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Claim: Out of all ®"F™D¥, only ®", ®"D? and ®"F? matter for the bilinear terms after
the EOM reduction (actually, field redefinitions - see J. C. Criado, M. Perez-Victoria, arXiv:1811.09413).

Examples: Before the reduction, e.g., (DM@)T(D“@)FIZ)F“”" does not matter but, e.g., (®7®)(®TD*D"D,D,®) may matter.
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The kinetic terms are rendered canonical via: @i = (K2)ijp;, AZ = (J %)abAZ,
which brings the bilinear terms to the familiar form:
Liinamass = —5 AR, AP + FAL(MTM)A* + 3(8,9)"(0"9) — 5(8"A4,)" (8" A,) — §¢" (MM™)g,

with  M" = [K:(iT%)v]; (J)®®  (real matrix).



Ciinmass = —3 AL, AP + LAT(MTM)A* 4 31(8,8)T (8"@) — 5¢(9"A,)T(8VA,) — 56T (MM™)&.

Singular Value Decomposition: M =UTXV, 3i; = 0 when 7 # j, U, V — orthogonal matrices.

=  MMT=UT(SSTU and MTM =VT(STE)V.
Mass eigenstates:  ¢; = U;;@;, W = VabAZ.

Diagonal mass matrices: mé =337 = { D ] m}, = XTY = { D 0 ]

The bilinear terms in the mass eigenbasis take the standard form:

Linmass = =g WL W + W ImE W + 1(8,8)" (8¢) — 5¢(8"W,)" (8" W) — 50" m3o.
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Mass eigenstates: n = VJ%N, n = VJ:N.
The ghost bilinear terms in the mass eigenbasis take the standard form:

Lrp = 7T0n + €7'min + (interactions).



Expressing IN complex fields in terms of 2N real fields:

_ H _ S ]-NxN ]-N><N
(I)—U(H*), u_ﬂ(_ileN i]-NxN)’

D,H = (8, +iAiC)H = D,®=(8,+:iAiT")®

S — arbitrary orthogonal matrix.

ImC*

with T* = 18 ( _Re (e

Re C*®
ImC*®

).



Expressing IN complex fields in terms of 2N real fields:

@zu(H), U==

1 1
il > ( NxN-— NN ), S — arbitrary orthogonal matrix.

—tlyyny  tlaxn
D,H = (8, +iA2C°) H = D,®=(8,+iAiT*)® with T = iS ( _Er; ga iz ga ) ST.

The particular case of SMEFT:

0 0 1 0
1 0 O 0 ¢2 + iy u "
Choose S = o 0 o0 —1l then H:%<¢4—i¢3>’ Al = (W, W2, W? B,)* and
0 1 0 0
T1:EQS<_0_1 O>S’ T2:%S<O 0_2>S, T3:5'QS _0_3 0 S, T4:%S 1 0 S*t.

(same as in arXiv:1803.08001)



Expressing IN complex fields in terms of 2N real fields:

@zu(H), U==

1 1
il > ( NxN-— NN ), S — arbitrary orthogonal matrix.

—tlyyny  tlaxn
D,H = (8, +iA2C°) H = D,®=(8,+iAiT*)® with T = iS ( —EZ ga iz ga ) ST.

The particular case of SMEFT:

O 0 1 0
1 0 0 0 1 [ P2+ i a a
Choose S = o 0 o0 —1l then H = ( by — ids )’ Al = (W, W2, W? B,)* and
O 1 0 0
~ 0 ot o2 0 ~ 0 o3 o’ 0O 1
1 __ i T 2 __ T 3 __ i T 4 _ i T
rogs( 0 7)o mots(7 8)sn mogs( % 7 )sn mogs( 0 1w
(same as in arXiv:1803.08001)
Matrices in the kinetic terms:
14+ J 0 0 0
0 14+ J 0 0 Jo 0.y ..
= = larly for K
J 0 0 T A A (02X2 In ) (and similarly for K)
0 0 Js 14+ J



Expressing IN complex fields in terms of 2N real fields:

@zu(H), U==

1 1
il > ( NxN-— NN ), S — arbitrary orthogonal matrix.

—1lyun tlyun

. . Aara . . arra . a Im C* Re C® T
D.H = (8,+i45C*)H = D,®=(8,+i4T°)® with T _7’5<—Reca Imca>5'

The particular case of SMEFT:

O 0 1 0
_|1t 0 0 0 _ 1 [ P2t a — (wl W2 W3 a
Choose S = o o o -1l then H = 7 ( by — ity ) Al = (Wu’Wu’Wu’BH) and
O 1 0 0
~ 0 ot o2 0 ~ 0 o3 o’ 0O 1
1 _ i T 2 _ T 3 __ i T 4 _ i T
rogs( 0 7 Vs mogs(7 8)sn mots( 0, 7 )en moys( 0 1)
(same as in arXiv:1803.08001)
Matrices in the kinetic terms:
14+ J 0 0 0
0 14+ J 0 0 Jo 0.y —
= = larly for K
J 0 0 T A A (02X2 In ) (and similarly for K)
0 0 Js 14+ J
Gauge boson masses:
M, = £ 155 My =" (9 + 9™ + 9" Ty + 299" + ¢°J) 25



Expressing IN complex fields in terms of 2N real fields:
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atrices in the kinetic terms:
14+ J 0 0 0
0 1+ Jy 0 0 Jo 0,y .
= = larly for K
J 0 0 T A A (02X2 In ) (and similarly for K)
0 0 Js 1+ Js
Gauge boson masses:
24,2 K v2 1
Mg, = 93 7555, M2 =% (9 + 9 + g'*J1 + 299’ Js + g*J;) 1F5L.
At the dimension-six level in the Warsaw basis:
Jy=Ji=—2CV, Jy=-2C¢P, J3=5CWP, Qow = Ple WL W™ Qp = (¢'D"p)" (¢'Dyp)
. . Q.5 = @'y B,,B" Q.0 = (¢Te)0(eTp)
K, =K3=0, K| =55C%P, K,=5(C?P—4C%"). Qews = @il WI B

=> same results as in arXiv:1704.0388.
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® The essential starting point was the operator basis reduction via EOM.
It allowed us to express all the bosonic bilinears as stemming
from operators with at most first (covariant) derivatives of ®, and

no derivatives of F'.

® Once this is done, all such bilinear terms can be resummed into the

propagators.

® Specifying the gauge-fixing and ghost terms, as well as the BRST variations
proceeds along the same lines as in a renormalizable theory with non-canonical

kinetic terms.

® Standard relations between the masses of gauge bosons, would-be
Goldstone bosons and ghosts remain valid. However, their interactions

are affected by the presence of higher-dimensional operators.



BACKUP SLIDE

Square roots in neutral sector:

1/2 1 J; Js3 ~1/2 1 Jy  —Js , |
IN =T < B 0y ) N T e \ =y gy ) Where Ji = 1A Jid videtdy.

SVD matrices in this sector:

cosw sinw cos@ —sin@ . w = arctan(K3/K7),
Un = . ’ VN = . 3 with 7 ’ ’
—sinw cosw sin 0 cos 0 0 = arctan[(g'J] + gJ3)/(gJ} + g’ J3)].

In the limit A — oo, we have w — 0 and 6 — 60y, = arctan(g’/g).



