\




Outline

® The Story of the B-Factories
® (onstraining New Physics in the CKM Sector
® A (very) Incomplete Sample of Other Constraints

® The Future
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How the B-Factories
Got Their Spots

® Once upon a time, CP violation was found in the K sector.
Was it part of weak interactions? Or was i1t new physics?

® Kobayashi and Maskawa noticed that a 3-generation quark-
mixing matrix naturally allowed a complex phase that would
cause CP violation (a year before the third generation started
to be discovered!)

® But “everyone knew” that the B lifetime would be too short
for B-mixing like the K-mixing that made CP visible.
So there was no real hope of checking the KM model.
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How the B-Factories
Got Their Spots (2)

® “Everybody” was wrong. B’s lived much longer than
expected, about as long as charmed particles.

® But “everybody knew” that still wasn’t long enough for
mixing, because top quarks couldn’t weigh much more
than bottom quarks, so the GIM mechanism would cause
mixing to be too slow for CP violation to be seen.
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How the B-Factories
Got Their Spots (3)

® “Everybody” was wrong about the top mass too. It was
high enough to break the GIM mechanism, so B’s happily
mixed. (There were quite a few B-mixing limits that were
lower than the eventual signal!)

® And it became plausible that if you had enough B’s,
you could test 1f Kobayashi and Maskawa were right,
or if CP violation was new physics.

® So the B-factories were built to test the KM model,
and 1t was “just s0.”
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The Morals of the Story

® One or two of the things that you have been told to look
for at the LHC may turn out to be “just so0.”

® Sometimes “everybody” 1s wrong when they tell you what
things will be like, and what will be possible or impossible.
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KEKB B-factory and Belle detector

Belle detector: multi-purpose, large-solid-angle
magnetic spectrometer

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

Csl(Tl)
16X,

TOF conter

Si vtx. det.

3/4 lyr. DSSD p /K, detection

14/15 lyr. RPC+Fe
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CKM Physics Constraints
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CKM Matrix and Unitarity Triangle
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Measuring the Triangle
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Before the B-Factories
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Enter the Angles
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Pre B-Factory to Early B-Factory
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» Almost a precision measurement Current world-average
EXM -~ B - nn/pp/pn (BABAR)
O itter
By = (89,0fi'3) =t B /pp/pn (Belle)
’ @3 B — nn/pp/pm (WA)

1.0 T T
_lllllllllllllllllilllllllllll’l'll’l

» Dominated by the B—pp results, | i

that rely on the 1sospin relation ~ %& [ ;
- CKM fit

no q>2 meas. in the fit

Gronau & London, PRL 65 (1990) 3381 0.6 :—

1-CL

» New measured BF of B*—p*p? has stretched the base of the two
iSOSpin triangles_, making them degenerate PRL 102 (2009) 141802

“* Belle’s final results on B—pp, especially B*— p*p?, are eagerly awaited for
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What about ¢,?

> Various methods proposed; Gronau-London-Wyler PLB 253 (1991) 483 PLB 265 (1991) 172

Atwood-Dunietz-Soni PRL 78 (1997) 3257 PRD 63 (2001) 036005 Giri-Grossman-Soffer-Zupan PRD 68 (2003) 054018

» Basic strategy 1s to exploit
the interference between two
contributing amplitudes

o

» Main bottle-neck: small signal -
i
» Now, seems like beginning of an end?
> PRD 81 (2010) 112002
QD > 04— T - BaBAR ADS (D—Kn) preliminary
BELLE I B —-DK" -~
g 22
X.=r, cos(x@,+ d) 02. ‘ g »
+ Tk 3 < | - o 18
y.=r, sin(xe; +9), >~ 16 79.8 £13.8
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between them 02} § i ” l_u l_ i
) i v ~+ 1 F S ¢ T
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> Fit prediction:¢p3 = (67.71&?)0 frequentist vs.¢3 = (69.6 £ 3.0)° Bayesian
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http://ckmfitter.in2p3.fr/
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Direct CP violation

Nature 452 (2008) 332
-~ D .--.HFKG----.f-- K*x
-* ]\ +7T Aﬂ“ 2009 K
i K3(1430)°x*
' K
11’6(1430)()#_'_ —t— CLED._. === Kox+
) _—-——mlﬂ - tatw .
K*n® -=" . cDF i
W —— NWAV'.

AAg,=A (K 0)~A p(K ) =+0.144+0.029

1 Both decay channels occur via the
same diagrams at tree level == AA
should be zero

» Possible interpretation within the SM
and with new physics

v" Precise measurement of the K°z° mode
will be useful to check 1sospin relation
Gronau, PLB 627 (2005) 82
O Interesting ~3c evidences found:
B%—nK™, B*—nK* and p°K" (circled)
B’—p*n~ and B*—D®K*

-l
SV New Physics Constraints from B-Factories  T. Mattison Kruger 2010 ’)ﬂ



'Vp| summary

Measurement | Experiment Vb

Inclusive Belle 0.00441 + 0.00024
Inclusive BABAR | 0.00431 + 0.00035
Exclusive m/lv Belle 0.00343 + 0.00033

Exclusive mlv BABAR | 0.00326 + 0.00054

Longstanding inclusive/exclusive discrepancy remains.
For example, comparing Belle inclusive with
Belle exclusive the difference is 2.3¢0

’m
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|Vus| from tau decays
BABAR Measure in exclusive 7 decays with 467 fb~!

7T — V) P1-prong P1-prong
R B B(T_ — K_I/T) - Data - Data
K/n = — — _t_m‘it — 1K'y,
B(T — T I/T) B TRV, V, -t’—>1tvt,1rn:°v
=1:—>1t' Ve =r—>KK,_vt,K1t°v
— other t other t
— 0.06531 4 0.00056 & 0.00093 Shoms Sinonc
9 §1sooof§a) ;i < c) ri'alm -
P (1 L
K| Vus mZ ~ 10000 |- i = 3 K
= o (1—dp) g ¢ 1§ s
f2Vaal? (1 - 25 s I :
mlru m2 & ok 3 @ of ]

CM momentum of 7 or K (0 to 5 GeV)

— Avoids absolute strange decay constant (f#), replacing with ratio to pion.

Use fx/fr =1.189 £ 0.007 and d,p = 0.0003 £ 0.0044
— Result is: |V,s| = 0.2255 + 0.0024
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Both UTfit and CKMfitter identify sin 2/3 (2.60 /2.60) and B(B — 7v) (3.20/2.80)
as areas of discrepancy. (Global consistency from CKMfitter at 20
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sin(23) and B* — tv vs CKM

?’

. B
0.4
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0.1
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-04 -0.2 0.0 0.2 04 0.6 08

Stephane T’ Jampens for CKMfitter group, ICHEP 2010: “The combination sin(23) and B — v
favors 2 solutions in contradiction with the other inputs. One cannot accommodate both inputs
simultaneously in the global fit... The global fit is accommodated keeping f,, X B,, constant while
increasing f,, tofit B—>1v.”
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Other New Physics Constraints
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A Very Incomplete Sampling

® Rare B-decays

® B — v already mentioned (& T.M. parallel)

® M. Margoni parallel: B— X, ,y & B— X ("1
® Neus Lopez-March parallel: light scalar search in Y(nS)
® Rare tau and charm decays

® Unexpected charming mesons

N
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Charged Higgs Limit from B — tv

Average BB — rv)=(1.68+0.31)x10™

Trabelsi,

Theory B(B —7v)=(1.20+0.25)x10™* ICHEP 2010
using fg (HPQCD), |V, incl. HFAG

Trabelsi, ICHEP 2010

S Limits on charged Higgs (2HDM 1)
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- X
W \ /

SM Prediction (Misiak):
Bsm(B—Xsy)=(3.15%£0.23)x 1074

la s | HFAG Average:

oo el B(B—X;Y)=(3.5510.26)x 10~*
00 unagelep 29 ..dll for E(Y)>1.6GeV

HFAG 2010 —

a4 5
BF(B-X.y) (104) (E‘ > 1.6 GeV)
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Y (nS)—Y+Exotic!

*With the unprecedented
number of Upsilon events, we
can search for exotic particles
directly produced in the decay.

*BaBar has performed searches in:
*Y(2,3S)2YUTUT, Y(3s)PYT'T™
*look for a peak in m(I*I7) spectrum
*Y(3S)—Y+Invisible
*|look for peak in the “missing mass”
oY(2S)—=>mm~Y(IS), Y(1S)—Yy+Invisible
*missing mass + recoil mass
eSearches are sensitive to things like: light psuedoscalar
Higgs, light DM, or heavy photon decays.

>‘1]
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Total Delivered BABAR

sol_| Total Recorded
| Y(3S) Recorded

Y(2S) Recorded

40}

30

. U Y(2S)

L ol
12/16/07 4/6/08
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A\ e A’=invisible

preliminary

A° non-singlet fraction (cos6,)
M o<2m,
2m <m,,<7.5 GeV
7.5 GeV<m,,<8.8 GeV
8.8 GeV<m,;,<9.2 GeV
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Summary of LFV in Tt decays
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2010 Updates: BaBar only Belle only BaBar & Belle
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BaBar: ''Two years after the end of the data taking, BaBar continues
to exploit its rich dataset, more results will be coming..."'' (Alessandro Gaz)

Belle:

reprocessed data sample with improved tracking efficiency

none of the results shown for rare B decays use full data sample yet

hadronic tag efficiency improved: effective luminosity improved by factor ~ x2

(@]

O

(o]

s F Signal = 66237 +- 1107, Mbc>5.21: P = 26.5 % 530000 Signal = 141676 +- 1713, Mbc>527:P = 169 %
6 -
i v 3
=S P . S F
S et =l
g F oo, — -
fwn- Yield(B") = 66237 + 1107 Sl N
ook . Data (new had tag)
T R I R R R R B B Mbc T T R T ¥ T R TR T 7 R %7 TR ¥ MbC
. 0.40 B+ Purity-Efficiency
6( A)) € = 0-34% o-e new fullrecon
0-35 o e-e old fullrecon .
N = new results coming soon !
- '\-‘\_\
025 .
5 0.20 e
0.15 9 *
. €= 0.16%
Purity (%)
00326 30 40 _ 50 _ 6 70 80 90
Purity [%)
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The Future
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B-Factories: The Sequels

® Many measurements are still statistics-limited, and many
systematics can be reduced by larger control samples

® Some measurements could be done in new ways with
lower systematics if sufficient statistics were available

® Discoveries at LHC are likely to have multiple possible
explanations; precision low-energy experiments are likely
to be useful 1in deciding which is right

® Both the KEKB/BELLE and PEP-II/BaBar communities
are pursuing next-generation accelerators and detectors

>‘E
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Can It Be Done?

® PEP-II and KEK-B had fairly conservative parameters,
except the number of bunches was much higher than in
previous machines, and KEK-B’s crossing-angle.

® RF power, beam instabilities, vacuum problems, and
machine-induced backgrounds make it hard to imagine
further increases in beam current.

® Stronger focusing is technically possible, but was thought
to require short bunches not feasible in a storage ring

® P. Raimondi’s “crab-waist” scheme combined with a large
crossing angle circumvents this, allowing far higher
luminosity with currents no higher than PEP-II or KEK-B.

N
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Crossing angle IR with large angle (DAFNE,KEKB)

Crab waist scheme (Frascati, DAFNE )

Very low IR vertical and horizontal beta functions (ILC)
Low horizontal and vertical emittances (Light sources)
Ampere beam currents (PEP-II, KEKB)

"f -
/
U /
ag.

crab waist idea (Raimondi)
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crab waist test at Dafne

luminosity scan in the tunes plane performed Luminosity
for DAFNE in the Siddharta configuration 45000 ' '
- CRAB Optics
Red: max. luminosity Blue: minimum 40000 [-
0.2 w—cn ._r A.. q.\?; 0.2 . ,l |
e ) 35000 |- =y
0.18 ; .\ W 1610 . r-_f“ 1
e | .
0.16 / g 0.16 30000 - ) ,‘i{\ ]] li
0.14 : 0.14 25000 |- ‘“MW ‘ |
0.12 o \ ’u“,"l' Bl 21/12/2008 Average
20000 ‘;" M 21/12/2008 Best fill
0.1 avs !
- s
o : . 15000 |- o
258 .08 -‘,1'5 -.r'-"t""
0.06 1 . — o ‘.\:‘,\.".,,"w.\"h',-‘ﬁ'" |
W 2 / , : 0.06 ‘JITJ ..‘11*.&
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 sias L ‘._";'"- - il
4 wher Bl 16/09/2005 Kloe best
Crab ON > 0.610 Crab OFF o R 15/04/2007 Fimnca best
me=2'97nm;cm-zsl me=l.74x10"3¢m'23'1 ¢ OL“;.l;l“01.‘5“01.5“‘.]1.“}.15 A‘ll.;..llf;l“IZHHZfi‘ A2.5
L = 2.52x10% cm?s! L, =2.78x10% cm?s?! Current squared
with the crab waist: When the crab waist is turned off:

m many X-Y betatron resonances disappear or

become weaker o beam size increases

m good working area is significantly enlarged o1 luminosity drops down
(=» larger integrated luminosity)
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Contribution ID: 5621

E K B C O I I i d e r The SuperKEKB accelerator status
| et 4GeV 3.6 A gu,';;g

- Belle Il =

~7GeV 2.6 A |G

New superconducting
/permanent final
focusing quads near the

New beam pipe

& bellows
‘ N V

Replace short dipoles
with longer ones (LER)

Add / modify RF systems
for higher beam current

positrons to inject
Redesign the lattices of HER w ” S

& LER to squeeze the ‘ } ‘

emittance
Low emittance gun

K

Positron source

New positron target /
capture section

TiN-coated beam pipe

with antechambers Low emittance
electrons to inject

[NEG Pump)

- V= |+ 0: RL
U.: R,

Target: L = 8x103%/cm?/s

[Beam Channel)
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2x10 /cm Is
1 | L

2011 2013 2015 2017 2019 2021

KEKB upgrade has been approved®
100 oku yen(88.6M euros)FY 2010-2012

- 3-year shutdown
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e || Detector (in comparison with Belle)
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Sur)er conducting coil

SIDE VIEW

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
CDC: small cell, long lever arm
ACC+TOF = TOP+A-RICH

ECL: waveform sampling (+pure Csl for end-caps)
KLM: RPC - Scintillator +MPPC(end-caps)

Ad

Telle
Belle-i(Nano beam opsion)

Pt St

Parameters are preliminary s
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SuperB 1n Italy

® Frascati Laboratory proposes to host a SuperB
machine in Italy

® SIL.AC and US DOE have pledged PEP-II machine
components and BaBar detector components

® Sites have been i1dentified, local support has been good,
and national support also seems to be good, but project is
not completely approved (yet).
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The TDR phase has started. The detector and machine TDR
are currently expected to be released in 2011

MoU signed between INFN and France, Russia (BINP) and US
(SLAC). Letter of commitment from Canada (IPP)

The ltalian Minister of Research has presented the project to
the Italian Government. The project is inserted as flagship
project in the ltalian National Research Plan 2010-201 2.
Government decision expected soon

Joint agreement of mutual financial support of a fusion
research reactor (IGNITOR) in Russia and the SuperB project
in Italy signed by Prime Ministers Berlusconi and Putin.
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BASELINE in CDR (top hal

HORSE COLLAR
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Green items are new; others are
reused from BaBar
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B Physics @ Y (4S)

Observable

B Factories (2 3b™Y)  SuperE (75 20 ?)

Charm mixing and CP

oY) SuperB (75 sb™) | Vie| (exclusive) 4% (+) LO% (%)
in(23) (J/y K°) N0 0.005 (1) |Vig| (inclusive) L% (%) 0.5% (%)
s(29) (J) ¥ K*7) 0.30 0.05 |Ves| {exxclustve) 8% () 3.0% (#)
in(23) (Dh?) 010 0.02 Vol {inclusive) 8% (s) 2.0% (+)
s(20) (D1°) 0.20 004
(J/y =" 0o 0no2 B‘B — 1) 20% 1% (4)
(D+p-} 0.20 0.08 B?:B o pu) visible 5%
(pK") IS 002 ) BB — Drv) 0% 2%
(1K) 0.05 0.0L (s '
(KOKLKD) 0.15 0.02 {4} )
(K2%°) 015 0.02 (s) B:;B 1 #7) 16% 3% (1)
(WK 0.17 0.03 {#) BB —wy) 0% 5%
(K 012 0.02 (4) Acp|B — K*9) 0.007 (1) 0001 (1 )
Arp(B = pv) ~ 0.20 0.05
(B — DK, P - OP eigenstntes) ~ 15 95 Agplb— sv) 0.012 (1) 0.004 (1)
(B — DK, D — suppressed states) — ~ 12 2.1F Agplb— (s +d) 0.03 0.006 (1)
(B — DK, D — =ultibody states) ~ O 1.5° S{K ") 0.15 002 4]
(B DK, eombined) ~ 6 1-2° $(e%y) sossble 0.10
(B - =x] ~ 16° 3 Acp(B — K'29) ™ 1%
(5 — pp) ~T = (+) AFE(B s K*é6)s, 25% 0%
(B ps) 1 > AYE(B _ X,8)s, 35% 5%
{corsbined) ~ I=F i) BB - Kuv) visible 207
F~ (DT DEROET 20° 50 B{B — nuw) - possivle
1 rhysics Sensitivity B, Physics @ Y(5S)
Cbservable Error with 1 ab ' Error with 30 ab *
B(T — ﬂ')’) 2 X 10—9 Al 0.16 ps— 0.03 ps~!
) - I 0.07 ps~ 0.01 pe~!
B(T — € ’Y) 2 X 10 ) 8. from angular analysis 20° 8¢
: ~10 Ay 0.006 0.001
B(T — HQ P') 2x10 Aci 0.004 0.004
B(T — eee) 2 X 10—10 BB, —=p'p) . <8x107?
[Vaa/ Vi 0.08 0.017
B(r — pn) 4 x 10710 B(B, — ) 38% %
10 3, from J/¥é 10° 3¢
B(r — en) 6 x 10~ 8, from B, - K°K® 24° 11°
B(r - ¢K?) 2x1071°

Mode Observable  T(45) V(3770)
(75 ab~ ') (3008 1)
D' K = 2 310"
i e (U
D'"—K K~ yep L (U
D= Kor*x~ x 1.9« 1071
Y 35 % 10714
q/p R [ L
@ 2’
Y(3770) = DD’ #* (1-2) = 107°
y (1—-2) = 10°*
cosd (0.01 - 0.02)
Charm FCNC —
Sensitivity
DY sete D" Hpip 1x10°
D" — 7%te™, DY - 5%t~ 2x107°
D® < pete, D® - nutp 3x10°%
DY = Klelte D" = Ky 3x10®
DY satete, DT s atptu 1 %1078
DP — e*p¥ 1x10°%
DY o pte* 1x10°%
DY s %t pt 2 x 1078
D° = pe*p” 35 107%
D° - Kletut ax10*®
DY —a-etet, DT — K evet 1x10°%
DY wgptp, DY - K—utpt 1 x107°
DY s petp® DY 5 K etp®  1x10°%



p=0.163 + 0.028

P
= 0.344+ 0.016 n =z 0 0024

0.6 0.6
I= Am, 1=
Am,

Am
0.5 05 -
0.4 . 0.4 . BRE-W
0.3 // 0.3[ “x ’/‘5«/ T 2pey Sy

0.2

ITI/TIIIIIIIIIIIl'llll,llllll

P
:
o

/ i N 0.2
Ve T
v&

0.1

0.1

1
P
)

llllllllllllllll‘lllllv'llllyﬂlllllll

(=]
|
ol B
-
=
— X
o

S
o
-
o
o
—

S
iy
—
ok
or
-l
or
N[
of
Wl
°-
'Yy
or
o[
°-
>

Ll 1 - L 1 1 Ll 1 1 LA 1 1
02 03 04 05 06

ol
o

Q SADLNGE New Physics Constraints from B-Factories  T. Mattison Kruger 2010



/

0.4

03

0.2

ll]lllllllll/llllllllll

g
ll lly

LI

llll

UT¢

Q VAN New Physics Constraints from B-Factories

0.1

gl
02 0

3 0.

L 1 1 l L 1 1
05 0.6
p

= 0.6

0.5

0.2

0.1

llll_rllllllllllllllI‘lﬁllllllll

L 4
2f+y
=
~
v ub
Ve

lllll

llllllll

-0

o
. ‘llll

S
o

T. Mattison

llllllll
01 02 03

Kruger 2010

p

>‘I




e'e2utw @ /s=10.58GeV

Diagrams Cross AFB ALR

Section (Pol = 100%)
(nb)

| Z+Y|? 1.01 0.0028 -0.00051

Oprr =5X107° P O(giopefr) =0.00018

SLCA O(sin26efy =0-00026

relative stat. error of 1.1% (pol=80%)
require <~0.5% systematic error on beam polarisation
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» SM: -0.34372 +0.00049-.00028

» ApgP: -0.3220+0.0077 —
-0.31 -

- with 0.5% polarization
systematic and 0.3% stat £
error gives a

SuperB error of +0.0021

32— . SuperB Error N

-0.34 1 -
SM

68.3 95.5 995 % CL
-0.54 -0.52 -0.5 -0.48

-0.36

9ab
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CPV in charm decays

Measurement of D oscillations opens new window to search of CPV in charm.

Observation of CPV would provide unequivocal NP signals

Observable B Factories (2 ab

SuperB (75 ab™

2 D mixing observed by BaBar, CDF and Belle D"~ K*K~  wep 2-3x 107 5% 10-
D’ — K*n- vp 2-3x 1073 7x107
o Size of charm sample at SuperB reduces errors by =3 1-2 x 107 3x107°
an order of magnitude D = Kt w B o
g l zp 2-3x 1073 5x 1074
Average up 1-2x 1072 3x10™*
zp 2-3x 1073 5x 1074
Future B factory: 75 at™! i Supersymmetry: Leptoc;u)arks:
True value = (0.90,0) — i_ - 9 4 -
05 R e
' S g | Q|

__________ pp——r | 4
1 1.2 14 16 1.8 i

lpl

1% 02 04 06 03

Plus, possibility of running @ W(3S): in 4 months ~0.3ab™' = 1000x CLEO-c, 10x BESIIl
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Conclusion

® The B-Factories have been a smashing success in their
decade of running, meeting or exceeding their goals

® No unambiguous flaws in the CKM Model have been found,
although there may be a few hints of new physics

® B-Factories have done a lot more than CP-physics as well

® The portents are good for a new generation of B-Factories
with up to 100 times the luminosity, as companions to LHC
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