Interesting Signals in B and Tau
Decays

Alakabha Datta

University of Mississippi

March 19, 2008- KEKB



Outline

e Standard Model( SM) Signals:

e The B; — K°K° decays and measuring «.

e Polarization Puzzles and testing explanations of the puzzles using
b — d penguin dominated processes.

e Large Triple Products in B; — K% K°* and other b — d penguin
dominated processes.

e New Physics( NP) Signals:

e The B — K= decays and fitting NP parameters.

e The B — pK* decays and polarization predictions. B — V1T Decays.
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Outline

e b — s Penguin/ Penguin Dominated B — V'V Decays and measuring
NP parameters.

e CP violation with hadronic tau decays.

e Conclusions.
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B, — K°K"Y Decays

77 W

b clgry d . brﬂft"? Sm,dK*

9x<7t' S g a
B

antl d antl S
B --> K*K* B> K* K*

e This is a pure penguin process and hence sensitive to new physics.

¢ In general there are contributions from each of the internal quarks w,
c and t. However, using the unitarity of the
Cabibbo-Kobayashi-Maskawa (CKM) matrix, one can eliminate the
c-quark contribution and write

A= AB] — K°K°) = V},Vya[(P, — P.)]
+ V}Z‘/%d[(Pt - Pc)] .
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B; — K°K?9 Decays

A= ABY — K°R®) = V},Vial(Pu — P.)
+ Vtz%d[(Pt — Pc)] .

e The amplitude A describing the conjugate decay BY — K°K" can
be obtained from the above by changing the signs of the weak phases.

eThe amplitudes A and A thus depend on four unknown parameters:

Pie = |[(Py — Pe)|Vi Vial,

Pue = [[(Pu — Pe)]Viy Vaual,

and the relative strong phase A = ¢§,. — d:, and the weak phase «.
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B; — K°KY Decays

e There are three measurements which can be made of B — K°K?:

the branching ratio, and the direct and mixing-induced CP-violating
asymmetries. These yield the three observables

1

X -
2
1

(JA]? + |A]?) =P;. + Pr. — 2PucPiccos Acosa

Y

5 (JA]? = |A]?) = —2PycPiesin Asina
Z, = Im (e_zwA*/_l) :7750 sin 2ac — 2Py, Pre cos Asin «v .
e One can partially solve the equations to obtain

P2 _ Zrcos2a+ Z;sin2a — X
e cos2a — 1 ’
7: = X*-Y*?_- 7%

R

e Hence we need a theory input to solve for . We will discuss 2
possible theory inputs to solve for «.
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Theory Input 1

e Using flavor SU(3) P,. can be obtained from B, — K°K°. The
amplitude for B, — K°KY is given by

A(By — K'KY) = VAV, (P, —P)
+ V;Sﬂl;‘/ts(Pt/ o Pc/) ’
~ VyVis(P[ = P)),

where the prime indicates a b — 5 transition.

e The decay B, — K"K thus basically involves only
Pl. = |(P, — P.)V;Vis|, and this quantity can be obtained from its
branching ratio.

e In the limit of perfect flavor SU(3) symmetry, P/. = P;., apart from
known CKM matrix elements. Thus, the measurement of P/, gives the

necessary theory input for extracting o from B} — K°K?.
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Theory Input 2

e Rewrite amplitude - eliminate the ¢-quark contribution from the
penguin amplitude

A(Bg — K'K®) = ViVudT + Vi Veal .
where P = (P, — P;) and T = (P, — P;) are complex quantities.

e Compared to the previous parameterization

|PV§§Zth| = Prc
|(T — P)VJqud| — 7Duc
e Using experimental input,
Zn—X
2 R
Pe cos2a — 1

e \We need a theory input for P,,..
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e In factorization approaches like QCDf, pQCD etc the difference
Ay, =T — P is a well defined calculable quantity free of these
dangerous IR divergences.

Ayl = (2.964£0.97) x 1077 GeV .

e The errors in |A,4| can be reduced with further improvements in
theory like better estimate of m., form factors(lattice) etc.

e Note that this method does not require the B, — K°K" decays.
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The Polarization puzzle
o8B — ViV5 has 3 amplitUdeS: AL(AO()),A__,A_|__|_( AJ_,A”)

e Consider b — fgqq where f = s, d and ¢ = u, d, s. Weak interactions
are (V — A) and so the weak transition is

br. — frLarqr

Helicity = A no helicity flip ~ O(1)
A__ one heIiCity ﬂlp ~ O(mv/mB) my = mv; vy-
A, two helicity flips ~ O(m#, /m%)

For B — V1V, where V; » are light:

JL>> - >> fiy

I';
Ji =

Ftotal

where i = L, ——, ++.
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oEXpt: f1(B — pp) = 1 to a very good approximation.
fr(B — ¢K*) = 0.49 £0.04 = fr is large.

e Two main explanations have been put forward for the large f-
Rescattering and Penguin Annihilation.

e RESCATTERING: rescattering is important for penguin decays and
helicity arguments do not apply. Note B — pp is a tree dominated
decay and rescattering is small.

XEpK,*ppK*... XE DS* D*, D*D* K...

eBut rescattering calculations predict: f, . ~ f__ but experiments give
fo—>> fi+.
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Penguin Annihilation

eAnnihilation topologies generated by the top penguin operator (PA)
may cause large transverse polarization

b s ® b S ®
5 5 B >
q S 9 S
» K* q K*
b S (0] b S ()
B S B s
q S 9 s
q K* q K*

eControversial: PA is higher order in Afn% and expected to be small.
No evidence of PA is decays like B; — KT*K—*.

ePQCD PA contributions cannot explain the data. QCDF PA are
divergent- parameterize by unknown parameters- fit parameters to the

data.
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eGeneric prediction -For penguin/penguin dominated decays to light
final states ZZ is large.

I
Mode B(1079) fi fi

$ K+ 9.5+ 0.9 0.49 + 0.04 0.2770 53
PR+t 10.0+ 1.1 0.50 + 0.05 0.20 + 0.05
K30 78+1.1+£06  0.853790% +0.036 0.04579912 +0.013
pt K*0 9.2+ 1.5 0.48 + 0.08 -~

PO K*0 5.6+ 1.6 0.57 + 0.12 -

p” K*t < 12.0 —

PP Kt (3.6712) (0.9 +0.2) -

K*OK*0 (0491916 +0.05)  0.817919 4+ 0.06 -

+ + _ 940 0
B, — +BR" — 2f'BR -
fIBR"
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b — d Transitions

e So far large fr has been observed in b — s transitions.

Ar ~ V, VI P, ( Rescattering)
Ap ~ Vi VL Py (PA)
At present cannot distinguish PA from rescattering

W W
b feiy d b t S
- anti s K* B anti d K*
B g 9\<
d
antl d antl u
B—> K*K* B—> p K*
e {7 In penguin dominated b — d transitions should also be large in the
SM.

oin SM (fr/fL)g+x ~ (fr/fL)k-,~ and large.
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B — V7V, Decays

eTime dependent angular analysis give,

(—)
LB (t) - ViVe) =e T (AMiz ro COS(AME)Fpro sin(AMt)) Irgo -

Ao
1 _ 1 B
Ay = §(|AA|2 + |Ax]?), Y = 5(\AA\2 — |A,]?),

Api=—Im(ALAS—ALAY),  Ajo = Re(AjAs+A)AY),

di; = —Im(AJ_A:—FAJ_A:), EHO — Re(AHAS—AHAS),
PLi= Re(e‘i¢?\4[Ain +A7A, ) 7 pL1=1Im (e_w?” Aifh) :
Pllo :—Im<€_i¢?‘4 [Aﬁf‘_lo +A8AII]>7 Pii Z—Im<€_i¢?‘4A%kAi>,

where i = {0, ||} and ¢}, is the weak phase factor associated with
0_R0 mixi
Bq _Bq MIXI ng ’ Interesting Signals in B and Tau Decays — p.15



PA or Rescattering

e\We can distinguish PA from rescattering by measuring the weak
phase of the transverse amplitudes- possible in BY — K*YK*? through
time dependent angular analysis.

eMeasurement of 22 where a = ||, L give the weak phases of the

aaq

transverse amplitudes. The strong phases cancel!

Ar ~ VeV P.. No weak phase ( Rescattering).

Ar ~ Vi V5 P, Weak phase is 3 (PA).

e|f non SM weak phase = New physics! in b — d transitions.
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Triple Products

e If CPT is conserved (local and Lorentz invariant field theory) then
CP violation implies T violation .

e T-violation in B decays can be measured via Triple Product
Correlations(TP).

e Triple Products are products of vectors of the type
T.P = ?71 . (?72 X ?73)

¥; are spin or momentum vectors.

e Undertimereversal T: t — —t
TP — -T.P

e In B — V1V, decays we can construct the T.P

T.P :ﬁ' (51 X 52)
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How to Measure T-violation

e \We can define a T-odd asymmetry

A — L[T.P>0]—-T[T.P < 0]
YT I P>0+I[T.P<0]

e Ar is not a measure of true T-violation: A # 0 with strong phases
and no weak phase.

e For true T violation we need to compare A+ and ZT(T-odd
asymmetry for the C.P conjugate process.
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Triple Products

eThe Triple Product Asymmetries (TPA) can be measured by a time
iIndependent angular analysis through,

Ay
25 Ao
—Im(A; A7 — A AY)
> A

Ar =

where i = {0, || }.
eThese are T-odd CP violating quantities.

o TPA vanish if a decay is dominated by a single amplitude like
B — ¢K*. However in b — d transitions like BY — K*YK*" there are
two amplitudes with a relative large weak phase in the SM.

eHence if (fr/fr) is large in these decays then we expect O(1) T.P

asymmetries in the SM- new large CP violating effects in the SM !!
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NEW PHYSICS
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New Phases from New Physics
e CPV in the SM s large.

e Al CPVin SM x n ~ O(1).

o Vorearis unitary: Vi Vo = 1 = 3 angles and 6 phases.

e Weak Interactions couple only to LH quarks: Can reabsorb 5 phases
In quark field definitions.
e Only one weak phase 7.

e Consider a NP scenario, e.g. Left-Right Symmetric Models:
e New phases associated with the RH mixing matrix, Vx.

e Can no longer absorb the phases of Vz: 6 new phases.
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Bottom line

e CPV inthe SMis large: CP is not a symmetry or approximate
symmetry of Nature.

e Any New Physics will have new CP phases.

e No reason to expect the new CP phases are small = it is likely we
will see deviations from the SM.

e Study of CPV is a good place to look for NP.

Interesting Signals in B and Tau Decays — p.22



Flavor Problem

The important question: NP at what scale ?

The contribution of NP operators to meson mixing can be represented
by higher dimension operators:

CNP(CZQ)Q/A2

where g = s, b.
The measurement of the K and the B, system tell us that

Note K (B) mixing in SM is small because of loop and small
parameters like A = 0.22

For e.g. B mixing ~ Loop xV% and Vg ~ \°
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e But we expect A ~ TeV to stabilize the Higgs mass!

e ¢y p has the same suppression as in the SM so A ~ TeV = strong
constraints on the flavor structure of NP expected to be revealed at
LHC.

or

If cxyp ~ 1 then flavor physics probes physics at scales way beyond the
reach of present or future experiments.

eHence new Super B factories will help us understand the flavor
structure of new physics at a TeV or probe new physics effects at much
higher scale( 10-100 TeV) beyond the reach of existing and upcoming
colliders.
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NP- Where?

FCNC are very rare in SM and only arise as guantum corrections or
Loops. E.g. B — oK, (b — sg)

W
N M
t) > S 0
anti s
g
B
S
Ks
T
anti d
B --> ¢ Kg

Beyond the SM FCNC may occur at tree level or loops and compete
with the SM contribution.

Hence these decays are excellent probes of beyond the SM physics.

Interesting Signals in B and Tau Decays — p.25



B — @K ;-NP models

e Many NP models can produce deviation from the SM for B — ¢ K

Wk g
b m s b 5 < s
= anti s ¢ anti s ¢
B g B g
S S
. Ks . Ks
anti d anti d
B --> (pKS
anti d anti d
T >
B K B K
b S S b S S
T >
Ik’ anti s v.H anti s
S S
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B — oK ;- Mixing CP

B — ¢K, is a pure penguin process dominated by single amplitude

w
b M
t; S 0
anti s
g
B
S
KS
anti d
B--> ¢ Kg

14(13'_+‘ﬁ}(8):: (F%'_-FZ)‘Qb‘QZ'+'(}%L'_-fi)‘/ﬁbviz;23 (F%'_-FZ)‘Qb‘QZ
and so in SM

Amin(B — 6K) = sin28 = 0.678 & 0.026 .

but EXpt:a,,;.(B — ¢Ks) = 0.39 +0.18
There are many other final states, ' K, 7’ K, fo K, ... for which
miz = Sin 20 in the SM.

EXpt:amq. (combined) = 0.53 + 0.05 .
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Qa.,,;; for b — s transitions

S n(ZBeﬁ) sin(2@,

‘Morlond 2007

PRELIMINARY
b_ccs  World Average “ 0.68 + 0.03
oK°  Average | . 0.39+0.18
WK Average - 0.61+0.07
K KoKs Average | | s 0.58 £ 0.20
T[OKSAverage 777777777777777777777 |+| 77777777 0.33+0.21
K,  Average | — — 0.20 £ 0.57
WK, Average | | — — 0.48 £ 0.24
K Average | - 0424017
P K, Average——~——i | 072071
KKK Average | - 0.58+0.13

3 -2 -1 1 2 3
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e Note that NP will effect different final states differently.

Hyp ~ §y5087s55
There can be a contributionto B — n’ K, but notto B — ¢K, as

§’y5b—>B—>KS

5Y55 — 1

but not ¢.

e Hence by observing NP effects in different final states allows us to

obtain information about the Lorentz structure of NP.
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NP in b — s Decays

e If there is NP in b — s transitions then it should show up in many
decays:
In B — ¢K(K*) which is a b — sss transition.

e Decays with b — sgq quark transition with ¢ = u, d should be affected
like B — Km, pK*.

e Models that generate new b — sg — sgq penguins(SUSY, LR, extra
dim) will produce same effect for ¢ = u. d, s.

e Models that generate new electroweak terms will in general couple to
q = u,d, s differently.

e Hence a combined NP fit to all the decays where there are deviations

from SM will point to the flavor nature of NP.
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B — K7 Decays

elet A = B — K'n? =< K'n7|H.ss|B > then we have the following
decays:

Bt — 1t KO (A10)

BT — nOKT (A(H-)

Bg — 7 KT (A_+)

BY — 70 K0(A%)

AYO Py Pl %Pg’;v |
V2A° T = T - O + P — Py et
- P;W - gpgfm ;
A = T PPl - 2P,
VA — _len plyplen o pl - Lpre

3 EW °
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B — K- SMm

eln the SM the amplitudes for the four decays can be related by
Isospin.
The four decays can be represented by the following amplitudes:

70 P

S K
, w
W anti u
b u bms K~
antiu
T ;}\*<
u
0

T

L.
>

Y

antiu

b

u

z anti u 0
c W
— ° K

anti u
B--> K 1
Vb Virs c1 el 17|
VoV o 0.2, P N, 1P| 0.04,

| PEw |

~ 0.14.
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B — K puzzle

Mode BR(1079) Agir Az (S)
Bt - nTK% 231410 0.009 4+ 0.025
Bt - 7Kt 129406  0.050 £ 0.025
BY -7~ K* 194406 —0.097 £ 0.012
By — 'K 99+0.06 —0.14+0.11 0.38£0.19

ePuzzles:

Puzzle 1: Ay (BT — 7 K1) = Ay (BY — 7~ K1) using isospin if
electroweak penguins(EWP) are neglected. In the SM the EWP are
not big enough to explain the data. Need new EWP to explain the data.

Puzzle 2: BY — 7’ K" is dominated by a single amplitude and so in SM
and hence,

Agir = 0and A,,;, = sin26 = 0.68 £ 0.03 in disagreement with data.
Again need new EWP to explain the data.
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B — K puzzle

eBR( R. ) of the K'm modes are consistent with SM. The puzzles are
in the CP measurements.

ePuzzle 1 can be resolved by an accidental equality of the strong
phase in (T + C') and P amplitudes(PQCD). How stable is this equality
to higher order corrections?

Puzzle 1 can be resolved including Afﬂ% corrections- General
Parameterization( Silvestrini).

In units of 102
PQCD GP exp

Sror, TATZ 743444 38419
Sers 7177 T1.54+87 39+18

ePuzzle 2(central value) remains unresolved. A precise measurement
of S is crucial. Many NP models can solve Puzzle 1 but not Puzzle 2(

e.g. MSUGRA).
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B — K puzzle- all data

: 1
AT = =PI+ Ple = SP
V2AYT = _T'e — (e + P — P! ™
2
B PJ/«JW B gpgév y
| 9
At = T+ P — P &7 — §P];C;V :
. : 1
V2AY = e — P 4+ P eV - P — gpg;v .

eKeep all amplitudes- no assumption about their sizes. We now have
eight theoretical parameters: |P|, |P..|, |T|, |C|, v, and three relative
strong phases. With nine pieces of experimental data, we can perform
a fit.

eHowever fit gives |C'/T| = 1.6 + 0.3 about 10 times bigger than
expected size. Such large |C'/T| are not seen in other decays including
decays like B — 7w which are related to B — K« by SU(3) symmetry.
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New Physics- General

The low energy structure of new physics( b — s) can have the general
form

Hyp = ) ¢ O3+ ) dijOdi,
Oj\]j}:q ~ gariba Q5FjQ5a

NPC

where the I'; ; represent Lorentz structures. There are a total of 20
possible NP operators.
eDefine

> (fIO%B) = A,
.. 5 C
DOV B) = Agpe'™s.
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New Physics- KK 7T

A0 — —P’—FA/C’dei(DélC,
o+ __ / I iy /
V2AYT = P T — Pl
_|_A/,combei<b’ _A/C,ueicbibc
)
. - 5/C
A——|— — P/ o T/ 6’1/7 o A/C,uezq)u :
- 3/ - 31/C
\/iAOO — _p_p _|_A/,combez<1> _|_A/O,dez<I>d 7
EW
A/,combeicb’ — _A/,ueicbfu i A/,deicbzi

eThe best fit is obtained for models with
Acomp = ANPa A%’ ~ AdC ~ 0.
This can come from NP that is not isospin conserving.

This points to electroweak penguins(EWP) and to certain color struc-

tures of the NP operators- color allowed EWP (c;; # 0,d;; ~ 0).

Interesting Signals in B and Tau Decays — p.37



NP Models that might work

eFor models that produce new QCD penguins (LR models, SUSY with
squark mixing, extra dim) the NP is isospin conserving and

Acomp =0, A% = A%, = Ay p- do not work but

b Ek_g_ S b b,s S
B g g B g g
u d
u g u d g d
b-—> sqq

eSUSY with different up and down squark masses(Trojan penguins).
eFCNC with Z or Z’.

oFCNC through scalar exchange- colored scalar not allowed.
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B — pK*

eCan we understand the polarization data with new physics?

Mode B(1079) fr J1

K *0 9.5+ 0.9 0.49 4 0.04 0.277503
PR+t 10.0£1.1 0.50 4 0.05 0.20 4 0.05

P K30 784+1.1406  0.853799% £0.036 0.04575-590 +0.013
pt K*0 9.2+ 1.5 0.48 + 0.08 -

pV K*Y 5.6+ 1.6 0.57 £0.12 :
p” K*t < 12.0 —

PO Kt (3.6713 (0.940.2) -

KK (0.49791840.05)  0.817015 £0.06 —~

eNote K Puzzle allows

4G - ) _
\/*F Y AL vas v + 957 0V yas Qvuvea )
2 A,B=L,R

eCan these operators explain the polarization patternin B — pK* ?
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B — pK*

Taking into account also all polarization data in BY — pK*

Operator Ag A Al

i O(my /mp) 2\/§CLPZ§R 2\/§CLPZ§R
i O(my/mp) _2\/§CLPZ£L QﬂClch%L
cll%L _2C|\P(9K*/912;*)Z§L O(mV/mB) O(mV/mB)
i 2Q)p(gr* [ Grer ) Z 4" O(my /msg) O(my /msg)
;" NLCCHP(QK*/QP)XC?R O(my /my) O(my /mg)
94" _NLCCHP(QK*/-QP)XC%L O(my /my) O(my /mg)

oA low energy theory that contains operators O 44 ~ byasgygq with
A= L,Randqg=d,s are allowed. NP couples dominantly to down

type quarks.

eThese operators produce large fr in p™K*° and p° K*° but NOT in
pV K*T. Assuming SU(3) symmetry of the NP the ¢ K* and the ¢ K3
data can also be explained.
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NP with B — V'V Decays

eln penguin/ penguin dominated b — s processes we can measure NP
parameters and weak phases.
eFrom a time dependent angular analysis we get,

(—)
(B (t) = WV Ws) = eIt Z (AMiZM cos(AMt)Fpro Sin(AMt))gAgJ .

<o

eThere are 18 observables and 11 are independent.
We can write the general amplitude including NP as,

Ay = Amp(B — ViVo)y = a et + Ag’\ei@q :

A\ = Amp(B — ViVo)\ = a>\ei5A + Ag{e_icbq .

eThere are 10 unknowns which can be determined from the 11
observables- so we can measure both the SM and NP amplitudes !
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eT0 be specific,

o A5 and @, can be extracted from BY — ¢K*' or By — ¢¢( b — s3s).

eBY — K*9p% and B, — K*°K*% can be used to measure A¢ and ®, (
b — sdd).

eFinally, measurements of the decay B, — D**D*~ can be used to

obtain A§ and ®.( b — scc).
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CPV with Tau Decays



CPV with Tau Decays
V. /VV

T
- T > \ H
T \
LR \
, g
‘ q q/\

eThere can be new physics contribution to 7 — fv, through a Wgy
exchange or a charged Higgs exchange. The SM contribution is
through a W;, exchange. CPV requires interference of SM with NP.

eThe W — Wg interference is tiny, proportional to m,_or Wy — Wg
mixing and so neglected. Hence the NP we consider is a charged
Higgs exchange.

G
H =" cos0.(L,H" + LoHy) + h.c. ,

V2

where the first and second pieces correspond to W;, and H exchange.
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e\\We have

eThe partin L, given by (1 — ~5)7 has tiny interference with the SM is
neglected.

e\We concentrate on AS = 0 decays of the type - — N7, where
N=3,4. For N=2 there is no coupling to the Higgs boson because of
ISOSpin symmetry.

eThe decay = — Nmv, proceeds through - — Vv, where V' is a vector

meson with V' = p, a1, w.
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eConsider the decay 7(I) — V(q1)7(q2)v-(I"), where V is a vector or
axial-vector meson.

eThe general structure for the SM current J* = (V(q1)w(q2)|H*|0) IS

Q- (q1—q2)

JE = F(Q%) (Q% — €1 ¢2Q") + F2(Q%) €1 - o (q’f —q5 — Q"

+iF3(Q2) EWMEMQMQM + F4(Q2) €1 - 2Q"

QZ

where Q" = (¢1 + g2)* and ¢; denotes the polarization tensor of the V.
eor p,w, F o are small. F5 vanishes for p.
eor a; F3 is small but F; » can be large.

o[, Is small in the SM for all the final states.

Interesting Signals in B and Tau Decays — p.46



e The effect of the charged Higgs contribution can be absorbed by the
redefinition

Fi(Q?) = FuQ*)+ (bfu/m.) V :wvector,
= Fy Q%) + (afy/m.) V :axial — vector.
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dQ? dcosf dcosf3
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2
T

CP Asymmetries
QQ)
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N
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% —|5
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eFFrom the distribution we can construct various CPV asymmetries.

e\We will normalize the distribution to width for 7 — ev(Ia)..i e i s an 1o vecays - pas



CP Asymmetries

eRate Asymmetries:

AT

FSUIT]

Acp =

Y

where AT is the difference of the widths for the process and the
anti-process (normalized to I',),

dI’ dl
Al = -~ ’
/ [re Q7 T,aq?) "
3 cos? 0, 5 N2 | 2 7 2
/2(@2)3/2 m6 (mT o Q ) |Q1| (WSA o WSA) dQ Y

T

12

4 (. z\2
_ Fyfmb
msy, m,

e The rate asymmetries are proportional to I, which is tiny and hence
the asymmetrles are Sma” Interesting Signals in B and Tau Decays — p.49



e\Weighted Rate Asymmetry:We weight the differential width by cos 3
when performing the integration over cos (.

AT
A<COS B) _ (cos 3)
“r IWSUI’n ’

where ATl .. gy IS the difference of the widths for the process and the
anti-process:

dl’ dl'
AT = — dQ? d
(cos ) / [Fe dQ?dcos 3 T'.dQ?dcos 3 (" cos fdcos 7

eThe Asymmetry Is proportional to F; o and hence can be large for
V = a;.Need to measure 3- the angle between the a; momentum in the
hadronic rest frame and the direction of the lab. Need to reconstruct the

a1 for its momentum which could be a problem as a1 1S WIGE,. ¢ in s an rau decays - n50



Triple Products

elf the momentum of the 7 can be determined experimentally, the
polarization of the V' is measured we can construct a triple-product CP

asymmetry.

’Amp‘2‘TP — 5 Im (beFék) (51 . (71)6_)1 . <f>< Jl) ;

where [, ¢; are the 7 and V. momenta.

Al'rp
ATP —
" Tsum
dI’ dl
Al'rp = — dQ?
P ./[FedQ2 FedQ2]TP ¢

12

S 37 cos? 6. 22 z|3

-n1) (€7 -
(€1-71) (€1 -7 )/Qmme /—( ) a7 |
X ‘beFS‘ COS (53 o 5H) Sin trestr@
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eThe T.P asymmetry is proportional to F3 and so can be significant for
V =w.

eMany models have two Higgs doublets, which give mass to the
fermions. In such models, the coupling of the charged Higgs boson to
first-generation final states is generally proportional to m,, and my,
which are tiny. As a result, any CP violation which is due to
charged-Higgs exchange is correspondingly small. If CP violation is to
be observed in 7 decays, the charged-Higgs coupling must be large.
Thus, 7 decays probe non-“standard” NP CP violation.
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Conclusions

eln a future Super B factory there are many interesting signals.

eWe discussed B — KK°, BY — K*YK*0. In the VV modes we can

test SM explanation of the polarization puzzles and potentially
measure large Triple product asymmetries.

eThere are many hints of new physics in b — s transitions. If present,
the new physics can be measured by a fit to the B — K= data.
Combined with the pK* data we can construct the low energy structure
of the new physics. NP parameters can be measured in b — s penguin
B — V'V decays.

eThere are various asymmetries that one can construct in hadrronic
tau decays + — Vrwr, — N=nv,. These decays probe nonstandard
Higgs boson interactions.
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