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Our View of the Proton

with history
Point-Like 1919
Finite Size with Radius 1930s-1950s
Quark Model 1960s
QCD and Gluons 1970s

Puzzles and Anomalies 1980s-present

Quark Sea of the Nucleon
Baryon-Meson Fluctuations
Statistical Features



Surprises & Unknown
about the Quark Structure of Nucleon: Sea

Spin Structure: > = AU+Ad +AS ~0.3

“puzzle”: where is the proton’s missing spin

Strange Content  AS =0 §(X) # 5(X)

Brodsky & Ma, PLB381(96)317

Flavor Asymmetry {J == (

Isospin Symmetry Breaking Up # (:Tn ch # U,

Ma, PLB 274 (92) 111
Boros, Londergan, Thomas, PRL81(98)4075



Unknown about the nucleon: valence

x—1 behaviors of flavor and spin

* Flavor !_‘:‘ o D:Y"A Mode
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N | 'QCD

Ma, PLB 375 (96) 320



Ratio of Neutron/Proton Structure Functions
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Flavor Content of the Proton
with nuclear binding correction

U8 4 SLAC
* SLAC > CDHS
. T2/
' oaf [}
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X X

W.Melnitchouk & A.W. Thomas
PLB 377(1996) 11
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Charge Aymmetery

Flavor Content of the Proton
from DIS neutrino data analysis
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U.K. Yang & A. Bodek
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Flavor Content of the Proton
from DIS data of 3He and 3H
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(Au + AU)/(u + U)

(Ad + Ad)/(d + d)

Quark Helicity Distributions of Proton

Measurements at JLAB and HERMES
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Status

of the Flavor and Spin Contents of the Proton

* Flavor favors pQCD

« Spin favors diquark model

Unclear & In Contradiction!



How to Test Various Theories?
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SU(3) Symmetry together with Proton Spin Problem
PRL Fo(00) 253 ]
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The u,d sea of Lambda versus
s sea of Nucleon
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Different flavor & spin structure in
different models
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B.-Q. Ma, I. Schmidt, J.-J. Yang, Phys. Lett. B 477 (2000) 107



Flavor structure in two different models

R 5QCD
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Spin structure in two different models
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Diquark Model




An Intuitive argument
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Significantly different predictions of A Structure

* N ‘m‘ medel predicts :
Ausadso , afz|

. J.QB.B..M prediet !
duzadz~0 2 AS-zo-( ¢

o \We "&d :

B.-Q. Ma, I. Schmidt, J.-J. Yang, Phys. Lett. B 477 (2000) 107



Connections between structure functions and
fragmentation functions

*S.J. Brodsky, B.-Q. Ma,

How 40 Moagure ‘Au), 4 V‘ ) ? PLB 392 (1997) 452.

*V. Barone, A. Drago, B.-Q. Ma,
PRC 62 (2000) 062201 (R).

A L B.-Q. Ma, |. Schmidt, J. Soffer,
A J.-J. Yang,

% &) d Dt (’) } PLB 547 (2002) 245.

. gnll ..-'71\. «M'U:'&

™ 7‘( Gio.}hl-’.o"AQvt' ﬂr" '4" 4 4 [aas

',‘-’ho";..",



Advantage of A Physics:

Self-Analyzing Property of A

« Polarization of A can be measured through
the self-analyzing process of A decay:

A > D+ T



Various Processes of Polarized Fragmentation
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Flavor separation of fragmentation functions
B.-Q. Ma, J. Soffer, PRL 82 (1999) 2250
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Extension to Sigma Hyperon
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The advantage of using Sigma hyperons
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New Domain for Theorists and
Experimenlists
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Spin structure of Lambda from Lambda
polarization in Z° decay




Diquark model and pQCD results
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B.-Q. Ma, I. Schmidt, J.-J. Yang,
Phys. Rev. D 61 (2000) 034017



Spin Transfer to A in Semi-Inclusive DIS
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Different predictions
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Longitudinal Spin Transfer
S © o o ©
N o N = (o)) (o -]

©
=

Comparison with data

® HERMES
— pQCD

---- quark-diquark
- SU(3) rotation
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New results including both unfavored
and indirect decays: SIDIS

= HERMES2011
v HERMES2006
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Y.Chi, B.-Q. Ma, Phys.Lett.B 726 (2013) 737



Results with new parametrization: Z-pole
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Difference between Lambda and anti-Lambda spin transfers
with the COMPASS data

longitudinal spin transfer
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X.Du, B.-Q. Ma, PRD95 (2017) 014029



Difference between Lambda and anti-Lambda spin transfers
with s-sbar asymmetry for E665
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Difference between Lambda and anti-Lambda spin transfers
with s-sbar asymmetry for HERMES
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A/ A Ratio in DIS Production

* A sensitive quantity that can provides
information about the flavor structure
of A hyperon.

B.-Q. Ma, I. Schmidt, J.-J. Yang
Phys. Lett. B 574 (2003) 35



The flavor structure of Lambda
u/s ratio with x-dependence

(a)Dig. Model E (b) QCD Madel E (c)SU(3) Model

B.-Q. Ma, I. Schmidt, J.-J. Yang
Phys. Lett. B 574 (2003) 35



Different predictions

1 1 1 t
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B.-Q. Ma, I. Schmidt, J.-J. Yang
Phys. Lett. B 574 (2003) 35




P

Providing information about
«the inclusive production of hadrons
«the strange and antistrange quark polarizations of the proton.

47



Spin transfer for
pp — AX at RHIC-BNL
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Fitting to STAR DATA
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Xiaonan Liu, B.-Q. Ma, arXiv:1905.02360, EPJC 79 (2019) 409




Xiaonan Liu, B.-Q. Ma, arXiv:1905.02360, EPJC 79 (2019) 409

Results from fitting STAR data

Table: Fitting results of «; and calculated results of As and As.

2

value As AS Xiin
V1 -1.20+1.31 -0.014+0.015 0.37
%) -0.24+0.49 -0.003£0.005  2.48
a3 -2.17+£1.65  -0.0254+0.019 0.42
g -0.087£1.08 -0.0014+0.012  2.24

Two options: with/without gluon polarization



Xiaonan Liu, B.-Q. Ma, arXiv:1905.02360, EPJC 79 (2019) 409
Comparison with Predictions & Results

The central values of the fitting results are basically compatible with

@ the light-cone meson-baryon fluctuation model®* prediction
As(x) ~= —0.05 to —0.01 and AS(x) =~ 0.

o the recent lattice QCD determination?®, As™ = —0.02(1) at
Q? ~ 7GeV?2.

@ the results from Jefferson Lab Angular Momentum (JAM)
Collaboration®® As™(Q3) = —0.03(10).

?*S. J. Brodsky and B.-Q. Ma, Phys. Lett. B 381, 317 (1996).
>G. S. Bali et al. [QCDSF Collaboration], Phys. Rev. Lett. 108, 222001 (2012)
20 J J Ethier, N.Sato and W.Melnitchouk, Phys. Rev. Lett. 119, 132001 (2017)

o1



Relating A-production with nucleon strangeness

e The spin transfer process of pp — AX is feasible to study
strange-antistrange polarizations of the nucleon.

« The fitting to STAR data suggests:

As #+= AS
As ~ —0.025 +0.019
As~ —0.001 =0.012

» The results are compatible with the light-cone baryon-
meson fluctuation model prediction.

Xiaonan Liu, B.-Q. Ma, arXiv:1905.02360, EPJC 79 (2019) 409



Nuclear EMC Effect
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Anti-Lambda production as a probe of
the nuclear sea structure?

« B=KEFIZIEBINIARRFREEMCHRL: BIFE
=8 PiBRIEE, EFiREIRE.

« B EREFIZSZFHBIEFEELET
IERRSiEFanti-LambdafdF=ZREEXTIx
AORERTE, FEli)&IN anti-LambdaggnzxX
S EEEIRAEFZEMCHME =XARE

FAZEETIIREY. =

B.Lu, B.-Q. Ma, Phys.Rev.C74 (2006) 055202 L
C.Gong, B.-Q. Ma, Phys.Rev.C97 (2018) 065207 ) '




Different sea behaviors in nuclel
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Different predictions of anti-lambda production
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Conclusion 1: Lambda Physics
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Spin structure of A from A polarization in
Z° decay
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Conclusion 2: Spin Structure of A

Diguark model and pQCD results

B.-Q. Ma, I. Schmidt, J.-J. Yang,
Phys. Rev. D 61 (2000) 034017
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Conclusion 3: Relating A-production with nucleon strangeness

The spin transfer process of pp — AX is feasible to study
strange-antistrange polarizations of the nucleon.

The fitting to STAR data suggests:

As #+= AS
As ~ —0.025 +0.019
As~ —0.001 =0.012

The results are compatible with the light-cone baryon-
meson fluctuation model prediction.

Xiaonan Liu, B.-Q. Ma, arXiv:1905.02360, EPJC 79 (2019) 409



Conclusion 4: Anti-Lambda Production
for Nuclear Physics

Anti-Lambda production charged lepton
semi-inclusive deep inelastic scattering
off nuclear target is ideal to figure out
the nuclear sea content, which is
differently predicted by different models
accounting for the nuclear EMC effect.

B.Lu, B.-Q. Ma, Phys.Rev.C74 (2006) 055202
C.Gong, B.-Q. Ma, Phys.Rev.C97 (2018) 065207



