Status of LHCb - the “beauty” experiment
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LHC(b) physics goals

Motivation of LHC experiments
v' search for New Physics beyond the Standard Model (SM) !

Direct search by general purpose detectors: Atlas & CMS

v' search for new heavy non-SM particles produced at LHC energy

Indirect search by specialised detector: LHCb

v" search for deviations from Standard Model predictions due to
virtual contributions of new heavy particles in loop processes

» discovery potential for New Physics extends to mass scales far in
excess of the LHC centre-of-mass energy

» perform precision measurements of CP violating phases and
rare heavy-quark decays that are very precisely predicted by
the theory of the Standard Model

—> these precision measurements can be best
performed by studying Beauty-decays
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B-decays in the Standard Model and beyond

virtual particles appear in loop mediated processes
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Historical example of “indirect” discoveries

CP violation (matter-antimatter asymmetry) in the kaon-system
—> prediction of third quark family

1973: M. Kobayashi, T. Maskawa,
theoretical mechanism for CP-violation in the

Standard Model requires b- and t-quark
M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973).

2001: experimental proof of CP violation in B-system by B-factories (BELLE & BaBar)

B. Aubert et al. (BaBar Collab.), Phys. Rev. Lett. 87, 091801 (2001).
K. Abe et al. (Belle Collab.), Phys. Rev. Lett. 87, 091802 (2001).

2008: Nobel prize in physics

“ for the discovery of the origin of the broken symmetry
which predicts the existence of at least three families

of quarks in nature

:
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LHC as a b-factory

v’ bb-pairs produced with high cross-section at LHC energy:@%

B
_ b q
(10'2 b produced in 2 years at L=2-10%? cm2s!) é{/ﬂw<
v all species of particles containing a b-quark are producequ
(B, B, BL, BL, B, B, B, B, A, , etc.)

> bb-pair production is strongly correlated and sharply peaked forward-backward

- detector with forward geometry (unique 2 <1 < 6 coverage)

» B decays have long flight-distance ~1 cm  (important to distinguish B-decays from
other background decays, and essential for time-dependent CP violation measurements)

Big challenge to select
events of interest:

v’ oy, is less than 1% of
total inelastic cross section

v" B decays of interest
typically have BR < 1073

» Need high statistics and
high selectivity!
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The LHCb Detector
A forward spectrometer

Event display
(view from top)
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Detector efficiencies

Efficiency (channels)

g0 82 g4 86 88 920 92 94 96 a8 100 %

» all detector components ~ 99 % efficient !
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LHC(b) operation in 2010

Outstanding machine performance - many thanks to our LHC colleagues!!!

Peak luminosity evolution with time:

» peak luminosity increased within ~1 month by factor 100! (L~10°°to 1032 cm=s™!)

» for LHCb reached almost nominal L (L=1.6-10%2 cm™s!, nominal 2-10%? cm2s!!)

| Peak Instantaneous Lumi over Time at 3.5 TeV | | 2010-12-08 06:00:04 |
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LHC(b) operation in 2010

Evolution of average number of visible pp-collisions per bunch crossing:
L=n,-Lyo n,-p

____:--:;)
LHCb design: e L, = o \Oea@\
—9 1032 . ~ <> ~
L=2-10%;n,~2600 > <p>~ 0.4 - n,
» maximizes fraction of P ': T, be%g
single interaction bunch crossings \
: TRy
\I:/
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LHC(b) operation in 2010

Evolution of average number of visible pp-collisions per bunch crossing:

L=n,-L,o n,-p

LHCb design:
L=2-10*;n,~2600 2> <p>~ 0.4

o ] |__Peak Mu over LHC FillNumber | [2010-11-26 06:00:04 |
» maximizes fraction of _ :
n=2.7 - 2010
single interaction bunch crossings BT N,
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o — T— T L UVl ||
2010 run: 1_53 ' ..................... SRR SR Wiy ¥ G SR SO
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High multiplicity events

» high track multiplicity and many
vertices in each collision event

L, -~

n,

> big challenge for detector operation, ==
trigger, reconstruction and analysis

.
1 +

LHCb Event Display
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LHCb performance in 2010

| LHCDb Integrated Lumi over Time at 3.5 TeV | [ 2010-12-15 06:00:04 |
E 4“ __ ..... : ' Delivered Lumi: 42-15 : . ........................................
2 ~ : | ~ -1 4
= *  RecordedLumi:3766 | . & 37 .pb .1ntegrated
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& F HV 0.8% ”" __DAQ4.9% | f .
'E BO e DAL S D I IEPSRE N e Deadtim-e‘l.?% . Wlth a_ll Sub_detectors
= : .
3 : fully operational!
g Running
: |
E

20 90.3%
. - All detectors in data taking

- HV powered on all detectors

- VELO fully closed

- Triggers accepted

Muon trigger (J/y)  Hadron trigger (D%

Data 94.910.2% 60+4%
MC 93.310.2% 66%

| > very high selection efficiencies

Days since 1 January 2010

» LHCD fully operational on first day of proton run!
» overall data taking efficiency of ~90% over the year

» major part of data accumulated in the last month of running with very efficient trigger
» atnominal L ~2-10°? cm2s! LHCDb expects to collect ~1000 pb! in 2011

Can we do B-physics already with the 2010 data sample? |
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Detector performance: mass resolution
important to separate signal from background

Evolution of mass resolution over time: for J/y — pu ; ideal resolution 6y,=12 MeV
> May c5~18 MeV > August 0~16 MeV » November: 6~13 MeV.
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Measurement of bb-cross section at Vs =7 TeV

From B —» J/y X
o (Jy from b)=1.16+0.01 £0.17 ub
(pr <14 GeV/e, 2 <y < 4.5)

total bb cross-section in 4w

o(pp — bbX) =295+ 4 + 48 ub

v measured also charm cross-section
> ~20 - bb cross-section

From B’ - D' X* p-v with D°—» K- a*

total bb cross-section in 4x:

o(pp — bbX) = 284 420 449 ub|

[Physics Letters B 694 (2010) 209]
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Detector performance:
Particle Identification on B->hh

No particle identification = any 2 hadrons!
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Evidence for CP violation in B-system in first data ?
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B./B,? yield = (10.7+2.0)%,
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(HFAG: -0.098+0.012)

Acp(B0)=-0.43+0.17
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particle and anti-particle

A

¢ only raw asymmetries
¢ not accounted for production
& detector asymmetries

behave differently! > this is not a physics result yet!
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Evidence for CP violation in B-system in first data ?

And a fair comparison...

R e - 000 e e = e
S r > C
&1a000— LHCb &14000~ LHCb
5 - Preliminary 3 - Preliminary
212000 \5=7 TeV Data Eﬁ% Kt 212000 5 = 7 TeV Data [}09 K-t
%10000:— 210000~
g r 8 r
& 8000 5 8000 —
6000 6000
4000 4000 —
2000[ 2000
0782 1.83 184 1.85 186 187 188 183 1.9 191 0%82 183 184 185 186 187 188 180 18 191
Invariant mass [Ga\ﬂc’] Invariant mass {Ge\ﬁc’]
L1401 LHCb B, 210 LHCD |
& [ Preliminary & _ . o o o e e . | & _ [ Preliminary. _ _ _
g‘m?\ri:?revmm §120__\f§=?Tev[]ata _
C - C 0 -t
S 100/ BO->K*m S 100 BO2>K ™
e - o -
2 80— %I 80—
z - &
Bﬂ_— BU_—
a0 a0
- B -
ﬂ]_— _ _S _______ 1 _2u__
955 51 52 53 54 583 5 5.8 19557352 53 54 bb TBE . 8
Invariant mass (GeV/c® Invariant mass (GeV/c®)

% 17 December 2010 Council open session Andreas Schopper 16




Probing New Physics in loop decays:CPV in B.—>J/y¢

v' BY and B are mixing via box diagram

u,c,t ds
0 o <L
0 W R 0
Bd,s W Bd,s
+NP?
—> >
d,s u,c,t b
g r LHCb Preliminary(1.9 pb™)
; 02l Vs =7 TeV
g E— B, oscillation from
gt B> D*u"v /
of AN

N+

0.2

E_Am=
I

0.53 £ 0.|08-’|I012I s .
5

e b Ly
2 3 4 6 7 B ] 10

proper time (ps)

v measure CP violation in(B)S — Iy o

» B, mixing phase @, is analogous to the
measurement in B, system, with which
BaBar & BELLE validated the CKM model

v’ mixing phase very precisely
known in Standard Model:
b, =— 2B, =-0.042+0.0014

v sensitive to New Physics effects

> ;= ¢(SM) + ¢,(NP)

0 DF Run Il Prel. 2.8 ™'+ DO 2.8 fb_

68% CL

w2 %
04l 95% CL

T .
= 0. 99% CL |
L‘ro

0.2+t
Q S

VX e L |

BS-E_BS mixing angle ¢,

_0—'%3.5 -1.0 -0.5 0.0 0.5 1.0 1.5

(9=-2B) B [rad]

» first combined Tevatron result showed
~20 deviation from Standard Model
» down to ~1c with 2010 CDF/DO results
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Probing New Physics in loop decays:CPV in B.—>J/y¢

v' B and B? are mixing via box diagram Sensitivity for measuring @,
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“Am= 0.53 + 0.08-10'2 51
S R T S S S S A I 2010 2011
proper time (ps)
v analysis of 2010 data well advanced
» expect competitive result with best world
measurements, with this years data set
» potential to discover New Physics down to

the SM predictions with next year’s data

v measure CP violation in(B)S — Iy o

» B, mixing phase @, is analogous to the
measurement in B, system, with which
BaBar & BELLE validated the CKM model
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Probing New Physics in loop decays: B,—» p p

B, — p p : the super rare loop decay

MSSM

H%A°

v sensitive to New Physics, can be strongly
enhanced in SUSY with scalar Higgs exchange

v’ sensitive probe for MSSM with large tanf:
B(Bg—u'w) ~ tanf ¢/ M ,*

Background well under control!

> T
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Probing New Physics in loop decays: B,—» p p

[ae]
o
1

B, — u p : the super rare loop decay o- 90 % CL €XCLUSION —————
MSSM & @ 3.5+ 3.5TeV
HY/A° a; 60-.
™~ 504 ‘ 147
2 DO (6.1 )]
Gy U e
/? g | COF (3.7 |
%Eh
2

-

E£$M prediction—————r—ee e B i,
— v 1 T 17

00 01 02 03 04 05 06 07 08 09 10

2010 2011

v’ sensitive to New Physics, can be strongly v’ analysis of 2010 data well advanced,
enhanced in SUSY with scalar Higgs exchange  “un-blinding” for winter conferences!

v’ sensitive probe for MSSM with large tanp: » expect competitive result with best world
B(Byouw) ~ tanP 6/ M,* measurements, with this years data set

» potential to discover New Physics down to
the SM predictions with next year’s data
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LHCDb as a “General Purpose Detector”

Specific feature of LHCb:

v’ particle detection in the forward region (down to beam-pipe)

v’ special particle identification capability in particular for hadrons
due to RICH detector

o bi— CMS Frm—— —
== == [
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Production of Zand W
in forward direction
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Spectroscopy of mesons (qq)
Y (bb) - pp

Jhy (cc) = pp
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Reconstruction of B-baryon A, (udb) decays
thanks to particle identification performance
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First observation of new semileptonic B.? decay
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Summary

v" Fantastic performance of the accelerator complex!

v LHCD fully operational from the start-up

v’ Detector performing very well according to expectations

v' Efficient data taking and analysis despite very challenging luminosity conditions
v" (Re-)”discovered” many Standard Model processes with high precision

v’ First results from this years data will be competitive with world best measurements
(many new results to be presented at winter conferences early next year)

v" Best world precision measurements already expected with 2011 data,
with potential for New Physics discoveries!

LHCD is a beauty(-full) experiment

thanks to your support!
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2010 a beauty-full year !

Day of first collisions

End-of-the-year event
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