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1 Introduction 
... 

In the Standard Model E 0 and B0 are not mass eigenstates. Instead we have (the 
small CP-violating effects arc neglected) 

Eo= E1 + E2 
v'2-

B1-E2 
J3o = ..j2 

So the time evolution of the E; states looks like 

) { 
i ( . r;) } E;(t) = E;(O exp -Ji m; -12 t 

where m; is the mass eigenvalue and r; - the corresponding width. 

(1) 

(2) 

It follows from (1) and (2) that the probability for:E 0 meson not to change its 
flavour after a time l from the creation is 

1 rt ( L~Tt D.m t) pBoso (t) = I(Eo(t)IEO(o)W = 2e-"h cosh n +cos -n- '(3) 

and the probability to convert into the B0 meson -

P 8080 (tj = I(B0 (t)IB0 (0)W = ~e-¥ (cosh D.ft J. cos D.~t) 
2 2n n (4) 

where r = ~(r 1 + r 2) is the average width and D. I' = r 1 + r 2 . So D.m = ~1-m2 mass 
difference between the E mass eigenstates defines the oscillation frequency: Stan-

dard Model predicts[1] that ~;;:: "' lttl2 » 1, V;jb~ing the Cabibb.o~Kobayashi­
Maskawa matrix element. Therefore the mixing in the B~ meson system' proceeds 
much more faster than in the E~ system. · · , · . · 

The total probability X that a E 0 will oscillate into B0 is 

00 

d ( 2 2 ) sogo t z 1 X y 2 X = j P (t) -(1 - y ) = - -- + -- (1 - y ) , 
r 2 1 + x 2 1 - y2 • 

0 

D.m D.r 
x = r , y = 2r . (5) 

lu the first Ed-mixing experiments [2] just thistime inte~r~ted mixing probability 
was measured. The ~esult [3] Xd = 0.69 ± 0.07 shows that in the Bs system Xs » 1 is 
expected. In fact the allowed range of Xs is estimated to be:between ":"' 12 and"' 30 
in the Standard Model [4]. ·such a big value of Xs m~kes impossible tiihe integrated 
measurements in the Es system, because x in (5) saturates at"' 0.5.for large values 
of x. 

Although it was thought that unlike the kaon system for the E mesons the decay 
width difference can be neglected [5], nowadays people is more indined to believe 

a.,.trt.tlll1tt:;:at.in r.u=rmyr ·~·· 
f!!~~llUJr JiCC.,e}l::::;.ailUfl 
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the theoretical prediction [6] that the b-+ ccs transition, with final states comn.JOII 
to both Bs and B., can generate about 20% difference in lifetimes 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 
"' y2 and so of the order of several percents, because'!) ~ 0.1 is expected. In the 
following we will neglect this effect and will take y = 0, though in some formulas y 
is kept for reference reason. 

The development of high precision vertex detectors made it possible to measure 
[8] in the Ed system the time dependent a~ymmetry 

pBoBo - pBOJ3o l!:m t 
. =cos--

. pBOBO + pBOBO h 
{G) 

The same technics can be applied to the B. - B. system also. 
Recently the ATLAS detector sensitivity to the x. parameter was studied [9] 

using B? -+ D;1r+ -+ <jJ1r-1r+ -+ J{+ f{:-7r-7r+ decay chain for B. meson n~con­
struction. It was shown that x. up to 40 should be witltin a reach [10]. The signal 
statistics could be increased by using other decay channels, like B~ -+ D-; ai , B~ -+ 

JfiJ!I<*o. ·.. · .. 
The purpose of this note is to study the usefulness of the decay chain H~ -+ 

D-; ai -+ <jJ1r- p1r+ :.._, J(+ I<-1r-7r+7r-7r+ for B. meson reconstruction in the ATLAS 
B.-mixing experiments. ·. · ' 

2 Everit. simulation 

About 20 000 following b-decays were generated using the PYTIIIA Monte Carlo 
program [11] . · 

(p~ > 6 GeV/c, \TJ~' \< 2.2) fltag ;- bb-+ B~-+ D; ai 
'-> p07r+ 

' '-> 7r+7r-

'-> </J7r-
'-> J(+ /{-

The impact parameter. was smeared using the following parameterized descrip­
tion of the impact parameter resolution 

Ufp = 14 EB 72/(Pn./1 sin 01) az = 20 (!) 83/(Pn./1 sin 0\3
) (7) 

where resolutions are in pm and 0 is the angle with respect. to the beam line. lt. was 
shown in [9] that this parameterized resolution reasonably reproduces the results 
obtained by using the full simulation and reconstruction programs. 

2. 

For I h(· I raiiS\'I'rSI' lllOIIH'III 11111 r!'solut io11 a11 usual I'Xpn•ssion [I OJ 

~(JI'J') . I .. I ·)('/ "-~ = ;j · 10-· JIT ·:· ·- 11 (8) 
vr 

was assum!'d. 
Track r!'construction l'flicil'ncil's for Yarious particll';. \\"1'1"<' takl'n from [10]. B<'-· 

causl' niJW WI' han· (i partidl's in Hw final stall' insl!'ad of ·I for th<' B~ -+ D;~+ 
dl'cay channl'l. \\'!' I'Xp<'d som<' loss in statistics dul' to track r!'construction ine!Ti­
cil'ncil's. hut I bl' cffl'l'l is 1101 sigllilicalll hl'cansl' t IH' inwst igat io11 in [10] indicalt•s a 
high n·const rud ion d!iciPIIC~· of O.!l'i. 

3 Event reconstruction 

TIH' topology of a considnl'd /J~1 dl'cay chain is shown sdH'mat icall~· in a .Jigurt>: 

J{+ 

J{-

7r 

J.Ltag 

The H .• dl'cay Vt'rtex n•constrm;tion wasdotH' i11 t.IH' following thn;Psll'ps. 
First. of all t.hl' /J_-; was reconstnirt.cd hy lindi11g I lm·l' char~!'d part icll's JHt'SUlll· 

ably originated frondlu• /)-; d!'cay and litt.i11g t.IH'ir.i racks. For this goal all ('()Ill· 

hinatio11s of t.lw propl'rly chargl'd part.irh•s Wl'n' I'Xatitinl'd in. t lw gl'nl'rah'd !'n·nts. 
assuming t.hat. t.wo of thl'm arl' kaons and Oil!' is piilll. Till' rl'sult ing ill\'ilriant ma.-<~ 
di~t.rihut.ion is shown in Fig. Ia. TlH' I'Xp!:ckd.O_:- pl'ak i~ cll'arly s<'t'n alonE! 
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with moderate enough combinatorial background. Cuts 011 ~OK/,·.·, ~C'"J,,· ". a11d 
I.\IKK- .\10 1 were selPcted in order to optimize sig11alto backgrou11d ratio. To sekct 
one more cut 011 1-\/KK,-- .\IJJ::-1· the i11formation about the im·ariant mass resolu­
tion is desirable. Fig. 2a shO\~·s the reconstructed D; meson from its true decay 
prodltcts. The finite im·aria11t mass resolution is due to applied track snwari11g and 
equals approximately to IO.\hF/c2

• 

After D_; meson reconstruction, ai meson was seardwd in thre<~ particl<• com· 
binations from the remaining charged particl<~s. each part ide in the combination 
being assumed to be a pio11. Fig. lb shows 31 resulting im·ariant-mass distribution. 
Because of huge width of ai. signal to backgrou11d s!'paratioll is 11ot so obvious i11 
this case. If a{ is reconstructed from its true decay products as ill Fig. 2b, its width 
is correctly rcp~oduced. To draw out a{ from the background, furtlwr cuts wen~ 
applied on ~o,..,.. . ~(-),..,.. . l.\1,..,.- .\!PI and l.\1,..,..,..- ,\;!_,J · 

At last H~ decay \'<•rtex was fittl'd. using n~nmstmcl<'d D-;; and ai-
Almost tlw same resolution in the /3.,-d<~cay prop<!r time was reached a 7 ~ 

0.06-lp.~. as in [9]. The corresponding resolution in the B-ineson decay length ill 
the transverse plane is ~ 87wn ). Tlw relevant dist.rihut.i<ins are show;• in Fig.:!. 

4 Signal and background 

Branching ratios and signal st.at.ist.ics for the H~ -> n-:; at channel are summarized 
in Table I. 

Tab!<: I. 
Branching ratios and signal statistics for H~ --+ D; a{ ( 1260). 

I Parameter I Vallie I Comment I 

L [em 2 .~ 1
] 103:1 

l [8] 107 

a(bb)/a(lol) ~ 1/100 
a( bb) [11b] ~ .'jOO 
a( bb -> pX) [11b] ~ 2.21 P~· > 6 GeV/c 

177~'1 < 2.2 
N(bb->pX) · 2.21 X JOI!J 
./Jr(b->IJ~) 0.1 
/Jr(H~--+ n;ai) 0.006 
/Jr( n; --t qnr-) . 0.03!) . 
/Jr( C. --+ J(+ J(-) 0.19 I 

'' /Jr( aT.--?. po7r+) ~o.!l 

/Jr(po -> r.-:-1f'+) ~I 

N(J(+ /(. 7f' 7f'+7r 7r-t) 116000 

4 
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f 

:\ote tha~ we usc an updated valueJor Br(D; -> qnr-.) from [12]. B~ branch­
ing ratios ·are still unknown experimentally. Neglecting SU(3) unitary symmetry, 
breaking effects, we have taken Br(B~ ...... D:;at)~ Br(B0 ;-+,n-at). . . 

:\cceptance and analysis cuts are summarized iii Table 2. We take. a track re~ 
nmst ruction, efficiency- of. 95% and a lepton identification efficiency of80%, as iri 
[10]. . . [ . . . 

"Table2. . , . 
Analysis cuts and acceptance for B~-> D; at(1260) (for 104 pb-:1 integrated 

luminosity). 

/ 

I Parameter · I Value I· Comment I 
N(J(+ J( 7r 7['+7[' 7r+) ... 

116000 
Cuts : 
PT > 1 GeVjc 
1771 < 2.5 
N(J(+ J( 7r 7['+7[' 7r+) 7680 6.6% 
l::!.c.pi\K < 10° 
1:::.0[([( < 10° 
IMKK- M,pl < 20 MeVjc2 

IMKKrr- Mv:;-.f< 15 MeVjc2 

l::!.c.p11'11' < ,35° 
1:::.0,.,. < 15° . . . 
IMn- Mpol < 192 MeVfc2 (±3~) 
IMn,.- Ma+l <.300 MeV/~2 , 
N(J(+ J(. 7r. 7r+7r .7r+). 5765. 5.0%. 
D. vertex fit x2 < 12.0 
at vertex fit x2 < 12.0 
B? vertex fit x2 < 0.35 
B~ proper decay tiine > 0'.4 ps 

· .. 

· B~ impact parameter < 55 pin 
B~ PT > 10.0 GeVfc' 
N(J(+ J( 7r 7r+7r 7r+) after cuts 3505 3.0% 
Lepton identification 0.8 
Track efficiency (0.95)6 

I N(J(+f{ 7r 7r+7r ·7r+) reconstructed I 2065 IL8% •I 

A~ we see, about 2065 reconstructed B? are expected' after: one year run at·£;::: 
1033cm.:.2s-1 luminosity. The corresponding number of events within one standard 
deviation (~ 22 MeV/c2

) from the B~ mass equals 1407. This last number should 
be compared to 2650 signal events, as reported in [10], then B~ -> D;1f'+ decay 
channel is used. 
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Events which pass the first level muon trigger (pr >' 6 GeVjc, 1171 < 2.2) are 
predominantly bb events. Backgiound cah come from other B d~cays 'of the' same·· 
or higher charged multiplicity, 'and from random 'combinations with some (or :all) 
particles originating not from a B decay (combinatorial backgro~nd). 

The following channels were considered and' no significant contributions were 
found to the background: 

• B~ -t n-at. These events don't pa,;s the analysis cuts, because then- mass 
is shifted from the D-; mass by about 100 MeV,· and so docs the B~ rn~ss 

. compared to the B~ mass. '·' 

• Ab -t At1f- followed by At -t pK-1r+i+1r'-. Taking Br(Ab-> At1r-)::::: 0.01 
from [13}, we see that the expected number of p/{ 47f 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 
(1 +5, not 3+3) and therefore it is unexpected that significant amount of the 
B-decays will be simulated in this way. 

Note that even for B. -t D-;1r+ decay channel the similar background is 
negligible [9], although Br(At -> pJ<-1r+) is about 44 times bigger than 
Br(At -t pK-1f+1f+1f-): 

• B~ -> D-; at. About 10 000 such event·; w~re generated by PYTIIIA and 
then analyzed. Usin.g Br(B~' -> D'I'al) < 2.7 · 10-3 from [12] and assuming 
that· B~ -t D-; at decay goes thr~mgh B 0.B0 oscillations: B~ ---> B~ -::-+ n:; at, 
and therefore Br(B~ -t D-;at) ~ XdBr:(B~ ~- D'I'a1) < 4.3 · 10-\ we have 
got Fig.4 .. It is seen from this figure that.be~ause of M 8 ,--, M8d::::: lOOMcV 
mass shift,-the' contribution of this channel to the backgroui1d' proves to be 
negligible. , · . 

· Note that Fig.4 refers to the total number ofth~ B~ -> D-;at events. In 
fact the distribution of these events with regard .to the decay proper time is 
oscillatory, Xd (not x.) defining the oscillation frequency, So in ge;Jeral this will 
result in oscillatory dilution factor. Th~ conclusion that this dilu'tion factor is 
irrelevent·relies on the.fact that no candidate event was found with invariant. 
mass within one stand~~d deviation from the B. mass for 6·104 pb- 1 integrated 
luminosity. 

A huge Monte-Carlo statistics is needed for combinatorial background studies. 
No candidate't~verit with M8~ :_ 150MeV/c2 < MKi.,.,"" < Ms~ + 150McVjc~ was 
found within "' 3 · 105 inclusive p.X events. This indicates that signal/background 
ratio is expected to'be not worse.than 1:1. 

. ---/ 
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5. Dilution factors 

Tlw obs<'rYatiorr of tlw /J- /J oscillations is complicat!'d h~· sonw dilution factors. 
First of all t h<• d!'cay prop<'!' t inw is nwasur<'d with som<' accurac~· a. From IH<'\·ious 
discussions \H' know I hat in our cas<' a = O.O(i Ips is <'Xp<·ct I'< I. Due to this finite 
t inw rcsolut ion. t lw obscrn·d oscillations arc com-~>lut ions oft lw <'XptTssions ( :J) and 
(.I) gin·n a bon· with a (:aussian <list rihut ion. For <'xamplc . 

H"H" .. I j" _G.(· ~J'I ~Ill-') [ {1- .<)
2

] d., ·J> -->- 1 1• cosh--- cos-- <'XP . -·-- ~ 
2. 2h .· h . 2a2 JECT _,, 

I ,., ( · ·~r ·a · i.m . ~ ) 
-~·-T cosh -(1- a-)- /)1· cos --(I- a-) 
2 2/i . T , '"'r h , . . T 

(!I) 

wlwn· /J1;,,. = <'XJ> [-~(~)2 (.r2 + y 2
)]. T =:= f'· 

So t lw maiu dl"<'c! oft his smcariug is t lw reduct ion oft he oscillat iou ilmplit udc 
by /J1;,,. This is quit<· import aut iu t lw /J,sysf<'Jll wlwrc .r ~I. Th<:rc is also a 
I imc shift 1.-t i- CT~ iu (!1). This t inw shift ;lot'~ not n·ally c!ft•!:l t lwohscrYal~ility 
of t.lw oscillations and \\'<' will rwgiPct it. 

. lu fa<:!. (!l) is ~-alid only for not too short d<'cay tinws'/ ~.~. Iw;·aus:: iu (:J) au<i 
(-I) dis! ribut ions I > 0 is asstprwd. . . , · · . ' • 

:\not lwr reduct ion iu I h<' oscillation amplit ud<' is caus<'d h.\· I lw part ich·/ aut ip;ir­
t.ick mist.aggiug at 1.=0. Iu:our. cast';partich·/autiparticl<' nalur<' of tlw/J:m(·sou is 
t.agg<·d by t.h<• l<•pt.ou charg<• in flw s<•milq>touic dcca~· of t h<' associal<'d h<;apty 
hadron. Mist.aggiug is mainly du<· to· 

~ 'JJ- /Jos;·illat.io;ts: an·ompau~-'ir'rg b-<iiiark can h;. hadni!ti;(·d as'a Il<'t;tr;;l IJ 
nwson and oscillate into /J lwfor(• s<•mil<'ptouit!'d!'ca~·. . '"'· - , ., ' 

• b -t r-.:. f+. casca<k Jlh>n·ss~ tlteu tit<• lcptou·is misidt'utified as.h;wing:nmw 
dir<'ct.ly from t.h<' /J'nwsou and associated tot lw b -t J+·dt•cay. · 

• lcpt ous coming fro;n i>t hl'r dPcayiug part icl<'s ( K.;;-' .... ). 

• dd.<·ct.or cnor in t.lw lcpl.mt• charge. id<·nt i!icat ion. 

L<'i. 'I IH' t.lw mist.<Jggiug probability. If \\·c haw t agg<·d .Y /J0 nwsous. among 
them only (I·- 'I )Nan· iudc<·d no-~ and '1-'" an· no-s. misidcut iii<·• bas n°-s.: So at 
t.lw prop<·r t.inw I W<' would ohsetT<' (1' 8 " 8 "(1) = 1'8 " 8 "(1) dtu• to CPT im·;triauce) 

[ 
. H"H" H"H~· .] . N ,., [ ·~1'1 . ' ~1111] 

N (I-1J)P (t)+IJP (I) =-:;c-, msh-.
1
--(1-:!.tJ)ms--- . ..-" ,·. " 

d!'cays a.~sociat.<·d to !.It<• /J0 nwsou arid t lwr<'for<' 

H"H" " I ,., [ ~1'1 ~1111] J> (I) -t -;-t·-T n>sh -.--(I- 2tJ)C.os -.-
2 2h . ' . '· " ' . 
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','-;, 

So the dilution factor due to mistagging is D1a9 =·I - '2rJ. In our· ·studies\\;' have 
taken Dtag = 0 .. 16, as in [14]. 

Finally the dilution can emerge from background. Suppose that apart from 

·"-•.iJ~ol _D. ( J ~J'/ . ~111 f) 
---(; h COS I -- - COS --

'2 I 2h h 

events with B-+ B oscillations we also have Sbacdt) additional backgrouud eveuts. 
Half of them \\·ill simulate B meson and half of them B meson (assuming asymmetry 
free background). So the observed numlwr ohvould be /3 -+ /3 oscillations will be 

' ~ 

---e • cos -- - cos -- + ~ c • cos 1 -- - Db k cos --.Y5 ;1 nal _!:!:( ' h ~I't ~mf) .Ybocdf) _D. ( I D.l't ~~~.d) 
. 2 2fl . h 2 2/z · ' ac h 

and the oscillation amplitude will be reduced by an amount 

1\' {'{)Sfl yt 

1') 
_ · siJn'll · · · -;: 

brlck - t 

XsiJnal + Nb,.ck(l)c:r 

:\eglecting the proper time dependence of thi~ dilution fiictor (that is supposing that 
the background is mainly due to B-hadron decays and therefore has approximately 
the same proper time exponential decay as the signal [1:':i]),wcliav<~ takm1 Dba~k;:::;;; 
0. 71 \~hich ~orresponds to the 2:1 signal/background ratio. 

6 Prospects for x$ measurements 

For 6 · 104 pb- 1 integrated luminosity the number of reconstructed B~-~ would reach 
~ 8000 from the analyzed channel alone. Another ~ HiOOO 13~-s are expected.from 
the B?-+ D;;~+ chanr!CI [9, 10]: . •· . , . . . . . ' ·.. . · 

For events in which B~ meson does not oscillate before its decay·,· the Ds meson 
and the tagging muon have equal sign charges; If the B? meson oscillates, opposite 
charge combination emerges . .The corresponding decay time distributions arc 

_dr-'-t ( +_:_+-'-) . N _ .t ( x ·' l ) 
dt = 2Te r 1 + Dcos(-T-) 

dn(_+_-_) = N e-~(1- Dcos(-x._t)···) 
dl 2T T · 

( 10) 

D is the product of all dilution factors and N is the total number of reconstructed 
B0 -s. 

s The, unification. of samples from /J~ -+ IJ:;ai and /3~ -+ D;1r+ d~~ay channels· 
allows to' increase x 5 mcasurerrwnt precision. 

Fig:7 and Fig.S showthe <;orresponding 
dn(++) :_ dn(+-).. . X l, 

A(l) - dt dt - J') . ( s ) 
- dn{++) dn(+-) - COS -:;:-

. dt, + dt 

asymmetry plots for x, = 20 and 35. 
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Figure 1: 'Invariant mass distributions of three charge particle combinations; aisum­
ing 21\ + 1r (a) or 37r combination (b) as described in the text. 
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Figure 2: Three particle invari;:nt mass distributions of reconstructed D:; a 
events.' . .. . . . . 
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7 Conclusions 

It sPems to us that B? ·~D.; at <kcay chamwl is almost as good for the B.-mixing 
<'Xplorat ion ~s pn·viously studied H.~ ~ n; 70+ and en a hiPs us to incrPase signal 
statistics about 1.;-i t imPs. Furl h<'r gain in signal statistics can bt' reached [9. 1 0] by 
using H? ~ .I It·/\" <kcay,mode ami considering other decay channds of n;;. ThPse . 

possibilit i<;s an• und<•r ~tudy. . , 
\Ye refrain from giving any particular val uP of .r., as an at t ainabiP uppPr limit: 

Too many unn•rtainties an• left b<•fore a real <'XJwrinwnt will start. Xote. fore 
example. that abiJllt two times bi.gger branching ratios for both H. _; D; ;-;+ an.d 
/J., ~ n;at decay channel are prediciPd in [W]. ~ 500pb as a bb prO<itlction cross 
sect.ioii can also han• significant \'ariat ion in real life [ 17]. 

So although the rPsults of this inn·stigation strPngtlwn confidencP in reaching .r. 
as high as ·10 [I OJ, it should IH' realiz<'d that som(• t !word ical predict ions about B .• -
physics ami collaider op<'I:ation \\Tr<' im·oln·d allllaccording to T.D.Lee's first law 
of physicist [18]''without <'xperinwntalisthheorist tend to drift ... llowen•r maybe it 
is worthwhil<• to iTcall his ·s~·cmid law also .. wit houl theorist. experimentalists tend 

to falter". 
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EalllliiKOB A.B,, WenKOB r.A .• Cmmra•ne 3.K. 
0 - + 0 Kanan pacmmaBf 4 Ds a 1 s·tny'lemm Bf-CMf 

Hccne!lOBana BOJMO)KtiocTb IICIIOJibJosant 

B0 4 D- a+, D- 4 <prC 4 ~ 1\rC, a+ 4 p0rr" 
s s .1 s . . . I -· 

B 6yJlyweM ::lKCIIejmMetiTe 110 B -cMeWIIBatmto 
. . .. \" . ) 

'ITO Jlallllhlii KallaJJ pacmuta IIO'ITII llaCTO!IbKI 

cMeumsaullll, KaK i1 paccMtnpeuual! pa1_1ee pea~ 

Pa60T~1 BhliiOJIHeua B Jla6opaTop1111llllepub 

CooGuteiiiiC Qfu,c)lii!ICIIIIOI'O IIIICTIIl)'Ta ~:tcpl 

Bannikov A.V., Chelkov G.A., Silagadze Z.K. 

B~ "'~ v; ar Decay Channel in the B~-Mixing : 

The usefulness oJ the Bo-
s 

at 4 p0rr+ ~ rr+rr-:rr+ decay chain is inves 

in the future ATLAS B -mixing experiment. I 
. .f .. 

is almost as suitable for this purpose as previo 

The investigation has been performed at tl 
JINR. 
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