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The goal

to obtain the polarized parton densities

Au = Auy, AU
Ad = Ady, Ad

As, As
AG
We have:
DIS: TH+N U+ X
ADIS _ AogPIS B Zeg(Aq + AQ) B gi\’
DIS — —

oP1s vel(g+q)  FY
determine only the combinations (Aq 4+ Aq):

Au+ Aw, Ad+ Ad, As-+ A5 AG.



SIDIS: | + N =»U'+h+ X, h=nxt K*

L _ Aok wel(AgDi+ AgDY)
N ol se2 (gD} + qD?)
HERMES & SMC

e advantage: determines Aq and Agqg separately
— Dy # Dy

e but: we need to know the FFs: D, and Dy
e up to now DZ are not well known:
ecte -h+ X = DZ’-I—D(’I_z only

~ in DIS = (¢ + q), (Aq + AQ) only

¢l+N—-lI'+h+ X = D} & D!
= but low sensitivity to Dg etc.

EMC (1989), HERMES (2001)

e in SIDIS D(’; and Dg needed separately
= always additional theor. assumptions about

favoured and unfavoured transitions are made.

e different isospin relations about polarized sea:

At = Ad =A5 or Au/u = Ad/d= A5/5



SIDIS experiments

done:

1) SMC (CERN) h* on p and d

2) HERMES (DESY) n*, K* on p and d

results:

a)HERMES: (As + As) ~ 0 = SU(3) totally
broken E.Leader & D.Stamenov

DIS: (As+ A35) <0

b)HERMES: Au — Ad ~ 0

DIS: jdz(a — d) = .118 £ .012

TH: chiral models:

At — Ad # 0 - LO; (a — d) # 0 - NLO

coming:

1)COMPASS (CERN:)
approved 1998
taking data since 2002 = AG =7

2) Semi-SANE E04 113 (JLAB,USA)
approved summer 2004
start taking data 2006-2007 = A’](,_’_’




We consider SIDIS

I+ N > U'+h+ X, T+N-=U+h+X
What can we learn from SIDIS - pol. and unpol.

without assuming any knowledge:

e about DZ and Dg
e about Aw, Ad, As, A5, AG

e We suggest to measure the difference asymme-

tries:
h+ h—
AbT—hT _ Aoy — Aoy
N o oht — gh~
OnN OnN
h+ —
Rh—h" _— oN
oDIS
ON

We show that one can determine directly:

o Auy , Ady — LO and NLO — JLab

e Ati — Ad — LO and NLO — JLab

e s(x) — s(x), As(x) — As(x) — LO and NLO
e DT~ — LO and NLO

e possible tests of LO

to be measured in JLab — with A-rating approved

last summer!



PROBLEMS

DIS & SIDIS polarized = Q? = small, Q? > M?

U

HERMES: Q2 ~ 1—-10 GeV2, < Q% >~ 2,5 GeV?
JLab: Q2 ~ 1,3 — 3,5 GeV?

perturb. QCD: Q? >> M? — Higher twists needed?

How H'T’s modify the difference asymmetries?

Thinking of possible ways out.



T+NSUV+h+X

The general formula in SIDIS, Q? > M?:
A&h o Ze {Aq R Ad(vg — qX) ® Dh
+ Aq ® 6(vq — GX) ® D¢,

+ AG ® A6(vG — q3X) Q (D} +

Aq(xz,t) and Dg(z,t) = from experiment
A6 ¢4 = theor. calculated in perturb. QCD:

500 — AgWD &)
Aaff/ —_ Uffl‘l‘ ff/"‘...

D)}



The difference asymmetries A?’V_’_’“

C-inv. implies: Dg_ﬁ = 0, D(f;—ﬁ — _Dg—ﬁ

= In all orders in QCD all gluons cancel :

AGN" o« [4Auy ® D! + Ady ® D"
+ (As — A3) ® D?_B} ® Ad(vqg — qX)
AG.. = A0 4 FAs0 4
Ggqg = Abgy + 5 _AG, + ..
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&% " depends on the final hadron h.



T4+NUV4+ar+ X

SU(2) and C: D™'~™ = —D7 7 DT -7 =

A’Ll,v, Adv — LO:

_ 4Auy — Ad
at—m 2\ |4 |4 2
Ap (wﬂ é? Q ) - 4:UV _ dV (wﬂ Q )
at —m— 4Adv — A’U,V
An (waéa Qz) — (wan)
4dv — Uy

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:

Auy = {4(4uv —dy)AT T (4dy — uy) AT T
Ady = {4(4dv — ’U,V)Az—i__ﬁ_ + (4uV — dv)A;+_ﬁ_

z = passive observable - test of LO

}
}



Z
=
o

LO NLO

alg. egs. (simple products) =- int. eqs. (convolutions)

dr’ /x ,
,q<$>0@ﬂ==q®67

xTr

Q(waUz) = /

q(z,Q*)D(z,Q°) = /dai,/dzz,lq <£/> C(x',2')D <i/>

r r z

= qQ®CQ®D

C are known Wilson coefficients.

LO : = no gluons in the cross section

NLO : = gluons in do: G(z), AG(z), D%(2)

e polarized DIS

a(Q°)
27

Ag; (1 +®
QS(QZ)

27

1
gzlj(man) = EZG? 50(1)"‘

+ AG R 0Cq

e unpolarized DIS
P50 =2F, = 6P| Nyo =2F [1+2~v(y)R],

or, 11—y

R=U—T, v(y)=1+(1_y)2-




A’u,v, Adv — NLO

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

e From polarized SIDIS = Auy and Ady:

ATt (4Auy — Ady)[1 + ®(O‘s)Aqu®]D5+_ﬂ_
i (duy — dv)[1 + ®(O‘S)qu®]D5+_ﬂ_

AT (4Ady — Auy)[1 + ®(aS)Aqu®]D5+_"_

" (4dy — uv)[1 + ®(cts)Cgq®| D 7~
correct to any order in QCD:
ACy = ACY) + a,ACD + ...
= 2 eqs. for Auy and Ady

e From unpolarized SIDIS = DZ+_’T_(z, Q°%):

i _ [Auv — dv][1 + ®(a:)Cyy®I D]
P 18F7 [1 + 2v(y) R?]

 [4dy — uy][1 + ®()Ceg®] DT ™

B 18F" [1 + 2v(y) R"] '

_+_ —
Rﬂ' —TT
n

= 2 eqs. for DZJF_W_ (z, Q%)

= Auy, Ady and D;’Jr_”_ (z, Q?) are non-singlets
and don’t mix with other PDs and FFs



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

We have in any order in QCD:

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

Here Ags is obtained directly from DIS:
LO :

1
9219(33, Qz) — g?(ﬂ?, Qz) — EA(B

2

LO :

QS(Qz)

27

1
gt (2, Q%) — g1z, Q%) = _A@: ® (1 - 5C’q)

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

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



SIDIS — ™

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

e no assumptions about FF's

e no assumptions about polarized sea densities,
even s # s and As # As < D§+_’T_ =0

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

e SU(2) breaking of the sea without knowledge
of Au and Ad
e test for LO = z = passive observable

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

ered as a system. th. error in LO analysis



SIDIS — K=+

= SU(2) does not relate DX* = assumptions
needed:
1. DCIfJF_K_ = 0 — unfav. trans. are equal (but not

small)
2. As — A5 =0 (DE"-K" ()

instead: Auy, Ady known from SIDIS ©* with-
out any assumptions, then K* determine As — A3
- LO and NLO

SIDIS — A, A

= SU(2): D24 = DAA,
but DA~A £ 0 = A, A determine As — A3 with-

out any assumptions



As — A5 =7,SIDIS — K*, LO

_|__ —
Df K~ — 0 assumed

[recall: KT = (5u), K~ = (su)]
4Auva+_K_ + (As — Ag)D£<+—K—

4UVD1IL{+_K_
4AdyDE"-K” 4 (As — A5)DE"-K~
4dvD,lIf+_K_

Kt—K—
Ap

Kt—K—
An

= (As — A5)DE"-K" =7

Kt—K—
DS

—— note: is not small

= inform. about (As — AS) # 07

From unpolarized SIDIS: = D5{+_K— (z,Q%):

RK+ K~ u
p oDIS
D
Kt—K—
RET-K~ dy D,
n o DIS

If (As — A5) =0:

Ady

Auy KT—K— _
(z), A, (z,2) = w(w)

+_ —_
AIIf K (z,2) =
uy



As — A5 =7 — SIDIS — K*, NLO

NLO: the same quantities enter

AKT-KT _ [Auy D, + (As — A3) D] ® (1 4+ (as) AC;®)
g uy ® (1 + (as) qu@)DzI;,ﬁ_K_
AKT—K~ _ [Ady D, + (As — A3)D,] ® (1 + (as) AC Q)

dy ® (1 + () qu®)D’lIL{+_K_

= 2 eqgs. for (As — A3) ® (1 + (a;)AC,,Q)DE ~K",
= inform about (As — AS) # 07

From unpolarized SIDIS: = foJr_K_ (z,Q%):

pict—k- _ 20y [+ @(0,/2m) Cog@] D
P 9FY [1 + 2v(y) R7]
RET-K~ _ dy [1 + ®(as/27")qu®]D£{+_K_
g 18F7 [1 + 2v(y) R™]




Déﬁ_K_ = 0 assumed
LO:
Kt—K— _ 4UVD5+_K_ + (s — §)D§+_K_
R, o oDIS
p
Kt—K— _ 4dVD5+_K_ + (s — §)D§+_K_
i, B oDIS
NLO:
RET-K~ _ 4 UVDQIL(JF_K_ + (s — §)D§+_K_](1 + QasCyq)
P o oDIS
p
RET-K~ _ 4 dVDqIfJF_K_ + (s — §)D§+_K_](1 + ®asCyq)

DIS
Un



Testing LO

LO:
Aottt = aAaD"" + AdDE + ASDI
Aq = Ag+ Agq

C-inv: DPth = phth
q q

Aghth — Aghth A — Ad
P n 2 _ 2
D n
g1 — 9, 2
= —— (@

h = n*, K%, etc. and their sum h*

Advantages:
® z is a passive observable
e no dependence on Ag, A3, g and D"

e only measurable quantities enter

Ags(z, Q%) = (Au + Au) — (Ad + Ad)
obtained directly through:

1
9110(337 Qz) - g?(wa Q7) = EAQ3|LO



Integrated:

Jdx | dz [AGZJJ‘ — AUZJFB] _ga/gv
Jdx fdz [a{ﬁﬁ — ghth] 3S¢q

e used:

The Bjorken sum rule:

[dz(g? — g7) = (At — Ad)|ro = ga/gv
ga/gy = 1.2670 4 0.0079

The Gottfried sum rule:

FP — Fm 2 _

S~ = [dr—=2—"2 — 2 _e21 " [de(u —d

G / € T eu ed + 3/ m(,u’ )
Se¢ = 0.235 1+ 0.026

e remark
The Bjorken sum rule in NLO:

1 -
[da(at —a7) = G(aa—ad)|(1-

= %gA/gv (1 — as(:f))

as(QO))

T




SIDIS and HT

Most generally:

Ao

o

= AUZ(pQC’D) + AHg(w, z)
= o/ (pQCD) + H}(x, z)

"8 >

= 4 new functions AH} (z,z) & H! (x,z)

How to simplify the problem in a phys. mean-
ingful way?
e We do not construct a full treatment of HT'!
our strategy — consider partons as particles &
split AH (x, z) into 2 indep. pieces: AH, & Hl’gz

Aq — Ag+ AH,, D} — Dj+ Hyp,
e AH,(z) & H%(z) = small corrs. to pQCD

LT:

HT:




° + -
T —T7r
HT in oN

Y

first step: we suggest AH, = AH;?IS
Recall DIS:

gt = g¥(PQCD) + AH)'®
g7 = 97(PQCD) + AH’"®
where we define AH;HS (As ~0):

AHP'® = 4AHD' + AHP'
AHD" = 4AHY" + AHD'

AH;,)?{S = known, Leader, Sidorov, Stamenov (2004)

second step: HE:_’T_ — unknown, but the same

in pol. and unpol. SIDIS and for p and n
Hf):_’r_ from ete™ - w4+ X7
Results:
LO:

Ac™ " = (4Auy — Ady)(Dy + Hp)™ ™
+(4AHD!S - AHDIS) DT

xt

o™ 7" = (4uy — dy)(D, + Hp) + (4HP™ — HP'S)D,

at—n—
u

e depends on D
NLO:A™ ~"", RT'~" — [DT"~™ + Hp ™ ]



CONCLUSIONS

We suggest a model independent approach to
SIDIS
through the difference asymmetries
Al—h Rh—h and A+

advantage : only measurable quantities are used

the price : precise measurements needed

e SIDIS-7w*: pol. and unpol. determine:
1) the valence quarks: Auy, Ady
2) SU(2) breaking for the pol. sea: Au — Ad
3) DT "
— LO & NLO
— no assumptions about Agseq, AG and FFs

to be measured in JLab —

e tests for the reliability of LO — ”passive” ob-

servable
e SIDIS K*: As — A5 # 07

e break HT's into two indep. pieces:
AH, — AH(?IS; H1’5 — unknown



