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Unified View of Nucleon Structure
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DVCS Ji (1997)
Radyushkin (1997)

2 . . . .
@~ ensures hard scale, pointlike interaction

A = P/ — P momentum transfer can be varied

independently

Connection to 3D structure

Burkardt (2000)
Burkardt (2003)

d?A N ~
plx, 7)) = / le_ZAi'”Hq(ac,g =0,t =—-A?%)

(2m)?

Drell-Yan frame AT =0

Weiss (2009)

Kotzinian (1995),
Mulders,

Tangerman (1995),
Boer, Mulders (1998)

%
2 . . . .
Q@ ensures hard scale, pointlike interaction
Prr final hadron transverse momentum

can be varied independently

Connection to 3D structure Ji, Ma, Yuan (2004)
Collins (2011)

Fla,br) = / Pl f (2 EL)

AP (2012)
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TMD distributions

q 8 functions in
N U I_ T total (at leading

twist)

Each represents
different aspects of
partonic structure

Each function is to
be studied
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TMD distributions

Three types of modulations

f(ZU, ki) Monopole
k57
= f (k) Dipole
M
i 1. _ 11,2 .U
kJ_kJ_ Zk » Quadrupole

197 9
M2 f(95'7 kJ_) z
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TMD distributions

Extraction of the nucleon structure from the data is one of
the main goals of modern facilities such as Jefferson Lab 12

f(z, kﬁ_) Monopole
k57 :
2 :
x, k Dipole
i v 1u2 i —~
kik) — 5k 2 o Quadrupole

19 T o
VE f(kaJ_)

Kotzinian (1995), Mulders, Tangerman (1995), Boer, Mulders (1998)
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How can TMDs be studied?
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Semi Inclusive Deep Inelastic Scattering

One can rewrite the cross-section in
terms of 18 structure functions

Each structure function encodes
parton dynamics via convolutions of
TMDs when factorization is applicable

Mulders, Tangerman (1995),
Boer, Mulders (1998)
Bacchetta et al (2007)

do

dax dy di dz doy, r_'lpﬁ fl B

L2 02 2
@ Y ’ i ‘ - ; CcoSs @
— —— I+ — Foor+cFupr +V/2(1 4+ 2) cos oy, Frth
Ty Q? 2(1 —¢) ( 2117) { e L+ V2 ) cos o Fyyp

O COS 2”?1 Nt sin Op
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Structure functions

Structure functions are convolutions of unobserved partonic momenta:

F ~ /dQELdQﬁLdm(z/a + 5L — Poi)f(z,k)D(2,51)
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Structure functions

Structure functions are convolutions of unobserved partonic momenta:

il

N
F ~ /dQELdZﬁLd(”(z/a + 5L — Poi)f(z,k)D(2,51)

/

Observed in experiment

The convolution is a complication!
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Can we find a more direct measure?

4effe|%on Lab



Weighted structure functions

An attempt to unravel the convolution:
/dQﬁhJ_F ~ /dQEJ_dQﬁJ_dQﬁhJ_é(Q)(ZEJ_ + 91— Pro ) f(z, kL) D(2,51)

= (/ d2]ZJ_f(x7]ZJ_)> (/d2ﬁLD(ZvﬁL)) = f9(2)- D9 (2)

K

A product instead of the convolution!

Kotzinian, Mulders (1997), Boer, Mulders (1998)
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The problem:

TMD factorization has a validity region Pr <@

Integration /dPhLdgthhL emphasizes high momentum region

A

do

dPr

PT<<Q PTNQ PT

Collinear contributions will “spoil” our interpretation!
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The problem:

TMD factorization has a validity region Pr <@

Integration /dPhLdgthhL emphasizes high momentum region

|

Pr << @ Pr ~ Q Pr

Collinear contributions will “spoil” our interpretation!
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Can we circumvent the problem and
emphasize the region of TMD?
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INT 2010 Think Tank

Gluons and the quark sea at high energies: distributions, polarization, Daniel Boer
tomography Leonard Gamberg

Berni Musch
AP

September 13 to November 19, 2010

Report from the INT program "Gluons and the quark sea at high energies:
distributions. polarization. tomography”

Came up with an idea!

RS

Proton form factors,
transverse charge &

Structure functions,

current densities Correlated quark momentum quark longitdinal
and helicity distributions in momentum & helicity
transverse space - GPDs distributions

Boer, Gamberg, Musch, Prokudin JHEP 1110 (2011)
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INT 2010 Think Tank

o _ The idea:
The cross-section is a Fourier transform Use a function that

of b-space expression: suppresses large
momenta

do — / d*br e—ibr-Ph a’ y? { o v I Vi
dz, dyd dzyp dop |Pryo|d|Pry| ) (2m)? z,yQ?* (1—¢) 2 pv

B

b-space is natural for TMD evolution and has clear physical interpretation
of transverse separation of quark fields in the bi-local matrix element

f(ZC,gT):/de'J_eigT.EJ—f(malgj_)

Boer, Gamberg, Musch, Prokudin JHEP 1110 (2011)
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Bessel Weighting

The idea:

Use a function that
suppresses large
dbrbrd : momenta

- ““/ eI Py

Unpolarized cross-section

dbrb
= a0 [ =L dollbrl1Pas) oo

Structure functions in b-space
Fuu =1 Z exf (x, 2°b3)-D(z, b))
a

A product of FT TMDs instead of the convolution!
Boer, Gamberg, Musch, Prokudin JHEP 1110 (2011)
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Bessel Weighting

Fourier transformed TMDs
f(x,b7) = /koLeibTmf(xaki) :Qw/ko_kJ_JO(kaJ_)f(xaki)
Fourier transformed derivatives TMDs
F w8 = (=730 ) Flo88)
» O 12 0% » 0T

Related to “conventional” moments

g :/ 2 B\ 2\ p(n)
z,0) = [ &k Ve flz, k1) = [ (x)
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Bessel Weighting

The idea:
Use a function that
suppresses large

db b momenta
a:aO/ (2T7T)TJO(’bTHPhJ_DJrUU

Bessel functions are orthogonall!

Unpolarized cross-section

/ d|Phpo||Phi| Jn(|Prol||br|) Jn(|Pro| Br) =
0

T
/dPhJ_PhJ_d(I)hJO(BT‘PhJ_DU = 271'0'05132 2f 33 Z2BT) (Z BT)
Br (GeV™!) is a parameter

Boer, Gamberg, Musch, Prokudin JHEP 1110 (2011)
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Bessel Weighting: asymmetries

SIDIS cross-section contains structure functions

with
dbrbr
7~ | oy CoTorll P + o Ta(orl [P ) + o To(brl|Pas |+ Js (bl Pia])
Introduce a weight: 9 \"
wy, = J,(|Py |Br)n!
(1Paslr)nt (5 )
n=0,1,2,3
Use the weight with the experimental data. Collins effect as an example:
Collins
2 UB, = |Bq) sin(gp+da 22 ]-+ "J_r E
Ay ™" o (I’T}— 2- iz i ( )
vQ? (1__ ( r)

S R HT QP i p) fh (2, 2282502, ¢, p) Hy W (2, B2: 12, €, p)
5 2 o @) O 0,225, o) D" o B, o)

Boer, Gamberg, Musch, Prokudin JHEP 1110 (2011)
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Can we do I1t?

| Pr1 |res resolution of binning. Aramp < @ region where TMD is still valid

wojsueay} IoLmo

do
o .
( “TMDiregion”, Qr < @ jl “Y region”, Q1 ~ @
I — I
|
' ' = ‘PF?,J_‘
P |res Arnmp
\ )
do .~ ™
A \/ \/
| |

r—
e _I/r(/ / / //
- “good” Bp-range /
! | = Br
~ ] JlThID ~1 ‘Ph.J_|l'£_‘H

Boer, Gamberg, Musch, Prokudin |[HEP 1110
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Feasibility study

Agasyan, Avakyan, De Sactis, Gamberg, Mirazita, Musch, Prokudin, Rossi JHEP 1110 (2015)

pr f”h a7 = K@w) [ PO Jobr Prs) (Foor(br) + SpV 1= 2F 1 br)
0.45 Generated in JLab 12
| = BW Input kinematics. Acceptance
BW (K, ) nguedcitesdand smearing are
* BW {Phl) Generated '
o v BW {phj_) Sm + Acc <QZ> = 022, <Z> — 051

br < 6 (GeV™1)

Systematical errors ~ few %

0.35F

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII {JD(bTPII_}
0O 12 3 4 5 6 7 8 9 10 “"LL

b (GeV™)

plotted versus b
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Conclusions
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Conclusions

* Our new method is a generalization of naive weighting and
resolves the problems of the latter

* TMDs can be studied directly in b-space thus allowing for
complimentary information to momentum space measurements

* Instead of complicated convolutions one will have to deal with
simple products in b-space

.Jeffe-i;s'on Lab




Conclusions

* Our new method is a generalization of naive weighting and
resolves the problems of the latter

* TMDs can be studied directly in b-space thus allowing for
complimentary information to momentum space measurements

* Instead of complicated convolutions one will have to deal with
simple products in b-space

THANK YOU!
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