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Double Spin Asymmetry

d’c _1ldo
dtde 2mdt

[1 + (Pjet + Pbeam)AN sing + Pjetpbeam(ANN sin’ ¢+ ASS cos? (P)]

In HIET ¢ = i%- Spin correlated asymmetries Ay (t) and Ayy(t) can be derived
from 8 measured (statistically independent) parameters.

NI" = No(1 + ), + ab + ayy ) (1 + 4) (1 + 1) (1 + €)(1 + byy)
N = No(l +aj, — af — aNN)(l + /1]')(1 —p)(1 + €)(1 — byy)
N = No(1—ay +af —any)(1 = 2,)(@ + 2,)(1 + €)(1 — byy)
NP =No(1—ay —af + ayy)(1 = 4)(1 — 2,)(1 + €)(1 + byy)
N = No(l — alj\, —ab + aNN)(l + /1]')(1 + Ap) (1 — €)(1 — byy)
Ng" = No(1 — ay + ai — ayy)(1 +4;)(1 = 2,)(1 — ©)(1 + byn)
NiT = No(1+ a} —ad —ayy)(1 — /1]')(1 + Ap)(1 —€)(1 + byy)
Ng' = No(1 + ay + af + awn)(1 = ;) = 2,)(1 = ©)(1 = byy)

afv = jet(AN) ’ allil — Pbeam<AN>r ayn = Pjetheam<ANN>' bNN =0



The parameters

NT = No(1+ aN + aN +ayy)(1+24)(1+ 2,)(1 + €)(1 + byy)

NI* = No(1 +ay — af — ann) (1 + 4)(1 = 2,)(1 + ) (1 — byn) Since all measured parameters,
N =No(1—al + af —ayy)(1— 4)(1 + )1 + €)(1 — byy) j

N = No(1 —ay = a + ay) (1= 4)(1 = 4)(1 + L+ b) an» N s Ay 2, € D

NI = No(1 — aN a8+ ayy)(1+ 1)1+ 4,)(1 — )(1 — byn) are small, the system can be
N3t = No(1—a), + aN ayn)(1+24)(1 = 2,)(A — €)1 + byy) easily linearized.

NY' = No(1+ ) — af — ayn)(1 = 4))(1 + 2,)(1 — €)(1 + byy)
NE = No(1+ af + af + ayy)(1 = 4)(1 — 2,)(1 — €)(1 — byy)

In linear approximation, N1 ... define a point in a linear 8-dimensional space.

The parameters N, a{v, ..., € are projections of this point to 7 matually
orthogonal axises. There is one more orthogonal axis by, projection to which
is expected to be 0. However, by may highlight some systematic errors in
measurement.

-

 Statistical errors in measurement are defined by total statistics o¢q: = 1/+/Ntotar -
 Statistical errors are uncorrelated
e Adding by into consideration does not affect the evaluation of other parameters.



Square Root Formulas for Double Spin Asymmetries

al, = f( \/NLTTNI%T + \/NL”NI%T, \/NL“N,? + \/NL“N;T>
b = f( /NL”N,%T + /NL“N”, \/NL”N,%T + \/NL“N;T)
ayy = f< \/NLTTN,%T + \/NL“N;T, /NL”N;l + /NL“N,§T>

4 4
A= f< \/NL”NL”N;TN;% \/NfNjWéW#)

4 4
Ay = f< \/NLTTNL”N;TN}%T, \/N[WjWEN#)

e=f ("\/NLTTNL“NL”NL“, i/N;TN;lN,%TN,%l>

4 4
b = £ (Wi, g

A, B) = —3
faB) =42

This is a generalization of the “Square root formula” for prT scattering

B



Systematic errors in measurements of ayy and by y

d?*c _1ldo
dtde 2mdt

[1 + -+ ayysin® @ + b + PjetPpeambyysin @ + allz,‘?vr sin® <p]

. allz,‘?vr = 0 (No background events spin correlated both with jet amd beam polarization

e byy = 0 (Parity conservation)
* b#0 = 5“15\131]\}“ = —(b® +b®)ayy, 5191?1/\;“ = (bW = b")ayy

@

Systematic errors are expected to be negligible if statistical error (relative) is = 5%

. bgr
(unless assumptions aN‘IgV = 0 and/or by = 0 are false)
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p'p', 100 GeV. Results for Tp > 1.8 MeV
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(Ayy) = (—=1.754+0.12) x 1073
(0.003 < —-t<0.017)

Published result: (Ayy) = (-2.4+1.4) x 1073
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p'p', 100 GeV. Results for Tp > 0.6 MeV
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p'p', 100 GeV. Results for T > 0.6 MeV
(no background subtraction)
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e The ayy was scaled by ~5% (as expected)

e Atiny ~0.00004 background related systematic error in by cannot be excluded.

~t [(GeV/c)?

A residual error, after background subtraction is expected to be < 107°



Summary

“Square root formula” for double spin asymmetries is derived.

Double spin asymmetry (Ayy) = (—1.75 4+ 0.12) x 1073 (0.003 < —t < 0.017)
is being observed with negligible systematic errors in Run15 data (pp, 100 GeV)
No proved evidence of the Ay (t) dependence of momentum transfer is found.

Significant systematic errors are seen in the low energy Tz < 1.8 MeV data
At the moment, no good understanding of a source of the systematic error.
The issue has to be resolved to verify the measured double spin asymmetry.
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