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Structure of the Nucleon: N =p,n
theory: g — I interactions = SM, SUSY...

exp: always hadrons h = bound states of gq:
_ _ + _ 7 + _ (om
p = (uud),n = (ddu), 7~ = (ud), K~ = (su)...

exp. < theory: 2 basic quantities needed g < h:

e the parton distributions (PDFs): N = q: q(x)

e fragmentation functions (FFs): ¢ = h: D[(z)



at low energies — wave functions

at high energies — almost free quarks — PDF and FF

our info about g — I & g — q ints. depends on our knowledge of

PDF and FF

PDF & FF = equally important = EXP.

PDF — quite well known, but FF — rather new objects!

subject of the talk:
How to determine the FF?

How to determine the kaon FF?



FF are universal: = FF are the same in all processes

— determined in a suitable process — can be used in any other

process, at any other energy scale.

Which are the processes for FF?



e eTe~ annihilation:

et +e — h+ X, hZﬂ':I:, K:t, D/ D...

da'hZZe?](X)Dh
q

q+q
= the process, determines only
h h h h
Du—l—ﬂ’ Dd—I—J’ Ds+§’ Dg

g and g are not distinguished



e semi-inclusive DIS:

I+ N U +h+X, h=nT, KT p/p..
h 2 h | = h
doy, =% eg |¢ ® Dy +d ® Dg|
e hadron production in pp collisions:
p+p—h+ X, hZWi,Ki,p/ﬁ..

dcfz’p: > qa®qb®3gb®D2’

a,b,c

Df]" & Dg determined separately PDF involved



° eTe~, SIDIS and pp are used to determine DZ

too many unknowns: always relats. among the FF assumed

= TH uncertainties introduced



fav. FFs = constituent quarks fragment into h

unfav. FFs = other quarks fragment into h

different assumptions used by different groups!

KT = (u3)

I) all fav. FFs and all unfav. FFs are equal = 2 FFs (BKK)

K+ K+
D, = D <« fav.

KTt KTt KTt KTt
D = Dy =D =D < unfav.



II) fav. FFs are not equal, all unfav. FFs equal = 3 FFs (DSS)

K+
D,

KTt
D’L_L

_|_
K+_ K+_ I_(+
Ds — ~d _Dd

IIT) fav. FFs and unfav. FFs are power suppressed (Kre):

_|_
DE"T «  mg>>myy
+
(1— Z)D.gf )

DE" = (1 — 2)2DK"



IV) fav. FFs are not equal and unfav. FFs are not equal

= 5 FFs (AKK)

K+ K+t
D, Dy < fav
K+ K+t
Dﬁ . D s
KT . I_{"'



7T = (ud)

I) all fav. FFs and all unfav. FFs are equal = 2 FFs (HKNS):

DT = DT : SU(@2) <« fav.

+ + + +
D7 = DI =D =DI <« unfav.

II) all fav. FFs are equal and 2 unfav. FFs = 3 FFs (AKK)

D,Z+ = DZ{F: SU(2) < fav.
Dg+ = Dng . SU(2) <= unfav.
Dﬂ--|— _ D7—-‘-+



IIT) the fav. & unfav. FFs are proportional (DSS)

3FFs+ N + N : DZ+ ./\/‘DZZIJr : N =1.10 < fawv.

Dg+ = Dng: SU(2) < unfav.
D™ = N'DT <= N =0.82
IV) unfav. are power suppressed (Kre):
DT = DT : SU(2) < fav.

D§+ = D§+ = Dng = (1 — z)D,lTL < unfav.

. ., . +
in addition : D7 Dyy, D]

c,Cc’



and always

C-inv for h—: DI = Dl

SU(2)-inv for neutral hadrons:

_|_ —
v

0 Dq —|—DZIT
q 2

K? DK pK~ K? DK pK~

Dus:dzd; Dd_



1) B. Kniehl et al, KKP (2000) = ete™

2) S. Kretzer (2000) = eTe™

3) EMC (1989) = SIDIS

4) Kretzer et al, (2001) = eTe~ & SIDIS

5) M. Hirai et al, HKNS (2007) = eTe™

6) S. Albino et al, AKK (2008) = eTe™ & pp

7) De Florian et al, DSS (2007) = eTe™, SIDIS & pp

2 general features about them:
1) different assumptions used

2) they don’t agree among themselves

3) they describe the data



w0 7 1 w0’ 7 1 10" 1 10 e

DSS: e'te” 4+ SIDIS + Pp; AKK, KRE ete™

=mz Q<%mz
e diff. processes, e diff. Q%, e diff. assumptions

If fact. theorem: the difference is only in the assumptions!

¢ Dy =Dy+Dg+Ds of —(Mz) ~ é2(M%) Dx

ete
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KKP: DE™ = DK™, /s =29,91.2 GeV;

+ +
DE™ DK™ L AKK : /s =29,91.2 GeV; HKNS : /5 = 29, 58,91.2;

e diff. assumps & diff. Q2 — all params. within uncertainties!
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e different data used
e different assumptions
e D, — with biggest uncertainties — affects FFs through evolution

e low Q? with bigger uncertainties (due to evolution = D)



The goal

To obtain info about FFs that is:
1) model independent
— with no assumptions about FFs
— with no assumptions about PDFs
2) correct in any QCD order
3) with less uncertainties in Q?-evolution
Why we need this?

1) test the existing parametrizations
2) test the assumptions

3) test Q2-evolution



Why NS’s?

e ho hew FF in o in LO, NLO...
e no new FF in Q?%-evol.

e no uncerts. from D, in Q?-evolution

1
Recall : DIS : g119 — g"f’ EAqg ® (1 + ;I—S(SCq + ...)
T

Agqs = (Au+ Au) — (Ad + Ad)
NS
e uniquely determines Ags in any QCD order

We ask:

e How do determine the NS of FF in eTe—, SIDIS & pp?



We present the formula in NLO:

LO: simple products g(x).D(z)

NLO: convolutions g ® D = jdx’ dz’q(a"’j,) D(%)



We suggest: the difference cross section between h and h:

ah’, oﬁ = o h =gh _ oﬁ
We show: they determine the NS: [E.Ch. & E. Leader]
h h h
Dy Dg_g Ds_3

without any assumptions, only C-inv!

e notation: [D_



e+ N —e+ h+ X:

p+p— h+X:

+_h— + -
a']}(; h™ — O'th — a']}{,
ht—h— _ _ht _ _h~
Opp — Opp ~— Tpp
pht—h~ pht—h~



The difference cross sections in SIDIS: af{,‘h

The general formula for e + N — e+ h + X is:

2 A h
oN x X egla ®gq(va — aX) ® Dy
+q ® 6q9(vq — 9gX) ® D}
+9 ® 6gq(vg — qaX) ® (D + D)}
C-inv. implies: D}~ h — o, D~ h — —Dh

in all QCD orders all gluons cancel: — no g, no Dy

U]}(f_h x [duy & DZ_B + dy ® DZ’_h +(s—35)® D?_B] R 6(vqg — qX)

6qq = 60 + LSV,



h—h

e eN —et+h-+X:in o each term —= NS of both PDFs and

FFs — no g & D in any order

e pp — h+ X: o~ = NS only on the FFs
pbp

— no Dg in any order



q
R

hT—h” duy @ DI P 4+ dy @ DI TN 4 sy @ D
® (1 + asCqq),

B ThT ~ [(uy +dy) ® 4Dy + Dg)" " 4 sy @ DITRT)

® (1 + asCqq)

ol "~ [Ly®uy ® Dy+Lg®dy ® Dg+ Ls ® sy ® D" "~

2

sy = (s —5)

e 3 indep. meas. for 3 FFs with no assumptions!



ht—h—
q

only the combinations qy D enter:

4

e (Dy, D))"~ are enhanced by uy & dy

o Di}+_h_ is suppressed by s — 3



v-exps: |s — 5| <.025 [C. Bourelly, J. Soffer, F. Buccella, 2007 ]

_|__ —
.O.h h

| - +_p-

duy @ DZJr_h +dy ® Dg h ] ® (1 + asCqq),
- .

° O'g LN (uy +dy) ® (4Dy + Dd)h+ h ] ® (1+ asCqq)

+_h— +_p-
ool " ~[Ly®@uy @ Dy+ Lqg®dy @ Dg)" "

12

e only DZJr—h_ and DZ’JF_”’ enter

o (Dy, Dy)" —"" are enhanced by uy & dy

e D, does not enter

e these hold in any QCD order — due to sym. properties!

the info on D~" depends on h = x*, K*... and the process



Ly : known functs. of g=q+q & ACX(a—I—b—>c—|—X):

Lu(wa t, u) — ,&(m) dx + (Ci—|- §) (CI)) dO' , -+ g(m) do-(q q) X
Ly(x,t,u) = d(z) dS + (@ + §) () d6l; + g(z) delg—DX
LS(QZ, t, u) — §(aj) dy + (’& + Ci) (:B) dO' , - g(aj) do-(q q)X

where

di(sa tyu) = qX(S t,u) + — dé'(g% q)X(s,t, u)|,

QL
|
QQ
_|_
QI

AC{)( = asa'(o) -|—Olg0'(1) + ...

e o=P is much simpler than agp
~cX . . - h—h - h
* LO' 4 ('n Gpp ) — 8 (ln O'pp )
- . _h—h : h
NLO: 6 (in Top ) & 21 (in T pp )



— +_ —_
1) DE-K~ g pK'-K

= determined without assumptions

2) DET-K" _qg 7
° 0'5+_K_ ~duy @ (1+ asCqq) ® D5+_K_a
o KT KT g (uy +dy) ® (1+ asCyq) ® DE K-
oo K"K ~ L, @uy @ DE K"
o only if DE""K” — 0 an ¢K"—K" are fitted with one FF!

= we test only this assumption!

+__p— ) ]
° fo K= _ 0 in all analysis



_ _|___
1) Dr'-™ & DT T

= determined without assumptions

2) DT — _prteT g
L _ o +
oo, 7 =~ [duy —dy]® 1+ ﬁqu) ® Dy "
+ - o + o
eo; " = [uy+dy]®(1+ 2—;qu) ® Dy "
+ _— : T
oagp T ~ [LyQ@uy —Lg®@dy]® D] ~"

e only the best determined uy and dy enter
_ . _
eonly if D™ =™ = _D7 ~™ all o™ ~7 are fitted with 1 FF!

= we test only this assumption! [De Florian et al: ~ 10%]



— _ _|__ —
up to now: VhT: b —ohT = DZ+_h , Dg h

now: only kaons: both K+ & K9

Why KT and K°? — no new FFs appear:
e SU(2) relates K+ and K{:

Kt+K- _ K+K?O Kt+K- KO+ KO
DE = D D = DE

9
Kt+K- KO+ K9 Kt+iK—- K4+ K9
Dy = Dy , Dg — Dg
Kt+K- K4+ KY Kt+K- KO+ K9
Dc — Dc Db — Db

9

used in all analysis!



We consider: the diff. & sum cross sections of K+ and KY:

o€ = oK + B — 25K = (Dy — Dd)K++K_ = NS

+ - 0 T —-
ol =B 4B 4208 = (Du-l—Dd)K tK ,Df

[E.Ch. & E.Leader]

assumed: only C-inv. and SU(2)-inv!



+ 0 + — 0 _
ok ,O'KS = oK =K 4K _2sK;s, K= (K°+ K%/v2

the processes [K = K+, K']:

0

— : K _ K7t K~ K
eee” — K+ X: Ogho = Ot T 04— — 20,7

— KO

eecN —e+ K+ X: UJI%ZO'JI\{,++0'N — 20 N\°

+ — K?Y
e pp — K 4 X: O'I’,%zagj —I—O'II); — 20pp’

e Note: eTe™ can be used — the most precise datal!



A A _|_ N
° do'égre_ ~ 60‘0(63 — e?i)(l + o Cq®) DE—;—K

+ _
o do’ = [(4u + d) ® (1 + s Cgq®) + s g ® Cgq®] DX X

_|_ —
° do{lC ~(u+d)®(1+asCy®) + asg ® CgqR] DE—&FK

A _|_ -
¢dof, ~ S fo® f5® Sap ® Dy g
ab

& auX , ~auX  adX  ~dX Kt+K— _ KTiK—
Yab=0ah T 045 —Gab —Gab s Dy_g = (Dy— Dg)* 't



_|_ J—
e each process in LO, NLO... — the same FF = DE_&FK

= test of factorization!

_|_ —
e DX X" — NS = no new FFs appear in Q2 evolution
+ LK :
o oX _, oy & o measure D ;% at very different Q%

ete” > K+ X high Q2, ~ zZV— exchange
eN e+ K+ X low Qz, ~ ~ — exchange

THK— :
fo_jK doesn’t mix

= test of Q? evolution! —



_ _|_ —
e both DK"+K™ g DK K™ el determined in ete™ — K¥+ X

but different assumps. = test of the assumptions!



_|_ —
DY TR from ete » K+ X

Why ete™ is most attractive?

A A + -
do’ _ ~ 60’0(6% —é7) (14 as Cy®) DE—(—ii_K

etTe
1) the most precise and abundant data
2) no uncertainties from PDFs
3) the most accurate th. calculations — NLO, NNLO
4) use all available data: z > 0.001 = no divergs. at small z
= global fit analysis: z > 0.05 — AKK, HNKNS, z > 0.1 - DSS
= most data and the most accurate data are at small =z

5) the price: |?h| # E" at small z & /s — mg corrs.



+ 0 + — 0
ok ,O'K = ol = oK —|—0'K —|—20'Ks

the processes:

0
— . K K
eecte” — K+ X: Ot = 0'6+e + 0'e+e + 20,4,
K K]

eeN — e+ K+ X: O'N—O'N -|-0'N + 20 pN°

l

LO: ok - ~ (24 &) Dyiq+2e3D

off ~ (46+d)Dy,q+ 25D
K
n

~ (4d 4 @) Dy q + 25 D

+ — —
e only D5+d+K and DS{(J”FK enter, [a=q+q]



_|_ -
e oif, 0f = (Dyqa, Ds)B T

_|_ —
° O-ZIQC,TL = (Dy_g)¥ K

+ _ -
— (Dy14, Ds)E™ < only in SIDIS, no need of ete™ at high Q?

— less uncertainties from Q?-evolution — but LO only!

(op — Jn)K(wv z) _

_ KT+ K~
(,& _ C‘l‘) (:B) f(z) — Du—l—d (Z)



+
oX ok, of = (Dyiq, Dsand Dy)K"TE"

LO :(op — on)® ~ (@ —d) Dyiqg
NS ~
NLO : (op —on)® ~ (& —d) ® {Dyrq (1 + asCqq) + asCqgDy)

e advantage: D, 4 and Dgz — no uncertainties of s and g.

0'58_ a (é2 + G?Z)Du—l—d + écleS + asDy

I K _K K+ K~
Oete—s ON> Opp = D;, +

e advantage: Dg not suppressed by s




Summary

We define: meas. quantities that uniquely determine NS of

FFs in any QCD order and without assumps. on FFs & PDFs:

_ + - _ _
1) ol P, oh" M & ol M ~ (D & Dy T = Ns, vhE

+_ - + 1 +_ = + g T
2) o7 "7 L0 " & oT T ~testfor DT T =-Dj "

pp

+_ + _K— +  g— +  ge—
3) oKTKT, o TR & oKTK" ~ test for D TH =0

4) if K:':&Kg = oK = oK + oK — 20K

NS

K K K K~ KT+K~
Optro—r Opr O & op >~ (Dy— Dg) T



e possible test for the commonly used assumptions

e possible test for factorization and Q2 evolution

5) Cross section differences determine only NS,

but without assumps. and uncerts. in Q?-evol.

Kt—K— at—m— IC

6) our mssg: o , O and o’ can be used also as

model independent constraints in global fit analysis

7) if K+ and K° = oK" 4 oK™ 4 205K5:
LO: SIDIS = (Dyty and Dg)E +K~
NLO: SIDIS & eTe™ = (Dyiq, Dsand Dy)E +E~ without the

uncertainties of s and g



8) control of the acceptances needed to form these differences
— we look forward to SIDIS at COMPASS and JLab and pp at
RHIC.



