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Muon g-2 Discrepancy

Latest Experiment Values

SM Prediction
aﬁM = 116591810(1) £y (40) yyp(18) yyp; X 10711

Brookhaven Value Deviation:

aBVL = 116592089(54)s¢q¢(33)sys X 10711 AaBNL =279+ 76 x 10711 3.70
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Muon g-2 Discrepancy

Latest Experiment Values

SM Prediction
aﬁM = 116591810(1) £y (40) yyp(18) yyp; X 10711

Brookhaven Value Deviation:

aBVL = 116592089(54)s¢q¢(33)sys X 10711 AaBNL =279+ 76 x 10711 3.70

Fermilab Value

afNAL = 116592040 (54) xp X 10711 AafNAL =230 + 69 x 10711 3.30
New World Average
a2021 = 116592061 (41) gy X 10711 Aq20?1 = 251 +59 x 10711 *20°
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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 = gﬁf
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What is the Muon g-2?

Quantum Mechanics Quantum Field Theory

Magnetic Moment: M = gﬁf 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
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Contributions to Muon g-2
Standard Model Contributions to Muon g-2

Quantum Electrodynamics Contributions
a?®’ x 1011=116 584 718.931(104)

Electroweak Contributions
aﬁW x 1011=153.6(1.0)

Hadronic Contributions

all"P x 1011=6845(40)
afihl x 1011=92(18)
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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
Coupling of muon to fermions and scalars/vectors: S,/ s
Lu ,’f \\
= frVV(VELP, + VERPRIu + fp(SFLPL + SFrPp)p U . U
FFV Diagram VVF Diagram SVF Diagram
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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)
TECHNISCHE | 2! | ! (3,2, -5/6)
UNIVERSITAT | 22 1 (3,2,1/6) ]L\J/[r%/lgélsul/_l
DRESDEN 23 1 (§’3, _2/3)




BSM Models

Chirality Flip

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

2
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Single Scalar Leptoquark
Scalar Leptoquark Singlet

Leptoquark  SU(3) X SU(2);, X U(1)y Electric
Charge

S, (3,1,1/3) 1/3 o

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

A
~MZ&11S11% = gup|HI?|S1)* = =715, 1*
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Single Scalar Leptoquark
Scalar Leptoquark Singlet

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

5, 3.1,1/3) 1/3 < v \.

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

A
~MZ&11S11% = gup|HI?|S1)* = =715, 1*
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Single Scalar Leptoquark

Scalar Leptoquark Singlet
A, = 0.1
0.5 ”
Now Ruled Out
0.4
Still Viable
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Single Scalar Leptoquark

Scalar Leptoquark Singlet
Ay = 0.1
0.51 ”
Now Ruled Out
0.4
Still Viable
~]
5 :
0.9, Exclusions:

0.11

Fine-Tuned my
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Single Scalar Leptoquark
Scalar Leptoquark Singlet

Scalar Leptoquark S; Contributions

014 I| AqrAey = 0.003 Now Ruled Out
0.121
Ill Still Viable
0.101
i
=0.081 l.ﬁ..
’< [ ]
0.06.1 ”IIH.I Exclusions:
0.04 "y
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Single Scalar Leptoquark

Scalar Leptoquark Singlet

Scalar Leptoquark S; Contributions

0.141
0.121
0.101
2 0.081
0.061
0.041

0.02-

AqrAry = 0.003 Now Ruled Out

Still Viable

Exclusions:

Fine-Tuned my
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Single Field Extensions
Second Higgs Doublet Model (2HDM)

New Field SU3)e XSU2), xU(1)y Electric
Charge

H, 1,2,1/2) 1.0 @

oi 03
Cbl_ v1+(p1+i0'1 » 2T U2+§02+10'2
V2 V2

Interacts with the standard model through:

L=y Y 2 (Y myofbaf + h.c.)

¢@=hH,A
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Single Field Extensions
Second Higgs Doublet Model (2HDM)

New Field SU3)e XSU2), xU(1)y Electric

Charge
H, (1,2,1/2) 11,0 @
G* H*
C,=\v+H +iG° |, PL = H, +iA
V2 V2

H\ (cos(ﬁ —a) —sin(f — a)) 1
h) \sin(B—a) cos(f—a)/\H,
Interacts with the standard model through:

L=y Y 2 (Y myofbaf + h.c.)

¢@=hH,A
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Single Field Extensions

Second Higgs Doublet Model (2HDM)

New Field SU3)e XSU2), xU(1)y Electric

Charge
H, (1,2,1/2) +1,0
G* H*
C,=\v+H +iG° |, PL = H, +iA
V2 V2

H\ (cos(ﬁ —a) —sin(f — a)) 1
h) \sin(B—a) cos(f—a)/\H,
Interacts with the standard model through:

L=y Y 2 (Y myofbaf + h.c.)

¢@=hH,A

arXiv:2104.03691
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Single Field Extensions
Second Higgs Doublet Model (2HDM)

7-loop, approx.Type X

o= Now Ruled Out

B M =150 GeV -
B My =200 GeV

B Ve =250 GeV | Still Viable
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Single Field Extensions
Second Higgs Doublet Model (2HDM)

7-loop, approx.Type X 7-t-bosonic loop

50“‘ 50‘"I"‘I"‘I"‘I"‘I"‘
, ] [ ] Now Ruled Out
M My =150GeV | s M My =150GeV |
40 B My =200 GeV % B My =200 GeV
: B Mr =250GeV | f B My =250GeV | Still Viable
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Two Field Extensions

Simple Explanations of Muon g-2

(SUB)e x SU@2)n x UMy )epin | +72 Result for Aaj;Nt, Aa2'?!
No
1,1,0)0 - (1,1, -1
( Jo — ( )1/2 Vos

(1, 1, —1)0 - (1, 1, 0)1/2 Both
(1: 27 _1/2)0 - (17 1: 0)1/2 Both

No
1,1,0)0 - (1,2,-1/2
( Jo— ( /2)1/2 Ves
No
1,2,-1/2) — (1,1, -1
( /2)o — ( )1/2 Vs

(1: 1, _1)0 B (1a 2, _1/2)1/2 Both
(la 2, _1/2)0 B (1? 2: _1/2)1/2 Both

No
1.2.-1/2)0 - (1,3,0
( /2)o — ( )1/2 Ves
No
1,2,-1/2) - (1,3,-1
( s /)0 ( ER ] )1/2 Yes

(1a3=0)0 B (1,2, _1/2)1/2 Both

No

(1,3,000 - (1.3, =1y |

(1,3,—1)g - (1,2, —1/2); 2| Both

(1,3,—1)0 - (1,3,0);2  |Both

(1.1,-1),,, — (1,1,0), No

(1,2,-1/2), - (1,1,0), No

(1,2,-1/2)1 — (1,3,0) No

TECHNISCHE (1,1,0)12 -~ (1,1,1) No
BRIIIE\Q%FESI\:TKT (1,2, 4/2)1/2 ~(1,1,-1) No Mr%/lgé%_l

(1,3,-1)1/2 - (1,3,0)1 No




Two Field Extensions

Simple Explanations of Muon g-2

(SUB)e x SU@2)n x UMy )epin | +72 Result for Aaj;Nt, Aa2'?!
PO NO Z2 Symmetry
y Ly 0~ y Ly T 1/2 . .
: a1 BY‘*Sh Z2-o0dd fields interact
1,1,—10— 1,1, 1/2 ot H 1 .
(1.2,-1/2)0 - (1.1,0);2  |Both Only In pairs.
No l/)even - l/)even
(1a 1:0)0 - (1,2, _1/2)1/2 Yes N LT
" Yoaa = Yoaa€
(0]
(1:2,_1/2)07 (1’15_1)1/2 Yes
(1,1,—1)¢ — (1,2,—1/2);2|Both ’
(1,2,-1/2)0 - (1,2, —1/2); 5| Both e
rd
N y
(1,2,-1/2)0 - (1,3,0) Yeos I <
N \\
(1,2,-1/2)0 - (1.3,—1)1 /s Y; \\
(1a3=0)0 B (1,2, _1/2)1/2 Both
No
(1, 3;0)0 — (1,3, —1)1/2 Yes even . )
(1.3, 1) — (1,2,-1/2), 2| Both N L
(1 3 ) (1 3,0)1/2 BOth Y . , 4
(1 1 —1)1/2 (1 1,0)1 No l
(1,2,-1/2)y,2  (1,1,0) No PR
(1.2,-1/2);2 — (1,3,0) No P N
TECHNISCHE| (1,1,0),2 — (1,1,1), No i N MONASH
UNIVERSITAT (1.2, 4/2)1/2 (L1, -1); | No even © L2 University
DRESDEN (1,3,-1)1/2 - (1.3,0); No




Two Fields with Dark Matter

New Fermion and Scalar Coupling to Left-Handed Muon

New Fields SUB3)xSU2), xU(1)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 ¢ — Mypgpy + hoc.) — Tqbﬁbz

Source: 1804.00009

arXiv:2104.03691
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New Fermion and Scalar Coupling to Left-Handed Muon

New Fields  SU@)¢ 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 ¢ — Mypgpy + hoc.) — Tqbﬁbz

Source: 1804.00009

arXiv:2104.03691 13 ]L\J/Ir%lgé%{
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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]
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New Fermion and Scalar Coupling to Left-Handed Muon

Ay = 2.0
300 L

i
x,ffﬂ; Now Ruled Out
250
| s still Viable

Exclusions:

M, [GeV]

Cmp. Spectra
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New Fermion and Scalar Coupling to Left-Handed Muon
100 Profile over A,

350 Now Ruled Out

) L Still Viable
Q) ;
. 9001 - .
§ | Exclusions:
1501
100+
50 Cmp. Spectra
100 200 300 400

M Y [Ge\/]
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New Fermion and Scalar Coupling to Left-Handed Muon

Two Fields with Dark Matter

Profile over Ay,

400
3501
3007

= 250"
5]

& 200

Y

2 1507

100+
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Still Viable

Exclusions:
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BSM Models

Mixing Fermions and Scalars

After EWSB, mixed fields with identical electric charges mix:

s, Ya > Y193
Vs, Pa 2 1,92

TECHNISCHE =9 MONASH
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Pair of New Scalars + Fermion

New Fields SUB3)xSU2), xU(1)y Electric

Charge
Y =5 (1,1,1) 1
s = P2 (1,1,0) 0 @
a= (@3 b2 (1,2,-1/2) 0,—1 @

Interacts with the standard model through:
Lpsu = (anH. pads + ALy pahs + Apsubihé

M
~My s + h.c.) = =% al? — Mg|ds|?

arXiv:2104.03691 16 ]L\J/Ir%lglré%/{




. . ONIVERSITAT
Three Fields with Dark Matter DRESDEN

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 @
a = (93, da) (1,2,-1/2) 0,—1 @

Interacts with the standard model through:
Lpsu = (anH. pads + ALy pahs + Apsubihé

M
~My s + h.c.) = =% al? — Mg|ds|?
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SRR
Three Fields with Dark Matter DRESDEN
Pair of New Fermions + Scalar

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

3.5
3.0 Now Ruled Out
2.5 -
Still Viable
2.0
’? -
1.5
1.0
0.5
0.0
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Pair of New Fermions + Scalar

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

3.9
. Now Ruled Out
2.5 . .
Still Viable
- 2.0
—
1'5 -
1.0 1
Exclusions:
Over Abundanti¢
0.0 Ma'A"4"4"47474"4"

Direct Detection
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Three Fields with Dark Matter

Pair of New Fermions + Scalar

ag = 246 GeV,

3.0 Now Ruled Out

Still Viable
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Three Fields with Dark Matter

Now Ruled Out

Pair of New Fermions + Scalar
Still Viable
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Three Fields with Dark Matter

Pair of New Fermions + Scalar
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Three Fields with Dark Matter

Pair of New Fermions + Scalar

Now Ruled Out

Still Viable

Exclusions
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Three Fields with Dark Matter

Pair of New Fermions + Scalar

ag = 246 GeV, ag = 246 GeV,
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Profile over Masses
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Three Fields with Dark Matter

Pair of New Fermions + Scalar
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Future Developments

Upcoming Experiments Measurements
Fermilab

Super Precision Magnetic Freld

(37, ~appm local precision)

Run-4 now completed. Runs-5 & 6 planned.  Upcoming.
Run-4 experimental precision: 0.14ppm Final experimental precision: 0.1ppm

N =9 MONASH
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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.

Outlook

Upcoming muon g-2 experiments are set to further increase the
precision, and if the measured value stays the same or increases, then
disagreement between the SM and experiment will increase.
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Thank you for Listening!
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