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★ Is it possible to build the Universe using the Standard Model as a tool?	
- no, but maybe it can tell us where to look for new tools

★ The era of “guaranteed discoveries” is over (top quark, electroweak breaking)  	
- new experiments designed to study rare decays or perform precision studies of various 
processes might point us in the right direction 

Introduction
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★ Flavor problem: patterns of masses of particles	
- quarks	

- leptons 

★ Flavor problem: pattern of fermion mixing 	
- why is the quark mixing matrix so different 
from the neutrino mixing matrix?

★ SM and BSM Flavor problem

★ Flavor problem: nature of neutrino mass?

vs

S. Cao, et al.

Fundamental physics with muons: flavor problem
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Fundamental physics with muons: flavor problem

26

★ Flavor problem: flavor-changing neutral currents (FCNC)	
- there is no term in the SM Lagrangian that leads to FCNC effects: quantum 
effects (one loop process)	
- quarks: massive quarks and non-zero mixing parameters automatically lead 
to FCNC processes: -mixing, etc. 	
- leptons: massive neutrinos and non-zero mixing parameters automatically 
lead to FCNC processes: , etc.

b → sγ, c → uℓℓ̄, B0 − B̄0

μ → eγ, μ → eee, μA → eA
★ Flavor problem: patterns of masses of particles and neutrino mass: new symmetry?	

- there could be a mechanism generating mass patterns (Froggatt-Nielsen, etc.)…	

- … or maybe not (a “just so” solution?)

A. Blechman, AAP, G.K. Yeghiyan
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Muons as tools to discover New Physics?

25

Can we study fundamental physics with muons?

★ Muon: first particle of the second generation discovered (1936) - 90 years ago! 

“Who ordered that?” I.I. Rabi
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Flavor violation and effective Lagrangians

24
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★ It is important to understand ALL relevant energy scales for the problem at hand

★ Modern approach to flavor physics calculations: effective field theories

New Physics generates lepton FCNC

heavy 
quarks 
decouple

μ− e−

u, d, c, s, b, t

u, d, s, c, b
g, γ

t

...

u, d

t, b, c

Scales associated with experiment

...

...

Scales associated with heavy SM 	
    particles (quarks, leptons)

Ex
pe

ri
m

en
t

μ−
μ−

μ−

μ−

e−
e−

e−
e−

g, γ

g, γ g, γ



Alexey A Petrov (USC) New Science and Applications at the SNS, 6/10/26

Flavor violation and effective Lagrangians
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★ Systematic approach: Standard Model Effective Field Theory (SMEFT)

- effective Lagrangian
<latexit sha1_base64="2ywdK4N4PdeyjBaDRnu/Y/8h6k0="></latexit>
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NP model involves fitting  
from experimental data and/or 
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Weak-scale Effective Theories: flavor conserving

<latexit sha1_base64="8EgZUdnjW9Bf7tc5I8V5u/aZKh0="></latexit>
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★ Effective Lagrangians parameterize New Physics without specifying a model	
- write out all terms consistent with symmetries and according to power counting	
- match to SMEFT/possible UV completions and compute experimental observables

- which for  (muon decay) leads toμ → eνν̄
<latexit sha1_base64="BICtcR3kCzZqLruIkfGVwtBGX+g="></latexit>
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- where  and  are the Michel parametersρ η
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Weak-scale Effective Theories: flavor violating

• Effective Lagrangians for , , and ΔLμ = 0 ΔLμ = 1 ΔLμ = 2

21
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AAP and D. Zhuridov
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Lepton flavor violation: experiment

★ Possible experimental searches for 	

-  lepton-flavor violating processes 
-µ → eγ, τ →eγ, etc. 
- µ → eee, τ → µee, etc. 
- µ+e- → e-µ+  (muonium oscillations) 
- Z0 → µe, τe, etc. 
- H → µe, τe, etc. 
- K0 (B0, D0, ...) → µe, τe, etc.  
- µ- + (A, Z) → e- + (A, Z) 

- lepton number and lepton-flavor violating 
processes 
- (A, Z) → (A, Z±2) + e∓e∓ 
- µ- + (A, Z) → e+ + (A, Z-2)

★ Decays are highly suppressed in the Standard Model: Br(µ! e�) =
3↵

32⇡

�����
X

i
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µiUei
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★ But: no trivial FCNC vertices in the Standard Model: sensitive tests of New Physics!

★ Leptons can help solve the most fundamental problems in particle physics! Flavor?

Charged Lepton Flavor Violation (CLFV)
B. Echenard, AAP	
arXiv:2602.12442
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Flavor violation and effective Lagrangians
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★ Radiative FCNC decays of leptons 	
- the most general amplitude is

ℓ1 → ℓ2 + γ

- which leads to the decay rate

with

Other interesting modes that probe similar couplings: , , and others ℓ1 → ℓ2γγ ℓ1 → 3ℓ2

Teixeira; Feruglio, 
Paradisi, Pattori
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ORNL advantage: bound states: muonium

• Muonium: a bound state of  and 	
–  bound state is true muonium	

• Muonium lifetime 	

– main decay mode: 	

– annihilation: 	

• Muonium’s been around since 1960's	
– used in chemistry	
– QED bound state physics, etc.	
– New Physics searches: decays, oscillations

μ+ e−

(μ+μ−)

τMμ
= 2.2 μs

Mμ → e+e−ν̄μνe

Mμ → ν̄μνe

Spin-0 (singlet)	
paramuonium

Spin-1 (triplet)	
orthomuonium

Hughes (1960)

(symm)

(anti-symm)

The masses of singlet and triplet are almost the same!

18
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• Muon decay :	

• Muonium decay :	

• Note: different combination of Wilson coefficients!

μ → 3e

MV
μ → e+e−

R. Conlin, J. Osborne, AAP

17

Why study decays of muonium?
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Muonium oscillations: just like  mixing, but simpler!K0K̄0

★ Lepton-flavor violating interactions can change Mμ → Mμ

• Such transition amplitudes are tiny in the Standard Model	
– … but there are plenty of New Physics models where it can happen	

– theory: compute transition amplitudes for ALL New Physics models!	

– experiment: produce  but look for the decay products of Mμ Mμ

Pontecorvo (1957) 
Feinberg, Weinberg (1961)

∼ (μ̄Γe) (μ̄Γe)

effective operator

16

Clark, Love; Cvetic et al,  
Li, Schmidt; Endo, Iguro, Kitahara; 
Fukuyama, Mimura, Uesaka; …
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Combined evolution = flavor oscillations

• If there is an interaction that couples  and  (both SM or NP)	
– combined time evolution: non-diagonal Hamiltonian! 	

– diagonalization: new mass eigenstates:  	

– new mass eigenstates:  mass and lifetime differences

Mμ Mμ

}
These mass and width difference are observable quantities

(small)

15
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Combined evolution = flavor oscillations

• Study oscillations via decays: amplitudes for  and  	

– possibility of flavor oscillations (  )	

– time-dependent width:	

– oscillation probability: 

Mμ → f Mμ → f
Mμ → Mμ → f

with

14
R. Conlin and AAP
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Oscillation parameters: introduction

• Mixing parameters are related to off-diagonal matrix elements	
– heavy and light intermediate degrees of freedom	

– each term has contributions from different effective Lagrangians	

– … all of which have a form                                           with  Λ ∼ 𝒪(TeV )

Local at scale : only 
lepton number change 

μ = Mμ Δm
ΔLμ = 2

Bi-local at scale : both  and 
lepton number changes:  
                            or 

μ = Mμ Δm ΔΓ
(ΔLμ = 1)2

(ΔLμ = 0)(ΔLμ = 2)

Mass difference = real (dispersive) part; width difference: imaginary (absorptive) part

13
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Oscillation parameters: mass difference

• Mass difference comes from the dispersive part	

– consider only  Lagrangian contributions (largest?)	

– leading order: all heavy New Physics models are encoded in (the Wilson 
coefficients of) the five dimension-6 operators	

– need to compute matrix elements for both singlet and triplet states

ΔLμ = 2

12
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Mass difference: results

• Spin-singlet muonium state:	
– matrix elements:	

• Spin-triplet muonium state:	
– matrix elements

Experimental constraints on x result in experimental constraints on Wilson coefficients  
that encode all information about possible New Physics contributions 

CΔL=2
k

11

R. Conlin and AAP, Phys.Rev.D 102 (2020) 9, 095001
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Width difference and muonium decays

• Width difference comes from the absorptive part	
– light SM intermediate states ( )	

–  state gives parametrically largest contribution

e+e−, γγ, ν̄ν, etc .
ν̄ν

10

• Muonium two- and three-body decays 	
– two-body decays ( ) are dominated by New Physics	

– probe different combinations of SM EFT Wilson coefficients	

– e.g.  vs.  (also phase space enhancement)	

– can  (SM: ) be measured?

MV,P
μ → e+e−, γγ, etc

μ → 3e Mμ → e+e−

Mμ → invisible Mμ → νeν̄μ
Gninenko, Krasnikov, Matveev.  
Phys.Rev. D87 (2013) 015016

R. Conlin, J. Osborne, AAP

AAP, R. Conlin, C. Grant
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Oscillation parameters: width difference

• Width difference comes from the absorptive part	
– light SM intermediate states ( )	

–  state gives parametrically largest contribution

e+e−, γγ, ν̄ν, etc .
ν̄ν

Standard Model  contribution ΔLμ = 0New Physics  contributionΔLμ = 2

9
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Width difference: results

• Spin-singlet muonium state:	

• Spin-triplet muonium state:	

• Note: y has the same  suppression as the mass difference!1/Λ2

R. Conlin and AAP, Phys.Rev.D 102 (2020) 9, 095001

8
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Oscillations: experimental setup and constraints

• Similar experimental set ups for different 
experiments	
– example: MACS at PSI	

– idea: form  by scattering muon ( ) 
beam on SiO2 target	

• A couple of “little inconveniences”:	
➡ how to tell  apart from  ?	

–   decay: 	

–   decay: 	

– : fast  (~53 MeV), slow  (13.5 eV)	
➡ oscillations happen in magnetic field	

– … which selects  vs. 

Mμ μ+

f f
Mμ → f Mμ → e+e−ν̄μνe

Mμ → f Mμ → e+e−ν̄eνμ

f e− e+

Mμ Mμ

Muonium-Antimuonium 
Conversion Spectrometer (MACS)

The most recent experimental data comes from 1999! Time is ripe for an update!

L. Willmann, et al. PRL 82 (1999) 49

7
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Experimental results

• MACS: observed  muonium atoms after 4 months of running	
– magnetic field is taken into account (suppression factor)	

– no oscillations have been observed (yet!)

5.7 × 1010

L. Willmann, et al. PRL 82 (1999) 49

6
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Experimental constraints

• We can now put constraints on the Wilson coefficients of effective 
operators from experimental data (assume single operator dominance) 	
– presence of the magnetic field 	

– no separation of spin states: average	

– set Wilson coefficients to one, set constraints on the scale probed

5
R. Conlin and AAP, Phys.Rev.D 102 (2020) 9, 095001

Probing LHC scales in 	
a table-top setup!
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Other new muon sources? 

MACE experiment at EMuS (Chinese SNS) 
Jian Tang, talk at RPPM meeting (Snowmass 2021) 

4

(China)

Conceptual Design of the Muonium-to-Antimuonium Conversion Experiment (MACE) 
A.-Y. Bai, …, AAP, …, Nucl. Sci. Tech. 37 (2026) 4, 57
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New muon sources: CSNS 

• Experimental Muon Source (EMuS) at Chinese Spallation Neutron Source	
– CSNS proton driver can be used to produce muons 

– EMuS will produce up to , which will 
be transported to MACE

109 μ+/s

• Muonium states will be formed in laser-ablated silica aerogel target

J. Beare et al, Prog. Theor. Exp. Phys. 2020, 123C01

– the muonium emission rate of the 
aerogel target with holes is up to 36 
times higher than that of the silica 
powder target used in MACS
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Possible competition: MACE experiment
• Proposal: Muonium-to-Antimuonium Conversion Experiment (MACE) 	

– MACE uses the same kinematical tag as MACS	
–     decay: 	

–     decay:  	
– : fast (Michel)  of 52.8 MeV and slow (shell)  of 13.5 eV

Mμ → f Mμ → e+e−ν̄μνe

Mμ → f Mμ → e+e−ν̄eνμ

f e− e+

– Triple coincidence: The Michel electron is detected by the drift chamber. The 
atomic-shell positron is accelerated and transported to the MCP and annihilates 
into two photons. The photons are detected by the electromagnetic calorimeter.

A.-Y. Bai, …, AAP, …, 2410.18817 [hep-ex]
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Conclusions and things to take home

1

• There is no indication from high energy studies where the NP show up  	
– this makes indirect searches the most valuable source of information	

• Muonium is the simplest atom: atomic physics	
– level splitting (Lamb shift): probe NP w/out QCD complications	

• Muons are ideal tools to probe fundamental physics 	
– flavor-conserving quantities (g-2, EDM)	
– flavor-changing neutral current decays	
– flavor oscillations (muonium-antimuonium conversion)  	
– muon transitions already probe the LHC energy domain and can do better!	

• New experimental facilities are needed: ORNL?

MuSEUM experiment (J-PARC)

Prospects for precise predictions of  in the Standard Model 
G. Colangelo, et. al., arXiv:2203.15810 [hep-ph]

aμ

Conceptual Design of the Muonium-to-Antimuonium Conversion Experiment (MACE) 
A.-Y. Bai, …, AAP, …, 2410.18817 [hep-ex]
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Mass difference: matrix elements
• QED bound state: know leading order wave function!	

– spacial part is the same as in Hydrogen atom	

– can unambiguously compute decay constants and mixing MEs (QED)	

– in the non-relativistic limit all decay constants 	

– NR matrix elements: “vacuum insertion” = direct computation

fP = fV = fT = fM

(QED version of Van Royen-Weisskopf)

-1



Alexey A Petrov (USC) New Science and Applications at the SNS, 6/10/26

Effective Lagrangians and particular models

• Effective Lagrangian approach encompasses all models	
– lets look at an example of a model with a doubly charged Higgs  	
– this is common for the left-right models, etc.	

– integrate out  to get 	

– match to  to see that  and 

Δ−−

Δ−−

ℒΔL=2
eff MΔ = Λ

-2

Chang, Keung (89);  
Schwartz (89); 
Han, Tang, Zhang (21)

Is it better than/worse than/complimentary to ?μ → 3e
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Effective Lagrangians and lifetime difference

• Effective Lagrangians for , , and ΔLμ = 0 ΔLμ = 1 ΔLμ = 2

• : naively  from double  insertion! But not always…ΔΓ 𝒪(Λ−4) ΔLμ = 1
-3
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• A possibility of using muon beams at CMP facilities

- Muonium Antimuonium 
Conversion Experiment 
(MACE) EMuS at CSNS

Jian Tang, talk at RPPM meeting (Snowmass 2021) 

-4
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Remove proton radius issue from the problem: atomic physics with muonium?

★ They are also sensitive to QED radiative corrections	
★ Are there possible light New Physics particles that are 

responsible for this difference? 

★ Level splittings (e.g. Lamb shift) are sensitive to the 
charge radius of the proton

Barger et al, PRL 106 (2011) 153001

★ Proton’s radius from muonic hydrogen: possible New Physics?

Muons and recent experimental anomalies
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Experimental studies of rare processes: luminosity

-6

Herr and Muratori

★ Need a lot of muons: high luminosity experiments
–  Number of events/second

– … or another way
<latexit sha1_base64="dn0hdZHO70HwzjpcTizXW/CTJ/4="></latexit>
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`
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eRHIC                                               1033-1035

What if incident particles formed bound states with target particles? 
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Bound states: muon conversion

-7

p ⇠ r2`Z3

★ Basic idea for the muon conversion experiment	

★ take low energy muons (~ 30 MeV) and stop them in a 
target A(Z,A-Z): muons cascade to atomic 1s state	

★ Binding energy and orbit radius for muonic hydrogen-like 
state	

★ Radial wave function for hydrogen-like system:	
              overlap probability:	

Eb = �Z2me4

8n2
⇠ Z2m

n2

r =
n2

Z⇡me2
⇠ n2

Zm

µ- 

A

muonic atom is 200x stronger bound	
radius is 200x smaller

Rnl ⇠ r`Z3/2

Rµe =
� [µ� + (A, Z)! e� + (A, Z)]

� [µ� + (A, Z)! ⌫µ + (A, Z � 1)]

large overlap for an 
s-wave and high-Z 

nucleus

Measure to probe NP

µ- 

AAl
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Bound states: muon conversion

-8

• How effective is this approach compared to scattering? 	
– let’s compute effective luminosity	
– recall that 	

– in this “experiment” the probability density is given by the 1s wave function 	
– … and we need to take into account the fact that muon decays	
– Then luminosity = (density)(velocity)(flux of muons)(lifetime) 	

– For Al target (Z=13), flux of  muons/sec and secΦμ = 1010 τμ = 2 μ

<latexit sha1_base64="dn0hdZHO70HwzjpcTizXW/CTJ/4="></latexit>
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R. Ehrlich

Mu2e will see a signal if as few as one in 100 quadrillion muons transforms into an electron!
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negligible   95.56  MeV 10.08 MeV .0726 µs ~0.8-1.5 Au(79,~197) 

0.16 

0.45 

Prob decay 
>700 ns 

104.18 MeV 

104.97 MeV 

Conversion 
Electron Energy 

1.36 MeV .328 µs 1.7 Ti(22,~48) 

0.47 MeV .88 µs 1.0 Al(13,27) 

Atomic Bind. 
Energy(1s) 

Bound 
lifetime 

Rµe(Z) / 
Rµe(Al) 

Nucleus 

★ Examples of nuclei suitable for muon conversion experiments

★ The experiment is tricky

Czarnecki, Marciano, Tormo

J. Miller, 2006

✓ Muon conversion gives monoenergetic electrons...	
✓ ... yet, there are other sources of electrons 	

as well! 

   - decay (40%)ee µµ ν ν− −→ + +
   - capture (60%)XAl µµ ν− → ++

   - conversionAl e Alµ− −+ → +

SINDRUM II (PSI), 2006 : Rµe < 7⇥ 10�13

M2e goal : Rµe < a few⇥ 10�17
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★ Effective Lagrangians: let’s do a familiar example: Galleo and gravity

– the ball is described by a Lagrange function
<latexit sha1_base64="7R8UKXC/ZW99CoszYDAfY4cbEdk=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WoC0tSpLoRim5cuKhgH9DGMplOmqEzSZiZFErIb7jxV9y4UMSlrvwbp20W2vbAhcM593LvPW7EqFSW9WPkVlbX1jfym4Wt7Z3dPXP/oCnDWGDSwCELRdtFkjAakIaiipF2JAjiLiMtd3gz8VsjIiQNgwc1jojD0SCgHsVIaalnWnfwCnY9gXDCR4+VNKmk8Aw2S/7pMp0P/J5ZtMrWFHCR2Bkpggz1nvnV7Yc45iRQmCEpO7YVKSdBQlHMSFroxpJECA/RgHQ0DRAn0kmmn6XwRCt96IVCV6DgVP07kSAu5Zi7upMj5ct5byIu8zqx8i6dhAZRrEiAZ4u8mEEVwklMsE8FwYqNNUFYUH0rxD7ScSgdZkGHYM+/vEialbJdLVfvz4u16yyOPDgCx6AEbHABauAW1EEDYPAEXsAbeDeejVfjw/icteaMbOYQ/IPx/QttPZ4b</latexit>

L =
mv2

2
� V (h) =

mv2

2
�mgh with v = ∂h /∂t

– only potential difference is physical: symmetry 	
      equivalent statement:  does not depend on h

h → h + a
F = mg

But this is not true!

– moving the tower on top of Mount Everest we change free-
fall acceleration, as , in fact, g(R) = GM /R2

<latexit sha1_base64="2FmETlioONHDrFadNJr+qjqXHC0=">AAACGnicbVDLSgMxFM34rPVVdekmWIS6KTMi1Y1QdOOyFvuATil30sw0NJkZkoxQhn6HG3/FjQtF3Ikb/8Z0WkRbDwTOPedebu7xYs6Utu0va2l5ZXVtPbeR39za3tkt7O03VZRIQhsk4pFse6AoZyFtaKY5bceSgvA4bXnD64nfuqdSsSi806OYdgUEIfMZAW2kXsGpu74EkroxSM2Aj38Yro9xUKqf4EvsBiAE9IKs7hWKdtnOgBeJMyNFNEOtV/hw+xFJBA014aBUx7Fj3U0nWwin47ybKBoDGUJAO4aGIKjqptlpY3xslD72I2leqHGm/p5IQSg1Ep7pFKAHat6biP95nUT7F92UhXGiaUimi/yEYx3hSU64zyQlmo8MASKZ+SsmAzBRaZNm3oTgzJ+8SJqnZadSrtyeFatXszhy6BAdoRJy0DmqohtUQw1E0AN6Qi/o1Xq0nq03633aumTNZg7QH1if33YIn9Q=</latexit>

R
@

@R
g(R) = �gg(R) with γg = − 2

– can we make the approximation better?
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★ Newton’s classical gravity as an effective theory

– let’s assume that the tower height is always smaller than the Earth’s radius, i.e. h /R → 0
<latexit sha1_base64="C+ds8GyVEio8DvTh8zDMB1KhwYU="></latexit>

V (h) = C1(R)m

✓
h

R

◆
+ C2(R)m

✓
h

R

◆2

+ ...

– we introduced power counting: each term in (h/R) is smaller than the previous one, we 
can fit the observables to experiment to determine  and C1 C2

Or we can do better: match to the full theory:
<latexit sha1_base64="F9tVq9xtCCteRQTtd28Cr8BZqHM=">AAACEXicbVDLSgMxFM3UV62vUZdugkWoCGVGpLoRii50I1SxD2iHkkkzndAkMyQZoQzzC278FTcuFHHrzp1/Y/pYaOuBC4dz7uXee/yYUaUd59vKLSwuLa/kVwtr6xubW/b2TkNFicSkjiMWyZaPFGFUkLqmmpFWLAniPiNNf3A58psPRCoaiXs9jInHUV/QgGKkjdS1S41SeAjP4RXsBBLh9IZnqcxmhLujMOvaRafsjAHniTslRTBFrWt/dXoRTjgRGjOkVNt1Yu2lSGqKGckKnUSRGOEB6pO2oQJxorx0/FEGD4zSg0EkTQkNx+rviRRxpYbcN50c6VDNeiPxP6+d6ODMS6mIE00EniwKEgZ1BEfxwB6VBGs2NARhSc2tEIfIBKFNiAUTgjv78jxpHJfdSrlye1KsXkzjyIM9sA9KwAWnoAquQQ3UAQaP4Bm8gjfryXqx3q2PSWvOms7sgj+wPn8AqEKbuA==</latexit>

V (h) = G
Mm

r
= G

Mm

R+ h
no manifest symmetry h → h + a

– expand in  and matchh /R → 0
<latexit sha1_base64="2bDGCGP7xH97OXk9nGuCAZ9TIL0="></latexit>

V (h) = G
M

R
m

✓
h

R

◆
�G

M

R
m

✓
h

R

◆2

+ ...

= mgh� mg

R
h2 + ...

★ Effective theory approach: consistent order-by-order improvement 
– relevant variables (h), power counting ( ), matching to full theory or expimental datah /R → 0
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★ How does this program work in Quantum Field Theory?
– introduce the notion of field dimension; in scalar QFT (natural units: )ℏ = c = 1

action is 
dimensionless mass-dimension 

d=-4, as [x]=-1
must be mass 
dimension d=4

– since the mass dimension of a derivative is , we must conclude that [∂] = + 1 [ϕ] = + 1

– example: Fermi interaction (weak force)

<latexit sha1_base64="0I0EJ2lqriiMAQHfYTzr+uZY/T0="></latexit>

S =

Z
d4x L =

1

2

Z
d4x

�
@µ�@µ��m2�2

�

<latexit sha1_base64="mTh1y8/Izz1xAa6p+0kAE/enmf0="></latexit>

LF = �4GFp
2

(µ̄L�↵⌫µL) (⌫̄eL�↵eL) = �1

2

g2

M2
W

(µ̄L�↵⌫µL) (⌫̄eL�↵eL)
<latexit sha1_base64="y9q0VRokLr0WRLzKZoMIrW5Sr6U=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaSW6kYounHhooJ9QBPCZDpph04mYWYilJAvcOOvuHGhiFvX7vwbJ20W2nrgwuGce7n3Hj9mVCrL+jZWVtfWNzZLW+Xtnd29ffPgsCujRGDSwRGLRN9HkjDKSUdRxUg/FgSFPiM9f3Kd+70HIiSN+L2axsQN0YjTgGKktOSZ1aGXOhgxeJvBS9iAjqIhkdAJBMLpWZbWc7npmRWrZs0Al4ldkAoo0PbML2cY4SQkXGGGpBzYVqzcFAlFMSNZ2UkkiRGeoBEZaMqRXuqms3cyWNXKEAaR0MUVnKm/J1IUSjkNfd0ZIjWWi14u/ucNEhVcuCnlcaIIx/NFQcKgimCeDRxSQbBiU00QFlTfCvEY6SSUTrCsQ7AXX14m3XrNbtaad41K66qIowSOwQk4BTY4By1wA9qgAzB4BM/gFbwZT8aL8W58zFtXjGLmCPyB8fkDKJiaSg==</latexit>

dL = 4⇥ 3

2
= 6


