RJ %ﬁ QCD-N'02, Ferrara - 04/2002 outline

Spin-dependent Fragmentation Functions
Rainer Jakob, University of Wuppertal

Rainer Jakob, 04/2002 —1-



b, '
RJ %  Qcp-No02, Ferrara - 0412002 outline

Spin-dependent Fragmentation Functions
Rainer Jakob, University of Wuppertal

outline of the talk:  (first version)

systematic scheme for fragmentation functions (10 min)
model calculations (10 min)
model-independent bounds (10 min)

processes involving fragmentation functions (10 min)

presentation of a database on FF ( 5 min)

Rainer Jakob, 04/2002 -1-a—



RJ % QcbNo02 Ferrara - 04/2002 outline

Spin-dependent Fragmentation Functions
Rainer Jakob, University of Wuppertal

outline of the talk:  (more realistic time schedule)

systematic scheme for fragmentation functions (20 min)
model calculations (20 min)
model-independent bounds (10 min)

processes involving fragmentation functions (20 min)

presentation of a database on FF (10 min)

Rainer Jakob, 04/2002 —1-b—



RJ

e

Spin-dependent Fragmentation Functions
Rainer Jakob, University of Wuppertal

outline of the talk (...after a look at the final program)

® systematic scheme for fragmentation functions (20 min)

% QCD-N'02, Ferrara - 04/2002 outline

Rainer Jakob, 04/2002



RJ

Inﬁﬁ‘ﬁﬁQ

QCD-N'02, Ferrara - 04/2002 outline
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outline of the talk (...after a look at the final program)

® systematic scheme for fragmentation functions (20 min)

different aspects learned from works by Jaffe/Ji, Soper/Ralston, Mulders/Levelt/Tangerman/Boer/. ..
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INn current discussions there Is a confusing large variety
of different fragmentation functions around
(particularly about the extraction of transversity)

“Collins” functions
Hf'(l) or AﬁH/i

Collins

normal fragmentation function
D97 (2) or D1(2) or fi(2)

“transversity” fragmentation function
Hi(z)or hi(z)

Ralston/Soper, Jaffe/Ji

two-hadron interference FF

1
Hf( )(z) or 6qr(z) and company
Jaffe/Jin/Tang, Bianconi/Boffi/R.J./Radici
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ﬁigher twist fragmentation functions

(particularly about the extraction of transversity)

large variety of FF
INn current discussions there Is a confusing large variety
é(z) or E(z) and company

of different fragmentation functions around

hi(2) Hi(z), §7(2) .Gr(z)

Jaffe/Ji, Mulders/Tangerman/Boer/R.J.

“Collins” functions

Hf'(l) or AﬁH/i

Collins
| 27
¢ n fu I - ’
olarise
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' fragmentation function
transversity” fragmentation function L _
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Ralston/Soper, Jaffe/Ji

h=m, K,...unpol.

Gluck/Reya
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(particularly about the extraction of transversity)
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INn current discussions there Is a confusing large variety
é(z) or E(z) and company

of different fragmentation functions around
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Jaffe/Ji, Mulders/Tangerman/Boer/R.J.

“Collins” functions
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Collins
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the number of independent fragmentation functions is limited
(actually, to just a few at leading twist)

and there is a simple systematics behind
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definition of correlation function for fragmentation process ¢ — h1

e (0[U(0, &) (€)| P,

Ayp ) =X [ G

X

Soper, Collins

;X><Ph7

definition

; X11;(0)]0)
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definition of correlation function for fragmentation process ¢ — h1 X

Soper, Collins

Ayl Pr ) =3 [ S R OUOOUEIP, s X) (P 5 XIT,0)0

A 'is a4 X 4 matrix in Dirac space, and depends on the momentum vectors:

‘k, P, I

and possibly spin vectors S’ (spin-1/2) , or spin vector and tensor S, I" (spin-1), etc.
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definition of correlation function for fragmentation process ¢ — h1hoX

Soper, Collins
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A 'is a4 X 4 matrix in Dirac space, and depends on the momentum vectors:

‘k, P, P I

and possibly spin vectors S’ (spin-1/2) , or spin vector and tensor S, I" (spin-1), etc.
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ansatz
——> construct most general ansatz

for instance for one

Soper/Ralston, Mulders/Tangerman
spin- 0  hadron in the final state:

A(l{?,Ph ):Bth—FBQPh—FBg]f—F(BLL/Mh) O'FWP]/;]’CV

with B; = B;(Py, - k, k%)
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ansatz

QCD-N'02, Ferrara - 04/2002
Soper/Ralston, Mulders/Tangerman

hadron in the final state:

——> construct most general ansatz
for instance for one  spin- 0

A(l{?,Ph ):Bth—I—BQ&Dh—FBg]f—F(B;l/Mh) O'MVP]I;]{IV

with B; = B;(Py, - k, k%)

only terms which are in accordance with constraints from:
2.) behavior under parity transformation

1.) hermiticity

note: B, is T-odd, i.e. it would be forbidden by a constraint from the behavior of Dirac fields
under time-reversal, if there were no final state interactions

Rainer Jakob, 04/2002
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——> construct most general ansatz Soper/Ralston, Mulders/Tangerman

for instance for one spin-1/2 hadron in the final state:

A(k, Py, S) = BiM}, + By P, + Bs ¥ + (Bs/Mp,) 0, P’ k"
+ 4 Bs(k - S)vs + BeMp $v5 + (Br/Mp)(k - S) Pry5
+ (Bs/Mp)(k - S)Hvs + i By 0,775 5" Py,
+ 14 B1o 055 kY + i (B /M2 (k - S)ouysk? PY
+ (Bi2/Mp) €pupoy’ P kP S

with B; = B;(Py, - k, k%)

only terms which are in accordance with constraints from:
1.) hermiticity 2.) behavior under parity transformation

note: B4,B5, and By are T-odd, i.e. they would be forbidden by a constraint from the

behavior of Dirac fields under time-reversal, if there were no final state interactions

©  QCD-N'02, Ferrara - 04/2002 ansatz
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fragmentation functions are obtained from the correlation function A

by projection with Dirac matrices I,

and integration over components of the quark momentum

Alll(z) = %/kor /koT Tr [AT]
2

k—=P, /z
or
i _ ! +
ANz, —zkp) = — | dk™ Tr [AT]
4z k==P /z ;kr
with the Dirac matrices I' € {7y, v~ 5, 10% 7s5,.. ., higher twist}
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1
Az, —2k7) = = / dk* Tr [AT]
Z

k—=P [z ;kr

with the Dirac matrices I' € {7y, v~ 5, 10% 7s5,.. ., higher twist}

interpretation in the context of LC quantisation: 1" determines quark spin states I
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A — FF

fragmentation functions are obtained from the correlation function A

by projection with Dirac matrices I,

and integration over components of the quark momentum

Alll(z) = %/dk—i_ /koT Tr |AT]
z

k==P, [z kT

or
i _ ! +
ALz, —zkp) = — | dk™ Tr [AT]
4z k==P /z ;kr
with the Dirac matrices I' € {7y, v~ 5, 10% 7s5,.. ., higher twist}

interpretation in the context of LC quantisation: 1" determines quark spin states I

A

(0] @ — ;
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S

interpretation Kogut, Soper, Jaffe

“good” components of Dirac field in LC quantisation

1
Y =Py = §’Y$Wi (7

helicity / chiral projectors P/, = (1 £ 5)/2

e | =@ vyt = V29l (PrPr+ PrPr) ¢y
= RR+LL
e =9 Dy sy = V24 (PrPr — PrPL) v,
= RR-LL
A _ | |
o - ; YicTysy = V2yl (Pry'Pr — Pry'Pr) iy
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one unpolarised hadron

observed in a quark-jet
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FF for unpolarised hadron with k
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FF for unpolarised hadron with k

T-odd FF: Hi" (Collins)

transv. pol. quark — unpol. hadron

Rainer Jakob, 04/2002
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| remark: I

A[’y_](za kT)

AD is forbidden by parity constraint

long. pol. quark — unpol. hadron
ALl k)

A[’iO‘i_'75] (27 kT)

FF for unpolarised hadron with k

Rainer Jakob, 04/2002
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Independent fragmentation functions at leading twist for

one spin-1/2 hadron

observed in a quark-jet
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RJ %
Al Yy = Dy
(=)
Ah_%](z ) = MGi
o))
Al Yy = §ioH,
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FF for spin-1/2 hadron without k7)

unpolarised FF

probability a quark fragments into

hadron h plus rest X

Rainer Jakob, 04/2002
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FF for spin-1/2 hadron without k1)

unpolarised FF

probability a quark fragments into

hadron h plus rest X

preference in \‘
longitudinal spin transfer
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unpolarised FF

probability a quark fragments into

hadron h plus rest X

preference in :

longitudinal spin transfer

preference in
transverse spin transfer
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Az )y = Dy
() , .
unpolarised FF
probability a quark fragments into
ATl Yy = AGy | hadron h plus rest X

("—’ ) - <“ - ) [ preference in :

longitudinal spin transfer

ATl ) = S [ preference in
\ | . I
(A . O) B <; . O) transverse spin transfer

the kind of information we are after to understand the process of hadronization:

... how much of the quark spin state is remembered
by a leading hadron after fragmentation ?
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RJ %
Al Yy = Dy
(=)
Ah_%](z ) = MGi
o))
Al Yy = §ioH,
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i QJ Mulders/Tangerman

() () ()

. YL
A5l (2 kp) = SipHir + L
My,
t=8)-(—9) (t—=0)-(—2)
k* k- Sy
_|_]\47;L()\h Hiy, MhT Hiy )

Rainer Jakob, 04/2002 —21-



RJ z%_;f QCD-N'02, Ferrara - 04/2002 FF for spin-1/2 hadron with kT
B Iy % Sj 1 Mulders/Tangerman
Az k) = Dy Titronr [
AlY ¥l N 0 N
4 2 T-odd FF |

DfT and Hf (Collins)

unpol. quark — transv. pol. hadron

and
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i QJ Mulders/Tangerman

)

4 3 “unexpected” FF
long. pol. quark — transv. pol. hadron

and

transv. pol. quark — long. pol. hadron -

B Jakob, 04/2002
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Independent fragmentation functions at leading twist for

two unpolarised hadrons

observed in the same quark-jet

two hadron (interference) fragmentation functions

Rainer Jakob, 04/2002
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| Bianconi/Boffi/R.J./Radicli I

FF for two unpolarised hadrons without k)
(R= P — P)

1) 1] )
€r R; 9 € KT n
UM+ M,

Rainer Jakob, 04/2002
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FF for two unpolarised hadrons without k)
(R= P — P)
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i
4

Ah_] (217 22 kTa RT)

T-odd FF
H and Hi
transv. pol. quark — two hadrons two

'variants’ of the Collins function

come with R7 and k7

A[Z‘Ui_’%] (zla 22, kT7 RT)

FF for two unpolarised hadrons without k)

(R — P1 — PQ)
=
Dy O
ef Rrikr; oL
My M, !

Rainer Jakob, 04/2002
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one spin-1 hadron

observed in a quark-jet
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B zk‘l Sj

APz kr) = Dy LT "L Diy
My,

_ kr-S
A 75](Z,kT) = MGip+ L hTGlT

Myp,
[io 5] ' etkry 1
AT iz kr) = SppHir + Hj

My,

QCD-N'02, Ferrara - 04/2002 FF for spin-1 hadron with kT

Rainer Jakob, 04/2002
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B ; k.z SJ Bacchetta/Mulders
A (s ky) = Dyt LFrShr SRR
Mp,
ok S,r-k kr - Sor -k
+ €4Sty ;(;D +SpL Dinr + L?\f L Dipr + — MTZ L Dirr
_ kr-S
A 75](Z,kT) = MGip+ L hTGlT
Mj,
ok Kok,
+ e Spry—— Wi PGt + —e Srr oy, ——ot e EGirr
Al el k) = S;LTH1T+ L Hj
My,
Jk S kr ¢k
SLL MT] Hi7, + e Ser; Hipp + L:;w - TMTJ Hipr
ki ( L KT - Snhr L )
+ A H + H
A 1L A 1T
ij Kt kr - Str - kr €kr
+ EjZSTleMT {TT + M2 TM : HlTT
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B ; k.z S | Bacchetta/l\/luldersl
AP (2 kp) = Dy+-T9CL2RT p
My,
y k S; -k kr-Srr-k
+ €4Sty Zr‘([ Di7+ Spr Dinr + L?\f L Dipr + — MTZ L Dirr
_ kS
A 75](Z,kT) = MGip+ I _=hT GiT
Mj,

y kT kb Tk L

+ e Spry—— Wi PGt + —e Srr oy, ——ot e EGirr
]kT n
AP sl(z k) = ShpHir L Hj
My,

jkT S k 6 kT

Sy L i L Hi + €S0y Hipr + L:;w g TM L Hivr
k‘%" 1 kT ) ShT 1
+ A, H + H

relations between spin-1 FF My, ( " 1L My, =
Bacchetta/Radici (in progress) + E%Z STle_T {TT + | ET 1 HlTT

M M? M
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* FF *
stemap
text oo FF

references

parametnzabons

link =

this database is a
project of the

ESOP

network

menritained by IWfarco
Fadici and Rainer
Jakob

Last modified: Mow,

. TR 192

** FRAGMENTATION FUNCTIONS ***

stemap | text on FF | references | parametnzabions |lnks | ESOP

sitemap:

S g S S S
I sitemap (this page) |
®icvton fragmentation € references related to E & parametrizations
functions fragmentation functions (.. FFdatabase/'parametrizations htmd)
{..FFdatabase/text.htwad) (../FFdatabase'references. htial) '

otefan Eretzer

arton distibution finctons operator definmons of PD'Fs and FFs
(FDEs)

ununtecrated FOF=

wformation on FF's /[ parametrizations Emehl, Eramer, Pottes all three combimed

fragmentatvon fonctions (FFs) n one FORTEAN
r models for FE's h_t'l’ﬂ_rf

unintegrated FFs

- evolution of FF's / scaling wolations Bourlus, Fontannaz (courtesy of
multiple-hadron FFs Ghailet - T ke '
METAE -Nacd o ' 3 . " Callet Werlen

- target fragrmentation and fracture o R TR T = Kretzer)

[ (s00n to Come)

models calculatons functicns
target fragmentation and more references (shll not properly
frachwe Amchones goctedl
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Datei Bearbeiten  Ansicht  Favoriten Extras 7 T
Adresse I-E] bk v, pov. infru it ~r adicifPEd st abase) ﬂ

! < i ** FRAGMENTATION FUNCTIONS ***

Rainer Jakob & Marco Radici

database on fragmentation functions

systematics ‘ references | models ‘ parametrizations

modele far BE
idd 4l-dd & i &% @
'
I
1 —
4 3 -

manntained by Mlaree ke bt = e . ECUEIN. 7 ONDER IS (courtesy of
Fadici and Raingr i T e e taraet frammentation and frachie Wiet, v erler S Kretzer)
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LT |_a ' il
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all this and much more ... Rainer Jakob & Marco Radici

database on fragmentation functions

systematics ‘ references | models ‘ parametrizations

maintained by I arce L AT (courtesy of
Fadici amd Bainer LEET, I o Kretzer)
Jakob (s00n to Corne)

Last modified: Mow,
v ¥

S 192
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SUiinniial y

one hadron FF

without k- with k-
spin-0 D+ Hi-
spin-1/2 Dy,Gq, Hq DlT,Hl ,GlT,HlL,HL

spin-1 | D1, D1r1,G1, Hi, Hipr | Dip, Hi-, Gir, Hiz,, Hi7,
D17, D1LT, Dir7,Gir7, GiTT,

HlLL’ 1LT7H1LT

two hadron FF

without ko with k-

spin-0 D+, Hf) Gi, Hi

higher twist
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cConcilnisionsS

o the number of independent fragmentation functions is
limited and there is a simple systematics behind

e Spin-dependent fragmentation functions are not only a tool

for the extraction of distribution functions, but provide the
key information for understanding hadronic structure

Rainer Jakob, 04/2002
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