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Energy Correlators at the Collider Frontier
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QFT = fixed points + tlows

. special points in landscape = fixed points
- connected by renormalization group flows

- can think of any QFT as starting at fixed point
and flowing in a particular direction

e« captures intuition

. universality

. relevant vs. irrelevant

Hamiltonian truncation solidifies this conceptual picture
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amiltonian truncation in practice
discretize » finite volume H — HO TV

« fruncate » separate Hamiltonian / ‘\

diagonalize » spectrum (finite volume) | |
interaction

diagonalizable (small in UV, big in IR)
(e.g. fixed point)

= Hy|i) = E;|i)
EiSEmax

. |ots of approaches: DLCQ (Pauli et al '85), TCSA (Yurov, '90), Massive Fock Space
(Brooks et al ‘84, Rychkov et al 14), LCT (Katz et al "16), RCMPS (Tilloy "21), ...
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LOts of advantages

- can plug in any Hamiltonian (vs. lattice formulation)
- any value of coupling
- don't need extra symmetry (conformal, supersymmetry, etc.)

« if you have symmetry, can preserve it (e.g. chiral gauge theory, supersymmetry)

. direct access to dynamics (i0,Y = H'Y)



Just one potential issue



Just one potential issue

» Hilbert space grows exponentially with £, .

# of States in Basis




Just one potential issue

» Hilbert space grows exponentially with £, .

. add corrections to account for effects from states
outside truncated Hilbert space (“integrate out”)

corr

# of States in Basis

—

1055'
1045'
1035'

1025'

100

0°F

- similar approaches: Feverati et al ‘06, Hogervorst et al 14, Elias-Miro et al 17, ...
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Example

2 Logr - Lwy ') i = i 208

Theory: 2

) Ag*

Hy = Z Wy a, ‘a,,

VN/I a+a

Cohen, KF, Houtz, Luty, arXiv: 2110.0827/3

W, = \Vm? + k2/R?
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Example Theory: 2

P(x,1) = p(x + 2nR, 1)

4
HO — Z a)ka]jak, V ~/ A« (Cl + CZT) W), = \/m2+k2/R2
k

. strongly relevant interaction

« /5 (¢p = — ¢p) symmetry broken at strong coupling = phase transition

. in universality class of Ising Model: good check



Power Counting for 2.

(4] =12, [¢] =0
. dx (di ionl
H ~ s J x (dimensionless)
i 2, 44 b R
H, ~ B de P+ "+ 0 L E

D Ap*
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Power Counting :

(4] =2, [¢] =0

or 2

Cohen, KF, Houtz, Luty, arXiv: 2110.0827/3

A’ 2 44 Ey
szEz dx| o=+ "+ 0O T

R—l
’ Emax

) Ag*

What we expect:

. error ~ 1/EZ__for raw truncation

. error ~ 1/E>

-~ ., after including corrections

« phase transition:

Z, symmetry breaking at critical coupling

2D Ising model
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What apout 4D QCD?

Banks-Zaks (e.g. SU(3), Nf = 16)

+mqgq (N;—3)

free quarks, gluons

+gA"J, + goA> + g?A*

QCD

« marginal (convergence unknown) « relevant (convergence under control)

e NOt gauge-invariant e gauge-invariant
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First step: 2.

D (Gross-Neveu

e Marginal

free
N [Feow

fermion

Gross-Neveu

Simpler testing ground on way to QCD

e relevant

free fermion, scalar

A2

iNn progress with Dorian Wenzel



Future directions

. improve this method (next order, include more UV divergences)
« work in progress with Rachel Houtz
« |look at new observables (\Wilson loops, entanglement entropy, )
 Tinite volume S-matrix, work in progress with Carl Beadle, Francesco Riva, Matthew Walters

« move to higher dimensions

l

S5

» include new fields (gauge bosons)

« curved spacetime (cosmology, S-matrix)

« connection to other non-perturbative methods

« ...you tell mel
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/H0|i> = E;| 1)
fulltheory:  H|W¥,) =& |Y¥,) %i = E. + gli + gzi 4 ...

effective theory: Heff + Hn — @(Vn)
H H

rrunc corr

What to match?

spectrum?  &y; = (i|H{|i) = (i|V|i) only fixes diagonal elements

eigenvectors? <\Pf| i) » <f‘H1 [y = (fIVI]i)  uniquely fixes Heff
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