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Outline

The Summer of 2011 has seen a giant leap in the flavour sector.|

Many new results presented by LHCb (& CMS/ATLAS) at EPS,
Lepton-Photon & other conferences.

It is a privilege to summarise some highlights here...

¢ |ntrOdUCt|On LH;’IH‘ Nllg?]\]w ” ';‘f /:" Q‘:/
 The LHC(b) Experiments ‘
* Flavour production Pa=
’ r o &
« Direct CP violation in B decays @gﬁ

« Mixing and CP violation in B decaysﬁ

 Rare B decays ‘
e Summary Q‘

... at the expense of others e.g. EW physics, charm mixing and CPV etc
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Flavour physics

Flavour physics is highly successful. It has led the way to
— The 3 generation Standard Model (SM)

— The CKM picture of flavour

— CP violation (CPV)
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Flavour physics

Flavour physics is highly successful. It has led the way to
— The 3 generation Standard Model (SM)

— The CKM picture of flavour EPS 2011 Prize: Glashow, lliopolous, Maiani
— CP violation (CPV) “For their crucial contribution to the theory of flavour.”

Many open questions in SM found in the flavour sector

— Why are there 3 generations ? (and is it only 37)

— What determines the hierarchy of the quark and lepton masses ?

— What determines the elements of the CKM matrix ?

— What is the relationship between the CKM matrix and the v mixing matrix ?
— What is the origin of CP violation ?

Precision studies of flavour observables are an excellent way to look for New
Physics.

Progress in flavour physics may help to understand open questions in
cosmology — SM CPV insufficient to explain matter/antimatter asymmetry



The legacy of the B- factorles & CDF/DO

Fantastic achievement over the last decade to
test the SM picture of quark couplings,
especially CP Violation.

The state of the art is encapsulated in the

Unitarity Triangle.

PN +0.027
|0 =0.144700%

n=034370]

CKMfitter group EPS 2011

But there are some intriguing signs of NP?
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E// —90% CL
E —o95%CL
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¢ve (rad)
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-0.02 0

xclude daneaha.,CL 085
'

I=
10 €
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1.5_| L 1 | | " | - | I L1 1 1 | | G (] o | I | | I | I_
0 05 00 05 10 15 20
B—tv ] p
Sk N[ :
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N / updated results
E% it w/o meas.
e & LHC & SuperB
i) Belle: ~250 K*I'I- event
3 elle: ~ eventis
20.5 %]_) 1 BE W
| S SV
s B'—=K'utw
02 4 6 8 1012 1 1o 10w
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LHC flavour physics program

Flavour physics is sensitive to New Physics through the indirect effects that the
new degrees of freedom may have on flavour observables.

The search is complimentary to direct searches and provides information on the
masses, couplings, spins and CP phases.

W Standard Model processes
\ *®
( Ll s Viq Vib
b
N A B i
E\.O< ( Bq t Y A t E.q
S W™
— — "ANANNNNN—— = -
3 3 ¢ b Vi Vo q
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LHC flavour physics program

Flavour physics is sensitive to New Physics through the indirect effects that the
new degrees of freedom may have on flavour observables.

The search is complimentary to direct searches and provides information on the
masses, couplings, spins and CP phases.

~ NP New Physics processes
s Viq Vib

b
_ 0 q b -
I'P/Ao -0 (g S} —
B Bq t t Bq
s}
¢ — .

b MSSM

“|
“

(7]}
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LHC flavour physics program

Flavour physics is sensitive to New Physics through the indirect effects that the
new degrees of freedom may have on flavour observables.

The search is complimentary to direct searches and provides information on the
masses, couplings, spins and CP phases.

: ussM . . NP New Physics processes
(b S p Vig Vib
HY/A° —, g 3 9 b_
B 4 Bq t t B,
S
5 o

u

(7]}

~ tan®p

New Physics needs to have a special flavour structure

— to provide the suppression mechanism for FCNC processes already
observed.

— It may be too “special”... Minimal Flavour Violation (MFV) models in which
the flavour structure of the NP is governed by the CKM matrix.
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Example: the discovery power of B, ;—u*w

Large Br(B,—u*u ) possible in MFV would retain flavour universality
NP models + 2
Br(Bd Blale ) Vi
cn 60 prem— 1 -
§ 0 Br(B,—uw) |V,
50 2.0 A —— .i
40 : 5
15 MSSM-LL .MFV
30} 2 |
20 g
=
10} %

00" 100 200 300 400 500 600 700 800 9001000 °

M, [GeV/c?]
Background contours : O.Buchmuller et al arXiv:0907.5568
Blue regions : allowed regions for given measurement
Superlso (F.Mahmoudi, arXiv:08083144) and
SoftSusy (B.C.Allanach, Comp. Phys. Comm 143 (2002) 305-331)
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The LHC Experiments
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The LHC Experiments

T 7 =<




The LHCb experiment

Forward single arm spectrometer
4% solid angle, 40% cross-section.

Excellent tracking N
precision silicon detector (VELO) /‘
PV resolution o, ,=15 um, 0,=75 uM Interaction

point
Excellent particle identification
2 Ring-lmaging Cherenkov (RICH) detectors
n-K separation over ~2-100 GeV/c

Efficient Trigger
low p lepton, y/n® & hadron thresholds

All B species produced : B™,B,,B,,B.,A,,..

., +cC.C.
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The LHCb experiment

Forward single arm spectrometer
4% solid angle, 40% cross-section.

Excellent tracking N
precision silicon detector (VELO) /‘
PV resolution o, ,=15 um, 0,=75 uM Interaction

point
Excellent particle identification
2 Ring-lmaging Cherenkov (RICH) detectors

7-K separation over ~2-100 GeV/c The UK is the main stakeholder:
Birmingham, Bristol, Cambridge,
Edinburgh, Glasgow, Imperial,

Efficient Trigger Liverpool, Manchester, Oxford,
low p lepton, y/x® & hadron thresholds STFC/RAL, Warwick

All B species produced : B™,B,,B.,B.,A,,...,+c.c.



The LHCb experiment

Forward single arm spectrometer
4% solid angle, 40% cross-section.

Excellent tracking N
precision silicon detector (VELO) /

PV resolution \

B decay vertices:

f k
Excellent p Primary vertex a few tracks
2 Ring-Imag many tracks ~50 \L<_ 10 mm _)\L
n-K Separati stakeholder:

—————————— ~ ambridge,
Imperial,

Efficient Trig % " - O,

low p, leptor DOV

K/1T separation
All B species\\
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Luminosity

LHCDb collected ~37 pb-'integrated luminosity in 2010.

Luminosity leveling introduced in 2011 to run at an optimal maximum
luminosity of ~3-3.5x1032 cm2s-' and ~1.5 interactions per bunch crossing.

Luminosity / 1e30 cm-2s-1

GPD luminosity falls-off
exponentially

Luminosity of LHCD levelled
continuously

LHCb design luminosity

0
00:00

1
02:00

1 1 1 1
04:00 06:00 08:00 10:00

— ATLAS — AUCE — CMS — LH(b

Integrated Luminosity (1/pb)

1000

800

600

400

200

LHCDb Integrated Lumi over Time at 3.5 TeV |

2011-08-30 18:04:34

Delivered Lumi: 767.49 /pb

Recorded Lumi: 688.64 /pb

T T T 17T

Already ~690
)
L

1 1 1
26/04 26/05

1 1
25/06

1 1
25107

2a108
Date

LHCb expects to collect ~1 fb-1in 2011 (and = same in 2012)

Many new results for EPS and Lepton-photon conferences with ~ 330 pb-’
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LHC re-discovers the b quark

33 years after its initial discovery....

Phys. Rev. Lett. 39, ~g)

10
252-255 (1977)
P+ NUCLEUS ==p i +ANY THING xﬁ‘l
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O Pt
401y
s & 1 T
@
=~
>
§ f{ 201
~
S
— |07" =
2 L=

d'o
dmdy!y-
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LHC re-discovers the b quark

33 years after its initial discovery.... the b quark is still there

Phys. Rev. Lett. 39,

O
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Charmonium

CMS PAS BPH-10-014
LHCb-CONF-2011-026

An important challenge is to understand the mechanism for onia production:
colour singlet model, octet model, evaporation model...?

3
300i(1-0--|-'-1---1---
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250 . \s=7Tev
C ILdl:O,24fb'1
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Data more precise than theory (modulo polarization)! Need new observables:
more studies of higher states, e.g. y(2S) & ., and polarization measurements.

13/54



ATLAS-CONF-2011-136

Radiative decays of . states LHCb-CONF-2011-020

CMS DPS-2011/011

First studies of radiative decays y.—J/yy. Challenge is to resolve ., and .,

> T — T T T T 4 ~ C
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LHCb-CONF-2011-021

StUdieS Of eXOtiCS : X(3872) LHCb-CONF-2011-043

CMS DPS-2011-009

The LHC experiments are starting to study the X(3872) — observation, cross-
sectjon and mass

3 . % LHCb inclusive 2010 measurements
EENTL I . 2
; 0 JI i MX(3872) =3871.96 +0.46 (Stat) +0.10 (Syst) MeV/C
s 25 ;
S 2011 -
o e e [0y ey X B(X = J/pa'nT)=4.74£1.10=1.01nb
st I X(3872).. |
10 b e 2350_ LHCb Preliminary
_",.-r""d Ns =7 TeV §3°0 = BT — (29)K \f/Z : ;7"(1?0\} »
5— i =1 z ) ) pb
CMS Preliminary J. L dt =896 pb s F Yﬂ
0 R T I W Ly 2250
36 365 37 375 38 385 39 395 4 S u
m{JI¥ + 7°1) [GeV] F200
CMS 2010 production analysis 5.f Br—X(3872)K"
R Oy (3872) X B(X — J/y ~7T+J'L'_) 100 \
- + - sof—
Gw(ZS)XB(w%J/w””) JL e
_ 0087 + 0017 + 0009 gOO 550 600 650 700 750M(J/322n-)-M8(3?1p) MeQ\(/)O

Perform precise mass and angular measurements (in B*—X(3872)K*) with
2011 data. Determine JPC of the X(3872).



LHCb-CONF-2011-045

Search for the X(4140)

CDEF, arXiv:1101.6058

~ 10
Studies of other possible exotics are underway E’ 8 CDF
CDF reported observation of narrow structure, % "
X(4140), in the m(JAYK+K~)-m(J/ip) spectrum in §
Bt*—JhppK* events. £ 4
LHCb now has a large sample of these decays. T 2
% T L R R O B I B R < 0
E 60 LHCb ﬁl B+%J/IP¢K i m(,u*,u.'K*K: -m(u*u’) [GeV/
o preliminary || ~360 decays I ——
2 376 pb (c.f. 115 for - [ LHCb preliminary 376 pb-!
"E 40 CDF in6 fb-1) - < expected signal scaled
.g Y ;5L from CDF 39+9+6 i
o g | ;
-g 20(- . 5 | / M“
z | ‘ 1 o T fit 745 events i
E H uu L
59IOO 5200 5300 l5400. 5500 - 2,5-— I \ | M‘,l:-
M(J/p$K) [MeV] ;
LHCb does not confirm presence of X(4140). [ T

2.40 tension with CDF 1000 Ol T s 1400



ATLAS NPB 850 (2011) 387
CMS PAS BPH-10-015, arXiv:1106.4048
LHCb-CONF-2011-033

B production

B production studied with detached Jhp (ATLAS, CMS, LHCb), D+u tag (LHCD),
fully reconstructed JApX states (CMS, LHCDb) and (di)lepton tags (CMS).

= 10— —y T :
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10 3 J_ ......... -~ LHCb (2<y<4'5) = g E e e PYTHIA (MSEL 1, CTEQ6L1, Z2 tuning)
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5 Vs=7TeV Data R '?102 e e
B 1 o
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All measurements reasonably described by theory (FONLL, MC@NLO).
Quite an achievement !
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B fragmentation

LHCb-CONF-2011-028
LHCb arXiv:1106.4436
LHCb-CONF-2011-034

LHCb has measured the relative rates of B+, B, B, A,... using two approaches:

« Semi-leptonic analysis with D%uX, D+uX, D .uX, AuX

- Ratio of related hadronic modes e.g. B,—~D"K*, B,—~D n*
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Consistent results for B./B, fragmentation ratio, f./f,, therefore combine
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Necessary input for B4 branching ratio measurements, e.g. B,.—uu
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LHCb-CONF-2011-040

Enter the heavies... B, ...

LHCb has observed the decay B,—J/hprtn~x* for the first time

S 30 . .
2 LHCb
e 25 Preliminary
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s s i
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Enter the heavies...

A,...

ATLAS-CONF-2011-124
CMS DP-2011-007
LHCb-CONF-2011-036
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.and excited B states

5800 ) B
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LHCb takes exclusive B,—J/pK*, D,
D3x and combines them with a w or K
from the same primary vertex.

First observation of B*** modes.

Other modes already seen by CDF & DO
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LHCb-CONF-2011-042

The RICHness of “B—hh” (h=r, K, p)

Two-body charmless B decays are a central goal of LHCb physics.
Significant penguin diagrams provide an entry point for New Physics.

Rely on good performance of trigger and RICH detectors.;

5000/

5 541

52 53 54 5.

LHCDb preliminary

=

Deploy
RICH to
isolate
each
mode !

Inclusive spectrum,
nnt hypothesis
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Direct CPV in B—Kx Decays

LHCb-CONF-2011-042

Ultimate goal is to perform time-dependent study, particularly B,—KK: this will
enable New Physics sensitive measurement of y [e.g. Fleischer, PLB 459 (1999) 306]

First step: look for direct CPV in flavour specific final states

8
8
T

LHCb

nts / ( 0.02 GeV/c* )
&
8
T

8
8

LA}

-— e w RELIRINALY o
\s =7 TeV Data

K*r

LHCb
Preliminary

\s =7 TeV Data

K-t

B, ~K'n)

Existing world average

-0.098% 01

v‘ s o l
5 5.1 5.2 5.3 54 5.5 5.6 5.7 58
K*x invariant mass (GeV/c?)

1
5.1 5.2 5.3 5. 4 5. 5 5.6
* invariant mass (GeV/c )

|Acy(B, = K*7) =-0.088 £ 0.011(stat ) = 0.008(syst.)‘

Preliminary

e et U 2 -l
5 5.1 5.2 5.3 54 5 5 5.6 5.7 ? .8
K'=* invariant mass (GeV/c?)

LHCb
Preliminary
Vs =7 TeV Data

5.1 5.2 5.3 5 4 5.5 5.6 5.7 ; 8
7 invariant mass (GeV/c®)

Most precise single
measurement and first
50 observation of CPV
at a hadron machine !

CDF result:
Acp(B,—~ 7'K)=039=0.17

‘ACP(BS — .7'L’+K_) =0.27 +0.08(star.) = 0.02(syst.) ‘

First evidence for
CPV in B, decays !
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The next challenge: the measurement ofy

CKM is a tour de force...progress needs improved K 4
knowledge of angle y (a.k.a. ). : 3 B

0.5

_(68*7)°  EPS 2011 = oo - ¥
Y ( _14) CKMfitter group P 4 ;
Look in B+—DK* decays using common mode for D  «F .
and DO' '1'51_ol IEIPSI-‘;Isl B lolol - Io.lsl . 11lol | :;J; 95;0
p
— vy via interference. Favoured 7 Suppressed —
NA“"<: & ! "2
S —_
— different rates for B* & B~ b c B‘b %
(CPVI) B _ D" 3 .
u u
u K-
Time integrated methods:
D’ - K'K" CP eigenstate “GL
D" —K'm suppressed D° & favoured D° “ADS”
D’ — K n*x~ Dalitz analysis “GGSZ”

Time dependent analysis: B =D n*, B,—DK"



LHCb-CONF-2011-044

Evidence for suppressed ADS mode

Signal seen with 4.00 significance, & hint of
asymmetry, consistent with previous results

Events /( 20 MeV/c"2)

B LHCDb Preliminary

25
‘ -1
’ 343 pb
20F e
+ e +

15 B_ — (K+ m= )K_
10—

5— 4- .{/ _L
01— | R P Yo v o | l'l‘;"fl~ [ eesagen i Modod Jlal o ol 'III e 11 ||
5100 5200 5300 5400 5500 5600 5700

m(B) (MeV/c"2)

Ratio to favoured mode:

IRDX = (1.66+0.39+0.24)x 107

ADS

World average

+ )
(without LHCD) (1 6+ 0-3) x10

B- - (K*m)K-

LHCD Preliminary

Events / ( 7 MeV/c?)

..........

g 5600-___—
m(B) MeV/c )

B* —>(K"IT )K+
g LHCD Preliminary
% 15| Hpbr
=
sl ||
g |
Q)
T 0 i
m(B) (MeV/c?)
Asymmetry:
DK
[APX 22039 +0.17+0.02]
World average
9 _0.58+0.21

(without LHCD)
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y from B,—D_K

LHCb-CONF-2011-057

y can be extracted from time-evolution of B,—DK decays.
First step : establish signals and measure branching fraction

)

Events 7 ( 14 MeVie®

magnet down

- Hl= DK
[0 A A
W&o
Wik
B0
W0
. 5',‘—: D'p
Os-opx™
B&- ok
O&-opx
Wi ok
[:] Conbinatorial

s 0 580 58 S6v) s

Maxs (MeVic)

Events 7 ( 14 MeVic?)

magnet up

LINCD PaeXwdnary

Magnet up
N =195+ 18

-=Bi—= 'K
Bs-pl k™
Bsi-nlp
Bs - K
.Bfi—’ D
.,\__, DI:“P.
.Bti—’ np
Os'= k™
Bs'— 'k
[OB!—= b
Be- ok
D Combinatorial

f

ARNY] g “Sn N0 ST 50

Mass |'A‘Ir1v7<':)

§r="m

E

B, D] K*|=(1.97+0.18(stat) " {3

(syst) “o10(fs/fa)|x 107

Expect to measure y with an error of 5° with 2011/2012 data
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LHCb-CONF-2011-050

B, Mixing

Matter-antimatter oscillations are governed by

. ) v T S ¢ t Vis s
l l 0 0
J(a a M11_5rl1 MIZ_EFH a BL,H>=p‘B >iq‘B> - NP ?
iln) = b) " i i |lp b " s
l‘ % %
M12 _Erlz Mzz —Erzz Am = my, —m, = 2M12 T - Tt

Flavour of B hadron at production is tagged by sign of u, e, K and charge of
tracks from other B hadron in event (OST) and by K from same side (SST).

0.4 x
< | OST+SST LHCb preliminary

Ns=7TeV

i SST LHCb preliminary

Amlx

341 pb™
\Ns=7TeV

" " l lllllllllll 1 A A l " 'S A l A o " l L L L L L L 1 l L L L | L L l | 1 l 'S 'S 1 l 1 | | l
4% 005 01 015 02 025 03 035 4% 005 01 015 02 _ 025 03 _ 035
t modulo 2n / Am_[ ps ] t modulo 2n/ Am_ [ ps ]

Worlds best measurement  |Am_=17.725+0.041=0.026 ps’
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LHCb-CONF-2011-038

CPV in B4 Mixing: Controlling Penguins

B,—JYK;, is the “golden”™ mode to measure the B, mixing phase ¢,

NLO+NP - 0, =2B+A¢,(a,0,y)+¢)" Fleischer et al, PRD 79 014030
(;
penguin amplitude, stron&phase, weak phase

To search for NP need to control unruly penguins with B;—J/hpK, + Uspin.

Also possible to measure angle vy De Bruyn, Fleischer, Koppenburg, EPJ C70 1025.
i IL?'r-le(I:ilr)nina & i : Fl;':eﬁi?nina
:1 03 - Vs=7 TeVryData : 35 i \s=7 TeVryData
i) g 380 pb! b2 380 pb!
g | N=05:+13 g »
o | T = W 25
102

10

: : " & 0 ; L
5200 5300 5400 5500 5200 5300 5400 5500

mg mg

B(B, = J/YK,)
B(B, = J/yK)
CDF : 0.0405 = 0.0070(stat.) + 0.0041(syst.) = 0.005(f_ /f, ) 30/54

=0.0378 £0.0058 (stat.) + 0.0020 (syst.) = 0.003(fS / fd)




CPV in B, Mixing : B,—J/p¢

Study the CP violation in interference between mixing and decay in B;—J/hp¢

o B — 2 e
CP violating phase G, =0, +2¢, j
In the Standard Model ¢, is well determined ;’KBE —9D
b Vi t Ve e \"l Wy
b ./ | .'I
? A 1 P
B, WI—\]P - W+ B, B w "ﬂ{
”—ﬁ—\\ N
SVE 8 Ve b ~*
o' =—2arg(V,V,)=-28, ¢y =—2arg(V,V,,) =0
|95 = -0.03630.0017 rad|

Possible NP can modify the phase ¢, = (l)fM + A(P;VP

Since the decay is P—VV, the final state is a superposition of different CP
states; the measurement requires a complex tagged, time-dependent,

angular analysis.
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Current status of ¢, from CDF&DO

Constraints in (AL, ¢¢) plane

0.6}

< 0.2}
0

— 0.0
02

-0.4f
-0.6}

0.4f

CDF Run Il Preliminary L=521fb"

| | — 95% CL
| — 68% CL
. : —— SM prediction

. : SM p-value = 44%

- !CDF Public Note 10206

-2 0 2
¢]/"? = -2 (rad)

B,—>J/po

DO Run ll, 8 fb™

Preliminary

—04

AM, [ 17.77 =+ 0.12 ps™*

/)]
£0.2
N
< O “ewdl
——90% CL
-0.2F —o95%CL
_04F.. SMpvalue=30% ~
-3 -2 -1 0 1 2 3
o7V (rad)
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LHCb-CONF-2011-049

LHCDb essential ingredients to measure ¢,

B.—J/p¢ signal Excellent proper time resolution
s 1800p——T————T————— A
LHCb prelimina ! s
%1600 N=8276 & 96 \\a= 770, L-ss7po g 10° LHCb Preliminary
o 1400 L=337 pb- = S \s =7 TeV, L = 337 pb'
€ 1200 = £
= 2 it [
g 1000 .
W g00 - -
600 = 1 Measure using
400 = . prompt JAp
200} - e 0,~90 fs
5,0 0 sa00 S T R T R
B, mass [MeV] 0.6
_ - LHCb
s Prelimina
Flavour tagging i NI
OST, calibrate using “as *;
B*—JhpK* from osf-
calibration
0.2
Tagging power it
D2=(2.08+0.41)% S
%01 02 03 04 05 06
lepton taggers 5 . M.
AR Wyagfrom tagging algorithm

Resolution and tagging included in fit — no systematic
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ATLAS-CONF-2011-092
CMS arXiv:1106.4048v1

B, —>JApg

ATLAS & CMS are also entering the game...
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LHCb-CONF-2011-049

LHCDb 2011 measurement of ¢,

B.—=Jpo

Standard Model

(Lenz, Nierste : arXiv:1102.4274)

‘:_; 02:_ I_LHCb .Prelimi:\ary ' l l
& ': Ns=7TeV,L=337pb"! /' i
=k i .
DY | =
0:_ V—OB%C.L. (stat.+sysl.)_:
| o
ok IO\ g
a \ .
- N4 .
_0.2- Tl .
p | | I P
-4 2 0 -
0" * [rad]
, First point estimate
(,-"):!/’*"‘»” = 0.13 &£ 0.18 (stat) £ 0.07 (sys) rad, of ¢ P
L, = 0.656 £ 0.009 (stat) + 0.008 (sys) ps~ ', - i » 40)
: . Irst evidence (40
AT — )¢ 29 (stat, 1
AT, 0.123 + 0.029 (stat) £ 0.008 (sys) ps~ ', for AT.>0
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LHCb & CDF & DO Comparison

04

B,—>Jhpo

Preliminary results overlaid [] Do 8fb”
— 68% CL [] CDF 5.2fb"
T 95%CL [] LHCb 03fb
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LHCb-CONF-2011-051

" LHCb
Preliminary
\/s =7 TeV Data

C 400
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LHCb-CONF-2011-051

B.—J/yf,

Maximum likelihood fit to signal+background time+mass distributions
Use I'y and ATI" (+correlation) from B,—J/hp¢ analysis

s T T v T T L] e L L L L L L L L L
2 160 LHCb %4E | HCb .
2 Preliminary 03 Prelimi .
~ \s =7 TeV Data = reliminary =
5 120 2~ 02E\s =7 TeV Data E
= D 01 3
5 wf g o :
@ g0 -" (* OF =
] < 04F =

60 : = =

- * 02 —68%C.L. -

56 03 --90%C.L.

| S0 — . 04 95% C.L.

0 5 10 -0.5‘1'-_11-'-- I

proper time (ps)

7"/ =—0.44 +0.44 £ 0.2 rad

S




LHCDb ¢, combined prelim. result

Simultaneous fit to both data sets taking all common parameters and
correlations into account. Use largest systematic error.

— T T T T T T T T T L 0'5 :I L o e L B =
"0 LHC Preliminary . 0.4F- =
a 02 \s=7TeV, L-337 pb! 7"‘\ r - LHCDb =
rz]”’ ( \ ] 35 Preliminary E
0.1 Wi ] & %%EVs=7TeVData E
~..-_‘0' - w :_ _:
] K4 0.1F -
0 e 88% C.L. (stat. + syst) _- [_‘w 0 E_ _':'
B RU--LUTN —— 90% C.L. (stat. + syst) : <] -0.1 :_ _:
" :./ \"“ === 05%CL. (stat. +syst) ™= E E
-0.1= \ }i = -0.2F —68% C.L.
- ENs . 0.3F --90%C.L.
02 = ] — 95% C.L. 3
- | . . . | . ; . | . . I E...l.... ..E

-4 ) 0 - -0.5 -4 0 1

0, [rad]

¢, =0.03=0.16=0.07 rad

¢ =-0.0363")01s rad  CKMFitter group: arXiv:1106.4041

LHCDb also has measured CPV in B penguins: B;—¢¢  LHCb-CONF-2011-052 .
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Rare B Decays

Some interesting examples of rare B decays; all b—s transitions

Vib W™ Vi . - Vu,_ _V:___Vts s _ [The
SM N . 2
b —p : - i
MSSM n\‘<“
Chargino loop o
Neutralino loop
Br (SM) Large theoretical uncertainties (3 2+ 0.2) x 107
Br(exp. (5.771357)x107 (1055918)x 10 <43x10” 95%cl.
pre-LHC)

v polarization angular distributions Branching ratio
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B, — ¢y and B; — K*y

LHCb-CONF-2011-055

The measurement of b—sy provides one of the strongest
constraints in MSSM.

LHCD reconstructs exclusive decays with broader signal 3.
peak (compared to all-charged final states); implies more = §f

N
N
\
\
N
N
N
|
1
N

N
\
.
N

N

work on backgrounds (B4 — K*n %, B,—~ K'ete, o |
e ’ i
B,— K*x~y and cross-feed) e e
m, [GeV]
— T r r v T v Y v v T r v T T T — 80 Y r v T r Y T T v r T r
& 500 LHCb Preliminary N = 1796 = 69 o 3 LHCb Preliminary Ny, = 24126
] \s=7 TeV fl_=340.1 pb’ P = 5278 + 5 MeV/c? = 70 V=7 TeV J]_=340.1 pb. My, = 5365 MeV/c?
%’ 400 ko = 153 = 6 MeV/c’ -: ‘2 60 D, = 152 + 15 MeV/c?
g ._ : S 50
w300 : - w
: 40
200 e § 3 30 :
................ 3 20
100 e TS =4  _ F $B$Zz 0 % =
o B ag=*"a " " A " L A A " A 1 : A A P A A A A " " "
4500 5000 5500 6000 5000 5500 6000
M(Kxy) (MeV/c?) M(K*K'y) (MeV/c?)

BBI=d) - 1.52 = 0.14(stat) £ 0.10(syst) £ 0.12(f,/ fa)

Next : Measure CP asymmetries and y polarization

Expect 1.0+0.2
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B, =K*uu

B,—~K*uu decays are very sensitive to the presence of NP.

Described by three angles (6,, ¢, 6, ) and uu invariant mass (g?)

Angular distributions (1D) ‘-

1 d?T 3 . S “ &
- , - = —Frcos® O + —(1 — F1)(1 — cos” Ok
['deosfrdg® 2 W et —1( L)1 = cos”Ox) \
1 d°T 3 B s o D . 5
— = ZF;(1—=cos?6,) + =(1 — F)(1 + cos®8,) + Appcosb,
['dcosfedg? 4 a 2 8( 20 ) o [ \
b —p —— > S b b --.A--- S b -__/\7.10-_ S b —p l‘
ey, ¥

Chargino loop Neutralino loop



B, =K*uu

Results from B-factories and CDF show intriguing behaviour in Acg at low g2

RN e CDF Run Il Preliminary L=6.8fb"!
i iz g2 I
i 45 < | ( ) B” — K u*w
E —z § 15_ a # Data -
5 ‘\\\;«83 - CDF: omom R
5 i 1 ~164 K*pp events <
‘,v'")\—f é - 5
............................. -.1‘—-,‘:“,1,.._5 0'5 # % g
16 18 20 [ T o
q2 (GeV2/c?) 21 o / o
1 ,;j -0.5;
! Belle: ~250 K*I*I- events = S T N
205 ) | + « 02 46 8 101214 16 18
i [T —oy B S q?2 (GeVZ/c?)
Al_ &)
0k 1 = o
| SM T = Precision too low yet to
0 2 4 6 8 10 12 14 16 18 20~ speak of an “anomaly”
o4(GeV2c?)
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B, =K*uu at LHCDb

LHCb-CONF-2011-038

Select events using a Boosted Decision Tree from a sample of 309 pb-.

Veto decays in JAp and y(2S) regions
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Measure in 6 g2 bins
 Differential branching fraction
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* Longitudinal polarization, F, ]_/
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« Forward-backward asymmetry, A

3 LHCb

g_ Preliminary

_ 'V 302120 signal evts

- | | after mass cut
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Simultaneous fit of 1D projections
of helicity angles of kaon and muon

Performance of fit validated on
MC and B, —=J/pK* decays

45/54



LHCb-CONF-2011-038

B, =K*uu at LHCDb

Systematic uncertainties are small and generally statistics limited

Theory #iBinned theory

Theory " Binned theory ~e-LHCb

- TTeTTTTTT T T T T T T T T T T T T T Y

-o-HCb S LHCb -
E T T 1 3 T T T T T T 1 T T T T T L 5 L 4 T : Pre“minary :
< : *— ]

0.5 i
0.5

5 |
il -:

4

Illllllll
lllllllllllllllll
o
(4}

a

0 15 20
q? [GeV?/ ¢4
. S —
= ‘% LHCb
- 10) Preliminary
05k LHCb ©
- Preliminary v | ]
i 2 2 2 L l s ' B L l 'l 'l 4 il l ' (§~ 05_% + h_
0 5 10 15 20 3 f
q*[GeV¥c  f

15 20
g% [GeV?¥/c*]

Data are consistent with predictions at present sensitivity

Next : Determine A.g crossing-point: sensitive to NP, cleanly predicted in SM
Study other observables, e.g. A{?) sensitive to RH currents
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B—utu~

Very rare and golden FCNC b—d,s transition

B— wrw 3.2+0.2 109
BO— - 0.10 £ 0.01 10

A.J.Buras: arXiv:1012.1447
E. Gamiz et al: Phys.Rev.D 80 (2009) 014503

Strong enhancements in MSSM B(BS — M*y‘) e

Experiment Data Upper Limit

By — (95% C.L.)
Spring 2011 | cpr 37f7! <4.3x108
DO 611" <5.1x10%
LHCb 36 pb! <56 x10%

Recent exciting hint from CDF (7 fb1)
B(Bs — ‘u,+‘u") =1.8% x107°
arXiv:1107.2304
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04

' B 2 Aol 3
10F (98 SM-like I® zf

09100 200 300 400 500 600 700 800 9001000 °
M, [GeV/c?]
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CMS search for B—u*u-

Dimuon trigger at L1 & track information
added in HLT

Cut based analysis: optimised on MC and

verified on data using B* —=JhpK* & B, —=Jhp

prior to unblinding

CMS 2011, 1.14 ™", Prellmlnary

T

||||||||||||||||||
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. IH\.'S 7TeV | 2 \.'—sl 7Tev ]

Barrel H B*— J/WK g I Endcap + J/LI)KJ'

L / } bothp: | 3 ap0f m one Y: ]

[l mi<i4 ] 3 ¢ ﬁ  np>14 ]

L f 1 - % - { h 1

| 1 § 200 P .

. S A ]

- | - V]

;KJ *{ | i g |
R \ [ ¥y

551 52 53 b4 55 56 551 52 53 54 55 56

m,. [GeV]

Mk [GeV]

3 faem— Selection variables well described by simulation
1000+ | isolation 3
_ o Efficiency of variables g2 M e
potentially sensitive to £ | =105
ST iz pile-up (e.q. isolation, it .
T Ej.;;;“ flight length) checked | e 95
8 8 5 o~ | ondata Gshe 6 & % & 4-
Excellent stability -
observed — good news 9 £ JRK*
. | for higher luminosity ! T e 0 1
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LHCb-CONF-2011-037

LHCb search for B—utu-

Signal and background events are discriminated using a 2D likelihood:
Boosted Decision Tree (BDT) and invariant mass

L=300 pb-’
“‘{)4800 > EPES LAEES RES A  ER AR BOE Sy R ALY BEA ERR A RAERE RLRD
> = 1—0—— -
g i
R} e —
~_::5000 s - -
E'“ - L IEY I e TR " . 0-10-1E_ & : -l
5200 s =, F o e e e e e e e e e e = E W Signa
5, ot E =
. e e B 5 O Background 1
5400 [ il SN SN SO TR 10°E =k 7
5600 *e s i 10°F —_— -
LHCb - LHCb o
Preliminary C Preliminary — 00—
5800 * 1) T FUEY P PRI PRSP FETI PR P e
0 01 02 03 04 05 06 07 08 09 1
| b il o | BDT
06 07 08 09 1
BDT

BDT trained on MC and calibrated on B —h+h~ (signal) & sidebands (bkgd)
Mass scale and resolution calibrated from data (uu resonances & B —h+h-)
Normalization using B* —=J/pK*, B, —=Jhpd & By —Kn and LHCb result for f /f,

49/54



LHC search for B—u*u-

CMS, 1.14 fb” Vs=7TeV CMS.1.14f" Vs =7Tev 0 . i
> [ o LA [T | 1 4 L y L v L
[0} 500 @ P o ° PY =
o 2r Barrel § Endcap | “ L
al 3
2 — B signal window B signal window 30 LHCb :
P | B signal window b1 B signal window 200 Preliminary =
Q 100f Vs=7Tev E
o ]
o : .
T 5300 5350 5400
< m, (MeV/c?)
[\ L
o T = = M 2
3 0.5<BDT<0.75 =
il h— 3
= - 2 :
1. =]
I ool I e A M 1 I 1 T I o TR 3
5 52 54 56 58 5 52 54 56 58 o 3
m,, [GeV] m,, [GeV] :

Calculate upper limits using frequentist ©
CLg approach.
Experiment DEF:] Upper Limit
(95% C.L.)
CMS 1.14 fb-? <1.9x 108
LHCDb 0.34 fb" <1.5x10%8
(2011+2010)

5400
m, (MeV/c?)

CMS-BPH-11-002
LHCb-CONF-2011-037

0.25<BDT<0.5

el

—_——
—
——
e
e —
P —
Lol

i1

5350

5400
m,,(MeV/c?)

expected limit
background + SM signal

observed limit

I AN N B A
LHCb

Preliminary

L=300 pb"!

Expected
bkgd+SM signal

IlIl|IIII|IlII|IIII|IIII|IIII |IIIIIIIII|II1

1 1.2

1.4

1.6 1.8 2 2.2

B(B, ") [107]
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CMS: Bs— pp?

CMS Experiment at the LHC, CERN

Datarecorded: 2011-Jun-28 09:47:55.087407 GMT(04:47:55 CDT)
Run/Event: 167898 /1773682763




LHCb B,—utu=?

m,, =5.357 GeV
BDT=0.90
Decay length =11.5 mm

Tracks shown for py > 0.5 GeV

14.6.201 1 18:57:08
Run 93593 Event | 179897868 bld | 140 ‘\

ssk 0.75<BDT<1

2300 5350 5400
M, (MeV/c?) 13




LHCb-CONF-2011-047

CMS+LHCDb Bepﬁu— Combined Limit ¢cws pasBpH-11-019

A preliminary CMS-LHCb combination on B(B,—~u*u") has been performed,

again using the CLg approach, & taking the LHCb value of f /f;as common
input. -

T Ll T T T | T T L

CMS + LHC z
preliminary

=l |
W)
Observed limit K
08

= Observed

B8 Expected %10 i
(background + SM) ]

B(B,—utu) < 1.08 x 108 95% C.L. | os |

04

A BR of 1.8 x 10-8 has a CLg value -
of ~0.3% “F

.................

_____________________

0 5 10 15
BR(B? — pp) [107]

The 95% C.L. limit is still 3.4 times the expected SM value, still plenty of room
for New Physics....
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Summary

« Flavour physics @ LHC has evolved very qwckly in the Iast 18 months
— From start of data-taking... B | I
. to initial observations of e [
well-known modes.... ) 5

; (I 257 R et s o

. to benchmark measurements. _ |
a 0.2;- /,\\ 4
. H 0.15— [ /\ -
* No signs of New Physics yet... i

= int

0.15— \ ! -
« ... but we have only just started and there is a lot to do. “’ i ;
6 * [rad]

In particular, LHCb is expects 1 fb-! by end of 2011 and
5fb-1 by 2017, followed by an upgrade to collect 5fb-"
per year

Flavour physics is now at the forefront of a new era of
discoveries (?) and precision measurements

Exciting times ahead !

ﬁ—F

LHCb _'
Prellmlnary ]

20
[GeV 2/c)

CMS +LHCb 7]
preliminary ]
=== Observed ]
B Expected + 10 ]
(background +SM) ]

CLy

10 15
BR(BY —pp) [107]
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High multiplicity events

A big challenge for the detector operation ;
trigger, reconstruction and analysis.

High track multiplicity and many vertices.

Design : L=2x10%? cm~2 s,
n,=2600, <u>~0.4
2010 : L=1.6x10%?cm=?sT,
n,=344, u.,=2.7 (6x expected!)

o

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1250 1300 1350 1400 1450
LHC Fill Number

Also very useful to gauge
LHCb upgrade performance

Run 79646 Event 143858637 bld 19




LHCDb Particle Identification

LHCDb data
(preliminary)

pion r&‘ , -

A

RICH 1

. Kaon ring
u\/
J

LHCDb data
(preliminary)

———— Without PID T————— P
. LHCh 3 §
F  Preliminary : o
450 GeV Data . =
- . ©
- = 9
o— KK
3 [
o >
— w
El " N " " N " N | 2 N 1 "

980 1000 1020 1040 1060

my (MeV/c?)

With PID :

140 T T T T T T T T T T T
LHC) 6, = 1.75 + 0.32 MeV
120 preliminar
y m, = 1019.61+ 0.22 MeV
100 450 GeV Data
Ny, = 574.4  35.5
80
60
40
20
0 . = A M — M B
980 1000 1020 1040 1060

my, (MeV/c?)




B Mass and Lifetime

LHCb has excellent mass resolution (6-10 MeV/c?) and proper time resolution
(~50 fs)

LHCb-CONF-2011-027 ~ LHCb-CONF-2011-001
T a 0 LHCb
F Lic B;) — J/'l/} ¢E ] BS g J/I/J ¢ Preliminary
300 Prelimin o -1 . e 10 ) \'s =7 TeV Data
- \/s =7 TeV Data L =34.5 pb - : E'_-.
250 N, =81923I — ‘UE’ :
- M = 5366.93% 028 MeV/c® 3 o L3
200 oy 7025 MeVIE 3 w 1oL
1503— _f ;
1005— —E 1 ;_
o E : N
5300 5450“: 10
InJ/lp ¢ (before ¢ bias correction) [MCV/C ] J/wq) proper time (pS)
Channel LHCb Mass, stat and sys (MeV/c2) | PDG (MeV/c?)
B*—J//pK* 5279.27 £ 0.11 £ 0.19 5279.17 £ 0.29
BO—J//yK® | 5279.54 +0.15+ 0.15 5279.50 + 0.30 Worlds best B mass
BO—J//yK, 5279.61 £0.29 £ 0.20 measurements! (except BC)
B—J//wo 5366.60 + 0.28 + 0.20 5366.3 + 0.60
Ay—JlIIPA 5619.48 £ 0.70 £ 0.19 5620.2 +1.6
B.—J//ymt 6268.0+4.0+£0.5 6277 + 6




Production

utu~ mass spectrum demonstrates the excellent LHCb performance

LHCb Preliminary \'s =7 TeV
10" "y 2011 L=70 pb-
10°E
108% PO ¢ w(2S)
10’
Y(18, 28, 3S)

cand. (not corrected for efficiency)
)

10" = Efficiency uncorrected

2
IIIIH"| IIIII|H| IIIIIﬂ|] IIIIH"| IIIII|H| IIIIIﬂ|] IIIIH"| [T T

2 IIIIII| ] IIIIIII| ] IIIIIII|

10° ,
Data collected with a 1 10 m1(% ) [GeV/e?]
neural network data stream




Exotic states

X(3872) discovered in 2003 by Belle in X(3872) —JAhprn*n~ decays.
Since then observed in 4 experiments LHCb-CONF-2011-030
Nature still unclear

« tetraquark ?

« Bound DD molecule?

* M(1D) charmonium state?

CDF e

BaBar B" —e—

BaBar B’
DO

Belle

LHCb Preliminary
bV/e

—

PDG Average 3871.56 +0.22 e
—a
e

New average 3871.63 + 0.20

I3l86|7l I3I86I8I I3l86l9l I3'87‘0I I3I87I1' I3I87‘2I '3I87I3‘ I3;874
X(3872) mass [MeV/c]
- N n 2]  +0.14(stat)
My (3570 = 3871.96 = 0.46 (star) £ 0.10 (syst) MeV/c?| with 500 pb-




Central Exclusive Production

LHCb observes low-multiplicity events with large rapidity gaps.
Exclusive events have no backward tracks and only 2u (+1y) in forward region.

A @ 2010 Data

J / l/) — [l'l’+ ‘L’“_ ®  Background from 2010 Data
Signal from Starlight MC

140

120

LHCb

100 g
Preliminary

Number of events per 100 MeV
3

0 1 2 3 4 5
DiMuon Pt (GeV)

— _—1— ©® 2010Data T _ / L e 201io Dz:-?m uperChi
% % [ ‘)/‘)/ — ‘Lt+‘Ll/ @® Background from 2010 Data % C XC J w )/ : g:é? :rom :u:erz:ii xg
E : Signal from LPAIR MC E 50 __ ChiCZ from S.uperCI:liC MC
8 40 - > 8 E LHC.b . ChiC from Psi Starhghtillc
= - Y - & 40 Preliminary
S L <
g I LHCb > o> [ \s=7TeVData
o Preliminary > t 30F
- B > N
c L 1 | +/$ =7 TeV Data > u- g L
()] = - Y L
> 20 T_ % P - 20 XC1
e | | °
> F 3 g I XCO' |
& 1of g 10¢ )

B 3 C LT f
g i 4 - e
Z oF o

0 0.2 0.4 0.6 0.8 3.2 3.4 3.6 3.8

: 2
DiMuon Pt (GeV) ChiC Mass (GeV/c")



The first step to a measurement ot v

LHCb-CONF-2011-031

Measurement of RK* = B(B*—DK*)/ B( Bt—Dm%)

g +
B (KK)DJ'[ ,DLLK<4

~150 -

% LHCb Preliminary %

o >

z — 2

GLW 2w 4 B=Dm| :
£ 50 £

& &

0 5200 5400 5600 :
m(B) (MeV/cY)
B*—(Kn) n*,DLL <4

—000F L K -

Ry LHCb Preliminary L

¢ ¢

p= p=

e Z

ADS ™ =
g g

-

(favoured) &

0

5600
m(B) (MeV/c?)

| LHCb Preliminary

1%
(=

(=]

Events / ( 15 MeV/c?
1)

GGSZ

10

5200 5400

mRB ) (MeV/c?)

First y sensitive measurements

B*—*(KK)DK", DLL >4

L.=35.6 pb’

100

wn
(=3

LHCb Preliminary

RK/J‘L' —

CP+

(9.311.89+0.53)%]

m(B) (MeV/cY)
B*—(Kn) K*,DLL >4

Events / ( 15 MeV/c?)

LHCb Preliminary

RY™ = (6.30=0.38 +0.40)%]|

includes D° = K a*ta n*

5600 )
m(B) (MeV/c)

[

RK/J‘L’

LHCb Preliminary
K

= (125 = 1)%]

A

5200

0

3400%8) (Mevic?)

R, =148+031+0.12

ﬁ?P+

=0.07x0.18+0.07
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CP angle y

The CS decay B*—=DK*w*n Sufihich | wmin.w - FIFSt 7 T -
can also be used to g [Preliminary (& e PN J"' e
. » 40 : ; ]
determlne Y i T Lo gso ;::tt:l PDF
‘g . N T?tal A2 ] E . Signal only
. . = ; S i © 40 Cl Low Mass Back.;
First observation Mot b . B oo
20~ 3 . g
LHCb-CONF-2011-024 : { } B 2
r T . P
B =DK'm'm | B —-DK'mm._
5000 5200 5400 5000 5200 5400
Mass (MeV/c?) Mass (MeV/c?)
N§ . First LHCb
o Preliminary - .
© 10 Js=7TeV cat B.—DYK"* decays may be a potentially
= b —
S 8 : B — D°K* dangerous background for the
£ ‘ | measurement of y.
s [l i
> 1 1 . .
w9 5 First observation
2H 194 :
Y 5 S RENINSRINEAINVRING
oLL = . % = LHCb-CONF-2011-008

m(D°K"®) (GeV/c?)



B, CP Phase

The measurement of ¢ is non-trivial.

« B,—J//W¢ admixture of CP even/odd eigenstates
3 polarization amplitudes A, CPodd ! =1
A,,A, CPeven!=0,2
3 transversity angles Q={%,p,y}

« Signal event distribution

Flavour tagging Proper time resolution

1+4gD 1-gD

$(2.1.9) £e(1.Q)%| (A,t,9)+—2—sAtQ‘®R

Physics parameters A = (FS,AFS,

i A, 2’6|I’6u ¢S’Ams)

Constraint Am =17.77+0.12 ps™'
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CPV in B, Penguins: B,—¢¢

A powerful tool for demonstrating CP violation

— triple product asymmetries (T violation)
Gronau and Rosner, PLB 701(2011) 357 /

dT
dtdS)

o] Ao(t)[* - () + Ay ()1 - fo(Q) + |AL(E)* - fs()+
S(A) (1) AL(E)) - f4(2) + R(AG(2) A (2)) - f5()+
S(Ap(t)AL(?)) - f6(S2)

Q=(6,6,,)
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CPV in B, Penguins: B,—¢¢

A powerful tool for demonstrating CP violation

— triple product asymmetries (T violation)
Gronau and Rosner, PLB 701(2011) 357 /

Two observable
JAT triple products:

- f Ayt f: A () f
Tr7q <At )| - f1(Q) +| 1@ - f2() + AL - () + U sin2d

R (l) A, (t)) - f4(82) W)AII t)) - f5(€2)+ i V=sin(i(I))
3(- 12’3(’) AL(t)) fb(Q

Q=(6,6,,)

Asymmetries A,,A, =0 : CP Violation, due to difference in weak phase for
CP even/odd amplitudes — clear sign of NP
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CPV in B, Penguins:
N§ : LHCDb Preliminary

2 e 7Tev N=326219
Fup e L=340 pb?

5500

5600

Mass(¢po) (MeV/c?)

Measure A,,A, near ¢ mass

Result consistent with 0 and CDF

(both fluctuating to negative values)

Next: perform full angular analysis and

add B,—¢K*

vy,

w

LHCb-CONF-2011-052

|
g

~
= LHCb Preliminary
% 100~ \s=7TeV
@ [
80
60
40 T +++
% |A£, =-0.064 £ 0.057 £ 0.014|
o ———1 I
-0.4 0.2 0 0.2 0.4
U = cos(g)sin(¢)
o 120
= LHCDb Preliminary
£ 100F \'s = 7TeV
& [
! +
sof x
: | —
40

0

-1

CDF: arXiv:1107.4999

* [A,=-0.070+0.057=0.014]
=

—1

0.5 0 0.5 >
AU =-0.007+0.064 +0.018 V=sintd
A, =—0.120 % 0.064 £ 0.016

42/58



B.—K*K" Lifetime

Decay width difference between the heavy and light B states is sensitive to

New Physics

AT =T, =T, = AI">" cos ¢,

A single exponential fit to the B proper time
distribution gives an effective Ilfetlme measurement; -

B, is almost a pure light state.

With ~250 signal events, world’s best measurement

|7(B, > K*K™)=144020.096 0010 ps

— T T
E~ LHCb Preliminary, \'s =7 TeV

©
(=]

Ny, = 376
Hg_.kk = 5364.2+ 1.8 MeV
Op .k = 23.9= 1.8 MeV
fo Kk

= 0.667 = 0.037

Candidates per 16 MeV/c?

+ P P SRR B R 2
e, e

E

bl o 0 0 1 (e Y e T TN Y Y
5300 5400 5500 5600 5700

5800
Myk

Rate [Evt/0.30ps]

100

0.92 I[j lllustration of 7 x

o A 0,140 £ 0.020

1.00

measurement with 1% error

—180 =135 =90 —45 0 15 a0 135 180

o, [deg]
R.Fleischer, R.Knegjens, arXiv:1011.1096

©
=)
i

80
70
60—

50

40F
30
20

10

o_lll

T
E LHCb Preliminary, \'s = 7 TeV

LA L L L L B B L B
| —+— Data
— Fit
B;—KK
—— Background

LHCb-CONF-2011-018

0

asd 2. a L 3
6 8 10 12 14
proper time [ps]
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Lepton Flavour Violation

Search for B*—=K-u*tu* and Bt—=autu* u

o)
|

e AL=2 tranistion, strictly forbidden in B*
the Standard Model |

« Sterile Majorana neutrinos of mass
O(1 GeV/c?) enhance Br significantly

O

Observation

 <0.3(0.1) background events expected in T utut (K-utu*) mode
« Zero events observed in both signal regions and sidebands

B(B+ — K ‘wu*) <43x10°|  90% CL Publication
=36 pb'1 in preparation

B(B+ — J'L'_M+M+) <45x%x107°

A factor 40(30) improvement compared to previous best limits (CLEO)!
The limits are currently statistics limited, second publication later in the year.
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B, —K*uu current status

Theory " Binned theory
—-LHCb -+ CDF —I-BELLE —¥—-BaBar

ey
+.

m
L
<

LHCb .
Preliminary 1

N 110 PR T T 115 PR T T |
g2 [GeVZ/c“]
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Charge asymmetry Ag

DO : evidence for an anomalous like-sign dimuon charge asymmetry
DO Collaboration, arXiv:1106.6308

Measurement of the anomalous like-sign dimuon charge asymmetry with 9 fb~! of

pp collisions

V.M. Abazov,*® B. Abbott,”® B.S. A(‘,har‘\v“a,29 M. Adams,* T. Adams,*” G.D. Alexeev,*® G. Alkhazov,*’
A. Alton®,%! G. Alverson,® G.A. Alves,2 M. Aoki,*® M. Arov,”® A. Askew,?” B. Asman,*! O. Atramentov,

C. Avila,® J. BackusMayes.®" F. Badaud.'® L. Bagby.*® B. Baldin,*® D.V. Bandurin,*” S. Banerjee,?? E. Barberis,®’

P. Baringer,”® J. Barreto,® J.F. Bartlett,*® U. Bassler,'® V. Bazterra,*” S. Beale,® A. Bean,”® M. Begalli.?
M. Begel,”! C. Belanger-Champagne,*! L. Bellantoni,*® S.B. Beri,?” G. Bernardi,!” R. Bernhard.??

We present an updated measurement of the anomalous like-sign dimuon charge asymmetry A%
for semi-leptonic b-hadron decays in 9.0 fb™' of pp collisions recorded with the DO detector at
a center-of-mass energy of /s = 1.96 TeV at the Fermilab Tevatron collider. We obtain Ab =
(—0.787 £ 0.172 (stat) £ 0.093 (syst))%. This result differs by 3.9 standard deviations from the
prediction of the standard model and provides evidence for anomalously large C'P violation in semi-
leptonic neutral B decay. The dependence of the asymmetry on the muon impact parameter is
consistent with the hypothesis that it originates from semi-leptonic b-hadron decays.

| AL = (~0.787=0.172 £ 0.093) % |

AL(SM) = (-0.02805%:)%  3.90
s d
a, +a I
DO measure A" =—+I—F~ .

9 = [m—2
where a7 =Im

T 0.02

-0.02

-0.04 -

+ Standard Model

| B Factory W.A.
" | DO B.—uD X
W po A}

DO A} 95% C.L.

DO, 9.0 fb"!

SM

-0.04 -0.02

0 0(.’02
g
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Charge asymmetry Ag

LHCb is catching up with DO very quickly. % oo sw - Dat
S [ u¢msample — i
Reconstruct B, = D*u*v and B, — D;u’v 2™ A e '
e ; 10000

in 5 fb

5000+

A_LJ_\J!.'J.I-M\'}"-L\ leasleral ;l"'d I AR S |
0 0 18 1.9 2 21 2
LV} ((2a\/[~%)\
o, 20000 ————— — ,
-0.01 2 18000f. -HCP Preliminary O
r - = - s=7Te 3 1 ®
"W LHCb MC, 1{b™ o fTTTVEITRA 0.2 fb-
B R 5 16000  — Neutral .
'0.02 - LHCDb MC’ 0.1 ib-1.°" %14000: — Double-charged
L - 2 =
- D central value . : %12000: o
I No NP in B, -mixing . = [
-0.03 ¢ d g S 10000
- . 8000f
_Illlllll||0".ll I|I|l|l|l :
6000
-0002 -0001 0 0.01 [
d 4000}
a i
s d fs 2000f
I I

AAg(SM)z%=(o.oz1io.oo3)% e

KKz Mass - D! Mass / MeVc?
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L HCDb sensitivities

Type Observable Current LHCb | Upgrade Theory
precision | (5 fb~1) | (50 fb~!) | uncertainty
Gluonic S(B, — o) i 0.08 0.02 0.02
penguin S(Bs — K*K*0) - 0.07 0.02 < 0.02
S(B° — ¢K?) 0.17 0.15 0.03 0.02
B, mixing 28, (B, — /) 0.35 0.019 | 0.006 ~0.003
Right-handed S(B, — o) i 0.07 0.02 <0.01
currents A2 (B, — ¢) - 0.14 0.03 0.02
E/W AP (BY — K0t o) - 0.14 0.04 0.05
penguin so Apg(B® — K*u* ™) - 4% 1% ™%
Higgs B(Bs — ptu) - 30% 8% < 10%
penguin g((gj:ﬁz:g - . ~ 35% ~ 5%
Unitarity v (B — DM KX) ~ 20° ~ 4° 0.9° negligible
triangle v (Bs — D,K) - ~ 7° 1.5° negligible
angles B (BY— J/¢ KY) 1° 0.5° 0.2° negligible
Charm Ar 25x1073 | 2x107% | 4x107° -
CPV A¥(KK) — A% (rmr) |43 x 1073 | 4x107* | 8 x 107° -




