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ForwArd	Search	ExpeRiment	(FASER)

➢Recently	approved	(March	2019)	new	experiment	at	
CERN	to	look	for	long-lived	charge-neutral	particles		

➢ The	FASER	detector	will	be	installed	in	a	tunnel	near	
the	ATLAS	detector	about	480	m	away



!3

FASER	Search	for	a	long-lived	B-L	gauge	boson	search		
Z’	boson	in	the	gauged	B-L	(Baryon-Lepton	number)	extended	
Standard	Models	(Minimal	B-L	Model)	is	one	of	the	search	targets

3	right-handed	neutrinos	
(RHNs)

B-L	Higgs	field	for	the	B-L	
symmetry	breaking
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Properties	of	gauged	B-L	extended	SM

➢ It	is	easy	(well-motivated)	to	gauge	the	global	B-L	symmetry	in	
the	SM	

➢ All	the	gauge	anomalies	cancel	in	the	presence	of	3	RHNs	

➢ New	B-L	gauge	boson	mass	&	RHNs’	Majorana	masses	are	
generated	by	the	B-L	gauge	symmetry	breaking	

➢ The	seesaw	mechanism	for	generating	tiny	neutrino	masses	is	
implemented	automatically.	

Seesaw	mechanism
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Search	reach	by	FASER	+	others	for	a	long-lived	B-L	gauge	boson	
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FIG. 7. Benchmark Model V2. As in Fig. 6, but for the B � L gauge boson. In the right
panel, projected future sensitivities of other experiments are shown following Ref. [30].

produced through light meson decays and dark bremsstrahlung. The corresponding pro-
duction rates are proportional to g

2
B�LQ

2
B�L.

Decay and Lifetime: B � L gauge bosons decay into all kinematically accessible states
with B � L charge. Light B � L gauge bosons decay mainly into neutrinos, e+e�, µ+

µ
�

and ⇡
+
⇡
�, with the decay widths proportional to g

2
B�LQ

2
B�L. When deriving the results

presented below, we use the decay width obtained in Refs. [30, 58] and include only the
visible final states (not the neutrino final states) in the signal event rates presented below.
We show the decay width and branching fractions in the left panel of Fig. 7.

Results: The projected B � L gauge boson sensitivity reaches for FASER at LHC Run 3
with 150 fb�1 and FASER 2 at HL-LHC with 3 ab�1 are shown in the right panel of Fig. 7.
Here we only consider the decays into visible final states, while decays into neutrinos do
not contribute to the sensitivity. Both the existing constraints (gray shaded areas, see
Ref. [30] and references therein) and the projected sensitivities of other proposed searches
have been adapted from Refs. [30, 58]. Besides recasting the dark photon search sensitivity
at Belle-II [14], LHCb [15, 16], SeaQuest [59] and SHiP [20], they include additionally
search strategies utilizing the A

0
! ⌫⌫ decay channel at Belle-II and NA64 [18]. In

particular, NA64-µ is a modified version of NA64 that assumes an upgraded muon beam
at the CERN SPS delivering up to 1012 muons. Additionally, a search utilizing A

0
! ⌫⌫

has been suggested for the proposed electron fixed target experiment LDMX during Phase
II with a beam energy of 8 GeV and 1016 EOT [25]. Furthermore, B�L gauge bosons may
be probed by the coherent neutrino scattering experiment MINER, assuming a germanium
target with an exposure of 104 kg · days, an energy threshold of 100 eV, and an assumed
background of approximately 100 events per day per kg per keV [60].

As can be seen, as in the dark photon case, both FASER and FASER 2 can probe currently
unconstrained regions of the parameter space with FASER 2 extending the reach above
mA0 ⇠ 1 GeV.
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FASER	collaboration,	arXiv:	1811.12522

Gray	shaded	region:	
current	excluded	region
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Z’-portal	Dark	Matter	in	U(1)	extended	SM

➢ Although	the	minimal	B-L	model	is	a	simple,	well-motivated	
model	beyond	the	SM,	a	DM	candidate	is	still	missing.	

➢ A	simple	way	to	supplement	the	model	with	a	DM	candidate:	
we	introduce	an	SM	singlet	fermion	with	a	U(1)	charge		

							“Z’-portal	Dark	Matter’’
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Simple	model:	Z’-portal	Fermion	DM

DM	particle	communicates	with	the	SM	particles	through	a	
new	gauge	boson	Z’		

For	simplicity,	we	set	 

* DM	fermion	may	be	Dirac	or	Majorana	particle

DM	particle	communicates	with	the	SM	particles	through	
new	gauge	boson	Z’		

We	set	 
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Complementarity	between		
Z’	boson	searches	at	FASER	&	Z’-portal	DM	scenario	

➢ Z’	boson	is	long-lived:	light	&	very	weakly	coupled	

➢ Z’-portal	DM	has	never	been	in	thermal	equilibrium,	and	its	
observed	relic	density	is	achieved	by	“Freeze-In”	mechanism	

dY
dx

= −
⟨σvrel⟩

x2

s(mχ)
H(mχ) (Y2 − Y2

EQ)

≃
⟨σvrel⟩

x2

s(mχ)
H(mχ)

Y2
EQ

Boltzmann	equation

DM production from thermal 
plasma stops at T ~ DM mass



Two	Simple	Freeze-In	DM	models
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(i)	The	minimal	B-L	model	+	Dirac	Fermion	Dark	Matter

(R.N.	Mohapatra	&	NO,	arXiv:	1908.11325)

➢ A	simple	way	to	supplement	the	B-L	model	with	a	DM	
candidate:	we	introduce	an	SM	singlet	Dirac	fermion

➢ Arbitrary                              à stability	is	ensured
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B-L	Z’-portal	Dirac	Fermion	DM    (                       )

DM	particle	communicates	with	the	SM	particles	through	
the	B-L	gauge	boson	Z’  

By	solving	the	Boltzmann	equation,	we	find 

ΩDMh2 = 0.12 → Q g2
BL ≃ 10−11
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|Q|=1.01

• DM	mass	independent		
• The	result	shifts	downward	as	Q	becomes	larger
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FIG. 7. The various horizontal lines, along which ΩDM h2 = 0.12 is reproduced, show the results

for various Q values: Q = 2× 10−4, 5× 10−3, 0.1, 1.01 (black line), 5, and 50 from top to bottom.

We go vertically up as Q decreases (see Eqs. (18) and (23)). Here, we have chosen mζ = 30 GeV.

Reaches of the various experiments are shown in different color lines. FASER and FASER 2 in

solid black lines. Orange dashed line is for SHiP [49], purple dashed line for LDMX [50], dark-blue

dashed lines for Belle II [51], and light-blue dashed lines for LHCb [52, 53]. The region to the left

of the solid blue line is excluded by the XENON1T results. The line is vertical because gBL gζ is

almost constant for gBL
>∼ 10−6 (see the right panel in Fig. 6) in Eq. (18). For MZBL

<∼ 50 MeV, σSI

becomes independent of MZBL
[41–44], the XENON1T bound is satisfied for gBL gζ <∼ 1.5× 10−12.

This means that the XENON1T constraint is always satisfied for gBL
<∼ 5.5×10−7 in our scenario.

4.2 Possible laboratory probes of the freeze-in case

We now discuss possible probes of the freeze-in scenario in the laboratory. There are

several experiments that can probe various parameter ranges of the model. This is shown in

Fig. 7. The relevant experiments are those at the ones attempting to extend lifetime frontier
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Testing	the	scenario	by	Lifetime	Frontier	Experiments

�����-�� ���

�����-�� ���

����

�	
�

���

�����

����� �

0.01 0.05 0.10 0.50 1

10-7

10-6

10-5

10-4

MZBL [GeV]

g B
L

m�=30 GeV

FIG. 7. The various horizontal lines, along which ΩDM h2 = 0.12 is reproduced, show the results

for various Q values: Q = 2× 10−4, 5× 10−3, 0.1, 1.01 (black line), 5, and 50 from top to bottom.

We go vertically up as Q decreases (see Eqs. (18) and (23)). Here, we have chosen mζ = 30 GeV.

Reaches of the various experiments are shown in different color lines. FASER and FASER 2 in

solid black lines. Orange dashed line is for SHiP [49], purple dashed line for LDMX [50], dark-blue

dashed lines for Belle II [51], and light-blue dashed lines for LHCb [52, 53]. The region to the left

of the solid blue line is excluded by the XENON1T results. The line is vertical because gBL gζ is

almost constant for gBL
>∼ 10−6 (see the right panel in Fig. 6) in Eq. (18). For MZBL

<∼ 50 MeV, σSI

becomes independent of MZBL
[41–44], the XENON1T bound is satisfied for gBL gζ <∼ 1.5× 10−12.

This means that the XENON1T constraint is always satisfied for gBL
<∼ 5.5×10−7 in our scenario.

4.2 Possible laboratory probes of the freeze-in case

We now discuss possible probes of the freeze-in scenario in the laboratory. There are

several experiments that can probe various parameter ranges of the model. This is shown in

Fig. 7. The relevant experiments are those at the ones attempting to extend lifetime frontier

17

�����-�� ���

�����-�� ���

����

�	
�

���

�����

����� �

0.01 0.05 0.10 0.50 1

10-7

10-6

10-5

10-4

MZBL [GeV]

g B
L

m�=30 GeV

FIG. 7. The various horizontal lines, along which ΩDM h2 = 0.12 is reproduced, show the results

for various Q values: Q = 2× 10−4, 5× 10−3, 0.1, 1.01 (black line), 5, and 50 from top to bottom.

We go vertically up as Q decreases (see Eqs. (18) and (23)). Here, we have chosen mζ = 30 GeV.

Reaches of the various experiments are shown in different color lines. FASER and FASER 2 in

solid black lines. Orange dashed line is for SHiP [49], purple dashed line for LDMX [50], dark-blue

dashed lines for Belle II [51], and light-blue dashed lines for LHCb [52, 53]. The region to the left

of the solid blue line is excluded by the XENON1T results. The line is vertical because gBL gζ is

almost constant for gBL
>∼ 10−6 (see the right panel in Fig. 6) in Eq. (18). For MZBL

<∼ 50 MeV, σSI

becomes independent of MZBL
[41–44], the XENON1T bound is satisfied for gBL gζ <∼ 1.5× 10−12.

This means that the XENON1T constraint is always satisfied for gBL
<∼ 5.5×10−7 in our scenario.

4.2 Possible laboratory probes of the freeze-in case

We now discuss possible probes of the freeze-in scenario in the laboratory. There are

several experiments that can probe various parameter ranges of the model. This is shown in

Fig. 7. The relevant experiments are those at the ones attempting to extend lifetime frontier

17

�����-�� ���

�����-�� ���

����

�	
�

���

�����

����� �

0.01 0.05 0.10 0.50 1

10-7

10-6

10-5

10-4

MZBL [GeV]

g B
L

m�=30 GeV

FIG. 7. The various horizontal lines, along which ΩDM h2 = 0.12 is reproduced, show the results

for various Q values: Q = 2× 10−4, 5× 10−3, 0.1, 1.01 (black line), 5, and 50 from top to bottom.

We go vertically up as Q decreases (see Eqs. (18) and (23)). Here, we have chosen mζ = 30 GeV.

Reaches of the various experiments are shown in different color lines. FASER and FASER 2 in

solid black lines. Orange dashed line is for SHiP [49], purple dashed line for LDMX [50], dark-blue

dashed lines for Belle II [51], and light-blue dashed lines for LHCb [52, 53]. The region to the left

of the solid blue line is excluded by the XENON1T results. The line is vertical because gBL gζ is

almost constant for gBL
>∼ 10−6 (see the right panel in Fig. 6) in Eq. (18). For MZBL

<∼ 50 MeV, σSI

becomes independent of MZBL
[41–44], the XENON1T bound is satisfied for gBL gζ <∼ 1.5× 10−12.

This means that the XENON1T constraint is always satisfied for gBL
<∼ 5.5×10−7 in our scenario.

4.2 Possible laboratory probes of the freeze-in case

We now discuss possible probes of the freeze-in scenario in the laboratory. There are

several experiments that can probe various parameter ranges of the model. This is shown in

Fig. 7. The relevant experiments are those at the ones attempting to extend lifetime frontier

17

�����-�� ���

�����-�� ���

����

�	
�

���

�����

����� �

0.01 0.05 0.10 0.50 1

10-7

10-6

10-5

10-4

MZBL [GeV]

g B
L

m�=30 GeV

FIG. 7. The various horizontal lines, along which ΩDM h2 = 0.12 is reproduced, show the results

for various Q values: Q = 2× 10−4, 5× 10−3, 0.1, 1.01 (black line), 5, and 50 from top to bottom.

We go vertically up as Q decreases (see Eqs. (18) and (23)). Here, we have chosen mζ = 30 GeV.

Reaches of the various experiments are shown in different color lines. FASER and FASER 2 in

solid black lines. Orange dashed line is for SHiP [49], purple dashed line for LDMX [50], dark-blue

dashed lines for Belle II [51], and light-blue dashed lines for LHCb [52, 53]. The region to the left

of the solid blue line is excluded by the XENON1T results. The line is vertical because gBL gζ is

almost constant for gBL
>∼ 10−6 (see the right panel in Fig. 6) in Eq. (18). For MZBL

<∼ 50 MeV, σSI

becomes independent of MZBL
[41–44], the XENON1T bound is satisfied for gBL gζ <∼ 1.5× 10−12.

This means that the XENON1T constraint is always satisfied for gBL
<∼ 5.5×10−7 in our scenario.

4.2 Possible laboratory probes of the freeze-in case

We now discuss possible probes of the freeze-in scenario in the laboratory. There are

several experiments that can probe various parameter ranges of the model. This is shown in

Fig. 7. The relevant experiments are those at the ones attempting to extend lifetime frontier

17

�����-�� ���

�����-�� ���

����

�	
�

���

�����

����� �

0.01 0.05 0.10 0.50 1

10-7

10-6

10-5

10-4

MZBL [GeV]

g B
L

m�=30 GeV

FIG. 7. The various horizontal lines, along which ΩDM h2 = 0.12 is reproduced, show the results

for various Q values: Q = 2× 10−4, 5× 10−3, 0.1, 1.01 (black line), 5, and 50 from top to bottom.

We go vertically up as Q decreases (see Eqs. (18) and (23)). Here, we have chosen mζ = 30 GeV.

Reaches of the various experiments are shown in different color lines. FASER and FASER 2 in

solid black lines. Orange dashed line is for SHiP [49], purple dashed line for LDMX [50], dark-blue

dashed lines for Belle II [51], and light-blue dashed lines for LHCb [52, 53]. The region to the left

of the solid blue line is excluded by the XENON1T results. The line is vertical because gBL gζ is

almost constant for gBL
>∼ 10−6 (see the right panel in Fig. 6) in Eq. (18). For MZBL

<∼ 50 MeV, σSI

becomes independent of MZBL
[41–44], the XENON1T bound is satisfied for gBL gζ <∼ 1.5× 10−12.

This means that the XENON1T constraint is always satisfied for gBL
<∼ 5.5×10−7 in our scenario.

4.2 Possible laboratory probes of the freeze-in case

We now discuss possible probes of the freeze-in scenario in the laboratory. There are

several experiments that can probe various parameter ranges of the model. This is shown in

Fig. 7. The relevant experiments are those at the ones attempting to extend lifetime frontier

17

XENON1T	
excluded	
region



!11

(ii)	Minimal	U(1)X	model	with	RHN	DM
(NO,	S.	Okada	&	Q.	Shafi,	arXiv:	2003.02898)

➢ Generalization	of	the	minimal	U(1)	B-L	model	

➢ Same	particle	contents,	but			

➢ Basics	structure	is	the	same	as	the	minimal	B-L	model	

➢ We	impose	Z2	symmetry	

QX = xH QY + QB−L
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Particle	contents	

7

SU(3)c SU(2)L U(1)Y U(1)X Z2

qiL 3 2 1

6

1

6
xH + 1

3
+

uiR 3 1 2

3

2

3
xH + 1

3
+

diR 3 1 −1

3
−1

3
xH + 1

3
+

ℓiL 1 2 −1

2
−1

2
xH + (−1) +

eiR 1 1 −1 −xH + (−1) +

H 1 2 −1

2
−1

2
xH +

N j
R 1 1 0 −1 +

NR 1 1 0 −1 −
Φ 1 1 0 +2 +

TABLE I. The particle content of the minimal U(1)X model with Z2 symmetry (parity). In addition
to the SM particle content (i = 1, 2, 3), three RHNs (N j

R (j = 1, 2) and NR) and the U(1)X Higgs

field (Φ) are introduced. Due to its Z2-parity assignment, the NR is a unique DM candidate. The
U(1)X charge of a field is defined as a linear combination of its U(1)Y and U(1)B−L charges with a

real parameter xH . The minimal B − L model is defined as a limit of xH → 0.

by the future Lifetime Frontier experiments.

This paper is organized as follows: In the next section, we define the minimal U(1)X model

with the Z ′-portal RHN DM. In Sec. III, we investigate the case with a very small U(1)X

gauge coupling, so that the RHN DM had never been in thermal equilibrium with the SM

particles. We calculate the DM relic abundance through the freeze-in mechanism and identify

the parameter region to reproduce the observed DM density. In Sec. IIIA the RHN DM mass

(mDM) is set to be much larger than the Z ′ boson mass (mZ′), and we identify the allowed

parameter regions for various values of xH . We will see an impact of xH values on the search

for a long-lived Z ′ boson at the future Lifetime Frontier experiments. The case mDM < mZ′ is

analyzed in Sec. III B. Sec. IV is devoted to conclusion and discussion.

II. Z ′-PORTAL RHN DM IN THE MINIMAL U(1)X MODEL

The particle content of our model is listed in Table I. The U(1)X charge of a particle is

defined as a linear combination of its U(1)Y and U(1)B−L charges with a real parameter xH .

Note that the minimal B − L model is realized by setting xH = 0, while the U(1)X gauge

interaction becomes similar (up to a sign) to the SM hyper-charge interaction for |xH | ≫ 1

(“hyper-charge oriented” U(1)X [33]). All the gauge and mixed gauge-gravitational anomalies

are canceled by the presence of three RHNs. The parity-odd NR is stable and a unique DM

candidate (RHN DM) in the model.

The U(1)X charge assignments in Table I allow all the SM Yukawa couplings for quarks and

3

Particle content of the minimal U(1)x model

B J UN

- B ) 1

QX = xHQY + QB−L

3	RHNs	=				2	RHNs	for	the	Minimal	Seesaw		
																	+	1	RHN	for	DM

7
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defined as a linear combination of its U(1)Y and U(1)B−L charges with a real parameter xH .
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3

Particle content of the minimal U(1)x model

B J UN

- B ) 1

QX = xHQY + QB−L

Stable

xH → 0
B-L	model	limit:

NO	&	O.Seto,	arXiv:	1002.2525	
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Z’-portal	RHN	DM
RHN	DM	communicates	with	the	SM	particles	through	
the	U(1)X		gauge	boson	Z’		

N

N

(−1)gX (xHQY + QB−L) gX

Here	we	consider	Freeze-In	RHN	DM

*For	Freeze-out	Z’-portal	RHN	DM,		
		see	NO	&	S.	Okada,	arXiv:	1601.07526	&	arXiv:	1611:02672
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Testing	the	scenario	by	Lifetime	Frontier	Experiments

For	a	large	|xH|	value,	we	can	infer	a	corresponding	B-L	gauge	
coupling	by

Substituting this into Eq. (12), we integrate the Boltzmann equation from xRH ≪ 1 to x = 1

to obtain

Y (∞) ≃ Y (x = 1) ≃ 2.3× 10−3
g4X
g3/2⋆

MP

mDM
. (14)

Thus, we find Y (∞) ∝ 1/mDM and then

ΩDMh
2 ≃

mDM Y (x = 1) s0
ρc/h2

≃ 1.4× 1021
!

106.75

g⋆

"3/2

g4X F (xH), (15)

which is independent of mDM . For the B − L limit (xH = 0), we obtain gX ≃ 1.6 × 10−6 to

achieve the observed DM relic density of ΩDMh2 = 0.12. Hence, this rough estimate leads to

the gX value to be close to what we have obtained by the numerical analysis, gX = 3.11×10−6.

Considering that the cross section in Eq. (9) is proportional to g4XF (xH) (see also Eq. (15)),

we find that the observed DM relic density is reproduced by

gX = 3.11× 10−6

!

F (0)

F (xH)

"1/4

(16)

for a general xH value.

We now discuss how to test our scenario in the future experiments at the Lifetime Frontier. In

order to reproduce the observed relic density for the RHN DM via the light Z ′-portal interaction,

the U(1)X gauge coupling is found to be very small as shown in Eq. (16). This fact indicates

that the Z ′ boson is long-lived. Such a long-lived particle can be explored at Lifetime Frontier
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2. Freeze-in RHN Dark Matter

pair production rate from the annihilations of the SM particles in the thermal plasma. In

solving the Boltzmann equation, a crucial difference between the thermal DM and freeze-in

DM lies in the initial condition. For the thermal DM case, we set the initial condition to

be Y (xRH) = YEQ(xRH) for xRH ≪ 1 while Y (xRH) = 0 for the freeze-in DM case, where

xRH = mDM/TRH with the reheat temperature (TRH) after inflation, and we have assumed

that the freeze-in DM particle has no direct coupling with the inflaton. Solving the Boltzmann

equation with a suitable initial condition, the DM relic density at present is evaluated by

ΩDMh
2 =

mY (∞) s0
ρc/h2

, (8)

where s0 = 2890/cm3 is the entropy density of the present universe, and ρc/h2 = 1.05 × 10−5

GeV/cm3 is the critical density. This must reproduce the observed DM relic density set by the

Planck 2018 measurements [41]: ΩDMh2 = 0.12.

A. Case (i): mZ′ ≪ mDM

We first consider the case with mDM ≫ mZ′ by setting 10 MeV ! mZ′ ! 1 GeV, which is

the mass range of Z ′ boson to be explored by the Lifetime Frontier experiments (see below).

The main process for the DM pair creation from the SM thermal plasma is f f̄ → Z ′ → NN

[21], and the corresponding cross section is give by

σ(s) =
g4X
48π

!

s(s− 4m2
DM)

(s−m2
Z′)2 +m2

Z′Γ2
Z′

F (xH), (9)

where ΓZ′ is the total decay width of Z ′ boson, and

F (xH) = 13 + 16xH + 10x2

H (10)

if all the SM fermions are involved in the process. Since we consider mDM ≫ mZ′ and the DM

production from thermal plasma practically stops when T becomes lower than mDM due to

kinematics, we can neglect mZ′ and ΓZ′ in Eq. (9) and simplify the cross section formula to be

σ(s) ≃
g4X
48π

!

s(s− 4m2
DM)

s2
F (xH). (11)

Note that only three parameters, mDM , gX and xH , are involved in our analysis. Substituting

Eq. (11) into Eq. (7) with fixed values of these parameters, we numerically solve the Boltzmann

equation of Eq. (5) with the initial condition Y (xRH) = 0 for xRH ≪ 1. Our result for Y (x) is

shown Fig. 1, where we have set gX = 3.11 × 10−6, mDM = 1 TeV, xH = 0 (the B − L model

limit), and xRH = 10−10. For the parameter set, the resultant Y (∞) = 4.36× 10−13 reproduces
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(xHQY + QB−L)gX

≃ xHQYgX ≃ xHgX

B-L	model																																				U(1)X	model
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FIG. 2. Inferred gBL values to reproduce the observed DM relic density for various |xH | values
along with the search reach of various planned/proposed experiments at the Lifetime Frontier and

the current excluded region (gray shaded). The horizontal lines from top to bottom correspond to
|xH | = 900, 150, 10 and 0 (the B − L limit), respectively.

Eq. (16) leads to gX ≃ 2.91×10−6√
|xH |

for |xH | ≫ 1 for reproducing ΩDMh2 = 0.12. Therefore, the

gBL value used in the analysis of the prospective search reach for the B − L gauge boson can

be inferred to be

gBL → gX |xH | ≃ 2.91× 10−6
!

|xH |. (18)

In Fig. 2, we show our results for the inferred B−L gauge coupling as a function ofmZ′ to repro-

duce the observed DM relic density, along with the search reach of various planned/proposed

experiments at the Lifetime Frontier. The current excluded region from the combination of

the searches for a long-lived particle and anomalous neutrino interactions is gray shaded (see

Ref. [50] for details). The horizontal lines from top to bottom, along which ΩDMh2 = 0.12

is reproduced, correspond to |xH | = 900, 150, 10 and 0 (the B − L limit), respectively. The

inferred gBL value shifts upward as |xH | increases. This result shows the impact of xH values

on the future experiments. If a long-lived Z ′ boson is observed in the future, we can determine

|xH | and mZ′ .

9
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Testing	the	scenario	by	Lifetime	Frontier	Experiments
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➢ The	U(1)	extended	SM	is	a	well-motivated	New	Physics	
model	beyond	the	SM.	

➢ If	it	is	light	and	long-lived,	Z’-boson	can	be	searched	by	
FASER	and	other	Lifetime	Frontier	experiments.		

➢ Two	example	models	supplementing	the	U(1)	extended	
SM	with	a	Fermion	Dark	Matter	have	been	considered:	
Z’-portal	Freeze-In	DM.		

➢ The	models	can	be	tested	by	future	Lifetime	Frontier	
experiments:	complementarity	between	DM	physics	and	
Lifetime	Frontier	experiments.			

Summary


