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Consider deep-inelastic (e, e'h) reaction, h = K ...
e quark scattering followed by " free” fragmentation.
e flavor tagging: current fragmentation products.

Semi-Inclusive DIS opportunities at JLab Hall A:
e double-spin asymmetries: A}, — Aq, A+ — Aqir.
e single-spin asymmetries: A% — §g, time-odd
fragmentation function Hi .

e many ways to demonstrate factorization.
e nucleon sea: d(z)/u(x).



Assumption: Independent Factorization I
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Y, Q% 2) o 0, €2a(w, Q%) ® Dyoyn(2,Q°)
q(z,Q?): universal parton distributions.
Dy n(z,Q?): universal fragmentation functions.
with a polarized beam and a polarized target:
AY"(z,Q% 2) oc Y eqAq(z, Q%) ® Dyssn(z,Q%)

Aq(z,Q?%): parton polarization distributions.

—> To obtain parton distributions, one needs:

e demonstrate the validity of factorization.
e knowledge of fragmentation functions.
e measure Y"(z,Q? 2) and AY"(z, Q% 2).



For example: HERMES SIDIS talk in this conference.

o Au(z), Ad(z) and Agsea (), Ati(z) — Ad(x).
e single-spin asymmetry A7 and transversity dq(x).

With the planned 12 GeV upgrade in Jefferson Lab, the

precision of SIDIS measurements can be improved by one
order of magnitude.

This talk is limited to the SIDIS physics oppertunities in
Hall A ...



After the 12 GeV upgrade at Jefferson Lab...

Hall A: € beam P. = 75%, Ey = 11.0 GeV up to 40 uA.
For semi-inclusive DIS experiments, a typical setup:

e c-arm: a new Medium Acceptance Device (MAD).
6 GeV/c supper conducting spectrometer
Ap/po = £15%, bend angle 32°.
AQ =6 msr ©13°, AQ) = 35 msr @35°.

e hadron-arm: the existing HRS spectrometer.
4.3 GeV/c QQD spectrometer, Ap/py = £4.5%,
A = 6 msr, capable to access 6°.
Good PID: e/7~ /K~ and 7 /K™ /p separation.

Targets:

e liquid Hs and liquid D2 targets, £ = 10°% /em?/s.
o pol. *He target, L(*He) = 10°° /em? /s, Pr = 45%.
e pol. NH3 target, £(p) = 10°°/em? /s, Pr = 80%.
e pol. NDs target, £(d) = 10%°/em? /s, Pr = 20%.

In comparison, HERMES has:

e unpolarized H and D targets,
L=1~5x10*/cm?/s.

e pol. *He target, L(°He) =2 ~ 8 x 10°! /em? /.

e pol. H target, L(p) =2 ~ 8 x 10°° /em? /s.
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Kinematics of SIDIS at 11.0
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Double-Spin Asymmetries: A", and A% .
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A% (@, 2) = Py - P y(1—1Ly) >, eq Aq(x)Dg(2)
LIL\T,R) = Le - I'T . ( .

1—y+3y* 2., ¢€149(x)Dg(z2)

Al r(z,2) =P Dh - ﬁT. y(1—3y) 2., eq Aqur(w) Dy (2)

M 1-y+3y2 > e;a(z)Dg(2)

Aqir (or giT): longitudinal quark polarization in a
transversely polarized nucleon.



Expected Sensitivity: A7, (orAT)

Error bars are statistical only.
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Translated into Quark Polarizations
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Asin(p

Single-Spin Asymmetry: A%
recall the HERMES Single-Spin Asymmetry on p:
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involves products of chiral-odd spin distribution functions
dq(x), chiral-odd and time-odd fragmentation function
Hi"(z,p1) that is sensitive to the transverse polarization

of the fragmenting quark.
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AP reaches the maximum when the target spin is normal

to the ¢ A pr plane, if one has out-of-plane capability.

HERMES run with a transverse target:
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The Expected Sensitivities
Hall A Single-Spin Asymmetry: A%
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The Expected Sensitivities
Single-Spin Asymmetry of Nucleon: A%
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\ Factorization: Cornell Data 1978 I

Drews et al. PRL 41, 1433 (1978).
Eo = 11.5 GeV, (Q*) = 2.8 GeV?,
)

(e,e'w™) and (e, e'm ™) reaction on proton.

iIsospin symmetry and charge conjugation:
D (2,Q*) =Dl =D} =Di =D
D™ (2,Q*) =D} =Dj =Di =D%

i—‘;w (z,2) o< du(z)DV(2) + d(z)D~ (2) + 4u(x)D~ (2) + d(z) D7 (2)
Z—ZW (z,2) o< 4u(z)D™ (2) + d(z)D" (2) + 4u(z) DV (2) + d(z) D~ (2)
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Observablesthat could I ndicate Factorization I

Independent Factorization:
Y*(2,Q%2) o< 3 e3q(2, Q%) ® Dy—sn(z,Q°)

Assuming isospin symmetry and charge conjugation,
neglect heavy quarks in the valence region, at a fixed Q”

Y (z,2)=A (4u(a:)D+(z) +d(z)D™ (z) +4u(x)D ™ (z) + CZ(:L“)DJ“(z))
Y7 (z,2)=A <4u(ac)D_(z) +d(z)D(2) + 4u(z) D (2) + d(z)D~ (z))
Vol (r,z)=A (4d(az)D+(z) +u(z)D™ (2) + 4d(z)D~ (2) + a(a:)D+(z)>
Y, (z,2)=A <4d(x)D_(z) +u(z)DT(2) + 4d(z)D" (2) + u(z)D~ (z))

= two z-independent ratios can be formed:

4 (513 Z) _ Ypﬂ'+ (x,z)+Yp7T_(x,z) _ 4u(:1:)—|—d(;c)—|—4q—£(g;)_|_j(w)
e er—l_ (z,2)+Y,T  (z,2) 4d(z)+u(z)+4d(z)+a(x)’

_|_ —
YT (z,2)-Y) (%,2)  4u(z)—d(z)—4u(z)+d(z)
t2(3§',2) - Y:r—l— (a:,z)—Y:T_(x,z) T 4d(x)—u(m)—4J(x)+ﬁ($)'

A clear indication of factorization:
= t1(x, z) and t2(x, z) become z-independent.

Notice that:
= t1(z, 2) and t2(z, 2) are unrelated to D™ and D~

= t1(x, z) and ta(z, 2) are sensitive to d/.
16
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