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| ntroduction

+ Experiments at Tevatron and LHC deliver many interesting results
on heavy flavour

» In this talk | will concentrate only on those which are relevant for
search and understanding of new physics
»+ Testing our tools through b-hadron lifetimes
Getting SM CKM matrix (measurement of angle ~)
Bs mixing and CP violation
Rare decays, both hadronic and leptonic
Mixing and CP violation in charm

» With audience packed by high profile theorists | will skip most of
the theory side
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b hadron lifetimes

Theory description of B mixing relies “(B)/x(B%)measurements
on HQE

HQE also used to predict lifetimes i) e 11000550,

OPAL (ABBIENDI 99)) F T ¥ ' 1.079+0.064%0.041
ALEP (BARATE 0OR) ¥ u ¥ y 1.085%x0.059%+0.018
CDF (ACOSTA 02C) 1.093+0.066+0.028

Lifetimes dominated by tree level

DLPH (ABDALLAH D4E) 1.060+0.021+0.024
L DO (ABAZOV 05D) 1.080+0.016+0.014
b % C tranSItlon BELL [ABE 05B) 1.066+0.008x0.008

CDF 11 4.3 fb* 1.088+0.009+0.004

Do not expect new physics to affect it~ e romee

0.9 1.0

Expectations: +(B*)/r(B°)

7(A%) measurements

[—4 x 1073; 0]

ALEP EP| C2 197 —— 1.21+0.11+0.00
OPAL PL B426 161 —t 1.29%024 | -+0.06
DLPH EF] C10 185 ——— 1.117%1% ,:+0.05
CDF | PRL 77 1439 e 1.32+0.15+0.07
O . 044 :l: O . 024 DO Il PRL 99 142001 i 1.218%013% 11, .+0.042
DO Il PRL 99 182001 ———i— 1.290%0120 5 )oY 0087 4 oy

CDF Il PRL 98 122001 Jiy A (1.0 fb?) 1.593+0083  -.+0.033
CDF Il 9406 At H#H 1.401+0.046+0.035
CDF 114.3fb? 1.537+0.045+0.014

0.88 :I: 0.05 PDFUG: 1.2310.074| |

0.5 1.0
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b hadron lifetimes

Latest measurement performed by
LHCDb collaboration

Uses about 6700 B*, 2670+840 B°
and 190 A, signal events

LHCH
L)

LHCb
Preliminary
Vs =7 TeV Data

Events / ( 0.006 GeV/c?)

Measured lifetimes:

7(B") = 1.689 £ 0.022 £ 0.047 ps R s A

T(BO) — 1523 :|: 0028 :|: 019 pS . . JApA invariant mass (GeV/c?)
+(\y) = 1.353+0.108 + 0.035 ps

Events /( 0.25 ps )
—
4

LHCb

Measurements consistent with
previous ones =T it

-
o
T

Seems to prefer smaller Ay lifetime i RIE N e
than CDF, but uncertainties are large g MH

HQE passes this test for the moment — wbjpo L ENILLD Hz' Jm

JhpA proper time (ps)
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~v with trees

Before we can start to talk about new physics, we need precise
SM prediction

Knowledge of CKM matrix is important here

Need to determine CKM matrix from measurements where NP
contribution is unlikely

Measurements of the angle ~ in tree level processes is important
contribution to this

Comes as CP violation from interference of

with D® and D decaying to common final state
Difficult because of small rate and/or small CP violation
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~v with trees

» Start to see significant signals

B' - Dpee ™ - [K 0] T
—+— Data
Total
CZA & - D
”BWS
EEe = Dpog K*
B*-D m
B* - K'mrm*
s o) e,
- %o e
15 B" - D'm, D’ X
B = .ok, 00 X

Combinatorial background

30

» Reasonable precision compared
to B-factories

25

20

Events per 14 MeV/c 2

ADS PRELIMINARY ' ' ' . . K'TeTe mass [GeVic 2]

"BaBar ' : ' '0.011 = 0.006 = 0.002
arXiv:1006.4241 :

Belle . 0.016% 0.004 = 0.002
CKM2010 preliminary i

CDF L0 0.022 = 0.008 + 0.008
CKM2010 preliminary '

Average F L 0.015 = 0.004

A ADS Averages E

PRELIMINARY B D%, D' X

Combinatorial background
BaBar ; , [ : 0.86+0.47 535
arXiv:1006.42414 i ]

Belle ~; § -0.39 = st*ﬂﬂﬁ : : - A
CKM2010 preiir;runary,ur : : : : : : K et mase (Gevie -2]
CDF : : -0.63 + 0.4{3 +0.23

CKM2010 preliminary I : i

Average -0.52 + 0.21

(data-fit)/ o,
[GENGA RS MRS TATNG |

5.20 525 5.30 535
CDF Run Il Preliminary L =5 bt
35

Events per 14 MeV/c 2

(data-fit)/ o,
[GENATCARGHRUIATNG |
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Future of v with trees

While CDF has some more data to analysis, real progress needs
more than factor of 2 increase in statistics

Clear task for LHCDb
Statistics at LHCb not large enough for measurement right now

But can already study new decays and possibly important back-

grounds

First observation of Bs — DK *° i
T T T T T T T T T T T T . \

Significance over 9o

B(Bs — D°K*0)/B(B° — D%) =
1.39 4+ 0.31 +0.25

LHCDb
Preliminary

Vs = 7 TeV data

=
N

[EEY
(@]

0

Trigger on hadronic states works ]
well — good prospect for ~

Events / ( 0.01 GeV/c ?)

hlﬂllluui-uin:
54 5.§ 5.6
m(D°K™) (GeV/c?)
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Bs mixing

Provides two inputs for CPV in Bs — JA)¢
» Mixing frequency Amg

» Performance of flavour tagging
Principle

A = Nmx—Numix = A . D cos (Amt)

I\lmix +Nunmix

Use decays:

= BS — D37T Wlth DS — ¢7T, DS — K*K,
Ds — nrm

s Bs — Dgmrm with Dg — o

Amplitude

In total ~ 12900 signal events

Total tagging power eD? = 3.2 + 1.4%
Amg = 17.79 £ 0.07(stat) ps—*

1fb~t: Amg=17.77 +£0.10 £ 0.07 ps—+

or]

Candidates per 3 MeV/c’

0 L DT, D, - @1, 9 - K K (+cc) CDF Run 2 Preliminary, L = 5.2 fo*

400F-
350)
3oof§
zsoff
2oof§
150ff

1001

50

0

CDF Run 2 Preliminary, L = 5.2 fo*

- —— Amplitude A

Sensitivity: 37.0 ps™*

Mixing Frequency in ps™
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Bs mixing

T T T T T

® Data
LHCb preliminary LI‘JCQ

decays 2 R AC T R . 11
About 1350 signal events P —— e ombintra ks

Proper decay time about factor 2 3 36 pb™
better than CDF

Opposite side tagging only

5800

Amg =17.63+0.114+0.04 B, mass [MeV/c’]

T T T T T T T T T T T T T T T T T T T

ps—*

LHCDb preliminary yellow band = 1 stat
\s=7TeV

—r
(4]

|I|l||[ IIIIIII]

amplitude

Significance 4.60

—_

Ihlillt LLITTTd1

Tagging power 3.84+2.1%
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CPV in Bs — Jj¢

Decay Bs — J/i)¢ provides good
laboratory to search for NP in Bg
mixing phase

2

[EEY
al
o
o

. D@ Preliminary e Data w
-1
- 6.1fb — Total Fit

[ g0, W o y — Prompt Bkg
S
— non-Prompt Bkg

8.0 MeV/c

Tevatron experiments updated last
summer

Candidates per
a1
8

LHCDb joins the game

ATLAS and CMS on their way ot g
Mass (GeV)
Jﬂ LHCLI‘ICZe

CDF Run Il preliminary L =5.2 fb*

o 900

> a0t Ns =~ 6500
= 700F
N -
5 600F
Q- 500F
0 -
9 400F
© o
S 300
= =
S 200f
O 100F

E L 11 | I PRI 1 T i s, T llll Foaes i At 5T i LA i, ot 1
0 5.32 5.36 5.4 2 i : 55 555

Mass(J/Q ) [Ge.V/CZ] JAp¢ invariant mass (GeV/c?)

unbiased
trigger

Prel
y8=T7

M

Events / ( 0.007 GeV/c?)

Ngg = 570 £ 24

|
lom = 7 MeV|

P
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Bs lifetimeand Al ¢

—+— data

sig. component

CDF 5.2 fb!
1.529 + 0.025 + 0.012

D0 6.1 fb?
1.45 + 0.04 + 0.01

LHCb 36 pb*
1.473 + 0.078 + 0.059

B average
1.502 + 0.022

HFAG B°
1.525 + 0.009

LHCb preliminary -~ cp-even sig. component
\s=7TeV,L=36 pb' | —— cp-odd sig. component
—— bkg. componant

complete pdf

Ny = 570 £ 24

2

events/ 0.ips

T IIIIIII}L-

I Il Il Il Il Il I
1.2 . 16 I A T B I A B A
1 2 3
T(BS) [ps] proper time t [ps]

CDF 5.2 fb?
0.075 + 0.035 + 0.010

D0 6.1 fb?
0.15 + 0.06 + 0.01

LHCb 36 pb™
0.077 + 0.119 + 0.021

average
0.094 + 0.030

Lenz, Nierste SM
0.087 + 0.021
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CPV in Bs — Jj¢

Preliminéry

I

Preliminary

TeV, (=38

pb’

,6.11b! 6, = —0.42+0.18

do= 3.01+0.14
AM, = 17.77+£0.12 ps~1

— 68% CL
— 95% CL

-

III|I1°II|IIII|IIII|IIII|IIII|I

12 12 April 2011

CDF Run Il Preliminary  L=52fb"

— 95% CL
— 68% CL
—— SM prediction
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Observation of Bs — J//f3(980)

Since first Bs — J/ip¢p CPV Thco o
measurements there was \'s =7 TeV Data
discussion of s-wave

Neglecting it can bias result

Decay Bs — J//fy(980)
provides good test of s-wave

Events/(5 MeV)

EXpeCt Rfo/Qb in region 0.1-0.5 O e ‘5;00‘ 5400

: o _ m(uue) (MeV)
Since it is CP-odd eigenstate, e
can in future \s =7 Tev Data

» Measure lifetime and
contribute to Al

» Measure CPV in Bs system
without angular analysis

1000 . . 1200 .
m(7tt) (MeV)
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Observation of Bs — J//f3(980)

LHCb: Ry, johi = 0.2527575% "5

CDF: Ry, /pni = 0.292 4 0.020 + 0.017
DO: Rfo/phi =0.210+0.032 4+ 0.036

Belle: B(Bs — J/¢5(980), fo — m*r~) = 1.16703L #015+026 ', 104

CDF Run 2 Preliminary ~ L=3.8 fb*

| - Daa D Run II, Preliminary, 8fb"
— Fit

Background

)
>
©
=
©
=
)
@8
c
o
>
(i}

Events/ 28 MeV

Candidates per 5 MeV/c?

5.40 5.45 5.50 'll|5|4t‘l~¢15151|:|5|61||15|71||158
M(J/ yrr) [GeV/c?] T T T M GV
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Alternative way to look for NP in mixing phase is to measure Ags
Connected to phase by Ais = Alq/Amg tan ¢q

Traditionally measured using:
» Semileptonic decays
» Same charge dimuons

Recent measurement by D@

arXiv:1005.2757

b _ N++_N——
Measures Ay, = Y=

Mixture of B® and B effect

SM prediction i mpo A
=(-2.3"%2) x 10~ Y21« Standard Model

- —B Factory W.A.
Result: (—96 + 25 + 15) x 104 :

-0.04-0.03-0.02- 001 O 001
8
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» LHCb plans to measure difference a2, — agL using same final
state (Bs — Ds(KK 7)ur and B® — D(KK 7)uv)

» This suppresses detector effects
+ Provides complementary information

-2
[
=
(=

— —
[ LHCb Preliminary
L JE =7 TeV (0.5740.06)pb"

[ —Neutral
. — Double-charged

(D)

2]
=
o
=
w
g
3
o
=
b=
£
ﬂ
O

LHCb expectation with
1 fb-1 (stat error only),
oy n e e a4 BSSUmMIngG DOcentral

o % 0 yalue and no NP inad, #
Kﬂﬁmass'nsmaﬁf”ﬂvc L [ N O B |.'JJ:1’, 1 1 4 3 |

-0.04-0.03-0.02-0.01 0 0.01

Events already being accumulated
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Fragmentation

Interpretation of Ag. needs fs /f4

—
S

Long-standing discrepancy between LEP
and Tevatron

)

—
o

0.008 cm

=)

New CDF measurement of
x = 0.126 4 0.008 in agreement with LEP

LHCDb: fs /fy = 0.245 + 0.017 4+ 0.025
Perhaps fs /fy at the end universal ® dlem)

140 T T T T T T T T T T T T T T T T T T T T T T T T T T T

Muons/(
S

LHCDb Preliminary LHCDb Preliminary
Vs = 7TeV Vs = 7TeV

L, ~35pb™ ;] L, ~35pb™

.- Bg— DgTT R o .
--m-. By DT - gd_’ BKK
e Bl Dy AL LN = P

—a— Combinatorial ] . Bd_, D1t
A REACK i —=— Combinatorial
—s— B, Dp : i
—a— B, D, Tim f . Bd_> Dp

Events / ( 8 MeV/c 2)

- - v S o + ‘. ‘0
5400 5600 5800 5000 5400 5600 5800
Mass (MeV/c?) Mass (MeV/c?)
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Charmless two body b hadron decays provide rich output

Lot of excitement in past from CP violation difference between
BY - K*r— and BY — K*7Y

Latest result from LHCDb

1447 + 50 B® — K*nr—+cc events, 52 + 10 B — K ~7n*+cc

CDF 1 fb—! yields are ~ 2400 and ~ 140

[2]
A
[=]
[2]
A
[=]

LHCb
Preliminary
\s =7 TeV Data

LHCb
Preliminary
\s =7 TeV Data

N
a
o
N
a
o

N
[=]
[=]
N
[=]
[=]

—
©
~
>
)
(O]
0
o
N
Qe
P

g
»
K]
c
]
>
w

Events / ( 0.0225 GeV/c?)

-
A
o

. 54 5.5 5.6 5.7 5.8
K'n*invariant mass (GeV/c?) K'r invariant mass (GeV/c?)
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+ LHCDb results:
+ ACP(BO — K+7T_) —
—0.074 £ 0.033 £ 0.008
» Acp(Bs — K™7") =
0.15+0.19 +0.02

+ Compare to
» HFAG Acp(B? — K*r™) =
—0.098106901121
+ CDF ACP(BS — K_7T+) -
0.39 £0.15+0.08

» While B-factories analysed most
of their data, CDF has ~ 8 fb~1
available and LHCDb collects data
quickly

Events / ( 0.05 GeV/c?)

Events / ( 0.0225 GeV/c?)

E \'s =7 TeV Data

LHCb
Preliminary

T

1

el
5.6 5.7 5.8 5.9 6
pK invariant mass (GeV/c?)

LHCb
Preliminary
\'s =7 TeV Data

aK invariant mass (GeV/c?)
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Bs — oo tripple products

P — VV allows to look to T violation CDF Run Il Preliminary L=2.9 fi5*
through tripple products | — Daasigna

100" 74 Data Side=ba

Interference between CP-odd and
CP-even amplitudes

80
60
40
20,

Q///// Y

v = sin(c - ¢) where ¢ = sign(cosf; cos 6,) 7 )
. —04 02 0 02 04
IS related to AgA |

u distribution
— ['(x>0)-T'(x<0) CDF Run Il Preliminary L=2.9 f*
Measure A, = [(x>0)+I(x<0) :

i ~— Data Signal
100 /7] Data.Side=bands

u=cosg¢sing is related to A AL

Candidates per 0.17

Results:
+ A, = —0.007 £0.064 +-0.018
+ Ay = —0.120 £ 0.064 + 0.016

| think experiments can do many more of

80}
60}
40/

7
///////////

77777 et 7
V0077 Wi A

these if there Is interest 1 205 0

Candidates per 0.17

v distribution
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FCNC decays are good
probes of NP © Upper Limits on BR(B_—u*\) at 95% C.L. at Tevatron

BS — ppone of the most b4 m— SM (~3.6x10%)
Watched Tl CDF pub. 2fb™ Exp.

SM prediction (A.J.Buras,
hep-ph/0904.4917):
(3.6 +£0.3) x 107°

-
o
~

CDF pub. 2fb” Obs.
CDF prel. 3.7fb™ Exp.

CDF prel. 3.7fb”" Obs

STOUT)

D@ pub. 1.3fb" Exp.

BR(B
—
S

D@ pub. 1.3f5' Obs.

D@ prel. 4.8f5" Exp.

NP can enhance it by [ ereees
: . — D@ prel. 6.1fb" Obs.

huge faCtorS i i i = I,‘Iq CDF projection
Integrated Luminosity [fb™] D@ projection

Hard constraints on NP
even without seeing sig-
nal

> CDF Preliminary, 3.7 fbo—1: < 4.3.1078 at 95% C.L.
> D@ Preliminary, 6.1 fb~1: < 5.2-107° at 95% C.L.
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LHCb submitted its
first result in March

Use more than one
decay to normalise

< 5.6-107° at 95%
C.L.

-.TIII

m,, (MeV/c?)

CDF is working on update, expected limit ~ 2 - 10~2 at 95% C.L.

LHC collects data quickly, so improvements expected soon
We enter territory where we might start to see excess

THE UNIVERSITY OF
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B? s K*|*|~ advertiser

iy
N
TTTTTT

-
(=]
TTTT T

Events / (20 MeV / ¢?)

:

‘J]\|I"‘H

T 1
LHCb
Preliminary
\/s =7 TeV Data

L ~ 36 pb" -
N o =236

By—~K*uu

|7 ....... By

| . -]

8 10 12 14 16 18 2
q’ [GeV?/c]
. BABAR, CDF

5200

5400

. 5600 .
My ... (MeV / c?)

» While Belle and BABAR analysed most of data, CDF has still

significant amount

» CDF Is working on update, probably summer time scale
» LHCb established first signal and should have interesting statistics

IN summer
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CPV In charm sector

In charm sector probe down type quarks in loops
In SM CP violation is tiny (at most 5 x 10~3)
Any indication of CPV in charm at the level of 1% = new physics
Best measurements in D® -+ K*K~ and D° — n*n~
» Difference Acp(KK) — Acp(77) sensitive to direct CPV

CDFRun I Preliminary_[L dt=5.94 b CDF Run Il Preliminary J’L dt=5.94 b

N(D*" - Dt — [K'K) = 232520 + 759
X2/ndf = 325.74/299

WY~ 476k DO 5 K*K -

~ 217k D° — 7t~
Acp(KK) = [-0.24 +
f | 0.22 + 0.10]%

///%: e ////i ACP(T('T(') = [+022 +

er 0.1 MeV/c?
er 0.1 MeV/c?

«  data

p
p

Candidates
Candidates

0

= I ! ! ! ! ! ! ! ! ! 0 2
.005 2.010 2.015 2.020 .

Invariant D°r-mass [GeV/c?] 2005 Izﬁ\?allgant DOTlsz-.r‘(r)l:;iS [GeV/i.Z?20 O . 24 :I: O . 1 1] %
I C

20 ‘
owh‘WW‘ﬂﬁWﬁﬁL
. !
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CPV In charm sector

th—) ~ adir <t> 4ind

CDF Run Il Preliminary _|‘ Ldt=5.94fb™ CDF Run Il Preliminary I Ldt =5.94fb™

= codzon
—— BaBar 2008
— Belle 2008

* No CPV point ]
— 68%-95% C.L.

= codzon
- BaBar 2008
—— Belle 2008

e No CPV point
— 68%-95% C.L. 1

(D - 1T°7) [%6]
T N T

r
p

adr(D° - K'K) [%]

adCi

1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
05 1 - -0. | 0.5 1
alnd(D° - ') [%] alnd(D’ - K'K)) [%]

Trigger bias gives complementary information and helps in gain-
INng precision
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CPV In charm sector

: m LHCb
Preliminary Al 1300 Prellmlnary
Vs =7 TeV Data i

L ~ 37 pb-!

2.012 2.014 2.016 2.018 B 2.006 2008 2.01 2.012 2.014 2.016 2.018
) m(Jm)+m(D9) ° (GeV) m(KKn)- m(KK)+m(09) _(GeV)

Ew.wwﬂwwwww

2.012 2.014 2.016 2.018 ) 2.006 2.008 2.012 2.014 2.016 2.018

Acp(KK) — Acp(rm) =[—0.28 + 0.70 £ 0.25]%
Expect 5 times better with this year data

Many other analyses on way

In decays D° — K*K~ and D° — #*7~ we are approaching region
where CPV is not anymore unambiguous sign of NP

THE UNIVERSITY OF
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» There is much more, which | could not cover in short time

» Check out latest results at:
+ http://www-cdf.fnal.gov/physics/new/bottom/bottom.html
+ http://lwww-dO.fnal.gov/Run2Physics/WWW(/results/b.htm
» https://Ihcb.web.cern.ch/Ihcb/temporary/LHCb_Results.html

»+ Tevatron still to analyse about half of their data

» LHCDb expects to mtegrate 1 fb~1 this year

Lum|n05|ty (pb 1)

| LHCD Integrated Lumi over Time at 3.5 TeV | | 2011-04-08 12:03:48 |

|
. Delivered Lumi: 8.89 /pb
. Recorded Lumi: 8.24 /pb

-
n

-
=]

8000

6000 -

4000 ; ;
o Delivered

LHCDb Integrated Luminosity (1/pb)
w

-
T T

2000— ° Acguired

N
T T

‘ - e I T B R T TR .
1%00 2000 3000 5000 6000 7000 8000 9000 c 1710312011 24/03/2011

store number Date
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