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Motivation
e 787 and 949 at BNL see 3 events
e corresponds to B(K™ — wvw) = (1.471539) x 10710
e SM predicts B(Kt — ntvw) = (7.2 +2.1) x 1071
e consistent within errors but room for new physics

— Many examples in the literature
— Here: non-universal 2’



Non-universal Z’

e /' that couples strongly to 3'd generation but very
weakly to other two.

e introduced to accommodate A%,
e Masses and couplings constrained from LEP, LEP-II

e would affect K+ — wvr via the v.: net effect of
electroweak strength suppressed by Mz /M?,.

gtan ¢ gcot 0,



Models

The first two generations are chosen to have the same
transformation properties as in the standard model with

U(1)y replaced by U(1)p_p,

Qr=(3,2,1)(1/3), Ugr=(3,1,1)(4/3),
DR — (37 17 1)( 2/3>7
Ly = (17 2, 1)(_1>7 Er = (17 L 1)(_2>

The numbers in the first parenthesis are the SU(3),
SU(2); and SU(2)r group representations respectively,
and the number in the second parenthesis is the U(1)
charge.

The third generation is chosen to transform differently,

Qr(3) = (3,2,1)(1/3), QrB)=(3,1,2)(1/3),
LL<3) (1727 1)( 1)? Lp= (17 172)(_1>'

Correct symmetry breaking and mass generation are in-
duced with three Higgs representations.



Main Features

e relative strength gr/gr ~ cot Oz
e R-H gauge bosons can be triplet or singlet.

e The W, — Wx mixing is severely constrained by b —
s7.

e The 7 — 7' mixing & is also constrained from Z pole
measurements at LEP.

e If the couplings to 7, v, are large, gr, at LEP implies:
(He, G.V PRD 66, 013004 (2002))

cot Hsz S 10_3

e choose &, =0

e cte~ — bb at LEP-I1I allows My as low as:
(He, G.V PRD 68, 033011 (2003))

M
cot O tan Oy <MW) < 1.
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FCNC: two sources

e Tree-level
Ln & g tan Oy cot Op(sin§z 2, + cos {22,
(CZRiVMVgZngbdej - ﬂRi’YMVﬁtﬂ;VﬁtjuRj
+ TrRY'TR — Ur:Y'VEy)
— 7 mediated ~ cot Op€z /M3
— 7' mediated ~ cot? 0z /M?Z, dominates
e One-loop

— effective Z' penguin operator:

3

1672

tan Oy cot OV Vi I (A, Ay )diy, Prd; Z™

Lejy =

— I(As, A\gr) is the loop function
— corrections to tree-level (will ignore)



Tree level diagrams responsible for (a) K — 7wvv and
b— (sordvr; (b) K— K and B — B mixing; and (c)
CP violation in K — 7.
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Constraints

Process Constraint From

L (AM)g Re(VE VL ) <24x10° | (SM)y

II. (AM)p, Vi Ve < 1.8 x 107 O

1L (AM)p, ViV <2 x 1073, /85, O3,

IV. e Re (VigVigya) T (Vi Vi) Oth
<2 x 1071

V. € (V!> + 1V 1) Im (Vige Vg (€)s
<13x107°

VI. Kt — wtvw (\VEVE 1< 1.0 x 1077 (£949)..,

0p, characterizes the deviation from the standard model

prediction

(AM)p, — 17.2 ps™*
53 = .
’ 17.2 ps~!



Predictions

At present, the models can reproduce the central value
of E787 and E949 for the rate for K* — wtvr with the

tree-level FCNC. However this can easily change if B,
mixing is measured and does not deviate much from the
standard model.

Process Upper bound with Z’ | From SM
B(Kt — wtvp) 1.5 x 1071 ( E949) - |7r2x107H
B(K; — mvp) 1.4 x 1071 VI 24 x 1071
B(B — Xuvv) 25x 1076 II  1.6x10°°
B(B — X,wr) 4x107°(1+20p) I11 4 x107°
B(B;—1"17) 1.8 x 1077 [T | 33x10°%
B(B; —7't7) 11x10°%1+156p) II 1.1x10°°




One-loop Feynman diagrams generating the Z’ penguin
operator of the form d;y,Prd;Z™ in unitary gauge.




First Diagram

e divergent - dimensional regularization

I( A, Am)

“T8 | (TN N—1 2 ¢

e add other diagrams:

I(M\, Ag) —

)\t —2 C0t2 QR)\t >\t
— Mgl — Aip — A
8[()\t_>\H)2 H 108 Ao + Am t
A2 (N2 =20\ +4) + 3N (2N — 2Ag — 1)
(A = 12N\ — An)?

A (A3 46X — TAy)
— log A

Owr = D= A o8

202 — 3Ag A\ — B\ + 6)\H]
_|_

(Ae — )N\ — )

log A\

— finite answer within simple model: My, g
— model dependent on scalar parameters

A [A§—2At+4 3 1 1]
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I()\t, )\H) < 5.04 — cot HR < 9
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Constraints and Predictions at one-loop

4
o D(K* — 7t ui)ypw ~ Lot O (%) T\, M)l
e [t is possible to accommodate E787 and E949.

e To reproduce the central value one needs I'ygw ~
[gar, implying I(A;, Ag) ~ 5.6, or

cotOp ~9 for My =1TeV
My ~ 950 GeV for cotfp = 8.

e Our simple model had “minimal flavor violation”, so
the ratio I'ygw /Tsys is the same for K — 7'vi as
well as the B — Xvv modes.

e The enhancement is larger in

F(B — T+T—)NEW 6F<K+ — 7T+Z/17>NEW
(B — 7777 )i K+ — mtvv)sy

—no 1/3 for v,
— SM loop factor smaller



Conclusions

e Non-universal Z’ bosons induce FCNC in general and
can thus affect K+ — ntvw.

o At tree level the FCNC depend on new mixing pa-
rameters. At present there are constraints on these
parameters that allow us to accommodate the E787-
949 result for K — wtvw, but this may no longer
be true when mixing in the By system is observed.

e At one-loop level there is a new penguin operator that
depends on details of the scalar sector of the models.
In simple models it is possible to accommodate the
central value of E787-949, but it would not be possible
to accommodate a much larger rate.

e If we fit the model to the central value of E787-949,
we predict an enhancement in the rate of B — 777~
of about a factor of 7 with respect to the SM.



