Explaining the b — s#7¢~ anomalies in Z' scenarios
with top-FC/FCNC couplings

and its implications for the W-boson mass shift
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b — sC¢ anomalies: branching ratio
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b — sC¢ anomalies: angular distribution
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» Similar deviations in the 2 modes

- branching ratio:

- angular distribution: @
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b — sf¥ anomalies: lepton flavour violation ratio
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» Hadronic uncertainties cancel
» O0(10~2%) QED correction

» Theoretical Uncertainties:
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- angular distribution: &
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Flavour anomalies: theoretical interpretation
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Flavour anomalies: theoretical interpretation
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7’ scenarios with top-FCNC couplings

» Lagrangian (mass eigenstates) >b — sptp”
» Feynman diagram

Ly, = (X,e"PitZ, +he) + X, iy Pop Z),

» Comments
» Phenomenological scenarios (simple, but not UV complete)

> . o
» 2 parameters X~ (complex) and /lﬂLﬂ (real) Effective Hamiltonian

b_>8/'l’+/‘l’_ 4GF

» Right-handed =7  interaction can be added — (g — 2), Heg R VinVis D CiO:
=1
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>€ e~/ instead _of,u pu~Z'is also possible = pheno@e "¢~ collider Ot = 7o (57, PLb)(0y"€)  O190 = s (57, PLb) (£ st
» tu/’ instead of tcZ’ is also possible
» Models with right-handed fcZ’ couplings > Wilson coefficient: NP effect
R. Coy, M. Frigerio, F. Mescia, O. Sumensari, EPJC 2020. CNP I _ CNP I 1 V* Xcl;ﬁ)\ﬁu f(a: )
H.J. He, T.M.P. Tait, C.P. Yuan, PRD 2000 9 10 * t
X.F. wan, C. Dua,IH.J. He,USEB 2013 g Y 8V2G psty Vi mZ,
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Numerical analysis: b — s~

» Global fit

» Inclusive decays
-B—> Xy
-B > X~

» Exclusive leptonic decays
=B, =

» Exclusive radiative/semileptonic decays
=B — K*y
_B(O,+ N K(O’+)f+f_
- BOA+ 5 FOH) ptp-
=B, — QuTpu
=Ny = ApTpT

e.g., LHCb, PRL128 (2022)4, 041801

e.g., LHCb, Nature Phys. 18 (2022) 3, 277 | PRL128(2022)19, 191802
e.g., LHCb PRL126(2021), 16161802
e.g., LHCb, PRL127(2021)15, 151801, JHEP11(2021)043

e.g., LHCb JHEP 09 (2018) 146

» Including about 200 observables (almost all available measurements
from BaBar, Belle, CDF, ATLAS, CMS, and LHCD)
» performed using an extended version of the package flavio

» Parameters
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» Fit result
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Y can explain b = sZ1¢~ anomalies at 95% CL.
* form, < O(5) TeV, both Xf; and /1/{;/4 are in the

perturbative region



Numerical analysis: ¢t = cu*pu™ :

t
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my, < m, 4 p
>t > cutu” +
CH R p
» Currently, no direct experimental bounds
» LHC searches performed at the Z peak, | m,, — m,| < 15GeV ATLAS, JHEP07(2018)176; CMS, JHEP07(2017)003
» Detailed analysis with the signal shape could be used to derive constraints M. Chala, J. Santiago, and M. Spannowsky, JHEP04(2019)014
» We concentrate on the mass region 105 GeV < m, < m, 5 00
>t — cZ' s ] ST & S.II
» Currently, no direct experimental bounds s0d T,

» Contribute to the top-quark width

» M = 1.3GeV vs. [P = 1.42J_r8£ GeV leaves 0(20%) room for Z’

% Top-quark provides a unique constraint on the 7cZ’ coupling
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Numerical analysis: t = cutu~

» Prediction on Br(t — cu™ ™) » Correlation form, = 1 TeV
x10~¢
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Kmy < m:t— cu T~ can serve as a sensitive probe of the Z’ boson .
*m, > m: pp — tZ reaches the sensitivity of the HL-LHC (3000 fb™1) —
e . . . Y. Afik, S. Bar-Shalom, A. Soni, and J. Wudka z' .
» Sensitivity is A, = 1.5 TeV from an EFT analysis "~ """ .
ut
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fcup

10



Summary: Z’ scenarios with top-FCNC couplings

Conclusions

» A phenomenological Z' scenario is considered, in which a Z’ couples only to ¢ and "1~ with left-handed chirality
» The Z' effects on the b — su™u~ automatically induce Cé\IP = — C}\(I)P, which is favored by the global fit

» The Z’' scenario can address the b — sy ™11~ anomalies, which satisfying other flavour and collider constraints
» For m, < m,: resonance searches in? — cu 11~ can serve as a sensitive probe of the Z' boson

» For m, > m: pp — tZ reaches the sensitivity of the HL-LHC (3000 fb™ ')

» NOT UV complete
» SU(2) invariance

» same coupling for bsZ’ (considered in our work. For b — su*u~, effects from bsZ' is dominated)
» SU(2) is constructed in the interaction eigenstate. However, the rotation matrices from the interaction to the mass

eigenstate are different for b; and ¢;. Therefore, the couplings of bsZ' and fcZ' could be different and should depend on
the flavour structure of the UV theory.

»In the case of a light Z’ (e.g., m, < ugw), the tcZ’ could be an effective interaction and SU(2) can be broken

» UV complete model | (ultra) light Z'| e Te ~Z’ | detailed collider simulation
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Flavour anomalies: theoretical interpretation
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Top-philic Z' model

» Gauge group: SU3)- ® SU2); @ U(1)y ® U(1)’
» New fermions: vector-like top partner U; p ~ (3,1,2/3,q,)
» Lagrangian: quark sector

Lint :()\HQ;;LI:IU:;R + )\@Uiu;gR(I) + MU}’;U& + h.C.)
+ g9t (Up'UL + Up!Ug) Z,,, |

» Comments
> interaction eigenstates

» Assuming only 3rd-gen SM quarks mix with the top partner
» \Vector-like top partner + Z’

» Rotation from the interaction to the mass eigenstate

(tL> . (COSHL —SineL) (’U,3L>
Tr ] \sin6 cos 0 U’ m
- - - b tanfy = —ttanHR

tR o COSOR —SiIlHR U3 R mr
Tr) \sinfg cosOp Ur

mass interaction

13

J. F. Kamenik, Y. Soreq, J. Zupan, PRD97 (3) (2018) 035002
P. J. Fox, I. Low, Y. Zhang, JHEP 03 (2018) 074

» Interactions

2 _ 2 -
‘C’Y = getAt + geTAT, (7)
Ly = %v (cLiWPLd; + s, TWPLd;) + he., (8)
_ 1p2 _ 242 lSL(:L tr,
LZ—L(tLaTL)(2I; 3 122 s o | 2
Cw 5SLCL 5ST — 3SW 1T,
9 (r 7 2 4 tR
— (tr, T — — 9
+CW(R R)( 3SW>Z(TR> y ()
2
_ st —srer\ [ tL
L7 = tr, T
Z qtJt ( LyLL (—SLCL c% ) Z (TL>
+ (L — R), (10)

» Lagrangian: lepton section

L, =pnZ (g5PL+ g2Pg)

» NP parameters

L _R
(cos Oy, my, 8,5 8> 8 9p Myz)



W-boson mass shift and oblique parameters

early promise p. 126 cytokine signaling pp. 1394163 BIl & Science Prize p.146 G I 0 bal EW fit
DO | 80478 + 83 ®

»Most NP effects on the EW sector can be parameterized by

‘ zlfPRILZOZZ CDFI 80432 i 79 .
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AVAAAS DELPHI 80336 + 67 S,

2 .2 g o2 _ g2
Am2. — O‘CWmZ P 2 W W17
L3 80270 + 55 o My 2 s |72 + iyl + 152,
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DO Il 80376 + 23 —0— Qe m% swew 27 gal ’
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CDF I | 8043|3 + 9 | | | - | - 42% [wa (m%;rzz— Myw(0) sz,Z 0 _H,W(O)] _s
el 79900 80000 80100 80200 80300 80400 80500 e v " , _
HEAVYWE'GHT W boson mass (MeV/c2) » A global EW fit is needed to explanation of the CDF my;, shift
W boson mass measures higher than expected pp.125,136,& 170 ol Fixe(li 7 —0 I I I I ]
0.3F -
CDF: 80433 £ 9 GeV PDG: 80387 = 12 GeV
0.2 -
e [ [} E‘
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About 7/ o deviation ! ! |
0.0 -
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5 By Gfitter

Chih-Ting Lu, Lei Wu, Yongcheng Wu, and Bin Zhu, arXiv: 2204.03796
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W-boson mass shift and oblique parameters

Global EW fit

Explanation in top-philic Z' scenario

- . »Most NP effects on the EW sector can be parameterized by
» NP contributions to vacuum polarizations

S, T,U, e.q.,
t, T t, T
2 2 2 2
aci,m S Ciy — S
A 2 _ w'tzZ |~ 2 T |14 WU
M v, Z v, Z W ch, — S [ g Twh T 453,
b t, T
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, g dsiyciy [HZZ (m7) —z2(0)  cify —siy I, (0) — IT (0)]
S 2 Y Yy ?
S = L [K , + 3¢2 Ko (ys, ], Qe ms, SwCw
1 T M1 yr) S ) r- L{lew(®) _Hagl0)
Ir = 351 — T — C (:c +x + 2oT lnﬁ) ol T mz 1
T — ].67'('8%4/ rT t L T t T — T, T U — 43%{/ HWW (m%/v) o HWW(O) . Cw 1T’ (0) 1T (0) -9
, Qe ma, sw 27 L ’
S . .
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b — sT¢ anomalies

» NP contributions » NP parameters
w 2 eow ). ;. mow Y , How 7 T q.8, gL,R
w W W W LT £ T £ £ T COS HL, mp, 2”
th > i ; > t,;T > i ; 0 - 7 b - ms,

» Effective Hamiltonian _ _
Without loss of generality

4 — — , =
Mo > — 2Py, v (ChOk 1 Cl0t) + he. g = 1.g =1, my=200GeV
V2 4
' iCi (cos @ L R
» Wilson coefficients cos 6, my, gk, g
Co' =s3Ih + % (1 - L) (I + A I3) + ACZ
43W

2

O = 15 (L + i 1) + ACZ
Sty

* The W-box, y- and Z- penguin diagrams are highly suppressed (proportional to sin? o)

% The Z' penguins do not suffer from this suppression and may affect the b — s£€ ¢~ processes
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b — sC7¢~ anomalies and the CDF my; shift
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Summary

Conclusions

» Oblique parameters S, 7, U and Wilson coefficients Cy and (', calculated in a top-philic Z' model
> It is found that the model can simultaneously explain the CDF m1,, measurement and the b — s ¢~ anomalies

» Lepton sector is NOT UV complete
» Top partner mixing with 1st and 2nd generation is also possible G.C. Branco et al, arXiv:2103.13409

» 7' contributions to the global EW fit is not included
» Naturalness from the top partner not discussed J. Berger, J. Hubisz and M. Perelstein, arXiv: 1205.0013

» UV complete model | Z’ contributions to EW fit | mixing with 1st and 2nd gen | Nautralness

15115

» detailed collider simulation
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