Role of flavour physics in the LHC era and

new physics sensitivity of the decay B — K*/t/—

Tobias Hurth (CERN, SLAC)
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Flavour Physics within the SM

CKM mechanism of flavour mixing and CP violation: Vekm, Jokm

3
Im[Vy; Vg ViViil = Jokm D €ikm €jin Jekm ~ O(1075)

mn=1

All present measurements (BaBar, Belle, CLEO, CDF, DO,....)
of rare decays (AF = 1),

of mixing phenomena (AF = 2) and

of all CP violating observables at tree and loop level

are consistent with the CKM theory.

Impressing success of SM and CKM theory !!



From left, Yoichiro Nambu, Makoto Kobayashi and Toshihide Masukawa, who shared the Nobel Prize in Physics on Tuesday
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CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet
scheme without introducing any other new fields. Some possible models of CP-violation are

also discussed.
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CP.-Violation in the Renormalizable Theory of Weak Interaction 6567

Mext we consider a 6-plet model, another interesting model of CFPyiolation,
Suppose that G-plet with charges (2, 0, 0, 0 —1, 0 —1, Q2 —1) iz decomposed into
Sl e (2] multiplets as 2+ 242 and 1+1+1+1+1+1 for left and right com-
ponents, respectively, Just as the case of (A, C), we have a zimilar expression
for the charged weak corrent with a 3x3 instend of 2% 2 unitary matrix in Eq.
{5). As was pointed out, in thiz case we cannot absorb all phases of matrix
elements inte the phase convention and can take, for example, the following
EXprERRInn

cos —ain , cos & —zin £, s5in &y
sind, cos fy eos ), cos O cos 0y —sin 0y zin 0% cos §, cos 8, sin 0, -+ sin 0 cos Ae* |
\=in 8, sinfy cos d, sin {, cos 8, + cos & 5in fe™  coa § ain @, sin #,— cos By sin Ge"
(13)

Then, we have CPviolating effects through the interference among these different
current components. An interesting feature of this model is that the CPwviolating
effects of lowest order appear oaly in 450 non-leptonic processes and in the
semi-leptonic decay of neutral strange mesons (we are not concerned with higher
states with the new guantom number). and not in the other semi-leptonic, 45=0
pondeptonic and pure-leptonic processes,

S0 far we have conzidered only the straightforward extensions of the original
Weinherg's model. However, other schemes of underlying gauge groups and/or
gealar fields are possible. Georgi and Glashow's model” is one of them. We
can easily see that CPviclation is incorporated into their model without introduc
ing any other fields than {many)} new fields which they have introduced already.

Relerences

11 5 Weinberg, Phys. Rev, Letters 19 (1957}, 1264; T (15711, 1684,
21 7. Maki snd T, Maskawa, RIFF.148 (prepeint), April 1972,
3 P, W. Higgs, Phys. Letters 12 (1854), 132; 13 {1964}, 508.
G. 3. Guralnik, C, B, Hagen and T. W. Hibhle, Phys. Fev. Letters 13 (1964], 585.
41 H, Georgi and 5. L. Glashow, Phys, Rev, Letters 28 (19723, 1484,

Errata:

Equation {13} should rend as
cina ) —ain ) cos iy —gin & sin iy ;
gin fooady  coslcos faeos dy — sin fhein Hee®  poslycos fhein s + sin fyoos dapt | .

sinihsinfy  oosdsinfaons fy + cos fasin l'.',w."’ ons iy sin fgsin fy — cosfgons |'.'_-|+-."‘

(13)



However,...

e CKM mechanism is the dominating effect for CP violation and flavour
mixing in the quark sector;

but there is still room for sizable new effects and new flavour structures
(the flavour sector has only be tested at the 10% level in many cases).

e [ he SM does not describe the flavour phenomena in the lepton sector.



Lsn = Laa uge (A-i: "JJ!) + ﬁHig;gs ((D:' i, ’”)

e Gauge principle governs the gauge sector of the SM.

e NO guiding principle in the flavour sector:

CKM mechanism (3 Yukawa SM couplings) provides a phenomenological
descripton of quark flavour processes, but leaves significant hierarchy of

quark masses and mixing parameters unexplained.



Many open fundamental questions of particle physics are
related to flavour :

¢ How many families of fundamental fermions are there 7

¢ How are neutrino and quark masses and mixing angles are generated 7

e Do there exist new sources of flavour and CP vioclation 7

e Is there CP violation in the QCD gauge sector 7

e Relations between the flavour structure in the lepton and quark sector 7



Flavour problem of New Physics

"\r ew (5)
L= ﬁ(nmge +£’Hag3¢ +Z O-i + ..
ANP
e SM as effective theory valid up to cut-off scale Ayp

e Typical example: K9 — K9-mixing ©° = (5d)<:

SM M2, x (5d)2 + New /A2 x (5d)2 = Anp > 10% TeV

(tree-level, generic new physics)



"\reu,

5
L= E(muge +£’Hag3¢ +Z ANP Ot( )‘l‘

e SM as effective theory valid up to cut-off scale Ayp
e Typical example: K9 — K9-mixing ©° = (5d)<:

SM M2, x (5d)2 + New INZp x (5d)2 = Anp > 10* TeV

(tree-level, generic new physics)
e Natural stabilisation of Higgs boson mass (hierarchy problem)

(i.e. supersymmetry, little Higgs, extra dimensions) = Ayp £ 1TeV

e EW precision data — little hierarchy problem = Ayp ~3—10TeV

Possible New Physics at the TeV scale has to have a

very non-generic flavour structure



Example: Supersymmetry

e In the general MSSM too many contributions to flavour violation
— CKM-induced contributions from H+, XJF exchanges (quark mixing)

— flavour mixing in the sfermion mass matrix

e Possible solutions:

— Decoupling: Sfermion mass scale high
(i.e. split supersymmetry)

— Super-GIM: Sfermion masses almost degenerate
(i.e. gauge-mediated supersymmetry breaking)

— Alignment: Sfermion mixing suppressed

e Dynamics of flavour — mechanism of SUSY breaking
(BR(b — s7v) = 0 in exact supersymmetry)



= Discrimination between various SUSY-breaking mechanism

Goto,Okada,Shindou, Tanaka,arXiv:0711.2935

58S (K x"y) = = 0.03 (50ab™)
0.2 02—z 0.2

0.1 = 0.1

01 = -0.1

= — W ]
MSUGRA | 28 |U{2]FS ‘
I %
- ﬁ .
0.2 bttt . 02 e
0 1 2 1 2
gluino mass (TeV/c?) (tanf=30)

§ Expected Super-B sensitivity (50ab—1)



= CERN workshop on the interplay of flavour and collider physics
Fleischer,Hurth,Mangano see http://mim.home.cern.ch/mim/FlavLHC. html
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First meeting:

CERN, November 7-10 2005

et pe//mim.hame.carn. ch/mim/HavLHChtml
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5 meetings between 11/2005 and 3/2007
arXiv:0801.1800 [hep-ph] “Collider aspects of flavour physics at high Q"

arXiv:0801.1833 [hep-ph] "B, D and K decays”
arXiv:0801.1826 [hep-ph] “Flavour physics of leptons and dipole moments”

published in EPJC 57 (2008) 1-492
and in Advances in the Physics of Particles and Nuclei, Vol 29, 480p, 2009



Follow-up workshop:

Working Group on the Interplay Between Collider
and Flavour Physics

The working group addresses the complementarity and synergy between the LHC and the flavour factories
within the new physics search. New collaborations on this topic were triggered by the two recent CERN
workshop series Flavour in the Era of the LHC and CP Studies and Non—5tandard Higgs Physics at the border
line of collider and flavour physics and expenment and theory. This follow—up working group wants to
provide a continuous framework for such collaborations and trigger new research work in this direction.

Regular meetings at CERN (well-connected by VRV S) are planned in the near future.

https: //twiki.cern.ch /twiki/bin /view/Main/ ColliderAndFlavour

Recent meeting 16.-18. of March 2009 at CERN

Next meeting 14.-16. of December 2009 at CERN

Please feel cordially invited !



Flavour@high-pr interplay

Can ATLAS/CMS exclude MFV 7

Can we ignore flavour when analysing possible

new physics at the electroweak scale?



Quark flavour at ATLAS/CMS

e Probing MFV at the LHC Grossman,Nir, Thaler,Volansky, Zupan,arXiv:0706.1845
[ 1 023 0)
FOKM
To an accuracy of (?(0.05) tuc =1 —-023 1 0

\ 0 0 1)

New particles (i.e. heavy vector-like quarks) that couple to the SM quarks

decay to either 3rd generation quark, or to non-3rd generation quark, but
not to both.

If ATLAS/CMS measures BR(q3) ~ BR(q1.2) then this excludes MFV.

MFV prediction for events with B’ pair production:

F(B"F — X{jqulj, )
F(BFF — X(}qulj) + F(B'FF — thg(}g)

< 107

Flavour tagging efficiencies are crucial.



e Flavour-violating squark and gluino decays Hurth,Porod,hep-ph/0311075

arXiv:0904 4574 [hep-ph],
to appear in JHEF

Squark decays: Uu; — Hjig ; djiﬁ d; — djig y UGX

These tree decays are governed by the same mixing matrices as the
contributions to flavour viclating low-energy observables.

Squarks can have large flavour-violating decay modes (10% — 20%),

which are compatible with present constraints from flavour physics.

Again: flavour-tagging at LHC important, but difficult

This can complicate determination of sparticle masses: ¢ — bb; — bE}EE



Mgysy M3usy 5

Photon, Z
E

T he indirect information will be most valuable when the general
nature of new physics will be identified in the direct search.

Immense potential for synergy and complementarity between
high-pr and flavour physics within the search for new physics

Flavour@high-pr



Cconcrete example of new physics search:

Separation of new physics effects and hadronic uncertainties

Opportunity for LHCb (restriction to exclusive modes): B — K*¢ti

In collaboration with Egede, Reece (LHCbh,Imperial) and Matias, Ramon (Barcelona)

JHEP 0811:032,2008, arXiv:0807.2589 [hep-ph] and forthcoming manuscript



Key issue: separation of new physics and hadronic effects

Factorization formulae based on soft-collinear effective theory (SCET):

for B — K* formfactors

I = HigP(E} + ¢p@T; ® qﬁiﬁ + O(A/my)
for the decay amplitudes

T = CO¢, + g @ T ® ¢y ger + O(A/my)

L

— Separation of perturbative hard Kernels from process-independent
nonperturbative functions like form factors

— Relations between formfactors in large-energy limit

— Limitation: insufficient information on power-suppressed A/m; terms
(breakdown of factorization: 'endpoint divergences')

Phenomenologically highly relevant issue

general strategy of LHCDb to look at ratios of exclusive modes



LHCb Strategy: Focus on ratios of exclusive modes

Well-known example: Forward-Backward-Charge-Asymmetry in B — K*#t+¢-

03 .
oo | dApp/dg® _aff i
o
1 . ’__.-""'ﬂ.:.-”"'# —
LO .- ==
o = —
o
L T

i 2 3 4 5 6 7
e In contrast to the branching ratio the zero of the FBA is almost insensitive to

hadronic uncertainties. At LO the zero depends on the short-distance Wilson
coefficients only:

gt = qz(C7.C9), g2 =(3.440.6 -0.5)GeV? (LO)

¢ NLO contribution calculated within QCD factorization approach leads to a
large 30%-shift: (Beneke,Feldmann,Seidel 2001)

g2 = (4.39 4 0.38 — 0.35)GeV?  (NLO)

e However: Issue of unknown power corrections (A/my) !



More opportunities in B — K*(K=){+¢—: angular distributions

e Assuming the K* to be on the mass shell, the decay B® — K*0(— K—at)ete-
described by the lepton-pair invariant mass, s, and the three angles &, 0., @
4Ty,

dq? d6, by do

After summing over the spins of the final particles:
- if{qg f;, 05, @) sin by sin A
3o TR *

. b K
\.xl,"i- 1 |1
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LHCD statistics { = 2fb™ 1) allows for a full angular fit!

I = I; + I, cos26; + I3 sin® ) cos 2¢ + 14 sin 26; cos ¢ + I sin ) cos ¢ + Iz cos b
+ I;sin#;sing + Iz sin 26 sin ¢ + Ig sin? G sin 2¢.

e Angular distribution functions:

Ii =Li(AlL/Rr, AJL/R) AoL/R )

depend on the 6 complex K* spin amplitudes
?

(limit Mlepton — 0)
12 theoretical independent amplitudes A; -¢ 9 independent coefficient functions in I

Only 9 amplitudes A; are independent in respect to the angular distribution



Theoretical framework

e Effective Hamiltonian describinu the auark transition b — sété—:

Haa =~ £V, Z (1)O(1) + C() O, ()]

We focus on magnetlc ancl semi-leptonic operators and their chiral partners

e Hadronic matrix element parametrized in terms of B — K" form factors:

® Crucial input: In the mgp — o and Ey. — oo limit

7 form factors (Ai(s)/Ti(s)/V(s)) reduce to 2 univeral form factors (£,,¢))
(Charles, Le Yaouanc,Oliver,Péne,Raynal 1999)
Form factor relations broken by «. and A/ms corrections

e Large Energy Effective Theory = QCD factorization/SCET
(IR structure of QCD)

e Above results are valid in the kinematic region in which

2
g S m _
Eps ~ ; (1 ——+ ‘E’) is large.

mp g

We restrict our analysis to the dilepton mass region s € [1GeV?, 6GeV?]



K* spin amplitudes in the heavy quark and large energy limit

A =(Huy FH_1)/vV2, Ay=H

Vis) Emb

A p =NVaAY?
' mpg -+ mge

(C5T F Co) (s 4 o® ]IT1L“]

Aq [sj 2mg
_|_
Mo — Mprs =

Ajpg = -NvVE(m} — m¥.) [(Gg F Co) (5" — G?E’Jrzc;ﬂ]

Aorp = —5— (C8" F C10)q (mE — mE. — s)(mp + my-)Ai(s) — A Aa(s)
| 2me /s mpg + mp-

! 9 . A L
+ dmy(CEF — et j{(m“g + 3mje — 8)To(s) — —g——g—Th(s) H
Mg — M.

o nT - s ~y 2n 1 ~eff’ :
AL p =+V2Nmp(1-8)|(C§" F Cy ) + —(( 2 CE )| €L (B

T - 1 - Zﬁi'b ~eff i |
ALp = —V2Nmp(1 - 3) [(C5" F Cug) + T{(— o8| eL(BEks)

(1-3)2 {{(‘*.;;ﬂ' T Co ) + 2 (C5T — O }] &) (Excr)

Nmpg
z'ﬁi-f{* \,@

Ao r = —



Careful construction of observables

r
e Good sensitivity to NP contribitions, i.e. to Gf‘ff
¢ 5Small theoretical uncertainties

— Dependence of soft form factors, £, and zf”, to be minimized !
form factors should cancel out exactly at LO, best for all s

— unknown A/m, power corrections

fh_u_u = f“llinﬂ (1 +a:-l,||,g) vary ¢; in a range of £10% and also of £5%

— Scale dependence of NLO result

— Input parameters

e Good experimental resolution



Interesting observables
¢ Forward-backward asymmetry

R | ! - dT[B — K] U d°T[B — K]
App = T d (/ﬂ d(cosf) —/_ d(cos ) )

dg?d cosf ) dg?d cos f
Ao — 3 R{;‘{A”LﬂiL] — R{;‘{A”RAIR]
crEB 2 |J’:1|:| 24 |:il|||~'2 + AJ_|E

Form factors cancel out at LO only for Zero.
¢ Longitudinal polarisation of K*

| Ap|?

Fr(s) = : - :
Ao+ A2+ AL

Form factors do not cancel at LO (— larger hadronic uncertainties)
e Transversity amplitude Az (Kriiger,Matias 2005)

4m;=|ﬂlﬁ—ﬂﬂmg
T A2+ 142

Sensitive to right-handed currents (in LO directly ~ C-fff)
Formfactor cancel out at LO for all s

Zero of A%E} (for C?-ffr # 0) coincides with the Zero of Appg at LO
and is also independent from Cifrff asin Appg.



Projection fit possible for A%ﬂz}, Fr, App

2 , o
dé o 14 —{1—FL)A}I'QDSqu—l—;filmsllqup) \ r— diqrf

dar’ 1’ 1
2

)
i’ _ I (gFL sin® 6 + E(l — F1)(1 + cos” 6;) + App cos gi) sin ),
a6, 4 ]
f !
j;_ = %sinﬁy (:Zi':LCDE2 Ok + (1 — Fp) sin’ oK)
K

Observables appear linearly, fits performed on data binned in ¢
First experimental measurements with limited accuracy is possible

But: A.%?} suppressed by 1 — Ff,

Full angular fit is superior, once the data set is large enough (= 2b~ 1)

much better resolution (factor 3 even in Af]')
New observables are available

Unbinned analysis, g2 dependence parametrised by polynomial



Mew observables

By inspection of the K* spin amplitudes in terms of Wilson coefficients and

SCET form factors one identifies further cobservables

f
e sensitive to Cfff e invariant under 3 R — L symmetries
¢ theoretical clean e With high experimental resolution
(3) [ Ao ‘4ﬁL + AorA| R 4) _ |Aor AT — AjpALR|
..4-}1 — "4? _ o

AELA”L + ApgpA

VI4o?|ALP iRl

Mew observables allow crossschecks

Different sensibility to Gf‘ff via Ag in A?j, A‘:;”

Mext step: design of observables sensitive to other new physics operators

(see also Buras et al. 2008)



Phenomenological analysis

Analysis of SM and models with additional right handed currents (Gf‘ff}

Specific model:
MSSM with non-minimal flavour violation in the down squark sector

4 benchmark points
Diagonal: p= My = M= My+ =mz, =1 TeV tan3=>5

e Scenario A: mz =1 TeV and m; € [200,1000] GeV
—0.1 < (8fg)s, <0.1

a) mg/mg=2.5, (8{g),, = 0.016

b) mz/mg= 4, (67g),, = 0.036.

e Scenario B: mgy=1 TeV and mjz € [200,800] GeV
mass insertion as in Scenario A.

¢) mg/mg= 0.7, (6¢5),, = —0.004

d) mg/mg= 0.6, (6fp),, = —0.006.

Check of compatibility with other constraints (B physics,p parameter,

Higgs mass, particle searches, vacuum stability constraints



Results 2 |A¢|2 _ |A”|E‘

AL = ,
T A 2+ 42
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Theoretical sensitivity Experimental sensitivity (10f571)
light green £5%A/m; light green 1 o
dark green £10%A/my dark green 2 o

Remark: SuperLHCB/SuperB can offer more precision
Crucial: theoretical status of A/my corrections has to be improved
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old observables : data available

Babar FPCP 2008
Belle ICHEP 2008

- 3Re(4) A% ;) — Re(ArA% )
2 |AolP+ AP+ ]ALP

Babar FPCP 2008
Belle ICHEP 2008

| Ag|?

F —
L) = TP 1A 2 AL




LHCb (10fb~1) will clarify the situation
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CP violating observables

e Angular distributions allow for the measurement of 7 CP asymmetries
(Kriiger,Seghal,Sinha® 2000,2005)

e NLO (as) corrections included: scale uncertainties reduced
(however, some CP asymmetries start at NLO only)

(Bobeth,Hiller,Plranishvill 2008)

e New CP-violating phases in Gm,(’;"m, Cyg, and G‘é are by now NOT wvery
much constrained and enhance the CP-violating observables drastically
(Bobeth,Hiller,Piranishvill 2008; Buras et al. 2008)

e New physics reach of CP-violating observables of the angular distribu-
tions depends on the theoretical and experimental uncertainties:

— soft /QCD formfactors
— other input parameters

— scale dependences
— A /my, corrections

— experimental sensitivity in the full angular fit



Appropriate normalization eliminates the uncertainty due to form factors II

65 _ J6s _ Jbs AEFE‘ _ 163 - fﬁs
d(I + ) /dg? V2s ™ 25 4 T2
LML 71 r 1 1.1 1 1t 1t [ Tt T T 1 ”ﬂ‘fl|||
—0.0002 F o0t ]
—0.0004} =
[ + -g01L
I-u- —ﬂmﬂﬁ “L‘;‘
< _0.0008f ~0021
~0.0010} 003t
—0.0012}
: ~0.04
ﬂ-m I - I U-UT L ' ' I L ' I ' L I ' ' LI | ' ' ' '
-0.0005} 0.00 ;
. -00010f + -007¢
< E
[ —0.02}
~0.0015]
5 ~0.03} ;
~0.0020]
: s B . R R S
QE[GEVZ] qE[Getfz]

Orange bands: scale/input uncertainty including formfactors
Red bands: conservative estimate of uncertainty due to formfactors only



A /my, corrections very small due to small weak SM phase

L EEEEE——— Uuo -
[ bs _ Jbs ] [
[ ABs ! ! ] 0.05F
Elﬂﬂ'_— - Tr 28 IES + j_'ES . :
[ 0.04F
- -001f . B
: u:;" 0.03
—0.02LF -
; 0.02f
-0.03f : 0.01F
_ﬂ_{M: .......................... ] ﬂ_m: L
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g2 (GeV”| q° (GeV*|

Uncertainty due A/my corrections significantly smaller than
error due to input parameters

Ansatz with random strong phases ®; , and Cy 5, with 5% and 10%
A= A;(1+ C1e™1) + €% Ay (1 + Cre™?)

Will significantly larger in scenarios with large new physics phases



Possible new physics effects versus exggrimental uncertainties
U":""llllnnn-.... 1 1 1 1 1 1 1T T T 7

preliminary '
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1 -10
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& (GeV?) 1 2 ;sn ﬂd 5 6
|Conp| = 2,99 = 7/8;|C10,NP| = 1.5,®19 = 7/8,|Cp| = 2, P10 = 7/8
New physics not outside the experimental 20 range.

However, all phases (0 — 27) are compatible with the present data
In contrast to observables like At,, CP observables call for Super-LHCb



Future opportunities

e LHCb (5 vyears) 10fb—1: allows for wide range of analyses,

highlights: Bs mixing phase, angle v, B — K*up, Bs — pp,Bs — @@
then possibility for upgrade to IDbe_l

e Dedicated kaon experiments J-PARC E14 and CERN P-326/NAG62:
rare kaon decays K? — 7% and K+ — ntwi

e [wo proposals for a Super-B factory:

SuperKEKB (50ab—1), SuperB (75ab™1)

Super-B is a Super Flavour factory: besides precise B measurements,
CP violation in charm, lepton flavour violating modes ™ — u~,...



Further issues



e NLO corrections included

e A/m; corrections estimated for each amplitude as £10% and 5%

this uncertainty fully dominant

e Input parameters:

mp 5.27950 = 0.00033 GeV | A 0.2262 + 0.0014
mi 0.896 + 0.040 GeV A 0.815 + 0.013
My 80.403 £ 0.020GeV | 5 0.235 + 0.031
Mz 01.1876 £ 0.0021 GeV | 7 0.349 £ 0.020

rivg (1) 172.5 + 2.7 GeV Agdn” 220 + 40 MeV
mpps(2GeV) 4.6 +0.1 GeV ao(My) 0.1176 + 0.0002
e 1.4+ 0.2 GeV Cem 1/137.035999679
fs 200 =+ 30 MeV ay(K*)y | 0.20 + 0.05

fic» 1 (1GeV) 185+ 10 MeV ax(K*)1 0.06 + 0.06

fice| 218 + 4 MoV ag(K*), 0.04 + 0.04

Exc0 1 (0) 0.16 4 0.03 Ap4(L5GeV)  0.485 4 0.115GeV
Ercs 1 (0)9 0.26 + 0.02

£x+ 110} has been determined from experimental data.




More on Kinematics:
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New physics phases not very much constrained (Bobeth,Hiller,Piranishvill 2008)
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Angular distributions functions depend on the 6 complex K* spin amplitudes
Li=L( AL AL/R, AoL/R ) (limit miepton = 0)
Helicity amplitudes: Ay = (Hp FH_1)/V2, Ag=Hy,
I = %(mmﬂ +[ALl* 4+ (L — R))sin® 0k + (|AoL|* + |Aor[*) cos® O
= asin® 0k + beos® Hre,
Iy = iﬂﬂulz + A [*) sin® 0 — |Agp|* cos® bk + (L — R)

= csin’ @ + d cos? e

1
2

(JALL]® — [A)L[*) sin® Ok + (L — Rj} = esin? A,

1 | o |

Iy = ﬁ[ﬂe(ﬂnLAlesinﬂﬂg — (L — R)| = gsin 20,

Is = E[HE[AMLAlL}sillEHK — (L — R]] = hsin® O,

I = vﬁ[[m(ﬂnLAﬁL]sin 20k — (L — R}} = jsin 20k .
1 . . .

Is = —|Im{Ag ;A 7 )sin 20 + (L — R)| = ksin 20k,

5 ‘ﬁ[ \Agr A1) K+ } K

Iy = Im[ﬂ.ﬁLAlesinzﬁg + (L — R]] = msin? G .

11 coefficients to be fixed in the full angular fit, but a =3¢ and b = —d



7
12 theoretical independent amplitudes A; < 9 independent coefficient functions in I

Symmetries of the angular distribution functions I; = Ii( A 1/r. AL/r: AoL/R)

(angular distribution spin averaged)

e Global phase transformation of the L amplitudes
Al =€ A, AhL = Ei‘i’LA”L, Agp = €L A

e Global phase transformations of the R amplitudes
Alp=€RA g, A=A g, Agp =R Apg

e Continuous L-R rotation

!

A = HcostA p +sintA’ 5
Alp = —sinfA%; +cosbA g
Ay = +cosfAgp —sinfAL,
A;]H = +sinfAy; + cosfAgr
Ay = +cosfAp —sinfAj,
Ajg = +sinfAi + cosfA g,

Only 9 amplitudes A; are independent in respect to the angular distribution

Observables as F(I;) are also invariant under the 3 symmetries !



Transversity amplitude A}
Defining the helicity distributions '+ as 1, — |H%, |2 + |HE, |2

one can define (Melikhov,Nikitin,Simula 1998)

JRE I e q _ Z2ReAAL)

TUToAT T T AP

Very sensitive to right-handed currents (Lunghi,Matias 2006)
Very insensitive to A/m; corrections

Formfactor cancel out at LO for all s

Big surprise:
A.':Tl} is not invariant under the symmetries of the angular distribution

— A{T” cannot be extracted from the full angular distribution

— LHCb: practically not possible to measure the helicity of the final states
on a event-by-event basis(neither as statistical distribution)

— Mot a principal problem, but A{Tl} not an observable at LHCb or at Super B

(measure three-momentum and charge)



e Region s < 1GeV?
— corresponds to information which is tested out by the b — sv mode

— lower resonances complicate the theoretical description

— longitudinal amplitude generates a logarithmic divergence in the limit
s — 0 indicating problems in the theoretical description

transversal amplitude however is fine, so observables based on it free
from this theoretical problem

— electron modes preferable (lower cut)



SLHCb versus SFF Important role of A/my corrections

Measurement of inclusive modes restricted to ete~ machines.
(S)LHC experiments: Focus on theoretically clean exclusive modes necessary.

Well-known example: Zero of forward-backward-charge asymmetry in b — sfti—

NNLO + QED
0_3_' T I:I_lj:l""l""l""I""I""I""
o2l dApg/df* 010
ol | ] ,. nosk p
Lo - dA [ dg” ; r_
0 = — ' oooR r
. - i a | | i
=1 ;H_:%__ L o ] {ii} 'Ill {L?z —|:|.|:|5; .I. _,."‘
-2t I":T_lo 1 —D.lﬂ; Il"- ;._.-"'-
o3t T
1 2 3 4 5 6 7 0 1 2 3 4 5 6

q: (GeV?)
Exclusive Zero:
Theoretical error: 9% 4 O(A/my) uncertainty FEgede Hurth Matias,Ramon, Reece

arXiv:0807.2589
Experimental error at SLHC: 2.1% Libby

Inclusive Zero:
Theoretical error: O(5%) Huber,Hurth,Lunghi,arXiv:0712.3009

Experimental error at SFF: 4 — 6% Browder,Cluchinl,Gershon,Hazumi Hurth,Okada,Stocch
arxXiv:0710.3799



Present bounds on GT and C,:__ Bobeth et al, arXiv:0805.2525
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Test ot allowed region around CF:. = 0 in the 5 and CF:. plane
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new observables




Comparison between old and new observables
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The experimental errors assuming SUSY scenario (b) with large-gluino mass
and positive mass insertion, is compared to the theoretical errors assuming the SM.



Present role of time-dependent CP asymmetry B — K™y
Theoretical status of CP asymmetry
— General folklore: within the SM are small, O(ms/ms)
e e

My 80y Fp b ODop =
1672 WA = T6n

Mainly: B — Xy and B — Xsvr = almost no interference in the SM

— ; -y His
@TL = gmsa"d ST PL bl .

— But: within the inclusive case the assumption of a two-body decay is made,
the argument does not apply to b — svygluon
Corrections of order O(as), mainly due operator Oz = Y%®MS /5 ~ 0.025

= 119 right-handed contamination
Grinstein,Grossman, Ligeti,Pirjol, hep-ph /0412019

— @QCD sum rule estimate of the time-dependent CP asymmetry in BY — K*%
including long-distance contributions due to soft-gluon emission from quark loops
versus dimensional estimate of the nonlocal SCET operator series:
Ball,Zwicky,hep-ph /0609037 < Grinstein,Pirjol,hep-ph /0510104

S = —0.022 +0.015%7,, §*M" = _0.005 +0.01 — |S%""| ~ 0.06

Note: Expansion parameter is Agop/Q where (Q is the Kinetic energy of the hadronic
part. There is no contribution at leading order. Therefore, the effect is expected

to be larger for larger invariant hadronic mass, thus, the K* mode has to have the
smallest effect, below the ‘average’ 10%

Experiment: S = 0.19 + 0.23 (HFAG)



Future role of time-dependent CP asymmetry B — K™

2lr| . 0 0
Skeny = — TE P sin (2,8 — al‘g(CT{: jC%}) . = G%/G?{ )

superB: AS = £0.04 ar X1v:hep-ex /0406071

LHCb: B; — &
S'I-’y = 0=+ 0.002 Siﬂ(tﬁﬁs)f Muheim, Xie Zwicky,arXiv:0802.0876

AST = 0.047 + 0.025 4 0.015 cos(¢s)!

LHCbH (2fb~1): AA =0.22 Golutvin et al., LHCb-PHYS-2007-147



