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* Production of pair of hadrons in SIDIS
 Measurements of SSAs in dihadron production

* The role of vector mesons
— MC simulations vs data
— Extraction of ki-dependences
— Possible impact on spin-observables
» Correlations of hadrons in current and target fragmentation
regions
* Summary
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Hadronization
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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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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)
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Doubling the JLab beam energy, opens the phase space for 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) N G—L _ hi_ h1 a TMD FF
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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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-
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Sources of inclusive pions: CLAS12 vs MC
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Exclusive /p production at large t
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Multiplicities in SIDIS
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Lower the beam energy, less

phase space for high P

Impact can be simulated, more
significant for heavier VMs
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Theory only describing only low P+
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Main question: What is

the origin of the talil

starting at P+~0.6-0.77?
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CLAS12 Multiplicities: the role of high P+

LUND MC at 12 GeV using a single Gauss for all hadrons

For the same <z>
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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)

Jeffergon Lab H. Avakian, May 14, 2021

G. Angelini (GW)

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

lll‘ Phase spaced corrected <z>=0.25
[b] = 0.41%£ 0.06 | [¢] = 0.23 £ 0.03
po?
pot
po’
[b] =0.28 £ 0.03 | [c] =0.152 £ 0.02
po?
We generated 1Gaussian with :
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]
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At low z, only the high Pt
shows the generated
Gaussian transverse
momentum distribution.
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Disecting the SSA in ep2>e'n+X from CLAS12
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Observed SSA for the inclusive n+ changes significantly with the =- z
The polarization of the p itself may be relevant (no SSA for symmetric case)
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B2B hadron production in SIDIS: Theory

M. Anselmino, V. Barone and A. Kotzinian, / —|—
Physics Letters B 713 (2012) EPp — € PTT X
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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
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CLAS12 Studies: protons

Using PEPSI (LUND) generator rapidity in Breit frame Boglione et al
https://arxiv.org/pdf/1904.12882.pdf
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with LUND-MC (LEPTO) in most of the kinematics
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n+ parents in ep—2>e’pntX events
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B2B SSAs ep—2>prn+X

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

Physics Letters B 713 (2012)A
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» 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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Summary

» Significant beam spin asymmetries measured by CLAS in two pion
production indicating significant correlations in forward going hadrons,
and providing access to underlying polarized fragmentation functions
and quark-gluon correlations

» Significant beam spin asymmetries measured by CLAS in pion proton
production indicating significant correlations between hadrons
produced in the CFR and TFR

» Measurements of dihadron multiplicities would allow to constrain
experimentally the fractions and distributions of pions coming from
vector meson decays (tune JETSET as well)

» Publications of SSAs in b2b, and single hadron and dihadrons
multiplicities in SIDIS from CLAS12 expected by the end of 2021

The interpretation of di-hadron production in SIDIS, as well as interpretation
of single-hadron production, are intimately related to understanding of
contributions to those samples from correlated semi-inclusive and exclusive
di-hadrons in general, and vector mesons, in particular.
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Support slides
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CLAS12

- TORUS magnet

Overview

Beamline

- Solenoid magnet

"

.

Sources of systematics (defining the “fiducial” region):
1. Background processes (photoproduction, e+e- pairs,diffractive?)
2. Inefficiencies (Detector components, Reconstruction, Lumiosity)
3. Misidentification (e- with -, n+/- with K+/- and e+/e-)

4. Modeling of the CLAS12 response in GEANT (resolutions,...)
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CLAS12 Multiplicities: the role of high P+

G. Angelini (GW) LUND MC at 12 GeV
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» Corrections due to fraction of fragmentation VMs Gaussian transverse
and diffractive VMs are model dependent, but can momentum distribution.
be extracted from MC (work in progress)
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SIDIS ehX: CLAS12 data vs MC

CLAS12 single hadron note: in review for publication
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HERMES dihadrons

Particle Reconstruction
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COMPASS dihadrons
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Dihadrons and Vector meson contributions

Should we worry about pions/kaons coming from 003-: :
vector meson decays? .
What about p+ and p- Zoa2s
What do we know about relevant observables for §0°1§
pions specifically coming from vector meson decays £ o
What about SIDIS rhos (can we measure?) ='0.05
What is radiative correction due to rho? bos

Vector meson as resonance in dihadron production?
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Hard exclusive meson production from clas6

Jeffergon Lab H. Avakian, May 14, 2021
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