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The Electron-lon Collider

A machine that will unloek th@ecrets of the strongest force.in Nature

The computers and smartphones we use every day depend on The EIC will be a particle accelerator that collides electrons
what we learned about the atom in the last century. All with protons and nuclei to produce snapshots of those
information technology—and much of our economy today— particles’ internal structure—like a CT scanner for atoms. The
relies on understanding the electromagnetic force between the electron beam will reveal the arrangement of the quarks and
atomic nucleus and the electrons that orbit it. The science of gluons that make up the protons and neutrons of nuclei. The
that force is well understood but we still know little about the force that holds quarks together, carried by the gluons, is the
microcosm within the protons and neutrons that make up the strongest force in Nature. The EIC will allow us to study this
atomic nucleus. That's why Brookhaven Lab is building a new “strong nuclear force” and the role of gluons in the matter
machine—an Electron-lon Collider, or EIC—to look inside the within and all around us. What we learn from the EIC could
nucleus and its protons and neutrons. power the technologies of tomorrow.

taken from https://www.bnl.gov/eic/




Lattice QCD

Defined on a Euclidean Lattice

» Lattice QCD: QCD on discrete Euclidean space time

* The lattice regulates UV divergences

e QCD: the continuum limit of Latice QCD

* Provides a numerical, non-perturbative method for computing correlation
functions : Monte Carlo evaluation of integrals
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Monte Carlo calculation
LQCD
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Monte Carlo calculation
LQCD

O) = %/HdUu(x) O[U,D(U)™1] det (D(U)TD(U))”J”

* Gauge field configuration generation
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Monte Carlo calculation
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Monte Carlo calculation
LQCD

(0) = %/HdUu(x) O[U, D(U)™] det (D(U)T D(U))

* Gauge field configuration generation

e Can be used for several observables

e Correlation function calculation
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* Observable specific

* Allows for non-perturbative computations in QCD




Computation of equal time matrix elements
LQCD

At sufficiently large T and t we get Two point function

_ e~ vl
Copt = (N(p. 5. T)N (p.5.0)) = (0[N, p,5) = —(N.p../0) i
p

Computation of ground state energy and overlap factors
Three point function

e~ Ep(T—t) o Q—E;t o Q
OSPt:<O‘N7p78> 2Ep <N7p73|O‘N7p78> 2E1/9 <N7p757‘0> O Q

Computation of ground state matrix elements

In practice we need to account for contributions from excited states

Energies and equal matrix elements are the same as those in Minkowski space Briceno et al arXiv:1703.06072



Pseudo-PDFs

An alternative point of view

A. Radyushkin Phys.Lett. B767 (2017)

Unpolarized PDFs proton: ~ 0
M (z,p) = (p|l(0)v* E(0, 2; A)ip(2)|p)
E(0,z; A) = Pexp |—ig /Z dz, AL (2")T,

i 0 _

space-like separation of quarks

Lorentz decomposition:

,/\/la(z,p) ZQPQMP(_(ZP)7 _22) + ZO&MZ(_(ZP)? _22)
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https://arxiv.org/abs/2105.13313

Isovector quark and anti-quark distributions

Comparison with phenomenology
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https://arxiv.org/abs/2105.13313

Statistical noise

Nucleon with momentum P two-point function:
Cop(P,t) = (On (P, t)OY,(P,0)) ~ Ze  BP)E

Variance of nucleon two-point function:

var [Cop(P,t)] = (On (P, t)ON (P, 1) On (P,0)OL (P,0)) ~ Zzze™ 2"
Variance is independent of the momentum

var [Cs, (P, 1)]Y?  Z

= E(P)—3/2m |t
Cap(P, t) ZS’;T

ol

Statistical accuracy drops exponentially with the increasing momentum limiting the
maximum achievable momentum.




We need to find a way to
Increase statistics
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