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Nucleon structure
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Many applications of PDFs...
1. Access to small bjorken x region.
Gluon saturation — Discovery of CGC = QGP’s initial condition

2. Alternative approach to Nuclear physics.
Lattice QCD

( NN .
Parton Distribution Functlons)
correction
FT(QCD
Q(Q ......... ) ............... ( Experiments) Nuclear Physics
Quantum Mechanics

parameter tuning

" 4
--------------------- (Wave function)--------------------'
1

Hartree-Fock, Born approximation
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Plans for research

M2 D1 D2 D3

(Benchmark calculations of PDFs)
Moments of scaling funcs. Parton distribution funcs.

« Excited state contamination

« Discretization error Application
« Non perturbative renormalization « Comparison with experiment
« Renormalization respecting symmetry « Medium effect

Non perturbative renormalization of PDFs
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Cleared « Operator mixing problem
. Relevance to Heavy quark effective theory on Lattice
On going : . Comparison with traditional method

| have already reported our works at

* R. Tsuji, Y. Aoki, K.-l. Ishikawa, Y. Kuramashi,S. Sasaki, E. Shintani and T.
Yamazaki for PACS Collaboration, “Nucleon structure at physical point in
2+1 flavor Lattice QCD” Asia-Pacific Symposium for Lattice Field Theory
(APLAT 2020), KEK, AUG 2020 and others. 5
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Overseas training

There are 2 ways depending on the COVID-19 outbreak.
A. Long-stay ( > 3 mos.)
— Brookhaven National Laboratory (RIKEN-BNL)

B. Conference and School ( ~1 mo. in 2021 )

Conference Time Location Online
Lattice 2021  26-31JUL U.S. v
CIPANP 2021 1-6JUN U.S. X
PANIC 2021 30AUG-3SEP Portugal X
QNP 2021 20-24SEP Germany %
QCD-N 2021 4-80CT Spain X
Baryons 2021 19-220CT Spain X

% There is no information yet. 3
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Deep inelastic scattering process

electron electron
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X Is regarded as fractional proton momentum carried by quark
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Gluon saturation at small Bjorken x

Gluon -> Massless particle
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QGP’s initial condition

Experimental research of QGP = Relativistic heavy ion collisions
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Color Glass Initial Glasma SQGP -
_ Condensates ) Singularity perfect fluid Gas

CGC is a candidate of QGP’s initial condition.

However, there is NO evidence for CGC.
-> Experimental/Theoretical search is NEEDED.




Experiments for CGC & gluon PDF

EM and DIS measurements
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e.g) FoCal ALICE @ LHC
-> RUN : 2027 ~
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Determine gluon PDF
with less uncertainty.



Defects in historical approach

There is mainly 2 defects.
(D Ignore the structure of nucleon

@ Theory can’t consider finite size effect
e.g.1) Nuclear shadowing effect

Collective effects?
Nucleon structure?

e.g.2) Mismatch
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(@ Tune the parameters with experiments = STABLE nucleus

200

Ve (1) [MeV]
g

-100

300 ———r—— g ———————
T 1So channel -
| |
[repulsive | 2n I x
| core | p,Ww, o | i
i \ | |
| |
| I
| CD Bonn
Reid93
- AVi8 g
- r[fm] A
TR RS | PTIRT R S S R R R R S
0 0.5 1 15 2 2.5

Obtain the realistic potential

140

120

Proton (Atomic) number Z
o o o
o o o

a
o

N
o

Are these potentials
predictive in all nucleus?

a-decay dominant ' ' ' . aild
B B p-decay dom. 20113] g5 2=
z-126 | W SF dom. .
. R .
B M p-emission dom. - - -
Z=114 | — Proton-drip line - "
by KTUY formula =
L B p-stable nuclei = n
by KTUY formula =
7-g2 | | known nucl.2000) .=_= |
= = 298 7]
294 (114154
Ds;g4
235
I 208 E .
Z=50 Pb
an example of r-process path
B 132 7]
228 Sn
{N=28 N=50 N=82 N=126 N=184 N=228
i | | | | | | | | | |
20 40 60 80 100 120 140 160 180 200 220 240

Neutron number N



PDFs on Lattice QCD -> quasi-PDFs

PDFs are defined as non-local correlation on light-cone
-> By definition, naively forbidden

However , , | t
we can access it ower correction
via Lorentz boost & Matching

light-cone

e.g) Unpolarized Quark DF
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(Lattice QCD)







