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RO Overview

= Highlight of last year

= B-factories (B, D, 1, ...)
= BaBar and Belle

= Super Flavour Factories
= SuperB and SuperKEKB

= CLEO-c

= BES-I

= Kaon Physics
= KTeV & NA48
= KLOE
= NAG2

= MEG (uf—ety)
= u—>e conversion.

=  Summary

Note: See summary talks by A. Golutvin and G. Punzi for hadron machines, and A.
Buras for a theoretical overview.
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Y Highlight of last year

= Kobayashi and Maskawa were recognized for their work
on extending quark mixing model to include CP violation!

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.

M. Kobayashi and T. Maskawa, Prog. Theor. Phys 49, 652 (1973).
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B-factories
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h
¥ CP Violation:
= Using B— JIyKO, JIyK*, w(2S)Ks, nKs, & %.1Kg decays.

g 2 04 06 08 1
e S, =—0.672+0.023

? 0 At (ps)

S =—0.687+0.028+0.012 Cya =0.004£0.019
C =0.024+0.020+0.016 Still limited by statistics!
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BaBar’s final result has been publlshed n B — (l)l FPCP 2009
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CP Violation: a (d,)

= Update of p*p? has significant impact on precision using SU(2)
analysis [now agrees with precision from SU(3) approach]:

BB = p'p’ )y =(18.2%3. o)><10-6
=(24.0£2.0)x10"

= BaBar measure S% and C%

helps resolve ambiguities!
From BaBar p p° update

= F. .
3 B&r ﬂ —Thls work ﬂl
g 5"-, || """ Before this |||
i HH work i b
ii BaBar i hof
Hint i
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h H H H [ i ' ]
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L cL=68% || | P
=== -

B II| L". ::I |II
M ACL=90% 1)\ o]

A |
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Phys.Rev.Lett.102:141802,2009 o ( deg)
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-CL

% --+ B — nn/pp/pn (BABAR)

Morondos . - -- B — ww/pp/pr (Belle)
3 B — nn/pp/pn (WA)

. T T I|I III

L other constraints.

T 7T III III T T III I]

a=0 is excluded using ||i;

CKM fit

no o. meas. in the fit

« (deg) .
«(CKMFitter) = (89.0"*¢)

a(UTFit) = (92+7)

+ BaBar have measured o from a;m
and K;r decays to 13°: Lombardo.
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= The GGSZ ‘Dalitz Plot’ method dominates constraint on v.

= Uses B‘ — DK

>
%; RKY all UTﬁf
B D0 — K 3B+ :D° —) KS7Z' T = I 22 Dalitz
< " < - Q
E, g 7-::.'5; arXiv:0803.3375 %ﬂi s “‘.5: S 0.0015? m ADS+GLW
B R R Py
2F - o o N ]
_--'.:.'j:: :,-,. : 0 L
15f gk g ] SR =~ il
b 1w o %001
AT )
..,; .,.-:‘.'_ P T | -
os5f . . . - I‘ " ‘.'--:-,:— 05| . . . 'T'I._v‘. I‘"m_ ] o
05 1 15 2 25 3 05 1 15 2 25 3 s
m? (GeVZic?) m? (GeViic?) 0.0005—
_ +10.8 + + ° I
Y Al Modes _(78 4511 —3-6—8-9) 7
0 -100 0 100

= Model uncertainty can be reduced )
by measuring D—Kgnr (see later). »(CKM Fitter) = (7()j§(7)) v[°]

= BaBar and Belle differ in the value . o
of r obtained from the data. y(UTFIt) = (78 J—rlz)
Measurement of y requires patience

= BaBar have a new ADS result (See .. and a combination of methods.

Lopez March).
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W) Testing the Standard Model

= o+ constrained Unitarity Triangle to 5°!
a+f+y= (18023 ) / (191114)(’ CKM fitter / UT fit

= 1_ = 1
1988 T 1 1995
o7 o5 "_1 °-1""-d.5'"'6""u'.5""_1
P P
= 1 - = 1 -
B-factories start [ YOV [ 2003
producing 0.5 \ 05 |
results. [ @ j @
ﬂ I L o a1 D I [ R N TR TR N1
-1 05 0 0.5 1 1 0.5 0 0.5 1
P P

History of constraints on the Unitarity Triangle.
Direct measurements gave a leap forward in precision!
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Y Testing the Standard Model

= o+ constrained Unitarity Triangle to 5°!
a+pB+y= (180% ) / (191£14)" cKMfitter / UT fi
= But poor precision on over-constraint.

=
1
07 A B S s e B S e B B — =
[~ @ " - -
C o 1 fitt =
= ﬁ' : = L
05 8 i —
- % SIn2B - sol. W/ cps 2fi < -
g —ae (oxcl\af CL >0 - -
-3 \ — 0
= 8 = -
_ o —
= = -0.5
01 | o
- i/ v p G
0.0 C— O, s ey | O SO YOy ) s,
-04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1

1 -0.5 0 05 1

= CKM describes measurements well.

ok

= Still plenty of room for new physics!
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Y Testing the Standard Model

(numbers taken from the HFAG web site)

= \We were reminded that we should

be careful with what we compare: b ces (rforence poin
= NP could affect ccs sin2p. B BT
'K (clean s-penguin)
L - : fos
1) Predict sin2f3 from indirect constraints. , -
sin(23)Py < = 0.87£0.09 .mm | 5
oK” (clean s-penguin) @
2) Compare to ccs measurement. | ok °§
[sin2/].. =0.672+0.023 ] KK §
| S 's'S 8
3) Compare to clean penguin measurements. 0K, &
: clean
[SIN25],75 penguin =0-98+0.06 m |«
(or the average of the two) ke 1
Are these 2.1-2.7c hints e
. L ey o
for new physics? oD 1
Lunghi and Soni, Phys.Lett.B666 162-165 (2008). D'D
Buras and Guadagnoli Phys Rev D 78 033005 (2008). i -
| ‘ [ 11 | | I N | I N |
= Can theory error bereduced for 0.5 0 0.5 1
other modes? sin2p*"=sin2¢°"
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Direct CP Violation

= Many searches, but only a few

signs of direct CPV ...

Acp

HFAG
April 2009

—= K*n™
o
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New Avg.
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New Result
(Biassoni /
arXiv:0907.1743)

Fo(980) K+
Ky

KO+

-0.6

CP Asymmetry

Observed direct CP Violation
in (>50):

B’ 5> Kr

B > z'n
Evidence for direct CP
Violation in (>30):

B - K™
B" > nK”
B* » p’K"*
B > p'x*
B* — DK~

These measurements tell us
something interesting...
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CP Violation: AA

= AA, =A..—A., issmall and positive in the SM.

> 4005 K+ 7 BuBAR

= r + Preliminary 7

S 300 Sy E

o : 4 “*'\ BO
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> C : 0

M 100F TH# B ]
0: 4 I W ok fi#‘ﬁf‘ o o
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200 [—
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Events / (2 MeV)

My, (GeV/c?)

WA: A .. =-0.098+0.012
WA: A ., =0.050+0.025

arXiv:0807.4226, Nature 452, 332 (2008) AR (GGV
- i ) — +0
ol . E

= Clear direct CPV signal in neutral mode,
and absence of a signal in charged mode.
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AA, =-0.148+0.028

= SM requires opposite sign!

= This is called the Kr puzzle.

"AA. 20 at 5.3 c.

= |s this new physics?

= See S. Mishima.
= Need to measure K ¥ at a Super
Flavour Factory for a data driven

solution with sum rules. 0



ey,

Polanization Puzzle

= Expectation is f ~1
in B>VV decays.

Polarizations of Charmless Decays

HFAG
Aug. 2009
— —1

QK (1270)
oK™
CI,)L’K*IJ
: wK3(1430)°
X R wK3(1430) 1

wK*T
———— ———————

LLJK*O
— rers
. K*Dpo
. KK
KK
3 G?GT
—— wp+
0 0
—e— New Avg. $ i + 0
—— Belle = st
—e— BABAR — == rf
0.2 0.4 0.6 0.8 1.0 1.2
Longitudinal Polarization Fraction (f.)
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» B—pp decays fit ;he pattern:

fl=1-¥ 1
mB

= f ~ 0.5 for some penguin dominated
modes: notably ¢K* and K*0p*.

= VT decays add confusion.

= Null results from searches for
B —b,(p, K') and a,(p, K*).

= f, (B—a,*a,;7) = 0.31+0.24

arXiv:0907.1776

» What mechanism(s) result in the
observed behaviour? Is this NP?

= \What about other AV & AA decays?
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(N@ X PR+ +
s Rare Decays: B"*>1t"v
=  Within the SM, sensitive to b -
fg and |V ,|: Bgy~1.6x104.
B-
= B affected by new physics. B
= MFV models like 2HDM / MSSM. u .
= i sz m2 m2 2 2
Unparticles. B, (B" >1',) = F8; | 1_m_|2 21V, [ zq
= Fully reconstruct the event (modulo v). °
. -4 o.ao’j‘.“_?..,;...,....,..;..;..s_1_CL1.0
Z)WA B (173 t 035) x10 - 2.4c tension between this 1 [§os
= 400f **F measurementandsin2p 7 [Jos
$350() A 1k
0300} 1ol ik
Ci250; £ 1 Bos
£200} o 1 Boa
qc) 1504 1 0.05 - 2 0.2
Lﬁ 100 : Background [ it | | | ] o
50 @ 0.5 0.6 0.7Sin 2Bo.s 0.9 1.0

arXiv:0809.4027, ()

arXiv:0809.3834 () 25 0. 5 0 75
eV)
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Rare Decays: B"*>1t"v

=  Within the SM, sensitive to
fg and |V ,|: Bgy~1.6x104.

B affected by new physics.
= MFV models like 2HDM / MSSM. u
= Unparticles.

< 400¢
B5350[(a)
19300}
c>'250;
5200;
S 150k
11100 ;

50

=

arXiv:0809.4027, ()
arxiv:0809.3834 ()

July 2009

25 0. 5 0 75
eV)

b
B

B,y (BT 17y =
Fully reconstruct the event (modulo v).

By =(1.73£0.35)x10™

H* Mass (GeV/c?)
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Gim,m’
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2HDM: W.-S Hou PRD 48 2342 (1993)

40

tan B

60

80

MSSM: G. Isidori arXiv:0710.5377
Unparticles: R. Zwicky PRD77 036004 (2008)
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RQ Rare Decays: B — K /¢~

PRD 79 031102 (2009), arXiv:0904.0770

= Like B—>VV decays, a lot of information is contained in decay
kinematics: f,, A, Ry (as well as B and testing isospin).

= All of these observables are sensitive probes of new physics.

l
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o

aas?
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1 \ T \ T T \ T \
C f s Standard Model
S q o Opposite sign C*',
e =
i(e)
- (e
w R e A
| ! = ; —
0.4 | C Jly Q! j:
! ! =y B | S U el N
P L I LA I U R 0 2 4 6 8 10 12 14 16 18 20
% 2774 6 8 10 12 14 16 18 20 Y 2
2.4
e Standard Model q’ [GeVic’] ) . ey fc.)
—— = Opposite sign C*"; = Az IS consistent with the SM.
Opposite sign CefCef .
— « = Opposite sign C*", and CeM,Ce, = Prefers a non-SM solution.

July 2009 = Need more data to resolve this issue.



RO V

* No change to the situation:

= Tension between inclusive and exclusive results and sin2p.

%10
HFAG Ave. (BLNP) ,-...n 0_5:. e 6 e)
1.06 +0.15 +0.25-0.27 ———— S C
. gl 0.45 - : -
HFAG Ave. (DGE) Ball-Zwicky ¢~ < 16 a _ Exclusive
425 £0.15+021-0.17 e 334+ 0.12+0.55-0.37 e © 0.4 ot
HFAG Ave. (GGOU)
403 £0.15+40.20-025 ———— , 0.35
HFAG Ave. (ADFR) HPQCD q" > 16
384 +£0.13+4023-0.20 e 3.40 + 0.20+ 0.59 - 0.39 I T 0.3
HFAG Ave. (BLL) .
4.87 £0.24 + 038 —_— . _ 9:25 el
BABAR (LLR) FNALq">16 0.2 - .-
492 £0.32 £0.36 " | |3.62+£0.22+0.63- 041 et
BABAR endpoint (LLR) 0.15
428 £0.29 £ 048 =
BABAR endpoint (LNP) 0.1
4,40 £ 0.30 £ 047 . 0 05 ... .
HFAG _
m 0.8025 0.003 0.0035 0.004 0.0045 0.005 °
1 | | | 1 Winter09 1 | | | | 1 | | 1 1 I
2 3 4 5 3 0 2 4 4 vub
|Vub| [x 107] |Vub| [ 10™]
Inclusive |V | Exclusive |V |
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Global fit results for |V | taken from HFAG: Winter 09

Exclusive: Inclusive:
*F(1)|V,| and p2 from untagged s T T
B+_)Dc*bo I+v. " > 0.043 _
*G(1)|V,,| and p2 from untagged [
B*—D I*v.

0.042
"FIVgl, pe? GV, and pg? I

from untagged B*—D™ |I*vX.
0.0411

CLEO

wn
=

G(1) x IV, [107)
F(1) x IV 1 {107

0.04

=
=

PR T T N N NN SN T S AN SO S
4.6 4.65 4.7 4.75

m, (GeV)
V.| =(41.54+0.43£0.08+0.58)x10° [X (v & X,y]

G()|V,|=(42.3£0.7+1.3)x10°° [va]p Veo| = (41.31+0.49+0.08+0.58) 10" [X(v]

F(1)V,|=(35.49+0.48)x10°° [D*—g V} Disagreement between inclusive
and exclusive with D* [Rotondo]

New Belle result shown at EPS (not
- . P. Gambino, N._U_raltsev, Eur.Phys.J. C34 (2004) 181-189
| nCI Uded IN th ese averg eS) © See Du ngel . an Bevan D. Benson, 1. Bigi, N. Uraltsev, Nucl.Phys. B710 (2005) 371-401

D. Benson, I.I. Bigi, T. Mannel, N. Uraltsev, Nucl.Phys. B665 (2003) 367-401



ey T Physics: LFV

= Neutrinos are massive, so LFV is a part of the SM at ~10-%4 for
T —uy, and 1.

w M

.'\
AT
PRAYATRVAV, N e
i~ [ [ 14
) [ K

o i i
5 {/ 5
. - &
V. VP
H

= NP could enhance B up to ~10". (e.g. see hep-ph/0610344)

&
w

Table from A. Cervelli, CIPANP ‘09 Ty >l
Lee, Shrock, PRD 16 (1977) 1444

SM + v mixing Cheng, Li, PRD 45 (1980) 1908 10-54 - 1040 | 10-40
. Dedes, Ellis, Raidal, PLB 549 (2002) 159 B ;

SUSY Higgs Brignole, Rossi, PLB 566 (2003) 517 10 10
SM + heavy Maj v, Cvetic, Dib, Kim, Kim , PRD66 (2002) 034008 10° 1010
Non-universal Z' Yue, Zhang, Liu, PLB 547 (2002) 252 10° 108

Masiero, Vempati, Vives, NPB 649 (2003) 189
U 0(10 108 1010
>USY:50(0) Fukuyama, Kikuchi, Okada, PRD 68 (2003) 033012

mSUGRA + Seesaw Ellis, Gomez, Leontaris, Lola, Nanopoulos, EPJ C14 (2002) 319 107 109

Ellis, Hisano, Raidal, Shimizu, PRD 66 (2002) 115013
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T Physics: LFV

= New t—3! results from BaBar & Belle (472 & 872fb").

Already at sensitivities
comparable with LHC
reach!

= Improved PID and
reconstruction lead to
significant improvements in
BaBar limits.

= No events in signal box[l

—for any of the modes (both

Mode e [%] BABAR (Belle) UL [x10~%] BABAR (Belle)

ete~et 5,6 (U,[]} 2.9 (2.7)

ete pu™ 9.3) 2.2 (1.8)

etety™ 11.5) 1.8 (1.5)

f:"‘gf_,u"' (} 1) 3.2 (2.7)

f_j! put 1) 2.6 (1.7)

ptp—pt } 3.3 (2.1)
(BaBar & BeII Results are Prellmlnary)

B s50%C.L.| I' T —>ee c “_ 'C ﬁp, ee_"_ "C ﬁue e_
E190% C.L.[- @9 ﬁ ﬂ _ 2 . "
=S 4 I | n'

- M_. : ': —.—>=e+ Wt ’ ‘C —>=e* uwr ‘c eiu.’ u=,+ p,_
Signal i ﬂ‘/

from MC

distribution ﬂ

DI4 * -.o'.2 * (; * 6‘2 *
BABAR

(] .2
AM (GeV/cH)

experiments).

=Place interesting constraints
on models!

= B-factories also have results on {y, th°, and {V!

July 2009
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Charm Mixing and CPV

y (%)

HFAG preliminary HFAG preliminary
E -‘-‘E 1 .5 __ ................. ~ . 1 =
EPS 2008 i 6.5 EPS 2008 i i | M2g
I o E E 5 E E
< : — |

2 ] S L s s CPV aﬂawed' § . .

-
L5
LR B

I
3
5 i

L
IIIITIII'E'

] gt I-.L-.MHMLWML i S )
~“ 02 04 06 08 1 12 14 16 1.8

la/p

= Mixing established at 10.2c = No evidence for CPV in mixing.
combining all measurements. = Data consistent with:

= No observation (yet) in a single q_ 1
channel (measurements ~4c). P B
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Lifettme Ratio:

= Compare 1 for Cabibbo favored D°— Kx and Cabibbo
suppressed D%—h*h- decays.

’Z- III|IIII|IIIIIIIII|IIII|IIII'I'I
— Kz m
Yer = 1 (mixing) |
Thh
D? DY
T T — 7T FOCUS 2000 e
D
Thh Z'hh + Thh CLEO 2002 | H . — ‘
TKﬂ' }_"_|
Belle 2002 }—f—o—b—{
DO
Tk |—'—{
- Belle 2007 H
TIE()K }—o—{
'[DO I . I Belle 2009 H—O—’-{
TE;: | N | BaBar 2009 »
205 210
qfs] World average H
Tagged sample lifetimes differ R e S R S R S i+
= Ycp20. Yep (%)

July 2009

Adrian Bevan

0.732 + 2.890 £ 1.030 %

3.420 + 1.390 £ 0.740 %

-1.200 £+ 2.500 = 1.400 %

-0.500  1.000 = 0.800 %

1.310 £ 0.320 £ 0.250 %

0.110 + 0.610 £ 0.520 %

1.160 £ 0.220 £ 0.180 %

1.107 £ 0.217 %
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WY Spectroscopy

=  Study of new Charmonium states (2S+1)LJ s 3g 3 3p 3p_ 'p 3p. °p °p 'D. 7
started several years ago with the ~ 500023 2 12 2
X(3872) from B decay, and Y(4260) ‘o
from ISR. > 4750 ] _
Zasb E Y(4660)

" n 4500 ¥(4415) .
%:: § é . 4320) Z*(4430)
“20_ ? 4 1. 4250 X4 .160) uY(4260) L:':':'[ : S ‘ Z.; |
tef- ; = _| H ] 4000 _:'E Y(3940) (4160) Z.* |
w% ; ;1_1 ' il 1 X(3940) Z(39-)30) m [ ] ‘ . 1
5 ; - _|_“EHII"1L4.|J.-L|LL - ﬁl]l]_,— LR 3750= X(3872) — ] B
f2 ‘3‘13; I I3.116I I I3.le I ‘3‘.9| e R ;;:_;JM;J?GEVI;R; _;s_ Open charm threshold y(3770)
x3872) " Y (4260) s Ve _, o
3500 Yo h —
PRL91 262001 (2003) PRL95 142001 (2005) o ‘T‘ ¢
. . . — N Stat —
= Still finding many new states. 3250 e
3000;(1?)- v ® Established —

= The nature of many of these still not k

understood. 2750 [ | Theory —
o500l L L 1Ll ]

= Z(4430) is puzzling: Belle see this o T 2* 1 0" 1" 3 270 1 2+ ?? Jre
state (6c), but BaBar don’t (<30).

After a 30 year search: The bb

* More data are needed (at future ground state was discovered by
experiments) to resolve all of the _
outstanding Issues. BaBar: n,

July 2009 Adrian Bevan 23



= Searchfor Y(3S) — yA’with A’ 777, 7" /(v

= NMSSM predicts A° could be a light.
= EXxpectation
B(Y(35)—> yA°)~10"*
= Where A%—tt dominates.
= Sample of 122 x10% 3S decays.
= Scan for a signal in E,

0.1

veto Ko ‘(2P') — Y(iS) -
It i I
ES il iy i

ﬁH i {'H e

i

O [ToesT 174

90% C.L. Upper Limit ~ B(Y'(3S)— v A%) x B(A">11) % 107

distribution in steps of .1 BaBar preliminary

"2 resolution on Ey. - ® — Total uncertainty
% 1000 | ‘ © ‘ 10" L ---- Statistical uncertainty only ]
Z 100 L = 7 5
}25 10 5 / \ T j.l'!j : TS o C e & U= \ < RIS
§ g 7 BaBarpreliminary 2 < o°-~ =
e ‘ ‘ ‘ E = . . 3
£ 0g%tWm***#M*w*M++*;ﬁ:1’***#*-*;%;;%“q*-yw‘;W**a*;*++++++*;ﬁ’é?w*w;*w‘vﬁw*ﬁw*w@ 10_621 firXIy.09|06.26|219 (Su b‘mlttled toSPRL) 1‘0 ]

5B ‘ ‘ ‘ = 5

0-5 %gw (GeV) 2 on (GeV/C )

= [, Is expected to be small, so

o o
assume the width is resolution on E.. Upper limits of ~few »10° obtained.

= Also searched for A°>-puu and invisible decays: arXiv:0905.4539 & arXiv:0808.0017:
= These are 4 to 10 times better than previous results.
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YO Y—oinwvisible

= Dark Matter scenarios could lead to Y—invisible enhancements above SM
rate to ‘B ~10-3 — 104, R. McElath, Phys. Rev. D 72, 103508 (2005)

=Using 91.4M Y(3S) decays.

=Reconstruct Y(3S)— 7'z Y(1S).
= with Y (1S ) — invisible

= SM expectation: Z(Y(1S) - viv) = 1x 107

= Fit —-118 +105+124 events.

= Corresponding UL (90% C.L.)
constrains NP scenarios:

S B(T(1S) — invisible) < 3.0 x 10~
§3OO_ PRELIMINARY E _
7 _ = = Factor of 10 better than previous UL
200F Peaking E
100E background 3 from Belle.

9.42 9.44 9.46 9.48 9.5 9.52
m,. (GeV/c?)
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% Hints of and Constraints on New Physics?

= The B-Factories measure some tension with the SM:
= sin2f

= 2.1-2.7c discrepancy between SM and measurements in Charmonium and
(theoretically clean) s-penguins.

. Vub
= |nclusive and exclusive measurements not in good agreement.

= Ak, the Kr puzzle

= >50 discrepancy between theory and measurement: is this real, or are there
large corrections needed for theory (see S. Mishima).

»= The polarization puzzle persists.

= They also continue to constrain New Physics parameter space with
rare B and t decays.

= Bforttv, st 131, ...

= Y(NS) physics potential to constrain lepton universality and search
for dark matter and light Higgs particles.

July 2009 Adrian Bevan 26



W) Super Flavour Factories

= SuperB (ltaly) = SuperKEKB (Japan)

~

SuperBelle

New IR
Crab cavities

MNew beam pipe
& bellows

Energy exchange
C-band l{ ’6\ Damping ring
Paositron source
Super
KEKB
y uest for BSM

July 2009 Adrian Bevan 27



‘09 workshop, March KEX

SuperBelle

Super
KEKB

uest for BSM

New IR

Crab cavities

New beam pipe SuperKEKB
& bellows / Be”e 2

More RF sources > h

g | v
Crab cavities will be installed
and tested with beam in 2006.

Energy exchange
C-band

The superconducting cavities will be
upgraded to absorb more higher-order
mode power up to 50 kW.

[NEG Pump]

The state-of-art ARES
copper cavities will be
upgraded with higher energy
storage ratio to support
higher current.

[SR Channel]
[Beam Channel]

The beam pipes and all vacuum components will be replaced
with higher-current-proof design.

Now working toward a low emittance design.

Integrate 50ab-’

ox NS Ry

L =8 %103 cm2s.



« Asymmetric energy e*e- collider, with
roughly 7GeV e~ on 4GeV e".

* Low emittance operation (like LC).

* Polarised beams [60-80%].

* Luminosity 103 cm—2s-1
« 75ab-1 data at the Y(4S).
* Will collect data at other Y
resonances, and at charm
threshold.

« Start data taking as early as 2015.

* Crab Waist
technique
developed
to achieve these goals.

« MAC approved the machine design
earlier this year.

http://www.pi.infn.it/SuperB/

HGID 2

Precision B, D and t decay studies
and spectroscopy.
* New Physics in loops.
— 10 TeV reach at 75ab-1.
— Rare decays.
— AS CP violation measurements.
» Lepton Flavour & CP Violation in t
decay.
 Light Higgs searches.
» Dark Matter searches.
« Sample of data at the y(3770) can
utilize quantum correlations in D°DO.

SUPERB REPORT SIGNATURES .
[aiwan

3
frag, -
ﬂ v Ausiralia

Geographical distribution of CDR signatories.



- wsnel)

(\n 2 N
- Asymmetric energy e*e- collider, with  Precision B, D and t decay studies
roughly 7GeV e~ on 4GeV e*". and spectroscopy.
* Low emittance operation (like LC). * New Physics in loops.
* Polarised beams [60-80%]. _ 10 TeV reach at 75ab-1.
e Luminosity 103 cm—2s-1 — Rare decays.
« 75ab-! data at the Y(4S). — AS CP violation measurements.
* Will collect data at other Y » Lepton Flavour & CP Violation in t
resonances, and at charm decay.
threshold.  Light Higgs searches.

- Start data taking as early as 2015. * Dark Matter searches.
» Sample of data at the y(3770) can

« Crab Waist utilize quantum correlations in D°DO.
technique e —_
developed —. # = 50% Higher integrated
to achieve these goals. W luminosity goal @SuperB.
= ¢~ beam polarization:
« MAC approved the machine design § important for T physics
earlier this year. (LFV/CPV/g-2).

= Will run at y(3770).

Geographical distribution of CDR signatories.

http://www.pi.infn.it/SuperB/



W) Super Flavour Factories

= Two projects being planned: SuperB/Belle-lI.
= Strong international interest in doing this physics!
= Neither project is approved yet (or funded).

= Could have a healthy competition (like BaBar and Belle)
starting 5 years from now.
* Flavour physics 1s an important part of the European
particle physics programme. Rich physics
programme.
* Anete” collider at Y(4S) energy region would be a
significant milestone 1f

—much more than 50 ab™ data by the end of ~2020

—moderate cost
* Machine R&D for the TDR should be strongly

supported to show that the concept can be realised.

(R&D 1s also useful for the future machines. Continue
collaboration with KEK?)

Quotes: RECFA Report on nano-beam
Super Flavour Factory: T. Nakada, Nov 2008
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WO CLEO-c

CLEO-c > Solenoid Coll K
B

| Barrel w-s> o~ This term leads to
: Ring Imaging Cherenkov b c R a ~9° model
AR DO =0 ' 0| uncertainty on y
{ Ny, : Elinihies "/ D A
SCGuadrupole/ By, =2 N ' Imerane’:lmi?;: er!
Pylon N . T, - =
y \ */ 2
\ \\'ﬁ - . . ‘_‘. B+
S S’ I Endcap
sC Calorimeter
Quadrupoles
Rare Earth
Quadrupole Poll;:II-'ece
Magn e Barrel Muon
Iron Chambers 5 =
= Utilize quantum coherence at A
the y(3770) to help constrain = Can measure Jp from:
model uncertainty the GGSZ vy eteT o l//(3770)
measurement. 1
= Model error will be important ~0
D°D° - K. z'7

factor on experimental

precision on y. I_.K K- (Cp even)

etc.
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WO CLEO-c

= Use model independent approach proposed by Giri et al. to constrain op.
= DK, n*n- decays recoil against flavor, CP and Kqnr tags.

= Interference between D° and DO is parameterized by ¢, and s,.

= These depend on Adp: the difference in phase between two points (x,y) and (y,x)
on the Dalitz Plot.

K n*n~vs. CP-even Tags Kin*n-vs. CP-odd Tags
BPh:ElselBinS‘ _ 3620108-001 3 T — . 3_. — T T
! Dalitz Plotis | g [ 5 Kz 7]
- divided into P TR 1
o regions of 1. ™~ o i
- equal ] 16 o» | .
~ & AS(Y) | = [ i
1sf - T TP s I | T D y
g | 1 : R Eeih
1F - Data _ _
05:_%§ "0 B I 00HH1IHH2|HH3
P M2(KZ %) M2(K2 %)
N
0 1 2 3 - -
V(e ) " Measured c; and s; significantly reduces
. - model error expected on GGSZ vy
=180° = - g
’ ’ determination.
Giri et al: PRD68 054018 (2003). m Using this result: G rrodel = 0° 5 1.7°.

Bondar et al.: EPJC47 347 (2006); EPJC 55 51 (2008).
CLEO-c: arXiv:0903.1681. Adrian Bevan 33
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CLEO-

CLEO

Event/ (0.001 GeV) Event / (0.001 GeV)

Event / (0.001 GeV)

= Many charm decays studied:
= 818pb~" at the y(3770).
2 586 pb-1 at 417OMeV [D, decays].

Mg (GeV)

3 1B4 185

M. (GeV)

July 2009

186 187 188 1.89

Event/(0.001 GeV)

Event/ (0.001 GeV)

1200/

sonnn: D; - K K B
- S‘: 1000 I 3
i o | [ 1
40000}~ g 00 | ]
F S [ b
30000 [ |1 |
zuoun— T B
s g - § 4 ]
100001~ w znu_— | E
5 L T 7] |W&W
Invariant Mass (GeV)
1900r 180T ! !
um— s mf_ D;—»Kgrt‘-}
1200 (g m;— \]:
1000} 3 1208 |
e g 100F
e = “PEE; + } '
[ b — B0 .
-l o H i +++ i
= w
200(- 20F
fa5 184 15 186 187 188 189 o x
Mg (GeV) ‘Invariant Mass (GeV)

D, results using 300pb-! of data
published in PRL 100 161804 (2008).

Mode This result B (%)

D" — KTK~ 0.4052 + 0.0041 £ 0.0044 + 0.0080
D° — K2K2 0.0159 + 0.0017 £ 0.0008 4 0.0003
D? — xF 7~ 0.1441 + 0.0022 =+ 0.0035 + 0.0029
D — 7% 0.0836 4 0.0029 £ 0.0030 + 0.0017
DY — K~ n* 3.8910 external input [2]

D — K&x° 1.2081 4 0.0115 £ 0.0291 + 0.0239
D — K%n  0.4769 4+ 0.0112 £ 0.0260 4+ 0.0094
D — 7%  0.0689 4 0.0058 =+ 0.0041 + 0.0014
D — K%' 0.9623 4+ 0.0317 £ 0.0445 + 0.0190
DY — 7%  0.0937 4+ 0.0112 =+ 0.0059 + 0.0019
D° — 0.1653 + 0.0110 £ 0.0137 4 0.0033
D° — 0.1063 + 0.0243 + 0.0097 + 0.0021

A smorgasbord of the recent
results of D% D* and D, decays
To two pseudoscalar final states.

Adrian Bevan

Also studied:

= Final states with .

= 3 body final states.

= f; and f,, measurements.

= BES-II1 will hopefully follow
on from where CLEO-c finishes.



WO

Accelerator achieved
L~3x1032cm's2 and is

running well.

Recorded 100M y(2S) events.

J/y run started:
= Aim: 300-500M events.

BES-III

3. 30E+32
—=3. 00E+32 *

02, TOE+32 | /‘(/
2. 40E432 | P aPA

52. 10E+32 ‘g o s
T1.80E432 | T 0lk |, .
Z1. 50E+32 S B Lun2009
21, 20E+32 e e " LunP008
S9.00E#31 | N
56.00E+31 ,.,)y

3. 00E+31 [

0. 00E+00

0 100 200 300 400 500 600 700
Qurrent (A
y(2S) scan: -

S 10 Peak position = 3.684 GeV

E |t World average: 3.686 GeV
nb ‘

(- Energy spread: 1.45 MeV

9 Peak cross section: 630 nb

"5 102

(¢B) ¢+

wn

wn

n

o

O %66 3.67 3.68 3.60 3.7

CM Energy (GeV)

S. Olsen/Y. Wang CIPANP




s 10 signal
2000:—
1500:—
1000:—

5001~

n signal
200:—

50~

82 '6.45

Events / ( 0.001)

500

BES-III

S. Olsen/Y. Wang CIPANP

BESIII preliminary

t//(28)—>7z0h h, —>7//§+ f

IIII|IIII IIIJ—T‘—I—II|IIII|IIII|IIII|II

2
V5003 5053 5103.5153.5203.525 3.5303.535 3.5403. 5453 550

n® recoil mass(GeV/c?)

Detector working well

= Mass distributions of n% n, A, K*,
etc. confirm this.

Physics results starting to appear
from 2S data sample.

Aim to record 20fb-1 at w(3770),
and above D D, threshold soon.

+ Eidelman showed results from
KEDR on J/y & charm.
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L Kaon physics

Muon veto sytem
Hadron calorimeter
Liquid krypton calorimeter

Hodoscope
Drift chamber 4
Anti counter 7

Helium tank

Drift chamber 2
Anti counter 6

R, (2007-2008)
K*—m*vv (in preparation)

SPECTROMETEE
HELIUM EB=G

I —

< .

=9 ]

‘u Lﬂ

Kaons at the Tevatron

llllll

MUCH FILTERS

CsI CRYSTEL
HODOSCOPES
LRIFT CH=MBER 4
CRIFT CH2MEER 3

CRIFT CH=MEER 2

L[RIFT CH-MEER 1%

DEC2Y REGICH

Also future experimental Kaon programmes
at JPARC (KOTO) and Fermilab
that | don’t have time to talk about. Vacuum tank not shown




ey,

KTeV

.KTEV 22

Kaons at the Tevatron

= &'/ ¢ #0 signifies direct CP violation in kaon decay.

R=1-6R(s'/¢)=

N(K) = 7°7z°) IN(K] = 7°7°)

N(K) > z'727)INKKS = 7' 77)

= First results a decade ago from KTeV and NA48.

= Final KTeV result needed a slightly better understanding
of the calorimeter systematic error.

= Now available!

Source

Error on Re(e'/e) (x10™%)

K—rnta™ K — %

Trigger 0.23 0.20

< Csl cluster reconstruction — 0.7 —
Track reconstruction 0.22 —
Selection efficiency 0.23 0.34
Apertures 030 0.48

< Acceptance 0.57 048 —
Backgrounds 0.20 1.07
MC statistics 0.20 0.25
Total 0.81 1.55
Fitting 0.31
Total 1.78

Reduced
from 1.47

Table from E. Blucher, Kaon *09

(PRD in preparation)

July 2009

Adrian Bevan

Re(e'/¢) (x10*)
E73193 —a— 74+ 59
NAZT 93 —e— 230+ 6.5
MNAAS 02 = 147+ 2.2
KTEV 08 o 19_2__;;
0 1 20 30 (107
New World Ave. o 168+ 14

R(e'] &) ey =(19.211.1+1.8)x10™

38



= Use K—nlv decays to
precisely measure V .

= Fundamental test of CKM
unitarity and the SM.

[f+(0) Vius

0.2155(7) LOIVul L K,
0.2167(9) — K | B —
' KLOE

0.2153(14) . k. |f.(0)Vy ‘ =0.2157(6)
0.2152(13) : K, VA =0.2237(13)
0212(18) —— | Ko 1V -V =(9+8)x10°"

0213 0215 0217 = Results consistent with Unitarity
f(0)=0.9644 +0.0049 from UKQCD/RBC. of the CKM matrix & SM.
|Vud|2097418i000026 from 0*— O* B decayS. JHEP 0804:059 (2008)
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= Test the SM with

['(K*—>e* 'K m> [ m2 =m?
= ( . +V) _ ( e2) _ (; . ; Z .(1+5R5ad.C0rr.)
L(K* > p'v) T(K,) mp(mg—m: ) 2
v
\_Y_’ Rad. Corr. a few% from IB K—evy

Helicity Suppression factor

= Probe for NP models, RH currents, MSSM, 2HDM
] RK=2_477(1 )><1O-5 in the SM. V. cirigliano, 1. Rossel, PRL 99 231801 (2007)
= 1% deviations from SM could signify NP.

0.01

Rli/ﬂ _ (R%ZI)EXPL —1+ ARIi/” EZZZ
(RE“),, -

el f
AP i

= Can be combined with LFV ~ **

0.004 |

In T decays to constrain NP. 00 |

-0.008 [

A. Masiero, P. Paradisi, R. Petronzio, JHEP 0811:042 (2008). 001
10

July 2009 Adrian Bevan

Black dots indicate:
(g-2)uz(1-5)><10‘9

This is one example
of a SUSY LFU
breaking model,
with overall
conservation of L
number.
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= Test the SM with

(K —>ev) T(K,) m?
2

© T(K >uv) T(K,) m

Helicity Suppression factor

€+

vl

u
= Aim: 1% precision on R,.

= Challenging measurement: 10 background
rejection with O(50%) signal efficiency.

= p—K*K- topology helps signal identification.
= N(K,,) ~ 13.8K [limiting factor].

July 2009 Adrian Bevan

2 2
. m; — mz .(1+5R5ad.00rr.)
m, — m#

J

v

Rad. Corr. a few% from IB K—evy

= R tests Lepton Universality.

= Use data to determine

Rad.Corr.
SRRed-corr

=SO004000: 30002000 (000 0

1000 2000 3000 4000 000

M?,, (MeV?)

41



= Data collected between
"01 and "05.

= 2.5fb-1 integrated at
Vs=m ,.

= ~2.5M KK pairs.

= Statistical error dominated by K, yield
and background subtraction.

= Systematic error limited by statistical
effects.

RKLE — (2.493+0.025+0.019)x10°°

= Precision of ~1% reached.

Systematic error [%]
Source Main method
Stat Syst
Reconstruction 0.4 0.4 Control samples
Trigger efficiency 0.4 Downscaled events
Bkg subtraction 0.3 Fit range variation
Ke2(DE) component 0.1 Measurement on data
Clustering for e, p 0.3 KL control samples
Total 0.6 0.5
NA48/2 ‘04 o
NA48/2 ‘03 o
KLOE ‘09 - -
SM Prediction .
-5
R, (10-5)
(- ' | T RN T ' S S |
2.25 23 235 24 2.45 25 2,35 2.6

July 2009 2.



W) KLOE-2

= SuperB beam tests at Da®ne give significant increase in L.

Luminosity vs Currernt Product

. G = SuperB’s Crab Waist scheme
L | Slimms, Crab waist test at Dadne works well!
2000 | el = KLOE will take data again (L~
o T increased by x3).
25000 |- E - ;
; a0 UPLCE = New Inner Tracker detector
' S mm o 0w2z000 Crab o (cylindrical GEMS) will give
o b T better acceptance for low p
it tracks.
10000 |- L + 1‘”"MF '
TP . i e = Physics goals include:
B N I B e D Improve LU tests and |V .

o a2y o5 075 / 1.2y L35 L7ZF 2 225 25

= Constrain CPT violation in kaon decay.
f."i’)",--lffy".f’v’ﬁffm‘ﬂ' n Measure Ke2 to ~1 0/00

= Measure ¢'/e ~104.

= Study rare Ks, n() decays.

KLOE also showed a number of other results %:r?(is%%rgzgg?gt{oscopy

including tests of the o effect (CPT), txg, = Will include a new yy trigger.
and K—3m decays.
July 2009 Adrian Bevan 43
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e NA62 (2007/2008)  VABZ

= Aim to measure Ry t0 ~0.3% . Zkseles
= Analyzed 40% of the data. FERER
= Data taking in 07/08.
= Excellent e—p separation. " Al U
= Nyeo=51,089  [P=92%].
w_ 2.65 — —
u NKH2=15.56X106 [P=99.75°A)]. 2 T .1 | Independent measurements
. F . | intrack momentum bins
o 2.6 L SR e T
108 | og scale Data 5 ¢
Electrons %z.ss:—- BT (A I e
£ i ] r ® :
% 25| ) ’ | ¢
SM BEER
Foas Lo ipie i 9
L Unclertaintiles indiil:ated:
2.4__ l:l statistical+K ,+halo |1 i il
E :Itutd ! ' ! ! '
239556 55 30 3540 45 50 55 60 65
0 02 04 06 08 1 19 Track momentum, GeV/c
E/p: Energy/Track momentum = Systematic error is dominated

July 2009 Adrian Bevan by statistical effects. A4



WO NA62 (2007/2008)  WABZ ()

= Aim to measure Ry to ~0.3% with full data set.

= Preliminary result shown at Kaon ‘09:
R¢ =(2.500+0.012+0.011)x 107 (0-64% precision)

; — ; 4 2
PDG’08 #—— June’09 average RLFV N RSM 1+ mK mT |A |2 tan6ﬂ
Clark (1972) K 77K 4 2 |I713
. Heard (1975) =
8
° Heintze (1976)
KLOE (2009) '
B ) mmpen .
final result
NA62 (2009)
ror preliminary . 31:::104
|\\|\|\||w|\||s|;nfl||||||w|w||w|\||\l .A1s=5104
22 23 24 25 26 27 28 A, =10°
R, x10° b
K R, =(2.498 + 0.014) 10°

= This new result dominates the 200 400 600 800 1000
world average precision on Ry. charged Higgs mass (GeVic')
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) NA62 (In preparatlon)

= 2" phase of NAG2: "® [ excludeli area at GL > 068 and 095 1
= 10% measurement of [ Ocariz Thur;sday SR

K* . I ]

= 55 events/yr. e ]

y 0.5 - 5 K> nlvv -

—— —

B € : .

= Theoretically clean test of P K ______________________________________________ L
CKM and NP. S\ W |
ok 1 W ]

. . . . | 10% B(K*—>n*vv i

= Will give important constraints on | 1506 3§KL_)TEOVV; o
CKM with KOL—)TCO\/V (from KOTO). o e B

= Need to add:
- PID system (RICH)
- Silicon Pixel Tracker
(GIGATRACKER)
- veto anti-counters
- new vacuum tube tracker
(straw tube)

to the existing
apparatus.

= Approved by CERN Research Board in December '08.

July 2009 Adrian Bevan 46



W) MEG

p—>ey
Paul Scherrer Institut Based Experiment:
Use the worlds most powerful DC p beam.

E i
L ,
e ._ i

INFN & U Pisa PSI UClrvine

mDubna
INFN & U Roma MNnvombﬂsk
INFN & U Genova X
INFN & U Pawvia 5
INFN & U Lecce -
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W MEG

= Raison d’etre: search for 1= —€7y.
= Expected ultimate sensitivity reach ~ B<10-'3 (90% CL).

= SM expectation: ~ 109,
= Any signal would be a clear sign of new physics.
= Complements 0,; measurements and t—py searches when

interpreting new physics models. u—ey search history
y 107w |
R # i " p o Ol?ast e)?(perirr ents
o DA P / £10°
J 2 J P 2 £ ; .
8 10 ................... ...................................
/ / / g “
Signal SM Background  Accidental background = .
g 10°° . ;
= Started taking data in 2008. E.lm_" ' . 1
= Continue data taking later this year. 107 .

107150 | | 1 1 . | (expected)
1950 1970 1990 2010
July 2009 Adrian Bevan
Year




W) MEG

n 2008 Run: %m_..lntegrated proton current /
d %m fFOm Sep to Dec ol
= Sept-Dec '08. e L]

= 90.1x10"3 u on target.
= 3.4x106° (s) live time. DY« M R N
[ | Expenment Worklng We” uEET sr.os zs:ios ns.-im 1a:i1|1 zsjm usim 15i:11 zsim ns.-i12 16/12

Date

= Some teething troubles being worked on for this year [related
to DCH HV], and LXe purification helped improve response.

= Expected single event sensitivities:
SES(2008) < (30—50)x107%

SES(2009) ~ (3—5)x107*
= Analysis of 2008 data is ongoing (still blind).

= Hope to open the box soon, so watch this space!

See R. Sawada, CIPANP ‘09 for more details
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L) p—>e conversion

= The search for LFV via neutrinoless u—e conversion.
u Al —>e Al
Best limit from Sindrum-II.

Detector Solenoid

Electromagnetic
Calorimeter

Tracker

“Watch muonic Al decay”.

Sensitive to NP, in a
complementary way to
other LFV measurements.

Project X

FNAL: Mu2e proposed in 2008
Construction from ~2013
Data taking from ~2017

Sensitivity <10-16 Subsequent upgrade
ensitivity <10-

Present limit (Gold) is being planned (ProjectX).

-13 oo W O e
< 7x10 R, T -
_i,.f{ e JPARC: COMET proposed in 2007
il .. Construction from ~2013

4

New experiments planned to iRe
surpass this by 103. i

; l"::-%'..' BT T T L

Ly

& (i I e b

L K
(S e

Data taking from ~2017
Sensitivity <10-16

™ Fion Coosy and
[l -emeagmn’ Gl o
A Water ke B Laf BETE
e ey o BT e
B g g

Subsequent upgrade
being planned (PRISM).
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" Related talks from parallel sessions

BaBar + Belle: KLOE(-2)/KTeV/ CLEO:

J. Albert C. Chiang NA48/NA6G2: D. Miller

E. Ben-Haim S. Choi P. Cenci S. Ricciardi

P. Biassoni A. Drutskoy G. Collazuol T. Skwarnicki

C. Chavez W. Dungel M. Dreucci BES-I11I:

V. Druzhinin B. Golob L. Erika S Jin

M. Ebert K. Hayasaka P. Gauzzi ]

E. Guido S. Kyeong S. Giovannella SI\%pSerIIIB_/SuperKEKB.

T. Hong C. Liu G. Lamanna - Suiivan

R. Kass R. Louvot E de Lucia Z. Dolezal

T. Latham Y. Miyazaki E. Marinova KEDR:

V. Lombardo I. Nakamura B. Di Micco S. Eidelman

N. Lopez-March S. Nishida F. Nguyen

A. Mokhtar A. Poluektov P. de Simone

G. Onorato B. Reisert

M. Rotondo M. Wang MEG/Mu2e/COMET:
J. Sundermann J. Wiechczynski No talk at this conference,
V. Zieg|er E. Won see CIPANP 2009

+ T. Nakada’s ECFA/EPS summary of Super Flavour Factories.
+ UTFIit/CKM Fitter talks (Tarantino & Ocariz)
Many excellent parallel session talks, please look at them for details!

Apologies if | did not cover your favourite topic.
July 2009 Adrian Bevan 5l



YO Summary

= A good year for Flavour Physics!
= A sample of the programme has been reviewed here!

= 45 years of CP violation studies have resulted in
consistent descriptions of K and B decays.

= \What about CP violation/conservation in Charm?

= There is still room for new physics effects!

= Ever more precise constraints on LFV are being pursued
via MEG and Super Flavour Factories.

= Super Flavour Factories should also look for CP violation in t
decays!

= Kaon physics has a promising future programme with
KLOE-2/NAG2/...
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YO Summary

= The next decade has a balanced flavour programme in
B, D, K, 1, and u decays.

= We should recall that ...
= FCNC place strong constraints on the Standard Model.
= So FCNC in the SUSY sector will do the same for new physics.

= This strong flavour programme (including hadron
machines) is needed to elucidate the complex nature of
high energy physics.
= Flavour physics supports and strengthen the efforts of the LHC.
= Complementarity to neutrino programme.

= Each proposed and existing experiment provides a unigue set of
measurements to teach us something new about nature.

Thank you!
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B 0 = g [~ Via Vi /Vaa Vi
Vi \Eb o V., Vi [ =arg [—Vea Vi, /Via Vit
V. Vi v =arg |[—VuaVy,/VeaVi)
Y B
OO (@ p.7)= (0008 o
[(At) — T(At)

AlAD) = D(At) + T(At)
A(AL) = Ssin(AmgAt) — C cos(AmgAt)
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"  An end to the 30 year search for

Y(45) BB threshold
............................................ C L hserved
= = = predicted but
el Y(3S) \Y\b unobserved
b - -r (EFE = w %r (2P) %2(2P)
______ — < =After 30 years of searching,
L2 e — a candidate for the ground state
b 1P b1
s / of the bb system has been found.
) A
n,(1S) Y(18)
- Swave < P-wave . Phys. Rev. Lett. 101, 071801 (2008)
Jre = o+ 1 1* o 1 10000 ———— —— — T —— — —TTT
PR B | | | | | ]
s F -
3 8000 (®) =
m, =9388.9";7£2.7 MeV/c* S E
+23 , ST ISR Y(lS) §
mms) — mnb = 71.4_3:1 + 2.7 MeV/c § 4000 / -
£ My -
2000 Nl b -
B(Y(3S)—> 17, )= (48+0.5+1.2)x10* o il ;
-2000}” \ =
I | I I | I
5

July 2009 EY (GeV)



e Charm Mixing

= Define mass eigen- states

ID1) = p|D°) +q|D°
Do) = p|D°) —q|D°
= Mixing occurs if Am or AT#0
_AaM A Iy + 1y

= Short distance terms are GIM or CKM suppressed.
= |Long distance terms dominate and are hard to calculate.

BABAR: PRL 98 211802 (2007) D°—>K*z~ decay time analysis, BABAR 3.90

BELLE: PRL 98 211803 (2007) D°—>K*K-, 7*7~vs K*7~ lifetime difference analysis, 3.20
BELLE

BELLE: PRL 99 131803 (2007) D% —>K 77 time dependent amplitude analysis, BELLE 220

CDF: PRL 100, 121802 (2008) D°—>K*7z~ decay time analysis, CDF 3.80

BABAR: PRD 78, 011105 R D°—>K*K~, 7#7~vs K*7~ lifetime difference analysis, 3o

(2008) BABAR

BABAR: arXiv:0807, 4544 (2008) | D°—»K*z z’time dependent amplitude analysis, BABAR 310
D°—>K*z~ Relative Strong Phase Using Quantum-

CLEO-c PRD 78, 012001, (2008) Correlated Measurements in e*e'—D°D? at CLEO

Significance of all mixing results combined by Heavy Flavor Averaging Group ~9.80
ICHEP2008:
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W) . T Lepton analogue of the
2()s T Physms: V| KLOE Unitarity test

= Use AS=1 decays of 1. T, V. THadronic

= Rates sensitive to |V |: T decays

R ]
@ | VUS |2 — LT 2 W d':d. I/Hd_i_s. Vus
R [ Vs I +0Rope —

7,nhon-strange u

T SRqpe is @ small SU(3) breaking

: : correction: <0.1xR IV 47
= R =ratio of hadronic decay rate: t*—>e*v,v,.. sron-stangel |V ud

= 9 modes with recent results relevant for this measurement.
3 o discrepancy from R_measurements

2 2 “ 7\ 2
s Decays (+RBC, QcDf £ = & L
:;.gh:‘ug::? IUKQCD f (0)) > F(T KV) — |V;f-\-| fK I m,.\. /m_r (] + 5r )
» 7, Decays (+lattice f /f_ ’ 2 ) 2 . RC
:;'.225‘1;[;.00:5)( e F(T —> .?T/'V) |V“ / _fJ T 1- m_ / m

1 T
Hyperon Decays

(0.2260:00080) ... OSSO, S~ B (T_ > K7y

t Decays (w" prad—aK\meDD?J ——F — )
B (r" —> 7Z'_V)

=0.06531+0.00056 +0.00093

(0.2225:0.0034)

UPDATED t Decays (w,  meas. 1 Kv) L R
(0.2157:0.0031)

UPDATED t Decays (w\ , pred. - Kv) —— ¢
(0.2171:0.0030)

UPDATED t Decays (w . pred. t— Kv) PY a

B e i V.| =0.2255+0.0019+0.0014

(0.2154:0.0032:0.0015)

prseoo00s o 1 The ratio determination of [Vus| is in
UPDATED 1 Decays (w, , pred. t— Kv) — @ — < Unitarity | R . .
0.18 0.19 0.2 0.21 0.22 0.23
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July 2009

Inclusive |V |

Use the semi-leptonic decay rate to obtain |V ,|? «B(B— X Iv).

= Measure as a function of a kinematic quantity: 9 (ﬁ v),mx E,.

» |nterpret measured rate with your
favourite theory.

= There are many schemes on the
market.

= Results obtained are consistent.

= Can be compared with an exclusively
reconstructed X, system (=, p, etc.).

HFAG Ave. (BLNP)
4.06 £0.15+0.25-0.27
HFAG Ave. (DGE)
425+015+021-0.17
HFAG Ave. (GGOU)
403 +0.15+020-0.25
HFAG Ave. (ADFR)
384 +0.13+0.23-020
HFAG Ave. (BLL)
487 £0.24 £0.38

BABAR (LLR)

492 032 +0.36 .

BABAR endpoint (LLR)

428 +029 +0.48

BABAR endpomt (LNP)

4.40 +030 + 047 =
| ‘ WinterQ9 \
3 5 ;

|Vub| [X 107]

Adrian Bevan
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ey, \%

= Exclusive |V |
= Tension exists between inclusive Ball-Zwicky ° < 16
334+£0.12+055-0.37

and exclusive results.

HPQCDq” > 16
340£020+059-0.39

BABARSLtag: B~ — n°l" v x 21,/1,

0

1.80 £0.28 £0.15 | —o— )
BABARB,., tag B " — n’ 1" v x 27/1. | FNAL q*> 16
1.54 £0.41 £0.30 T 3.62 +0.22 +0.63 - 0.4] ¥
BELLE SLtag:B ™ — n°1" v x 27/,
143 026 £0.15 e
BELLEB,,, tag B~ — n°1" v x 27, /1.
1.24 £0.23 +0.05 '
BABARSLtag: B ° > mw 1" v : HFAG
1.39 £0.21 +0.08 . o
BELLESLtag:B - I"v | | — —
1.38 £0.19 +0.15 r 0 2
BABARB,_  tagB’—>ml'v 5
1.07 £0.27 +0.19 g %1072
CLEO untagged: B — nl v : ~ 0.5:- T
138 £0.15 +0.11 - >= -,
BABAR untagged: B — 1l v : .
145 +007 +0.11 - © ! : Exc
BELLEB,__ tag: B’ > 1 v i 0.4
1.12 +0.18 £ 0.05 o
Average B 5l v ' 0.35
1.36 £0.05 £ 0.05 - 0.3
¥*/dof=5.9/9 (CL= 75 %) HFAG ’ :
1.8 1
| | | WINTER 2009 0.25 11C1
-2 0 0 2 A
BB — w1l v)[x10 ] 0.15
. 0.1 O —
= Small tension between |V .| and b o
sin2p persists: ~ 1.5 o.

0.8025 0.003 0.0035 .0.004 0.0045 0.005
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= Use the m_,_, distribution in 3n
decay to measure re-scattering
lengths between 1=0 and |=2
components: a,-a,. e3

Cabibbo, PRL93 121801 (2004)

il {jfl

1.02
1 015_5 (d)Re scatterlng observe
E |n K, —3n° o
1.01 E
1.005 3
13
3 P
0.95 3 KTEV 33
-] Kaons at the Tevatron
0.99 ;’r , -|- Data/MC(phase space)
0.985 * f/— prediction, best-fit h,,
o === redlctlon h ——0 005
0.98 e 8

0.27 0208 0029 0.3 031
min =°x° mass (GeV/c® )

July 2009 PRD 78 032009 (2008)

KTeV and NA48/2: ntw scattering

NA48-2 have results on 3n and
Ktr—>n*rmetv.

Again parameterize [=0,2
scattering lengths: a, and a,.

«0.01 NA48/2 Ked (2003-2004) PRELIMINARY
]
0'02? Universal Band [\
0.03 |

: P
-0.04
-0.05 ChPT
-0.06 |

L L I L B A I R

Impressive statistics: 1.1M Ke4,

and 60M 3n decays.

Scattering lengths measured in
perfect agreement with yPT.

019 02 021 022 023 024 025

0.26
al

KTeV: Blucher; NA48-2: Bloch @ Kaon ‘09

Adrian Bevan
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W) KTeV and NA48/2: it scattering
KTEV E 2. Floating both h,y, and a,—a,:

Moo = (—2.09+062_  +072 +028 )x 107 = (—2.09+0.99) x 107°
Kaons at the Tevatron /‘ooc stat sysi ext

m ,(a,—a,)=0215+0014 _, +0.025  +0.006,, =0.215+0.031
2 | dof =2790.6 /2764 (all pixels)
x° I dof =126.3/130 (edge pixels)

ChPT (Colangelo et al.): m_, (a, —a,)= 0.265 + 0.004

| /{,.__ ‘ ChPT best prediction ay = 0.220 + 0.005 , a, = -0.0444 + 0.0008 , ay,-a, = 0.264 £ 0.004
’\”h\;{'_"j (ChPT cusp)  ay-a,=0.2633 £ 0.0024,, + 0.0014, + 0.0019,,,+ 0.0053;,

= (ChPT Ke4 ) ap= 0.2206 + 0.0049,,,, + 0.0018,,, + 0.0064,,
(ChPT combined) a, = 0.2196 + 0.0027,, + 0.0021,,, * 0.0048 ,,

a, =-0.0444 + 0.0007,, + 0.0005,,, +0.0012,,
ao- @, = 0.2640 + 0.0020,,,, * 0.0017,, * 0.0035,,

= KTeV and NA48-2 agree well on the observed level of i
re-scattering in K—3n decays.

= Excellent agreement with expectations from yPT.

KTeV: Blucher; NA48-2: Bloch @ Kaon ‘09
July 2009 Adrian Bevan 62



e oy
(N@ X
‘:Q MEG From R. Sawada, CIPANP ‘09 for more details

Timeline of MEG

-2008.sep : R&D, Installation, calibration and

engineering runs (+ very few physics data)
Sept
2008.sep : Physics data taking
2009
2009 : Analysis of 2008 data
Sept

2009.sep-20117 : Physics data taking

Now, we are working for analysis of 2008
data, and hardware upgrades for 2009 run
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e conversion

« Make muonic Al.

« Watch it decay:
— Decay-in-orbit (DI10O): 40%
» Continuous E, spectrum.

— Muon capture on nucleus: 60%
* Nuclear breakup: p, n, y

— Neutrino-less u to e conversion
» Mono-energetic E_.= 105 MeV
» At endpoint of continuous spectrum.

« Measure E_ spectrum.

5/30/09

July 2009

MuZ2e in One Page

SRS
L. 3

o

Bohr radius = 20 fm
Al nuclear radius = 4 fm
Lifetime: 864 ns

Kutschke/Mu2e - CIPANP 2009

Decay-in-Orbit: Dominant Background

het

0.03 Mp/z

pAI —» eviAl

1.5%10-15 DIO e~ are with 2 MeV of endpoint.

4

0.01
[ 1
0 b 1
0 50 00 -
Electron Energy [MeV 102 103 1035 108 1095 108
5

DIO Rate = (E,-E)s

“Perfect” Signal

—‘ DIO tai
oL

L loss and resolution.

Signal with energy

Reconstructed Momentm (MeV)

Kutschke/MuZe - CIPANP 2009
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