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Introduction

= Covered today: = Not covered today:
o Unitarity Triangle o Charmonium
= Angles a Exotic States
a o,y = Pentaquarks
s Sides s Glueballs
9 Vg = baryonium

o Rare Decays
o New Physics Searches
o Upsilon Y(3S)

ISR Physics
e*e— Quasi-2-body
states

Lepton Flavour Violation
(at least, not in detail).

The expected? The unexpected?
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In the beginning...and now.
What we see in the Universe:

® Matter Galaxies: 10!

® Anti-Matter Galaxies: 0

® Matter Galaxies: 101!

® Anti-Matter Galaxies: 10!1-1

If CPV explains the asymmetry,
there must be another source of
CP Violation. ‘ New Physics
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CP Violation
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CKM Matrix and Unitarity Triangle

magnitudes phases
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Some Con

straints
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Time Dependent CP Violation

Time evolution of B°/ B® asymmetry: 20 Azpe™ . r
P
4, (=B 2 Je) T(E 2 Joy) N
I 1/ DO 0 9 _ o2 — e
" [(B” = fep) +T(B" = fcp) p 8°
=—NeplS,, sin(Am At)+C o cos(Am At)] Am, =0.508+0.004ps™
Decay
S : CPV in interference C : direct CPV from Amplitudes
between mixing and decay. decays. -
2 Im( A 7 ) 1-l1 I e
S — CP C _ Sfep ﬂ _ q ' cP \
o sla, e i, PO e pl
T Sep i cp \l?," fep!
If only 1 decay amplitude: If more than 1decay amplitude : / R
C, =0, A=n,e*’ Cror #9 _ ‘ 0 ‘—o
Sfcp Im(2, ) 1r€ S ., =not trivially related ‘BL> =p\B >+ q|B >
=Im
fep ' fep tO. CKM angles ‘BH> =p BO> _ q‘B()>
e.g. sin(2/f) e.g. sin2a,;)
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BaBar Analysis
methods



PEP Il

Low Ener:
Ring (LE
‘ PEP II and BaBar ... e
F)@S aeV] Pasitron Refurn Line Positron Source
10 countries “octor Sou i sociozeen o ERN \
77 institutions Hhean | rmontmmomssico - {ghhg GER)
623 collaborators . e _
| EMC
,_ 6580 CsI(TI) crystals
BIRC (PID) solenoid O ej(/SIGeV)
144 quartz bars | «— ; W . i

11000 PMs

e (9GeV)

Drift Chamber

Instrumented Flux Return | 40 layers

Iron / Resistive Plate
Chambers or Limited
Streamer Tubes (muon /
neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided
strips
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Measuring time-dependent CP asymmetries

At = A—zl Proper Exclusive Bmeson and
(Pr)c time At | | vertex reconstruction
I

o,y ~1ps <170 um

TB ~ 1'6 ps < 250 /L[m ) o g?-;"iy ’l,li : = E
R Z _;‘_\,’_7 ~ £LOU UM ' lll,’ I"l? = ‘}"i
B v(asy =0.96 B0 | = '
Y(45) i ] Rs T
> —— | Flavor
_ " :
e e 7o | Tagging
. tag |
o |
anti B —
e',JIOO\.w I | K
B e
/ Tag vertex
Y(4S) produces reconstruction

coherent B pair:

- At Tagging performance: Q = 30.5%
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B Meson Reconstruction
Exploit kinematics of ete~ — 1{4S) — B°B? for signal selection

Beam-energy substituted mass Energy difference Event topology

_ ) *2 I nk & (multivariate
mES _\/Ebeam_pB AE_EB_Eb
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CP asymmetry in Bo—> Ks |/

CP Eigenstate: h = -1

i Goltlen Ghannel

¢ J/y Dominant (tree) amplitude has
W\ / ¢ no weak phase

B) o Diagrams with different weak
S 0 0 phase are strongly suppressed
d —————d K" — KS SM: expectnS =sin2and C =0
[(BR,.(1) > £)—T(8S, (1) > £») |
4(5/: (f) — phys CcP phys cr) S _sin Amdf'

F(gagys(f) — é’P) + F(Bp%ys(f) —> é‘P) JIvks
Amplitude of CP asymmetry

*

vvIvyl Wy %
ImA c=—n, Imifeset by | [Tesed | _ Ty td .
A AR y,, =sines
Quark BO KO

subprocess mixing mixing
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B’—charmonium K’ (b—ccs)

Dominated by single tree diagram
with no weak phase. In SM expect
S =-nepsin2pand C= 0
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hep-ex/0703021 — 383Mevts
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b C '
JIW W' XeoTe
C
BO
d
b _“ S K¢
d — == d S,L
Sample Neag P(%) sin23 [Al
Full OP sample 12677 75 0.714+0.032 0.952 + 0.022
JKI(nTn—) 4450 96 (0.702=+0.042 0.976 = 0.030
Jhp K3 (707 1086 88 0.617+0.103 0.812 + 0.058
$(25)K2 687 83 0047+0.112 0.867 % 0.079
xe1 K2 313 89 0.759+0.170 0.504 +0.102
e K2 328 60 0.778+0.195 0.948+0.141
JRp K 4748 55 0.734+0.074 1.061 + 0.063
Ty K 1056 66 047740271 0.954+ 0,083
JHK° 10275 76 0.607+0.035 0.966 £ 0.025
JH K3 5547 04 06860039 0,950 < 0.027
v — 6873 0.711 = 0.036 0.935 £ 0.024
sm(2 B) = sm(2¢1) HEAG)
PRELIMINARY
BaBar 0.714 + 0.032 + 0.018
hep-ex/0703021
Belle J/y K° 0.642 + 0.031 + 0.017
b H—————H:
PRL 98 (2007) 031802
Belle y(2S) K g . 0.718+0.090 +0.033
A T &
arXiv:0708.2604 3.7% error
Average | 0.680 + 0.025
HFAG
0.6 0.7 0.8
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SM penguin-induced Direct
CP <2%.

Raw asymmetry Events/ 1.0 ps

b o W o d
¢ B

&

i ~ 4

New physics particle

can enter in loop.

Belle result (Direct CP?):

nepS= 1.13£0.37+0.09
C=-0.91+0.23%0.06 (3.20)

® 7S consistent with sin2f3 from b—ccs

® no evidence for direct CP violation
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arxXi1v:0708.1549 — 383Mevts
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‘ cos(2B) from BO— DCORKO (MO — 701, 1°,m)  arXiv:0708.1544 - 383Mevts

b—cud color-suppressed tree diagram

: :  Tgn a) RS : Preliminary
Time-dependent Dalitz 2 %l > 500- ’
—0 % k] DO Dalitz L 335i32
analysis of D’ (D ) >Kz'zm L2 . " plot = ,
_ t t 0 signal events
—0 — —
Interference of D° and D . L % i E 100++ PR Y
g SO SR ch = .
Sensitive tosin 2/ and sin 2« A R e . q':) -t L pREN .
_ 2 3 A T R -
R | meeviey = 0554 506 508
| 2
" \\.{ v mgg (GeV/c?)
d
" About 13 resonances  8in 23 = 0.29+0.34 +0.03 +0.04
T, + background have to
be fitted cos2=0.421£0.49+£0.091+0.13

95%CL contours

= cos2/ >0 @ 86% C.L.

cosZfi

\ cos23>0 @89%C.L. from B’ —J/wK° [BABAR, PRD 71, 032005 (2005)]
c0s23>0 @%4%C.L. fromB’ —D*D" K, [BABAR, PRD 74, 091101 (2006)]

c0s28>0 @460 from B — KK K? [BABAR, hepex/0607112]

IIIJI...D.SIIII1I..1.S 3
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sin23 . from b—qgs (q=s,d,u)

f ¢9 77’9 (M)CP

K;

sin(2p") = Sln(2¢fff)$

PRELIMINARY
b—>ccs World Average i 0 68:+0.03
¢ < Average i: el 0.39+0.18
TI K Average i 0.61£0.07
KsKsKs Average - 0584020
K, Average | - 033021
pP°Ks  Average ! " 0.20 +0.57
oKs  Average ik 0.48+024
io KEJ Averagem (. ”0 42+0.17

K- Averagc-'- - 072£071
K+ K K2 Average okl 0.58+0.13
-3 -2 -1 2
25th January 2008

Approximately the
same phase as b—ccs
but sensitive to New
Physics in loops

PRL 99 (2007) 161802
PRL 98 (2007) 031801
hep-ex/0702046

arXiv:0707.2980
arXiv:0708.2097 Charmless Penguins !

hep-ex/0607101
arXiv:0706.3885
hep-ex/0702010
arXiv:0706.3885
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arxXi1v:0708.2097 — 383Mevts

Dalitz Analysis of B'—>K’ n*n

Resonance Name

-

|CCT‘ gb[degrees] |ECT‘ (‘Eﬁ‘) gb[degrees] I ’| T T T T T T [ T T T T [ T T T 1
Fo(980) K2 4.0 0.0 28+07  —88.6+213 o BABAR
PP (TTO) K 0.10+002 5864164  009+002 213+212 100 L 20 9301k ?
Fo(1300) K2 19404  117.6+226 11+03 1524238 «— B > /,O80)K
Nonresonant 30406 138+143  37+05 1624173 B’ — p"Ky
K*H(892)r— 0136 £0.021 —607+ 185 0.113+0.018 102.6 +22.9
K*T(1430)7~ 49407 —8244+168 71409 79.2 + 20.5
f2(1270)K§ 0.011 40004 629+233 001040003 —73.9+278
xeo(1P)KY 0344015  687+31.1 0404011  154.54 28.6
O 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1
1 2 3 4
m(ntn-) [GeV]
Parameter Value |  Parameter Value B’ > K 1,0980):28.; = 893(2) +5+8%
C(fo(980)KQ) 0.35 + 0.27 + 0.07 + 0.04 C(PO(TTOKY)  0.02+0.27£0.08£0.06 0 0 . 79 ey e
128t (fo (980) K 3) B L L B 128u (P (TTO) K Q) (37154 g B = I TSy =S 29 8EE
tS(fo(980)KY) _0.94t23-_gggtg-_gg +0.02 1S (0770 KY) 0611554 +0.09+008  _ N . I S
F(fo(980)KY) 14,535 < 15508 FP(TTO)KY) 9.0+1.4+1.14+1.1 E CP asymmetry in Kf, region ]
Acp(K*(892)r~) —0.18£0.10£0.034+0.03 | tA(foKE, oK) (—59T15+64+6)° i = 4 ) T -
TAGK*(892)) & (—164+24+ 124 15)° ] _.:I:f:l—{'* 1 ‘ —
FK*(892)7) 11.741.34+1.3408 E I_‘_L‘ ‘ T I -
f(K*(1430)7B) 38.0+£25+074+1.3 f(NR) ! 256+£2.5+£1.9+05 |E Sample enhanced in signH b
F(fo(1300)K9) 6.3+1.3+0.6+03 F(F(1270)K9) 21+0.8+0.040.2 E s i i
Fxo (1L P) D) 19105400401 i r‘,m,ﬂi cut 01} l‘ﬂxeh?qod rino = S
At(ps)
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‘ Summary of J measurements

sin(2p™) = sin(20¢

ff . 2 eff: = * 2 eff C E-A
)| LP 2007 Sln( B ) Sln( (I)l v cp o LP 2007

PRELIMINARY Cep =-Acp PRELIMINARY
bccs  WorldAverage 1 B 1 068:003 0.8 ¥ : : ' : wd
. BaBar : L —— E i 0.21+0.26+0.11 :
X Belle N 0.50£0.21 £0.06
= Average! ' " 0.39£0.17 L i
,,,,,,,,,,,,,,,,,,, e, 0.6
& BaBar 0.58 +0.10 +0.03
= Belle i 064+0.10+0.04
= pd 1 " i +
________ oo Pverage: G bl L 061007 0.4 -
x BaBar : t0.71+0.24+0.04
" Belle 0.30+0.32+0.08
»  Aver ; ] 58+0.2
SO TN S Loy 00 £ 040 0.2 4
o BaBar : ' 0.40+0.23+0.03
= Belle 0.33+0.35+0.08
L5 Average: G =l 038019 0 i
+* BaBar 0.61'0%; £ 0.09 £ 0.08
o Average: ' ; 061105 - o
""""""'B'"B' """""""""""""""" T TN An #0025 T A A | I 'LI:FK
o aBar 0.62 %95 +0.02 : - 5% |
2 Belle ] ! 0.11£0.46+0.07 Ll MK
S Average: : a 0.48 +0.24 _ K, K K
L N | s VN PR iy 05 5
BaBar ' at 0.90 +0.07 777 K
o ' 1 g -0.4 i Y 3 -
< Bele ! o S 018+0.23+0.11 P : (i
T Averager —— M ossioor = e
< BaBar i {T072107140.08 N o Ks
% Belle . -0.43+0.49:+0.09 0.6 f"oK
| %, ... Average : (EEs P 0821041 K3 nnKg
% BaBar : 0.76 011730 0.8 K KKK |
‘% Bele 4.68+0.15£0.03 073 e I L 1 ! f 1 L
i : :
t. Average! 0.73+0.10 04 -02 O 02 04 06 D'Beff 1 e
2 - 0 1 2 sin(2p™) = sin(2¢;7)
Contours give -2A(In L) = Ax” = 1, corresponding to 60.7% CL for 2 dof

(sin23,; ) =0.68+0.04
but the fit is poor

K f, from Dalitz analysis is
2.10 above average. If
excluded, sin2p=0.56+0.05

The discrepancy between
charm and charmless sin2f
seems to have gone away.
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CPV in charmless modes

CPV in B° -
T, PTT, PP, ...
B°-B°
mixing

I'(b6— uly)

,3:¢1

rp,and T(b — clv)

Interference of suppressed
b —> u tree decay with mixing

(0,0) (1,0)
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37 component:
sizable Penguin

diagram
b w d
L7 T
B_O
— U o
d d
u
Y /’<d d
/7
_Ob - u -
B" 7 7
pL_ o o
B° 8O
d é ‘ b
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SU(2) Symmetry: Isospin Analysis
Two Isospin relations (one for (B°,B+) and (B°,B-)).
S A A=A+ A T =4 / NOEY
Neglecting EW penguins, B*—h*h° (I=2) is pure tree diagram:
— AB" > h*h%) = A(B~ = h h°) AT =ABY 5 hth)
AT =ABT >t
A" = ABY - 1'rY)

S from B'—p%p?
constrains this angle.

K™= 2(a-aeff)\ﬁ‘4fii_ V2’ A% )'hh
4-fold ambiguity P\ g
7

25th January 2008 Fergus Wilson, STFC/RAL



olation i - - PRL 99, 021603 (2007) ~383Mevt
CP Violation in B’ = n'n~y K'mw (2007) evts

2 ool 1139449 - Combined with new prelim. BaBar

5 [ signa Botag | Mmeasurements of B® »n%z°and

= Sop 1 B*—>n*nC (arXiv:0707.2798 [hep-ex])
e _ 7 gives constraints on |a—o/

§ 100 (D) B — 5 L2 — ———

g E E U 13_ sin2a,, =S,/ 1-C2. =

oo ERR X | Acr|<39° (90% CL)

< - 0.6 ]

N - 0.4f :

= 0.5 = r

E Di% } “4\ T - 02¢ N/ N\ R

E E -1 RE ~_ ll’\‘l-:F L L | 1 | . | N | ]

E ot < © 20 40 60 0

4 - _T_ ] o - o | (degrees)

. _.5 S — {') - 5
Background-subtracted At (PS) S =-0.60+0.11£0.03 (5.20)

C_=-0.21£0.09%+0.02 (2.20)
Direct CP ! > A, =-0.107£0.018 " oos (5.50)
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Consistency of CP results tor B — nin

+ -
T T Scp Vs Cep ﬁ

PRELIMINARY

T T T
- Y- BaBar
ﬁ Belle
©4 Average

evolution

. . . N [} N . . N 1 L | | j
-1 -0.5 0 -0.8 -0.6 -0.4 -0.2 0

Scp
Smr Contours give -24(In L) = Ax® = 1, corresponding to 60.7% CL for 2 dof
si f samples
indicgfeg in ?nil'laign BB
pairs
Belle and BABAR in marginal Belle observes significant

agreement (2.1c) direct CP, BaBar does not.
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PRD 76, 052007 (2007) —383Mevts
Constralnts on o from B — pp arXiv:0708.1630v2 — 427Mevts

. PRL 97, 261801 (2006) - 232Mevts
< B e B tag i :
g ¥ e Vector-vector final state requires
10— — .o .
& ~Background™- bt helicity analysis.
i 3 e [sospin analysis of BO—>p+p‘,
i B*—p*p?, BO—>pYpP constrains
[F4]
| | o=t
§ e Smaller penguin contribution than
E« B—nr leads to tighter constraint
At(ps) 3 F T —
" B E: ------- without C* and S°
0.8— wm with C®° and without SP°
B 5 ptp - B 5 p0p° - —— with C[° and S{°
P p PP .
BF =(25.5£2.17%)x10° BF =(0.84%0.29%0.17)x10" -
£, =0.992 +0.02470%% £, =0.70+0.14+0.05 0al la-a, |
C,=001£0.11£0.06  C, =04+0.9+0.2 Y e <165 00% C.L)}--
S, =-0.17+0.207% Sep=05£09£0.2 0.2—
0_|III|IIII|IIII|IIIIJIII|II|||||
-20 -10 0 10 20 30 40
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Constraints on o from B?— (pm)?  PrD 76012004 2007) - 375Mevts

* Dominant decay B° — p*n~ : not a CP eigenstate
e Isospin analysis not viable, oo many amplitudes
BO - p*n-, B> prt, B> pn% B* > p*n®, B" - pn* and charge conjugates

* Better approach: Time-dependent Dalitz analysis
- Simultaneous fit of o and Tree, Penguin amplitudes
- o constrained with no ambiguity (unlike sin(2c.) measurement)

+ =+
a0 p T .DCPVA_ vsA_ _[falsal
— B> ' n’ (kin.) 5:_:Esa=-k'}' I A, PRELIMINARY
el FLiTegEs. 1 ‘ ' ‘ ' '
'r,;q4 interference regs. afh :,._.g?r E | Y BaBar

25 i 8 ', Belle

B -_ 1 Q4 r &XC? Average | +45 0
- N i 7 ] —13
.I.EE‘--E : ::T:‘:EE:-- o E;'TT - 7 .l_ = 4 : -lz P -Y s ~
H s 26

02 |
%
B 15
Sl 0 1
=
10 B 02
5 ¢ 04 Direct CP asymmetries
""""""""" ] L
4 ' ' 04  -0.2 0 02 04
0 5 10 15 20 25 30 A,

Contours give -2A{ln L) = A, corresponding to B0.7% CL for 2 dof
24 +. 0
me{m )
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‘ Summary of constraints on o
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New modes coming on line: B—a,;n/K and B—K,a/K

Use SU(3) symmetry to constrain o-o
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PRL 98, 181803 (2007)
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Determination of vy

Use interference between tree decays of:
Cabibbo-suppressed (b—c¢) B- — anti-DK- and
CKM- and colour-suppressed (b— u) B- — DK-
where D? and anti-D? decay to same final state.

Interference depends on amplitude ratio

eﬂ)'D K ==y final
\DK W State

r=|A(B~— D°K")|/| A(B~ — D°’K")|~0.1

25th January 2008 Fergus Wilson, STFC/RAL

Method Modes Final State Advantage Disadvantage
1 GLW DO(CP,) CP Eigenstate Constraints Low stats,
small interf.
2 ADS DO(Kr) Flavour Eigenstate Large interf. Low stats
3 GGSW DO(K_hh) Dalitz Three-body Large stats, | py ity model
s Dalitz info
30



GLW: CP Violation in B —> DOCP K= arXiv:0708.1534 — 382Mevts

Final States: KK and i (CP=+1) and
K{n’ and K@ (CP=-1)

_ BR(B"—> D/,,K )+BR(B" — D/,,K")

“* [BR(B~ > D°K")+BR(B* — D°K")]/2

=1+7r, +2r,cosdcosy

_BR(B" > D!,, K )-BR(B* - D/,,K")

"+~ BR(B- — D",.K )+BR(B" — D,

_ F2rysindsiny

K

R, = 0.81+0.10%0.05
R, = 1.07+0.10+0.04

+

Ap =-0.1940.1240.02
(e = 0.3540.09+0.05]

s — ——

First evidence (3.4c) for direct
CP violation in B — DK decays

0=  B4BAR

R p, o 1005
§ 80; preliminary
_ ‘A(b Su)| 25
B Z 50
A(b — ¢) g 0
30 ¢
Ab —>u :
O =arg ( ) fﬂ
Ab—c)| g
015  -0.1  -0.05 0

T = ;1005“"\'“‘\""\""\“"I“"I““

- 0 12 3 9= BaBA4r + 0 +] 3
B —)DcP+K E lg 80F preliminary B _)DCP+K 3
3 3 F E

1 2 ef E

3 g sof =

ER 40;:}— =

— 53] E =

3 30: =

E 20 ¥ =

ARG - 7
R — E. ol T

005 01 015 02 0

015 01 005 -0 005 01 015 02

A E (GeV) AE (GeV)

25th January 2008 Fergus Wilson, STFC/RAL 31



PRD 72, 032004 (2005) —232Mevts

ADS: B-—DOK®- and DO

Final States: K'z~, K"z 7°

_BR(B-—>D_ K)-BR(B"—>D,__ K"

Ryps =
" BR(B-—>D, K )+BR(B'—>D_ K"

2 2
=71, + 1) +2r,r, cos(0; +0,)cosy

BR(B-—>D_ K )+BR(B"—>D__K")

AADS

BR(B-—>D_ K )+BR(B"—>D_ K")

_ 211y sin(o, + 6, )siny

RADS
0 + -
= A2 2K 7)1 061320001
AD” > K 77)
r, ~0.01 (expected)
- K=
W= 8
b ¢ B~
S

FIG. 1: Feynman diasgrams for B~ — D™ K®*)~ and
DHOK )= The latter is CKM and color suppressed with
respect to the former. The CKM-suppression factor is
|V V2o /Va V| = 0.4. The naive color-suppression factor is
1

3

25th January 2008

RK?!’

PRD 72, 071104 (2005) —232Mevts
arxXiv:0708.182 — 226Mevts

0 0.05 0.1 0.15 0.2 0.25 0.3
— T

0.07 pr—rrr
i 255
0.06 ‘ &
4 20 8
i 4
s
0.05 1175
] =i
{15 2
0.04 ua
s =
: &
). =
0.02 1 e
45
0.01 E
125
ol £ - oy
0 0.05 0.1 0.15 0.2 0.25 0.3
"B
R, s Averages HEAG
PRELIMINARY
BaBar 0.013 3511
v PRD 72 (2005) 032004 "‘* 4 00
= Belle 0.000 + 0.008 + 0.001
X hep-ex/0508048 :
o Average 0.006 £ 0.006
« HFAG ;
& BaBar -0.002 5500
5 | PRD 72 {2005) 032004
& Average 9,008 500
v .| HAG ]
& O BaBar ; 0:011 1512
X PRD 72 (2005) 032004 [}
& Average 0.011 5018
i H=AG s
Oy BaBar ' 4 00460031 0.008
= FRD 72 (2005) 071104 : :
<, Average ' * 0.046 +0.032
O HEAG !
¥ BaBar L e 0.012+0.012 + 0.009
DE arXiv:0708.0182 A
X Average W 0.01240.015
al H=AG _*_
008 -0.06 -004 002 0 002 004 006 008 0.1

Fergus Wilson, STFC/RAL
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GGSZ: B*F>DMOK*, DO — (K% /a%)atr-

B - D° [—) 7z07z+7z_}K+

hep-ex/0703037 — 324 Mevts
hep-ex/0607104 — 347 Mevts

B> D> Kn'n K

fo 2 F 50 H T Fd [ R L d ] & T Ead b a0
=2 ) L )
' TR T % BABA R R, ad- @) BABAR -
(’_\3 (C) | sl B - preliminary -
~25 |
ge | g i
:> 35 02+ —
] — i o
& L0 I
R L
+ 1.5 ?.5 of- -
w2
7 H 20
I N
L 15 02 |
L. ik s 10
® 1 2, .3 03
5. (GeV7/ch) 5 -0.41- .
DD---‘EJ!S""'['-“I-j--“'i"‘-z?s“"-j‘ 0 TR S N GO I, T O I T (A (A T T
m,2(GeV/e') -0.4 -0.2 0 02 0.4
S e 26, ) 0 X, =r,co8(0, +y) ¥, =r,sin(o, +y)
p7(770) 100 0| :67.8-0.0=20.8 Dalitz allows measurement  x_ =7, c08(5, —y) y_=r,sin(d, —y)
P(T70) | 58.840.640.2| 16.240.6:40.4| 26.240.5+1.1
p (T70) | 71.440.840.3|—2.040.640.6| 34.6+0.840.3 of y, 6 and ry
ot (1450) 914+6+13| —146+£18424(0.1140.0740.12
2°(1450) 334644 1048413 |0.3040.1140.07
p (1450) 824544 16-£343 | 1.7940.2240.12
pt(1700)| 205418414  —174243|  4.1+0.7+0.7 "
p°(1700) 9514+15+13|  —1742+2|  5.040.6+£1.0 Extract from fit:
p~ (1700) 2004+1147|  —5043+3|  3.240.4+0.6
£(980) | 150-£0.124+0.17|  —59+5+4|0.2540.04:+0.04 y = (92+41+11+ 12)0
#(1370) | 6.340.940.0 156-£0--6 | 0.3740.1140.00
£(1500) | 5.8-4-0.6+0.6 12--944 | 0.3940.0840.07 * _ 0
£(1710) | 112414417 5148+7|0.3120.0740.08 53 =(-62+59+183+10)
£2(1270) 104+3421|  —17143+4(1.32-0.08+£0.10
(400) 6.940.641.2 844--8|0.82--0.100.10
Non-Res ETH7H8|  —1144+2(0.8440.2140.12
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‘ Status of y

8 70 3
KSTTm - D) K() 6L + ADS 2o N BABAR
A . D()K(') GGSZ 3 Combined L W Example of irRSuERSF -
e . © s value for ry on the
C ] CKM Fitter: sk W error on vy, uging the -
o 08l - 2 - W GGSZ method in -
S F T, =|771t30 BABAR
T S 4 Y= ~32 - .
- . | 20
0.4j !f ] -
b E loF E
S T =S, %00 ol o5 0z 025 03
0 » 40 80 80 100 120 o 180 180 T TTTT TTTT TTTT TTTT TTTT TTTT T TTT rB
Y (deg) ST T
= I ! TR P o i
- i al UTﬂr| - 66SZ + 6LW .
R L < 30 * GGSZ + GLW + ADS ]
o 3 R ADS:GLW O - Assumes r,=0.1 -
2 0001 2 25 E
F- Still large | = :
. o 20 ]
8 uncertainty | ¢ | :
Q. 0.0005 = 15E ]
on y wot :
10 ' S ]
E Qn
0= 5 k
; Y
: 05 1 15 2 25 3 35 4
Luminosity (ab!)
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V. from b —X Iv

Ly(B — Xctbv) =

arX1v:0707.2670 — 232Mevts

GEmy
19273

|Vcb |2(1 i AEW)ApertAnonpert

(B(B — X.lv)

B

(n)
HQE

(30 =

- HQEchb|2
Ll

(py > Pe mins 1M M m F"Gv PD: PL))

depends on m,, m_ and HQE parameters

~N

* Measurement of

© hadronic mass, lepton energy moments in b—clv
+mixed hadronic moments n% = m% —2AEx + A?

© Photon energy moments in b—s~

W |Ves| mp me B = |p
x10%®  [GeV/c?] [GeV/c? %] 5| b
Results  41.88 4.552 1.070 10.597 S o o
Aezp 0.44 0.038 0.055  0.171 —_—
Atheo 0.35 0.040 0.065  0.053 e
Ar,, 0.59
Atot 0.81 0.055 0.085  0.179
Aot ] 1.9 1.2 7.9 1.5 o
pz
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V., from b—X Iv

® Hadronic B tagged measurement

arXiv:0708.3702 — 383Mevts

E, = lepton energy

q” = lepton-neutrino mass quared

+ =mass of hadronic system X

+ J—
_ P =E,~|py|
% [ o fs 00F <17 Geva © 1
7 3000- 6000 % . . . .
£t g P Relate Branching Fractions to V , via QCD calculations
2000 4000 -4 a0f t E
. 200 b
. B(B—X,} Vil (1072
1000 2000F 4 100—' 5 Kinematic Region (B—Xulv) [Vis] (107%) Theory
F - Al stat.  sys.  th) Al stat.  sys. th)
g O e T Sa00f s - My155 GeV/c? 118 +0.09 £ 0.07 £ 001 :;i [;112-21113 *::: BDL::
7 300 - P heseli eVl +0.17 +0.14 + 0.
= £ £ 3BB+019+016+028 BLNP
Z 200 5 P+ & P0.66 GeV/c? 095+ 010+ 008+ 001 39920202016+ 024 -
.99 £0.20 £+ 016 + 0.
100; 1001
4481022+ 019030 BLNP
( + of "‘:'q;‘i;-g i:‘:iif 0.76 + 0.08 + 0.07 £ 0.02 453+022+019+025 DEE
mo{,_ s e s it : e AT ’ 481:+023:020:036 BLL
) ‘M\ (GeVic)) T B (GeWc) ’ ‘ql ((‘ye\"zﬂc;)
® Summary — Inclusive and exclusive modes
Ball Zwicky q2 < 16 HEAE fore (BLNP,
17 341 £0.13+056-0.38 e ‘€
HPQCDqg2 > 16
333 +021+058-038
W N (_ FNAL q2> 16
—_ 3.55 £022+061-0.40 e
]j APE q2 > 16
Vcb b Vub 3.58 £022+ 137-0.63 "
. ;
Dz Excluswe V Incluswe V e |
ub mEzEN |
[ 4 LLI.
2 V! [x 1073

IV, [x 107
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V,/V

o
o

B
<

: Tl
B> p'y
BABAR

= preliminary

Events / ( 0.00633333 GeV )
> ©w
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s
= o

I T T s 1

el PR

522 523 524 525 526
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—~ T REEs e’ R
= 350 BBAR 5
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g L

0 25

L

w
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5922 5.23 524 525 526 5

f N <> Bl |
.27 528 528 63
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o
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hep-ex/0607099 — 347Mevts

. from B—(p/®)y

w )
- o * (b) annihilation diagram
B & - as plw,K ) T
d’ - d’ = vuh L Vud
gl (o—m2 )
1’_95% prob. intervals BF(B - (p/ a))y) B I/;d my—m, 4’2 (1 N AR)
- BR(B—p/®Y) * =77 2 2 J
r BR(B_—ZF;(?;Y) BF(B—>K y) Vil \myg —my. A
L ﬂ J
0'5:_ — Light Cone Sum
C Rules
o_
—0.5:_
I
1uz
Co i1 | |

o

pYK'y — [Viy/V| = 0.200 +0.021(exp)+0.015(thy)
mixing — |V,y/V,.| = 0.2060+0.0007 (exp)+0.0081 thy)

Fergus Wilson, STFC/RAL




arxXiv:0707.2922 — 316Mevts

V. . from T—K-7'nv, K-nv decays arXiv:0707.2981 — 316Mevis
us arXiv:0707.3058 — Summary
dR 2
. RY = 1a’zl—z Pl S
Spectral functions of T decays to strange ! IO =2y m’

final states determines V _ Iz > had v (y)]

R
CIe > ey, ()]
CLEO'94 -
(5.1:1.0+0.7)<10"
ALEPH'99 I BF(t" > K 7 7'v)=(0.273+£0.002 + 0.009)%

(4.44+-0.26+0.24)x1 o

BF (-~ — K 7 K*v) = (0.1346+0.0010 + 0.0036)%
BF(t" >z 7 n'v)=(8.83£0.01£0.13)%

OPAL'04 .
(4.71+0.59+0.23)x10™°

PDG'06 Avera%e —-—
(4.54+0.30)<10 _ _
- +0.55+ 0
(454103 o KO BF(r™ — ¢r v) = (3.42%0.55%0.25)%
(4.16+0.03:0.18)<10 BF(t” > ¢Kv)=(3.39£0.20+0.28)%
B E
BR (<1073 K,; decays
107 (0%2255+0.0019) "
ALEPH'98
{CZL1E4§2}-§7:0-291*1°‘3 * Fd?z%%%%?oom % ,
(3.4640.2340.56)x10" e Hyperon decays _ 30 difference
CLEO'03 P .- (0.2260-+0.0050) between T and K
(3.84:0.14:0.38)x10 —_—
OPAL'04 HAltarty | decays
(4.15+0.530.40)x10™ K'TC'TC+ —— (0.2275+0.0012) y
PDG'06 Global Fit : 7 decays
gi.%3i96:;5}><10 (0.2157+0.0031)
abar
(2.7320.0240.090<10° ¢ TTEE 7 decays (pred. t—Kv)
i 0 1 2 3 T (0.21710.0030) »

0.19 0195 0.2 0205 0.21 0.215 0.22 0.225 0.23
v |
us

25th January 2008 Fergus Wilson, STFC/RAL 39



' CKM Unitarity: Angles

0.5

-0.5

and Sides

Am,

0.5

(( L 1\\

Consistent apex of Unitarity Triangle from Angles and Sides !

25th January 2008

Fergus Wilson, STFC/RAL

40



\ .
New Physics?

B—KO¢¢ B—(p/w)y
. - ”
7 i W- Y
¥ ,erjj.g-f\ \ o W' 75!‘ v i ’“" . " T \Y\'\I\)\r\'\’\'\‘
b g 1/\,:\}_;,_';’ s T & & b ] ; s,d
w u,c,t 3-2001
7 7 7 7 8591A1
B—rtv Bf—¢tvy
" 'R ‘STV _
w b A
B_ _ W
B
N vy u GQ
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B—o1tv

2 2 2
B(B" > 1t'v)= —GFZ;mT {1— ::g }rBfBz V.,
B

Semileptonic Tag: B, — D°I'vX
BF(B = t)=(0.9£0.6+0.1)x10™*
17| = (7220 £0.2)x10™ GeV
Hadronic Tag: B,, — D"X
BF(B—tw)=(1.8",+0.4+0.2)x10™*

f5|Vs| = (10.155715)x 107 GeV
2
SUSY tan’
RB—)w = ~| 1- an2 ﬂ m;
SM m,

2

arXiv:0708.2260 — 383Mevts
arxXiv:0705.1820 — 383Mevts
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[excluded area has CL > 0.95
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BoKOFT

!;< A

q q q 1

Branching Fraction:

BF (B — KI'I")=(0.34+0.07£0.02)x10™° (SM~0.4x10"°)
BF(B— K'I'I")=(0.7871£0.11)x10° (SM~1.2x10™)
BF(B—>K'I'I” )220, = (0. 7301 +0.11)x10°°

-0.17

b

CP Asymmetry:

A (K)=-0.07+0.22+0.02 (SM~0)
A, (K")=0.03+£0.23+0.03 (SM~0)
Ratio of BF(K“pp) to BF(K”ee):

R, =1.06+0.48£0.08 (SM~1)

R . =0.91£0.45£0.06 (SM~0.75)

R .(g°>0.1)=1.40£0.78+0.10 (SM~1)

A(B—>KTT) ,  >0.55
Am(B—>KI'T) , | =0.1577+0.08

PRD 73 (2006) 092001 — 229Mevts

dT(B—>K'I'l") 3

d cos 0,

dr(B—>K'I'l") _3

—2F ose+ (1 F,)(1—cos’ 6,)

dr(B—>KI'l') 3

1
T
1
T d cos 6,
1
T d cos0,

L

<

'0-2—.".,
0.4 PSS s sanl T aORN

F(l cos’ 6)+= (1 F,)(1+cos’ 0) + A,,cos6),

(1 Fy)(1—-cos 9)+ Fy + A,.,cos0,

1

08—
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‘ B—(o/w)y

BF(B® = p'y)=(1.1£0.37£0.09)x10™°

PRL 98 (2007) 151802 — 347 Mevts

0 0 -6 £ fo %3'
BF(B” — p y)=(0.79+£0.22+£0.06)x10 ?.g,s_ ._ gm
BF(B° — wy)<0.78x10°@ 90% CL £ ;5 oo
BF(B—)(,O/&))]/)=(125i025i009)><10_6 850201 0 gé{%ze‘?)algﬁzz 524 526 (sazawﬂ'a
"‘Es e
Compare with SM prediction: . 3o 1%n)
S =25 - | @35
BF(B— (p/®)y)=(1.38+0.42)x10° f3m _- gg\j
m §1nt-;‘—'£w\:-_____-v | s R it
o5 SRR /B
0., ) Y ( bined) 830201 0 gé(%z‘?)ag.r?zz 524 526 (SGMch)IS
| e p,p,w)y (COmMDIne e m, (Ge
=10 r'b:m E|
—=— ("¢")1 (combined) S &
] - | p+,? ¢ E;Eaezé? 11:11;;2 (2007) % g:.’ | §12: !
e i g g
P — pDT [ Ball, Jones, Zwicky 0 g 0
—— PRD 75, 054004 (2007) d30201 0 01 {oi‘?)auszz 524 526 5281::;)3
A - ml';" A I.:Igl;:;I:IrI.[':':::nfgml:'IMBI:Ililnz x10°
0.5 1 1.5 2 2.5 3 3.5
Branching Fraction
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‘ Lepton Flavour Violation

00 ] T
, 3 : NS
| | | KM

Ty BR<0.68x107  (PRL 95 (2005) 041802) . BF (t = uy)

ey BR<1.10x 107  (PRL 96 (2006) 041801) i | sionk

I BR < (0.4-0.8) x 107 (PRL 99 (2007) 251803) il

1l |BR < (1.1-1.6) x 107 (PRL 98 (2007) 061803) ¥ il

1—lhh’ BR < (0.7-4.8) x 10”7 (PRL 95 (2005) 191801) g

— T — — 1e-04 |
iy BT~ = )] oty BE™ = 1))
; - 7 i MA.RKH 16-05 |
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TPEE it et s 20 PRL98; 061803 (2007)
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PRL 98 (2007) 211802 — 383Mevts

Wrong Sign DY — K*rt~

dN , x'? 4+ ' 2 DCS
TR A A e S - K

)
DCS interference mix;g/ % ljf’ _y

x'=xcosd + ysind &= strong phase between CF and
y'=ycosd—xsind DCS decay (zero in SU(3) limit

30—

Q
—

y' /1103

Residuals

-20: P I R T R T R R

40 05 00 05 10
E x2/10°
e T e ] Rp: (3.03 £ 0.16 + 0.10) x 102
x’2: (-0.22 + 0.30 + 0.21) x 103
y’: (9.7+4.4+3.1)x 103
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‘ Wrong Sign D’ —>K* 7 n”

Resonance | Amplitude | Phase (degrees) | Fit Fraction (%)
p(770) 1 (fixed) 0 (fixed) 39.8 £6.5
1483+ 56 Wrong-sign DO - K+7z'_7z'0 events K3°(1430) | 0.088 £0.017 | —17.24+12.9 20+£0.7
fi'a‘+(1430) 6.78 +1.00 69.1 +10.9 13.1+£3.3
e B K*T(892) | 0.899+0005 | —171.0+5.9 35.6 £5.5
450 Big | 200 BABiR Ki0(1430) | 1.65+059 | —44.4+18.5 28415
i Gt pretminay K*0(892) | 0.398 + 0.038 24.1+9.8 6.5+ 1.4
; p(1700) 54+1.6 157.4 + 20.3 20+1.1
800}
: ~ 0.06
o0t > DADAR
400 i preliminary|
ool 0OAT v (2440.6103)%
J"=(=0.120.6+0.4)%
0.02
1.8 1.9 0.145 0.15 0.15!
My . (GeV/c?) A m (GeV/c?) i
% F T \ R RN B Un +
S BABAR -
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T, arXiv:0712.2249 — 412Mevts

yop litetime fits Yo =T
D’ S K 7 +cc. D' 5> KK D' 5> KK

||| ||| 1|||1|||||1: :|\|\|\|II|II\I

LN B B B |
BAI_BAR * Data 1 E
preliminan y i B
/’\ —. 1 [ BABAR
Signal ] preliminary i
I

10°E L

10

102§

l‘ 2 it (ps) ko)
7=409.3+0.71s 7=401.3+2.5fs 7=4045+ 2.5 fs
0 1O
. . ,_I
DO lifetimes ” ’go - I’;’{’ M Tagped D° sample:
N ——
70,000 KK events L KK VYep = 1.24+0.39+0.13% (3(5)
99.6% purity 0 | | - Combined with untagged D’sample :
D" >’ | i | _ o
31000 mmevents oy - | Ve =1.03£033+0.19% (3.00)
98.0% purity L L i
is]
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‘ Search for CPV in D’— KK, n'rm arXiv:0712.2249 — 412Mevts

go_nzg.....w..w......g gu_ozg.....w..w......g
o BBk kel BABAR 77

KK, 1 e B :
dcp™E i Gcp®™L E
A \

afs = ( 0.00 £ 0.34 (stat.) & 0.13 (syst.))%
ab = (—0.24 £ 0.52 (stat.) £ 0.22 (syst.))%
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The Future?
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‘ E— ————— 1 1(45) i i i s OO s i
Up Sllon <3 S) Slnglet modes Lo,ao:— el 30). —:
. =SS \h.,(”rzﬁ\y..x (=F) ]
5,1 10> Ve ~002m | predicted but == o ? e,

8 ol : i ’ .
E J‘t°<e B i not yet seen. auf g/ E
15¢ } | y E il | - —  Ee E
23l ‘, E ; f ; /@ family
;ﬂ ' H f " » ] 9501 —
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v vew Mrey T @S)...‘.
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r'd 30 fb1 by 1st . S
“ ¥

(1S

\ e March 2008
‘0 (10x previous
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Little Higgs
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‘ Conclusion

Integrated Luminosity [fb™]
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*Publishing 1 paper/week (300 so far).
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Evidence for D’ mixing |

*More than 2/3rds of the measurements Observation of direct CP
are based on only 220fb"!

‘Many more results to come . Evidence for B = v _l

7 violation in B 2 Kt~ l

Observation of b = dy

Measurement of angley r
Evidence for direct CPV in B = Kt~ i

Discovery of new states Ds and X :
=
Hint at New Physics: CPV in B = ¢Ks

/ Observation of B > K®II i

Observation of CPV in B meson system (angle 3) E
A 5 0 el
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The three ways to ¥

use interference between tree decays

Basic ldea

Cabibbo-suppressed (b — ¢) Bt — anti-D° K+  and

CKM- and color-suppressed (b — v) Bt — DOK+,
where the D9 and the anti-0© decay to a common final state

ViV, "
B+{ B - - s

Vv

us ' ub

» GWL (Gronau-Wyler-London)

» ADS (Atwood-Dunietz-Soni)

D0~

b0
J

only tree diagrams:
no 1ssuve with
New Physics in loops

rg = A(b — u)/A(b — ¢)
~ 0.39f, ~ 0.1 — 0.3

color factor

|nter'fer'c=;cnce
parame};r A(DO . f)
, =T —
YAD - f)

f 15 a CFPegensate

D" — f s doubly-Cabibbo suppressed

B GGSZ (Gir-Grossman-Soffer-Zupan) D°(D") — KVn r~
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‘ Weak decays of B mesons

W

Na)

q

Rare: B
decays to
non-charm

w

Dominant: B
decays to charm

Vo ~ AA*

Matter-Antimatter
oscillations

Vfbl/f* ~ AX

~

25th January 2008

Fergus Wilson, STFC/RAL

56



‘ 2) Time Integrated CP Violation

CP violation through interference B
of decay amplitudes

_T(H-T) _

—2|4||4,|sin(p,,)sin(8,,)

" OTOATW) 4] +]Af +2]4]|4,|cos(e,, ) cos(s,)

I'B—->H=IT(B— fforp, #0andd, #0

I'B— f)= ‘Al + Azei¢wkei5S’ i
T(B— f)=A, +A,e e 2
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