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Purpose of this talk

Construct an model for the
using

—

defined on Color memory effect.

future null infnity <
Leading soft theorem.




Overview of this talk

* Motivation(s)

 Radiative vacua & Effective BF model.

* Wong’s particle & Well-posed action principle.
* Quantum PCM.

e Final Remarks.



Motivation

Enhancement of the symmetries at the
boundary of the spacetime.
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Vacuum degeneracy in Gauge theories.
(Energy ~ 0)



Motivation

Enhancement of the symmetries at the
boundary of the spacetime.

(1> 0)

j+

Gravity: BMS
supertranslations

Gauge theory: SU(N)
angle dependent
transformations



Motivation

Vacuum degeneracy in Gauge theories.
(Energy ~ 0)

Symmetry breaking
They do not leave the vacuum invariant

G, — Gy
L(T] * 0 DEA #* 0
BMS Soft SU(N)



Motivation

Vacuum degeneracy in Gauge theories. Pseudo-Goldstone bosons

(Energy ~0)

They do not leave the vacuum invariant

L(T] #* 0 DEA #* 0
BMS Soft SU(N)




Motivation
Non-abelian gauge theories:
More intricated long wave behavior and richer perturbative structures.

The dynamics of the holographic Goldstone modes controls
the IR sector of gauge theories



Motivation

The dynamics of the holographic Goldstone modes controls
the IR sector of gauge theories

Relative color rotation
mesured by

u — +oo ¢ B B
Color memory effect is U (21, 2)U (25, 2,)
the transition between
different vacua
o,;:oo . Color singlet:
e%’,g@% qq
u — —0o 2



Motivation

The dynamics of the holographic Goldstone modes controls the IR
sector of gauge theories

COLLINEAR
SINGULARITIES

Exponentiation of the Soft
factor in IR regulated gluon
amplitudes

> INTERACTIONS

BETWEEN EXTERNA|
PART\cLES

FINITE
CONTRIBUTION



Motivation

The dynamics of the holographic Goldstone modes controls
the IR sector of gauge theories

Exponentiation of the Soft
factor in IR regulated gluon
amplitudes




Motivation

The dynamics of the holographic Goldstone modes controls
the IR sector of gauge theories

Soft factor is a correlator
of “vertex operators” ‘
—_ . cI) Z',Z_'
Wi(zilzi) ~ te (zi,Z})

[NANDE,PATE, STROMINGER 2017], [HIMWICH, NARAYAN, PATE, PAUL, STROMINGER 2020],
[MAGNEA 2021], [HG, ROJAS 2021]



BF models and radiative vacua

Vacuum configurations satisfy (asymptotically)

Fij = 0;A; — 0 A; + [Ai, A;] = 0 2t = (u,2,2)

BF models naturally produce these equations:

1

IBF[B7 A] = ?

/tr[B/\ F]

Dynamics of ‘B field? Trivial on-shell dynamics?



BF models and Color memory

Region | & Il: well-described
by a

Incoming radiation:
carrying color d.o.f.

4

Wong’s action




BF models and Color memory

Incoming radiation:
carrying color d.o.f.

4

Wong’s action

L[A w; {\}] = Z/sz dutr [Aw™ (8, + Au)w] 6P (2 — 2).

u'(1) = (1 — 73, 2, %)



BF models and Color memory

Incoming radiation:
carrying color d.o.f.

J:L MINIM AL
, - COUPLING To THE
Wong'’s action 7 GAUGE FieLD
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! N
LA, w;{\}] = Z/dzz dutr [A\w™ (9, —|—@w] 6@ (z — z).
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BF models and Color memory

Equation for w = w(7)

N
O+ [Ay, AJ=0 A=) whw

k=1

Total color charge is parallel-transported along the
trayectory of the particle.

is constant along u-direction.



Well-posed variational principle

Effective variational principle

I5[B, A, w] = Igp([B, A] + I,|A, w; {\}] .

First variation produces:

1

d(I.g[B, A]) = (field equations) — —/ d*z e*Ptr[B, 0. Ag]
0.5

g2

We introduce
condition

BA = ﬁGABAB

boundary

- -o




Symmetry breaking

Gauge symmetries are broken by the boundary condition

A—h*Ah+h7'dh B— h 'Bh

From local transformation h(x) € SU(N) down to constant group element
h.

Mimicking “spontaneous” symmetry breaking

G — Gy



Reduced dynamics

Incorporating boundary condition I[B,A] = eff[B,A]+2ig2/ d*z /7y Ptr[Aa AB) .
oS

We are interested in the sector F;; =0

LealU; {N}] = / ) d*z (l tr[—0;U '0,U] + Za<2>(z — z) / du tr [Aiu—lauu]>

) g*
SU(N) (HARD) PARTICLE CONTRIBUTON
?RiNC/iPAL CRIRAL
MoDEL




Reduced dynamics

Incorporating boundary condition I[B,A] = eff[B,A]+2ig2/ d*z /7y Ptr[Aa AB) .
oS

We are interested in the sector F;; =0
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Reduced dynamics

Incorporating boundary condition I[B,A] = eff[B,A]+2ig2/ d*z /7y Ptr[Aa AB) .
oS

We are interested in the sector f’z-j — ()

LealU; {\}] = /a ) d*z (lz tr{—8:U .U+ Y 6P (2 — ) / du tr [/\iu—lauu]>

g l — &

BOUNDARY EXTENSiON
FiELD on Y

v, 2,2) (~ WZ TERm)

U(z,2)




Classical field equations

0-(U™'0:U) + 0:(U'0.U) = —g Z)\ 63 (2 — 2) .

It approximates the the u-component of Yang-Mills equations:

—, (Fﬁi’ + D4 Aff)) = g2 7D +4481AD 6,AD]
! —

FLAT COnNNECTION C?NU_:?_ZAI’_CN
IAUT O



Classical field equations

0.(U'0:U) + 0:(U'0.U) = —g Z/\ 0P (2 — z)
It approximates the the u-component of Yang-Mills equations:

uf
DAUTOAY) = ~ghe [ dus® i =y Y A~ oz - )



Quantum PCM

The soft sector should be described by

I[U] = —lz/ d*z tr[0;U10,U]
9° Jos

Left and right multiplication symmetries  U(z,z) — h,U(z, 2) hg

Noether currents: J{”[6,] = —%tr [0,U10,U] ,  J{V[08] = —%tr [0rOAUU] .



Ward identities — Soft theorems

LrAPE S Global SU(N) invariance
1 ( /—’ v . . .
N7 o implies color conservation
7 : P
N

T n
A ) N § : a
T({ / ‘* TH— T — O .
4 X !
k=1



Ward identities — Soft theorems

n

((8@J3’, + an%) U(Z1, 21) o U(Zn, Zn» = Z (5(2)(11) - Zk)TZ<U(Zl, 51) ce U(Zk, Zk) R Un(zn, Zn»

k=1
. 2 Ji 2 Ju
Shadow transform: 8% = [ d%w . S?= | dw—2
? (z—w)?" 7 (z —w)?

S
.
RS

Soft theorems:  (S2U(z1,21) - Ulzn, Z0)) = Y

k=1

La SiMILAR TFoRr 5%



Final Remarks

Prescription to holographically reproduce and soft
theorem.

BF model+boundary conditions

Different boundary conditions?



Final Remarks

Prescription to holographically reproduce and
theorem.

BF model+boundary conditions

Closely related model: CS based on SU(N) @ su(N)abelian

[TaaTb] = fabcTca [PaaTb] = fabCP07 [Pm Pb] =0.

| k
TeslA] = — L tx[BA F]+ loslA

soft



Final Remarks

Prescription to holographically reproduce and
theorem.

BF model+boundary conditions

Closely related model: CS based on SU(N) @ su(N)abelian

PCM model adquires a at one-loop. It is important to
understand the consequences of it on the IR behavior.

Similar findings obtained here apply to gravity

soft
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