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# Aroundground te : IR dynamics universally
described by EFT of Goldstones for

non-linearly realized symmetries
GACD, composite H, superfluids, inflation, longe Rin (FT...)
Nextbookbject

# roundexcitedte : Ir dynamics universally
described by SK-EFT for hydrody nomic
modes

.
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· G

, xG Ward id

2v11 · 6
, x6-> G 1+2

at + & #

I
· 6

,
xG -> H at

- o I

# Long range dynamics: coset

#KMS &, (x) + 0
.
(a +y)0,

(x)-> 0(x --)
=> field doubling necessary

# Generic #Ge is not a double set



# Relativistic Gosetconstruction (CCWZ-1969)

/H G : 2(x) + g2(x) LeftAction

RGeG( : 2m)vehm ne H Righton

· Carton form-iR = DP + A
u

↓ ↓
G - H H

· Mottor fields in irreps of H



# Coset constructions on the SK contour

· Always work with full coset 6
. 562/se

· 6: 2+ 9 ,
2: 822

· KMS :
2

, (x) - M , (-x + iP()

22(x)- E- ( x - ip/u)

· quotient by suitable Right action



17 G
,x6-H ,

xHe 2 ,

-2
,

4
,
()&&- z
,
h
,
(x)

KMS : h
, () + h

.
(x + i) he (x)+ 42) -a - iP()

BG , x62- H
,+

2
,

~r
,
h(x)

& h()

KMS h(x + :() = h(x - i) + 342h =0
u

In practice h= n(F)



↓n - Abelian charge diffesion : 6
,
x6+ 6

1+ 2

·I
= r

,&ze
iP;T, idTh iP (TiTa) eiPr(T,+Tz)e = 2

n
+

(x)
-

~

·
~eifk) .(T+T2)

= gaged GE)EGR

* Essentially onlyI + ... is flys
=> # Hamiltonian pairs# = dim G

= realizes G
, x 62- Gith



BuildingBlocks

iPa Gr ida eit, eth)e - 2

N

M·6
&

Gi adjoint covariant covariant



DKMS Unitarity

⑦

⑧ At O (d) "one finds 2" - 2 invariants
I

(see also Wang-Heinz 2002)

· n=2

↓ O(Bat)



Beingeway withGr

d,
(x + iPh) Pa(x) 1/↳ ->

#2(-x - iB/) Pr(a)
=> more involved

#[KMS
, G2) =0D

GR invariants mapped
themselves

among

# Gr is non-linearly realized :

It must be possible to describe dynamics&

through local
garge

invenient d
. ofs



Ex Massive gorge Theory--

El A- An- L #- π + MX
M

* 2 = -F Fr + (2π+ Pt)2

En = An + Pr garge
invertent vector

2
= -(E. - 22+

equivalento to
gorge fix

T-> o



The Matter Feld Approach Akyuz , Goon,Penco'24

# it eit= geteibn) = geitehil Fatebn()
um
2xG2
G

,+2

#can locally rewrite action using :

- idr
·In = ei-Bobe Pube = eit Ja

· - V = 0 : + tile &- (t = G
+
+ i (to(e) -f)

- idr
· Goi(1) + Digr = eit,pe



·wouldbehordoa b



Any consequences of Gr ?
# Non-dissipative limit : S = S[ ,]-S[P]

accidentally R

· Gr -> Ginx Gi = conserved J
.

(x)

- idr ifrj(x) = 5
.% = eg- e Ir =

-ie
j

· S =S[]<G x(x)=) J(x)
accident

j(x) = g - (x) E charge only diffuses

through fluctuations



iPr[]
· degenerate instance of Kelvin's theorem

· trivial in this case because of 5 of
I 2

additional accidental Gy(x)xG- (x)



⑧ Rigid bodyogy
· gui eitgier Angular velocity

· L
=

=
As9 ) = [7u=(ar)

↓ d
L with respect L with respect
Les frame to body frame
· [AB = JuB =D So() +50(3) our case



Fluids · Hael
, Loganayagam, Rangamani 2014
-Crossley

,

Glorioso
,
Liv 2015

· Iso (3 ,1) [so(3, 1)-> [so(3) xIR
1+2 1+2

· [So(
.
1) xIso, 1) + (e) ① quotient by right action

· Left I X4(r)
-> XXY) + au2

X
,"(r) =>X X, Yr) + au

· Right " (r) +> X(8"(r)

· find f(r)'s commuting with KMS



~
e

· KMS X (r) = -X,( ro+ , 1) +i
*c() =-, r) - it

· [KMS
,
Gr]=0 = 8f() =o

-- c + f9(i)Sri + jiji)

· fluid maximal Gr i diffs

·Subwaximal G -> solids---
R



# Ferfect fluid limit =

· S = Se-S2 =Jar()-P]

· accidental (. diff)x(8 - diff)

=> Kelvin's theorem



MatterField Approach-
· x= (t,+) x= (x, -x)e

x() = *(U(r)) = X(r)diff
invariant

Bu
-(Xr)

= p(Xr)

· After using X,2() to deal with KMS

one can happily dispose of redundancies



Ex Perfectivit-- -

v

2
=
Tu

~ Guta TE
- py"+ (p+g)

⑨ consider Ex= zu

Ez2=-u [ , 35= (P3)

[p , 5 j 2.3"-5(3
[B , 3) ED(Ediff). - 2



Noether : u
" [G(Tun) - 2 (Tur)]=

conservation of vanticity along flow
=> Kelvin Th

.



Sum
wary-

⑧ SK contours offer a novel arena where
to play the EFT game

· Goldstone Th + KMS not immediately friends

·-dependent redundancies : clever trick
to tackle difficulties

· but non redundant matter field
approach is fully equivalent


