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The goal

We know:

1 Qg
DIS : ¥ —97 =-A@zR(1+ —0C, +...)
6 21

Aqs = (Au + Ad) — (Ad + Ad)
NS
e in NLO, NNLO ... no new PD
e in Q? evolution — no new PD
— allows to compare meas. at diff. Q2
We ask:
e What are the measurable quantities that single
out NS in SIDIS & ete -inclusive?
e What are the NSs of pol. PD determined in
combined DIS & SIDIS?
e What are the NSs of FF determined in com-
bined unpol. SIDIS & ete -inclusive?

e What other info can we obtain?



SIDIS: 1T 4+ N —=U+h+X

Ao} _ »e2(AgqD} + AqgD?)
ol se2 (gD} + qD?)
SMC, HERMES, COMPASS:

Agy determined:

but assumps. about Agq:

At =Ad=A5 or Au/u= Ad/d= As5/5
and uncertainties in FF's:
D. de Florian, G, Navarro and R. Sassot, 2005

We suggest the difference asymmetries
h—h
Ah—ﬁ — AO-N_
1N a_gr_h
e measure only NS both in PDs and FFs

R h—h — h h
notation: AO'N _AO'N AaN



SIDIS: [ + N —=U+h+X

The general formula in SIDIS, Q? > M?2:

AGh o %jeg {Aq ® Abyy(vg — ¢X) ® D,
+ Aq ® Abyc(vg - GX) ® D,
+ AG Q Abgy(7G — q3X) Q (D! + D)}

Aq(x,t) and DZ,G(z, t) = from experiment
Ad s = theor. calculated in perturb. QCD:

Aé sy = &§‘}’,+ 5 DG+




: : h—h
The divfference asymmetries Ajy

C-inv. implies: Dg,_’_" =0, DZ_B — _Dg—ﬁ

= In all orders in QCD all gluons cancel :
— no g, no Ag, no D,

AGN" o« [4Auy ® D" 4 Ady ® D"
+ (As — A3) ® Di”_f_”} ® A6 (vq — gX)
AG.. = A¢O 1+ FAs0 1
Ggq = AG,, o Gog T+
e only NS = gluons do not reappear in Q?*-evol.
e each term is a NS
e sensitive to Auy, Ady & (As — AS) only

Further A&f{,—’_" depends on the final hadron h.



SIDIS: T+ N U+ nt + X

SU(2) and C: D™~ = —D7' ~" DT ~" =

singles Auy, Ady :

4A’U,V — Adv

LO :AT "™ (z,2,Q%) = ey —a, &)
ot —m— 4Adv — A’U,V
AL (@2 Q) = = (@, Q)

The FFs completely cancel!
Frankfurt et al, P.L. B (1989)
E. Ch. & E. Leader, P.L. B (1999)

= 2 algebraic eqs. for Auy and Ady.
NLO test: z—dep. = NLO; no z—dep. = LO/NLO

Higher orders in QCD:

_ (4Auy — Ady)[1 + R(as) AC,, DT~

A7r+—7r_
P (duy — dy)[1 + ®(0‘8)qu®]D5+_ﬂ_
rt—n _ (48dy — Auy)[1 + ® () AC,, @)D
in —

(4dy — uy)[1 + Q(0,)Cyq®] D~
ACy = ACYY) + a,ACD) + ...
= 2 eqgs. for Auy and Ady

E. Ch. & E. Leader, N.P. B (2001)

JLab can measure these asymmetries!



SU(2) for the polarized sea: (Al — Ad)

We have in any order in QCD:

(At — Ad) = Agqs + Ady — Auy
where
Ags(z, Q%) = (Au + Au) — (Ad + Ad).

Here Agqs is obtained directly from DIS:
LO :

1
g?[o(wa Qz) — g?(ma Qz) = EA(B

2

LO :

QS(Qz)

27

1
gzlj(vaz) — g?(a},Qz) = EA% X (1 + 5C'q)

not through (Au-+Aw) & (Ad+Ad) that depend
on As & AG.

= no influence from As and AG.
(Ad — Ad) ~ small — NLO needed



SIDIS wunpol:l+ N — U +nt+ X

From unpolarized SIDIS = D™ ™ (z, Q?):

ot _ [4uy — dy][L + ®(e)Cyg®) D7
P 18FY [1 + 2v(y) R?]

g _ [4dv — uv][1 + ®(0) Cog®I D7 "
n 18F [1 + 2v(y) R"]

= 2 eqs. for DZJF_"_ (z,Q?)

HERMES: o7

= Auy, Ady and D™ ~™ (z,Q?) are non-singlets
and don’t mix with other PDs and FF's

+ +
JLab: o7 & a'fd to be measured
9 9



SIDIS — «*

Auy, Ady and Au — Ad determined in LO and
NLO:

no assumptions about FFs

no assumptions about polarized sea densities,
even s # 5 and As # A5 < D;’+_7’_ =0

only SU(2) and C inv. of strong ints. assumed
only unpolarized uy and dy to be known

no knowledge of A4 and Ad required

test for NLO of A}{,Jr_”_ (x,z,Q?):

z-dep. of A7J§,+_”_ = NLO

no z-dep. of A7J§,+_”_ = LO or NLO

If a small dependence on z = it can be consid-

ered as a system. th. error in LO analysis of

_l. —
AT T
N



SIDIS: T + N —»I' + K* + X,

SIDIS 7+ = Awy, Ady without assumptions,
SIDIS K* = (As — A35) = 0?7 - LO & NLO

DK"-K™ — 0 assumed [K+ = (5u), K~ = (sa)]

_LO:
AKY-K _ 4AAuy DET-K" 4 (As — A5)DE"-K”
1p B 4uVD,lIf+—K_
AKV-K _ 4Ady DK K" 1 (As — A5)DEK"-K~
1n B 4dVD,lIf+—K_
NLO: the same quantities enter
A{{JF_K_ _ [Auy D, + (As — A35)D;] ® (1 + (ai)Aqu)
? uy ® (1 + (ars) Coq®)DET-K
AfJF_K_ _ [Ady D, + (As — As)D,] ® (1 + (ai)ACQQ)
" dv ® (14 (as) Cyq®)DET-K

(As — A5)DE"-K" = info. about (As— A5) # 07

- .
— note: DX"~X" js not small

o If (As — A5) = 0O:

A’LLV AdV

+_K- +_K-
Aﬁ K (z,2) = uy (), Aﬁ K (w,2) = W(w)
— cannot be tests for (As — As) = 0, because

_|__ —_
Df K™ — 0 assumed!



SIDIS: eN — e+ K* 4+ X = (s — 3) = 07

_|__ _
fo K~ — 0 assumed

The measurable quantity is

Kt—K—
RpET-K- _ Ip
p o.pDIS
LO:
Kt—K— _ 4UVD5+_K_ + (s — §)Df+_K_
Rp T oDIS
p
Kt—K- 4dVD5+_K_ + (s — §)Df+_K_
R, - o DIS
NLO
RK+—K— . [4 UVDer_K_ + (s — g)Der_K_](l + ®ascqq)
P T oDPIS
p
RK+—K— . [4 dVD’lIl,{—i__K_ + (s — §)Df+_K_](1 + ®ascqq)

DIS
O-n

2 meas. to determine foJr_K_ and (s — §)Df+_K_
= (s —8)DK""K £0= (s—35) #0
= (s —5)DK""K" =0= (s—35)=0

up to now s = § assumed!



inclusive ete™ — h + X

In general:

do™ do! do"
1 z29)—L 9—42
dzdeosy *° (LHcos d) o+ cos
da'g’; 5 -
— N Dh+h
dz %:eq 1
dO'ff1 -
— A Dh—h
dz %:aq 9
doh(z) = [* deosd oc 1)
op(z) = /_1 cos ¥ oc — —,
4o’ (2)

Al (2) = V—O1 — /01] d cos V¥ x

dz

dol(z) measures DZJJ‘, A" _(z) measures DZ‘F‘
A" _(z) measures NS <= we are interested in
dol(z) measures S + NS

note: neither do(z) nor A”,(z) distinquishes

between the down-type quarks: always D, + D,

= sym. properties of h, or assumptions needed to
distinguish D, and D;



inclusive ete” —» T 4+ X

+_ = ~ N +_
AT = (au — aa) DL (2,m3)

SIDIS wunpol:l+ N — U +nt+ X

From unpolarized SIDIS = D;’Jr_"_ (z,Q°):

_ [uy — dv]DT T (1 + ®(0t) Coq®)]

B 18FY [1 4 2v(y) R?]

i = [4dy —uy]DT T 4 ®(0s)Cyq®]
- 18F [1 + 2v(y) R '

_|_ —
RT —T
p

R,

= 2 eqs. for D;‘Jr_”_ (z, Q%)
D™ =" (2z,Q?%) = NS and doesn’t mix with other
FFs

+ + +
T —T T —T T —T
e compare DT from A% g & o,

— universality of FFs with no new FF's involved?



° +_ -
Can we avoid Df K~ 9

inclusive ete — KT+ X

SLD(SLAC)

AK K (2) &« a,DE" K 4 ag(Dy + D)X K

SIDIS unpol: eN — e + KT+ X

K" K"« [duy D, + dyDg+ (s — 5) D) 5 (Q?)
K K"« [4dyD, +uyDg+ (s — 5) D)5 5 (Q?)

Result: SIDIS on p & n + eTe~ = not enough to

: +_K- _
determine Df;d,s K™ & (s — 3)

assump. needed: D§+_K_ =0




If K+ & K° K° observed

SU(2): K* < K°® = distinguishes (D4 & D)X +&~;

Kt+K- _ K+K9 Kt+K- _ K%+K9
Du =D d , D d = Du ,
Kt+K~- _ pPKY%4+KY
DS = DS .

no new FFs! but does not help for D§+_K_!

inclusive ete™ — K+, K° K° + X

SLD( SLAC)...

Kt+K —(K%+ K9
dO‘T + (K°+K7)

~ ~ + -
T = (&) — €3z (Dy — Dg)"* *H

SIDIS unpol: eN — e+ K+, K°, K° + X

GEIHKT (KK — (4w 4 @) — (d + d)) (D, — D) K

GETHE (K%K — (4(d+d) — (u+ 4)) (D, — Dg)* 5~

n

e the same NS: (D, — D)X 5 at m? & Q2
= relations between SIDIS and ete~ at LO:
GETHET KN (2, 2,Q%)  [4(u+ @) — (d+ d))(z, Q%)

p X

dop I (2 m2)| g (€2 — €3)mz
On the Lh.s. dor(m?) is QCD-evolved to Q2.

No z-dependence on the r.h.s.



CONCLUSIONS

SIDIS & eTe™ give different pieces of
model indep. inform. through the difference

asymmetries
A=t Ri-h and AP in LO & NLO

advantage : only measurable quantities are used

the price : precise measurements needed

e 7*: no assumps.

— AT Auy, Ady & AT — Ad
~ Ry ™ : Dr T

— no assumps. about AQseq, AG & FF's

e K*: assump: Der_K_ =0
~ AKT-K7: (As — A5) # 07
—~ RE"T-K": (5 —5) #£ 07

_ pKt—K-~ Kt—K—, = Kt—K— Kt—K~—

o K+, K° K° no assumps.

Kt+K —(KY%4+ KO Kt+K —(KY%+K°
Ry + (KHKD & AFBJr (EHED measure the

same (D, — D)X "X at different Q2.

= different relations at LO.



