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Introduction:

- Flavour physics in the LHC era as a window for New Physics
- Intriguing anomalies in the Standard Model picture

LHC: a heavy quarks factory
The LHCb experiment:

key experimental ingredients for heavy flavour physics
measurements: status of the art

First results from LHCDb from 2010 run and
prospects for the 2011 run



Flavour Physics in the LHC era

Flavour physics has been so far a powerful probe to test the Standard
Model structure.

However the Standard Model cannot be the ultimate theory:

- it does not explain the hierarchy problem, the dark matter problem, the baryon asymmetry,
the mass pattern and mixing angles of quarks and leptons and it does not account for
gravitational interactions. In particular the baryon asymmetry and the neutrino mass

cannot be explained in the SM and are of a flavour physics nature.

The SM 1s likely the low-energy (~M,y) limit of a more fundamental
theory that involves new particles, symmetries and degrees of freedom
at higher energy scale.

Therefore the two key questions of particle physics today are:
1) which 1s the energy scale of new physics?

2) which is the symmetry structure of the new degrees of 2
freedom?



Flavour Physics 1in the LHC era

Two complementary ways to answer these two questions:

1) Direct searches in high-p; physics:

- look for real particles with specific signatures
(mostly ATLAS/CMS domain)

2) Indirect searches in flavour physics:
- look for virtual particles in loop processes ™
leading to observable deviations from SM

- can access higher energy scale
[see the effect earlier]

- can study the flavour structure of new couplings
[phases & amplitudes]



Flavour Physics 1in the LHC era

Two complementary ways to answer these two questions:

1) Direct searches in high-p; physics:

—> look for real particles with specific signatures e
(mostly ATLAS/CMS domain) . Viking
landing on
Mars

2) Indirect searches in flavour physics:
- look for virtual particles in loop processes

leading to observable deviations from SM Mars from Hubble.Space

- can access higher energy scale Telescope
[see the effect earlier]

- can study the flavour structure of new couplings
[phases & amplitudes]




The “Flavour” problem

However 1f NP 1s at the TeV scale to Mars from Hubble Space
solve the hierarchy problem - Telescope

eg reachable by ATLAS/CMS —

it must have a rather sophisticated flavour
structure to account for the absence of

unambiguous NP signals in FCNC transitions.
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Flavour Physics 1in the LHC era

Mars from Hubble Space
f

Telescope

—> High statistics and high resolution is
required (LHCb now, Belle-II & SuperB
tomorrow..) to understand the nature of these

anomalies.




“anomalies” 1n CKM fits

1) A(WK)= sin(2p) :

—> tension [2.6 6] between direct measurement and its predictions [gx & V ;]

~Non-SM phases in B, mixing?

A precise measurement of

v from tree processes and
improved precision in V
will show if there are new

: phases involved in B,

mixing processes. 7
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“anomalies” 1n CKM fits

1) A(wK)= sin(2P) :
—> tension [2.6 6] between direct measurement and its predictions [ex]
2) CPV in B, mixing:
mainly driven by same-charge dimuon asymmetry measured by DO
[3.2 ¢ discrepancy with SM|]

2 Non-SM phases 1n B, mixing?
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“anomalies” 1n CKM fits

1) A(wK)= sin(2P) :
—> tension [2.6 | between direct measurement and its predictions [ex]
2) CPV in B, mixing:
mainly driven by same-charge dimuon asymmetry measured by DO
[3.2 6 discrepancy with SM]

3) BR(B =2 tVv): 2 exp =(1.68 £ 0.31) 10 [Babar + Belle ‘10]
> SM = (0.79 = 0.07) 10-* [UTFit ’10]

— T
., Contribution of non-SM Higgs(es)?

longitudinal comp. of the W
.,
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extra tree-level contribution g, g,
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“anomalies” 1n CKM fits

1) A(wK)= sin(2P) :
—> tension [2.6 | between direct measurement and its predictions [ex]
2) CPV in B, mixing:
mainly driven by same-charge dimuon asymmetry measured by DO
[3.2 6 discrepancy with SM]

3) BR(B =2 tVv): 2 exp =(1.68 £ 0.31) 10 [Babar + Belle ‘10]
> SM = (0.79 = 0.07) 10-* [UTFit ’10]

Understanding these [and other] anomalies 1s the role of

Flavour Physics 1n the coming years.




Where to look for NP signals (@ LHCb?

1) NP contributions in Rare decays (FCNC processes)
- BR(B, 42 up), D2 pp
- forward-backward asymmetry in B;2K*pp
- non-SM photon polarization in exclusive b=>sy decays

2) NP contributions in CP violating decays:
a) 1n box diagrams :
- B, mixing phase with B,2J/y¢ (and B,2J/y 1)
- CP phase in D mixing

b) in penguin diagrams:
Compare two measurements of a given CP asymmetry,
in processes with and without penguins
—>any discrepancy is sign of New Physics

- sin(2f) from BY — JApK and sin(2f) from B? — ¢Kg
-y from B ;) = DK and y from B’—x'7"and B,—~K"K~
- Bs from B2 J/yo (f)) and B2 o@

3) LFV decays with muons in the final state: eg T2 uup

3
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Where to look for NP signals (@ LHCb?

___________ The editor s choice

-
-
-

1) NP contributions in Rare-decays (FCNC pr9<;'esses)

-
————
—

- BR(B, ;> pp), DI>pp Y

¢ /4
7 4

- forward-backward asymmetry in B;2>K* Mu”
- non-SM photon polarization in excluswe b’%,sy decays

/
/ /,

2) NP contributions in CP Vlolatmg deéays
a) 1n box diagrams : i 4
- B, mixing phase with B 93'/\|1cp (and B> J/y f,)
- CP phase in D mixing .

U
U
4
U

b) in penguin diagrams: Vi
Compare two measurgtnents of a given CP asymmetry,
in processes with and without penguins

—>any discrepancy-is sign of New Physics

- sm(2[3)‘{{rom BY — JApK, and sin(2) from B? — ¢Kg
-y from B, — DK and y from B"*—n"and B %K*K—
- Bs from B 9]/\|/cp (fo) and B2 3

3) LFV decays with muons in the final state: eg T2 uup
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2. LHC machine and LHCb detector performance

S X
The Hubble space telescope




LHC: the 2010 run and perspectives for 2011

= 2010 run @ Vs=7TeV - a “glorious” run:

L .. Increased x10/month, >90% L collected in 20 days!

pea
L.~ 42/38 pb! (delivered/recorded) with L ., ~1.6x10°? cm™ s°!

peak

Integl'ated L VS tlme [2011-01-19 06:00:08 ]

LHCb,o(pp~>bb @ 7 TeV)~ 300 ub ()
L~ 38 pb' > ~10"° bb-pairs produced
(B+’ Bd’ Bs’ /\b)

Babar+Belle @ Y (4S),

L~1.5ab'-> 1.5 10° bb pairs

:_ """ L] Delivered Lumi: 42.15

7
Recorded Lumi: 37.66 OCt, 30‘Bh
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Integrated Luminosity (1/pb)

Sept, 30th ’ produced (only B*, By)
& th

Mf?“ Ih 30 4/ (*) LHCb, Phys.Lett.B 694 (2010) 209
ole 3 e L A —

Days since 1 January 2010

-2011 run @ s =7 TeV — the close future:
LHC just resumed the operations
LHCb expects to collect 1 tb-!in 2011 9



[LHCb at the LHC
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LHCDb skills for Rare and CP-violating b- (and c-) decays:
3 Huge cross sections: o(pp=>bb(cc)X) @ 7 TeV ~ 300 pb (6 mb)

O Large acceptance ( bb are produced forward/backward):
LHCDb acceptance 1.9<n<4.9 (CDF: n|<I ; DO: n|<2; CMS/ATLAS:|n|<2.4)

O Large boost: > average flight distance of B mesons ~ 10 mm
-> A huge amount of very displaced b’s....... 10



- o(pp, inelastic ) @ Vs=7 TeV ~ 60 mb

- 80 tracks per event in ‘high’-pileup conditions (~2.5 pp interactions/Xing)
- only 1/200 event contains a b quark , and we are looking for
BR ~ 107 - 107
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> Our problem is clearly the background.l.1 .




1) Efficient trigger:

- to separate hadronic and leptonic final states from the HUGE
background

2) Good mass resolution & particle 1identification:

3) Excellent vertex resolution:
- to resolve fast Bs oscillations and separate signals from background

IR \\T\
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Lt

23.9.2010 19:49:24
Run 79646 Event 143858637 bld 19




1. LHCb Trigger

HLT1
HITl15s s Impact Parameter [software]
$ 5 Lifetime cuts
E
E 30kHz  Global reconstruction HLT?2
HLT2E N [software]
-

Exclusive selections

2 kHz on tape

Small event size (~60 kB) allows for
a large bandwidth—> relatively low
trigger thresholds = high efficiency

‘High-pt’ signals in

calorimeter & muon systems

Associate L0 signals with tracks,
especially those in VELO displaced
from PV

Full detector information available.
Inclusive signatures, augmented by
exclusive selections in key channels.

+ Global Event Cuts for events with high multiplicity

hadr. B lept. B

nominal L ~10% ~40%




Muon Triggers 1n 2010
(eg: B, 42 up & B2J/y @)

max 40 MHz : 1 l '
o I
9]
LO g L.O Single- u: pr> 1.4 GeV/c
max™ ., \iHz up: pr>0.48 GeV/e
P»>0.56 GeV/e
HLTls 5 HIT1  single-p: pr>0.8 GeV/c
£ - [P>0.11 mm
% 30kHz  Global reconstruction IPS>5
< o HIT?2  Several dimuon lines with
HLTZf ;E—,

M, cuts and/or displaced
vertex

2 kHz on tape

 Half of the bandwidth (~1 kHz) given to the muon lines

* pr cuts on muon lines kept very low = g(trigger for di-p channels) > 90%
* Trigger rather stable during the whole period (despite L increased by ~10°)




key ingredients for b- [c-]physics:
Vertex & IP resolutions

Crucial for time-dependent CP asymmetries: s, v, charm, ...
Crucial for tagging and background rejection.

Primary vertex resolutions

( 25 tracks): ATLAS [pum]

o(x) 60 20-40
o(y) 60 20-40
o(z) 100 40-60

IP resolution vs pT - ATLAS

IP resolution vs 1/pT - LHCb -
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= . 040x<8<050=x L=15nb"
70— 2010 Data _ 5, L . _ i
-~ Simulation .., o Data 2010 \JS =7 TeV measured
sol- *, + Data 2010 \/S = 7 TeV unfoided
- g 102 ’,,'- Dijet MC \Js =7 TeV truth —
- = - ® 4
so|- & o, ]
§L - i ) ??2"- i
a0 2. ]
- o(IP) ~50 um @ 2 GeV/c &
N e A .~ e
- LHCb VELO Internal I S S
2L 2010 Data: o = 14.4 + 19.5/p_pum e
& Simulation: o = 13.1 + 16.5/p_um 10 . _
o0 1L by I  ATLAS Prefiminary =~ | L
0 0.5 1 1.5 2

PR P R T T |
15, (cIGeV) 4x10" 1 2 34567 10 20 15



Candidates/(25 MeV/c?)

key ingredients for b- [c-]physics:
mass resolutions

The Y family: Y(1S), Y(2S), Y(3S)

800
700
600
500
400
300
200
100

&)

IIIIIII

LHCb

mean (18)= 94559+ 1.2 MeV/c?

Preliminary )
= 5e7Tev 6 (1S)= (46.8+1.2) MeVic
— Nyignat (1) = 3159+ 78
=5 J-L-4pb'1 Nignal (28) = 789+ 48
= Nignai (3S) = 405+ 39
gﬁ% Y (1S):
= %ﬁ}%ﬁ
= i o(data) ~ 46 MeV
3 ./t o (MC)~ 40 MeV
00 8500 9000 9500 10000 10500 11000 11500 12000

M(up*) (MeVic?)

p-resolution

0.02 GeV/c?)

300

B,2Kmn

LHCb
Preliminary
\s=7 TeV Data

u,= 52762+ 0.0010 GeV/c?
1, = 5.3612 = 0.0020 GeV/c’
o= 0.02300 + 0.00090 GeV/c’

o (data) ~ 23 MeV
o(MC) ~ 22 MeV

5.5
Invariant mass (GeV/c?)

5.6 5.7 5.8

Mass resolution
Jw=2un

op/p =0.4-0.6 %
opt/pt =1-3 %
opt/pt = 5-6 %

CMS
ATLAS

13 MeV
40 MeV
71 MeV
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key ingredients for b- [c-]physics:
RICH PID

Crucial for y from trees [B=>D K], charm physics and b-tagging:

N N Bl - BB - k'K B~ 'K WA, —~ B 5 - 3-body
'k i 3 b e . Combinatorial
Z600-LHCb No RICH - plot with 3 K
g Preliminary . 2
o 900+/s « 7 TeV Data TITT INAass hYpOtheSlS. 3
?m Width ~ 40 MeV P
Q
. i Monte Carlo

¥ 8

L~ 35pb”

s a3 3 la s s ba s lag

PERSE BTSN A B NN BN A AT A = - - Sestenan acae,
53 54 55 56 57 58 = qE===t -  — S aaa= =
lavariont mese (GOVAD %5~ 51 52 53 54 55 56 57 58
m m,_, (GeV/c?)
- ax
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key ingredients for b- [c-]physics:
RICH PID

Crucial for y from trees [B=>D K], charm physics and b-tagging:

B, 4> hh’ peak WITH RICH

. iaso;— -~
No RICH - plot with s Preliminary
S F Vs=7TeVData

it mass hypothesis. Szs0-

u, = 5.2762 2 0.0010 GoVic®
#, = 5.3612 2 0.0020 GoV/c’
o= 0.02300 + 0.00090 GoV/c*

HCb
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( 0.025 GeV/c? )
g

50048 « 7 TeV Data g E
S Width ~ 40 MeV Sao0 BO—Kn
£ 400 —_—
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200 : ot

Py z 5 N | PP BT ke
0557 52 53 54 85 56 &7 58
Invariant mass (GeV/c?)
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T Zoal
r=a @ 100—
uy= 52762 = 0.0010 GeV/c? $ 30:_ BS KK
140~ LHC ! w S
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8

o 8 &8 8 8

BO—Tmr
(BR=5x1041)

lllgll'S

O =51 52 53 54 55 58 57 58
Invariant mass (GeV/c*)

‘ 18

1 x 1 L | | 1
5.1 5.2 53 54 55 56 57 58
Invariant mass (GeV/c®)



We have all the arms to attack our core physics program:

3. First flavour physics results

c©

First images from the space:

“August 29, 1990: The Hubble Space Telescope
has resolved, to an unprecedented detail of 0.1
arcsecond, a mysterious elliptical ring of

material around the remnants of Supernova
1987A. “




Where to look for NP signals (@ LHCb?

- NP contributions in Rare decays:_____ . -—-------- The editor s choice
P
1) BR(Bs,deuu)’ D> up . (brand new result
2) forward-backward asymmetry in B2 K*pp presented in La Thuile

3) non-SM photon polarization in exclusive b=>sy decays 10 days ago)
arXiv:1103.2465

-NP contributions in CP violating decays: Submitted to Phys.Lett.B
1) in box diagrams :
- B, mixing phase with B,2>J/yo (and B, J/vy {)
- CP phase in D mixing

2) penguin diagrams:
Compare two measurements of a given CP asymmetry,
in processes with and without penguins
—>any discrepancy is sign of New Physics

- sin(2p) from BY — JApK and sin(2f) from B? — ¢Kg
-y from B ;) = DK and y from B’—x'n"and B,—~K"K~
- betas from Bsé.([)\pcp (f,) and B2 ¢ 19

-LFV decays with muons in the final state: eg T2 uupu

26



B, 4= up: the LHCb hunt for non-SM Higgs(es)

B 45 uu is the best way for LHCD to constrain the parameters of
the extended Higgs sector in MSSM, fully complementary to direct searches

Double suppressed decay: FCNC process and helicity suppressed:
—> very small in the Standard Model but very well predicted:

| Boprp= (3.2£0.2)x10? | | Baop'u= (1.0£0.1)x1010 |
Buras et al., arXiv:1007.5291
—> sensitive to New Physics contributions in the scalar/pseudo-scalar sector:

MSSM) o ( mbm#tan?:g )2

( cs.p MSSM, large tanf approximation 20




B, 4= uu: the LHCD hunt for non-SM Higgs(es)

tanf3 vs M, plane

£

Best fit contours 1n tanf} vs M,
plane in the NUHM1 model
[O. Buchmuller et al, arxiv:0907.5568]

<€

00 100 200 3p0 400 500 600 700 800 9001000 0
M, [GeV/c’]

So discovery contours for observing the heavy MSSM Higgs bosons H, A
in the three decay channels HLA-> 11t - jets (solid line), jet+p (dashed
line), Jet+e (dotted line) assuming 30-60 fb-! collected by CMS.
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B, 4= up: the LHCb hunt for non-SM Higgs(es)

tanf3 vs M, plan

e T e e e e N a T '

00100 200 300 400 500 600 700 800 9001000

M, [GeV/c’]

tanf} vs M, plane
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-
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30

20

10

M, [GeV/c?]

Regions compatible with
BR(B,~>pp) =2x103%, 1x103,5x10 and SM.

LHCb calculation using F. Mahmoudi, Superliso, arXiv: 08083144
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B, 4= up: current experimental results

Upper Limits on BR(B_—*1) at 95% C.L. at Tevatron

i 1 § i — SM (~3.610°)
e, I 1 4
10 7_:_5” ...... Dgal.ﬂ) ............... O CDF pub. 2fb" Exp.
- B i S R ® COF pub 2fb" Obs.
+1 : ""§ ..... : ."“-9._; /A CDF prel 3.7fb" Exp.
% = i T...A""""n.' ~.'"."°.-...__':"'~ A CDF prel 371" Obs
m . . . bkl »
e B C DF CDF’ 3.7 fb-l, ....... L D@ pub. 1316 Exp
% ; 25 years old B D2 pub. 1.315' Obs.
X" IO SRR S SN SRS [ S S5 S
10°F TN B T { D@ prel. 4815' Exp.
" X 0Bprel 8.1 Exp. |pr B 693,
= 1 % D2 prel 516" 0bs. |239 (2010)
1 1 ----- CDF projection
Integrated Luminosity [fb'] |- D2 projection

Limits from Tevatron @ 95% CL.:

CDF (~3.7 fb!): B¢ (By) = pu <43 (7.6) x10”° 73
DO (~6.1 fb!): B¢2pup <51x10~°




BM% uu: current experimental results

FJ

LHCDb,

10 months old
37 pb!

(33 pb'!
collected in
15 days!)

Upper Limits on BR(B —>p u )at 95% C.L. at Tevatron

J_;., ..... DQ6111)1 ............
SO A T SR
7 f AR T
@ CDF CDF, 3.7 b, .......
4 5 25 years old | @ ::
m10-8:_ ...................................................................................................
1

1
Integrated Luminosity [fb'q]
Limits from Tevatron @ 95% CL.:

» <o m o> D> e 0

SM (~3.610%)
CDF pub_ 2fb" Exp.

CODF pub. 2fb" Obs.

CDF prel 3.7fb" Exp.

COF prel 37fb" Obs
D@ pub. 1316 Exp
D@ pub. 1.315" Obs.
D@ prel. 4815 Exp.
D@ prel. 6.116" Exp
D2 pral. 6.1fb’ Obs.
CDF projection

D@ projection

PLB 693,
539 (2010)

CDF (~3.7 fb'!): Bg (B,) > pu < 43 (7.6) x10°

DO (~6.1 fb!): B¢2pup <51x10~°
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B, 42 np: analysis strategy

Soft selection:
- reduces the dataset to a manageable level

Discrimination between S and B via Mult1 Variate Discriminant
variable (GL) and Invariant Mass (IM)

- events in the sensitive region are classified in bins of a 2D plane
Invariant Mass and the GL variables

Normalization:

Convert the signal PDFs into a number of expected signal events by
normalizing to channels of known BR

Extraction of the limat:

- assign to each observed event a probability to be S+B or B-only as a function
of the BR(B, 42 pu) value; exclude (observe) the assumed BR value at a
given confidence level using the CLs binned method.

24



B, 4= up: soft selection

Soft selection:

(pairs of opposite charged muons with high quality tracks, making a common vertex very displaced
with respect to the PV and M, in the range [4769-5969] MeV/c?)

3) Rejects most of the background
> ~ 3000 background events
in the large mass range
4769-5969] MeV/c?
~ 300 background events in
the signal windows:

M(B; g+ 60 MeV

Events / ( 12 MeV/c?)

Ay
[ o] !", | .I
\ I ,,! ; ’

|

L]
im
/1
L]

Blinded region

g

Signal regions o - . ‘ |
blinded up to the analysis end ° 5000 5500

M,, (MeV/c?)



MuonlID performance & background composition

Performance measured with pure samples of J/y=2>pp, K. 2an, p2KK, A2p =

111\é[uonID efficiency vs p n > misidentification rate vs p
.§ " In the B, nu p range:; § 0.0sp In the B,>pp p range:
21.05F E :
£ 10 1 £ [ eh>p) ~(7.120.5) 107
Ef e ~071£13)% § _F ;

RN S 0045 s(hh->pp) ~ (3.5£0.9) 10

0.9F e Y E
0.85F Data 3 0.02L ¢ % Data
0.8} MC 3 : . MC _

. 0.01 3 -
0.75F - C ¢ . . I ]

2 ] - T | M
o7b——o t vy 13 c'_....|....|....|.‘..'.|i..§.'

0O 20 40 60 80 100 0 10000 20000 30000 40000 50000

Momentum (MeV/c) Momentum (MeV/c)

We are dominated by the bb>upX component
(double semi-leptonic decays and cascade processes)

fake+u ~ 10% and double fake ~0.3%
Peaking background (B>hh’) fully negligible 26

( <0.1 events 1n signal regions)




B. ;2 uu: Geometrical Likelihood (GL)

Our main background 1s combinatorial background from two real muons:

> reduce it by using Input Variables to the GL

variables related to the - vertex 1 it BIP -
g 005 3 S 0.06[- -
144 29 . = ol E I L 3
geometry” of the event: j I DAY :
(vertex, pointing, u IPS, lifetime, iy TR > =
mu-isolation) + Pt of the B I 1 feE
s % 1 E
Sorst || 3
' kelih M Fob il Iofeb] L ]
Geometrical Likelthood (MC) D wies A ffetime
103 s .. o_ 2Io "Iomin IPS (u u‘_s) . ‘:- 2 ¢ t(psis
3 Eo ] B
for . o q Ba
B isolation? &=
ETTTL

Variables are decorrelated and a

' Mult1 Variate Variable is built:

- flat for signal 77
—> peaked at zero for background




Geometrical Likelihood (GL)

Comparison with other Multivariate Techniques

(@)

L

rejection

0.998

0.996

0.994

0.992

0.99

0.988

o

(with the same set of variables)

GL: Rejection vs Efficiency profile
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B, 4= up - Measure the BR/Upper limit:
the CL, binned method

Geometrical Likelihood vs Mass
1AIAII|III|III|III|III|II!II|§III|III|III|III|III|II
. | ] LHCb
Bjmass negim} I
At . _;lﬁ

L1 1

1) Events are classified in 2D plane g

GL vs mass. — s

2) Signal regions are divided in bins:
and for each bin the compatibility 1s
computed with the:

- S+B hypothesis [CLg.g]

- B only hypothesis [CLg]

o
95}
5]
on]
¢
aQ
[
o
Ellllllllllllll

4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

M(u*,w) (MeV/c?)

- CLg= CLg,/CLg = compatibility with the signal hypothesis

- Used to compute the exclusion

- CLg = (in)compatibility with the background hypothesis

- Used for observation




B, 4= up - Measure the BR/Upper limit:
the CL, binned method

Geometrical Likelihood vs Mass

1IAII|III|III|III|III|II!II|EIII|III|III|III|III|II
L | i LHCb

0.8 4B £ mass negim}

0.7Ex4» . i AA

L1 1

-
O p.oF>

o
95}
5]
on]
¢
aQ
[
o
Ellllllllllllll

A A E
A
A A

o 1. B
TR |11 E
0584 M T E
0.4 EEE E
o1 =
- Expected background events: ' i

ALK

P,
_{4|

—> Use mass sidebands
4200 4400

- Expected signal events: M(u*40) (MeV/c?)
= Need PDFs (Mass and GL)

4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

and an absolute normalization
factor (for a given BR)
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B, 4= up: expected background in signal regions

Background GL 1n mass sidebands

Events/0.01

10?

10

The expected background events in signal regions are extracted
from a fit of the mass sidebands divided in GL bins

Invarlant mass 1n GL bins

e DATA
—— MC:bb—=uuX

[0.25-0.50] |
I[o 50-0. 75]I

o
o
—
o
N
o
w
o
~

[o 75-1.0]

events/ (

Events / ( 120 Mev/c")

100F

LHCb

%é* 30025}

1 1
5000 " 5500
M(u*w) (MeV/c?)

LHCb

[0.50-0.75]

Events / ( 120 MeV/c?)

4500 5000 5500 6000 6500

M(u*w) (MeV/c?)

Events / ( 60 MeV/c?)

1 1
5000 5500
M(u*w) (MeV/c?)

LHCbE
[0.75-1.0]

LILLlLLLLLg
5

1
4500 5000

500 6000 6500
M(u*w) (MeV/c?)

32



B, 4= up: expected background in signal regions

The expected background events in signal regions are extracted
from a fit of the mass sidebands divided in GL bins

Expected (observed) background Tromrart momes i O hine

events in B, ; mass regions

~ T 7] -~ [T T 7T

- 3
I LHCb 3
|
|

;IZH | 3
R M{H;
k- : :

Events / ( 60 MeV/c?)

0.0-0.25 ERPIBES R ARRE) IR NELNACRE))
0.25-0.50 RS IG) 8.3*L1 (8) A . e § LD 3
o 20 11 H o 3
8 1 [0.50-0.75f § ;
:’ 1 T 0.75'1.0 E
EEREY | 51041 . (1) | 1.85%45 (1) E ’ ii ! 3 [ ]—E

& 11 i

s I E
0.75 1.0 0'08+0 10—005 (O) O. 13+0 13'007 (O) 0 4500 5000 I.-Issoo 6000 650-0 o 45|oo 5000 I t‘{slolt')I . ‘LO%OI : J.(:75I050
M) (MeV/c?) M(u*) (MeV/c?)

1
5000 5500

00
M(u*) (MeV/c?) M(u*w) (MeV/c?)
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B, 42 up: Signal Invariant Mass calibration

1) Mass average values M(B,), M(B,)

Theramlly Y(IS) Y(ZS) Y(3S)

- from B,2K n & B,2>KK samples

: 3 9000 |mY < e fu0tase
2) Mass resolutions o(M(B,,)) from : Zao00 e fatiiey
- B>hh’ inclusive (noPID) sample: B M| o
- Interpolation from dimuon resonances &= L

—
o
>~ 2500
>
0 ;nnm; ; ; 1m:an|
s [ e
© 2000
[Tp] r —
Z 5 9 = %N, = 1.40052/3
«» 1500 =) c Const = 3.04 = 0.24
b= o 50 - Linear = 0.0044 = 0.0001
g E p=-0.89
I 1000 45
C 40
500 E
: \ st @ M(B
T TR TS SR A e e e T T 30
4%00 4900 5000 5100 5200 5300 5400 5500 5600 5700 I eee e ceemmccccsssmenaapfiammmaasanmnnassanmeeasssmenensssamennanann-
2 25
m,,, (MeV/c?) -

solution at mg

Iy, WSy

3000 4000 5000 6000 7000 8000 9000 10000 11000
mass (u* w) [MeV]

33

The two methods give compatible results:

o(M) =26.7 £ 0.9 MeV/c?
CDF (D0) : o(M) ~ 24 (120) MeV/c?




Events / ( 50 MeV/c?)

B. ;2 un: Geometrical Likelihood calibration

B-> hh’ sample is also used to calibrate the GL shape with data:
- identical topology
- use events triggered by the other b to avoid trigger bias

The GL signal shape is given by

120EX: bin 4 [0.75-1.0] the fractional yield of B->hh’ in each GL bin.

- 0551232/18 > |||||||\|
100 g phys: 60 +/- 23 = 1 E

g como? 167 +/- 30 'S & .
80 g E ! ! - [ | j
O A

r E 10 = . E
“r = signal 3
a0l 10_2|§_ 4
mf N = background 7

E et 3 S
5643002000 5100 5200 5300 400" 5300 2600570 10 = | 3

MeV/c? C g
o (TS - LHCb

GL shape for signal extracted from B> hh’ is flat as expected.
Systematic error dominated by the fit model.




B, 42 up: Normalization

* The signal PDFs can be translated into a number of expected
signal events by normalizing to a channel with known BR

BR — BR.. x e?ﬁc G(S:;EiLIRECG;FaIIUGISEL foad : NBQ—»uﬂF N
— cal — Bg-» +u—
SIgEC ;ELlRECezé{IGBEL f0 N ptp
Three different channels used:
1) BR(B*—=J/y(pn'p) K¥) = (5.98+0.22) 10 3.7% uncertainty

—> Similar trigger and PID. Tracking efficiency (+1 track) dominates the systematic
in the ratio of efficiencies. Needs fd/fs as input: 13% uncertainty

2) BRBs—J/y(n'n) o(K'’KY)) =(3.35£0.9) 10°  26% uncertainty
Similar trigger and PID. Tracking efficiency (+2 tracks) dominates the systematic

3) BR(B'—K™n) = (1.94+0.06) 105 3.1% uncertainty
Same topology in the final state. Different trigger dominate the syst. Needs fa/fs 35



Normalization Factors: breakdown

REC SEL|REC TRIG|SEX N
BR. €cal €cal cal % BY—utp~ — a X Nro
REC SEL|REC TRIG|SEL N Bi—ptp”
€ ig sig Esig cal
2 *
REC SEL|REC TRIG|SEL
C}';%E‘(Sﬁf’r‘m W Nnorm ABOspu+pu—  QABOpu+p-—
sig sig =g
(x1079) (x1079)
1 = * ’;-—-—-- ‘~‘
Bt - J/YKT] 598+0.22 0.49+0.02,° 0.96+0.05 [IQSGG +403] 8.4+13 2.27+£0.18
BS — J/Yod 3.4+09 0.25 &+ Q@é 0.96 4 0.05 760 i?l‘\ o 10.54+29 2.83+0.86
B 5 K+a— 1.94 + 0.06 0.82‘i‘0.06 0.072 £+ 0.010 578 £ 74 7”3‘51;18 1.99 = 0.40
L CDF, 3.7 fb'l, N(B*->J/{ K)~20000

We use fa/fs=3.71+0.47, a recent combination of LEP+Tevatron data by

HFAG, with 13% uncertainty, dominated by LEP measurements
http://www.slac.stanford.edu/xorg/hfag/osc/end 2009/#FRAC

The normalization with three different channels is equivalent to perform three

different analyses with different systematic uncertainties




Normalization Factors: breakdown

REC SEL|REC TRIG|SE

€ .ﬁd phﬁﬂ‘+-
BR cal “cal cal % s OHTH o X NBO_, L
REC SEL|REC TRIG|SEL N 0 putp
e . € . f BY cal
12 S1g S1g 8
REC SEL|REC TRIG|SEL
rln{)é'réxc;orm enol'm — Nnorm QBE_,“{»“— QBO—)[A+[1_
sig sig sig

(x1077)

(x1079) (x1079)

z—-&s

N

Bt = J/wK+] 598+0.220 049+0.02 7 0.96+0.05 %[12366 £403| 84+13 2.27+0.18

BY — J /o 3.4+0.9

BY 5 K+tg—

0.25 £ 0.02

g

1.94 + 0.06 | 70.82 + 0.06 ¢
Se -

~0.96 £ 0.05

Ratio of reconstruction and selection
efficiencies for B'2>K 7 is ~82%
(differences due different interaction
probability with material)

1
/( 760 £ 71 105+£29 2.83+0.86

-

‘=-H.--'.~
0.072 & 0.010 S\ 578 £ 74 73+ 1.8 1.99 +0.40
~ 4 A

\

&

Ratio of trigger efficiencies for
channels with J/y 1s close to 1

€ = e

Ratio of trigger efficiencies for B*>Kn
is low because B>Kn is required to be 37
triggered by the other b




Normalization: results

REC SEL|REC TRIG|SEL N
BR = BR A X €cal €cal cal X fca.l % Bl—ptu~ @( NBO N
= c s TTHTHT
EREC S-ELlRECG'I.‘R,IG|SEL fBg Nca.l

sig “sig sig ¢

REC SEL|REC TRIG|SEL

B S iRET FRReTSED Noorm | @Boptp-  QBo—sp+p-
sig sig sig
(x107%) (x1079) (x1079)
BT —» J/pKt 598+0.22 049+0.02 0.96+0.05 12366+403| 84+13 2.27+0.18
BY — J/vyé 344+09  0.25+0.02  0.96+0.05 760 + 71 10.5+29 2.83+0.86
BY 5 K+n— 1.944+0.06 0.82+0.06 0.072+0.010 578+74 734+ 1.8 1.99+0.40

The three normalization channels give compatible results:
- Weighted average accounting for correlated systematic uncertainties

» oy, = (86+1.1) x 1077,
apo_yuiu- = (2.24 £0.16) x 1077
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[Look 1nside the box....

.Ililll |I II| 1 |I II| 1 |II
LHCDb

B, search window

>

4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

| | M(u*,1) (MeV/c’)
1) count the events in the 4 GL bins and 6 mass bins,

2) compare observed events with the expected number 39
of signal and background events



Geometrical L}kelihood Bins

> )
. : - 0, 0.25 0.25, 0.5 0.5, 0.75 0.75, 1
B Exp. bkg. || 56.9%11 1.31+019 | 0.289+0076 |1 g7 +0.021
=60, —40]  gyp sig. §0.0076+09934 | 0005099927 | 0.0037+0.0015 ||, 04700015
Observed 39 2 @ 0
o Exp. bkg. |  56.171] 1.28+0-18 0.26970072 | 0.01575020
2 (1740, =201 g g [ 0.0220100084 | 0.0146+0.9966 | 0.0107+00036 | g.0138+00034
% _ Observed 55 2 0 0
\2'/' [—20, 0] o b-kg. 55-35.315 ) 241?) %);52 - +§.80§§3 . 01412 :):9
- g’éﬂéﬂi& 0.032;5001 > | o 025O 0012 1 0. 01830 F0.0063 | 0. 02350 o
:5 +1.1 +0.17 +0.066 +0. 017
% [0, 20] Ezp. :ikg- 0 053t: 1_ :51-015 0102;?’-32 oooi:(:::fg (‘)’:3 000(;.}3:;r
2 Obl;erviél . 60—0.015 . 0—0.010 B —0.0047 5 —0. 0044
g Exp. bkg. 53.671-1 1.181917 0.2351008% | 0.01255055
S| PO mxpsis o020t | 00146097 | 00107058 | 001380058
> Observed 53 2 0 0
L= Exp. bke. 52.871-0 1.15+016 0.22470:950 | 0.01175:054
40,60 pyp sig. [ 0.0076729%81 | 00050409025 | 0.0037+0-9013 | g,0p47 00013
— Observed % 1 0 0




B, uu search window

Geometrical L}kelihood Bins

([0, 0.25]

[0.25, 0.5]

0.5, 0.75]

0.75, 1]

Invariant Mass bins (MeV/c?)

Exp. bkg. 60.8+12 1.48+0-19 0.34570:053 0.024F0-027
—60, —40 .
[-60, —40] . sie. fo. 000900003 | 0.00067 00005 | 0.0004700007 | 0.000615 0001
Observed 59 2 0 0
- Exp. bkg. 59.9+11 1.441913 0.329+0-050 0.02210:022
(=40, =201 gypy sig. [ 0.0026+999 | 0.0017+099%8 | (p13+0:0004 | g gp+0-0004
Observed 67 0 0 0
Exp. bkg. 59.07 1 1.4010-18 0.315+0-077 0.02070-022
—20, 0 .
[-20,0]  gyp sig. o 004509017 | 0.0030700017 | 0.0021970000% | 0.00280 0 5005s
Observed 56 2 0 0
0,20 Exp. bkg. 58.1F11 1.3610-1% 0.300F0:073 0.01970-021
0, 20 . +0.0017 0.0014 0.
gip. Slg;i 0. 004200 0017 1 0.003075:0014 | 0.002195): 383§Z 0.002807F 000052
serve 0 0 0
[ Exp. bkg. | 57.3+11 Rl O 0.287+9:070 0.017+: 8{8
20, 40 .
] g)l()p. Slga 0. 002258 0009 | 0.0017+0-0008 0.0(%59;8%3, 0.001675-0003
serve 2 0
10, 60 Exp. bkg. 56.4711 1.29+70-17 0.27410-087 0.01670005
! . 0.0003 0.0003
Exp. sig. §0. OOOZ;() 0002 1 0.00060:9993 | 0.000473:0901 | 0.000615 5007
2 0 0

Observed




Results: B,.2uu

[submitted to Phys.Lett.B, arXiv:1103.2465]

0.7

CLs

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

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

/ 68% of possible experiments

Observed upper limit £ compatible with expected limit

0.2 :_ ........................ .................. E
90% exclusion | s o4 , |
95% exclusion '—'; Frenmmes by memmmmmmeof oo E—

QIO 20 30 40 500 6(_)9
B(B,—~uw) [107]

| @%%CL_@95%CL

LHCb  Observed (expected), 37 pb' <43 (51) x10° <56 (65) x10°°

DO World best published, 6.1 fb! < 42 x10-° <51 x10°°
PLB 693 539 (2010)
CDF Preliminary, 3.7 fb-! <36 x10°° <43 x10°

Note 9892 42



Results: B, uu

[submitted to Phys.Lett.B, arXiv:1103.2465]

CLs

Expected upper limit

/ 68% of possible experiments

Observed uppef Iimitz N e Compatlble with expected limit

0.2f _____________ _ T —
90% exclusion _;01 I '
95% exclusion [~ [F----nrmoomimomsreomssnompao oo TS

0'...

T T T
2 4 6 8 10 12 14 16 18
B(B"—uyw) [10°]

| @%N%CL_@95%CL

LHCDb Observed (expected) 37 pb! <12 (14) x10° <15 (18) x10~

CDF  World best, 2 fb™! <15 x10° <18 x10°°
PRL 100 101802 (2008)
CDF  Preliminary, 3.7 fb-! <76x10°  <91x10° g

Note 9892



B2 up: LHCD reach in 2011-2012

B 9% exclusmn @ 95% CL tanf vs m, plane:

[ | ' o |95% CL exclusmn n 60 T ' 1
s | O3 0.9
5X10 8 toda 1< L E ‘& w :
: | Y) ‘ ] F Excludéd @ 95% Y, 0.8
: 2x10 : (summer 2011 ) I N 3 2x10 -8 «' " 0.7
ER 1 1 C 1 x
2 L\ 1x10°® (automn 2011) of :
s 10 ! x10'9 (end 20117‘) :
] i A T 1 20F
Eﬁmsm PR€D ) NI BT E 2
s oA o 1op (B8 I SM-like *
] 00"*706 300 300 400 500 600 700 800900 000 °

M, [GeV/c?]

With the data collected in 2011-2012 we will be able to explore the very

interesting region down to SM value




B.~2>uu: LHCD reach in 2011-2012

B,~> pp 36 observation/ tanB Vs my, p]ane;

'ianB
va

50
a0k
30F

r |
0 100 200 300 400 500 600 700 800 9001000
M, [GeV/c?]

With the data collected in 2011-2012 we will be able to have

a 5o discovery if BR>10-3
[LHCDb with 2 fb-! equivalent to CMS with 30-60 fb-!]
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Where to look for NP signals (@ LHCb?

- NP contributions in Rare decays: p he editor § choice
1) BR(B 4> up), D>
2) forward-backward asymmetry in B;2>K* !JLV Very close to the 2010
3) non-SM photon polarization in excluswe’b%sy decays final number: all
/' Intermediate results
-NP contributions in CP Vlolatlng decays: presented in La Thuile
S 10 days ago
1) in box diagrams : ”
- B, mixing phase Wlth B2 J/yo (and B2 J/y 1)
- CP phase in D mixing

2) penguin diagrams:
Compare two measurements of a given CP asymmetry,
in processes with and without penguins
—>any discrepancy is sign of New Physics

- sin(2p) from BY — JApK and sin(2f) from B — ¢Kg
-y from B;) — D (K and y from B'—n*nand B, K*K—

- betas from B éj)wcp (fO) and B2 ¢ 46
-LFV decays with muons in the final state: eg T2 uup
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CPV 1n B, mixing:
...the (still) unresolved saga...

¢ The observable weak phase is: ® = @M + PP

¢ In the Standard Model 1s small
OMBs—>Jy ) =2 arg(V *V )-2arg(V_*V_ )=-2ps=0 (A%

VoM =
| = =22 - é,\" A AN} (p = in)

)
1 1

-

M +44%) AN

1 - ) . )
-A+ ;.-l‘/\"[l - 2(p+in)) ] =%A® -

]

-

. 1. . - : , I
AN = (1= X p+in)] AN + AN = 2(p +in)] 1—;.4-,\‘

.. and well known:
OM(Bs—J/y d) =-2 Bs =-0.0368 £ 0.0017 (CKMFitter, summer(7)

¢ In presence of New Physics:

O(Bs—Jy ¢) =-2ps + PV




CPV 1n B, mixing:
.the (still) unresolved saga...

 The weak phase of B, mixing 1s presently under investigation at Tevatron via the
time-dependent study of the B;2>J/yg decay [A, ] & via the semileptonic
charge asymmetry [a ]| (same-sign muons).

* Several new results in 2010: ay by DO [ ~3c deviation from SM] + update A,

by both CDF and DO [agreement with SM at ~1G]

CDF Run Il Preliminary L=521fb' Preliminary D@ Note 6098-CONF
0.6 —— 95% CL 5 T 04 E D@61 ! 6, =-042%0.18
- —— 68% CL ; d2= 3.01+0.14
0.4  — SMprediction -é By~ I/ AM, = 17.77+0.12 ps~
o
<

— oot 02 @ — 68% CL
8 = +SI\ — 95% CL
- OO0~ S ____________ 00 -~ ===zz -7

-0.2- 02 Adjusted for stat.

coverage and systematic
certainties

(]
[
|
—
(8]

B. (rad) ”“[md] 48




B, mixing phase in B,2J/y ¢

The channel is complex (P=2>VV)....
two particles [B,,B.bar] decaying in 3 final states
[2 CP-even, 1 CP-odd]:

—> initial states must be tagged

—> final states need to be statistically separated through angular énalysis

... and the extraction of the phase experimentally
very challenging:

2Bs=10xSM |,
e : L pdi(t,cosB)
Most critical parameters are mistag // Wy
. . R Yoy
and proper time resolution -y TS / // //
= sensitivity on 23, goes as ngles And TR /‘1?'5_}.%‘7.%,:
2 2 2 / ‘__:-.:' oo
- (1-20)* exp (-Am 20%(1)/2) are hig dobrelated
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B, —J/y@ analysis ingredients

Trigger and select signals and control channels w/o
distorting proper time (and angular) distributions
— proof: measure lifetimes of b-hadron —J/yX

Disentangle polarizations of P—VV decays

— proof: measure polarization parameters in By —J/yK”

Determine initial flavour of B mesons

— proof: measure Am,and Am,

Fit differential rates of initial B, and E_BS
— first step: untagged analysis of B, —=J/y

50



Selection of b—J/yX

* Trigger and selection: avoid distortion of proper time
distributions (no cuts on impact parameters)

e Retain prompt background events (t~0) for time resolution
calibration: o, ~ 50 fs

e Excellent mass resolutions

* Very low background with t>0.3 ps, shown below:

3 3
v . —
~ 1400 - = 200
~ L 800 'k =
8 - I.ch NU + LHCb - ao".'— ﬂ | ) i LHQb )
= P 5 " * D = i Pralimin
Praliminary = - 1w *0 Pral 3 F B, — JAbao ary

1200 700 — 1 relimin E Vs /
é o i =7 ToV Duta & YK ) ﬁ.n.vc:r.y & mo; Vi =7 Te¥ Duia
8 - "S" 600 g 190:—
S 1000f g S f
- C S 8 =
g aoo: ; 500 § l‘DE
$ C 5 wo & 20E
@ 600 @ 100F-

- 300 B =
400f- 00 sof-
= 4oF-
200 100 20E-
ey P P | I " N ‘.} - bt | (1 TR oY S S
s 5.2 525 o) 635 5.4 T T v 5.3 TR ) sas ?,z 825 63 635 54 545 2)
Jiy K invariant maes (GeVic®) Jiv K invariant maes (GeVic’) Jye lnvarlammaas( ic

Here the full detector 1s at work: trigger, mass resolution, Vertex capability, PID



Events /(025 ps)

b—J/wX lifetimes (LHCb-CONF-2011-001)

10° BT — J/ap Kt LHCb
Preliminary
3 Vo u T Te¥ Onta
107 ‘.'.

................... NP Y PR Y N
0 2 n 3 ] 10 2 14

Events /(025 ps)

1w

10 "

& » B — 1K *0 LHCb & BE' — b o LHCb
8 Preliminary & : Preliminary
=] ‘ Vo w7 Tov Dutn < Vi =7 TeV Data
£ gt ™ 3
€ ™
w
10
10" o T e S W ——— ~>'n PR A
2 4 3 8 10, 12 14 2 4 3 8 10 12 14
Sy K proper time (ps) Jhpo proper time (ps)
LHCb & .
Preliminary g @ A b — JA0A
@ w7 Te¥ Osta 2
I
g ol oo LHCb
E - Preliminary
@ =7 ToV Dutn
il ’
1 T\ l H
0 12 14 B S 10 T
Jy K_ proper time (ps) JApA proper time (ps)

Channel LHCb yield | LHCDb "lifetime”(*) stat. and sys. (ps) PDG (ps)
B* — JWK" | 6741 + 85 1.689 + 0.022 + 0.047 1.638 +£ 0.011
B — JK*" | 2668 + 58 1.512 + 0.032 + 0.042 1.525 + 0.009
B” — J/iK 838 + 31 1.558 + 0.056 + 0.022 1.525 4 0.009
B? — I/ 570 + 24 1.447 + 0.064 + 0.056 1.477 + 0.046
Ao — I\ 187 + 16 1.353 4 0.108 + 0.035 1.3911G,%9%

52

™ All “lifetimes” are measured with a single exponential



Angular analysis of B; —»J/yK”

(LHCb-CONF-2011-002)

* P—VV polarization amplitudes (A, A, A1) can be
measured in distribution of transversity angles ( 0, ¢,v)

* Correct for angular efficiency using simulation

* Kn S-wave included
[A>=0.252 £ 0.020 + 0.016
LHCb AL]>=0.178 £0.020 £ 0.017
preliminary o, (rad) =-2.87+0.11 +0.10

5. (rad) = 3.02 = 0.10 = 0.07

A 12 0.211 4 0.010 + 0.006

0.233 4 0.010 £ 0.005
—293+£0.08£0.04

2.91 £ 0.05 £0.03

Babar,
PRD 76, 031002 ¢ (rad)

uuuuuuuuuuuu

37 .
£ 700F
s F

2 soof- \E=7TeV.L-36p0"
+ F JE——_ s |3
e e

events/0.2

500F
4°°++F I e
00—

200F

100F




Untagged analysis of B, —=J/y@

(LHCb-CONF-2011-002)

Fix o, to zero, and fit LHCb preliminary (36 pb-')

-+ +
4T (B — Jibo) | 0.679 £ 0.036 + 0.027

=flo. . AT T, Am Mo, |AL | |A].6,.6
(60,88, T, A, Mg, AL 1Ay 00,00) - 0.077 £ 0.119 +0.021

S

dt dcos @ d¢ dcosp

A2 |0.528 +0.040 + 0.028

AL? | 0.263 +0.056 +0.014

5 (rad) | 3.14 £0.52 +0.13

CDF note 10206 (5.2 fb!)
r 0.653 % 0.011 % 0.005

S

AT’ 0.075 £ 0.035 £ 0.010

S

A2 [0.524+0.013 +0.015

(plus |A, |*and o) 54



Flavour tagging (Lucb-CONF-2011-003)

 Initial flavour of B can be inferred from

— Opposite Side: products of the other B meson

— Same Side: fragmentation particles associated to signal B

 Optimized and calibrated using control channels

OS+SS-7 Etag (%) w(%) Eeti(%)
B — D*~putv, 28.9 4+ 0.2 34.21+0.8 2.87 £+ 0.32
B™ — JAK™ 23.0 £+ 0.5 33.9 + 1.1 2.38 + 0.33
B — JaoK* 26.1 + 0.9 33.6 £+ 5.1 2.82 1+ 0.87
R+W W .- 2 _ - /- 9, )2
“tag = ]—],_'_:_ﬁ Y=5 W —eff — = tagpz — ta.g(J- o ‘2“’) |__OS combination calibration |
**fLHcb
o i
B* —J/K* >

Y: estimated per event mistag
X: calibrated mistag
Fitted to a linear function

0.3

0.2

0.1




Am, and Am_

(LHCb-CONF-2011-010, LHCb-CONF-2011-005)

B,—D (K o)t Signal yields for Am,
< 0gf[OSESST] ' Lrcb pretminary LHCb (37 pb*') ¢f. CDF (1 i)
0.62— \S$=7 TeV, ~35 pb 3
- E B.—D_(¢m)m 515 % 25 B.—D.n 4100

B,—D.x partial | 3100

5 : B.—D (K*K)n 338 + 27
-0.2F i #.%,— 3
0.4 —— B.—D.m non-reso | 283 27 B.—D.3n 1500
-0.6F
0.8 B.—D. 3= 245t 46 semileptonic 61500

............. .
0 2 4 6 8
t [ps]

LHCb: Am,=0.499 + 0.032 + 0.003 ps™
World average Am, = 0.507 % 0.005 ps™!

Per event time resolution <o,> ~ 40 fs q

Ns=7TeV

T '} —.;

~35pb1v 3

....l....l....l.l..l....é
5

Only OST used, €4 =(3.5 £2.1)% NE LHCb preliminary

LHCb: Am =17.63 £ 0.11 + 0.04 ps™
CDF: Am, =17.77 +0.10 £ 0.07 ps™!

Redline: evaluated at
infinite oscillation frequency

(PRL 97, 242003) 4.60 significance
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Tagged analysis of B

—>J/\|I(p

Analysis ongoing..

Precision in ¢, using 36 pb-!
1s expected to be comparable
to the CDF precision -2

O(CI)S vs L (2009 MC predictions)

0.5

CDF 5.2fb™' FPCP 2010

o(01ve) (rad)

DO 6.1fb™" ICHEP 2010

0.2

0.1

LHCbD preliminary 7TeV; c(bb)=292ub
—— Uncertainties on c(bb)
and BRvis(B2—J/yo)

0

LHCb 36pb—! | CDF 5.2 fb~!
B! — Jio 960 6500
Proper time resolution 50 fs 100 fs
OS tagging power 2.5+ 0.8% 1.24+0.2%
SS tagging power work ongoing 3.5+1.4%

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Integrated Luminosity (fb'1)

LHCb has x30 more statistics
with respect to CDF for same L
x2 proper time resolution

x2 OS tagging power

LHCDb aims to make world’s best measurement of ¢, with

data from 2011 run
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Where to look for NP signals (@ LHCb?

- NP contributions in Rare decays: + The editor's choice
1) BR(B, ﬁw) D> up s (Prospects for 2011)

4

2) forward-backward asymmetry in B2 K*pp 7
3) non-SM photon polarization in excluswe b-> ;z‘y decays

/
I

-NP contributions in CP violating decay,s

1) in box diagrams : 7
- B, mixing phase with B 9]/\|11'p (and B,2J/y 1))
- CP phase in D mixing 7

2) penguin diagrams: /.

Compare two measurements of a given CP asymmetry,
in processes with and wjthout penguins
—>any discrepancy is s,i'gn of New Physics

- sin(23) from BO — JApK, and sm€)2[3) from B? — ¢Kg
-y from B ;) — DK and y from B°—n"nand B KK
- betas from B éJ(/wcp (fy) and B2

-LFV decays with muons in the final state: eg T2 uup 58
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Setting the CKM scale: y from trees

Assume NP negligible 1n tree decays and fix Unitarity Triangle
parameters from tree-level processes:

Tree decays w/o NP can determine:
|Vud |> |Vus|9 |Vub|9 |Vcb|9 and Y

http-//www.utfit.org/

v [together with [V /V ,|] provides
the SM signpost to be met by any NP
model.

Present accuracy by direct
measurement of y from tree process
B->D K is still poor:

Y (WA) = (70 21_55)°

Current tension (sin(2) & g, ) calls for precise y determination 50

—> Milestone of the LHCb program



Measuring v (@ LHCb

Milestone of the LHCb physics program is the measurement of ‘B> DK’ direct
asymmetries which are sensitives to the unitarity angle vy

{ b %}K_ B-{ b lc‘1 }EO Weak phase difference =y

RN S\ - e i — 1~
I ﬁ}D ’ 7 1K™ Magmitude ratio =15~ 0.15

colour-allowed colour-suppressed
Final state common to D? & D%ar: GLW : DY decays into CP eigenstates

K, KK, r, Ko, Ksnr, KsKK...  ADS : D°decays to K = * (fav.) and K+n-(sup.)
allows for interference > y GGSZ : D' > K¢nr (interference in Dalitz plot)

These decays are self-tagging:

- no need to do a time-dependent analysis

—> only need the ratio of the different decay modes
Extract vy, rz,0gsimultaneously!

Crucial role of hadronic trigger and n/K separation in this analysis 60



Measuring v (@ LHCb

~ 1 tb-! already offers possibilities to improve on knowledge from B factories

LHCb expected yields at 7 TeV, 1 fb! < 250 . T
NN . o0 2 LHCb
Assuming r;~0.1 (0.4) for B* (B?) 3 200 B2>D(KK)mt Preliminary
. © 35 b-1 \s = 7 TeV Data
Channel Expected event yield = 150 P
B__)D(KK)K_ 2000 : m, = 5275.23 + 0.90 MeV
2 g = 17.117 £ 1.653 MeV
B_ D K_ 750 § 100 G, = 53.839 + 13.227 MeV
—D(nn) o Ngignar = 1035 + 54
B—D(Kn)K- favoured | 20000 50
B—D(Kn)K suppressed | 400 O

mg (MeV/c?)

eg. ‘ADS’ suppressed B->D(Kn)K == [HCb expects ~80 of these events with 200 pb!
mode just beyond reach of B-factories

|||||||||

* BaBar, £PS 2009 °| Belle Combine all considered B->DK measurements
L M } | and time dependent approaches from B, syste

lE‘ lllllllllllllllllllAAllAAAI-'AAAAIAVA‘-A'A.;.AA.AA i 5j [ A. 1
R e e TR b1t
Slice NN>0.94 meg (GeV/c?) 22 o1 01 02 03

0
AE (GeV)

Events/( 0.0025)
Events / 12.5 MeV

Lnboboboabial

oytHCb ~ 10 ° with 1 fb1[end 2011]




4. Prospects: LHCb with 1 fb!

(... sharpening the picture...)

fitter

FPCP 10

=)
©
=
=
2
S
-
=3
©

Monte Carlo predictions

DO 6.1fb™" ICHEP 2010
sol.w/cos 2§ <0
(exchat CL > 0.95)

excluded area has CL > 0.95

LHCb preliminary 7TeV; c(bb)=292ub
—— Uncertainties on c(bb)
and BRvis(B2—J/yo)

|
00 100 200 300 400 500 600 700 800 9001000 0
M, [GeV/c?]

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 4 1
Integrated Luminosity (fb™)




Impact on New Physics Models

LHCb will provide measurements essential to understand physics
landscape that the coming decade will unveil. Lets consider two popular ideas.

2.0

Minimal Flavour Violation (MFV) hypothesis

All sources of flavour- and CP-violation !
in quarks will be same as SM. In this
case searches for NP will be fruitless
in CPV, but not in rare decays

e.g. In MFV BR(B,—>pp) can differ from |

MSSM-LL

1.0 r

10° x BR(By — ptp™)

“eorosw el N\

0 RSe 10 20 30 40 50
10° x BR(B, — ptp~)

SM with 4-families (SM4)

Add 2 new quarks (t’, b’) plus 5 new quark-mixing parameters
New CPV possibilities that could show up in D%, B® and B, system

Both proposals can be disproved / strongly constrained by LHCDb in the coming years
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Conclusions

*Flavour physics in the LHC era 1s an excellent window
for new physics searches fully complementary to the direct
searches approach.

*LHC and LHCb are performing amazingly well.
—> First results show the excellent quality of data collected so far.
-—> with only 37 pb-! LHCD is already competitive in the B, up

*With the data collected in the 2011 run LHCb will have

competitive results in the measurement of y, B, K*pp FB asymmetry
CPV violating phase in B, mixing, CPV in charm which will allow

to clarify better the already observed anomalies in the Standard Model
and possibly discover New Physics.

Thank you for your attention and... the best has still to come! (4
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1.LHC: status of 2010-2011 run

Number of visible pp

2010: interactions per crossing in 2010
80% of L reached with 344 bunches 2 [ Pg
(2622 nominal) and f*~3.5 m _ """""""" ] . """ \\
(B* ~ 10 m nominal) and L_.,~1.6 102 cm2s1  *}/~ ]\ ~
> Number of visible pp interactions/crossing ~ fy """""" ,LJ\ """" H
up to 2.7 (nominal=0.4). Y S - - -

201 1 . ) July > Bugust > September > L;;::L':"""g‘"

first stable beam last Sunday; reached 1.2 10°° cm=2s!in ATLAS/CMS

with 2 bunches per beam. B*~ 3 m, u=1.2. After a short run at 1.38x 1.38 TeV
the machine will go at 3.5x3.5 TeV and 75 ns scheme with

B*=3 m, ¢* = 2.5 um (possibly down to 1 um), Np~1.2 10! /bunch,

0(1000) bunches/beam

LHCb will not exceed 3x10%? cm~2s-! = luminosity leveling @ IP8.




2.Rare Decays @ LHC

Back to FCNC processes....
—In SM only allowed at loop level

—> powerful probe for possible NP.

The FCNC processes can be described by an effective Hamiltonian, in the form of
an Operator Product Expansion:

Tree

Gluon penguin

Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin

|
A
o

2%y vi S w0, +Cla 0w ]

V2 :

Heff =

S S N S

R R R Y
e
S

left handed part right handed part

New physics modifies the Wilson coefficients affecting observable quantities as
BRs [ex:By2uu] (C,, C)), Angular distributions [B;2>K*uu] (Cy,C,p, C,)
and Polarization [B,2>@y] (C,). 40



2.Intriguing hints from B—K®1*T-

l+

Forward backward asymmetry in  ” ’ 0
BY—K*1*1- is a extremely powerful o 4 %
. . backward T forward
observable for testing SM vs NP !
2 Ng—Ng
Arp (S =My ) -
N, + N,
d’B(B—K "y |
FB :deOiB hp) sgn(cos@) o Re{C;y"[q2CqsMM(q?) + r(qD)C,] }
= |
0 = angle between i & B in the dilepton |— y penguin [dipole] & b—sy
rest frame —
v peng. [vector] + (Z & box)
q?= dilepton invariant mass Pe

—— Z peng. + box [axial]
 Interference of axial & vector currents = direct access to

relative phases of the Wilson coefficients.
e Uncertainties of hadronic form factors under control in the low-q? region.
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2.Intriguing hints from B—K®1*T-

Forward backward asymmetry in % 741 *
BY—K*1*T- is a extremely powerful - forward A

observable for testing SM vs NP

AFB s=m’ -

o NF + NB
Early results are showing intriguing hints....

T

1.2
1
0.8
0.6
g 0.4
100 K* |l 0.2

[75% of data 0
-0.2
100 K*Il 04

4.4 fb! DY S
: ! 0'60246810 2 14 1 18428

I‘II|

C C SM
CyCip=-C C10

\l]lll

SM : ‘

il
|

TTI IIN

7
I*/Ill\\lll‘l‘-‘

l

T

I
-

|||NIII




2.Intriguing hints from B—K®)1*T-

Forward backward asymmetry 11
BY'—K*I*I- is a extremely power
observable for testing SM vs NP

%
b

A s—m )
utu

74 K
forward

N+N

. and LHCb can help in understanding further the situation!

9 (oo 2 1400 K1l 1.2
1
0.8
=y 250 K* |l 08
<] .
[80% of data] § ¢4
T e 100 K* 0.2
a/ [75% of data 0
100 K*|| _gi
[4.4 b7 o
-0.6

T ] LI T LU I:T T 1 I | R | 7]

- :T T L I T ‘T T ]: I T ] :
= SM ; ¢ 5 —
— C C SM L u 7]
= CoCyp=-C ClO : | o E
- . S > -
= ' v T 2]
— : : o =
Ldy N .

— . | G e 3 8 2l
P :_ ) :”1'4’:/,<”’~ i \\§§\\ —:
g = i -~ ! 1 N
— — L ONA | 5
1.1 . <G CSM e
Y s -, Al
S LHCt ; E
= | | Loy Ly oy | Ly

10

12 14 16 185



2.B;—K*u'p @ LHCDb

Forward backward asymmetry i1

BY'—K*I*I- is a extremely power

observable for testing SM vs NP |

o
backward

App (

S=m"

l+

e
K K~
7+ forward
9 ) _ N F N B
“H ] Ng+ Ny

Main experimental problem: control of acceptance biases introduced
by detector acceptance, trigger and selection:

—> use topologically similar and abundant control channels as D> K nnn:

0)

Events / (1

2000

1000

3000

LHCb data:

D> Knrut

mass peak selected
By K*pp-like

Y A
1850

M 1 I 1 FRREEE T N TR TR T T | 1
1900 1950 2000
DO Invariant Mass (MeV / ¢?)

Good agreement data and Monte Carlo:

— The angular biases predicted from MC are reliable

Events (a. u.)

0.01

o
=
@

o
=}
X

it %b*f***ﬁ !

O distribution:
Data MC comparison

iy
iy, |
#
+h
+

-
-

& 05

05 1
cos(Psuedo 6)
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3.Prospects in the Charm sector

Charm physics has been for many years shadowed by the successes of

K decays and B decays, due to the fact that:
- the GIM mechanism is very effective in suppressing the FCNC transitions;
- long distance contributions prevent the evaluation of the AMy;
- insensitivity to top physics in the loops.

However, large D — D? mixing discovered in 2007 and good prospects

for the study of CP violation in charm gave new impetus to this field.

“No-mixing” excluded at 10.2 6: All measurements consistent with no CPV:

— — 15

§ f Q EP;ZOOS- .
XS s orv atowsd | & Present constraints on
s | ; CPV weak because
0.5 .
: CPV ~ xp sin(2gp)
% and x,~1%
| =i —>required sub-0.1%
4 no mixing 52 : | precision for CPV
E T mse bbbl L) SeNSItIVItY!
-1 -05 0 0.5 1 1.5 02 04 06 08 1 12 14 16 1.8
X [%] la/pl
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3.0pen Charm cross section at the LHC

Statistics at the LHC is not a problem....

Putting together:

DK =,

D* > K an

D* 2 DYK ) n

D">dn

and extrapolating to 4m

we get:

o(pp—=2cc) =(6.10 £ 0.93) mb
x 20 o(pp—=2bb) !

10° b
Joé—

107 E

10°

10

10"’

D+c.c. cross-section

1

vvvvv | BLELELEL S L L L L L L N L LB L L L L LB LN L

LHCb \I§_7 TeV i LHCb \J§=7 Tev ]
20<y<25 1 25<y<3.0 :

[ —@—LHCb Preliminary 1F —e—LnCo Preiminary

Pythia(LHCb tune) 3 E‘—Pymia(LHCblme)
== == BAK ot 8 1F ----BAKetal
—MC et al —MC et al

LHCb,\'s=7 TeV ]
3.5<y<4.0 !

—@—LHCY Prefiminary
% | — Pythia(LHCD tune)

—@—LHCb Preliminary
e Pythia(LHCD tune)

[ 1

i LHCb 7T V
1 E 42;;5 p. [GeVic]

w0k Theory calculation by
7 g_—.—LHCbPrellmimry M. Caociari, S. Frixione,

ooy M. Mangano, P. Nason,
10-1 FITIIYCA:;‘II”I 1 III 1 III 1 Illl G‘ Ridolﬂ.

0 1 2 3 4 5 6

o(cz, D) = 1280 + 36 + 151 + 150 ub = 1280 + 216 ub
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3.Charm mixing studies at LHCb

Example mixing analysis is measurement of “y.p,”, which is DY width splitting
parameter modified by CP-violating effects. Comparison to pure “y” measurements
probes for CP-violation, as does measurement of pure CP-violating observable A

Ycp: compare lifetime of D—CP-eigenstate,
eg. KK or mu, to D’—non-eigenstate eg. Kt
[untagged samples]

(a) KK (b) K1t

Events per 61.5 fs
Events per 61.5 fs

 T(K™7T) . o
Yyop = (KTK-)

Belle, PRL 98 (2007) 211803

A: compare DY and D'—KK lifetimes : 7
[tagged samples] ; &
Ap = T(EO — KTK*) —7(D" —» KTK7) . Bl
T(DO — K_K+) + T(DO e K+K_) -2000 0 2000 t(:g)o(,

yep: current world best by Babar (2.6 M Kzt and 260k KK 1n 0.38/ab
—> Statistical precision 0.22% (PRD80:071103 (2009))

Ar: current world best from Babar+Belle (180k tagged KK)
--> Statistical precision 0.25%




3.Charm mixing studies at LHCb

N/ 0.25 MeV

—=10° ’ |
o 10
' N

=10% > o108/

I ittt Z ) '..'
0.14 Mooy 0.15 Am [GeV] 0-14 0'15Am [GeV]
~ " 10? -
%J Enough events for competitive
” f\ ycp, Ar measurements in 2010
N =108 data - 2011 data will increase
S 4 A this again by more than an
Z order of magnitude

Yool & ‘.,
» '. o
»
e
M x

0.14 0.15 Am [Ge\/]

=



4. First observation of B, —J/yf,

LHCb, arXiv:1102.0206[hep-ex]

WE T T T WFTREE T T T
__ 35 \s=7TeVData ~ \S =7 TeV Data l
gop O !.1 g » !
= 25 “ 10 25
Iz = '
£ 20f .‘ 5 20 i
& 15F u / g 15 | * E
bbbt iRy | : 0 B T I
AT Il P 1L 01 1w | @ 10 ! :
iI .,'\ L. — N ,ll IR o l.:‘ ili"E 5 Nulls [ .i J':——---:"-“ _____ Illll I _____ :
_____________ s A rile T X 1o Litel S }}‘ -
0 e etsteitianstisndl Aot et Lo Tr AL 0 P —d
5200 530?,,(“ o ,‘;’) (MeV) 5500 %500 800 7000 1200 1400
m(z*t) (MeV)
0
ek R F(B — J/T/Jfofo — )_ 0.5 +0-046+0.2027
folop — F(BO %J/lquqb%[( K- ) ~0.032-0.003
. 0
Prediction: R 1ﬂ(B —=J/yf fo = a'w ) 09
(S. Stone and L. Zhang, Jold — F(BO %J/'M)Cb%K K- )z '
84

PRD 79, 074024)



4. Implication

e Sensitive probe of NP in B, mixing just as B, —=J/y¢

_ Decay: dominated by SM tree

u,c,t

B S
—< DI 3
BP RO ey TV
NP? BS BO f;
Sl PR - _
s> uct b - \\Z}.(pmo

e CP odd, no need for angular analysis to
disentangle CP eigenstates

e Good precision to complement B, — J/Y¢
e Can use f,—KK to resolve sign ambiguity in ¢,

(JHEP 0909:074, 2009, Y. Xie et al.)



Search for NP in penguin diagrams

Direct CP violation in B—Kst

QFirst observation of B.—K*0K™



B— hh

e Sensitive probe of NP in penguin diagrams

d(s) Vo e

e Observables

— Time-dependent CP asymmetries in B, —mt ™
and B, —K*K*
— Direct CP asymmetries

Acp = (Np_7— Np—ys)/(Np_7+ Np_y)

87



Direct CP violation in By ,,—Kit

Raw CP asymmetry in B2 Kx decays: -0.086 + 0.033

ic')

350

3 LHCb
- .§' ------ Preliminary

323)
=200
&

150

00

w

9%

53 54 55 56 57 58 53 54 55 66 67 68
Kt invariant mass (GeV/c?) K w*invariant mass (GeV/c?)

Raw CP asymmetry in B> nK decays: 0.15 + 0.19

s /(00225 Gevic?)
“ h B o

Event:

-

o n o
msusmrase

~

S 1af

3 E I LHCb

g Preliminary

§ uf \E=7TeV Data
------- = = - oy 80

g 10F kKt

8

1
~ 1. A "
X .6 . 8 %] . X 5 56 57 38
K invariant mass (GeV/c?) K’ invariant mass (GeV.c?)

A, (B° — K"~ )=—0.074=0.033£0.008
A, (B = 7K )=0.15+0.19%0.02

Data-driven correction:
Acp = ABSWV — Ap(Km) — kAp

detector asymmetry
A4 = -0.004+0.004

production asymmetry
A,=-0.0251£0.014+0.010

Oscillation factors k

| Channel | K |
B — Ktn= | 0.33
BS — 7T K~ | 0.015

HFAG

A, (B =K'z )=-0.098"02
A, = 7K )=039+0.17




Physics in B, —K"0K"

b—>s penguin process

SM decay amplitude

K™

,, %0 %0 S %17 DPGIM
J-‘.(BS — I\ * I\ * ) - _"tz"ts pS - ".l;’kb"ﬂus 'F)S

dominated by top loop P, Null test of SM
ull test o

* —*0
®, 2D, =0 = Mixing-induced asymmetry 5, — K"K FO
direct CP asymmetry B -x"x" Lo

CKM suppressed up and charm loops P.°'V

controlled using d«<»s channel B; —K K™
(M. Ciuchini, M. Pierini, L. Silvestrini, PRL 100, 031802)

Sensitive to NP that affects weak phases of box and penguin
diagrams differently 89



Ratio of fragmentation fractions

We use fo/ts=3.71+£0.47, a recent combinaton of LEP+Tevatron data
by HFAG, with 13% uncertainty, dominated by LEP measurements

79 fractions [%] Tevatron fractions [%]

B* 40.4+1.2 33.3+3.0
BO 40.4+1.2 33.3+3.0
B, 10.9+1.2 12.1+1.5
A, 8.3+2.0 214468

HEAG: http://www.slac.stanford.edu/xorg/hfag/osc/end_2009/#FRAC
Tevatron results from PLB, 667,1 (2008)

LHCb is measuring them using semileptonic decays and
hadronic B)—Dh decays (method described in Phys.Rev.D83, 014017 (2011)



Ratio of fragmentation fractions

BR=BR_,-

Currently use HFAG average of LEP/Tevatron value: fd/fs=3.71%£0.47

B DEKTF

LHCb already provides (preliminary) results g 4109 £ 75 evts
- . 2 150 G
« Measure fd/fs in the relative yields of S e
B%>D*K* or B®>D*n* to Bg>Dgn* i= B
- o

NEW: with 35pb-' LHCb measures

"l

5000 5200 5400 5600 5800

5 4022052 (using B> D*n*) Mass (M=)

BY— D*n¥
™ 670 + 34 evts

LHCb Preliminary —
=TTeV

140

]

Fleischer et al, Phys.Rev.D83,014017 (2011)
LHCb-CONF-2011-013

g

L35 pbs*

--a— B~ Dx =
0—3th
o—s..o 3
—=— Combinatorial
——— Ay AT
—a— B —~D
—.—B.-D..un

Events/(8)

» Also preliminary result from semileptonics:

Mass (MeV)
Bs



Statistical Method

We have si, bi, di=Nobs:

N
X = Poisson(d, ,<d, >=s,+b,) X = l_[ X,
Poisson(d,,<d. >=b,) i

| ~ OBSERVED
(‘th - nh(X S X

- CL= CL(s+b)/CLb
CL, = KX <X

observed

Prob. Density

1-CL, measures the
Incompatibility

with the background
only hypothesis

—2In Q
“b” =

CL,,, measures the
Incompatibility with
S+B hypothesis
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B~ pp @ ATLAS/CMS

Cut based analysis: separate signal from background by using high discriminant variables
such as pointing , 1solation and secondary vertex displacement:

Eg: Distance of flight and distance of flight significance:

T
"
vy —A)
. c 2
< ; o
2\ e, W

- b)
CMS preliminary
@aSignal
OBackground

S-BPH-07-001 (2009)]

0 05 1 15 2 25 3 35 4 45 0 ~ 40 50
Transverse decay length [mm] l30/°3c>
Experiment N sig N bkg 90% CL limit in
absence of signal
ATLAS (10 fb'!) 5.6 events 14*13_jevents -
o(bb)=500 ub (only bb>up)
CMS (1 fbl) 2.36 events 6.53 events <1.6x108

5(bb)=500 ub (2.5 bb>pp) 46



D. Karlen, Comp. Phys.12 (1998) 380

Geometrical Likelihood

* How the decorrelation 1s done:
1). Input variables = 2) Gaussian variables
—> In this space the correlations are more linear: easier to decorrelate

3) Decorrelation is applied and the variables are re-gaussianized
[ UNCORRELATED GAUSSIAN |

7o

Min, p IPS
0
=

G (Min. IPS)
w

Gaussian and
independent

variables:
= Build o2

soE—
505—
2of
305—

20F

- Tranformation under signal hypothesis: ¥’
—>Transformation under background hypothesis: y*;
Discriminating variable: GL = y*s-x*s = kept flat for signal



Trigger configurations

Data samples grouped in 5 trigger categories:

- Muon lines stable for 90% of the data set
- Hadron lines: 80% of L taken with LO(h) ET>3.6 and SPD<450 /900

—> important for calibration/normalization channels

LO:
TCK category LO—p L0 — dip L0 — hadron
pr (GeV/c) / nSPD | pry (GeV/c) / pra (GeV/c) / nSPD | pp (GeV/c) / nSPD | _integrated luminosity
la 1.0/ - 1.0 /04 /- 2.26 / - 2.2 pb™"
1b 1.0 / 600 1.0 / 0.4 / 600 2.26 / 600 1 pb™
2 1.4 /900 0.56 / 0.48 / 900 2.6 /900 2.3 pb~!
3a 1.4 / 900 0.56 / 0.48 / 900 3.6 / 900 17.3 pb~"
3b 1.4 / 900 0.56 / 0.48 / 900 3.6 / 450 11.9 pb~*
TCK category | HIt1SingleMuonNoIP Hlt1TrackMuon Hlt1TrackAlILO
HLTI . pr (GeV/c) / prescale | pr/ IP (mm)/ IPS | pr (GeV/c) / IP/ IPS
. la 1.35 / 1 - -

1b 1.35 / 1 - -

2 1.8/1 800 /0.11/5 1450 / 0.11 / /50

3a 1.8 / 0.2—1 800 /0.11 /5 1850 / 0.11 / /50

3b 1.8 / 0.2—1 800 / 0.11 /5 1850 / 0.11 / /50

HLT2:



sensitive
region

Background from B—hh modes

B— hh background in the Geometry Likelithood vs M(uu) plane

B =2 hih

Bd 2Kn
0.97 fb:-1
levtmsr

Y .
5400 8600 A800 6000
Invariart Mass (Mevic’2)

Bd=>an
36fb-1

' E | = 55151 I
55 : . o5 A '. 11t
04 S SR S S
E - b = i r . H i
035 S A — — .l = @  lw !
E z ! e 10fb-1
02— - ; ; :
E i s i 2evtmsr
ot im . | e . ——— :
Py =N I TR PO PO PRI NP ' Bl K LIRAS E'“_.L';L
2800 J000 85200 3400 S000 3800 18 5000 5200

Invariant Mass |Mev/c*2)

5601 5800
Invariant Mass (Mev/c*2)

B— hh background in the sensitive region is completely
negligible with respect the bb—=> upu component



Background composition

* The background after the selection is dominated by real muons
(mostly bb=2>puX component):

MuonlID Likelithood Number of Muon Hits shared between tracks
10 = F
5 * DATA 2 * DATA
Tl MC: bb — u u X §1o3 MC: bb — w u X
> L
L
102
10 ?
; f
:I Lol ) L. E. r—— | L
_ _ _ 0 16 18 20
20 15 10 5 0 5 Cdlr()r]bDliﬁ(M-ﬂ§0 NShared

Exact knowledge of the background level in MC 1is not required as the background in
the signal region 1s anyhow extracted from sidebands of the mass distribution in data




Summary of parameters

entering in the limit computation

Normalizations

Signal parameters

Background parameters

Background GLkg p.d.f. for BY — ptpu~

fa/ fs 3.71£0.47 NP2 GLgs bin 1 329.146.4
QRO i (8.6+1.1) x 10‘89 NP& GLgg bin 2 7.441.0
B0yt (2.2440.16) x 10 N2 GLgs bin 3 1.5+0.4
Signal GLgs p.d.f. NPk&  GLkg bin 4 0.08+5-L,
Agéf;h +p— (total) 611 £ 76 Background GLks p.d.f. for B® — putpu~
N§® jep- GL bin 2 228 + 86 NPEE, Gl bin 1 351.6:£6.6
Jo NP*& GLgs bin 2 8.341.0
Npgo - GL bin 3 b NP8 GLgs bin 3 1.940.4
NES ., GL bin 4 215 423 NP8, GLgs bin 4 0.12%557

(s)

Signal Mass p.d.f.

Background Mass p.d.f. for B® and BY

Mean value for B°

Mean value for BY

Mass resolution

Crystal Ball transition point

5275.01 £0.87 MeV/c?

5363.1+ 1.5 MeV/c?
26.71 4 0.95 MeV/c?
a=211£0.05

k., GLkgg bin 1
k, GLks bin 2
k. GLks bin 3
k., GLks bin 4

—(0.748 £ 0.051)/ GeV/?
—(1.36 + 0.35)/ GeV/c?
—(2.29+0.28)/ GeV/c?
—(4.15+£0.91)/ GeV/c?




CP violation in charmless hadronic decays
sin(2B*") = sin(20;") EE

Study of CPV B,>®® and K*K* gives high sensitivity
to NP, and will elucidate the B-factory ‘sin23 _ anomaly’
(even though we will be working with B, mesons...)

u,= 527111 MeV/c?

16=
c u, = 5363.2% 4.4 MeVic?
14— 6= 17.3+ 4.5 MeVIc?

$ 120 Ng,g = 15513

o E Ny= 96438

3 10— N, = 342+7.4

<

9 e

2 o

£ 4

©

(@] 2 /|

SR ) AN
02900 00 5100 5200 5300 5400 5500 0 5 5800

Bmass (MeV/c)

Very promising prospects.
B> K*K* first evidence/
observation in 2010 data!

PRELIMINARY
b—ccs  Warld Average { 0674002
oK° Avérage —k—i 0.56 *213
K’  Average s 0.59 +0.07
Ks Ks Kg Average § —ik— ¢ 0.74+0.17
x°K°  Avérage § ke 057 £0.17
p°Ks  Average —tfh 0.54 %018
oK,  Average P 0.45 +0.24
f,Ks  Average b 0.62 211
f,Ks  Average H—————*—f—— 0.48+053
f,Ks  Average ———%———Fu ! 0.20+053
° tHg—Average——————i §-0.72£0.71
on’Kg Avérage ——A 097093

K"K K° Avérage

ML 0.82+0.07

-16 -14 12 -1 -08 -06 -04 -02 0 02 04 06

Existing experiment with 4 fb! will achieve ~0.09 stat precision on CPV in B.>®®,
which is similar to uncertainty on best B-factory mode (B°>n’K°). Upgrade
is needed to do better! 50 fb-! will give uncertainty ~ theoretical precision

Other important, LHCb unique, studies: multibody B, decays e.g. B.>K.mur, KKt

All benefit greatly from increased data samples and software trigger

08 1 12 14 18




New physics in a’, (&/or a) ?

If New Physics enhances CP-violation in B'q—J/y®, it will likely also dominate
over the (negligible) SM CP-violation predicted in the semi-leptonic asymmetry.

Recent DO result shows 3o discrepancy with SM .
(arXiv:1005.2757v1) using inclusive measurement =
of same-sign muon asymmetry A,. 0.01

0

: d s -
A, 1s related to a% and a :

-0.01F
A, =(0.493+0.043) as,+ (0.506+0.043) ad, @O A
-0.02 - » Standard Model
where the coefficients are calculated L0.03[-— B Factory W.A.
using the production fractions .11)@ IBIS:II)? ﬁ X R
measured at Tevatron [PLB 667,1 (2008)]. -0.04-0.03-0.02-0.01 0 0.01

d
asl
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New physics in a’, (&/or a) ?

If New Physics enhances CP-violation in B'q—J/y®, it will likely also dominate
over the (negligible) SM CP-violation predicted in the semi-leptonic asymmetry.

First signals from 570 nb!

-2
w
o
i

Inclusive method at LHCD is difficult due to i LHCb Prefiminary B o= D)
the ~10 production asymmetry in pp collisions ® zs T
and control of detector asymmetry. 2 — Double-charged

. » 8 B) = D" u*X°
LHCb will measure a%; - a%;, by determining | ey
the difference in the asymmetry measured in °

B,—D (KKn)uv and B'-D*(KKm)uv:

—> difference suppresses production asymmetry
—> same final state suppresses detector biases.

=100 0 100
KKr Mass - D] Mass / MeVc™
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New physics in a’, (&/or a) ?

If New Physics enhances CP-violation in B'q—J/y®, it will likely also dominate
over the (negligible) SM CP-violation predicted in the semi-leptonic asymmetry.

Inclusive method at LHCb is difficult due to
the ~10°2 production asymmetry in pp collisions &
and control of detector asymmetry. 0.

LHCDb proposes to measure as, - ad,, by 0

determining the difference in the asymmetry
measured in B.—D (KKm)uv and

-0.01°F

BY—D*(KKm)uv: -0.02
—> difference suppresses production asymmetry - LHCb MC
—> same final state suppresses detector biases. 0.03- @ -1fb!
 If a, 9=SM
_IIIIIlIIIlII //IIII|IIII|IIII|I
This method provides orthogonal constraint -0.04-6:03-0.02-0.01 0 0.01 d
to DO di-leptons. LHCb stat precision with 1 fb' plotted S156

for DO central value & no NP in a9,



