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Motivation
s-channel mediated 
dark matter models 

bottom-up (EFT):  with quark-universal couplings   production at LHCZ′￼ → Z′￼

top-down (UV):  emerging from gauged Z′￼ U(1)B

limits on  bosonZ′￼

searches for low-energy dijet 
resonances 

phenomenology of scalar sector
Dobrescu, Yu ’21 Dobrescu, Yu, LA ’25

Dobrescu, 
Frugiuele ’12

3

DMSM Z′￼

scalar sector as a generic feature
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Gauged  Standard Model ExtensionU(1)B

4

new boson Z′￼

new scalar Φ

new set of fermions needed for consistency

gauged

spontaneously 
brokenanomalons

new anomalies Duerr, Perez, Wise ’13
Perez, Wise ’10 

Extend SM gauge group        SU(3)C × SU(2)L × U(1)Y × U(1)B

SU(2)L

SU(2)L

U(1)B

U(1)Y

U(1)Y

U(1)B&

triangle diagrams

long-range force
baryogenesis
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Anomalon and Scalar Charges
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an
om

al
on

s
• two SU(2) doublets 

    LL,R = (νL,R
eL,R)

SU(3)C SU(2)L U(1)Y U(1)B

NL

LR
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NR
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Φ 0 1 0 3scalar

anomalons assumed to have no color charge

Duerr, Perez, Wise ’13
Dobrescu, Frugiuele ’14

• four SU(2) singlets 
    EL, ER, NL, NR
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Gauged  and Scalar SectorU(1)B
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ℒ ⊃ −
1
4

Z′￼μν Z′￼
μν + DμΦ

2
− μ2

Φ |Φ |2 − λΦ |Φ |4

spontaneous 
symmetry breaking

μ2
Φ < 0Φ = (ϕ + v′￼)/ 2

v′￼
2 = |μΦ |2 /λΦ

ℒ ⊃ −
1
4

Z′￼μν Z′￼
μν +

1
2

∂μϕ ∂μϕ +
m2

Z′￼

2
Z′￼μ Z′￼

μ + ⋯

Goldstone mode eaten 
by  to acquire mass


Physical mode as new 
dynamical degree of 

freedom

 new real scalar 

Z′￼

→ ϕ

Dμ = ∂μ − 3i
gB

2
Z′￼μ

 extensionU(1)B Covariant Derivative
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Anomalon Yukawa Couplings
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ℒ ⊃ − yL L̄L Φ⋆ LR − yE ĒL Φ ER − yN N̄L Φ⋆ NR + h . c .

• non-diagonal Yukawa structure

‣  couples  to  (and  to )

‣  couples lower-component of  to 


• scalar and pseudo-scalar Yukawa couplings

• two contributions to anomalon mass

• anomalons couple to SM Higgs

Φ L L E E
H L E

ℒ ⊃ − y1 L̄L H ER − y2 L̄R H EL − y3 L̄L H̃ NR − y4 L̄R H̃ NL + h . c .

we assume 
 

for simplicity
y3, y4 ≪ y1, y2

Yukawa Lagrangian

 
are anomalons!
LL,R, EL,R, NL,R
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Anomalon Gauge Couplings
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Dμ = ∂μ + izf
gB

2
Z′￼μ − i

g

2
(τ+W+ + τ−W−) + ieQf Aμ − i

g
cθ ( τ3

2
− Qs2

θ ) Zμ

ℒkin ⊃ L̄L /D LL + ĒL /D EL + h . c .

 signatures in two-
vector final states
ϕ

anomalon kinetic term

covariant derivative

anomalon couplings to 
 and W+, W−, Z, γ Z′￼

vector- and axial-
vector couplings

anomalon loops mediate  couplings to EW gauge bosonsϕ

ℒkin ⊃ DμΦ Dμ Φ*
scalar kinetic term
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Anomalon-mediated Scalar Interactions
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Decays to electroweak and  gauge bosonsU(1)B No gluon coupling

 tree levelZ′￼
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Scalar Production at the LHC
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 strahlung ( )ϕ Z′￼ϕ

 fusion Z′￼ (ϕ jf jf)
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Scalar Branching Fractions
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50 100 150 200 250
10-4
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B
(ϕ

)

γγ Z'Z' (*)

Z ' γ

Zγ WW (*)

ZZ (*)

mZ' = 100 GeV
mZ' = 70 GeV

gB = 0.3
Loop induced decays to 

SM gauge bosons 
m1,2 = 200, 250 GeV

Leading diphoton and 
tree-level  decaysZ′￼Z′￼

Tree level anomalon 
decays kinematically 

forbidden

B(
ϕ

→
XX

′￼)

mϕ [GeV]
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Scalar Sector Phenomenology
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3 ( jj)( jj) ( jj) jf jf

(γγ) jf jf (γγ) ( jj)
mϕ

mZ′￼

< 1

mϕ

mZ′￼

> 1
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Higgs-Scalar Mass Mixing
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ℒ ⊃ DμΦ
2

+ DμH
2

− V(Φ, H)

V(Φ) = λΦ ( |Φ |2 −
v′￼0

2

2 )
2

+ λH (H†H −
v2

0

2 )
2

+ 2 λp |Φ |2 H†H

Φ =
ϕ + v′￼

2

mass mixing!
portal coupling λp ≠ 0

H =
1

2 ( 0
vh + h0

SM)

ℒ ⊃ − (ϕ h0
SM) (

λΦv′￼
2 λpvhv′￼

λpvhv′￼ λHv2
h ) (

ϕ
h0

SM) = −
1
2 (φ h0) (

m2
φ 0

0 m2
h) ( φ

h0)

Scalar Lagrangian

Mass matrix
physical states
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Higgs-Scalar Mass Mixing
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new coupling between  and φ h0

λp

ϕ

h0
SM

φ

h0

λΦ

λH

v′￼0

v0

αh

v′￼
2

v2
h

mφ

mh

interaction basis mass basis

↔

vh = 246 GeV
mh = 125 GeV

free parameters

fixed parameters

mass mφ

vev v′￼ =
2
3

mZ′￼

gB
mixing angle αh

no mixing for αh → 0
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Higgs-Scalar Mass Mixing
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h0 = cos αh h0
SM − sin αh ϕ

scaled by sin2 αh

new contributions 
for  decay into 

EW gauge bosons
φ

125 GeV like 
Higgs

φ = cos αh ϕ + sin αh h0
SM

constrains αh

 can 
modify SM Higgs 
width for light 

h0
SM → φφ

φ

new  decays 
into SM 

fermions

φ
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Mixed Scalar Interactions
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gluon fusion 
( )gg → φ

Mixed Scalar Production at the LHC
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Dobrescu, Yu, LA ’25
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Mixed Scalar Branching Fractions
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Mixed Scalar Branching Fractions
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Diphoton Signature at the LHC
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Summary and Outlook
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Quark-universal  as gauge boson of gauged Z′￼ U(1)B

Rich phenomenology of scalar sector (also for )sin αh = 0

Phenomenology of anomalon sector?

Scalar sector spontaneously breaks U(1)B

Simulate collider signals of diphoton and dijet resonances?
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Appendix
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Charged Anomalon Mass Mixing
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ℒ ⊃ (ēL ĒL) (yLv′￼ y1v
y2v yEv′￼) (eR

ER) + h . c .

θ, χ

Φ = (ϕ + v′￼)/ 2
mass basis

ℒ ⊃ (Ē2L Ē1L) (m2 0
0 m1) (E2R

E1R) + h . c .

interaction basis
H =

1

2 ( 0
h + vSM)

(E2R
E1R) = (cos χ −sin χ

sin χ cos χ ) (eR
ER)

(E2L
E1L) = (cos θ −sin θ

sin θ cos θ ) (eL
EL)

2 masses + 2 angles 4 couplings
diagonalize

yL, yE, y1, y2 m1, m2

trade free parameters

parametrize
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125 GeV Higgs Decay Width
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95 GeV excess
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