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Motivation

Purely leptonic B decay. Standard Model branching ratio
nr L u

U

BB ® " n)= GFay\g*b‘ £ >¢B>m3>mz>%1
e

Provide dired measurement of fg |V ]
fg =198+ 30MeV (PDG 2002,Lattice QCD)
IVl =(3.6x0.7) x 103 (PDG 20@)

Sengitive to H* at tree level and provide constraint on
tanb/m,x



Branching Ratio Expedations
Heli city Suppressed: BRB ® n)un?
it .me=1:5>x10::1 x 10!
Standard model estimate using 2002PDG values:
f, =198+30MeV

IV, =(3.6x0.7) x 103
tg =1.6/4+ 0.018 ps

BR(B® tn)=92x 10°
Range of BR(B ® tn) -6.2) x 10>
Existing upper limits at 90% CL
LEP(L3): BR(B®tn)<5.7x 10* Published Tightest Upper Limit
CLEO: BR(B®tn) <84 x 10+  (4S) System (9.66M BB pairs)
BABAR: BR(B®tn) <4.1" 10* Preliminary (88.9M BB pairs)




Experimental Tedhnigue

In B-fadory environment
ete® | (45 ® B*B-

B®tn, B® X
Maint decay modes

t® (e, MN mn y
t® (p, pp°, pppP)n; B*® t*n;, t*® e,

 Multiple neutrinos in the final state
 Very littl e experimental constraint from the signal decay

 Reanstruct one of the B mesons (“Tag B") and in the remaining
event (“Signal Side”) look for signature of B® t n decay.

 Exploit relatively large branching fradions for b® cud and b® cln
transitions



Existing BABAR Analyses

Hadronic B* sample Semi-leptonic B* sample
B-, D)0 X- B; DO nXO
— K- p* — K- p*
— K p*p° — K- p*p°
— KpTp p? K pTp p*
— K%prp T K%pp
X-system: uptofive X0 system: gor p°
charged traks (K, p) and candidates from paossible
two additional p° D(™0 gD ¢ p° transitions

e Two samples are statisticaly independent

e Both analyses use
81.9fblat j (4S) resonancedata # 88.9x1(P B pairs

9.58fb1 off-resonance data



Hadronic B* Sample

Fit for backgroundand signal in
Mg distribution to oltain

Signal reconstructed B yield:
sideband region (1.64#0.09)" 100 @ 819 fb'!
Tagreconstruction efficiency
0.25% on charged B
Channel enn@) mnon pn ppn pppn pppn pprp pn
selected (%) (%) (%) (%) (%) (%)
t-® e nn 22 9 0.0 0.6 0.0 0.0 0.0 0.0
t-®mnn 0.0 7 4 0.5 0.0 0.0 0.0 0.0
t-® p-n 0.1 2.7 21.6 1.2 0.4 0.0 0.1
t-® p p°n 0.0 0.3 1.0 6.6 0.1 0.8 0.6
t-® p p*p n 0.0 0.0 0.0 0.0 6.8 0.0 0.0

Signal-side efficiency 11.3%

Overall efficiency 0.028 %




Physics Results: Hadronic Tag

Exp. Background

B®t n

Wrong sign control sample

B®t-n Exp. Background

Unblinded data candidates




Semi-Leptonic B* Sample

® onpeak Data
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Events / (0.04 GeV)

Physics Results:
Semi-Leptonic Tag
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extra (GeV)
Fit Parameter Fitted
Value
Signal 10.9t7.5
Background | 258. 1174

extra (G eV) extra (G eV)
Signal inﬁut Signal fitted | Bkg. Input | Bkag. fitted
0 0.05+7.30 269 268.96 +£7.30
5 5.13+7.89 269 268.88 £7.90
10 10.10 £8.29 269 260.90 £8.28
20 19.93 £9.04 269 269.08 £9.03
30 30.11£9.48 269 268.88 £9.49
40 40.06 £10.14 269 268.95 +£10.14




Branching Ratio Upper Limit at 90% CL

Hadronic Tag Analysis Semi-leptonic Tag Analysis

BRB ; t n)< 77 104 BR(B , t n)< 49 104
90% CL 90% CL

Combined
BR(B , t n)< 41 104 90% CL

BABAR PRELIMINARY
Both of these analyses are aurrently being updaed. Upper limit expeded be tighter.

e Limits currently driven by tag B yield rather than “cleanliness’ of
the tag reconstruction (obtain tighter limit from B-® D° |- nX° tags)

» With large data-sample (abt)
» Can use cleaner tag reduce badkgroundlevel

e Tighter signal side selection cuts can be used



B-,

Exclusive Semi-Leptonic B Sample
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» Tagging efficiency lower than DnX
sample due to neutral reconstruction.

o All the particle associated to tag side
being recnstructed and removed from
signal side quantities P provide better
separation between signal and background
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Exclusive Semi-Leptonic B Sample:

Signal Efficiency and Background Estimation

# of Signal Estimated background
signal | Efficiency| events@81.91b-1
evets

Tag 1129 | 1.18&-03 | B'B- | B°BY| cc| total
seledion

Inn 139 | 123% | 7.8 | 0.8 |0.0| 8.6
pn 193 | 17.09% | 9.1 | 1.3 |3.3| 138
pp°n 58 5.1%% 54 | 1.6 |{0.0| 7.0
3pn 20 1.7%%0 7.0 | 27 |(4.4| 146
” I
Total 410 | 36.31% | 29.3| 6.4 7.7(\44
e ~=‘¢

Overall @4@

e Analysis gill at
development stage

e Seledioncuts are
not optimized

Overall signal
efficiency for

Hadronict deay
modes: 0.028%
(Statistically
Independent from
DO nX° sample)

Leptonict decay
modes : 0.0145%



Projedionto 2 ab!

Expeded Expeded
Sample # of badkground | # of signa 0 DL

events events =PENIURXQE
B-® D)0 X- ~ 559 ~ 34 ( YHQW Z LWK
(For t® (e,mMnn, pn) o w1
B-® DO-n X° ~ 974 ~ 122 WUDF N V
(only uset® (e,mnn)
B® D*0 I ~ 547 ~74 |7
(For t® (e,mnn, pn)

e Take the expeded number of signal and kbackground events from
SP4 MC and project to 2ab™.

e Backgroundestimation performed ona low statistics sample



Fitting Signal
and Background
for DnX?°
Sampleat 2ab *

 Number of expeded events
InE,,.<1.0GeV :

extra
Signal : 151

T
%ﬁ <_nSig> = 151.46 +0.53

14
120
100
o i & N = 5000
60 ﬁ# ﬁ
40 & é #é
20 &
e e
60 100 120 140 160 180 200 220 240
Nu Events

_NSig pys = 37.72 £0.38

100§ N = 5000

200H
- 180 _NBKg pys = 37.81 +0.38

160§ *
14212; <_nBkg>= 6567.46 *0.53 ##

Background: 6568 © 2 pu S
» Generate 5000 toy MC with :
above amoun of signa and L
badkground events . .
Signal Signal Bkag. Bkag.
Input fitted |Input| fitted
151 |151.5+37.7| 6568 |6567.5+ 37.8




Stuay of Signal Selection and
Badkground Estimationat 2 ab!

» For B® tn recoiling against D*9n tags

Backgroundestimation at 2 ab! has been studied using fast
MC (PRAVDA) and SMA MC

In PRAVDA MC distributions related to neutrals are not well
simul ated:

— D0 DO mass difference distributionin PRAVDA MC is
guite different from that in S”4 P One of the most
Important variable for tag seledion

— Momentum and multiplicity of g sand p® sare dso qute
diff erent between these two samples



Signal Selection and Badground
Estimationat 2 ab* (Il)

% Studieson SR4 MC indicate that

» BB events are the mgor source of badkground.

» Almost al of the badkgroundevents contain corredly
reconstructed D*9(e,mn

» Eventswith fail ed trad(s), track(s) outside detector
aaceptance or undeteded K, °(s) mimic the signature of
B® tn decays

Use large reconstructed D*0(e,mn samplein S”A4 MC to
estimate the tag side efficiency

— Gives more redi stic estimate of the tag efficiency

In PRAVDA MC use only truth-matched tags and study the
signal selection cutsonly



Neutral Simulation: SP4  suef,
MC VSFast MC
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Neutral S mulation: SP4

MC VS Fast MC for
Background (Cont’)

(Background)
p® multiplicity and

momentum distributions
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L s ke -
Remaining neutral &’ o
k= - ® PRAVDA MC
energy B o
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Background level for SP4 & PRAVDA MC

Inn Mode
Cuts SPAMC PRAVDA MC
198.4fb1 985.2fb!
GoodTag, |#events| eyygna %0 |# events| €y gina %0
SQ=0, 1Track ™g719 - 43258 -
DOCA 8421 | 96.6R0 | 42524 | 98.30
e/mID 2426 | 28.8%6 | 14731 | 34.6%%
p° veto 515 21.23%0 | 5004 | 33.9”0
E...<0.35GeV| 19 | 3.6% | 977 | 19.5%%

Efficiencies for the auts related to neutrals are quite different between
SH and PRAV DA MC



Signal Efficiency Comparison ketween SP4 &
PRAV DA MC: Inn

Cuts SR MC PRAVDA MC
GoodTag, | #events | €yqqna% | #events | €yagna %0
S M€ 900 - 9279 -

DOCA 873 97.00% 9183 98.7%%
e/mlD 182 20.89%0 2804 30.53%
p° veto 165 90.63% 2769 98.73%
E...<0.35 139 84.28/% 2685 96.7%%
GeV

Signal efficiency: 15.4% in SP4 and 289% in PRAVDA MC

Seledion efficiency for neutral related quantities are quite different.



(at 2 ab)
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Summary and Outlook

Seach for B® tn has been perform in the recil side of
hadronic and semi-leptonic B samples
Current tightest branching ratio ugper limit <4.1” 104 at
90% CL

— SM expedation 9.Z 104

At present the limit isdriven by tag B yield (not the
cleanli ness of the tag side)

The major source of background are events with
— Missngtracks
— Undeteded K °



Summary and Outlook (1)

Estimated background from PRAVDA MC is about ~8-9 times
larger than the expeded number of SPA MC.

— Caused by the difference in neutral ssmulation
— Not realistic and useful.

B® tn seach/observationis highly sensitive to
neutral related quantities
— A redistic cdorimeter smulation is neaded to make any
reli able estimation for backgroundand signal.
At higher luminosity the beam-badkground will also
effed the sensitivity.

— Simulation d beam-backgroundfor the high luminosity
environment will be quite useful of this gudies.



Backup Slides



Hadronic Tag: Systematic Uncatainties

Uncertainty on seledion efficiencies (e) in eat t decay channel
— Mainly from trading, PID, neutral and p° reconstruction
Uncertainty on Ny, . determination

— Ng,p. reduced by 4.5% using Gaussian instead of a Crystal ball to
fit the mgg peak

Uncertainty on the number of expeded badgroundevents (b)) in ead t
decay channel

— Continuum and combinatorial badkground
Extraded from data sideband : 5.21< m_¢ < 5.26GeV/c?
Scded to pesk area m.¢ > 5.27 GeV/c? after preseledion

— A corredion onead discriminating variable is applied, assuming
that the corredion can be independently applied onead variable,
the total corredionisthe product of the @rredions



Semi-Leptonic Tag : Efficiency
Corredion



MC Samples for Estimation d
Badkground Level and Signal Efficiency

SR MC.
— Study seledion efficiency for events with
“ Reconstructed D*%(e,mntag’ and
“ Oneremaining signal-side track’

PRAVDA MC:
— Study the remaining signal side auts:
“Sgnd track DOCA”,
“Sgnd track particle D",
“No extra p°”,

“ Extra reutral energy”
— Use truth-matched D*%(e,n)n tags

# of tags= # of P4 MC ewvents passng“ Tag side” and"“ One
remaining track’ requirement projeded to 2 ab?



MC Sample

SH Signal MC

MC 2000( 2001 | 2002
B®tn VS Generic 63K | 311K 121K
B® tn VS Generic (ISL filtered) | 16K | 46633| 39K

SH Generic MC:

B*B- [B°BY |CC | uds [t*t-
2001Lumi (fbl) |118.5/113.2|23.1(22.6|24.4
2002Lumi (fbl) |79.9 |77.3 |27.8]27.8(19.6

PRAVDA MC: 985.2fb! equivaent events truth-matched

D*9(e,mn tags, Q=0 and One remaining charged trad on the
signal side



Summary of Signal Efficiency and Background
Estimation with SP4 MC

# o Signal B*B- | BB% | cc
signal | Efficiency| 198.4 | 190.5| 50.9
evants fol | fbl | fb2
Tag 1129 | 1.18&-03 | 500146 89640 14463
seledion
One 900 | 79.720 | 8711 | 1353| 835
Signal
track

After applying &l signal side requirements
Inn 139 | 123 19 2 0
pn 193 17.0%% 22 3 2




Backgroundlevel for SP4 & PRAVDA MC

pn Mode
Cuts SR MC PRAVDA MC
198.4fb! 985.2fb!
GoodTag, |#events| eyygna %0 |# events| €y gina %0
SQ=0. 1Track gzi1 | - | a3258| -
DOCA 8421 | 96.6R0 | 42524 | 98.30%
PionID 4823 | 57.2P0 | 22528 | 52.98%
p® veto 500 | 10.3P0 | 6449 | 28.63%
E...<0.35GeV| 22 4.4 | 1706 | 26.4%%

Efficiencies for cutsrelated to neutrals are diff erent




Signal Efficiency Comparison ketween SP4 &

PRAV DA MC: pn
Cuts SR MC PRAVDA MC
GoodTag, |#events| eyygna %0 |# events| €y gina %0
SQ=0, 1Track 900 ) 9279 )
DOCA 873 | 97.000 | 9183 | 98.7”
pionID 632 | 723%% | 5799 | 63.13%
p® veto 358 | 56.640 | 4828 | 83.260
E...<0.35GeV| 193 | 53.9% | 3788 | 78.4%%
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