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Introduction |
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* Purely leptonic B decays are highly suppressed in the SM by factors
of |V,,|2and M’ (helicity suppression) b not yet observed.

- Branching fraction is sensitive to: f, |V, | SM Predictions

* Uncertainty on f; is currently about 15% BR(B*® t*n) » 9" 10°
from lattice QCD b limits precision that BR(B* ® ntn) » 4" 107
|V.4| can be determined from B, mixing BR(B*® e'n) » 1012
measurements.

- If |V, | is measured in semi-leptonic decays, B® In would provide
the first direct measurement of f,

» If lattice QCD calculations improve, B® In provides a theoretically
clean measurement of |V |.
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New Physics Contributions |

Possible New Physics contributions include
mediation by:

b n
* H"in 2-Higgs Doublet Models (MSSM)
* could enhance B*® t*n up to current H* 7
experimental limits. u !

* BR(B® m)/BR(B® tn) is unchanged so
B® mm is limited to ~fewx10-¢.

* BR upper limits can constrain tanb/m+. b\\/v/n

* Scalar sparticles in R-parity violating d.L
extensions of MSSM J — .
* BR upper limits constrain R-parity violating /N
couplings.

* Leptoquarks in Pati-Salam model of quark-lepton
Unification
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Experimental Status |

* Purely leptonic B decays have not yet been observed.
* BR upper limits exist from CLEO, Belle, and BaBar:

BaBar(81 fb1) Belle (60 fb!) CLEO (»2 fb1)
BR(B*® min) < 6.6" 10 < 6.8 10° <2.110°
BR(B* ® e'n) - <54 10° <1510

CLEO, Belle, and BaBar have all used very similar analysis
techniques.

* Future hadronic experiments (LHC-B and B-TeV) will have
difficulty with these decays due to missing energy.
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Current Analysis Method |

*The charged lepton is mono-energetic in the :
B rest frame (p* » my/2 ). 5
- Select muons in the expected momentum :
range. The rest of the visible energy should )
be from the opposite B. |
» Reconstruct opposite B from remaining TR ST B
tracks and clusters. Make selection based
» Use shape variables to suppress continuum SN
background. o m
B »O 7
* Primary backgrounds: s
" continuum with mis-id p and %%
significant energy loss
" b® uln
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DE and mgg (Opposite B) |

For all events with a well-identified muon Belle
with p.y ~ mp/2, we attempt to
reconstruct an opposite B.

BB Ba.
= X,1vBG.

Cont. Bg. DE(G@V)

Signal

arbitrary normalizatio

- muon is removed from event.

+ B is formed from the remaining charged
tracks and neutral calorimeter clusters.

4 a2 0 2 4 6

» Identify muons, electrons, kaons, protons

and substitute appropriate mass. E me<(GeV/c?)
* Events with extra leptons are rejected. &~ we |
» Calculate DE and mgq, T s

DE=E,- E,, Ms=Ein- D2

500 505 510 515 520 525
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o Belle
300
200 Muon

= Electron .

100

2 24 26 2.8

3.0
(GeV/c)

St
P1

7833 J 73

274.3
2,634
40B5E-01

<041
2.642
01129

caely vy b b b by

p* Calculation

Use the opposite B momentum direction
to boost the lepton to the reconstructed
B rest frame assuming B momentum is

320 MeV/c.

Belle performs likelihood fit to this

distribution.

BaBar Requires:
2.58 >p*>278 GeV/c

The cut is asymmetric since
backgrounds decreases vs p*.
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Continuum Suppression |

Suppress continuum using event shape variables,

x 102
1600
1400
1200
1000
800
600 [MbEE-s p
a0 E
200 F
0 Erun

Belle

| BB Ba.
= Xylv BG.
Conl. Bg.

arbitrary normalization

Signal

(a) SFW
» cosq’ : angle of muon w/r thrust axis of the rest of the event.
» cosq" : direction of the missing momentum in lab frame.
* Belle also includes a "super” Fox-Wolfram variable.
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Signal DE VS mES

. W 1oeof BaBar ++* | 52,000 B*® nmn MC

Hﬂ* | Ganl {11 e=2.236+0.065%

% L _ = 150 [ i

£ #’fﬂ + 2 of + f+] Year efficiency(%)

Sl @ ! gl ¢ 1 2000 263:013
. M _ ‘] 2001 2.24+0.10

a

5.1 5.15m :jiwc'-’jﬂj 5.3 2002 192 + 010

w Signal box: mgs > 5.27 GeV
. -0.75 <DE <0.5 GeV

10 Blinding box: mgs > D.24 GeV
M 13 <DE<0.7 GeV

GSB: 5.10 > mgs >5.23 GeV
-30<DE <15 GeV

AE (GeV)
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Background Estimate |

The background is estimated by extrapolating from the data
sidebands. We assume that the background mg distribution has

an Argus shape: . , ,
* Fit Argus to data in the region,

15 — . - 5.1<mgs < 5.24 GeV/c?
_ BaBar | -0.75<DE < 0.5 GeV
1 * Fix endpoint at 5.29 (E,...)

—_
=
S N R |
"
&
|

5.29

N\

i 927 A( mES)deS
5.24

Qlo A( mes) des

NBkg = 5.O+1'8_1.4 evenTS

Ngi = Ny,

Entries/0.01 (GeV/c?)
LA

MC indicates that the remaining
background is 57% uds, 23% cc,
20% BB.
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BaBar Results |

2 ——— . . « We see 11 events in the signal
[ - j box.
- PR * The probability of observing 11
S R LT UT LI or more events when 5.0 + 1.6
S were expected is about 4%.
ha ) 14
,ﬂ ) | | - | | ! | ! -
i o f BB
4 ! | ! | ! | ! f:.%
51 515 52 525 53 2
m.¢ (GeV/c?) S
BR(B*® nin) < 6.6~ 106 (90% CL) | £
Presented at EPS, July 2003 51 515 52 525 53
hep-ex/0307047 m?ES! (GeV/c 2!}
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Belle Likelihood Fit |

240 T

160

® Data .
=== 0% UL -
r—= continuum
Femb—=u

e b —C

(d) ® background-subtracted data -

Belle performs a likelihood fit
to the p* distribution of signal
muon candidates.

N(signal) = 18+21+6

BR(B*® min) < 6.8 ~ 106 (90% CL) |

30 - —90% TL UL on signal mode —
| -
10 -
| } | ) | et
ST rt
20 o | |
2.20 2.40 2.60 2.80
P*(lepton) (GeV/c)
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Analysis Comparison |

BaBar(81 fb1) Belle(60 fb!) CLEO(2 fb!)

p*(GeV/c) [2.58, 2.78] - [2.545, 2.745]
|cosqT| <0.55 <0.65 <07
me<(GeV/c?) >5.27 >5.23 >5.23
DE(GeV) [-0.75, 0.5] [-1.5, 0.0] [-2.0, 0.5]
mID e » 61% » 90%

signal &(%) 2.09+0.14 13.6+1.2 13+1
observed events 11 18+21+6 (signal) 2

BR(B* ® nin) <6.6"10° < 6.8 10 < 2.1 105
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1036 Luminosity - Pravda MC |

Use Pravda fast MC to simulate ~ 5 ab™! of:

- B®m

- B®X,m

* e+e- ® uds

*et+te-® ccC

Assumptions we make:

* b® cm background is negligible.

- e+e- ® t+t - background is negligible.

* Muon ID for current BaBar comes from PID tables (~61%).
Muon ID at SuperBaBar is 90%.

- Hadron (p/K) mis-ID is 2% at current BaBar

1% at SuperBaBar

» For continuum backgrounds, we do not apply muon ID.

We scale the luminosity by the assumed hadron mis-ID.
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Pravda/SP4 Comparison |

250
200 —
150 _—
13030 _—

20 -

3040 I
2540 I
260
1540
1a4

520

5.3

1680
140
120
180
B
ED
40
20

O Pravda
e SP4

B® mm sighal MC

0
DE
Limitations of Pravda:

* No simulation of fake tracks and
clusters.
* Detector interaction of K appears

to be missing ( enhanced B*® K p*etc).
* No Beam Backgrounds.
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Event Yields (81 fb!) |

Signal Box GSB

Source SP4 Pravda SP4 Pravda
B*® ntn 0.73+ 0.01 1.4 0.76 = 0.01 1.06
B*® p’mn 030+0.12 024 1.26+£023 1.65
B*® r orm 0.00+0.00 0.11 0.79+ 0.21 1.03
B*® wnm 0.07 = 0.05 0.09 0.50+ 0.18 0.49
B%® p*mn 0.16 + 0.09 0.65 1.68 £ 0.31 3.97
BY%® r *mn 0.03+ 0.03 0.14 2.03+0.23 1.80
b® fakem 0.16% 0.07 0.98 2.62+0.24 1.96
cC 1.29 + 0.23 1.7 53.69 + 5,31 51.9
uds 3.26 + 0.35 3.7 137.8+ 3.6 194.2

Total Bkg 53+ 0.5 7.6 2004+ 6.7 257.0
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Cut Re-Optimization |

With higher luminosity the optimum values of analysis cuts may
change. Try Re-optimizing |cosqg;| cut with signal boxes of
various sizes ( DE window from 300 MeV to 1.25 GeV ) and
255 <p* <275 GeV/c.
Resulting Cuts:
- -0.82 < cosq,,< 0.92
+ 255 < p* < 2.75 GeV/c
- -0.76 < |cosq,| <0.95 (EMC)
* No additional leptons
* Event Charge =0  *New*
- |cosqgy| < 0.6
- -0.5<DE <0.0 GeV
B B e— * mES > 5.27 GeV/c?

S/(S+B)1/2 Signal e~ 4% S/(S+B)2~5.1
(1.7% SP4)

m

&
Ln

u]
]
D':':j-

. P £
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] tr|%|ll:l|||||
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Pravda Results |

70

mgs > 5.27
-05<DE<0.0 GeV

BO signal
uds

CcC

B ®uln

BB fake

30
40
30
20

HE B OO &

10

2.4 2.5 2.8 2.7 2.8 2.5 d

100

a0

o
5.1 5125 515 5175 5.2 5.225 5.25 5.275 5.3

- 255 <p*<2.756eV/c
- -0.5<DE<0.0 GeV

me (GeV/c?)

85% of the continuum background

p* (GeV/c)
For mgs, DE, p* cuts above:
Signal 89 events
Bkg 209
uds 71
cc 38
B® uln 72 :
involves a neutral hadron!
BB fake 28
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140 F
120 f
100
P 1
S
40

20 b

140 F

N(signal) = 106+16 ™ |
s » 15% R

50 |

For 2xBF (e) 60
s ® 9% 40

For % BF (e) 20

BOD b

500 L
400 F
300 F
200 L

100 L

Background PDF:
Gaussian
Signal PDF:
2 Gaussian

In future, we could fit

DE, mg, p* simultaneously

— + 2 ndf 4588 J 64
: . P1 60.72
Fit to sighal+Bkg | p2 1,059

* (GeV/c)

S®27c/0 Gzllll

2.7 2.8 2.8 2
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Systematic Uncertainty |

. . . + + UL n = b
Calculate upper limit using: BR(B" ® mn) < #I(Bi >e)
Source Correction Uncertainty
Background subtraction - 1.6 events
B Counting - 1.1%
Signal Efficiency 0.932 6.3%
Tracking Efficiency(muon) 0.992 2.0%
Muon ID - 4.2%
Opposite B Reconstruction 0.94 4.3%

Systematic uncertainty is dominated by muon ID and opposite
B reconstruction efficiency. These are determined by control
samples b decrease as L2 .
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B*® nin in the Recoil? |

 We could reduce the background significantly if we require a fully
reconstructed B tag (at the expense of efficiency).

» The simplicity of the signal side (1 track) improves the B tagging
efficiency and combinatorial background.

» B*® t*n analyses have demonstrated B tagging efficiencies of:
~0.2% semi-exclusive hadronic modes B* ® D"°X*
~ 0.45% semi-leptonic modes B® D/'n,X

zlP*

* The muon p* distribution improves given o [
. o= ____current signal box
better knowledge of the opposite B .. —_tight signal box
direction. i

* Possible signal-side selection:

* 1 remaining track (91% acceptance)

x o i |
passes muon ID (90%) o

*2.6<p*<27 GeV (95%) 22 Jleli e
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Expected Yields |

- Assume:
signal e = 0.67%(BRECO tag) x 78%(signal-side) » 0.5%

* In 5 ab! we expect:
N(signal) » 5.25x10° B* x 4x10-7(BR) x 0.5% » 10.5 events

» Backgrounds have been estimated in current B® tn analysis:

198.4 fb! B*B- Generic: 0 events )

190.5 fb! BOBO Generic: O events

50.9 fb! cc Generic: O events > Sp4

50.4 fb! uds Generic: O events

44 fb! t*t- Generic: O events

985.2 fb! B*® D(In, B-® X: 4 events (Pravda)
3 B*® p°min, 1 B*® K p*

Assuming backgrounds are negligible, s(BF(B® rm)) » 30%
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Conclusions |

* B*® min is sensitive to poorly constrained SM parameters
(fg and |V, |) as well as new physics.

* With 5 ab!, we estimate that the (SM) BR(B*® nin) could be
measured with a precision of 10-30% using inclusive and "tag B"
techniques.

* Assuming an improved theoretical uncertainty in f, (~2%),
|V, | could be determined to 5-15%.

» The critical detector considerations are acceptance and neutral
hadron ID ( and muon ID, of course). The effect of beam
backgrounds is unknown.

* We do not expect these measurements to be possible at hadronic

machines. Hadronic machines may, however, provide complimentary
information on leptonic decays involving B, and B..
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BackUps |
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B*® D" )Pp* Control Sample |

B reconstruction systematics are evaluated
Pcm with fully reconstructed B* ® D™*)%* eventsin
et data.

so0
400 |

300 B

e pion is mono-energetic like signal muon
» once D islocated it can be ignored to smulate
N A neutrino. We reconstruct D* ® D°gand D°p°
BonE omems e WIthDO® k*p-only.
* opposite B reconstruction isthen performed as
+ iIf signal.
* we require |DE| < 50 MeV and m. > 5.275 for
the fully-reconstructed B
e luminosity-scaled off-peak datais subtracted
e we have 11,922.2 events in 2000-2002 data.

200 |

100

a0
T30
G0
S0
4430
S0
240
140

COSja

1 11 I 11 1 1
0.5 1
cosE Lab

|

|
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B*® nin vs B*® DO |

S00 F 250 F
250 |- 200 e B*'® D0p+ data
200 [ —B*® D%*MC
150 - -~=-B*® mtn MC
1G0 _— 1
5o |- 50
D—d-Jd D5.1 | 315 | k2 | 525 | 5.3
Mg [Gev )
: - After all cuts, the
140 £ COSC]T 500 | cogy” d / c o )
0 | Wy . S0 data/MC efficiency ratio
1G0 =i s A 1 ; e 'S
o il R = 0.94+0.04
3 20 | _ which is applied as a
2 [ 100 Lk correction to the MC signal
° E_'I | ICI!QI | ID!-’-I-I | ID!ﬁI I IG'.IBI - 1 ° IfIII | IliIII.EI | ICI!-’-I-I | ID!ﬁl | ID!BI - 1 eff|C|enCY'

coasB cosd®
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