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In the Standard Model B° and B0 are not mass elgenstates Instead we have (ther‘
small LP v1olat1ng effects are neglected) -

. Bi+ B, . B -B, R
B = 2 pgot” 7z S qQ
v V2 e

So the time evolution of the B; states looks like

B0 = Bieen { - m— it} @
where m; i’s the mass eigenvalue.and T; - thec'orresponding width.
It follows from (1) and (2) that the probability for. B° meson not to change its
{lavour. after a time ¢ from the creation-is :

o 1 _re ATt t
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and the probability to convert into the B® meson — 7
050, e = ‘ 1 ;’c AFt’ ) t h:/“:‘
PE°B°(t) = |(B(1)| BY(0))|* = Ee_% (cosh S5~ cos A—%”-) . (4)

where I = I(Fl +I2) is ‘the average width and Al'=T14T3. So Am = ml—mg mass
difference between the B mass ergenstates defines: the oscillation frequency. Stan-
dard Model predicts [1] that AL ~ |&l > 1, Vi hemg the Cablbbo Kobayashl-
Maskawa matrix element. Therefore the mixing in the Bo meson system proceeds

much more faster than in the BY system.
The total probability x that a .B® will oscillate into Bo;is
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In the first By- mlxmg experrments [2] _|ust thls t1me mtegrated mlxmg probablhty
was measured. The result [3] z4 = 0.6940.07 shows that in the B, system z, > 1 is
‘expected. In fact the allowed range of z, is estlmated to be-between ~ 12 and ~ 30
in the Standard Model [4]. ‘Such a big valué of z, ‘makes 1mpossrb]e time mtegrated
measurements in the B, system because x in (5) saturates at ~.0. 5 for: large values
of x. -

Although it was thought that unhke Lhe kaon system for the B mesons the decay
width difference can -be neglected [5]; nowadays people is more inclined to believe
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the theoretical prediction (6] tha.t the b — ccs transition, with final states commnon
"to both B, and B,, can generate about 20% dlﬂ'erence in l1fet1mes of the short lived
and long lived B,-mesons [7]. : /

But we can see from the (3 + 5) formulas that the effect of nonzero y is always
~ y? and so of the order of several percents, because y = 0.1 is expected. In the
- following we will neglect this effect and will take y =0, though in some fornulas y
is kept for reference reason.

The development of high precision vertex detectors made it possible to measure
[8] in the By system the time dependent a.syrnmetry :

PEF PR Ny '
PB°B° PB°B° =COS‘ h . ‘ o _(())

The same technics can be a.pplled to the B, — B, systern also. :

Recently the ATLAS detector sens1t1v1ty to the z, parameter was studlcd [9]
using BY — D;at — ¢n~at — KtK~n~nt decay chain for B mcson recon-
struction. It was shown that z, up to 40 should be within a reach [10]. The signal

statistics could be increased by us1ng other deca.y channels like B — D;af , B? —
J/UK*°.

The purpose of this note is to study the usefulness of th(‘ decay chain B —
D7at — ¢n-prt - K+tK-7~n*x~x* for B, meson reconstruction in the ATLAS
B,‘mixing experiments. BRI I »

2 Event 51mulat 1on

About 20 000 followmg b decays were generated uslng the I’YTIIIA Monto (,arlo
progra.m [11)

(o > 6 GeV/e,| p# |< 22) fiag — bb — B°-—> D aj’
— pOxt
— gty
— ¢7r_
f——>K+K‘

. The impact parameter. was smeared using the followmg paramet(-rllvd desc ['lp—
tron of the 1rnpa.ct parameter resolutlon

; U'IP-— 146972/ PT\/ s1n0|) 0'2—20(1)83/( \/lSiﬂOis) ~‘ (7)

where resolutlons are in pm a.nd 0is the angl( with respect to th( bean lm(‘ It was
shown in [9] that this parameterized resolution reasonably reproduces the results
obtained by using the full simulation and reconstruction programs. .
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~ For the transverse momentum resolution an usual expression [10] .-

coler) g 10~ pyr -+ 1.2% o co e (8)
T C :

was assumed. : .
Track reconstruction efficiencies for various pdlll(l(\ were ldk( n [r011| [10]. Be-:
cause now we have 6 particles in the final state instead ol 4 for the B) — D7=*

. decay channel. we expeet some loss in statistics due to track reconstrnction inefh-

ciencies. but the effect is not significant because the investigation in {10} indicates a
high reconstruction efficiency ol 0.95. . ‘

3 Event reconstruction

The topology of a considered B? decay chain is shown schematically in a figure:

,ulug '

The B, decay verlex reconstruc h()n was. d()n(' in lh(' [()ll()\\lllp; three steps.

First ol all the D7 was I((()llsllll(l( «d by finding’ three charged particles presunt
ably originated l'mm the D7 decay and fitting their tracks.” For this goal all com:
binations ol the pmp( rly (hnrg( “d particles were examined i in:the generated events
assuming that two of them are kaons and one is pion. “The re: suhlng invariant mass

distribittion is shown in Fig. la. lh(' (\p((((d D7 pe ul\ is (l(dr]\ seen dlong



with moderate enough’ combinatorial background. Cuts on Aoy . AOkx and
| My k — Mo| were selected in order to optimize signal 1o background ratio. To sclect
one more cut on IMgps — \I,) |. the information about the invariant mass resoln-
tion is desirable. Iig. 2a shows the reconstructed D7 meson from its trne decay
products. The finite invariant mass resolution is due to applied track smearing and
equals approximately to 10.MeV/ 2, :
+

After D meson reconstruction, aj. meson was scarc h( d in three particle com-
: R 1

binations. from the remaining Charg(d particles. each . particle in the combination

being assumed to be a plon Fig. 1b shows a resulting invariant- mass distribution.

Because of huge width of (1, signal to bac krrlound separation is not so obvious in

this case. Il ef is reconstructed from its true decay products as in Fig. 2b, its width
is correctly reproduced. To draw out af from the bd(kg.,l()un(l further cuts were
applied on Ao-- . AO. . | M., — M| and"| M .- = M7 R

At last BY decay vertex was fitted. using reconstructed D7 and af . -

Almost the same resolution in the B,-decay proper time was reached o, =
0.064ps. as in [9]. The corresponding resolution in the B-meson decay length in
the transverse plance is = 87pm). The relevant distributions are shown in IMig.3.

4 Signal anvd background

Brdn(hmg ratios and sngndl stdllsll(s for the BY — D7 af channel are surmmarized
in Idl)l(‘

, Table 1.
Branching ratios and signal statistics for 3° — D7 at(1260).

| Parameter | Value | Comment I
L [erm™2s7T] 10% ’
¢ [s] 07
a(bb)/a(lol) ~ 1/100
a(bb) [pb] ~ 500
a(bb — pX) [pb) ~2.24 pr > 6 GeV/e.
"] < 2.2
N(bb - pX) - 1224 x 101
Br(b — BY) 0.1
Br(3° — D7at) 0.006
Br(D; — ¢n7) . 0035 .
Br(¢ —» KYK™) 0491
Br(af — p°z%) ~0.5 .
Br(p® — z7x7) . ~ 1
N(K*KTzx~ntn~xt) 116000 :

‘Note that we use an .updated value for Br(D; — ¢7r ) from [12].. B? bra.nch-
ing ratios ‘are, still unknown experlmenta.lly Neglectmg SU(3) unltary symmetryt
breaking effects, we have taken Br(B? — D;a})~ Br(B° — D~af)..

Acceptance and analysm cuts are :summarized in Table 2. We. take a tra.ck re-

construction efficiency- of, 95% and a lepton 1dent1ﬁcat10n efﬁcxency of 80%, as in
[10]. :

- "Table 2.
Analysis cuts and acceptance for B . D" (1260) (for 10 pb! 1ntegra.ted
lummosxty) o o TN
%
v I Parameter : S | Value | Comment I
| N(K*K-n~zfz—nt) = ' 116000
Cuts : » S
pr>1 GeV/c
In] < 2.5 » ‘ :
N(Kt*K-z ntr=nt) 4 7680 | 6.6%
Aok <10° S B
Al < 10° : :
|M;\K — M¢| <20 MGV/C
IMl\l\‘rr, MD l < 15 MCV/C
Aprr<35° - - D R
Al < 15° : B I T A
[Mer = Myo| < 192 MeV/c2 *30) || T
[Menn = M| <300 MeV/2 7| |7
N(KtK=r ,7rf7r ) 5765, . [ 5.0%,
Ds"vertex fit x2 < 12.0
af vertex fit X < 12.0
B vertex fit x2 < 0.35"
B0 proper decay time > 0.4 p.s
:Bo impact parameter <55 pm
B0 pr > 10.0 GeVic " : o
N(KtK-n~n*tr—nt) after cuts 3505 [ 3.0%

Lepton identification = 0.8
Track efliciency’ ' (0.95)8

[ N(K*Ix rwtas 7r+) reconstructedl 2065 ¢ | 18% —I ' :;,-" o

As we sée, about 2065 reconstructed B0 are expected a.fter one year run dt .C =
10%3¢m=25~! luminosity. The correspondmg number of events within one standard
deviation (=~ 22 MeV/c?) from the BY mass equals 1407. This last number should
be compared to 2650 signal events, as reported in [10], then B? — D=t decay |
channel is used. : :



Events which pass the first level muon-trigger (pr > 6 GeV/e, || < 2.2) are

predommantly bb events. Background can come from other B decays of the samc™

or higher charged: multiplicity, and’ from random’ comblnatrons with some (or” all)
partrcles originating not from a B decay (combmatorral background)

The following channels were considered and 'no significant contrlbutlonq were

—found to the background:

. Bd — D at. These events don’t pass the analysis cuts, because the D™ mass
" "is shifted from the D7 mass by about 100 MeV; and so does the BY mass
. compared to the B? mass. L

e Ay — A}n followed by A} — pK~ atxtr= . Taking Br(Ab — Afr~) = 0.0l

from’ [13]; we see that the expected number of pK 4w events, originated from’

"“this source, is-only five times less than the expected number of truly signal

~events. But the decay topology for this decay chain is drastically different

" (145, not 3+3) and therefore it is unexpected that significant amount ol' the
B-decays will be simulated in this way.

Note that even for B, — D;n% decay channel the similar background is
negligible [9], although Br(A+ — pK 7r+) is about 44 times bigger than
Br(A“" — pK~ 7r+7r+7r ): ;

e BY — Djaf. About 10 000 such events were’gene’rated by PYTUIA and

- then analyzed Using Br(BS — D}ay) < 2.7 1072 from [12] and assummg
that- By — D} af decay goes through B°BO oscillations: By — BY — Djaf,
and therefore Br(BY — D;af) = XdBr(Bd — Dtay) < 4.3-107 4, we have
got Fig.4.. It is seen from thlS figure that. because of Mg, — MB,, 100M ¢V
mass shift, the contnbutlon of this channel to the background provcs to be
negllglble ‘ : -

" Note that Fig.4 refers to the total number of . thc Bd — D7 al cvcnts In
fact the distribution of these events with regard to the (lecay proper time is
oscillatory, z4 (not z,) defining the, oscillation frequency So in ger sneral this will
result in oscillatory dilution factor. The conclusron that this dilution factor is
irrelevent-relies on the fact that no candidate event was found with invariant
mass within one standard devratlon from the B, maqq for 6 10" pb~" integrated
lum1nosrty

A huge Monte-Carlo statistics is needed for combinatorial background studies.
No candidate évent with Mgo Z150MeV/ < Mg Knnnx < Mpo + 150McV/c* was
found within ~ 3 - 10° inclusive pX events. This mdlcates that srgnal/backgroun(l
ratio is expected to be not worse. than 1:1: : '

h

5. Dilution factors

The observation of the 13— Bloscillations is complicated. by some ‘diltition factors.
FFirst ol all the decay proper time is measured with some aceuracy a.” From previous
discussions we know that in our case ¢ = 0. 06 1ps is expected. Due to this finite

time resolution. the observed oscillations are convolutions of the expressions (3) and
n gl\( n above with a (u\ussmn distribution. lor o\dmph'« L
N . . . SRR SEEN
0 l _re f: Al _ans I —x)*] ds.

‘I’H By = / ¢ "7 | cosh <= o8 exp —(—,—) : ~

2. . 2h ; h 207 2ro

I o f AT R _X o SO G

—¢ " lcosh —( —0—=) — l),,,,,r(()s (I —o—)] . ‘ (9)
2 20 LT T ) e

where Dyjpne ‘_(\p [—— —) (2 +y )] T = :—

So the main cffect of this smearing is the reduction of the oscillation amplitude
by Diime. This is quite important in the f3, system where - > 1. lll(l( is also a
time shilt 1 — [ — ;7— in-(9). This thne shift dm's not n.xll\ ('fl'((t lh( olNl\dbllll\
of the ()’s(l“dtl()ll\ dll(l wewill ne g.,l((l it.. . ;

In fact (‘)) is valid ()nl\ for not too shml (I((d\ lmu\ l >> (7 b(‘( dll\( m (i) and
(1) distributions # > 0 is assumed. A

Another reduction in the oscillation amplitude is cansed by the particle/ antipar-
ticle mistagging at t=0. Iniour, case; particle/antiparticle nature of the Bumeson is
tagged by the lepton charge in the xonnl(‘plom( decay of the .\sxo(ml((l b('dul\
lm(llon Mistagging is mainly duc-to: ‘

e B-1 ()s(lllatl()ns d(rmnp.\n\mg., - qudll\ can I)( Im(lmlu/( (I as .\ n( ulml Ii
meson and os(llldl( |nlo Ii l)(‘l'm(' \(‘Illll( plmm (Iua\

=2

o b'— ¢ 5 I* casc ml( pmuss th(n th(' l(‘pt()n is lnl\ld(‘llll[l(‘(l as: lmnng come
directly from the: Bmeson-and d‘s\()(ldt((l to-the b— I*-decav:

o leplons coming fr()'m“olh(‘r d(‘('n\'ing pilt'ﬁ(‘l("\‘ (l( Ford).

o dctector error m (ll( lepton® (Ildlg_,(' identification..

l,(‘l 7 be the mistagging pmlmlnhl\ lf we have l.rgg( « N BY mesons: among
them only (I' =) N are indeed 13%s and N are B-simisidentified:as 3% 5.1 Sovat.

0 0
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:So.the dilution factor due to mistagging is I)My =1.—2y. In our:studics ‘we have

taken Dyqy = 0.56. as in [14].
Finally the dilution can emerge from background.: Suppose that apart: from

\ ‘-\'.syig‘nal _D ATt : A‘Hll
—_—c cosh —— — cos
2 § 2h h

ev ents \\1th B —- B osullatxons we also have Noaek(t) dddm()nd} background eve nts
Half of them will simulate B meson and half of them B meson (assuming asymmetry
free backdround) So the observed numbe r of* \\()uld be B — B oscillations will be

Nuonat e f L ATt Amt\ Nk o Al Aml
—i—’e_rh (Cosh — cos m )+M ~ ¢ ((osh l);mk cos ;” )
g )

2 2h ok 2 2h -
'end the oscillation amﬁlitude will be rédu(ted by an amount R
v Niignat - cosh '—’Tﬁ
Nyignat + Noace (£ e™ e

Neglecting the proper time dependence of this dilution factor (that is supposing that
the background is mainly due to B-hadron decays and therefore has dpproxmldt( ly
the same proper time exponential decay as the signal [l*)] ),we ‘have' tdk(‘n I);m,c P
0.71 which corresponds to the 2:1 s1gndl/bd( kground rdll()

I)buck =

v 6 Prospects for T measurements o
l‘or 6- 10'1 pb~! mtcgrdt(’d lummosny th(' num})(’r of re Lonstructed BY-s would rcdch
~ 8000 from the analyzed. channel alone, An()th(*r ~ 16000 BO -8 are expe Lt( :d:from
the B® = D" channel [9, 10}. , ‘

For events in which B? meson does not oscillate beforc its dccay, the D, meson
and the tagging muon hiave equal sign charges. If the BY meson oscillates, opposite
charge combination emerges. The (:()rr(;ﬁponding decay time distributions are

dn(++).. N _. ( z,l )
TR 14 Dcos (= - )
. dn(+-) N 'L( :l:t')‘ , Co
o Saeget(mee)

D is the product of all:dilution factors'and N is the l()tal number.of reconstructed
B -S. - : o L
lhe umﬁcatxon of sdmpl(s from Ij’u — I) “af dnd B = D 7r+ dccay chamwls
: allows to increase .z, measurernent_precision. :
[lg 7 and Iig.8 show the (orrcspondmg

dn(++! n!-(»—! zs L.
A( ) T——W ).*." ('{:_ 1) C()S( T )

asymmetry plots forz, = 20 and 35.
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" Figure 1: Invarxa,nt mass distributions of three charge pa.rtlcle comblnatlons assum
mg 2K +x (a) or 37r combination (b) as described in the text.
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e Conclusmns
Tt seems o us that BY' > I) at decay (lld]lll(‘l 1s dllI10§l as Uood for the B,- mlxmg
0.4 (CI) B —> D:o:“ X, = 35.1010.11 ’ * S R ‘ (‘xploral]on as’ previously slll(ll('(l 50— D7 * and cuables us to increase. signal -
‘ L e | statistics about. 1.5 times. Further gain in slgndl statistics can be reached [9.10] by
0.2 using % — A/ K™ decay, mode and considering other decay (llann(ls of I)‘ These -
0 possll)llm(‘s arc under slu(l\ . E
-0.2 . * 1 We refrain-from giving any partic ular value of ry as an attainable npper limit.
;0.4 N I Pl IR IO IS0 IS ISP i ll'. Too many uncertainties are left-before a veal e\p(nm(m will start. Note. for(
05 1 1.6 2 2.6 37 35 4 4.5 5 example, that about two times’ l)lgg.,(‘r branching ratios for.both B, — Dot and
proper time [ps] B, — D7af decay chiannel are predicted in {16]. ~ ol]O;:b as a bb produ(llon‘(row
L - : section can also have significant variation in-real life {17]. A . s
0.4 | (b) Bl = Din*. x, = 35.37+0.24 o ][ ' So although the results of this investigation strengthen (‘ouf'd(‘n((‘ in veaching r,
02 F - u J[ | as high as -10 {10], it should be realized that some theoretical pre *dictious about f3,-
o F physics and collaider operation ‘were involved and’according to T.D.Lee’s first law.
F of physicist [18] "without (‘\p(nm(nldllsch( orist tend to drift”™. lowever mavbe it
-0.2 L _ } , L is worthwhile to recall his s((on(l law dlso \\nlloul the onst (\p(nm( nlallsts tend
—0.4 IIIlIII||||Il||'I‘|||’l|'||||||||l|||||||||||11|‘||| tOfdn(l A . E
05 16 2 26 3 35 4 45 5
o - proper time [psl i ) } o
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