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Summary

1. Muon g-2 anomaly: If confirmed, what does that mean?
2. A muon collider is in unique position: It collides the particles of the anomaly!

3. We analyze the space of models that can solve the g-2 anomaly, and we
identify the nightmare scenarios i.e. models that maximize the BSM mass

scale If a muon collider can find these, you can find any scenario!
4. This tells us what kind of collider do we need to guarantee a discovery!

5. We found models with new singlets and models with new EW states.

6. A ~ TeV muon collider can probe all singlet models and a ~10 TeV muon

collider can probe the EW models.
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1. Muon g-2
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1. Muon g-2

LIFE OF A MUON:
THE g-2 EXPERIMENT

Muons are
tiny magnets
spinning on
axis like tops.

Pions decay
to muons.

Protons
from AGS.

Pions, weighing
1/6 proton,
are created.

One of 24 detectors
see an electron, giving
the muon spin direction;
g-2 is this angle, divided
by the magnetic field the
muon is traveling through
in the ring.
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Experiment

Muons are fed
into a uniform,
doughnut-shaped
magnetic field

and travel in a circle. After each circle,

muon's spin axis
changes by 12°,
yet it keeps on traveling

After circling the ring

many times, muons
spontaneously decay to
electron, (plus neutrinos,)

in the direction of the muon spin.
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1. Muon g-2

M. Tanabashi et al. (Particle Data Group),
Phys. Rev. D 98, 030001 (2019)

a 3PP =116 584718.92(0.03) x 10~

a; " =153.6(1.0) x 107!

Aoyama et al, Phys.Rev.Lett. 109 (2012) 111808
Aoyama et al, Phys.Rev. D85 (2012) 033007

7

Davier et al., Eur.Phys.J. C71(2011) 1515

Aoyama et al, Phys.Rev. D85 (2012) 093013

HP QCD collaboration, PoS LATTICE2016 (2016) 377

RBC &UKQCD collaboration, EPJ Web Conf. 175 (2018) 01024

Rodolfo Capdevilla, Perimeter Institute and University of Toronto



1. Muon g-2

M. Tanabashi et al. (Particle Data Group),
Phys. Rev. D 98, 030001 (2018) and 2019 update

From data a,; 4 [LO] = 6939(39)(7) x 10~ H
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1. Muon g-2

Comparison of SM
& BNL Measurement
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2. Nightmare Scenarios

Theory
1T, Left-Right
operator
Ingredients:
AVAVAVR)
- Chirality flip
- EWSB insertion
HR
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e
L= S22 (Eroapis)F* +h.c.
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2. Nightmare Scenarios

S/V
e Singlet Models 7 N
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operator ~y m
Ingredients: ACL X v’
VT - Chirality flip Suppressed chirality flip H A2
- EWSB insertion and EWSB insertion
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2. Nightmare Scenarios

S/V
e Singlet Models AN
v
< ® > ‘l 3. \l >
Iy Left-Right HL p H
operator ~y m2
Ingredients: ACL X v’
A - Chirality flip Suppressed chirality flip H A2
- EWSB insertion and EWSB insertion
HR
em,C,  _
L= 87751\5 (Eroapis)F* +h.c.
- ] Enhanced
| m2 e High-Scale EW Models  mr chirality fiip
_ H
Aa,, = 53 A Re(C,)
> R >--
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Enhanced EWSB
13 insertion



2. Nightmare Scenarios: Singlet Models

Perturbative Unitarity
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2. Nightmare Scenarios: Electroweak Models
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2. Nightmare Scenarios: Electroweak Models

If only perturbative
unitarity

Heaviest states at

~ 100 TeV

Heaviest states from
nightmare scenario!

Maximal couplings at the
perturbativity limit
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2. Nightmare Scenarios: Electroweak Models

Consider extra ingredients: v

» Couplings (O(1) Mpgprr ~ 301eV

e Minimal Flavor Violation (Y1) iLFCCI)Z (y2)il; F®p

~ Mpsyr < 101eV

e Fine tuning in both, Higgs and muon mass!

17 Rodolfo Capdevilla, Perimeter Institute and University of Toronto



2. Nightmare Scenarios: Electroweak Models

Consider extra ingredients: v
7N (I)B 9
,’ ‘\ A 2 N aY Cl
H--X 7 HE 2 ~loop
v 16
D 4 N

4 mrk
H o < Qi) Ay ~ y]. y2 F CIOO
W B 16m2 M2 P
(I)A ~N—— //LL A/B
Muon mass
* Fine tuning in both, Higgs and muon mass! technically
unnatural !!!
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2. Nightmare Scenarios: Electroweak Models

4
[ 4 Mass (TeV) and charge oy Mass (TeV) and charge
s0b T of lightest BSM state . N of lightest BSM state
.“ (RF,RA,RB) = (1-h2"2.10) \—Ji:\\‘\\ (RF’RA’RB) = (1 —2’23'2'11)
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Neutral lightest states: ~ 15 TeV Charged lightest states: ~ 25 TeV

Worse case scenario if F..;;] < Mpgm + Look for indirect signatures from EFT ()

NOTE: (other gauge charge choices for BSM states do not give heavier masses)
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3. Muon Collider

e Singlet Models

~ 1 TeV Muon Collider

Perturbative

21

Fixed-target Unitarity
experiments Worse Case (* Violation
< | | | »
~ 1GeV 100 GeV ~ 3'1eV Mpswm
(< 10ab™h)
e High-Scale EW Models
- - Large couplings
10 TeV Muon Collider - Flavor
LHC - “Empirica/” Fine tuning
(Higgs and muon mass)
< I I >
! Reasonable assumptions ! M
~ 1TeV yBsMm ~ 1 ~ 10TeV BSM
Npsm < 10 (< 100ab™h)
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3. Muon Collider
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3. Muon Collider

e Singlet Models | Worse Case () Need to fill in this gap!
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3. Muon Collider

e Singlet Models

Worse Case (*)
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3. Muon Collider

Singlet Models

Worse Case (*)

gamma+ME
or
gamma+Dimuons
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Summary Conclusions

1. Muon g-2 anomaly: | If confirmed, what does that mean?
2. /A muon collider is in unique position:|It collides the particles of the anomaly!

3. We analyze the space of models that can solve the g-2 anomaly, and we
identify the nightmare scenarios i.e. models that maximize the BSM mass

scale If you can find these, you can find any solution!
4. This tells us what kind of collider do we need to|guarantee a discovery!

5. We found models with new singlets and models with new EW states.

6. A ~ TeV muon collider can probe all singlet models and a ~10 TeV muon

collider can probe the EW models.



Thanks!
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