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Working groups

WG I
WG II
WG III
WG IV
WGV
WG VI

Precise determination of V4 and V

Determination of V,, V, V. through inclusive / exclusive semileptonic B and D decays
Rare B, D and K decays

Lifetimes, mixing and the corresponding phases

y (¢,) and related measurements

Angles from penguin dominated B, ,, decays
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V,,and V,



Methods

V4 from:
O Nuclear beta decays

O Neutron beta decays

Vs from:
O Kaon decays

O Hadronic Tt decays
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V 4 from nuclear (-decay (1/2) Towner

-

MASTER EQUATIONS

N EXPERIMENT CVC: Ft = ft(1+6,)(1 — (6c —dng)) = constant
v K K 273 h In 2
K il = — - 5
=y v 2G2Ft(1 4 AgR) (Fe)s  (m.c?)’
f = statistical rate function f(Z.Q..) where
Jt = experimental nuclear ft values.
t =t1,2/BR = partial half life _ _
' JFit = average corrected ft values (13 cases).
(T4) = isospin ladder operator matrix element Gr = weak interaction coupling constant

— /2 for isospin T' = 1 states
(from muon lifetime).

Nucleus-independent component Ag ”
Nucleus-dependent component 0k ( = calculated radiative correction.

Nuclear-structure-dependent component d g
d0c = calculated isospin symmetry breaking correction.
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V 4 from nuclear (-decay (2/2) Towner

V., =0.97425 + 0.00023| | Compare:

neutron V= 0.9746 £ 0.0019
pion V. =0.9749 + 0.0026

Superallowed Bdecays

yield most precise values!

CKM unitarity to
0.07% !

V2 + V2 + V2 =0.9996(7)

/

Nuclear 0"~ 0"

Via= 0.974250.00023 Robust experimental value ...

30F -
] L]
o ~ . 0975F Via
< 20F -
.‘E 50 Ar 0.974 [ ] I I -
£
1
s 10 0.073 } L -
199'11 zm;m 2010
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V , from semi-leptonic Kaon decays (1/3)

EExtraction of V¢

2 GFE

- C M’ Ko o
r('ﬁ‘ 1'3['11')) - KIQZEB : ‘gEIi" | Vu,glz Ifl— (O)F I Iﬂ(l’t{}) (l—E_aKS{.T{Z}_I_aﬁrem)“

with K=K* K% {=e, yt and Cp 7 =1/2 for K*, 1 for K°

Inputs from theory:

g, W Universal short distance

EW correction (1.0232)
. oX sp) Fomm factor correction for

Talk by Neufeld strong SU(2) breaking

T~ Skt Long distance EM
em
effects
ﬁﬂﬂ %(0) Hadronic matrix element ]
at zero momentum CT

/ transfer (#=0)

Talks by Flynn and Simula

Inputs from experiment:

L'(Kj3¢)) Branching ratios with
well determined

treatment of radiative Talks by
decays; lifetimes Sciascia

Sibidanov,

I.{A) Phase space integral: A’s
xdM) b N Wanke

parameterize form factor
dependence on £ :

K,;: only A,

&

K, :need A, and A,

Talk by Passemar
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Sciascia

|-_aw A The FlaviaNet Kaon working group

KaonWG

* The FlaviaNet Kaon WG (www.Inf.infn.it/wg/vus/). Recent kaon
physics results come from many experimental (BNL-E865, ISTRA+,
KLOE, KTeV, NA48) and theoretical (Lattice, ¥pr,). The main
purpose of this working group 1s to perform precision tests of the
Standard Model and to determine with high accuracy fundamental
couplings (such as V) using all existing (published and/or
preliminary) data on kaon decays, taking correlations into account.

* WG note: Precision tests of the Standard Model with leptonic and
semileptonic kaon decays, arX1v:0801.1817 [hep-ph] 11 Jan 2008.



V , from semi-leptonic Kaon decays (3/3)

Fwav A Determination of |V, |*/,(0)
2 2 5
_ 2 : [ \2
T 0) = 103 SewlVasl' 1fe OP I, ) (1485 5y705+5,.,)
0X. cuntl to ‘10 err from:
0.215 0.2175 % err ﬁ]R | F
— e K,e3 0.2164(6) 0.26 0.09 0.19 0.11 0.09
"*afc WG
e e Ep3 0.21706) 029 010 0.18 0.11 0.15
- KSES_ 0.2156{13) 0.62 0.60 0.03 0.11 0.09
T K3  0.2174(8) 0.38 0.26 0.13 0.25 0.09
f+{[})xuus o K—*].IS 0.2177(11) 0.51 040 0.13 0.25 0.15
0215 02175

Average: |V, | £,(0) = 0.2167(5)  x¥/mdf = 2.83/4 (59%)
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V. from hadronic Tt decays (1/2)

Pich

Hadrons

I“(r_-—} VT-FI{adIDHS)

1_'(-1'-'_ —> V. e V, )

R. = N_S

YEW

(1+§P+§NP)

The T could give the most precise V. determination

= From present T data one gets:

Vius| = 0.2165+0.00265, +0.0005,,

exp

= Accuracy similar already to Kys:

v,

us

[/.(0)=0.97+0.01]

Interesting challenge for the B Factories & BESIII



Pich

V. from hadronic Tt decays (2/2)

Huge number of t*t~ events at the B Factories

1 i 172‘- 1.4
Vs, GeVic?

— Total spectrum

= K conribution

= l‘{ll'|-|-|[|'| contribution
Scalar contributiom

= 4 plus Scular contr,

10" dr/dys

(i =

1
00T -

L L L L I
0.5 ] |

M, . (GeVic) Vs [GeV]




D° mixing
and
CP violation




DO : mixing and CP violation Golowich

Standard Model :

O Estimate of y 5 ~102 but hadronic corrections tricky

d Xy more problematic to calculate

New Physics :
d Many models can yield sizable x , but not all

0 Charm mixing data will provide contraints
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DO : miXing Coleman

O

It took ~30 years to find evidence for D  © mixing

O First evidence announced at Rencontres de Moriond in Ma rch 2007

d ... and now the “no mixing” scenario is excluded at ~10 o!
2 0
O Results from several experiments T2 EZE
1.5 . i

d Absolute values of x jandy,~ 1% o5
compatible with SM predictions

x(%)
=1.00£, 5 % 3. 4G

y=0.76%, |2 % 410
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DO : CP violation Staric

O No evidence found up to now !

AGE =(-043+0.30+0.11)%

AT = (40,43 £0.52 4+ 0.12)%

consistent with no CPV

0 Many decay modes used in searches

O Most stringent constraints from decays to CP eigenstat es (KK, Tt
and with Dalitz analyses of 3-body charge-conjugate s  tates (Tt T)
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BO _, KKK, Fujikawa
PRL 98 (2007) 031802
= 535 MBB
lﬁ. 40f(c) B” > KKK 9=+
o 30
@ 20
£ 10
o of
£ost
£ ofF
Z-05}
IR & Bh N PS5 ?HC :
K K K.S_,vs C 8 R
o SSEEPeWTaTE paBar - 0.16+0.17 +0.03
(oreliminary) . | Belle  —0.31+0.20+0.07
BABAR RESULTS 0z | Average -0.23+0.13
NEW FOR CKM2008 L)) anat= s
© 7 BaBar 0.90+ 232 + 093
- Belle 0.30 + 0.32 + 0.08

Eduardo Rodrigues
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Other analyses include:

Dalseno / Fujikawa / Gaz / Virto

U 0O 0O O

Eduardo Rodrigues

O > 0K,
° >N K
BO o K¢ TP
BO _, K, TP

I
ackground

subtraction

Events / (0.004 GeV/c™)

Events/(0.006 GeVic

Golden
modes!

E

B

-
=

w
=

P
+ $ 4 % ++

2 524 526 528
Mbc (GeVic®)

525 526 527 528 52

M, (GeVic?)

Events/ 0.05

O B, - K*K*

(mixing angle measurement)

80
60
40
20

8

|

il

l-—’»-}"ﬁ 44 ' E

2

.5 06 07 08 09 _ 1

ab

657 MBB

e First measurement
* M, calculated from
direction of K, cluster

* K. n%signal

285 £ 52 (stat) = 57 (syst)

3.70 (including systematics)
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y from tree-level decays

1.Unitarity Angle Gamma : T.Gershon
2. Gamma from charged B decays at Babar Af‘.CtII(\jlle V.Tisserand

3. Belle results for phi_3 measurements P A.Bondar

4. Gamma from neutral B decays at Babar V.Sordini

5. Time-dependent CP asymmetry in BO->D* -1t M.Iwabuchi

6. CLEO_c Impact on ADS Determination of gamma J.Libby

7. CLEO_c Impact on gamma from B->DK, D->K jrut J.Rademacker
8. Measuring weak phases using B->D*V modes R.Sinha

9. Test of flavor SU(3) symmetry and weak phase gammafrom B->Kp C-W.Chang
10.Gammafrom UTFIT V.Sordini
11.Gamma from CKM fitter K.Trabels
12.Time dependent measurements of gamma at LHCb A.Carbone
13.Gammaat LHCb with ADS/GLW strategies A.Powell
14.Gamma at LHChb:Dalitz fit and global precision G.Wilkinson
15.Prospects for gamma (phi_3) at the SuperKEKB P.Krokovny

16. Prospects for gamma at Super Flavor Factory F.Martinez-Vidal



How to measure vy Gershon

* Focus on theoretically pristine measurement

- Interference between

U (s
Wﬁ o)
b

(] o

* colour allowed * colour suppressed
* final state contains D°  « final state contains D°
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B - D K: many modes for a given method Gershon

» B—DK with any D decay mode that is
accessible to both D° and D° is sensitive to y

- M.Gronau & D.Wyler, PLB 253, 483 (1991)
- M.Gronau & D.London, PLB 265, 172 (1991)
- D.Atwood, |.Dunietz and A.Soni, PRL 78, 3257 (1997); PRD 63, 036005 (2001)

* Different D decay modes in use
eg. K'K, K1) “GLW’

- CP eigenstates (

- Doubly-suppressed decays (eg. Km) “ADS”
(
(

- Singly-suppressed decays (eg. KK") ‘GLS”

- Three-body decays eg. Ksn‘*‘n‘) ‘GGSZ / Dalitz”

- Other possibilities exist ...
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An example from BaBar ... Sordini

Tirni= d—'r)—*md—'mr Jr:JIJr/ olor driclysis of
B—DF 1 =, rasulis onl 265

Phys. Rav DT? 071102, 2008

Analysis performed on 347 millions of BB pairs.

Number of signal events N=558+34 (likelihood fit on m

s AE and event shape variables)

.:J_j-":' 160 i F 4
£ 140 T 500F; 5
120 = : =
() r —
) E 100k :i:_ 4L'IU: %
o “E a0k % 300 g L‘*}
= £ & s e L
D £ 60 20[} '
A = 40 Fegth W
I 20 mu t 1
=d 0517555 5.26 527 5.28 5.2 f} B 10012 50 15 20 25 30
P4 myg (GeVie’) me th mt ) {GeVcl) (D) (GeVEe?)
-

Ly

error statistically dominated, main systematics
from the background Dalitz plot parametrization

HHI it

0 04 06 08 1 3
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2B+ y=(83+53+20)°(mod.180°)

Behaviour of the error for
different fixed r values: scan of + 100
2f+y asafunctionofr=|A/A | N 50

Vol Sarding G



B - Krmot: Dalitz analyses Zupan / Lathan

Ciuchini, Pierini, Silvestrini, 2006; Gronau, Pirol, Soni, JZ, 2008, 2007

# relative phases of B — K7 amplitudes from B — K

# nopenguinsin:  3Ag, = A(K™ 77) + V2A(K 079 7%

» in the limit of zero EWP | :h 2R,

=Py = — /2 x arg (f_l:{f'szﬂ:a,-’:a} ,"i'“ R, ',’ e

#» with EWP (0= 027 =3(0s + )/ (232100 + €2))) A,/ r,f’#/_, l 32

i} B NIF// ! A'{'_r _]-q‘“,
i = tan 8y 5[5+ C[L — 2Re(rys)] + O(r35)] L200] N Sl
[ A 20y, N
s for Kx: 1y = 0in SU(3) limit i A e

» 130 coOrrection to this Neubert-Rosner shift
# 1y < 0.05 using naive factorization
& 1z = 0.064 +0.045 + 0.023 using SU(3)
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Summary of K* rtand pK analyses Lathan

Branching Fraction (10-9) Aco (%)
Mode Exp. QCDF Exp. QCDF
K"0xn* 10.0+£0.8 89116 217 0.16 £0.16
K**nt 69223 53+£0.8 4 +29 417
K*m- 10.3+1.1 91+1.7 -25 + 11 -48 £+ 8
K 2407 39208 -15 £12 47 +1.1
oKD B0, ., 103+£2.0 -12 £ 17 0.53 £0:21
K 3B+05 48+0.9 42 £ 5, 46 £ 6
O K- 86£%,, 134.22.3 1556 314146
KD 541099, 19+£13 1 %20 3.3+ 1.9

Expenmental numbers from HFAG Summer 2008, QCDF predictions from Chang et al,, arXiv:0807 4295v3



B - Krot: LHCDb developments Guerrer

« B? — Krr® will be difficult — use a different method
* One nominal year of LHCb data on B* — Kmmmr
2 orders of magnitude more events than the B factories!

y ¢ B+ — K+m+mw- and BO — K n+m-

» the ability of measuring 3 1s related to it's own
value and the ratio r =T / P in B8 — K* «

dominant ceatributions for K* resonance

P L
B+ — K*B o+ ¢ VDt V*ts P B i 7 = wWg Can measure r
a EE’“ = conflicting theoretical predictions
. i, 5' Beneke, Neubert Nucl, Phys B673, 333[2083)
BG — K*+ m- o VDL V*Ts P o+ Wbu Veus T z U, aj Buras et al, Phys. Rev.Lett 92 101884 (2084}
! e———d Monte Carlo test
1" step: amplitude analysis of charged B - U » 188 samples of 188k B@ events
= extracts B= : Vbt V¥ts = a e w-<: = no background nor acceptance included
A Vet Vits « a2 e = inputs inspired BaBar
which should be equal in absence of weak i 3 by
phase » input y = 69" , r = B.45
- paﬂr;arneterb all{:l:" extracted relative to = extracts ¥ = 59
N
which should have same comtribution in
neutral decay, allowing comparison of
parameters
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B - hh:some results from CDF Volpi

; ; & ; CDF Run Il Preliminary L_=11b"
Determination of sample composition

provides ﬂi 14uun;— W L
1. Observation of new Bhh mode: Q 1200- Eg;;:’.“j'w
Bs—Km 8 1000, T ——
2. First observation of A,—ph decays: % ' Ehijf
A, —pm and A,—pK 3 ii:rfr:ﬁ.ﬁ;_
3. Unique sample of B,—KK S i L
4. B-factories-like samples of B, —nm

and B,—Km
A wealth of measurements is extracted
: BR(B,—Kn) and ACP(B —*'Rn') "t
{mproved BREB 0. B
3. BR(A,—pr) and ACP(A, —*prr}
4. BR(A,—pK) and ACP(A\,—pK)
All BR are measured relative to the reference mode B, — Km to cancel common
systematic uncertainties

Eduardo Rodrigues Glasgow PPE Seminar, 2 October 2008 27139

5.1 53 54 55 56 57 58
Invariant tr-mass[GeV/c?]

d

Constraints on gammal!




B - hh: direct CP asymmetries

Lin

D

N

S 750F (a) K" - (b) Kt
%)500:— S
(Q\ E C

0 250

Lo

BELLE

K* 7 -0.09410.01810.008 (4.7 ¢)
K+ 7 9: 0.0740.0310.01 (2.30)

7 * 70 0.0710.0610.01
Acp(K*7-) - Acp(K+ 7 9)

| T T T
5.2 5.25

M. (GeV/cZ)
+ 0.006
—-0.107£0.016 _;5, BaBar +0.030+ 0.039+ 0.010 BaBar
A (Kr)= 4 T00942001820.008 Belle a  (k+ro) = { +0.07+ 0.03£ 0.01 Belle
cp —0.086* 0.023 £ 0.009 CDF —~0.29+ 0.23+ 0.02 CLEO
—-0.04+ 0.16 + 0.02 CLEO
. -0,098 ,_,8:8%% @810 AVG = +0.050f 0.025 @2.00 AVG

DA = Acp (KTTT) = A, (K*TD)
= -0.147+ 0.028 @ 5.30

Eduardo H

bgow PPE Seminar, 2 October 2008
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Y. UT, versus CKM ..,

Trabelsi

Sordini

o
T T T _ T T T _ T T T _ T T T _ T T T (==
e 24| i
=il A
5 = :
<C T 7
- P [~
=l Ef -
S of o
e i " i
——— Q
Z — e —H =
S [ 18
<. o A
N - ]
B o
(@m)] B q
<C - -
N B
o
W (7p] " 8
—1 & o [
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Q1
e QT o
- o
NE D s
A,
* * cr
~— ~— S |— o
i a | = =
E}
! © I
5 1 o E.-
! 1 e
1 1 .m | - s m
= | ~.
= =
! N =
@ ol
2 EL S
98 =t
S Y
w L 4
1 1 1 _ 1 1 1 _ 1 | /- _ 1 1 1 _ 1 1 1 o
o o © <« o o
- o o o o o
=
-
s
=
o
A o
AT R ) =
4 "twufe@V@NoW.Wo.W%WWMM%MMMMM
o

e AT TR
7 R I PR
AT (e e PN N O N N, o
PR R R PR PRI KIS KIRNS o
XA PR FIRIIEHEI
SENCROOROCH _

Ausuap Ayjiqeqold

Y (deg)

) ,[20] = (29" 113")

y=(707%

(78+12)° ,[20] = (54° 100°)

y:
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Rare B decays



Methods

d b - s/dy ,inclusive and exclusive
d b - sl*I- | inclusive and exclusive

d b putp
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b - s/d y: theory Greub

O Provides stringent bounds on many models of New Physi CS

First estimate at NNLO

M. Miziak et al. ‘08

_ B B LT 4
B(B— X)kire Y = (3.1540.23) x 107 ol ==L0 ==NLO ==NNLO
To be compared to F e
B(B — Xy)5a>106Y = (3,52 £0.23 £ 0.09) x 10~ N ——
Inclusion of NNLO corrections Yoo i | a0
leads to a notable reduction of ; uw [GeV]
renormalization scale — R
dependences. S
!
Most pronounced effect occurs for i
L) /
charm quark mass scale that was L T ..
. i ] | | | |
main source of uncertainty at 2 4 6 8 10
NLO. e [GaV]
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b - s/d y:inclusive measurements

Gardi / Limosani

i® : el
i % e E 2l I 5
ikl :
| e L :
B s ] 1 :[I E
- il TLIT
g >
1 2 8 F] hlet . *3
CLEO BABAR Belle
9.1/fb ON 61.5th ON 140/4b ON 605/4b ON
41.4/tb OFF 9.0/tb OFF 15/tb OFF 66/4b OFF
E*,r - ED G'@R_ E\r - 19 Ge-‘lr E"f' = ].S GE"T E\r = ].: Gﬁ“-\r

PRLS7, 251807 PRLI7, 171805
(2001) (2000) (2004)

PRL93, D61803

ar=aiv:0804.158(0)

But theorists recommend to use a cut-off at 1.8 GeV ...

“Matching” between experiment and theory at an energy cut-off of 1.6 GeV.

Eduardo Rodrigues Glasgow PPE Seminar, 2 October 2008
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b - s/d y: exclusive decay measurements

Nishida

~ pAY apiizoos | 1 N€ range of
— ouo experimental results
Ky = rodzoe keeps expanding
— K'r T Ky 3.30 measurement of
s - B — Kn'y the latest
- “_f ——-—”"__ KGI-IY
— v, A
=:| KOC1400) __.:;_”T:—J: KE‘(1430)T

Eduardo Rodrigues

— .L Ko%(1430)

= S ke
e R g
e ey ® K:;:D +
oo e A | i
R W w T WMp————— Kﬂ:ﬂ +-—D
. e Oty aad
. e -— RT'n
S i S i R K1(127’0J Y
A 1ER0 Y
%0 40 @ @00

Branching Ratio x 106
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b - s/d y: direct CP and isospin asymmetries

Nishida

Charge asymmetry

[sospin asymmetry

[(B—K*y)=T(B—K*y) (B’ — K'%) —T(B* — K**+q)
R e ——— — | 2o =—F———"— :
['(B—=K*"y)+T'(B—=K*vy) B — K ~)+I[(Bt — K*tx)
BaBar BaBar
-0.009 £ 0.017 £0.011 0.029 £ 0.019 + 0.016 £ 0.018
BELLE BELLE

-0.015 £ 0.044 £ 0.012

Eduardo Rodrigues

0.034 £ 0.044 £ 0.026 £ 0.025

This humber hecomes
Interesting in comparison with
measurement in B - K9 '

Glasgow PPE Seminar, 2 October 2008
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b - s/d Il Feldmann / Hurth / Lunghi

Arg :
O Calculations to fixed-order NNLO
0 SM predictions with 5-15% errors

Rates and amplitudes:
d Theoretically safe region: 1 <q 2<6 GeV?

0 Experiments strongly encouraged to focus on this windo w
(e.g. Babar goes down to 0.1 GeV ?)

New observables :

d  Good exp. resolution e
)~ i

O Small theor. uncertainties T AP+ A4

(4 [ Aoz A’y — AdgAlr

P ——— Y n —
. 1‘.,’ '11!|: !' | 8 | _ilhr 4"! + '_hllirlr-"‘l “.
Eduardo Rodrigues Glasgow PF



b - s/d I*l-: A;®in different SUSY models Hurth / Patel

-1 SRR G AL R T 25F 7

20[ B ] 20

¢’ (GeV’)
Theoretical uncertainty Exp uncertainty at LHCb
Light green Light blue
5% A /' m_corrections 10 contour at 10 fb-1 @ LHCDb
Dark green Dark blue
10% A / mb corrections 20 contour at 10 fb-1 .@) LHCDb
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B

- K* 171

. forward-backward asymmetry

Schilling / Patel

Eduardo Rodrigues

Results are compatible with

SM but are certainly
Interesting!

Great prospects for LHCDb to

resolve this.

Expect O(2k) events in 2009

0.8
2., Anexample 0.5fb experiment

<

-1
¥

1
A== i
- #

Belle (ICHEP '08)
,g"._
T
10121 T ﬂ'.1'a 20
q°(GeV-Ic))
BaBal (ICHEP '03} _
oz |
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Conclusions and Outlook
- Many many updates and new techniques presented
- Impressive achievements by BaBar, Belle and CDF
- Unitarity of 1 st row of CKM matrix confirmed to 0.07%

- Particular focus on complementary measurements of
- Still only known to about 10-30 degrees

- LHCDb is finally in the spotlight ;-)



