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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

« Can we measure the Wigner distribution?
- Recently some proposals to probe the small-x
gluon Wigner distribution in DIS has appeared.

\

We argue that ultraperipheral pA collision is a promising
process to more directly access the gluon Wigner distribution.
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Introduction




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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Generalization of the PDF

PDF : [ (x) / 'k,
Transverse momentum dependent PDF (TMD) :

x : momentum fraction wrt P flz, k)

HADRON PRODUCTION PIANE

Semi inclusive DIS

AJ_—>O 3

Generalized PDF (GPD) :
G(:U, AJ—) b, © Ay G(x: b,)

Deeply virtual Compton scattering
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Phase space distributions

FT
Generalized TM D €= \N/igner dist.

F(makJ_aAJ_) W(xakJ_abJ_)

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

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

AJ_ — 0
Gaussian
smearing

GPD TMD
(2, A ) (x, k) Husimi dist.

AL =0 koL H(makJ_vbJ_)
Probability distribution

Y. Hagiwara, Y. Hatta, (2015)
PDF :

f(x)




Wigner distribution in QM

(

.

Wigner distribution

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

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

Y (x) : wave function

~

Ex. Harmonic Oscillator in 1D




Wigner distribution in QCD

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

Wl k) = 5 [ comtze™ /2D (0.1 = d/2)

Wr (7, k) = / d* e W (7 — /2T (7 + £/2)6(6T)2n

Gluon: W (7 — £/2)TU (7 + £/2) — FT(F — £/2)Ff (7 + £/2)

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

Using infinite Momentum Frame

4

1 [ d*A, _. ]
Wr(by, k) = 5/ (%); e ALPLIA L /2IWR(0, k)| — AL /2)
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The gluon Wigner distribution

/ The gluon Wigner distribution \
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Small x region

Small x .
—_— Gluon saturation
g” ST T T Increase the CM energy (x becomes small)
X Q% =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




The gluon Wigner distribution

« Small x approximation <l e—wPTE
The gluon Wigner distribution at small x
‘\\\
2N, d’r . 1
W, (z,k, b)) = e** | =Vi — V2| Sy(r,by
9( » ) Qg (271')2 4 b r ( ) )
Y. Hatta, B. W. Xiao, F. Yuan Phys. Rev. Lett. 116, 202301 (2016
\_

1
Sy(x,b1) = —tr (U(b1 +1/2)U7 (b1 —1/2)) W<T >Mm
. S- matrlx of the dipole-nucleon scattering

= In(1/x):rapidity
Sy (r, b | ) = Wigner distribution!
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Accessing
the gluon Wigner distribution




Diffractive di-jet production in DIS

ki

WW\A< Y. Hatta, B. W. Xiao, F. Yuan Phys. Rev. Lett. 116, 202301 (2016)
Q . QD ko

— ]_ — —_

| Py = —(kay —ki11)
(JL_%“ _QL_%J‘ 2
kil +kep =—-A1
e
do"Y}A—w@X 9N 626(58 —1)2(1—2)[Z2—|—(1—2)2]/d2_’ d2—f S(—» 5 )S(_’D
dy1dky L dyad?hyy TN TR, 2L 2

| P Pi-a | P. P-4}

Pf_—l—e? (PL—ql)Q—Fe?e Pf_—l—e? (Pi—q’J_)Q—l—e?c

e
ki1eYt 4 ko ev2

e?c =2(1-2)Q° 4t = Vaw

Extraction of S from the data complicated.
Going to small Q4 helps.
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Ultraperipheral pA collisions

Use the Weiszacker-Williams photons
—% with Q*~0 in UPC!

p — — p
» Cross section
doP4 f 2, AN doP? i
A S = . phot
dyldy2d2li_d2k2J_ dw dylddeleJ_dzng_ @ . photon energy
dN  2|Z%|oem 2
o= Wa {ﬁKo(ﬁ)Kl(f) - 5 (K7 (&) - K§(§))] : the photon flux

Z : atomic number

L Tkl S V;NN R,, R, : radii of the proton and the nucleus
¥ m,
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How to access the gluon Wigner Distribution

Amplitude when Q = 0

= S(QJ_aAJ_)

. _/d:z(ﬁ PL—q . =
2 (P —qL)?

S(qL, A1) = So(qr, AL) +2cos2(¢g — da)S(qL, AL)

Integrate over the azimuthal angle. Approximate S, > S (YH, Hatta, Ueda (2016))

doP4 dN 2(2 N om
- — R W m) Nea E e2(1—2)(2° + (1 — 2)*((A% 4+ 2cos 2(¢p — Pa)AB)
dyydyd?ky | d? ko dw

1
w = 5(]@116?’1 + ki2eY?)

P,
AP ,A) = —[ dgiq1So(qL, A1)
0

P 3 o0 P2

B(PJ_aAJ_) = - dQJ_P2 S(QJ_:AJ_)+ dQJ_—S(QJ_,AJ_)
0 P, ql
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How to access the gluon Wigner Distribution

* The angular independent part

SO(PJ_jAJ_) —

« The elliptic part

B = [t Cory—c-) — D1 (5 LD

2 ~
t=InP?/qf C(w)="5(q) !

- OB(P.,A,) 2 [FLap?
S(PL,AL)=— P2 + P2 /o Pj_é B(P,AL)

= Wigner distribution!
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A model calculation

« Compute S by numerically solving the Balitsky-Kovchegov equation

e )
(x — )2
aysy(x y N fdQ X — Z Z — y)2 {SY(X')Z)SY(Za Y) _ SY (Xa Y)}
L Y=In(2)

« Keep the dependenceon b, = (x+y)/2

« Assume the SO(3) symmetry (subgroup of conformal group) Gubser (2011)

SY(xv y) — Sy(dQ(:B, y))

, R2(X_Y)2 R2r2
d (X,Y) — ; 5 5 5 = 9y 2 b2 r2 b2 r2
(B2 +x5) (B 4+y%) (R4 b2 4+ 2)" = Bal Bl cog9gy,
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Numerical results

A function

0012 ————
001 | J=2 -
0.008 | Y33 ’/»,/_ N

0.004
0.002
0

-0.002

cf. Wigner distribution
YH, Hatta, Ueda (2016)

1)

xWy(b

B function

0.0005

2

P AR S (b O -

0 -

...... Y=0 —— 4

Y=2 ——
Y=4

,2 - Y=6 —
Y=8
y=10 ——

3 1 1

1071 1 10 102

1)

xWi(b

-0.04
-0.06 -
-0.08

Y=0 ——
0.0004 | Y=2 -—-- R
Y=4 - - - 73
0.0003 | Y=6 - N
Y=8 —  — \'
0.0002 | SRR
0.0001 | _
NN
0 | L
-0.0001 :
-0.0003 =
0.1 1 10

0.10
0.08
0.06
0.04 |-
0.02

0.00 =

002 o

Como Ao ]|

<~<=<=<=<]

-<
n
-

10

10




Summary

Measurement of gluon Wigner in UPCs:

Cross section enhanced by Z?
Deconvolution can be done analytically.

Measurable at RHIC and the LHC.

Quark Wigner? Bhattacharya, Metz, Zhou (2017)

Elliptic Wigner affects various observables.

Elliptic flow in pp, pA,  YH, Hatta, Xiao, Yuan
cos(2¢) in DVCS, Hatta, Xiao, Yuan,
quasielastic scattering  Zhou
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