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Fonfastic Vector Bosons and Whete fo fFind Them

Actual models where they can be found
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Actual models where they can be found
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antastic Vecto! Bosons and Whete fo Find Them

As a purely group theoretical analysis, here are more possibilities:

Vector Model
B, U(1)', Extra Dimensions For W1
B}, SU2paU(1)x = Uy
W.. SU(2)s 6 SU(2)e — SU(2)n = SU(2)r. Extra Dimensions
W; SU(4) = U(1) ® (SU(3) — SU(2))
Uy SU(3)1 05U (3)y — SU(3)p = SU(3), Extra Dimensions
QJ'A SO(12) — (SO(8) — SU(3)) ® (SU(2) ® SU(2) — SU(2)p = U(1)y)
Hy SU(6) — SU(3) @ SU(2)
L, Gy — SU(2)® (SU(2) = U(1)y)
Hﬁ, u; SU(4) = SU(3)eU(1)
QL_, Qi SU((5) =+ SU(3).® SU(2),@U(1)y
Ay SU(6) — U(1) ® SU(3) @ (SU(3) — SU(2))
y‘l;_. y;j Fy — SU(3)® (SU(3) — SU(2) @ U(1))

[del Aguila, Blas, Pérez-Victoria, Santiago 1005.3998|

Examples given in this paper are not necessarily
minimal nor phenomenologically viable



What can W do?

As mentioned previously, this is one of a rather
small list of fields with SM-SM-BSM interactions

K a* . <
SWiT H" (i0204) D, H Nois It’s HH, not H*H

This generates a dimension 6 operator ... ... Which affects the T parameter

| |2 [(D”’H)T(DMH)(HTH)—HHT(DMH)2} TEHW3W3(O)_HW+W—(O):|I‘G| v

2 2
47".'?,W1 My 4 My,

: Collider searches

W, is hard to produce. It is colorless and fermionfobic.
Single production via Drell-Yan/vector-boson fusion is not possible.
Mass limits are likely well below 1 TeV.
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The W mass

Overview of m,, Measuremenis
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ATLAS-CONF-2023-004

Last year the CDF collaboration
reported a surprisingly large W mass

[Science 376 (2022) 6589]

It is in tension with the SM and all
other direct W mass measurements

Therefore a (large) amount of
skepticism about this result is warranted

Nevertheless, it has been pointed out that T ~ (8.8 +1.4) x 10™* fits well the data

[Strumia 2204.04191, Asadi et al. 2204.05283]

The single-field extension that gives the best fit, Wy, is an isospin triplet vector boson
with non-zero hypercharge, which is not a common feature of unified gauge theories. The

[Bagnaschi, Ellis, Madigan, Mimasu, Sanz, You 2204.05260]

See also [Luzio, Grober, Paradisi 2204.05284]
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Let’s change that

(by building a minimal model with a W,)

... but before doing so you should know that a W{"*HD, H
interaction cannot be generated in a Yang-Mills theory




* . .
NO W]I:L HD“H (even if there is a W)

How could we get this interaction in a gauge theory?

Since there is no conjugation in either of the Higgs fields there would have to be
a H,=(2,1/2) and a H3=(2,—1/2) in some multiplet Q of some gauge group. Then

e i GRS Mo Lrovais

(D*Q)" (D) < -+ + (WI*H!D,H, +he) o+ (WMHD,H + h.c.)

But the prefactor of this term =0 always
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NO W]I:L HD“H (even if there is a W)

How could we get this interaction in a gauge theory?

Since there is no conjugation in either of the Higgs fields there would have to be
a H,=(2,1/2) and a H3=(2,—1/2) in some multiplet Q of some gauge group. Then

m Mom Lroains

(D*Q)" (D) < -+ + (WI*H!D,H, +he) o+ (WMHD,H + h.c.)

But the prefactor of this term =0 always

More generally: Write scalars as real fields and put then in a multiplet ® (= ®*)

where the generators are
anti-symmetric matrices:

AN T

®" (igT, A") (D, ®)

For ¢ = H and A = By = (1,1) there

No matter what rotation we do on the is no problem (two doublets contract anti-
scalars, in any basis we have symmetrically to form a singlet)
AY [¢" X o (Dpop)] with Xo = —XT However, ¢ = H and A = W; = (3,1) is

no good: two doublet and a triplet contract

symmetrically see RF 2205.12294 for a
longer discussion
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Minimal model

SO(5) is the smallest group with a W,

50(5) SU(2) »0()

: = i However, the EW group
S BCS 9
: erm) Ao 124 (2. 0/2) cannot be this SU(2) x U (1)
(Phed) 10 — (1,0) + (3,0) + SS’ 1)+ (3, _1)J [fermions are the problem]

Wi
SO(5) x SU(2) x U(1) — SU(2)’ x SU(2) x U(1)’ x U(1)
SSU(2), SU1)y

Fermions are charged only under SU(2) x U(1); they are SO(5) singlets

Scalar SO(5) x SU(2) x U(1) SU(2)r x U(1)y decomposition
WRDH T 0 (4.1,0 (2.-3) +(2.3)
Vodono, inSeadions H (1, ,%) (2,1)
Bt b OO, X (4,2, 1) (L,0)+ (1,1 +(3,0)+ (3,1
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Minimal model

: 1
D, xjr= quk—F’&gAAf;’SO(E’)T“,XJ'k-I— gBAb SU(Z)O'kk:Xjk’+§gCAg(1)Xjk
Symme.)try g g This a VEV breaks
breaking iecifE i SO(5)x SU(2)xU (1)
to the EW group

1
B | i —2 —2 m2 m2 ; m2 ’
g 9da  t9B ‘;Vl ( ‘;V —tan29w):(1—tan29w) ZV
(g,)—z i 9;—12 i 952 mz, \ my, L Ay
Gauge
boson mwy, < mz: < mwy:
2 2 2
My, =94 \X
masses le Az( ) ; A W1 must be the lightest
m2, = (g2 + g2) (x)* The Z’ can be, at most, ~19% heavier
ga ,u,,a.* H D H D H % H h
— E daa( R iEn: B0 & ) L O 'u,i| + h.c. As expected,
WiHH no W, HH
interaction kW [HT (i030,) D H' — H'T (i030,) D, H] | interaction
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A variation

Making fermions interact W,

In the model we just saw, fermions are uncharged
under SO(5), therefore they do not interact with W,

One can build a model where fermions do interact
with the new gauge bosons, while still reproducing
the low mass particles of the SM

Field Spin | SU(3)c x SO(5) x SU(2) x U(1)

¥ AT O R Ly O As in the SM; 1 under SO(5)
b=t usde died 12 As in the SM; 4 under SO(5)
F=Q

= Q,uc,de,L,ec  1/2 Complex conjugate of F
Q 0 (4,1,0)
X 0 (4,2, 3)

I will however not provide further details here (see RF 2205.12294)
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Summary

The vector field W, = (3,1) is quite unique. It’s quantum
numbers allow a W{** HD, H renormalizable coupling.

Due to this fact, W, has been pointed as one of the most
promising explanations for the CDF W-mass measurement.

I have highlighted that in a Yang-Mills theory this
interaction is never generated.

Even so, I've presented a minimal setup with a W, heavy
gauge boson, based on the SO(5) group. There is also a Z’
and a W’ with W, being the lightest.

i
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