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Motivation

Can systems of many neutrons be
described by a deformation of a non-
relativistic conformal field theory?

s-wave singlet neutron-proton scattering EFT (1)

1 1
keotd(k) = —= + ork* + vak® + vsh® + ...
a
a~—24fm  r~3fm vy ~04fm° w3~ 0.7fm’




Fundamental theory: characteristic scales
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Neutron-proton singlet s-wave phase shift

-- Unitarity
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Energy of neutron matter
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-= Unitary gas
mm a ' corrections PT

w a ' rcorrections PT How does one

obtain this in
EFT?
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Many fermions near unitarity
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(van Kolck)

~undamental theory: EFT of contact operators ., 1. < oce e

L=yl [z@t ; Fo)? o+ | EFT(#

Fermion-fermion scattering

4 —1 1 1
T(k) = —A—}r[kcotd(k)—z’k] keotd(k) = —= + Srk* + O(k")

Match with EFT

= Co+C3l(k) + C3lI(k)* +...




RG flow of EFT contact operator coupling

4 1
M1/a—v

C()(I/) =

The beta function exhibits the two RG fixed points

A A d - A A .
B(Co) = nr-Cov) = =Cov) (Colv) =1) o =Co/c.
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Fundamental theory: deformed CFT

Introducing auxiliary field s. At unitarity CFT defined by:

2

. 1
Lopr = z/)]; [z@t + m] Vo + asTs - 2/)11/43 - ST’I/)T'I,/)i

Deformed CFT is defined by:
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Fermi gas properties
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Superfluid EFT: homogeneous ground state

(Son,Wingate)

BCS instability + Fermi surface (Gretier stial)

U(l) =@ (@) = |[(Y)] e

Galilean invariant building block:

(9:0)°
2M )

X = D6 — D =60 — Ay | Ag=Muw??/2

At unitarity have NR CFT:

3/2 5/2 25/2
| Lro = coM3?X52 4 © = T




Grand canonical: homogeneous ground state

1
EOM : 0Op — Ma,; (0;60p) =0 oo 9(1:)‘:/,[1,15 — ¢(x)
p = §c() M3/2x3/2 symmetry phonon
2 breaking scale
k,k.p
Ann

Power counting: derivative expansion or large u

= (Favrod,Orlando,Reffert)
(Kravec,Pal)

large charge EFT




Recall s-wave scattering with only scattering length

o5 (L kM —1
¢200) — 1 _ 2 p(g) = 1 z.ak
27 1+ iak

‘a — k invariancel

Large k expansion is expansion about unitarity

S =

T(k) = Topr(k) [1 + i(ak)"t + 0((ak)—2)]

But large k expansion fails for range corrections..

T(K) = Torr(M[1 + i(ak)™ + O((ak)™?) ~ 5 (rh)]



Superfluid EFT: fixed charge Q

Now consider subsectors of fixed charge (canonical)

G(:l?l,:l?g,...,IIIN) = —L(OIT(Ol(Il)OQ(J“Q)ON(IN))|0>

n-point functions constrained by Schrodinger symmetry

G(xy1,x2) = 5(21‘(?26&1,&2 0(m12) 7-]—‘2AI €eXp <_
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Schrodinger symmetry = Galilean + conformal

H : (x;,t) = (x;t+a)
D : (zit) = (Axy, A*t)

T t
1+at’ 1+ at

P; (:If-i,t) — (a:.i—i—a.i,t)

C : (xz,t) = ( )

I\,, : (."I,'.,'_,t) o 4 (;‘I,ri—{—t'ui’t)

ﬂ.[“ : (.’IT.,j,t) o (R-,jj.’l,'j,t)

State-operator correspondence

l The dimension of a primary operator = energy of state in harmonic potential l

H,=H+wC  (yi,t) = (yi,t+a)

Two equivalent “frames”

wt = tanwt wt = arctanwt
P ni.
T = 1; SeCw v, =
S Y gy




Exact large-charge solution can be found

Charge Q operator

OA,Q = N X2/2 exp (1Q0)

/N

normalization primary operator

Now need Euclidean path integral formulation

GQ(.’L‘l,.’IJQ) — /DGOA,Q(:UQ)OA’_Q(:L'I)e_fdélw‘cf . N? 'Dee—fd‘la:ﬁ

L=Lr— %logX[cS‘i(a: — x9) + 6% (x — 21)] — Q[0 (z — x2) — 6% (z — 21)]



EOM: continuity equation with source

Orp + %@' (i0:6p) = Q [8*(x — 22) — 6% (z — z1)]

(Orlando,Reffert,SB)

Saddle point solution: master field (s stepnanov.vee)

N -7\ i |(x-x%x) (x-x)
s(m,x) = 57log ( ) M[ (T — 72) (11 — 7)

Emergent time-dependent harmonic trap

1 _
X = j(r) — §M<D(’r)2'r2 =0 @ r=R(r)
v N\
() = lﬁ. (11 — 72) = B 1 (7”1 — T2)
Alr) = 2 (1—m)(n—7) IA)= 5(7’ —1)(11 — 7)

Recovers state-operator correspondence



Master field (instanton) profile

sy — J2EL _ 2 ( (r=m)(n =)\
R(T)_\/;(D a \/JW(7 (11 — 72) )




AQ(Q) =

Lattice stmulation @ndresetan
* FECG simulation (¥inBlume)
— LO large charge
NLO*
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(Son,Wingate) (Hellerman et al)



(Hammer,Son)

U n n U C I ea r p hys i CS (Chowdhuri, Mishra,Son)

n @ neutrons
n
A 1
@ *H+*H — "He + 2n

/ \ "Li+ 'Li —» "C+3n

He + *He — *Be + 4n
A, b .

do

=~ (En — E)Re—5/2
q ~ (Eo )

Ag = 2
Az =~ 4.27272
A4 ~ 0.0



Symmetry breaking: spurion analysis
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Lsp = qra 'MX? + goa 2M'2X3? + by M2X3r + hy MP2X7/%?

Read off grand potential (M=1)

Qp) = —cop®?

Does large-charge EFT with range exist?

+ gia 'w? + gea T P? 4+ hyrp® + hor?u™? + L.



Schrodinger symmetry breaking at fixed charge

r\/ﬂlw + ...

R
? T o/ 2

642 31/37¢2

AQ(Q) = - 35 (a\/ﬁ

2 ,
+ g’lﬂ\/ﬁ) Q4/3 -+

State-operator correspondence fails. Must compute matrix elements
explicitly: conformal perturbation theory. Need few-body wavefunctions!
(Chowdhuri, Mishra,Son)

More efficient to use the large-charge EFT?

—Ssp [HS]

G(z1,22) = Georr(z1,x2)e

1
S%. = E7TCa,M_1/26‘27/6&—17112/2 oo 6412367 7/ g,




Co(Q)

35(
' 1 (8- Ag)
30+ Co(Q) = ——=nC*Q"/® tan TA
. s V2 ['(3-4¢) y
25+
20+
15 L Cl:O.s Cl:l,s
: 4.14759 | 2.64179
10+ 1.72021 | 2.06642
1 2.16335 | 2.24789
i 2.02332 | 1.84982
5 -
' (Chowdhuri, Mishra,Son)
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Effective range corrections: Im Gg(E, 0) ~ FAe~5/2

1+ Ch r\/ME]

" , - S a T 1 T1—€ o 3/2
SfS'B — /d4IHISB — Cl A,II/ZQJ/ZT_ dr (( (7'1 7'2) ))

2V/2 Jrpie T—=T) (1 =7
2
— CTMV2Q3/2 = 128\/5 o/
r— 220 (2 _.9/4p
V2 C=gpyzTe
TQ' (also occurs with Q=3!)

(Chowdhuri, Mishra,Son)

e | eading range corrections vanish: divergent droplet edge effect,
no real part. Divergence removed by operator normalization.

e Next order in r also diverges but with real part. But there is also
problem that r must be unnaturally small. Perhaps possible to
resum r corrections to all orders.



Summary

The large-charge EFT provides a systematic (far infrared)
description of many fermions near unitarity. Applicability to
neutron matter is complicated by large effective range effects in
the neutron-neutron interaction.

The state-operator correspondence is a powerful tool for computing
the dimensions of operators in an interacting NR CFT. Including
symmetry breaking is non-trivial.

Large-charge master field is known; useful for computing
Schrodinger-symmetry breaking corrections to correlation
functions without detailed knowledge of few-body wavefunctions.

Relevant deformations of non-relativistic CFT are under control.
However, irrelevant deformations pose something of a puzzle.
Resummation of range (and scattering length) effects may be possible.
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