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Motivation

In CFT 453 large @Q-charge sectors
with a non-trivial macroscopic limit
exist:

ENGRd_l, QNde—l

Bottom-up

EFT-building for large-Q) sectors:
superfluids (w/ vortices), Fermi liquids,
supersolids...
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Top-down

Find large-@ sectors in “UV-complete”
CFTs: EFT matching.



More

motivation

« In d = 3, large-N GN and NJL models have
large-charge sectors described by filled Fermi
spheres.

= The corresponding operators have the same LO
scaling as in FREE,,. Difference appears at NLO.
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= Need a conformal Fermi liquid EFT matching.
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NAD, Hellerman, Kalogerakis, >ser, Orlando, Reffert ’22]
[Delacr z, Chowdhury, Metha ’25
[More on superfluid ground states in these dels: see Jahamall’s talk.]




Summary of results

We focused on the O(N)-CFT at N, Q — oo with Q/N fixed, large-charge sector
corresponding to the operator

O0q = iy Pigys
A(Q) = NA_1(Q/N) + N°A(Q/N) + ...

« Determined numerically the function Ay at Q/N < 1 and Q/N > 1.

» Superfluid EFT matching at NLO (Wilsonian coefficients, GB casimir...) for Q/N > 1.

= Matching with perturbation theory for Q/N < 1.



Outline

= Setup and leading order
= Next-to-leading order

= Results



Setup and leading order

[Hellerman, Orlando, Reffert, Watanabe *15]
[Monin, Pirtskhalava, Rattazzi, Seibold ’17]
[Badel, Cuomo, Monin, Rattazzi '19]
[Alvarez-Gaume, Orlando, Reffert '19]
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[e-expansion: Antipin, Bersini, Sannino..




Conformal superfluid EFT

SErT = /ddx \/’5 (—cl + R — 037€W8“X8”X TR+ ) ,

Juv = Guv (—8px 8”)(), X = —iuT + 7.
We work strictly in d = 3, where

AQ) = Q%Q% +04%Q% + Bo +Oé_%Q_% —|—ﬁ_1Q_1 N

= The Wilsonian paramters ¢y, ¢a, ¢3, ¢4... ~ O(1) determine the ground-state contributions
Q3/2, 172, X_1/2....

= GB loops generate the contribution By = —0.093725... (universal Casimir contribution) and
the series f_1... (non-universal, ¢;-dependent).



O(N )-model, finite density formulation

_ d 1 2 1 2 42 1 2_072
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+ip(p1002 — d20odr) — (62 + 62) .
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= Chemical potential p for the so(N) cartan rotating ¢1, ¢2: equivalent to sourcing
00 = by, big).

« Renormalization is set up in a 1/N expansion (more convenient to work with bare fields
and couplings).

« Critical at g — oo and m? tuned appropiately.



Large-N saddle expansion

At N — oo we expect a homogeneous saddle to dominate path integrals:

O':\/N§+6'7 ¢:\/N(67070)+ <le7q§27ﬁlﬂ"'3ﬁN—2)7
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The Lagrangian is also expanded as

1
L= Nﬁtrcc + \/Nﬁtad + £gauss + ﬁﬁint ;

The observables we will compute are partition functions in flat space and cylinder
d —Vol(R%) x Vi
ZRY) =e ol(R) x flat

Z(S* x Sh) L2200, g=BxVen Viatjen = NVED + NOVO



An aside on regulators
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Ve 1>:§q>2(m2—u2+2)—@+§/Wlog(k2+m2+2).

I

At the conformal point m? — 0, g — 0o we have multiple choice of regulators:
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Leading order in flat space

At the critical point,

which is related to the equation of state via

Tyl = e= VLG +up=

ﬁ — 4ﬁ Z)\B/Q
o 3 ’

where p = p/N, é := ¢/N are charge and energy densities per degree of freedom.
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Leading order on the cylinder

Using a combined hard cutoff

dw b
[Zey1 ] / 2€+110g
yLIA,d=3 = Z w2+%(£+%)2

o R2AY 1 YR2):  (LR?)3 7
Avoo, L1 ~(ZR%): +( ) 4
3 24 1920(ZR?)3

= Result for scaling dimension of Og:

= LO EFT matching:
N N N
=— N° = — N° =——
= 15- +O (N, C2 = o~ +O(N?), Ca 960 +0

= The Wilsonian coefficient c¢3 does not contribute to the ground state energy.
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Next-to-leading order




NLO in flat space

1
L= N‘Ctree + \/Nﬁtad + Egauss + 7‘Cint ’
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NLO in flat space

The (bare) result is found to be:

V(O)—l/ d?k o k202 + (4p2k3 + k*) T1(k2, )
“3) @2mi® JATI(K2, 0)
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Flat-space NLO: result

This integral is computable:

1 2
VOs 5 = o [—3A;ﬂ + v(o)u3] . 09 =-0.03530346. . ..
vy Y8

The constant v(?) correspond to a particular definite integral and can be computed to
arbitrary precision. The energy density becomes

T 7 v(©
ép) = {4\( + % - O(Nﬂ P32,



Aside: Conformal Goldstone dispersion relation

= The flat-space determinant contains a conformal GB:

2 4 6

2 D p p
= — —~+0( = |.
TS T e T <ﬁ2>

= The EFT parametrizes the cubic correction by

|p| v 3
Sl _pP -, = V872 (¢y + c3).

= The matching gives

N
EETVG)

« Similar to leading (tree-level) result of ¢% in d =3 — .

+O(NY) =  c3=O(N").

[Badel, Cuomo, Monin, Rattazzi '20]



NLO on the cylinder

I lZ/ ]( ) fwntin.

« Combined cutoff w? + (€ + d%z) < A.

» f(w, ;) is a complicated expression involving constrained double sums over ¢4,y € Z>.
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Numerical implementation

= We first deal with the double sums in II;: at fixed £, ¢; the sum over /5 is finite and can be
performed.

« The remaining ¢; sum is convergent: we perform it by explicit summation up to £, and for
{1 > 01 we use large-f; asymtptotics (obtained analytically).

= The integral / sum over (w,¥) is divergent: We can estimate semi-analytically the leading
divergence and some tail terms.
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Results




Small—@\ regime
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Large—@ regime

Ao(Q) = 04(%0)@3/2 + oz(%o)@l/2 1B+ o121 ﬁ(_ol)@—l b

1
2

o T a0t
’ : ~0.0936
B I8
Ay ° > ; -0.0937 I
O g N Bo :
-10 ° -0.0938 I
-12
; ~0.0939)
0 10 20 30 40 50 3 i - % 5
Q K
al), = ~0.03530346 ... B 0.00373(7)



NLO EFT matching

) Bo 04(0,)% »3(_01)

EFT - —0.093725 . .. - 0.0081 ...
This work —0.03938216(9)  —0.09373(7)  0.02364(2)  0.008(2)

(&%

o
LS

= The fitted constant term reproduces the GB Casimir energy S

= The first non-trivial correction 6(701) is compatible with the prediction controlled by cs, c3
= our best fit for the NLO Wilsonian coefficients is

N
¢1 = 75— +0.00280936... + O(N"),

127

N ~1
€2 = Jo— — 0.001215796(3) + O(N 1),

N
4 = ——— +0.0005459(4) + O(N ).
9607
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Comparison with finite /N
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Conclusions and outlook

~

« We computed the full NLO function Ag(Q) for the critical O(N) model in d = 3.

= At small @, it reproduces known large- N perturbation theory and predicts higher
coefficients.

= At large @, it reproduces the conformal-superfluid EFT, including §y and f_;.

= We extracted the NLO corrections to ¢y, ¢a, ¢4, while the leading O(N) contribution to c3
vanishes.

Thank you!
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