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“B Chemistry”
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“B Chemistry”

Periodic Table
of Elements

Me I¥e YB VYIE WIBE ——NI—— IE IBE

Rf Ha 106 107 108 109 110

il a1 ¥ i) 64 |65 ] T it [T

rare hadronic decays &=
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Looks complicated but...
e governed by simple rules
* not fully explored
e uncovering the underlying physics
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B physics experiments

» BaBar:
@ data taking concluded 2008

> Belle:
o still running; planned 3 year shutdown starting 2010

® to be followed by Belle2; government decision imminent

» CDF & DO:

o still running, still taking B physics triggers

°» LHCDb:

@ just started; upgrade planned after ~5 years data taking

* ATLAS & CMS:

@ just started; good opportunities for B physics at low luminosity
» SuperB:
@ new planned e*e™ facility in Italy; government decision imminent
Tir @ could be taking data in ~5 years

\AB physics experiments
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Outline of the talk

B hadrons & spectroscopy
The CKM matrix & the Unitarity Triangle
Angles of the Unitarity Triangle
Sides of the Unitarity Triangle
Rare decays
Leptonic decays
Radiative decays
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Start of B physics — 1977

VWOLUME 3%, INirm kR 5 PHYSICAL REVIEW: LEUTERS 1 AvcrsT 1977

Obsgervation of a Dimuon Resonance at 9.5 GeV in 400-GeV Proton-Nucleus Collisions
8, W. Herb, D, C. Hom, T.. M. Ledorman, 4. C. Sens,'™ H. D. Snyder, and J. K. Toh
Colmbie Uhivevsily, New Yk, New Yok 10037
and

J. A, Appel, B. C. Brown, C. N, Brown, W, K. Innes, K. Ueno, and T. Yamanouchi
Fayrmi Notional Acrelevator Tabovaterty, Betawls, Mifacls 60510

and

A. 8. Mo, H. Jostlom, D, M. Kaplan, and H. T Kepharl
Slate L‘mwmm af Naw Fork at Stowy Rrook, Stony Drock, New Fark (7974
(Iieccived 1 Jily 1977

Accepted without review at the requeat of Edwin L. Goldwasser under policy announced 26 April 1978
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Discovery of the lightest bb state — 2008

|Bd Selected for a Viewpoint in Plhysics b endi
PHYSICAL REVIEW LETTERS AU

PRL 101, O7 1801 20087 15 AJ'_IG'LIST%DS

g

Ohbservation of the Bottomonium Ground State in the Decay Y(38)— ys

B. Aubert.' M. Bona,' Y. 1 u lisserand,' J. Garmra Tico,’
E Grmoes 2T Tones ? The BaBar COIIaboratlon \hrams 7 M. Rattaclia *

Only recoil y Is reconstructed

m(n,(1S)) = (9388.9 *>,£2.7)MeV/c’

m(Y (1S))—m(n,(1S)) = (71.4 757 +2.7)MeV /¢’
B(Y(3S)—yn,(1S)) = (4.8+0.5+1.2)x10"*
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c

Entries / 0.010 GeV/c?

bb spectroscopy

Excess of “Y(5S)” - YTt

Belle PRL 100 (2008) 112001
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b hadron spectroscopy —
Observation of the Q

CDF PRD 80 (2009) 72003 DO PRL 101 (2008) 232002
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Tim Gershon

b hadron spectroscopy —
Observation of the 2

CDF PRL 99 (2007) 202001

Candidates per 5 MeV/c?

\AB physics experiments
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CDF Il Preliminary, L =1.1 fb'1 Fit Prob. = 76%

30}
20

10}

— Total Fit
— Background
— 3 > A
— I > At

— Total Fit

— Background
— I > At

Q=m(A%) - m(AY)-m_ (GeV/c))

Fully hadronic decay chain:
> 0= LAt
b b
N° N
A -pKTT

Impressive demonstration of
B physics potential with
hadronic triggers
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CKM physics



The Cabibbo-Kobayashi-Maskawa
Quark Mixing Matrix

Vud Vus Vub
VCKM = Vcd Vcs Vcb
th VtS th

A 3x3 unitary matrix

Described by 4 real parameters — allows CP violation
PDG (Chau-Keung) parametrisation: 6_,6_,0_, 0

Wolfenstein parametrisation: A, A, p, N
Highly predictive
""" Tim Gershon

15
\AB physics experiments

NV I



Flavour oscillations, CP violation and

Nobel Prizes

1964 — Discovery of CP violation in K° system

1980 — Nobel Prize to Cronin and Fitch

PRL 13 (1964) 138

2001 — Discovery of CP violation in B system
2008 — Nobel Prize to Kobayashi and Maskawa

0.20¢

o
-
o
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oookem P . .
Tim Gershon Prog.Theor.Phys. 49 (1973) 652 -8 -4 At (Ops) 4 8
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CKM Matrix — Phases

P.Harrison et al.,
PLB 680 (2009) 328

Can form a matrix of angles between pairs of
CKM matrix elements

CD“_ = phase between remaining elements when row i and column j removed

unitarity implies sum of phases in any row or column = 180°

i)
1 ‘I}?.Lfi
{I' = ¢:-|"'d
P\ o,
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“The Unitarity Triangle”
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The Cabibbo-Kobayashi-Maskawa Matrix
& The Unitarity Triangle

Quark couplings to W boson
described by 3x3 unitary matrix

(4 free parameters, inc. 1 phase)

V ud V us Vub
V = Vcd Vcs Vcb
Vi Vi Vo

V V;kb + Vch:b + Vi V:Z) =0

2 —2
)"+n°)
P
(1,0)
Ve Vi Via V3,
: , Y=g =arg |————
I'Jirf IEE] g [ ]-'J.“.:II-";,E




The Asymmetric B Factories

PEPIlI at SLAC
0.0GeVe on31GeVe

PEP-I11
Rings ™

Positrons

Low Energy Ring

BaBar Detector

.-"’ _.-"'-
" " Electrons

High Energy Ring

' Tim Gershon
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KEKB at KEK
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B factories — World Record Luminosities

. . 1
Luminosity(fb ) Combined dataset > 1500 fb*
14060 I T T
Luminositv
o0 | |Peak 2.11 x10*em?/s
[Integrated 1011 !
I - -1 . )
1000 750 fh  at Y (45)
Luminosity
s00 L | Peak 1.21x10™/em®/s|_ _
Integrated 531 b
o0 L 433 fb " at ¥ (4S]
PEPII
400
20—t e —
# papers published or submitted for publication
Ly
200087 20020 2004 20061 20081 2010/1
Tim_Gershon 20
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Measurement of sin(2[3)

Carter & Sanda, PRD23 (1981) 1567; Bigi & Sanda, NP193 (1981) 85

Sensitivity to CP violation between B° decays to J/ K° with and
without mixing d 2

B°—B° mixing phase: ——---
V.V - _
arg| 42| = -28 g i
th th (usual phase convention)
ir

b e

Exploit quantum correlations in Y (4S) - B°B°

Energy asymmetry + vertexing = precise At measurement

Lepton & hadron identification = performant flavour tagging

I (At) oc e_|At|/TB(li(S sin(AmAt)—Ccos(AmAt))| +: wgB=8

— : tagB=B’
Standard Model : S=—nsin(28) C=0

B—J/yK°

Tim_Gershon
\AB physics experiments
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Results for the Golden Mode

sin

—~

2B3) = 0.687 £ 0.028 £ 0.012 sin(2¢ ) = 0.642 £ 0.031 £ 0.017

3 400k -q=+1
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PRD 79 (2009) 072009 PRL 98 (2007) 031802
Tim Gershon 22
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Compilation of Results

sin(2¢,) S

sin(2B) =

PRELIMINARY

BaBar , L 0.69 + 0.03 + 0.01

PRD 79 (2009):072009 o

BaBar y_, Ks: 0.69 +0.52 + 0.04 + 0.07
=1 1

arXiv:0905.3615 i -

BaBar J/y (hadronic) K

PRD 69 (2004):052001

n 1_.’!5'51[].421[3.21

Tim_Gershon
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Belle Jiy K° 0.64 +0.03 + 0.02
PRL 98 (2007) 031802 :

Belle w(2S) K | 0.72 +0.09 + 0.03
PRD 77 (2008):091103(R) ™

ALEPH ; I, 0.84 *15; £ 0.16
PLB 492, 259 (2000) T

OPAL ; | 3.20 300+ 0.50,
EPJ C5, 379 (1998)

CDF _ i 0.79 ‘04
PRD 61, 072005 (2000) T

Average | +
Avers - 0.673 + 0.023
-2 -1 1 2 3

N

23



Measurement of o

http://ckmfitter.in2p3.fr/

Now a precise measurement @ S:SSESQIEZ)\R)
(89 0“‘4) T

0.8

CKM fit

no omeas. in the fit

Dominated by B - pp system

v
Kl 1
0.6 fr
o

-CL

1

K
0.4
K

Analysis uses isospin triangle

02 [

NS I‘.I
L1 1 17 L 1 ‘-'\l\lq L 1_1.-1‘( . 11
20 40 60 80 100 120 140 160 180

0.0 —
0

New B* - p*p° measurement o @)
large amplitude BABAR PRL 102 (2009) 141802

stretches triangles base
reduction in 8 = Aa

AL IHA, | _ . :
] CraE G DL Emels, Further immprovementin <
PRL 65 (1990) 3381 measurement of B* - pp°® =
o
(D]
HA MRS T could lead to larger g . -]
/B/physics experiments uncertainty on o 5.26 5. 27 5. 28 5 29

M mEs(GeV/CZ)



Importance of y from B - DK

Y plays a unique role in flavour physics

the only CP violating parameter that can be measured
through tree decays
O more-or-less
A benchmark Standard Model reference point
doubly important after New Physics is observed

3
C D
£l

D

=

| Variants use different B or D decays 3
Tim Gershon require a final state common to both D° and D° 25
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L atest results on B - DK : GLW & ADS

GLW : D decays to CP eigenstate 0
N
H
R p, Averages HEAC , A p, Averages HEACHBS
PRELIMINARY o $ ;_ PRELIMINARY ‘H\
BaBar ] 1.06 £0.10 £ 0.05 BaBar HOR %0.27 £ 0.09 +0.04
PRD:77, 111102 (20 ¢=D“ PRD 77. 111102 (2008) o Y ©
Belle 3! 113+0.16+0.08 | Q Belle £ | 8.06+0.14 4;0.05 )
¥ PRD:73, 051106 (20HETF™ — ¥ PRD 73. 051106 (2008) — 2% T*. H :

S CDF 2 13040244012 | S & CDF E | |, 394017004 _9;
arXiv:0911.0425 ) wn arXiv:0911.0425 = "_ H ! o)
Average : 110+000 | & Ai;era e O H 0.24£0.07 O
HEAG 1 = X il o

TBaBar Y Q] T T131£0.43+0.03 | al | BaBar B ?, T S0A1£0.09 +~o ol O

v PRD:78, 092002 (2008) %) v PRD 78, 092002 (2008) ‘%, '"‘\’ 'U

o Belle : 1.41+025+0.06 | o Belle 0.20+0.22 +0.04 <
9 PRD; 73, 051106 (2006) 3 .0 PRD 73, 051106 (2006) : =
e Average i 1334012 e Average i 0124008 | S
B2 J U Ll U R I S WEAG © o [ELE D

. BaBar 5y7+ 035000 | 2 . BaBar 0.09+0.13 +o o6 | =

o PRD:&0 (2009) 092041 T ¥ PRD 80 (2009) 092001 (@)

5  Average . 247+036 | = 5 Average ooe+014 | 3

o HFAG 9 ; g a HFAG g :

-1 0 1 2 3 @D 14 1.2 -1 -0.8 06 -04 -02 0 0.2 0.4 0.6 0.8 1 1 1
18} T T T T T T T T T

ADS : D decays to suppressed final state

o

PRELIMINARY

R, s Averages @

=)
o
@
=]
=)
@
=)
=)
E
&
o
S
]
o
o
5]
o
o
E

* Events/( 0.0025)

L LA LALE LALE LALE LELS |

23.9+ 97

BaBar "0.014 £0.005 £0.003
X EPS 2009 preliminary
B Belle L TaT
X, PRD 78 (2008) 071901 {~
o Average i 0.011 + 0.004
5": fpae :
TN TBEBEF T T TT0618 01009 £ 00004
o | EPS 2009 preliminary
& Average H 0.018 +£0.010
X 0O HrAG 9 H
Ty BaBar T TT0013E0:014 £0.0077 i
| O EPS2009 preliminary [ R}
5 Average i 0.013+0.016
O e F m, (Gerc’)
4 % 'BaBar H 84010314 6.010 S
B arXivi0g09.3881 H
X, Average 0.066 1 0.033 Q
HFAG
BV o SR OSSN SUPURRUI BSOS _|
- BaBar f 0.612 50012 °+'0.009 F-
8 PRD 76 (2007) 111101 [T b=1
gl agféage i 0.012+0.015 I=1
O TBaBar T 7 0.003+0.007 +0.000 o
& EPS 2000 preliminary o 1755 =+ 48
& Belle i 0.003 + 0.001 + 0.000 E
BABAR D Km &
g O Average 0.003 +0.000 &
e HFAG
¥ T BaBar " 6,603 0007 £0.001" N L M h 50
1 - | EPS 2009 preliminary . 0 pez a.rc
S Average 0.003 + 0.001 100}
Im Gersnon OB RS e t EPS'09
& ' BaBar i*‘ 6003 % 01007 £0.002 a
. . | EPS 2009 preliminary i =
B h SICS experiments & Average i_‘_; 0.003 + 0.003 '\
| HFAG . . . . —— . Lk
5 b %2 331 3m 3D # 3B 3W™ T B 3@ 33

Meg (GeV/c?)

(Z599) sisAreue joid zireq -

11,11%y < g Ul 0S[e AdDQ 10} 92UBPIAS OF




Combination of results on y

Combination is notoriously controversial
different results depending on statistical approach
CKMfitter:y = (73 )°
UTFit: y = (78 = 12)° ([54,102]° @ 95% Prob.)

£ -+ D(*) K(*) GLW + ADS -? UTf't
1 r .
Beauty 09 === D(*) K(*) GGSZ E Comb|ned 2 | :
Full Frequentist treatment on MC basis = CKM fit %0.0015*
10 o ey T T T - -
- it N\ A o
08 [ h =
o -
" S 0.001
g o o
1 r o
T 04 ] i
I 0.0005
02 | - -
0.0 IO/ I RPN ol TR RV ST T o AR
0 20 40 60 80 100 120 140 160 180 -100 100
Y (deg) ,Y[O]

 Starting to move out of the low statistics regime?
 Further updates (BaBar/Belle/CDF) could be very interesting
_  LHCDb has excellent capabilities for y measurement
Tim Gershon

Aoy BRVAL It * Precision of = 5° with one nominal year's data (2/fb) 27



Charmless hadronic B decays

Direct CP violation in B — K1t sensitive to y

too many hadronic parameters = ne
NB. interesting deviation from naive ex

ed theory input
pectation Belle Nature 452 (2008) 332

\\~
\)mﬂ/ A (K m)=(-98"2)% A (K m)=(
& A(A,)=(-14.8+2.8)%

5.0+£2.5)%| sof

HFAG averages

BABAR PRD 76 (2007) 091102 & arXiv:0807.4226; also CDF

Gaining knowledge also on B_—h

500 -

[\l
1)
o

300 |

N

Entries per 2 MeV/c?
o

*+ data B sk
. — total [ F:p=yde
101 \ C IR s
[ S Y
A} = pK~
B A, s p
B 5 kK
B 5! —
1i}il}] combinatorial backg.
LIEEID multi-body B decays
+
Y

102F

Candidates per 20 MeV/¢?

= —
=

Tim_Gershon
\AB physics experiments '+, lLsiudiisgaitisiatisd aiiatuiseiieeliveg |

N

Invariant nw-mass [GeV/c?]

200 |-

100

0_| L1 TR T |
5.2 5.25 5.2 5.25

5 51 52 53 54 55 56 57 5.

M, (GeV/c?)

CDF PRL 103 (2009) 031801. See
also D.Tonelli at Beauty 2009 and
Belle: R.Louvot at EPS 2009 28



Charmless hadronic B decays Dalitz plot analyses

Dalitz analyses measure both magnitude and phases, ie.
probe dynamics at the amplitude level

Time-dependent analyses
B K_ ', B- KKK

S S
additional sensitivity to [3

Interference of K*mt bands

Various B - K1t channels
additional sensitivity to y

BABAR PRD 80 (2009) 112001
Belle PRD 79 (2009) 072004

Tim Gershon
B phy5|cs experiments

N

From Dalitz plot analyses

sin(2p° ) = sin(20, )&

PRELIMINARY

World Average _ ; i 0.67 £0.02
hﬁ'ccf ‘BaBar e, y—- . f"'gl'"';’"'UEG-T-OEEHUUS"
Sk, =
ge : +—i |f 0.44 7 08
=T - = | = £ R "+ R CTUUBTED0E L0027

x Belle 5 FAf 0 0.64+0.10+0.04

= _»_ Average; : B ; 0.59 + 0.07
XCBaBar T T R 00 Tk T

& Belle : . ¢ 0.30+0.32+0.08

w Average': : A : 0.74+017
s Y TBaBar Ty T T Ty T T T RS T T OB 020 £ 0087

= Belle : ; . 0.67+0.31+0.08
ok Average: i by G 057£0.47

@ BEBar ! g sl G35 R 1 0.08 £ 0.03

< Belle ; —Ht— 064 7532 £0.09 + 0,10
o Average: ; Pl : 0,54 00
e T T T BEBAr T T T T T T A T T T O T £ 0.02

!a Eelle : ; i 0.11+0.46 £0.07

verage . : : : 0.45 + 0.24
” meaFar' T "UGO*'E}E

. elle : E : 0.60 7y
~° Average : - 0.60 1
> "Q"""'BaBar Y Skt TUBZF00EFTA0
___.._rs___m__g‘u’%fagi%;_______.___._ ___ e _3‘____;]__0_23___0 5 g-ggig-gg
aBai ! ! s T UZ0FUE2E0.07 0077

P X Average’ » o I 0.20 + 0.53
N R & 1= €T el el el B S - B -l S S R K

% Belle 0.43 +0.49 + 0.09
- Auenge. 25508

Z % Average: P ; 0.97 Tgig
> '"Q""—é—"'BaBar R s e L 1"+"0'31 F0.05F0.09™

=~ o Average; 0.01 £0.33
A - = = | S 1,...1.-- 0’86+008+UU§"
—P| e v Bele : : —-'—|[368+O15+003013
.+, Average: el 0.82 + 0.07

——
2 1 0 1 79 2

No smoking gun for difference between b — ccs and b — qqgs




v from B° - KTtTt

Ciuchini et al., PRD 74 (2006) 051301, Gronau et al.,
PRD 75 (2007) 014002, PRD 77 (2008) 057504

Use B, - K**11™ and B, - K*O1°
form isospin triangles
- A, = AB>K*T)

Both contribute to B - Kot

determine @ = arg(A_/A )

Need relative phase between B and B,
determine A = arg(A+_/,5\#) from time-dependent analysis of B - Ksn+n‘

Can now extract (1332 = Y (with corrections due to EW penguins)

Tim Gershon 30
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y from B® - Krtrt — B factory results

B .- Kt results BaBar PRD 78 (2008) 052005

multiple solutions reduce precision
improvement expected with updated analysis (arXiv:0807.4567)

-

o - P ]
o 35 =
q 3 i =
250 i =
2
1.5F

Eo ) NSRS . NSRS, A R
I \ j % I E

0f
ot 150100 50 050 ‘i(‘m‘ 750 - ot 150 '-IIO‘OI 500 - 56100 i%0 -
Ap = (K (892)n°) - o(K *(892)r’) (degrees) A = B(K "(892)1)-3(K "(892)1*) (degrees)
=+ —
Bd - KST[ TU results BaBar PRD 80 (2009) 112001, Belle PRD 79 (2009) 072004
/ / \(two solutions)
9 T T
35- . 35- .
: e MK ) =073 P K0 = 41467
=25
% : II:.'. aizu
E
g 4 1
X _
£ 2 F LE‘-‘ _z/}'\\. s = | ey |
Tim GerShon 1-'/{ N // \"\_ f00-75 50 25 0 25 50 75 100 0075 -50 25 0 25 50 75 100 31
! B/physics experiments s o0 s0 0 s w150 A A
S AV | r AWK ERZ)M) ¢ ¢
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y from

B° . Kttt — B factory results

n=tan®,,|7—0.24+0.03

-3
| 11

IIII|IIIM

& Gershon

V\./éf y%@%jfn&tsl(

awcluckl arca has GL = 0085 | |

llllllllll

0.2 0 0.2 ﬁ 0.4 0.6 0.8 1

Does not include all latest data
Improvements expected with further updates
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G.Lanfranchi at Firenze
LHCb LHCDb Collaboration meeting

B— hh physics reach with 200 pb'!

Aflt s 0.008 0.008
' P | 0.39=0.15 £ 0.08 0.05
With ~200 pb-! the B—hh sample ACY 0.03 = 0.17 = 0.05 0.05
. AL 0.37 =0.17 = 0.03 0.03
. il
will be the larger ever collected: ¥y 555 L 0.06 N
ke —0.65 = 0.07 0,13
" - e Corr{( A2, AV ) (.08 —0.03
=> competitive statistical sensitivity Ty
ISy
on relative BR and charge asymmetries AR

Corr{AZ, o~ ARx-)
BR(B"—r7r7)

- = IR : ]

—> first evidence of B—KK mode BR(BTK e R B

] e A I : o y ma e

[fnr BR~107: ~110 events in 200 pb-]] BRB=K 7 (1.020 L 0008 L 0,006 (1.0005
BR(B{—K~K~}

150, b = 0.347 £ 0020 £+ 0.0 000G

fyBR(BY—K*x )
=> calibrate tagging & proper time fBR(BY—x7K™)
- - [iBR(BY K7~
resolution for time-dependent CPV R —7=
faBR(BY K7}
Iay, BR(Ay—pr™)
T BRUP—K "7
Jr'ﬁb BRIA,—pN ) . \ . ,
| BRI | 00663 = 0.0089 4 0.0081 | 0.0015
Tim Gershon 33
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(.071 L 0.010 £ 0007 (.00

(.007 £ 0,004 £ 0005 .y

assuming o(bb) = 500 pb

0.0415 = 00074 & 0.005% | 0.0016




Flavour oscillations, CP violation and

Nobel Prizes

1964 — Discovery of CP violation in K° system

1980 — Nobel Prize to Cronin and Fitch

PRL 13 (1964) 138

2001 — Discovery of CP violation in B system
2008 — Nobel Prize to Kobayashi and Maskawa

0.20¢

o
-
o

1/N-dN/d(At)

oookem P . .
Tim Gershon Prog.Theor.Phys. 49 (1973) 652 -8 -4 At (Ops) 4 8

1_ YBAQYRES PRergnis &, Belle PRL 87 (2001) 091802
e~

484 < m® < 494 ]»u}
s Tl “IU T,

o

ML‘JLLFE] I | AP .

£
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iy
A
3
*
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n
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-
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S04emn®= 514 1@
I
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- Ry R —p—l 0
L5959F O.S557 09998 [oR: L L BN o 1ol i3
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FIG. 3. Angular distribution in three mass ranges
foT events with cosd > 9, B9495,

FB° S Tk )
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B -y, K

ST Ty T 3,
BABAR PRL 87 (2001) 091801



Flavour oscillations, CP violation and
Nobel Prizes ]

1964

198( CPV so far seen in only 2 of 4 - CDF Run  Poiinr
neutral flavoured mesons g i
£ H | :
o H il
CDF PRL 97 (2006) 242003 op Tl Al

o
W
TTTTT

L gl ml ,l»i!lwl l!" I" ‘Ill‘ '!il!"!"i
I
Il

.
=y
TTTT T IT

P RS BRI P nges
3 5
Oscillation frequency (trillion Hertz)

200
200¢

" Prog.Theor.Phys. 49 (1973) 652 s 4 0 4 8

| | o e A R
W _y&_/”_ ents |<_ Belle PRL 87 (2001) 091802  BABAR PRL 87 (2001) 091801




¢ (B -Jyo)

o

S 2004

*-, CDF: measurement of A/l
DO measurement in 2005

. g
‘" | 2006
= DO: first untagged analysis for ®_
VV final state | CDF analysis in 2007
. . CDF: first measurement of Am
three helicity amplitudes s
_. mixture of CP-even and CP-odd 2007
disentangled using angular & CDF: first flavour tagged analysis
time-dependent distributions DO measurement in 2008
~. additional sensitivity 2008/9
First attempts at averages — — —

many correlated variables
_, complicated analysis official CDF/DO combination
Updated results ... both now 2.8/fb
36
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®, (B, IPo)

Tevatron measurements using tagged B_- J/{@

G.Punzi at EPS 2009

Angular analyses of vector-vector final state
Results depend on Al

CDF note 9787

o

CDF Run Il Preliminary 2.8 b~

68% CL
95% CL

__________________________________________________

5 10 -05 00 05 10 15

316656 B_- J/Y@p events

By [rad]

Tim Gershon

B/physiCs experiments
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0.5,

D0 5928-CONF

D@ 2.81fb ', with preliminary systematics
68% CL -
i

1967165 BSHJ/qJ(p events
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®, (B, - IPo)

. 0.g CDF RunliPrel. 2.8 fo~'+ DO z.afb‘.‘ | Allowed values
TevatrcT 68% CL | In “reasonable”

v 95% CL T new physics models

Resulty’
CDI<]

e X : :
— 061 O y T .

0.2}

R N

ﬁ;ﬁbﬁb [rﬂd] ad]
Tim Gershon 68% CL interval: ®_in [0.27, 0.59]u[0.97, 1.30] rad 38

\ B/physics experiments

~—— 95% CL interval: @_in [0.10, 1.42] rad




\

| G.Lanfranchi at Firenze
L |Cb LHCDb Collaboration meeting

¢s: where we could be 1in ~14 months

LHCb: ¢s statistical sensitivity

& 04
=] _ LHCb with 0.2 tb™':
% 035 | L Unnertaintifs on (bbb} 2B ) (T ¢ )
= = and BRvis(B.—J/yi) — O S)< G levatron
< fall 2010 ePel _
| & - — 50 NP discovery if 2Bs=0.8
025 [
02 | E DF+DO, 8k .y .
qr'-;m Competition with CDF/DO for
i < the first [true] evidence of NP
01 "_E LHCb 7TeV; ﬂ{hﬁ):EIEPF iS Staﬂed......
0.5 [ §
i e . - . .
BT ... Time is ticking.......
Tim Gershon Very high priority for Tevatron updates next summer 39
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-HED Etatus of LHCb at end 2009

]

pi0 Mass = Wi
Mean 113

RMS 1213 I H‘ :b data

3 I ndf 3886142

Prob 07368

s0F- : (preliminar

L 4 01886 1 00171

N 2] -D.0001502 * 0.0000306

50— ‘|>

40—

30—

20— 0 k
- T pea
10 )

i _.H|..H|H‘.|....‘MYV (MeV/c)

0 50 100 150 200 250 300 350 400 450 500

RICH2 HPD Pancls with Pixels and CK Rings

Outstanding LHC start-up
performance

| m,... (LHCb 2009 data, preliminary) | |

m,...... (LHCb 2009 data, preliminary) |
> Integral 2045 > Integral 1019 I
2,50 12/ ndt 121.65/95 2 | 2/ nat 137.5/95 kaon rlngs
§ { Prob 0.034031 =100] prop 0.0028713
o constant 17.704 + 1.347 9 constant  1.4664 + 0.0619
L - slope  -0.025753 + 0.002561 8 | threshold 1075.3+ 0.9
5 Naignai 1079.6 + 35.3 S 80| Ny 257.61+ 19.43
8 m 497.34 £ 0.15 8 m 1115.6+ 0.1
O 4.3373+0.1396 O 1.3985+ 0.1323
150 60—
“long tracks” - including vertex detector K peak i N peak
100F S a0~
Tim Gershon 20/ m ﬁ A 40
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r 4 . Lt | L P s AT L1 L

T TR L ; il L L
\‘l-.;__-_._,.- o 20 440 460 480 500 520 540 560 580 600 1%60 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160
m_.. [MeV] m.. . [MeV]



CKM Matrix — Magnitudes

/ Vud Vus Vub \
Vcd Vcs Vcb
2R2na




Measurement of |V _|and |V_|

Possibilities:
exclusive hadronic B decays, eg. B’ — D "
large theoretical (hadronic) uncertainties
exclusive semileptonic B decays, eg. B® — me* v
moderate theoretical (hadronic) uncertainties
inclusive semileptonic B decays, eg. B — Xu e’ v
experimentally challenging
leptonic B decays, eg. B* — 17V
experimentally challenging
For |V _ |, best constraints from inclusive B — X Iv analysis

extract theoretical parameters from fit to moments of decay
distributions in m(X ) & q°
PDG 2008 gives |Vdo| =(41.6 £ 0.6) x 10°

1 B phys|cs experiments Be”e (eg PRD 78 (2008) 032016)
R and others

42



VLb

AB(q?)/B per 2 GeV?/c*

e

B — ml*v
PRL 98 (2007) 091801

4r a = 0.53 + 0.05 + 0.04
0427
A I BARAR
0.1= preliminary
0.080"
006 o rsamz b L
0.04- -
0.02F BK Fit to DATA
— e DATA ..
i | 1 | | | 1 | | | | | | 1 1 | | | 1 | | 1 1 | |
DO 5 10 15 20 25

Unfolded q° (GeV?/c?)

B(B° — mlv) = (1.46 + 0.07 + 0.08) x 10*

— 416 3
V |=(41£02£02% )x10

Tim_Gershon
B/physiCs experiments
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Extraction of [V | with different theoretical approaches

- exclusive semileptonic decays

BABARSLug: B ' — 1" vx 21T,
1364033 +0.15 —
BABAR B, tag B ' — 1" v x 21,/1,
1524041 £020 e
BELLESLrtag:B * — n¥ ' v x 21,1,
143 £026£0.16 i
BELLEB,., tag:B ' — 1" v x 211,
160 +£0.32 +0.11 T
BABARSLwmg:B° 5wty

1124025 £0.10 —
BELLESLtg: B = 1" v

138 £0.19£0.14 -
BABARB, tugB’— 1 v

107 £0.27 £ 0.15 k!
CLEO untagged: B — w1’y

133 +0.18 2011 o
BABAR untagged: B — w1y
L46 £ 0.07 £ 0.08 gl
BELLEB, g B = w1y
149 +0.26 + 0.06 e
Average: B - w I' v
1.39 + 0.06 + 0.06 >
¥dot=3.23/9(CL = 95 %)

HFAG

LP2o07

Ball-Zwicky full g2
343 +0.104+067-042
HPQCD full g2

307 £0.104074-044
FNAL full g2

3.82 £0.12+028-052
APE full g2

36l 2001+ LLL-057

-2 0 0 2 .
BB —ml'v)[x10 ]

_, = 5

4
IV, | [x107]



|V | - Inclusive semileptonic decays

Problem for inclusive B® — X " v: background from B® — X I" v

Solution:

cut on EI (lepton endpoint), M(Xu) or some combination thereof

cuts introduce theoretical uncertainty

Belle
PRD 73 (2006) 012006

1800

ﬁng¢¢
i}

7

E

e

S000

Number of Electrons / (50 Me

=
I

ol
SR B R

Tin

i\ B pr_my:.w e s e

N

1.5

1.9

23 2.7 3.l

Electron Momentum (GeV/c)

B(B — X,e
(2.27 +0.26

|Vub| =
(4.4 +0.25

v] =

40133
efp =138

iF + D-]Ttﬂcury} = ID_H;

(1432
efp =358

5P & 0.220000y) % 1077

non BB background subtracted

X_I" v background subtracted
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|V [ Inclusive - compilation

Different theoretical approaches

CLEO (E)

383 +045+032-033
BELLE sim. ann. (my, q2 )
423 £045+0.29-0.30
BELLE (E,)

4.64 £043+0.29-0.31
BABAR (E,)

418 £0.24+0.29-031
BABAR (E,, $)
428 £0294+036-037
BELLE (my)

390 £0.26+0.24-0.26
BABAR (my)
4.02£0194+027-029
BABAR (111;;-q3)

432 £0.28+0.29-031
BABAR (P")

365 £024+025-0.27

4.06 £0.15+0.25-0.27
1dof=13.9/ 8 (CL=15.00 %)
Phys. Rev. D72:073006,2005

Average +/- exp + theory - theory

Bosch Lange, Neubert and Paz (BLNF)

HFAG
[ Winigroe|

CLEO (E)

358 +£0424+028-025
BELLE sim. ann. (my, q2)
420 £044+023-018 i
BELLE (E,) |
456 £042+028-024 !
BABAR (E) !
406 £027+027-026 ———
BABAR (E,, $™) |
404 £027+028-0.30 .
BELLE my :
403 £027+026-020 |
BABAR my, i
423 X0204+021-016

BABAR 111:(-q:

426 £028+023-019

BABAR P"

370£024+031-024

Average +/- exp + theory - theory
425£015+021-017

1fdof=7.1/ 8 (CL = 52.00 %)

Andersen and Gardi (DGE)

1
I
THEP 0601:097,2006 |
E. Gardh arXiv.0305.4524 !

1

2

Tim_Gershon
B/physiCs experiments
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V) [ 107

Significant experimental and theoretical problems to

2 4

6 \V

make a single average for [Vub|

ub‘

.‘ Winlter02 \
6

[x 107]
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Rare B Decays
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b - sy rate and photon energy spectrum

Archetypal FCNC probe for new physics

| 1 Belle PRL 103 (2009) 241801
20000} | _ { }}

30000 IIIT] """"'f}""""‘j

10000 | |

0 lli“ Il {

Photons / 50 MeV

-10000 Te 1

-20000fr | ©

-30000 | ] ] | | ]
14 16 1.8 2 22 24 26 28
E;™° [GeV]
B(B=X,y)s .17 ev=(3.45%0.15%0.40)x10""

i consistent with the SM prediction
Tim Gershon P

47
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b — sy photon polarisation measurement

Search for time-dependent asymmetry

 Observable effect requires NP: left-handed current & new CP phase

PRELIMINARY

K*yS.pvs Cop PEEI  Excellent prospects for LHCb with B_— @y

BaBar

2 e Belle PRL 100 (2008) 121801

£ Average

Events / ( 0.08 GeV )

AE (GeV)

~ L 1 1
-0.8 -0.4 0 0.4 0.8
Contours give -2A(lIn L) = 5;{2 =1, corresponding to 60.7% CL for 2 dof

Can also use, eg., B - K*e'e™ (low g

Tim Gershon 48
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Kinematic distributions in B — K*l|

Zero-crossing point of forward-backward asymmetry cleanly
predicted in SM and sensitive to NP corrections

Belle PRL 103 (2009) 171801 BABAR PRD 79 (2009) 031102(R) CDF note 09-11-12

12F () T 7 TH |, oCDFRunllPreliminary L=4.4fb
1 o - - N
08 5 : < | A.(B% - KPu)

= . - - Data
qu.ﬂtd B "‘«\; 15 i

02

0 vy, ! '
02T e s
04 -_-Z"""'---'-".".'."_"_-i'_'.-,-.--_-:.--_-.-\‘J —
S T T N
Ll | TTTnRTTTTTITY ]

0.8

-1 0651
1 Ty _.
< 04y
Oig]l)— _ﬁ)— N 5 5 5 T PR PRI < I S T I
-1 6 8 10 12 14 16 18 20 G2 "4 & 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18
F(GeV?/c?) o [GeV'c] o? (GeV?c?)
Tim Gershon Interesting hints but much better precision required 49
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Leptonic B Decays

B* - I"'v decays helicity-suppressed in SM: probe for effects of
charged-Higgs mediated NP

BaBar arXiv:0912.2453 [hep-ex] BaBar PRD 79 (2009) 091101(R)
See also BABAR PRD 77 (2008) 011107 See also Belle PLB 647 (2007) 67
Belle 0809.3834 [hep-ex] &

PRL 97 (2006) 251802 g o 7 7
S s < B spv
R T
@300 -
2/ |
T.ljima at LP'09 02 522 524 526 528 5:-,;2
mg [GeV/cT]
Consistent with (1o above) Sensitivity approaching SM level
SM prediction
~ Tim.Gershon : 50
\ B /Bhysids experiménts These modes require a Super Flavour Factory
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B_— M

Potential new physics discovery channel
for CDF /DO /LHCb / ATLAS / CMS

New upper limits from CDF (3.7/fb): CDF Public Note 9892

B(B - up) < 4.3 x 10° @95% CL N;,E sof B g COFPreliminary 37 6" 3
S = wf- CohE 0.8<v,,<0.95 =
B(B,— M) <7.6 x10° @95% CL *] :
. . . é 10%— :
Still some way above SM prediction 5 JE_ . . N . .
© 4.8 5 5.2 54 5.8 5.8
M ' [GeVic’]
¢ E ' -
T I°E B 085, <0.995 3
I 12 . . 5
R E ! ' —
B 4E
2 2
S 0FE—75 3 53— 51 55 55

M ' o [GeVic']

= B, B, 0.995<v,,<1.0

Candidates / 24 MeV/c?

Tim_Gershon
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Putting it all together — Unitarity Triangle

http://ckmfitter.in2p3.fr/ http://www.utfit.org/

1.5IIII|

1.0




Summary

* Progress in B physics continues apace
- BaBar, Belle, CDF, DO

* No smoking gun for new physics
... but several exciting hints

- tension in CKM fits
_ AACp (KT)

- ®_(B_- o)
- A_(KHT)
« Excellent prospects for the next few years and beyond

- LHCb, ATLAS, CMS
- Belle2, SuperB, LHCb upgrade

Tim_Gershon 53
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B

Summary

How good are the prospects for New Physics

discovery in the B system before WHEPPXII (2012)?

o If large NP effects are present (still possible!)
* If LHC operation runs reasonably smoothly
 If LHCb collaboration understands detector performance

(also ATLAS & CMS if large NP in B_— W)

(let's be optimistic)

... then the prospects are good!

I TT o &y V\./IP\JI 7y k=T T\JN uluvlutuu

Tim Gershon
physics experiments
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Back-up Material



All measurements must agree

1.5

0.5

-0.5

-1.5

A
— - Im T
siny sinpp siny |
SiI’IQB ‘ K'—mtvv E
/)! Am,
elg, K{—nvv ‘._‘ “&‘ B
P /%;,‘
A
& &%}. . i >
- Koonlwy \__| ' \ X Re
i VoVl Y ' ;
By sin 2a :
K'—n v
fk
| ‘ | 1 | | | | i | | | ‘ | | | | ‘ | | | | | | 1
-2 -1.5 -0.5 0 05 1 1.5 2
P

Plot by A.Hoecker
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BABAR Detector

EMC
6580 CsI(T1) crystals

1.5 T solenoid

DIRC (PID)
144 quartz bars
11000 PMs

Drift Chamber
40 stereo layers

Silicon Vertex Tracker

Instrumented Flux Return 5 layers, double sided strips

iron / RPCs (muon / neutral hadrons)
2/6 replaced by LST in 2004
Rest of replacement in 2006

im Gershon e

| V\itohs | <




Belle Detector

Aerogel Cherenkov cnt.

SC solenoid n=1.015~1.030

1.5T

168(0) N S ==

TOF counte

Si vtx. det. .
- 3 lyr. DSSD B/ K, detection

- 4 lyr. since summer 2003 14/15 lyr. RPC+Fe

Tim_Gershon 58
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B° — m'm - Experimental Situation

+ -
T T SCPVS CCP

ICHEF 2008
Cep PRELIMINARY
T T T T T
0 oo BaBar
| Belle
2 Average
02 - =
0.4 - -
06 | -
0.8 | .
1 L I I I
-0.8 -0.6 -0.4 -0.2 0
SCP

Contours give -2A(In L) = i'.f =1, corresponding to B0.7% CL for 2 dof

TS
TC Tc CP ICHEP 2008
PRELIMINARY
BaBar -0.68 + 0.10 + 0.03
+ H— #
arXiv:0807.4226
Belle -0.61+0.10 +0.04
H — H
PRL 98 (2007) 2118Q1
Average * -0.65 + 0.07
HFAG correlated avefage
-0.9 -0.8 -0.7 -0.6 -0.5 -0.4
" C
TE TE CP ICHEP 2008
PRELIMINARY
BaBar \ -0.25 + 0.08 + 0.02
——Ah———
arXiv:0807.4226
Belle g -0.55 + 0.08 £ 0.05
I ™
PRL 98 (2007) 211801
Average _‘_ -0.38 + 0.06
HFAG correlated averags
-0.7 -0.6 -0.5 -0.4 -0.3 0.2 -0.1



Lx /& 1SOSPIN analysis

5 lA_L e Use triangle construction to find
difference between “a_" and a (6)

/1Ax| « Requires measurement of rates and
asymmetries of B*—m'm°® & B°—m’n®

A, I=2A L,

1.5 _ 0 1.5 \+— / A+0
fiiter D A% /A0 Lt V2 AP /AT
LP 2007 224 V2 A7/A NO S00 meas. LP 2007 / NO 500 meas.
N =/ 9 00 __ A +0
AT /2 4+ AT = AT 1 LT /VD 4+ AT = A
1 " L7 *\" -
A~
i
0.5 08
S~
+ .
3 .
c 15l
0 — 0 v
]
-0.5 -0.5
— N\ BV Lol N ~1
-2 -1.5 ~1 -0.5 0 0.5 1 1.5

2 -2 -1.5 -1 -0.5 0 0.5 1 1.5

Re(A* /A*) Re(A™ /A7)



1-CL

Measurement of a

E@t!. -+ B = nn/pp/pn (BABAR)
ltter (

Moriond 09 -t B — TCTC/pp/pTC Be”e)
B — nn/pp/pn (WA)

1.0 R N LR R R
a=(89.0" ) -

CKM fit !

no o meas. in the fit

0.8

0.6

e
. -

0.4

III|III|II _JII|L__

40 60 80 100 120 140

U H— g NI NOILVITOIA 4O 103d1d 40
NOILVALISdO Ad 1LNO d3'1Nd SNOILNTOS 4SdHL



Latest results on B - DK : (ii) Dalitz

D decays to (e.g.) KSn+n‘ - enhanced sensitivity to y due
to interference of various resonances in the Dalitz plot

Update from Belle including D*K, D* -

with D - Ksn+n‘

@ Combined results for all modes:

o ¢3 = 78.4°T1980 4 3 6°(syst) + 8.9°(model)
o rpk = 0.16019%% + 0.011(syst)T%029 (model)
o rpx = 0.19670972 4 0.012(syst)+5-%%2 (model)

@ CP violation significance:
uncertainty).

Tim Gershon
\AB physics experiments
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(including systematic and model

Belle D - Ksnn
A.Poluektov at EPS'09
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Dmt°; al

L1

0 1 L L
0 20 40 60 80 100 120 140 160 180

&y (degrees)

62



Model independent B — DK Dalitz
measurements

Use CP-tagged CLEOc data to measure average D°-D° phase difference

A.Powell at Beauty 2009
CLEO-c Results: ¢; & s;

[Phys Rev. D 80, 032002 (2009)]

* Result * stat + sys + (K 7w K 7w syst)

L}

i o i
1 0.743 £ 0037 = 0.022 = 0.013 0014 = 00160 = 0.077 = 0045
2 06l = 0071 = 00037 = 0009 0014 = 0215 = 0055 0017 E“-
3 (.059 =+ 0.063 = (L0331 = 0057 0609 = 00190 = 0076 = 0037 S
4 =495 £ 0101 = (0.052 = (43 0151 = 0217 = 0,069 = 0048 =
3 =911 £ 0049 = 0,032 Z 0021 =050 = 0,183 = 0,045 £ 0036 5
i 0,736 = 00606 = 0030 = 0018 0.340 = 0187 = (L0352 = 0.047 o
7 0.157 = 0,074 = 0,042 = 0.051 (0.827 = 0185 = 0.060 = 0.036 D
b 0,403 = 0,046 = 0,021 = 0,002 —0.400 = 0158 = 0,050 £ 0,002 =
+ Statistical uncertainties dominant [ Hamarwedd @ GLED<De L BT R N S S T R
, F T X7 s, [GeV?]
» ¢, better determined than s, Lk ™~
05 [Model = BABAR PRL 95 121802 (2005)]

* Results also available forc & s/

=

I * \
. b T | -
» Broad agreement with model ————> [V + .} ) A&, = 180° A&G=0
predictions N J/
I S __*i‘____ .-*"/ T
] '_:I". UncErtai . G—CLED_input[F}} = 1.?0 " 1 0.5 1‘]‘ : ﬂ:5 -II
i Ci
im 'Gershon (recall model error = 7°) [Model = BABAR PRL 95 121802 (2005]] 63
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LHCDb sensitivity to y

g0 °) 0 45 00 135 180
7 for 05T (°) 8.1 101 93 05 T8
o for 271 (") 41 51 48 51 39

Numbers assume nominal LHC performance

Sensitivity to &_ inherent to B” - DK™ (“quasi-two-body”)
analysis
Precision can be further improved:

CLEOc results on D — Kmtrt® allow it to be used in ADS analysis

B° —. DKt Dalitz plot analysis gives improved sensitivity to y
with reduced dependence on o_

T.G. Phys. Rev. D 79 (2009) 051301(R) 64
T.G. & M.Williams, Phys. Rev. D 80 (2009) 092002



Direct CP asymmetries in charmless hadronic B decays

Acp
—— CLEO —— A o HFAG
— mﬁ. h‘*ﬂ,ﬁﬂ Augﬂ&tzﬂﬂﬂ
CDOF K¥tq0
————— —————— T
— oW A
'y K*ta—
T— h—.l__ﬂ__
- ™ Kt
: & Kt
e TR
—e [t0(1430)""
L KG(1430)°F
== [0(1430) ™
)
K% K-
| L L L |

.:‘q.C'P
S o HFAG
K[ N August 2009

e /2(1270) K

pb—— it

Fo(980) 0

———— 0

R0 O
Fo(O80)

w K t
| h—mpl

FO0 "
Ktat

- p' K"

== D

= p A
— ' [
T

13y

-1

Tim Gershon
B/physiCs experiments
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CP Asymmetry

T ' K1

KA 14301
[ — S 1430)"
4 (1430)0
(1430}

=

— qh"”
Ktagy
K
—— |I A
—— .

CP Asy

mrmetry

NB. DCPV also observed in B - 1t'1t” time-dependent analysis
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Prospects for Unitarity Triangle angles

http://ckmfitter.in2p3.fr/

Refine understanding of o T A o
B* - p"p° from Belle _ : = N s
Improve y measurement "E | N\
good prospects for LHCDb — . oA T~ %
Resolve K1t puzzle T,

need better Ksno measurement: Belle2 & SuperB
Improve B_— hh measurements

more to come from CDF; then LHCDb (plus e'e™ Y(5S) data)

Charmless hadronic B decay Dalitz plot analyses
CDF, LHCD, Belle2, SuperB

Tim Gershon 66
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Charm mixing and CP violation

Results from BABAR, Belle, CDF, CLEO

Belle arXiv:0905.4185 [hep-eX] BABAR arXiv:0908.0761 [hep-ex]

2! DKo mostly CP CP even
= / even
i

i
= 1d
&

i

PR R TR TR PP AT :h_'l_l_d | ‘W*HJ‘ FUES

--------------

i s ! !
t(ps)

i
£ D-KK'K mostly CP odd almost flavour-specific
i
=i
&

i a

4 -1 -2 -0 1 2 3 4 =

& | 0 ) 2 0 1 2 3 4
Yo = (0.11+0.61 (stat) £ 0.52 (syst))% tps)

Yo = (1.12 £ 0.26 (stat) + 0.22 (syst))%
67

y ~ Al' and modified by CP violation in mixing
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Latest new results Belle arXiv:0905.4185 [hep-ex]

Charm mixing and CP violation

Including results from BABAR, Belle, CDF, CLEO(c), FOCUS

BABAR arXiv:0908.0761 [hep-ex]

A.Bevan at EPS'09

HFAG preliminary HFAG preliminary
;@ m T . E 1 _5 ........................ __ ............................................................. =
T EFS 2009 o EPS 2009
> 2F= —  CPV allowed I O : :
3 < 1
15[ |
i 0.5
i :
0.5 T “Z_
o — 0.5
- m — j»y- —_ I 3a L.
- F : 2F 4a [
J_—Iill [ -|i||||E||||l|-||i|||||l55 ......1__--|" | i SRR J'*"i' L] Ll L
1 -05 0 05 1 15 2 02 04 06 08 1 12 14 16 18
x (%) la/pl
& Gershon. ' Mixing established (though still no single measurement > 50) 68
\/\,ﬁéf y¥@lb€nt~%|< No indication of CP violation



S S
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%L
Q /\W\
— 1' '|I
!.'.___! B II_ I| _
o
% | | -
g ]
~ EYSM _
| |
|
Ab_95%CL )\ f
_____ : BELSV/\T/
0 [
-1. 5 ’1 o -0.5 05 10 1.5

37 rad)

68% CL interval [0.27, 0.59]u[0.97, 1.30] rad
95% CL interval is [0.10, 1.42] rad

Tim Gershon
! CP WG key measurements

AT
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Combination of results

Latest combination huge improvement on previous efforts

The two experiments perform very similar analyses
Two dimensional (Al"_vs. ¢ ) log-likelihoods are added

But, B_—- J/Y@ is not a two-dimensional problem

Consistency of results on other variables?
Higher dimensional combination would be better

Most practical way Is simultaneous fit of both data sets
Work ongoing ...

Tim Gershon
B/physiCs experiments
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Future prospects for CP violation In
BS and charm oscillations

More results still to come from B factories & Tevatron

LHCDb will improve world's best measurements with 1
year of data (at nominal luminosity)

excellent prospects for B_— J/\p¢ and D° . hh with early data
The LHCb Detector

// BRE g e\
/ / = %
JINST 3 (2008) S08005

/ Magnet RICH2 M M2
/‘ / 3 !
’/77 [ ) ] Hm— et O \\
e T, o
' / ! _ —
C ot I y
_77 2 = o - o I

Tim_Gershon
B/physics experiments

N
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CKM Matrix — Magnitudes

PDG 2008
semileptonic / leptonic kaon decays See also S.Prell at LP'09
hadronic tau decays _ . :
superallowed 0" - 0* B decays semileptonic / leptonic B decays

N i .

0.97418 £0.00027 0.2255+0.0019 (3.93+0.36) x 10"

0.230+0.011 1.04+£0.06 (41.2+1. 1)><10
(8.1+0.6) x 10" (38.7+2.3 x 107 >O.74
semileptonic charm decays \
charm production in neutrino beams semlleptonlc B decays

semileptonic / leptonic charm decays
B, oscillations

single top production
B_oscillations

theory inputs (eg., lattice calculations) required

Tim Gershon 72
\AB physics experiments
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|V [ inclusive - M. analysis

Best current measurement PRL 95, 241801 (2005)

. ro 150 F
g | osignal " si

'; region | tﬂ] ';125 TEE.:'JI.‘_ } 1h'h
= 700 =

£ 600 2 h—a MC

- E e MO

EE-I]I] 1 4 duim

M_ (GeVic') M, (GeVicT)

Fliz. 3: My distribution (no iq requirement ] with fitted con-
tributions from X fr and X fv: (a) before and (b)) alter
subtracting the X.fv contnbution {symbols with error bars),
shown with the prediction for Xufee (MO, histogram).

fimGerstion | =(4.09+0.19 £0.20 + 0.15 + 0.18) x 10° 7

VAB physics experiments
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B~ @

New hadronic b — s penguin dominated decay mode
Approximately as clean theoretically as B - ¢pK_

CDF preliminary
See D.Tonelli at Beauty'09

CDF Run Il Preliminary L,=29f"
X = |
‘:‘2* 90 £ 1 ndf 43.82/35
g C p0 4.858 & 0.220
= 80 — p2 5.364 £ 0.001
: e p3 00717 4 0.00125
w T0— p5 0.6069 + 0.0303
% fe BU‘ =i q) q) p6 -2.525+ 0.664
T 60 Y
O - "
= [5: - +
§ s0F Yield = 295 + 20
400 B’ o K
30— combinatorial background
20
10 i
E l TR WU g gy b gy _+_
u Ll L 1 1 L L L L L L L L L L 1 L L1l Ll 1 1

L.-I 1 1 [ 1 Hil
52 525 53 535 54 545 55 555 56
m(K'KK'K) [GeV/c?]



Prospects for rare B decays

Excellent prospects for LHCb for many important
channels

Bsﬁuu, B - K*l, BS_>cpy, etc.

ATLAS and CMS can also contribute for some channels

Many more important channels can only be studied In
e‘e” environment : Belle2 & SuperB

B - tv, inclusive measurements, B - Ksnoy, B - Kwv, etc.
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