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Before I Start...

Disclaimers

» The talk pretends to be a poor man’s review
— An overview of CP violation and rare B decays
— Cover results mostly from the B factories
— Skip all the gory analysis details
— Religiously provide relevant references for the interested

Credits

* Most materials inherited from Iijima (LP09) and Nakao (Beauty(9)

« Heavy Flavor Averaging Group (HFAG):
http://www. slac. stanford. edu/xorg/hfag/

o CKMfitter: http://ckmfitter. in2p3. fr/
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CPV In Standard Model

- The CKM paradigm in charged vector-boson decays
provides the framework for CP violation in the SM

_\ \ Key piece!!!
! Vid Vus Vip\

— Three angles
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Hierarchical expansion of CKM

Wolfenstein parameterization of the CKM matrix V:  (1983)

Vud =1 — %)\2 I/'u,s = A Vtuh — AAB (/) — ”))
Via=AXN(1—p—in) Vis=—AN Vi = 1

A ~ sinf. ~ 0.22
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A triangle at the heart
Vi Vus Vigp

d-b* =0 | B Mesons
Vcd Ves Vcb .

Vi Vis Vip) ViV + VetV + ViaVi =

@ R

Voo Sfro, B R AV
0,05 00)

ERS arg‘ Q1= ar Q2=7 —Q1—

» Check consistency of the CKM paradigm:
v measure three angles and two side lengths
v look for possible new physics contributions
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HER : High Energy Ring
LER : Low Energy Ring
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Breaking own records times and again

1000 ! | ~950 fb-1
D ~ (4S: 710fb"
> 500M B8 r/J sssm  » logether collected over
800 KEKB J 35:33 O ({11 - .
for Belle ,_/JJI R 107 (Gillion) BB pairs:
600 \ Off peak: 90 fo v" Test the KM paradigm of
[// /_/_ ~553 b’ CP violation
4S: 433fb1
400 Ve { 3S: 30f0" v" Explore rare B decays —
" ~470MBB || &5 o e window to new physics
200 7 | PEP-I | Stopped in
/ & for BaBar| | April 2008
0
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http://www-acc.kek.jp/kekb/Commissioning/trend/icons/comp-lumi.jpg

Most Visible Recognition

Half of the 2008 Nobel prize in physics to

Makoto Kobayashi, KEK, Tsukuba, Japan
and

Toshihide Maskawa, YITP, Kyoto University, Japan #
"for the discovery of the origin of the broken symmetry which predicts the
existence of at least three families of quarks in nature"

...As late as 2001, the two particle detectors BaBar at Stanford, USA and Belle at Tsukuba,
Japan, both detected broken symmetries independently of each other. The results were exactly

as Kobavashi and Maskawa had predicted almost three decades earlier...

Global status of the CKM fit
PRL 98 (2007) 031802 1 T B
r o, | %
1.0 - o Affig & Am,
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€
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_10:— &
L % ; ¢3 ::L‘T;?Lz:'o?ail:
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Standard Candle
sin(2p) =sin(20,) HEAC

PRELIMINARY

BaBar : i 0.69+0.03 +0.01

PRD 79 (2009) 072009 :

BaBar y . 0.69+0.52 +0.04 +0.07

arXiv:090 qg 3615 * '

BaBar Jhy (hqdronic) Kg . 156+0.42+0.21

PRD 69 (2004):052001 S

Belle JAy K° A 0.64 +0.03 +0.02

PRL 98 (2007) 031802 :

Belle y(2S) K i 0.72 £ 0.09 £ 0.03

PRD 77 (2008)%91 103(R)

ALEPH : 0.84 1992+ 0.16

PLB 492, 259 (2000)

OPAL ; : 3.20 500 £0.50,

EPJ C5, 379 (1998) |

CDF _ 1, 0.79 344

PRD 61, 072005 (2000) !

Average : 0.67 £0.027

HFAG ‘ = i

-2 -1 0 2 3
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[ See the transition:
LEP—Tevatron—
B factories

O Entering the precision
phase: 3% uncertainty



¢,(a): Error shrinks day-by-day

» Almost a precision measurement

direct measurement
X = {89+Oij:j]°

» Dominated by the B—pp results,
that rely on the 1sospin relation

Gronau, London, PRL 65 (1990) 3381

-CL

>

Re

» New measured B*—p*p? BF value from BaBar stretches the base of the two

Current world-average

EC4UM - B n/pp/pr (BABAR)

fitter

Moriond 09

--- B - nn/pp/pr (Belle)
3 B — na/pp/pn (WA)

1.0

0.8

0.6

0.4

0.2

1sospin triangles, making them degenerate

¢ Belle’s final results on B—pp, especially p*p?, are eagerly awaited for
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CKM fit

no ¢2 meas. in the fit

-
-
=

60

PRL 102 (2009) 141802
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Now, what about ¢,(y)?

> 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 is to exploit oV, , Vi
interference between two
diagrams

B

» Main bottle-neck is small signal i
» Now, seems like beginning of an end?
T > e P ———— Lopez @ EPS09: BaBar D—Kn
@ - preliminary o T A gt
BELLE 0.2} - § 20E-
Poluektov @ EPS09: 3 ] -
Belle D—>Kgnn | 5 ;ZE 79-8 = 13-8
: 0 /~ N\ B DK gt
3.5c evidence _ @ @ 10 _H _k
8 N
| 0 kLl
0.2} B'>PK" - 2 H—HT'HTHHl
' ' R TICL IS TR LTy e I T
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Current World Average

0-7 L| | | I | I I I I

fitter

0.6 Beauty 09

0.5

sol.w/ cos 2p < 0
{excl.at CL » 0.95)

0.4
I=
0.3

excluded area has CL = 0.95

0.2

0.1

(21.0+0.9)°

0.0 1 1 1 I 1 1 1 1 1 1 I 1 1 1 I
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

K
= IIII|IIII|IIII|IIII|IIII|IIII|IIII

> As far as @,(y) 1s concerned, it is fair to say that we have made a head-start
O Final word will come from LHCb and (future) super flavor factories

v" The latter would also improve the measurements of ¢,(B) and ¢,(a)
24-09-2009
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Turn to the second part
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HEAG S1n(2(p1) with the Penguins

PRELIMINARY
bccs WorldAjerage 1 f 1 0675002 .
% BaBar _*— ozex026t005 | ] Measured sin(2¢,°) in loop
= Belle : — 0.67 052 . . .
% BaBar | 0.57+0.08+0.02 diagrams disagree with the
= , Belle | 0.64+0.10 +0.04 h : 1d
E" BaBar ' : 0.90 *0:18 +0.03 cnarmonium worida average
-~ Belle | h——i|  030+032+0.08 : Cq :
% X BaBar ! ; | 0.55+0.20 £0.03 » While COHSlderlng the naive
S Belle « 0.67 £0.31+0.08
" & BaBar 035 %21 0,08 £ 0,03 average, we need to be extra
e ge”e 0.64 335 £0.09 £0.10 careful because of the
& aBar ! ' ! 0.55755 +£0.02
s Belle | ———|| i 011£046:£007 theory uncertainty
> BaBar : : 0.60 *g1a i ; ; ;
~ Belle ; _ 0.60 *5is
i,K,  BaBar i 6484 0.52 £ 0.06 £ 0.10 s
f, Kg BaBar : 40.20 & 0.52 + 0.07 + 0.07 M'Kg
et BeBar———«— | -0.72+0.71+0.08 0
oL Belle | : [ -0.43+0.49+0.09 wKs
) . K, BaBar 0.97 To5s oKg
K. NBaBar ! S 10.01 3 0.31 + 0.05 + 0.09
¥ BaBar | ; | ! 0.86+0.08+0.03 KKK’
< Belle {—0.68 +0.15+ 0.03 *52} 3K
bosggs Naive average : o 0.62+0.04 / S
299 ! i I : Cheng et al.,
-2 -1 0 1 2 PRD72, 094003
| 1 ‘ 1 | |
* Need to pin down on the expt. uncertainty 01 0 01 02
. Asin2|
in each of these measurements (call for the =n IECICKRTEIROIE
super flavour factory) Wiliamson, Zupan, PRD 74, 014003

24-09-2009 14



Direct CP Violation

KTa—

K+7n°

AA=Ap(KT0)~Ap(K) = +0.144+0.029

 Both decay channels occur via the
same diagrams at tree level == AA

should be zero

» Interpretation with SM and non-SM
v K%Y data would be useful to check

the isospin relation

[ Interesting ~3c evidences found:
BY—nK™, B*—nK" and p’K* (circle)

B%—p*n and B*—>D™K*

24-09-2009
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Polarization Puzzle

» B—pp decays fit to the HFAG : K3 (1430)*
: April 2 ¢ K3 (1430)°
expected pattern pril 2009 l skraam ==
m: = K
f=1-2 —=
JL 2 . wK3(1430)°
Mg o wK;(1430)*
$ QJK*+
> One could say, within errors == I i
— % N —— —
f; for K'K™°, op*, ¢K," and i K
)
pK™* follow the trend e f;(}go
s ot
. . —_—— (7
> But what is going on for 1 AVD- %= p{;j P
some of loop-dominated —— BABAR |
mOdeS, c.g., ([)]<>k or p+K*O? 0.2 l 0_l4 l Ol6 l Ol8 l 1l0 l 1.2

Longitudinal Polarization Fraction (f.)

Nice review talks by Bevan and Nagashima at HINTS09:

http://belle.kek.jp/hints03/program.html
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Enter B"—1'v_

b ) ("  Presented result corresponds to
W the case, where one B meson 1s
decaying semileptonically
— H~ —
U | %4 _ arXiv:0809.3834
\ %gggf — Signal +
2 2 2 T
B(B™ = 7 V)su = L (1 - m_;) fVa|*75 O - || Background 4T
8 B Q300¢
1 Within standard model, proceeds through W S 250
annihilation »200¢
» Helicity suppression similar to m~ decay % 150%
 B-meson decay constant f;: 190+13 MeV Lﬁ 100¢ '
HPQCD Collab., arXiv:0902.1815 50E
L Sensitive to new physics, e.g., charged Higgs Ok =
PRYRIES, 8-, CHHEEE THES 0 02505075 1
.. e
3.80 significance oL )
— ——\ _ ~+0.38 +0.35 —4
7 109-2000 B(B~™ — 77 1,;) = (1.657 555 (stat) Ty 5o (syst)) x 10 .




Obvious Tension

it 3 CKM fit w/o BR(B — 1t v)
Br( TV ) . (0-79 tg:ig) x ]-0_4 Moriond 09 —— Measurements (WA)
1 Belle+BaBar measured value: 0l

Br(tv) = (1.73+ 0.35)x 107*

O From the global analysis:

Iflll[]fl [I][I]II]II]IIII

o

.8

2.4c discrepancy

0.6 —

1000 <-I, i
- Summer 2009 T 04 ]

BI.'II.'II;— :

Bum;_ 0.2 - —
:ﬁmui_ 00 _Io.ls 08 10 1.|2| | |1.|4L | I1!6l | 11}a| | Jz!ol | I2.|2I 24
':'E 600 BR(B — w) x 10°
%suuﬁ— Constraint on charged Higgs: ,
7] C m>
£ mu'g_ BB~ — 17 v,) = Bsm(B” — 1T v) X (1 - 2B tan” ,6)
T 300F e

200F O Use the world-average (WA) value with

1um§— Bsm(BT — ttv) = (1.20 £ 0.25) x 10~*

7

10 20 30 40 t:ﬂﬁ 60 70 80 % 100 {0 get bounds on m(H") and tanf3
ny
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d Similar Feynman’s diagram as B—tv_: replace the <

Results on B—>D1v_

up with a charm quark

40 1

w
o

r
o

'y
o
T

=)
T 1

Events/(0.04 GeV?/c?)

[
o
| P T Y R |

10}

0
-2 0

24-09-2009

2 < 6 8 -2 0 2 4

Missing mass squared (GeV?/c?)

ol

\
\
HH AW
Tt
Vv

T
» Dominant background is from

B— D®lv, (I=e or p)

» Feed-across from D*(D) to B—
Dtv (D*tv,) with a missed %y
(m* exchanged with recoil B)

s 2D fit of missing mass squared

and Eg,

D
<o preliminary

OELLE

R(B* — D't*v) (70.2}55 +19)%
R(B* — Dt*v) (46.8105°2)%
R(B" — D t*v) (47.6 175100 %
R(B* — D t*v) (48.1140+58)0,

19



Constraint on New Physics

1000

ooob e 2999 WA (LP09): R(B—D1v)=
- 49+10%
8001 -
N 700
< 7% SM value: R(B—D1v)=31+2%
> 600~
é’ -
~ 500
% 4005 » Charged Higgs exclusion region
E T 1s complementary to B—tv
T 300
- Itoh et al., Prog.Theor.Phys. 114 (2005) 179
200
100
% 10 20 30 40 50 60 70 80 90 100

tanp
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Inclusive b—sy Measurement

[ No kinematic constraint 300005 Arivi9071354 H} ¢ i E
O Only requirement is to measure a high _ 20000 [ :l 1 H }} :
energy photon in the Y(4S) rest frame 2 0000 : l H }I E
» Sometimes we ask for a lepton in 3 ok “ t:
ey ] ot I E‘i
the recoil side (lepton tag) - © :
» Otherwise, fully inclusive sample £100008 | 117 E
v" Low E, threshold (1.7 GeV) ,  -200000 | 111 .
|
|

W- -30000 -| | | | | -
b g 1. 4 16 1 B 2 2.2 24 26 28

ezl B(B—X.y) = (3.45+0.15+0.40)x 10

D

d The most precise measurement of B— Xy to date

L BFs are also given for other E, thresholds: 1.8, 1.9 and 2.0 GeV
U Tighter constraint on the SM as well as on the new physics model f\
24-09-2009 21



Constraints from b—sy

PLB 657 (2007) 87
4
3sfE - Charged Higgs bound:
3 m(H") > 300 GeV/c?
E 0 e =
25 N
a L 0.35 :
< - :E
< :f 0.3 10
F IFAG)\2006 1+
“E 0.25} ‘HFRG 2009 “EJ
1= | &
- 0.2 12
PF 0.15 1=
0: 1 1 1 | I ]
40 100 X 20,3 3 3.2 3.4 3.6 3.8 1 1.2
MHiggs [GeV /c”] Measured B — X,y Branching Fraction (10" 4)

(Left) b—sy BF is a part of CMSSM mp improvement on the indirect my limit

(Right) Constraint on the charged Higgs mass
24-09-2009 22



Combined H* bounds from B factories

1000
n Summer 2009
900 m)p Covers almost whole of the
800 exclusion region envisioned
—_ by ATLAS
N 700 | S
S 600F ATLAS region 3Bs
o r |
© s00E S .
@ F 0 g
— 2|
E 400 —95% excluded Q =" i
H ~from B— X_y, 7 ' 5
1 300 7 2 % :
200 £ s :
H B =
100 % LT
pens é
00 10 20 30 40 50 60 70 80 90 100 0
tanp tanp
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Observation of B—>K(py

1 Time-dependent CP violation study
» In the SM, photon polarization is b-flavor specific

» Sensitive to non-SM right-handed currents mp the
decay channel acts as if a polarimeter

PRL 79 (1997) 185

Atwood etal., ppp, 71 (2005) 076003

Events /( 0.02 GeV )
-]

s T

BB —Kpy) = (2.34+0.29+0.23)x107°°
Ng = 136+17 (10.50 stat. significance)

m:
(D -B.; 2 1 [1] 01 02
55: Bl preliminary

B(B'—K%y) = (2.66+0.60+0.32)x 1076
Ng = 35+8 (5.8 stat. significance)

Events /( 0.0025 GeVi*)
8

-]

-]

Evenis /{ 0.02 GeV )

© B N i

T 11 TT T
Events /( 0.0025 GeVic?)
« 3 8 F 3 &
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Evidence for B—Kn’y

L Test the possible suppression of B—Kn’y with respect to Kny due to destructive
interference between two penguin diagrams  pipkin, PLB 254 (1991) 247

1 Neutral mode could be used for time-dependent CPV study, similar to Koy

arXiv:0810.0804

E:‘ B+—>K+1]"Y }
at

o

» Analysis restricted to m(Kn’)<3.4 GeV

» 1’ meson is reconstructed through its
decay to nt' or p’y, where n—vyy or
'’ and p’ontn

> 2D fit to M, and AE for all sub-modes

;

00625 GeV
a

Events/(0
5

g

o0
“IIIIIIIIII’-EI TTTT
i
N
N

5.24 5.28 o 5.23 5.3
M. (GeV/c™)

Mode Yield(events)| B(107°) S(o) TUL(107°)
BT - K*ty'y  326%;5 [36+1.24+04 3.3 5.6
B° — K%'~ 5.1150 RGN i 1.3 6.4

24-09-2009 ¥ Our measurements and B(B—Kny) ~8.0x107° (PDG) agree with Lipkin’s prediction g



Study of B—KAA”

N - ﬁé;,/
b +®_,_5 b—b—f”—r:—lt —»—
» Multitude of measurements: B, CP asymmetry, lepton flavor ratio, F, (for K*

mode), lepton forward-backward asymmetry (A ;) and 1sospin asymmetry (4,)
» Lepton flavor ratio: ratio of muon to electron contribution for a given channel

Angular distributions used to extract £, and " -

K Ior’@m’dinol polarization F; from kaon angle O 0,
2[; cos® Ok + 2(1 — F1)(1 — cos® Bg) B—> “ B—™—>
Forward-backward asymmetry Agg from lepton angle 6, - I+
3 _ 2 31 — 2
4F;_(1 cos”Or) + 5(1 FL)1 + cos™0,) + Arg cos O, Ok 1s the angle between K and

opposite of B in the K* frame

(Tp+ /7o) X B(K®0¢te~) — B(K®+p+¢)
(Tp+ /7o) X B(K 00+~ + B(K®E(+4-)

AI TB+/TBU = 1.071

» Three-body decay: observables as functions of g* [= m*(1*17)]
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Study of B—>K)ATA~

arXiv:0904.0770

ez Z  Total branching fraction:
1 = B(B — K**07) = (10.7711 +£0.9) x 1077
0.8 B(B — K¢t07) = (4.879%+0.3) x 1077
0.6 : S
~ 04 1 No evidence for CP violation
[41]
:a*"-’- ' ACP(K*FLE_) = —0.10 = 0.10 = 0.01
E = Acp(KHer6-) = 0.04 4+ 0.10 & 0.02
=z 0 \
s 05 ﬁsxfgmﬁ’gﬁr > Lepton flavor ratio
“:r; 0.4 PRD 61 (2000) 074024 Ry = 0.83+0.17 £ 0.08
e
= 0.3 P 06 (2006) 034002 Ryx = 1.03+0.19 + 0.06
=

0.2 consistent with expectation

(0.65 for K* and 1.0 for K)

0.1

0 25 5 75 10 125 15 17.5 20 225 25
q°(GeV?/c?)
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Any Smoking Gun?

arXiv:0904.0770

1F =8 > For F,(top) and Ay (middle), the SM
2l prediction and flipped C, case (new
WO T . physics) are plotted
o __flipped C, Eaw > Both are consistent with the SM
1E / M d For Ay the flipped C, case looks
little more favoured (integrated
;0'5 + 4 ------------- significance 1s 2.70)
0% v Need more data to settle the dust
» Isospin asymmetry for KI*l™ (open
< T T circles) and K*1*1~ (closed circles)
0 i 0 shown in the bottom plot
g _:t% A(B— K*t7) =—0.291010+£0.09 o0=1.37
0 2 4 6 8 10 12 14 16 18 20| A(B— Kft6) = 0317074008 o =175
q°(GeV?/cY) Af(B - KOt~y = 03013124008 o =222

o denotes the deviation from null asymmetry
24-09-2009 28



Inclusive b—sA ™A~

» Not fully inclusive, rather the sum of a number of exclusive final states:
X =K + nz, where n=0..4, for m(X) <2 GeV/c?

» Backgrounds from semi-leptonic B decays, continuum, leakage from J/y
and y’ veto, and B—»X n'n~ (double n—p misidentification)

Left: About 10c signal for the whole considered m(Xy) spectrum
Right: 3¢ signal for the high mass signal selection with m(Xy) > 1 GeV/c?

preliminary

Events / ( 0.0025)

g.z 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3

. (GeVic?) . (GeVic?)
24-09-2009 " " 29
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Inclusive b—sA ™A~

o
<10 I3 preliminary

—~6 o 0.7310°

Q r _g Ngm‘

Tt 5 L = 0.6 3 (log-scale)

¥ 9 2

E [ I x 0 5 8107k

v 4 T

= m i

= I ~ 0.4

>“<’ 3 :— % 1510 25

T : T 0.3 ¢ (GeVic??

@, Fr
1F ! 0.1 t
0:....i....I...I...I...I...I... 0....I....I....I....*....I
04 06 08 1 1.2 1.4 16 1.8 2 5 10 15 20 25

Mass(Xs) (GeV/c?) g2 (GeVic?)?
B(B — XL1€7) = (3.33 £0.801)77) x 107°
0 HFAG average: 8 =(3.66 )70) X 107°

Vs,
» SM prediction: B = (4.2 £ 0.7) X 107

24-09-2009 The flipped C, case is not favored 30



Closing Remarks
Both the B factories — Belle and BaBar — have established
the KM paradigm as the only source of CP violation in SM

The CPV content is however too little (by ~10'?) to explain
the matter-antimatter asymmetry in our universe

We know that something 1s there that we do not know

There are also a number of hints and puzzles

Large BrB>™)? <> tension between |V,,| - sin2¢, ?

Large Agg(K™ll) ? Deviation of A(K*ll) in low g ?
Acp (Km) puzzle ?  Polarization puzzle in B>VV ?

Eagerly look forward to the final updates from B factories,
while warming up to the next-generation experiments ==
LHCb and (future) super flavor factories

24-09-2009
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