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What is NRCFT?

Consider the symmetries of the Schrodinger equation in d space dimensions,
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Spatial and time translations, galilean boosts, spatial rotations and U(1) rotations (Particle conservation)

Also, scale transformation D and conformal transformation C

Y(t,X) = e"?P(e ', e"X)
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Quantum mechanics

What is NRCFT?

Second quantised version
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Fermions with short range interaction, with large scattering length. Can define primary operators ®(¢, X) with dimensions Ag and particle number Ng,
Strongly interacting system!
d(t,X) — e’ Pod(e =, e 7*X)
This system enjoys scale and conformal symmetries (akin to free Schrédinger equation): . iNgx2c t %
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Fermions at unitarity convention: N, = — 1



Where is NRCFT?

ref: HWH’s talk
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Within this energy range, the three-neutron state can be effectively
described by a local operator in the NRCFT of fermions at unitarity.

As, = 4.2727

[Son & Hammer 2021,
SDC, Mishra & Son 2023,
Beane, Orlando & Reffert 2025]



Where is NRCFT?

Droplets of >He atoms are energetically unstable unless number of atoms > 20 — 40
[Pandharipande et al 1986, ..... ]

The decay rate of a near-threshold boson droplet (into free atoms) has universal scaling behaviour.

F(E) ~ ZZAO_S/2 [Son, Stephanov & Yee 2021]
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l “effectively” described by
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¥ describes the resonance and y, describes the particles that constitute the resonance.
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Why is NRCFT?

Can we measure the momenta/energy distribution of neutrons/decay of droplet of He atoms
iINn such experiments?
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0/ \e Is there an operator definition of these observables analogous to relativistic
CFTs?

Constraints due to galilean, conformal symmetry?

Potentially useful for high precision low energy experiments
proposed in T. Aumann et al (2020)



Warmup: free theory

How does one define detectors in free theories, e.g., non-relativistic fermions ?
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detector

Want to measure energy deposited at large distance from the collision event.
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The detector literally measures energy per particle that is deposited at 71

Want a more theory independent / operator version!



Warmup: free theory

Rewriting the energy detector as flux A more theory-independent definition
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Valid beyond free theory, as we will show.



Warmup: free theory

it massive particles: £ (v, n)

ko
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massless particles: £(n)
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we will be primarily interested in one-point functions of the detector:
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In free theory, particles travel in straight lines to spatial infinity, Analogy with detectors for massive particles in relativistic setting

[Mateu, Stewart & Thaler 2012]
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We set m = 1 for remainder of the discussion.



Detectors in general NRCFTs

Not so obvious in interacting theory
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continues to be a good detector definition even in interacting theory!



NRCFT basics

Rotations, translations, galilean boosts, dilatations and special conformal transformations, generated by the set

(M, P, K, D,C)
P; K; D C H
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[Nishida & Son 2007]
[H,N]=[H,P]=[HM;]=0, [N,any] =0



NRCFT basics

Local operators, are labelled as primary If,

K, O(0,0)] =0, |C, O0,0)] =0

They are also usually labelled by two quantum numbers,

D, O(0,0)] = A, 0(0,0), N, O(0,0)] =N,

Descendants which are generated by P, and H

[H,0] = —i0,0, [P,0]=—id0

While n transforms like a primary operator j* does not, “Alien operator”: neither primary nor descendants
[Golkar & Son 2014]

(K, j/(1,X)] = — itd" j/(t,X) + i6"n(t, %), (C,j'(t,X)] = — i <r2(3t +1X. 0= + tAj> ji(t,X) + ix'n(t, X)



State-operator correspondence

Operators are in one-to-one correspondence with eigenstates of the system in harmonic potential.
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Flat space Harmonic trap

Primary operators transform in the following way:

[Nishida & Son 2007,
Goldberger, Khandker & Prabhu 2014,
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Operator in the oscillator frame.



Detector in harmonic trap
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The current and charge density transform as: :
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harmonic trap geometry




Ward identities and symmetries
Harmonic trap/oscillator frame immediately makes the symmetries manifest!
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since 71(0,y) = n(0,y), this is just the flat-space conformal generator!

\4

JdQﬁ Jd\/ & (n)=H. Using SO(2,1) sub algebra of schrédinger symmetry:
|H,C] =—1D, 1D, C] = - 2iC, |ID,H| =2iH

Our detector therefore measures total energy injected into the system.



Ward identities and symmetries

Harmonic trap geometry motivates us to also propose new detector observables measuring charge and total spatial momentum,

3 ~ £—> _ 3221 ~ f“’ — pI
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With the final set of ward identities,
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Valid for any (interacting) NRCFT.



Ward identities and symmetries

We are interested in the one point function of the detectors in states created by primary operators.

- [T foo T time and spatial translation invariance N o
(O, b | Z.vi | O'(@’.k)) ~ S(w— @)Yk — k) F(vii, k, w)
k2 Bo~4 Vi + i
R N,
F(Vﬁ, k, ®) galilean and scale invariance ’ (a) | 2N0> / Z

f is an unconstrained function

« determine f for k = O: sufficient due to Galilean invariance.

. verifying ward identities for k = 0 = ward identity for k # 0.



Examples: Free fermions

Hilbert space characterised by fixed number of spin up and spin down particles. V2
— T " |
H =H Q@A 1gQH QK11 QA& =) wi| oA A
o=1l

with multi-particle wave functions lP({J_C),-;y)j}) = WX, X o X V1o Yo oo s V)

anti-symmetry due to Pauli exclusion principle

Simple for free fermions

v

1 ¢ (X)) - 451(?—5,9) NGy )(1@61)

plqg! Cbp(il) gbp()_c)p) )(q@’l) )(q(yq)

Also need local operators, that create the states from vacuum: O, — Degree Q) polynomial of y, y, and arbitrary number of
derivatives to account for Pauli exclusion principle

_iQF?
21

Focus on primary OQ — <0Q(ta 3_5)05(0»0» — A



Examples: Free fermions

Warm up with two particle states: outcome is kinematically constrained.

T @< >@ |
v=yw
states created by the local operator: OZfree(t, X) = l//ll//T(l‘, X)
which overlap with the two particle sector of the hilbert space,
- - " 1 7T o .7 -
— . T free 2\ — ik Xx+k,y)
[k ko) = | W 2 G W] Gy (D)]0), V() = R

Jx3
(We normalise our wave functions in a box of

volume V and take continuum limit in the end.)

Insert Z | ki, ky){k, k,| due to particle number conservation,
k
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e consistent with physical picture.

« verified using two different definitions of &(#)



Examples: Free fermions

Three particle states: Non-trivial

states created by the local operator: € - Ox, 0§(t, X) = l//Tl//ﬁil//T(f, X) a spin one operator

with the corresponding three particle Hilbert space
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Appears naturally due to energy-momentum conservation!
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 Also for scalar primary operators

Kinematic configuration for the maximal velocity Free bOSONS



Examples: Fermions at unitarity

. V2
L=y (lat - )l/fo-+ SATAAT

c is irrelevant: needs renormalisation + tuning
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A non-perturbative definition
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anti-symmetry due to Pauli exclusion principle

Unitarity condition: solve the free many-body Schrodinger
equation with Bethe-Peierls boundary condition.
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Examples: Fermions at unitarity

Two-particle sector

- - . R 2
Wavefunction: Pemk 2R oV X, — % | ’ Pk ™ 4 ’

relative coordinate r confined in a sphere with radius RmaX

Local operator: - . R Y I
p 02(t9 x) — llm |y | l//T(tax + _)l//i(tax T _)9 A — 2
|y|—=0 2 2
[Nishida & Son 2007]
Kinematically trivial and (almost) same as free theory!
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The function f is different



Examples: Fermions at unitarity

Three-particle sector

Wavefunction:

1 5 s 3o D o o 4o o o
| P©) = —Jd3x1 A%, X3 PO, X, Xy ()] ()] (33) ] 0)

V2 |

anti-symmetry due to Pauli exclusion principle

+0(|%, =%, PIE, X, %)

—

Local operators: O™ (1, R,  A&) =5+ >

Infinite number of charge three operators labelled by s, £, m (determined by the properties of ‘P(3))

7
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[Efimov 1971,
Felix Werner thesis,

5
=1: A=4.273,6878,8.216,---2n + R SDC, Mishra & Son 2023]



Examples: Fermions at unitarity

. 7=0,interacti i . _ . 1
Scalar operator: 0, RS, Al(‘;;:o = 4.666 OL = = yyn, Vo, = 2V, Vi, Af(;j;;o = —
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(Integrable) divergences in the interacting wavefunction 3 e
in these configurations due to the unitarity condition. V3
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Examples: Fermions at unitarity

Spin one operator: € - 03/=1, AiGI-ItO L =4273
3
_ 2 A ) .0 . ) ~ >
p3(v, 0) = — (cos 0- (& ,(2)) Or=0(eppy T 510 0- (& (2)) or=1(w k))
| ——— < — )
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Examples: Large charge

IR of Unitary fermions described by superfluid EFT

V)
L=cMiX24 -, X=00 (vVe)

\ 2M
[Son & Wingate 2006.....]

goldstone boson of the U(1) symmetry breaking

using saddle point approximations of the insertions,

N\ Vo N i
<gv(n)>0AQ(a),O) = <gv(n)>0A (t1,= —iAQ X1,=0)’ AQ ~ Q3
¢ v [Cuomo, Firat, Nardi & Ricci 2025]

i = —0d,0p b= S ; iyl using “master solution” 8.(z, X)
M 2 [Beane, Orlando & Reffert 2024]
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signalling breakdown of leading order EFT. 1024721303

Agrees with [Son, Stephanov & Yee 2021]



Positivity ?

ii(t,y) = (cos 1)~ n(t, X), v >0
4
& n)=—n|—,vn g & (n) >0
2 2
Non-relativistic analogue of ANEC
[Hofman & Maldacena 2008]
1 NR ANEC .
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Summary

Proposal for event-shapes in non-relativistic setting with Schrodinger invariance.

Using symmetries to study ward identities and constrain correlations in non-trivial states.

Explicit examples. RS EE R R R

Proposal for positivity.
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Future Directions

Higher point detectors? Their OPE?

Scattering length & effective range corrections?

Proof of positivity?

Anyons? Efimov states?..



