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The g-2 anomaly

* There has been a big effort to
explain the discrepancy between
the SM prediction and the observed

value (4.2 o).

 Disagreement in HVP contributions
to SM prediction (tension would be

reduced to 1.5 o).

S. Borsanyi et al., 2022.12347]
M. Ce et al., 2206.06582]
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The g-2 anomaly

 From the lens of the SMEFT, it is generated by the dipole operators:
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The g-2 anomaly

 From the lens of the SMEFT, it is generated by the dipole operators:

D.n=(V{c"e\HB h.c. [J. Aebischer, W. Dekens, E.
el (_ ) MY —I_ 7 Jenkins, A. Manohar, D.
OeW _ (Za_uue)a_lHWl{V + h.c.. Sengupta, P. Stoffer, 2102.08954]

 For a comprehensive review of the status of solutions, see:

[P. Athron, C. Balazs, D. Jacob, W. Kotlarski, D. Stockinger, H. Stéckinger-Kim, 2104.03691]



Chirally enhanced solutions

« (O(TeV) solutions need chirally enhanced contributions, i.e., not
proportional to the muon’s Yukawa.

« Chirality flip comes from: Y ,\S\S\)

 Top Yukawa (S1 leptoquark).

« Heavy VL fermions.




The bridge diagram

* |n this work we focus on the bridge topology:
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b~ (1,2,1/2) E~(1,1,-1)

(No contribution) A~ (1,2,—1/2)




The bridge diagram

e (General results:
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2 field extensions

(a) (b)

2 Fermion extension Fermion + Scalar
extension



2 field extensions

B, W B, W

2 Fermion extension Fermion + Scalar
extension

10



2 field extensions
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2 field extensions

Bridge Other Fermion

A~ (1,2,-1/2)
As ~ (1,2, -3/2)

E~(1,1,-1)

E~(1,1,-1)
An~(1,2,-1/2) S~ (1,3 1)
N ~ (1,1,0)
Yo ~ (1,3,0)

A~ (1,2,—1/2)
As ~ (1,2, —-3/2)

¥~ (1,3, —1)
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2 field extensions

Bridge Other Fermion
B~ (11, 1) A~ (1,2,—1/2) .
As ~ (1,2, -3/2) [N. Arkani-Hamed and K. Harigaya, 2106.01373]
[N. Craig, |. Garcia, A. Vainshtein, Z. Zhang,
e - E~ (11, -1) 2112.05770]
':%:\“ (1,2, _1@’ ,Z.D.-T‘L]"B* 7.12 [L. Rose, B. Harling and A. Pomarol, 2201.10572]
Rl ’ ':Nw(l,l,O):l
PRsitien) Aa, =0
5~ (1,3, —1) A~ (1,2,—1/2)

[A. Freitas, J. Lykken, S. Kell, S. Westhoff, 1402.70635]
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Bridge Other Fermion
E~(1,1,-1) A~ (1,2,-1/2)
Az~ (1,2,-3/2)
E~(1,1,-1)
A~ (1,2,—1/2) >~ (1,3,—1)
N ~ (1,1,0)
Yo~ (1,3,0)
S~ (1,3,-1) S~ L2=12)

Ag ~ (1,2,—-3/2)

14

2 field extensions

Fermion Scalar
E~(1,1,-1) So ~ (1,1,0)
S, ~ (1,1, —2)
So ~ (1,1,0)
A~ (1,2,—-1/2) S ~(1,1,—1)
=0~ (1,3,0)
= ~ (1.3, —1)
S~ (1,3,-1 0~ 1L30)
1. 3.



2 field extensions

Bridge Other Fermion Fermion Scalar
A~ (1,2,—1/2 N
F ~ (171’_1) ( ) < / ) E o~ (1’17_1) S() (1,1,0)
EN(lyly_l) e SON(l,l,O)
A~(1,2,-1/2) T~ (1,3,-1) A~ (1,2,-1/2) S~ (1)
N ™ (]‘7 ]‘70) ~~~ ----- -7 ':EO N/ (17370> "
o~ (1,3,0) =, ~ T3
A~ (1,2,—1/2)

2~ (1,3, -1) 2~ (1,3, -1
Ag ~ (1,2, -3/2) (1,3, =1)

Excluded in the literature!
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2 field extensions

[P. Athron, C. Balazs, D. Jacob, W. Kotlarski, D. Stockinger, H. Stéckinger-Kim, 2104.03691]

(1.3,0), and (1, 2, —=1/2), , = Aa, <0

(irrespective of Z,)

— z A
7 RN \ 74 A\
/ \
/ \ g g
1 AL Fr AL p T v
> , -« \ » -« 7~
'HI.”
Yukawa-suppressed: <0 Bridge: no definite sign

ey = YYMYr f(Ma, Mz)
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Bridge

E~(1,1,-1)

3 fleld extensions
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3 fleld extensions

Bridge (SU((2)w ,SU(2)e)
(1,1) |
E~ (1,1,-1) (2.2) .
(3,3)
(2,1) New class of
A~ (1: 2, _1/2) (2 3) models!
S~ (1,3, —1) (2:2)
(3,3) [A. Crivellin and M. Hoferichter, 2104.03202]

[L. Allwicher, L. Luzio, M. Fedele, F. Mescia, M.
Nardecchia, 2105.13981]
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Connecting trees and bridges

Neutral B anomalies Cabibbo angle anomaly




Connecting trees and bridges

o 95 leptoquark ~ (3,3, — 1/3) to explain RI(:).
y |



Connecting trees and bridges

o 95 leptoquark ~ (3,3, — 1/3) to explain RI(;).
y |

e 2.~ (1,3, — 1) to explain CAA. -

Tension between direct measurements of V, . and extraction from CKM unitarity (~3 ¢ depending on the
parametrization of [ decays).

o Vaa \~ 2 [ (3)
R(‘u,s)1<‘v > U {(Hl]

us .

Some tension with EWPD, worsened by CDF measurement.
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Connecting trees and bridges

o 95 leptoquark ~ (3,3, — 1/3) to explain RI(:). 4
y |

e 2.~ (1,3, — 1) to explain CAA. -

. VY ~ (3,3, —4/3) to construct the bridge for Aaﬂ @J::mi']l
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One loop phenomenology

Matchmakereft

A. Carmona, A. Lazopoulos, PO, J. Santiago
2112.10787

Automatic full one loop matching
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105] ==
ClassName
Indices
SelfConjugate
QuantumNumbers
Ful IName

Mass

Width

F[107] ==

}

ClassName
Indices
SelfConjugate
QuantumNumbers
Ful IName

Mass

Width

S[107] ==

ClassName
Indices
SelfConjugate
QuantumNumbers
Ful IName

Mass

Width

—> FH,

-> False,

> {Y —> -4/3},
-> "heavy",
-> MF,

—> {Index[SU2W]},
-> False,
-2 {Y —-> _1}1

-> "heavy",
-> MT,
-> 0

-> SH,

-> False,

-2 {Y —-> _1/3};
-> "heavy",
—> MS,

-> 0
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lag =
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3 g2 MF YbridgeR MF? - MS? - MS? Log[ '%2‘ + MS? Log[%z]) yQ[2] ~yT[2]

alphaOeW[2, 2] >
16 (MF? - MS?)2 MT r?
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One loop phenomenology

Matchmakereft smel |1
A. Carmona, A. Lazopoulos, PO, J. Santiago P. Stangl 2012.12211
2112.10787

Automatic full one loop matching Fit to observables
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One loop phenomenology
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One loop phenomenology
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One loop phenomenology
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One loop phenomenology
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One loop phenomenology

- . —]
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One loop phenomenology
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One loop phenomenology

— . —] —/
LD yilrido’Sh + vV, SEogs + yLe VKSR, 5K

—] . ii—C .
+ylt e KT W) ST+ N2 QY io% 0 0S5 + hie.

| . _ b
Defining the ratios: vy =y /My Tp = yg/MF rTg = A;SM)\S“/Mg

Some considerations:

X7 bounded from EWPO: vxr < 0.1(0.11)

e No correction to the muon Yukawal
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One loop phenomenology

| , b
Defining the ratios: vy =y /My Tp = yg/MF rTg = A;SM)\S“/Mg

We find the best fit point:

Mg, = 2 TeV rr =02 TeV ™! rs = 0.00078 TeV ~—*
Ms = 3.4 TeV rr =0.17 TeV ! )\g“ — 0.07
Mg, = 4.6 TeV y, = 0.10 Yl =0.13
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One loop phenomenology
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0.0012

* Results as expected from tree-
level solutions.



One loop phenomenology

* Results as expected from tree-
level solutions.

« Broad parameter space for
couplings entering at one-loop.

-1.00 -0.7% -0.50 —-0.25 0.00 0.25 0.50 0.75 1.00

Tp = yéf;/MF
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Conclusions

We have classified and computed all possible bridge contributions to g-2.

This opens new possibilities for SM extensions explaining this anomaly.

A thorough classification still needed at one-loop.

A complete classification of one-loop solutions to anomalies can be
helpful to connect tree-level ones.
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