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TeV-scale new physics?
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Selection rules in the SM

The Standard Model sans Higgs
Symmetries: SU(3)c x SU(2)L x U(1)y x Poincaré
Matter fields: gi, Ui, di, £, €
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Selection rules in the SM

The Standard Model sans Higgs
Symmetries: SU(3)c x SU(2)L x U(1)y x Poincaré
Matter fields: gi, Ui, di, £, €

< Flavor symmetry: Gr =U(3)g x U(3)y x U(3)g x U(3)g x U(3)e

Explicit breaking by the Higgs couplings
Ly = —qy,Hu — qyqHd — Zy.He + H.c.
— G/: — U(l)B X U(l)Le X U(l)Lu X U(l)LT
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Selection rules in the SM

The Standard Model sans Higgs
Symmetries: SU(3)c x SU(2)L x U(1)y x Poincaré
Matter fields: gi, Ui, di, £, €

< Flavor symmetry: Gr =U(3)g x U(3)y x U(3)g x U(3)g x U(3)e

Explicit breaking by the Higgs couplings
Ly = —qy,Hu — qyqHd — Zy.He + H.c.
— G/: — U(l)B X U(l)Le X U(l)Lu X U(l)LT

Consequences: Exceptions:
m Conservation of B number m Non-perturbative violation of B + L
m Conservation of LF m Neutrino oscillations
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Selection rules for leptoquarks and muonic forces

Diquark interactions Problem: TeV-scale scalar LQ interactions are

w  strongly constrained, e.g.,
P -- m Proton lifetime 7, > 1034 yr
X ¢

m LFV in muon decays: BR(u — ey) < 10712

LQ interactions

q
e
q
ol
n
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Diquark interactions Problem: TeV-scale scalar LQ interactions are

w  strongly constrained, e.g.,
P -- m Proton lifetime 7, > 1034 yr
X ¢

m LFV in muon decays: BR(u — ey) < 10712

LQ interactions
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Solution: Lepton-flavored gauged U(1)x
U(l)x LV VV.V.V. V"

e WU T
<« 4 N
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Selection rules for leptoquarks and muonic forces

Diquark interactions Problem: TeV-scale scalar LQ interactions are

w  strongly constrained, e.g.,

- m Proton lifetime 7, > 103* yr

X l

LQ interactions

q
e

m LFV in muon decays: BR(u — ey) < 10712

Solutlon Lepton- f/avored gauged U(l)X
(1712048 ' G

q The accidental symmetries of £, q are those of the
< / SM, U(1)e x U(1)r. x U(1)e, x U(1).,, and the
\ leptoquarks have charge S ~ (-1/3, 0, -1, 0)
T
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The U(1)x model

m Initial U(1)x model: X =B —3L, ~(m=1,n=3)

m The generalization: X =3m(B—-L)—-n(2L, —Le—L;), gcd(m, n)=1

Fields U(1)x
Quarks qgi, U;, d; m
Electrons & taus | 413, €13, V13 n—3m
Muons 4y, e, o —2n—3m
Higgs H 0
Leptoquarks S3, S 2m+2n
SM singlets Ger 6m —2n
o 6m—+n
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Muoquark fit

Muoquark mediated anomalies

Crivellin, Miiller, Ota [1703.09226]; Gherardi, Marzocca
Venturini [2008.09548]
b~ £ S
1 51 PSRN
, L , w
S/‘\u 'H
b— sup (9—2)u
m Direct searches give only modest
constraints: My 3 2 1.7 TeV
ATLAS collaboration [2006.05872] [2210.04517

m Decoupling limit (g(_;og

contribution exclusively from S 3

) ensures NP

m Approximate U(2) flavor symmetry

Kagan et al. [0903.1794]; Barbieri et al 105.2296

m Global fit with smelli (also using wilson
and flavio)
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Muoquark fit

Muoquark mediated anomalies
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and flavio)
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Neutrino masses

o I

Symmetry-breaking

condensate (¢) @
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Neutrino masses

=9
¥,

Symmetry-breaking
condensate (¢)

o L Fields U(1)x
£ D — yéjl,-ejH — yU'JZ,-UJH* q;, uj, d,' m
b3, €13, V13 n—3m
x 4o, e, 2 —2n—3m
Yew ™~ H 0
% % S3, S1 2m+ 2n
QPer 6m —2n
bu 6m-+n
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Neutrino masses

=9
¥,

Symmetry-breaking
condensate (¢)

. . o ) Fields U(D)x
LD —ylligH — ylliyH — 0"V (hder + £l d0) T -
b3 €13, 113 n—3m
0 x X X X £, e, 12 —2n—3m
M, o o
Yev~ | 0 x @ ~ | x X
x 0 x X X X Sz, Su 2m+2n
QPer 6m — 2n
— Seesaw neutrino masses: (¢) < 10" TeV du 6m+n
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Neutrino masses

=9

Symmetry-breaking
condensate (¢)

. . o ) Fields U(D)x
LD —ylligH — ylliyH — 0"V (hder + £l d0) T -
b3 €13, 113 n—3m
0 x X X X £, e, 12 —2n—3m
M, o o
Yev~ | 0 x @ ~ | x X
x 0 x X X X Sz, Su 2m+2n
QPer 6m — 2n
— Seesaw neutrino masses: (¢) < 10" TeV du 6m+n

What happens to the accidental symmetries in the U(1)x broken
phase? Proton decay? cLFV?
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Discrete IR remnant

Gauged UV symmetry Exact IR remnant

Fixed by neutrino charges

. . \ AN
U(L)x — T = {e'a e U(1)x : eldlxp — ¢} 7 k=gcd([Perlx, [bulx)
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Discrete IR remnant

Gauged UV symmetry Exact IR remnant

(@)

Fixed by neutrino charges

. . \ AN
U(L)x — T = {e'a e U(1)x : eldlxp — ¢} 7 k=gcd([Perlx, [bulx)

Diquark operators are banned by " /ff Davighi, Greljo, AET [2202.05275]
(m, n)=(3a+r 9b+3r), for re{l,2} e Zg, forb+re2Z+1
(a, b)€Z’ and gcd(3a+r b—a)=1 | Zg, forb+re2Z

m No proton decay mediated by LQs
mm n#0 = lepton-flavored U(1)x symmetry
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IR selection rules

b+ r (mod 2) r l q S qgS¢ qS*q
0 Zig | 9 3a+r | 6a+38r 0 12r
1 Zy 0 3a+r | 6a+8r 0 3r
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IR selection rules

b+ r (mod 2) r l q S qgS¢ qS*q
0 Zig | 9 3a+r | 6a+38r 0 12r
1 Zy 0 3a+r | 6a+8r 0 3r

m Zig >~ Zg X Zg: the fermion number symmetry Zg is irrelevant
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IR selection rules

b+ r (mod 2) r l q S qgS¢ qS*q
0 Zig | 9 3a+r | 6a+38r 0 12r
1 Zy 0 3a+r | 6a+8r 0 3r

m Zig >~ Zg X Zg: the fermion number symmetry Zg is irrelevant

m Low-energy EFT contains only g and £ = AB =0 (mod 3)!

— Exact proton stability, no matter other NP (all orders in EFT)
— Neutron—antineutron oscillations forbidden
— EW sphalerons are allowed (leptogenesis is still possible)

Anders Eller Thomsen (Bern U.) Stable Protons From Muonic Forces DISCRETE '22 8



IR selection rules

b+ r (mod 2) r l q S qgS¢ qS*q
0 Zig | 9 3a+r | 6a+38r 0 12r
1 Zy 0 3a+r | 6a+8r 0 3r

m Zig >~ Zg X Zg: the fermion number symmetry Zg is irrelevant

m Low-energy EFT contains only g and £ = AB =0 (mod 3)!

— Exact proton stability, no matter other NP (all orders in EFT)
— Neutron—antineutron oscillations forbidden
— EW sphalerons are allowed (leptogenesis is still possible)

m Approximate LF conservation: cLFV is higher order in the UV EFT expansion
BI’(/.L — e’y) ~ (<¢>//\UV)k22 Auv is the scale of EFT operators with ¢
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IR selection rules

b+ r (mod 2) r l q S qgS¢ qS*q
0 Zig | 9 3a+r | 6a+38r 0 12r
1 Zy 0 3a+r | 6a+8r 0 3r

m Zig >~ Zg X Zg: the fermion number symmetry Zg is irrelevant

m Low-energy EFT contains only g and £ = AB =0 (mod 3)!

— Exact proton stability, no matter other NP (all orders in EFT)
— Neutron—antineutron oscillations forbidden
— EW sphalerons are allowed (leptogenesis is still possible)

m Approximate LF conservation: cLFV is higher order in the UV EFT expansion
BI’(/.L — e’y) ~ (<¢>//\UV)k22 Auv is the scale of EFT operators with ¢

Neutrino masses are compatible with high-quality IR selection rules
from a muonic forces
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Unification of lepton-flavored U(1)x

uv
[ SU(12) x SUR). X SUQR),
l
SU(9) X SU(2); X SUR)g X U(1)g_; X SUB),

1
SU3) x SUQR), x U(1)y x U(1)y

Vx —— Right-handed neutrinos

TeV —— Muoquarks
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m Muonic (lepton-flavored) forces provide a robust organizing
principle for NP explanations of flavor anomalies

m Neutrino masses are compatible with high-quality IR selection
rules from a muonic forces

m The IR remnant symmetry could stabilize DM too
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m Muonic (lepton-flavored) forces provide a robust organizing
principle for NP explanations of flavor anomalies

m Neutrino masses are compatible with high-quality IR selection
rules from a muonic forces

m The IR remnant symmetry could stabilize DM too

Thank You!
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