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CDF my, anomalies

LEP 80376 + 33
LHCb 2021 —— 80354 + 32
ATLAS 2018 A 80370 + 19
DO 1992-1995 (95/pb) 80478 + 83
DO 2002-2009 (4.3/fb) —— 80376 + 23 T. Aaltonen et al. [CDF], Science 376, no.6589, 170-176 (2022)
CDF 1988-1995 (107/pb) 80432 £ 79 CDF: 80433 + 9 GeV
CDF 2002-2007 (2.2/fb)* —— 80387 + 19
CDF 2002-2007 (2.2/fb) —— 80400 + 19 On April 8, CDF announced
CDF 2002-2011 (8.8/fb) - 80434 + 9 the most precise W mass to
fovatron 1 ST date, a 7o tension with SM
Tevatron + LEP - 80424 + 9
PDG 2021* —_— 80379 =+ 12
Simple combination .- 80411 £ 7
SM . 80354 + 7

80400 80500 ‘

My [MeV]

* Does not include 13.5 MeV shift in CDF 2002-2007 (2.2/fb)

P. Athron, A. Fowlie, C. T. Lu, L. Wu, Y. Wu and B. Zhu, [arXiv:2204.03996 [hep-ph]]
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b — sft¢— anomalies

branching ratio

EXP below SM at low ¢?.
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b — sft¢— anomalies

lepton flavour universality violation ratio
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L L "'"u L x‘n 1‘3 20
05 1 15 Re ¢ [GeV?/el]
LHCb/2103.11769 3.10 LHCb/1705.05802 2.2 — 2.50
R = BBkt Oty : :
K = Br(BT 0 SKF 0 ete) branching ratio
o RSM 1 angular dIStI’I.bUtlon
. . LFV ratio
@ Hadronic uncertainties cancel
e O(1072) QED correction =Physics beyond the SM
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Search for NP

e Explain b — s{™¢~ anomalies
r I
LQ

A o

(SM) (NP with FCNC) (NP with FCCC)

@ Explain CDF myy and b — s¢™¢~ anomalies with Z/

J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002
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J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002

Top-philic Z model ,
P. J. Fox, |. Low, Y. Zhang, JHEP 03 (2018) 074

e Gauge group:SU(3)c @ SU(2). @ U(1)y® U(1)
@ New fermions: vector-like top partner U/L,R ~(3,1,2/3,q:) (UV complete)

@ Lagrangian: quark sector

M NP
_ . - _

Lint :()\HQ3LHU3R + Ao U usp® + MU/,_ U'R + h.c.) Qsi  usg H U @

7 T su@) 3 3 1 3 1

+ Gt8t (U,L'YM U+ UIR’Y“ U/R) Z’;u sU(2) 2 1 2 1 1

o Comments: Uy 16 2/3 —1/2 23 0

e interaction eigenstates up’ o o @ a

e Assuming only 3rd-gen SM quarks mix with the top partner
o Vector-like top partner+2

@ Rotation from the interaction to the mass eigenstate

<t > _ <cos€L —sinf; usy
T.) \sinf; cos0; u )’
tanf; = e tan Og,
tr\  [cos 0r —sinfgr usr mt
Tr) \sinfgr cosOr) \Ug )’
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Top-philic Z model
@ Interactions
£, = 2 etflt + 2 eTAT,

Lw= % thl. (CL% WPLd,' + SL—TWPLC/,-) + h.c.,

o L2 _ 282 lSLC[_ t;
ﬁzg(tL’TL)<2L1 e e g
25LCL 351 ~ 35w L

Cw
e (i) (R)
s —sic 7 (tL>

Lz = quge (tr, 1) < o c 2
—oLCL L

+(L—=R),

@ Lagrangian: lepton section
L, :ﬂzl (gfLPL‘FgﬁPR)/%

@ NP parameters:
(COS eLa mr, gfu gﬁa 8t dt, mz’)
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W-boson mass shift and oblique parameters

@ NP contributions to vacuum polarizations

4T t.T
7,@Z L@V
0T b

e 5, T, U are affected

s7

AS = Tor [K1(yt,yr)+362K2(yt,yr)]

AT = 352 — X —c2<x + x; + 2xexT lnﬁ>
167752 RN xT—Xx¢  x7/|’
s

AU = 7L | Ka(xe ve) = Ka(xryr)| = AS,
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W-boson mass shift and oblique parameters

@ A global EW fit is needed to explanation o Allowed parameter space
of the CDF shift
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5 « mGPFcan be explained by the top-parter
effects

C. T. Lu, L. Wu, Y. Wu and B. Zhu, Phys. Rev. D 106, no.3, 035034 (2022) * Sma” 0 is a”OWEd
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b — sft¢— anomalies

o Effective Hamiltonian

4G
7 th\/’§54 (CHOE +ClO1,) + hee.,

with Ogy = (sy* P b) (Z’yuf) and Oyg9¢ = (" PLb) (E'yu%ﬁ)
@ NP contributions

o L o o "7 wo no N7 no wo 7 wo
w w w w t, T 6T t, T tT

b t, T s b t, T s b W s b W s

Hett D —

@ Wilson coefficients

. 1 y
CF =sih+si(1—— | (b+ck)+ACT
4s2,

s7 : + v i
O = 15 (b +cil) + AC? AcZ = &t er)a f;R)qut T sk (/4 - C§/5>
w z R
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b — sft¢— anomalies

e The W-box, v- and Z- penguin diagrams are highly suppressed (proportional to sin? 6 )

@ The Z penguins do not suffer from this suppression and may affect the b — sf™ ¢~
processes.

o NP parameters (cos @, mr, qtgtgf[R/m%,)
Without loss of generality g: = 1,g: = 1, mz = 200 GeV
= (COS 9L7 mT, gfugf)
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b — s€T¢~ anomalies and the CDF myy shift
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b— stt0~ (cosfy, mr, g5, &)

myy shift (cos @, mr)

myy shift and b — s¢™¢~ anomalies
simultaneously explained at 2o level

the couplings are safely in the
perturbative region

Constraints on from the b — s{*/¢~
processes, in the 20 allowed regions
of (cosf, mr) obtained from the
global EW fit
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Loop-induced Z — Z mixing
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loop-induced Z — Z' mixing

affect Z— pt = decays

allowed region: dark rectangle
small overlap with other constraints

In a realistic model, other particles
(SM or NP) could provide vertex
corrections, which is hard to include
in our framework
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Collider Searches:mt < my

a(pp - TT) [ph]
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@ same with the regular top
partner scenarios

e mt > 1.3 GeV

18/22



Collider Searches:mt > my

my = 500 GeV, mg = 150 GeV, q; = L and gg = 0 (mr,sin 6, g1gr) = (1.0 TeV,0.988,0.72) (1.5 TeV, 0.993,0.54) (2.0 TeV, 0.994, 0.35)
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e Conclusion: g /g: > 1.5 ~ 3.2

In a realistic model, Z’ could also couple to e, 7, and NP particles, which suppress and relax the above collider bounds.
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Conclusion

Conclusion

@ Oblique parameters S, T, U and Wilson coefficients Cy and Cyq calculated in a top-philic
model

@ It is found that the model can simultaneously explain the CDF my, measurement and the
b — s¢*t¢~ anomalies

Future works

= UV complete model | contributions to EW fit from Z— Z mixing | mixing with 1st and
2nd gen

= detailed collider simulation
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