Transverse Momentum PDFs (TMDs)

dz—d?z, ik p ~
5/ ¢t 0 AN R(=2) TWH(S) T, 0L, Ao

Depend on
A, A, T : nucleon and quark polarizations

k-l—
T = o : longitudinal momentum fraction

ki : parton transverse momentum

- no direct Imk -

L gvAJ_

A2
- —>— [dky
- A=

— fd:l:

CE,k_]_




Transverse Momentum PDFs (TMDs)
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Transverse Momentum PDFs (TMDs)
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Transverse Momentum
Distributions: 0D+3D map



Key information from TMDs

e Complete momentum spectrum of single particle
e Transverse momentum size as function of x (3D map)
Spin-Spin and Spin-Orbit Correlations of partons

e Information on parton orbital angular momentum
(no direct model-independent relation)

e Study interesting new non-trivial aspects of pQCD: role of re-scattering
of active partons, factorization, universality, evolution,....

e Non-perturbative structure we cannot calculate with QCD
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Where TMDs started from ..... 1991

Consider the scattering of a transversely polarized proton off an unpolarized proton
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Early theory prediction:
If partons have only longitudinal momentum, SSA would vanish

G.L. Kane, J. Pumplin, W. Repko, Phys. Rev. Lett. 41 (1978) 1689
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If partons have only longitudinal momentum, SSA would vanish
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PHYSICAL REVIEW D VOLUME 41, NUMBER 1 1 JANUARY 1990

Single-spin production asymmetries from the hard scattering of pointlike constituents

Dennis Sivers
High Energy Physics Division, Argonne National Laboratory, Argonne, Illinois 60439

When one takes into account the transverse momenta of the constituents in a polarized proton,
there exists a kinematic, “trigger-bias,” effect in the formulation of the QCD-based hard-scattermg
model which can lead to single-spin production asymmetries.

1D 3D




TMDs: rich quantum correlations between spin and momentum

quark pol.
U L T
g |U| A i
= i
;8 L giL hit
O
2 | T | fiz | oir | ha, hig

(similar classification for gluons)

e TMDs in black survive transverse-momentum integration
* TMDs in red are T-odd (change sign in SIDIS and DY processes)

* TMDs in blue require OAM transfer

e No effects for U/L and L/U polarizations due to parity invariance



Where can we access TMDs?

(1) + N(P) = eI')+ h(Pp) + X h(Py)+h(P) = (1) + £~ (1)
Drell-Yan
proton proton
ar
leptons
ete” = hh'X
{\{1 pion we are interested
w ee+ to pions in the region of small transverse-momenta
o sensitive to non-perturbative QCD effects
electron ’i\\f positron
O“Q.‘



Where can we access TMDs?

do ~ ) TMD(z, k. ) Jd6RardFF (=, m)+0(5) do ~ Y TMD(z, k1 )TMD(z, k1 )©d6hard

Fragmenta@ion Functions

H,

v Factorization
ete™ — hh'X
vUniversality




SIDIS
(I, )+ N(P,S) — ﬁ(l’, )\2) + h(Py,Sp) + X

* 6 independent kinematical variables

Q’ ' -
2P g Q” ¢s oz = Pa Ppi = |Ppy|

transverse polarization

B =

azymuthal angle of the
polarization vector

azymuthal angle of
the produced hadron

do ~ L""'W .,



SIDIS kinematics

B T e ﬁhT%ZEJ_—FﬁJ_

nucleon

Figure from Bacchetta et al., arXiv: 2206.07598



Hadronic tensor at tree level

h(Ph7 ‘S’h) /

2
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TMD Correlators

— 12 =
dz—d*“z) ik
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TMDs parametrize quark-quark correlator




TMD Correlators
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TMDs parametrize quark-quark correlator
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FFs parametrize fragmentation correlator



TMDs - PDFs of Quarks

Dirac matrix

selects quark polarization

(ZIJ, kJ_), )\

@

(.”E, kJ_), )\

A A

(I)ij(lli‘, kJ_, S) — /

TMDs parametrize
quark-quark correlator
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TMD-PDFs of quarks at leading twist
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Quark fragmentation functions

2 U | L T
o

% U | D Hi
= L G, | HL
| T | D& | Gir | Hy, Hi:

e Same interpretation as for TMDs, but with the role of quark and hadron interchanged

e [Fs in red are T-odd



SIDIS cross section

do 1
~ 1 — ~ a2 F 1 — 9 COSngh
it ~ {0 g P+ (- peos(200) £

Sln h 1
+A(1 — y)sin(2¢p) FE7 20 4 NAy(1 — S¥) Frr
~ 1 sin
HSLIA =y + Sy?) sin(on — ds) Fipy" "
+|S1L1(1 = y) sin(gn + ¢s) Fpp O

+’§J_’(1— )Sln(3¢h—¢s> Sm(3¢h ®s)

= 1 COS — "
+ Ae|S1|y(1 — §y) cos(opp — ¢s) FLT(% ?s) 4 10 additional terms }

e Structure functions depend on 4 variables: F; = F;(z g, 2, P}?L, QQ)

X beam polarization

Jrweight Y target polarization

XY,L(T) weight angular distribution of produced hadron

L(T) virtual-photon polarization

Bacchetta, et al., [HEP 0702 (2007) 93



SIDIS structure functions at tree level

Fyur =28 ) € / Plod’p 0P (kL + @ — L) fi(w,kT) Di(zn,57)
q

Fg™t ~ by © Hy

By ~ hi, ® Hi

Frp ~g1 ® Dy

Frmiar=¢s)  fib @ D,

F(S;;(cbwcbs) ~h ® Hi

Fopa?" %) ~ i ® Hi

Frp =)~ gir @ Dy

e transverse parton momenta of TMDs and FFs are convoluted
(convolutions may contain additional powers of transverse parton momenta)

Bacchetta et. al, JHEP 0702 (2007) 93



Drell-Yan process at tree level

h1—|—h2%l+—|—l_—|—X

—

qT = EJ_A + EJ_B

ha 1 qr

é+ PB
q proton quar%\
q
= kia proton
I -
Py
e Hadronic tensor at tree level, for low ¢ of gauge boson
WHY ~ Zeﬁ/koaL d*ky | 5(2)(kaj_ +kp1 —qL)
q
x Tr {(I)q(xa,lgabfﬁ,&)’y“ <I>q($b,EbL,P2,SZ)’YV}
kaibBPI_F
kz_szp;

e It involves two TMD-PDFs
e transverse parton momenta are convoluted
e longitudinal momentum fractions fixed by the kinematics

* cross section parametrised by 48 structure functions
[Arnold, Metz, Schlegel, PRD 79 (2009) 489]



Light-front wave function
representation



Proton state

Probability Amplitude for the N, Fock state

(PF,PL),A) = Z[dl‘]N[dEL]N‘P%,B(%,EM)IN,@;(lez'PJr,CUiﬁL+E¢i),)\i>
N’lB

Light-front wave functions

_|_
Internal variables: gz, = ]Z;Z+ sz — Zkii —0,

Frame Independent

Eigenstates of parton light-front helicity

gzij/)} AN )‘Z\Ij/)} A N
1--+AN 1.--AN A:Z’L:l )\z+€z

Eigenstates of total OAM

A AT =0 gauge
Lz\Ijé\xl---AN — KZ\IIQL..)\ A 5aU5

N




Light-Front Wave Function Overlap Representation

Y

Y

TMDs ~ Z /[dfv]N W (kn)?6(. ) probability density in 3D momentum space
N

PDFs ~ Z/[dSk]N Un(kn)I*6(--.)  probability density in 1D momentum space
N



Quark-OAM: partial wave decomposition of LFWF

LE@P—;Q}‘@'PJ_ —f-k‘J_z

. ijk
> > | P,A) = / d[1]d[2]d[3] W5, 5, », (zi k1) 8\/6 ujy, (Dujy, (2)d),, (3)] 0)
LCWEF: eigenstate of OAM
% — (11D =2 (11 Dee =1 (1o =2 (L Do= -2
2 2 2 2
_1l_ g0 _s  Li=-1 L1 =0 L1=1 L4=2

L=(P,1 |P,1)"=:probability to find the proton in a state with eigenvalue of OAM L,

Lo=Y, LPtPyt N\ AT =0 gauge

l

squared of LFWFs



OAM decomposition of T-even TMDs

AJ =AJ?+ AL? total angular momentum conservation

f1, 91L h-

+, L. +, L.

+, L. — (L. +2) L (L) L + (L +1)




OAM content of TMDs

Model results with light-front wave functions fitted to nucleon electromagnetic form factors

f] up g1L up hl up
3 3
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BP, Cazzaniga, Boftfi, PRD78 (2008)



OAM content of TMDs in observables

fi (AL, =0) fi (AL, =0) N hiY (AL, =2) it (AL, =2)
up 3 i down I up : down
40 TOT / TOT ﬁ 0.2 P-P int.
2 02" P-P int. r
[ ] TOT
i i S wave i I
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“pretzelosity”
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D wave

S wave
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OAM content of TMDs in observables
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4+ Effects on SIDIS observables

-0.002
-0.004
-0.006
-0.008

-0.01
-0.012
-0.014

0 025 05 075 x

0.2

0.4

1)

hi) (AL, = 2)
up
i P-P int.
S-D int.
— > 10T

0 025 05 075 X

sin(Eo—ps)  hip © H

ur

TOT

- —proton

0.2 04

06

f1®

(Q?%) = 2.5 GeV?

D,

0.014
0.012

0.01
0.008
0.006
0.004
0.002

hi (AL, =2)
down
0.2 i P-P int.
: TOT
0 L
S-D int.
-0.2 i L | L | . | .
0 025 05 075 x

— 7 —proton

0.1 0.2 03 04 05 06 x

Boffi, Efremov, BP. Schweitzer, PRD79(2009)



First attempt to extract pretzelosity from data

Letky, Prokudin, PRD91(2015) 034010
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future measurements will be very important to clarify the sign and size of the pretzelosity



Quark OAM from pretzelosity

hyp = /: /: “pretzelosity”

model-dependent relation
L. =— [ded®k, £ hi (2, k2)

first derived in LF-diquark model and bag model
[She, Zhu, Ma, 2009; Avakian, Efremov, Schweitzer, Yuan, 2010]



Quark OAM from pretzelosity

hll"r= /: - ’: “pretzelosity”
model-dependent relation

L. =— [ded®k, £ hi (2, k2)

first derived in LF-diquark model and bag model
[She, Zhu, Ma, 2009; Avakian, Efremov, Schweitzer, Yuan, 2010]

L. hir
chiral even and charge even chiral odd and charge odd
AL, =0 AL,| =2

no operator identity
relation at level of matrix elements of operators



Quark OAM from pretzelosity

hyp = /: /: “pretzelosity”

model-dependent relation
L. =— [ded®k, £ hi (2, k2)

first derived in LF-diquark model and bag model
[She, Zhu, Ma, 2009; Avakian, Efremov, Schweitzer, Yuan, 2010]

L. hir
chiral even and charge even chiral odd and charge odd
AL, =0 AL,| =2

no operator identity
relation at level of matrix elements of operators

4

valid in all quark models with spherical symmetry in the rest frame
[Lorcé, BP, PLB 710 (2012) 486]




Common assumptions : > No gluons
» Independent quarks

» Spherical symmetry in the nucleon rest frame
»SU(6) symmetry

spherical symmetry
in the rest frame

rest frame

0, 0)

zero OAM

the quark distribution does not depend
on the direction of polarization

[Lorcé, BP, PLB 710 (2012) 486]



Common assumptions :

spherical symmetry
in the rest frame

» No gluons

» Independent quarks

» Spherical symmetry in the nucleon rest frame
»SU(6) symmetry

rest frame infinite-momentum frame
|67 U> ’Ea AN LF
Light-cone boost
zero OAM —) NON-zero OAM

the quark distribution does not depend
on the direction of polarization

[Lorcé, BP, PLB 710 (2012) 486]

LC polarizations of quark and nucleon
are NOT all independent



Common assumptions : > No gluons

» Independent quarks
» Spherical symmetry in the nucleon rest frame
»SU(6) symmetry

spherical symmetry
in the rest frame

rest frame infinite-momentum frame
|67 o) \IZ, A LF
Light-cone boost
zero OAM —) NON-zero OAM
the quark distribution does not depend LC polarizations of quark and nucleon
on the direction of polarization are NOT all independent

L relations

among polarized TMDs

[Lorcé, BP, PLB 710 (2012) 486]



Relations among T-even TMDs

[Avakian, Efremov, Schweitzer, Yuan, 2008]
[Lorcé, Pasquini, 2011]

| inear Relations Quadratic Relations
Flavor depend
avor dependent
, DUff gl =2m g
Dv=Z Di=__
3 3
Flavor glr = —hif * % 20 hif = ~(g1p)>
independent oo .o
q q ki Lgq xx
g1, — 1 = mhw e
Bag [Jaffe, Ji 1991); Signal (1997); Barone & al. (2002); Avakian & al., (2008-2010)]
XQSM [Lorcé, Pasquini, Vanderhaeghen (2011)]
LFQM [Pasquini & al. (2008)]
S Diquark Ma & al. (1996-2009); Jakob & al. (1997); Bacchetta & al. (2008)]
AV Diquark [Ma & al. (1996-2009); Jakob & al. (1997); Bacchetta & al. (2008)]

|
|

Cov. Parton [Efremov & al. (2009)]
|

Quark Target [Meissner & al. (2007)]

Common assumptions:  » No gluons

» Independent quarks



The unpolarized TMD f;

0.05 Fraction of
longitudinal momentum
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-0.5

-1.0

1.0
0.0 0.5

-0.5

We know the integrated PDF very well.

We aim to the the TMD still poorly. Transverse momentum

How wide is the distribution
Is there a difference between flavours 9
How does it change with x O



Quark unpolarized TMD extractions

Framework | HERMES CO[\QPAS DY Prodfction p[:J) ig};
RNl v v v v | 800
ot NN X % v v | 300
wvnes| NNLC]X | X | ] 97
ravia 20191 NN | X X v v | 353
220 1 NNNLL v v v v 1039
MAP2022 | il | P P | 2

arXiv:2206.07598



https://arxiv.org/pdf/1912.07550.pdf
https://arxiv.org/pdf/1912.06532.pdf

DY data at NNNLL

DY+ SIDIS data
at NNNLL

Quark unpolarized TMD extractions f,(z, %, )
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DY data at NNNLL

DY+ SIDIS data
at NNNLL

Quark unpolarized TMD extractions f,(z, %, )
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Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, JHEP 07 (2020) 117

O The shape changes in a non trivial way as function of x

O It deviates from a simple gaussian

O Flavor dependence remains an open issue

O Larger uncertainties at small x -> needed EIC data with better accuracy
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Scimemi, Vladimirov, JHEP 06 (2020)137



Flavor structure of TMDs: indications from lattice QCD

1
U (#2) : / 0 (f1. (@ F2) = fu.o(2, B2)

number of quarks as function of transverse momentum
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Pioneering lattice-QCD studies hint at a
down distribution being wider than up

Musch, Hagler, Negele, Schaefer, PRD83 (2011) 094507



Unpolarized TMD at EIC

....................................................
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Adding the spin
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Need of the Gauge-Link

S 1 -2z )
o\ (z, k1, P.S) = —/dz TEL gtz (p, )i

2 (27)3 ) I'lGauge Link w(g)\P, S)

z
2

21+ =0

The staple gauge-link




Wilson lines have physical consequences....

(§>< EJ_)‘ﬁJ_
M|py|

fq/pT(x,EJ_> :flJ_T(kai)+ flJ_T(x7ki)

* 1990: introduced by D. Sivers to describe the large SSA measured in inclusive hadron
production in p+p collisions at Fermilab.

¢ 1993 Collins: time reversal changes sign of (S x k1) - p1 — Sivers function = 0 22°?

e 2002, Brodsky, Hwang, Schmidt, Collins:

NO!
Time reversal interchanges Wilson line
for SIDIS (future pointing) and Drell-Yan (past pointing)

1, SIDIS 1L.DY
¥ 1T (xaki) — —Jir (kai) f
SIDIS DY

* 2016/17: sign change has been observed/hinted



Sivers function

fir = —@»—-@»

unpolarized quarks in L pol. nucleon

+, L, L+,(Lz +1)

_|_

non-zero ONLY with final-state interaction

non trivial correlation between quark OAM and nucleon transverse spin

the helicity mismatch requires orbital angular momentum (OAM)



2 (sin(¢-0g))yr 2 (Sin(d-dg))yr

2 <Sin(¢'¢s)>UT

Sivers effect has been measured in SIDIS
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Sivers effect has been measured in DY and W=/ Z° production
- STAR p-p 500 GeV (L = 25 pb™) - STAR p-p 500 GeV (L = 25 pb™) is\\\ﬁ o
RIS (0.5 <P} <10 GeVie
; B _}_ PRL 116 (2016) 132301
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" 3.4% beam pol. uncertainty not shown " 3.4% beam pol. uncertainty not shown
-lllllllllllllllll -llllllllllllIllllllllllllllll
2 4 5 8 10 15 -1 05 0 05 1 15
P (GeVic) yZ’
0.4 COMPASS [ s : OMP
“7 [ proton 2015 datat I B 4(
ik T S 4 | ] i 1
@ b 0' ____________ E_-'_ ______ { ________ o T i ) N SNSRI 1) oot ) S I _______
< O x i | PRL 119(2017)112002
0.2 B ; K
—0.4F : E
107" 2x107" 3x10™ 10 0.5 1 2 integrated
Xy Xn Xp q T(GeV/c)



Global fit to SIDIS, DY, W /Z boson production

100 10
J1 0 BV _ fiuep SVI9 g =0.1 z=0.1
= 2GeV 1) = 2GeV
f I
4
L :f |
1T oo 107
' 1072
10~* | - | |
0.0 0.5 1.0 1.5 20
kr (GeV)
L
f1T(517> ki)

u-qudrk

k, (GeV)

210 ~05 0.5 1.0 o —05

ky (GeV)

M. Bury, A. Prokudin, A. Vladimirov, JHEP 05 (2021) 151
See also JAM20: PRD102 (2020) 054002; PV22: PLB827 (2022) 136961; EKT20: JHEP 01 (2021) 126



Sivers function at JLab12 and EIC

q Q?=2.4 GeV*

kl((1;eV)
Dudek et al., Physics opportunities with the 12 GeV JLab upgrade at JLab, EPJA48(2012) 187

20 uncertainties of extractions from currently available data

B 20 uncertainties of extractions from pseudodata generated for EIC (v/s = 45 GeV)
0

-0.2

-04

-0.6

u, (1)
f1J'f (x)

-0.8

-1

X X
Accardi et al., The Electron lon Collider: the next QCD Frontier, EPJA52 (2016) 268
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The Worm-Gear functions

Another way to access orbital angular momentum
information without final state interactions:
Worm gear functions

hit

= —+ + -+

longitudinally pol. quarks transversely pol. quarks
in transversely pol. nucleon in longitudinal pol. nucleon



Bhattacharya et al,
PRD105, 034007 (2022)

First extraction of g7

data set after the cut ¢r/Q < 0.50
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Worm-gear shift (k.)rz compatible with lattice results



Pioneering lattice QCD studies

Musch, Hagler, Negele, Schaefer, Europhysics Lett. 88 (2009) 61001

(k¥) = 67(5) MeV (k$) = —30(5) MeV

(k%) = —60(5) MeV

g1T, h1LL IPDs

genuine effect of intrinsic transverse momentum of quarks!
not counterpart in impact parameter space distributions



Limitations of existing data/facilities

o 0_04:_ ez>02 ht _ COMPASS preliminary _ Proton 2007, 2011 data _ Sample data for A?}I}j(2¢h) ~ hf_L 0% HlJ-
84 [oo01<z<02
"< 002} # - -
: : e B - models predict small effects
oo i } ; - data basically only allow conclusion that effect is
L [ e '_* . .
ooy B T e | compatible with zero
o= 004f az>02 |
S | a01<z<02 : : !
"< 002 ﬂ s | s
! gt et |
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0tf P— ’-4
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e
Py (GeV/c)

Existing data/facilities often suffer from one or more of the following:

elack of data precision (due to lack of machine luminosity)

elack of kinematical coverage

elack of polarization

e|limited detector capabilities



JLab12 SIDIS program

14

Q* (GeV?)

12}

10}

e JLab12 program very important to constrain TMD distributions at large xz
e complementary measurements with different targets
e Hall B: large acceptance (CLAS), unpolarized and polarized H e D targets;

cross sections, single and double-spin asymmetries; start kaon SIDIS program with RICH detector

e Hall C: SHMS + HMS, precision magnetic spectrometer setup, unpolarized target;
L/T separation in SIDIS, precision cross section of 7*and 7~, and K+and K-

e Hall A: forward large acceptance (SOLID), longitudinal and transversely polarized 3He target;
pion and kaon run; access to neutron structure at high xg and Q2



Paste, present and future TMD measurements

10 3| Current data for Sivers asymmetry:
e COMPASS h*:P_ <1.6GeV, z>0.1

0 HERMES % K“:P,;<1GeV,02<z<0.7
® JLab Hall-A =*:P,; <0.45GeV, 0.4<2z<0.6

Planned:
102 B9% JLab 12

T Ll I'TIT]

1]

N% .geffgon Lab
S |
A B
e
10

comp
e

EIC

T TII[II]’

1

'l

- multidimensional binning
- high Q2 reach

- large range in transverse momentum

Accardi et al., The Electron lon Collider: the next QCD Frontier, EPJA52 (2016) 268



Foreseen EIC impact on unp. TMDs: SIDIS measurements

- § m N (mid x TMD PDF width) sensitivity coeffucnent (wenghted average over Q. z, Pr)
N 3
N & "o (lowx TMD PDF width) 2|
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Sensitivity coefficients: measure of the correlation between fit parameters and
measurable quantities at EIC

EIC Yellow Report: arXiv: 2103.05419
based on Bacchetta, et al., JHEP 07 (2020) 117



Library and Plotting tools for collinear parton distributions

LHAPDF %F,-m APFEL@++

lhapdf.hepforge.org

github.com/vbertone/apfelxx

www.xfitter.org apfel.mi.infn.it

Dedicated Softwares to study GPDs

|SH ( . PARtonic
—ARTEONS  Tomography

GeParD

Of
Nucleon

partons.cea.fr Software

not yet public

Dedicated software to study and fit TMDs

arTeMiDe TMD lib and TMD Plotter NangaParbat
teorica.fis.ucm.es/artemide tmdlib.hepforge.org MapCollaboration/NangaParbat

Efforts to combine different inputs to understand
PDFs, TMDs and GPDs in an unified framework




—>— A=0 ®
— [dky Charges |

— fd:l:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



—>— A=0 ®
— [dky Charges |

— fda:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041
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Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier
transform

Aj by

—_— &:O

— fdk_]_

— fd:l:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier
transform

Aj by

—>— A=0
— [dky Charges |

— fd:l:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier
transform

Aj by

—>— A=0
— [dky Charges |

— fda:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier
transform

Aj by

—>— A=0
— [dky Charges |

— fda:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier

transform AL by

xaga EJ_? &J_

—>— A=0
— [dky Charges |

— fda:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier

transform Al by
xagakJ_aAJ_ T EL EJ_

—>— A=0
— [dky Charges |

— fda:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



2D Fourier

transform Al by
xagakJ_aAJ_ T EL EJ_

—>— A=0
— [dky Charges |

— fda:

Lorcé, BP, Vanderhaeghen, JHEPO5 (2011) 041



Angular Correlations

quark polarization

Slpx| U L T T, £=0

Slol o | s | osum | s

2| L | (Scey) (SLST) (S} S3ed) | (Spl7Sied)

S| Tu | (S0 | (So09500%) | (S.S9) | (S.l95969)

2|7y | Syl | (St | (s, emsaen | (s,Sm)
GPD | U | L T TMD U L T
U | H Er U | f hi
L H Er L 9iL hi;
T | E|E | Hp, Hr T | fis | gir | b1, hiy

each distribution contains unique information

the distributions in red vanish if there is no quark orbital angular momentum

the distributions in black survive in the collinear limit




The blind men and the elephant

It’s
a Snake!

It’s a
Tree!

Different observables in different kinematical regimes
need to talk to each other
to reconstruct the full picture of the nucleon




