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Outlook
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• The method used to determine the jet target polarization is reviewed.

• The main question behind the consideration:
is the polarization value 𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣 = 𝟎𝟎.𝟗𝟗𝟗𝟗𝟗𝟗 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎, evaluated in 2004 is 
still valid?
 



The Square Root Formula

CniPol Meeting  2024.06.05

If unpolarized proton beam is scattered off a vertically polarized target and recoil protons are detected in left/right 
symmetric detectors, the spin asymmetry can be calculated as

𝒂𝒂 =
𝑵𝑵𝑹𝑹
+ − 𝑵𝑵𝑳𝑳

+

𝑵𝑵𝑹𝑹
+ + 𝑵𝑵𝑳𝑳

+ = 𝑨𝑨𝐍𝐍𝑷𝑷

The spin flip, allows us to eliminate the systematic errors due to possible acceptance asymmetry 𝜖𝜖.

𝑁𝑁𝑅𝑅+ = 𝑁𝑁0 1 + 𝑎𝑎 1 + 𝜆𝜆 1 + 𝜖𝜖
𝑁𝑁𝑅𝑅− = 𝑁𝑁0 1− 𝑎𝑎 1− 𝜆𝜆 1 + 𝜖𝜖
𝑁𝑁𝐿𝐿+ = 𝑁𝑁0 1− 𝑎𝑎 1 + 𝜆𝜆 1− 𝜖𝜖
𝑁𝑁𝐿𝐿− = 𝑁𝑁0 1 + 𝑎𝑎 1− 𝜆𝜆 1− 𝜖𝜖

𝒂𝒂 =
𝑵𝑵𝑹𝑹
+𝑵𝑵𝑳𝑳

− − 𝑵𝑵𝑳𝑳
+𝑵𝑵𝑹𝑹

−

𝑵𝑵𝑹𝑹
+𝑵𝑵𝑳𝑳

− + 𝑵𝑵𝑳𝑳
+𝑵𝑵𝑹𝑹

−

and similar for 𝝀𝝀 and 𝝐𝝐

The systematic error free solution if
𝑷𝑷+ = 𝑷𝑷−,   𝑨𝑨𝐍𝐍

(𝑹𝑹) = 𝑨𝑨𝑵𝑵
(𝑳𝑳),  and  𝝐𝝐+ = 𝝐𝝐−

𝑁𝑁𝑅𝑅+ = 𝑁𝑁0 1 + 𝑎𝑎 + 𝛿𝛿𝛿𝛿 1 + 𝜆𝜆 1 + 𝜖𝜖
𝑁𝑁𝑅𝑅− = 𝑁𝑁0 1− 𝑎𝑎 + 𝛿𝛿𝛿𝛿 1 − 𝜆𝜆 1 + 𝜖𝜖
𝑁𝑁𝐿𝐿+ = 𝑁𝑁0 1− 𝑎𝑎 − 𝛿𝛿𝛿𝛿 1 + 𝜆𝜆 1 − 𝜖𝜖
𝑁𝑁𝐿𝐿− = 𝑁𝑁0 1 + 𝑎𝑎 − 𝛿𝛿𝛿𝛿 1 − 𝜆𝜆 1 − 𝜖𝜖

𝒂𝒂𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 ≈ 𝒂𝒂 = 𝑨𝑨𝐍𝐍𝑷𝑷 
𝝐𝝐𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 ≈ 𝝐𝝐 + 𝜹𝜹𝒂𝒂 = 𝝐𝝐 + 𝑨𝑨𝐍𝐍𝜹𝜹𝑷𝑷 
𝝀𝝀𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 ≈ 𝝀𝝀 

If 𝑷𝑷± = 𝑷𝑷 ± 𝜹𝜹𝜹𝜹 𝒂𝒂± = 𝒂𝒂 ± 𝜹𝜹𝒂𝒂 :

For the recoil spectrometer, only average value of the jet target spin up and down 
polarizations,  𝑷𝑷 = ⁄𝑷𝑷+ + 𝑷𝑷− 𝟐𝟐, is essential.



Hyperfine states of the atomic hydrogen
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The hyperfine (discriminating by electron ↑↓ and proton ± spins) states 
of the S-wave ground states of hydrogen atom:
 𝝍𝝍𝟏𝟏 = | ⟩↑ +  
 𝝍𝝍𝟐𝟐 = cos𝜽𝜽  | ⟩↑ − + sin𝜽𝜽 | ⟩↓ +  
 𝝍𝝍𝟑𝟑 = | ⟩↓ −  
 𝝍𝝍𝟒𝟒 = cos𝜽𝜽  | ⟩↓ + − sin𝜽𝜽 | ⟩↑ −  
 

tan𝟐𝟐𝜽𝜽 = ⁄𝑩𝑩𝒄𝒄 𝑩𝑩 
𝑩𝑩𝒄𝒄 = 𝟓𝟓𝟓𝟓.𝟕𝟕 𝐦𝐦𝐦𝐦 
𝑩𝑩 = 𝟏𝟏𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦  (the holding field)

cos2𝜃𝜃 = 𝐵𝐵ℎ𝑜𝑜𝑜𝑜𝑜𝑜

𝐵𝐵ℎ𝑜𝑜𝑜𝑜𝑜𝑜
2 +𝐵𝐵𝑐𝑐2

= 0.921  



The hyperfine states flow
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Dissociator       𝒏𝒏𝟏𝟏𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝍𝝍𝟐𝟐 + 𝒏𝒏𝟑𝟑𝝍𝝍𝟑𝟑 + 𝒏𝒏𝟒𝟒𝝍𝝍𝟒𝟒

Separating magnet       𝒏𝒏𝟏𝟏𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝍𝝍𝟐𝟐

RF transitions:
 SFT=ON   WFT=OFF       𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝍𝝍𝟐𝟐 + 𝒏𝒏𝟏𝟏(𝟏𝟏 − 𝝐𝝐𝟏𝟏→𝟑𝟑)𝝍𝝍𝟑𝟑              ⇒ 𝑷𝑷−
    SFT=OFF  WFT=ON       𝒏𝒏𝟏𝟏𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒𝝍𝝍𝟐𝟐 + 𝒏𝒏𝟐𝟐(𝟏𝟏 − 𝝐𝝐𝟐𝟐→𝟒𝟒)𝝍𝝍𝟒𝟒              ⇒ 𝑷𝑷+
    SFT=ON WFT=ON       𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒𝝍𝝍𝟐𝟐 + 𝒏𝒏𝟏𝟏 𝟏𝟏 − 𝝐𝝐𝟏𝟏→𝟑𝟑 𝝍𝝍𝟑𝟑 + 𝒏𝒏𝟐𝟐 𝟏𝟏 − 𝝐𝝐𝟐𝟐→𝟒𝟒 𝝍𝝍𝟒𝟒       ⇒ 𝑷𝑷𝟎𝟎
    SFT=OFF  WFT=OFF       𝒏𝒏𝟏𝟏𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝍𝝍𝟐𝟐

Separating Magnet (BRP)
    SFT=ON   WFT=OFF       𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝍𝝍𝟐𝟐     ⇒ 𝒎𝒎−
    SFT=OFF  WFT=ON       𝒏𝒏𝟏𝟏𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒𝝍𝝍𝟐𝟐     ⇒ 𝒎𝒎+
    SFT=ON   WFT=ON       𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒𝝍𝝍𝟐𝟐     ⇒ 𝒎𝒎𝟎𝟎
    SFT=OFF  WFT=OFF       𝒏𝒏𝟏𝟏𝝍𝝍𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝍𝝍𝟐𝟐

𝜖𝜖1→3 and 𝜖𝜖2→4 are inefficiencies of the RF transitions 
𝑃𝑃−,+,0 are jet polarizations in the scattering chamber
𝑚𝑚−,+,0 are counts in the Breit-Rabi polarimeter



The Jet Polarization
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−𝑷𝑷− = 𝒏𝒏𝟏𝟏+𝒏𝒏𝟐𝟐 cos 𝟐𝟐𝜽𝜽−𝟐𝟐𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑
𝒏𝒏𝟏𝟏+𝒏𝒏𝟐𝟐

 ≈ 𝟗𝟗𝟗𝟗𝟗 

 𝑷𝑷+ = 𝒏𝒏𝟏𝟏+𝒏𝒏𝟐𝟐 cos 𝟐𝟐𝜽𝜽−𝟐𝟐𝒏𝒏𝟐𝟐 cos 𝟐𝟐𝜽𝜽𝝐𝝐𝟐𝟐→𝟒𝟒
𝒏𝒏𝟏𝟏+𝒏𝒏𝟐𝟐

 ≈  𝟗𝟗𝟗𝟗𝟗 

−𝑷𝑷𝟎𝟎 = 𝒏𝒏𝟏𝟏−𝒏𝒏𝟐𝟐 cos 𝟐𝟐𝜽𝜽−𝟐𝟐𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑+𝟐𝟐𝒏𝒏𝟐𝟐 cos 𝟐𝟐𝜽𝜽𝝐𝝐𝟐𝟐→𝟒𝟒
𝒏𝒏𝟏𝟏+𝒏𝒏𝟐𝟐

 ≈ 𝟒𝟒𝟒 

The BRP counts

𝒎𝒎− = 𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑 + 𝒏𝒏𝟐𝟐 

𝒎𝒎+ = 𝒏𝒏𝟏𝟏 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒 

𝒎𝒎𝟎𝟎 = 𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒 

𝝐𝝐𝟏𝟏→𝟑𝟑 = ⁄𝒎𝒎− 𝒎𝒎+−𝒎𝒎𝟎𝟎 − ⁄𝒏𝒏𝟐𝟐 𝒏𝒏𝟏𝟏 
𝟏𝟏+ ⁄𝒎𝒎− 𝒎𝒎+−𝒎𝒎𝟎𝟎

 

𝝐𝝐𝟐𝟐→𝟒𝟒 = ⁄𝒎𝒎+ 𝒎𝒎−−𝒎𝒎𝟎𝟎 − ⁄𝒏𝒏𝟏𝟏 𝒏𝒏𝟐𝟐 
𝟏𝟏+ ⁄𝒎𝒎+ 𝒎𝒎−−𝒎𝒎𝟎𝟎

 

It is hardcoded in  HjetPolManager:
 cos2𝜃𝜃 = 0.92, ⁄𝑛𝑛2 𝑛𝑛1 = 1.00239

The (fixed) typos in Hiromi’s 
thesis are highlighted. 



Simplified expression for the jet target polarization
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𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣 =
𝑃𝑃+ + 𝑃𝑃−

2
= 1 −

𝑛𝑛2
𝑛𝑛1 + 𝑛𝑛2

× 1 − cos2𝜃𝜃 + 𝜖𝜖1→3 + 𝜖𝜖2→4 cos2𝜃𝜃  

 =
𝟏𝟏 + 𝒄𝒄𝒄𝒄𝒄𝒄𝟐𝟐𝟐𝟐

𝟐𝟐
−

𝒎𝒎𝟎𝟎
𝒎𝒎+ + 𝒎𝒎−

+ 𝓞𝓞 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎  

𝟗𝟗𝟗𝟗.𝟏𝟏𝟏
(defined by the holding field magnet)

~𝟎𝟎.𝟑𝟑𝟑
(measured by the Breit-Rabi polarimeter)

• The HJET Breit-Rabi polarimeter does not measure the jet target polarization.

• It only monitors average RF transition inefficiency (which is small)

• Evaluation of 𝒎𝒎𝟎𝟎 =  𝒎𝒎𝟎𝟎
𝐎𝐎𝐎𝐎 −𝒎𝒎𝟎𝟎

𝐎𝐎𝐎𝐎𝐎𝐎 ≈ 𝟑𝟑𝟑𝟑𝟑𝟑 − 𝟑𝟑𝟑𝟑𝟑𝟑 is the dominant (the only) 
source of the systematic uncertainty in value of the inefficiency.



jetPolDisplay
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𝝐𝝐 = ⁄𝟓𝟓.𝟑𝟑 (𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏× 𝟐𝟐) 
      = 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏,

but what actually is 
Bkrnd. Corr  (5.0),
which have reduced 𝝐𝝐 by
𝝐𝝐 → 𝝐𝝐 − 𝟎𝟎.𝟏𝟏𝟏𝟏𝟏 ?

?

Value of 𝝐𝝐, with or 
without Bkrnd. Corr., is 
in good agreement with 
that determined 20 
years ago.



LogView
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• Brnd. Corr. are not applied in LogView
• Is the discrepancy between Delta_2-1 and Delta_4-3 due to a drawback in the chopper design?
• If so, the systematic error (Bgrnd.Corr.) of about 5 is not unreasonable.

Delta 2-1

Delta 4-3

Determination of 𝒎𝒎𝟎𝟎



Could systematic errors in value of 𝒎𝒎𝟎𝟎 be improved?
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Polar. RF transitions Second RF BRP

SFT WFT SFT WFT

𝑷𝑷+ OFF ON OFF OFF 𝒎𝒎+

𝑷𝑷𝟎𝟎 ON ON OFF OFF 𝒎𝒎𝟎𝟎

𝑷𝑷− ON OFF OFF OFF 𝒎𝒎+

𝑷𝑷𝟎𝟎 ON ON ON ON 𝒎𝒎𝟎𝟎
′ = 𝟎𝟎

𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣 = 𝟎𝟎.𝟗𝟗𝟗𝟗𝟗𝟗 −
𝒎𝒎𝟎𝟎 −𝒎𝒎𝟎𝟎

′

𝒎𝒎+ + 𝒎𝒎−

To verify the method, we should compare
𝒎𝒎𝟎𝟎 −𝒎𝒎𝟎𝟎

′
𝟐𝟐−𝟏𝟏 = 𝒎𝒎𝟎𝟎 −𝒎𝒎𝟎𝟎

′
𝟒𝟒−𝟑𝟑

Is second RF available?

𝒎𝒎𝟎𝟎 = 𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑 + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒 

𝒎𝒎𝟎𝟎
′ = 𝒏𝒏𝟏𝟏𝝐𝝐𝟏𝟏→𝟑𝟑𝝐𝝐𝟏𝟏→𝟑𝟑

(𝟐𝟐) + 𝒏𝒏𝟐𝟐𝝐𝝐𝟐𝟐→𝟒𝟒𝝐𝝐𝟐𝟐→𝟒𝟒
(𝟐𝟐) ≈ 𝟎𝟎 



Magnetic Field
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𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣𝐌𝐌𝐌𝐌 =
𝟏𝟏
𝟐𝟐

𝟏𝟏 +
𝑩𝑩

𝑩𝑩𝟐𝟐 + 𝑩𝑩𝒄𝒄𝟐𝟐
∆𝑩𝑩 = 𝟐𝟐𝟐𝟐 𝐆𝐆 ⟹  ⁄∆𝑷𝑷 𝑷𝑷 = 𝟎𝟎.𝟏𝟏𝟏

To keep the jet polarization within ±𝟎𝟎.𝟏𝟏𝟏, 
(long term) stability of the magnetic field should be ±𝟐𝟐%



Indirect control for the magnetic field stability
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𝑧𝑧𝑅𝑅 = 𝑧𝑧jet + 𝐿𝐿
𝑇𝑇𝑅𝑅

2𝑚𝑚𝑝𝑝

𝐸𝐸beam + 𝑚𝑚𝑝𝑝

𝐸𝐸beam − 𝑚𝑚𝑝𝑝 + 𝑇𝑇𝑅𝑅
±
𝒃𝒃𝐌𝐌𝐌𝐌
𝑇𝑇𝑅𝑅

• The magnetic field tracking correction factor 𝑏𝑏MF = 𝑞𝑞𝑞𝑞
𝑐𝑐

× ∫0
𝐿𝐿 1 − 𝑟𝑟

𝐿𝐿
𝐵𝐵 𝑟𝑟 𝑑𝑑𝑑𝑑
2𝑚𝑚𝑝𝑝

  

has different signs for left and right detectors
• The currents in the Helmholtz coils were adjusted to eliminate 𝑏𝑏MF
• Nevertheless, 𝑏𝑏MF ≈ 0.7 mm MeV1/2,
• 𝑏𝑏MF effectively alter 𝑇𝑇𝑅𝑅  in a Si strip 
      (depending o the strip location)
• No variations of 𝑏𝑏MF has been detected. 
      However, for numerical estimates more 
      detailed analysis should be done.



The beam magnetic field
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Since 𝑩𝑩𝒚𝒚 = 𝟎𝟎, this magnetic field should not affect the 𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣.

• The 𝑏𝑏𝑀𝑀𝑀𝑀 corrections should cancel due to left/right average.

• Extrapolating to 𝑇𝑇𝑅𝑅 → 0, one can find the gap between blue and yellow detectors.

• The unexplained  result was 17 mm instead of 18 mm measured by a ruler.

• Since 𝐵𝐵𝑦𝑦 −𝑥𝑥 = −𝐵𝐵𝑦𝑦 𝑥𝑥 , the beam magnetic field can potentially explain the puzzle.

MeV

Possible visible effect of 
the beam magnetic field



Summary
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• I did not find sufficient reasons to concern about the value of the jet target 
polarization, 𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣 = 𝟎𝟎.𝟗𝟗𝟗𝟗𝟗𝟗 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 𝑷𝑷𝐣𝐣𝐣𝐣𝐣𝐣 = 𝟎𝟎.𝟗𝟗𝟗𝟗𝟕𝟕 ± 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 
and its stability.

• Nevertheless,
• Better understanding of the systematics in determination of 𝒎𝒎𝟎𝟎 is 

needed. In particular, the value of Bgrnd. Corr. should be understood.
• New measurements of the holding magnet field are needed.
• What is the efficiency of the beam separation?
• Effect of the bunch frequency was not considered.
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