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Motivations

Lambda Transverse Polarization: longstanding problem!
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M Otlvatlons Discovered in
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Motivations

Lambda Transverse Polarization: longstanding problem!

Discovered in
unpolarized pN
collisions

[G. Bunce et al., Phys. Rev. Lett. 36, 1113 (1976)]

[K.J. Keller et al., Phys. Rev. Lett. 41, 607 (1978)]
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M OtlvathnS Discovered in

. [G. Bunce et al., Phys. Rev. Lett. 36, 1113 (1976)]
unpolarized pN

Lambda Transverse Polarization: longstanding problem! collisions [K.J. Keller et al., Phys. Rev. Lett. 41, 607 (1978)]
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Motivations

Observation of Transverse A/A Hyperon Double hadron production:

Polarization in e*e™ Annihilation at « ete” s An/K+X

Belle Single-inclusive hadron production: > Factorization theorems
« 2 dataset @/s = 10.58 GeV . ete™ o A(jet) + X

[Y. Guan et al., Phys. Rev. Lett. 122. 042001 (2019)]
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Belle Single-inclusive hadron production: > Factorization theorems
« 2 dataset @/s = 10.58 GeV . ete™ o A(jet) + X

[Y. Guan et al., Phys. Rev. Lett. 122. 042001 (2019)]

Phenomenological analysis:

Fixed scale:
* D’Alesio, Murgia, MZ; Phys.Rev.D 102 (2020) 5, 054001

» (Callos, Kang, Terry; Phys.Rev.D 102 (2020) 9, 096007
* Chen, Liang, Pan, Song, Wei; Phys.Lett.B 816 (2021) 136217 -2 SU(2) isospin symmetry issue
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Motivations

Observation of Transverse A/A Hyperon Double hadron production:

Polarization in e*e™ Annihilation at c efe” s An/K+X

Belle Single-inclusive hadron production: > Factorization theorems
« 2 dataset @/s = 10.58 GeV . ete™ o A(jet) + X

[Y. Guan et al., Phys. Rev. Lett. 122. 042001 (2019)]

Phenomenological analysis:

Fixed scale:

* D’Alesio, Murgia, MZ; Phys.Rev.D 102 (2020) 5, 054001

» (Callos, Kang, Terry; Phys.Rev.D 102 (2020) 9, 096007

* Chen, Liang, Pan, Song, Wei; Phys.Lett.B 816 (2021) 136217 -2 SU(2) isospin symmetry issue

Phenomenological analysis:

CSS scheme:

» D’Alesio, Gamberg, Murgia, MZ; JHEP 12 (2022), PRD 108 (2023), = SU(2) isospin issue and predictions for SiDIS
* Li, Wang, Yang, Lu 21

* Gamberg, Kang, Shao, Terry, Zhao ,21
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Unpolarized proton-proton collisions: pp — A (jet)X

« Complementary to SiDISand e*e™ A(pA) B(pB) N jet(pj) AT(]?A) X
e 2scales:

o pjr T.M. of the jet

o pia Lambda T.M. w.r.t. the jet AZyps JzsS) A
* Transverse momentum effects considered only for FFs KE

* Different studies for hadron in jet production:
o Collins effect in pp collisions [Yuan ’08,
D’Alesio, Murgia, Pisano '11,/17; Kang et al."17]
o TMD jet FFs and their relation to TMD FFs P
[Kang et al. '20, ‘21, '23.]
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Unpolarized proton-proton collisions: pp — A (jet)X

« Complementary to SiDISand e*e™ A(pA) B(pB) N jet(pj) AT(pA) X
e 2scales:

o pjr T.M. of the jet

o pia Lambda T.M. w.r.t. the jet AZyps JzsS) A
* Transverse momentum effects considered only for FFs KE

Different studies for hadron in jet production:
o Collins effect in pp collisions [Yuan ’08,
D’Alesio, Murgia, Pisano '11,/17; Kang et al."17]
o TMD jet FFs and their relation to TMD FFs P
[Kang et al. '20, ‘21, '23.]

NEW DATA from STAR for A transverse polarization
T. Gao @ SPIN2023: arxiv/2402.01168
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Unpolarized proton-proton collisions: pp — A (jet)X

Transverse Polarization:

dot — dot dAo
P’_Zj“\(pja gapJ_A) —

dot + dot AT unp

For more details see:
D’Alesio, Gamberg, Murgia, MZ; Phys.Lett.B 851 (2024) 138552
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Unpolarized proton-proton collisions: pp — A (jet)X

Transverse Polarization:

PA( 5 ) d()‘T — C)ZO'¢ dAo Scaling variables
T \Pj S, PLA) = dO'T —+ dO"l’ - daunp zn = FE\/E; (energy fraction)
zp, = |pal/E; (momentum fraction)
Z o L fracti
L S ong. mom. rtraction
dUunp T / d'ra’dxb ?fa/A(xa,)fb/B(xb) . _ Pr P _ PA-Pj _ Pra
a,b,c,d Py L E;

X |M‘25(§ + f + ﬁ) DA/C(gapJ_A) Light-cone mom. fraction

Ex+pra 1
€= =g =3[V Gha+mR) 7 4

* Factorization scale al LO: u = pjr
e Cutconeradius: R < 0.6

For more details see:
D’Alesio, Gamberg, Murgia, MZ; Phys.Lett.B 851 (2024) 138552
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Unpolarized proton-proton collisions: pp — A (jet)X

Transverse Polarization:

PA( 5 ) d()‘T — C)ZO'¢ dA\o Scaling variables
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Unpolarized proton-proton collisions: pp — A (jet)X

Transverse Polarization:

PA( 5 ) d()‘T — C)ZO'¢ dAo Scaling variables
T \Pjs & PLA) = zn = FE\/E; (energy fraction)
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dO’unp = E / dxa,dﬂfb L _PAP_PABi _ Pia
a,b,c,d Pj? Ej Ej
(§ + 1+ ﬁ) 'M Light-cone mom. fraction
. . E - 1
Unp. Partonic cross section TMD FF ¢ = ﬁ;;’-m =3 [\/zz +(p2 , +m2)/E? + z]
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* Factorization scale al LO: u = pjr
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For more details see:
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Unpolarized proton-proton collisions: pp — A (jet)X

) = do! — dot B dAo
dot +dot doyy,

Polarization: P:,/} (pj, §,p1a

2
Q
dAo = Z /da:ada:b ?Sfa/A(xa)fb/B(xb)

a,b,c,d
X |M|?6(8 4+t + @) ADy+ o(€, p1n)
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Unpolarized proton-proton collisions: pp — A (jet)X

B dot — do? B dAo
dot +dot doyy,

Polarization: P:,/} (pj, fa pJ_A)

2
Q
dAo = Z /da:ada:b ?Sfa/A(xa)fb/B(xb)

a,b,c,d

X [M26(5 + 1 + Y BDy o€, p1a)>

Polarizing FF

PLA
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04/06/2024 MARCO ZACCHEDDU - TRANSVERSITY 2024 7




Unpolarized proton-proton collisions: pp — A (jet)X

B dot — do? B dAo
dot +dot doyy,

Polarization: P:,/} (pj, 57 pJ_A)

2
Q
dAo = Z /da:ada:b ?Sfa/A(xa)fb/B(xb)

a,b,c,d

X [M26(5 + 1 + Y BDy o€, p1a)>

Polarizing FF - Extracted from e*te ™ Belle data

D’Alesio, Gamberg, Murgia, MZ;
JHEP 12 (2022), PRD 108 (2023)

PLA

ADAT/C(fﬂpJ_) — gm—AD#(gaPL)
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Double hadron production ineTe™ processes
ki Polarization:
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Double hadron production ineTe™ processes
ki Polarization:
g A M [ dgr qr do: 51[ 1T )D1]
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Double hadron production in ete™ processes

Data selection:
*A+7n/K:z;x = [0.5 — 0.9] bin excluded — 96 data points
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Double hadron production in ete™ processes

Data selection:
*A+7n/K:z;x = [0.5 — 0.9] bin excluded — 96 data points

Functions to be extracted:

Polarizing FF first moment

~-L
Dy o (23 p16) = NP(2)dyya (2 )

Np(z) — quaq(l . Z)b‘? (aq -+ bq)(aq+bq)
q

s bp
Polarizing FF non-perturbative function
(p?)pbi
MI%,A(bTyz) = exp ( — ﬁ
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Double hadron production in ete™ processes

Data selection:
*A+7n/K:z;x = [0.5 — 0.9] bin excluded — 96 data points

Flavors considered:
Functions to be extracted:

u,d,s
|
[ |
Polarizing FF first moment BZDf‘T Dl .
Ph X q q q ?
DED L (2 ) = NP(2)dgya (2 PN e2Dy D
1T,A/q(z? l"“b) _ q (Z) Q'/A(Z7 l‘l’b) q eq L,g~1,q9
7] a b (a’q +bf1)(aq+bq) ‘ | :
Ny (2) = Noz“e(1 — z)™ e u,d,s

Polarizing FF non-perturbative function

M)

2
4zp

MﬁaA(bT,z) = exp ( —
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Double hadron production in ete™ processes

Data selection:
*A+7n/K:z;x = [0.5 — 0.9] bin excluded — 96 data points

Flavors considered:
Functions to be extracted:

u, d, S
[ |
Polarizing FF first moment 2
DED (2 ) = NP(2)dy a2 1) Z 2D D .
17, A/q I'Lb q Q'/A ’ub q ]-aq 1aq
NP(z) = N,z% q(aq erq)(anrbq) | ,
q (Z) = NgZ ( - Z) agqbzq U, d, S
Polarizing FF non-perturbative function
u,d,s
Ml (b ) ( (pl>pb%) [ 2 : !
T,%) = €Xp | — _
bA 422 b ¢ € DlT qDl,q
Pr o

T
(

Y
u,d, s+ charm

)

04/06/2024 MARCO ZACCHEDDU - TRANSVERSITY 2024 9




Double hadron production in ete™ processes

Data selection:
*A+7n/K:z;x = [0.5 — 0.9] bin excluded — 96 data points

Flavors considered: Isospin symmetry
Functions to be extracted: ud s
|
f — \
Polarizing FF first moment Ph . eng_T,qDl,(i « NoSU(2): Ny Ny, Ns, Nog
~ X -
L) oy : T 2
D7 p g7 1) = NG (2)dg/a (25 ) ‘ > g €aD14D1g |
(ag+bq) . —_ —_ —
Mp(z):quaq(l_z)bq(aq +i’q;b " y 'd . ° SU(Z) Nu— Nd, Nﬁ— Nd' NS,N§
aqq qq ’ )
Polarizing FF non-perturbative function See also:
u, d, S Chen, Liang, Pan, Song, Wei;
(pg ) )2 ’ \ \ Phys.Lett.B 816 (2021) 136217
itn. ) o (- 125 IR
) 422 Ph q qu1T,qD1,q
LS D

( J
|

u,d, s+ charm
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Double hadron production in eTe™ processes

Scenarios considered:

1. No Charm, No SU(2) sym.
pFFs for: up, down strange and sea;

2. Charm, No SU(2) sym.
pFFs for: up, down strange and sea;

3. Charm, SU(2) sym.
pFFs for: up/down, up/down, strange, strange
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Double hadron production in eTe™ processes

y)
: : Xdof
Scenarios considered:

96 points
1. No Charm, No SU(2) sym.
pFFs for: up, down strange and sea; Lol
2. Charm, No SU(2) sym. L 956
pFFs for: up, down strange and sea; '
3. Charm, SU(2) sym.
1,361

pFFs for: up/down, up/down, strange, strange
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Double hadron productionine®e™ processes

Polarization

|
o
=

Polarization
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[T (3)
4+ A+n”
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(c)

4+ A+KT
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All scenarios can describe
At At AK—,AK T data;

Scenario (1) cannot describe AK*, AK~ data
with zx > 0,5 ;

With the Charm contribution we obtain similar
good fits and description




Double hadron production ine*e™ processes

0.2 0.2<z,<0.3  0.3<z,<0.4  0.4<z,<05 0. 5<Z/\<Om9 All scenarios can describe

0.1 ° At At AK—,AK T data;
g 0.0 AN+m~ B
'r..—_é . * Scenario (1) cannot describe AK*, AK~ data
= with zx > 0,5;
S 0.0
E 0y * With the Charm contribution we obtain similar

(a) good fits and description (SC 2 and 3)
-0.2 A+

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
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Double hadron production in eTe™ processes

First moments: (1) & (2) scenarios

0.0125 : . .
w (;) * pFFs are different in magnitude due to

= 0.0100 2) the charm contribution;
S 0.0075
E: @) * up pFF is positive;
Y 0.0050 0=10.58 GeV pp Y ;

0.0025 . :

< * First moments are compatible,
0.0000 ——
02 03 04 05 06 except for the strange f.m.
Z
e Similar size for the Gaussian width.
0.000

—-0.001 (d)
N y
5 —0.002 Q=10.58 GeV
35
Q —-0.003 Q _
N " Q=10.58 GeV N 70-010 W

—0.015
02 03 04 05 06 07 02 03 04 05 06 0.7
Z Z
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Double hadron production in eTe™ processes

First moments: (3) scenario

oo12sf, (3) up

ooloolh - (3) down * up/down pFFs are positive;
N
Raadh  up/down pFFs are negative;
N 0:0050 Q=10.58 GeV

0.0025 » strange/strange pFFs are negative;

"%z 03 0a , 0.5 06 * up & strange compatible with (1,2) scn.

0.000 0.000(
--------------------- * The negative sea contribution is larger

= —0.001  ~0.005 in size;
3 —0.002 3 /
:Q: E; _0.010 (d) Q=10.58 GeV * Similar size for the Gaussian width.
N —0.003 0=1058Gev

-0.004 . (3) strange -0.015, (3) strange

02 03 04 05 06 0.7 02 03 04 05 06 0.7
Z Z
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Double hadron production in eTe™ processes

Some remarks:
e Charm contribution in the unpolarized C.S. is necessary;
Attempts were made to include this contribution also in the polarized c.s.

* We cannot distinguish between the (2) and (3) scenarios.
If Normalization factors are free,

up & down come out opposite, violating the SU(2) symmetry.

— SiDIS and pp collisions
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Unpolarized proton-proton collisions: pp — A (jet)X

STAR data: arxiv/2402.01168

A(pa) B(ps) = jet(p) A (pa) X v/ = 200 GeV

Azyp, s S)

p

PiA < 1.6 GQV/C,

0<z<1,

Kinematic cuts: 8 < pjr < 25GeV/cwith (pjr) = 11 GeV/c,
5] < 1.0, pra <10GeV/e, na| < 1.5

Anti-k algorithm with cone radius R =0.6

0.2

o
-

polarization

- STAR Preliminary
L p+p—jet+ A+ X
[ s =200 GeV

~0.1F
I - A jet
. x mjet|<1,pJT>SGeVlc
02—
0 0.5 1 1.5
j _[GeVic]
;
c 0.2 —
o - STAR Preliminary
© [ p+p—jet+A+X
N L -
5 0.4[ 1 =200 GeVv
5 I
D- -
0_'---—%-—-3--'1[{“-—} -----
:
- A jet
. X Iniet|<1,pj1_>SGeVIc
o2l
0 0.2 0.4 0.6
Z
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Unpolarized proton-proton collisions: pp — A (jet)X

0.051 nj=0 pr=11GeV/c 0.051 nj=0 pjr=11GeV/c
0.00 -+ émmrnfore vl e e aBg" R TRL 0.00 Aeeeeeeees + .....................................................................................
B -o0s- T | |<Q|: -0.05{ TSI e {
_ ] —0.10-
0.10 Sc. 2 Pia< 1.2 GeV/C Sc. 2 Pin< 1.2 GeV/C
_ | [0 Sc. 3 —0.15- EE Sc. 3
015170 A VS =200 GeV . % VS = 200 GeV
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
Z Z
The behaviour in z is driven by the relative contribution of the polFFs: Unpolarized functions:
* InSc.1and 2 only the up is positive = leads to a negative value of the polarization CT14nnlo set for proton
AKK set for A

In Sc . 3 both up and down are positive = leads to positive value of the polarization at small z
and negative at intermediate values.

* Lambda-bar: the polarization is negative and is driven by the negative sign of the sea polFFs.

04/06/2024
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Unpolarized proton-proton collisions: pp — A (jet)X

0.05- n=0 pr=11GeV/c 0.051 nj=0 pr=11GeV/c
0.00"" 000_.. ..-.'... ....................................................................
<k _ | 1<k _oo05. e LTI
Q. 0.05 Q_ {
- | —0.10
g DM pian<1.2GeV/c —es DM pin<1.2 GeV/c
_ | E=3 sc. 1 —0.15- 1 Sc. 1
0-15 ¢ A Vs =200 GeV ¢ A VS =200 GeV
0.2 0.3 04 05 0.2 0.3 0.4 0.5
Z Z

The behaviour in z is driven by the relative contribution of the polFFs:
* InSc.1and 2 onlythe up is positive = leads to a negative value of the polarization

In Sc . 3 both up and down are positive = leads to positive value of the polarization at small z
and negative at intermediate values.

* Lambda-bar: the polarization is negative and is driven by the negative sign of the sea polFFs.
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Unpolarized proton-proton collisions: pp — A (jet)X

Similar comments as for the z behavior.

“Sc. 2 Vs =200 GeV 1 Sc 2 Vs =200 GeV
0.101 0.107 g sc. 3
[110 Sc. 3 7z<0.8 _C' z<0.8
0.05 0os{ ¢ A
< 0.00+ |< |~ 0.00 Jrrresrsgeerssssssssspusnnsnssnssnisnsssssnssnsssssfesssssnssnsssssnssnsssssanssssssssnssfinsans
Q —0.05- -0.051 T seddbo
—0.10- —0.10-
—0.151 ni=0 pr=11 GeV/c —0.15- ni=0 pr=11GeV/c
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
P LA PLin
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Unpolarized proton-proton collisions: pp — A (jet)X

Similar comments as for the z behavior.

= , . Vs =200 GeV
0.10{ ) Se2  VS=200Gev 0.101 1y o6 5
[110 Sc. 3 7z<0.8 _C' z<0.8
0.05 0os{ ¢ A
< 0.00 - 1< 0.00 Jrrresrsgeerssssssssspusnnsnssnssnisnsssssnssnsssssfesssssnssnsssssnssnsssssanssssssssnssfinsans
o5 —0.05- =
—0.10+ —0.10-
—0.15+ n=0 pr=11GeV/c —0.15- ni=0 pr=11GeV/c
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
P LA PLin
= Vs =200 GeV
0.104 DM V's =200 GeV 0.10{ = SDMl
B3 Sc. 1 z<0.8 ¢ z<0.8
0.05 1 0.05 1
<}~ 0.001 |<|—~ 0.001
Q. —0.05 - —0.05
—0.10 —0.10 1
—0.154 Nni=0 pr=11GeV/c 0154 Nni=0 pr=11GeV/c
02 04 06 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
P1iA Pina
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Unpolarized proton-proton collisions: pp — A (jet)X

General remarks:

* Large experimental error bars: no strong conclusions

* General agreement with data in favor of the predicted universality of the polFF
 Sc.1 & Sc. 2 (noSU(2)) a bit better than Sc. 3 at describing the data
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Unpolarized proton-proton collisions: pp — A (jet)X

General remarks:

* Large experimental error bars: no strong conclusions

* General agreement with data in favor of the predicted universality of the polFF
 Sc.1 & Sc. 2 (noSU(2)) a bit better than Sc. 3 at describing the data

First hint of the size of the Gluon polFF:

* UnpFF contribution to unpolarized cross sec. is about 50% ;
e Since quark contribution to polarization is about 5-8% ;

- Gluon polFF can be only around 10% of its positivity bound
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Conclusions

 Ain jet pp collisions: tool to test universality of the polFF

 TMD effects only in the fragmentation mechanism

* Estimates based on fits of Belle data on transverse A polarization:
o Good agreement with STAR pp data

o Test of universality and SU(2) symmetry issue

* First hint of the role of the polFF for gluons
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Backup
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Semi-inclusive Deep Inelastic Scattering

Polarization:

M1 fdQT qr do, By [f1 l(l)}
f dqr qr doy By {fN151J

JL

Convolutions:

~ ~ 1 db
By [lel] = ;;eﬁfﬁbﬂo(bf QT) fN/q(iITEFLb) dq/h(ZSﬁb)

x M, (be(br), z) Mp, (be(br), 2) € g (ebr)bumas) 10 (53 8%) — Spert (besin)

db
B, [ #1 zz / L0201 (br ar) fvse(w; fin) Dift (25 )

2
X Mfl (bc(bT), ;E)MDI (bc(bT), Z) e—QK(bc(bT);bmax) In (R“,\Z.W) —Spert (baiin)

_




Semi-inclusive Deep Inelastic Scattering

Polarization:

M1 fdQT qr do, By [f1 l(l)}
f dqr qr doy By V;51J

Unpolarized functions:
CT14nnlo set for proton
AKK set for A

Convolutions:

~ db
BO[fIDl = 22 / TbTJo (b ar \[nvyq(: in) dayn (2 i)

Q- ) —Spert (bxifip)

X Mf1 (bc(bT), SU) MDh (b (bT) ) —gK (be(br);bmax) In (IMPM

db
B, [ #1 QZ / L0201 (br ar) fvse(w; fin) Dift (25 )

2
X Mfl (bc(bT), :E)MDI (bc(bT), Z) e—QK{bc(bT);bmax) In (W(%'W) —Spert (baiin)

Vi




Semi-inclusive Deep Inelastic Scattering

Polarization:
J_ 1
M [ dgr qr doy By [f1 ( )}
P (TB, 2 ) —
f dgr qr doy By {lelJ

Unpolarized functions: Non-perturbative functions from
CT14nnlo set for proton Bacchetta et al., JHEP 06 (2017) 081
AKK set for A

Convolutions:

~ ~ 1 db
By [lel] =2 Z e / ﬁ brJo(br qr)
q

db
B, [ #1 QZ / L0201 (br ar) fvse(w; fin) Dift (25 )

2
X Mfl (bc(bT), :E)MDI (bc(bT), Z) e—QK{bc(bT);bma:,c) In (W(%'W) —Spert (baiin)

Vi




Semi-inclusive Deep Inelastic Scattering

Polarization:
J_ 1
M [ dgr qr doy By [f1 ( )}
P 1 (TB; Zh) —
[ dar qr dér By {f1D1J
Unpolarized functions: Non-perturbative functions from
CT14nnlo set for proton Bacchetta et al., JHEP 06 (2017) 081
AKK set for A
Convolutions

Predictions are given at different energies:

En (GeV) E.- (GeV) \/sen (GeV)
41 D 28.6
100 10 63.2

B [RD4Y] - zz : [ o i (brar) flas ) DEE s
s=4EyE., Q°=zpys

2
x My, (be(br), z) Mp, (be(br), 2) e‘QK{bc(ﬁT);bmax)ln(mﬁ'W) Spert (basin)

Vi




Semi-inclusive Deep Inelastic Scattering

xg = 0.15 xg = 0.25 xg = 0.35 xg = 0.45 xg = 0.6

/Sep = 28.6 GeV e
0.2 g ¢ poe X td (1) (1) No Charm, No SU2
0.1 (2) (2) Charm, No SU2
0.0 [ (3) (3) Charm, SU2

I
o
'_I

o
(=)

Electron — Proton

Polarization

I I I I
o o o
bW e

0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
Zp

(1) & (2) scenarios: polarization of similar size and behavior; ¢ (3) scenario: similar size;

A pol. decreases and becomes negative; * A pol. similar or slightly greater size;
A is always negative; * A most significant difference;

/Sep=28,6 pol. has the same size, for greater values
there is a general reduction as xp grows.




Semi-inclusive Deep Inelastic Scattering

xg = 0.15 xg = 0.25 xg = 0.35 xg = 0.45 xg = 0.6
0.2 — g; ¢ pme X td (1) (1) No Charm, No SU2
0.1 mm (3) (2) (2) Charm, No SU2
C
O 00 Swinm, - [ (3) (3) Charm, SU2
e
(©
N
5 Electron — Proton
I
o
—0.3
_04 (b) /Sep = 63.2 GeV e pe AX
. 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
4\

(1) & (2) scenarios: polarization of similar size and behavior; ¢ (3) scenario: similar size;

A pol. decreases and becomes negative; .
A is always negative;

A pol. similar or slightly greater size;
* A most significant difference;

/Sep=28,6 pol. has the same size, for greater values
there is a general reduction as xp grows.




Semi-inclusive Deep Inelastic Scattering

Xg = 0.45

xg = 0.15 xg = 0.25 xg = 0.35

Xg = 0.6

0.15 B (1) (1) No Charm, No SU2
0.00 ] (2) (2) Charm, No SU2

-

O _o.15 =| [ (3) (3) Charm, SU2

.g

N0

~ Electron — Deuterium

I

o

. 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
Zp

(1) & (2) scenarios: polarization of similar size and behavior; ¢ (3) scenario: similar size;

A pol. decreases and becomes negative; * A pol. similar or slightly greater size;
A is always negative; * A most significant difference;

/Sep=28,6 pol. has the same size, for greater values
there is a general reduction as xp grows.




Semi-inclusive Deep Inelastic Scattering
xXg = 0.15 xg = 0.25 xg = 0.35 xg = 0.45 xXg = 0.6

0.15 ¢ Doe AX td (1) (1) No Charm, No SU2
C .
S _o.1s L mmm (3) (3) Charm, SU2
©
N0
E ' Electron — Deuterium
©
(aTH

-0.3

—04 (d) VSep = 63.2 GeV e~"Doe"AX

0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
Zp

(1) & (2) scenarios: polarization of similar size and behavior; ¢ (3) scenario: similar size;

A pol. decreases and becomes negative; * A pol. similar or slightly greater size;
A is always negative; * A most significant difference;

/Sep=28,6 pol. has the same size, for greater values
there is a general reduction as xp grows.




Semi-inclusive Deep Inelastic Scattering

The charm contribution in the fragmentation process is relevant

Intrinsic Charm (IC) component in the proton:

*CT14nnlolC set with BHPS model [T.-J. Hou et al., JHEPO2 (2028)059}
*NNPDF4.0nnlo set [NNPDF Coll., Eur.Phys.J.C 82 (2022) 5, 428]

(2) Scenario: xg =035 xg=045 x53=0.6 (2) Charm, No SU2
0.25 (2) No IC

[T (2) BHPS IC
(2) NNPDF

 BHPS and NNPDF: similar
polarization of previous
predictions

* Same behavior is present for
greater values of the c.m. energy.

o
o
o

o ;
o

Polarization
S
N

|
o
N

0.3 05 0703 05 0703 05 0.7




Semi-inclusive Deep Inelastic Scattering

(3) Scenario:

Xg = 0.35 Xg = 0.45 Xg = 0.6

(3) No IC
[0 (3) BHPS IC
=1 (3) NNPDF

» Estimates vary significantly as xg increases;

+ A estimates with BHPS and NNPDF different from
the previous ones;

A :decreases to zero

A : NNPDF become negative

Polarization
|
o

03 05 0703 05 0703 05 0.7
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