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So Fermi says (not historically accurate):
@ let’s take the field content and symmetries of QED
@ form operator that could explain neutron decay

QED is charged fermions with a U(1) symmetry and its gauge boson, the photon.
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Fermi-theory II: top down, muon de

In the SM
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The major underlying assumption of any EFT

ANp > E of the scale of experiments/measurements

- [J—scale of experiments
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example: Fermi theory

Start w/ infrared (IR)-model in mind (QED, SM)

using symmetries of model put together ops, Q4>4
truncate EFT at some O(1/A)

constrain @ in experiment & infer properties of NP at A

Q@s are unrelated — model independent

Qs are only in terms of IR degrees of freedom

- [J—scale of experiments

Tyler Corbett
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® cxample: SM — Fermi theory

® Start w/ ultraviolet (UV)—model in mind (Seesaw, SUSY, etc)
® ‘“integrate out” heavy degrees of freedom at UV scale

® model dependent relations between ops, Q?>4

.

Q; are only in terms of IR degrees of freedom

- [J—scale of experiments

tt (Niels Bohr Institute)



SMEFT

In studying NP at Axp > v, we (mostly) employ the Standard Model EFT

1 1
LsmerT = Lsm + 1 Ls + 5 Le+ - La=) Qi

3
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In studying NP at Axp > v, we (mostly) employ the Standard Model EFT
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The SMEFT is formed of Lgy and
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& ¢; embedding UV physics
The SMEFT is: J
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a Taylor series in 5, & <1

D6 terms are more collider
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SMEFT

In studying NP at Axp > v, we (mostly) employ the Standard Model EFT

1 1
LsmerT = Lsm + 1 L5 + 5 L6+ La=) Qi

3

Q@ of d > 4 respecting SM symmetries
& ¢; embedding UV physics

The SMEFT is formed of Lgy and J

The SMEFT is:
PV E
a Taylor series in %, F <1
D6 terms are more collider
pheno relevant

L5 =cap(LEANATLE) ~ v208vg
= my, ~ v2/A

The leading operator: J
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The Weinb

S. Weinberg, Phys.Rev.Lett. 43 (1979) 1566-1570

C, P e
L5 = 2 (LeH)(H' Ly)
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S. Weinberg, Phys.Rev.Lett. 43 (1979) 1566-1570

C, P e
L5 = L (LG H)(H' L)

below EWSB this gives:
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S. Weinberg, Phys.Rev.Lett. 43 (1979) 1566-1570

C, P e
L5 = L (LG H)(H' L)

below EWSB this gives:
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Top down neutrino masses

Previously:

o Bottom up: Fermi Theory Ml@v (Y1) (1)) = W-boson & SM

e Top down: W-boson = Fermi theory M%(&w)(@w)
w
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Top down neutrino masses

Previously:

o Bottom up: Fermi Theory Ml&v (Y1) (1)) = W-boson & SM

e Top down: W-boson = Fermi theory M%(&w)(@w)
w

Now:
o Bottom up: Weinberg Operator 1 (L°H)(HL)
e Top down: 777
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e-1 seesaw

@ Bottom up: Weinberg Operator %(EBH)(HL)
@ Top down: 777

Let’s try Type-I seesaw (heavy majorana vg):

L=Lsn + 1171%((3 = M)IJR TP yagﬁTLaVR”B + h.c.
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e-1 seesaw

@ Bottom up: Weinberg Operator %(EBH)(HL)
@ Top down: 777

Let’s try Type-I seesaw (heavy majorana vg):

L=Lsn + 1171%((3 = M)IJR TP yagﬁTLaVR”B + h.c.

La Lg
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Let’s try Type-I seesaw (heavy majorana vg):
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_ * ~ P b
M = yasyp, o2 — M2 o ¢w+O(M2)

Bohr Institute)



La

L Y@t MyY

Lg

M = yaﬁyﬂp p2 — M2

This corresponds to:

C, _ o~ ~
L5 = 222 (Le H)(H' L)
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Type II Seesaw

What about the other seesaws?
Type-II seesaw (heavy triplet scalar A):

L=Lsn+ A‘Z(D2 — M2)A“ + gHTo"HA® + yaﬂ[_/gagT“L,gA“
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Type II Seesaw

What about the other seesaws?
Type-II seesaw (heavy triplet scalar A):

L=Lsn+ A‘Z(D2 — M2)A“ + gHTo"HA® + yaﬂ[_/gagT“L,gA“

g has units of mass )
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Type II Seesaw

What about the other seesaws?
Type-II seesaw (heavy triplet scalar A):
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What about the other seesaws?
Type-II seesaw (heavy triplet scalar A):

H H
~
SO - _- -
'L
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1 A
|
|
|
YapB
Lo Lg
v gy P’
M= gag 105 ~ el gy +0 (g (1)
Again we obtain the Weinberg operator:
S M?
£5 = 22(LLA)(A'Lp) Cap ~ Yapy A= —2
g
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Type III Seesaw

What about the other seesaws?
Type-III seesaw (heavy triplet fermion X):

L= Lsy + i8S — M)S® + yosS*LrH + hec.
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Type III Seesaw

What about the other seesaws?
Type-III seesaw (heavy triplet fermion X):

Lo Lg

L PP+ M)Y YapYp, - p
M = Yapys, 2—_M2 M IM)-FO(W)
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[1T Seesaw

What about the other seesaws?
Type-III seesaw (heavy triplet fermion X):

H H
\ /
\ /
\ /
\ /
\ /
Yas < Y5y
My,
Lo Ly
. P+ MY YapYh, - P
M = YaBYsp P2 — M2 ~ M ¢¢+0(m)

Again we obtain the Weinberg operator:

C, —_ -
£5 = 2 (L5 ) Lg)
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Model Independence

3 different models of v mass generation give the same (leading) operator.

Implicit assumptions:

@ New particles were much heavier than SM particle content:

2 2
v oA (246 GeV)

~ ~ 10" GeV
Aseesaw .05-1079 GeV ©

m, ~ .05 eV ~

@ We assumed SM gauge symmetries and fields
(well justified, except maybe Higgs doublet)

@ We assumed the scale of generation of v masses was above EWSB,
i.e. used SM doublet fields like L and H instead of components v and h
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THE SEESAW SCALE
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What if I want to see the particles responsible for v

masses in my lifetime?

Kumericki et al. arXiv:1204.6599

Fermionic Quintuplet, (1,5,0): 34
Scalar Quadruplet, (1,4, —1): &1

L= Lsp +iS4I — M)BA — (@) T(D? — M?)®! — (yopLa®p + hoc.) + AOHS + -

Tyler Corbett (Niels Bohr Institute) July 7, 2021



What if I want to see the particles responsible for v

masses in my lifetime?
Kumericki et al. arXiv:1204.6599

Fermionic Quintuplet, (1,5,0): 34
Scalar Quadruplet, (1,4, —1): &1

L= Lsp +iS41 — M)SA — (@) T(D? — M?)®! — (yoLa®Sg + hoc.) + APH? +

H \ V N / . H
~o \‘ Vi \ // -
S o / \ Pd
" ¢
| |
[} )
| |
\ )
O ————— 1,
YapB ME




What if I want to see the particles responsible for v

masses in my lifetime?
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What if I want to see the particles responsible for v

masses in my lifetime?
Kumericki et al. arXiv:1204.6599

Fermionic Quintuplet, (1,5,0): 34
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A new form of the Weinberg operator is the leading contribution:

Cap =0 Fn = Ls(HTH)? N
Ly = %(LEH)(1'1’”3[3)(1’1’”1’)2 =" Cap ~ Yapyp, Al A=Ms=Ms
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What if I want to see the particles responsible for v

masses in my lifetime?
Kumericki et al. arXiv:1204.6599
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What if I want to see the particles responsible for v

masses in my lifetime? II

Could induce the Weinberg operator via loops:

La Lg

2 (246 GeV)?
1672(.05 - 10—9 GeV)

S|

my ~ .05 eV ~ ~ 1012 GeV

>

1672
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What if I want to see the particles responsible for v

masses in my lifetime? II

Or a combination of mass suppressions and loops:

E
<
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Summary

Discussed:

@ EFTs are model independent (mostly)
3 tree level models with different field content/couplings — 1 operator

@ Simpler low E dynamics
can study the SM + one or some operators instead of many UV models

@ “opening up” the operators
can motivate UV models by an operator you want to generate in the IR
If we want TeV scale neutrino mass generation, e.g. Ny =1, Ngo =4

Important, but not discussed:

e EFTs allow us to deal with non-perturbative physics
e.g. if strong dynamics were to generate v masses
e.g. the theory of 7, k, p,n (chiral perturbation theory) is an EFT

@ can adapt by including RH neutrinos in ops for Dirac neutrinos

@ modern view of QFTs is a tower of EFTs

Tyler Corbett (Niels Bohr Institute) July 7, 2021
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LBsm :L(éNP,H,Q7L,UR,dR,6R,W aBaG )

1
Lsm+) . A—nz:<”+4> =L(H,Q,L,ug,dr, e, W', B,G*)
n
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LBsm :E(éNP7H,Q7L;uRadRaeR7W ,B,G )

1
EQED+EQCD+Z U—nﬁ("+4) = L(2xu,3xd,3xe,v, GY)
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( H,Q, Wl,B,G”)

Lpsm = L(®Pnp, L,uR,dR,€R,

1

L0 = Ly, e®, 70, pm)

QCD




Top down = correlations between operators in the IR theory,
Above EWSB:

- - i .
L=4iLPL =iLy"(0, — 591BM + ZngAW,f)L
Below EWSB:

1 _ _
L= _§Zu [(g18w + g2ew )V v + (g1sw — gacw ey er]
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Testing the SM

An example interaction, Bustamante et al. arXiv:2001.04994

L~ gapdlavp
UV completing this theory requires:

@ rewrite interaction in terms of Lo = {vr o, 5 }
— implies charged interactions with ¢ — more stringent constraints

@ or assume the SM is ‘wrong’
So searches like these:

@ look for new physics

@ but also test the SM (via implied relations between interactions)
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Some references

@ On Effective Field Theories, Schwartz QFT book, Ch22
@ Formalism of Integrating out particles, arXiv:1412.1837

@ On the Weinberg operator and UV completions, arXiv:1706.08524
(used in this talk)

@ On the SMEFT, arXiv:1706.08945
© An alternative to the SMEFT, the HEFT, arXiv:1311.1823
@ Integrating out the W,Z,t,H from SMEFT to LEFT, arXiv:1908.05295
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