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Muon g-2 Discrepancy
Current Status of Muon g-2

New Experimental World Average Standard Model Theoretical Prediction
aﬁ‘m = 116592061(41) oxp X 10~ aﬁM = 116591810(1) g1y, (40) yyp(18) gy X 10711
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Current Status of Muon g-2

New Experimental World Average Standard Model Theoretical Prediction
aﬁ‘m = 116592061(41) oxp X 10~ aﬁM = 116591810(1) g1y, (40) yyp(18) gy X 10711

Discrepancy

Aaf’*' =251+ 59 x 10711 4.2 deviation!
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Muon g-2 Discrepancy

Current Status of Muon g-2

New Experimental World Average
aﬁ(’“ = 116592061(41) oxp X 10711

Discrepancy

Aa2%?! = 251 4+ 59 x 1011

Fermilab

Run-4 now completed. Runs-5 & 6 planned.

Run-4 experimental precision: 0.14ppm

Standard Model Theoretical Prediction
aﬁM = 116591810(1) g1y, (40) yyp(18) gy X 10711

4. 20 deviation!

J-PARC

Upcoming.
Final experimental precision: 0.1ppm
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What is the Muon g-2?

Quantum Mechanics
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What is the Muon g-2?

Quantum Mechanics Quantum Field Theory
Magnetic Moment: M = g%§ Anomalous Magnetic Moment: a = (g — 2)/2
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Contributions to Muon g-2
Standard Model Contributions to Muon g-2

Quantum Electrodynamics Contributions

Electroweak Contributions

Hadronic Contributions

MONASH

University



Contributions to Muon g-2
Standard Model Contributions to Muon g-2

Quantum Electrodynamics Contributions

Electroweak Contributions

Hadronic Contributions

MONASH

University



Contributions to Muon g-2
Standard Model Contributions to Muon g-2

Quantum Electrodynamics Contributions

Electroweak Contributions

Hadronic Contributions

MONASH

University



Contributions to Muon g-2
Standard Model Contributions to Muon g-2

Quantum Electrodynamics Contributions

Electroweak Contributions

Hadronic Contributions

MONASH

University



Contributions to Muon g-2

General Contributions to Muon g-2

All possible contributions to muon g-2 from
1-loop diagrams must be of these forms.

MONASH

University



Contributions to Muon g-2

General Contributions to Muon g-2 FFS Diagram SSF Diagram
All possible contributions to muon g-2 from
1-loop diagrams must be of these forms. Vi
S,/ s
u E u
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Contributions to Muon g-2

General Contributions to Muon g-2 FFS Diagram SSF Diagram
All possible contributions to muon g-2 from
1-loop diagrams must be of these forms. Vi
S,/ s
u E u
FFV Diagram VVF Diagram SVF Diagram
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Beyond the Standard Model
Simple and SUSY Explanations of Muon g-2

My work has focused on providing explanations of the muon g-2 anomaly using
simple beyond the standard model physics.

Working with collaborators, produced three papers that were focused on
explaining the muon g-2 anomaly after the Fermilab result.

e arXiv:2104.03691
e arXiv:2110.13238
e arXiv:2111.10464
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Two Field Extensions

Simple Explanations of Muon g-2

(SUB)e x SU@2) x Uy )epin | +72 Result for AafNt, Ag20?!
No
1,1,0)p - (1,1,-1
( Jo = ( )1/2 Vos

(lj 1, —1)0 - (1, 1, 0)1/2 Both
(1: 2, _1/2)0 B (1a 1, 0)1/2 Both

No
1,1,0)0 — (1,2, —1/2
( Jo = ( /2)1/2 YVes
No
1,2.—-1/2)p - (1,1, -1
( y Ay /)0 ( It )1/2 Yes

(1,1,-1)o — (1,2,-1/2), /2| Both
(1.2,-1/2) (1.2, 1/2),/2[Both
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Two Field Extensions

Simple Explanations of Muon g-2

(SUB)e x SU2)n % U(1)y apin —;TZQ Result for AafNt, Ag20?! 72 Symmetry
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon

New Fields SU(3) xSU(2), xU()y  Electric
Charge

Ya = Wd, ¥a) (1,2,1/2) 1,0

¢ (1,1,0) 0 e

Interacts with the standard model through: ,

M
Lpsy = ALy g ¢ — Mypgpg + hoc.) — Tqbﬁbz

Source: 1804.00009

arXiv:2104.03691
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon

New Fields ~ SU(3)¢ x SU(2), x U(1)y  Electric Contributes to muon g-2
Charge
Ya = @Wd,Pa) (1,2,1/2) 1,0

¢ (1,1,0) 0 e

Interacts with the standard model through: ,

M
Lpsy = ALy g ¢ — Mypgpg + hoc.) — Tqbﬁbz

Source: 1804.00009
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon

Ap = 2.0
300 =
et
Model L o Now Ruled Out
2501 e
. / Still Viable

M, [GeV]

100 150 200 250 300
M, [CeV]
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon

Ay = 2.0
300 L

i
x,ffﬂ; Now Ruled Out
2501 -
| s still Viable

Exclusions:

M, [GeV]

Cmp. Spectra

100 150 200 250 300
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon
400 Profile over A

3501 Now Ruled Out

3001 - Still Viable
Q) ;
. 9001 yd :
§ | Exclusions:
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50 Cmp. Spectra
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon
Profile over Ay,

400
350" Now Ruled Out
3001 Vs Still Viable
> )
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Contributions to Muon g-2

Chirality Flip

Contributions from diagrams with an internal
chirality flip enhanced by a factor:

2

Agsm
2
A

< MONASH
University




Three Fields with Dark Matter

Pair of New Scalars + Fermion

New Fields SU(3) xSU(2), xU()y  Electric

Charge
W =5 (1,1,1) 1
b5 = b2 (1,1,0) 0 @
ba = (3, $2) (1,2,-1/2) 0,—1 @

Interacts with the standard model through:
Lpsy = (agH.Pqps + A L. paips + AR‘PsM;E‘/JsC

M
~My s + h.c.) = =25 |pal® — M| sl
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Three Fields with Dark Matter

Pair of New Scalars + Fermion

New Fields ~ SU(3)¢ x SU(2), xU(1)y  Electric Contributes to muon g-2
Charge
s =T (1,1,1) 1
s = P2 (1,1,0) 0 @
bq = (Pg, d2) (1,2,-1/2) 0,—1 @

Interacts with the standard model through:
Lpsy = (agH.Pqps + A L. paips + AR‘PsM;E‘/JsC

M
~My s + h.c.) = =25 |pal® — M| sl

arXiv:2104.03691 11 M%Eé%l




Profile over Masses

1.4
Model 2S1F :
1.2 -
1.0
= 0.8 h
~< -
0.6 -
-~
0.4 -t
T,
- -
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arXiv:2104.03691

Three Fields with Dark Matter

Pair of New Scalars + Fermion

Now Ruled Out

Still Viable

Exclusions:

’v W a W LW W W V.V v‘
Over Abundant
10.0,0,0,9,0.0.0.9

Direct Detection
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Single Field Extensions

Simple Explanations of Muon g-2

Model | Spin | SU(3)¢ x SU(2)p x U(1)y Result for AaE’NL, Aaiom
1 0 (1,1,1)
2 0 (1,1,2)
3 0 (1,2,-1/2)
4 0 (1.3,-1)
5 0 (3,1,1/3)
6 0 (3,1,4/3)
7 0 (3,3,1/3)
8 0 (3,2,7/6)
9 0 (3,2,1/6)
10 | 1/2 (1,1,0)
11| 1/2 (1,1,-1)
12 | 1/2 (1,2,-1/2)
13 | 1/2 (1,2,-3/2)
14 | 1/2 (1,3.0)
15 | 1/2 (1.3, -1)
16 1 (1,1,0)
17 1 (1,2,-3/2)
18 1 (1,3,0)
19 1 (3,1,-2/3)
20 1 (3,1,-5/3)
21 1 (3,2, -5/6) :
sl G 2, MONASH
23 1 (3,3,-2/3)




Leptoquarks
Scalar Leptoquark Singlet

Leptoquark  SU(3) XSU2);, X U(1)y Electric
Charge

S, (3,1,1/3) 1/3 °

Interacts with the standard model through:
LBSM = (AQLQLSl + Atﬂt[.le + h. C.)

A
—MZ11S11% = gup HI?|S1 1% = 21511

arXiv:2104.03691
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Leptoquarks
Scalar Leptoquark Singlet

Leptoquark  SU(3)¢ x SU(2), xU(1)y  Electric Contributes to muon g-2
Charge

S, (3,1,1/3) 1/3 o v \.

Interacts with the standard model through:
LBSM = (AQLQLSl + Atﬂt[.le + h. C.)

A
—MZ11S11% = gup HI?|S1 1% = 21511
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Leptoquarks
Scalar Leptoquark Singlet

Scalar Leptoquark S; Contributions

0.14 II Ay = 0.003  Now Ruled Out
0.121
I|I Still Viable
0.101 ‘
20.08 l"'.
3 )
o ”..H'I Exclusions:
0.041 =
-
0.02 T
0.08_00 0.05 0.10 0.15

arXiv:2104.03691 15 M%Eé%l




Leptoquarks

Scalar Leptoquark Singlet

Scalar Leptoquark S; Contributions

0.141
0.121
0.101
= 0.08;
0.061
0.041

0.02-

AorAey = 0.003

0.05 0.10 0.15

arXiv:2104.03691

Now Ruled Out

Still Viable

Exclusions:

Fine-Tuned my

15
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Two Higgs Doublet Model

Definition

Two Higgs doublets with identical properties

o 03
CD]-: v1+(p1+i0'1 ’CI)2= 172+(p2+i0'2
V2 V2

Couples the Higgs doublets to the SM

Lrue = ) (FAQuPittg + Y40, @ sl + YELLBrep)
i=1,2

16 MONASH
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Two Higgs Doublet Model

Definition

Two Higgs doublets with identical properties

o 03
CD]-: U1+(p1+i0'1 ’CI)2= 172+(p2+i0'2
V2 V2

Couples the Higgs doublets to the SM

Lrue = ) (FAQuPittg + Y40, @ sl + YELLBrep)
i=1,2

Comes in 6 different types depending on which
Higgs doublets we couple to which SM

fermions.
Type (O} o,
| None U,D, L
1 U D, L
X L UD
Y D U, L

Flavour-Aligned

General

All with diagonal, proportional
couplings

All with off-diagonal couplings
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Two Higgs Doublet Model

Muon g-2 Contributions

One-Loop Contributions

The one-loop contributions for the 2HDM are well
known as easy to calculate.

] MONASH
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Two Higgs Doublet Model

Muon g-2 Contributions

One-Loop Contributions Two-Loop Contributions

The one-loop contributions for the 2HDM are well
known as easy to calculate.

However it is the two-loop contributions that
dominant.

N =9 MONASH
arXiv:2110.13238 17 University




GM2Calc2 - 2HDM

Muon g-2 Contributions

Features Interfaces

 Contributions up to the two-loop level C (0.05 ms)

« Uncertainty calculation C++ (0.05 ms)

 Lepton Flavour Violation Mathematica (0.5 ms)

 Effects from CKM mixing Python2or3 (0.08 ms) + (1s) overhead

loading library

Based a machine with an Intel(R) Core(TM) i7-
5600U CPU @ 2.60GHz processor.

N =9 MONASH
arXiv:2110.13238 18 University




GM2Calc2 - 2HDM
Applications

100 1

my = my+ = 200 GeV

/11=\/E

m%  (mZ — A,v?)
_I_
tan 8 tan 33

80 4

y
my, =

60 1

tan 3

404 |

20 A

T T T T
0 20 40 60 80 100
my [ GeV

Compare to
arxiv:1409.3199
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GM2Calc2 - 2HDM
Applications

100 1

45 - my = my+ = 200 GeV

flavour aligned
ag /11 — \/E
—- m%  (mZ — A,v?)

80

T ET

2
25 = _|_
N ™2 = an B tan 33
F my = my: = 150 GeV
w0 | = sin(B — &) = 0.999
101 tanf = 2
G = Gg = 0.1
(l — 50
P PSPORPUR ORI SV S——
’ 0 2 40 60 80 100 20 30 40 50 60 m%z fixed to aVOid h — AA decayS
my [ GeV my | GeV
Compare to
arXiv-1409.3199 arXiv:1711.11567

y, =9 MONASH
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Two Higgs Doublet Model
General Two Higgs Doublet Model

B R AR RS A RARE RARE RN An explanation of the muon g-2
u ! | } anor_naly i_n the General 2ZHDM is in
4 ] tension with the observables R(K(*))
< o eda 1 and decays of B-mesons.
T 04 ,_'
= T : However we use a simplified version
= oo ] of the contributions compared to
N R those in GM2Calc2.
IR T DR W P s

0 1 2 3 4 5%x10°°

Aa,

arXiv:2111.10464 20 Mr%/lgé%l




Conclusions

The anomalous muon magnetic moment, muon g-2

Current state of muon g-2
New muon g-2 value from Fermilab disagrees with SM prediction by 4.20.

Many simple BSM theories cannot produce a contribution that is both
positive and large.

Can explain it with the simple extensions of a pair of new fields, a
leptoquark, or second Higgs

Outlook

Upcoming muon g-2 experiments at Fermilab & J-PARC are set to further
increase the precision.

~ MONASH
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Thank you for Listening!

Standard Model of Particle Physics

Gauge Bosons

Photon

I

Electron
W Boson

Fermions

Z Boson

Gluon

ve

-’

Electron

Neutrino

Down

Leptons

) \Z0
Muon Muon
Neutrino
Quarks
C S
Charm  Strange

Tau

Top

V1T

Tau

Neutrino

0)

Bottom

Scalars

H

Higgs
Boson
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Backup Slides
Standard Model of Particle Physics

Limitations

* Flavour Sector anomalies e.g. R(D(*)), R(K(*))

 Complete lack of dark matter, i.e. more than 3/4s of the universe
* Not enough funds to build more supercolliders

* Gives no prediction for 18 parameters

* No source of electric dipole moment for baryogenesis

e Discrepancy in the value of Muon g-2

MONASH
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Backup Slides

Latest Theoretical Prediction

Hadronic VP Contributions
Aa(HVP) x 10A(-11)

Muon g-2 Theory Initiative

Goal: Produce a single definitive standard model s
(SM) prediction for the value for the anomalous
magnetic moment of the muon to rule them all. 7300

Before publication, many different predictions for
Hadronic contributions.

7100

The current standard model (SM) prediction for ¢
the muon g-2 is: t ¥ 9 t § 1

6700

= 116591810(1) g1y (40) yyp (18) gy X 10711 i : z

u

= )’ MONASH
arXiv:2104.03691 Un|vers|ty




Backup Slides

The sensitivity of g-2 to new particles

Coupling Strength of Muon to New Particles

The contribution to a mass m particle’s g-2 from a diagram with a single loop of particles with

mass of order M are proportional to

mZ

Aa < W
Since the muon is 207 times larger than the electron, contributions from new particles are of
order m,*/m,* =~ 40000 times larger to the muon g-2 than the electron g-2. So even though
we can measure the electron g-2 more precisely, we expect to find evidence of new

contribution in the muon g-2 first.

The colour confinement of quarks makes it difficult to measure their g-2. The short lifetimes of
the tau particle and particles of similar mass make it difficult to measure their g-2 at a level of
precision close to that of the muon and electron.

EXO)
MONASH
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Backup Slides
Detecting BSM Particles

Direct Observation

Direct detection of new physics through the change in
¢ momentum of some search particle, or observation through

R >?°~E/(‘2 scattering.
X1 ¥

Adjustment of Physical Observables

Discovery of new physics through contributions causing a
deviation in the measured value of some physical observable
compared to the standard model prediction.

MONASH
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Backup Slides

Goldstone Diagrams

Gauge-Fixing
1
2—€ (0,VY —ée've,)?

1
=-V,(g"0% — (1 = 1/8)0v o)V, — e’ vV, ¢, + e’ vV, ¢, + fe'2p2¢,*

1
S (97102 = 0V91 )V, — e'vVVdy ¢, +

==V,(g 0% — (1 — 1/8)8V0*)V) + Ee'?v2¢,°

T2

Gauge Vector Propagator Goldstone Propagator
R gauge —i(g"* — kKA my?) [ (k? — my?) — i(kV kY /my?) /(K — §my?) i/(k* —&my?)
Feynman gauge —ig"*/(k? — my?) i/(k? —my?)
Landau gauge —i(g"* — kVk*/k?) [ (k% — my?) i/k?
Unitary Gauge —i(g"* — kVk*/my?) /(k? — my?) 0

MONASH
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Backup Slides

General Contributions to g-2

FFV Diagram VVF Diagram FFS Diagram SSF Diagram
,
S,/ \.S
7 s u
Coupling of muon to fermions/vectors: Coupling of muon to fermions/scalars:

L'us — nyVV(VFLPL + VFRPR)‘u + h.c L‘ufd) = ]E¢(SFLPL + SFRPR)ﬂ + h.c

MONASH
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Backup Slides

Form Factors

Vertex Correction Function:

Ward ldentity:
q,IV=20

Gordon Identlty
V _I_ p

u(p’ ) u(p) =u@Hy’ —i

= u(p')ielVu(p)

[V =AxyY + 6V
[V=AXxy'+BXxp’+Cxp"
= fi(@>) xXy' + f(g®) x ¥ + ™) + f3(¢*) X q”

vlq

v = (fl(qz) + szz(qz)) X y¥ —2mf,(q?) x i—2

2m

UVAQA
2m

[V=F Xy’ +F,Xi

vA

0 "4
o Yu(p)

N MONASH
\/ ‘@ University
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Backup Slides

General Contributions

General 1-Loop Diagram Contributions to Muon g-2

Working in the Feynman (& > 1) Gauge:
qrmpmy, (SF.% + SFR?)(3 — 4x + x2 + 2logx) _ qrmy, 2SF; SFr(2 + 3x — 6x2 + x> + 6xlog x)

FFS _
u Tomg2rZ(1 - x)? 24mg7m? (1 — x)*

ssp _ AsTUEMy (SF,* 4+ SFR*)(1 — x% + 2xlogx) quMZSFLSFR (1 —6x + 3x% + 2x3 — 6x2% logx)
G 16m527r2(1 — x)3 24mg?m2(1 — x)*

— quﬂz(VFL + VFR*)(4 — 9x + 5x3 + (6 — 12x) log x) quFmﬂVFLVFR(l — x? + 2xlogx)
ZL;VF 48my*m?(1 — x)* 4my2m?(1 — x)°

U

_qym 2 (VF? + VFR*)(7 = 33x + 57x% — 31x% + 6x2(3x — 1) logx)

96m an(l —x)*
3qympm, VF VFr(1 — 4x + 3x? — 2x2 log x)
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Right-Handed Muon

New Fields ~ SUQ3)¢ xSU(2), xU(1)y  Electric Contributes to muon g-2
Charge

FS = FS_ (1' 1' _1) -1
S (1,1,0) 0 °

Interacts with the standard model throuzgh:

Mg 5
LBSM = (/IR‘USFS — MFFfFS + hC) — 75

Source: 1804.00009
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Two Fields with Dark Matter

New Fermion and Scalar Coupling to Right-Handed Muon
Profile over A\p

400
Contributes to muon g-2
3507 ‘
Now Ruled Out
300
2501 Still Viable
?‘5 300
=1
1501 Exclusions:
100+
0 Cmp. Spectra
100 200 300 B
Mw [GGV]
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Backup Slides

Z2 Symmetry

Z2-odd fields interact _ odd

only in pairs: )
l/)even - l/)even //

Yoad = Yoaae'™ oo — — - — — - — «

Constraints

« Muon g-2 Contributions: FlexibleSUSY
« Dark Matter Limits: MicrOmegas
« Direct Detection Limits: DDCalc

« Particle Collider Constraints: SModelS
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Backup Slides

Symmetry Breaking
100
ok d - (P +igy) 8o} ® - W+ ¢ +igy)
“ VEV: (®) = 0 o VEV: (®) = v
aol 20f e'v - my

ol —
; ; ; : -20F
-4 -2 2 4

-40k

=20}

-40F
The Kinetic terms of a complex scalar singlet ®:

10,0512 + 18,6112 — €'V (10,05 — $20,6:) (|av¢2|2+|av¢1|2—ev1’<¢1 0v$2 — $20,1)

T ety ACKET ) ey (@17 + 2v¢, + ¢,°)
+ e’zszVV —e'vVVa,¢,)

Gauge-fixing term removes the mixing between vectors and Goldstones: 2—15 (0,VV — ée'vey)?

EXO)
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Contributions to g-2

Symmetry Breaking
The kinetic terms of a complex scalar &:

1
(0, —ie'l) \/_f (P1 +ihy)

1 / /
= 5(|av¢2|2 +10yd1 1% + 2V (91° + ¢2°) — €'V (10,9, — ¢zav¢1))
oo =5 (10,0217 + 18,011 + €2V (§: + 2001 + ¢,°) + €202V,
—e'VV (10,02 — $20,¢1) — vV 0,¢,)

We add a gauge-fixing term to our Lagrangian to remove the mixing between vectors and
Goldstones:

Lpp = |qu)|2 —

D > (v + ¢y + i)
e'v->my

L@,V — £e've,)?
2_6(1/ _Stevﬁbz)

MONASH
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BSM Models

Mixing Fermions and Scalars

After EWSB, mixed fields with identical electric charges mix:

FQ,Fp = FP,F)
kg, Fp = F1 , Fy

w MONASH
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Three Fields with Dark Matter

Pair of New Scalars + Fermion

ap = 246 GeV,
My, = My, = My =1TeV

3.9
. Now Ruled Out
2.5 . .
Still Viable
- 2.0
—
1.5
1.0 1
Exclusions:
0.5 ’vvvvvvvvv'
Over Abundanti¢
0.0 Wa¥a% %% %%%!

A

Direct Detection
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Three Fields with Dark Matter

Pair of New Scalars + Fermion

ag = 246 GeV,

3.5
. Now Ruled Out
2.5
Still Viable
2.0
~
/<
1.5
1.0 .
Exclusions:
0.5 ’v NN NSNS S N
Over Abundant ¢
0.0 \Oa0,0,0,90,0.0.0.9

Direct Detection
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Three Fields with Dark Matter

Pair of New Scalars + Fermion

Now Ruled Out

Still Viable

Exclusions
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Three Fields with Dark Matter

Pair of New Scalars + Fermion

Now Ruled Out

Still Viable

Exclusions
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ay = 246 GeV,

Profile over Masses

1.4
Model 2S1F

arXiv:2104.03691

Three Fields with Dark Matter

Pair of New Fermions + Scalar

ag = 246 GeV,
Profile over Masses

1.4 r
[Model 281FJ [M¢, < M%J .
1.2 F
1.0 A
= 0.8 S
" i
R .
0'6 - | ]
L
- 1.
y my .
0.4 . ‘.-.' i
02F "
~1.5 —1.0 —0.5
AL

Contributes to muon g-2

Now Ruled Out

Still Viable

Exclusions:

’v W a W W W W V.V v‘
Over Abundant \¢
\0a0.0,0,0.0.0.0.9

Direct Detection
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Three Fields with Dark Matter

Pair of New Fermions + Scalar

New Fields ~ SUQ3)¢ xSU(2), xU(1)y  Electric Contributes to muon g-2
Charge
F, = (FY,F)) (1,2,-1/2) 0,—1 F,
Fy = FQ (1,1,0) 0 Fr
Sk = (S7,59) (1,2,1/2) 1,0 e

Interacts with the standard model through:
LBSM — (AHlH' FLFR + AHzHTFfFR + ALLL'SRFR

+AgFLetSt — Mg, FEF, + h.c.)

M
MR Fy e — MZ|S

MONASH
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Three Fields with Dark Matter

Pair of New Fermions + Scalar

—A1=A2=0.1, Alz)\Q:—o.l,deZBTCV,
Profile over Masses and Mixings Profile over Masses and Mixings
1.4 14 Contributes to muon g-2
NEED [ M¢5<Mw,j
1.2% 1.2 |
. v v Now Ruled Out
1.0 1.0
- i .
e (.81 c 0.8 = - . :
~< << - K " Still Viable
0.6 0.6 n . ) . ,
) o e -
0.2 .. 0.2 TR o
vy TI Exclusions:

0.5 1.0 1.5 0.5 1.0 1.5 SOOI X
AL AL Over Abundant ¢
et V09929.9.9.9,

Direct Detection
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Leptoquarks

Scalar Leptoquark Singlet
Ay = 0.1
0.51 ”
Now Ruled Out
0.4
Still Viable
~]
Z :
0.9 Exclusions:

ﬁ"

1000 2000 3000 4000
Mgl [GGV]

0.11

Fine-Tuned my

arXiv:2104.03691 15 Mr%/lglé%j




Single Scalar Leptoquark

Scalar Leptoquark Doublet

Leptoquark SU3)e XxSU2), xU()y Electric
Charge

R, = (RY,RY) (3,2,7/6) 5/3,2/3

Interacts with the standard model through:
LBSM = (AQMR;uQ + /1tLL' th + h. C.)

A
_M1%2|R2|2 — 9HP|I‘I|2|[\’2|2 — 7(1) |Rz|4

arXiv:2104.03691

Contributes to muon g-2
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Single Scalar Leptoquark
Scalar Leptoquark Doublet

Aep = 0.1
0.5 =
Contributes to muon g-2

0.41 . . Now Ruled Out

0.3 Still Viable
< IIIIIIIIIIIIIIII
/(

0.2

Exclusions:
0.1
H}L Fine-Tuned my

1000 2000 3000 4000 15
M R2 [GGV]

. — vv
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Two Higgs Doublet Model
Type X and Flavour Aligned 2HDM

7-loop, approx.Type X 1-t-bosonic loop
—7r r T r 1 T T 50“‘\“\“\“\“|“

BV, =150GeV
B M, =200GeV
B My =250GeV

50 ————
WMy =150GeV
M+ =200 GeV
40| W Me | 40|
i B My =250GeV i

30 -

Aa, x 10"
Aa, x 10"

20

10 H

20 40 60 80 100 120 20 40 60 80 100 120

Ma [GeV] Mz [GeV] Now Ruled Out

Still Viable
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Two Higgs Doublet Model

General Two Higgs Doublet Model

1.1

2, Do 1000, pips 11 GAMBIT 2.1, Diver | [
LI I T 1 ! !

GAMBIT | piped 2.1
E LI LI I T I.-J_ LI I L ] I —10
S i} -
g 0 41 T w0 E (o
[ 1 & E
- _ 1 = :
o s IR | -
2 0.0 ' = = 107? g | —{0.6
+: . 1 7 >
.= s 4 -
g [J.]I_ — ;._;, 1“ 10 0.4
R 1 = :
; 0.3 _ ::.C 10— : 0.2
== L 1 e -
= | i ril | | | S e ';:0;3;;
0 | 2 3 I 5x107" 101070 1072 10°% 1077
Aa, log,o BR(7 — p7v)

arXiv:2111.10464
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An explanation of the muon g-2
anomaly in the General 2HDM is in
tension with the observables R(K(*))
and decays of B-mesons.

However we use a simplified version
of the contributions compared to
those in GM2Calc2.

Ongoing project in General 2HDM to
explain muon g-2
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