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CDF II Anomaly

Science 376, 170 (2022)

Consistent with the SM

NS - VNS,
- | DO | 80478 + 83 @

CDF | 80432 + 79 o

DELPHI 80336 * 67 o

L3 80270 + 55 ®

OPAL 80415 + 52 &

ALEPH 80440 + 51 @

DO I 80376 + 23 —e—

ATLAS 80370 + 19 —— )

CDF I 80433 + 9 8 4 ~/0 deviation!!
79900 IéO(IJolol Iéolmlol léolzolo' IEI30130|OI 'éoltolol 'éolsolol ~ My (Mev)

Typically, we need Am,, ~ 60-100 MeV.



~ 11 years ago

Kanemura, KY (2011)

Case I: m = 150 GeV, m, = 125 GeV, tano =0
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EW parameters in the SM at tree level
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PDG

Pexp = 1.00038 = 0.0002
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2 2

m2 22T ey 1 22T oy,
O Outputs: m?,V—TZ[H\/l— ] s2, = = 1—\/1_

.~ 1/137, G~ 1.17x10°5 GeV-2, m, ~ 91.2 GeV

my ~ 80.9 GeV !? » We need to go to the loop level.



EW parameters in the SM at loop levels
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EW parameters in the SM at loop levels

PDG
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» s.«2 (SM) = 0.23153 + 0.00004 (for f = e, 1)
s.2 (Exp) = 0.23129 + 0.00033




Classification of extended Higgs sectors
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Extended Higgs with p; ... =

O W mass:
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Ap parameter

t H=* (Case for the 2HDM, sin(B-a)=1, M, = M,)
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16m202 [ ¢ 30
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natl __

~ =0 for models with Py ce = 1

6ptree -

— Determined by an additional renormalization condition

. Zee vertex Blank, Hollik (1998); Kanemura, KY (2011)

- Z-A% mixing Aoki, Kanemura, Kikuchi, KY (2013)

- T parameter chiang, Kuo, KY (2017)



Extended Higgs with p; ... =

O W mass:
i 1 c? o
NP SM W em
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W % 2 — 52 ( o S PNp T T TONP
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O Effective weak mixing angle:
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C.f. s.2 (Exp) = 0.23129 + 0.00033
Typically, we need Apy, = O(10-3) and/or Syp = -0(0.2).



T = Apyp
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Extended Higgs with piee #

Aptree = Ptree — 1

|
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the tree level part (Ap;...) and the one-loop part (Apyp) -
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— Apiee > 0 (Triplets with Y = 0)
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Cheng, Li (1980);

H |ggs Trl plet MOdel (HTM) Schechter, Valle, (1980);

Magg, Wetterich, (1980),
Mohapatra, Senjanovic, (1981)
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Decay of H*=

S. Ashanujjaman, K. Ghosh, 2108.10952 (JHEP)
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S. Kanemura, KY, 2204.07511 [hep-ph]
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Georgi-Machacek (GM) Model

O Model: ® (I=1/2, Y=1/2) & x (I=1, Y=1) & £ (I=1, Y=0)
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X €

O VEV alignment: <x%> = <&°>

SU(2), x SU(2)g = SU(2)y (Custodial symmetry) — puee = 1

O Misalignment: <x9> # <&0> » Ptree = v2 — 2

*SU(2), X SU(2)g = U(1), - (£0>2 _ <X0)2

O CDF anomaly: v? =85.4410.1 GeV®  with Ar = Ar (SM)
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v? = 85.4+10.1 GeV?
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Allowed by perturbative unitarity,
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Summary

O W mass anomaly at CDF II can be explained in models with triplets.

Higgs Triplet Model
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Conditions

57.7 MeV < Ampy < 95.3 MeV.

Ap| <1.8x 107, |As%| <6.6 x 1074, |Al,| < 0.17 MeV.

28



Kanemura, Okada, Taniguchi, Tsumura (2011)
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FIG. 1: The x? analysis in the (S,T') plane is shown in the THDM where the SM-like Higgs boson is taken
to be 117,140,240 and 500 GeV, with the SM-like limit sin(3 — ) = 1 and m;; = 300 GeV. The mass
of heavy neutral Higgs bosons m , = m,; is varied from 200 GeV to 400 GeV by the 10 GeV step (dots:
from left to right). Ellipses correspond to electroweak precision limits with 68% (1/2.300) and 90% (v/4.610)

confidence level.
29



Higgs potential in the HTM

V = m?®'® + M*Tr(ATA) + [u®lirnAT® + h.c.]

, 2 ,
2 (@10)2 4 2y [T&:(&Ta)] + Ay Tr [(&Ta)ﬂ + (0T ®)Tr(ATA) + AsdTAATS.

* In the limit v, = 0 (p — 0), a global U(1) symmetry (= lepton #) is restored.

Then, H? and A® are degenerate in mass.

- In this case, triplet-like Higgs masses are determined by M and As.
The masses of H**, H*, H? and A® are determined by the squared mass difference

and the lightest triplet-like Higgs mass.

‘ 502
2 2 _ 52 2 _ 2 _ 2
Mit+ — My+ = My — Myo = — 1 M0 = M 4o

. In the limit As = 0, a global SU(2) symmetry ( A = UTAU) is restored.

All the triplet-like Higgs bosons are degenerate in mass.
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Constraint from the diboson decay of H**

2101.11961 [hep-ex] (ATLAS)
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Higgs potential in the GM model
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