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Disclaimer

e Far too many interesting talks and impressive
results to cover everything ...
e Sorry if | miss your favourite topic

Beauty 2006: The 11™ International
Conference on B Physics at Hadron Machines

* Will mostly focus on B physics (not ¢, cc, T, ...)
e ... Will also mention lepton machines!

Tim Gershon, Beauty 2006, September 29"




WARWICK

The Ubiquitous Unitarity Triangle

The
ymmetry= standard Model
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B Physics Highlights 2006

 Huge amounts of statistics at the B factories
* Enormous numbers of conference papers

e BaBar 114
http://www-public.slac.stanford.edu/babar/ICHEPO6G_papers.htm

 Belle 38 (still increasing)
http://belle.kek.jp/conferences /ICHEP2006/

e Yet 2000 is the year of the Tevatron ...
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The Golden Mode: J/yp KS, etc

BELLE hep-ex/0608039 N(BB)=532m BABAR hep-ex/0607107 N(BB)=348m
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The Golden Mode: J/p K, etc

PHELlMWAHY
=20C v
B - JAK BaBar ; : | 0.71+0.03 +0.02

4 15C
: hep-ex/0607107

BELLE hep-ex/ Sln(ZB) — Sln(zq)l) & 07 N(BB)=348m

Belle E 5 iy 0.64 +0.03 + 0.02
hep-ex/0608039 : ‘.

ALEPH : o | . 0.84%9%210.16
PLB 492, 259-274 (2000) ' el !

OPAL ; . 3.20 1150 + 0.50,
EPJ C5, 379-388 (1998) ! { M *

CDF j A R 0.79 3
PRD 61, 072005 (2000) =

wesoe 110,675 + 0.026

-2

) Now sufficient statistics to compare CP in different
charmonium kaon final states (L|J(2S)KS, XclKS’ nCKS)

R ——— - .
AL(ps) " At[ps]
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The ambiguity

p=9, EEO
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Browder et al., PRD 61 (2000) 054009

The ambiguity — D*D*K_

fr{At) o e~ 18t/ 70 {{1 FAw) £ (1 - 2w) x [r;yd;—:ms{ﬂmdﬂfj - (E'::“

i

sin23 + TFHE:-:.;:; msi_ﬂ) sin{ﬂmdﬂij] } :
40 4
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‘ n, (Dalitz half-plane@
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Jo E
2J¢1 . 2
! sin2 = 0.10 % 0.24(stat) & 0.06(syst) %

0s23 = 0.38 & 0.24(stat) £ 0.05(syst)
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theoretical re-examination desir
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The ambiguity

n

1 +

All three modes point to SM solution -« :
* Qualitative conclusion easy, but “p_

0.4

» Quantitatively very difficult! N

- L i I L 1 I
D'?U.E 0 02 04 06 038 1

To do a really good job need some hard work on
hadronic phenonema

e Kit S-wave in J/p K*

 contributions to D*D*KS Dalitz plot

. D—>KS1T+1T mode

These & very similar questions reoccur
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a=@ —mm

BELLE hep-ex/0608035 N(BB)=532m hep-ex/0607106 N(BB)=350m
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a=qQ —

BELLE hep-ex/0608035 N(BB)=532m BABAR hep-ex/0607106 N(BB)= 350m

-

+ -
TS, .,vsC E
‘. Vo fERer |C,, EES
T L I I I

| I I I 0 '_\\\“\\ """ BHBH]'“;”_
BaBar  Belle

. -0.16+0.11+0.03
| * L} H

ICHEP 2006 prelimina ©%  Average

Belle . 0- -0.55 +0.08 + .05

It
ICHEP 2006 prelimina

e o B -0.39 +0.07
HFAG correlated aver | s .

ﬂ 9 —0.8 D 7

=

=

BaBar confirm Belle's observation of large CP violation in B—mr'mr
Additionally Belle observe large direct CP violation, not confirmed (nor refuted) by BaBar

0.8 -U.0 0.

Contours give -2A(In L) = Ax =1, corres
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M.Gronau & D.London, PRL 65 (1990) 3381
a= @ —Tm Isospin ana

Bonrn (BABAR}
B — nr (Belle)
1 B —nrn (WA)

Probability density

| I CKM fit

/ no o meas. in fit

||L-"|Jil'r"|||||||||||||||||||_ _|| | [ §||||||§|E
60 80 100 120 140 160 150

o (deg) ocm[o]

Different statistical treatments < surprisingly different answers
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Statistics

Frequentist: probability about the data (randomness of measurements), given
the model

P(data|model) [only repeatable events
(Sampling Theory)]

Hypothesis testing: given a model, assess the consistency of the data with a
particular parameter value =¥1-CL curve (by varying the parameter value)

Bayesian: probability about the model (degree of belief), given the data

P(model|data) ikelihood(data,model) x Prior(model)

P(data|model) # P(model|data): P (pregnant | female) ~ 3% \w

model: Male or Female but OTHER “PRIOR”

_ data: pregnant or not pregnant P (female | pregnant) >>>3% EVENTS
IMPORTANT!
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Sir Francis Bacon

Father of the scientific method:
inductive reasoning & hypothesis testing

“Histories make men wise; poets, witty;
the mathematics, subtile;
natural philosophy, deep;
moral, grave;
logic and rhetoric, able to contend.”

(able to contend ~ contentious)

Tim Gershon, Beauty 2006, September 29" _



M.Gronau & D.London, PRL 65 (1990) 3381 UNIVERSITY O
a = ¢, —— pp Isospin analysis
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p pS PVSCCP @

PRELIMINARY

N N
\ BaBar

' Belle

Average -

BABAR hep-ex/update
N(BB)=XXXm

Events / (0.01 GeV)

/ E L L L L L Ledeere19rtbopeganesy
0.8

%.24 5245 525 5255 526 5265 527 5275 528 5285 529

1 1 1 1
-0.2 0 0.2 0.4 0.6 Mg

CP
Contours give -2A(In L) = Ay =1, corresponding to 60.7% CL for 2 dof

BRBY — p*p7)=23.1 31 5,

Input from HFAG — rare decays

Br(B* — p*pY) =18.2+ 3.0 Acp(BY — p*pY) = —0.08 £ 0.13

Acp(BY — pUp") NOT MEASURED YET
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Y=, — DK methods

* Current best precision from DK", DK '
D—>Ksrr+rr (Dalitz method)

» Associated model uncertainty

 Very difficult to reduce without
iInformation from CP tagged D
mesons (CLEO-c)

ICHEP 2008
PRELIMINARY

Belle B*

BaBar B

Belle B |
Bl Averages

-0.2

Contours do not include | |
model uncertainties ot 02

ponding to 60.7% CL for 2 dof
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Y=, — Ksrr+rr'

BABAR hep-ex/0607104 N(BB)=347m BiB4R

preliminany

Component

Re{a €'’}

Im{a, e}

| Fit fraction (%)

K™ (892)”

K§(1430)-
K3 (1430)~
K*(1410)~
K*(1680)~

—1.223 4+ 0.011
—1.698 £ 0.022
—-0.834 £ 0.021
—0.248 4+ 0.038
—1.285 4+ 0.014

1.3461 + 0.0096
—0.576 £ 0.024
0.931 4 0.022
—~0.108 & 0.031
0.205 4 0.013

h8.1
6.7
3.6
0.1
0.6

Events / { 0.028 GeV3/c*)

K*(892)F
K§(1430)*
K3 (1430)*

0.0997 £ 0.0036
—0.027 £+ 0.016
0.019 4 0.017

—0.1271 £ 0.0034
=0.076 £ 0.017
0.177+ 0.018

0.5
0.0
0.1

2 3

p(770)
w(782)
f2(1270)
p(1450)

1
—0.02194 £ 0.00099
~0.699 &+ 0.018
0.253 + 0.038

0
0.03942 + 0.00066
0.387 £ 0.018
0.036 £ 0.055

21.6
0.7
2.1
0.1

mZ (GeV?/ct)

:

Non-resonant

fo(980)
fo(1370)

-0.99 £ 0.19
0.4465 £ 0.0057
0.95+ 0.11
1.28 4+ 0.02
0.290 4 0.010

3.824+0.13
0.2572 & 0.0081
—1.619 4 0.011
0.273 £ 0.024
—0.0655 = 0.0098

8.5
6.4
2.0
7.6

0.9

g

Events / ( 0.028 GeVZ/c*)
=] (=

g g

Events/ { 0.02 GeV¥c*)

~390,000 D** — Dni* decays (270/fb) S S A N
x2/ndf ~ 1.3

Tim Gershon, Beauty 2006, September 29"
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» Best approach is to combine

many different B & D decays
e New BaBar results with

Events / ( 0.003 GeVic )

D—K'rm®
* No signal for suppressed
amplitude yet < r smaller

than expected?

e Await results on new channrels

Events / ( 0.003 GeVic2)

Tim Gershon, Beauty 2006, September 29" _ 19




“If a man's wit be wandering, let
him study the mathematics”
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. Unfolded M,? spectrum
] 8000

®

l
04 06 0.8 1

12 14 1.6 1.8 2 22 24
ES. (GeV/c)

D*

+/

.................... *— o o ———————

Belle

5

|Ve| =

(41.93

+ 0.65q + 0.48._ +

0.63w )x10

Error:
1-2%

vcbl =

(41.5

+ 0.5 £ 0.2 )x103

M2 (GeV2/c4)

Kinetic scheme
1S scheme
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V —Inclusive

cb EXP HQ _rsl
IV, = (4196 *0.23 £0.35 +0.59)10°
Global fit Kinetic scheme m, = 4590 +0.025 %0.030 GeV
expansion - all experiments _
(Buchmuller, Flaecher PRD73:073008 (2006)) M. = 1142 £0.037 20.045 GeV
Belle new measurements missing M2 = 0.401 +0.019 %0.035 GeV?

0.297 +£0.024 *0.046 GeV?
0.174 +0.009 *0.022 GeV®

|Veo|=(41.96£0.236x,£0.35,,,.£0.59,) 10 0.183  £0.054 £0.071 GeV?
10.71 +010 +0.08 %

Inclusive modes:

T T T 425 T l T T
. b—sy | (6)
071 = '." _ - _\\ |
V., @ 2% i bav |
) o6 . . combined H 4o} - o
m, < 1% -~ crucial forV, < [ . i N
S 05| = | 5
m, @ 5% .
- : N = N 1
Exclusive modes: [ _____ ) | )
N | | b—clv |
excl — -3 . | :
|vcb| _(39l410l9expill5theo)1o . | | | . Combln?d |
4.4 45 46 4.7 45 46 48
m, (GeV) my (GeV) ra0nT
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V —Inclusive

ub

Inclusive |Vub]

BLNP
| Vus| = (4.49+0.19%+0.27) x107?|

CLEC (endpoint)
409 =048 =036

1

1

1

i

EELLE (endpoint) i
482 =045 =030 :
1

1

‘c.L.=41%
BABAR (E. q°) . .?-3% MWG&VtﬂLVLtg

) et
437 =031 =041 i 12.251;31::2.3;3){5311.gb—bcil.sb—bu

EELLE m, i
i l -+ -+ +
406 =027 =024 | +4.2 HQE—E-Bsub sk+1.9wa

BABAF (endpoint) '
ﬂ ke . —
439 =025 =039 H

BELLE sim_ann. {m,. q°) !
437 =046 =010 "'—"";—"'

HFAG Ave. (BLNF)
440 =01% = QX7

1
BABAFE (m,, q7) !
475 =035 =032 '—"f—'—'—' HFAG Ave (DGE)
: 446 =000 =020
1

Average +'- exp +/~ (mb, theory) i
449 =019 =027 ———— BABAF. (LLE)
«1dof = 6.1/ 6 (CL = 40.7%) : s
OPE-HQET 5CET (BLHF)
Phys Rev. D72 073006 2005

m, input fiom b— c 1v and b— sy moments
| 1 1 1

2 20
[x 107]

HFAG Ave (BLL) ma-g? (CL=0.77)

1
1
!
i S0C=026 + 037
[
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V — Exclusive (B — mlv)

ub

Exclusive: |Vup]|

o Leverage Larger data range?

BaBar: 12 bins!

o
no

Belle D6
'l‘ Arnesen, grinsteln, Rothsteln, Stewart
' Becher, HilL
data already constrains f shape

]
-

ot
=)
an

Lattice statistical wncertainties:

. : correlations clear, coeff's unknown
122&“;? quark meass (chiral) m’crﬁpamtiam
Sl S e procedwure)

. m factors
Improved lattice Fermilab/MILC : combine chiral extrapolation + data fit
Ca|CU|atiOnS 00D |V-Ab| = normalization!
5 g / prelimeinary indications (HPRCD ff's)
Uexpt@ﬂ-latt_nat :E 5%

=
o

o
=
_D
8
M
fuc ]
=
2 =,
[%]
&
B
™
B

o

= ownce 2 Loop pert th'y L hand
comparable precision to bnclusive

| 0, ) O S 5 i O S| G M0 | e
6 & 10 1T 14 16 18 20 11 14 35 2

q- (GeV-)
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Discovery Mantra

Hadron colliders are discovery
machines, lepton colliders are for
precision measurements

Tim Gershon, Beauty 2006, September 29"
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Sensitivity 31.3/ps

CDF Run Il Preliminary L=1.0fb"

— COmMhined

lelts — hadronic
[17.56,17.96]ps™' @ 90% C.L.

[16.51,18.00]ps™' @ 95% C.L.

Consistent with SM
- 18.3 %2 ps™ EPS 2005

— semileptonic

Agrees with 15t measurement
- 17.31 7933+ 0.07 ps™’

0.18 —
PRL 97, 062003 (2006)

16 17 18 19 20
Amg [ps’]

Amg=17.77 = 0.10(stat.) + 0.07(syst.) ps™
Systematic dominated by the ct scale, any other effect very small

Tim Gershon, Beauty 2006, September 29" _ 26
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S d

CDF Run Il Preliminary L=1.0fo"

—
I L

o
T T T 1

| —e— data

o)
g,

5
=
o

£
<
<
o
=
L

—
1T 1T

o[ — cosine with A=1.28
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 0.05 0.1 0156 0.2 0.25 0.3 0.35

Decay Time Modulo 2n/Am, [ps] - Y ey 0P i

AmS: (17.77 £ 0.10 £ 0.07) ps* Amd: (0.507 + 0.005) ps™ (ppa 2006)

[Vtd/Vts| = 0.2060 + 0.0007 (exp) %

—0.0060

(th)
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AmS — The end of the line?

Yes, this is very pretty ....

CDF Run Il Preliminary L=1.0fb"

—
T T T | Tg T T 1 |

o

1
e

Fitted Amplitude

—e— data

— cosine with A=1.28

-2
IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

0 005 0.1 0.15 0.2 0.25 0.3 0.35
Decay Time Modulo 2rn/Am, [ps]
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u(Eg-—2)

4.5 Billion Positrons with E> 2 GeV

10 7/ DA A A A A
E| Viiiivii NN A A A A

L7 45-100 ps

100-200 pis

Number of Positrons/149ns

H
| 400-500 ps

b = L% 7 500-600 ps
AR YT A A
mA e "'“"\'1!&-"*..»'-., AYSYLW,
\J “’\w) \ .’”‘Wﬁ- L . . A R A T \“ 600-700 s
4 $ M
¢ W w t ? v“ » 50 I‘V\m“m ?WJM.WWF‘; jﬂx me ﬂt%’“ﬁ
i
N oW LY

B W “'Wﬁ' "“‘WM@ Ay W

W wﬁ%{ﬂﬁm 700-800 s
t
S A B B o A B B S S
0 10 20 3 40 50 60 70 80 90 100
Time us

800-850 pis

but why not aim for this?

Obviously, same precision not necessary

yet Amsposter child for B physics at hadron machines

28
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What comes next?

 We have measurements (to varying degrees of
precision) of all UT sides and angles
* No clear discrepancy with the SM
Success of CKM description
 Why should we improve the precision?

* We still have all the unsolved problems of the SM
* hierarchy problem — TeV scale NP — flavour problem
e paryon asymmetry of the universe
* neutrino masses
e 3 quark & lepton generations

Tim Gershon, Beauty 2006, September 29"
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Are surprises possible?

* Are there measurements which could have a
comparable impact to KL—>rr+1T ?
* Inconsistent CPV phenomenain (eg.) b—sss
* New FCNCs
* Unpolarised photons in (eg.) b—sy
« Large CPV in ASL(BS) &/or P,

« Enhanced v. rare decays, (eg.) BS—>pp

e CP violation in charm
* T lepton flavour violation &/or CP violation

Tim Gershon, Beauty 2006, September 29"
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The FCNC Matrix

th. error < 10% FLAVOUR COUPLING:
exp. error < 10%

exp. error ~ 30%

b —s (~1) b —=d (~\) s —=d (~)\))

AF=2 box AMg;

Acp(B,—=10) (Acp(B,—~yK))
(B,—¢K
gluon (E;d >KB'D(B&; }qu}

penguin

Y Q_%Ll }th'!::@d }XH*D :

penguin (B,—~¢K

70 B, —X_ [ | B, —uu

penguin

uoissnasip |aued £00CALNY3E

J9pIduUYIS O BIA ‘LIopIS|'H Wo.4

L‘l
—
=
o
—
y:.
Y
-
F
=
""\.
N’
'
—

Hi]
penguin

Tim Gershon, Beauty 2006, September 29" kaon physics
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BELLE hep-ex/0608039 N(BB)=532m BABAR hep-ex/0609052 N(BB)=384m

A Goldish Mode: n'K,, etc

1501 . .
(@

100}

%))
o
o
T
~
1))
2
-
ot
-
L

a1
o
——

Asymmetry
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CP violation

CP violation has now been seen in

o K°K® mixing (€,)

* interference between s—uud and s—ddd decay amplitudes (€')

* interference between B°B° mixing and
* b—ccs decay amplitudes (J/pK®)
* b—uud decay amplitudes (')
* b—sss decay amplitudes (n'K°)
interference between b—uud and b—duu decay amplitudes (T11T)
interference between b—suu and b—uus decay amplitudes (K'mr)

ALL CONSISTENT WITH KM MECHANISM

[Not yet seen in charged particle decays, baryons, leptons, ...]

Tim Gershon, Beauty 2006, September 29"




Hadronic b — s penguins

sin(23° fh =
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PRELIMINARY

_World Average! B @
BaBar : ' :

Belle

Average | : |

" 'BaBar

Belle
Average

_'BaBar ) "-."-l."-."-l-u.-uit"- -

Belle

Average
s e -

Belle

Average : JESSiy B
T BaBar T
Average - =
- BEREr v

Belle
Average

__._E_;_a.Bér___.___.___.;__.___.___.___EL___._,_i._é

Belle

Average
- BaBar - ke -

0.68 + 0.03

si nf2¢ ) EE
= i

042+0.31+0.10
. 0.50+0.21+0.06
0.39+0.18
T 0B8+0.10+0.03
0.64 +0.10 + 0.04
. 0.61 + 0.07
T 066+026+008
0.30 + 0.32 + 0.08

] 0.51 £0.21
- 0.33£0.26£0.04

0.33 +0.35 £ 0.08
9882021
020 £0.52 1024

0.20 £ 0.57

Average

TBaBarQ2B” DT

Belle
Average

] usz*gggimz
" “The root of all superstition is that
0.

men observe when a thing hits,
but not when it misses”

H#-0;68 £ 0.15+£0.03 513

8282013 WE NEED MORE DATA

3|BABAR: Time-dependent DP analysis of B—K'KK°

-2 -1

2

Gershon Beauty 2006, September 29"
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B — h'™h"
(s)

0 CDF Run Il Preliminary Lim=1 fbo™
ACP( B'—K*r)

-0.040£ 0.160£ 0.020

|:| B’ = K'm
| e
[ 188 sk

ROR i
- B - Kn* +§S S K
L A= pr+Ay =Bt
|:| A — pK+ KE —pK*
|| Combinatorial backg.
- Three-body B decays

-0.108 = 0.024 £ 0.008

-0.093+0.018 = 0.008

-0.058 £ 0.039 £ 0.007

HFAG 2006 -0.093£0.015

-0.086+ 0.023 £+ 0.009

New Average
[un-official
(speaker's
calculation)

(3]
o
S
>
Q
=
Q
N
T
o
Q.
o
)
]
©
2
©
c
3]
o

-0.095£0.013

4

-

% 51 52 53 54 55 56 57 58
Invariant Tn-mass[GeV/c?]

A (B, —Km) = 0.39£0.15 (stat.) £0.08 (syst.)

New light on the “Krt puzzle” from B_decays — BS—>KSn° important?
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Radiative B decays

hep-ex/0607071 (preliminary, sub. to PRL)

> 250_ T T | LI | LI ‘ T T T | T T | LI ‘ T T T | T T T | T T
QD

spectrum not iyiz-
efficiency |
corrected —

M

Four of Standard Model predictions:
* No tree-level FCNC
e top & W (Z,H) heaviest particles
 weak interactions are V-A
e only one CP violating phase

Events / 100

(43}
(=]
TTTT

e !-
0=

50— .. .
- Signal Region

R e I Y S T ¥ S S R
E*, (GeV)

Can experimentally probe each and all of these
» rates (new NNLL calculation)
e asymmetries
 direct CP, isospin, forward-backward, time-dependent
e polarization
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A in K¥I'I
FB

BaBar, PRD 73, 092001 (2006)
N

Apg (bkg-sub)

| | |
8 1(:]2 12 14 16 18 2C
g% (GeV'/c?)

One of most interesting hints ...

Inclusive A
FB
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Belle, PRL 96, 251801 (2006)

e

L negative A :

0246810121416

NEED MORE DATA!

in XSI+I' theoretically (even) cleaner
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CPin B_ mixing

Important measurements:
AT, T, ¢, AS (Am)

New prediction: AT’ = (0.090 + 0.017) ps™
cf. T = (1.461 £ 0.040) ps

Size of AFS crucially important for untagged
measurements of @_(also possible at Y(3S))

1+ |/T"J"|2 e T

._n

T(Ba(t) — f) = Ny |Af

,_"xl"t

‘_.

P [cosh 4+ AE cos(Amit) 4 - AR sin {,ﬁnlf)]

s . S e .
I(B.(t) — f) = ""“"I|-4I|2#{1 4 oa)e T

Al - FAN .
® [cosh 5 — AFE cos(Amt) HAar sinh 5 T AGE sin(.ﬂ.nli)] :
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CPin B_ mixing

semileptonic charge
asymmetry band
AT x tan(d¢) =-0.01+0.16 ps

- [l DS (B, — J/y 0)
Tagged measurements I

will be much more
sensitive to P,

Y DJ - combined
{—P B, > J/yo
—» A constraint

— SM

AT = Al'gyy % |cos(80)|

wh

..these are possible now!

2 3
d ¢ (radians)

Tim Gershon, Beauty 2006, September 29" _ 39




ERSITY Ol

WARWICK

B~ pH

CDF i PrellmlnarUTBO pb )

%’-"m

.-S

|"1:='#|""|"

|
=

-||||i.L.||

|
=

EDD' Fp"iL I
=

“God hangs the greatest weights

Likelihood Ratio (L, . )
B(B —pup) < 1.0 107 upon the smallest wires

B(B —up) < 3.0 10° Also Iv(y), Ily, TT
d
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The Excitement Mounts

 We are reaching the culmination of a long-running saga

 Many books have been written, films have been made

* The journey has not been without thrills and spills

* Millions of people worldwide are eagerly awaiting the
outcome ....
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K. ROWLING

= naldirdndra RS s

G : = _'r. % -_a.
- R
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LHC preparation

| will not attempt to summarise details from several
excellent status reports

Please refer to slides of

e Burckhart, Eerola, Buchmuller, Schilling, Garrido, Cortl,
Kirk, Rodrigues, Ruiz

and relevant Tevatron experience in talks of

 Annovi, Bauer, Moulik, and others

Take home message:
Prospects for B physics at the LHC are very exciting ...
... but much hard work lies ahead!
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LHC(b) Key Measurements

Very rough and incomplete lists

e a (P & p°p°)
* Y (DK)
Y (D K)

. ASLS ... and later
«® (B~ J/y @, etc.)
. BS—> PP, etc.

+B,~ @y

« B_— pp

« B — K", B.— ol « B — KYII, B — ol
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Motivation for Super B Factory

e How to beat theoretical (hadronic) uncertainties?
— Measure ratios, asymmetries, etc.
— Exploit flavour symmetries (isospin, U-spin, SU(3))
e these approaches key to LHC(b) program
— Avoid hadrons in the final state
* neutrinos — impossible in hadronic environment
e photons — difficult in hadronic environment
* charged leptons
-e, M, T — e difficult, T impossible
— Use inclusive final states
. XS, Xd <— Impossible in hadronic environment
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physics /0603219
Nucl.Phys.A 771, 8 (2006)

Richard Dalitz 1925-2006

Not nearly enough time to discuss
all applications of the
Dalitz analysis technique

Even a small selection enough to
demonstrate the profound
usefulness of the method

Will continue to throw light on both strong and weak interactions,
and perhaps new physics, into the LHC era, and beyond
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Thanks to the Organisers

Andy Carslaw
Sue Geddes (Conference Secretary)
Pete Gronbech
Neville Harnew (Local Chair)
Jim Libby
Jonas Rademacker
Guy Wilkinson

Tim Gershon, Beauty 2006, September 29"



Closing thought

“Reading maketh a full man,
conference a ready man, and
writing an exact man.”
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THE END

“Discretion in speech is more
than eloquence.”
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Unitarity Triangle

Convenient method to illustrate (dis-)agreement
n of observables with CKM prediction

ViV 4+ VgV 4 Viglis = 0,

Vi Vi
VaaVEL

(1,0)
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KM Prediction

B 0 __0
P el , Kismvy
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The ambiguity — J/p K*

Jv K cos(2B) = cos(20 N, &

PRELIMIMNARY

| : | I +0.76 Pp—
N(BB)=88m BaiBar : @ 078 4 0.27

PFI[:) 71,032005 (2

N(BB)=275m Belle N 0.56 +0.79 % 0.11
PRL 95 091601 (2

UPDATES | Average
NECESSARY | " |

-0
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Bondar et al.,

PLB 624 (2005) 1

The ambiguity — D"h°

UP

NECESSARY

UNIVERSITY O}

WARWICK

Dh’ cos(2B) = COS(2¢’I) &

N(BB)=311m

BaBléir

|
hep-ex/0607105

N(BB)=386m

Bells

DATES

PRL 97, 081801 (2006)

Averiage
HFAG

PHELIMINAHY

0.54 4

*

0.54+0.08+0.18

1.16 £ 0.42

=4 Cl 2 D 0.2 04 06 0.8

1.2 14 1.6 1.8 2

Also constraints on sin(2PB) [testing arg(b—cud) = arg(b—ccs)]

 measurements with D—CP eigenst
Tim Gershon, Beauty 2006, September 29"
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a=@ —mm

BELLE hep-ex/0608035 N(BB)=532m BABAR hepex/0607106 N(BB)= 350m

-

TS, [ n'n Cpp [

PRELIMINARY PRELIMINARY

BaBar N 0.53:£0.14 +0.02 BaBar . 016011 6.03
: 1 F I
ICHEP 2006 prelimina ICHEP 2006 preliminary

Belle . -0.61+0.10+0.04 Belle N -0.55 + 0.08 + §.05
1 ! (] |i I H

I i T
ICHEP 2006 prelimina ICHEP 2006 preliminary

Average -0.59 + 0.09 Average * -0.39 +0.07

HFAG carrelated aver HFAG correlated average

'j o] -08 U 7 _ I_ : -0. _04 -C‘B -CI..E; —CII.?' -D..Ei —CII.5 CI-’-l —CII.S -CI..2 —DI.1 CI

a —— | S S e ——
BaBar confirm Belle's observation of large CP violation in B—mr'mr

Additionally Belle observe large direct CP violation, not confirmed (nor refuted) by BaBar
AT(pS) = o

At (ps
Tim Gershon, Beauty 2006, September 29" _ (p ;))4




M.Gronau & D.London, PRL 65 (1990) 3381

ERAITY O]

= ¢ —— 1 Isospin ana

WARWICK

AB—n 1) - AB™— 1*n°)

Input from HFAG — rare decays

BRB? — ') = 5.2 + 0.2

BR(B* — mm®

0_0O

) =5.7+04 Acp(B" — % = 0.04 + 0.05

0_0 +0.33

BR(BC — nn® = 1.3+ 0.2 AcpB® — n°n®) = 0.36 T9-33_4 34
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A.Snyder & H.Quinn, PRD 48 (1993) 2139

ERSITY Ol

= ¢, —— m'mrm Dalitz plot analysis

go PT

_ —>pTr — T

WARWICK

AB' 5> 7 2= fA(p'n )+ fAp 7t }+fDA(p;T}

O Interference

Monte Carlo

AB >t aa®) = fA(p )+ LA T+ fA(P°70)

* Time-dependent Dalitz-plot analysis assuming
iIsospin simmetry.
= 26 coefficients of the bilinear form factor
terms occurring in the decay rate are
measured with a UML fit.
* Physically relevant quantities are derived
from subsequent fits to these coefficients.

Interference provides
information on strong
phase difference
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A.Snyder & H.Quinn, PRD 48 (1993) 2139

a = ¢, —— mmm Dalitz plot analysis

+_-_0
n 't U parameters

ICHEP 2006
PRELIMINARY

UNIVERSIT )]

WARWICK

-0
n'nn I parameters

ICHEP 20086
PRELIMINARY

Batar T — j 024 io.o:- To.0+
Belle - 030+ 0060
Average :
"BdBar T Tt . <
EL‘”E : e 12E L0
verage
'ELEIBEHEl '''''''''''''''''''''' e 0DET0I0E0A3
= = 14+l toea
oo3 o1

FEEEDLREET N
: 02zt 015+0.90
Average . : ) 040012
‘BaBar vt T SRS — - — = 'b.&z':b.':-ﬁ:b.".'z"
Belle .80

BaBar
Belle
‘Average

Average

Belle
Average

B EET TR o

162 & 080

BaBge =~ "0

| =a=a ==

Enlln

- BaBar T

Average : 034051
'Eé%ﬁ'r' T T e——————— L " T T T Tai3toeatoar
SHE H F21E1.71£1.08
Average i 005 +0.65
‘Bapar B e S LS L RS LTS ST
L -1.70+ 158 £0.77

Awerage .t et
abar
Belle

BN = 74 = e

-0.03 +0.06 + 0.02
0.02£0.09 + 0.06
0.01 + 0.05
0.03+0.10+ 0.03
0.11+0.11+0.05
0.05 + 0.08

T 0.04+0.10£0.02°
0.03£0.11 £ 0.0
0.01 +0.08

1.80+£1.10£0.10
1.76+2.42 + 1.31

L
o
(} o

| == =

Belle

+ !

¥

Averager—
BaBar

Ball

puerage,

Eall
Avera o e
EdBa AT EoEn E0.E
Ealla ' ZAGT1.39 085

Aserag i .08 £ 0.7

e D . o
EaBar E RNy
Ball

Average t :
e = A

L=a=210=2

Average
BaBar

Belle

Average

‘BaBar

Balla

Belle H &
Average — nEVELE
B4BAar d “azatosiToE
Eall "

Average

[ =4=3 L=

Average
BaBar
Balle

1 9004691 +040

-258£1.72+1.33
0.12+0.91

8-66 +1.63+1.49

'BaSar — - DARTOT 3::023'
2 O070T1.55 085

,ﬁ,\.- 1= - ' . 094 £ 065

Average

0.27.% 0.87

2
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A.Snyder & H.Quinn, PRD 48 (1993) 2139
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= ¢, —— m'mrm Dalitz plot analysis

no constraint at 2 level
I | T | I_

[75, 152]°
[ at68.3% C.L.

0

o
p"T DCPV A vs A

+=- | ICHEP 2008
PRELIMINARY

I BaBar
Belle

04 - 2 Average |

02 r

0 -

Indication of direct
CP violation

-0.2

0.4+

WARWICK

[0,8]° U [60,95]° U[129,180]°
at 68.3% C.L.

90 120 150 180
o (deg)

Belle constraint improved using
“isospin pentagon”
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DCPV in 3 body B decay

» Dalitz analysis — measure hadronic parameters

> Search for DCPV in B" — K'm'mr
Belle, hep—ex/0512066

1 Eﬂ :_F LELE ""rT LI

['TT"'TTT1_'_|"I"I"‘_r'f_r'l T I L I L ] LE AR B '|—|' TT'I_ '|— —[ '| TrT]

t B> Kt (a) i Bt> K'n'n (b) 1

3]
4
T 1
= ¥
(1 T
= T
O ——
o~ 1
e
" s iy
+
g
0
B
[

RRRARRRARRRER R

m_ (GeV/c?)
m Dalitz analysis —
Clear asymmetry in the p region enhanced sensitivity to CPV

A(PK)=(30+£11+£2 +11_4)% 3.90 significance

first evidence for CPV in any charged particle!
Tim Gershon, Beauty 2006, September 29"
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Lumlnosrty trends

Peak Luminosity trends in last 30 vears
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J TEVATRON
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|
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Asymmetric B Factories

PEPII at SLAC
9.0GeVe on3.1GeVe'

PEP-I11
Rings ™

Positrons
Low Energy Ring
BABAR Detector H“HM

“ Electrons

T,

High Energy Ring
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KEKB at KEK
8.0GeVeon35GeVe'

| WIGGLER |




BaBar Detector

UNIVERSITY OF

ARWICK

15T
solenoid

DIRC (PID)
144 quartz

bars
11000 PMs

EMC

6580 CsI(TI) crystals

Drift

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

2/6 replaced by LST in 2004
Rest of replacement in 2006

Hiad
N\

’ 40 stereo

5 layers, double sided

Silicon Vertex
Tracker

strips
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Belle Detector

Y
T
7

R

- 3 lyr. DSSD

>@d¥r. since summer n/ K, detection

14/15 lyr. RPC+Fe
Tim Gershon, Beauty 2006, September 29"




ERAITY O]

T. Browder, FNAL Seminar, 2006

“Unified and Unbiased Wr’%kch
Attack on New Physics”

vV experiments,
g—2, U - ey, EDM, ...

V mass and mixing
CPV and LFV

flavour mixing
CPV CPV phases

Super B factory, LHCb, A experiments ---
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