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Proton structure

Proton Structure energy

>

medium high

One of the most fundamental
building blocks, e.g., proton — is
much more complicated than
what was originally thought.

One of many big questions,

« What is the pathway towards uncovering the mystery of confinement?
« What is the dynamic picture for partons at high energy?
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Angular correlation in pp collisions

Dijets angular correlations can probe

« Parton radiation effect
« Higher order perturbative effects

CMS CMS Experiment at LHC, CERN

\ #| Data recorded: Thu Aug 26 06:11:00 2010 EDT
¢| Run/Event: 143960 / 15130265

\ | Lumi section 114

Orbit/Crossing: 3614980 / 281

Ap = |1 — ¢p,| back-to-back jets expects ~ «



Angular correlation in pp collisions

Dijets angular correlations can probe

« Parton radiation effect
« Higher order perturbative effects

CMS CMS Experiment at LHC, CERN

= N | Data recorded: Thu Aug 26 06:11:00 2010 EDT
™~ ¢| Run/Event: 143960 / 15130265
> \ LLLLLLLLLLL 114
Orbit/Crossing: 3614980 / 281

Soft gluon

Ap = |1 — ¢p,| back-to-back jets expects ~ «
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Angular correlation in pp
Dijets angular correlations can probe 3
« Parton radiation effect ©
« Higher order perturbative effects T
‘\(?MS\ : SﬁfZﬁ%’?&'&?@‘ﬂkf‘zg?'«"«oo 2010 EDT
L T g \ RLrJn/Evenl:143960/15130265 -1
o 10

Soft gluon
107
1

collisions

_lII|III|III|I]]|III|III|III

75 < P77* <100 (GeV)

I IIIlIII|
| IIIlIII|

L 11 |[I[I----...............-

| |||II[|

-
-
-
-
*e
.
-
-
.
.
-
.
.
-

I |l|||||

[~ :
% —— resummation

o v b b by full NLO

6 18 2 22 24 26 28 3

¢ (rad)

. NLO calculation describes data very well
Ap = |1 — ¢P,| back-to-back jets expects ~ (Phys. Rev. D 92, 094007 (2015))
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Application in ep DIS - TMDs

* New idea about looking at azimuthal
correlation between scattered lepton and
jet — sensitive to transverse momentum
dependent parton distributions (TMDs)

(Phys. Rev. Lett. 122, 192003 (2019))

(Lepton-proton CM frame)




Application in ep DIS - TMDs

(Lepton-proton CM frame)

* New idea about looking at azimuthal
correlation between scattered lepton and
jet — sensitive to transverse momentum
dependent parton distributions (TMDs) N

(Phys. Rev. Lett. 122, 192003 (2019))

Jet(PJ)

ZEUS Experiment

e

Experimental attempt

Lepton-jet correlation in ep DIS:

* Access small Bjorken-x at HERA
* Q2dependence on TMD evolution
* Non-perturbative effects
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ZEUS preliminary results More details see Amilkar

Quintero’s DNP talk. Click here

ZEUS Preliminary
2 = . 1
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* Ariadne MC model describes data reasonably well
« some deviations are seen at lower angle, might be due to gluon radiations
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http://meetings.aps.org/Meeting/DNP19/Session/GG.7

Taking one step further in ep DIS

* How does MC describe HFS particle productions besides jets?
* What's the role of gluons in particle production?



Taking one step further in ep DIS

* How does MC describe HFS particle productions besides jets?
* What's the role of gluons in particle production?

New idea about probing proton structure at
low-x via quantum entanglement in DIS

An experiment hints at quantum
entanglement inside protons

electron

Sgluon= In[XG(X’QZ)] = Shadron = - Z p(N) In p(N)
(Phys. Rev. Lett. 124, 062001 (2020)) quantum-entanglement-inside-protons

https://www.sciencenews.org/article/experiment-hints-



https://www.sciencenews.org/article/experiment-hints-quantum-entanglement-inside-protons

H1 analysis
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Charged particle multiplicity

Tracks are within |etay,,| <
1.6 and pt > 0.15 GeV

Tracks are boosted in
Hadronic center-of-mass
frame (
4.0

Compare with DJANGOH
1.4. RAPGAP 3.1, and
PYTHIA 8

Low-Q? are not well
described by MCs

ep Vs=319 GeV
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Hadron entropy

DATA and MC comparison

« High Q?and high x are in
good agreement with MC

« Low-x and lower Q? are
not. Clearly difference is
seen.

SEE

Shadron = - Z p(N) lnp(N)
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Hadron entropy Shadron = = L p(N) Inp(N)

H1 Preliminary O<n*<4.0
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Summary

* First studies of lepton-jet correlation in ep DIS by ZEUS
collaboration — sensitive probe to the TMDs

* First time measurement of hadron entropy from HFS of charged
particles by H1 collaboration — searching for quantum
entanglement of partons in ep DIS.

(paper will come out by the end of summer)

* Both measurements have set a baseline for future experiment
of Electron-ion Collider at BNL in ep and eA.

« Stay tuned for further developments from H1 and ZEUS as
many new projects are on-going!



