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Motivation

expected examples of
decay rates SM amplitudes
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Small hadronic effects;
theoretically clean.
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poorly known: multiple v's in final states => experimentaly difficult !



Experimental Techniques

B decay with missing energy

e.g. B*—K*vv

reconstruct

signature: B
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remaining particles consistent with B decay

tag F€CONStruction: Two ways of B, reconstruction:
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sig candiate and check whether

» which particles belong to B,

(,inclusive™ B, , reconstruction)
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» kinematical constraints on B,

= Reconstruct B, (in exclusive mode)
l‘j = _1‘9’ and check whether remaining particles
M8 . consistent with B, (,exclusive” B, reconstruction)

Sig tag
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Expected BF’s in the SM:
BF(B— K'wW)=1.1x10"

Flavor Changing Neutral Current process:

Z-mediated electroweak penguin + box diagrams
BF(B— K wW)=5.3x10"°

BF(B —pvwW)=4.9x10"
BF(B —>mtvw)=2.2x10"

J. H. Jeon et al., PL B 636, 270 (2006)
Sensistive to New Physics J other weakly coupled
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http://dmtools brown edu/
Gaitskell, Mandic,Filippin;
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possible window to light dark matter,
not accessible in direct searches I
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WIMP Mass [GeV]

e.g. C. Bird et al., PRL 93, 201803 (2004) 10



Entries 0.902GeVIc 2

Reconstruct B,,,

B’ —D"nt/p/a /D
B" —D™r*/p*/al /D"

in hadronic mode:

535 M BB

B* candidates
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background suppression: 1.6 < p,¢) < 2.5 GeV/c ‘

reject 2-body (eg. B—K™y)



Mumber of Entries / 0.15 GeV

Mumber of Entries / 0.2 GeVic

B—-h(Ovv - results
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purely leptonic B decay:

W-mediated annihilation BF (B = Iv) = Girt

8T

BF(B* —1'v.) = (1.59+0.40)x10™] %

£5=0.216x0.022 GeV from LQCD

Sensistive to [l providing f is known ‘

Charged Higgs

H* effects to branching fraction:

BHB" —1V,)=BFB" —>1'V,) SM@

2
re = (1- 2 tan® B)’

m,tanS+m cotf | m tanf3 | m?

| Decay amplitude o mb@anZﬂ | W. S. Hou, PR D 48, 2342 (1993) |




validate E., simulation using :
B—Dlv control sample to a sample of 54 events

4.6 stat. significance = 3.50 (syst. included)

— Events /0.1 GeV,
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PRL 97, 251802
20 h= piﬂti,(31t)i, 1=ef u'i ‘ (2006)

81% of all modes

B—tv, - analysis
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/‘ visible products of T decay ‘ 449 M BB

signal events from a fit

Events / 0.1 GeV
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B—-tv, - results

BF (B —1v.) = (1.79702¢ (stat)'y e (syst)) x 1 0—4\ 449 M BB
PRL 97, 251802
[ = 22975 (star) "33 (syst) MeV ‘ taking [V,,5| = (4.39 % 0.33)x10° from HFAG ‘ (2006)

r, =1.13% 0.51‘ (BF(B* = T'V,)g, =(1.59£0.40)x10™")
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Theoretical tool: v’ Sensitive to extended Higgs sector

Heavy Quark Effective

v .
Theory (HQET) New Physics at tree level

v' Sensitive observables
e.g. T polarization; possible (1) effects

inclusive BF(b—czv) = (2.48 £0.26)% from LEP  |ggslepiiirg

Y.Okada: CP violation & CKM; plenary talk at ICHEP06
H-b-u vertex measured in B =1V,

H-b-c vertex measured in B D1V,
H-b-t vertex measured in direct production by LHC.

Expected SM BF’s~((10-2




B°->D™1t*v. - method 5

clean signature

no extra leptons,
>N ap= 0
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B°—>D"t*v, - analysis

background suppression

* 2000 ")
S o = _ |
W signal /’f*: S Evis MC © § Xmls MC
O D*ev 20 g £
mDvev ¢ < < |
W other Bdec. = signal signal
[ continuum ” ’
52 522 5.24 nf’::g [ G.S.;ﬂvjcz?ﬂ' 7 8 9 E“I,l:s [va] 2 -1 0 1 2 3 4 5 GX n:iSB
exploit signal-side variables: visible energy:E,;s<8.3 GeV Xinis>2.75 *
XmisE(Emis_ |pD* v pe/nl)/|pB| :
Eis=EpeamEp~Ee: 1.9<E;;s<2.6 GeV missing mass:  My? = (E;)° - (Psig — Po+ — Pern)’

virtual W mass: M= (E;, - Ep+)? = (Pgq = Pp+)?
T — TtV combinatorial background from hadronic B decays dominates
(2\)) EViS < 8.3 GeV, Xmis >1.5

My2 - My2 - M2 + M2 > 0 (exact kinematical constraint) Je

energy of Tt E_ > 0.6 GeV

No K in the event (suppress B—DUK +X)

Number of tracks with bad impact parameter N4 < 4 (suppress B—D*nn+X)




DD

B'—D™t*v, - analysis (=

T — evV before ‘ after cuts ‘ 535 M BB

™ 2000 o b
S | MC >t MC hep-ex/0707.0138
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B°—>D™ttv, - results
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from a combined maximum likelihood fit (with a single BF) to 3 M
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SIGNAL YIELD N,= 60*12 6.7 (5.2 with syst.) | 535 M BB
1ag distributions hep-ex/0707.0138
submitted to PRL
FIRST OBSERVATION |
BF (B’ — D" t'v,) = (2.02'0 33 (stat) + 0.37(syst)) x 107
CROSS-CHECKS
= seaparate fits to sub-channels sm  Channel BF fit variable
= check look-back plots
n si%nal yield from signal-side ——  toew,DoKn 2,449 74%
varibales ——  t—evv,DoKnn® 1.69°051% Y
- a1 L 1—nv, DoKn  2.02735%% tag
| M o DATA
50:_ —|— u signal 1 T | combined  2.02 04940.37%
40;_ N bCkgr. MC_ —+ T—evv, 1.83 +0.43% M2.
3of ] + o, 1.96 +0.41% W
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_ | = TTV, 2.05 +0.56% Cosevw2
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SUMMARY

Reach program of B—E, . studies is being pursued in Belle
= B>hCvy
« new measurements for 6 modes (K*vv, Ksvv,movv, povv, p*vv, ¢vv)

« improved upper limits for K*vv and K'%vv modes

* upper limit at 90% CL for K+vv mode = 3xBFg,,

= Bo1tv

* first evidence (3.50) of purely leptonic B decay
* constraints on H* competitive with direct searches

= B>D*tv

- first observation (5.20) of exclusive B decay with b—ctv_ transition in
the B>—»D™tv_mode
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Belle Experiment (Y=
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Belle Detector

e . Aero ¢l Cherenkov c¢nt.
SC solenoid @ N N 8 n=1.015~1.030
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T Cplitr'al Drift Chamber
" small cell +He/C,H,

L /'K, detection

3 lyr. DSSD 14/15 lyr. RPC+Fe

1.3 million B B pairs / day
Total ~770 x 106 B B pairs



B — h() vv: Systematic Uncertainties

Associated with the normalization (siganl efficiency and N(BB)) in %

Sources K* K*tgsnty K* P ta®) K* (combinesy Kt Kg at  p° & @  pt
_-"l."liBE] 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Tracking 2.1 1.1 1.0 1.1 1.0 - 1.0 22 2.0 - 1.1
Ks/m° Rec. - 4.9 4.0 4.4 - 4.9 . £ - 4.0 4.0
Sub. BR - - - - - - - - 1.2 - -
PID 1.3 0.5 0.8 0.7 0.7 - 0.5 1.0 2.0 - 0.5
MC atat. 3.5 3.4 3.3 2.4 1.9 3.2 2.0 33 23 28 3.4
Mass resol. 0.8 1.2 3.3 2.3 - - - 1.1 2.0 - 2.6
full-rec. tags 2.0 0.9 9.9 0.9 9.9 2.0 99 20 20 20 99
Veto eff. 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 27 27 2.7
Form factors 1.6 0.9 1.6 1.3 2.6 0.4 30 1.7 130 10 3.7
Sum +5.9 +12.1 +12.2 +11.8 +10.9 £69 £11.0 £5.8 £14.2 +6.1 £12.5
Associated to BG signal-to-sideband ratio

K* K*'tenty K*fta0y K7+ Ks Tr a° @ w0 pt
Central value 0.260 0.328 0.303 0.333 0.249 0.174 0.250 0212 0.252 0.269
MC stat. 0.057 0.115 0.078 0.043 0.073 0,013 0.028 0.069 0.053 0.025
MC/data diff. 0.020 0.025 0.023 0.025 0.019 0.013 0.019 0.016 0.019 0.021
Rare B decay 0.008 0.004 0.024 0.004 0.019 0.012 0.003 0028 0.003 0.013

Sum +0.061 +0.117 +0.084 £0.050 £0.077 £0.022 £0.034 £0.076 £0.056 £0.035
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B—1v, - signal selection

T lepton is identified in the 5 decav modes
T —>,LLVV61/1/7TV7T7TOV7T7T+7T_I/

81% of all Tt decay modes

T — U v

T — e

vy T~ = 7TV

T — ﬂ'_ﬂ'ob’

T — ’;'T—‘?T_'—’?T_l/

1 signal-side track

3 signal-side tracks

No signal-side =0

1 signal-side 7Y

No signal-side 7Y

EEC’L < 0.2 GE\/

EECL < 0.3 GeV

P* > 0.3 GeV _ > 0.8 GeV P;T > 1.2 GeV F’:i;7T > 1.8 GeV
P;;‘,Lm > 0.2 GeV 13;»1}1.55 >1.0Gev | P. >12GeV | Pr. . >18 GeV
IM - M__ [ [M - M_ 7T_|
< 0.15 GeV < 0.15 GeV
IMQ — M3,
< 0.3 GeV
—0.86 < cosf* . <« 0.95

mage

Total efficiency with T decay branching fraction : 15.81 10.05%

All the selection criteria have been optimized to achieve
the highest sensitivity
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B—1v, - systematic uncertainty

Signal selection efficiencies

Source wv(%) e v(%) 7w v(%) ﬂ'_ﬂ‘OZ/(%) 77"?&‘“77"‘1!(%)
Tracking 1.0 1.0 1.0 1.0 3.0
7 decay BR 0.3 0.3 1.0 0.6 1.1
MC statistics 0.6 0.6 0.7 1.0 2.0
Lepton ID 2.1 2.1 - - -
70 reconstruction - - - 3 -
7t ID - - 2.0 2.0 6.0

Tag reconstruction efficiency : 10.5%
Difference of yields between data and MC in the B--> D™lv control
sample

Number of BB : 1%

: . . +225%
Signal yield :  "5zZe,

signal shape ambiguity estimated by varying the signal PDF parameters

BG shape : changing PDF
Total systematic uncertainty f’gg:io//z




B? —» D™ t+v_Systematic errors

>
o

Source t—evv, D—Kn t—evv, D—oKnnr? t—nv, D—Kn

CB param. +2.8%

Argus param. (+3.1,-4.4) % (+2.7, - 2.6) % (+4.0, -8.7) %
Peaking BG (+8.2,-4.4) %

Ngg +1.3%

€pre/n +7.9% +10.7 % +81%
€Btag +10.9 %

€qel +5.0% +15.4 %
Br(D*—Dn) +0.74 %

Br(D—Km) +1.84 % +1.84 %
Br(D—KnnP) +3.55 %

Br(t—evv) +0.28 % +0.28 %

Br(t—mv) +0.64 %

Total uncertainty of branching fraction: 18.5 %

(*) peaking bg

+1.6
1.2 245

+2.6
5.0 o5

+3.6



Checks: M,,, fit projections

t(evv), D(K+) t(evv), D(K*tY)  1(nv), D(K*)
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Checks: Look-back plots B

Distribution of a variable in sighal-box (“N-1" cuts)
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B—)D(*)TVT - BaBar preliminarY\ hep-ex/0707.2758

0.1 (GeV/c2)? in insets

Events / 0.5 (GeV/c!)?

BF(B- — DO1v) = (0.63+0.38+0.10+0.06)%,

BF(B- — D*0tv) = (2.35+0.49+0.22+0.18)%,

BF(B® — D-tv) = (1.03+0.35+0.14+0.10)%,
)

BF(B- — D™tv) = (1.1520.53+£0.04+0.04)%
Combined B- and B9 ;




