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SIDIS kinematical coverage and observables
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Electro-production of hadrons

single hadron in CFR (Current Fragmentation Region)
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with additional radiation

Does it matter what is
the source of the
single hadron, and if
yes, where?

radiation mixes
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different structure
functions and
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Hadronization
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Where this works?
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Observation of SSAs in ep2>e'ntn X

T. Hayward et al. Phys. Rev. Lett. 126, 152501 (2021) 1
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Doubling the JLab beam energy, opens the phase space
for SIDIS dihadrons

Quark gluon correlations may be very significant
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Sources of inclusive pions: CLAS12 vs MC
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« Dominant fraction of inclusive pions come from VM decays
» Detection of 70s opens a new avenue to study charged p multiplicities
« Experimentally study relative fractions of n from p (default in JETSET ~50%)

Very important to have multidimensional TMD Fragmentation Functions!
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CLAS12 Multiplicities: high P+ & phase space

G. Angelini (GW)

 Phase space
limitations for direct
pion production more
significant at low W,
and low z
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At low z, and high Pt there is no enough energy in the
system even for reproducing the Gaussian fall of
(problem for studies of high P+ tails)
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CLAS12 high P+ : impact of vector mesons

G. Angelini (GW) Generate direct pions with Gaussian L | ® 0.2<z<0.3
Sl SRR Dl PN ® 0.3<z<0.4
S “:“.‘::‘.‘. ® 0.4<z<0.5
Higher W L Bt T po
bin 5 ] : " A .f:%
38F y 1 Tl
" . . ep2en+tX M
33.2' N
w1l . ) —r
20 3.0 4.0 5.0 6.0 ’ b -~ ‘\.
¢ adl 3 .‘.‘:\‘::o\ ~
~ Sl
Seia o
Generate pions from o i S fRaas .
produced with the same ol | "+f+ i1,
Gaussian ep%e’wx HT *H{
Phase space effects more t TH
pronounced : . : : H
o' .\..\ - b )
-2~ ._ ep2ent(o)X
* The low Py sample of pions _ _*F __°°\-§°.\\\\
is dominated by VM decays | Decay pions from o have £ AR YRS2 S YR
significantly lower transverse 3 = 4,4 4 - ;T11¢¢ Ji= L=
momentum for the same z 1 'rlﬁ ”T“H i } S
10 ' I I <
T

-!eff;%m Lab H. Avakian, CCM, June 2, 2021 @ @JSA 8



Disecting the SSA in ep2>e'nX
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B2B hadron production in SIDIS: First measurements

M. Anselmino, V. Barone and A. Kotzinian,
Physics Letters B 713 (2012)

ep — e'pnT X

modulation
sinAg,
ation
3
E 0.02 -
@2 ) - 0.03 + <3 o i
c 10 + e r i Y N 1 -2
3 g *x é 0.02 f+ﬁ+ :+*+e1f
© * ¥ = *e 0.02 | o+
* X = 001 | i
+ X & *’ ¢ -0.04 | [H
. : | € o } ' P e16
N . ‘ + o6 | LAS{12
01 = 1 -0.01 | - + '
E{’ " .0.02 ! + + / -0.08 :_ o
" 2-helicities ™ +"+ i
. -0.03 -0.1 ‘ '
0 200 0 200 0 0.2 0.4 0.6 0.8
Ad Ad PTmPTp

Significant single-spin asymmetries observed by CLAS12 (talk by
T. Hayward) indicating strong correlations between hadrons
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Nucleon structure, TMDs and SSAs

» Large effects observed at relatively large x,
relatively large P;_and relatively low Q2

 Theoretical framework works better, and is
“trustworthy” at higher Q2 and lower Py

« TMD Fragmentation functions poorly known and
understood, systematics not controlled well

» Higher twist SSAs are significant, indicating
strong quark-gluon correlations, issues theory
has, may become a key to resolve the problem

» Real experiments have “phase space limitations”
due to finite energies, introducing correlations
between kinematical variables

* Impact of radiative corrections with full account
of azimuthal moments in the polarized x- “I'm searching for my keys.”
sections still in development

The main goal is the study of non-perturbative QCD, through spin-orbit correlations,

where they are significant enough to be measurable
Understanding of the limitations of the current TMD framework with all its assumptions and
approximations, is important for predictions, and projections for future experiments
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Current theory limitations (g/Q )

JLab/HERMES/COMPASS/EIC talks JLab12
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Limitations of current TMD theory

Andrea Signori.!'[*| Alessandro Bacchetta.2 3:[f| Marco Radici.?:[{| and Gunar Schnell?: 58]
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Sea is not divided to perturbative
and non-perturbative
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CLAS12: Evolution and k-dependence of TMDs
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» Large acceptance of CLAS12 allows studies of Py and Q2-dependence of
SSAs in a wide kinematic range (most critical for TMD studies)

» Comparison of JLab12 data with HERMES, COMPASS and EIC will pin
down transverse momentum dependence and the non-trivial Q2 evolution of
TMD PDFs in general, and Sivers function in particular.
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http://www.jlab.org/exp_prog/proposals/07/PR12-07-107.pdf

X vs Q2 from JLab to EIC

N L a N }}}}}}}}}}}}}}=
O §000" 0 l y-ﬂ-l—E—‘tcosz 6_: E
5 .‘,,.-". .3 10 = == T+ -pk E, 2 ;
S Qe £ e e
102 a ' e e
X o o T
' _— = Ymin=0.05
greh =
10
10 } J,
10 /
Ll l I — l ) I | l I - — ‘.

0 01 02 03 04 05 06 07 1
X

1
1

Non overlapping ranges of EIC Pmachine dedicated to X

gluon studies) and JLab may be a problem for evolution

studies, which are most critical for the 3D structure
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.« Mean relative deviation in pr

EIC: Major challenges at large x
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Exclusive /p production at large t
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Opportunities with 24 GeV

Significantly wider phase space would allow

— Enhance the range in transverse momentum P of
hadrons

* Access to P1-region where the dependence of the k-
dependences of different flavors (valence and sea) and
polarization states is most significant

— Enhance the Q2 range

* Increase significant the range of high Q2, where the theory
Is supposed to work better, and allow studies of evolution
properties
— Enhance the x-range

* Access the the full kinematical range (x>0.03-0.04) where
the non-perturbative sea is expected to be significant

..geffe?son Lab H. Avakian, CCM, June 2, 2021 @ &4 18



Hadronic long-range correlations

Xg - momentum XF:pL(CM)/meaX>O
in the CM frame (current X. Artru & Z. Belghobsi
fragmentation) h

Xg<0 (target J Py,

frag mentation)‘jjf-_:::‘JS—'-'-~;;;i‘_’.ii .

2-hadron correlations

q o in CFR studied in
Karliner, Kharzeev , Ellis & Kotzinian EMC(1986) and
Strikman,Weiss & Schweitzer G COMPASS(2015)
Anselmino, Barone, Kotzinian L CLASB&CLAS12

What is a “pion tornado”?

Modeling of g-g-bar correlations with spins and momenta in the process
(not in PYTHIA) will be important for understanding of the dynamics
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Measuring Spin-Orbit correlations

Spin-Orbit correlations so far were
shown (measurements and model
calculations) to be significant in the
region where non-perturbative effects
dominate

e
\ — Relatively large x (x>0.02)
— Relatively low Q? (Q%<40-50 GeV?)
— Relatively large z of hadrons (z>0.2-0.3)
‘piontornado”  — Medium P+ of hadrons (0.3<P;<1.5)

Pt
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From JLa12 to JLab24 Larger Q? at large P+

JLab12
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JLab24 will significantly increase the the Q2
range, allowing detailed separation of higher
twist SFs, needed for understanding the QCD
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The large P+ dominated by direct pions

Not enough phase space
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Extending to small x and large P-
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Non-perturbative sea in nucleon is a key 1
- to understand the nucleon structure I~ i ia) 20]5 oo ||
; - _l_ \
« Spin and momentum of struck quarks are correlated with remnant f ! |
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CLAS24 as HERMES++ -

e
HERMES, out for 10 years, still dominates the 3D landscape é
https://arxiv.org/pdf/1212.5407. pdf (2013) Max<Q?>~3-4 GeV? https:/arxiv.orgabs/1006.4221
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* Due to limited luminosity HERMES was not able to collect enough statistics in the region most
relevant for understanding of non-perturbative structure of the nucleon (P+>0.8 GeV)
« CLAS24 could collect years of HERMES data in days, even without a major detector upgrade
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https://arxiv.org/pdf/1212.5407.pdf
https://arxiv.org/abs/1204.4161

Summary

CLAS12 measurements of dihadron multiplicities and asymmetries provide
qualitatively new possibilities for understanding the structure of the nucleon and
the process of hadronization, allowing experimental studies of the fractions and
distributions of pions coming from vector meson decays

Studies of JLab at large x will be the main source of the information on the
kinematical dependences of spin-orbit correlations in the valence region, and the
underlying non-perturbative functions, also in the EIC era.

The spin-orbit correlations, providing access to the 3D structure of the nucleon
are significant in the kinematics of large x (x>0.03-0.04), low Q2 (Q2<20-30) and
medium P (P1<1.5) accessible at JLab12, and significantly improved at JLab24.

Upgraded to 24 GeV JLab will increase dramatically the phase space, providing the
missing part of the mosaic, accessing much wider range of Q2 and P+ allowing
studies of evolution properties and flavor dependence of transverse momentum
distributions, allowing access to kinematical region, where the non-perturbative sea
is measurable, and also providing important information on kaon SIDIS.
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Support slides
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CLAS12 Multiplicities: the role of high P+

LUND MC at 12 GeV using a single Gauss for all hadrons
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« Corrections due to phase space (energy needed
to produce a hadron with a given z,Pt at given
x,Q?) are detector and model independent

» Corrections due to fraction of fragmentation VMs
and diffractive VMs are model dependent, but can
be extracted from MC (work in progress)
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G. Angelini (GW)

Fit : [a]*exp(-x/(<z>2*[b]+[c]))

l o Phase spaced corrected <z>=0.25
. [b] = 0.41£ 0.06 | [c] = 0.23 £ 0.03
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[b] = 0.28 £ 0.03 | [c] = 0.152 £ 0.02
po?
We generated 1Gaussian with :
[b] =0.41 | [c] = 0.25
]
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At low z, only the high Pt
shows the generated
Gaussian transverse
momentum distribution.
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COMPARISON WITH DRELL-YAN DATA
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Fitting STAR data seem to
require leaving out all high P+
SIDIS data with g+/Q<0.25!
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Comparing Sivers: P;-dependences

Boglione et al (consistent with JAM)

Viadimirov
~ 0.08 _
X z=0.4 . | %
9’ Q
o 0.02 ~5
=1
L
g 005 \'_
-
I8
A 0.1
y 02
03 :@ .'. smaller symbols
. 4 * show upper and
L L
° lower limits due
E. to errors o
10
0 0.5 1 1.5 2 25 3
0 0.5 1 1.5 2 2.5 3 pT
I:,T

The fit, where the large Pt region has unrealistically large

contributions, may emulate “sensitivity” at large x and large s with
larger Q2 (inconsistent with other Sivers extractions)

All TMD extraction, including Sivers, were done using the accessible
kinematical range, and should be used with care outside of those limits
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PAC request for reevaluation

From PAC review of CLAS12 Long.Pol. experiment:

...the [DIS/SIDIS] proponents should come back to the PAC after the
significance of the different experiments addressing PDFs, helicity
PDFs and TMDs has been reevaluated.

estimates of their effects. For example, the TMD description of SIDIS is valid in the small-
- regime when p2./(20)? < 1., and in a recent study [JHEP 06 (2020) 137] finding that
pT-/(2QQ)* = 0.06 approximately demarcates the boundary to large pr. where a description
in terms of TMD PDFs may not be trustworthy. By comparison. values for this ratio as
large as ~ 2 are often found for the kinematics covered in JLab TMD-oriented proposals.
Such observations do not negate the value and importance of the measurements. but they

chonuld be addressed directly in the prnpnn‘.n]‘; and their pnhﬂntin] ill]}\“u"f On inh\r}n‘ﬁfntinn

should be discussed more explicitly.

Indication of a gap between theory and experiment?
Understand the source, and evaluate the impact of g; limitations!

Discussed in the workshop TMD Studies: from JLab to EIC--> need a
development of theory and more realistic projections

https://indico.jlab.org/event/439/ 30
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https://arxiv.org/abs/0907.2596
https://arxiv.org/abs/1508.07612

Projections from 1D to 4D

0.02
Projected error

on Sivers”?
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Projections should
contain the size of the
effect and the counts for
a given interval of time
For SIDIS the x-section

is defined by F, for
Sivers effect Fy1/Fyy
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Low Q2 and large x kinematics in EIC: P;-distributions

~1.2
=1
° EIC 5x41
< 1 x>0.01
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For large x(x>0.05) large y cuts can significantly change P+distributions
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Experimental data: Collins
https://arxiv.org/pdf/1005.5609.pdf

Q'E 0.1+ L a positive hadrons 2010 ru;l
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No indication of significant effects for x<0.05
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RC in the low y region (large x and low Q2)
‘ B dg/dy’O(a)
TC(y) ; dg/dy’Born

D —

1
0.8
0.6
0.4
0.2

0
~0.2

— 1 EIC-white-paper.1108.1713

re(y)
eRHIC, 5 x

0) 0.2 0.4 0.6 0.8

Figure 7.25. y-dependence of the leptonic radiative correction factor for electron proton scattering
with different beam energies and in different xp ranges. Left: E. = 5 GeV, E, = 30 GeV and the
curves from the bottom up correspond to 0.1 < xp < 0.4, 1072 < xp < 107!, 1072 < xp < 10 2;
Right: F. = 30 GeV, E, = 325 GeV and 0.1 < xzp < 0.4, 1072 < xp < 1071, 1073 < x5 < 1072,
107 < 2 <1073, 107° < xp < 10~% (full and dashed lines alternating for better visibility).

What are the RC in the region of y<0.05 (x>0.02) for SIDIS case ?

J,eff;-;S'on Lab H. Avakian, CCM, June 2, 2021 @ € 35



CLAS12 ehhX mutliplicities in a wide range

ep~>e’hX (RGB/RGA CLAS12 Data/MC normalized
to the same number of electrons)

0O.Soto o
ﬂ 0 IMHLO0<Q2<2 20K 0.00<pa 20,500 0. 1 6<x <. 22 W 0S8 <2 <066 ) M u It I p I I C Ity
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* Most of the single hadron sample ( from 50-70%) is coming from VM decays

« Pion counts for normalized e’X events are consistent with clas12 LUND MC (VM 70%)
« Simulation describes well both single (e’hX) and di-hadron (e’hhX) counts in CLAS12
 MC data can be used to make conclusions about the source of hadrons
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From JLab12 to EIC

3| = ==
[en]

fT*,f% Mh%e%
R N\
Ary < g (z)D1(2)

epoen X

JLab@12GeV (25/50/75)

—20.1<x3<0.7 : valence quarks
EIC s =140, 50, 15 GeV

- 10-4<x3<0.3: gluons and quarks, higher Pt and Q>.

E 5 ® CLAS 5.7 GeV (7]
¢n<—l B CLAS 12 GeV (predicted) =
0.06 - A EIC 4x60 GeV (predicted) e
o
0.04 -
0.02f *##++++
0 ' ' | |
0 S Q? 10

10 &

UL S ! FL L

CLASI12 (2018 Spring) vs MC

*Understanding of quark-gluon correlations is crucial for precision studies of the structure of the nucleon.
*At medium energies all experiments measure very significant HT contributions
Large HT effects may indicate the breakdown of the theory
*Overlap of EIC and JLab12 in the valence region will be crucial for the TMD program

.geff;l;s’on Lab

H. Avakian, CCM, June 2, 2021
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Low Q? and large x kinematics in EIC

The same binning covers JLab and EIC

pePl oy _Ec o6 0, EIC 5x41
E 2

4000 -

2000
0 :i i A1 N N B B 111

0 0.020.04 0.06 0.08 0.1 0.120.14 0.16 0.18 0.2
y

Small y are critical to access wide range in Q2 for large x, where the non-
perturbative effects are relevant
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Low Q2 events for evolution studies

Large x events all in region of

small y=1.0-E’’Ebeam*cos?(0/2)
EIC 5x41

Large x are washed out with y cut

.geff;;s'on Lab

H. Avakian, CCM, June 2, 2021
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JLEIC (5x50) 2-hadron mass spectra
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TMDs and sensitivity for high energy

SoLID DOE review (H. Gao)

Transversity distribution
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“Incredible extractions and projections” with EIC at large x, providing
more sensitivity to TMDs without even covering the large x region

JefferSon Lab H. Avakian, CCM, June 2, 2021 @ 4



The role of PDFs in the systematics (Vladimirov)

» Different PDF set are different

» Especially in a “T'MD-important”
region z ~ 0.1 — 0.5

xu(x,Q), comparison

b wiglm Ok » Different flavor decomposition
Gliado » As the result:
g
E PDF & FF sets X2 /N,
§ HERA20 & DSS 0.76
g
HERA20 & JAM19 0.93
T T
X NNPDF31 & DSS 1.00
NNPDF31 & JAM19 1.65
HERA20 & DSS (N*LO) 0.88
Result of a TMD fit is 100%
dependent on PDF in use! NNPDF31 & DSS (N*LO) | 1.31

SIDIS+DY fit [SV19]
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https://indico.jlab.org/event/439/contributions/8353/attachments/6927/945
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@ clearly non-zero asymmetries
@ opposite sign for charged pions (Collins-like behavior)
@ striking z dependence and in particular magnitude

@ similar observation at COMPASS

Gunar Schnell 26
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COMPASS transversity
https://arxiv.org/pdf/1408.4405.pdf
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No significant effects for x<0.05, and P;<0.5
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A. Martin COMPASS vs qg;-cuts
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EIC Coverage Limits

p<6GeV
o p<7GeV p<50GeV
Chris Dilks -
PID Acceptance Fractions =39
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d /i flavor asymmetry from Drell-Yan
J.C. Peng (

Ao’ ) - -
j N - Ze; [Q(I (XI)QQ (xl) + 9a (xl)qa (x‘z )]

dx,dx, Osx,x, 3
kA 2.25 FFNAL E866/NuSea Drell-Yan -
5 -
10 ‘J Lw’ L7 127 mass spectrum 2 Na 51| CTEQ4M
R Al Y 1.75
2104 L— IoF
3 : HLLR - “:*'l
Z10°r  Fermilab “ 21251 oo
= E866 - LI e .
5102 \L\a - - === - =<
© [ [800 GeV proton beam L"HLL 0.75 f m
10 - on hydrogen and deuterium hl %¢
C | | | [ 1 “H 251 Systematic iroz j
L4776 8 10 12 14 16 ob o e N
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Thedatasuggest d /it — 1 atsmall x

t more data are needed
Thedata suggest d /7 <1 atlarge X, but better data are needed

No significant effects expected below x~0.03 (within JLab25 )
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summar

To address in details some of the raised question there was a proposal to have 3 dedicated meetings

1) Discussions on details of TMD extractions, and validation of parameterizations, in

articular in the kinematics used for projections for the new measurements

a) The role of PDFs and TMD FFs in the systematics of TMD PDF extraction

b) assumptions and cuts (ex. q_T/Q<0.25 leading to dominance of DY in the large x,P+kinematics
c) the role MC can play in understanding different limitations and approximations

d) comparison of parameterizations used for projections, and availability of grids in public access

2) The Radiative Corrections in hard scattering

a) advantages and disadvantages of "old RC"

b) advantages and disadvantages of new RC (JLab)

c) impact of RC on the SIDIS at small y of EIC (y<0.05)

d) impact of RC on large y for EIC and JLab

e) impact of RC on e+e- extractions at large P_T

d) impact of radiative photons on detector performances, which may require having the radiative
photons properly accounted in MC, both for internal and external radiation
3) The scope of events to be considered when studying x-sections, multiplicities, and

tries Ti . d be-

a) Diffractive exclusive vector mesons, may or may not be properly accounted for in the
fragmentation functions

b) Does the current SIDIS framework allow to properly account for exclusive processes, and
diffractive VMSs, in particular, Nobuo and Ted are suggesting to keep in the data sample?

b) The role of VMs, and possibilities to study experimentally VMs separately from pions, and
using the VM multiplicity and SSA data in the interpretation of the pion data

-geffe,l%on Lab H. Avakian, CCM, June 2, 2021 @ €5 48



= SIDIS at JLab12 Ll L

Complementary measurements with different targets

Hadron 'I
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Combination of high resolution measurements from spectrometers combined with large acceptance
data from CLAS12 and SOLID would allow to pin down all TMDs in the valence region

Jefferson Lab H. Avakian, CCM, June 2, 2021 @& 4



Multiplicities in SIDIS
COMPASS:1709.07374

Theory only describing low Pt

i)
= . L 02<z<03
[ ' 1 (x) =0.149 F
", -1
* s 10 .
" W COMPASS . 102 ‘i, 3P .
= ohl °
O TLab, E00-18 107°F ‘}JI(QZ) = 9.78 (GeV/c)*
0 1 2 3
10! —————
0 05

v .

Pir (GeVic)

Lower the beam energy, less Main question: What is
phase space for high P :

Impact can be simulated, more the orgin of the tall
significant for heavier VMs starting at P;~0.6-0.77
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COMPASS Sivers
https://arxiv.org/pdf/1408.4405.pdf
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Experiment measure the full x-section with RC

|. Akushevich et al (LDRD-2018) ] L g
coS sin g . =,
0 =0yy + UUU¢COS¢ + STOUT¢ sin ¢g + ... NN = <

Due to radiative corrections, ¢-dependence of x-section will get
multiplicative Ry, and additive R, corrections, which could be calculated
from the full Born (o) cross section for the process of interest

O-]e%};‘g(xvyazva7¢7 ng) — U(e)hX(xvy7Z7PT7¢7 ¢S) X RM(QS,y,Z,PT,Qb) + RA(CC7y7Z7PT7¢7 qu)

Due to radiative corrections, ¢-dependence of x-section will get more contributions

*Some moments will modify

‘New moments may appear, which were suppressed before in the x-section
Simplest rad. correction

Correction to normalization R(x, z,¢p) = Ro(1 + rcos ¢p,)

oo(1 4+ acos ¢p)Ro(1 + rcos¢pn) — ooRo(1 + ar/2)

Correction to SSA
oo(1+ sStsin¢pg)Ro(1 + rcos ¢p) — ogRo(1 + sr/2S7 sin(¢pp, — ¢s) + sr/2S7 sin(pp + ¢s))

Correction to DSA
go(1+ gAA + fAA cos dp)Ro(1 4 1 cos ¢pn) — aoRo(1 4 (g + fr/2)AA)

Simultaneous extraction of all moments is important also because of correlations!
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MC Generator to simulate SIDIS output

SIDIS MC in 7D (10D)

dO_eN—>e’hX

L
AA o
da:dQdedP}%ngbhdqbldqu — lel rsf\F’l Theory
Provide a set of SF,

2 12 41 41 11
step-1 4, () Z’iPhT¢h¢l¢s‘ |
For a given model/theory based

. el h on underlying non-perturbative
Step-2 (for a gliven Ebeam,x,A) P/L ] P’l input and assumptions
calculate SF,

Fl(iBl,iUQ,iUg, "'$N7P17P27 PM>

step-3 (detected for a given Detector configuration)
l Need criteria to compare

2 2 J 4J 4]
Ljs QijPhT,j¢h¢l ¢§
\‘ the input and output

% * * _
Fi (3617 L2, L3y--- TN, L7, 9, ---PM) parameter spaces (validate)
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3D PDF Extraction and VAlidation (EVA) framework

SIDIS,DY,e+/e-)
experiments

Hard Scattering MC
(GEANT, FASTMC,...)

event selection
e’ hX, e’ hhX,.,

Grid operations

Radiative — X-section

Data Counts
(x-sections,
multiplicities,....)

x-section calculations |!

r 1

TED meetings at JLab to finalize
goals and coordinate efforts

Defined set of

N

?

assumptions

oo

QCD i Library for
fundamentals Structure
SF <-.—> Function (SF)
Ca'CU"’fi‘“O“S | calculations
Defined set of | ! 3D PDF and
assumptions | FF (models,
‘l’ | parametrizations)

extract N Extract
x-section SFs

Extract 3D PDFs / :I

-------------------- >| Validation of extracted

SFs or 3D PDFs (for a
given set of assumptions)

Development of a reliable techniques for the extraction of 3D PDFs and fragmentation
functions from the multidimensional experimental observables with controlled
systematics requires close collaboration of experiment, theory and computing

..!effe?son Lab
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. Studies of 1D PDFs

Xu,

F. Aaron et al., JHEP 1001 (2010) P. Jimenez-Delgado et al (2014), 1403.3355.
| 196V |3 L Q=196 | CAM —
: “= 1.9 GeV* % | ‘= 1.9GeV- At JAM  —
08 - Q 08 - Q. - 0.4 | ~AU SIMP
i — HERAPDFLO
t Bl op. uncert. 03 ¢ OAM ... :
%6 7 mode uncert. 170, T
[ 0 param uncert. 0.2

/

ravF" | 4
0 s 1! W'

PRI A4lia 4
= S K1 x
10! 10 10" n' \1

JAM (standard) TAqH(z, Q%) = Nz*(1—z)° (1 + ev/T 4+ 1 2).

inSpired by the OAM IAq+ — J\'— Iﬁ('l _ 1,)}3 + J,\rl Ia'(l . I)'S’ log‘;’(l _ 1_}
Avakian et al ' ‘ '
Strong model and parametrization dependence observed already for 1D PDFs

Different assumptions (positivity requirement,...) may change significantly the PDF
(need self consistent fits of polarized and unpolarized target data!!l)
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QCD: from testing to understanding

1

Oh DIS 7(q)

N(R,,S)

Testing stage:
pQCD predictions, observables in the kinematics
where theory predictions are easier to get
(higher energies, 1D picture, leading twist,
current fragmentation, IMF)

strong
interactions
&

quark gluon

Understanding stage:
non-perturbative QCD, strong interactions,

is available (all energies, quark-gluon correlations,
orbital motion)

2h SIDIS/DVMP

production in SIDIS provides access to correlations inaccessible in simple SIDIS (BEC,dihadron
fragmentation , correlations of target and current regions, entanglement....)

Jefferson Lab @ A



Dihadron production

Matevosyan et al arXiv:1307.8125(NJL-jet)

What is the origin of L usr At
. =
dihadrons? o " Py ]
What is a single =
hadron? w 02
Ea
~v [
-
o_“lllllllllll
0 02 04 06 08 10 12 14
M; (GeV?)
HERMES-note-96.059
SN E  n -
» o 3 u ode .
N s sh ,', \.\ N b % 6 0.60 <z <0.65
32 - N PYTHIA 1 S
(\S I ! . ——— PYTHIA,No o 1 2 5
X2 70 ' ' 1E 4
= F 1%
. 0.5~ 1 %5 2
=< 1
: | Mat?vosyarﬂ et al, rieriv:13}12.455f3 ,
0 1 1 1 1 1
0 0.2 04 02.6 0.82 1.0 1.2 14 040608 1 12141618 2 22
My (GeV~) m,. [GeV]
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