Leptonic Decays

Headaches with soft photons




* Leptonic decays: simplest probe fo learn on flavor
physics in and beyond the Standard Model
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* Perspectives:
theory (precision determination by LQCD)
experiment (check on the systematics)
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* Perspectives:
theory (precision determination by LQCD)

fK/n

'llllllll'll[ll!l

N0  ce-pacs —:r-l-w:— i i E1.156(29) Wilson: a=0.05fm->0, m >500 MeV
e bars i -i_.,:_ | 11.192(30) Wilson: a=0.11fm->0, m >500 MeV
| I
N—p JLOCD o~ i | 1 111487 Wilson: m_>550 Mev
[ 1 o
I Rec ! 1} | 1 11175(11) DWF m_>550 MeV
OCDSF-07 i ! _i_..e_ 51.219(26) Wilson:  m_>300 MeV
ETMC-07 | | B+ 1214Q1)TMQCD: m>300 MeV
| | | | |
mic-0t |, =l 3121619 Siep.
1 | _‘ | 1 7 a=0.06 fm >0
N =2+1 MILC-07 : i I : :1.1971324 Stag m'1>280 MeV, Lmn>5_0
f NPLQCD-07 | , «—¢- 1218~ DWF/Stag.
I
PACS-CS-07+ | | 4:_..5_ 11219(22) Wilson: m 5210 MeV, Lm 529
RBC'UKQCD—O-"} E "h— : :1.205(18) DWF n >330 MeV
| | I
HPQCD-UKQCD-G7 | | 11.189(7) Stag.
i |

.
|
|

|||i||i||i||i||i|

AN 4NN X108 4026




* Leptonic decays: simplest probe fo learn on flavor
physics in and beyond the Standard Model

* Perspectives:
theory (precision determination by LQCD)
experiment (check on the systematics)

* Errors:
theory (don't extrapolate the errors - once you
touch the precision under 9%, many hidden
skeletons come out of the cupboard)
experiment (early 2000 - experts said - No way
to see B— T v B-factories detected those

events and now extrapolate to potentially
visible B—u v ) Is systematics under control?




Soft photons

Experimental event selection of B — pv

. with energy ~ mp /2 + 200 MeV in the B rest frame
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N.B. Photons with energy less than 500 MeV 1n B-
factories are invisible! CLEO-c cuts about 300 MeV




Soft photons

Experimental event selection of B — v decays are

L with energy ~ mp /2 £ 200 MeV in the B rest frame suppressed by
Qe ~ 1/137 !
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N.B. Photons with energy less than 500 MeV 1n B-
factories are invisible! CLEO-c cuts about 300 MeV




Soft photons

Experimental event selection of B

Radiative leptonic
decays are

p with energy ~ mp /2 £ 20 They are m
NOT aem%1/137!

suppressed by

helicity suppressed
mB/mM ~ 2500!
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N.B. Photons with energy less than 500 MeV 1n B-
factories are invisible! CLEO-c cuts about 300 MeV
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Soft photons

Experimental event selection of B — uv

1 with energy ~ mpg/2 £ 200 MeV in the B rest frame
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Decay dls’mbu’non
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Decay dls’mbu’non
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Decay dls’mbuflon

H2pe k2B,
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N.B. Photons with
energy less than 500
MeV 1n B-factories are
invisible! CLEO-c cuts
about 300 MeV




Structure dependent part

BT (p) — I (p)vi(py)y(k)

M(B+ == l+l/m/) = M;p+ Mgp

Due to the nearness of Mg+ wrt Mp -
the form factor Fy is dominant
and in the small z-region
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Structure dependent part

BT (p) — 1" (p)vi(py)y(k)

Due to the nearness of Mp+ wrt Mg

the form factor Fy is dominant
and in the small z-region fB* MB*QB*ny

(v(py,€)B(ps)|B*(n)) = _iguvaﬁpfybﬂuvaf*ﬂgB*Bv

gB*By — GMB (% + Qqﬁg\

light quark
contribution to the
magnetic moment

of the vector meson
Various models 1.7 < |gp+p+~| < 3.0 [LCSR 2.7, Aliev et al, 2001]




Structure dependent part

BT (p) — 1" (p)vi(py)y(k)

Due to the nearness of Mp+ wrt Mg

the form factor Fy is dominant
and in the small z-region fB= MB*QB*ny

Dirac Model which was successfull in D*Dx coupling
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Structure dependent part

BT (p) — 1" (p)vi(py)y(k)

Due to the nearness of Mp+ wrt Mg

the form factor Fy is dominant N
and in the small z-region fpole () = Cy
v rx—1+ Ab
b fB *MB*gB*B—~ mZB*
Cy = : Ap = —3
m B\/ AT o mg

Dirac Model which was successfull in D*Dn coupling
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As a result...

d*T'sp(B — puvy)/Ttree(B — puv)
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* In the case of D-decays the effect is
-of course- smaller: We just finished
computing D*Dy-coupling on the
lattice (first ever!) = D-|leptonic
decays will be under better control

* In the case of B-decays needs to
have excellent photon resolution:
computing B*By-coupling on the
lattice is difficult = ideas to do it in
the static limit

* Leptonic B-decay to T (tau) is

difficult but is theoretically cleaner
What can be [really] done in Super-B?




List of References and detailed discussion of what I just
announced here will soon appear in our -Orsay- papers

Discussion of the soft photon traps in B-leptonic decay : =
paper with B.Haas and E.Kou

In the case of D-decays the effect is -of course- smaller:
D*Dy-coupling together with D*Dn = paper with B.Haas to
appear

D-meson decay constant (and Ds) with the discussion of the
soft photons = paper with B.Haas and E.Kou to appear

Figuring out the way to compute B*By in the static limit =
with E.Chang




