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» Analysis strategy

> B -1V searches at BaBar on 81.9 fb! on-resonance data
(submitted to PRL)

» Search for B - TV recoiling against hadronic B
» Search for B - tv recoiling against DlvX
» Search for B - tv recoiling against D*Clv (preliminary)
Newest method
» D™0v reconstruction
» Signal selection
» Physicsresults
» Combined results: D*%v and hadronic B samples
» Summary and outlook
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Pnysics Vi otivation

» Purely leptonic B decay. Standard Model branchi ng ratio

BRB - (V)= GF’V“b‘ £208 mnamrfﬁ nﬁg

» Provide dired measurement of B meson decay constant fg
fg =0.196+ 0.032 GeV  (PDG 2004, Lattice QCD)

» Extrad |V |/ |V 4l by combining branching ratio
measurement with results from B mixing

» Senditive to charged Higgs
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brancning R
> Helicity Suppressed: BRIB - /v mf

T:p:e=1:5x103:1x107
» Standard model estimate using 2004PDG values:

fs =0.196% 0.032 GeV
V| =(3.67%0.47) x 104

BR(B — 1) = (9.3+ 3.9) x 10°
» EXisting upper limits from other experiments at 90% CL

LEP (L3): BR(B - 1V) <5.7 % 104 (Phys. Lett. B 396, 327 (1997))

Belle: BR(B — TV) <29x 10 (Preliminary (2004, on 14 fb! on-resonance data)
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1.5 T solenoid

DIRC (PID)

144 quartz bars
11000 PMs .
e (9 GeV) et (3.1 GeV)
Drift Chamber

40 stereo layers

| nstrumented
Flux Return Silicon Vertex Tracker
iron/ RPCs (muon 5 layers, double sided
/ neutral hadrons) strips
SVT: 97% efficiency, 15 mm z hit resolution (inner layers, perp. tracks)
SVT+DCH: o(p;)/p; =0.13% x p; + 0.45%
DIRC: K-ttseparation4.20 @ 3.0 GeV/c - 250 at 4.0 GeV/c
JEMC: O/E=23%EY B 19% - 3%for E=1 GeV, 6% for E=20 MeV
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= |n B-fadory environment
e'e = Y(4S) = BB~ _

Main T decay modes =
T=(e, W)vv
T - (0, T, TV B*=T'V,, T"=€'VV,

m First reconstruct one of the B-mesons, referred as “tag B”
or “tag side”.

m  Make requirements on the remaining tracks/neutral s that
constrain them to be cnsistent with T decay. This
remaining part of the event isreferred as “signal side”.
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81.9 fb-1

. R Signal T identified in one of the
3 | e ? modes
o 8000 ) —
S [ T—(e BV
§ aooof | Sideband T— (T, TOC, TUT)V
Wl Region
00 S—  Requirement on track and (or) m°

S2 522 524 526 528 53 multiplicity, particle identification,

MEes (GeV/cZ) .. . .
Fit for background and signal in LSy e e MIVIA, nfE el Eie
resonances (v, Ty ).

beam energy substituted mass (Mgy)
distribution to obtain reconstructed ¢ Require at most one signal sidey

B yield: candidate with 50 < E, < 100(110) MeV
,(167.8 £1.2 f3_()$yst)x103 in lab frame (not associated with m).
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81.9fb?

Mode| Signal-side Expected Obs.
Efficiency (%) | Background | Events

evv 34+0.1 0.7£0.4+0.1 2
HVV 1.9+0.1 0.9+0.5+0.1 0
v 2601 1.3+0.6+0.2 2
4
Z

TO 06+0.1 4.3+1.0+0.3
TV 20+0.1 10.0+1.6+1.3
all 10.5+0.2 17.2+2.1+1.3| 15

Branching fraction upper limit

BR(B=1v) <4.2x 10“at 90% CL

Use statistical techniques based on Higgs searches at LEP.
(A. L. Read, J. Phys. G28, 2693 (2002) )
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81.9 fb-1

Branching fraction upper limit
BR(B—1V) < 6.7 X 104 at 90% CL

DOlvX tag sample is combined with statistically independent hadronic
tag B sample. Combined upper limit

BR(B=1v) <4.2x 104 at 90% CL

A new analysis is performed on 112.5 fb! on-resonance data using D*lv
tags (a cleaner subset of the DojyX tags). In the signal side the T is

identified in both leptonic and hadronic modes.
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112.5fb?

[ag Reconstruction

B--> D*0|v b
—.po Ty %
—K- 1 =
K S
— K mT g
— Ko mm
> zQevem =0 AM (GeV/cZ) (D0n0)ev AM (GeV/c?): (D%)ev

» -1.1< cosOp o < 1.1
» Requirement on AM e (ZBED EI < 2 )
(D™°-D° mass difference) cosg . = et~ "My

B,D ~ =
> Lepton P" > 1 GeV 2 pBH Poa
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112.5fb?

B-1v Signal Selection: D™°lv Tags

In the signal side the T is identified in one of the following

modes 1- (e, p)vv , 1 - (1T, TP, TUOTV
» Signal-side track and (or) 1°

multiplicity — e
> Signal track(s) identified as e, p or T, e O R
as appropriate. £ 0T 1 |
> Missing mass requirements R B b
0 ; : i S
> Electron P' <1.4GeV for T-evww 820 - g e ]
mode TR =i :
> Requirements on intermediate tooooop FEETE i
50000—

resonances % ; 3 :

T— pV, p— T Signal-side track multiplicity

T=aV, a,—pmM, P—=TIM
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112.5fb?

D ey Trags

E..ira IS The total energy in CM frame of all the
neutrals, which are not associated with the tag side, or
the signal T in case of 1- v decay.

»E. . irq IS the most powerful > Use “double-tagged” events

variable to separate signal for validation d E_, Smulation

from background in the signal MC:

- Signal events peasat low E,,,vdue B~ - D%/v,, B - D%,
* Extraneutrals only_ fron_1 beam- 407 reconstructed double-tagged
badkground,hadronic split-offs, events at 112.5 fb-! on-resonance data
bremsdrahlung etc. > o ‘ | BA'BAIQQ |

 Badkgroundevents pesks towards 9 % it

. © o

higher E_ ., value 840 e e
. . i [cc MC

> Signal region: E,,...< 0.3 GeV 3 20 s e

GCJ I T t t 3rd
> ‘ e Termb o i
L 05 1 15 2
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Ve

=5

» Determination of tagging efficiency (3 1%)

» Obtained using yield of double-tagged events
In dataand MC.

» Signal-side selection efficiency.
» Tracking efficiency
» Particle identification

» Simulation of neutral clusters contributing to
E..o distribution

» Background estimation.

Background estimation is performed by
extrapolating the number of eventsin the E_,
side band in data in the signal region, using the
shape of the variable from MC.

» Systematic correction due to modeling of E,
- variable in background MC.
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Selection

112.5fb?

Systematic error

efficiency (%)

evv 3.4
UVV 4.0
TV 6.1
TV 8.3
Y 6.3
Selection Systematic
Mode correction on
bkg. estimation
ev 1.02 + 0.04
LUVV 1.13+0.06
TV 1.12 + 0.03
TV 1.09 + 0.04
TUuw 1.07+ 0.03
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PRysIcS

Viode gnal-side Xp DS,
Efficiency (%) | Background | Events

evv | 8.36+0.42+0.28 | 15.15+3.14 13

pvv | 4.30+0.28+0.17 | 8.05+£2.07 10

mv | 22.34+0.72+1.36 | 55.30+£7.37 2

v | 3.01+0.24+0.25 | 29.80+5.10 30

moy | 2.07+0.20+0.13 | 25.10+3.87 26

all | 40.08+0.93+1.43 | 133.4+1046 | 151

For BR(B—1tv)=10*, signal to background
ratiosare ~1.6for evv, ~1:8for pvv, ~1:9
for mv, ~1:34 for ‘v, and ~1:51 for mommv.

Background events contain K, and/or
neutrino, frequently tracks and (or) neutrals
_pass outside detector acceptance.
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D%V Tags

112.5fb?

T
~ « on-res. Data

GeV
N
a1

ABAR

" |

| — Background MC

[
01 T

H
T Q T

"

Events/0.0750

1.5

a (GeV) for eV v selection

e on-res. Data

BABAR |

preliminary {

— Background MC

H
U-I T

Events/0.0750 GeV
H
o T

T (J-! T

1.5

E,.... (GeV) for vV selection
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brancning Ratio Upper Limit :

» Use statisticd tediniques based onHiggs searches at LEP.

(A. L. Read, J. Phys. G28, 2693 (2002). Use same statistica method in hadronic tag analysis and
D*0lv tag analysis)

» Define an estimator “Q” : monaonicdly increasing for
Increasing signal

cL,=CL.,/CL, CL,=P,(Q<Q,) CL,=R(Q=Q.)

Branching fradion ypper limit at .
90% C.L. Ezoi- DABAR E
> 15
BR(B - 1v) <4.3 x 104 ="
S 10
Q\ C
Central Value 5 5
BR(B - 1v) = 19+l8x1()‘4 O T T 456 T8 9 10

Branching Fraction (x 10

_ DPF 2004 Mousumi Datta, UW Madison 15



semileptonic D*%v tag sample.
= A combined likelithood ratio estimator is created by taking the

product of the semiptonic (Qg) and hadronic (Q,.y) likelihood
ratio estimator: Q.,rp = Qg XQhag

Hadronic Tag and D*%lv Tag Samples
Presented at ICHEP 2004 (hep-ex/0408091)
BR(B=1tv) <3.3x 10%at 90% CL
Central Value BR(B - 1v) =167 x10™

f, < 0.48 GeV at 90% CL
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SUmmary and OutiooKk

Tag side D*Olv DX, DOlvX
Signal T- (e KWV T- (e KWV T- (e KWV
sde |1 (m e, Tom)v, | T (7% TO0C, TUU0Y
Dataset 112.5 fbl 81.9 fbl 81.9 fbl
Results | BR(B-1v)<4.3 | BR(B-1v)<4.2 | BR(B-1V) <6.7
x 104 at 90% CL | X 104 at 90% CL | x104 at 90% CL

v’ Combined upper limit from D™lv and hadronic tag sample

BR(B - 1v) <3.3x10%at 90% CL (Preliminary)

v' Combined upper limit from D°lvX and hadronic tag sample
BR(B - Tv) < 4.2 x 10 a 90% CL (Submitted to PRL)

The analyses using D*°lv and hadronic B tags will be updated on

~ DPF 2004

the ~220 fb! on-resonance dataset.
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Backup Slides
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evv LWV v Ty Y
Onesignal track 3 signal tracks
Electron ID Muon ID Electron veto Pion ID
Muon veto | Electron veto Muon veto Veto Electron,
K aon veto K aon veto K aon veto Muon, Pion
N/A N/A zerosignal M| Non-zero N/A
signal m°
Missing mass > 4 GeV Missing mass > 3 GeV Missing M ass
> 2 GeV
P* of e<14 N/A P*of m<27 | P*ofm®< | P*of 3m<27
GeV GeV 2.7 GeV GeV
N/A N/A N/A p* selection a,* selection
Eoira < 0.3GeV
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Signal-Side Selection Erticienc

Decay mode | Selection efficiency (%)
iINnMC ew |uvw | Tv |Todv | 3rv
evv 486/ 01 (119 01| O
LUV 01258533 07| O
1 0 |05(575] 26| O
TtV 0 {03121/ 88| O
TUuw O 0 (11| 0 | 276
TPV O 0 (2828 | O
iy, O 0|05 0 | 41
Other 12 21|100| 25 | 1.0
Total (g) 84|48 |219| 32 | 21

40.4

Mousumi Datta, UW Madison

Total signal-side

efficiency for each

selection
ndecay

Zef

el isthe eff|C| ency of
the selection | for the
MC 1 decay mode |,
f; = BR(1-))

No systematic
correction applied to
efficiencieslisted in
the table
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* Usedoulde-tag yield in data and MC

* Number of doulde tag events (N.) isrelated to the tag reconstructed
efficiency (€) andtotal number of B*B- events (N) as follows

N, = €2N

e From douldetag yield in data (407.0t20.2) and MC (434.4+12.4)
obtain correction factor for tagging efficiency:

€ 4 Enrc = 0.969+ 0.029

e The 3.1% error obtained form double-tag method is used as the
systematic error.

£ag = (1.82 £ 0.074 £ 0.055)x10°3

_ DPF 2004 Mousumi Datta, UW Madison 21



s Using alikelihoodratio estimator to combine diff erent channels:

L(s+b)

MNchannels e_b hﬂ

s (50 (g 4
Q=" 6y U= T] Sf. h)" 0=

s =N

BR(B - )€, €

BB

o Statisticad and systematic uncertainties on expeded badkgrounds are included in
the likelihood @finition by convoluting with a Gaussan G(b.,g;,), where b, isthe
expeded badkgroundand g,, is the uncertainty on badkground expedation.

L(s +h) - L(s +b) OG0, )

 Branching fradion yoper limit cdculated by runnng toy MC for diff erent

branching fradion hypaothesis.

* The confidencelevel (C.L.) for cetain signal
hypothesis is computed as:

CL — C'L'S+b — NQs+b<Qobs

S
C'L'b NQb<Qobs
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s Uppe limit iscalculated for the

-C.L.

Nominal Upper Limit at 90% C.L.

case when observed number of
eventsin dataisequal to the
expected number of background

events

| ncluding modes with wor se signal
to background ratio actually
dlightly improves sensitivity.

0.4

0.2

0.6/

T T
1
.
.
.

fs—

.
-\
.

.

. .

.

- .

.
i
P B T ikl TP USSR SR WSO TR NS S

2 4 6 8

10

BR(B=1v) (x104)

F 009/ JL at 909%
C.L. without | C.L. including
Background | Background
Uncertainties | Uncertainties
x104 x104
All 2.13 2.93
Ex. 3rv 2.15 2.95
Ex. Ty, 2.17 2.98
31V
Ex. T, 3.37 4.27
TPy, 3rv
evw 4.37 5.25
Ty 7.11 8.11
T™v 3.04 4.29

Mousumi Datta, UW Madison
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Ph /QJ

ew 8.36+0.42+0.28 15.15+3.14 13 4.5
HVV 4.30+0.28+0.17 8.05+2.07 10 10.2
v 22.34+0.72+1.36 55.30+7.37 2 7.5
TV 3.01+0.24+0.25 29.80+5.10 30 24.1
TOV 2.07+0.20+0.13 25.10+3.87 26 21.9
combined 40.08+0.93+1.43 133.4+10.46 151 4.3
% S50 » on-res. I‘Data | | | ) % m e on-res.‘Data | | % 50~ « on-res. Data |

g 407—Background M}ﬁ’ rﬁ\ - g 50%—Background MC ?rﬁl\imi g | — Background MC i

ﬁ """ r) 7 ﬁ 40-.... Signal MC ﬁ 40r... Signal MC 1

2 30 = 2 A |

e | | 2 © 30 b

£ 200, 2 g f

57 T % 520, ]

@ 10 . D 107 i

505 i is & o5 it & 05 UTUUis
E.., (GeV) for v selection  E,,, (GeV) for mrPv selection E_,, (GeV) for ity selection

~ DPF 2004
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81.9fb?

Tag B reconstructed as DOlvX
X=1, y or nothing (X not reconstructed), D= K, K T, K31, K 101

- D9 mass< 30 of fitted mean  Signal tisidentified orly in the
« Lepton P* > 1 GeV leptonic modes: T (€ KV e Vs
* One signal side track
" 2.5 000 pgi< 1.1 _ °Signa trad identified ase or
cosh, , = (ZEBED‘)L_ TB - e Signal track P* < 1.2 GeV
| 2 pBH Ppo eE . <1GeV
Total seledion efficiency

(4.19 £ 0.31,, #0.36,,4)x10*

A maximum likelihood fit is performed on the g distribution in
# data to extract signal and background contributions
DPF 2004
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81.9fb?

% 16 =« Data - ]
O] - —— Combined Fit to the Data
g 14:_ ----- Signal p.d.f. Itzltt C:ompor:ent ) FI ttm Y I d d
[ e ackground p.d.f. Fit Componen .
g 125 :I:ackground gimuIZt:ocri P t ‘ i Sl gnal 14 8+6 3
o 10k Signal Simulation g o
q—) 8:_ § "
= 1 o Background | 115.2+11.8
o osr 1 L ‘
4i/ prd il . e P . .
2R ATk + | 2.30 significance (statistical
0102030405 060708061 Only) on S'gnal Y'eld-
Eextra (GeV)

e Upper limit on kranching fradion oldained using “CLs
method’.

o Likelihoodestimator Q is defined to be the fitted signal yield
BR(B=1v) <6.7 x 104 at 90% CL
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Comparison or BaBar ana
Results

* Belle has preliminary results on B - Tv searches on a data set of
140fb

 For tag side hadronic B decay modes are used

» On the recoil both leptonic and hadronic T decay modes are looked
for

T=(e, WV, T=(m, T, TV
e Belle'sanalysisis smilar to BaBar’s hadronic tag analysis.
» Here we compare the efficiencies, badground estimations and
yields between the two analyses.

BaBar Belle
Dataset (fbl) 81.9 140
TagB Yied | 1.68x10° (~2051fb1)|2.40<10° (~1714/fb)
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Comparison of BaBar anc
Belle Results (cont’)

~ DPF 2004

.| Obs. Events

'a

—
Cji HVV 1.9+0.1 0.9+0.5+0.1 0
Q| mv 26+0.1 1.3+0.6+0.2 2
= | o 0.6+0.1 4.3+1.0+0.3 4
QO oy 20+0.1 10.0+1.6+1.3 7
o) T 10.5+0.2 17.242.1+1.3 15

Mode | Signal-side Efficiency (%) | Expected Bkg. | Obs. Events
f{ ew 8.8+ 0.3 9.4+29 10
q%_: oy 9.2+0.3 9.8+29 6
| 41+0.2 5.4+21 6
D | Tomv 1.6+0.2 48+ 16 3
8 TV 1.8+0.1 41+16 3
all 25.5+ 0.52 335+5.0 28

Mousumi Datta, UW Madison
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Events/ 0.2 (GeV)

Events/ 0.2 (GeV)

Events/ 0.2 (GeV)

-@- Data
[] GenericMC 4

. Signalx 20

1
Eec (GeV)
A - Data
[] GenericMC ]
L.:Signalx30 ]

-@ Data
[J GenericMC ]
. Signalx 50

T - TUTW]

e 5

2 3 4 5
EecL (GeV)

Events/ 0.2 (GeV)

Events/ 0.2 (GeV)

il NP

- Data
[] GenericMC

. Signalx 20

T-€EVV

2 3 5
Egc (GeV)
""I""I'-.-Data i
B [] Generic MC -]
L. Signalx 50

T-»Tmov_f

200——

=

a

o
|

H* Mass (GeV/c?)

100}

Tevatron Run | (DO) _
Excluded (95% C.L.)

50||||
0
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