
 and CLFV(g − 2)μ

Wouter Dekens, INT 

In collaboration with 
J. Aebischer, V. Cirigliano, J. de Vries, K. Fuyuto, 

E. Jenkins, A. Manohar,E. Mereghetti,  
R. Ruiz, D. Sengupta, P. Stoffer 
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Muon g-2

aμ =
gμ − 2

2
= FM(0) =

∼

∼ ⃗μ ⋅ ⃗B
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∼

Schwinger term
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Leading term
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In the SM 
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In the SM 

Muon g-2

aμ =
gμ − 2

2
= FM(0) =

∼

Schwinger term Hadronic vacuum

Polarization Hadronic light by light

+…

Leading term Largest uncertainties

}∼ ⃗μ ⋅ ⃗B
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Muon g-2

∼

[Dispersive]

g-2  white paper, 2006.04822 Muon g-2 collaboration, ‘21

∼ ⃗μ ⋅ ⃗B

• Dispersive approach 
•  tension with SM ∼ 4σ

Δαhad



W. Dekens, Snowmass,  07/24

Muon g-2

Standard Model

[Lattice BMW ‘20][Dispersive]

∼

g-2  white paper, 2006.04822 Muon g-2 collaboration, ‘21

∼ ⃗μ ⋅ ⃗B

• Dispersive approach 
•  tension with SM 

• Lattice determination 
• Tension with EWPO, ? 

∼ 4σ

Δαhad

Crivellin, Hoferichter, Manzari, Montull, ‘20
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Muon g-2

∼

• Dispersive approach 
•  tension with SM 

• Lattice determination 
• Tension with EWPO, ? 

∼ 4σ

Δαhad

Crivellin, Hoferichter, Manzari, Montull, ‘20

Standard Model

[Lattice BMW ‘20][Dispersive]

g-2  white paper, 2006.04822 Muon g-2 collaboration, ‘21

∼ ⃗μ ⋅ ⃗B

Points to/stringently constrains BSM physics 
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g-2 and CLFV

∼μ μ
BSM

(g − 2)μ
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g-2 and CLFV

∼
Two-Higgs doublet? 

Leptoquarks?
μ μ

BSM New neutrinos/leptons?

(g − 2)μ
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g-2 and CLFV

∼
Two-Higgs doublet? 

Leptoquarks?
+

SUSY?

GUTs?


Left-right model?

Vector-like leptons?


Dark Z’s?

DM?

…..

μ μ
BSM New neutrinos/leptons?

(g − 2)μ
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g-2 and CLFV

∼
Two-Higgs doublet? 

Leptoquarks?
+

SUSY?

GUTs?


Left-right model?

Vector-like leptons?


Dark Z’s?

DM?

…..

μ μ
BSM New neutrinos/leptons?

(g − 2)μ

MANY possible models  
Describe them in an EFT framework 



Effective Field Theory 

 Assumptions 

• No new light degrees of freedom (apart from ) 

• Assume high BSM scale, mEW<<mBSM 

• SM gauge group SU(3)xSU(2)xU(1) is linearly realized 
(elementary scalar SU(2) doublet) 

νR

‘Fundamental’ theory

Effective theory 

BSM particle

Energy

mBSM

mEW

ℒEFT = ℒSM + ∑
i

ci

Λ2
Od=6

i

W. Dekens, Snowmass,  07/24

ℒUV = ??
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Dimension five operators 
• One term, generates Majorana neutrino masses

g

MT
(L̄c�̃⇤)(�̃†L)

Weinberg ’79; 

The SM Effective Field Theory 
Describing BSM physics

ν
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Dimension five operators 
• One term, generates Majorana neutrino masses

g

MT
(L̄c�̃⇤)(�̃†L)

Weinberg ’79;  Buchmuller & Wyler ’86, Grzadkowski et al 2010;

The SM Effective Field Theory 
Describing BSM physics

ν

• 59 of them involving only SM fields 

Dimension-six operators
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• When including : 
• Kinetic/mass terms 

 

 

νR

ℒνR
= ν̄R [i∂/ − mνR] νR − l̄YνHνR

νR

Dimension five operators 
• One term, generates Majorana neutrino masses

g

MT
(L̄c�̃⇤)(�̃†L)

Weinberg ’79;  Buchmuller & Wyler ’86, Grzadkowski et al 2010; Liao, Ma, ’16;

The SM Effective Field Theory 
Describing BSM physics

ν

• 59 of them involving only SM fields 

Dimension-six operators
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• When including : 
• Kinetic/mass terms 

 

 

• 29 dim-6 operators when including  

νR

ℒνR
= ν̄R [i∂/ − mνR] νR − l̄YνHνR

νR

Dimension five operators 
• One term, generates Majorana neutrino masses

g

MT
(L̄c�̃⇤)(�̃†L)

Weinberg ’79;  Buchmuller & Wyler ’86, Grzadkowski et al 2010; Liao, Ma, ’16;

The SM Effective Field Theory 
Describing BSM physics

ν

• 59 of them involving only SM fields 

Dimension-six operators
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SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Laice QCD input

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Outline LQs, 2HDMs, SUSY, GUTs, Left-right 
model, Vector-like leptons, Dark Z’s, 

DM?

Construct nucleon 
Potenlal



W. Dekens, St. Louis, 02/06/2020

SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Laice QCD input

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Outline LQs, 2HDMs, SUSY, GUTs, Left-right 
model, Vector-like leptons, Dark Z’s, 

DM?

μ → eee

 conversionμ → e

(g − 2)μ μ → eγ

Construct nucleon 
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SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Laice QCD input

Construct nucleon 
Potenlal

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Outline LQs, 2HDMs, SUSY, GUTs, Left-right 
model, Vector-like leptons, Dark Z’s, 

DM?

(g − 2)μ μ → eγ
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100 GeV Integrate out  
heavy SM fields

From  to : tree levelΛ mμ

W, B

l l
H

CeB,eW

mμ
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mμ

From  to : tree levelΛ mμ

γ

l l

100 GeV

W, B

l l
H

CeB,eW
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mμ

γ

l l

100 GeV

l

q = u, c

From  to : tree levelΛ mμ
C(1,3)

lequ

W, B

l l
H

ll

qq

CeB,eW
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mμ

γ

l l

100 GeV

l

q = u, c

From  to : tree levelΛ mμ
C(1,3)

lequ

W, B

l l
H

ll

qq

CeB,eW

ll

ll

Cle

l

l = e , μ , τ
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mμ

From  to : loopsΛ mμ

γ

l l

t

100 GeV

l

q = u, c

C(1,3)
lequ

W, B

l l
H

ll

qq

CeB,eW

ll

ll

Cle

l

l = e , μ , τ
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mμ

vR

γ

l l

t

100 GeV

l

q = u, c

From  to : loopsΛ mμ
C(1,3)

lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

ll

ll

Cle

l

l = e , μ , τ

H H

Z, W

ll, νR
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mμ

vR

γ

l l

t

100 GeV

l

q = u, c

From  to : loopsΛ mμ
C(1,3)

lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

ll

ll

CleCHB,HW,HWB

H H

l

l = e , μ , τ

H H

Z, W

ll, νR
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100 GeV

From  to : observablesΛ mμ

l l′ 

BSM

l l′ 

γ
u, c

l l′ 

=
e, μ, τ

l′ l

C(1,3)
lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

ll

ll

CleCHB,HW,HWB

H HH H

Z, W

ll, νR

ℓ → ℓ′ γ

Crivellin, Davidson, Pruna, Signer, ’16, ’17; 
Cirigliano, et al. ‘09
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100 GeV

From  to : observablesΛ mμ

l l′ 

BSM

l l′ 

γ
u, c

l l′ 

=
e, μ, τ

l′ l

C(1,3)
lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

ll

ll

CleCHB,HW,HWB

H HH H

Z, W

ll, νR

ℓ → ℓ′ γ

l l′ 

BSM

N N

l l′ 

γ
N N

=
ll

NN

μ → e

Crivellin, Davidson, Pruna, Signer, ’16, ’17; 
Cirigliano, et al. ‘09
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100 GeV

From  to : Λ mμ g − 2

μ μ
BSM

μ μ

γ
u, c

μ μ
=

e, μ, τ

μμ

C(1,3)
lequ

W, B

l l
H H H

Z, W

ll, νRll

qq

CHνe,Hl,HeCeB,eW

ll

ll

CleCHB,HW,HWB

H H
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100 GeV

From  to : Λ mμ g − 2

μ μ
BSM

μ μ

γ
u, c

μ μ
=

e, μ, τ

μμ

C(1,3)
lequ

W, B

l l
H H H

Z, W

ll, νRll

qq

CHνe,Hl,HeCeB,eW

ll

ll

CleCHB,HW,HWB

H H

• Lots of contributions! 

• Most not large enough to explain 
 for TeVΔaμ ∼ 10−9 ∼ 2aEW

μ Λ >
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100 GeV

From  to : Λ mμ g − 2

μ μ
BSM

μ μ

γ
c

μ μ
=

−2.1 × 10−9
mνR

mW
C̃Hνe

C(3)
lequ

W, B

l l
H H H

W

lνRll

qq

CHνCeB,eW

arXiv:2105.11462; 2102.08954
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100 GeV

From  to : Λ mμ g − 2

μ μ
BSM

μ μ

γ
c

μ μ
=

−2.1 × 10−9
mνR

mW
C̃Hνe

• Only a few operators survive 

C(3)
lequ

W, B

l l
H H H

W

lνRll

qq

CHνCeB,eW

arXiv:2105.11462; 2102.08954
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100 GeV

From  to : Λ mμ g − 2

μ μ
BSM

μ μ

γ
c

μ μ
=

−2.1 × 10−9
mνR

mW
C̃Hνe

• Only a few operators survive 

• Need chiral enhanced contributions

C(3)
lequ

W, B

l l
H H H

W

lνRll

qq

CHνCeB,eW

vR

t

∼
mc,t

mμ
,

mνR

mμ

∼ mνR
∼ mt

arXiv:2105.11462; 2102.08954
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Connection to CLFV?

μ μ
BSM

=
W, B

μ

H

μ
H H

W

μνR

ttW, B

H
μ μ

cc

1E-10

1E-08

1E-06

1E-04

1E-02

1E+00

g-2  

Λ 
(TeV)

2.5

25

0.25

250

2500

μ μ μ μ

μ → eγ

CeB,eW ∼ yμ/Λ2

Ci ∼ 1/Λ2

• Assuming 
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Connection to CLFV?

μ e
BSM

=

1E-10

1E-08

1E-06

1E-04

1E-02

1E+00

g-2  

Λ 
(TeV)

2.5

25

0.25

250

2500

W, B

μ

H

e
H H

W

μ, eνR

ttW, B

H
μ e

cc

μ e μ e

μ → eγ

•  requires  
• CLFV requires  

g − 2 Λ ∼ TeV
Λ > 100TeV

Le,μ,τ

g − 2
(g − 2)e

Large hierarchy between  
similar interactions

CeB,eW ∼ yμ/Λ2

Ci ∼ 1/Λ2

• Assuming 
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Connection to CLFV?

μ e
BSM

=

1E-10

1E-08

1E-06

1E-04

1E-02

1E+00

g-2  

Λ 
(TeV)

2.5

25

0.25

250

2500

W, B

μ

H

e
H H

W

μ, eνR

ttW, B

H
μ e

cc

μ e μ e

μ → eγ

•  requires  
• CLFV requires  

• independent parameters in the EFT 
• Connect by symmetries? Hierarchy not easily explained, unless assuming   

g − 2 Λ ∼ TeV
Λ > 100TeV

Le,μ,τ

g − 2
(g − 2)e

Large hierarchy between  
similar interactions

E.g.; Isidori, Pages, Wilsch, ‘22

CeB,eW ∼ yμ/Λ2

Ci ∼ 1/Λ2

• Assuming 
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Connection to CLFV?

μ e
BSM

=

•  requires  
• CLFV requires  

• independent parameters in the EFT 
• Connect by symmetries? Hierarchy not easily explained, unless assuming   

•  & CLFV can be related by other flavor dependent observations 
• neutrino masses, LFU  in B anomalies, 

g − 2 Λ ∼ TeV
Λ > 100TeV

Le,μ,τ

g − 2
(g − 2)e

1E-10

1E-08

1E-06

1E-04

1E-02

1E+00

g-2  

Λ 
(TeV)

2.5

25

0.25

250

2500

W, B

μ

H

e
H H

W

μ, eνR

ttW, B

H
μ e

cc

μ e μ e

μ → eγ

Large hierarchy between  
similar interactions

E.g.; Isidori, Pages, Wilsch, ‘22

CeB,eW ∼ yμ/Λ2

Ci ∼ 1/Λ2

• Assuming 
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• Not only  disagrees with the SM: (g − 2)μ

 & (g − 2)μ (g − 2)e
Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α
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• Both  induced by EFT operator with 1  (g − 2)e,μ νR

 & (g − 2)μ (g − 2)e

vR

Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α• Not only  disagrees with the SM: (g − 2)μ

Induced by:  
Left-right model 
Vector-Like Leptons
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• Both  induced by EFT operator with 1  (g − 2)e,μ νR

 & (g − 2)μ (g − 2)e

vR

U�4=0.01

�a�

h�
��

h�
��

(H
L-
LH
C
)

pp���4 +X (HL-LHC)pp���4+X

m4>�

200 400 600 800 1000

500

1000

1500

2000

2500

3000

m4 (GeV)

�
(G
eV

)

Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α

CHνe
νμ

Can explain Δaμ

• Not only  disagrees with the SM: (g − 2)μ

Induced by:  
Left-right model 
Vector-Like Leptons

arXiv:2102.08954
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• Both  induced by EFT operator with 1  (g − 2)e,μ νR

 & (g − 2)μ (g − 2)e

vR

U�4=0.01

�a�
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Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α

CHνe
νe

CHνe
νμ

Can explain Δaμ OR Δae

• Not only  disagrees with the SM: (g − 2)μ

Induced by:  
Left-right model 
Vector-Like Leptons

arXiv:2102.08954
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• Both  induced by EFT operator with 1  (g − 2)e,μ νR

 & (g − 2)μ (g − 2)e

vR
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Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α

CHνe
νe

CHνe
νμ

Can explain Δaμ OR Δae

Turning on both predicts: 
Br(μ → eγ) ≃ 1.4 ⋅ 10−4 > > 4.2 ⋅ 10−13

• Not only  disagrees with the SM: (g − 2)μ

Induced by:  
Left-right model 
Vector-Like Leptons

arXiv:2102.08954
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• Often happens when explaining  with a single heavy particle: 

• e.g. true for Leptoquarks models as well 

Δae,μ

 & (g − 2)μ (g − 2)e
Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α• Not only  disagrees with the SM: (g − 2)μ

∼ mt
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• Often happens when explaining  with a single heavy particle: 

• e.g. true for Leptoquarks models as well 

Δae,μ

 & (g − 2)μ (g − 2)e
Depends on  determination 

Parker et al. ’18 
Morel et al. ‘20

α• Not only  disagrees with the SM: (g − 2)μ

∼ mt

• Can be fixed by introducing more fields & couplings 

• Requires significant cancellations 

∑
N

UeNmN [CHνe]Ne
∼ ∑

N

UμNmN [CHνe]Nμ
≫ ∑

N

UeNmN [CHνe]Nμ
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• Contributes to , CLFV (g − 2)μ

• Model of a single leptoquark

 & B anomalies (g − 2)μ R(D(*))
Bigaran,Felk,Hagedorn,Schmidt, ‘22
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• Contributes to , CLFV (g − 2)μ • Contributes to 

 discrepancy2 − 3σ

• Model of a single leptoquark

R(D(*)) =
Γ(B → D(*)τν)
Γ(B → D(*)ℓν)

 & B anomalies (g − 2)μ R(D(*))
Bigaran,Felk,Hagedorn,Schmidt, ‘22
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• Contributes to , CLFV (g − 2)μ • Contributes to 

 discrepancy2 − 3σ

• Model of a single leptoquark

 & B anomalies (g − 2)μ R(D(*))

R(D(*)) =
Γ(B → D(*)τν)
Γ(B → D(*)ℓν)

• Correlates  with CLFV (g − 2)μ

Bigaran,Felk,Hagedorn,Schmidt, ‘22
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• EFTs are useful to organize contributions to 

•

• CLFV: 

(g − 2)μ

ℓ → ℓ′ γ, μ → e, μ → eee,

Summary 

vR

γ

l l

t

l

q = u , c

C(1,3)
lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

l

ll

CleCHB,HW,HWB

H H

l

l = e , μ , τ

H H

Z , W

ll , νR
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• EFTs are useful to organize contributions to 

•

• CLFV: 

(g − 2)μ

ℓ → ℓ′ γ, μ → e, μ → eee,

• The current value of  would prefer 

• CLFV gives rise to stringent limits, 

• Requires a significant hierarchy

Δaμ Λ ∼ (1 − 10)TeV

Λ ≳ 100 TeV

Summary 

vR

γ

l l

t

l

q = u , c

C(1,3)
lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

l

ll

CleCHB,HW,HWB

H H

l

l = e , μ , τ

H H

Z , W

ll , νR
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H
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μ e μ e

μ → eγ
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• Other flavor dependent observables can correlate  & CLFV

• Sensitive probe of models explaining multiple anomalies 

(g − 2)μ

• EFTs are useful to organize contributions to 

•

• CLFV: 

(g − 2)μ

ℓ → ℓ′ γ, μ → e, μ → eee,

• The current value of  would prefer 

• CLFV gives rise to stringent limits, 

• Requires a significant hierarchy

Δaμ Λ ∼ (1 − 10)TeV

Λ ≳ 100 TeV

Summary 

vR

γ

l l

t

l

q = u , c

C(1,3)
lequ

W, B

l l
H

ll

qq

CHνe,Hl,HeCeB,eW

l

ll

CleCHB,HW,HWB

H H

l
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