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The puzzle to solve o , _ Reasoning with Effective Field Theories (EFTs)

Can chiral interactions at dim.-6 Oy, =14 (HT D HH) WR’YW% Toy model + gauged chiral U(1); + Mass for the fermions.
generate gauge anomalies? . _ Integrate the fermions out, keep only bosons.

There were doubts about the 0(1)L =1 (Hfﬁuﬂ) DryHl The anomalies will be carried by Wess-Zumino terms:

operators on the right, which . = . .
A :0F;F; Generalized Chern-Simons: A; A A; A F;
enter in triangle diagrams: ng/)m (HT aH) $rT ’Y”’W xonic: OF, F; LTk

> \ In our toy-model, they are:
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The foIIowing toy model:
F y . oy .
L=—28 4 1902 —V (J) + i (B + ighd) Usual gauge anomaly cancellation conditions.

492 . . .
94 L No dim-6 contribution! )
ClLk ( +55 —k k — vthif/v
+ io5 (@' O ue) Yyy* Y =
z=¥,m§ A? ( g ) e ( vz e ) /EFT argument for SMEFT )
has a chiral global U(1); symmetry with this conserved current: Gauge anomalies are independent of Yukawa and gauge
B gk v B vey coupling values. Then, suppose all SM fermions much heavier
Ty =8V sy +q,v (Zl=L,R ¢z Yt — 0u6) + O (h) than W, Z and integrate them all out of SMEFT!
Y Cr w3 3 73 v EA BB 1173
Leads to No LerT D — 55z 0T B¥Wy, + S5 WiBy BH +
usual gauge| @ i+, g ady |18 6 (Lorr) =055+ | D dhalel | fATA¢
anomaly | “i3 Py v here / o \
cancellation + i X~ : e —
" " No dim-6 contribution Usual conditions
conditions Ap i Ap N\ /
‘ apy PEE @Y | > N\
Y SMEFT at dim-6 is gauge anomaly
Q They cancel each other. No dim-6 contribution!

Z | (from triangle diagrams) free
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Appendix A

On the conditions derived by Cata et al%),...

They say that to make SMEFT gauge anomaly free, the
following relations among dim-6 Wilson Coefficients (WCs)
must be satisified:

(1) e
3) _ 0(32) Coqg _ Col _ Cou _ Cod _ Cpe
M Yo YW Yu  Yd Ve

...their clear counterexample,...
Consider the SM and add a singlet Weyl fermion with a
Majorana mass and interaction with the neutrinos:

L2 =—0w), NH (1

C

integrate it out and the only non-vanishing WCs are:
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Both the SM and the NP sector are gauge anomaly free on
their own.

...and what they missed

What they computed is equivalent to (in our toy model) have
considered the classically non-conserved “current”:

=z CL.k — CR,k — —
Jf = 2‘15 (F ol Vi, L Yu¥k,L + Az ol ¢k,R7u¢k,R) + G VY V5 Pk
Which misses the Goldstone contribution.

Notice that the constraints they found are trivially satisfied by
models in the class of Universal Theories.

(1): 0. Cata, W. Killian, N. Kreher. Gauge Anomalies in the
Standard-Model Effective Field Theory. arXiv:2011.09976

Details on our toy model and the current reasoning
The U(1), is a vector-like gauge symm. Under which the scalar
is neutral. The U(1)B transformation law is:

0 — €6 B, gy — €U VB Yy
And its Noether current in the unbroken phase is:

J,?:—iqf( Tau90+2@ * V. LYWk, L

"‘pk RYu¥k, R) + "‘pk’Yu’YBTPk:
If we want to gauge U(1),, we should cancel these anomalies:
2 A\2 B 3 B\3
Ul)axU()p: (Qk) g =0, U)g: (Qk) =0
The Lagrangian with both gauge symmetries is:

1 1 )
£=- i hiwe = g2 P = Dl = Vo) + 6 D

+ikk A2 (90 Dp‘P) Vi,V V.1 + iRk A2 (SOT(BMSO) i, Y Pk, R

In the broken phase, the GB-fermion couplings are:

vc vcC
L£L>— L’“a 00 LY kL — R’“a 00 RV kR

And to compute the anomalies, we compute.

0"(0]J; ()T ()T, (2)0)

The Feynman diagrams cancel only after taking the derivative
For completeness the EOMs:
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(‘PQ/Jk LYYk, L) +(L+< R)=0




Appendix B

/More on the EFT reasoning for our toy model /EFT from dim-% couplings: A
. 1 ~

The Yukawa term that we_add to the model is: - Lorr > = 1o 7; (3 [12 + Yoy — ¥ — Youd] + ¥2 + yry, — v2 — veur)

0L = =y, L%k,r + h.c. my = ﬁ) R B (3(yd +4yo +uu) | Ye+4yr + yu)

1672 v 2 2
And gauge invariance requires: LB W3 B (W + Ye) (We + YL + %) + 3(Wu — ¥a) Wa + ¥ + V)
B _ B 8 2 2
2qr = 9o _73 W3W3W3(yu+yd)+ye+yu

The anomalous Ward identities do not change. 82 4
The anomalous gauge variation of the EFT is: Gauge varlatlon \ s s e s
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WCs of the b ic EFT:
And the gauge transformation rules are: >0 el osor:ll)c W W
§A, = —0Oues, OB, =—0uep, 80 =vqlep Crows = 35 [30 +3c0) + 12¢, + ¢l + 4c,) ]

And the details on our SMEFT computation
We parametrize the Higgs as:

p= e , om* = Jea - 00y, ey
V2 2
Modifications to the LH gauge couplings:
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Yukawa couplings:
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( Further reading: A

J. Preskill, Gauge anomalies in an effective field theory, Annals
Phys. 210 (1991) 323-379
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