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Strong anticorreleation between distribution and fragmentation
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Ifficult to pin down the x and z dependence
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significant evidence that pion-unfavored and kaon fragmentation
functions are wider than pion-favored. Little sensitivity to strange.
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electron-positron annihilation



Collinear cross sections
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Collinear cross sections
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Errors of the order of 2% to 4%



Theoretical framework



Transverse-momentum dependence

ete” — hijet X

thrust axis

Boer, Jakob, Mulders, NPB504 [(9/)
’




Transverse-momentum dependence

ete” — hijet X

thrust axis

Boer, Jakob, Mulders, NPB504 [(9/)
1]



Transverse-momentum dependence

ete” — hijet X

Q? ~ 100 GeV?

thrust axis

2 2
qr < Q Boer. Jakob, Mulders, NPB504 [97)
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Cross section

do 1272 h
= A(y) E e 2° DY (2 q2)
2 2 q 1 » 4T
dzdyqu Q -
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Cross section

do 12772042 Z
dzdyqu

do 6o
_ A 2

h
DI (2, q7)

/ dbrbrJo(qrbr)z>Di~" (2, b%)
0

In bT space
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Cross section

do 12772042 2 pi-h
Dq

dzdyqu Z (2, q7)

do 6o > [T 9 ~q—h 2
dzdydg?, - Q? A(y)zeq‘/o dbrbrJo(qrbr)z"D]{ " (2, b7)

In bT space

do  6ma’ ) o [ o

dzdydq - Q2 A( )ZeqH(Q s ) 0 debTJO(QTbT)Z Dl (zij”u )
T

q

+Y(Q% q7) with QCD corrections



Evolved TMDs
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see talk by J. Collins
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Evolved TMDs

D¢ (2, br; pu?) Cyi @ DY) (2, by pry) e brinst) I OT GG o (2 )
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nonperturbative part
of evolution

collinear FF

pQCD

see talk by J. Collins
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Evolved TMDs

Da(z br; ,u a/%®DZ < b*,,LL S(b 14 gK(bT)ln“_DNP Z bT

collinear FF
nonper‘tur‘batlve part

of evolution
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see talk by J. Collins
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Evolved TMDs

Da(z br; 1°) = a/z ®DZ (Z, by; ip) S(b*’“b’“) gK(bT)ln_DNP (z,br)
collinear FF

nonper‘tur‘batlve part

of evolution R N
nonperturbative par

putD of TMD
br _ _
by = ,UJb:2e ny/b*:bO/b*

see talk by J. Collins
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Formula at NLL
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Formula at NLL

DY (2; o)
A

DS (2, by ji2) = Z@% Z mxz,b*@es“ Ho) < PTG Dl (2, br)
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Formula at NLL

DY (2; o)
A

D (z,br; p*) = Zﬁca/z ® DY) (2, by; py e “”D b 56 D (2, br)
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1y = 2e7E /b, = by /b, b, =

¢1+b b2 ax

14



Formula at NLL

DY (2; o)
A
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V10302,
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Formula at NLL
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Formula at NLL

‘Intrinsic kr parameters”
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Formula at NLL

‘Intrinsic kr parameters”
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Consistency with our fit
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Consistency with our fit

_ (P].a)

D{(2,br; o) = D (z;mp)e” T T
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Numerical results
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Assumptions

(2P +6) (1 —2)

(Pfan)(2) = (PLan) o5y (02

where <15f7aﬁh> = <Piaﬂh>(73), and Z = 0.5

z-dependent width
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Assumptions

(2P +6) (1 —2)

(Pfan)(2) = (PLan) o5y (02

<PJ2_,u—»7T+> <PJ2_ d—»7r+> — < 1 a—m—

<Pi,u—»K+>
<PJ2_ s—»K+>

(P i
<Pj s—K—

<PL all others> =

where (P? ) =

)
-) = (PLuk)
)= (PLik)
P? .¢).

[\

<PJ2_,d—»7T_> =

(P} ,p)(2), and 2= 0.5

z-dependent width

<PJ2_,fav> Y

simplified flavor dependence
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Assumptions

(7 +6) (1—2)

(P? . )(2) =(P? ) s (12 where (P? ) = (P}, ,)(2), and 2 = 0.5
z-dependent width
<PJ2_,’U/—*7T+> <PJ2_ d—»7r+> — < 1 a—mw— > — <PJ2_,d—»7T—> = <PJ2_,fav>7
<Pi,u—»K+> <PJ2_u—» >E<PJ_UK>
<PJ2_S—»K+> <Pis—»K—>E<PJ_sK>
<PL all others> = P_IQ_ >

simplified flavor dependence

we have In total / free parameters for the TMD FFs
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Parameters

<pJ2_,fav> <pJ2_,unf> <pJ2_,sK> <PJ2_,uK> ﬁ 5 Y
(GeV?] [GeV?] |[GeV?] (random)| [GeV?]
0.15+0.04(0.19 += 0.04 0.19 +0.04 0.18 +0.05|1.43 +0.43|1.29 +0.95|0.17 + 0.09
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Parameters
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Parameters

<pJ2_,fav> <pJ2_,unf> <pJ2_,sK> <PJ2_,uK> ﬁ 5 Y
(GeV?] [GeV?] |[GeV?] (random)| [GeV?]

0.15+=0.04|0.19 = 0.04 0.19 =£0.04 0.18 =0.05]1.43 =0.43|1.29 = 0.95|0.17 = 0.09

we are not using the mean values, but the 200 replicas

Three different choices for the evolution parameters
bmax=1.5 GeV-', g2=0.18

Omax="1.0 GeV1, g2=0.41

Omax=0.5 GeV1, go=0.64
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Effect of theoretical accuracy

unless otherwise specified, plots are shown for y=0.2, z=0.2
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Effect of theoretical accuracy
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Effect of theoretical accuracy
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at least NLL accuracy Is required




oensitivity to evolution parameters
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oensitivity to evolution parameters
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oensitivity to evolution parameters
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oensitivity to evolution parameters
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oensitivity to evolution parameters
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ata can significantly constrain the evolution parameters
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Nonperturbative parameters
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Nonperturbative parameters

Inb/GeV*]
dy dz dq3
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5 Pions z=0.8
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data should constrain the nonperturbative parameters,
especially in the high-z region
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Flavor dependence
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Flavor dependence

pioNs
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Flavor dependence

pioNs

kaons
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Flavor dependence: ratios
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Flavor dependence: ratios
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The ratio of pions and kaons should be sensitive to flavor
differences in the TMD FFs.
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Next steps

do 67‘(@2 ) o0 R , RPN ;
dzydzodydgs B Q2 A(y)Zeq/O dbrbr Jo(qrbr)z" D7 " (21, b7)25 D7 (22, b7 )
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Conclusions

* Electron-positron data at 100 GeV? can be extremely valuable to
test evolution and pin down evolution parameters

* They are needed to determine the nonperturbative
parameters of TMD fragmentation functions

* They are useful to constrain flavor dependence of the
TMD fragmentation functions

* Indirectly, the knowledge of TMD fragmentation functions will help
constraining TMD distribution functions
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