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My task

# Overview the SM calculations of S(f) — S(¥Kg).
s Explain the "model-independent” SU(3) approach.
s What is the estimate for 70 K¢?

# What is the set of new physics scenarios that can
explain a large value of S(¢pKg) — S(vKg)?

# Give an example of a theory that could explain a large
deviation in ¢Kg, butnotin nKgq, Kt K~ Kg, or n°Kg.

s In this scenario, what other decay modes would
show a corresponding deviation from sin 237

s Are there effects expected in the rates, asymmetries
or polarizations of other charmless decays?

# Which decay modes would you like experimenters to
look at that we are not currently exploring?
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Estimating S(f) — S(vKg)
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The problem with b — sqq decays
&y A
A = VCbV;; [Pc — Pt + TCES] + Vubvis [Pu — Pt + Tuﬂs]
~—— ~——

dominant contribution  suppressed by \?

® Weoftenuse A=P+T T =|T|e"

® When T <« P then A is dominated by a single phase
» Cszg~0
® Ssqq & SyK

® With new physics: Ssz, # Sy and Cyg, # 0 possible

‘ How large are the subleading effects in the SM? I
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Definitions

Ap = A(BO — ) =ViVes a? + Vi Vs a? = V3 Ves a? (1+&5)

Uu

Vi Vs @ Vi Vs 2 “f
= — 4 = O(A Or = —
R A 1 I A

® Sy —sin2F ~ 2cos20 sinvy cosdys €y
® (Cr~ —2sinysindys |7

We like to get the value of ||
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Getting &+

We concentrate on b — s modes where we expect {; < 1

B—¢Kg B—1nKg B—1’Kg ..

Two ways
# Calculate (with experimental input)
# Using flavor symmetries

Trying to get as much information as possible. The two
ways are both important
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An example: B — 'Ky

Beneke and Neubert

& k| Was calculated using QCD factorization (BBNS)
ks | = 0.06 — 0.09

#® The spread is due to model dependence

# The strong phase was also calculated and found to be
small
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SU(3) relations: example

B — 1K (b — sqq) B, — 1K (b — dqq)
Using U-spin (A ~ 0.22)

AB—-m"K)=T+P  AB,—m’K)=X"1'T+\P
For simplicity we assume
AB— 1K)~ P  A(Bs— 1K)~ X\ IT

We get

T A(By — 1K (B, — 10K
f= T o)A >M\/< 0K

A(B — m0K) I'B — 7K)
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SU(3) relations

® For b — qgs transitions
Ap =V Ves af + Vg Vus ay = Vg Ves af (14 &)
® For b — qgd transitions
Apr = ViVea 05 + Vi Vaa b5 = Vi Vaa by (1+ X251

SU(3) gives relations among aj{ and b;{,
af =2 vy bf
f/
v s are CG coefficients.
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SU(3) relations

» The branching ratios 5(f) constrain a% and b7,

Vi Vaa O B(f')
=1 | M B
cb " CS af (f)

This can be use to get our “best estimate” for |£¢|

#® Combining SU(3) and experimental data gives

§f+)\2

B(f")
¢ <A eyl

=

This Is used to get exact bounds (in the SU(3) limit)
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Results: B — 7Kg

SU(3) relation
a(mVK°) = bo(x’n?) + b(KTK7) /2

Data: B(B" — 7K = (11.92 £ 1.44) x 107°
B(BY — 7%7%) = (1.89 + 0.46) x 107°
BB - KTK™) <0.6x107°

We get
£~0.08, £<0.13, |S,x—sin28] <0.19, |Crk| < 0.26

We expect B(BY — KTK™) to be very small. Neglecting
It we get stronger bounds
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B — WOKS
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Results: B — n' K

More complicated SU(3) relation

s2 — 2¢? 3sc
a(n K°) = Ve b(n'7") — ﬁb(nﬂo)
2 4 2
jsb(ﬂoﬂo) B 38(84—|— c )b( )
3v/3sc? V3c(2¢? — s?)
+ b + b(nn'
o) Ve (nm')

s = sinbpyr, ¢ = cos Oy
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Results: B — n' K

Which gives

: ' B(r/w0) B(nm0)
Enics < A 0.59\/8(77,[(0) + 0‘33\/5(77'1(0)

B(m07Y B(n'n’
+ 0.14\/BE77,K0; + 0.53\/8(577[7;3)

B Blnm') |
T 0.38\/8(57[@0) + 0.96\/8(7(77[77(2))

® No best estimate for &, i, yet

» Numerically &, k. < 0.36
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Bound from charged mode

Similar relations hold for the charged modes

a(n K1) =b(n'nm") + S@b(ﬁ[(ﬂ

Using experimental data

Eprr < 0.09

® We have aZ,KO — afﬂﬁ, but ag,KO + ag,K+

® a,, . has a color-allowed tree diagram contribution

® o IS color-suppressed
# Dynamical assumption: \a;;,Koy # lap g+ = &yrs < 0.09
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For PV final state, even more complicated relations

(R — bR + 1/ ebo) — sbon')

n g [eb(wn) — sb(wn’)] — \/Tg [cb(p”n) — sb(p"n)]
1) - Jhlen) = 5 blor')

No bound on éMS with present data

DO | —

a(pK”) =

No best estimate for £,x, with present data

Charged modes: a(¢K+) = b(¢nT) + b(K*OKT)

© o o o

Dynamical assumption a% | # [a%y+| = Soxs < 0.25
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Comments on SU(3)

Similar analysis for B — K™K~ Kg; more complicated
and not covered here

SU(3) relations are most useful for simple relations
SU(3) and U spin are the same

Since we use SU(3) there are large, O(30%),
corrections. They can be larger or smaller in specific
cases

Bottom line: Large deviations from the SU(3) bounds
are signals for new physics
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New physics
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New physics In loop

® Since B—1n'Kg, B— ¢Kgand B — nKg are dominate
by the one loop diagram in the SM we expect large new
physics effects

o Due to different hadronic matrix elements we expect the
shift from sin 23 to be different in these modes

® B — yYKgisa CKM favored tree level decay in the SM
= we expect small new physics effects

\

NP in b — sgq generally gives Sy, # Srks # Seks 7 S ks
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Getting a shiftonly iIn B — ¢ K

Kagan

While no indication, still we ask: Can we get
quKs =+ S@ng with Srr, = Sn’Ks = S¢KS
® B — ¢Kg Is parity conserving while B — n' K¢ Is parity
violating

# Parity conserving new physics in b — s penguins only
affect B — ¢Kg

#® Generically, new physics models are not parity
conserving

® Supersymmetric SU(2);, x SU(2)r x Parity Is an
example of an approximate parity conserving new
physics model
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Opposite chirality

Extensions of SM often include opposite chirality operators
related by parity (V — A «— V 4+ A).

Example: QCD Penguin operators

SM Chirality Opposite Chirality

@35 = (53b)v—4 (qQ)vFa — C:23,5 = (50)v+4(q9)v+a
Qa6 = (5ibj)v—a (Gjti)vea — Que = (5:bj)v+a(qigi)vea
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Opposite chiralities and decay amplitudes

# Effective Hamiltonian for AS = 1 Decays:
Hest < Y CiQi + CiQ;
® Under Parity, Qi «— ); = final state, f, with parity P;

(flQi|B) = (=) (=1)"* (f|Q:| B)
= A;(B— f)x C; — (=1)!*C;

® Inthe SM C =0, thus
ANP(B = f) o ONF — (~1)P1 N
» For P-invariant NP AN = 0 for all Py even states
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Implication of opposite chiralities operators

# For decays with determined parity
ANP(B — PP) oc CNP () — CNP (1)
AN (B — VP) oc CNF () + ONF (1)

#® For B — VV, 1 transversity is P-odd; 0, || are P-even:

AN (B = V) o< CNF () — CiF ()
AM(B = VV) o< CRF () + CNF (up)
® For B— VA, where A = Axial Vector:
AT (B = VA o< CiF () + CRF (1)
ANP(B - VA) | oc CYF (1) — CXF (1ap)
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Examples

® P-even: U/K, Km, Kay, Ky, (¢K*)O,H’ (K*IO)O,H""
o P-odd: ¢K, K*Oﬂ', f()K, (¢K*)J_, (¢K1)O,H’"'

P-invariant new physics affects only the P-odd final states
® 5(f)—S(WKg)#0
o C(f) #0

# The effect is Iin general different in each of the P-odd
modes

°

Effects on polarization in the V'V and VA modes

# Hard to see the effect on rates. Too large theoretical
uncertainties
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© o o o

°

Left right symmetric new physics

‘ It is not easy to naturally get C; = C; I

The SM is maximally parity violating

Any model without a parity symmetry needs fine tuning
Parity at the high scale must be broken

Need to arrange that symmetry breaking effects are
large for the SM sector and small for the NP sector

Example: SUSY LRS model
s SM: m(Wp) < m(Wg)
s NP:m(qr) =~ m(qr). Parity breaking via RGE only
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Conclusions
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Which decay modes are interesting

Look for b — d decays to final states with n and »’

Look for the CP asymmetries in the different
transversity V'V amplitudes

Study P-odd modes, like fo K
Measure the polarization of “all” V'V and V A final states
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