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First results from the Muon g-2
at Fermilab

Runl in Muon g-2 confirmed Brookhaven discrepancy:
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Very large discrepancy, compared with EW contribution,

a,"V =153.6(1.0) x 1071

and at one loop ...
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any “natural” new physics with “minimal” flavor structure
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—> Mx =106 GeV. So ... |Where is New Physics??
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Additional enhancing factors in NP contributions are possible ...
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e In SUSY: k =tanp, Scalar Leptoquarks: k= m;/m,, ~ 1600
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Additional enhancing factors in NP contributions are possible ...

2
N o m
wo = 3 2

47 sin Oy My

e In SUSY: k =tanp, Scalar Leptoquarks: k= m;/m,, ~ 1600

But Large enhancements in anomalous magnetic moments,
u o .
produce enormous contributions to the fermion mass !!
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Absence of fine-tuning requires k < 47 sin? 6y /a ~ 380

Y

largest possible (fully radiative m,) Mx < 2 TeV !
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Low-energy flavor symmetries

Flavour symmetry explains masses and mixings in Yukawas.

Small couplings generated in Froggatt-Nielsen, as function of small

v (1) <1)”
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Magnetic moments and Yukawas have identical flavor charges.
= identical flavons enter the Dipole and Yukawa matrices !!
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YZ = y33 ()\2+d )\2+e )\f)
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= identical flavons enter the Dipole and Yukawa matrices !!
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Y, = ys3 2\2+d  \2+e  \f = D, % A2+Hd  \2+e  \f

PPN | NP PR |
with A=0.2 and a,b,c,d,e,f,g,h>0.

For low Af , lepton flavor violation, u — e, require nearly diagonal

charged-lepton Yukawa matrices, a,e =0, b,d > 6.6, g, h,c,f > 2.7.
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Ti3 = Z13 % Z3, O(39) finite subgroup of SU(3), with two ineq.
complex triplets, 31, 35.

~

Fields L / H v w2 vz A x x
SU(2), | 2 1 2 1 1 1 1 1 1
T13 31 31 1 3 3 31 3 1 1
Z w1 ot gt 3 2 ot g

Diagonal and off-diagonal in different T13 representations.
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Three flavons: 33 ~ 31, oo ~ 31, @13 ~ 31,
<<}933> - 6(07071)Af7 <S022> = 62 (07170)/\f7
(p13) = €/%(0,1,0) Ay,
Yukawas Langrangian:

- 1 1 1
e _[IH|l=—0» - S .
Y A P13 + A%y22@22+ A%9/33KP33

Tree-level + loop Yukawas:
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Three flavons:

<9033> =€ (07 0’ 1) Af’

33 ~ 31, p22 ~ 31, P13 ~ 31,

(p22) = € (0,1,0) Ay,

(p13) = €/%(0,1,0) Ay,

Yukawas Langrangian:

1

— 1 1
e —[IH|— o = paaona] L
% [/\f Y13 + /\% P22 + /\% w33s~33]

Tree-level + loop Yukawas:

0 0 ¢/2
Y/ = 0 € 0 +
65/2 0 "

A(x2)
3272

0 0 2ysya 5/2
0 ,82 y262 0

2y ya /2 0 1833
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But, Dipole matrix similar structure

0 0 2 5/2
C = fZ(XS%) i 0 B 2 y2-)8"6
| = 16 /\2 2 Y2€ ;
F\ 2y2ys €2 0 y153y3

Can we consistently reproduce (g —2),7?
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But, Dipole matrix similar structure
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But, Dipole matrix similar structure

C =

fz(Xé) €2 g
A2
10 /\f 2y2ya 5/2

0 2y ya e/
Ba ya€? 0
0 y153y3

Can we consistently reproduce (g —2),7?
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Even permitations of 5 objects, O(60), with singlet, two triplets,
tetraplet and pentaplet (1,3,3',4,5).

Flavor symmetry broken into different residual symmetries in
charged lepton and neutrino sector = Golden ratio

Fields | L | H ¢f ¢ ¢ ¢
su@,l2 1 2 1 1 1
As |3 3 1 3 3 5 1
Zin | pt b ot S P

Zs residual symmetry in charged leptons.
<90§> = (633070) /\f7 <90§/> = (63’7070) Af7 <995> = (€5a0307070) Af
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Yukawas Langrangian:

_ 1 1
v =LH | = (4 95) + 5 (0595 + w5es) | -
A A2

Tree-level + loop Yukawas:
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Yukawas Lar grangian:
e 1 e 1 e e e e
Yy — LIH _/\f (& —+ «n3) /\% (/,‘3/’93/ + m5m5) .

Tree-level + loop Yukawas:

ec+3€2, +76 0 0
Y, = 0 ec+e3+3e3, —8¢e 0
0 0 6§—E3+36§/—8€§
362, B3 ys+T€2Bsys 0 0
f1(x 3/ 5
% 0 3€3, 83 y3 — 82 Bs v 0 |
T 0 0 362, By y3 — 82 Bs ys
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Dipole matrix similar structure

3¢2, By ys+7€2Bsy5 0 0
fa(x 373 5
= ;é/(‘;)( 0 3¢}, B3 y3—8ci Bs ys 0

f 0 0 3¢, 83 y3 — 865 Bs s
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Dipole matrix similar structure

3€2, By ys+7€2Ps ys 0 0

f(x 3/ 73 5

= ;é/é) 0 3€§, B3ly3—86§55y5 0

f 0 0 3¢3, B3 y3 —8c3 Bs ys
H 80?,5 @gf,s
! Peis - P,
\ ¥ \
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L > 14
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Dipole matrix similar structure

3€2, By ys+7€2Ps ys 0 0
fa(x 373 5
= :é/(‘;) ( 0 3¢2, B3 y3 —8e2 Bs 5 0
f 0 0 3¢, 83 y3 — 865 Bs s
H e 2y
! W§7,5 P
N > \
I 1 \
L > 14

to reproduce (g —2),: My ~Ar =% \/2(1_;:%56()%)'

=—>  Ar <844 GeV at 1o and As < 1354 GeV at 30.
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LHC searches

e Vector-like fermions with muon quantum numbers required with
M, <1 TeV (in absence of fine-tuning) .

e Weak-production at LHC: p p — xTx~
e Large couplings, O(1), to muon and scalar flavons

e Flavons, ¢, decay to heavier fermions, pu*u™ (7 with three
generations)
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LHC searches

e Vector-like fermions with muon quantum numbers required with
M, <1 TeV (in absence of fine-tuning) .

e Weak-production at LHC: p p — xTx~
e Large couplings, O(1), to muon and scalar flavons

e Flavons, ¢, decay to heavier fermions, pu*u™ (7 with three
generations)

Typical signature

pp—= XX = b= pt T ) (= pt )0 with £=e,p

— New Physics associated with (g —2),
should be visible at LHC.
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Conclusions

e Low scale New Physics required to explain the muon (g-2)
anomaly.

e Absence of fine-tuning requires electroweak-charged particles
with My <1 TeV

e Low-energy flavor symmetries can explain the muon (and
electron anomalies).

e Realistic low-energy Ti3, As (others...) possible to explain
(& —2),

e Vector-like fermions with muon quantum numbers and new
scalars at reach in LHC.
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Backup
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LFV Constraints

Lo 867‘/2 Cov (louyPRl) F™ + b L0 =e T

e Aay = 355 Re(Cu), Besury = ﬁfi‘c‘gmf (|Ceer > + |Core)?) Bemsprvir

Mx = 520/r GeV
Re(C,.y.) [15,2.4] x 10~° GeV~? N
Re(Cee) [-1.9,1.7] x 10710 GeV™2 | X°
Re(C,,) [-3.7,1.7] x 10~* GeV 2 1
|Copls |Cpel <39x 1071 Gev? =86
|Cruls |Curl <5.0x 10710 Gev? A=2:6
|Crel, |Cerl <43 %1071 Gev? A2 T

with k ~ 20 if mass is fully radiative
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