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The Standard Model EFT (SMEFT)

Field content and gauge symmetries of the SM and linearly realized EW sym.
(n)
LSMEFT —£SM+> > d 7O,
d>4 1
We work at dimension 6 in the Warsaw basis (1008.4884)

0 = (HTZﬁH) (quy*oqr) O = (HTzﬁH) (qL7"qr)

Opu = (HTzﬁuH) (upY'uR) Oq(b?z) = (HTZI%H) (Ipy"o?lL)
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Why anomalies?

® Classical symmetries might not be quantum symmetries

Anomalous symmetry
Gauge ¢+ > Global

Inconsistent QFT? The anomaly doesn’t bother
l us and does not renormalize!

The anomaly must

be cancelled It gives phenomenologically

Important information

® How to compute an anomaly NE
L/
0" (0|73, (@) T3 (y) I} ()] O)x D% = 3 Lax(1°1?, 1%}) - ¥ (same)
CHy 2 Y )/ RHy : fi. |
Generators of:
Gi,G;,Gp JFC
p

1. See J. Preskill, Annals Phys. 210 (1991) 323-379
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From higher-dim. operators
to anomalies

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Doubts on the horizon

® SMEFT was understood to be gauge anomaly free at any order...

Gauge anomalies in the Standard-Model Effective Field Theory (arXiv 2011 09976)
Oscar Cata,!'® Wolfgang Kilian,"» and Nils Kreher':©

I University of Siegen, Department of Physics, D-57068 Siegen, Germany
(Dated: November 20, 2020)

® Do chiral dim-6 operators generate gauge anomalies?

3) _ (3) _ (3

Cof zcgoq) = Col r> r>
m_ 1o 1 1 1o 1

Cop = ==C) = ==Cpy = ==Cpd = =—C_ ;| = =—C

Ly Py T e T oy Py 7 ="

There are simple counterexamples

Add to the SM a singlet Weyl fermion (type 1 see-saw)
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A toy model: currents

1 1 9 —
L=y P~ o Fhu + 1Dl = V(I + 70, P
g 9B

CLk ( 19\ B N iy SN Py
AT (¢'Dop) a7 b + AT (¢"Du) rrr"

l l

~ Oc(blq) _ (HTzﬁ;H) (G v"qr) ~QOpy = (HUHﬁH) (urY'uR)

k=1,2

o= €5 gy, > WYy Dytpy = (O +iqi Ay + g 5 Bu) i, D = (9 + iqy Bu)g
Anomaly cancellation conditions from dim.-4 operators:

U4 xUW)p: (qf) a2 =0, UM)%: (¢F) =0
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A toy model: more currents

Fermion currents modified by dim.-6 operators:

QCL,k|g0|2 — 26R,k|90|2 —
Lo (q;’f + qf (P} LE% L~ _qu + Qf @%,RBW,R

Following Cata et al, in the broken phase, we would compute:

v+h 2 : E i CL/Rk v?
QY = 76 v G
2

Which means asking for the conservation of:

B B(CLE, 12— CRk, 12— BT
J, =2q, (FM Vg L YuWk,L + FM ¢k,R%u¢k,R) +q; VY Vs Wk
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A toy model: even more currents

7B B(CLk 277 CRk| 27T BT
J, =2q, (FM Ve L YuWk,L + FM wk,R’YMbk,R) + q; VY Vs Wk

® Leading to:

2 B A\2 B (1) _
U(l)A % JM ; (qk' ) Qp (CL,k - CR,k) =0, 2cpq — Csou Ccpd =0 .
J Gy chd + 129(1690(1 + ngoc + 4y;c’ =0
UMaxUW)gxJ2: ¢dqBeP(cr 1+ c -0 Coq ol
( )A ( )B M qk‘ Qk qQD ( L.k R;k) 3 A = 6yq ( q) + 2y2 ( ) . Byucfpu 3ydC(’od B y Coe = 0

U(l)szf : (q,{?)2 qf(cL,k —cpi)=0. (arX|v 2011.09976)

But JB IS not conserved even at classical level!

E ; ~
® The classically conserved current is: B B T B
y J, = z q, p' 0 ,,Jgoj— J,

Forgotten piece.

Forgotten diagrams! Which ones? ‘
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A toy model: diagrams with GBs

" Let's compute: 9(0|J7 (2)J7 (y) ] (2)]0)

L»Broken phase: There are diagrams with Goldstone bosons (GBs)!

2

. CLV A A
’UCLk —i(p+ q)a VAL “Pr, apY” icpv? ip e
0y £ kL ¥ 4 XL n
GB propagator e e el

B Ay
J, = —iq, (ng 0

2 2 |90‘ wk L’mwk L) + gy, ¢k7u75¢k

The diagrams with GBs cancel the ones with dim-6 vertices

(After contracting with the momentum from the divergence)

No constraints on the WCs from triangle diagrams
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A toy model: bosonic EFT

® Add Yukawa terms to the toy model: 0L = oW, LYk R+ h.c.
® In the broken phase, the fermions can be integrated out to get a bosonic EFT

® In the bosonic EFT, anomalies are carried by the Wess-Zumino terms.

Will the dim.-6 operators contribute to the WC of the WZ terms?
® And the Wess-Zumino terms in the EFT are:

A 2 B
(i) 0 0 0 (qk) 0 (qk:) qp 0
L D — —FF— —FF —FF— ABF‘W——ABFW
per 167T2 1672 v 2472 v | b 672 ‘ 872 |
1 Y
AXxionic terms Generalized

Chern-Simons terms
\ No constraints on the WCs from triangle diagrams
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SMEFT: extending the EFT technique

® Anomalies are independent of fermion masses.

® Integrate out all fermions and the Higgs, keep only gauge bosons.
® With only dim.-4 operators:

Lot 2= ———BB (3[yy + voyu — v — youa] + o + yryw — vZ — veur)
L s (3Wat Ayt y) | yetdyr +y,
1672 v 2 2
1 ~ v = Ye N (Ye +yr +yp) + 3(yy — + Yo + Yy
__BpijW(y Ye) We +yr +yv) +3(Yu = Ya) (Ya + YQ + Yu)
872 2
L sy 3 Wu t Ya) + ye +yy
87T2 [ Y 4 )
¢y - 3y + UL - ,3:%,3 €3 ~ 3
T [(Gyé} v2yd — 393 - 3y3 — 2 —o2) BB+ LT wsw ] - 153 (Bve +yr) BW

Usual gauge anomaly cancellation conditions on the hypercharges
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SMEFT: extending the EFT technique

And the dim.-6 operators contribution?

pP‘

I
— L
WVALU N A,

A E + @ik Dim.-6 vertex . : |
q* \ o
Ak—oor+,p Apor <.

€ 3 C E - E 3
Lopr D — Fow3 T F“"Wj’y FoB > F“”B3 AyoBB Aq “B,,B“” B AOW3BAO MWSBW

1672 v 1672 Sm2 A2 2 A2
Ea,Bws 2, EBW 3F 35 v By wswse 31573
— Ao ,B,W>H — OBWF — 0 A WW“V
822 UM Sm2 A2 0 Sm2 A2
3 3
A()”u = 2 (y(pB‘u - %) — ’l)a‘uﬂ's FO,,uu = v? (ych,u,V - %)

Compute all the terms, rearrange, integrate by parts and...

Ok, let’s go slowly
11.
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SMEFT: extending the EFT technique

Gather all the terms proportional to BB

Cr,gp 7" ~ Cr,w T ~.nv  FEA BB ~ Epwsr, ~u  Ea,pws ~ o MV
0 _FO’MVB'U'V - & _FO “VWB - 0 AO,MBVB’J‘V - 9 B“WVSFO - 0 AO"LLBVWS

r _
EFT 1672 v 1672 v Sm2A\2 ST2A2 Sm2 A2

C - E -
LErr D —vywﬂw?’BwB“” Fo—22Bl 5 (7°) B, B"

167 8m2A2 Integrate
by parts
Lerr D —VY CFOB'JTSB B — ’UEAOBB B, B*
7 1672 e 1672 A2 e
EA,BB

12.
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SMEFT: extending the EFT technique

Is that a zero?

Ea,BB
yQOCFoB i j\02

1
Crop == 373 [3[(% (yq + 2yd)J— Cou (Yg + 2yu) + ) (ya — yu) + ) (ya + 4y, + yu))

+cpe (Y1 + 2ye) + c( ) (Ye — Yu) + c( ) (e + 4y1 + yy)}

EAoBB F¢pd (Yq — Ya) (g + 2yd)]+ Cou (Yg = Yu) (Yg + 20u) — €5 (Y3 + Yayq — 495 + Yayu + Yi)
(3) ) (

1
—Cpe (Y1 — Ye) (Y1 + 2ye)

3
1
(ye + YeYi — yl + Y1Yy + yy) - gcg(ol) (ye — yu) (ye T yy)

yd_yu) (yd+yq+yu)+
A )

37!
Yg — Yd — Yo

See also F. Feruglio, arXiv: 2012.13989, JHEP 03 (2021) 128 13
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SMEFT: extending the EFT technique

Is that a zero?

baA BB

1
Crop == 373 [3[(% (yq + 2yd)J— Cou (Yg + 2yu) + ) (ya — yu) + ) (ya + 4y, + yu))

+cpe (Y1 + 2ye) + c( ) (Ye — Yu) + c( ) (e + 4y1 + yy)}

EAoBB F¢pd (Yq — Ya) (g + 2yd)]+ Cou (Yg = Yu) (Yg + 20u) — €5 (Y3 + Yayq — 495 + Yayu + Yi)
(3) ) (

1
—Cpe (Y1 — Ye) (Y1 + 2ye)

3
1 (3)
(ye + YeYi — yl + Y1Yy + yy) - gcgol (ye — yu) (ye T = yy)

yd_yu) (yd+yq+yu)+
A )

37!
Yg — Yd — Yo

See also F. Feruglio, arXiv: 2012.13989, JHEP 03 (2021) 128 13
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SMEFT: extending the EFT technique

Is that a zero?

EA BB e
yQOCFoB I O O

[3[(%(1 (yq + 2yd)} Cou (Yg + 2u) + O (Ya — yu) + ) (ya + 4y, + yu))

1
3A?

+cpe (Y1 + 2ye) + c( ) (Ye — Yu) + c( ) (e + 4y1 + yy)}

Cr,B =

Ea,BB FCpd (g — va) (yq + de)]"‘ Cou (Vg — Yu) (Y + 2yu) — C(l) (yd T YdYq — 4yq T YqgYu t+ yu)

1
— ¢y (a = yu) (Ya + g + ) + 3

The same cancellation happens with all the other terms.

All the dim-6 contributions cancel out!
No constraints on the WCs from triangles.

See also F. Feruglio, arXiv: 2012.13989, JHEP 03 (2021) 128 13
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Conclusions

Dim-6 chiral operators in triangles do not generate gauge anomalies.
SMEFT at dim-6 is free of gauge anomalies coming from triangles.

The same conclusion was obtained via different techniques by F. Feruglio in
2012.13989 (JHEP 03 (2021) 128).

Our technique Is easy to extend to higher-dimensional operators that modify
the gauge couplings in a similar way.

We use similar techniques to analyse relations between WCs and anomalies
In axion (ALP) EFTs and connections to chiral extensions of the SM (see
arXiv:2011.10025).
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Thank you for your attention

And keep using SMEFT!

Contact
DESY. Deutsches Alejo N. Rossia
Elektronen-Synchrotron DESY Theory Group

E-mail: alejo.rossia at desy dot de
www.desy.de https://theory-hamburg.desy.de/
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Appendix A:
Counterexample to Cata et al results



Simple counterexample
Add to the SM a singlet Weyl fermion (type 1 see-saw).

ﬁlélgM - (/\N)f,; NSETeL,i

Matching onto SMEFT:

Alz (¢ (1)) | _(ANE\;];N)j’ % (C‘(qu))z-j !
Anv) ().
Alz ( (3)) T ( NZW(?VN% % (C‘(qu))z'j =0

(3) £ 0(3) ey B @C(ll) | |
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Appendix B:
All WZ terms for the neutral sector of
SMEFT



3
ACEFT - 672 CFOBF ()B — 6 QCFOW3_FOW
EayBB AgW3B 3 AgBW3 3
Lerr = 25 g AouBy B = =5 o= Ao Wy BY = — o5 Ao By W
Epwsr, 3~y Eaywsws 37,3
B B v
T2 \2 LWy kg QT2 A2 Ao Wi W
1 1
CryB = —W[ii (C;d)(2yd +y0Q) - cfjg (Yo + 2yy) + ng)g(yd —Yu) + CSQ);(yd +4yq + yu))

1 3
+ Cgole (2ye +yr1,) + cijg (Ye —yu) + c((pL) (ye + 4yr + y,,)]

1 1 1 1 1
Cryws = W[Scfpd) + 3050,{2 + 120505 + cge) + 4(:502]

Bl
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Ex,BB =c(1)(yQ ~yu) (Y@ + 2yu) + c V(o - va) (vo + 2ya) - c (yd + Yayo — o + YoYu + Yy

) Wa = ) (Ya +yq + yu) + —c(”(yL —ve) (YL + 2ye)

1 1
. <>(ye+yey ~ Ay + gLy +45) = 200 (Ve — ) (e + L+ )

3oL
1 1
Epgwsp = 50&@3(%3 Yu) + 5 fod)(yd —yQ) + C(l) (Ya = yu) + ng(yd = 2yQ + Yu)

L1 1 () 1 3
+ 5% cSe (ye - yL)+3c@L (Ye —yw) + 5oL (Ye =2y +yv)

1 1 1
EAOBW3 zic(l)(yQ + Qyu) - _C (yQ +2Yq ) - _Cfpé (y - yu) - _Cfpc%(yd + 4yQ + yu)
1 1
e (WL +2ye) —ceor (Ye — ) — & ¢ (ye + dyr, + )

3 3 3 3
Epwsk, = 2 cs.ou)yu 5 Si)yd 2 foé (Ya - yu)—icgocg(yd"'yu)

1 (3)

1 L )
2 Eoe)ye - 5699 (ye yv) - §C¢L(ye + yv)
1 | 1
Epowsws 19 (30501,,2 + 3c§9d) + 12(:506;)) + cge) + 46502)

B2
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