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Outline of the talk

» Charged leptons
- (g-2)H and associated measurements

- charged lepton flavour violation: y and 1 decays

 Quarks & hadrons
— flavour oscillations and CP violation

- assorted measurements of CKM matrix elements and
searches for new physics

- kaons: [V _|[; lepton universality tests; rare decays
e bottom: Unitarity Triangle angles; rare decays

* Global fits and summary
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Charged leptons



Muon Anomalous Magnetic Moment

iz

Final result of BNL E821

PRD 73 (2006) 072003
a® = (11659 208.0 + 5.4 +3.3) x 10"

 Standard Model prediction:
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Muon Anomalous I\/Iagnetlc Moment

Final result of BNL E821

PRD 73 (2006) 072003
a® = (11659 208.0 + 5.4 +3.3) x 10"

« Standard Model prediction:

a® = (11658 471.81 + 0.02 (QED)

+15.32 + 0.18 (weak)

+690.30 + 5.26 (had,LO)
~10.03 £ 0.11 (had,HO)
+11.60 + 3.90 (had,LBL)) x 10®  w-\

-
=}
N

DA A A A A

[
=]
&

=
=]
0

Number of Positrons/149ns

= (11 659 179.00 + 6.46) x 107 AR AN LY NN e

i34 % as100 ps

WO ,,:;.“f\ % ~
f\a‘ﬁ\ AVAVATSY AVA% % A a«?«x\‘ «( AR
¢ " “w‘ WA ATATAY.

102 WA 2 "'W W

_]D Y M@ W ‘\’r i W ’w 700-800 s
—_— ¥ /

-aeD—a =(29.0+9.0) x 10 ’“WWWW A
u 800-850 pis

i M 0 10 20 40 50 60 70 S0 19‘_0 100

ime ps

Tim Gershon

1 Aéak Dechys! CPV & CKi F.Jegerlehner & A.Nyffeler,
T Phys. Rept. 477 (2009) 1110



Muon Anomalous I\/Iagnetlc Moment

Final result of BNL E821

PRD 73 (2006) 072003
a® = (11659 208.0 + 5.4 +3.3) x 10"

« Standard Model prediction:

a® = (11658 471.81 + 0.02 (QED)

+15.32 + 0.18 (weak)

+ 690.30 + 5.26 (had,LO)
—~10.03 £ 0.11 (had,HO)
+11.60 + 3.90 (had,LBL)) x 10 -,

L 7| 400-500 ps
11 659 179.00 = 6.46) x 10° ANy
— 5 ¥V "‘:,«"_.:\,:’."’»."&'.,;',?». Ao
( . _— . ) X A P VROV M YV i '5:/»\ ‘o;w;"’&\;s;n

w’; ’\; 600-700 s

] f' \,; FAVANAU AT W A ;
0 2—, N h % v V} W I W%W’AMQ WMW M % ,; *'*“a »I »“c.
S\A b W l 0"' W* W ‘\’r L W ’w " 700-800 s
a ep a — ] *ﬁq w ww M‘M ﬁg Wﬂ
o - 1 800-850 s
M 0 10 20 40 50 60 70 80 90 100

Tim Gershon e
1 Avéak Decays! OPV & CKM F.Jegerlehner & A.Nyffeler,

ot Phys. Rept. 477 (2009) 1110

Number of Positrons/149ns
- [

=




Hadronic vacuum polarisation

1 M.Davier et al.,

had ® arXiv:0908.4300 [hep-ph

au" . 3f2dsK(s)0+ hod [hep-ph]
47T m., e e — hadrons

« Kernel function K(s) ~s* - low s (e'e” = 't (y)) dominates

* |n practise, apply cut off

- Below 1.8 GeV use data NEW MEASUREMENTS
KLOE, BABAR

« e'e -~ hadrons (rt'n, Mm%, K'K™, etc.) <«

T TtV plus theory (isospin breaking, etc.) <— NEw MEASUREMENTS
- Above 1.8 GeV calculate from theory (pQCD) BELLE

27

uncertainty

central value

R.E>1.8GeV
I other, E < 1.8 GeV
Tim Gershon
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New e'e” - 1Tt (Y) Results

M.Davier et al.,
arXiv:0908.4300 [hep-ph]

« KLOE PLB 670 (2009) 285
- 240/pb e’e" - (Y)Y, atthe @

Cross section [nb]

- Initial state radiation y not tagged

e BABAR  arXiv:0908.3589 [hep-ex]
- 232/fb e’'e” - ' (Y)y,,, near the Y(4S)

- Initial state radiation y is tagged
- Ratio with e'e™ - p*p‘(y)yIER

auhaUlLO [e'e]=(695.5+4.0, +0.7 )X 10
au“adLo [e'e] — aphaOlLO [1] = (6.8 £ 4.5) x 10™®
a ¥ = (11 659 183.4 + 4.9) x 10”
® —a® =(24.6+8.0)x 107
recall: was (29.0 + 9.0) x 10™®

Including new au“"dLEL calculation from
J.Prades et al., arXiv:0901.0306 [hep-ph]

a
U
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New e'e” - 1Tt (Y) Results

M.Davier et al.,

« KLOE PLB 670 (2009) 285
- 240/pb e’e" - (Y)Y, atthe @

Cross section [nb]

- Initial state radiation y not tagged
e BABAR  arXiv:0908.3589 [hep-ex]
- 232/fb e’'e” - ' (Y)y,,, near the Y(4S)
- Initial state radiation y is tagged
- Ratio with e"e” - p"p(y)y 4
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Including new au“*‘“EL calculation from
J.Prades et al., arXiv:0901.0306 [hep-ph]
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Prospects for (g-Z)H

* |[mprove experimental precision
- FERMILAB-PROPOSAL-0989 aims for 0.14 ppm
- factor of 4 improvement from BNL E821
- reuse of E821 storage ring at FNAL

* Improve Standard Model expectation

- further measurements of e'e™ - hadrons
- uncertainty from 1t = that from others combined
— precision studies of tau spectral function
- KLOE, BESIII, CMD3, SND, BABAR, BELLE
- continued progress on theory
Tim_Gershon
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Charged lepton flavour violation

» Lepton flavour conservation: one of the original, and
remaining, puzzles of the Standard Model

* Neutrinos oscillate - lepton flavour is violated

» Charged lepton flavour violation (CLFV) suppressed to
unobservable levels (O(10™)) by small neutrino
masses

 CLFV signals: FCNC decays of y and 1

- U->ey, 4—e conversion, T- Jy, T- JUU, etc.
 Observable CLFV - smoking gun for new physics

* Many extensions of the SM induce CLFV signals

Tim_Gershon 12
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The muon to electron gamma
(MEG) experiment at PSI
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First Preliminary MEG Resu

It

arxiv:0908.2594 [hep-ex]

« Experimental challenges T.Mori at LP'09
— control accidental coincidence: require excellent timing on both e

andy

- distinguish background from radiative muon decay: require

excellent (E,p) measurements for both e and y

« Signal yield determined from simultaneous fit to five
discriminating variables: Ey, E te/, 96/ and ?,,

* 90% confidence level upper limit

- N, <147 (Feldmann-Cousins) é s dey peak postion”
o 10 P
e B(M'-e'y)<3x10" @ 90% C.L. £ Ex
E y
e Current best limit < 1.2 x 10" = 10 It
MEGA experiment e
PRL 83 (1999) 1521 N
Tim Gershon g s
1_ V\_/e_ak _D_ecayg, CPY & EK_M N 50 55

\"'--_-""

60
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Lepton Flavour Vlolatmg T Decays

T-ey and 1- py at BABAR
Data sample of 4.8 x 10° 1 pairs

B(t-ey) <3.3x10° (90% C.L.)
B(tT- py) < 4.4 x10° (90% C.L.)

arXiv:0908.2381 [hep-ex]
(see also Belle PLB 666 (2008) 16)

1- Il at BABAR
Data sample of 4.3 x 10° T pairs

Mode Eff. [%] Npgd

eee” 8.6+0.2 0.124+0.02 3.4 0
pete” 8.8+0.5 0.64+0.19 3.7 0
ptee” 12.74£0.7 0.34 £0.12 2.2 0
et p” 10.24£0.6 0.03+£0.02 28 0
e T 64404 0.544+£0.14 4.6 0
ppT 6.6+£0.6 044 £0.17 4.0 0

2.9
2.2
1.8
2.6
3.2
3.3

mgc (GeV/c?)

A. Cervelli at CIPANP 2009
(see also Belle: Y.Miyazaki at EPS2009)
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Prospects for Lepton Flavour Violation

 MEG still taking data

 New generations of g — e conversion experiments
- COMET at J-PARC, followed by PRISM/PRIME
- mu2e at FNAL, followed by Project X
- Potential improvements of O(10*) — O(10°) in sensitivities!

* T LFV a priority for next generation e*e™ flavour factories
- SuperKEKB/Belle2 at KEK
- SuperB in Italy
- O(100) improvements in luminosity — O(10) — O(100)
Improvements in sensitivity (depending on background)
- LHC experiments have some potential to improve 1- yup

Tim_Gershon
Y Weak Decays; CPV & CKM
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Quarks and hadrons



The Cabibbo-Kobayashi-Maskawa
Quark Mixing Matrix

ud Vus V
cd V CS V
V. V

td ts tb

ub
VCKM — cb

< < <

* A 3x3 unitary matrix

* Described by 4 real parameters — allows CP violation
- PDG (Chau-Keung) parametrisation: 6_,6_,0_, 0

- Wolfenstein parametrisation: A, A, p,
* Highly predictive
Tim_Gershon
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Flavour oscillations, CP violation and

Nobel Prizes =

« 1964 — Discovery of CP violation in K° system {m
» 1980 — Nobel Prize to Cronin and Fitch N{f
PRL 13 (1964) 138 for ev.ent‘s \;n'th cosf > 0,98435,
. 2001 — Discovery of CP violation in B, system s\ v
» 2008 — Nobel Prize to Kobayashi and Maskawa =T\~
§ 0.10}

[HEFiN Gersho Prog Theor Phys. 49 (1973) 652 "5 & o LRI
1_ WeakDecays, CPV & CKM Belle PRL 87 (2001) 091802  BABAR PRL 87 (2001) 091801
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Flavour oscillations, CP violation and
Nobel Prizes
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Charm mixing and CP violation

Including results from BABAR, Belle, CDF, CLEO(c), FOCUS

Latest new results Belle arXiv:0905.4185 [hep-ex]

HFAG preliminary

gt EFS 2009 i
-~ 2 stk M SRR S e I
15[ '
1__
0.5
o
= AM AT
- = — Y= — ! 3¢
L i or 2o
J_—Iill Iil-IIIIIIEIIIIiI-IIEIIIl|l56
-1 =05 0 0.5 1 1.5 2
X (%)

BABAR arXiv:0908.0761 [hep-eX]
A.Bevan at EPS'09

E 1.5 .........................................................................................................
E EPS 2009
o I I
< 1
0.5
0-
-0.5-
=1
"'"'1 % i Ll I i s Lii] | ] l_._...j._.J.....|...|.._i | Lo L] | ke I |
02 04 06 08 1 12 14 16 18
/Pl

« Mixing established (though still no single measurement > 50)
KM * No indication of CP violation



BS oscillations and CP violation

. Tevatron measurements using tagged B_— J/@

» Angular analyses of vector-vector final state
* Results depend on Al
CDF note 9787

CDF Run Il Preliminary 2.8 b~

68% CL
95% CL

__________________________________________________

=15 -10 -05 00 05

10 15
B:""% [rad]

Tim_Gershon
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D0 5928-CONF

D@ 2.81fb ', with preliminary systematics
68% CL -
i
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BS oscillations and CP violation

. Tevaf* '

e Angy. =
e Resyr.
CDf:]

4

0.g CDF Runll Prel. 2.8 b+ DO 2.8fb

0.2}

0.0

68% CL
95% CL

065~

10
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Future prospects for CP violation In
BS and charm oscillations

 More results still to come from B factories & Tevatron

e LHCDb will improve world's best measurements with 1
year of data (at nominal luminosity)

- excellent prospects for B_- J/{i¢ and D° - hh with early data

/ // Erap, FCAL v M3 \
/ SPD/PS M3 \
/ / Magnet RICH2 M1 M2 = \
/‘ /, 3 !
,/ 1 ] [ree——— \\
. T, o
1
~ _\‘ g ‘ 7 S
= i = = : -

0

The LHCb Detector
JINST 3 (2008) S08005

""" Tim Gershon 2 24
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CKM Matrix — Magnitudes

/ Vud Vus Vub \
Vcd Vcs Vcb
2R2na

-'1 Tim Gershon



CKM Matrix — Magnitudes

PDG 2008
semileptonic / leptonic kaon decays See also S.Prell at LP'09
hadronic tau decays _ . :
superallowed 0" - 0* B decays semileptonic / leptonic B decays

N i .

0.97418 £0.00027 0.2255+0.0019 (3.93+0.36) x 10"

0.230+0.011 1.04+£0.06 (41.2+1. 1)><10
(8.1+0.6) x 10" (38.7+2.3 x 10”7 >O.74
semileptonic charm decays \
charm production in neutrino beams semlleptonlc B decays

semileptonic / leptonic charm decays
B, oscillations

single top production
B_oscillations

theory inputs (eg., lattice calculations) required

Tim_Gershon 26
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[V _|and |V _|fit by flavianet

M.Palutan at Kaon'09

0.23 see also http://ific.uv.es/flavianet/
K -V, Now can fit: KLOE, KTeV.
*V, from Ki3 - BNL E685,
VidVud| oV JV, fromK /7, ISTRA+, NA48
"y * Viafrom fg decay New survey of
0.225 - = \ superallowed 0" - 0" 3 decays
% J.Hardy & |.Towner,
us V,.=0.97424(22) PRC 79 (2009) 055502
F V. =0.2252(9)
% v2Indf = 0.52/1 (47%)
Z
ST i v 2+ V,2-1 =-0.0001(6)
02%.97 0975 coo

We use £.(0) = 0.9644(49), f,/f.=1.189(7)
from RBC/UKQCD '07

Uncertainty from |VU5|2 now comparable to that from |le|2

\ 4, MTLGErsion Significant further improvement difficult 27
_ V\_/e_ak _D_ecay§, C_:PV & CKM
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Lepton Universality in K Decays

E.Goudzovski at Kaon'09

i 2 ) 2\2 See also KLOE arXiv:0907.3594 [hep-eX]
'K —ev, |[m,\|mg—m s
R, = = |1+ 6 Rypp|=12.477+0.001/< 10
(K = )| m 2 _ 2 QED
HY, H mg—m, Standard Model prediction

Preliminary results from 40% of NA62 data

: Ke2 candidates K|J2 candidates
—=— Data B ' : :
10* £ K —pvy 5 5 . —*- Data ; : : ;
= K*:uw (" e”) 10°E | K" >n’uty R
- | K*—e*vy (SD*) - |- Beam halo | |
|l Beam halo C (I K+—>11:‘7|;" i
10°E Ok orey  lid % 10°H [ 1K'-u'v ceedhoenes
- | B Ko e b b New world average
— -L f=
B 104 S . P PDG,OS June’og average
10%E B . Clark (1972)
C ) I
i 10 o Heard (1975)
10
102 < Heintze (1976)
-6.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 -0.08 -0.06 -0.04 -0.02 0 0.02 9.04 0.06 9.08 KLOE (2009)
Mﬁ,,ss(e), (Gev‘rcz)z Mmiss(U)’ (GE\HC )2 T final result

preliminary

R =(2.500 + 0.012 (stat) + 0.011 (syst)) x 10° o | NAs2ooo

SM

Expected final precision dR /R < 0.5% ST S 1 S D

22 23 24 25 26 27 28 ,
Rx10
Tim_Gershon 28
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Rare kaon decays: K - TT'wv

* Theoretically clean Standard Model probe

« Extremely rare (O(10™)) - highly sensitive to new physics

 Main challenges: knowledge of beam, detector hermeticity

PRL 100 (2008) 201802

041

0351

0.3F

0.25"

P (GeV/c)
=3
153

D) $
—

¥
. Tzt

0.05~

o b b b b L [

0

200 250 300 350 400 450 500 550 600
Z(cm)

B(K —T’wW) < 6.7 x 10°
at 90% CL

Tim_Gershon
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KEK-E391a H.Morii at Kaon'09
Gsl - calorimeter » Ce 06 o. Lpt vs 7 |
- ~-'_:ﬂ Y 0.352— ol .
0.3';— ¢ ;':.
0.250 h
0.2F .'-"‘"'.;., ‘_:'
n.15§ s -;
0.05—
900250 300 350 400 450 500 550 600

Independent data sets B(K - T1w) < 6.8 x 107
02-04/2005 at 90% CL
11-12/2005
Combination in progress 29



Future prospects for kaon physics

T.Komatsubara at LP'09
 Main focus on the golden K - 1tvv decays

1Ot
o K g .’-[OVV IOER_ | K ~-0Vf‘“3o“discover
L 10 | \P“ . !
- KOTO experiment (JPARC) e Lo
- Same technique as KEK-E391a o e \
I0_|I—< s | StendardWodd
BNL-E949 02|
PRL 101 (2008) 191802 13| g
e K. 1TV PRD 79 (2009) 092004 A

- B(K'->1'w) = (1.73"° ) x 10® (7 events)

particle ID

- NA62 (CERN)

. . _,—1 H .
- kaon decay In flight \
Target TAX £ ft?.
E ﬁi}h} Lr‘jpf F‘h; ;F:i:(% K*.75 Gev " . ii:j 1.
- Expect ~50 events/year o e e
- i 1 1 "*.&.. = ..
1 75 GeV/c GlGATRACKER—I—‘ | latm"‘, ‘:E~
Tim GerShon ﬁ"?Koll:d(:lnzSG::;:Z:d) tr::l:‘;r Straw;Chinlbeis Li(l:; N 30
B veto
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CKM Matrix — Phases

P.Harrison et al.,
arXiv:0904.3077 [hep-ph]

« Can form a matrix of angles between pairs of
CKM matrix elements

- ®, = phase between remaining elements when row | and
column j removed

- unitarity implies sum of phases in any row or column = 180°

d 5 b d g b B=og,
i (q}“d Pus {Dﬂh) i f( 1" é z 15?]]
b=c | D, D, |D, ~ L Ei';:r:- % 23° a=Q,
Dyg| Py | Py 12 v }
Y=0,
“The Unitarity Triangle”

Tim_Gershon 31
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The Unitarity Triangle

Tim Gershon

Via Vi

I'I'iu.:f I'I-;:l_'-_.

Y Weak Decays; CPV & CKM
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:|.. ,{i5¢|=arg[—

(1,0) i

VedVig

ViaVis

]:- ";-E{,'i]:'g;:ﬂ'['g[—

Vi V:b T Vch:b + Vi V:I; =0

l {i'e:f I'I;ll'-

l'lll':!j- I'Il:,h
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Measurement of o

http://ckmfitter.in2p3.fr/
 Now a precise measurement KM - B pp (BABAR)

Moriond 09 =" B — pp (Be”e)
3 B —pp (WA)

L Illlll'l{:lllllIIIIIIIIIII
A R}
1 H

 Dominated by B - pp system R Rl
 Analysis uses isospin triangle
% NeW B+ . p+po measuremenot 20 40 60 8((; (de;())ﬂ 120 140 160 180
5> 1AL |arge amplitude BABAR PRL 102 (2009) 141802

/e stretches triangles base ;9.40
/" e reduction in 8 = Aa S
Ao <AL | S -
M.Gronau & D.London, 20 a
PRL 65 (1990) 3381 : -
2
(D]
Tim Gershon e e -
\ Weak pécays( OPV & CKi 526 527 528 529
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Measurement of y from B - DK

% _
e Vcb Vus U

 Exploit interference between diagrams - ﬁff—
 Difficulty: b_ .

- smallness of suppressed amplitude
* Now beginning to see a signal?

Events/( 0.0025

] K~
Belle D K nmt ocV Vi U
A.Poluektov at EPS'09

T

: _

06 |-

s/(0.0025)
i § B &8

1755 = 48

BABAR D - KTt
N.Lopez March at EPS'09

04

0.2
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Charmless hadronic B decays

* Direct CP violation in B - K1t sensitive to y

- too many hadronic parameters = need theory input
NB. interesting deviation from naive expectation Belle Nature 452 (2008) 332

o\k“Q A(A.,)=(—14.8+2.8)%

Ap(K m1)=(—-9.8"9% A (K n°)=(5.0£2.5)%| ol

HFAG averages

BABAR PRD 76 (2007) 091102 & arXiv:0807.4226; also CDF

- Gaining knowledge also on B_- hh

* data [ e
— total [ F:p=yde
10°F . IR swr
[ S Y
AE —pK-~
R A, S pT
OB S kK
B 5! —
1i}il}] combinatorial backg.

102F Y ' — multi-body B decays
z ¢

Candidates per 20 MeV/¢?

= -
=

\\\\\\\\\

Tim_Gershon
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Invariant wr-mass [GeV/c¢?)

500 -

[\l
1)
o

300 |

Entries per 2 MeV/c?
o

200 |-

100

1
5.2
M, (GeV/c?)

CDF PRL 103 (2009) 031801 35

5 51 52 53 54 55 56 5 See also Belle: R.Louvot at EPS 2009



Charmless hadronic B decays Dalitz plot analyses

Dalitz analyses measure both magnitude and phases,

le. probe dynamics at the amplitude level
sin(2p") = sin(20] ") [EEXS

* Time-dependent analyses
B K_ ', B- KKK
S S
- additional sensitivity to 3

e Interference of K*mit bands

- Various B - Kr1trt channels
- additional sensitivity to y

BABAR arXiv:0905.3615
Belle PRD 79 (2009) 072004

Tim_Gershon
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N

From Dalitz plot analyses

PRELIMINARY

World Average _ ; i 0.67 £0.02
hﬁ'ccf ‘BaBar e, y—- . f"'gl'"';’"'UEG-T-OEEHUUS"
ok, =
ge : +—i |f 0.44 7 08
=T - = | = £ R "+ R CTUUBTED0E L0027

x Belle 5 FAf 0 0.64+0.10+0.04

= _»_ Average; : B ; 0.59 + 0.07
XCBaBar T T R 00 Tk T

& Belle : . ¢ 0.30+0.32+0.08

w Average': : A : 0.74+017
s Y TBaBar Ty T T Ty T T T RS T T OB 020 £ 0087

= Eelle ; : ; . 0.67+0.31+0.08

K verage ; - : 0.57 £ 0.17
e "r'n"B'aBal’g e P abial "L S - G.'SS'TS;?EEUOGEU.US"

< Belle ; —Ht— 064 7532 £0.09 + 0,10
o Average: ; Pl : 0,54 00
e T T T BEBAr T T T T T T A T T T O T £ 0.02

!a Eelle : ; i 0.11+0.46 £0.07

verage . : : : 0.45 + 0.24
” meaFar' T "UGO*'E}E

. elle : E : 0.60 7y
~° Average : - 0.60 1
> "Q"""'BaBar Y Skt TUBZF00EFTA0
___.._rs___m__g‘u’%fagi%;_______.___._ ___ e _3‘____;]__0_23___0 5 g-ggig-gg
aBai ! ! s T UZ0FUE2E0.07 0077

P X Average’ » o I 0.20 + 0.53
N R & 1= €T el el el B S - B -l S S R K

% Belle 0.43 +0.49 + 0.09
- Auenge. 25508

Z % Average: P ; 0.97 Tgig
> '"Q""—é—"'BaBar R s e L 1"+"0'31 F0.05F0.09™

=~ o Average; 0.01 £0.33
A - = = | S ‘r-r- 0’86+008+UU§"
—P| e v Bele : : —-'—|[368+O15+003013
.+, Average: el 0.82 + 0.07

——
2 1 0 1 2R 2

No smoking gun for difference between b — ccs and b — gqgs




Prospects for Unitarity Triangle angles

http://ckmfitter.in2p3.fr/

» Refine understanding of a TN = E
- B'-p'p® from Belle _ : e e o
e Improve y measurement "E | N\
— good prospects for LHCDb — W oA T~ %
 Resolve KTt puzzle T

— heed better KST[O measurement: Belle2 & SuperB

Improve B_— hh measurements

- more to come from CDF; then LHCDb (plus e"e” Y(5S) data)

Charmless hadronic B decay Dalitz plot analyses
- CDF, LHCD, Belle2, SuperB

Tim_Gershon 37
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Rare B Decays

* A wide range of probes of new physics

b - sy photon energy spectrum kinematic distributions in B - K*I| rate of B - v decay
Belle arXiv:0907.1384 [hep-eX] Belle arXiv:0907.1384 [hep-eX] BaBar arXiv:0809.4027 [hep-ex]
S0 AR AL AL AR A See also BABAR PRD79 (2009) 031102(R) See also BABAR PRD 77 (2008) 011107
30000F Hiy E Belle 0809.3834 [hep-ex] &
froty PRL 97 (2006) 251802
- 20000 l H I E
2 10000 H H fi ] 3 sk '
3 t ] 2 : -
E 0 t4 % 350 E— —i '—i—l—i—:_Tﬁ_é_'_i_,_Tti
S ] EO300F | wepes - =
2-10000 ] 4 oasof =
a ] 200 =
-20000 — 150 E
-30000 : | | | | | — 50? | | | | é
14 16 18 2 22 24 26 28 LI e e
ElY'J.m.S [GeV] Id ‘exlra
- —t— World average
B(B—X =(3.45+0.15+0.40)x10"* 1|
( sy>E,/>1.7 GeV ( ) - 1 + B(B—>TV) — (173 + 35) X 106
consistent with the SM prediction 0 == & I Consistent with (10 above)
P p iHF _ﬁ)_ SM prediction

o 2 4 6 8 10 12 14 16 18 20

F(GeVZ/cd) Tlljlma at LP'09

Tim Gershon Hints of discrepancies with the SM? 38
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Rare B Decays: B_— pu

* A potential new physics discovery channel

New upper limits from CDF (3.7/fb): CDF Public Note 9892
B(B, - pp) < 4.3 x 10° @95% CL ~ sof 5, g, COF Proimiary 35.'7fb“ 3
B(B,—Hu) < 7.6 x 10° @95% CL ; m%rr ¥ 280 E

Still some way above SM prediction f X 3 . 5 IO A

M u* i [GeVic?]
DO CONF 5906 ';' ;E,E: ., 2 gser 0,008 :
New expected upper limit from DO (5/fb) : %: ) _.;, GG i E

M 'y [GeWic”

o 10_ T T T T T -

z b B, B, 0.995<v,,<1.0 =

= o .- - 3

I S —

1!; Y _:

_ § 2141___ | E
Tim_Gershon S : i

Y Weak Decays, CPV & CKM o V—73 3 3 57 55 58

'l |
N My o [GeVic®



Prospects for rare B decays

» Excellent prospects for LHCb for many important
channels

- B -pp, B-K*l, B - gy, etc.
- ATLAS and CMS can also contribute for some channels

 Many more important channels can only be studied in
e'e” environment : Belle2 & SuperB

- B-1v, inclusive measurements, B - Ksnoy, B - Kvwv, etc.

Tim Gershon 40
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Putting it all together — Unitarity Triangle

http://ckmfitter.in2p3.fr/ http://www.utfit.org/
1.5 LI | 7

1.0

<l

e 'im'GéFs'Hc;{h: KI 41



Putting 1t all together — Constraints on
New Physics

O.Buchmueller et al.,

Constraints on CMSSM parameter space including flavour observables

JHEP 0809:117,2008

<) <)
> 1200 = 1200
(5] L 3] L
@) R O R
N N
S 1000 o S 1000}
S - L S -
¥ LY
L ) L
- ‘J L -
800— 800 ;'--.
- "'\_..,? - .
600 |— 600 —
aolF it 0.7 x error aol—¢ i e 0.7 x error
B . 0.9 error B < A 0.9« error
» — 1.0x error o — 1.0 x error
200 _— ..... 1.1 error 200 __ ----- 1.1x error
- === 1.2 x error - === 1.2 x error
0-_ == 1.3 x error 0-_ == 1.3 x error
[ Ll Ll L1 : I B Ll :
0 500 1000 1500 2000 500 1000 1500 2000
m, (GeV) m, (GeV)

Effects of varying the uncertainty of (left) (g-Z)H and (right) B(b - sy)
N.B. Not all latest data is included

Tim_Gershon
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Summary

 Many, many new results continue to appear

* |s new physics running out of hiding places?
- Most significant discrepancy with the Standard Model is
In (g-2)H —now 3.10
- Several other hints around 2o

* Future prospects for the field look good

- LHCDb will pin down many of the remaining poorly
known sectors ... an upgrade will fully exploit potential

- New dedicated experiments for muons, kaons, charm
- Super flavour factories for B, tau, charm

i_We;'éQCSff;U%”CKM Projects in Europe, USA, Asia: a worldwide programme

VIR Y T
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siny sinpp siny
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sin 25 ‘ K*>m'vy |
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Plot by A.Hoecker

All measurements must agree
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 Belle

- e'e - TT near the Y(4S)

- 72.2/fb

Tim_Gershon
Y Weak Decays; CPV & CKM

\"'--_-"" B

PRD 78 (2008) 072006

Number of entries /0.0.‘-'-(Ge\/’/(:2)2

Belle
ALEPH
CLEO

G&S Fit
(P 770y * Prrasay * Prazony)

New T - Tty Results

10

TTTT

P
e H !

’ e

)

e DATA

[ MC(signal) |
- S

L7 —»>h@mn)v,

9 - 0
Bt —-Knv,

s
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New e'e” - 1U'TT (Y) Results: p Region

M.Davier et al.,

rfrrr|]ryrrr]rr [ rrr.rTvrrr| 1 [ 111

= .
£ ~tor - oswo 1 arxXiv:0908.4300 [hep-ph]
c 10°e 4+ OLYA  +« DM -
] E = CMD « DM2 3
E E s CMD2 * MEA 3
B 4+ KLOE ©° BABAR
o 2
3 10° E Average o
3] ' B
P 7
10 = =
- b B
o]
1 ; e
107 = Hih T 3
Eol ivp L wmw | g 5n Tacm Ve il ¢ i ]
0.4 06 0.8 1 12 1.4 16 1.8
\s [GeV]
§omboOn iDL A Lk . cowa cso | g PO o 3
g E = 1400 — — 3 m:_'ﬂ'- + KLOE 3
o il - - B - 3
"E 1 @ el - E Ry )
—c = 0 - = 200~ i, =]
g 1 & . g iy, :
00 i 1000 — — ™E %ﬂm E
200 4 ..k . g P, c
F - - 100 f‘ﬂ%‘”w e
100~ = FF T E e RS-
e s = N3 E
Y ¥R - T Sy 4 3 . T n.llis"mlmllli
% [oe 600 — — \E [GeV]
proy .
_I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
o.T 02 074 0% 078 0.8 082
Tim Gershon - o 47
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More Lepton Flavour Violating T Decays

Y .Miyazaki at EPS2009 |

1-IK_ and 1-IK_K_at Belle (see also BABAR PRD 79 (2009) 012004) B
r LR,
Data sample of 671/fb (= 6.1 x 10° T pairs) e
Mode e (%) NoG Osyst (%) Nove s B (x10°5) & I

T  — G*KQ 10.2 0.1840.18 6.6 0 225 2.6 (,2

T~ — pu KQ |10.7 0.35£021 6.8 0 210 23 S )

r~ — e KOK?|5.82 0074007 112 0 244| 71 8

7~ — p KJK2|5.08 0.1240.08 113 0 240| 80 3 I
T- lhh at Belle ’ i

Fas - -t - gc.z
Data sample of 671/fb (= 6.1 x 10° T pairs) =", " :

Mode  |e (%) Noc Oyt (%) Nops So0 |B (10°5) e i Lo o
T s patao | 369 1124038 59 0 153] 3.3 ' j ' o C
T pTrTrT 384 0734025 59 0 177 87 s IR [T
77 e wta | 399 0344015 6.0 0 215 44 Q Mo (Ge¥/) o (/) Mo (V")
r~ Setrr 391 0104007 60 1 421| 88 e _ S
7= o KK-|240 0524023 67 0 192 68 O §,, [ owKK S Sor (07 =k
= - utK-K-|2.07 0004006 68 0 246| 96 z . .l D
= e KTK—|350 0.11£008 65 0 235 54 © -0
- s etK-K-|328 0054005 66 0 243| 60 & -0 ke -02
= = portK- 263 067£014 6.3 2 505 16 — o L s .
e ntK- 302 0334019 64 0 212| 58 3. T e e T e
= s K*ro | 260 1.04+032 63 1 334 10 O
e Ktr | 298 0574019 64 0 190| 52 302 Ho)yr >u'm K
T pTK x| 261 1374021 63 1 316| 94 : B S ~
" —etK x| 283 010+£007 64 0 240| 6. PRLHC S

0.2 =

; Tim Gershon arXiv:0908.3156 [hep-ex] e 48
Aveéak Dy PV & CKM,  (see also BABAR PRL 95 (2005) 191801)



Compendium of T LFV Results

==
=
tn

[
=
e

i
b |

Upper limit of BR for LFV 1 decays

10'3|||||||||||
—r ~_ wnu |
SRR ECEEddY =
2@ 1“':._'@|:5—5—|+
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Charm mixing and CP violation

 Results from BABAR, Belle, CDF, CLEO

Belle arXiv:0905.4185 [hep-ex] BABAR arXiv:0908.0761 [hep-ex]
_"'—I - DK@ mostly CP CP even
i | even
id
—I:_I':I'
&
i TSR ;_31_“]: ' ﬂ“ﬂ‘
i sl ] i
t(ps)
j D"KSK Ko~ mostly CP almost flavour-specific
= - odd
&
-4 -1 -2 -1 o 1 2 3 ,.?,hf 55 2;" 10‘ 41* ; w3u |
Yo = (0.11 £ 0.61 (stat) + 0.52 (syst))% tps)
_ y =(1.12 £ 0.26 (stat) + 0.22 (syst))%
Tim Gershon 7 S 50
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CKM Matrix — Magnitudes

semileptonic / leptonic kaon decays

hadronic tau decays _ . :
superallowed 0" - 0* B decays i semileptonic / leptonic B decays

0.97418+0.00027 0.2255+0.0019 (3.93+0.36)x 10"
0.230+0.011 1.04+0.06 (41.2+1.1)x 1073
(8.1£0.6)x10™> (38.7+2.3)x107° /‘ >0.74

semileptonic charm decays
charm production in neutrino beams

semileptonic B decays

emileptonic / leptonic charm decays

AN

from loop processes
(no tree-level determinations)
Tim_Gershon 51
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B ) oscillations

single top production

BS oscillations




Testing CKM Unitarity

2 2

Vil + [Vl + [V

us =1
2 2

Vaul TVl TV, =1

CS
Vol + [Vl + |V =1

2

y

Most precise test PDG 2008 numbers

For further improvement need
- better |V _|*> measurement 0.94902 + 0.00053

. better |VLS | measurement 0.05085 + 0.00085
. |Vm|2 contribution is negligible  0.000015 + 0.000003

Tim_Gershon
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‘Vud : ‘Vus : ‘Vub :
+ + +
‘Vcd ’ |Vcs ’ ‘Vcb ’
+ + +
(AN,
o1

New survey of

superallowed 0" - 0" 3 decays

PRC 79 (2009) 055502
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|V _| from kaon decays

 Measurements from KLOE, KTeV, BNL E685, ISTRA+, NA48

« Combination by flavianet M.Palutan at Kaon'09
_ see also http://ific.uv.es/flavianet/

|V |f (0) Approx. contrib. to % err from:

ue %err BR t A Int
0.214 0.216 0.218 0.22

T K,e3 0.21652(56) 0.25 0.1 0.20 0.1 0.10
— K,u3 0.21746(69) 0.32 0.17 0.19 0.11 0.15
—3 K3 0.21572(132) 0.61 0.60 0.03 0.1 0.10
—ar K#e3 0.21624(113) 0.52 0.31 0.06 0.41 0.09
— K=pn3 0.21676(141) 0.65 0.48 0.06 0.41 0.15

0.214 0.216 0.218 0.22

Average: |V, | f.(0) = 0.21660(47) x%ndf = 3.03/4 (55%)
f+(0) = 0.9644(49) from RBC/UKQCD '07

Tim Gersfion KI3 average: |V _| = 0.2246(12) 53
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B~ @

 New hadronic b - s penguin dominated decay mode
- Approximately as clean theoretically as B - @K_

CDF preliminary
See D.Tonelli at Beauty'09

CDF Run Il Preliminary L,=29f"
w F |
; 90 :_ 21 ndf 43.82 /35
g C p0 4.858 & 0.220
= 80 — p2 5.364 £ 0.001
: e p3 00717 4 0.00125
w TOF ps 0.6069 ¢ 0.0303
% = BO - q) q) 6 -2.525+ 0.664
T 60 .
O - "
= [5: - +
§ s0F Yield = 295 + 20
40F B’ o K
30— combinatorial background
20—
10 i
[ TR WU g gy b gy
u :l 1 1 L 1 1 L L L | L L L L | L L L 1 | L 1 1 1 L.'l 1 1 1 1 1 1 L 1 1 l'.'| _+
5.2 5.25 53 5.35 54 545 55 5.55 5.6

} K'KK'K) [GeV/c?
Tim Gershon ml ) [GeVic]
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