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Appendix A

Asymmetry Extraction

The difference of cross sections of opposite spin directions is
d’o ; d’o ,
Ao = Z [M(k‘,s,P,S;k: ,8) — m(k,sjP,—S;k ,8")

B 8ma’E’
= —5

{l(g-S)(g-s)+Q%*s-S) MGy (A1)

FQ(s )P )~ (a- )P )] T2,

where k# is the 4-momentum of the incoming electron, k’# is of the scattered, P
is the initial 4-momentum of the proton, S* is the initial covariant spin 4-vector
of the proton, s* is of the incoming electron, and s’# is of the outgoing electron.

Other definition is the same as ep scattering process in the Introduction. In

g1

1715, and

this context G; and G are the spin structure functions, where G| =

Gr = 4%,

Fig. A.1 shows the target coordinate in the lab frame. The target is posi-
tioned at the origin, and the beam direction is defined to follow z-axis. The
x-axis points at the BETA side, i.e. the beam left, therefore HMS is in the
opposite side. This detector direction can be controlled by . Actually, HMS ¢
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Figure A.1: Coordinate system of the target [1]

is defined already in this manner, i.e. ¢ =~ 180°. After some algebra, following
Ref. [1],

—4a2E'

Ao =—rig

[(Ecosa+ E' cos©®)MGy + 2EE'(cos© — cosa)Ga] . (A.2)
As cos O is obtained by other angles like
cos © = sin¥sin o cos(f — ¢) + cos ¥ cos a, (A.3)

the parallel setting, where target spin is directing 180° from the beam direction,

has
a=180°83=0,cos©® = —cos¥,cosa = —1. (A4)

So, Aoigp, the parallel setting cross section difference of Ao, is

—402FE!
180
Aoigo = 2 =

Fiso [*(Elgo + EiSO cos 19180)MG1 + Q%80G2]7 (A5)
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where subscript 180 means the kinematic variable from the parallel setting.
Likewise the near-pependicular setting, where target spin is directing 80° from

the beam direction, has
a =80° = 0,cos© = sin ¥ sin 80° cos ¢ + cos ¥ cos 80°, cos aw = cos 80°. (A.6)

Aogg, the near-perpendicular setting cross section difference of Ao, is
2
2
Q7z0F1s0

+ B (sin dgg cos pgp sin 80° + cos Ugo cos 80°)) M G4 (A7)

AUgO = [(Ego cos 80°

+ 2Eg0 E{ (sin 9gg cos g sin 80°
+ cos g cos 80° — cos 80°) Gy,

where subscript 180 means the kinematic variable from the near-perpendicular

setting. These cross section difference is divided by two times of the unpolarized

cross section, which is

ey O
dQdE  Q?E MD”

where D' = 11;5{ as € defined in Eq. (??), while F; and R are unpolarized

unpol. _

(A.8)

structure functions, to get the asymmetries.

The kinematics of parallel and near-perpendicular asymmetries are different
for SANE HMS resonance region, though their W, @2, xpj, and v are almost
same, with maximum offset of each W bin is 3%. So relation between (A1sp, Aso)
and (g1,92) and also (A1, A2) should be carefully examined. First, (A1sp, Aso)

and (g1, g2) have the following relation:

—Dj E1g0 + E'gy costigp Q3
Ayso = 1807 180 . 180 . A9
Fy 180 Ergo — Elgg I (E1go — Eiso)2g ] (4.9)
—D{, Esocos 80° + E§,(sin vgg cos g sin 80° + cos vgg cos 80°)
Ago = 2 [ e _ B g1
1,80 80 — L¥go (A.l())

2Eg0E{, (sin 9g cos ggg sin 80° + cos Y5 cos 80° — cos 80°)
(Eso — Eg)?
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Second, (g1,92) and (Aj, A2), with average F; and ~, have the following:

Fy
n=iie (A1 +~v42), (A.11)
Fy As
— —A 4+ = A2
92 14_72( 1+ ’y) ( )

Above equations can be inverted as 2x2 matrices to get reverse relation. But
the usual relation between (Ajg0, Agg) and (Aj, A2) becomes ambiguous. So, it

is not good to use the following:

A= D(A1 +n42), (A.13)
AL =d(A2 — CAy), (A.14)
though they are usual formulae when the kinematics are completely same. In-

stead we can use the new relations keeping track of variable of each setting. All

the calculation followed it, and the errors were propagated using it.



Bibliography

[1] M. Anselmino, M. Boglione, and F. Murgia, Phys. Lett. B 362, 164 (1995).


http://www.sciencedirect.com/science/article/pii/037026939501168P

	Appendices
	Asymmetry Extraction
	Bibliography

