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Nucleon tomography

Current interests in nucleon tomography

- multi-dimensional phase space structure of the nucleon
3-dim : GPD, TMD
5-dim : GTMD, Wigner

* Nucleon is composed of quarks and gluons
- Does the constituent quarks affect the structure of
the parton distribution? <= sub-nucleonic effects

\

We include the sub-nucleonic effects to the Wigner distribution.
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Parton distribution function (PDF)

Martin, A.D. et al. Eur.Phys.J. C63 (2009) 189-285

f(x,Q%?): parton distribution function

x : momentum fraction wrt p
Q : momentum transfer(—g? = Q?)
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Phase space distributions

FT.
Generalized TMD €¢=———————————= \Nigner dist.

F(makJ_aAJ_) W(QS‘,kJ_,bJ_)

S. Meissner, A. Metz and M. Schlegel, (2009)

Belistky, Ji, Yuan (2004) , Ji (2003)

AJ_ — 0
Gaussian
smearing

GPD TMD
(x, k) Husimi dist.

N dsz H(lL’,kJ_,bJ_)
Probability distribution

Y. H, Y. Hatta, (2015)
PDF :
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Wigner distribution in QM

E. Wigner. Phys. Rev. 40:749 (1932)

Wigner distribution

W(z,p) = / dEGPEG* (2 — €)2)0(x + €/2)

Y (x) : wave function

Ex. Harmonic Oscillator in 1D
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Wigner distribution in QCD

* Quark ngner distribution Belistky, Ji, Yuan (2004) , Ji (2003)

Wl k) = 5 [ comtze™ /2D (0.1 = d/2)

Wr (7, k) = / dr e S (F — /2T (F+ £/2)6(61)2m

Gluon: W (7 — £/2)DW(7 + £/2) — FT(F — £/2)F} (F+ €/2)

« Wigner distribution at high energy Lorce, Pasquini (2011)

Using infinite Momentum Frame

Webs,) = 5 [ ok aavn(a, Do) - A1/
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The gluon Wigner distribution

Operator definition of the gluon Wigner distribution
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The gluon Wigner distribution

Operator definition of the gluon Wigner distribution

PAL i [P e i
Wiakebu) = [ e [ Goppe e e

X <P+% Tr [F” (b¢+g) Y ET pti (bJ__g) u[i]]

Dipole type Weizsacker-Williams type
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Small x region

Gluon saturation
Small x
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1 Increase the CM energy (x becomes small)

Q2% =10 GeV? | ‘

Number of partons increase

¥

The number of partons become saturate
because of the gluon recombination process
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Martin, A.D. et al. Eur.Phys.J). C63 (2009) 189-285
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The gluon Wigner distribution

Y. Hatta, B. W. Xiao, F. Yuan Phys. Rev. Lett. 116, 202301 (2016)
e Small x approximation

:r:<<1—>e_mP+£_ ~ 1

The gluon Wigner distribution at small x

aW (z, k,b) = 2N/ ek <—tr(OT(b—|—'r/2)Oz( —'r/2))>

Dipole type  wessp  O;(x) = 0,U ()

Weizsicker-Williams type = O;(x) = UT(2)0;U ()

Ux,) = U[—o0,00;x,]
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rapidity evolution

JIMWLK equation for the Wilson lines

Ug(Y +dY) = exp {—i Y O‘;dY f P’z Ky_, - [U.(Y) €.(Y) U;f(Y)]}

VasdY
xUgx(Y) exp {z “
T

i’z K, . -£Z(Y)}

- Y =log(1/x)

Integral kernel  Kg = m|:1:|K1(m|acD§

m: infrared cutoff ~ 0.2 GeV
Gaussian noise (% ;(ndY)&) ((mdY)) = 6450:;6° (2 — Y)Spm

H. Mantysaari and B. Schenke, Phys. Rev. D 98, no. 3, 034013 (2018)
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Initial condition

L. D. McLerran and R. Venugopalan, Phys. Rev. D49, 3352 (1994)
H. Mantysaari and B. Schenke, Phys. Rev. D 98, no. 3, 034013 (2018)
McLerran Venugopalan model

Color source -> Gaussian distribution

Fo@eiw) = Tl s (T12) 55,8 - v)

with sub-nucleonic effects

NCQ
1 1 (n) \2 >\ p2
S($) — 27TR2C’Q ngl exp (ZRQCQ (ZB _ wCQ) ) (wC’Q> - RP

Round nucleon
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Initial condition

Wilson lines for the MV model

T m: infrared cutoff ~ 0.2 GeV

Solving the Poisson equation
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Numerical simulation




Including sub-nucleonic effects
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Round proton results
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Fix the momentum

With sub-nucleonic fluctuation Round proton
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Summary

We investigate the two gluon Wigner distribution functions.

The DP type Wigner distribution is smaller than the WW
type at small b.

The angular independent part of the Wigner distributions
have no big different properties between the Wigner
functions with sub-nucleonic effects and round ones.
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Parameter set

H. Mantysaari and B. Schenke, Phys. Rev. D 98, no. 3, 034013 (2018)
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