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1. Introduction

Recent results oBs decays and mixing have been presented by the CDF and DO Gollab
rations at the Fermilab Tevatron and the LHCb Collaboraao®CERN. We begin by discussing
CP-violating mixing inBs (Bs) — J/g. Experiments at CDF and DO suggested a mixing phase
Bs much larger than that in the Standard Model (SM). With suchrgd phase, we pointed out
that time-dependent decays should display explicit tirepethdence [1]. We update that analysis
in Section 2.

The DO Collaboration has presented evidence for a chargarasiry in same-sign dimuons
produced inpp collisions at,/s= 1.96 TeV [2]. We suggest in Section 3 a test of whether this
asymmetry is due to decays lbpfjuarks, as claimed, or background sources such as kaons [3].

In Section 4 we discuss what triple productsdBg) — V1V, actually measure. The answer [4]
is CP violation, but only under certain conditions. The gtatiBs — J/ fo, mentioned in Section
5, avoids the angular analysis needed to inteBget- J/@@. In Section 6, we note constraints on
new physics, and comment in Section 7 on a couple of scerfarioensideration should any hints
for physics beyond the SM be borne out by further tests. Welode in Section 8.

2. CP violation in interference betweernBs—Bs mixing and Bs — J/ ¢ decay

For formalism we refer to [5]Bs—Bs mixing is expected to be dominated by the top quark in
box graphs. The observed valus = (17.77+0.10+0.07) ps ! (CDF [6]) and(17.6340.11+
0.04) ps~! (LHCb [7]) agree with SM predictions. Denoting

[BsL) = p|Bs) +Q|§s> ; |Bsh) = p|Bs) —Q|B_s> ) (2.1)

we expect folAl < Am, q/p ~ exp(2iBs), BSM = —Arg(—V;iVin/ViVep) = (1.04+0.05)° [5]. The
SM Bs — J/@g CP asymmetry then should be governed by the small mixingegopas= —265M.

In 2008, CDF [8] and DO [9] favored a mixing phase differingrfr —285M by ~ 2.20 based
on the decaBs — J/ Y. At that time we pointed out that such a large mixing phasei(thstrative
value was thergy = —44° [8]) would imply detectable time-dependence of angulatrithstion
coefficients, differing for taggeBs andBs [1].

We review the discussion briefly. For a CP test, one tags therftdt = 0, denoting) = +1 for
a tagged Bs, Bs). The coefficients of helicity amplitudgs %, |A| | describing different angular
dependences are denoted iy, .7, where

T: = e "YcosHAIt) /2T cos(@v) Sinh(Alt) /2 + n sin(@y) sin(Amgt)] . (2.2)

Taking @y = —44°, AI' /T = 0.228, and assuming the taggingto be diluted by a factor of 0.11,
we concluded that wiggles should be distinguishable betvibe Bi-tagged andBs-tagged.7.
distributions. We advocated making such a plot as evideoc€P violation inBs — J/@¢ at a
level beyond the SM. Here we update our estimateaddépendence, finding the oscillations a bit
smaller, but still visible. We take, = (—39+17)° based on an average between CDF [10, 11] and
DO [12] values, choosArl' /T = 0.143 based on an average between CDB{5+ 0.035+ 0.010)

and DO (015+ 0.06+ 0.01), and continue to assume a dilution factor of 11%. Theltiagplot is
shown in Fig. 1.
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Figure 1: Relative intensities of7, signals as functions dt, for Bs tags (solid) ands tags (dashed). This
figure represents an update of a similar one in Ref. [1].

At this Conference, LHCb presented data restrictiggto the rangd—2.7, —0.5] [13] (68%
c.l.), 120 from the SM. We are eagerly awaiting data from ATLAS and CMS.

3. DO dimuon asymmetry — Is it due tob's? K's?

The SM predicts a small asymmetry in the yield of same-sigompairs due td»Eproduction
followed by mesons antimeson oscillationAl = N—=R— = (~2.0+£0.3) x 10-*[14]. The DO
Collaboration reports a much larger vamg = (—9.57+ 251+ 1.46) x 103, nearly 50 times
the SM value [2]. (CDF is not ready to report such a measurétmgrhas quoted a new average
mixing parametey [15].)

DO has interpreted its result a8 evidence for CP violation in neutr@ mixing. They have
performed 16 systematic checks for which their results atsd consistent with their nominal
ones. Estimating the correct kaon decay backgrounds isatruc

We have suggested a test [3] to see if a smaller asymmetryagmebl in a sample depleted in
bb pairs. If one reduces the maximum allowed impact paraméteruon tracks, the signal should
vanish more rapidly than background. The effect of our satige, an impact parameter cut of
b < 100um, is not yet known to us.

We denote quantities in tH#& rest frame with an asterisk (*) and those in the lab frame with
none. The lab energy of tHgis Eg = ymg = mg/+/1— 2. Muon angles with respect to tt
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Figure 2: Dependence ofb) on yS [3].

Table 1: Fraction of events remaining for a givéb) when events withb > bp are discarded [3].

bo (um) 100 200 300 400 500

(b) (um)

150 0.237 0.542 0.748 0.866 0.930
300 0.080 0.237 0.400 0.542 0.658
450 0.040 0.129 0.237 0.347 0.450

boost are denoted b§* in the B rest frame and in the lab. The transformation between them is
sin@ = sinB* /[y(1+ B cos6*)]. The isotropy of muon emission in c8% can be used to calculate
the average values of shandb = yf3 sin@ct, wherect = 450um and

_ 1 /7 sif6*do* m 1
<sm6>_§/0 y(1+Bcosd*) 21+y’ 1)

The dependence @b) on yf is shown in Fig. 2.

An eyeball fit to the CDMb distribution [16] gives(b) = 350 um. Table 1 denotes the effect
of discarding events with exceeding various values bj.

The DO Collaboration defines a transverse impact pararbeteglative to the closest primary
vertex and a longitudinal distanee from the point of closest approach to this vertex. They ckoos
b, <3000um andb; < 5000um. These are related toas follows. The transverse and longitu-
dinal components of muon momentum in the lab afe: pH siny, pl“‘ = pHcosy. The distance
d of a point along theu trajectory from the vertex isi? = b? + (ssiny)? + (scosy — by )2, where
s = is the distance along the trajectory from the transverse point of closest approadie fin-
imum ofd is b = dmin = [b% + (b siny)?]*/2. Little signal reduction is seen withy, < 500 pm,

b <500um [2], but we advocate a tighter cut. The key question remaitisregard to DO muons:

4
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are they really fronb decays? This question should be answered by imposing am bpped of
by < 100um on the impact parametbg.

4. What do triple products in B(s) — ViV2 measure?

A spinless particle decaying to four spinless particleggifise to three independent momenta
in its rest frame. One can form a T-odd expectation value éfe@.) p1 x p2-p3 [4, 17]. A
famous example is the asymmetry @36+ 1.4+ 1.5)% in K. — " me"e™ reported by the
KTeV Collaboration [18]. However, what if two or more of thedi-state particles are identical?

Consider the double-Dalitz decay of a CP-mixture (Iig to ete ete . (see, e.g., [19]).
For low M(e*e™) this process is likd& — yy, with photons having relative linear polarizations
(Il, L) for CP =(+4,—). Interference between CP-even and -odd decays can give-@amishing
value of (singcosg), whereg is the angle between normals to tiee™ planes.

Now consider the case & — Vi1V,, with eachV decaying to two pseudoscalar mesdéhs
(For an extensive discussion of the formalism, see [20].g €xtracts triple products (TPs) from
angular analyses:

_TAP>0)=T(TP<0). 15_ 1 (o po): @y

Ar =
TTFIP>0)+r(TP<0)’

they are tiny in the SM. A true T-violation is signified by

MTP>0)+M(TP>0)—TI(TP<0)—-T(TP<0)

%truez ) 42
T T r(TP>0)+T(TP>0)+T(TP<0)+(TP<O0) (4.2)

The matrix element foB(p) — Vi (ki, €1) +Va(kz, &) can be written
M=ag &+ W(p- &)(p-&)+ |We,wpap“q"s Pe*0 . gq=ky—ko (4.3)

B B

The transversity amplitudes dependahb, c asA (a), Ao(a, b), andA, (c). Under CP conjugation,
a—a, b— b, ic — —ic. Angular distributions depend on the angleand polar angle$;, 6, each
in the rest frame of the decaying or Vs:

dr
dcosf;dcosB.dg

~ |Ag|?>cog 61cos 6, + (1/2)|A, |2 sir? 6, Sir? B, sir? @

+(1/2)|A)[?sir? 1 sin” 6,08 @+ (1/2v/2)Re(AoA]) sin 261 5in 26, COSQ
—(1/2V2)Im(A Aj) sin 261 sin 26, sin@ — (1/2)Im (A A} ) Sif? 6y Sir? 6, Sin 2p . (4.4)

The last two terms are T-odd and of two distinct types.
The interfering amplitudes are characterized by a weaket#ferencep, and a strong phase
differenced. In addition to the “true” TR defined above, one can define [4] a “fake” TP:

M(TP>0)—(TP>0)—T(TP<0)+(TP<0)
F(TP>0)+M(TP>0)+ T (TP<0)+M(TP<0)’

A = (4.5)
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Table 2: Longitudinal and transverse fractiofisand fr for someb — s-penguinB — VV processes.

Bs — @@ B+—>(pK*+ B+—>pOK*+ Bo_)poK*o
[22] [23] [24] [24]
fL  0.348:£0.041H-0.021 0.49%0.05+0.03 0.52-0.10+0.04 0.57-0.09+0.08
fr  0.652:0.0410.021 0.530.05+0.03 0.48-0.10+0.04 0.43:0.09+-0.08

where TRye 0 sing, c0sd, TPake [ cOs@y Sind. The two T-odd observables are

(4.6)

AD_ Im(ALA) @_  MAA)
T AP HIARHIALR T T T AR A2+ A2

For CP conjugates, one has similar definitions with barregdléntdes and a minus sign from com-
plex conjugation of the imaginary coefficient@fThe TP asymmetries/ then satisfy

ACTIMAA —AA), FBeOImAAN+AAN), (=0]). (4.7)

The observablesA(Tl’z) are related to those in Dorigo’s talk [21] by™ « A(TZ); Vo A(Tl); he

reports on their measurementig — @q.

The decay8 — @K* andBs — @@ are both dominated by the— s penguin diagram. Fac-
torization predicts dominant longitudinal polarizatioh the vector mesons, in contrast to ob-
servations [22, 23, 24] (Table 2). By contrast, the tree4dated decayB® — ptp~ hasf, =
0.99240.02475.528 [25], or nearly 1 as predicted. There is no reason to trugofeation for the
penguin amplitude, which may be due to rescattering frommmakenticharm intermediate states.

FromB® — @K*? amplitudes quoted by [4] we estimate

AY = _0.260+0.048; AY = 0.203+0.050; AY = 0.00540.070; A¥ =0.010+0.064 (4.8)

These values imply a large fauérl) (sinceA(Tl) —A_\(Tl) #0); no trueA(Tl) (sinceA(Tl) +A_\(Tl) is
consistent with zero); and no falke true A(Tz) (since bothA(Tz) andA_\(Tz) are consistent with zero).
The large fakeA(Tl) simply reflects the importance of strong final-state phases.

5 Bs— J/Yovs.Bs— J/yYfy

Helicity or transversity analysis fd8s — J/ @ (S-, P-, D-wave) is avoided fds — J/( fo
(pure P-wave). As CB( () = CP(fo) = +, the overall final state is CP odd. An estimate of the rate
for this process [26] is

r(Bs— J/Yfg, fo— mrm)

pu— ~Y 0
R0 = B = 3/wp g =K K ) ~ 20 o

to be compared with experimental value@ER" 533572927 [27], ~ 0.18 (~ 30% stat. error) [28],
and 0292+ 0.020+0.017 [21]. The CKM structure for this process is the same aBfer J/ .
Although fy decays mainly tatrm, it seems to be “fed” mainly fronss: Comparingd/y — @t
andJ/y — wmrt [29], one sees ar peak atM( fp) ~ 980 MeV in @1, not wrrt.
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6. New physics constraints

Two (of ~ 100) theoretical analyses [30, 31] emphasize the coroeidudatweeragl, Amg, Al g,
and the mixing angle,, whereAl = (0.506+0.043)al, + (0.494+0.043)a5. The questions of
whetherfs or aj| are nonstandard are separate; they are related by (|AT o| /Ams) tang,. If the
DO dimuon asymmetry is mainly froag, Ref. [31] findsaS = (—12.5+4.8) x 10-2 by combining
with the DO measuremerit-1.7 + 9.1) x 10-3. Using in this formula the (CDF, LHCb) average
Ams = (17.70+0.08) ps* and the (CDF, DO) averaghl s = 0.094+ 0.031 ps!, one expects
@ = (—67738)°. Comparing withg; = (—39+ 17)°, this would favor slightly largei\l's or a
nonstandard value cﬂl. In Ref. [5] it is noted that one must respect the SM predicthd Am,.
New physics must affect mainjghasef mixing amplitudes.

7. A cursory look at new physics scenarios

Supersymmetry has generic flavor-changing (but contrig)agffects [32]. Randall-Sundrum
[33] scenarios in which different quarks lie at differentifis along a fifth dimension offer a lan-
guage for understanding quark mixings; but there is no ptizdi scheme yet. Theories with an
extra (flavor-changingy can induce mixing as desired. In Ref. [31] a contributiomfois in-
troduced through a new light pseudoscalar (an on-shek $taBs — B). These are just some
examples of a wealth of models on the market. Some of themigbrether observable conse-
guences but there are too many to enumerate exhaustively.ofmy current favorites are (1) a
fourth generation, and (2) a hidden sector.

Lunghi and Soni [34] note the tension between fn2sin 2g; = 0.668+0.023 (measured in
B decays) and that (8674 0.048) in (their) CKM fit. They note effects of new physics onlbot
AFlavor= 1 (penguin) and\Flavor= 2 (box) amplitudes but give no specifics Bgor ag;.

In a “hidden sector” let an extended gauge se@adescribe dark matter, and let there be
particlesY with charges in both the SM and (&, and particlesX with charges only irG. A box
diagram describind3s—Bs mixing in this scenario is shown in Fig. 3. Table 3 gives extmsof
ordinary, mixed, and “shadow” matter. There are clearly yngpportunities in such a scenario for
new contributions to penguin and box diagrams.

Table 3: Types of matter and their SM and hidden charges.

Type of matter Std. Model G Example(s)
Ordinary Charged  Uncharged Quarks, leptons
Mixed (Y) Charged Charged Superpartners

Shadow K)  Uncharged Charged Ejgof Eg® Ej

8. Summary

Bs decays and mixing provide potential mirrors of new physitéile the phasgs has moved
toward its Standard Model value, even the currently measuaiie of3s should be manifested in
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Figure 3: Diagram utilizing a hidden sector describiBg-Bs mixing.

time-dependent quantities.

The DO collaboration [2] claims a dimuon charge asymmetry.thds conference [15] CDF
has reported a remeasuremenfyadnd we look forward to their further progress on dimuons. The
signal requires subtraction of a big kaon background. Istiwleft really due tob quark decays?
We have proposed an impact parameter cui &f100 pm to find out [3].

Using triple products in four-body decays, one can constiuodd observables providing
strong and weak phase information. There is interest in wiest physics one can learn from
Bs — @@ [21].

As for whether there is new physics in any of the above hintsgé you to have your favorite
model ready; there are enough to go around.
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