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« Evidence for B— tv_
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B phyS|cs at Belle
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Super-Cond. Solen0|d .\“

Csl calorimeter (ECL)

Time Of Flight counter

T

- P,N,},F,/“\ = :Tj\ - B production
Fii -~ BB pairs produced at
=i KEKB in e’e (3.5 GeV on

8 GeV) collisions at the

Y(4S) resonance.

Collected so far more
than 500 fb!

 * electron ID: loss in CDC, shower shape
) in ECL and response of ACC;

eff>90%, m-misID rate ~ 0.1%

* muon ID: based on ECL and KLM;

eff>90%, m-misID rate ~ 1%

* K* selected using ACC, TOF and CDC;
M = \E. —p* (~m) eff 90% and -misID rate ~6%.

beam_pB . -
and AE=E, E, (~0) Other charged tracks identified as

\‘E
|I| n erte ‘

A
B signal selection:

typically based on event shape variables
with signal window defined using




B—-Kt*t



B—Kt*t : a window on BSM physics

sM: b—stt : FCNC process, forbidden at tree level
" e atlowest order via electromagnetic penguin or box diagrams

Lepton pair yields useful \ - .
_ " / l
observables for testing the !
theory: Y. Z a v /
* forward-backward W % %
W W
asymmetry (Agg) b _ s b -
* invariant mass ( ¢°) Vb T Vis Vib T Vis
BSM:
]+
’Y,Z,H,< s » o :
T oL Sensitive to new physics via insertion of heavy
SN particles in the internal lines.
b : . S

X



B—Kt*t: Wilson coefficients

New Physics at the one loop level can be described in terms of an
effective Hamiltonian:

4G 10
Hopy — VeV S C @)
1f \/5 tb V¢ £ (/u,

Local operators, see next slide

* C. (u) Wilson coefficients: effective strength of short distance interactions

* To leading order, only O,, Oy and O, contribute to b—s¢¢
» C, computed perturbatively up to NNLO: (, = A, + higher order terms

* The B=K't*t" amplitude depends on A, A, and A, under the
assumption that higher order terms behave like in the SM.

SM VALUES: A,=-0.330 , Ayj=4.069 , A, = —4.213

H.H. Asatryan et al. Phys. Lett. B 507, 162 (2001); A. Ali et al. Phys. Rev. D 66, 034002 (2002)



Operators in H g

» Semileptonic vector

Oq (Ea’y#LCg)(Eg’y“Lba),
Oy (ga’}”ﬁLCa) (cay" Lbg),
O3 (SavuLba) D (@57 Lag).
qg=u.d,s,c,b
Oy (Savulep) Z (@5*}/“1}(;&),
g=u,d,s,c,b
O3 (Savulba) Y (@57 Rap).
qg=u,d,s,c,b
Os = (Bavules) Y. (@57 Raa),
g=u,d,s,c,b
e _ "
O~ 62 Sa0uw(msL + mpyR)bo F1
Og 1697r 500w (ms L+ myR)Tg 505G,
82
Oy o —— 35 Y Lb E’mf
82
Olg Sa’y “Lb f’}/#’}fg;f

> semileptonic axial-vector

——» electromagnetic operator



Constraints on Wilson coefficients

The absolute value of C., is constrained by B—X y; constraints on Cy and
C,, (donut-shape) are derived from the B—X ("¢ branching fractions.

157 - | 5 — Allowed region at 90% CL, based
| on NNLO and experimental bounds on

B—Xy and B-X (*t" Brs; A,<0
A. Ali et al. Phys.Rev. D 66, 034002 (2002)
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SM:

NP— SM
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To determine sign of C and to

measure C9 and C 10 heed to

e = — O - ' look at the differential
distributions in B—Kt*t-

C,5=C,- C M



Forward-backward asymmetry in K €*¢-

I‘(q ,COS O, >O)—F(q ,COSOp,~ < 0) f

2N\
Are(d”) = M(q2,cosfp,- > 0) + (g2, cosbg,~ < 0)
B
. QBf. (=6 ): angle between B and {" in the dilepton QBf'
rest frame
* Argis afunction of g2 of the dilepton system "

* Agg hon-zero due to interference of vector (C,, C,)
and axial vector (C,,) couplings

<Eo.; 3 SA/.lf(A7=l-0.33(|), A9=|4.069,|Aw=|-4.213|) E
More generally, one can 3 E
extract the coefficients by 02f ;
fitting the double-differential 0K :
decay width: :gj ; E
&/ /dqz d cos® 06 FE bothAA,,and A A, signs flipped case =

08 E A4,,signflipped case =
_1 :I Ll | L1l | L1l | L1l | L1l | L1l | L1l | L1l | L1l | Ll I:
0 2 4 6 8 10 12 14 16 18 20




B—Kt*t selection

* Dataset: 357 fb™ = 386M BB pairs % e ——
e Modes: K"—=K*7?, Ks m*; K°—K*"mr 2%t E
* lepton = ¢, i 20| .
* Charmonium (J/y, w(2S)) veto Siof k
* Dominant background: BB with both B's I
decaying semileptonically: suppressed (O KW |
using E,... and cosog* O

e B>Kt*t used as “null test’: Apg~0
in SM, small BSM
D.A. Demir et al. Phys.Rev. D66 (2002) 034015

Signal yield: Ng;, = 114+13

Consistent with Belle measurement (140fb™):
Br(B—K*t*{)=(11.5"*¢  +0.8+0.2)x10 PRI

247

%.2 5.225 5.25 5.275 5.3 I5.225‘ 5.25 .5.275 5.3
A. Ishikawa et al. Phys.Rev. Lett. 91, 261601 (2003) M, (GeV/c?)




Extraction of Az and Wilson coeffs.

« Extract the ratio of Wilson coefficients A, /A, A, /A, (A, =A,"=-0.330) from an

unbinned maximum likelihood fit on events in the signal window with a pdf including
o(q’,0) =d° 7/ dq’ d cosd .
* Several event categories:

* signal + “cross feeds” from misreconstructed B—K™¢*¢~ or other b—st¢
* 4 background sources - dominated by dilepton (80%)

f_ll sgn(cosf)g(q®, ) dcos b

Arq simply obtained by integration:  Apg(¢°) = -
f_l g(q?,0)dcost

background subtracted Ay in bins of ¢°
SN AR R RHARE AR RA-AN R RN RN R

Null test: extract A; for B— K*¢” _

Arg(B—KC0) = 0.10 = 0.14 + 0.01 HE
| l T '

consistent with 0! RS
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F It re S u ItS A. Ishikawa et al., Phys.Rev. Lett. 96, 251801 (2006)

fix A, =-0.330; Apz>0 at3.40
Apg(B—Ktt) = 0.50+0.15+0.02
slightly worse fit, but OK

—
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Acg (bkg-sub)

0sf
- 4 ¢ ¢ 42+ 42 T Ve ] G i e s mE s moEsmsEs e mEmEEmEE >. excluded!

Wilson coefficients:
AJA, = -15.373% *+ 1.1

A JA; = 10.3%%:%+ 1.8

(A,>)

-1401 < A A, /A,* <—26.4 (95% CL, any A,)

Aip/A7 = 12.8.
AglA;



Positive A-, solution

Best fit for positive A, (non-SM like):

Ag/A7 = —-1637127+1.4, = -123,
= 12.8.
Aip/A7 = 11. 1+6Oi24
]
(b) positive A, _:

Acg (bkg-sub)
o
o (8] -
| |
Ll Ll Ll | Ll Ll | Il I:
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Future prospects for B—K *t-

Super B-factory goal:

£=5x10°°cm™@s?; in 1 year [£=5 ab™

expected performance on B—K €*t

with 1 year of data taking no syst. errors included
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CgNP
NAG/A~11%

zero of A;(g®) is very sensitive to BSM
effects. Will be able to measure it.

A. Ishikawa at Lake Louise 2006

DA, /A, ~13%
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B*—t*v_: SM prediction
SM: B lifetime
(5t = G2 (122

mp

Direct Measurement of decay constant f;!

« Br(B-1v_) ~ 1.6 x 10* in SM
- Other v, modes are helicity
suppressed ~(m,)?

Possible enhancements of BF in
BSM: ° MSSM (charged Higgs): can explore the (M,;, tanp) plane.

* Pati-Salam models: can set limit on the mass of LQ

Theoretically very clean, experimentally difficult: at least 2 neutrinos...



- : :
B'—t*v_ : the analysis
- Reconstruct the companion B in exclusive D®%h* and D®9D®*_channels

to get a pure (55%) B*B- sample (6.8x10° evts)

* Reconstruct signal from remaining particles in the event

* 7 lepton reconstructed in 5 decay modes (81% of all modes)

Final selection based on remaining energy in ECL: E. =0 for signal

EVENTS [ V.1 S8V
— b
EVENIS { V.1 98V
- - I b
e ; i
=TT T 1T
EVENDS { V.1 28y
- - [ — - b
= Vi = ™ =

Dataset: 414 fb!

EVENTS / V.13 S8V
. . . —
EVEnDsS / U132 98V

: Excess of events
> Visible in the signal
region!




B*—t+*v_ : the analysis

100 |

To validate the EECL Ccut, use a FIT RESULT:
control sample of double tagged — — — — signal
events: B, substitutedby ~ _______ background
B - D*Of\/l total
E B I I I I | I I I I I B
%250 T T T T T T Dl T T (‘D F'D_— __
S —e— Data - L .
; +n- 010 | E : T _‘_:
.\9200—_| B'B +B’B 5 @ 4ol 1 B
ch Leod 0 e [ - 7]
R BB’ _ S i
150 — L ~|
B - 30 -]

[T . T 11

10

small peaking background included




B*—t*v_ : results

Nops  Ns Np >
W our 13 56755 887101 220 i
cDan 12 41738 00701 Lae  HaenGence e
s o 38157 397)1 200, Bdecay
n~nOu, 11 54137 5413° 150
rntaou, 9 3.0532  48f)d 100

Combined 54 17. 2"'273 32. O"'07 50? systematics included

BELLE result SM:

Br(B—tv,) = (179°0% (stat) 0% (syst) x10% | Br(E=v)=(159:0.40x10°
| | fg=0.216+0.022 GeV

f = (. 229+0 036( tat) RGOS (syst) GeV from lattice QCD:

-0.031 - 0.034 HPQCD, Phys. Rev. Lett. 95, 212001 (2005)

obtained using ) ] i .
IV, |=(4.39+0.33)x102 (HFAG) First direct determination of f



B'—t*v_ : constraints on BSM

Constraint on Charged Higgs (two Higgs doublet model, type Il):

2
B(B = tv) = B(B = Tv)sm X TH rg = (1 - —Btan?g)?

m

_ +0.56 +0.39 —4
B(B — 1v) = (1.7975 75 (stat) 757 (syst)) x 10 rp=1.134+0.51

B(B = tv)gpm = (1.59 4+ 0.40) x 1074

3

1 ‘ I I 1 1 I I 1 1 [ 300 | | |
/’ 250
o 1) ~ T
4
| 2
= 200
b )
T )
= —
7
5]
> 20 S
= H
L
| 100
J i Excluded (95% C L)
0 N . : LEP Excluded (95% C.L)
0 0.1 0.2 0.3 sobv v o Lo b b e
0 20 40 60 30 100

tanp / my an B

W.S. Hou, Phys. Rev. D 48, 2342 (1993) 95.5% C.L. exclusion



Future prospects for B*—t+v_

- - : | Lum. AB(B~1) ., AV |
xtrapolating the cu_rren_t_res.u ts to 414 fb 1 36% 2 50;

super-B factory luminosities: y 5 o
(assuming Af,(LQCD) = 5%) > ab S S
50 ab’! 3% 4.4%

2 I I I I I I I I I I I I 300 I

i ] 250|-
1.5 ] -

b2
o
o=

T

With 50 ab™: - |

-

H* Mass (GeV/c")
Lh
o=

(assuming AV | =0 0_5__
and Af;=0)

100
I Excluded (95% C.L.)

| Il_EP Excluded |(95% C.L) | |
I 50 [ L1 [ T T
03 0 20 40 60 30 100

tang / my tan B




Conclusions

* Belle performed the first measurement of Wilson Coefficients in
B—K €t
> |Integrated forward-backward asymmetry significantly >0
> First determination of sign of AgA,

> Results compatible with SM prediction and ruling out many
BSM scenarios

« B'—t+v_: first evidence of a purely leptonic B decay

> Measured branching fraction consistent with SM prediction
> First direct determination of the B decay constant
> Set constraints on M,,—~tang in MSSM

* Still a lot to come from Belle and hopefully Super Belle!



BACKUP SLIDES



B—K t*t: details of the fit

The Probability Density Function:

P (M., QQA cos 0/; AQ/ATa AlO/A7)

1 ;
= —— fue€sic (¢, cos0)g(q?, cosh)
j\/sig
1 2 2
+ ——/fcrecr(q”,cos0)g(q”, cost)
Ncr
1 > 2
N — firerr (¢, cos 0)g(q”, — cos0)
IF

+ (1 — fsig — fcr — fir — fronn — fox,) X
{(fK*ehPK*eh,(qQ,CUS 0) + (1 — freen)Pai(g*, cos 9)}
+ frennPronn(q,co80) + fux. Pox. (¢, cos).

€ : efficiency functions, estimated from data and MC
f : event by event signal and background probability, from M, _ fit



Wilson coeffs, systematic uncertainties

source negative A, solution positive A, solution

A /A, A, o/A, A /A, A, o/A,
A, +0.2 -0.0 [+0.0 +0.1 -0.2 +0.3-0.1
m, (4.8+0.2 Gev/?) |+0.7 +0.5 + 0.6 + 0.4
Form factor model |+ 0.7 + 1.7 + 1.0 +2.2
g? resolution + 0.3 + 0.4 +0.3 + 0.4
efficiency + 0.1 + 0.0 + 0.1 + 0.1
signal probability +0.4 -0.5 +0.2 -0.3 +0.4 -0.5 +0.4
total +1.1 +1.8 +1.3 -1.4 +2.4 -2.3




B*—t+*v_, signal selection criteria

T = U vy | T — e vu T — TV 7~ — 77 N S LA .
1 signal-side track 3 signal-side tracks
No signal-side =Y 1 signal-side #® | No signal-side #°
Ercor < 0.2 GeV Ercr < 0.3 GeV
PE*— > 0.3 GeV P;‘_ > 0.8 GeV P;w > 1.2 GeV Pé"w > 1.8 GeV
P*. > 0.2 GeV P*...>10GeV | P . >12GeV| P . >1.8 GeV
|Mp - M__ | |Mp - M_ |
< 0.15 GeV < 0.15 GeV
|Ma — M37r|
< 0.3 GeV
—0.86 < cos@r .. < 0.95

Signal-side efficiency including decay branching fractions: 15.81 + 0.05%



B'—t+v_, fits to individual modes

T—VV

Events 0.1 GeV
Events /0.1 GeV

Events /0.1 GeV

SF Tty

Events /1 0.15 GaV
Events /0,15 GeV

Events | 0.1 GeV

P o

H

1™
a L5 ] 1




B'—t*v_, systematic uncertainties

* Signal selection efficiencies

Source wv(%) e vin(%) 7 v(%) 7T 7%(%) mtr atr(%)
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*°¢v
control sample

* Number of BB : 1%

* Signalyield : +22.5% -25.7%

- signal shape ambiguity estimated by varying the signal PDF
parameters

- BG shape : changing PDF

Total systematic uncertainty: +25.5% -28.4%




