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Abstract

The recent observation of the purely leptonic decay B* — 7*u, at the B factories permits a
sizeable contribution from a charged Higgs boson (H*). Such a H* would also contribute to
the decays Df — p*v, and D — 7%v,, which are being measured with increasing precision
at CLEO-c. We show that the branching ratios of Df — p*v, and Df — 7%, could be
suppressed by up to 10% from the Standard Model prediction, which is larger than the
anticipated precision in the measurements of these decays at forthcoming BES-III.
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Outline

Purely leptonic decays BT — I*u,

First observation of B¥ — +%u; at BELLE (April 2006)
Possible large contribution from H™T

Effect of H* on D — u*v, and D — 7%,

Prospects for probing HT at CLEO-c and BES-III



The decays BT — ¥y,

Analogies of m — ly; and K+ — Iy
Proceed via annihilation of BT into W* (SM) and H* (2HDM)

g

Search only possible at e te~ colliders



Decay rate for B¥ — [*y,

W= and HT effectively induce the four fermion interaction:
(Gr/V2)Vyp([ayu(1 — v5)b] [[7*(1 — v5)v] — Y[a(1 + v5)b][I(1 — 7s,

Y = tan? g(mym;/m?,4)

The tree—level partial width is given by:

a2 2 2 2\ 2
I_(BjE — liV) = Z BT fB|Vu |2 ( — m—é X TH
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Origin of m; dependence

Angular momentum conservation requires that both [T and v

have the same helicities, (TR and lz‘yL

e W™ mediated diagram produces [;UR

— my; helicity suppression from l; — l§

e H™ contribution produces [pVR.

— m; suppression comes from Yukawa coupling



Branching Ratios in Standard Model

BR(BT — 7Tv;) : BR(BT — uTv,) : BR(BT — eTw,)

0.8m?2 : mg :m2
Decay SM Prediction Limits Exp
BT —eTre. | 92x10712 | <1.5x1072 | CLEO (1995)
BT —puTy,| 3.9x1077 | <21x107° | CLEO (1995)
BT 71Ty, | 16x107% | <57x10"% LEP (1997)

Sizeable error in SM prediction (~ 25%) from V,,;, and fp




Effect of HT

Scaling factor ry;: SHRGHIBNEREVIDIESEIAEE)

rg = [1— m%wzf]z =[1- mBR2]2
H

e Destructive interference

tan g

mHj:

e R very important parameter in 2HDM and MSSM

e Sensitivity to R =

e tan B and my+ completely define tree-level MSSM Higgs po-
tential



Scaling factor rg as a function of R(= tang/mx)

Two solutions for rgp =1



Search for BT — 7Tu_ at eTe™ B factories

First observation of purely leptonic BT decay by BELLE:

BR(BT — 7*u;) = (1.791_8.'fg(stat)i_g.‘gf(syst)) x 10~4

In agreement with SM expectation (1.6 + 0.4 x 10~%)

but does not preclude large contribution from H=*

(BABAR: BR(B* — 7%1,) < 1.8 x 10~4; 300 x 106B%*s)



Constraint on rg and tan g8/mg+

Main uncertainty in SM prediction for BR(B* — 7%u;)
— [Vl and fp

BELLE take:

o |V,p] = (4.39 £0.33) x 1073 (Experiment)

e fp=0.216 + 0.022 GeV (Unguenched Lattice QCD)

ry = 1.13 4 0.51



Constraint on rg and plane [tan 8,my+] (0.414 ab—1)
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Prospects with 5 ab—1 (20127)

Tevatron Run [

Excluded (95% C.L.)

LEP Excluded (95% C.L.)




Prospects with 50 ab—1 (20187?)

LEP Excluded (95% C.L.)




LHC probe of [tan 8, my+] via direct H= production

t—=>bH", H" > 71

gb —=>tH*, H* = 7v

ATLAS
SLdt = 300 b’

Maximal mixing

LEP 2000

gb —=>tH*, H* = tb
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Will easily cover region R ~ 0.27




Summary

e BELLE observed B* — r#v; with roughly SM rate
e Large contribution from HT still possible
(R=tanpB/mpg+ ~ 0.27)

e LHC will easily discover such a H*

Any other observables sensitive to H* with R ~ 0.277?



H=* effect on the decays D — u*v, r+v

H~T would also contribute to leptonic charm decays:

<4M

mi fh m?

D) (s) 2 l

(D, — Ity) = Veaces)|? |1 — —5
(s) S d(cs) 2

r(sy = [1 —mp R2( 4012



Scaling factor rs as a function of R for ms/m. = 0.08

Perturbation to SM rate - observable 7



Status of leptonic decays of D;.t before 2000

BR(DE — pFv,7%v) much larger than BR(BT — 7%v)
Main error from fp_ (Ves well measured)

Decay SM Prediction Measurement Exp
D — pty, 5.2 x 1073 534+09+1.2x 103 various (> 1995)
Df — 1Ty, 5.1 x 1072 6.1+1.0+02+1.3x%x 10772 LEP (1997)

e CLEO-c (2003) and BES-III (2008) offer improved precision

e Observing small perturbations to SM rate from HT might not

hopeless



CLEO-cC

e Used to be a B factory /s = 10.6 GeV
e In 2003 changed to /s = 3.8 — 4.2 GeV
e Charm physics facility

e Will operate until April 2008

e Expects of order 10°~°D=*




Beijing Electron Positron Collider (BEPC/BES-III)

Existing facility upgraded

Due to start in 2008

Vs =3.8— 4.2 GeV

> 4 years of operation

Expects up to 20 times CLEO-c

number DT
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Leptonic decays at CLEO-c
SM BR (:t30%) Current Exp BR CLEO-c error | BES-III error

3.50x 10 % | 440066
9.25 x 10~ _———

1.23 % 10° <3ix10 | [
52210~ | 657 %0.0% 028 x 10-
5.00 x 10~ 65£0.8

Precise measurements expected within 5 years!




Contours of rs in the plane [R, msc)

Deviation from SM rate larger than expected precision from BES-III



Impact of HE on measurements of BR(DE — pFv, 7%0)

e Lowers BR(DE — pFv,7%v) by up to 10%

e Larger then anticipated BES-III error

e Comparable to Lattice QCD error in calculation of fp_

e Deceptively smaller measured value of decay constant jp,

o If H* found at LHC, rs < 1 should be included when comparing

Lattice calculation of jp to experimental value for fp,



Probing HT at CLEO-c and BES-III

Observable most sensitive to H=T:

_ BR(DFf—ptyy) fDS)z

R'u ~ BR(D*—pu*y,) ~ 7“3( D

o H* effect on BR(D* — u*uv,) negligible

e Lattice error for f3 /ff (~ 12%) less than f3_(~ 30%)
e CLEO-c currently measures R, with ~ 20% error

e BES-III expects precise measurement of R,

e Could favour or disfavour H¥ with R ~ 0.27



R, as a function of R




Conclusions

e H* could be contributing sizeably to B¥ — 7=u,

e Such a H* would affect DF — ptuv,, 7v,

e Suppression of BR(DY — uTv,, 7Fv;r) by up to 10%

e Precise measurements possible at CLEO-c and BES-III

e HT would cause deceptively smaller measured value of fDS

o R — BE(Dy—utvy)
m— BR(D*—pu*vy,)

may favour or disfavour H=T



