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@ four-body decay — a goldmine of @ Massless, neutral particles in the
observables! final states — transparent study of Z

@ all-charged final state exclusive peguin effects.

mode — LHCb! @ Super-B facilities make the

@ charge-conjugated mode measurement realistic

B — K*(— K*n )utp~
— self-tagging & sensitive to CP
violation!
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The Structure of this talk

@ Motivation&Introduction
® B— K*(— Km)u"p~
» Theory (Observables etc.)
» SM predictions
» New Physics effects (MSSM scenarios)
@ B— K*(— Km)vo (B — Kvo and B — Xsvb)
» Theory (Observables etc.)
» SM predictions
» New Physics effects (Model independent analysis, generic bsZ couplings,
invisible scalars)

@ Conclusions
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Partl: B — K*u
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B — K*(— Kn)u"u~ Angular Decay Distribution

The decay B® — K*O(— K= 7t)utpu~

mVa
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B — K*(— Kn)u"u~ Angular Decay Distribution

The decay B® — K*(— K= nt)utp= | BY — KO(— Kin )
CcP
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B — K*(— Kn)u"u~ Angular Decay Distribution

a‘r
dg? dcos ), dcos k- do

_ 9 2
- 3)2_7Tl(q a9/79K*a¢)

9% = (P + Pur)?
[Kriger, Sehgal, Sinha, Sinha (1999)]

I(GP,0,,0k-, ¢) = I§ sin? - + IS cos? O~ + (I5 sin? Ox- + IS cos? - ) cos 20,
+ I3 sin? Ox- sin 0, cos 2¢ + Lx sin 20 sin 20, cos ¢
+ I sin 260~ sin 6, cos ¢
+ (5 sin® 0 + g cos? - )cos 0; + 7 sin 20k sin 6, sin ¢

+ I5 8in 20~ sin 20, sin & + Iy sin® O sin® 0, sin 26 .

Angular coefficient functions /'“(g?) measurable by full angular fit to d*r’!
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B — K*(— Kn)u"u~ Angular Decay Distribution

a*r
dqg? dcos§,dcos k- do

9 4 -
= 32—7T’(q ,01, 0K+, 9)

9* = (Pu- + Pur)?

[Kriiger, Sehgal, Sinha, Sinha (1999)]

(G2, 0,, 0k, 0) = £ sin? O + 19 cos? O~ + (IS sin? O+ + IS cos? H-) cos 20,
+ 5 sin? Ok~ sin® 6, cos 2¢ + 1, sin 20 sin 20, cos ¢
— |5 sin 20~ sin 6, cos ¢
— (g sin? Ok~ + IS cos? O ) cos 0; + I; sin 20~ sin 0, sin ¢

— Js sin 20 sin 26, sin ¢ — Iy sin® O sin® 0, sin 2¢ .

Angular coefficient functions 7,.(a)(q2) measurable by full angular fit to d*T’!
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Angular Observables

@ We have:
» 12 angular coefficient functions /'”'(¢°) from B® — K*°(— K~z )u*p~
» 12 angular coefficient functions 7' (¢°) from B® — K*°(— K*n~ )" p~
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Angular Observables

@ We have:
» 12 angular coefficient functions /'”'(¢°) from B® — K*°(— K~z )u*p~
» 12 angular coefficient functions 7' (¢°) from B® — K*°(— K*n~ )" p~
@ We want:

» Separation of CP violating and CP conserving NP effects
» Minimization of theoretical and experimental uncertainties — ratios!
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Angular Observables

@ We have:
» 12 angular coefficient functions /'”'(¢°) from B® — K*°(— K~z )u*p~
» 12 angular coefficient functions 7' (¢°) from B® — K*°(— K*n~ )" p~
@ We want:

» Separation of CP violating and CP conserving NP effects
» Minimization of theoretical and experimental uncertainties — ratios!

@ We define:
» CP-averaged angular coefficients

@02y _ ([@2y @y /A +T)
57 = (1@ + 17(@) /2
» CP asymmetries [Kriiger, Sehgal, Sinha, Sinha (1999); Bobeth, Hiller, Piranishvili (2008)]
@2y _ (@ (2) _ 7@ d(r+1)
A7) = (1@ - 1) /4G

o 5% and A'” can be extracted from o*(I" + )]
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New Physics Impact on S4, S5 and S§
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@ 5; is the well-known forward-backward asymmetry: Sg ~ ‘—3‘AFB
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New Physics Impact on S4, S5 and S§

-0.05 / -0.3
~0.10 ki -0.4
1

9% (GeV?) 9% (GeV?) 92 (GeV?)

In the SM, S4, Ss and S§ each have a zero in q°

Sg is the well-known forward-backward asymmetry: S5 ~ ‘—;AFB
Flavour-blind MSSM: tan 8 = 40, A; = 900 GeV, Arg(uA;) = 50°

[Altmannshofer, Buras, Paradisi (2008)]
MSSM with complex (54)55 mass insertion — complex C,

MSSM with complex (J4,4)5F mass insertions — complex C§'), Cio

Pattern of effects highly model-dependent!

* (All points compatible with BR(B — Xs7), BR(B — Xst¢7), AMs g, ...)
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New Physics Impact on A7, Ag and Ag
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o All CP asymmetries A tiny in the SM
@ A7, As and Ag are not suppressed by small strong phases — can be
O(1) with New Physics! [Bobeth, Hiller, Piranishvili (2008)]
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New Physics Impact on A7, Ag and Ag

q” (Gev?) q” Gev?) q” Gev?)
o All CP asymmetries A tiny in the SM

@ A7, As and Ag are not suppressed by small strong phases — can be
O(1) with New Physics! [Bobeth, Hiller, Piranishvili (2008)]

@ Flavour-blind MSSM: tan 8 = 40, A; = 900 GeV, Arg(uA;) = 50°
@ MSSM with complex (34)5F mass insertion — complex C;

@ MSSM with complex (5,)57 mass insertion — complex C{, Cyo
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Partll: B — K*vu

Partll: B — K*vi
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double differential decay distribution of B — K*vv

B — K*(— Km)u*p~

ar
dqg? dcos 0, d cos Ok~ do
= ¥ sin® Ok + I cos? k-
+ (5 sin? O~ + IS cos? O-) cos 20
+ 15 sin? Ok~ sin 0, cos 2¢
+ Iy 8in 260+ sin 20, cos ¢
+ I5 sin 20k~ sin 6, cos ¢
+ ([ sin® O + IS cos® fx-) cos b,
+ I78iN 20k sin 6, sin ¢
+ Ig sin 20~ sin 20, sin ¢

+ Iy sin® O+ sin® 0,sin2¢ .
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double differential decay distribution of B — K*vv

B — K*(— Km)utu~ B — K*vi
o a2r
dqg? dcos 0, d cos Ok~ do dsgdcostx-
= I7 sin® b + If cos? - = 39T G2 g 4 39T og2

+ (5 sin? O~ + IS cos? O-) cos 20 4 dg® 2 dg®
+ 15 sin? Ok~ sin 0, cos 2¢

+ Iy 8in 260+ sin 20, cos ¢

+ I5 sin 20k~ sin 6, cos ¢

+ ([ sin® O + IS cos® fx-) cos b,

+ I78iN 20k sin 6, sin ¢

+ Ig sin 20~ sin 20, sin ¢

+ Iy sin® O+ sin® 0,sin2¢ .
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double differential decay distribution of B — K*vv

B — K*(— Km)u*p~

ar
dqg? dcos 0, d cos Ok~ do
= ¥ sin® Ok + I cos? k-
+ (5 sin? O~ + IS cos? O-) cos 20
+ 15 sin? Ok~ sin 0, cos 2¢
+ Iy 8in 260+ sin 20, cos ¢
+ I5 sin 20k~ sin 6, cos ¢
+ ([ sin® O + IS cos® fx-) cos b,
+ I78iN 20k sin 6, sin ¢
+ Ig sin 20~ sin 20, sin ¢

+ Iy sin? O sin® 6, sin 20.

B — K*vip

a’r
dsgdcosty-

3dlr . » 3dr, 5
- Lot Oy~

2 0 sin® Ok +2dq2 cos“ Ok

Differences

@ neutrinos escape the detector

unmeasured

@ there are no strong phases — no
CP asymmetries
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double differential decay distribution of B — K*vv

B — K*(— Km)u*p~

ar
dqg? dcos 0, d cos Ok~ do
= ¥ sin® Ok + I cos? k-
+ (5 sin? O~ + IS cos? O-) cos 20
+ 15 sin? Ok~ sin 0, cos 2¢
+ Iy 8in 260+ sin 20, cos ¢
+ I5 sin 20k~ sin 6, cos ¢
+ ([ sin® O + IS cos® fx-) cos b,
+ I78iN 20k sin 6, sin ¢
+ Ig sin 20~ sin 20, sin ¢

+ Iy sin® O - sin® 0,sin2¢ .
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B — K*vi

a?r
dsgdcosty-
_3drr
=1 dP

3dl,

22 2
n“ Ok +-—— e
Si K +2dq2 COS™ Uk

polarization fractions
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Effective Hamiltonian

Effective Hamiltonian for b — svv transistions

4 G * v 1% %4 1%
Het = —T; Vip Vis (CLOY + CKO%) + hec.

y e _
Op. = W(SWPR,Lb)(V’YNU —Y5)V) .

e Standard Model: (C/)SM = —6.38 +0.06 and (C%)SM =0
@ B decays:

» B— Xsvi

» B— Kuvp

» B— K*vib
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B — Xsvv and B — K*vu

dr(B — Kvv) 2, y
— ™ [fX(s8)]”|CY + C47 .
dr(B — Xsviv ) )
INE = X0 o mwo)(ICE P + ICHP)
b

@ s, = g?/m2, where g2 is the invariant mass of the neutrino-antineutrino
pair

@ problem: theoretical uncertainties, in particular from mg

@ common approach: normalization to the inclusive semileptonic decay
rate [(B — Xceve)

@ our approach: use the my in the 1S scheme [Hoang Ligeti, Manohar ‘98 Hoang

'00], which is known to 1 % precision, — reduction of the error
uncertainty in the branching ratio to less than 10 %
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Our SM predictions & Experiment

Four observables in B — K*vv, B — K*vi and B — Xsvi:

| Observable | Our SM prediction | Experiment |
BR(B— K*vi) | (68719 x10% | <80x10-®
BR(B+ — K*vi) | (454+07)x107% | <14 x10°®

BR(B — Xsv7) | (27+0.2)x107% | <64 x10°°
(Fi(B— K*vip)) | 0.54 4 0.01 —
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Our SM predictions & Experiment

Four observables in B — K*vv, B — K*vi and B — Xsvi:

oF
o |
S = 5t
2 2
L 6f 1 X 4t
+T £
g ‘ g
o L
g s 2
X 1 o 1F
% o
il 0Ok . . . .

0.8

=)
=}
S
=}
N}
o
# =
o
o
o
©
o
o
o
N
o
~
o
o

FL(B=K™vW)

10° x dBR(B—K*vv)/dsg

00 01 02 03 04 05 06 07
Ss
B— K*utpu= 8B — K*ui IMPRS Colloquium (Munich) ~ 11/15
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Model-independent constraints on Wilson coefficients

Only 2 combinations of the complex C; and C} enter the 4 observables:

JICTE T C3 _Re (C/Cy) o
= et = 6, = 1,0
(CHY™ "=1ererioge - e =(1.0)

BR(B — K*vi) = 6.8 x 107% (1 + 1.317))é?
BR(B — Kvi) =4.5x 1078 (1 — 27)é?
BR(B — Xsvi) = 2.7 x 1075 (1 4+ 0.09 1))
> (1+2n)
(1+1.31n)

where (F1) =T (B — K*vp)/T(B — K*vD)

(F.) = 0.54
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Model-independent constraints on Wilson coefficients

Only 2 combinations of the complex C; and C} enter the 4 observables:

VICY P + |CRI? —Re (C{ CF") M
_ , = . €, = (1,0
(O "=Tericge O =00
‘ = BR(B — Xsvi)
0_4, = BR(B—> Kllﬂ)
= BR(B — K*vv)
0.2 b = (F)
n 0.0j=—== e IS
0.2 N\
—04 \

00 05 10 15 20 25 30
€
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Model-independent constraints on Wilson coefficients

Only 2 combinations of the complex C; and C} enter the 4 observables:

VICY 12 +1Chl? —Re (C/ C¥") SM
= v ) n= W W . (67 77) = (1 ) 0)
|(C})SM| |C}[2 + |CR?
‘ = BR(B — XsvD)
04 = = BR(B — Kvp)
68% prob. = BR(B — K*vv)
0.2 ] _
[ 95% prob. = (F) o
n 00— — m projected sensitivity at
SuperBwith 75ab~" . [tai of £
-0.2 Renga@SuperBPhysics Workshop in
04 ; Warwick]
00 05 10 15 20 25 3.0

€
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Modified Z penguins

Effective flavour violating bsZ coupling

rbsZ _ Gr e
eff \/§ 71,2

[Buchalla, Hiller, Isidori (2001)]

M5 CwSw Vi Vis Z" (ZL by, PLs + Zr b, Pgs) ,

Motivation: In many models beyond the SM, NP effects in the Wilson
coefficients C} 5 are dominated by Z penguins. This couplings enter in:

° Cip
@ B; mixing
@ BR(B — Xstt4™)
@ BR(Bs — putu™)
= interesting correlations
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Modified Z penguins

Effective flavour violating bsZ coupling

5 GF e _ _
£he? — \/—g?mﬁcwsw Vi Vis 2" (Z, b, PLS + Zg b, PRS)

: ; : e : — ‘
15+ | | 60 | |
| | | |
g | gl | g
T wof ] T 40 ! ! 1
o | | Q I I &
x I | & 30 I | 1 &
‘o>< 5 | 1 m>< 20 | 1 k| w)(
3 ; | e ‘ | =
| / 10 d /
1 1 I |
Ok | 0 | |
05 10 15 20 25 30 05 10 15 20 25 3.
10°xBR(B-Xl*17) 10°xBR(B- Xl *17) 10°xBR(B-Xl*17)

@ black curves: Zg = 0 and Z; real
@ shaded areas: arbitrary and complex Z; r
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Decay to Invisible Scalars

effective Hamiltonian for fIavour-changing quark-scalar

Hett = (SPLb) s? =F C (SPF;b)S

dr(B — X:E) dr(B— Xsv) = dr(B— XsSS)
= +
dSb dSb dsb

)
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Decay to Invisible Scalars

effective Hamiltonian for flavour-changing quark-scalar

Hett = CL 5 (SPLb)82 + C (SPF;b)S

g g

o] %

uf uof

X <

N y

9 4

['4 o

o °

°© X

X ©

wg 8

S

g 10

g

8 _ 08

o B

ST‘ uf 0.6

5 <

X o 04

3 =

X “ 02

©

o

- 0.0

00 01 02 03 04 05 06 07 00 01 02 03 04 05 06 07
s s
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Decay to Invisible Scalars

effective Hamiltonian for flavour-changing quark-scalar

Hor = CS "2(3P1b)S? + CF 2 (3Pab)S?

15F
10¢F
05¢F

n 00Ff
_05F
-10¢}
~15F

@ characteristic kinematical edges in the spectra
» model-dependence of cuts!

@ observables no longer described in terms of (¢, )!
@ (F;) displays the invalidity of extracting ¢ and n
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Conclusions

@ Part I
» The decay B — K*(— Kr)utpu~ gives access to 24 observables
sensitive to New Physics!
* Theoretical and experimental uncertainties are minimized by choosing 12 CP
averaged observables Sfa) and 12 CP asymmetries A,(.a)
» Excellent channel for LHCb!
* roughly 4000 signal events expected with [ £ =2 fo~" [Egede (2007)]
» Correlations between the observables are highly model-dependent and
thus allow to distinguish between different models of New Physics!

@ Partll:

» Theoretical uncertainties in the branching ratios of B — K*vo, B — Kvi
and B — Xsvv are comparable to or smaller than projected
experimental uncertainties at SuperB

» The angular observable F, in B — K*vu probes right-handed currents

» Introduction of an elegant way of visualization of constraints of the Wilson
coefficients in the (e, n) plane.
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Backup

Backup
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Effective Hamiltonian

_4Gr
V2

with the CKM combination \; = Vi, V;; and

Hett = ( M+ )‘UHgfjf)>

6

HY = CiOf+C05+Y CO+ Y. (COi+Cloj),
i=3 i=7,8,9,10,P,S

HY = C(Of - OY) + Co(05 - 0F).
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Effective Hamiltonian — operator basis

O, = g—imb(écrw,Pnb)F“”, o — é%mb(éaw,PLb)F"”,

O = émb(gaw TaPrb)G'2,  Of = émb(éa#,, T2P.b)G 2,

e _ _ e _
O = E(S%PLb)(LW“H)a Og = E(Sm”nb)(w“u),
e , € _
O = ?(SWPLb)(lW”VSM)v O = E(S'Yupﬁb)(ﬂ’w%ﬂ)v
&2 B ) / &2
Os = me(spﬁb)(ﬂﬂ)y Os = 167 zmb(SPLb)(MM)
e? _ _ , e <P b\(3
Op = 15.-2Mb(8PrD)(Avsh), Op = 152 Mb(8PLO) (s 1),
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B — K* form factors

(K*(K)|87.(1 — 15)bIB(p)) =

i (me + M YA (@) + (2P — (e - q) —22T)

mg + Mg~
. 2Myc+ oo 2V(GP
906"+ @) 2 [Aa(P) — A0l + sy P _2V(@)

mg + Mg+’
<R*(k)|§0';wqy(1 + 75)b|B(p)> = ie/wpae*yppko 27—1(q2)
+ T2o(QP) [, (mG — mig.) — (¢*- ) (2p — q),.]
. 9
+ T3(0P)(€" - q) | — - (20—,

(K*|8,,A"|B) = (mp + ms)(K*|Sivsb|B) = 2mk-(¢* - 9)Ao(q?). (1)
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B — K*(— Kr)u™p~ amplitude

Gra
T V2r

=0 (K |3io"™ q,(CS"Pa + C"PL)bIB) | (i)

M = Ve vts{ [<Kw|§7ﬂ(cg"PL + C&"PRr)b|B)

+ (Kn|8y"(C$S PL + CI&'PR)b|B) (i, v514)

+(Kn[S(CPa -+ C5PL)bIB) )+ (Kn[3(CoPa -+ CrPL)BIB) (insn) -
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Transversity amplitudes

2
A p=NvV2)'/2 { [(CS" sy F (C56 + Ceﬁ')] %

2mb

2y et | G2 T, (g )]

/ )/ A
Ay = —Nv2(r - mﬁ*)[ [(cs" - sy = (et - e #q;)m

2mb

2 (s - T

N / /
AOL,R:—i{[(cs" cs") = (3 - ¢

2my- /¢

x [(m% e — P)(me + k- A (¢P) — AL"Z)]

mg + Mg+

+ 2m(CS" = G5 (s + 3. — ) Ta(eP) ~ 2 TolaP)] |,
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Transversity amplitudes

N
Ve

As = —N\'/2(Cs — C5)Ao(9),

At — )\1/2 |: (Ceff eff/

(cp—dﬂAafx

1/2

Gro® 3qA”2ﬁ} ,

NI%%h?ﬁﬁ

A =mb+ mk. +q* —2(mami. + m2.q? + m3q?)

B = \/1 _4m,%/q2
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Angular coefficients

(2+62)
4

5=

AL P+ |AfR + (L— R) +4—“Re AL AR+ ACATT
92

L R|2
17 = |AGPP + |AG P +

. P
il

: 1A + 2Re(ASAT )| + 02| As[?,

AL+ |AG2 + (L — R)]
I5 = —52 [|Ao| +(L— R)],
= 2 AL - AP+ (L~ )]

= ﬁﬁﬁ [Re(A5AF") + (L— R)|.

* m
ks = V28, [Re(AsAi )~ (L— R)— " Re(AfA3 + ATA3) | .

\/?
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Angular coefficients

§ =28, [Re(AfAL) — (L— A)|,

K = 45,7 Re [AbAs + (L — R)] .

V@

E3 m
b =V28, [Im(AéAﬁ ) — (L— R)+ —2 Im(A} Ay + ATAY) |,

\/?

k= %,@5 [Im(A§AL") + (L R)|,

b= 3 [lm(Aﬁ*Aj) (L — R)} .
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5@ and A in the Standard Model

-
&
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? (10
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Ar+T/def
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