UC Irvine
UC Irvine Previously Published Works

Title
Full range of predictions for B physics from isosinglet down quark mixing

Permalink
https://escholarship.org/uc/item/0896b0w3

Journal
Physical Review D - Particles, Fields, Gravitation and Cosmology, 58(9)

ISSN
0556-2821

Author
Silverman, D

Publication Date
1998

DOI
10.1103/PhysRevD.58.095006

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License,
availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/08g6b0w3
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

PHYSICAL REVIEW D, VOLUME 58, 095006

Full range of predictions for B physics from isosinglet down quark mixing

Dennis Silverman
Department of Physics and Astronomy, University of California, Irvine, Irvine, California 92697-4575
(Received 26 June 1998; published 25 September)1998

We extend the range of predictions of the isosingtet vectoj) down quark model to the fully allowed
physical ranges, and also update this with the effect of new physics constraints. We constrain the present
allowed ranges of sin@ and sin(), y, Xs, andAg_. In models allowing mixing to a new isosinglet down
quark (as in ) flavor changing neutral currents are induced that allo#? anediated contribution t&— B
mixing and which bring in new phases. (p,7), (Xs,sin(y)), and (s,Ag ) plots for the extra isosinglet down
quark model which are herein extended to the full physical range, we find new allowed regions that will require
experiments on sin and/orx, to verify or to rule out an extra down quark contribution.
[S0556-282198)05221-7

PACS numbses): 11.30.Er, 12.66~i, 12.15.Hh, 14.40.Nd

I. INTRODUCTION II. ISO-SINGLET DOWN QUARK MIXING MODEL

The “new phvsics” cl f models w re th with Groups such asg with extra SU(2) singlet down

€ “hew physics - class ol models we use are those quarks give rise to flavor changing neutral curref®€NC)
extra iso-singlet down quarks, where we take only one NeWhrough the mixing of four or more down quark®,5—§
down quark as mixing significantly. An example i_SB'E _ We use the X4 down quark mixing matri¥/ which diago-
whlere there are tl\(/vo d((j)wn qu:_arrI:s for each gentlarauon With,alizes the initial down quarksdf ) to the mass eigenstates
only oné up quark, an of which we assume only one nev\(djL) by d?LZVijdjL. The flavor changing neutral currents
iso-singlet down quark mixes strongly. This model hasWe have are[7,8] —Ugo=V*,V —Ug=V*\V,,, and

. = - ’ sT V4dViss sb™ V4sVibs
shown large possible effects B—B mixing phases. The —Upg=V%,Vaq. These FCNC with tree level® mediated
approachind factory experiments will also set limits on the exchange may contribute part Bﬁ—gg mixing and ofB?
S

phases of the mixing angles to the new iso-singlet down —,  ~ )
quark in this model. In previous analysiss2], we focused — B¢ mixing, and the constraints leave ar_aonge of values for
— By mixing may

on ranges of variables in which the standard mo@W)  the fourth quark's mixing parameter8y
results occurred, in the sense of looking for small deviation®ccur by theb—d quarks in aBy annihilating to a virtualZ

in setting limits. As emphasized by Wolfenst¢Bl, we now  through a FCNC with amplitudd y,, and the virtualZ then
explore the full range of output in variableg sin(y), and the  creatingb—d quarks through another FCNC, again with am-
B asymmetry to indicate the full possible range of outcomeslitude U ,,, which then becomes By meson. If these are a
for these experiments due to new physics models. large contributor to th@,— B4 mixing, they introduce three

A significant number of improved constraints have ap-new mixing angles and two new phases over the standard
peared in the last two years, and most importantly, some ofodel(SM) into theC P violating B decay asymmetries. The
the R, experiments now give results in agreement with thesize of the contribution of the FCNC amplitudig;, as one
standard model. Since the mixing to a new down quark cagide of the unitarity quadrangle is less than 0.15 of the unit
only decrease the diagonal neutral current, these results navase|V V.| at the 1le level, but we have foun@2,5,7,4
give useful limits on the parameters. The other improvedhat it can contribute, at present, as large an amouri4to
experiments areK* — 7" vy, the new DO limit onB —Bg4 mixing as does the standard model. The new phases
— uuX, improvedV,, limits, and the CERNe" e~ collider ~ can appear in this mixing and give total phases different
LEP lower bounds omimg or X;. We also now have an from that of the standard model 8P violating B decay
exact method of combining the one event Poisson result oAsymmetrie7—11].

K*—a*vy with the Gaussian probability experiments For Byq—Bgy mixing with the four down quark induced
which results in a chi-squared distributipg]. b—d coupling,Uy,, we havef9]

We also project to a range of results from tBefactory
experiments. For different sing2 cases, we find extended
multiple regions in(p,7) that will require experiments on
sin(y) or x5 to decide between, and experiments on bot
could be required to bound out or to verify the model. We Ugtd—dbz(a/(4ﬂ- SirPOW)Yif2(y) (VEV)?, (2.2
also find a sizeable range for tlBg— B4 mixing asymmetry
in the extra down quark model, while in the SM this asym—andxdzAde/FdeTBdAde.
metry is very small. In setting limits we use the method of a  The CP violating decay asymmetries depend on the com-
joint x? fit to all constraining experiments. bined phases of thB3—BY mixing and theb quark decay

X4=(2G¢/3v2)Bgfagmg e 7| U2 qp+ Vsl (2.1

(where, withy,= mZ/mg,,
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amplitudes into final states of defini@P. Since we have SM: Present, & B Factory sin(2a)= 1, 0,— 1
found thatZ mediated FCNC processes may contribute sig-—~ ' g

nificantly to Bg—Eg mixing, the phases oUy, would be gz 3
important. Calling the singlet down quakk, to leading or- o7 E
der the mixing matrix elements t® are Vip~Sz4, Vep 06 |
~sye %24 andV p~s;e” %14, The complete X 4 mixing 05 £
matrix was given previously9,12]. The FCNC amplitude 04 F

03 |
02 E
. . . 01 F
U db= (— S3a— S245238' 72%) (SaaViy + S48 ' P14— 5087 0205 ), I e o S ey PP

(2.3 0
o—n Plot

Ugp to leading order in the new angles is

whereV 4=~ (515,35~ S12€'°19) and V=55 13,
FIG. 1. The(p,7) plot for the standard model, showing the 1, 2,

l1l. JOINT CHI-SQUARED ANALYSIS FOR CKM and 3¢ contours, for the present dafiarge contoursand for pro-
AND FCNC EXPERIMENTS jectedB factory resultdsmaller circular contoujsat sin(2)=1, 0,

and —1 from left to right.
FCNC experiments put limits on the new mixing angles
and constrain the possibility of new physics contributing to|Vuchb| —0.08+0.016 or a 20% errofl9].

Bg— BJ andBJ— B2 mixing. Here we jointly analyze all con- ~|n Fig. 1 is shown theip, ) plot for the standard model
straints on the %4 mixing matrix obtained by assuming with contours aty? which correspond to confidence levels
only one of the SU(2) singlet down quarks mixes apprecia- (C.L.) that are the same as the C.L. forsl2-0, and 3¢
bly [7]. We use the nine experiments for the<3 CKM  limits. Figure 1 shows large regions for the present CKM
sub-matrix element$1], which include: those on the five constraints. We see the effects of the=1.35y|Vis/Vi4|?
matrix element&/,4,Veq,Vys,Vup:Vep Of theu andc quark  lower bound in the SM limiting the length ol
rows; |¢ and K —pupu in the neutralK system[13]; By o \(1—p)Z+ 2 and starting to cut ofp for p<O.

— By mixing (Xq); and the new limits omAmg, or Xg. For In Fig. 2 is shown thdsin(2x),sin(2B)) plot for the stan-
studying FCNC, we have four experiments which include thedard model, for the same cases as in Fig. 1. In comparison to
bound onB— puX (which constrain—d andb—s) for  previous analysd®], the region near sin@=1 is no longer
which we have the UA1 and the new D)@4] results, the within the 1o contour.

new first event irkK * — 7+ vv [4,11,15—17 and new results In Fig. 3 is shown the(xs,sin(y)) plot for the standard
onR, in Z°—bb[11,18 (which directly constrains th¥,,

mixing element FCNC experiments will bound the three SM: Present, & B Factory sin{2«)= —1, 0, 1
amplitudesUq4s, Ugy, and U,y which contain three new -~ 'r =

mixing angles and three phases. We use the mass of the tccy |
guark asm;=174 GeV. We use a method for combining the . & i
Bayesian Poisson distribution for the average for the one ®  f

observed event iK* — 7 vv [17] with the chi-squared dis-
tribution from the other experiments. We taKe)=2.7 o4 f
X 10f|U44?, ignoring the SM contribution, since the ob- r
served event is at a rate four times the SM result.

In maximum likelihood correlation plots, we use for axes
two output quantities which are dependent on the mixing

0.2

matrix angles and phases, such(agy), and for each pos- —02 a
sible bin with given values for these, we search through the f
nine dimensional angular data set of th& 4 down quark -0.4

mixing angles and phases, finding all sets which give results
in the bin, and then put into that bin the minimygh among
them. To present the results, we then draw contours at sev
eral 2 in this two dimensional plot corresponding to given

confidence levels. P S N N N S R I N R R
-1 -0.8 -06 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

sin(2a)

—0.8 |

IV. CONSTRAINTS ON THE STANDARD MODEL sin(2@) vs. sin(2«)
CKM MATRIX AT PRESENT
FIG. 2. The(sin(2x),sin(28)) plot for the standard model at 1, 2,
We first analyze the standard model using the preserdnd 3¢ with present daténearly horizontal contouysand with the
constraints on the eight Cabibbo-Kobayashi-Maskawaample results of th@® factories (almost circular contouys for

(CKM) related experiments. We use the results forsin(2a)=1, 0, and—1 from left to right.

095006-2
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Standard Model these asymmetries are not directly related to angles in a tri-
angle in this model. The asymmetries with FCNC contribu-
tions included are

(UZg-apTUdb) (V:bVCS)}

|UZia-ap+ Ul (VEVeo*
(5.1

(U2 ap+ U3 (ViVua) }

[UZia-abt Ul (VisVud)*
(a) Present Data (5.2)

SiN(2p)=Ag0_yk0= |m[

o SO
(&)
LS A AR LA AL R R L |

0 5 10 15 20 25 30 35 40 45 50 Sin(2a)E—A30_>w+f= _|m[
d

with Ugq_ g defined in Eq(2.2).

In the four down quark model, what we mean by
“sin(y)” is the result of the experiments which would give
this variable in the SM23]. Here, the four down quark
model involves more complicated amplitudes, and i
not simply sing;s):

= 1V P BT ey
Zos f S

P I I SRR B I P I B 2 2
10 15 20 25 30 35 40 45 50 (Ustd,bs-FUbs) (V’Jchs)

sin(y)=Im .
: 4 | Ugtd— bsT U §s| |Vuchs|

[w]
© [T

[&]

(5.3
(b) B Factory sin(2a)= 1,0, —1

FIG. 3. The &,sinv) plots are shown for the standard model We note that since sigf is an imaginary part of a complex
with: (a) present limits; andb) sample results for th® factories  amplitude, it can have values ranging froml to +1. We

for sin(22)=1, 0, and—1 from left to right. now extend the range of the previous analyses to cover the
complete range.
model with (a) present data, antb) for the B factory cases In the four down quark modekg is no longer the simple

sin(2a)=1,0,—~1 from left to right. xs is determined in the ratio of two CKM matrix elements, but now involves the
SM from x¢=1.354(|Vis|/|Via])2. The largest errors arise Z-mediated annihilations and exchange amplitudes as well
from the uncertainty ifV4|, which follow from the present

20% uncertainty inyBgfg=200+40 MeV from lattice cal- |UZi4-bst Ui

culations[21]. The B factory in the SM constructs a rigid Xs=1.3%4 U2, 4 gt U3 (5.4
triangle from the knowledge o& and 8, and removes this ®

uncertainty iny and x, in the future. A cautionary note for where

experiments emerges from this plot, namely that giri§

close to ong0.7 to 1.0 for the 1o contour, and high accu- U2 4o ps= (el (47 sin 0,2y f2(y)(VEV?. (5.5
racy on sinf) will be needed to add new information to the

standard model. At 1rthe range oK in the standard model The asymmetryAg_in B mixing in the standard model

is from 14 to 33. It is clear that the different sim{2cases \yiih the leading decay process bbf-ccs has no significant
give distinct ranges foxs. Checking whethex; agrees with  phase from the decay or from the mixing which is propor-
the range given by a singd measurement will be a good test (iona| toV2 . The near vanishing of this asymmetry is a test
of the standard model. of the standard moddk], and a non-zero value can result
from a “new physics” model. With the FCNC, the result is
V. CONSTRAINTS ON THE FOUR DOWN QUARK
MODEL AT PRESENT, AND AFTER THE B FACTORY

A | (Ulig-bstUps) (VEVes)
RESULTS B,— 'M

|U§td7bs+ugs| (VZDVCS)* .

(5.6

In the following, we will find and take sin@=0.65 as
the center of the current range for the SM with its projecte
B factory errors of+0.06[22], and vary sin(&) from —1.0
to 1.0, using the projecte factory errors of+0.08.

gain, since this is an imaginary part of a complex ampli-
ude, we extend our studies to the full range including nega-
tive values for this. Since it concerns tBg mixing, we plot

Here we also project forward to having results on sif)(2 it aga!nstxS which involves the magnitude of the amplitude
and sin() from theB factories, and show how there will be used inAg,. ) o
stronger limits on the new phases of FCNC couplings than In the four-down-quark model with the unitarity quad-
from present data. In the four down quark model, we usdangle, what we plot for thép,7) plot is the scaled vertex of
“sin(2@)” and “sin(28)” to denote results of the appropri- the matrix elemenv{,:
ateB, decayC P violating asymmetries, but since the mixing )
amplitude is a superposition, the experimental results for p+i7=ViVua/[VepVed- (5.7

095006-3
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Four Down Quark Model, 1o, 907%CL Four Down Quarks — Present, 1,2,30
= 1 F = 1 v E
0.8 F 08 F 08 E
0.6 0.6 | 0.6 B
0.4 F 0.4 F PN 04 =
02 F 02 F O) 0s E
0 E 0F o~ S TE
-02 [ -02 |F o/ &) 0 F
-04 F -0.4 E -0.2 &
-06 F -0.6 [ -04 F
-0.8 E -0.8 E o6 E
[P = I I PR I U W E
-1 -05 0 05 1 -1 -05 0 05 1 —08 £ | | | | | | |
p ‘ IO I_I15IOIIL10IOIII_SOIIIIOIIIISOIIII1OC>IIII150I\
(a) Present (b) sin(2a)=—1 5.
= VE = TE Fraction of New in € vs. 0,5
0.8 F 0.8 &
g'i 3 A g'i 3 A5 FIG. 5. The ratioR°N of the contribution of the FCNC ampli-
02 E . { So=s, 02 E ‘Qw/ tude to ex divided by the root-mean-square of the SM and the
o F ) *? oF FCNC amplitudes, as a function of the angig.
-0.2 E ” i -02 F
-04 E 0.4 &
-0.6 | -0.6
-08 F | | | —08 £ | | | In order to display how the FCNZ° exchange with the
o5 0 o5 1 'S4 los o o0s i new phases ity can account for th€ P violation in e,
I I we plot the ratio of the FCNC contribution to the root-mean-
(c) sin(2a)=0 (d) sin(2a)=1 square of the SM and the FCNC contributions,

FIG. 4. The(p,n) plots for the four down quark model fronfe)
present data, and fd8 factory cases for values of sin¢? as la- 2
beled. Contours are atd-and at 90% C.L. RFCNC_ Im(Ugs) (5.9
€ [(AEM)Z-F (|m(U§S))2]1/2' '

Sincen is an imaginary part, it can have negative as well as

positive values. While the negative values were not included _
before in comparing to the standard model, they are nowo that —1<Rf“N°<1. Here AM=qa Im(—E*)/
included to show the full range of predictions of the four- (47 sirf6,) and E is from Inami and Lim[20]. In Fig. 5

down-quark model. o o REENC is shown against the angle ®, which is ;5. In
We then make maximum likelihood plots which include Fig. 5, for 8, from 20° to 1500,RECNC:0 is allowed, ie..

(sin(2q),sin(28)), (p,m), (xs,siny), and &s,Ag).
The corresponding plots for the four down quark model

are shown for present data and for projedsefdctory data in

the following figures. In the figures, we shoy? contour cor|1tr|but|onst_canzg;ve the .'m';f'”?ry part, whétg |~f.
plots with confidence level¢C.L.) at values equivalent to n computing® for a (sin(2a),sin(35)) contour plot for

1-0 and at 90% C.L(1.640) for present data, and for pro- the four down quark model, we find that all pairs of
jectedB factory results. Again, for results with th facto- ~ (Sin(22),sin(3)) are individually allowed at Lr. This is a
ries, we use the example of the most likely sig20.65 much broader allowed region in sirgP than the standard
with B factory errors of+0.06, and errors of£0.08 on  Model result from present data in Fig. 2. The allowed,1-
sin(2a). 90% C.L. and 2s contours in thegsin(2a),sin(28)) plot for

In Fig. 4 we have plotted thg? contours for the location the cases of th& factory results with the four down quark
of the vertex of(p,7). We note that in contrast to the stan- model are very similar to the SM results shown in Fig. 2.
dard model, in Fig. @) the presently allowed 90% C.L. In terms of other experiments, tfir,sin(y)) plot for the
contour in the four down quark model is an annular ringfour down quark model is shown in Fig(# with the al-
representing no constraint a%= §;3 which can result from lowed region from present data, witholand 90% C.L. con-
the FCNC with its new phase=®14 or e'%24 in Uy, causing tours. This allows all values of sig even in the extended
the known CP violation. In Figs. 4b), 4(c) and 4d) we region from—1=<sin(y)<1 at the 90% C.L. At 1o, X, lies
show theB factory cases of singd=-1,0 and 1, respec- between 13 and 48.
tively, with contours at 1 and at 90% C.L. The existence of In Figs. @b), 6(c) and Gd) are shown the cases sima(2
several regions, even now for negatiyerequires that extra =-1, 0, and 1, respectively, atd-and at 90% C.L. They
experiments in sing) or x will also be needed to verify or to reflect the same regions that appeared in(thg) plots, Figs.
bound out the extra down quark mixing model. Use of thed(b), 4(c), and 4d). The resemblance is increased if we re-
slightly more conservative bound fdiV,,/V., of 0.08  call that roughly sinf)~7, and also thak<xq/|V,q|?> Where
+0.02, which is used by some authors, still results in mul-{V,4| is the distance from the=1, =0 point. We see that
tiple regions. experiments on sin{ and x; are necessary to resolve the

the SM can account fagg in this analysis. At angles further
outside that region, for-180< §,5<0, only new physics

095006-4
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Four Down Quarks — Present, 1,2,30
1

12
& F & F AT 2 r
08 ~ 0.8 [ .7 - < r
= F s F i o8 T e
0.6 [ 06 [ ; T
0.4 :_ 0.4 :— i 0.6 . /it D P \\\<’» -
F E ; F / NS
02 02 | T s / s
o E o E 04 -
02 F -0.2 N 02
E E / N Tob
-0.4 :— —-0.4 :— 4 (\\&A N N
E E PN VLN L
06 E 06 E NASN A 0
—08 F - -08 02 [
SR TP IS I A SRT F E E  P N
0 10 20 30 40 50 0 10 20 30 40 50 r
X X, -0.4 j
(a) Present (b) sin(2a) = —1 r T
-0.6 [
o 1 r 1 o 1 r 1) v o C
& F \ AU Ko B ! < -
o8 N = T -08 [
“ o6 F -7 “ 06 e C
F e F Do b b b b b e
0.4 O 3 0.4 © 5 10 15 20 25 30 35 40 45 50
02 £ S 02 E Xq
o [ o b B. Mixing Asymmetry vs x,
0z T 0z B FIG. 7. The &s,Ag) plot for theBs asymmetryAg_in the four
—0.4 ~ 0.4 = down quark model for present data, with contours at 1, 2 and 3-
06 | -0.6
-08 | -0.8 |
AR ENEEE EREN RN NI RN RN RN EE EREN RN RN NN

|[Ugn/(VeqVep)| in the unitarity triangle is<0.15 at 1e.

The 90% C.L. limits on the three new quark mixing ele-
ments|Vag|, |Vas|, and|V,,| are roughly equal to the mixing
angles to the fourth down quark,,, 6., and 6,, respec-
tively. They are bounded by 0.05, 0.05, and 0.08, respec-
tively. The values allowed in combination are much more
restricted, since they are roughly bounded by hyperbolic
curves, due to constraints acting on their product&jja,
possible regions allowed by the four down quark model. FolJg,, andUg.
the case of sin@=—1, the allowed values of sigj in Fig.
6(b) are different than those for the standard model in Fig.
3(a). The sin(2) =0 case allows regions of sig)lower than
in the SM.

The extent of the non-zero value Ags in the four down

qguark model is shown in Fig. 7 from present data with con-

tours at le, 2-0, and 3e. Plots for theB faCtory CaSE$n0t Variab|es77, S|n(»y) andABs’ all of which are imaginary parts,

shown are similar. We note that in the new full range plot to include all of their negative values. For the four down

A, Is roughly symmetric about zero, with the Iargest. a,bso'quark model, they all show remarkable and experimentally
lute values at 0.35 at &; and 0.5~ 0.6 at 90% C.L. This is

X ’ important new behaviors. From present constraints, the ver-

much different from the<0.025 value ofAg_in the SM. tex of V¥, now is allowed in this model to be complete

We now report on additional plots that are not showngjrcylar annulli about 4, 7)=(0,0) at 90% C.L. due to the
here. We compared the limits on the four down quark FCNG,e,, phases, , or 5,, accounting for the presently observed
amplitude [Uqy| versus the standard model amplitude cp yiplation in e. sin(y) is now allowed in this model over
|Usta_an| for B4—BS mixing, at present and after tiefac- its entire range from-1 to + 1. The range ofg_is almost
tory results. At present the constraints are such|thigg| can  equally as large for its negative values as it is for its positive
go from zero up to as large as the magnitudélbfia—qnl @t values, and perhaps large enough to be observed. Since it is
1-0 [9]. [Usy| is restricted to about half dfUsia-bd- The  aimost null in the SM, this could be a dramatic evidence of
total phase ofBg—gg mixing can range over all angles, new physics.
while the SM phase is between30° and 80° when in com- For theB factory cases, there are new multifold allowed
bination with the FCNC amplitude. The magnitude of regions as shown in the extendég#) plots including for

O
O T

10 20 30 40 50 10 20 30 40 50
XS XS

(c) sin(2a) = O (d) sin(2a) = 1

FIG. 6. The(xs,sin(y)) plots for the four down quark model
from (a) present data, an¢b, c, and ¢ for B factory cases for
values of sin(2) as labeled. Contours are the same as in Fig. 4.

VI. CONCLUSIONS

We have extended our analysis to the full range of the

095006-5



DENNIS SILVERMAN PHYSICAL REVIEW D 58 095006
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