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SIDIS kinematical coverage and observables
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Single pion production in hard scattering

X,:>O (current fragmentation)
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Wide kinematic coverage of large acceptance detectors allows studies
of hadronization both in the target and current fragmentation regions
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Correlated hadron production in hard scattering

Dedicated CLAS12 proposals: E12-06-112B/E12-09-008B
2 hadrons in current fragmentation hadrons in current & target fragmentatior

dihadron plane q X P, plane

{I

/ - Pr = P11+ Pa,

1

—— R= (P —Py).

With ¢g, ¢,, ¢,, 0, ¢, SEVEral observables have
been identified to study correlations

Pr—0Ps, PR -accessing transversity and quark-gluon correlations Radici & Bacchetta
dr—0n -accessing leading twist polarized fragmentation functions matevosyan,Kotzinian, Thomas
¢,—0, -accessing correlations in current and target regions  Anseimino, Barone, Kotzinian

2h production in SIDIS provides access to correlations inaccessible in simple SIDIS
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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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Bacchetta&Radici: arXiv:hep-ph/0311173 Engelhardt: TMDs from JLab to EIC
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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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Observation of SSAs in ep2>e'nn X

T. Hayward et al. Phys. Rev. Lett. 126, 152501 (2021)
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Matevosyan et al, arXiv:1707.04999
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What is so special about the low invariant masses‘of 2 pions?
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SIDIS ehhX: CLAS12 data vs MC

CLAS12 dihadron production ep~>ehhX (T.Hayward)
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CLAS12 MC, based on the PEPSI(LEPTO) simulation with most parameters "default”
is in a good agreement with CLAS12 measurements for all relevant distributions
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Sources of inclusive pions: CLAS12 vs MC
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Sources of inclusive pions: CLAS12 vs MC
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Sources of inclusive pions: CLAS12 vs MC
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CLAS12 high P+ : impact of vector mesons
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CLAS12 Multiplicities: the role of high P+

LUND MC at 12 GeV using a single Gauss for all hadrons G. Angelini (GW)
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« Corrections due to phase space (energy needed
to produce a hadron with a given z,P; at given At low z, only the high Py
x,Q2) are detector and model independent shows the generated
» Corrections due to fraction of fragmentation VMs Gaussian transverse
and diffractive VMs are model dependent, but can momentum distribution.
be extracted from MC
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Current theory limitations (g/Q )

JLab/HERMES/COMPASS/EIC talks JLab12
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FO vs data for g = Q
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TMD formalism applicability and the impact of g, cut

F)@Y(xazapTaQZ) X ZHQ X fq(x7kT7 ) ® Dq_m(Z?pTa ) + Y(Q27PT) + O(M/Q>

/ Phrd5r6® (For 4 P — B quark transverse 5.0
momentum 2| ”
zp; = 0.13 Q% = 5.3 GeV? i = 0.15 Q* S48 GeV? T = 0.29 Q% =22.1 GeV? § T ++++ +
’d o 1 ++
18 | v _P /Z = g » .
S) == 2% . oot
B ‘H 4 zos| S Mg s |
3 i oo
élo | {JH{H{H ’ | 04l . ¢ +++
e ! I 0.2 [tge®
<, ®0 05 1 15 2 25 3 35 4
P./z/Q(rec)
__18f b 024<2z<030 *‘é'°°° 5
C 30 < z < 0.4 = —
= 14} - | b 040 < 0 <050 8800 qr =P/ z,
= b 0.65<z<0.70 :
3 10f : i Q2>2
& —_— 1 >Q 600 .
< 6 ! I ] . perturbative?
: IR i IR T
210 110 0 210 410 (? 21(] ‘110 i %j qT= PT/ Zn /
o ‘ o P 200 | Tl
¢4 (GeV?) 43(GeV?) 43 (GeV?) o pRN
0’ P PR R, = e BRI [ e
The measurements disagree with leading order and next-to- vTo1s o 22 |5°' T/z/?j?rec)"

leading order calculations most significantly at the more moderate

. understanding the fraction of pions from
values of x close to the valence region.

“correlated dihadrons” will be important to
Gonzalez-Hernandez et al, PRD 98, 114005 (2018) make sense out of gy distributions

Jefferéon Lab H. Avakian, SQCD, June 8, 2021 @& 15



Extracting the average transverse momenta

Sivers functions at NLO+NNLL Andrea Signori.!"¥| Alessandro Bacchetta. *[f Marco Radici.®{*|and Gunar Schnell* 5|

Echevarria,Kang&Terry: |HEP01(2021)126

-

—0.1k . ST § T 0.05f_ . 3 s b ‘%

0.05¢m P - I 000 ae=="1 b o= x * o= x3 3 S,

[ i Su— S ide=3z 2l 1 ’ >y

0.008% i ¥ 373 1 s i3 —0.05F . - ) N A ) ) c">

_ 1 3 0.10F) =" < 6.25 3 3 ~

+ —0.05F F q 1,05 : - { G
e = : N S 0.05F - o B

3 H’é fET 3 1’*§ =

Fyup(e,2, Bip, @) = ) Mo (@) / dky dP, £ (n,k3;p°) D5 (2, P ) 82k, - Po + P)

0106 — HERMES _
g s 34 b p—_ ok

00ty Bk | 77T (6%, Blr) +0/G).

0.00F

oaf® - I F

_COMPASS bl

0.08 :Li!b;ﬁljii_;ﬂ’.j 1

0.10F = =3

K ] i
0. c§¥s3 5 . ;d}_,f‘ Y B Js
0.0H ! 3 27 44 YL —0.05k §
¥ i = S 00— oy

S e 0.05¢ o 1 — 1t o
0 . _F I { F 7 . 0.00k [3e7% .T'Tn_ o™ 1§
0.0~ 5’*1* X W?h%”%i T

0.10F o ==t ZE— (7]

—0.1F . . . Fro<Q ' f =

nt —x 0.05F L = S
0.25F. 1 _F Y v;‘L-J_-% 34771 3

el jiaT T e i 0.00 t 2
0.00F—4 P2 4 { —0.05k L ]
0.25 . e Y A 0.0 0.1 0.250.500.75
= Vel 0.1 0.30 0.45 0.60 V.iylu. 0.9 XB Zy

Xp Zy Pu. (GeV)

Fits even for COMPASS include only the small fraction

of the low Pr-data, with trivial linear dependence o o2 oa os o8 1 12 ia
What exactly we learn about high P, and can we Pr
extrapolate? « Extraction very sensitive to input (replicas)

* Most sensitive to parameters is the large P+ region
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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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Fixed order perturbative

Crucial to extend the theory to large gy
Higher Twist account may help
Linking SIDIS with exclusive
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Exclusive ©/p production at large x/t
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Implications

x-section of measured exclusive process at large t
exhibit similar pattern
p+>p? > Diffractive production suppressed

at large t production mechanism most

likely is similar to SIDIS
Slightly higher rho x-sections indicate the fraction of
SIDIS pions from VM > 60%
consistent with LUND-MC in fraction of pions from
VMs
Integrating in total counts (different Q2-
dependence)?
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Disecting the SSA in ep2>e'nX
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Quark
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Effect of the orbital motion on the (- may be
significant (H.A.,S.Brodsky, A.Deur,F.Yuan 2007)
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Large transverse momenta are crucial to access the large kof quarks
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Extending to small x, large Q2 and large P

Non-perturbative sea (“tornado”) in nucleon

f@; <z >=~0.3 —fiandg, Gaussian
gl is a key to understand the nucleon structure Pl
= d>u £ \
iy S = \\\\\
* Spin and momentum of struck quarks are correlated with remnant = .. ... TR

« Correlations of spins of g-g-bar with valence quark spin and
transverse momentum will lead to observable effects

« Spin-Orbit correlations so far were shown (measurements and

model calculations) to be significant in the region where non-
perturbative effects dominate
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Upgrade to 24 GeV will qualitatively increase the JLab phase
space, opening access to large Py, high Q% and low x (sea) region
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Summary

« Measurements of dihadron multiplicities with CLAS12 indicate that
hadronization of quarks goes predominantly through production of
Vector Mesons (applies to Kaons a well)

» Significant beam spin asymmetries measured by CLAS12 in two
hadron production indicates significant correlations in final hadrons,
and large quark-gluon correlations

 CLAS12 data would allow to constrain experimentally the fractions and
distributions of pions coming from vector meson decays (tune JETSET
as well), and that will change significantly the interpretation of the
SIDIS data in general, and polarized SIDIS data in particular

» Large transverse momenta of hadrons, currently excluded from TMD
analysis, are most sensitive to the flavor and spin dependence of

partonic distributions.

« JLab upgrade to 24 GeV will open qualitatively new opportunities to
study the transverse momentum dependence and evolution properties
of partonic distributions
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From JLa12 to JLab24 Larger Q? at large P+
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2| twist SFs, needed for understanding the QCD
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Hadronization

A.Kotzinian FF2019

Sy (@, kT, Q2% xF, PT)

L

HY'%

Hadronization Function

—> conditional probability to Quark Fragmentation Functions
produce hadron h
h 2
HY (\ k., 0% x, P :S..Sy ) Dq,s-'(Z,DT,Q )

\

Where this works?
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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
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" 2-helicities ™ +"+ i
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Significant single-spin asymmetries observed by CLAS12 (talk by
T. Hayward) indicating strong correlations between hadrons

25
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CLAS12 Studies: pions

Using PEPSI (LUND) generator rapidity in Breit frame Boglione et al
https://arxiv.org/pdf/1904.12882.pdf

-

i ':mries 4;22 é 10°F [ wir] 10F [® 1012
10000 @.' Mean asms | O | e pyre 1\ ean oaee2
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: ’ A o 101 N s 10t [Noew ™ e
8000 | Oc.? A S "F s | f | By
: c : |
6000 |- ) ¢ 0l 10%
: e . : :
000 - o8 990 i 0l
! O? % 1025_
2000 [ #° © - CLAS12 - MC
ﬁpensymbolsMC R L
o LFilled symbols CLAS12 dafs L 0 05 3§ 15 0 05 1 15
1 05 0 05 1 15 P (5nA) P2(mc)
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Distributions of pions vs rapidity in good agreement with
LUND-MC (LEPTO) in most of the kinematics
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B2B SSAs ep—2>prn+X

M. Anselmino, V. Barone and A. Kotzinian,

Physics Letters B 713 (2012)A

=
2 0.02 —
£ [ CLASG preliminary
- -0 —.' """"""""""""""""""""""""""""""""""
-
< 00 F ., u]
Y- e1f55GeV"$'-|-_er,u_‘_é:| e16 5.75GeV
-0-04 - T
006 F ¢ e .
[ CLAS12106GeV 7 [ ™.
-0.08 F Projected <z> | | )
01 o ;50 ¢ + ....
: 0.35 B +
-0.12 A 045 4 +
: Y 055
-0.14 | | |
0 0.2 04 0.6

v(1l— y inYAo

Y ( ) i sin A¢

(1i-ys %) Fu

Py |[Par| y(1-%)
mymo (1 _

LU = —

N

May be canceling out in large x
(true for u-quark dominance)
1" (xp, G kK2, P2, .k, -Py))
~ a(zp, (2, k3, P3))
—{—])(l’B.CQ. kipgi) k, -Po,

™~

ALU(.I'B.:1.C2.P§l.Pgl.A(;))
— A(zp,21,G, P2, P2) sin Ag
+ B(xp, :1.C2.P%L.P§L) sin(2A¢)

» Significant SSA observed consistent with linear behavior with P+-product
- Indicates significant correlations between hadrons in SIDIS in CFR and TFR
« Superior statistics of CLAS12 allows multidimensional binning (x,z,Pr,..)
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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

.geffe/l;s'on Lab

Generate direct pions with Gaussian
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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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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
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Electro-production of hadrons

single hadron in CFR (Current Fragmentation Region)

€ - € i
. hy
jéc I "
— |
X -
single hadron in TFR(Target Fragmentation Region)
_ -
R =
-~ h [
;zl_;( 1 ‘:_I—k h,
correlated hadrons(dihadron,rho,..) in CFR
\\1/;1 hy _h;
A ek r hy
correlated hadrons in CFR+TFR
alaf b p ——
J,_Im hy -

X

J,eff;';gon Lab H. Avakian, SQCD, June 8, 2021

with additional radiation

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

radiation mixes
contributions from

different structure
functions and
complicates
separation of

exclusive from semi-
inclusive
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MC Generator to simulate SIDIS output

SIDIS MC in 7D (10D)

dO_eN—>e’hX
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