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THE MASSLESS LIMIT OF MASSIVE GAUGE THEORIES

—

> 1955. THE PRINCIPLE OF CONTINUITY

by E. Schrédinger and L. Bass
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MASSIVE YANG-MILLS THEORY

—

1
S = /d4x [—itr(Fw,F“”) + m2tr(A,A")

where
F,, =D,A, - DA,

> Standard perturbation theory:

1. not power-counting renormalizable

2. not unitary




MASSIVE GRAVITY

—

> 1939. Fierz-Pauli massive gravity

> 1970. vDVZ discontinuity

by H. van Dam, M. J. G. Veltman, V. I. Zakharov, Y. Iwasaki




THE VAINSHTEIN MECHANISM 5

—




MASSIVE YANG-MILLS THEORY

—

> 1971. Vainshtein, Kriplovich

"...it appears highly probable that outside perturbation theory, a
continous zero-mass limit exists and the theory is
renormalizable. "

> arXiv:2111.00017




THE CONSEQUENCE OF MASSLESS LIMIT ON
DUALITIES




PROCA THEORY

—

4 1 pv m? 1 1
S = d*z _ZFMVF + 7AMA — JMA

where

Fu = Av,u - Au,v




MASSIVE KALB-RAMOND THEORY

—

where

B,, = —-By,

and

Hywp = Bupu + Bpuw + Buv,p




THE DUALITY

—

» Until now: The theories are dual (have the same physics)
> Why?

» Same number of degrees of freedom

» Dualization procedure (see eg. (Smailagic et al., 2001))
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THE GOAL

» To convince you that these theories do not have the same
physics




THE GOAL

» To convince you that these theories do not have the same
physics

» How?




THE GOAL

» To convince you that these theories do not have the same
physics

» How?

» Massless limit of interacting theories
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THE COMPARISON

—

» Proca theory:

2

1 2
S = / d'z [—ZFWF’“’ + %AuA“ + gZ (A“A”)2]

» Kalb-Ramond theory

S—/d%« [iH e~ ™ g BM 4
- 12" 1rr 4

> Assume g% < 1, k% ~ # > m?

v
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(B 5|

14



THE PROCEDURE 15

—

1. Express the theory only in terms of the propagating degrees
of freedom

2. Find the strong coupling scale

3. Estimate the theory beyond the strong coupling scale




PROCA THEORY

—
1 2 2
S = / &'z [—ZFWF‘“’ + mTANA“ + f’z (A, A

» Decomposition:
1
S=3 /d4a¢ [Ao (—A +m?) Ag + 2A0Ax — (YAX — m*xAy)

. . 2
+ATAT — AT AT, — m2AT AT + % (A2 = A;A;)

> A is not propagating
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PROCA THEORY

—

m?(=A)

_ 1 2
Lo=—px@+m) = e

2
g
Lint ~ 7 (XxuX™)? = X "X AT + O

» Canonically normalised variable:

I e S
Xn = A+ m2X

[

1
X — EAZ’(D + m?2) AT

g2X2 (AT)2

L2

)
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PROCA THEORY 18

—

1
Lo =—§Xn(D+m) ——AT(D+m VAT
2 2
g g
Lint ~ 71 (Xl = 5 Xn il Xni A

» How to compare the terms?

» The minimal level of quantum fluctuations




EXAMPLE: SCALAR FIELD 19

—

1
S=3 / d*z (¢ " — m*¢?)

o

Source: V. Mukhanov, S. Winitzki, Introduction to Quantum Effects
in Gravity, Cambridge University Press (2007)




EXAMPLE: SCALAR FIELD

—

» Vacuum fluctuations:

507 = (0] ¢ (£,t) ¢ (4,1) |0) =

> For k% ~ 75 > m?

oo 2 o
/ dkk— sin (kL)
0 Wk kL

I
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PROCA THEORY 21

—

» The minimal level of quantum fluctuations:

1 1 1
T

~ — ~ — 5 ~ —
5AL I3 OXnL 7 XL mL




THE STRONG COUPLING SCALE

—

» The most dominant terms for y

1 92 2
£ —oxn(@+ m?)xn + 17 (it

» Longitudinal modes enter the strong coupling regime at:

Lstr ~
m

\
Lsfe L

N/
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THE STRONG COUPLING SCALE

—

» The most dominant terms for x

1 92 2
LD _§Xn(D + mz)Xn + A (Xn,uX#)

» Longitudinal modes enter the strong coupling regime at:
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BEYOND THE STRONG COUPLING SCALE

—

» Most dominant terms for the longitudinal modes

92 2 1
Exint - (X,,uX’“) — 6LX ~ =

4 \/E

» For transverse modes the most dominant terms are:
1

L ~ —§A¢T(D +m*) AT — ¢ x X AT

» Corrections to the transverse modes:
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THE MODES 25

©




KALB-RAMOND THEORY

—

4 1 m?
S = /d X [EHMVpHqu — TBMVB'MV +
» Decomposition:

By, = CZ-T + fhg, Cg:i =0
Bij = €1 By, B; = B + ¢,

> CZ-T and p are not propagating

g2

16

(B B")*

B =0

0
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KALB-RAMOND THEORY

—

1 m?
Lo = —=BI(O " B
0 2 i +m)—A+m2

¢

L~ g* (BT) +4*(BT)" 240 (g2 (BT)” ¢—2>

» Canonically normalised variables:

T
%

~ 500+ m?)(~A9)

2
BT = ,/#WBZT and  én = V_A¢
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MINIMAL LEVEL OF QUANTUM FLUCTUATIONS 28

—

1
(SB};LNZ 6¢nLNE BLN—




THE STRONG COUPLING SCALE

—

» The most dominant terms for BiT

2

1 T 2
£ 5Bl (O+m) 5~

» Transverse modes enter the strong coupling regime at:
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BEYOND THE STRONG COUPLING SCALE

—

» Most dominant term for the transverse modes
2 (pT\4
Lpint ~ g~ (B")

» The minimal level of quantum fluctuations for the original

field 1
6 BT ~ ——

VL

» Corrections to the longitudinal mode

239 V9
g (B) T~ 11
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THE MODES

—
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THE COMPARISON

—

INTERACTING THEORIES:

1. Same Vainshtein scale: Lg ~ \/Hg

2. L > Lg, divergences in mass are caused by BT for
Kalb-Ramond and y for Proca theory

3. L < Lg, In Kalb-Ramond theory the transverse modes are
strongly coupled. In Proca theory the longitudinal modes
are strongly coupled
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THE COMPARISON

—

A

P oy :

Vel Qo oy
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THANK YoU!
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