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Origins of nucleon spin and mass



Motivations: Unsolved mysteries in physics

Mass and spin of the nucleon are two of fundamental quantities in physics.
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Recent progress on origin of nucleon spin
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Origin of nucleon spin: decomposition
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Origin of nucleon mass: decomposition
Nucleon mass: M =(p|H|p), H= _[d3x T (x)

quark energy

gluon energy

Energy-momentum tensor:
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We need theoretical and experimental efforts
to decompose nucleon mass for finding its origin.



Hadron tomography
(3D structure functions)



Wigner distribution and various structure functions

Form factor PDF (Parton Distribution Function)
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Our work by the two-photon process yy — hh.




Generalized Parton Distributions (GPDs)
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Why gravitational interactions with hadrons ?
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How about gravitational radius?

Proton-charge-radius puzzle:
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Gravitational sources and 3D structure functions
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Generalized Parton Distributions
(GPDs)

and J-PARC project



Workshops on high-momentum beamline physics,
http://www-conf kek.jp/hadronl/j-parc-hm-2013/
http://research.kek.jp/group/hadronl(/j-parc-hm-2015/.

Hadron facility

This beam line is now

Prim roton m )
ay p oton bea under construction.

* Proton beam up to 30 GeV

* Unseparated hadron (pion,...)
beam up to 15~20 GeV




Exclusive Drell-Yan 7~ + p —» 4"~ + n and GPDs
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T. Sawada, W.-C. Chang, S. Kumano, J.-C. Peng,
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pion distribution
rocess at J-PARC
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- , = for a J-PARC experiment
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15 May 2016; published 29 June



Expected Drell-Yan events at J-PARC 07 =%, t=(p-p,t= 2L

2p-q, Ss—my

t
4m12V

do‘L _471'(12 T° f;[(l_éz)’ﬁdu(_é’é,t)r_2§2Re{ﬁdu(—§,é,t)*i‘jdu(_éséat)}_éz

dQ’dt 271 Q7 ‘Ed"(“g’é’t)‘]

o ft-tyl< 0.5 GeV? «— 80
a 10°gm >
° 8 60
o e
] 2
- = 40
5 £
3 3 20
B -
S 0
3.5 0 0.1 0.2 0.3 0.4 0.5
2
t-t,| (GeV")
Missing mass
9r e —
100 o P=15GaV 3 J-PARC 10-20 GeV =
- Exclusive DY 8t
-—— Inclusive DY A :
0 | Exclusive Tt 9
E Drell-Yan < 6F ) =
Q 60 § sl JPARC g — BEESET
g o f ==
@ 40 s f —
E No 3; —
w L e e
208 2 _E— ———————— e —
0 0: L ] 1 1 ] 1

0 0.1 0.2 03 04 0.5 0.6 0.7



GPDs in different x regions and GPDs at hadron facilities
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—é<x<& (x+&>0,x—&E<0) Consider a hard reaction with
Quark distribution 5’|, €], [w|> M2, |f| <M P
Emission of quark with momentum fraction x+& t /\ ¢
Absorption of quark with momentum fraction x-& D i

qq(meson)-like distribution amplitude

Emission of quark with momentum fraction x+& p
Emission of antiquark with momentum fraction §-x

Y

GPDs at J-PARC: S. Kumano, M. Strikman,
and K. Sudoh, PRD 80 (2009) 074003.

Antiquark distribution

Emission of antiquark with momentum fraction &-x Efremov-Radyushkin
Absorption of antiquark with momentum fraction -5-x -Brodsky-Lepage (ERBL) region




Generalized Distribution Amplitudes
(GDAS)

and KEKB/ILC project

H. Kawamura and S. Kumano,
Phys. Rev. D 89 (2014) 054007.

S. Kumano, Q.-T. Song, O. Teryaeyv,
Phys. Rev. D 97 (2018) 014020.
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Experimental studies of GDAs in future

vy — hh for internal structure of exotic hadron candidate &

- KEK B-factory

Linear Collider ?




GPDs for exotic hadrons !?

Because stable targets do not exit for exotic hadrons,
it is not possible to measure their GPDs in a usual way.

— Transition GPDs
or — s &>t crossed qunatity = GDAs at KEKB, Linear Collider

e.g. at J-PARC £

A(1405)
K~ (ts) + p(uud) = A, (uudis)+7"

A s = pentaquark (KN molecule) candidate ¥

=

See also H. Kawamura, SK, T. Sekihara, PRD 88 (2013) 034010;
W.-C. Chang, SK, and T. Sekihara, PRD 93 (2016) 034006
for constituent-counting rule for exotic hadron candidates.




Generalized Distribution Amplitudes
(GDASs) for pion

from KEKB measurements
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Cross section for y'y — 'n’ SN _
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GDA parametrization for pion 7
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Analysis of Belledataon Yy — n'x’

Belle measurements:

2 2
Q = 8.92, 13.37 GeV M. Masuda et al.,
PRD93 (2016) 032003.
do/dcosO (nb) do/dcos8 (nb) do/dcos6 (nb)
35 35 35 i
3] 02=8.92 GeV? ] 0?=892 GeV? s 0?=892 GeV?
cos8=0.1 cosf=0.5 B cos8=0.9
251 251 25
24 } 2] 2] [}
15] 15] } 15] T
1] } { 11 1] T
05 } } } % 05 % } 05| l + hl '
0 - % | §‘§§‘§ 0 ;} Y Y'} iﬁ s @ ?f 0 7 H% ?II};;;}
04 T.s 08 |1 22 04 12 14 16 18 2 22 04 |06 08 1 hz 14 116 118 T2 22
W (GeV) i WV (GeV)
dG/chsG (nb) do/dcosO (nb) do/dcos@ (nb)
35 35 35
3] 0?=13.37 GeV? 3] 02=13.37 GeV2 3] 02=13.37 GeV2
cos@=0.5 cos6=0.9
2.5 2.5 2.5 )
. ) . °
15] 15] N !
: H H : , } LT
05] H} } 05 + } H} os] || l + l +
) §§§§;§ 5 L , ﬁzi“,; AP I I O A N L1 Lh}
04 . ‘ 1 ‘ ‘ 2 22 04 | 0. 11 127 14 16 18 2 22 04 |06 08 12 Ll:ig 16 18 2 22
W (GeV) W (G




Analysis results for cos6 = 0.1, 0.5
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Gravitational form factors and radii for pion
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Timelike gravitational form factors for pion
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Spacelike gravitational form factors and radii for pion
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This is the first report on gravitational radii of hadrons from actual experimental measurements.
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First finding gravitational radii for pion from experimental data

(r'),.. =056~0.69 fm & J(r’) = =0.672£0.008 fm

Comments and prospects:

It is too early to discuss the difference from experimenal data;
however, it is interesting to investigate it theoretically.

For example, quarks contribute to both charge and mass distributions,
but gluons contribute to only the mass distribution.

Gravitational physisc has been investigated for macrosopic phenomena.
It could be studied also in the microscopic and fundamental quark-gluon level
together with the topic of nucleon mass origin.



Prospects & Summary



The errors are dominated by statistical errors,
Super KEKB and they will be significantly reduced
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I-FAIR (PANDA)

arXiv:0903.3905 [hep-ex]

FAIR/PANDA /Physics Book i

Physics Performance Report for:

PANDA

(AntiProton Annihilations at Dar dt) y

Strong Interaction Studies with Antiprotons

Y

PANDA Collaboration

To study fundamental questions of hadron and nuclear physics in interactions of antiprotons with nucleons
and nuclei, the universal PANDA detector will be build. Gluonic excitations, the physics of strange and
charm quarks and nucleon structure studies will be performed with unprecedented accuracy thereby
allowing high-precision tests of the strong interaction. The proposed PANDA detector is a state-of-the-
art internal target detector at the HESR at FAIR allowing the detection and identification of neutral and
charged particles generated within the relevant angular and energy range.

This report presents a summary of the physics accessible at PANDA and what performance can be

expected.
P Momentum [GeV/c] y
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Facilities to probe 3D structure functions (GPD, GDA)

RHIC Ultra-peripheral collisions ( )
LHC for y'y — hh ?? C
Fermilab

J-PARC




3D view
of hadrons

By hadron tomography

. Origin of nucleon spin
\By the tomography, we determine

Exotic hadrons Origin of gravit

sources in terms of
quarks and gluons.

By tomography,
we determine




Summary

Hadron tomography studies are important
for solving the origin of the nucleon spin,
for probing internal structure of exotic hadrons,
for probing gravitational sources (masses) in quark/gluon level.

GPDs at J-PARC

GPDs could be measured at hadron facilities such as J-PARC
by exclusive Drell-Yan and other exclusive processes.

GDAs at KEKB / ILC
3D structure of hadrons can be investigated by GDAs (s<1).

Related experimental projects

RHIC, Fermilab, CERN-COMPASS, JLab, BES, ILC,
LHC (UPC), GSL, EIC, LHeC, ...

Gravitational form factors can be obtained for hadrons
by GPDs and GDAs!



The End

The End



