Explaining B-physics anomalies by a non-universal Z’-boson
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Abstract WEFT

We perform a study [Phys.Rev.D 107 (2023) 11, 115033] of the new physics effects in semileptonic Including light RHN fields, the most general dimension-6 effective Hamiltonian relevant for b — s
FCNC processes within a low-energy approximation of the anomaly-free supersymmetic extension of transitions can be written, at the bottom quark-mass scale, as
the SM with additional Z’ vector field [Symmetry 13 (2021) 2, 191]. The key feature of the model is _

the non-diagonal structure of Z’ couplings to fermions, which is parameterized by few new-physics 4G+ o
parameters in addition to well-known mixing matrices for quarks and leptons in the SM. We not only eff = /32 4r thVts |“ L CapYr i Yy i Y
consider CP-conserving scenarios with real parameters, but also account for possible CP violation due i=L(),R() 7=90,100)
to new physical weak phases. We analyse the dependence of the b — s observables on the parameters Vo i
together with correlations between the observables predicted in the model. Special attention 1s paid to _ (VioVis) Z CZ(?SO?S +hee., (4)
possible enhancement of B — K )y rates and to CP-odd angular observables in B — K ™[l decays. Y Il LRRR
with four-fermion operators:
° ° Ozﬁ — — 5 — —
Motivation 07" = (5.2"bp) (P yu(1 = 1s)7),  OF = (Spy"bR) (P yu(1 = 35)v7),
‘a8 = _ ‘af _ _
Or" = Gy w + 507, Op” = (8ry"0R) (P (1 + 5)”).
. [B;*;ZK(*)VV theoretically much cleaner than 5 — — 11 (63ﬂ - I[zwi)50575z;J 08‘5 — (SLWM[?L)(_OWMZB), O?Oﬁ — (ELV”[?L)(_O‘W%ZB)»
; i e - ,(?._: e N 1) nclusive ,056 - o / /B B ey
B Belle (711 fb~!, SL) \B/ 09 - <SRfylubR>< Wﬂlﬁ)v 010 - (SR’Y“[?RW 7M75ZB>7
 Experimentally quite challenging due to two miss- i e e - v - v bs _ (& M _
ing neutrinos B g e ey | Orr(rr) = GLr"brm)GLm”bom).  OLr = (517"01)(5pY"bR); (5)
— No signal has been observed so far; ——— Babar (429 fb !, Had+SL) Cug . b
O B e S S P The SM contribution to Cy, C( to NNLO accuracy, C'7 to NLO and C77 at the scale = my, = 4.8
e Inclusive tagging technique from Belle II has higher | BR(B* — K1) x 10° . 5, GeV 1s given by:
. U
efficiency ~ 4% | Exp,., = (1.1 £0.4) X 1075 SM SM e 2
) Do (1120 } TEVLETT CoM=4211, CiM=-4103, C=CM=-2X,/s?, X, =1.469+0.017, (6)
bs(SM) 9 6 627 In 2y 9, 9
= 1 — — = = 0.951. 7
CLL NBTe | L+ 1 — (1 _ $t>2 (1 _ CUt>3 ’ L mt/mW7 T1Bs (7)

e ~ (.20 in Rx and R [LHCb:2022zom]

After integrating out the heavy Z’, we get the effective four-fermion Hamiltonian. The relevant terms in the effective

B(B = Ku'p™) B(By — K*'pp”)

R0 — —0.9497902 4 0.022, RO = — 1.02770972 + 0.027 Hamiltonian is given by
K B(B — Kete™) 0.041 ’ K B(By — K*ete™) —0.068
2
/ , ; Cl = NIE lgn+ i)V ' =N gb; dilor+gd”, )
e ~ 250 in P, = —0.439 £ 0.111 = 0.036 [Phys.Rev.Lett. 125 (2020) 1, 011802] HE = 2;?52 Jd® 3 A‘Z—gg%‘%sv@PLb)[Ma(gL Py + g Pr)l] P e
_ g° Cly =N gb; 9¥lgr — gz)" Cl = /\/’g—%g?ﬂg —gr)",  (10)
e The mass difference of the neutral B; — B, meson system + Mfg 9% (57" Prb) [1va (¢ P + gk PR)l] M M,
Cw/ _ Nﬁ bs v/ C/VV’ :Nﬁ bs IVV/, (11)
AME™ = (17.765 + 0.004) ps_l, [HFLAV, 2023] g b 57 P 57 Pr R
S .- 9 v 9B bs % gE bs v/
AMSM = (18.77 £ 0.76) ps ™ [Amhis:2019ckw] N ]\gf; (45 (d5) (57" o) (57 P O =Ny o g Ch =Ny orlonl” (12)
A 1 g
Cbs _ E bs 2
e~ 240 in B(Bs — u ™) + A‘Z—%g?(syap,;b)[y%(g; Pr+ g% Pp)V] LLCRR) = 4 2G (Vg V)2 M2, (9Lim)
Z/ 1 g 5
/ / Cibé E : 13
B<BS — M+/L—>Exp = 3.45 = 0.29, [HFLAYV, 2023] + ]\gﬁ 92 (57" Prb) [074 (g7 P + g% Pr)V] + h.c. (8) Lt 2\/§GF(thV{§)2 M3, (97)(9%) (13)
B<Bs — ,LL+,LL_>SM = 3.68 £0.14 [JHEP 11 (2022) 099] Here My denotes the Z’'-boson mass, gr - U(1)" gauge coupling. Compar-
ing Eq. (8) with Eq. (4), one gets the expressions for the Wilson coefficients
induced by the Z’ exchange where the overall factor is given by N' = — 7 GF;TCthVt

Model description

* U(1)" extension of MSSM with gauge structure:
SU3) x SU(2) x U(1) x U(1)

e MSSM chiral multiplets + singlet superfield S (allows one to break U(1)" spontaneously and gen-

erate mass for the corresponding Z’ boson);

* Three right-handed chiral superfields v{ 5 ;

field Q' | field Q" field Q'
Q12 0 Uiy 0 Dfy O
e Non-universal charges for ACCs: @3 |+1 ch -1 ZZ 5 —1
Lo —1 (o1 vig | +1
Ly |0 5+ vs 0
H;y —1| H, 0 S +1

e Superpotential:

W= > Y QHUS + YPQsHUS — (QsHy)(Y;' DS + Vi D)
i,j=1,2

+ Y Y LiHWS + MYv§uS + Y, LyH v
i,j=1,2

— (L3H,) (Y}Ef L Y3ES ¢ Y€33E§) + AsSH,H, (1)
* The gauge field Z’ couples to quarks and leptons as
L>qgpZ) DYab + tyat]
— 9pZ, Z (Lirvalin, + Zirvavirl + ZirYaViR) — Z lirVolir (2)
i=1,2 i=1,3 ]
e Non-holomorphic soft SUSY-breaking terms:
Lo, = Z Z CAHL)ES + CBHGds + Hy Y CRad
i=1 j=1 i j=1,2
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Figure 1: Some of the Feynman diagrams that give contributions lizj X C(*fj (left) and ’fizj X C’;ij (right) to the mass
matrices m,, and my, respectively. Here y(, g denote Majorana neutralinos and gluinos.

Model predictions

CP conserving a3 = (2.0+£4) 1077, oz = —0.207 £ 0.022, Bi3 = 0.61 £ 0.10, Ba3 = 0=40.5, My /gr = 16.1 £0.6TeV, P13 = P23 = X13 = X23 = 0,
CPviolating a3 =(8+2)-107°, a3 =034+0.08,  fi3=076+0.17,  fo3=00+03,  My/gg=184+1.7TeV,  ¢y3=—-065+£024,  x13 = x23=0.
. Obs SM Exp FIT, FIT,
14— Ry i Ry (BH)LL60 140.01 0.94970073 £0.022 | 0.894 +0.011 | 0.897 + 0.012
T | RY(BO)[L160 1 £0.01 1.02770072° 10,027 | 0.955 £ 0.025 | 0.923 £ 0.032
121 | PO —0.757 £ 0.077 | —0.439 + 0.111 + 0.036 | —0.53 + 0.13 | —0.56 + 0.13
% AMp,,ps ! 18.77 £ 0.76 17.765 4 0.004 17.74 €245 | 1727+ 1.19
10+ B(By — pp) -107° 3.68 £ 0.14 3.45 +0.29 3.69 £0.23 | 3.6840.22
2 B(BT — K*vi) x 1076 46+0.5 11 +4,< 19 5384038 | 522+0.34
0.8 : B(BY — K%w) x 1075 41405 < 26 4.99+0.31 | 4.834+0.32
| B(B" — K%up) x 1070 9.6 +0.9 <18 10.10 £ 1.46 | 10.30 + 1.36
06+ i B(BT - K™ vo)x 105  9.6+0.9 < 61 10.90 £1.33 | 11.10+0.96
i N FPIoRw 0.47 + 0.03 - 0.479 4 0.05 | 0.484 4+ 0.06
041 i Rysvo Ry 1 2.440.9 1.14 £0.028 | 1.10 £ 0.024
: X I T T ' RYY. 1 <1.9 1.07£0.024 | 1.08 =0.022
$23
A[71.1,6](%) Ag.l,ﬁ](%) Ag.lﬁ](%) A[l 1,6] ( (%) Agﬁ’ﬁ]([()(%) ;é 6] (%) Fg.l.ﬁ]
EXP| —4570406| —47725+08] -3.379+04 —9 4447 04428 | -73+£2140.2/0.700 +0.025+0.013
FIT, | 024+0.11 | 0.03+0.04 | 002+0.01 | 0.05+0.09 | 0.09+0.09 | —531+4.86 0.721 +0.061
FIT, | 032+0.13 | -240+1.26| —024+0.14 | 0.104+0.68 | —026+£0.78 | —5.06 % 5.02 0.715 4 0.060
A[715,19](%) AQSJQ}(%) Ag15,19](%) A[lo 19] (K*)(%) A[lo 19] (K)(%) 10 19] (0/) FL[15,19]
EXP| —4.0754+06| 2575403 | 6173402 | —74+44 —0.5+£3.0 | 35. 3 j: 2.0+ 1.0 | 0.345 £ 0.020 & 0.007
FIT; | 0.0114+0.08 | —0.01 +£0.02 | —0.03+0.02 | —0.10£0.05 | —021+0.11 | 31.72+4.99 0.346 + 0.043
FIT, | 0.01440.08 | —044+024 | —0.69+020 | —1.18+0.44 | —2.99+1.24 | 33.08+4.86 0.341 4 0.044

Figure 2: The new weak phase dependence of the
Aél'lﬁ], Agi;lg]([( ), FL[O‘1’0'98] AE? g 4 observables. Here
green band is 1o experimental limit. Dotted line is cen-
tral value of model prediction for FITs.

Future prospects & Results

e A;, S; and Acp measurements for B' — K*u™pu
decay:

—3fb ' [JHEP 02 (2016) 104]: ~ 4 — 6%

—4.7fb7! [Phys.Rev.Lett. 125 (2020) 1, 011802]:
~ 2 — 4%

—50fb~!' [LHCDb:2022ine]: ~ 1 — 1.5%

—300fb~! [LHCb:2022ine]: ~ 0.4 — 0.6%

Thus, the enhancements in Ag and Aqgp(K) pre-
dicted by FIT, can be tested experimentally.

* Dineutrino modes [Belle-I1:2022cgf] 50ab~t: RYY
0.08 and R}% 0.23. Obviously, this is not enough
to favour or exclude our benchmark points. Never-
theless, some scenarios lying in the vicinity of the
FIT,, predict R} ~ 1.3 — 1.35, and, thus, can be
probed by future Belle II measurements.

1. Sizeable CP violation in B' — K*utu~ ob-
servables, for example, in A[1 Lo, Ag?;w]([( ) and

A[é?)lg] (K*), is predicted;

2. Have found that Acp(K ™) can be enhanced only
in high-¢° region up to ~ —8% for K-mode and up
to ~ —4% for K*-mode;

3. Have observed that the triple product A;, Ag, Ag
asymmetries are more prominent to the new CP vi-
olating phase, and can attain a few percent in the
central- and high-¢?;

4. Estimated future prospects of A;, S; and Ao p mea-
surements for BY — K*u" 1~ decay and for dineu-
trino modes.



