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Abstract  

We present the results of a partial reconstruction of the decay channel B - + DJ* m Tr - performed using the ARGUS detector 
operating at the e +e - storage-ring DORIS II. In the context of this paper, D5 *~° is an L= 1 excited charm meson decaying to 
D *+ "Jr . The measured product of branching ratios is Br(B ~D°(2414)rr  ) . B r ( D ° ~ D  * "7r-) = (0.174-0.05+0.04)% 
where the first error is statistical and the second systematic. No evidence for the decay B --+ D~'°(2459)rr-).Br(D*°--* 
D* + rr- ) < 0.07% at the 90% confidence level. 

Recently, interest in the production of L = 1 excited 
charm mesons in B meson decay has been widesprcad 
[ 1--4]. Most of  this attention has been focussed on 
semileptonic processes for which there is a reasonably 
well established theoretical description [5-6] .  Recent 
developments in heavy quark effective theory (HQET) 
[7] have also contributed to the theory of  these decays 
[ 6,8-111. HQET takes advantagc of  heavy-flavour and 
spin symmetries which arise as the heavy quark mass 
increases since the light quark degrees of  freedom are 
then uncoupled from those of  the heavier quark. Then 
rates for B decays to two states related by this symmetry 
are governed by the same torm factor. In the case of  
the D, D*  this function ~:is called the Isgur-Wise func- 
tion. Much of  the experimental work on HQET has 
gone into the measurement of  this function, but there 
also exist functions r~/2 +, and r3/2,  which relate tran- 
sitions to members of  the two DJ *~ spin multiplets in 
the mass region of  2.4-2.5 GeV/c  2. 

There arc four L = I cxcitcd charm mesons, corre- 
sponding to the coupling of  one unit of  orbital angular 
momentum with spin 0 or 1, forming a spin singlet 
( tP  t) state and a spin triplet of  states (2p> 3pt  ' 3eo ) 

withJ  p= 1 ~ and 2 +, I +, 0 ÷ respectively. In a heavy- 
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light meson the two 1 " states are expected to mix to 
form the physical states since there is no conserved 
quantum number preventing them from doing so [ 12 ]. 
In the limit as the charm quark mass is taken to infinity 
this mixing is expected to result in one narrow 1 ~ state 
degenerate in mass with the 2 ' state and one broad I ÷ 
state degenerate with the 0 ~ state [ 12,13 ]. In the heavy 
quark limit the quantum numbers describing the light 
quark state are separately conserved. It has therefore 
become conventional to label the charm mesons (in the 
infinite mass limit) by the spin-parity of the light quark 
state. Written in this notation, the four L =  1 charm 
mesons are l 8 ] 

12;,~> = I~&>, (1) 

I ls~/2 ) = V~.-2~ I 'P, ) + C I  :~P, ) ,  (2) 

I~,',~> = ~ l ' P ,  >-  ~ l~p ,  >, (3) 

l O t ) : ) =  I SPn) ,  (4) 

where the superscript and subscript denote the parity 
and spin of the light quark state, respectively. The 
experimentally observed states, the D~( 2414) [ 14,15 ] 
and D*°(2459)  [ 15-17 ], are generally associated with 
the states ( 1 ) and (2). Bjorken [ 18] has shown that 
the Isgur-Wise functions rt/2+, and rs/2 + are involved 
in a sum rule for the slope of s c at zero recoil. It has 
been suggested [9] that nonleptonic weak decays of  B 
mesons to DJ *~ mesons might provide the most valu- 
able information about these functions. To date the only 
published studies of  hadronic B - + D J  *~ decays, com- 
ing from ARGUS [3] and CLEO [4],  have been very 
low statistics measurements of  the channels B -  
DJ*mTr -I1 and B - - - o D J * m p  - Such two body 
decays, of  course, do not provide a great deal of infor- 
mation about the Isgur-Wise functions since they con- 
tain information at only one value o fq  2. However, one 

t t References in this paper to a specific charge state also imply the 
charge conjugate state. 
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does need these functions evaluated at the proper value 
of  q2 in order to predict branching fractions. Such pre- 
dictions have been made by two groups [9,11], and 
the results differ sufficiently that the measurement of 
Br(B - --* D~(2414) Ir - ) does discriminate between 
the two models. Owing to the low statistics available 
and the fact that the two observable states, D~1(2414) 
and D*°(2459) ,  with natural widths of  about 20 MeV/ 
c 2, combine to form a broad Dj  (*)° mass structure, 
previous measurements were unable to distinguish con- 
tributions from individual Dj  (*)° states. This paper 
presents the results of an analysis of  the decay sequence 

-- /..~ (~)0 7T - n ~ Jt.zj 1 

L,D** ~ (5) 
L , 

which does not require reconstruction of the D ° meson. 
This leads to a significant increase in statistics since the 
D O final states which are usually reconstructed repre- 
sent only about 15-20% of the D ° decay width. The 
previous ARGUS analysis [3] of this channel had an 
efficiency × branching ratio ( ~. Br) of about 2%. Use 
of the partial reconstruction technique, described 
below, results in an ~. Br of about 11%. Partial recon- 
structions have been used by both ARGUS and CLEO 
i n the analysis of the decay/~ o ~ D * ÷ rr - [ 19,20 ] and 
by ARGUS in the analysis of  the semileptonic decays 
/ ~ ° ~ D * + e -  Fe [21] and B -  ~pO~-- ~e [22].  

The analysis presented here is based on data col- 
lected at center-of-mass energies around 10 GeV using 
the ARGUS detector at the DORIS II e ÷e - storage 
ring at DESY. The data sample used comprises an inte- 
grated luminosity of  246 pb ' taken on the T(4S)  
resonance and 97 pb-  i in the nearby continuum. The 
T(4S)  data corresponds to 208000+9800  B/~ pairs 
assuming the T(4S)  decays only to B mesons. We 
assume here that pairs of  charged and neutral B mesons 
are produced in equal proportion. The ARGUS detector 
is a large solid angle spectrometer described in detail 
elsewhere [23].  The charged tracks used in this anal- 
ysis were required to come from the main vertex and 
to havep.t > 0.06 GeV/c  and Icos 01 <0.92, where p~ 
is the transverse momentum and 0 is the angle between 
the track momentum and the beamline. Charged parti- 
cle identification is made on the basis of  specific ioni- 
zation and time-of-flight measurements. For lepton 
identification information from the shower counters 

and muon chambers was also included. All this infor- 
mation was combined to form a likelihood ratio for 
each of the particle hypotheses, e,/z, 7r, K, and p. All 
particle hypotheses with a likelihood in excess of  I% 
were accepted. Photons were identified as energy 
deposits in the electromagnetic calorimeter not asso- 
ciated with any charged track. 

The particles 7rl, ~'2 and 7r3 produced in the sequen- 
tial two-body decay chain (5) contain sufficient kine- 
matical information to allow determination of  the 
Dj  (*)° mass without reconstruction of the D °. The 
information may be obtained from the quantities P,~, 
P,,2, P,,~, M~, M D, MD,, M,, and I Pz I where 

l e a  I = C E ~ a m  - M ] .  

With P1 =P,,~, PI2 = E~= IP,,~, P123 = ~-3= ip,~, El = 
E,,~, EI2=E2~,E,~, and E,23=E3.,E,~ the vector 
and scalar equalities 

e ,  = P o l * ,  + P l  , E~ =ED}*~ + E  t , (7) 

P = P o *  +PI2, En=Et ) .  +E12, (8) 

PB =PD + P I 2 3 ,  ED =ED + E 1 2 3 ,  (9) 

allow one to solve for the scalar products 

XI - P o  "PI2 

[ 2 2 = - ~(Mn + M 1 2 - 2 E n E I 2 - M ~ * )  . (10) 

X2 - P ,  "PI23 

= -~(M~+MZ~23-2EAEI23-M~)  . (11) 

Using the decomposition 

Pn =AP12 + BP123 + CPx, (12) 

PI2 XP,z3 
Px - (13) 

lel21 IP1231 ' 

which is valid so long as PI2 and P123 a re  not parallel, 
we can write 

Po "P12 =AP212 + BPI2 "P123 - - X l  , (14) 

Pn "P123 = BP~23 + A P I 2  "P123 = X2 , ( 1 5 )  

which leaves two equations in the two unknown coef- 
ficients A and B. Solving these equations we obtain 

( X l )  p223 - ( X 2 )  (P123 ° P I2  ) 
A= (16) 2 2 

P I 2 3 P I 2 - ( P I 2 3 " P I 2 )  2 ' 

( X 2 ) p 2 2 -  ( X I ) ( P I 2 3 " P 1 2 )  
B =  (17) 2 2 

P 123 P 12 --  (PI23 "Pi2  )2 
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Squaring equation (12) and using (16) and (17) we 
can solve for C to within a sign ambiguity; 

C= + l/P~ - (API2)2-- (BPI23)2- 2AB(PI23 " P I 2 )  

(18) 

A solution for Pn allows for the calculation of the 
DJ *> mass using (7) .  The two solutions for C yield 
two solutions (,~7/±) for the pseudomass. Fitting the 
29/+ and M_ distributions separately and averaging pro- 
duces results similar to those obtained by averaging the 
two solutions before plotting. The latter procedure, 
however, produces slightly better resolution. We define 

the pseudomass/Q and pseudomass-difference 8)17/by 

M=~(3,1÷ +~Q_) ,  8)Q= I~', -M'_ [ . (19) 

Fig. 1 shows the results of a Monte Carlo analysis of 
10 000 events containing the decay sequence (5) .  All 
events were subjected to a full detector simulation 
[23]. Fig. l (a)  shows the momentum regions popu- 
lated by the threc pions from the sequential decay (5) .  
The three regions are almost distinct so in the analysis 
of real data one can differentiate between the three 
pions by using momentum cuts. There is overlap only 
between the momentum spectra of 7r 2- and 7r¢ which 
are oppositely charged and hence cannot be exchanged 
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Fig. 1. The results of the pseudomass analysis performed on I0000  events containing the decay sequence (5).  (a) shows the lab-frame 
momentum regions populated by the decay pions from (5).  (b) shows the calculated pseudomass distribution. Overlaid as a solid line is the 
result of the fit described in the text. The hatched histogram is the scaled (see text) pseudomass distribution obtained by selecting the wrong- 
sign combinations "rrF 7r~ "n'; . 
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to produce another entry with the same 7r/-. In per- 
forming the actual analysis the allowed momentum 
regions are broadened since restricting to the kinemat- 
ically allowed regions shown in Fig. 1 (a) would result 
in the population of  only a limited region of the mass 
plot, making background analysis difficult. In this anal- 
ysis we define the momentum regions (units of  GeV/ 
c) 

( I . 0 < P ,  n < 2 . 3 ) ,  ( 0 . 0 6 < P ~ < 1 . 0 ) ,  

(0.06 < P ~  < 0 . 2 3 ) ,  (20) 

where the lower bounds on P~. and P,~ are due to 
requirements on Pr. The pseudomass spectrum 
obtained from the Monte Carlo data sample is shown 
in Fig. 1 (b).  Here we have added the requirement that 
6,Q be less than 60 MeV/c  2. This is about 80% efficient 
and eliminates a small systematic mass shift which 
occurs if high 6,t4 entries are retained. It also results in 
a small (10%) improvement in resolution. Overlaid on 
the histogram is the result of a fit with a third-order 
polynomial background function times a threshold fac- 
tor and a Gaussian to parametrize the signal. D o mesons 
were generated at a mass of  2414 MeV/c  2 with a nat- 
ural width of  15 MeV/c  2. The fitted mass is 
2413.9 + 0.7 MeV/c  2 in good agreement with the gen- 
erated value. The resolution is 22__+1 MeV/c  2. The 
efficiency, without further cuts, is about 25%. Overlaid 
as a shaded histogram is the pseudomass distribution 
obtained from the wrong sign combinations 
7ri- 7rz + rr3) (the sign of  7r~_ has been flipped). This 
distribution has been scaled down to account for a 
slightly different normalization which arises due to 
overlap of  the 7r 2 and 7r3 momentum regions. Using 
Monte Carlo, this scale factor has been shown to be 
0.86 4- 0.04 for both correlated and random 
7r( 7r2 ~ 7r~ combinations. Fig. l (b)  shows that the 
correlated background underneath the Monte Carlo sig- 
nal is due primarily to random 7r2's. In the experimental 
data there will be further contributions to this back- 
ground when a random 7r2 is combined with a real 
(Tr I , r r f )  pair from the decay sequence 

L D * + z p  ~ (21) 
L...~ r '~O + 

L /  77" 3 , 

Monte Carlo studies of  other decay sequences which 
might be expected to produce correlated background, 

suchasB-  ~D~*)°p a n d / ~ ° ~ D * + T r , s h o w t h e m  
to produce negligible signal contributions and contri- 
butions to the background distribution which are well 
described by the wrong-sign combinations 

. + It/- ~ q  rr~ . 
In the analysis of the experimental data there will be 

background contributions coming from continuum qq 
events (primarily cO). To suppress these contributions 
we apply the following additional selection criteria; we 
require that an event has H2 <0.3,  where Hz is the 
second Fox-Wolfram moment [24],  thus suppressing 
acceptance of  high thrust continuum events. We further 
require that the event be kinematically consistent with 
being a B meson decay in that it contains no track with 
momentum greater than 2.3 GeV/c  and that the total 
multiplicity nch+ ½n r of the event be greater than 5 
where n~h is the number of  charged tracks and ny is the 
number of  photons with energy greater than 50 MeV. 
To ensure that the fast track ( ~'1 ) is well measured, we 
require Icos01<0.85 .  The allowed momentum 
regions fbr the three pion tracks were given in (20).  
Pions consistent with coming from K!~. decays were 
removed from the analysis as were tracks consistent 
with being electrons from photon conversion. This was 
done by excluding from the analysis 7r + 7r- (e +e - ) 
track pairs fitting to a secondary vertex, having an 
invariant mass within -4-30 MeV/c 2 of  the nominal 

o Ks(y) mass and a g 2 of less than 16 for the appropriate 
mass hypothesis. In the 7r t momentum region lepton 
identification is very good. In order to eliminate con- 
tributions from semileptonic decays, which are kine- 
matically very similar in the soft neutrino limit, all 
tracks having a lepton likelihood of greater than 70% 
were excluded from further analysis (for muons we 
also required hits in the outer muon chambers). That 
this successfully eliminates contributions due to semi- 
leptonic decays was demonstrated in Monte Carlo stud- 
ies as well as in the analysis of semileptonic events 
selected from the data. As suggested by the Monte 
Carlo studies discussed earlier, we required 6M < 60 
MeV/c  2. After all these cuts, a great deal of  the back- 
ground from continuum events remains. Monte Carlo 
studies show that the continuum events which contrib- 
ute are primarily c( events in which fragmentation of 
the charm quarks produces at least one D* ' .  In these 
events the slow 7r.~ usually comes from the D*  ' while 
the zrl candidate comes from the final products of a D 
meson decay, which are a mixture of pions and kaons. 
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In light of  this we make one final cut against the con- 
tinuum by requiring that the kaon likelihood of  the ,rr~ 
candidate be less than 15%. The efficiency for this cut 
on real pions in the kinematically allowed momentum 
region was calculated from the data using the decay 
pions from K ° decays reconstructed at secondary ver- 
tices. For the remainder of  the selection criteria the 
efficiency is obtained using Monte Carlo. The overall 
efficiency for the cuts described above is just under 
17%. 

The use of  a partial reconstruction technique implies 
a certain loss of  information; this is the price paid for 
the increase in statistics. In this analysis the information 
lost is that concerning the decay angle of  the DJ *)°, 
defined as the angle between the pion from the Dj  (*~° 
decay and D~ *J° flight direction in the Dj  (*)° rest 
frame, and the angle between the pion from the DJ *) 
decay an the pion from the D *  decay in the D* ~- rest 
frame. Distributions in these angles depend, respec- 
tively, on the DJ *)° polarization [25J and spin-parity 
[ 12]. The resolution of  the partial reconstruction tech- 
nique described above is good only tbr scalar quantities 
such as mass or [P I; individual components of  
momenta are only poorly resolved. Thus one cannot 
accurately calculate the Lorentz boost vectors to the 
rest frames in which these angular distributions are 
defined. Since one cannot measure these distributions 
it is important to show that the efticicncy is indcpendent 
of them. This has been done using Monte Carlo. A 
similar argument applies to the B meson production 
angle. B mesons produced on the T(4S)  resonance 
have a sin20n distribution with respect to the beamline. 
Selection criteria based on this angle are useful in lull 
reconstructions. However, in the analysis presented in 
this paper, this information is unavailable. Monte Carlo 
simulation shows that the reconstruction efficiency in 
this analysis is independent of  the B meson production 
angle. 

The pseudomass distribution obtained using the cuts 
described above is shown in Fig. 2(a)  as solid points 
with error bars. Overlaid as a shaded histogram is the 
pseudomass distribution obtained by selecting the 
wrong-sign combinations 7r~-"rr~-n'3 ' . Since this 
wrong-sign distribution contains the correlated 
background from (5) and (21),  and should contain the 
same random background, this distribution is expected 
to provide a good description of  the background. The 
wrong-sign distribution hs been scaled down to adjust 

for the normalization difference discussed earlier. The 
scale factor is consistent with the one obtained from 
Monte Carlo. Overlaid as a solid line is the result of  a 
fit using a third-order polynomial background times a 
threshold factor to describe the background and a Gaus- 
sian to describe the signal. The width of  the Gaussian 
has been fixed to the Monte Carlo value of  22 MeV/  
c 2. This fit yields 40 + 11 events at a mass of  2412 + 7 
MeV/c  2. The mass is consistent with the previous 
ARGUS mass determination [ 14] so we continue to 
refer to this state as the D°(2414) .  There are no events 
producing multiple entries in the signal region. Fig. 
2(b) shows the wrong-sign distribution fitted with the 
same function with the mass of  the Gaussian fixed to 
the value determined above. The fit yields 1 + 8 events. 
Overlaid as a dotted line is the fit result from Fig. 2(a) .  
The background fits to the right and wrong sign distri- 
butions agree excellently. It is also apparent in Fig. 
2(a)  that the wrong-sign distribution provides a good 
description of  the background as anticipated. 

This analysis has also been performed on the contin- 
uum data to ensure that there is no signal contribution 
from continuum events. In this analysis all momenta 
were scaled up J2 to account lor the different values of  
~s. No enhancement in the signal region was observed. 
Continuum contributions to the signal were also 
searched for using data taken on the "/"(4S) resonance 
by examining the pscudomass distribution obtained 
from events having a high second Fox-Wolfram 
moment. Again, no evidence for such contributions was 
observed. This analysis also showed that continuum 
distributions are well described by the wrong-sign com- 
binations; the fit to the wrong sign distribution is there- 
fore further evidence that continuum contributions to 
the signal are small. 

From the results of the fit to the pseudomass distri- 
bution in Fig. 2(a) ,  and using Br(D *+ ~D°zr  +) = 
(68, 1 + 1.0+ 1.3)% [26],  we calculate the product of  
branching ratios 

B r ( B  ~D~l'~r ) .Br(DC~ ~D*+'rr - )  

= (0.17+_0.05+0.04)% , (22) 

where the first error is statistical and the second system- 
atic. Contributions to the systematic error come from 

~2 Alternatively one can scale down the value of  Ms. These prOCe- 
dures yield consistent results. 
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Fig. 2. Pseudomass distributions from data analysis. Data selection criteria are described in the text. The distribution obtained from the right- 
sign combinations is shown a,s solid points with error bars in (a) .  Overlaid are the scaled wrong-sign p~udomass  distribution (hatched 
histogram) and the result of  the fit described in the text. (b)  shows the wrong-sign distribution alone. Overlaid are the results of  a fit to the 
wrong-sign distribution (solid line) as well as the fit to the right-sign distribution from (a)  (dashed line).  The fits are described in the text. 

variation of the fit parameters (including variation of 
the Gaussian width to account for the large error on the 
measured value of  the D O natural width [ 1 4 ] ) ,  the 
efficiency calculation, the number of  BB pairs and the 
error on the D *  + branching ratio. This result agrees 
well with the previous experimental results which did 
not discriminate between the 1 + and 2 ~ states. 

Recent theoretical treatments using HQET and fac- 
torization have provided predictions for the D~* ~o res- 

Table 1 

onant contribution to the B - --* D * + -n'- 7r rate. The 
results of Reader and Isgur [9 ] ,  and those of Colangelo 
et al. [ 11 ] are summarized in Table 1. The two models  
differ primarily in their treatments of the function 
%/2 +. Reader and Isgur use a sum rule to relate the 
"r3/2, to p2, the slope of  ~: at zero recoil. For p2 they 
use the value obtained experimentally from fits to 
B ° ~ D * + l - f f  t data ( 1 . 1 8 + 0 . 5 0 )  127]. Close and 
Wambach [ 28 ] have shown that this value is consistent 

Theoretical predictions for the resonant part of  the B " ~ D * ~ ~" : r  branching ratio and rates through individual intermediate resonant states. 

Theory B - ~ ( D * '  ~ ) , ~ , ' n "  - l ; / z ( % )  2 ; / 2 ( % )  I 1 ~ / ~ ( % )  

Reader, Isgur 191 0.15% 0.10 0.025 0.025 
Colangelo et at. [ I 1 ] 0.08% 0.027 0.012 0.040 
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with theoretical predictions. Colangelo et al. calculate 
the Isgur-Wise functions z]/2+ nd T3/2+ using QCD 
sum rules [ 10]. Their prediction is substantially lower 
than the observed rate. That of  Reader and Isgur is 
consistent with the observed value although still some- 
what lower. No errors are quoted by either group but 
both provide some arguments as to why the errors might 
be small. Both groups obtain sizeable contributions 
from the intermediate 23~/2 s t a t e  relative to that through 
1.~/2. Such rates to the D*°(2459)  might be expected 
to make that state observable in this analysis. In the 
calculation of Reader and lsgur, which yields the best 
agreement with the observed rate through the 
D0(2414) intermediate state, predictions for the (rel- 
ative) rates through states other than DCj)(2414) would 
lead to signals of  about 10 events in each of  the two 
other states. The undiscovered 1 ~2 state is expected to 
be broad [ 291, making a signal of  this size unobserv- 
able, but 10 cvents at the D*°(2459)  mass might be 
observable as a shoulder on the signal from the lower 
mass ! ~ state or at least as a broadening of  the signal 
width. The D~ '° mass is indicated in Fig. 2(a)  - no 
such effect is observed. In fact, fitting the pseudomass 
distribution with a free width results in a narrower 
rather than a larger than expected width ~3. Assuming 
a natural width of 19 MeV/c  2 [30] for the 2 ~ state, 
Montc Carlo yields a Gaussian width of  24 MeV/c  2 
for the corresponding pseudomass peak. Fitting the dis- 
tribution with the function used previously but with an 
additional Gaussian with mass and width fixed to 2459 
MeV/c  2 and 24 MeV/c  2 respectively yields 41 __+ 11 
events in the I + signal, consistent with the number 
previously obtained, and - 5 + 1 1  events at the 2 ~ 
mass. This leads to thc upper limit 

B r ( B -  --*D*°(2459)Tr ) . B r ( D ~ " - - * D *  ~Tr ) 

<0.07% @90% C.L. (23) 

In summary, using the ARGUS detector, we have 
measured the product of  branching ratios 
B r ( B  ~ D ( s * ) ° T r  ) . B r ( D J  * ) ° - - * D *  ~ "rr ) with 
statistics sufficient to allow conclusions to be drawn 
about contributions form individual (narrow) states. 
We obtain the results 

~ Leaving the Gaussian width free in the tit to the pseudomass 
distribution results in a tit width of 18 +_ 7 MeV/c 2, consistent with 
the expected value of 22 MeV/c 2. 

B r (  B - ~ D°(2414)  "n" -) "Br(  D~' --~ D *  + ~r - ) 

= (0.17 +0.05 + 0 .04)%,  (24) 

B r ( B  - ~ D*°(2459)  7r - ) . B r ( D  *°  - - * D * +  Tr - ) 

<0.07% @90% C.L. (25) 
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