(g — 2)ﬂ and CLFV

Wouter Dekens, INT

In collaboration with
J. Aebischer, V. Cirigliano, J. de Vries, K. Fuyuto,
E. Jenkins, A. Manohar,E. Mereghetti,
R. Ruiz, D. Sengupta, P. Stoffer

W

UNIVERSITY of WASHINGTON

INSTITUTE for
NUCLEAR THEORY




= F,,(0) =

W. Dekens, Snowmass, 07/24

kit — kMK

m2 75FA(k2)




W. Dekens, Snowmass, 07/24

Muon g-2

y
N N o oMk, o oMk, N Loy ,
¢ ¢ [(p,p’) =" Fr(k”) +1 - Fy (k%) + 2 VsFp(k”) + 2 Vs F'a (k)
~7-B
In the SM

_2
o= <0 = f;“% .

Schwinger term

Leading term



W. Dekens, Snowmass, 07/24

Muon g-2
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g-2 and CLFV
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Effective Field Theory
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The SM Effective Field Theory

Describing BSM physics

‘Dimension five operators g (£°6*)(6TL)
'* One term, generates Majorana neutrino masses My

Weinberg '79;



Describing BSM physics

Dimension-six operators

e 59 of them involving only SM fields

Weinberg ’79; Buchmuller & Wyler ‘86, Grzadkowski et al 2010;
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The SM Effective Field Theory
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The vSM Effective Field Theory
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Describing BSM physics

Dimension-six operators

e 59 of them involving only SM fields

e When including vp:
e Kinetic/mass terms

gyR —_ DR l@_ mUR I/R — l_YI/HUR

e 29 dim-6 operators when including vp
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The vSM Effective Field Theory

|
Qc | fABeGr GBS | Q, (U Qey (o) (Lperp)
& | FABCGIGEGSH | Quo | (£fo)Dlple) Qup (') (Gpur?)
Qw | KWW WSl Qup | ('D"0)" (¢1Dup) | Qap | (2'0)(@pdrp)
Qw | VKWW lewKn
X?p? P2X V2*D
Qoo | @0CGAGC™ | Quv | Go™e)r' oW}, | QY | (o'iD, o))
Qi | ¢'oGAaGw | Qi | (o™e)pBu | Q% | (oiDLo)Gr' )
Qaw | PoWLW™ | Que | (o™ T u)3Gh | Que | (liDuo)Ente,) ﬁ
Qi | eeWLW™ | Quw | (@o™u)r3WL, | @4 | (¢'iD,e)(@"e,) (LL)(RR)
Qes |  ¢'9BuB” | Qus | (G0" )¢ Bu & | (p'iDI o) @' var) (Lyule) (7" e)
Q5 uv EWB/“’ Qac | (Go"T4d,)p Gﬁ‘u Quu (L,oTiBu @) (Upy*u,) (Lpvulr) (s ur)
Y2 H3 W2H?D ‘ W2HX (+H.c.)
Orvu(+He) | (Lvg)H(HH) Omy (vrytvr)(H'iD,H) | O,5 (Lovg)HBH
Omve(+He.) | (pyte)(HYD,H) | Ouw (Lo vg)Tt HW
(RR)(RR) (LL)(RR) (LR)(LR)(+H.c.)
O (7rRY*VR)(PRYuVR) Oy (LY*L)(@rYuvr) | OLuLe (Lvg)e(Le)
Oev (ev*e)(VrYuVR) Oqv (@Y"Q)(ZrYuvR) | OLvd (Lvr)e(Qd)
Ow (uyHu) (DR’YNVR) Ordgv (Ld)e(Qur)
Ouw (dv*d)(7rYuVR)
Odguve(+H.c.) (dyHu)(Pryue)
(LR)(RL) (LN B)(+H.c.) (LN B)(+Hc.)
OQuvr(+H.c.) (Qu)(7rL) Ovvwv (VsVvR)(PRVR) OQQav | €ij€aps(QaCQp)(ds
Ouddu €aBo (uaCdg) (dUCl

Weinberg ’'79; Buchmuller & Wyler ‘86, Grzadkowski et al 2010; Liao, Ma, '16;



W. Dekens, St. Louis, 02/06/2020

O U t I i ne LQs, 2HDMs, SUSY, GUTs, Left-right
model, Vector-like leptons, Dark Z’s,
DM?
A
A Integrate out |
?? TeV ..................................................................................................................................................... | )! BSM ﬁelds
SM EFT v —
SU(3)xSU(2)xU(1) invariant
Electroweak symmetry breaking Integrate out
100 GeV , heavy SM fields
SM EFT
SU(3)xU(1)em invariant
Non-perturbative QCD Lattice QCD input
1 GeV J  Lattice QCD inpu
Chiral Effective Theory
.................................................................................................................................................... Construct nucleon
100 MeV B Potential

LY 2 [ l sNucIear Matrix elements




W. Dekens, St. Louis, 02/06/2020

®
O u t I | n e LQs, 2HDMs, SUSY, GUTs, Left-right
model, Vector-like leptons, Dark Z’s,
DM?
A
A <Integrate out
O TRV [ ———————————————————— | Bsi Fields |
© SM EFT v -

SU(3)xSU(2)xU(1) invariant

Electroweak symmetry breaking Integrate out

100 GeV , heavy SM fields
SM EFT
SU(3)xU(1)em invariant
1 GeV — Non-perturbative QCD | Lattice QCD input
. . ! 1 ‘ v
Chiral Effective Theory | (g -2), ! > ed
__________________________________________________________________________________________________ ]|
100 MeV — p Potential

AN = 2 [ ﬂ u—e conversion N ................ l !;Nuclear Matrix elements



W. Dekens, St. Louis, 02/06/2020

[ J
O U t I Ine LQs, 2HDMs, SUSY, GUTs, Left-right
model, Vector-like leptons, Dark Z’s,
DM?
A
A ~Integrate out |
?? TeV ..................................................................................................................................................... | ’! BSM ﬁelds
SM EFT v —
SU(3)xSU(2)xU(1) invariant
Electroweak symmetry breaking Integrate out
100 GeV heavy SM fields

SM EFT’
SU(3)xU(1)em invariant

Non-perturbative QCD

Chiral Effective Theory 'ﬁ(g — 2)ﬂ! ﬂ” _) ed v

Lattice QCD input

1 GeV

100 MeV

1 MeV



W. Dekens, Snowmass, 07/24

From A to m, tree level

Integrate out
100 GeV heavy SM fields
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From A to m, tree level
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From A to m, tree level
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From A to m,: loops
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From A to m,: loops
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From A to m, observables

(1,3)
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/4
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;'Cr'ivellin, Davidson, Pruna, Signer, ’16, '17;
|i Cirigliano, et al. ‘09
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From A to m, observables
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From Atom,: g — 2
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From Atom,: g — 2
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From Atom,: g — 2
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arXiv:2105.11462; 2102.08954
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From Atom,: g — 2

(3)
A CeB,eW Clequ CHU
W
é W, B i~ 44 é
> | > ® —@ >
[ 1 l// \y PR TN
:H //H H\\
100 GeV
79 Bsm é 4
C
H H = . .
H H °
H H
o m - 9.2 7= 2.2 7= _ myR ~ 2. c ~
AaPPTV = TERe|1.7 x 1078C, 5 — . F x 107 T Cy — - x 1077CL) —2.1x10°—2Cy,, — % 10,226 ) 10-°Cy2),
my, w89 w 2.1 2033 My, 2.4 0022

* Only a few operators survive

arXiv:2105.11462; 2102.08954
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From Atom,: g — 2
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Connection to CLFV?

AN
(TeV)
0.25
o Assuming 2.5
CeB,eW ~ yﬂ/ A? 25
C, ~ 1/A? 250
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Connection to CLFV?

g W, B g W, B +§L c\\‘//c t\\‘//t A
p :He p :He yR,jq/ ;I\,:,,e /;4/ \x /M/ \k (I-EV)

. 0.25
e Assuming 2.5
CeB,eW ~ )’,/ A? 25

C, ~ 1/A? 250

2500

- g —2requires A ~TeV 3 . Large hierarchy between
- CLFV requires A > 100TeV ﬂ similar interactions
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Connection to CLFV?

/y BSM W
S I 2 N A N U

. 0.25
e Assuming 2.5
CeB,eW ~ )’,/ A? 25

C, ~ 1/A? 250

2500

- g —2requiresA ~TeV B . Large hierarchy between
- CLFV requires A > 100TeV similar interactions

- independent parameters in the EFT
. Connect by symmetries? Hierarchy not easily explained, unless assuming Le,w

 E.g.; Isidori, Pages, Wilsch, 22
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Connection to CLFV?

/y BSM W
S I 2 N A N U

0.25
e Assuming 2.5
CeB,eW ~ )’,/ A? 25

C, ~ 1/A? 250

2500

- g —2requiresA ~TeV B . Large hierarchy between
- CLFV requires A > 100TeV similar interactions

- independent parameters in the EFT
. Connect by symmetries? Hierarchy not easily explained, unless assuming Le,w

 E.g.; Isidori, Pages, Wilsch, 22

- g — 2 & CLFV can be related by other flavor dependent observations
. neutrino masses, LFU in B anomalies, (g — 2),
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. Notonly (g — 2)ﬂ disagrees with the SM:

Depends on a determination
e

AalP = P — SMRP — (0 48 +0.30) - 10712

e

Parker et al. ’18

Aags — anp . G’SM, Cs — _ (088 + 036) . 10—12 : “1
’ Morel et al. 20
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. Notonly (g — 2)ﬂ disagrees with the SM:

Depends on a determination

e

AaSs = q&P _ ¢SMCs — _ (.88 40.36) - 10712, h Parker et al. ‘18
arker et al.

Al = o&P — SR — (0,48 4 0.30) - 10712, Morel et al. 20
s | Induced by:
. Both (g — 2)e,ﬂ induced by EFT operator with 1 vp Sn | Left-right model
| VR Vector-Like Leptons
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(8 —2),&( -2

Not only (g — 2),, disagrees with the SM:

Depends on a determination
AaS® = a®P — ¢SM 5 = _(0.88+0.36) - 10712, o ot ol 18
arker et al.

Al = o&P — o5SMRP — (0,48 4-0.30) - 10712, Morel et al. 20
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g—2),&(g-2),

. Notonly (g — 2)” disagrees with the SM:

| Depends on a determination

Aags — agxp - agM’ O =— (0‘88 = 0‘36) ' 10_12 ? Parker et al. ’18

Al = o&P — o5SMRP — (0,48 4-0.30) - 10712, Morel et al. ‘20
s Induced by:
. Both (g —2), , induced by EFT operator with 1 v S Left-right model
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Not only (g — 2),, disagrees with the SM:

Depends oh a determination
Aag® = aP® —aS™®® = — (0.88£0.36) - 10712,

AaRP = &P — ¢3MRP — (0,48 +0.30) - 10712,

e

o)
Both (g —2), , induced by EFT operator with 1 v _5; v, %

Parker et al. ’18
Morel et al. ‘20

Induced by:
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. Notonly (g — 2)ﬂ disagrees with the SM:

Depends on a determination

e

Aals = a®P — ¢SM.Cs — _ (0.88 £ 0.36) - 1072, ’ Parker et al. '18
arker et al.

Al = o&P — SR — (0,48 4 0.30) - 10712, Morel et al. 20
. Often happens when explaining Aae,ﬂ with a single heavy particle:
T,om3 [ Aa?  Aad?
BR(u — ey) > 2~ e Be2) 14104
(k—ey) 2 —¢ (mgg2 2 &) ~14-107%.
- e.g. true for Leptoquarks models as well 75
S,,’ ‘\\S
/ K ~ ml‘
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. Notonly (g — 2)ﬂ disagrees with the SM:

Depends on a determination

e

Aals = a2 — gSM-Cs = _(0.88 £ 0.36) - 10712, ’ Parker et al. 18
arker et al.

AalP = o&P — SM Rb — (0.48 +0.30) - 1012, Morel et al. 20
. Often happens when explaining Aae,ﬂ with a single heavy particle:
T,om3 [ Aa?  Aad?
BR(u — > H 1z e M 2 -~ . 4
(k—ey) 2 —¢ (mg§2 2 &) ~14-107%.
- e.g. true for Leptoquarks models as well 75
S,,’ ‘\\S
I/ K ~ ml‘

- Can be fixed by introducing more fields & couplings

- Requires significant cancellations
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(g — Z)ﬂ & B anomalies R(D®)

Bigaran,FeIk,Hagedorn,Schmidt, 22
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- Model of a single leptoquark LIS =2, LS ' Q; + Gij €%; ¢ urj + hec.

. Contributes to (g — 2)M, CLFV
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(g — Z)ﬂ & B anomalies R(D®)

Bigaran,FeIk,Hagedorn,Schmidt, 22

- Model of a single leptoquark LIS =2, LS ' Q; + Gij €%; ¢ urj + hec.
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(g — Z)ﬂ & B anomalies R(D™)

* Bigaran,Felk,Hagedorn,Schmidt, ‘22

- Model of a single leptoquark LS =2, LS ' Q;j + 9ij €5, ¢ urj + hc.
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(g — Z)ﬂ & B anomalies R(D™)

* Bigaran,Felk,Hagedorn,Schmidt, ‘22

Model of a single leptoquark LS =2, LS ' Q;j + 9ij €5, ¢ urj + hc.
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- EFTs are useful to organize contributions to Com D Cuwsne Commwns o
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. The current value of Aaﬂ would prefer A ~ (1 — 10)TeV

. CLFV gives rise to stringent limits, A 2 100 TeV

* Requires a significant hierarchy
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- EFTs are useful to organize contributions to
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« CLFV:Z = 'y, u — e, u — eee,

The current value of Aaﬂ would prefer A ~ (1 — 10)TeV

0.25

2.5

25

CLFV gives rise to stringent limits, A 2 100 TeV
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Requires a significant hierarchy
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Other flavor dependent observables can correlate (g — 2)M & CLFV

- Sensitive probe of models explaining multiple anomalies
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