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W) Outline of the next 45 minutes

= Motivation.
= Angles:

= Standard Model viewpoint of 3, a, v.
= | ooking for New Physics contributions.

= Sides:

" R,

" R..
= Combination of results.
= Unexplored territory.

= Conclusions.
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+ Vud Vus Vub
\Q)J V= Vcd Vcs Vcb
c— - Vt Vt Vt

= Motivation.

June 2007 Adrian Bevan 3



S

,—r< o< <:<
=2 =2

iy
o

< < <
< < <

W The unitanty triangle v=|v.

= Study decays involving b—u and t—d transitions to probe the weak
phase of V, and V,,.

(Vud Vus Vub
V = Vcd Vcs Vcb
\th Vts th

B —an, prn, pp etc.

(p;N)

E 3
R = Vud Vub
b™ Vv V* B—ccs (e.g. JyKO),
cd Ycb ccd (e.g. J/ynO),
n’,o,0KO etc.
B>D®K® etc.
(0,0) (1,0)

= B-factories have measured 3 to ~1° in cCs, and starting to do
precision measurements in charmless b—s penguin decays.

" o is measuredto 7°.
= Now starting to constrain vy.
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\@Q,{ The unitarity triangle V-

= Study decays involving b—u and t—d transitions to probe the weak
phase of V, and V,,.

(Vud Vus Vub )
V - Vcd Vcs Vcb
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B —nn, pxn, pp etc.
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R = Vud Vub
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\Q The unitarity triangle V-

= Study decays involving b—u and t—d transitions to probe the weak
phase of V,, and V..

td

(Vud Vus Vub \
V = Vcd Vcs Vcb
\th Vts th J

B —nn, pxn, pp etc.

(p;N)

sz _ B—ccs (e.g. JIyKO),
ccd (e.g. JhynO),
n’,»,0KO etc.
B>D®K®™) etc.
(0,0) (1,0)

= B-factories have measured 3 to ~1° in cCs, and starting to do
precision measurements in charmless b—s penguin decays.

" o is measuredto 7°.
= Now starting to constrain vy.
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+ . .
W Questions still unanswered { "

= Why is the level of CPV described by CKM too
small?

= What makes up the difference?
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) . .
WO Questions still unanswered { :

= Why is the level of CPV described by CKM too
small?

= What makes up the difference?

= |s the triangle unitary?

= QOver-constraining the CKM matrix is the only way to
check this.

Recall that there are 6 triangles that
can be used to over-constrain the

CKM matrix. We're only

concentrating on a few of them with
B-physics.
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W Questions still unanswered { "

= Why is the level of CPV described by CKM too
small?

= What makes up the difference?

= |s the triangle unitary?

= QOver-constraining the CKM matrix is the only way to
check this.

= Are tree and higher order angle measurements
the same?

= Are there non-trivial New Physics flavour couplings at
TeV energies?
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= Angles:
= Standard Model viewpoint of 3, a, v.
= | ooking for New Physics contributions.
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R Measuring 3

= Main goal of the current B-factories.

= Observation of CP violation in B decays (2001).

= ... but this was the tip of the iceberg.
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Measuring 3 v {

= Main goal of the current B-factories.

Observation of CP violation in B decays (2001).

but this was the tip of the iceberg.

= Lots more physics to do.

June 2007

Cross-check tree level with loops.

Cross-check different tree/loop processes to compare
topologies.

Observed CP violation in penguin decays (2000).

Control standard model uncertainties on
measurements.

Search for new physics.
+...
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W) B from b—ccs decays i NN

HFAG average sin(2)=0.678+0.022,,; +0.012;
of results:
B=(21.3+1.0)°

400

*Good agreement in different channels
(BaBar results shown) for sin2p.

(o]
<
(=]

o
Lh

=1° precision has been attained.

o

=This measurement was the raison
d’etre of the current B-factories.

=
in

450

Raw asymmetry Events/( 0.8 ps) Raw asymmetry Events/( 0.4 ps)

— 225

Sample Ntag P(%) sin2/3 |A|
Full CP sample 12677 75 0.714+0.032 0.952 + 0.022
Jhp 1{2( tro) 4459 96 0.702 £0.042  0.976 + 0.030
Jhp K2 (7°7°) 1086 88  0.617 £0.103  0.812 £ 0.058 0.5

[)S}I 0 687 83 0.947 +£0.112 0.867 £ 0.079

Ye1 K2 313 89 0.759 +0.170  0.804 + 0.102 0
:;CKS 328 69 0.778 £0.195 0.948 £ 0.141 1
T K9 4748 55 0.734 £0.074 1.061 £ 0.063 0.8
Ty K0 1056 66 0477 +0.271  0.954 + 0.083 - - -
i K° 10275 76 0.697 +0.035  0.966 + 0.025 At [ps]
T KY 5547 94 0.686 £ 0.039  0.950 + 0.027

hep-ex/0703021
PRL 98 031802 (2007)

June 2007 Adrian Bevan 13



w Vi Vs
W) B from b—ccs decays { "

HFAG average sin(2)=0.678+0.022,,; +0.012;
of results:
B=(21.3+1.0)°

51n(ZB) = sm(2¢1) & = p=¢,

Moriond 2007

PRELIMINARY PRELIMINARY

BaBar ; : L 0.71 £ 0.03 +0.02

hep-ex/0703021 : |

Belle i : . 0.64 £ 0.03 + 0.02

PRL 98 (2007) D31802 ; | 3

ALEPH i | . 084%9%+0.16

PLB 492, 259-274 (2000) | e g

OPAL : | 280 300 %1% + 050
EPJ C5, 379-388 (1998) | & " 3
CDF : T p7e 24!

PRD 61, 072005 (2000) BT

Average F 0.68 + 0.03

HFAG : ; I 3

42 1 0 1 2 3

=Experiments agree well.

hep-ex/0703021
PRL 98 031802 (2007)
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s V, V., V,
W B from b—ccs decays ¥ ‘[t;d - ]
HFAG average Sin (2,8) =0.678+0.022,,; £0.012,;

of results:
£ =(21.3£1.0)°

sin(2f) = sin(29,) i ; B=9,

Moriond 2007

PRELIMINARY PRELIMINARY

BaBar : 1 0.71+0.03 +0.02 — _
hep-ex/070302} I 4 Negative solution
Belle § : u | 0.64 +0.03 + 0.02 1 disfavougred by
PRL 98 (2007) D31802 |

: : | cos2p
ALEPH : ! | .. , 08450186 0.8 -

PLB 492, 259-374 (2000) " : measurements.

OPAL : : 2y 3.20 530 +0.50, 06 -
EPJ C5, 379-388 (1998) L

CDF : . porg it a3
PRD 61, 072005 (2000) ST :
Average i 0.68 +0.03

HFAG : : I 5 02+~
-2 -1 0 1 2 3

0
=Experiments agree well.

=cos2p from JAyK*, K*K-K?, DO(K r*n-)ho D*D*-K_ 02 © 0z 04 o8 08 1 —
favours p=21.3° over 3=68.7°.

= Expect
=| HCb: 0.3° measurement (stat) (10fb-1)
=Super LHCDb: 0.1° measurement (stat) (100fb-") hep-ex/0703021
=Super B: 0.2° measurement (75ab-1) PRL 98 031802 (2007)

June 2007 Adrian Bevan 15



e V, V. V,
W B from b—ccd decays { ol
* Tree dominated decays, perhaps with some
penguin contribution

D'D'S,vsC., EYd

d Cep PRELIANAR

DM_ I BaBar o
}/A ke 0.8 m _ .
— - c _ »Same tree topology as ccs — just

replace the ‘s’ quark for a ‘d’ quark.

/ »Sizable deviation from 3 in cCs decays

- e - pD)— 04t 0 :/7
,,(_%)0‘4:5 ’ ’
6. . ~— " would indicate New Physics

B B D'f )+ . . ‘ ‘ | . .
d- = d =\Measurements are consistent with
tree level expectation.
0
Jyn'S,, HEA |
R S S .2 =B0—J/ynO can be used to estimate SM
BaBar g | oo 030004 uncertainty to ccs B calculation at the
PRD 74 011101 (2006) : : :
: | | level of 10-2.
Belle Lo N 0.72+0.4240.09
PRL 93, 261801 (2504); "5 ) :
Average _‘_ -0.68 i 0.25
HFAG correlated averagie H :

June 2007 Adrian Bevan 16
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W) B from b—s penguins
= Tree level B is known to 1°.
= What is  measured in loop processes?

W + quarks

e c Ty

TREE LOOP

June 2007 Adrian Bevan 17
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B from b—s penguins

= Tree level B is known to 1°.

New physics loop contributions can have new
CP phases. H + quarks?

e R

TREE LOOP

June 2007 Adrian Bevan 18
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s
W) B from b—>s penguins

= Tree level B is known to 1°.

= New physics loop contributions can have new
CP phases. SUSY particles?

e s

TREE LOOP

= This would result in different:
= rate measurements.
= CP asymmetries (i.e. sin2Bree # SIN2B oop)-

June 2007 Adrian Bevan 19
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*Naive average is 2.6c different from
the tree level  measurement.

June 2007

Adrian Bevan

. Ve Vi Vo
B from b—s penguins i
td ts th
. eff
n(2p*) = (24»1 )@
PRELIMINARY
b—ccs World Average : e ! 1 0.6840.03
T BaBar————— 4 | T i oaz2rostzod0
c%r Belle . 0.50 +0.21 + 0.06
Average e 0.39+0.18
_ BaBar S —&* © 0.58+0.10+0.08
X Belle | 0.64+0.10+0.04
= ~_Average o P*—- . 0.81 £ 0.07
" BaBar st P 0.71£0.24£0.04
" Belle & = | ! 0.30+0.32+0.08
" Average * : 0.58 + 0.20
. BaBar | f———1 ||  lo033:oz6:004
= Belle ] - | 0.33+0.35+0.08
" Average ! = : ' 0.33 + 0.21
_BaBar | | — —— | oe270Z+0.02
% Belle — ‘ 0.11+0.46 £ 0.07
Average ! * 0.48 +0.24
_ BaBar | | ~ e i 062023
- Belle * ; 0.18+0.2320.11
- Average -ﬂr 0.42+0.17
7% BaBarQ2B'i — e —H | oat¥018+00740.11
‘% Belle ' -——'h—* 0.68+0.15 £ 0.03 1%
% Average - - 0.58+0.13
-0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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B from b—s penguins

=Naive average is 2.6c different from
the tree level  measurement.

=Different channels have different
theoretical uncertainties.

in (2 Beff)

(2¢1 )@

AS; QCDF pQCD SCET
6Ks |0.02+0.01 0.020799%
wKs 10.13+0.08
p°Ks |~0.080%
n'Ks [0.01+0.01 U.U4 X 0.08
0.01 £ 0.01
2Ks | 01070 0.03 +0.17
£0.07 £ 0.14
" Ks | 0.07700: 0067505  0.08 +£0.03
foKs [0.02 £0.00
apKs 0.02 4+ 0.01
«0_o| 0.007557
0 +0.00 Chua hep-ph/0605301
0.0277 02

June 2007

Adrian Bevan

PRELIMINARY
b—ces  World Average : i : | 0.68+0.03
T BaBar————— 4 | T i oaz2rostzod0

c%r Belle — ! 0.50+0.21 +0.08
Average e 0.39+0.18
_ " BaBar i »—ﬁ-— 1 0.58+0.10£0.03
x Belle 4 | 0.64+0.10 £ 0.04
; _lAverage___E___I__I__l P*'. 0.61 +0.07
" BaBar st ' 0.7140.24 +0.04

" Belle & = | ! 0.30+0.32+0.08

" Average : * : 0.58 + 0.20
. BaBar | f— *—1 || loasi026+004
= Belle ] - | 0.33+0.35+0.08
" Average | = : ' 0.33 + 0.21
mBaBar ''''''''''''' - P 0627034002
% Belle————*— ‘ 0.11+0.46 £ 0.07
Average * 0.48 +0.24
e g e o e s e
X Belle * : 0.18+0.23 +0.11
- Average > : ; 0.42+0.17
7% BaBarQ2B'i — e[ oarkoasroo7£0.11
‘% Belle ' -——-h—« 0.68+0.15 £ 0.03 1%

% Average - i - 0.58+0.13

-0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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i V, V. V,
WO B from b—s penguins { - ij]

. ff
=Naive average is 2.6 different from sin(2B") = sin(20, ) m

the tree level B measurement. : — v
b—ccs  WorldAverage M G 0683003

BaBar — ;012+031+010

=Different channels have different % Belle : e AR
. T Average - i 0.39+0.18
theoretical uncertainties. T EaBar T %,-_--;—-----------5-0Emmwm
X Belle ik | 0.64+0.10+0.04

& : s :

=*Need to compare each mode with the s --,-,,--g“e’age- o E—— P“‘ sk e L
v BaBar : —r _0?1+024+DO4

tree level value. " Belle - = 0.30+0.32 + 0.08
»Can’t do this with the current | ... X' Average : ___ FSENEEN . . 0881020

o o BaBar : * . 0.33+0.26+0.04
statistics. = Belle * | 0.33+0.35+0.08
=Need to wait for the next S _Average | p——d—— | . ossso2r
: : BaBa |- : *g§g+

generation machines. ¢ e, R ¢ eEee
o Average | A ddsom

5 BaBar : 0.62 +0.23

X Belle I : 0.18+0.23 +0.11
o Average | = e ||| N .. 0d2E007

% BaBarQ2B : S 0.41#0.18£0.07 £ 0.11

v Belle ——p— u.@fs +0.15+0.03 ] 5

X Average i : e - 0.58+0.13

-0.8 06 -04 0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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s
W) B from b—s penguins

*Naive average is 2.6c different from
the tree level  measurement.

in (2 Beff)

(2¢1 )@

PRELIMINARY

bsccs WorldAverage © "W ' 1 "oesioos
BaBar . — ;012+031+010
=Different channels have different < Belle : Pt + 0.50+0.21+0.08
. T Average - i 0.39+0.18
theoretical uncertainties. N e f" o S
x Belle ik | 0.64+0.10 £ 0.04
e : ;| :
=Need to compare each mode with the i P‘ sl i
v BaBar — _0?1+024+no4
tree level value. &> Belle . * - | 0.30+0.32+0.08
=Can’t do this with the current | ._.: X O v e R b
T o BaBar * . 0.33+£0.26£0.04
statistics. = Belle ] * | 0.33+0.35+0.08
=Need to wait for the next S Average | p——de——f . 033021
: : BaBa S : e
generation machines. el - . R
"LHCb can do By—>¢K;and B, | S Average | f— A—f i oz
: BaBar 0.62 +0.23
equivalent decays' ¥ Belle * : 0.18+0.23 +0.11
=»Super LHCb might be re- = Aesnage = | : 0424047
optimised to do other B, channels. % BaBarQ2B| k| osikoieo07<or
. ‘% Belle ——H—  068+015+0.03 0%
=Super B would compliment the Y . Aveis N Aot
range of measurements that one
0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

has from LHCDb.

GW LHCb upgrade WS, Jan 07 / Super B CDR ~~ AAdrian Bevan
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WO B @ the next generation
= LHCb + Super LHCD:

= Improve upon knowledge of 3 to 0.1°.
= Open up the study of ¢, in B, decays.

= 0.003 (10 %) measurement in B,.—>J/\y¢ decays.
, @ 100fb-"
= 0.014 measurement in B.—¢¢ decays.
= Search for NP in B sector. GW LHCb upgrade WS, Jan 07
_0.5¢ .
804 DD, 1110
T F mg! 68% CL
20-3;—. Bs—Jlve o, CONtOUF
0.2 i l.. m
0.1E- "*..iA" =Tevatron starting to constrain ¢,
% 0.14
3 . +
-0.3;— — M
04 | a.r a.rsmx |cos{¢ )
o0 bl bvvi b v b v b i

-5-4-3-2-101234
q:os(radlans]

hep-ex/0701012

June 2007 Adrian Bevan 24
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ks V, V
W B @ the next generation V‘[&; :
= LHCb + Super LHCD:
= Improve upon knowledge of § to 0.1°.
= Open up the study of ¢, in B, decays.
= 0.003 (10 %) measurement in B,.—>J/\y¢ decays. } @ 100/
= 0.014 measurement in B.—¢¢ decays.
= Search for NP in B sector. GW LHCb upgrade WS, Jan 07

= Super B:
= Comparable 3 measurement ~0.2°.

= Complementary measurements of b—»s decays from B,.

= ~3° measurement of 3, from B.—J/y¢ with 30ab-’ at Y(5S).
= Use the sign of At to measure Re( A) and Im(2). hep-ph/0703258

June 2007 Adrian Bevan 25



ks . Vi Vi VY,
WO Measuring o ' ‘[i;; v X::]

= CP violation in B®—h*h-, h=n,p,a, +Loops (penguins)

Va - P ) "
[ — e >d - o . p+
T, P )
woo .
ED d BO
[

(=2
ol

B® t t
d —>—@-k— S b BY d Vub :Z/ d TP q :n p
Via - P
\ - C,, o sin(o)
“n = S \/1 C:2 sin(2a,,)
S —sin(2a) ﬂ :
= Measure o O =0, — O

= Need to bound |o4al (shift from loops).
= Different |Penguin/Tree| for different decays.
= More complicated for non-CP eigenstates like pr.

June 2007 Adrian Bevan 26



i V, V. V,
W) B— 7 1sospin analysis { ’ X;b]

] B—)‘ET{ (WA) B = ~50° excluded.
1 .2
I % “““ B—nn (BABAR) l

FPCPO7 . o
----- B—nn (Belle) = Several ambiguities to

resolve between solutions.

=Difference between BaBar
and Belle constraints on a is
driven by the different values
of C obtained by each
experiment.

0.8

1-CL

08[1: 1 CKM fit

} no oo meas. in fit:

0.4 |;
~ | 68. 3% CcL

__________________________________

0.2

T T ¥ T
P

95 5% CL

_________________________________________________________________

0 II"‘¢ | el | '-l“l | P’l I | 1 1 | | | | | 1 1 | | I 1 1
0 20 40 60 80 100 120 140 160 180

o (deg)
hep-ex/0703016
PRL 98 211801 (2007)

e |
June 2007 Adrian Bevan 27



s V, V., V,
W B—nr 1sospin analysis { - ij]

1ol ﬂ a B—)m‘t (WA) B = ~50° excluded.
sllel e B—nn (BABAR) .
i ----- B—nr (Belle) | = Several ambiguities to
1 ; : resolve between solutions.

=Difference between BaBar

0.8
o : and Belle constraints on a is
ok P : driven by the different values
- Hi . CKMfit of C obtained by each
. Nno ameas. in fitf experiment.
0_4 .’.' : « + -
lesanoL i TS o " Oe¥Cor Qo
: B [ BB
i 7 Belle
0.2% B Averagr;:
:_"_"3_5_5_% S 5 >3
0 | | = | 1 | 1 '_l‘ L O-'I 1 | | | 1 | 1 | 1 | 1 | 1 | | | | | 1
0 20 40 60 80 100 120 140 160 180 Bk |
(04 (deg) 06 f
June 2007 Adrian Bevan 'ol's '°l'8 '°I'4 '°"2 6

SGP
Contours give -2A{ln L) = Ax® = 1, esrresponding to 60.7% CL for 2 dof



i V, V. V,
W) B—pp 1sospin analysis { v ij]

| | | | I | | I | | | | | | | | | I | I |
i 1 B—pp (WA) i
o Lliter ... B—pp (BABAR) 1
FPCP07 NP
I B—pp (Belle) & B—p°p° (BABAR)| = Several ambiguities to
; resolve between solutions.

= 0~50°, 130° excluded.

=Difference between BaBar
and Belle constraints on o is
driven by the different values
of C obtained by each
experiment.

0.8

1-CL

0-67 CKM fit

' no o meas. in fit;
0.4 | ’

0.2 -

e R e e R e Tl I I e

R
AN S T N T N Y N s

0 20 40 60 80 100 120 140 160 180

o (deg)
arXiv:0705.2157
hep-ex/0702009
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B—pm Dalitz analysis

1 1 1 | U T ] I 1 1 [ 1 1 I [ 1 1 1 | T 1 1 I I T | 1 I 1 1 | 1
I ] B—prn (WA) ]
2 gem B—pn (BABAR Dalitz) -
| FPCP07 -
----  B—pn (Belle Dalitz)
T : A
0.8 L .
) - P FoY
O | R ' '.
| AN !
0.6 : IR : L
- 7 CKM fit /it .
: no o meas. in fit; ; % o
04f /N Nt TN
L 68.3%CLY LN gl T
0.2 [ .cr7-. —
[asswoL e N ]
1 1 1 I I 1 | ] |

o (deg)

June 2007 Adrian Bevan

0 20 40 60 80 100 120 140 160 180

= Constraint on a is weak at
the 3o level.

= Several ambiguities to
resolve between solutions.

=Difference between BaBar
and Belle constraints on a is
driven by statistical
fluctuations between the two
samples.

hep-ex/0703008
PRL 98 221602 (2007)

30



1-CL

Overall

. worom B—spm(WA) |
1.2
i % ----- B—pp(WA) | COMBINED;
.......... B—)TETE(WA) |
= g 5 —_——
SOt CKMfit )
no o meas. in fit ;
0.4} '
f___§§_§‘i/°_9_'-_ ___________________
0.2
0 20 40 60 80 100 120 140 160 180
o (deg)

June 2007

Adrian Bevan

= 0~50°, 130° excluded.

=Ambiguities to resolve
between solutions.

=*Combining different
measurements gives us a
measurement of o
compatible with the Standard
Model at almost 2c.

=Need more statistics to
=Rule out
incompatibilities.
=Compare the value of a
measured with individual
channels.

31
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h . v
WO oo @ The next generation V‘[Xﬁj

= LHCDb

* o(a) from pr will be 4.5° with 10fb-1.

= SU(3) methods can be used with n*7/Kn to obtain a/y.

= S and C measurements from p°p? will help a lot.

= a,n the jury is still out on how useful these modes will be.

= Super LHCDb

= Upgrade to accumulate 100fb! c~1.4° from n*n .
= SuperB
= 75ab-! accumulated at the Y(4S).
* o(a) ~ 0.75° using pp decays
* g(a) ~ 1-2° using i decays

= See AB at the 5" Super B Workshop in Paris

http://events.lal.in2p3.fr/conferences/SuperBFactory/index.h
tml for more details.

June 2007 Adrian Bevan 32
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= Gives an over-constraint of the triangle.
= | east well known of UT angles.
= Need LHCDb to give a precision measurement.

= y: safety in numbers.

= No single channel will dominate precision.

% B—DK etc.,
= 2B3+y: D*rn etc.

* Need to average many methods to obtain ultimate
precision.

» Use n/Kn or pp/K*p with SU(3) as cross-check.

June 2007 Adrian Bevan 33
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W B-—>D*)0K™* - o
» GGSZ:

= Structure of Dalitz plot gives access to vy, rg, 0g.

= DO>K - final state is accessible through many
different decays.

A(B) = 1.4,(0°K)Ix

'+
x Ap(m2+,m3-) /

sensitivity varies strongly over Dadlitz plane
— model + mixture ADS+GLW
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ey, B-—>D*)K(*) - |
= GGSZ:

= Structure of Dalitz plot gives access to vy, rg, 0g.

= DO>K - final state is accessible through many
different decays.

% -=== D(*) K(*) GLW + ADS

FRCR 07 ---- DM K(*) GGSZ 3 Combined

Full Frequantist treatment an MC basis

1_ LI I T I""! LI :T\I LI LI L LI |.."'L.|-. T T 1T

-CL

F-\.Illlllllllllllllll

H 1 I ! e et ]
1} 20 40 G0 80 100 120 140 160 180

T (deg)

. o CKM-Fitter@1c:
q)s" / =(77+31) [52.8,70.1]°

rg(DK)<0.13, rg(D*K)<0.13, r5(DK*)<0.27 @ 90% C.L.
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W) B—pp SU(3) analysis

= Relate K*9p* to the penguin amplitude in p*p~and use

S,+p_and C . to constrain y.

A(B® — ptp™) =Te™ 4 Petre

T
| | = 524750

uncertainty of a few

degrees.

= Reduced

experimental

uncertainty on

05— v N penguin
contamination.

= Uses (3 from

charmonium to

extract y.

j _\& j___k “With small 3,
0 e | | | 7/:(685—70)

0 50 10 150
Y (degrees arXiv:0705.2157

Beneke et al., PLB 638 p68 (2006)

M — * Introduce theory

| - CL
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ks . V, V. V,
W B—nnt SU(3) analysis V‘[&; y Xj;]

= The analogous method to constrain y using nr
decays uses B—Kn to contain the penguin.

A(B® = ntm™) = Te™ + Pe®

T | T T .
o - 2rsin d sin(3 + «) E % E
N B 1 R H’*{
sin 2a + 2r cos d sin(8 — a) — r?sin 23 ST ameas - ONAK E
Sﬂ_ﬂ_ = Y . C \
Firer E P BN =
R, = 1—2rcosdcos(B+a)+1r?, N { ANENAY
‘:—D.J _— . \ \
= Can relate C and S to values of y, rand 6 SE | =
=*N.B. [ is input from ccs decays, so the osE ol r\\ NN =
only angle left to determine is y in this By ST R Ve —
convention. fi/f, = Sn
=Uncertainties are larger than pp case, but . 74 + 4+1O °
this provides a good cross-check. 7/ — ( — T_ )

Gronau & Rosner arXiv:0704.3459
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- - v
WO Y @ The next generation V‘[Xﬁj

= The difficulty in measuring y comes from the
small value of rg.

* Need larger data sets to do precision measurements.

* Need to combine many channels to reach the ultimate
precision.
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W) y @ The next generation

y from B? — DK*0, B* — DK* & BO—DFK* KSR

e LHCb goals for measuring CKM angle v
- BY9— DOK™, B*— DOKs
Two interfering tree processes in neutral or charged B decay

- Use decays common to D° and anti-D°
Cabbibo favoured self-conjugate D decays
e.g. D% — Kgnr, KsKK, KKmrmr Dalitz analysis

Cabbibo favoured, single & doubly Cabbibo suppressed D decays
e.g. D? = Kx, KK, Krnm ADS (6LW) method

- B.—~>D/K* - two tree decays (b—c and b—u) of O(L3)
Interference via B, mixing

e v Sensitivity

- Expected precision for ADS and Dalitz o(y) ~ 5° -15° in 2 fb-!
¢ | Motivation for LHCb Upgrade
- Theoretical error in SM is very small < 1°
- Large statistics helps to reduce systematic error to similar level
- With 100 fb!estimate precision o(y) ~ 1°
- Requires| 1st level detached vertex trigger] for hadronic decays

Beauty 2006 Oxford, 29 Sept 2006 F. Muheim 13

June 2007 Adian Bevan - C-f. Super B precision ~1-2 °© @75ab-" l



Vud
Y/

"‘ °
w(QY  Looking for new physics: summary { c

S
td ts

< <

Vu b
Vcb
th

<

= Standard model (tree level) reference point from ccs decays.

= Many crosschecks that are loop dominated, or have loop
contributions. These can be used for NP searches.

= (3, measurements — B, decay equivalents.
"=
= 3 comparable measurements: cross-checks.
= ... more if SU(3) based approaches are used.
=Y
= Several channels to compare and combine. 23+y measurements
provide useful constraints on the p-n plane.

= These angle measurements over-constrain the triangle.
= [nconsistencies can indicate NP.
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rh V, V., V,
\.Qs( R v —[vcd v, vcb]
C.- - b th Vts th

= Compliment the angles. G e
= Semileptonic decays (V, Vi) @

using X, .lv.
= Rare decays B*—l*v (0,0) o)
= .. +tg, Konvvtellus about Ry and R.. /G. Isidor:
tomorrow/
= Any Inconsistencies with other constraints

Indicate new phySiCS. " Constraint from B*—>t*u
= Alternatively search :

for new physics using
v, B, Acp In b—sy.
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Py
o

= Reconstruct other B in
the event & X Iv signal
using the other B + beam
information to reconstruct v.

= Measure B as a function of g2 (Iv), my or lepton energy.

= Need theory to interpret result in terms of [V |
= Several models on the market: BLNP, BLL, DGE.
= Significant theoretical uncertainty on average.
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CLEO (E)

409+ 048 £0.37

BELLE sim. ann. (m,, q)
437+ 046 £0.29

BELLE (E_}

482+ 045 £0.30

BABAR (E,)

439+ 025 £0.32

BABAR (E.. s7™)
457031 £0.42

BELLE my,

406 £027 £0.24

BABAR (m,. q’)

475 £ 0.35 £0.51

Average +/- exp +/~ (mb.theory)

452+ 0.19 £0.27

yidof = 6/ 6 (CL= 41 &)
DFE-HQET-SCET (BLNE)

FPhys.Rev. D72:073006,2005

m,, input from b—|> c1v and b— =y morments
| | |

2

June 2007

'V

ub

| [x 107]

Adrian Bevan

= Take BLNP as an example scheme.

V.| o= (452 +0.19 + 0.27) x10°3

= 1
1__ I/F'u-b A —_r —
: 'L’r = 1 }L_ﬂ pz + ??d
- b 2
0.5
0_
0.5
1
- UT";
-I;rlijl 1 L 1 I 1 1 1 1 1 1 1 1 I L 1 1 1 I 1 1
-1 -0.5 0 0.5 1

p
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CLEO (E,)

409+ 048 £0.37

BELLE sim. ann. (m,, qzl
437+ 046 £0.29

BELLE (E,)
482+045£0.30
BABAR (E.)

439+ 025 £0.32

BABAR (E,, s™)

457031 £0.42
BELLE my,

400 £ 027 £0.24
BABAR (m,. q’)

475+ 035 £0.51

Average +/- exp +/~ (mb.theory)

452+ 0.19 £0.27

yidof = 6/ 6 (CL= 41 &)
DFE-HQET-SCET (BLNE)

Phys.Rev. DT2:073006,2005
m,, input from b— ¢ 1 v and b-
|

= Take BLNP as an example scheme.

V.| o= (452 +0.19 + 0.27) x10°3

incl™

= F l
1 I/;m )\ . _n
L = + Z
V| T Ve T
0.5:—
o

Observable B Factories (2 ab™

1Y SuperB (75 ab™1)

|Ves| (exclusive)

2

June 2007

|Vas| (inclusive)
exclusive)

|Vis| (inclusive)

Adrian Bevan

1.0% ()

0.5% ()

3.0% (%) dazezeiig

2.0% (%) 05 1
P
45



+ Vud Vus Vub
\Q)J V = Vcd Vcs Vcb
c—l L3 V Vts Vt

= Compliment the angles. (P
Vud V:b
= b—dy/sy to extract |V, /V.|. Vv
W- 7
b d (0,0) (1,0)
i - i
—=— _ (p*, p° ®)7 (combined)
. 0 . Ved = 0.202 7001 L £0.015
e (p7, p¥) ¥ (combined) S —_ N——
—®— BaBar, 316 fb" plwn 7.4%
+ accepted by PRL 8.2 {%:-
= —— Py —@— Belle, 350 fb”
PRL 96, 221601 (2006)
0 --@- deriveql fro_m Be_lle
T _— . P [ Ball, Jones, Zwicky
) o prepstion
..'.._u.T|....|....|Y....|....|...g.|.p...
0 0.5 1 1.5 2 2.5 3 3.5 4

Branching Fraction x 10° O(O)
2, .3 Y 2 r'd
s _m? (1H0Y'

(mp —myg+)? \TE(0)

(B —py) |V
T(B— K |V

hep-ex/0612017
— 0(1 ) PRL 96 221601 (2006)
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Aart Heijboer @ Moriond EW,
PRL 97 061802 (2006)

-

\E—Q‘s' R‘[ ([;g:F: PRL 97 242003 (2006)

= Compliment the angles. |
= b—dy/sy to extract |V, /V.|. zud z‘:}’
= Am, from the Tevatron.

% 2.5 A R L A A AN R . o =
£ ,L D@ Preliminary 1 S 30 — data
= E - T C
E‘ £ 1.2 fb ] 2 - = gxpected no signal
F 1 <] B
< 1.5 mm datai16450 ] 20
E [ data + 1.645 o (stat only) H ] C —— expected signal
1F y = = C \
: / .' l:l E 10_
0.5 oo ‘ .g:. H 1 It C
NG L |||||HI I|‘ ) E -
i m‘ﬁ LA 1
0.5 | H C
i i 10—
1B + datat+1o ol [[[| 4l [H C
i -- 1645c i C
15F . a H 20—
E A 95% CL limit 14.9 ps’ 1 C
2 :_ -2~ expected limit 16.5 ps™ 3 30:
25 |||||||||||||||||||||||||||||||||||||||||||||| ] ;IIIIIIII iF A |||||||||||||
0 25 5 75 10 125 15 17.5 20 225 25 0 5 10 15 20 25 30 35
Am_ (ps” )
Amg = 17.77 £ 0.10(stat) +0. 07(byst)

90% CL limit 17<Am_<21 ps? |‘*ng| = 0.2060 +0.0007(exp) ‘393 (theo)

= LHCDb will do a precision measurement of Am,

47
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Impact on p-n s

95% prob. intervals

BR(B"—p°y)
BR(B—K*y)
Amy

Am

S

UTH {

-1 -0.5 0 0.5 1

Adrian Bevan
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i V, V. V,
\.Q:s{ v —[vcd v, vcb]
o V, V., V,

|
]
[ |
|
|
[ |
[ |

= Combination of results.
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+ ° ° VUd Vus
W Combination of results. { v

»  [See talk by M. Bona 1n this session/
Current Precision with all constraints.

|= 0.6 T |= 0.6
: Ams : Y
L - AmM
0.5 0.5F g
. » e
S =0
0.4 0.4F —
g / -
- [T r
0.3__ €k — ,(_\ 0_3__ €k
i — G \\\ 3
0.2F / \\ 0.2F
C Vul:) V‘k\"‘m‘ B
K v -
0.1 AMy 0.1
: Y o ’
o—— of
E/ UTy¢ N
L1 11 L1 I I I 1 I L1 I L1 11 B
0510 01 02 03 04 05 06 031 0
p

Extrapolating existing measurements
to Super LHCDb / super-B luminosity.
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i V, V. V,

0% {2

|

|

|

]

= Unexplored territory.

|

June 2007 Adrian Bevan 51



< < <
<
o o

YaY Prediction for 20207 o

0.6
u B measured to a precision of 0.2° I
05 N by either Super LHCb or Super B.
0.4 —
= 03 wﬁ“**aa%h
02 ~
0.1—
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIlllllllllxl."'l--
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
P
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"‘ ° ° Vu VUb
W) Prediction for 20207 V‘[X“’ " Xj:]

0.6
n o measured to 0.75° using an
N isospin analysis of pp decays
0.5 __———  atSuperB.
B o NS
| e d
0.4— /2 \\
i 74 N\
| = - // \
0.3 / \
. \
02—/ \
- “{? \'“}{x
W \
0'1% "'*'::-.\
OI_I L1 1 | I | | L1 1 1 | I | | L1 1 1 | L1 1 1 | I | | L1 1 1 | I | | L1 1 1

0 0.1 0.2 03 04 05 06 07 0.8 09 1
P
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o o

YaY Prediction for 20207 o

0.6 77
// y measured to 1° at Super |
;’f LHCb using DK modes.

0.5

0.4

= 0.3

0.2

S
T
e
T

-

0.1

S
=

[ T T T T T T T T T T
"
N

'IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
OD 0.1 0.2 03 04 05 06 07 0.8 09 1

P
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0.6

- // p =0.133+£0.005 (3.8%)
: r'ff.r'ff ﬂ -~ O 2 .
5 / 77 =0.338+0.003 (0.9%)
0.5— if — y~1
- // i
04 //
>¥{Q&f
=03 ., TSN
N / =
o ,4
02/ |
— // f
:f/ [
0.1
¥ | | | | | | | | |
% 01 02 03 04 05 06 07 08 09 1

P
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RO

= UT fit's evolution of the measurement of the

Past evolution

unitarity triangle:

= All available information from indirect and direct

constraints.
=
. 1988
U-'l"'h.é"'é"'n.s""j
P
= 1
[ 2000
05 | ®
O s o0 o5 1

June 2007

05|

0.5 |

Adrian Bevan

[ 1995

=

T 05 0

'0.5' -

K
P
[ 2003
@
Tos 0 05
P

I
<
=N o

< <

=S <
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8 Ve Vi Vo

W) The next 13 years? v—[xj “ 5:]
= My prediction of the evolution of the

measurement of the unitarity triangle: @ |

= Using only a (pp isospin) and [ measurements.

06 06

sk Now N sk 2007 (2008/9)
0af-/ oaf- T
= 03~ = _— | \ = 03l /=
o LR ~ u A
0.2~ = 02— //
04f- // I N 0.4/
/v B \ Y B
PR E AT AT AT Ar S A A A IS BT A B L1y AT EPErIrA S IR ETETE B ETETETE AR T A A
00 041 02 03 04 05 06 07 08 09 1 00 0.1 02 03 04 05 06 07 08 089 1
P P
0.6
0.5— 4 ( )
e
= 03— I;'\\
- W,
vy N\
02—/ \
0.1 7
| ]
11111620()7 0Il.\{llllII|IJlI|JlII|l|II|J(II|(III|I|[I3I|JIIIJII‘I“1 ‘37
. 0 0.1 0.2 0.3 0.4 0.5 [ 0.7 0.8 0.9 1

P
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ey,

= Go back and look at the BaBar physics book...

June 2007

You won't correctly identify the best methods to
measure o and vy

With data in hand, the current B-factories have
appreciated how to do the job better than was thought
10-15 years ago. History usually repeats itself...

Having two collaborations helped keep up the
momentum and exchange of ideas.

We're just beginning to study B, in detail at the
Tevatron.

We can look forward to results from LHCDb
complementing the existing measurements (20087?).

Hopefully we will also see Super B augmenting the
flavour programme (20157).

Adrian Bevan 58
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wha Vi Vi VY,
\.st =V ViV,
) V, V. V
O
o
|
|
O
|
|
o
o
= Conclusions.
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Conclusions v

Il
=S <
< < <

= Using 1ab! of data from the B-factories have
established:
= CP Violation in B decays (indirect and direct).
7° test of the closure of the unitarity triangle.
Observe some tension at the 1.5c level between constraints.
Seen evidence for D mixing.

= The B-factories will push ahead to collect up to 2ab".

= The next generations of experiment will take up the
challenge soon:
LHC(b): Initial impact in y and B+ lots of other physics. /[See /.

Libby on Friday/

http://lhcb.web.cern.ch/lhcb/

= SuperB: Same program as BaBar and Belle + Bg etc. [See 7:

June 2007

Gershon on Friday/

Adrian Bevan

http://www.pi.infn.it/SuperB/
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Addittonal matenal
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\e_ée! SU(2) based methods. v [é :

= SU(2) isospin relates the different B—>hh’ amplitudes (h,
h' = x, p): Gronau London (GL) method.

= dal=al 40 parameterise penguin pollution in +— and 00
charged final states.

S5+-
. | o
= Relationship to S and C: nacy) = A ere
500
5111(2052%} =

1 — (:.'E"j 2’ e —
June 2007 Adrian Bevan \/ ( } 62
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< < <

td S

b
S b
b

\Q Impact on p and f {

From y measurements From 2B+y measurements
1-CL 1-CL
1.5 i LI B B B BB B B 3
- 0.9
i CKM fit
1+ N
- o 0.8
X 0.7
0.5 ~
i 0.6
|: u :_ .............................. # .. < "-II: 0.5
E 0.4
05—
- 0.3
sol. w/ cos2f <0 =
(excl. at GL > 0.95) |
B 0.2
| _—
: 0.1
0 -1 ﬂ 5 n 0 5 1 1 5 2 -1 .5 i 1 L 1 L | 1 L 1 L
) = - -1 0.5 0 0.5 1 1.5 2
P P
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ey B'—t'v a

= Suppressed by V 5 -

= Within the SM, this measurement can be used to
constrain fg.

= Can constrain the apex
of the unitarity triangle using

this measurement
= Complements the angle
measurements

— — T s T o T —
June Hah bevat http://utfit.romat.infn.it/ P




+ v, Vio
Wy B -ty { v:: X::}
= Suppressed by V , 5 -

= Can replace W* with H*
= ‘B can be suppressed

or enhanced by a
factor of ry,.

m2 2
TH = (1 — m—%B; tan2/8>

2HDM: W.S. Hou, PRD 48, 2342 (1993).

— — T s T o T —
June Hah bevat http://utfit.romat.infn.it/ P




s (Vig Vie Vi)
+ + hep-ex/0608019
\E.QSI B >T V PRL97 (2006) 251802

= Reconstruct signal decay.

= and other B in the event:
= Belle: fully reconstruct B

mesons in 180 channels.
= BaBar: Tag with B—>D®)v.

= Look at the remaining
energy in the calorimeter:
signal peaks at Ex¢| jexira=0-

,: 2 = (179549 7045) x10™
BELLE (revised). 3.5 o significance
80

B =(0.88"c £0.11)x10™"
60

BF<1.80 x10“@90%CL  §0re ' o
2701702703704 0506 0.7 08 09 1
BaBar: 320x10° B pairs Eexia (GEV) !
June 2007 Belle: 449x1068pairs extra

Events / 0.1 GeV

150 B4BAR ;

180
160E preliminary

140
120
100

][

] T

]

Events/0.1 GeV

T]IITIIIT]IIT]III

¢ \background

_Eii




h V, V. V,
W B'—t'v e v v

= = f
2.5 2HDM-II 2 | MSSM
= | | 75ab" =

i B 2ab

- [ LEP

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

tang tang

= Multi TeV search capability for large tanp.
_1t2m§2 [y p m2
= -t A T l+gtanpm

H

Charm equivalent:
June 2007 Adrian Bevan DS+—) H+V, ’C+V 67




R

B"—e'v, u'v

(Vud Vus Vub\
hep-ex/0607110
hep-ex/0611045

= Same physics motivation as t*v.

Entries / 0.01 GeV/c?
® = B

@

= These searches give null

2 2
B, (B" = I'y,) = 2=MeM (1—
8x

m’

nnnnnnnnnnnn

ev/c?
~

1
[

Entries / 0.01 G
|°| TT T T T T 7T

Lol

(3, =] N L (=] [==]
TT T T T T TT T 7T

T T S T T I
.1 5.125.14 5.16 5.18 5.2 5.22 5.24 5.26 5.28 5.3

bl ey 1 iy
5.14 5,16 5.18 5.2 5.22 5.24 5.26 5.28 5.3
M, [GeVic?]

|
l
.1 5,12

results. Upper limits
are shown for BaBar
and Belle.
Consistent with SM.

2
B

Entries / 50 MeV/c

100

40

20

1:BZ |Vub |2 z-B

BaBar: 229x106 B pairs
Belle: 277x108 B pairs

80F

6o =Y

2 TR A

e S| Riivicr

II!IIIIIIITIII]III]IYI_
BABAR -
preliminary
[ls's -

[1gog°

H Ceada=ud.st 1
= « Onpeak Data ]
e No events in

H } signal region "]

i LD Ly gl OV IO
1.2 1.4 1.6 1.8

M Ml
2 22 24 26 28

3
Lepton momentum (B : frame) (GeV/c)
signal

B(B* —>e'v,)<7.9x10° (90% CL)
B(B* —>e'v,)<9.8x107(90% CL)
B> u'v,)<6.2 x107° (90% CL)
B —>uv,) <1.7x107°(90% CL)

Best limits within a factor of 2 of SM



'.* (Vud Vus Vub \

1 . RPL96 (2006) 221601
W) B—dy transitions: ®y, py  Eeee:
;‘-”- T p77 “'E Y BaBar: 347x106 B pairs
g g % s Belle: 386x10° B pairs
] 210_
12 | = Both experiments observe
i85 b—dy decays.
£
W ok = \With very consistent results.
o 45— 15
235° 2 | (B — py,wy)=(1.25+0.25+0.09)x10
75 210; B(B > py,op)
§§3++ T | P E7) —0.030+0.006
015" 8 gl ZB—>Ky)
m10§ = L
8 grtiiiiled £ Vi | 0,200+0.020+0.015
522 524 5.26 (5(;29{{[[(;25)-3 0 bldicsa s
m NA L —(
e 8 | Bow B(B = (1.32°°% £0.10)x10°*
X (B — py, wy) = (1.32; £0.10) x
O
= < | Z(B = pr,@7) _403240.006+0.002
% @ 2. 1 I Z(B—>Ky)
) sl , ! V
e d d T Tob. N\ | [2%=0.199+0.026"]
55.22 524 526 5.28 53 ?).2 522 524 526 528 5-_3 ts

m, (GeV/c?) My (GeV/c?)

June 2007 Adrian Bevan 69



B—dy transitions: wy, py ’

1
< < <
< < <

= Can constrain the unitarity triangle using B—>K* vy
= QOrthogonal to constraint from B*— t*v
= Compliments angle measurements (Y.J. Kwon'’s talk @ KEKTCG6 Feb

2007)
= =
=PV 1
i 'BR(B*>py)
05— BR(B—K*Y) 0.5
0_ 0
-05 -— -0.5
-1 ' -1
i UTfIIf Shadt?d region 5 95% Prol?.
-1 05 0 0.5 1
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-+

kS
~

BR(B—p*Y)
BR(B—K*Y)

http://utfit.roma1.infn.it/
1 1 I [] 1 1 I 1 1

0

0.5 1

p

70

S

< <




