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ete”™ - h h,X: Helicity Formalism

Hadron
U L T
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Q U (\\l)h/q J (\ADSy/q /,'
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N/ q ~N1/q
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1) q h/q — Ah/q
T 1\\ h/ﬁ/ ADSZ Jse | ADsyysr [ ATDE,,

Derived general structure for double hadron production in terms of convolutions:

C[TUADhlADhQ] = Z 63 / d’p 1d°p i, 5% (Pu —Pir+pi, Zpl/ZPQ) w(p1o, P11)ADp, jq(21,p11)ADp, (22, p12)

q

Full results in: U. D’Alesio, F. Murgia, M.Z., arXiv 2108.05632 [hep-ph]
Results consistent with [D. Boer, R. Jakob, and P.J. Mulders. Nucl. Phys. B 504 (1997) ]
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The polarization is measured along;:

ik —th X Phl

The polarization projection along 7 :

hi » _ ph e Bi aiv
P -n =P/ cosg+ P/*sing
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sin(¢1 — N

The polarization is measured along: phi ( )
1y 22) =
n ?

A =—Pp, X Py, [ d?Pyr Fyy
The polarization projection along 7 : FUU — C [Dl Dl]
hl - hl 7 hl ] 0
P" .= Pt cos¢+ P sin¢ n@i=0k) _ L[ (ZpL L g Pir\ vy . p
TU . aa P> 1T — D11 hl /g h2/a
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sin(¢1— qbsl )

The polarization is measured along: phi ( ) | d? Py Fri
N A A <15 <2) — —
= —Pp, X Py, " [ d?Pyr Fyy
The polarization projection along 7 : FUU — C [Dl Dl]
hi1 . » _ phi g hi iy A
P -n =P/ cosg+ P/*sing FSi“(q”l—ﬁbél) _eol(mpL, 5 Py AND - D
o OGP P ) A P

Mol (PL)h

p
ADg, 1(2:p1) = ADg,, 1 (2)V2e—

o0/ (P20

W(ﬁi)h

Dy g(2,01) = Dpyg(2)

 Fixed energy scale /s = 10.58 GeV
* Data depend only on energy fraction zp - z; g

« (P1)n= 0.2 GeV? width of unp. FF
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sin(qbl—qbé’l)

The polarization is measured along: Phl( ) f d*Pir Iry
X ) Z1,29) = —
N = —Pp, X Pp, S J &P Fyu
The polarization projection along 7 : FUU — C [DlDl]
hi =~ - h1 g h1 qin A
P" - = P/ cos¢ + P,* sin¢ poin(@1=05,) _ Cszl PLo ., Pup PlT)AND 1 /oD ]
— —_— — T — ha/q
TU Zpy DL 2 P11 hifaha/d
2 2
pJ_ e_pJ_/<pJ_>pOl
A D" z,p.) =AD" z)V2e
SY/Q'( ) SY/q( ) Mpol Tr(p%_)h
Dy )= Dy )e—piﬂpi)h
Z, = <
h/g\Z,PL h/q (P2 )n P.(21.7) = er 1 (ﬁ)ﬁol ~2
n\~1, <2 - 2 1/2
2 Mpar (P11) {[z(1 —m?2 [(215))]2(p3 5) + 22(D3 )pol } /
. 20 ADu(51)Dhsja(22)

 Fixed energy scale /s = 10.58 GeV > g €2 Dy, yq(21) Dy j5(22)
* Data depend only on energy fraction z - z; g
.« (1)n= 0.2 GeV? width of unp. FF
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ete”™ - h; + (jet) X: Thrust Frame

The polarization is measured along:

X . 5  Data dependonlyonzy-p;
= I X Phl » Direct access to p, dependence

Within a phenomenological approach

Pr(erp) = =aaoDnyP)
T\”1,P11) = > 2

q €q Dhl/q(zlapJ_l)

S o= = m = o 8 S e e e S S e ST n I T S T - BT T - -
e Y,
Pe N

", thrust axis
“~

‘r

Simple gaussian model

N
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Fit and Results

Belle data: /s = 10.58 GeV
« 128 points A+ h, in bins of the energy fractions z, -z, ¢

« 32 points A(jet),in binsof z,-p,
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Fit and Results

Data selection:
*A+n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(Jet): zp = [0.5 — 0.9] bin excluded - 24 data points
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Fit and Results

Data selection:
*A+n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(Jet): zp = [0.5 — 0.9] bin excluded - 24 data points

q

ADgy/q(Z) = NP (2)Dp,q(2)

NEP(z) = ./Vg)zaq(l _ z)ﬁq (g + 6q)(aq+5q)

q
Odgéqﬁqq
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Fit and Results

Data selection:

*A+n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zp, = [0.5 — 0.9] bin excluded —

24 data points

Fitted Parameters Value

ADY_ . (2) = NP(2) Dy /g(2)

Nu
Nd
Ns
Nsea
As
Bsea
Bu

2
< Ian >pol

047 +0.32

—0.20

_032 +0.13

—-0.13

_057 +0.29

—0.43

_027 +0.12

—0.20

230 +1.08

—0.91

260 +2.60

-1.74

350 +2.33

—1.82

010 +0.02

—0.02

(aq+B8q)
(1 o Z)Bq (O{q + 661)

Of(q)éq 6qq

NP(z) = NPz

q

Full data Fit : x5, = 1.94
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Fit and Results

Data selection:

*A+n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zp, = [0.5 — 0.9] bin excluded —

24 data points

Fitted Parameters Value

ADY_ . (2) = NP(2) Dy /g(2)

Nu
Nd
Ns
Nsea
As
Bsea
Bu

2
< Ian >pol

047 +0.32

—0.20

_032 +0.13

—-0.13

_057 +0.29

—0.43

_027 +0.12

—0.20

230 +1.08

—0.91

260 +2.60

-1.74

350 +2.33

—1.82

010 +0.02

—0.02

(aq+B8q)
(1 o Z)Bq (O{q + 661)

Odgéqrgqq

NP(z) = NPz

q

Full data Fit : x5, = 1.94

A+ m/K data Fit: x5,r = 1.26

Published on [Phys. Rev. D 102, 054001 (2020)]
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Lambda-pion
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Lambda-kaon
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Lambda-jet

0.15

Bin excluded
zy =[0.5 —0.9]

0.10/

0.2<z,<0.3 0.3<z),<0.4 0.4<z,<0.5 F0.5<z,\<0.9
0.05] |
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—0.05

Polarization
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Expected features:
* Pr =0whenp, =0;
* Pr(A) = Pr ().
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Fit with TMD
evolution

PRELIMINARY WORK




Polarization 2-h: double hadron production

~

sin — NHL() 15

P21, 29) = J d*qr FTU(QSI = - My, [ d*qr By {DlT D}
1 - —_ ~ =
T f quT Fuu f quT By [DD}
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Polarization 2-h: double hadron production

~

fdg Sln(¢’1 bs) . Mhl fdQQT Bl [Ef_j(wl)D}
J Par Foo J dar By| DD

PT(Zla 22)

B[ DitVD] = HT Q) L, €2 [ 5 0351 (ar br)Dig") (21,043 Gr, 1) D22, bus Co o)

xexp{ln(gb>K(b ) + [ [7( (#))IH(QQ)W((Q(M’))]}

i o ot e a5 )

—~
~

Bo [DD} = (") g | (bT brJo(br qr)D(21, bs; C1, 115) D (22, b Co, 1)

X exp { In (g_g)m*,m + oo [279(1,9(#’)) ~n (g—,i)fm(gm’»] }

XMD1 (bT) MD2 (bT) exp { . gK(bT) n (\/\C/%) }
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Polarization 2-h: double hadron production

~

fdg Sln(¢’1 bs) . Mhl fdQQT Bl [Ef_j(wl)D}
J Par Foo J dar By| DD

B[ DiVD] = HT Q) L, €2 [ 5 0351 (ar bidDi7" (21,043 Gr, 1) (22, bus Co, o)
Xexp{ln(gb>K(b s Lo, +IQ [7 ) —In f—i vk (g ]}

3 el

By [DD} = H(ee) s | (bT brJo(br qr)D(z1, ba; C1, 115) D(22, b Co, i)

X exp { In (g_g)m*,m + oo [279(1,9(#’)) ~n (g—,i)fm(gm’»] }

XMD1 (bT) MD2 (bT) exp { . gK(bT) n (\/\C/%) }

PT(Zla 22)
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Polarization 2-h: double hadron production

~

fd2 Sln(¢’1 bs) . Mhl fdQQT Bl [Ef&(})D}
J Par Foo J dar By| DD

PT(Zla 22)

8, (ag + Bg) e thd)

agdq Iqu

NP (2) = NP221(1 — 2)

q

Times unpolarized Lambda FF

B, [5#1)1)} _ H(€+e_)(Q) qu [ (de% b2, (qr b

xexp{ln(gb>K(b s b, +fQ [’Y( g(i)) —In (| == ’YK(Q()U*!)):|}

XDz(bT)eXp{ gk (br)In (\/—f*/;% }

€ f (bT bTJO(bT QT) (Zl,b*;ChMb)D(ZQ,b*;CQ,)Uxb)

X exp { In (g_g)m*,m + oo [279(1,9(#’)) ~n (g—j)mgm’»] }

XMD1 (bT) MD2 (bT) exp { . gK(bT) n (\/\C/%) }

=
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Polarization 2-h: double hadron production

~

fd2 51n(<l51 ¢s) M, fdQQT B [Ef?_[(wl)D}

P (21,22) = —~
T f quT Fuu f quT By [DD}

Bq (g + 6q)(%+6(1)

Odgdq Iqu

NP (2) = NP221(1 — 2)

q

Times unpolarized Lambda FF

B, [5#1)1)} _ H(€+e_)(Q) qu [ (de% b2, (qr b

xexp{ln(gb>K(b,u )+ [2 4 [v

X'M%l(bT) My, (br) exp! — g (br) 1I1 _gLVM }
(

v/ €1,062,0

— | * Gauss model
e Power Law model

€ f (bT bTJO(bT QT) (Zl,b*;ChMb)D(ZQ,b*;CQ,)Uxb)

X exp { In (g_g)m*,m + oo [279(1,9(#’)) ~n (g—j)mgm’»] }

x Mp, (br) Mp, (br) exp { — gr(br)In ( VGG ) }

\/€1,0C2,0

MARCO ZACCHEDDU - UNIVERSITA DEGLI STUDI DI CAGLIARI & INFN 18



Polarization 2-h: double hadron production

~

fd2 Sln(¢’1 bs) . Mhl fdQQT Bl [Ef&(})D}
J Par Foo J dar By| DD

PT(Zla 22)

Bq (g + Bg) *at0d)

Odgdq Iqu

NP (2) = NP221(1 — 2)

q

Times unpolarized Lambda FF

B, [EILTEI)D} — /H(e+e_)(Q) Zq e f (de% b2 Jl(QT b

xexp{lﬂ(gb>K(b s b, +fid,ﬂf[ 1n( )

XMz, (br) Mp (hﬂexp! — gx(br)In (_ﬁ@)}
(

DSS FF for /K
AKK FF for A

v/ €1,062,0

By [55} Q) Z f (bT brJo(br CI@ Mb)ﬁ(zm by; G2, 1o

< exp { In (g_g)m*,%*) b0 [279(1,9(#’)) I CIR) }

— | * Gauss model
e Power Law model

%]
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Polarization 2-h: double hadron production

~

fd2 51n(<l51 ¢s) M, fdQQT B [Ef?_[(wl)D}

P (21,22) = —~
T f d2qT Fuu f quT By [DD}

Bq (g + 6q)(%+6(1)

Odgdq Iqu

NP (2) = NP221(1 — 2)

q

Times unpolarized Lambda FF

B, [EILTEI)D} — /H(e+e_)(Q) Zq e f (de% b2 Jl(QT b

Q Q dy’
xexp{ln(%>K(b s Wb, +fub u’[

DSS FF for m/K

- i

AKK FF for A
_ v/srel
Xﬁ/fé_l_(f)T N o (hﬂexp{ gK(bT)ln (\m)}
Gaussian model — | ¢ Gauss model

e Power Law model

xexp{ln(i K(b*,ﬂb*)—|—fﬁ%l2’m(1,9(#’))—ln S—E)VK(Q(#’)) }

XMDl (bT) MD2 (bT) °XP { . gK(bT) n (\/\C/%) }

MARCO ZACCHEDDU - UNIVERSITA DEGLI STUDI DI CAGLIARI & INFN

18



Polarization 2-h: double hadron production

fdg Sln(¢’1 bs) Mhl fdQQT Bl [Ef_j(wl)D}

PT (217 22) 9 - ~
J ar FUU J #ar B [DD} NP (z) = NPz% (1 — z)Pa (g + By){@atPo)
q q Odgq,@qq
Times unpolarized Lambda FF
B[ DtV = HT Q)L € [ 5 03,
y exp{ )+ ]2 [ DSS FF for /K
AKK FF for A

'LLI'
MJ- bT Mp (h’r)eXDﬁ gr (br) 1I1 C C )]
v/€1,0€2,0
J\ — | * (Gauss model

Gaussian model
e Power Law model

By [55} = H ete™ Q)Z f (bT bTJO(bT q@ ,ub)B(ZQ,b*;CQ,

o {1 () i) + 124 |22008.900) - (5 o)

Different g (br) functions
< Mp, (br) Mp, (br) px {—gK(bT n ( ﬁ)}/‘ e
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Polarization 2-h: double hadron production

B [ﬁlliﬁl)f)} = HEe)(Q >.eaf (bT b%.J1(gr bT)ﬁfgﬁl)(zhb*;Chub)ﬁ(?«’%b*;Czaub)
2
xeXp{1n<,,¢b) (bes o) + [y *“—[2%3(1 9(w) = 1H(Q )w(g(u’))]}

By [51—7] = HE Q) T, €2 [ 85 brJo(br ar)D(21, bes (1, 1) D (22, b Co, 1)

< exp { i (%) Kup) + 2 % [zm(l,g(m) ~In (g—i)mg(m)l }

X Mp, (br) Mp, (br) exp { ~ 9 (br)In (ﬁ) }
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Polarization 2-h: double hadron production

B DHVD] = HE QX ¢ [ 5 f%l)(zhb*; Gy 116) D (22, bs; Co, 110)

< exp { i (% ) Ko + 2 % lmu,gm’)) ~In (%)vx(g(ﬂ’))] }

By [51—7] = HE Q) T, €2 [ 85 brJo(br ar)D(21, bes (1, 1) D (22, b Co, 1)

— { 0 (%) Ko + 12 2% [279(1,9(#’)) “ln (f—i)mg(m)] }

b

X Mp, (br) Mp, (br) exp { ~ 9 (br)In (ﬁ) }
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Polarization 2-h: double hadron production

By Dig! D = H Q) T, [ 515 “1 (21,b: C1, 16) D (22, b Co, 1)

xexp{ln(%) (be15.) + 2 Jt—lmu 9()) - 1H(Q2>W<(g(u’))”

By [51—7] = HE Q) T, €2 [ 85 brJo(br ar)D(21, bes (1, 1) D (22, b Co, 1)

X eXp { In (%)K(b*:ﬂb*) + fi %U;—I [271)(1,9(#’)) —In (%)71{(9(#’))] }
)} Jo.1(brqr) Bessel Function

Hy 1 (brqr) Struve Function

T Py
/ dqr qrJ1(br qr) = MT"”” {Ji(br qr,.. VHo(brqr,...) — Jo(brqr.... )H1(brqr, .. )}
0
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Polarization 2-h: double hadron production
By [ﬁﬁﬁl)lﬂ =HEEQ) Y, €2 (dgbf) L(l (21,025 Coy 1) D (22, s Ca 1)

xexp{ln(ub) (b, iy )+f J‘—[Zm(l g(u')) — 1n(%>vx(9(u’))”

x Mp, (br) Mp, (br) exp { — 9 (br)In (—Q—C—/—ﬁ) }

B() I:ED:| — %(e+e ) d_) - Zl:b’HClwu’b D(Z:zvb*;g%ub)
2 2
XeXp{ln (%)K (0w, i) + /1 [2“/9 (1, g(u (%)w(g(#’))”

)} Jo.1(brqr) Bessel Function

Hy 1 (brqr) Struve Function

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

qu(ICC
/ dgr qgrdo(br qr) = ez Ji(brar,,,.)
0
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Polarization 2-h: double hadron production

B [D55] = 1 @1, 1 5 KD s Do s
xexp{ln(%) (b 115,) + S J‘—[%/D(l o) o (& )mw))”

x Mp, (br) Mp, (br) exp { — 9 (br)In (—Q—C—/—ﬁ) }

B() I:ED:| :%(e+e ) d_) - Zl:b’HClwu’b D(Z:zvb*;g%ub)
2 2
X exp { In (Ci ) (bu, tp,) o [2’79 (1,9(p (Qz)%{(g(#’))] }

)} Jo.1(brqr) Bessel Function

Hy 1 (brqr) Struve Function

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

AT ax —
fo qr qrJo(bT qT) 1 (b qr,,..) 0.2 - 0,3]
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Polarization: single hadron with thrust

2
D . dAo / dz1d*p Z.-B. Kang, D.Y. Shao, F. Zhao, J. High Energy Phys. 12 (2020) 127
(21,p1) =

do / dz dsz_ L. Gamberg et al., Phys.Lett.B 818 (2021) 136371

T2 = 00X, €} [ 5 Vi Ji(br ar)Dif” (21, ) Unc (. Q)

X exp { In (%)K(b*;ﬂb*) + fi i [vD(Lg(u’)) —In (%)w(g(u’))] }

x Mg, (br) exp { ~ 9x(br)In (%) }

dzld2pl =a0y ¢ [ (dg brJo(br q7)D(21, 1) Unc (1. Q)

X exp { In (%)f((b*,u ) + ffb 5 [’YD(LQ(M')) —In (%)W((Q(M’))] }

xMp, (br) eXP{ ~ 9 (br)In (\/%)}
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Polarization: single hadron with thrust

2
D . dAo / dz1d*p Z.-B. Kang, D.Y. Shao, F. Zhao, J. High Energy Phys. 12 (2020) 127
(21,p1) =

do / dz dsz_ L. Gamberg et al., Phys.Lett.B 818 (2021) 136371

286 aozqeéfé%?b%h(bm"UNG(”b*’Q)

 exp { in () &b + [0 % lwu,g(u')) ~ln (%)w(g(u’))l }

@, e | oo () |

dzld2pl =a0y ¢ [ (dg brJo(br q7)D(21, 1) Unc (1. Q)

X exp { In (%)f((b*,u ) + ffb 5 [’YD(LQ(M')) —In (%)W((Q(M’))] }

xMp, (br) eXP{ ~ 9 (br)In (\/%)}
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Polarization: single hadron with thrust

dAc /dzd?
P(ZlapJ_) . / b

Z.-B. Kang, D.Y. Shao, F. Zhao, J. High Energy Phys. 12 (2020) 127

do/dz1d*p |

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

7w o1+ (au)?]
U Q) = — C4C :
NG()UJb* Q) exp [ AVF 33 U 14+ (buc)
M. Dasgupta, G.P. Salam, Phys. Lett. B 512 (2001) 323
~ S u= —1In [ ® }
X exp { In (%)K(b*,u )+ f,ub 7 [’m(l,g(u’)) —In %)W’K(Q(M’))] } /80 g (Q)

xMp, (br) eXP{ ~ 9 (br)In (\/\%)}
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gk (by) : 2 hadrons

exp{ — 9k (br)In (\/\é%)}
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gk (br) : 2 hadrons . _gK(bT)ln( - )
Q%gi ?f'gfvz v/ 61,062,0

[1]

b
go In <L) ¢

b. Qo

as(C1/b.)Cr 2 /12 Q%2122
T ln(l + bT/bmaac) In MthhZ [2]

Tgo (bmaa: )b%um:

B _ Cras(m.)by Q%212
NN N

Jdo = 0,55
bax = 0,8

Cr b% oa(11p. ) In Q*z129
iy bQ s\Hb. Mthhg

max

[1] C.A. Aidala, B. Field, L.P. Gamberg, T.C. Rogers, Phys. Rev. D 89 (2014) 094002

P. Sun, J. Isaacson, C.P. Yuan, F. Yuan, Int. J. Mod. Phys. A 33 (2018) 1841006 [2]J. Collins, T Rogers,Phys.Rev.D 91 (2015) 7, 074020
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gk (by) : 2 hadrons

= 0,84 exp ¢ — gk (br)In ( Sk )
9> , m

Q3 = 2,4 GeV?
| br | @
92 11 b_ 11 Q_ [1] 1.0 - |Dg(brfb+) (1}
* 0 A log(1 + b2/b2 ) (2)
0.8
as(C1/b.)Cr 2 /12 ( Q%2122 )
In(1+b6%/b;,,,) In | ————— | | 2] _
- (1 +07/bp0z) Mo 0.6
0.4
Cros (i, )by ] ( Q%2122 )
bmaz) | 1 —exp | — - In| —/——— _
Sae p[ 790 (bmaz)V2uas Wity ) B 02
go = 0,55
bmax = 0,8 0.0
Cr b7 ( Q%2122 ) 0 1 2 3 4
as(pp, ) In -
n b?%’aaa’: 3( ) MthhQ bT

[1] C.A. Aidala, B. Field, L.P. Gamberg, T.C. Rogers, Phys. Rev. D 89 (2014) 094002

P. Sun, J. Isaacson, C.P. Yuan, F. Yuan, Int. J. Mod. Phys. A 33 (2018) 1841006 [2]J. Collins, T Rogers,Phys.Rev.D 91 (2015) 7, 074020
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Preliminary results: 2-h data Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
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Fitted 8 parameters

bmax = 0,8
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Preliminary results: 2-h data Fit

Data selection: Fitted 8 parameters | bmax = 0.8
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points

Mp(or) = exp ( - @;%)

Gaussian model

95 (b7, Brmam) 10 (\/%) )(Cziof dTmax/Q

s () (&) 1,286 0,27

S OUIOE 1 iy, (22 ) 1,363 0,27
i (100 [ - Lo ) (@) 1,286 0,27
e ot (2222 ) 1,264 0,27
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Preliminary results: 2-h data Fit

Data selection: Fitted 8 parameters | bmax = 0.8
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points

Mp(br) =exp | — (p1)b7 ML(bT p,m) = 2* (bTm)p_lK 1(bpm)
p(br 12 DT = T 1) -
Gaussian model Power Law model
QK(bTvbmam)ln(\/%) Xcziof qrmax/CQ QK(bTvbmm)lﬂ(\/%) onlof qrmax/CQ
2T\ (Q 1,286 0,27 W\ (Q 1,293 0,27
o () (55) ’ ’ wn () () ’ ’
70“*(0141’*)01’ (1 + b3 /b%,,,) In <—A§:3;§2) 1,363 0,27 as(017/rb*)CF In(1 +52/62,._)In <1\§2§3;;) 1,368 0,27
Go(bmas) <1 e E i(‘;(“)b)”D w(Zazy) 1,286 0,27 o) (1 e ijgifib;b;i]) w(Zay 1,323 0,27
Cn B2 2y Cr b2 22,2
Cr ) (e ) 1,264 0,27 Or T qn (2222) 1,283 0,27
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Preliminary results: both data set Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zy = [0.2 — 0.3] bin excluded - 23 data points
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Preliminary results: both data set Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zy = [0.2 — 0.3] bin excluded - 23 data points

Power Law Model
24P

Mp (b, p,m) = Tp—1)

(brm)P~ K1 (brm)

m = 1 (fixed)
p to be fitted
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Preliminary results: both data set Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zy = [0.2 — 0.3] bin excluded - 23 data points

Power Law Model
24P

Mp (b, p,m) = Tp—1)

(brm)P~ K1 (brm)

m = 1 (fixed)
p to be fitted

b g, = 0,84
92 ]_n <_T> ]_n (Q) QS = 2,4 GeV?
b, Qo Q=10,58 GeV

Fitted 8 parameters
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Preliminary results: both data set Fit

Data selection:
A+ n/K: z; = [0.5 — 0.9] bin excluded = 96 data points
* A(jet): zy = [0.2 — 0.3] bin excluded - 23 data points

Power Law Model
24P

Mp (b, p,m) = Tp—1)

(brm)P~ K1 (brm)

m = 1 (fixed)
p to be fitted

b g, = 0,84
92 ]_n <_T> ]_n (Q) QS = 2,4 GeV?
b, Qo Q=10,58 GeV

Fitted 8 parameters Xczlof = 1.58
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Lambda — pion: fit comparison
0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9

0.15 .
—eeert | Bin excluded
+ A-n- _ .
RS
fd
C 005
‘= Power Law Model
©
© 0.00- .
o ) —
ﬂ:“"_’/* XdOf 158
—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

005 0.2<z,<0.3 0.3<z,<0.4 0.4<z5<0.5 0.5<z,<0.9
= N
©
N _0.05
| -
o
ch—o.lo—

o
~0.15

025 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75
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Lambda — kaon: fit comparison

0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9 _
—— reference fit Bl n eXCI Uded

- =+ new fit

r e Zy = [05 - 09]

0.15

o
=
o

0.05 Power Law Model

Polarization

—-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
0.2<z5,<0.3 0.3<zp,<0.4 0.4<z5,<0.5 0.5<2,<0.9

0.05

—0.05 AN

Polarization

—0.10

— reference fit
== new fit
+ A-K*

-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
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Lambda - thrust: fit comparison

0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9

0.15 Bin excluded
0.10- B ZpN = [02 — 03
-
O
-— 0.05] 2
4 —
~ Xdor = 1.58
.N 000 N - ......................................................................................................................................................................................
| -
B 505! N Yo
o -t N
o =
~0.10 - - -
~0.15-

00 05 1.0 1500 05 10 1500 05 1.0 1500 05 1.0 15
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Lambda - thrust: fit comparison

0.15 0.2<z,<0.3 0.3<z,<0.4 0.4<z,<0.5 0.5<z,<0.9

0.10/ L
-
@)
-I: 0.05
(V)
-u 000 - ......................................................................................................................................................................................
L \
(G @ ~ “oo--- L
S % S
0 =

—0.10;

0.15 | | | |

1.50.0 0.5 1.0 1.5

o 010 e
O 0.2<z,<0.3 0.3<z,<0.4 0.4<z5<0.5 0.5<z,<0.9
= 0.05
fr3 —+

0.00 -t ¢_$7 OO USROS OSSOSO
"= S = =
: > 4
— -0.05
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D'—0.10 4+ A+X o

+ A+X
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Conclusions

* First extraction of the A polarizing fragmentation function from Belle et e~ data;
* Clear separation in flavours: three different valence pFF needed;

* Preliminary results using TMD evolution;

* Fit of 2-h data with different models and gg;

* Fit of 2-h and 1-h data with Power Law model;

« Comparison with previous fit.
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9 PLo
(2) = / b, Qzﬁrf-h&Dh-r’m{::plj

First moments
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SiDIS — Polarized Lambda Production
P ->e” A

’ ’ V2er < pl > 1

WMy <PL> |\ [<pt >p+2 <k >
>q fayp(@B)ADp1 14 (21)

/ o JayP(xB)Dryq(2n) \

PT(LBB)Zh,) e

Proton PDF Lambda Polarizing FF
CTEQ6LL
xg Bjorken-x | e e m% B
zy energy fraction p h Z%QQ 1— a5

z
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SiDIS — Polarized Lambda Production
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Prediction for the A polarization:
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SiDIS — Polarized Lambda Production

2 2 . . . . . .
Pr(zp, ) Ver <pj >} 1 Kinematical configuration compatible with EIC
T\ABs<h) —
2M, < p? > 2 2 - o
p SPL <pl >p+E5 <kl > Prediction for the A polarization:
* Xp = 0.1
y >q Joyp(@B)ADp1 /4(21) 2
>qJayp(@B)Dhyg(2n) §p:zh(1— z,?LQ21—:EB>
02 p— 1 T T T T T T 0.2 T :
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gk (by) : 1 hadron

gz = 0,84
Q2 = 2,4 GeV?

g2 br Q
Fu(s)m () m

Qg (Cl/b*)CF 2 /79 Qz
- In(1+ b7/b;,,,)In Mo

_ _ Croas(p.)b7
QO(bm“)(l exp[ 790V | )
go = 0,55
bax = 0,8
Cr b7 (Qzl>

as(up, ) In
2, Cslie)In 5o L
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0.01
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=== log(br/b+) (1)
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Statistical Uncertainty Band

Multivariate Normal Distribution

MINUIT: _
« Bestfit parameters  p: Ng Oy Bq (p*), uo,x p(z: 1, %) = 1 _exp (1(;1, )T — H))
* Covariance matrix % (27)m/2| X |1/2 9\ ,
*  Minimum Chi-square X
Generate a random set of parameter Calculate their own Chi-square Keep set if
> - 2
x'(NéD O‘q Bq <p2l>p ) " X’2 > X2 g X’ § X2 + AX2

*  Minimum Chi-square: X2 = 232,8
- Confidence interval 26 - 95,5%: Ax? =15,79 for 8 parameters ( x2 -distribution)
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e + e B — th th h, polarized: X, h, unpolarized

hy, h, unpolarized doee” —hiha X

hy
dae"'e‘%hlh,gX X d cos deldsz_ledepJ_Q
4 2
d cos Odz1d2p 1 dzod? 3ete L
CoSTOAATP 1G22 L2 Unpolarized FFs 647rs AD fél /sy (Zlale)ANDhg/qT (22,p12) sin® 6 sin(2¢p2 + befl)
Gete .
- 64711: { hl/q(zlapJ_l)th/q(229pJ_2) (1 + COSQ 9) FF h, transv. Pol. collins FF

Collins FFs

1 )
+7 sin® 0AN Dy, 14t (21,011) AN Dy, jgt (22, p12) c08(202 + ¢} 1)}

hy polarized:Y', h, unpolarized h, polarized: Z , h, unpolarized

do.6+67—>h1h2X do.€+€_—>h1h2X

h1 hl

Y 2 2 Z 2 2
6 d cos HdZId plégazrizzﬁg]géj Unpolarized FF dCOS deld leszd D12

e 1 ~ ( 12 ) 36 h/ N . 2 . h
= 6478 {ADSy/q(Z:l?pJ_l)th/q(ZQJpJ_Z) 1+ cos™ 0 64#5 /_\Dslz/s (21,p11)A" Dy, gt (22, p12) sin” Osin(2p2 + ¢7")

FF hy long. Pol. Collins FF

1 )
+3 sin 20AT DG, (21,p11)A th/qT(Z’zaPu)COS(Qst+(J5h)}

Collins FF
FF hy transv. Pol.
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Lambda-pion

0.15 : .
0.2<z,<0.3 0.3<2z,<0.4 0.4<27<0.5 0.5<2;,<0.9 Data fitted: Xoop = 1.94
- 0.10 4+ A+ * Zx < 0.50
O
= 0.05
(NU 0.00 Lambda pion B
= « Charge-conjugation symmetry B,(Ant) = B,(An™)
© -0.05 * Data give information on the pFFs for u and d
D? « PB,(Am™) negative, dominated by down pFF
-0.10 * PB,(Arm™) positive, dominated by up pFF
* B,(Arm™) strong reduction due to the large suppression of
—0157055 050 0.75 025 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 the up pFF
Zn
aaE « Small z_a sea pFFs become important and negative,
| 0.2<zz<0.3 0.3<z5<0.4 0.4<z5<0.5 0.5<z5<0.9 - P,(Am*) up and down cancel each other, sea pFF leads to
0.10 BE g large, and negative, values of the transverse polarization
CC) v Rant * PB,(Arn™) sea pFF partial reduction of the up pFF
== 0.05 n
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B 05
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Lambda-kaon

0.15
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« PB,(AK™") negative, dominated by strange pFF
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ee” - h;(jet)X

For Spin-¥2 hadron production, two possibile cross sections :
Hadron polarisation

Unpolarised
2
hadron q €q ADhI/q(Zlapll)

atio . Pr(zpry) =
( ) ZQ(BgDhl/q(zlapJ_l)

N

= = :
Transversely p, do€ ¢ e X 3t

polarised hadron | ¥ dcos@dz1d?p., - ; 32ms

e2(1 + cos” G)ADE;/Q(Zlgle_hl)
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Y,h:c}lem h s Y RS
Y ]G X Pl Pt :Pm1X1+Py1Y1+lezl

A Py

Z _

" P

n = _phz X Phl
hi  » _ phi oy hi i A
P -n = P/ cosp+ P/ sing

o~ Z ]

cos § ~ P12 sin(¢1 — p2)
Zhe P11

~ P zn pio

X sin qﬁ ~
Pl1 Zhsy P11

|
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