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Introduction
• Λ hyperons produced in pN interactions exhibited an anomalously large transverse polarization(Phys. Rev. 

Lett. 36 (1976) 1113. )

• the quark spin contributes only a small fraction to the proton spin(Phys. Lett. B 206 (1988) 364)

• the significance of  the quark transversity distribution

• In this article: Collins and Sivers Mechanism

• Collins Mechanism: transverse spin distributions Δ𝑇𝑞(𝑥) must be added to the momentum distributions 𝑞(𝑥) and 

the helicity distributions Δ𝑞 𝑥

• Sivers Mechanism: a correlation between the transverse momentum 𝑘𝑇 of  an unpolarized quark in a transversely 

polarized nucleon and the nucleon polarization vector
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SSA(Single Spin Asymmetry)
• In a more general formalism(TMD)

• The transverse spin asymmetry is then given by

Target Rest
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𝑦 =
𝑙 − 𝑙′ . 𝑝

𝑙. 𝑝
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Detector
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Detector Setup
• Tracker

• PID: RICH, calorimeters and muon filter

• Trigger System:

• Scintillator hodoscopes: Scattered muon

• Calorimeters: produced hadrons

• Muon Beam

• 160 𝐺𝑒𝑉/𝑐, Δp/p = ±5%

• 80% longitudinal polarization: 𝜋-decay mechanism

• Polarized Proton Target

• 𝑁𝐻3(cooled in He3-He4 dilution refrigerator): polarization achievement with 0.6 T vertical field and microwave

• Multiple cells: three targets where neighboring cells were polarized in opposite directions

• Polarization reversal to minimize the effects due to different spectrometer accepatance
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Data Selection(12 × 109 events total)
Event Selection

• At least one “primary vertex” are reconstructed and 

are required to be inside a target cell

• The extrapolated beam track had to traverse all the 

three target cell.

• 𝜒2 cuts were applied to assure the quality of  track 

reconstruction.

• Tracks from the primary vertex which traversed 

more than 30 radiation lengths were identified as 

scattered muons.

• 𝑄2 > 1 𝐺𝑒𝑉/𝑐 2,  0.1 < y < 0.9,   W > 5 𝐺𝑒𝑉/𝑐2, 

0.004 < 𝑥𝑏𝑗 < 0.7
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Hadron Requirements 

• Emerging from the primary vertex

• Traversing less than 10 radiation lengths of  material

• Requirement of  the amount of  deposited energy in 

the cluster reconstructed in hadronic calorimeters

• Tracks reconstructed only in the fringe field of  the 

first analyzing magnet of  the spectrometer were 

rejected.(roughly a cut at 1.5 𝐺𝑒𝑉/𝑐)

• 𝑝𝑇
ℎ > 0.1 𝐺𝑒𝑉/𝑐, 𝑧 > 0.2



Raw Asymmetries

•

• + and – signs refer to the orientation of  the target polarization.

• 𝑁± is the corresponding total number of  hadrons.

• 𝐼± are the integrals of  the probability densities over 𝜙𝑠 and 𝜙ℎ.

• 𝑝±are the product of  the two parts.

• the acceptance description: various parametrizations of  the acceptance part were tested. 

• the SIDIS cross section

• Unpolarized part

• Polarized part: sin 𝜙ℎ + 𝜙𝑆 − 𝜋 , sin 𝜙ℎ − 𝜙𝑆 , cos 𝜙ℎ − 𝜙𝑆 , sin 2𝜙ℎ − 𝜙𝑆 , cos 2𝜙ℎ − 𝜙𝑆 , sin 𝜙𝑆 , cos 𝜙𝑆 ,

sin 3𝜙ℎ − 𝜙𝑆

• The target polarization, the 𝐷𝑁𝑁 factor should be divided to get exact asymmetries: dilution factor(0.15 

average,0.14 to 0.17)
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Systematic Error
• Largest Part: residual acceptance variations: Collins(0.5 𝜎𝑠𝑡𝑎𝑡 for positive hadrons, 0.6 𝜎𝑠𝑡𝑎𝑡 for negative 

hadrons), Sivers(0.8 𝜎𝑠𝑡𝑎𝑡 for positive hadrons, 0.4 𝜎𝑠𝑡𝑎𝑡 for negative hadrons)

• Using the external cells and the internal cell divided in two parts, and assuming wrong sign polarization for one of  

the two

• Extracting the physical asymmetries with only the first and only the second half  of  the target

• Further ±0.01 for Sivers asymmetry:

• Difference in the mean value of  the asymmetries extract in the first two and in the second two periods of  data 

taking
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Results
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Results
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HERMES Results
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