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Outline

Hadronization: mapping partons to hadrons

o affects flavor and energy flows of the whole event
Leading and next-to-leading hadrons within a jet
Charge correlation 7, and its evolution

Monte Carlo studies with PYTHIA and Herwig
Conclusions



Challenges in hadronization studies

Hadronization is nonperturbative and
requires phenomenological modelings

High energy collisions involve complicated
partons and hadrons distributions

Initial state radiation, underlying events and
target fragmentation in hadron collisions
iInclude even larger phase space

How can we identify microscopic details of
hadronization?
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Leading and next-to-leading hadrons

H ¢« leading hadron
IH,: next- '('o-[eaokirxj hadron
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* Focus exclusively on
* collinear regions around dominant i
energy flows: jets Hadronizatien UJ[

e energetic hadrons since soft most energeffc Parfon I
hadrons are abundant and hard to
disentangle their origins




Electron lon Collider

Polarized
Coherent Electron Electron Source

Injector Linac

RCS Injector

100 meters
-,

EIC Yellow Report, arXiv: 2103.05419
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A collider covering low and intermediate
energy regions is ideal: “how jets emerge”
We want some perturbative emissions but
not too many, or observables not directly
affected by these emissions

We need excellent particle identification for
leading particles

A control over spin and polarization d.o.f.
will allow a complete tagging of partonic
quantum numbers

Target hadronization in DIS
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Charge correlation

Convention: hihy Sawe sr‘jV\ TASSO (1985), CERN ISR (1979), LEP
(1984), NA22 (1989), Bass, Danielewicz

and Pratt (2000) '\
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Yo = 0 when H, not comrelated With H/

* | eading dihadron correlation: conditional probability
of observing H, in the presence of H,

« Comparing the cross sections of 4,4, and h,h, to
quantify the flavor constraints

e Evolution of r. w.r.t. kinematic phase space X

We focus o two noveltieg :

D qu\oA?v\j At hadons excla{Tval),
© DaPenA(Mce 07\)( 1 |<L, —Cfavm""

6



Monte Carlo samples

- highest desigr €13y

18 GeV electron beam + 275 GeV proton beam
PYTHIA 6.428 and Herwig 7.1.5

Impose Q° > 50 GeV* so that we have higher p; jets

10 million events
Jets: pP"9® > 0.2 GeV, —1.5 < 7 < 3.5, anti-k, R = 1.0, pI* > 5 GeV

MOSH/ —l'LefC JE{'S are 7[""""‘ gf""“—‘c Q,““*’kﬁ EIC— Qmev\“)/
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Leading dihadron kinematics

8 1072k .esoo ep@18 x 275

.0 2 2

3 ¢ o ° Q° >50 GeV
10°7°F°* o

*0 o anti-kt R=1.0

107 % ijet >5 GeV
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e z maximizes at z = 0.5, not from

— Hy
perturbative splitting ~ Altarelli - Vowict l/z /<
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e Characteristic low k; and cross oA |/k
L

section falling exponentially



Leading dihadron formation time

Same  sTgw OpPPostie stqwn
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(@) (b) (c
" 2 * Formation time peaks around 1 to 10 fm
form = 2(1 — 2)p/ky e |r.| maximizes at large formation time
( * Significant difference between PYTHIA
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Leading dihadron relative k,
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non-pabavbetive  pevtwhative e |r.| maximizes at small k, and decreases

as k, increases on the scale of 1-2 GeV

e Suggesting strong nonperturbative
correlation at play
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Flavor tagging and zK correlation v equired
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* Excellent agreement between
EIC smear and true distributions
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Flavor constraints
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Correlating leading dihadrons and subjets
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Conclusions

* | eading dihadron correlation is nonperturbative and can illuminate
intrinsic features of hadronization

* Besides energy tagging, flavor tagging can be a powerful tool for
studying hadronization

e Excellent particle identification and abundant statistics are essential

e Evolution of leading dihadron correlation w.r.t. kKinematic variables,
as well as hadron-subjet correlation can be used to study
perturbative and nonperturbative transition

Opportunities for precision QCD physics in hadronization at Belle Il -- a showmass
whitepaper
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