝟎𝟎𝟐𝟐 𝒛𝒛
𝒛𝒛𝒄𝒄

𝟐𝟐

,

For 255 GeV proton beam
𝑻𝑻𝒄𝒄 = ⁄−𝒅𝒅𝒄𝒄 𝟐𝟐𝒆𝒆𝒑𝒑 ≈ 𝟏𝟏𝐌𝐌𝐌𝐌𝐌𝐌 → 𝒛𝒛𝒄𝒄 = �𝒛𝒛 𝑻𝑻𝒄𝒄 = 𝟏𝟏𝟏𝟏𝐦𝐦𝐦𝐦

For fixed 𝑻𝑻𝑹𝑹 and 𝝈𝝈𝒛𝒛 = 𝟎𝟎,  the ⁄𝒅𝒅𝑵𝑵 𝒅𝒅𝒛𝒛
reflects the jet density distribution 𝒇𝒇𝐣𝐣𝐌𝐌𝐣𝐣 𝒛𝒛 :

𝒅𝒅𝑵𝑵
𝒅𝒅𝒛𝒛

𝒛𝒛 ∝ 𝒇𝒇𝐣𝐣𝐌𝐌𝐣𝐣 𝒛𝒛 − �𝒛𝒛 𝑻𝑻𝑹𝑹

𝒅𝒅𝑵𝑵
𝒅𝒅 𝑻𝑻𝑹𝑹

𝑻𝑻𝑹𝑹 ∝ 𝒇𝒇𝐣𝐣𝐌𝐌𝐣𝐣 𝒛𝒛𝐬𝐬𝐣𝐣𝐬𝐬𝐬𝐬𝐬𝐬 − �𝒛𝒛 𝑻𝑻𝑹𝑹

Fixed coordinate 𝒛𝒛𝐬𝐬𝐣𝐣𝐬𝐬𝐬𝐬𝐬𝐬
in the detector

em
h

𝑻𝑻𝑹𝑹 = 𝟎𝟎.𝟔𝟔 𝐌𝐌𝐌𝐌𝐌𝐌



Recoil proton tracking in the Holding Field Magnet
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Experimental results 
obtained  with the 
injected hydrogen and 
one (yellow) beam.
𝑻𝑻𝑹𝑹 = 𝟏𝟏.𝟎𝟎 ± 𝟎𝟎.𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌

I do not see any 
indication, that, in the 
simulation, recoil protons 
are tracked in the 
magnetic field.

The magnetic field effect is strongly recoil proton energy 𝑻𝑻𝑹𝑹 dependent 
and is not the same for left/right or upstream/downstream detectors. 
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For the 𝒑𝒑𝒑𝒑 scattering and 𝝈𝝈𝒛𝒛 = 𝟎𝟎 :
• Recoil protons 𝑯𝑯𝐝𝐝𝐌𝐌𝐬𝐬 < 𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌 can be detected in the banana 

area and only at 𝒛𝒛 > 𝟎𝟎
• Pions 𝑯𝑯𝐝𝐝𝐌𝐌𝐬𝐬 < 𝟑𝟑.𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌 can be seen only in the prompts and 

the rate is about z-independent.

𝝅𝝅 !

𝒑𝒑 ! 𝒑𝒑 ? ?

?

𝒑𝒑 ? ?

Elastic or 
inelastic ?
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52 ns 52 ns

40 ns

These events are not the “regular” protons.
Investigation of origin of these events is 
really important and may be very interesting. 



Pages 6-7
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There is no much sense to discuss 
pages 6-7 (𝝈𝝈𝒛𝒛 = 10 and 100 cm) 
before we will understand the case 
𝝈𝝈𝒛𝒛 = 2.6 cm.
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For the normalization used, the 
simulated rate of the elastic protons, 
𝑻𝑻𝑹𝑹~𝟓𝟓 𝐌𝐌𝐌𝐌𝐌𝐌, is overestimated by 
factor ~2, while the prompts, 
𝑯𝑯𝐝𝐝𝐌𝐌𝐬𝐬~𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌, are underestimated by 
factor 5-10.

Thus, the simulation explains no 
more than 10% of the experimentally 
observed rate of the prompts. 
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The simulation is incomplete yet, 𝒑𝒑𝐀𝐀, etc

The method is not explained. 
Are there any advantages 
compared to the injected 
hydrogen measurement?

First, adequate simulation of the prompts 
in a single layer detector should be done

???
7 MeV cutoff  is wrong value



Detector dead-layer and energy calibration
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𝑻𝑻𝑹𝑹 = 𝟕𝟕 𝐌𝐌𝐌𝐌𝐌𝐌 → 𝟑𝟑𝟏𝟏𝟎𝟎 𝛍𝛍𝐦𝐦 stopping power
𝑻𝑻𝑹𝑹 = 𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌 → 𝟒𝟒𝟏𝟏𝟎𝟎 𝛍𝛍𝐦𝐦
The HJET detector thickness is 𝟒𝟒𝟏𝟏𝟎𝟎 𝛍𝛍𝐦𝐦

Both, gain and dead-layer 
𝒅𝒅𝑫𝑫𝑳𝑳~𝟎𝟎.𝟑𝟑𝟕𝟕 ⁄𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦𝟐𝟐 are 
determined in α-calibration

The recoil proton energy deposited in the dead-layer:
~𝟕𝟕𝟎𝟎 𝐤𝐤𝐌𝐌𝐌𝐌 𝑻𝑻𝑹𝑹 = 𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌 ~𝟏𝟏𝟎𝟎 𝐤𝐤𝐌𝐌𝐌𝐌 𝑻𝑻𝑹𝑹 = 𝟏𝟏 𝐌𝐌𝐌𝐌𝐌𝐌

The results of α-calibration were verified in the elastic data analysis.
The evaluated systematic uncertainty in the energy calibration is

𝜹𝜹𝑻𝑻𝑹𝑹 = ±𝟏𝟏𝟓𝟓 𝐤𝐤𝐌𝐌𝐌𝐌⊕ ±𝟎𝟎.𝟎𝟎𝟏𝟏 × 𝑻𝑻𝑹𝑹



How can the simulation help the HJET data analysis in RHIC ?
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1.  Study of the signal waveform shape dependence on 𝒑𝒑 (𝝅𝝅, 𝜶𝜶, …) 
kinetic energy.

• The main goal of this study is 
reconstruction of the kinetic energy of 
a punch through particle.

• The results may be important for 
understanding nature of the prompts.



2. Background subtraction
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Background subtraction method:
Evaluation of a background out of the elastic 𝑝𝑝𝑝𝑝 diagonal 
in the 𝑧𝑧- 𝑇𝑇𝑅𝑅 plot  and extrapolation the background to 
the “diagonal” events.

• 𝒑𝒑𝒑𝒑 background is expected to be the same in all Si 
strips. The extrapolation is trivial. 

• Scattering on the beam gas hydrogen. The background 
is the same in all Si strips if no magnetic field. Recoil 
proton tracking in the magnetic field requires special 
study.

• Inelastic 𝒑𝒑𝒑𝒑 scattering. The background is essential 
only above the diagonal and only for 𝐸𝐸beam>100 GeV.

• For 𝑻𝑻𝑹𝑹 > 𝟐𝟐 𝐌𝐌𝐌𝐌𝐌𝐌, background can be accurately 
evaluated and subtracted using the data below the 
elastic 𝑝𝑝𝑝𝑝 diagonal

• For 𝑻𝑻𝑹𝑹 < 𝟐𝟐 𝐌𝐌𝐌𝐌𝐌𝐌, simulation of the backgrounds 
separately in UL (Upstream Left), UR, DL, and DR
detectors is needed.

Inelastic background. 
255 GeV.

Molecular hydrogen background. 
Empty target measurement.

Standard background subtraction 
was applied to both histograms



Summary
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• Any, e.g. Geant, simulation is only an approximation of the real 
experiment.  In basic approach, it is crude (if 1% accuracy required) but 
often can be properly adjusted.

• The simulation should be scrupulously compared with relevant 
experimental data before it can be used in data analysis or to improve 
the experimental setup.

• For the HJET simulation, it is time to begin such a fine tuning.
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