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The FFs of Kaons are determined in:
1. ete — K + X — sensitive to D;f“FK*

2. SIDIS: e+ N — e+ K + X — distinguishes DX" & DK
AKK, DSS, 2007

usually made assumptions, especially about unfav. FFs:
D£<+ =D, , etc
We show:
1. how DEX"~K" =0 can be tested: LO, NLO, no knowledge of FFs required
2. how neutral Koans K? help to determine D(f;WLK*: LO, NLO...
Why K07
1. SU(2) inv. relates KT + K~ and K?

2. allows to work with NonSinglet and Singlet combinations of FFs



Why NS’s?

We know gl — g7 = %Aq3®(1—|—§—;50q—|—...)

NAgz = (Au+ An) — (Ad+ Ad)
NS
e in LO, NLO ... no new PD

e in Q2 evolution — no new PD

— Agq3 determined without any assumptions.

We ask:
e What are the meas. quantities that single out NS of FFs in ete
and in SIDIS?

e What other info can we obtain without assumptions?

+_ g + 1K
recall: NS are D" ~K~, pit’ #H-



T he difference cross sections a]@_h

The general formula in SIDIS, Q2 > M?2:
J]i{[ X Zeg {q ® Gqq(vg — qX) ® D(};
q
+ q ® Gqg(vqg — gX) ® Dg
+g ® 6gq(1g — qaX) ® (D§ + DY)}

q(z,t) and D! (z,t) = from experiment
8ff/ = theor. calculated in perturb. QCD:

C-inv. implies: DZ—B = 0, D(’;—’_l — —Dg_ﬁ

= In a]@_h, in all QCD orders, all gluons cancel: — no g, no Dy



o o 4wy @ DI dy @ DR 4 (s — 5) @ DI ® 6(vg — ¢X)

Oqq = Uég)‘F%A(l)"‘

e only NS of PDs and FFs = ¢ and DQL do not reappear in Q2-evol.
e cach term is a NS

e we know from exp: |s — 5| < 0.02
[C. Bourelly, J. Soffer, F. Buccella, 2007 |

Further: a?\, h depends on the final hadron h.



Tests of D§+_K_ =0

s —5 =0 = correct with an accuracy < 2%

SIDIS: e+ N — e+ K+ + X = o K~

LO : 0'5+_K_ ~ (4uvDu —I— dde)K+_K_

+_K- +_ K-
ot TR~ (uy +dy) (ADy + DB TR

+_ - L . +_ -
usually Df K™ — 0 assumed — can we test it directly in aﬁ K2



Tests of D§(+_K_ =0, LO

Kt-K— }K‘I'—K

o RET-KT(35)="2 Du(2) [1 + 2(a) 5 (=)

2

uy
Kt-K— i K+ _K-
O'
~ d
wrdy, o Dy (2) _1 + 4Du(z>]

the = dependence in R{?(JF—K is induced solely by 4 (z) #0

o 7%1 K (g, 2) =2

— tests of (Dy/D)K K =o:
+_ - +_K- +_ K- T_K-
LRETET =RETRT 2 RETE (2,2) = f(2) (=D )

= test of LO: RET"K7(2,2) = f(2)



Tests of DX 5~ =0, NLO

oB"=K" NLO: the same PDs & FFs, but simple products — convolutions

+_ g~ +_ K-
NLO : 05 K™~ (4uy @ Dy 4 dy @ Dd)K E o+ asCqq)

KT KT & (uy 4 dy) © (1 + asCyq) ® (4D + DK =K

If D§+_K_ = 0: only one FF enters both op and oy:

+_ K- +_ K-

+_K- +_ K-

If we fit data on both X" =K~ and ¢X" =K with the same FF (=D)
and obtain an acceptable fit = Der_K_ —0and D= D,fer—K_.

e Independently of our knowledge of the FF’s and without any
assumptions we obtain info about D£(+_K_ —0& DET-K" —LO

and NLO!



measurability:

1) difference cross sections: = high precisions needed

2) data in bins in both x and z required

very precise data of HERMES = aéfi, aéfi

A. Hillenbrand, DESY, 2005

, in bins [a:z,z]]



If K* and K0 measured

no new FFs appear: SU(2) relates K= and K?:

- 04 g0 + - 04 KO
SU2):  DETHKT — pIHRT - pKTHET _ pRO+K

_ 0, 0 — O w0
D£(+—|-K — pK°+K D§(++K = DK +K

Y

the processes are: [K? = (K°+ K°)/v/2]

ete” - KT+ X, e+e_—>K(S)—|—X
e+ N—e+ KT+ X, e+ N—-e+ K+ X

we suggest 2 possible combinations [use SU(2)-inv.]:

Kt + K™ —2K9 & KT4+ K +2K?



eTe” — KT K9+ X

The general expressions — all FFs enter:

KtT+K~ R ~
aE = 600{k51%f+fﬂ(Dd4'£§N(14—asG@C@)
5 KT+K~
do KO+ KO D D
5 = 600{[e2Dg+&3(Du+ D)1 + a5 ® Cy)
KT+K~

o @+ 260,00,

In doKT+EK =2KJ _ only one FF:
+ - 0 R R + _
dott " TH QK”=&M®3—%X1+aﬂ%®ﬂﬁ;ﬁK

- - 0



KT 4+ K~ —2K9

In the general expressions for oK +K~ & oK°+K° poth in ete™ &

SIDIS, all FFs enter;

In doKT+E"—2KQ poth in ete— & SIDIS — always only one FF enters:

+ - 0 R R + —
dofS T TE 2K — 60‘0(65 — eg)(l + as CyR®) DE_&FK

KT+ K —2K9 THK
doy TP = [(4u 4 d) © (14 0 Cg®) + as g ® Cyg@] DX K
Kt+K-—2K9 _ KT4+K-
do’, = [(u+d) @ (1 + as Cyq®) + as g ® Cgq®] D¢

do B THE"=2K7 — 4o KT 4 goK™ _ 2 4o K?



KT 4+ K~ —2K9

1. all 3 processes measure the same NS: (D, — Dd)K++K_

= the combination (KT + K~ —2K9) is a NS of the FFs

— it can be easily evolved in Q2

2. no s-quarks due to SU(2), but g(xz) enters

= the combination (KT + K~ —2K?) is not a NS of the PDs
3. holds in any QCD order!
4. no assumptions

How can we use this?



Test of factorization:

Factorization:
SIDIS: 0% ~ PDy x 6o x FF!
ete : ot ~ Oa X FFh

two kind of processes for the FFs at very different Q2:

ete” - K + X high QQ, ~ 79— exchange

eN e+ K+ X low QQ, ~ v — exchange
: + - . :
if KT +K~ —2K? — both measure only Df_d"'K . As it is NS, its

QQ—evqution does not involve any other FFs. Comparing these mea-

surements one tests factorization directly, without any assumptions.



Test of factorization, LO

In LO it's particularly simple:

For example one could test the relation

Kt+K——2KO -
9do, (2207 _ [4(utd)—(d+d)](z,0)
d0K++K——2K9(Z7m%>lQ2 600 (eg—eg)m%

Here daKJr"'K_—QKg(z,m%)ng denotes that data is measured at ~

m#, and then evolved to @2 according to the DGLAP equations.

e Independently of our knowledge of the FF’s and without any
assumptions one tests factorization in SIDIS: PDs x FFs.



K=Kt+4+ K +2K9, LO

o o TKTHK™
LO :do® = 609 [(eg +€3) (Du+ Dg) + €3Ds

Kt4+ K-

dol = [(4& + d)(Du + Dy) + 23 Ds:

_|_ _
do’ = [(ii+ &)(Du + Dg) + 45D "

Due to SU(2) all three processes measure only 2 FFs:
(Du _l_ Dd)K++K_7 & DSK++K_

This holds in all QCD orders!

e SIDIS with K+ and K9 are enough to determine all FF in LO,
_ —|— _

(Dy+ D)ET+E™ and DETHE™ No need of data from ete— at very

different Q2, whose evolution requires Dy.



K=Kt+4+ K +2K9, NLO

az’% are NS neither in PDs and nor in FFs — in NLO Dy enters:

KT4+K— KT4+K~ KT4+K—
(Dy+Dg¥ K DK+ & Dg' T

measurements of eTe~ are needed — we have 3 measurements for

the 3 unknown FFs and no assumptions needed.



Summary

two complementary approaches to data:
1. a simultaneous analysis of all data to determine all FFs
The problem : data come with errors and biases are possible, assumptions

2. split data into singlets and non singlets and proceed step by step, analyzing
them separately — precisions of data is important!

3. NS are especially attractive: we work out some NS for 1) K* and 2) K+ & K?
in both eTe™ and eN semi inclusive processes. We show:

K*: SIDIS: ¢~ and of % — DX'KX =07, DE'-K
in LO, NLO, no assumptions, no knowledge of FFs

K* & K% — 1) Kt + K~ —2K? in ete” & SIDIS — DX'F5 = NS
test of factorization: SIDIS = PDs x FFs, ete” = FFs
in LO, NLO, no assumptions

Kt+K-

2) SIDIS ol TH 72K & o8+ 2K 3re enough to determine DX

N

in LO, no assumptions, no need of ete~ data at very different QZ.



