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INTRODUCTION

» The CDF Collaboration has measured the mass of the W boson to be
80.4335 4= 0.0094 GeV, which is deviated from the SM prediction of
80.357 £ 0.006 GeV.

» The W boson mass is connected to the Z boson mass, which can be affected by
mixing the Z boson with an extra vector boson.

» In this work we consider two models which altering the W boson mass at tree
level:

» The DPDM model: the extra vector boson mixing with the Z boson directly.
» The U(1) model: the extra vector boson mixing with the Z boson through kinetic
mixing with the B boson.
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GENERAL DISCUSSION

Masses in the SM
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mass matrix of general mixing case: yog
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GENERAL DISCUSSION

Masses in the SM
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GENERAL CONSTRAINT

Figure: Band which gives the W mass between 80.4053 and 80.4617 GeV.
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mw — my — dmy, dmy: loop corrections from SM. 7/24
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BSM: DEeRrIVATIVE PORTAL DARK MATTER
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» DM connect to the SM through derivative portal (kinetic mixing Z and Z’ )
» naturally escape stringent DM direct detection constraint
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DIAGONALIZATION
diagonalizing the kinetic mixing
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STU FROM EFFECTIVE LAGRANGIAN

Lyczg = Z(—kz sin 6 — ky cos 0)Z,fv"(gv — §a7°)f
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f
effective lagrangian from burgess1994model:
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STU anD )2
SuwCuw .
aT =2(——(—kysin@ — ky cos0) — 1)
Swa
aS = 4282 aT +4(82 — 82)(s2, — 82)
5 aS e2aT
=822 -1 -2
A=, M ig—g) @ -a)
X* = XCov'X", X = (5-0.005 T-0.04 U-0.134)
0.0972 pst % 0.097 x 0.12  psyy x 0.097 x 0.087
Cov = | psr x 0.097 x 0.12 0.122 pru % 0.12 x 0.087
psu % 0.097 x 0.087 pry x 0.12 x 0.087 0.0872

global fit data are taken from deBlas:2022hdk
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RESULTS

m, =60 GeV, g, =0.1

best fit (*):

ms, =116.63 GeV, € = 0.025, x*> =3.21
blue line: observed DM relic density
green lines: my within 30 deviations

w 107

2% 10% 3x 107 4x10? 6 x 10% 103

my, (GeV)
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RESULTS: DM INDIRECT DETECTION
= 116.63 GeV, € =0.025
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SUMMARY CONSTRAINTS ON ONE BMP

Ly g Z ZLfy"(8y — v )f

31

*Z —kq sin 0 + ky cos 0) Zuf
f

TABLE I. Summary of phenomenological constraints for the benchmark point my =
116.63 GeV, € = 0.025, m, = 1000 GeV, g, = 0.21.

mw X2 of STU QDA]h,Q
model value 80.4136 3.21 0.1235
constraint  80.4335 4+ 0.0094 GeV [1] d.o.f=3 0.1200+0.0012 [63]
< Gannl > Z'-electron couplings DM-Xe scattering events
model value 4.5 x 1072 cm3/s g, = 0.0005 and ¢’y = 0.0073 1.2 x 107°
constraint 2.3 x 10725 em®/s [66, 67] ~ 0(107%) [2] 7.9 [71]
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BSM: TuEe U(1) MODEL
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RESULTS

100

green lines: my within 30 deviations
best fit (*):

my, =133.65 GeV, e = 0.048, x* = 24.94,
only giving about 27 MeV extra mass
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CONCLUSION

>

We have explored the possibility of altering the W boson mass at tree level in
two models: the DPDM model and the U(1) model.

Apart from giving the W boson mass, we also discussed the electroweak
oblique parameters constraints for both models, and explored DM relic
density and DM indirect detection constraints for the DPDM model.

We find that in both model the best fit value for the extra vector boson mass is
around 120 GeV.

While the best fit of the U(1) model can only contribute 27 MeV extra mass to
the SM W boson mass, the best fit of the DPDM model can give the observed
W boson mass as well as the observed DM relic density.

The DPDM model can also escape stringent DM direct detection and the best
tit of the DPDM can saturate the constraints from DM indirect detection and
rough estimation of collider bounds.
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CoMPARISON OF STU BETWEEN THE TWO MODELS

+ 422 aT

STU of the U(1) model
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STU of the U(1) model
aT =202 9
SZUCZU
22 (72 _ 2 As | o0
aS = —-8c,(c, — ) + 4¢,55,aT
w
As
al = —88(c3 —3%)= 22aT
SZU
T = 2c§swcu _ 2

S=-866. 17As + 0. 716T

U=-263.76As — 0.716T
Sw = 0.48269 —desired my — As = 0.00046

—S§=0.716T — 0.398, U = —0.716T — 0.121
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STU of the DPDM model
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UV comprLeTE DPDM MoODEL
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