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QC D IS d rl Ch fO [€5 t with lots of trees deserving our attention
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https://inspirehep.net/literature/1915457
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https://arxiv.org/pdf/2304.03845

Key questions to answer

[[] Which enhancements in cross sections are actual resonances?
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[[] Which enhancements in cross sections are actual resonances?
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https://inspirehep.net/literature/1821564

Key questions to answer

[[] Which enhancements in cross sections are actual resonances?
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[] Given structural information, can we say anything
about the nature?

[[] Can we deduce general principles from the QCD spectrum?


https://inspirehep.net/literature/1821564

Need for a Lattice QCD spectroscopy program

A Lattice QCD program running in parallel with experiments is critical.
M Guide experimental searches,
[M Confirm existence [e.g. tetraquarks, pentaquarks],
[M Understand their nature [observations are not enough!].



Need for a Lattice QCD spectroscopy program

A Lattice QCD program running in parallel with experiments is critical.

M Guide experimental searches,
[M Confirm existence [e.g. tetraquarks, pentaquarks],
[M Understand their nature [observations are not enough!].

Most QCD states are

[[] resonances or multi-body bound states,
[[] dynamical enhancement in scattering amplitudes.



Need for a Lattice QCD spectroscopy program

A Lattice QCD program running in parallel with experiments is critical.
M Guide experimental searches,
[M Confirm existence [e.g. tetraquarks, pentaquarks],
[M Understand their nature [observations are not enough!].

Most QCD states are

[] resonances or multi-body bound states, EXO H A];‘)

[[] dynamical enhancement in scattering amplitudes. EXOTIC HADRONS TOPICAL COLI ABORATION

Challenges to overcome: cross-pollination with
[[] scattering amplitudes are direct inaccessible via lattice QCD,

experimental searches

[[] formalism needed to access amplitudes,

[[] increasingly complicated correlators to evaluate,

[[] increasingly complicated amplitude analysis, }
[] warm bodies,

...
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LQCD is tinally up to the challenge!

Tremendous formal progress:
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LQCD is tinally up to the challenge!

Tremendous formal progress:
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LQCD is tinally up to the challenge!

™ Generalized eigenvalue problem (GEVP),
[ large basis: O, ~ gI', q, nnx, KK, ..
[ contractions: C'(t,P) = (0] O,(t. P)@T(o P)|0) = Z Z, 2
] “diagonalization”

[ It is now common to have ©(100) kinematic points
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17 Scatterin

(I=2 channel, m_~ 390 MeV
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rirT scatterin

(I=2 channel, m_~ 390 MeV)g

idet [F~H(P,L) + M(P)] = oj




rIrT scattering

(I=1 channel)
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Structure of multi-particles states

An idea to wet your palette

2|T*12) L

short-distance dynamics

let us focus on this
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Goal: 1solated ALL kinematic singularities of amplitudes in a kinematic region.

Observation: kinematic singularities are due to intermediate particles goin on-

shell.
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2+ fH -2

Let's isolate all possible singularities of...
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2+ fH -2

Let's isolate all possible singularities of...
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Lorentz decomposition of off-shell 1 + # — 1 amplitude:
H(ky, k) = ) Kk, k) Q2 K7 kD)
J

Off-shell form factor |
]§(Q2, kfza klz) — ]?(Qz) Lon_SheL]

FQ% K2 kD) — f(Q% k2, m?)]  [left-cut
:]§(Q ’, kfz : kl-z) — ]?-(Qz, m?, kiz): right-cut]

FQLKEm?) + [(Q% m2 kD) — [(Q2 k2, k) — f(Q% m?, m?)] [smooth]
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Let's isolate all possible singularities of...
e = X
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2+ fH -2

Let's isolate all possible singularities of...
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Let's isolate all possible singularities of..
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2+ fH -2

Let's isolate all possible singularities of...
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2+ fH -2

Let's isolate all possible singularities of...

IWH = i — )é%)(é)@ +>O+O(+O<>(

= D KK *U}{“‘“ )

AYH N I VO (O\GH | . :
iWhe = M- | 1A* 41 g fi(Q)G5 | - M
J
unknown real function, to be :
determined via lattice QCD
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Let's isolate all possible singularities of...
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Analytic continuation towards resonance pole
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2+ fH -2

Goal: 1solated ALL kinematic singularities of amplitudes in a kinematic region.

Observation: kinematic singularities are due to intermediate particles goin on-shell.
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Transition amplitudes
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Transition form factors
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QCD is arich forest




Outreach & mentoring
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Remote Experience for
Young Engineers and Scientists ¥

JOIN OUR SUMMER 2024 PROGRAM:
JUNE 18 - JULY 26

Join the Remote Experience for Young Engineers
and Scientists (REYES), a program designed to
increase STEM-H literacy, inspire and train the next
generation of scientists.

This unique virtual learning experience offers guest
lectures in a variety of STEM-H subjects, activities,

and mentoring through research-based projects.

Registration is free and open to the public.

REGISTER TODAY:
physics.berkeley.edu/reyes

Berkeley Physics

viewport_selection = bpy.context.selected objects

obj_export_list = viewport_selection
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obj_export_list = [i for i in bpy.context.scene.objects]
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This is a six week course
START DATE: JUNE 18, 2024

Python4Physics is a class designed to give students the key tools to write
simple code using a programming language called Python. In this class,
you will learn some fun concepts in Physics, Math, statistics, and, of
course, programming. You will do this by solving problems numerically.
You will learn to solve equations, do data analysis, and model various
systems. You do not need any background with programming, physics,
or calculations. You will need to be familiar with algebra.

FOR MORE INFORMATION
Go to our registration form using the qr code below,

or visit: /physics.berkeley.edu/pythongphysics

Registration is free and open to the public.

REGISTER TODAY

Berkeley Physics




