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> Experimental status of lepton AMMSs and anatomy of NP contributions
> AMMs in UV-safe models
b Signatures

b Safe trajectories

17th December 2019



The electron AMM

Recent deviation from precision measurements of (tem, [Parker et al (2018)]

Quantum Hall Effect-98

He Fine Structure-10 |- b

h/m, StanfU-02 ———
s

g-2, UWash-87 —_—

hmg,, LKB-11 —_—

h/mg,, LKB-11 ]
g-2, HarvU-08 —
g-2, HarvU-08 - L] This Work ——i -
-1.9 -1.4 -0.9 -0.4 0.1 0.6
h/mg,, This Work [ (o!/137.035999139 — 1) x 10°
1 I I I
-20 -10 0 10 20 30 40 50 60

(a1/137.035999139 — 1) x 10°



https://arxiv.org/abs/1812.04130

Lepton AMMs: experimental status

Deviations in (g — 2)e and (g — 2),

Aa, = —88(28)(23)-10 ™

[Parker et al (2018)] ~ 2.4 0 from SM
Aa, = 268(63)(43) -10™" poceoe  ~ 3.50 from SM
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Anomalous magnetic moments: theory

Quantum corrections of the magnetic moment

v
a"’q,

or F2(q°) + ie €7 5,0 quFa(q7) | u(p)

a(p) [ev"Fi(q%) + e

»  Anomalous magnetic moment: a, = % = F>(0)

> Arises from operator £,0*" £g — chiral flip necessary
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> Arises from operator £,0*" £g — chiral flip necessary

Scaling of universal New Physics contributions

my
Mnp

2
my

Nagxgg

17th December 2019 4/19



Scaling from universal New Physics
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— without flavor structure in the couplings, different mass scalingina. " ,a, needed
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UV-safe models: BSM Yukawa interactions

Flavor-blind sector
[Litim, Sannino (2014)]

> Vector-like fermions: sziR > Complex scalars: ST
(NF, charged) (N2, uncharged)
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UV-safe models: BSM Yukawa interactions

Flavor-blind sector
[Litim, Sannino (2014)]

> Vector-like fermions: sziR > Complex scalars: ST
(NF, charged) (N2, uncharged)

Extending the BSM Yukawa sector

[Bond, Hiller, Kowalska, Litim (2017)]
Choose SU(3)c x SU(2). x U(1)y reps. of 1 to couple with SM (L, E, H)
Singlet: (1,1, —1),Nr = 3

‘ LY =yt Sibg + KLHYR + tr /EST + h.c. ‘

sing

Doublet: ¢(1,2,—1/2),Nr = 3

{_/“goub = ytrip; Syr + KEH Y +tr k'LSYg + h.C.}
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Vacuum Structure

Scalar potential

Vare =A(HTH)? + 6 HIHTr [STS] + uTr [sTssTs] +v (Tr [s1s])?
Two stable vacua
» V*:allS;acquire VEV (u >0, u+3v>0)
> V~:only one component acquires VEV (u < 0, u+v > 0)

Scalars with VEV mix with h through sin 3 oc § mp,/ms
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Vacuum Structure

Scalar potential

Vare =A(HIH)? + 6 HIHT: [STS] + u'Tr [sTsSTs] + v (Tr [sTs])’
Two stable vacua
> V*oall Sy acquire VEV (u > 0, u+3v > 0)
> V~:only one component acquires VEV (u < 0, u+v > 0)
Scalars with VEV mix with h through sin 3 oc § mp,/ms
Effect in Yukawa terms
— LYy = S5 cos BLygh — Z-sin BE o/ h + h.c.

flavors with scalar mixing — chirally enhanced contribution
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Explaining Aa,,

K’ ~ 8.7 ($%) explains Aay,
withmp < Ms < Mg

> ay’ >0

P Contributes to all flavors

2
12 m,
° K M—g<<\Aae|
F
2
i
MF

> Subleading contributions from Z(W™)
exchange
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Explaining Aa,

—ksin28 2 2.9-107* ($4%)? explains Aa,

> aXP canbe>0or< 0

> Possible in VT, electron-aligned vV~

Kk sin28 T |< Aay,

NP > Subleading contributions scaling as m?/M?

g oc k'ksin2f3 e
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Explaining Aa. and Aa,,: parameter space
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Explaining Aa. and Aa,,: scaling

Clara Hormigos-Feliu

minimal

Me /My, /
2
not accessible (me/my)

offset

chiral enhancement -
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New Yukawas: mixing

« New coupling to Higgs (kLHvx) and S (x'EST,)
o After SSB — 1) — £; mixing with  vp and kv

* Same-generation mixing — no LFV
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New Yukawas: mixing

« New coupling to Higgs (kLHvx) and S (x'EST,)
o After SSB — 1) — £; mixing with  vp and kv

* Same-generation mixing — no LFV

> For the singlet model
fLM,f —1<5L)T(ym ffvh) <€R>
L s IR \/i wL H,, Vs \/EMF 'l/JR

K'Vsye 4+ V2K vaME
i

KVhYe + V2K vsME

O, ~ Or ~ _
72
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Constraints from mixing

> For the singlet model
0, - suppressed modifications

o Zvertex: gv.a = Gyx + 3sin? 0,

gv,a measured with permille accuracy

» Higgs couplings: ye =yM +sin 0. Ay,

Signal strength to leptons: s¢ ~ (ye/y?™)?
Generally less restrictive (s» = 1.11 + 0.17)

> 0, < O(1072), fulfilled with small

17th December 2019

13719



BSM sector production @ pp and /¢ colliders
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See talk by S. Bilman
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Decays
> Vector-like fermions: 1, — £~ h, ¢ — é,-_éj-*uj (prompt decay)
> Singlet scalars: S — 9,4, Sj — ;4 , Si — GG

* LFV-like decays: S — £;"£;" through mixing
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Decays
> Vector-like fermions: 1, — £~ h, ¢ — é,-_éj-*uj (prompt decay)
> Singlet scalars: S — 9,4, Sj — ;4 , Si — GG

* LFV-like decays: S — £;"£;" through mixing

Anomalous magnetic moment of the 7

> Main BSM contribution oc x'2m?2 /M2
> NV :Aa,=(7.5+21)-107"
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UV safety

10" e T T T T uJ uJ
10° Singlet Planck -
@
107! I
. @,
1073 @y
o) .
1075 @
> Controlled 2-loop RG evolution of all || 1"
couplings T S ——————. o
» Gauge: g1, g2, g3 107 10° 10° 100 107 10 10% 10% 108 102
° Yukawa:y, k, k" (vt 10" prmv—ror——rm T
Yot ki (oY) 100l Doublet Planck
e Scalar: \,u,v, 0 a,
ay
a
> Stabilising Higgs quartic coupling o
possible @
lal
@p

p [GeV]




Vacuum stability

with BSM Yukawas «, ' at matching scale

10 +T T T T T =
Poles
ROl b 1
_E 107! vt i
—2 1 .
Singlet 10
103 4 Vunstable |
104 Higgs metastable
10° 107% 1077 10°% 107> 107*
10 T T T Poles T =
LT 1
_E 1071 1 Higgs metastable .
~ -2 ] i
Doublet 210
3 10-3 4 Vunstable |
107 + v -

107° 107% 1077 107% 107°> 107*

17th December 2019



> NP contributions to ae and a,, with different mass scaling can accommodate the
anomalies

> UV-safe models with additional Yukawa interactions give

« chirally-enhanced contribution — Aa,
« contribution o< x> = Aay,

» No LFU breaking needed to explain both anomalies
> Signatures in BSM sector production and decay, AMM of the 7

> Fully controlled RG evolution
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> Collider study of 1, S production and decay (with Stefan Bilman)

> Coloured v's (Tim Hone)
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> Collider study of 1, S production and decay (with Stefan Bilman)

> Coloured v's (Tim Hone)

Thank you
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Electron EDM bound
[ACME Collaboration (2018)]

|de] <1.1-10"®ecm (90% C.L.)

Constraint on relative CP-violating phases

|sin28m [s*+']| < 8.8-107"
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