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Motivations and Contents

Observation of Transverse A/A Hyperon Double hadron production:

Polarization in e*e™ AnnihilationatBelle  « e*e™ — Am/K + X : 128 points - bins of the energy fractions zj - z;
* 2data set @/s = 10.58 GeV Single-inclusive hadron production:

[Y. Guan et al., Phys. Rev. Lett. 122. 042001 (2019)] « ete” - A(jet) + X: 32 points - A(jet), in bins of z, -p,
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* 2data set @/s = 10.58 GeV Single-inclusive hadron production:

[Y. Guan et al., Phys. Rev. Lett. 122. 042001 (2019)] « ete” - A(jet) + X: 32 points - A(jet), in bins of z, -p,

First extraction of the A pFF
[D’Alesio, Murgia, Zaccheddu, Phys. Rev. D 102, 054001 (2020)]

« ete” > hl hX - XG,r=1.26
« ete” > h' h,Xand ete” - hi(je)X » X3, = 1.94
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Reanalyze the Belle data within a proper TMD factorization
scheme using the evolution equations for TMD FFs
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Motivations and Contents

Observation of Transverse A/A Hyperon Double hadron production:
Polarization in e*e™ Annihilation at Belle « ete™ -» An/K + X : 128 points - bins of the energy fractions z, - Zn K
* 2data set @/s = 10.58 GeV Single-inclusive hadron production:
[Y. Guan et al., Phys. Rev. Lett. 122. 042001 (2019)] « ete” - A(jet) + X: 32 points - A(jet), in bins of z, -p,
First extraction of the A pFF Critical Issues:
[D’Alesio, Murgia, Zaccheddu, Phys. Rev. D 102, 054001 (2020)] | | * No evolution equations;

« Simplified and phenomenological approach to study
« etem > hT hX - Xflof = 1.26 the single-inclusive hadron production data set;
« ete” > h' h,Xand ete™ = hl(je) X - Xflof =194 |+ A+ K Data for large values of zx not well described

Contents: Reanalyze the Belle data within a proper TMD factorization
« Convolutions and Polarization: ete™ - h';h, X scheme using the evolution equations for TMD FFs

« Convolutions and Polarization: e*e~™ — h! (jet)X
* Fit results: 2-h and (2-h +1-h)

 QOpal data

* Conclusions
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Convolutions: Double-hadron production

Convolutions for the transverse polarization in by- space

Fuou =F[D1D1] = By [DD}

db
_Z /—T brJo(br QT)D1(Z1,bT)D (22, b7)

sin(¢1—¢s,) fAl Ky = =1L(1) 7/ “vt, >
F’l}'U 1 f|: Vi D%TD1:| = MhlBl |:D1T D1i| 7
hq
db ~ ~ R
=My, ) / 2—; b3 Jy (qr br)\ Dy (21, br) D1 (22, br) yL
q
Polarizing FF first moment Transverse Polarization:
2 D)
ANDm/q(z,pL) = DlT(z p1) [ d*qr Sm(‘ﬁl ¢s) Mhl [ d*qr B; [ D]
Mh Pl(z1,29) =

J Par Fow [ dar By| DD)
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Polarization 2-h: Double-hadron Production

Solving the CSS evolution equations we obtain the full form of convolutions

7{(6+e‘)(
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B, [Dl(l)Dl] - Z ] - b7J1 (br QT)DI’I(”U(ZI in) dgyny (22 fin)
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QZ Q du Q2
xexp{ = m})lnl—+/ pi, 29p(g(1'); 1) — v (g(p ))1111”—,,2 :
Ly Hi '
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Polarization 2-h: Double-hadron Production Polaring FF first moment

Solving the CSS evolution equations we obtain the full form of convolutions 51LT(,1/)\/q(z; py) = NP (2)dg/n(z; 1)
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Polarization 2-h: Double-hadron Production Polaring FF first moment

Solving the CSS evolution equations we obtain the full form of convolutions 51LT(,1/)\/q(z; py) = NP (2)dg/n(z; 1)
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Polarization 2-h: Double-hadron Production Polaring FF first moment

Solving the CSS evolution equations we obtain the full form of convolutions 51LT(1/)\/q(z; py) = NP (2)dg/n(z; 1)
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Polarization 2-h: Double-hadron Production Polaring FF first moment

. . . . . ~1(1
Solving the CSS evolution equations we obtain the full form of convolutions D1T(, /)\/q(z; py) = NP (2)dg/n(z; 1)
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Polarization: Slng]_e hadron Wlth thmst Z.-B. Kang, D.Y. Shao, F. Zhao, J. High Energy Phys. 12 (2020) 127

L. Gamberg et al., Phys.Lett.B 818 (2021) 136371

dAo/dzd?*p |
do/dz1d*p |
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o b W
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~ Q /
X exp {K(b*; fip) In _Q +/ (Li, [’m(g(u’), 1) — vk (g9(u')) In Q] } ,
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Polarization: Single hadron with thrust

dAo/dzd?*p |
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Z.-B. Kang, D.Y. Shao, F. Zhao, J. High Energy Phys. 12 (2020) 127

L. Gamberg et al., Phys.Lett.B 818 (2021) 136371

L oPtOn

] ) -
B ™ 51+ (au)
CaCr 50 T ey

UNG(/J’b* ) Q) = €xXp

s ()
as(Q)

1
M. Dasgupta, G.P. Salam, Phys. Lett. B 512 (2001) 323 u = % In [

|

In general the FF in 2-h and 1-h could not be the same,
but at NLO the FFs in 2-h and 1-h are equal.




gk (by) Non-perturbative Function

* |t cannot be computed from first principles,
but it has to be extracted from Fit;

* Universal Function 1.0| wmpa — = AFGR/SIVY
\. :..‘ Logarithmic
t.‘ Yy '4-\ = = = Quadratic
Functions employed: 0.8 \\,. RS ——s PV17
W ==x BLNY
2 .
ngT 2 . \" '-. *.
9 (br: bua) = =555 92 =0.68GeV?  BLNY B 3 06 AR
CF b%ﬂ th‘\ \‘ ‘o "‘\
t’\ 0. s,
(s R
. _ S * 2 2 . . . ‘. .
91 (b7 bnax) = - In(1 + b7 /0% . )| 121 | Logarithmic 0.2 NSl ..
\'q T —— —y
bT .~..-..-II.-.I'I.-.I.I“:.
9 (b7 brax) = g2ln ( 5= ) g2 =084 AFGR/ siyy [ 0.0
q b2 0 1 2 3 4
¢ (b1 b)) = — 22T; go = 0.13CeV2 PV17 br (GeV~1)
[1] C.A. Aidala, B. Field, L.P. Gamberg, T.C. Rogers, Phys. Rev. D 89 (2014) 094002 [2]J. Collins, T. Rogers,Phys.Rev.D 91 (2015) 7, 074020
P. Sun, J. Isaacson, C.P. Yuan, F. Yuan, Int. J. Mod. Phys. A 33 (2018) 1841006 [3] F. Landry et al.,Phys.Rev.D 67 (2003)

[4] Bacchetta et al., JHEP 06 (2017) 081

MARCO ZACCHEDDU - UNIVERSITY & INFN CAGLIARI 6/18




My (br) Hadronic Models Parameterizations

1.0 o = Power Law p=2, m=1 GeV
_ o .\. ...... Gaussian <p? > =0.2 GeV?
* They cannot be computed from first principles, \ - PV17 mod.
but they have to be extracted from Fit; 0.8 \
* Universal Function (for same hadron) S \
£° \
= .
< 04
Gaussian Model .
N
_ (p? )07 0.2 ‘N
Unpolarized /K Mp(br) = exp ( T4z S
0.0 T
0.0 0.5 1.0 1.5 2.0 2.5
br (GeV™1)

Unpolarized A PV17 hadron model

Mp(br) =

—p2 93
gze T4z +

Ap 2 ga \,—b%-%4
£gi(1 — g5 )e "Ta?

gs + 2—593

Polarized A

Power Law Model

22
MD(bTpr m) —

I(p—1)

(bTm/Zp)pile—l (brm/zp)
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= .
< 04
Gaussian Model .
N
_ (p? )07 0.2 ‘N
Unpolarized /K Mp(br) = exp ( T4z S
0.0 T
0.0 0.5 1.0 1.5 2.0 2.5
br (GeV™1)

Unpolarized A PV17 hadron model

g3 e Vi 4
Mp(br) =

Ap 2 ga \,,—b2-24
£gi(1 — g5 )e "Ta?

gs + 2—593

Polarized A

Power Law Model
22-p

MD(bT,p, m) = Np——l)

(bTm/Zp)pile—l (brm/zp)
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Double-hadron production (2-h) data Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
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Double-hadron production (2-h) data Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points

A polarizing FF: Gaussian or Power-Law Model

A unpolarized FF: Gaussian or Power-Law Model

/K Unpolarized FF : Gaussian Model or PV17 model

9k (bp) 5 non-perturbative functions

|

Around 40 different combinations and Fit
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Double-hadron production (2-h) data Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points

* A polarizing FF: Gaussian or Power-Law Model

A unpolarized FF: Gaussian or Power-Law Model
/K Unpolarized FF : Gaussian Model or PV17 model

* gx(br) 5 non-perturbative functions

|

Around 40 different combinations and Fit

Fitted 8-9 parameters

Drnax = 0,6
ATyar/ Q@ = 0,25
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Double-hadron production (2-h) data Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points

* A polarizing FF: Gaussian or Power-Law Model
Parameters

A unpolarized FF: Gaussian or Power-Law Model Ny
Ny

/K Unpolarized FF : Gaussian Model or PV17 model N
Nsea

* gx(br) 5 non-perturbative functions (s

\ I bu
Y bsea

Around 40 different combinations and Fit (p? )
1/p

p

m

Fitted 8-9 parameters

Drnax = 0,6
ATyar/ Q@ = 0,25
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Double-hadron production (2-h) data Fit

Data selection:

* A+ 1n/K: z;x = [0.5 — 0.9] bin excluded — 96 data points PFF first moment parameters extracted
. s . : (1) : __ A/P :
A polarizing FF: Gaussian or Power-Law Model — D1T, A/q(z, ,ub) = Nq (Z)dq/A(z, ,ub)
. : = a b, (g + bq)(aqH)Q)
« A unpolarized FF: Gaussian or Power-Law Model N NG (2) = Ngz"e(1 = z)™ o
Nd q >¥q
« /K Unpolarized FF : Gaussian Model or PV17 model N I pirametenzatlon
Nsea -
e d
* gx(br) 5 non-perturbative functions as .
\ Y } bu « sea=1,d,5§
bsea —
Around 40 different combinations and Fit (p?)
1/p
p
m

Fitted 8-9 parameters

Drnax = 0,6
ATyar/ Q@ = 0,25
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Double-hadron production (2-h) data Fit

Data selection:

A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points PFF first moment parameters extracted
. . ~-L(1)
* A polarizing FF: Gaussian or Power-Law Model D z: = NP(2)d,/a(z:
; Parameters T, A/q( ’ Mb) q ( ) Q/A( ’ 'u'b)
i ' n a b, (g + bq)(a(’+bQ)
« A unpolarized FF: Gaussian or Power-Law Model N N7 (2) = Nyz®(1 — 2)™ o
Ny q Yq
« 1/K Unpolarized FF : Gaussian Model or PV17 model N I piramete“zatlon
Nsea [
e d
* gk (br) 5 non-perturbative functions as o
\ Y } bu « sea=1,d,5§
b.sea -
Around 40 different combinations and Fit 9
<pL)P \
p Gaussian width
m

Fitted 8-9 parameters

Drnax = 0,6
ATyar/ Q@ = 0,25
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Double-hadron production (2-h) data Fit

Data selection:

A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points PFF first moment parameters extracted
. . . : n-(1) : __ AP :
A polarizing FF: Gaussian or Power-Law Model ——— DlT’ A/q(z, ,ub) = Nq (Z)dq/A(Z, Mb)
— +b (aq+bq)
* A unpolarized FF: Gaussian or Power-Law Model Nu Ny (z) = Nyz*a(1 = 2)™ & a“fz”q
Nd q >¥q
« 1/K Unpolarized FF : Gaussian Model or PV17 model N, I pirametenzatlon
Nsea B
e d
* gx(br) 5 non-perturbative functions as .
\ Y } bu « sea=1,d,5§
bsea —
Around 40 different combinations and Fit (p?)
1/p
p }\\ Gaussian width
Fitted 8-9 parameters SN

bmax = 0,6 \‘

ATppar/Q = 0,25

MARCO ZACCHEDDU - UNIVERSITY & INFN CAGLIARI 8/18

Power-Law parameters




Double-hadron production (2-h) data Fit

Best Results
Polarizing  Unpolarized Jx M2 Xof (2-0)
Gaussian  Power-Law  Logarithmic Gaussian 1.192
Power-Law  Power-Law  Logarithmic Gaussian 1.21
Gaussian ~ Power-Law PV17 PV17 1.198
¢ Koy =12

* First moment parameters are consistent;
 Up pFF is positive

 Up and Down: opposite contribution

- The M3 models are compatible
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Double-hadron production (2-h) data Fit

Best Results

Polarizing  Unpolarized Jx M2 Xof (2-0)
Gaussian | Power-Law  Logarithmic Gaussian 1.192
Power-Law MLogarithmiC Gaussian 1.21
Gaussian  Power-Law PV17 1.198
2 ~
* Xdof = 1.2

* First moment parameters are consistent;

 Up pFF is positive

 Up and Down: opposite contribution
- The M3 models are compatible
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1.0
0.8
+ 0.6
e
S 0.4
0.2

0.0

Power Law p=3, m=0.35 GeV
Gaussian < p? > =0.066 GeV?

1 2 3 4
br (GeV1)




Lambda — pion: fit comparison Bin excluded

z, =[0.5 — 0.9]
0.15
0.2<z,<0.3 0.3<z,<0.4 0.4<z5<0.5 0.5<z,<0.9

- 0.10 S B ETEPCLES previous fit ]
o + At Gaussian Model
‘S 0.05 + A+nt
N 2
-: ........ . X = 1.192
O 05 | | B il dof
o . R Ty Y * Reference Fit [4]

—V. N,

=015 05 080 075 035 050 075 025 050 0975 0325 050 075 [4] D’Alesio, Murgia, Zaccheddu, Phys. Rev. D 102, 054001 (2020)

Zn
0.15 ,
0.5<z,<0.9 0.5<z,<0.9 0.5<z,<0.9 0.5<z,<0.9

- 0.10 d T e Erevio_us fit
o) - + A+n
= 0% ol ; 1 4+ A+nt
© e
-
L)
O
o

-0.15

025 050 0.75 025 050 075 025 050 0.75 025 0.50 075
Zn
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Polarization

Polarization

Lambda — kaon: fit comparison

Bin excluded
z; =[0.5 —0.9]

Gaussian Model

XGor = 1.192

0.15
0.2<zp,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9
1o L previous fit
+ A+K-

0.05 + A+KT*

000 A o ‘;—...____} ...............
—-0.05 | d_*

. S —— )
~0.10 ——
—0.1575325 050 075 025 050 075 025 050 075 025 050 0.75

Zk
0.15
0.2<zp5<0.3 0.3<zp<0.4 0.4<z5<0.5 0.5<z,<0.9
0.10¢ 1 previous fit
4+ A+K-

0.05 + A+K*
—-0.05
~0.1 ——

-0.15

0.25 0.50 0.75

0.25 0.50 0.75
ZK

0.25 0.50 0.75

0.25 0.50 0.75

* Reference Fit [4]

[4] D’Alesio, Murgia, Zaccheddu, Phys. Rev. D 102, 054001 (2020)
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Polarization

Polarization

Lambda — kaon: fit comparison

0.15
0.2<zp,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9
1o L previous fit
+ A+K-

0.05 + A+KT*

000 A o ‘;—...____} ...............
—-0.05 | d_*

. S —— )
~0.10 ——
—0.1575325 050 075 025 050 075 025 050 075 025 050 0.75

Zk
0.15
0.2<zp5<0.3 0.3<zp<0.4 0.4<z5<0.5 0.5<z,<0.9
0.10¢ 1 previous fit
4+ A+K-

0.05 + A+K*
—-0.05
~0.1 ——

-0.15

0.25 0.50 0.75

0.25 0.50 0.75
ZK

0.25 0.50 0.75

0.25 0.50 0.75

Bin excluded
z; =[0.5 —0.9]

Gaussian Model

XGor = 1.192

* Reference Fit [4]

[4] D’Alesio, Murgia, Zaccheddu, Phys. Rev. D 102, 054001 (2020)

 Both (old and new) fitg present problems
in describing AKt — AK~;

« TMD evolution does not help;

* To be further investigated:
heavier quark flavors contribution?
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Single-inclusive Polarization

The parameters extracted in 2-h Fit cannot reproduce the 1-h data

o
=
o

S 0.2<2,<0.3 0.3<2,<0.4 0.4<2,<0.5 0.5<z,<0.9
g 0.05
© —+
.E 0.00 _'lf_—o——" 1 —+= t |
- +— :& N E— S
5o =+ 1.
a Gaussian Mod. ] 1 _{__
-010 + A+X
+ A+X
-0.15

0.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.5

p . (GeV/c)
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Single-inclusive Polarization

The parameters extracted in 2-h Fit cannot reproduce the 1-h data

0.15 0.15
0.10 1 0.10 ] 4
0.2<z,<0.3 0.3<z5<0.4 0.4<z,<0.5 0.5<z)<0.9 oo 0.2<z)<0.3 0.3<z5<0.4 0.4<z5<0.5 0.5<z)<0.9
0.05 : 1
s —+ .
4 0.00

&
——

; ! P G = ! ——1
—'r-_._—d.»;¥1 :& — e FI - :#?% f#i—*

Polarization
Polarization

] AR 1 S ey = T
0.05
Gaussian Mod. 1 1 _%__ Power-Law Mod. . | _#_
-0.10{ + A+X -0.10{ + A+X ]
+ A+X + A+X
0156 05 10 1500 05 10 1500 05 10 1500 05 10 15 %0 05 10 1500 05 10 1500 05 10 1500 05 10 15
p L (GeV/c) p 1 (GeV/c)
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Single-inclusive Polarization

The parameters extracted in 2-h Fit cannot reproduce the 1-h data

0.15 0.15
0.10 1 c 0.10 i -1
S 0.2<z,<0.3 0.3<z)<0.4 0.4<z,<0.5 0.5<z,<0.9 o 0.2<z,<0.3 0.3<z)<0.4 0.4<z5<0.5 0.5<z,<0.9
-5 0.05 ‘= 005 ]
© —+ | . N 0.00 - ! +——%
0.00 4 s 5 i . — . P re— ——"
-— = P | - —+7 | — _¢
E -0.05 : *+ *Lk g -0.05 | : :tj: *:k
Do_ Gaussian Mod. | :¢: 1 _%__ (o Power-Law Mod. . I _#__
-0.10{ + A+X -0.10] + A+X
+ A+X + A+X
-0.15565 095 10 1500 05 10 1500 05 10 1500 05 10 15 ~015%, 0 05 10 1500 05 10 1500 05 10 1500 05 1.0 15
p L (GeV/c) p 1 (GeV/c)
If we include 1-h data
Polarizing ~ Unpolarized g M}? Xaof (2-h) | X3o¢ (2-h + 1-h)
Gaussian  Power-Law  Logarithmic Gaussian 1.192 2.813
Power-Law  Power-Law  Logarithmic Gaussian 1.21 2.39
Gaussian  Power-Law PV17 PV17 1.198 3.159

Different combinations of NP functions fits give )(Czlof =[2.4 - 5.4]
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Single-inclusive Polarization

The parameters extracted in 2-h Fit cannot reproduce the 1-h data

0.15 0.15
0.10 1 0.10 i -1
S 0.2<z),<0.3 0.3<z5<0.4 0.4<z)<0.5 0.5<z,<0.9 g 0.2<z,<0.3 0.3<zp<0.4 0.4<z5<0.5 0.5<2,<0.9
-5 0.05 ‘= 005 ]
ﬁ B } : ﬁ 0.00 - . ——t
N 0.00) rhmseryt ——t : = 000 | —= -
E -0.05 : *+ *Lk E -0.05 | : :tj: *:k
Do_ Gaussian Mod. 1 1 _%__ &._ Power-Law Mod. . I _#__
-0.10{ 4+ A+X -0.10] + A+X
+ A+X + A+X
-0.15565 095 10 1500 05 10 1500 05 10 1500 05 10 15 0156 05 10 1500 05 10 1500 05 10 1500 05 10 15
p . (GeV/c) p L (GeV/c)
If we include 1-h data
Polarizing ~ Unpolarized g M}? Xaof (2-h) | X3o¢ (2-h + 1-h)
Gaussian  Power-Law  Logarithmic Gaussian 1.192 2.813
Power-Law  Power-Law  Logarithmic Gaussian 1.21 2.39
Gaussian ~ Power-Law PV17 PV17 1.198 3.159 . L.
Different factorization or

different hadronic model?

Different combinations of NP functions fits give )(Czlof =[2.4 - 5.4]
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Combined Fit: Double Model

« Same parametrization for D#l) (br)
* Two set of parameters for hadron models

Gaussian mod. Power-Law mod.
(p) (p,m)
1-h 2-h 1-h 2-h
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Combined Fit: Double Model

« Same parametrization for D#l) (br)
* Two set of parameters for hadron models

Gaussian mod. Power-Law mod.
(p) (p,m)
1-h 2-h 1-h 2-h
Gaussian Power-Law
Xios = 1.801 Xios = 1.565
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Combined Fit: Double Model

L 1(1) With Power-Law model
* Same parametrization for D (br)

0.15
* Two set of parameters for hadron models
0.10 1 1
S 0.2<2,<0.3 0.3<2,<0.4 0.4<2,<0.5 0.5<2,<0.9
Gaussian mod. Power-Law mod. = 00 ' '
© —
(pJ2_> (p,m) N 0.00 ey A |
= L =
1-h  2-h 1-h  2-h o 00 | | T2
O 1] b OA+X | | A
4+ A+ X
_0'150.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.5
p . (GeV/c)
Gaussian Power-Law
Xios = 1.801 Xios = 1.565
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Combined Fit: Double Model

L 1(1) With Power-Law model
* Same parametrization for D (br)

0.15
* Two set of parameters for hadron models
0.10
_ S 0.2<2,<0.3 0.3<2,<0.4 0.4<2,<0.5 0.5<2,<0.9
Gaussian mod. Power-Law mod. = 005
2 (0] —
(p1) (p,m) N 0.00 e s P '
S 3%‘; 4
1-h  2-h 1h  2-h S 005 | 1 T /2L
O 1] b OA+X A
4+ A+ X
_0'150.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.50.0 0.5 1.0 1.5
p . (GeV/c)
Gaussian Power-Law 0.15 : :
Previous analysis
2 _ 2 R 0.10
Xdof = 1.801 Xdof = 1.569 8 0.2<z5<0.3 0.3<z),<0.4 0.4<zp5<0.5 0.5<z,<0.9
== 0.05
© +
R — W : | ‘
C | F’* | [
5 005 V T %
&—0.10 + A+ X
+ A+X
01555 05 10 1500 05 1.0 1500 05 1.0 1500 05 10 15
p. (GeV/c)
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Combined Fit: Double Model

 2-h Power-Law model 5
R 1-h POWGY-LaW model = Power Law p=1.352, m=0.151 GeV
Power Law p=1.623, m =0.48 GeV
1.0 ; & | — hoiosmoosscer. 4
: t, . \
0.8 |
z,=0.25 z,=0.35 z, = 0.45 z,=0.6 —3
= ~
) 0.6 Q
Q
-1Q z
= 0.4 S 2
0.2
1
0.0
0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9 0 =
_1 . i i i i
br (GevV™) 0.0 0.2 0.4 0.6 0.8
, _ p. (GeV)
* Both models have same value at small by collinear limit

* Inp,-space: same value at large p;
* 2-h wider than 1-h: different behaviour at large by

* Inp,-space: different value at small p;
* Possible different contribution from Soft gluons
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OPAL data: Predictions

* 5 points: binsof p;

* Vs=M,

* Integrated over energy fractions z, = [0.15 — 1]
* Good data set to check the TMD evolution

With models extracted in 2-h fit With model 1-h in “double-model’ fit
—— Gauss Power-Law (1h)
—— Power Law
—~~ 4 - 4
S 2 1 S 2 1
= =
(0] O
N ol L S S — _ N o S SR .
| - —_———— | - ——
—_— N —_—
o S~ o
o -2 o -2
00 02 04 06 08 10 12 1.4 00 02 04 06 08 1.0 12 1.4
p. (GeV) p. (GeV)
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AKY and AK~: Role of charm flavor

u,d,s
A

|
2Nl B
Ph X q qulTaQDlﬂq
T —

2 _
‘ Zq qulanlaq |

||
u,d,s

[

[ parameterization

°u Data Xaof
° d cut z, x > 0.5 1.19
e S
_ = _ No cut 2.01
e sea=1u,d,s
NO SU(2)
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AKY and AK~: Role of charm flavor

u,d,s
A

|
2Nl N
Ph q qulTanlﬁq
T % 2D, . D
‘ Zq eq 17q 1aq |

||
u,d,s

[

[ parameterization

°u Data Xaof
° d cut z, x > 0.5 1.19
e S
_ = _ No cut 2.01
e sea=1u,d,s
NO SU(2)

I[I parameterization

e u=d
c u=d
* S
e S
SU(2)
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AKY and AK~: Role of charm flavor

u, d,s
€2D Ds -
2 _
‘ Zq qulanlaq |

||
u,d,s

P

[ parameterization

°u Data Xaof

° d cut z, x > 0.5 1.19

: iea =, cf No cut 2.01
0 SU(2)

I[I parameterization

e u=d Data Xaof
c u=d cut z, x > 0.5 1.97
¢ S
_ No cut 2.50
¢ S
SU(2)
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AKY and AK~: Role of charm flavor

u, d, S Y ? 3
l
l
2
62D D1 A 6 DlT qDl,q
Ph ~ 1T,q 'q PT X
T _
Z € Dl’qDqu Zq qulan17q
qa q
\ ' ; \ Y J
u,d,s u, d, s + charm

[ parameterization

°u Data Xaof
° d cut z, x > 0.5 1.19
e S
No cut 2.01
e sea=1,d,5
NO SU(2)

I[I parameterization

e u=d Data Xaof
c u=d cut z, x > 0.5 1.97
¢ S
_ No cut 2.50
¢ S
SU(2)

MARCO ZACCHEDDU - UNIVERSITY & INFN CAGLIARI 16/18




AKY and AK~: Role of charm flavor

u, d, S Y ? 3
{ \ ! 2D D
62D D1 A 6 1T,g~1,9
h 1T,q 'q Pt x
br o Z 2Dy ,D ! Z e2D1 D14
q eq 1’q 1’6 \ q 4 q q ,
\ J
Y Y
u,d,s u, d, s + charm
[ parameterization
*u Data Xaof Data Xaof
* d cut z, x > 0.5 1.19 cut z, « > 0.5 1.21
* S
e sea=1d, 3 No cut 2.01 No cut 1.58
NO SU(2)

I[I parameterization

e u=d Data Xaof
c u=d cut z, x > 0.5 1.97
¢ S
_ No cut 2.50
¢ S
SU(2)
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AKY and AK~: Role of charm flavor

u, d, S u, ? S
[
[
2
PTOCZ DD_ TCXZeDlDl‘
Y Y
u,d,s u, d, s + charm
[ parameterization
c u Data Xaof Data Xéof
° d cut z, x > 0.5 1.19 cut z, x > 0.5 1.21
s S
N 2.01
« sea=1u,d,§ 0 cut 0 No cut 1.58
NO SU(2)

I[I parameterization
° U = d Data Xcziof Data Xéof
c u=d CUt Z, ¢ > 0.5 1.97 CUt z, ¢ > 0.5 1.45
s s

B No cut 2.50 No cut 1.65
e 3

SU(2)
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AKY and AK~: Role of charm flavor

u, d, S Y ? S
{ 2 \ ! 2D D
PT X Z D D _ T Z € D1 Dl q
| |
u,d,s u, d, s + charm
[ parameterization
*u Data Xaof Data Xaof
* d cut z, x > 0.5 1.19 cut z, « > 0.5 1.21
¢ S
N 2.01
« sea=1u,d,§ 0 cut 0 No cut 1.58
NO SU(2) The flavors contribute
differently according to the
II parameterization parameterization used
° U = d Data Xcziof Data Xéof
s u=d cut z, x > 0.5 1.97 cut z, x > 0.5 1.45
5; No cut 2.50 No cut 1.65
¢ S

SU(2)
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AKY and AK~: Role of charm flavor

The description improves by including the charm quark

0.05

0.00

—0.05

Polarization

—0.10

-0.15
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(d)
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|
+ A-K*

0.25 0.50 0.75

0.25 0.50 0.75
Zk

0.25 0.50 0.75

I prm - cut z;x > 0.5 -no charm - no SU(2)
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AKY and AK~: Role of charm flavor

The description improves by including the charm quark

o
o
=)

Polarization
S
o
(8]

|
e
=
o

0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9
(d)
............................................................................... L S S
| N AN e
4+ A-K* N

0.25 0.50 0.75

0.25 0.50 0.75
ZK

0.25 0.50 0.75

I prm - cut z;x > 0.5 -no charm - no SU(2)

0.25 0.50 0.75

MARCO ZACCHEDDU - UNIVERSITY & INFN CAGLIARI 17/18




AKY and AK~: Role of charm flavor

The description improves by including the charm quark

0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9
0.05
_ (d)
O 0.00f e B e
1—5 s
= —0.05
L)
ch—o.lo
+ /\-.r<+1
0157055 050 075 025 050 075 025 050 0.5 025 050 0.75
ZK

e Iprm - cut z;x > 0.5-no charm - no SU(2)

* [ prm - no cut - no charm - no SU(2)
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AKY and AK~: Role of charm flavor

The description improves by including the charm quark

0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9
0.05
_ (d)
O 0,00 e L
1-5 ¢
= —0.05 +
L)
ncz—O.lO
+ A-K*
0157055 050 075 025 050 075 025 050 075 025 050 0.75
ZK

e Iprm - cut z;x > 0.5-no charm - no SU(2)

* [ prm - no cut - no charm - no SU(2)
Il prm - no cut - charm - SU(2)
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AK™ and /_\K ~: Role of charm flavor I A IR B s

(a)
c 0.10
©
The description improves by including the charm quark =
~Y 0.00¢
. T N
0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9 —-0.05
0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
0.05 (d) Zn
(- 0.15 0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9
g 0,00 S A ( b) + A-K”
r|\U] + + _S 0.10
-% -0.05 & 005
I T |
A —0.10 S 0.00 =T - . L _
+ A-K* ~0.05 | : \
—0.15 . ‘ . ‘ . . ‘ . ‘ ‘ . ‘ 025 050 0.75 025 050 075 025 050 075 025 050 0.75
0.25 050 0.75 0.25 050 0.75 0.25 050 0.75 0.25 0.50 0.75 Zk
ZK 0.2<2,<0.3 0.3<2,<0.4 0.4<2)<0.5 0.5<2;<0.9
0.05
C
e Iprm - cut z;x > 0.5-no charm - no SU(2) c ()
O 0.00
IS
N -+
© ™
e [ prm - no cut - no charm - no SU(2) £
° II prm _ no CU_t _ Charm _ SU(2) -0.15 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

Zn
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Conclusions

e Convolutions with CSS Evolution Equations in br-space
* Fit Results: 2-h

* Comparison with previous fit;
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MARCO ZACCHEDDU - UNIVERSITY & INFN CAGLIARI 18/18




Conclusions

* Convolutions with CSS Evolution Equations in bT-Space ° Clear Separation Of ﬂavour Contributions

* Fit Results: 2-h * Results compatible with previous analysis

. . . .  Not able to describe A + K data
* Comparison with previous fit;

* Combined Fit of 2-h and 1-h data with Double Model; pFF (2-h) # pFF(1-h)

« Comparison between the two hadronic models: * Good description with different models

» Better description of K data [under investigation
e SU(2) isospin symmetry and charm contribution P [ g ]
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Thanks for your attention!
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Polarization 2-h: Double-hadron Production

AL A db1 ~1 _ _
B, |:D17£1)D1] 222 Z f Dy (215 Tin) dggny (223 )

2 ed
X ﬂj,JD_(b(,(l}T) bmax) AJDQ (bz,(bT)~ hmax) exp — 9K (bc(bT)~ bmax) In Q Hll i
M, M,

2

~ 2 Q
xexp{K(b*;ab)ln%+ [5 ((ﬁ’);l)—'m(g(u))lﬂQ—”

H, p

= HeTem ) db- ‘ B B
By [DD] 22 f . ) dy/n, (215 ) dg/n, (223 i)

2 &
X AJDl (bc(bT); bmax) A’{Dz (bc(bT) bmax) exp - gls(ba(bT) bmax) In C:? & :,Zz
My, My,

My,

- )2 Q g, 2 .
XGXD{K(b*;ﬁb) 1ﬂ(_")—2+[ % lQ"m(Q(u’);l) — vk (g(p)) In fal} ]0'1(quT) Bessel Function

Hy 1 (brqr) Struve Function

T Py
/ dqr qrJ1(br qr) = MT"”” {Ji(br qr,.. VHo(brqr,...) — Jo(brqr.... )H1(brqr, .. )}
0

dTmazx o Q sk 77 .
dgr qgrJo(br qr) = o= Ji(bryr,,,. ATmax eoration
/ brar) = TenGre,,,) et 0eT e
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Double-hadron production (2-h) data Fit

Best Results o y2 ~12
Polarizing  Unpolarized g M2 Xof (2-0) X.dof - _
* First moment parameters are consistent;

Gaussian  Power-Law  Logarithmic Gaussian 1.192 . .
s _ * Up pFF is positive
Power-Law  Power-Law  Logarithmic Gaussian 1.21 « Up and Down: opposite contribution
Gaussian ~ Power-Law PV17 PV17 1.198

« The M3 models are compatible

Parameters Gaussian Power-Law | Gaussian
Ny 0.093 0.100 0.168
Ny —0.100 —0.107 -0.138
Ny —0.117 —0.115 -0.161

Nyea —0.055 —0.058 -0.104
(g 2.19 2.12 2.19
b, 3.5 3.5 4.02
bsea 2.3 2.3 2.91
(p?)p 0.066 0.103
P 3.0
m 0.35
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Double-hadron production (2-h) data Fit

Impact of different g __/Q values on the quality of the fit:

1.325 e
1.300| o
1.275 Sa o -t
\\ ” »
Y ~ -
©1.250 S -~
N>3 \\\ ,/’
1.225 o =",
~ -
e ___.-—"
1.200 . S _=m—T
« Power-Law Model 1 ¢
1.175| e« Gaussian Model ¢ ®
0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
quﬁX/O

* Gaussian model gives a smaller)(flof than Power-Law model
«  Both models reach their minimum at QT% = 0.22
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Double-hadron production (2-h) data Fit

Impact of different g __/Q values on the quality of the fit:

Gradually going out of the
validity region of the TMD

/ Factorization qr,, ., <@

* The Fast Bessel Transform (FBT) algorithm is based
on the density nodes of Bessel functions.

* The smaller is the value of g7 . _/Q, the larger is the

1.325| 7 » N\ . :
[ \ FBT algorithm is not
1.300 o able to sample ) )
RN sufficiently well the /- ’.\
N .
. 1.275 -\\\\ integrand ) .
~91.250 *‘-..\ -~
=~ o _
1.225 o "
N e -
1.200| - 0. ~ TeE=__ =" \
¢ Power-Law Model 1 ¢ \\ -
1.175| e« Gaussian Model ¢ ®
0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30

* Gaussian model gives a smaller)(flof than Power-Law model
«  Both models reach their minimum at QT% = 0.22

distance between the nodes
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Double-hadron production (2-h) data Fit

2
9K Xdof TNEE » Extractions are stable when employing the same g (br)
Logarithmic 1.192 - 1.287 »  Best fits with Logarithmic function g, < 1.3

: * Quadratic/AFGR yg,r = [1.4 — 1.5]
Quadratic 1.4-1.472 + Worst fits with BLNY yZ,; > 1.7
AFGR 1.474 - 1.514

BLNY 1.67 - 1.783
== = AFGR /SIYY
1.0 "...ﬂa‘ ~ Logarithmic
\t.- ’..'+\ === Quadratic
gx(br) better if it goes like a 08NS T
Vo 0N
constant for large by = 06 \\\ N
; § o
v 0.4 ‘\ ’*\
‘\\0\\ .‘v ‘\
0.2 ’\, S, N ‘~,
o\ -‘".-.__Cﬁ ~
aa, el ——
ocof  tremsimssmmssmmss e
0 1 2 3 4
bT (GeV‘l)
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Polarization

Polarization

0.15 0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<2z,<0.9
(a) = = down
0.10 = strange
nxx SE3
0.05
0.0()";_
—-0.05
0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
Zn
0.15 0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<2,<0.9
— (] 4
(a) == y+d
0.10
— 5
LI I ] §
0.05 A
0.00¢
—0.05 Ik

025 050 0.75 025 050 0.75
Zn
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0.25 050 0.75 0.25 0.50 0.75

I prm - no cut - no charm - no SU(2)

II prm - no cut - charm - SU(2)
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Polarization

Polarization

0.05

0.00

—0.05

—0.10

—0.15

0.05

0.2<z,<0.3 0.3<z,<0.4

0.4<z,<0.5

0.5<z2,<0.9

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ o
. — -

0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
ZK
0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<2z,<0.9
(d)
i

0.25 0.50 0.75 0.25 0.50 0.75
ZK
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0.25 0.50 0.75

up
down
strange

Sea

I prm - no cut - no charm - no SU(2)

c
+
Q.

0w C
+
Q

0l

II prm - no cut - charm - SU(2)
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Polarization 2-h: Double-hadron Production

—~

= ( ) f d2 s1n(9?51 ¢s) M, f d2qT B4 [Ef‘z&l)D}
21, 2 = —
T\#~1, <2 f dqu Fyu f quT By [DD}

(C ) Dependence is regulated
Convolutions full form: ’ by evolution equations

[ 7 Dl] Ze HeETe /@b Ji(grbr)D qu/h, (21, bT@@D]q/h2 zzﬁ%@)

dby

[DlDl] Ze gyete (Q /(Q—)bTJO(bT qr) Dl a/h (21, bT,@@qu/hz 4Q,bT,@@

: _ Ch
pis the RGscale:  /u(be(br)) = b- (b (br) ( Scale: describes the effects of the recoil
against the emission of soft gluons
bQ + b2, b by < b
b*(bc(b]—')) - 1 + bfzr/bmax + bélm/bmax b*(bc(bT)) - :1 ;;u;f bT < blnax C : Mh % th
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