LHCb experiment: status and selected results ’

Erica Polycarpo

LAPE/Instituto de Fisica
Universidade Federal do Rio de Janeiro
On behalf of the LHCb Collaboration

nge

XIll Mexican Workshop
n Particles and Fields /-

Ledn, Guanajuato

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment Leon, 20-26 October 2011 1/70



]
Outline

o Introduction to the LHCb Experiment
9 Running Conditions in 2011
Q Detector performance
0 Selected Physics Results
@ Search for BY — uu

@ Measurement of ¢g
@ Direct CPVin D — KK«

e Summary

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment Leon, 20-26 October 2011 2/70



Introduction to the LHCb Experiment

0 Introduction to the LHCb Experiment
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The Physics of LHCb Experiment

A dedicated experiment to study heavy flavour physics at the LHC

Focus on (indirect) searches for New Physics in CPV and rare decays:

4+ CP violation is one of the ingredients necessary for the generation of the
baryon asymmetry observed in the universe

4+ Within the SM:

v/~ CP is only violated in the flavor changing processes (FCP)
v/ All the CPV observables in terms of 4 parameters (1 single phase) - CKM
v/ It is much too tiny to explain the observed baryon asymmetry

4+ New sources of CP violation are needed ™ might show up in FCP

4+ In order to identify possible new sources, need excellent control of SM
contributions
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CP Violation in the Standard Model
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Introduction to the LHCb Experiment

CP Violation: how do we observe ?
4 comparing decay rates of particles and anti-particles:

[(P—f)#£T(P—T) = CPV

+ counting experiments Acp = %&g:g

4+ observation of CPV is consequence of quantum interference
among different amplitudes (paths)

Path of
Single Photon

-
é“

classical double-slit interference  quantum double-slit interference
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Introduction to the LHCb Experiment

CP Violation: how do we observe ?
4 comparing decay rates of particles and anti-particles:

F[(P—f)#T(P—f)= CPV
r(P—>f)—r(P—>?)
RPN (P—7)

4+ observation of CPV is consequence of quantum interference
among different amplitudes (paths)

4+ neutral mesons oscillate > CP asymmetry is time dependent !

4 counting experiments Agp =

- M ForB, B,

% [Monte Carlo
1;,SM x 10 for
= Wisibility]
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CP violation measurements

EPS 2001
eamacoss] R

L/

4+ Small CPV effects in K decays
4 Large CPV in B decays

4 Not yet observed in charm decays

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment Leon, 20-26 October 2011 8/70



CP violation measurements
4+ Small CPV effects in K decays

* Large CPV |n B decays 1.5:ygwdn;m{m!m;;blu;& T T |,;%%| LI L L |:
" Excellent work by B factories and DO/CDF | LY =
“ L & Amg
(and lattice QCD) Fsin 2 s
w Still a lot to be done (v and BY) 05 [ L N
r - ) My
. [ e V Y > ]
4+ Not yet observed in charm decays e wob 4 ,‘; _____________________ ]
4+ So far, everything consistent with CKM r \&’ 4 ]
N i _
=05 — Val
4 There is still room for NP F 1
" comparing measurements which are a0 f & |
sensitive to NP phases (/loop diagrams) C % Y e
o b v by v by v by 0l
= Via Vi . -1:-,1.0 -0.5 0.0 0.5 1.0 1.5 2.0
By t w t By p
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P # main focus of LHCb

indirect searches in contrast to direct

N . .
»  Joop diagrams also appear in rare decays searches by ATLAS and CMS

(modifying SM predictions)

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment Leon, 20-26 October 2011 9/70



The LHCb Detector

A
Y (m)
Tracking System T

4 Tm B field

Z(m) 20 15 10 5

Forward spectrometer to exploit forward-peak production
Total 0,7 = 284+53 ub at the LHC [PLB 694 209]
~ 100,000 bb pairs/second (10* B factories !)
20 x more charm [CONF-2010-013]
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The LHCb Detector

-

Muon Detector System Eletromagnetic
and Hadronic
calorimeter
=, — Particle ID (pion/kaon separation)
I ’ ‘
N ~ L

RICH detectors

A
Y (m)
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Introduction to the LHCb Experiment

Visit to the cavern
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Introduction to the LHCb Experiment

Visit to the cavern
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Introduction to the LHCb Experiment

Collaboration

ﬂn members (O | N Laud R |
- [l
e
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Introduction to the LHCb Experiment

Typical events

LHCDb Event Display
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Introduction to the LHCb Experiment

Typical events

LHCDb Event Display

29.9.2011 5:
Run 102551 t 914495611 bld 331
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Introduction to the LHCb Experiment

More details on a typical event

P ——

secondary verex
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Running Conditions in 2011

© Running Conditions in 2011
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Luminosity and Pile-Up
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LHC Fill Number

Already operating at ~1.75x design luminosity and ~ 3.5 (visible interactions)
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Detector performance

9 Detector performance
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Vertex Locator (VELO)

[ for 25 tracks:
¢, %16 um

o, 16 pm
o, 876 pym

LHCh YELO Preiiminary
5= 7 TeW Data

. . |
5 10 15 20 25 30 35 40
nTracks

4 Primary Vertex: 16 yumin x and y

4+ Impact Parameter: 14.4 um + 19.5/pT yum

4+ Only 8 mm from the beam, must be retracted during injection !
4+ Proper time resolution: <7 > 50 fs

VELO: highest resolution vertex detector at LHC
LHCb experiment Leon, 20-26 October 2011
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Tracking System and Mass resolutions
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Particle ID: RICH detectors
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Particle ID: RICH detectors
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Detector performance

Particle ID: Calorimeter
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Detector performance

Particle ID: Muon Identification

WPC/GEM
126k front-end channels
97% muon efficiency
<2% pion misid
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Overall Detector performance

All Sub-detectors are > 98% active

Efficiency (changels
Miuon system 2.5
Muon santion 1
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Detector performance

Trigger

oweV Y Y
: Lo 4+ Level-0 in hardware
3 o | e on pr of e, 1, h to reduce rate to 1 MHz

imiz ¥ Y Typical thresholds: 1-3 GeV

5 o 4+ High Level Trigger in software

gz HLT efficiencies high (> 80 %)

e obal reconstruction 4+ Typical overall LO x HLT efficiencies:

58 T 30 % (multibody hadronic) — 90% (dimuons)
= Exclusive selections

2 kHz

h 4
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Selected Physics Results

0 Selected Physics Results
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LHCb published results:

Published papers (R. Aaij et al. [ LHCb Collaboration ]):

@ “Observation of J /1 pair production in pp collisions at /s = 7TeV,”
[arXiv : 1109.0963[hep — ex]] (accepted by Phys. Lett. B).

“Measurement of the inclusive phi cross-section in pp collisions at sqrt(s) = 7 TeV,”
Phys. Lett. B703 (2011) 267-273.

“Measurement of V0 production ratios in pp collisions at /s = 0.9 and 7 TeV,”
JHEP 1108 (2011) 034.

“Determination of fs /fy for 7 TeV pp collisions and a measurement of the branching fraction of the decay By — D~ K™
[arXiv : 1106.4435[hep — ex]] (accepted by PRL).

“Search for the rare decays Bs— mumu and Bd—mumu,”
Phys. Lett. B699 (2011) 330-340.

o
o
o
o
@ “Measurement of J/psi production in pp collisions at sqrt(s)=7 TeV,”
Eur. Phys. J. C71 (2011) 1645.

o

o

o

o

“First observation of B — D‘;‘ZJr Xpv decays,’
Phys. Lett. B698 (2011) 14-20.

“First observation of Bs — J/f;(980) decays,”
Phys. Lett. B698 (2011) 115-122.

“Measurement of o(pp — bbX) at \/s = 7 TeV in the forward region,’
Phys. Lett. B694 (2010) 209-216.

“Prompt Ks production in pp collisions at sqrt(s)=0.9 TeV,”
Phys. Lett. B693 (2010) 69-80.

Calibration of our source: production, searches or first observations
+60 contributions to conferences, half of which should be transformed to papers until end of year
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Selected Results

4+ Search for B — up
4 Direct CPVin D — KK~
4+ Measurement of ¢g
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Selected Physics Results Search for Bg — QL

B? ;, — p"u~ Motivation

+ Decay is in the SM only allowed via FCNC.

* Helicity suppressed

* BR(B,—p*W) =(3.2¢£0.2) - 10°
BR(B°—p*p)  =(1.0£0.1)- 1010

[A.J.Buras,arXiv:1012.1447/Phys. Rev. D 80 (2009) 014503]

+ Sensitive to New Physics (e.g. MSSM)

3
MssMm . Tp-my, -tan® B8
Csp X M?

» Probing models with extended Higgs sector

Very sensitive to new physics, in particular SSM with large tangs
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BY — utyu~ Status before EPS2011

s
Published B, up limits @ 95% CL H l A 2w
PRO 57 (1998) 3811 :::F::::‘:'
Emﬂment Lim'lt 'é 1091 L 03 (2004) 032004111 f o———
CDF 37/ 43x10%8 ¢ L] Armss@onorisez ||
s ‘ i
DO 6 1 fb’l 5 1 X 10»8 ‘-3 PRL 95 (2005) 221808 O :’Rm (2007)
- - ‘g 1 |———COF Public Note “"F,Q%E“I‘Peu (2010
LHCb 0.036 fb! 5.6x10*% ) : L 190 200w 10102 8 8 i
/'4::'/ Trics PLB 659\g1 1) | Pu:;":::: RN
[
& o
LHCb (Phys. Lett. B699 (2011) 330) a 3 T ,
equivalent to CDF with S naes seooe Exsecmeent T
~100 times less luminosity o001
10 100 1000 10000

L [pb]

July 2011: CDF presents new result (7 fo~' [arXiv:1107:2304])

4 2.80 deviation from background only hypothesis BR=(1.8"}1) x 1078
4+ 1.9% compatibility with background+SM hypothesis
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BY — utyu~ Strategy

+ BR(Bs — ) =BReut x 2 x 3 = agg + Nejg

4+ Define normalization channel(s)

4+ Define selection criteria (signal and normalization)
4+ Estimate efficiencies (signal and normalization)

4+ Measure yields and calculate BR

4+ If no clear signal observed:
BR

= estimate expected Nsjg(BR) = 2

= estimate expected Ny, in signal region

w compute upper limit according to compatibility to observed
number of events [J. Phys. G 28 (2002) 2693]
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BY — utyu~ Strategy: normalization factors

Normalization factors

. :_ T . d T fud
Suo 3
3k 2
i B* HJ/wK s Bs—Jiy§ 5
£ CEEE Bl
oo o 150E 2o e
oo) e 5919+84 4o 5732+506 .
s o ; 2
200 5250 300 =
MUy K ) diev E= s “._::’:- ) VD m,, (MeV/e?)
Normalization channel branching Fragmentation ratio 7; Yy = 026753, “combined LHCB
measurements
(REC, SELIREC TRIGISEL % VB“
— €cal Ccal €eal cal q HhTHT T
BR = BRey * REC,_SELIREC_TRIC/SEL fB“ Neww | el ™ Npg—ptu
sig sig s\g coen
Calculated from MC Measured from data ~ Number of events in normalization channel

a = 0.966+0.096 a=1.27+0.35 a = 0.92+0.22
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BY — utyu~ Strategy: BDT calibration

4+ Expected Background and Signal yields estimated in 2D
(upe mass vs BDT) plane

4+ BDT: multivariate estimator combining vertex and geometrical
variables

m BDT optimization using MC z DARMLARMAL R A

w Calibration using data - E
v B — h*h~ for signal g s — = ——=——
v/'sidebands for background e m Signal 3
F O Background 1
1015 —_— E
"°F LHch — 3
E Preliminary —r:>—

1075576270304 05 06 0.7 08 09

BDT
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BY — utyu~ Strategy: mass calibration

4+ Crystal Ball shape with average value
from B — KTK~

4+ Resolution interpolated from c¢ and bb
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BY — u*u~ Results (LHCb)

Upper limits at 95% CL.:

4+ LHCb: BR< 1.5 x 1078 (0.3 fb~") [LHCb-2011-037]
4 CMS:BR<1.9x 1078 (1.1fb7 ")
4 LHCb+CMS Combined: BR< 1.1 x 1078 [LHCb-2011-047,CMS-PAS-BPH-11-019]

4 CDF Excess over SM not confirmed ! °°m‘°‘{‘a'°”a'

T T o T ]
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o 1sf
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Search for B — up
Our best candidate

x (mm)

] My, = 5.357 GeV
Primary vertex o BDT = 0.90
Decay length =11.5 mm
Tracks shown for p; > 0.5 GeV
z (mm)
E. Polycarpo (LAPE/IF-UFRJ)

LHCb experiment
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Selected Physics Results Search for Bg — QL

Impact of B? — ;*,~ Results

As an example: F. Ronga at the Workshop LHC results for TeV scale physics

NUHMI

o Covms
200 400 600 800 1000 1200 1400 1600 1800 2

M, [GeV/c?]

First LHC data

tan(p)

CERN, August 2011

NUHMI
T

68% CL
95% CL

Al e iy

{

Vil

tan(p)

68% CL
95% CL

Kool

L L e L

PP Pwww wwww e wwew e 1
200400 600 600 1000 1200 1400 1600 1800 2
M, [GeV/c?]

Direct searches only

while direct searches push towards large tang, Bs — pu

1MasterCode (J. Ellis et al.) (http://www.cern.ch/mastercode)

E. Polycarpo (LAPE/IF-UFRJ)

LHCb experiment

206" 00 600" 300 o0 {200 1400 1600 1800 2000
M, [GeV/c?]

Bs — pp included

pushes back to lower values
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Search for g — jup
Direct CP Violation in B decays

Using the particle identification capability of LHCb, can isolate clean
samples of the different decays contributingto 2-bodyB — #*fi-(h=m, K, p)

BY — K*rn~: dirgctCP violation (in decay) clearly visible in raw distributions

-gamo = —
oo B’ K- Jum A
S [ feeesseesssinniiiiienn. =

§ gim

§
g

g

1000

g

[2#0-1102-ANOD-901

5 51 52 53 54
o

]
55 56 57 58
' Invariant mass |le:;) 51 52 53 54 55 56 57 58

K =* invariant mass (GeV/c

Corrections required for detectorand production asymmetries

controlled using D? — K-ntt, B — J/y K*0 samples: percent-level effects
Acp=T(B* = K-1*) —T'(B® — K*7t-) / sum =—0.088 + 0.011+ 0.008
in good agreement with world average: —0.098 + 912

Most precise, and first 5o observation of CP violation in hadronic machine
Borrowed from R. Forty on behalf of LHCb Collaboration, ICATPF, Como, 3-7 October 2011
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Selected Physics Results Search for Bg — QL

Direct CP Violation in B decays

Adjusting the selection, can enhance the B, — n* K~ contribution
— First 3o evidence for CP asymmetry in B, decays

%\W
g B, —» K"
o0t
i
m
40|
20| + n
R Rt

54 55 56 57 .8
K'%* Invariant mass (GeVich T8 82 83 52

54 55 56 57
K' " Invariant mass (GeV/c’

Acp (B, — 1+ K-) = 0.27 % 0.08 £ 0.02

Eventual goal to measure time-dependentasymmetries 69 B, — m*n-, K*K~
— determine CKM angle y from /00p decays

Compare to many other y measurement from frggdecays (69 B, — D, K)
— determine any contribution from new physics

Borrowed from R. Forty on behalf of LHCb Collaboration, ICATPF, Como, 3—7 October 2011
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Moasursment of s
CP violation in the interference between mixing
and decay

BY > B2

] '\
"“meyps / J/’l‘}q’
B.Y

4+ Analogue of sin(23) measurement in the

Bs
- Vi Vis =
4+ SM: dominated by mixing (V;s in box ’ @2),7 ’
diagram) B W w+ B
 well predicted : ¢s = —0.036 + 0.002 I s
mvery close to zero N
4+ NP can introduce large phases
+ Fit decay rates for B2 and B2
¢5 = + ¢S NP
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Measurement of 65
Measurement in LHCb

@ two most interesting modes

:_} " *—4 E} "
D b Ho b
B[\,{ ’ *‘Q B\{

W’ - W
«\\ ;} d)(lDZD) L KTK™ —"\ :} fﬂ(980)—"|'l"'l'l'

s narrow ¢ resonance --> clean s first seen by LHCDb, last winter
s vector-vector final state (“P-wave”) 4 predicted by Stone and Zhang ('07)
mixture of CP-odd and CP-even =angular analyfsis ~ * °F 200ut20%0fBs->J4e  cp_gqq
E LHCb preliminary 400E" ] ACb T T T
1609 N3 =7 TeV, L~ 337 pb* 3s0f-  Preliminary
1400 > sgof V&=7TeVData
21200 2 L=378pb"
§ 100d ~8300 events o 29 ~1400 evenjts
@ 400 2 200
g 150
600 w
400) 100}
200} 50 -
5300 53’50 — 5400 52'“0 5300 5400 5500
m(ptpy " KTYK™) [MeV) m(pTp~wta™) [MeV]
LHCB-CONF-2011-049 LHCB-CONF-2011-051 3

Borrowed from W. Hulsberaen (Nikhef) on behalf of the LHCb collaboration
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LLEECTE L
Maximum likelihood fit for B; — Jyfy

= fit to mass, time and flavour tag 2 toof- LHCb E
. . Y ob Preliminary 3

s fit for 2 physics parameters < b VE=7TeVData 3
) E E

£ 100f E

? Ars’ s z asoF- signal 3

s T taken from B_->JApg sof |} background 3

40f-  ¢f 3

s Am_: taken from B ->D n of i E
0Seme 5 10

proper time (ps)

% = Ny [gosh (%) 15 cos(¢) sinh (%) = nysin(os) sin(Amt]w
H_,

CP asymme {< Ba s J)p
acceptances and resolutions taken into b= B. - Dyx*

account as well as flavour tag dilutions
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Measurement of s
Maximum likelihood fit for B; — Jy¢

MLL fit to mass, time, angles and

flavour tag decision

fit for 9 physics parameters

s amplitudes: 3 sizes and 3 phases

a Ty AT ¢g

Am,_ taken from B->D

goodness of fit, using “point-
to-point dissimilarity test

gives P-value of 0.44

(*) see eg. M. Williams, JINST 5 (2010) P0S004

[arXiv:1006.3019 [hep-ex]]

Events/ 0.13

¥ 0 ]
Proper time t [ps]

3 it by
...'E 5= ToV, L~ 397 pb’
—+ o =1t 8276 +/-/94
s, component G .
ceees cpoven sig. component | 5100y CANCidaltes
— — cp-0dd sig. component ae
—— swave companent 5
——— big component “
complete pat u
oo w0 e
B, mass [MeV]
S 500} LHC proimry -
wi s .
e < '++ §a 700, 397 g +
Z soof- 1
H + A+
S Tt
3 E
7 a5 e a8 i

pegpl s ] B eof oo presmiry
- B=7Tek L. 397 p0" = =T TV, L 337 o
£ - +d  S¥FL S oS
G ot Pt S ey by F R R T Sl
o & 2
100f E 100f- N - E
G N = 0 -

cosé

Borrowed from W. Hulsbergen (Nikhef) on behalf of the LHCb collaboration
More details given by R.M. Villalba (Cinvestav) - DO measurement with 8o~

Polycarpo (LAPE/IF-UFRJ)

LHCb experiment

Leon, 20-26 October 2011
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LLEECTE L
Experimental Status before LP 2011

4+ CDF, DO and LHCb measurements consistent with SM
4+ However, all of them above prediction
4+ Together with DO ASL™ hint of NP? Liicy Prominary

~JE-7 TeV, L-36 pb”?  LHCDb-Conf-2011-06
T T

E i R
06 o
% @@ CDF + new DOASL(9fb™) E 04 lHCB }r/\\\b
L LI = i .
EPS . l— 0.2 - ;g: \\M
|.IJ-' rrrrrrr T T T T T T T 0 ‘_{/ r
[ fl\ *SM (pred) ] oz A P
08 - I ’ +DO0 (6.1 fb”) ] 68.3% ‘R /f
[ \ =CDF (5.216") ] B s v s
3 s / | ALHCb (37 pb™) ] s \\/J‘ SMip-valjie = 22%
s L ] Nl
& oaf \LHCJ = SM ] D ¢_Irad]
k — * ] <
0.2 ’ j fDF ]
0.0 8

150 -100 =50 0 50 100 ~ 1?5

d)N

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment Leon, 20-26 October 2011 47/70



LLEECTE L
Experimental status after LP 2011

4+ LHCb combination of J/v¢ with J /) fy:
¢s = 0.083+0.16 + 0.07
[LHCb-CONF-2011-056]

4+ Expect improvements in both statistical
and systematic errors

. . E Preljminary results overlaid O 1
4+ Main systematic from backgrtiung:... 0 cor 5o
95% CL [] tHch 03fb7

description and angular acceptance
4+ No evidence for NP ! :

+ First 40 measurement of .~ *°F e
o SN
non-zero Al g oo

¢ Standard Model

ps’)

04

¢SJ/\V¢> (rad)
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Direct CP violation in D* — hThth-

4+ 2 body-decays: time dependent or time integrated counting experiments

4 3 body-decays: sum of many interfering amplitudes
msearch for differences in the interference pattern across the Dalitz plot

4 SM predictions for D decays difficult to compute
= null for CF decays
mw O(107%) for SCS decays [Phys. Rev. D 75 (2007) 036008]

4+ NP at loop level could generate enhancements up O(10~2)
4+ Experimental status in D° — K77 *:

m CLEO-C: no CPV ~20k decays [Phys.Rev.D 78 (2008) 072003]
= BABAR: no CPV with ~40k decays [Phys.Rev.D 71 (2005) 091101]
m BELLE: no CPV with ~240k decays [arXiv:1110.0694]

Acp(DT — ¢nt) = (+0.51 £ 0.28 £ 0.05)%
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S E DD = [
Model Independent Analysis

Look at the statistical significance of the asymmetry across the DP?

_ Ny—N_ ::;; ) 2

*+ Ser= A/Ni+N_ 525
+ Distribution of Sgp is Gaussian in the absence ¥ | i
of CPV ’
4+ Deviations from Gaussian ™ evidence for " 2
CPV ! s

+ °,(Stp)?is a x?: use p-value as a test of
compatibility with NO CPV hypothesis?®

4+ Toy MC Example D — KK~
% 49 phase difference is introduced in the ¢
amplitude (bottom) compared to no CPV (top)
= |arge local asymmetries along the ¢ mass
washed out in the integrated measurement 15

m2,. (GeV?/c?)
N
&
T

a " L
[Phys.Rev.D 78 (2008) 051102] o5 1 5 2
mZ._, (GeVZc®)

2|, Bediaga et al, [Phys.Rev.D 90 (2009) 096006]
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sl (0L B = i
Event Yields in Signal and Control Samples

§ f ' T

2 T (a)

E 40000 LHCb .

g - lower upper

: +

2]

E L

& 20000 B

L ot
0 f
1800 1850 1900
m,.... (MeV/c?)

- T T T T T T T T) T T
F1a000F- =
S F | LHCb E
12000~ =
H [ |lower middle upper | J
disgoo0f- =

8000~ -

6000~ -

000~ —

2000f- 3

E D'\ D;

1%00 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 2:540

M. (MeVre™)

370k events signal events (37 fb—1)

E. Polycarpo (LAPE/IF-UFRJ)

4+ Magnet up and down data combined

4+ Control samples: CF modes and
sidebands

4+ Ds — KK (~ statistics)

m same topology, background
4+ Knrm (10x statistics)

m  same production
4 uniform and adaptative binnings
4+ no fake assymmetry detected!

T T T

L ] LHCb

m2,.. (GeV¥c?)
o
I
T

0.5 1 15 2
mZ_. (GeVZ/c?)
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Selected Physics Results Direct CPVin D — KK«

Results

R

@

m2... (GeVi/c?)
N
in
T

]
1

&
T

mir (GeV3/c* ]

m2,. (GeV¥/c®)
N
in
T

1.5 2
mé... (GeV¥c?)

cp

Number of bins (0.5)

Number of bins (0.5)

F T T E
LHCb (b)
20 -
15 4
1w0f .
5f 4
% > o 2 .
See
00| d -
LHCb @
s 1
60 -
a0f 1
20 .
% e o 2 s
Scr

No hint of New Physics in the 2010 data!

E. Polycarpo (LAPE/IF-UFRJ)

LHCb experiment

Leon, 20-26 October 2011
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S E DD = [
Prospects for 2011

590000
gSDOOU
-
2-70000
3
£60000
Q
>
W50000

40000

1%00 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 2040

LHCb Preliminary
£ \'s =7 TeV Data

N, = 2 042 620

+
D,"—

K*Knt

IIQII
!

220 pb*"

K*K-n*

Np,=2766 170

K'K'x* Mass (MeV/c?)

Expect to select almost 10 M signal events with 2011 data
Also other CS and DCS suppressed modes
(charged Higgs at tree level?)

E. Polycarpo (LAPE/IF-UFRJ)

LHCb experiment

Leon, 20-26 October 2011
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e Summary
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Summary

@ LHCb demonstrated excellent performance in 2010/2011
in a much higher multiplicity environment than anticipated
@ all key techniques are shown to work

v/ Momentum calibration for precision mass measurements
v/ Particle ID

v Flavor tagging

v

v

Time-dependent measurements
Angular analyses

@ high impact results during summer
@ many results not mentioned here...
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Future: Upgrade

Referees’ view of Physics
programme:

"Case for flavour physics
with 50 fb-1 compelling”

E. Polycarpo (LAPE/IF-UFRJ)

pass from “exploration” to "precision
measurements” phase
requires reading out the whole detector in a
40 MHz rate
require changes to detectors and readout
electronics
w VELO sensors (pixels or strips?)
= RICH readout electronics
w Tracking stations: straw + fiber or silicon
= Addition of a Time of flight system

accumulate 5fb~1 before 2017 shutdown

@ installation during 2017 shutdown

work at L=10%3 cm?s~1 and pu ~ 2.13
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Future: Upgrade

Exploration

Precision studies

Current
LHCb

Search for B, — pTp~ down to SM
value

Search for mixing induced C'P violation
in B, system (28,) down to SM value

Look for non-SM behaviour in forward-
backward asymmetry of B — K*uu~

Look for evidence of non-SM photon
polarisation in exclusive b — sy

Measure unitarity triangle angle -y to
~ 4% to permit meaningful CKM tests

Search for CPV in charm

Upgraded
LHCb

Search for BY — ptu~

Study other kinematical observables
in B = K*u*p, eg. Ar(2)

CPV studies with gluonic
penguins e.g. B, — ¢¢

Measure C'P violation in
B, mixing (A3,)

Measure B(B, — p*p~) to a
precision of ~ 10% of SM value

Measure 23, to precision
< 20% of SM value

Measure 7 to < 1° to match
anticipated theory improvements

Charm CPV search below 10~*

Measure photon polarisation in
exclusive b — s7™*) to the % level

and more: lepton number violation, low mass majorana neutrinos,
eletroweak and QCD.

Polycarpo (LAP UFRJ

LHCb experiment

Leon, 20-26 October 2011

57/70



We know NP must be there, we don’t where.
Come and join us !
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BACKUP
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CKM matrix - Evolution in the last 10 years

EPS 2001 EPS 2011

owsuded awa has CL » 096}

lltvvv,\|rl‘!—fll'lvllvv

T T T
[ eschiand arma b €1 - 095 3

AT
sl

o | i ]

e : o et s0se ]
a5 B A I I T A
-1.0 -05 0.0 05 1.0 15 20 -1.0 -0.5 0.0 05 1.0 15 2.0
p p
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CKM matrix - end of next year !

EPS 2001

LHCb @ end of 20127

™

sot

fuseh st BL = ©.05)

LHCb can pin down the error on gamma

to 10°-5°in 2011-2012

LHCb experiment

45

=

Leon, 20-26 October 2011
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Flavour specific asymmetry

ASL

= Strong interest in semileptonic (or flavour-specific) asymmetry due to
DO result for dimuon asymmetry (comparing # of u*u* and p—p~ events)
Ay =(-9.57+2.51 + 1.46) x 1073 [arxiv:10052757] (expect < 103 in SM)

* Same approachdifficult at pp machine due to production asymmetries
Instead use semileptonic decays, B, -> D) (K'Kn*) p~ X
Result from LHCb expected soon

, W
» Note: if Ay, /Slarge, expected to .
see large ¢, in most models ’
150F 150

01/

-0.01°F

75 -
[ BLHCbh MC, 1fb!

0

[ D@ central value
-0.03 F No NP in B -mixing

[ze01 0160:ATX2E]

A A s s

=75

150 -150 —

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment ' VLeon,7207-276 Ociobe}' éd11
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Standard Model
Observable prediction Theory error? Present result® Future errord | Future facility
[ Vas| (K — mév) Inpuc 0.5% — 0.2246 £ 0.0012 0.1% K factory
0.1%Laee
¥4l (B — X, v) Tnput 1% (41.54 + 0.73) x 1073 1% Super-B
V! (K — mév) Input 10% — 5%Lae | (3.38 + 0.36) x 1073 4% Super-B
y (B — DK) Input <1° 70+ 3° LHCb
SByruK sin(28) <0.01 0.671 + 0.023 0.01 LHCh
Sg—ve 0.036 <0.01 0.81412 0.01 LHCh
Spy—rok sin(28) <0.05 0.44 + 0.18 0.1 LHCh
SB,—¢0 0.036 <0.05 — 0.05 LHCh
Spy—K*y Few x 0.01 0.01 —0.16 £+ 0.22 0.03 Super-B
5B,y Few x 0.01 0.01 — 0.05 LHCh
A —5 x 10™* 107 —(5.8 £ 3.4) x 107? 10-3 LHCh
Ay 2 x 107° <1075 (1.6 + 85) x 107 107} LHCb
Acplh — sy) <0.01 <0.01 —0.012 + 0.028 0.005 Super-B
B(B — tv) 1 107* 20% — 5%La | (173 & 0.35) x 107+ 5% Super-B
B(B — ) 4 1077 20% — 5%Lane <13 x 1075 6% Super-B
B(B, — ptp7) 3 x 1077 20% — 5%Law <5 x 107% 10% LHCh
B(Bi — pp) 1> 10710 20% — 5%Lant <1.5 x 107° ? LHCb
App(B — K*u*p) 0 0.05 0.2 £ 0.2) 0.05 LHCh
B — Kvi 4 x 1076 20% — <1.4 x 10~° 20% Super-B
10% Lare
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X(3872) observation

3

Ev i # \ CDF .

= h IET Li . I{} E { BaBar B* e

E ﬁﬁ{ﬁ{&fth it }Etﬁ BaBar B’

DO
. Belle ——

E Dttt “@l%!;gff‘.’ﬁiﬁ%g PDG Average 387156 + 0.22 ot
o #ﬁg‘ﬁ“& BT LHCb preliminary .t
2 x New average 3871.63 +0.20 o
= .
o 1 M(D")+M(D") .
@
€
e V/c

i i
3867 3868 3869 3870 3871 3872 3873 3874
X(3872) mass [MeV/c?]

@ Discovered in 2003 in Belle, was later seen in BaBar, CDF and DO

@ CDF and Belle/BaBar measurements favor J7¢ = 1+

@ D*0DPO state ? Still not clear ! Tetraquark ?

@ Measure mass, width and quantum numbers with 2011-2012 data

@ 16000 events expected in 2011 data (~ 200 from B decay)

@ LHChb: Excellent potential to contribute to “exotic’meson espectroscopy
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Search for X(4140)

=
o

'Search for the X(4140)

Studies of other possible exotics are underway.

@

@

B

CDF reported observation of narrow structure,
X(4140), in the m(J/WK*K-)-m(J/W¥) spectrum
in B*—=J/VoK* events [arXiv:1101.6058]. LHCb
now has a large sample of these decays. 0

Candidates per 10 MeV/c?
N

11 12 13 14 15
m(u* i K'K)-m(u*u’) [GeVie?]

Fl

P

3
2
g def LHOD Br—JWgK? T —
- H preliminary L - 4
T ig -~ ~360 decays [ LHCb preliminary 376 pb
ﬁ H (cf.115for [ expectedsignal scaled
z 1 CDFin 6 fb) \ o[ from CDF 39+9:6 ]
S [ .
o
5

h

fit 745 events

A0 VR0 a0 bas W0 580 bAd 840 B0
MGty K) MoV

Number of events/4 MeV

Background model is 3- body phase
space convolved with resolution

LHCb does not confirm presence of X(4140).
2.40 tension with CDF (using this bckgd model)

1400

1100 1200 1300
M(Jhy &) - M(J/y) MeV
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And more ..

Conclusions The 19th particles and Nucle

International Conference (PANIG11)

LHCb delivers splendid input to Soft QCD physics in the high-r region
» KUY production at /3 = 900 GeV

harder py spectrum as compared to MC

A/ A ratio lower than Perugia 0, in particular at high y

A/KY ratio higher than Perugia 0

B/p ratio slightly lower than Perugia 0 at /s = 900 GeV

¢ production at /s = 7 TeV
above Perugia 0 in the considered kinematical range

¥ ¥ v

» track multiplicity generally higher on data than on MC
— better agreement for hard events only

Sebastian Schleich {TU Dartmund) Seft QCD Measurements — LHCh 28.07.2011 24 724
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Heavy Flavour Production in LHCb

@ The calculation of both quarkonia and open heavy flavour cross sections at hadron
colliders within the QCD framework has been a long-standing challenge for theorists and
experimentalists

@ For quarkonia, until recently no model was able to reproduce measurements of both cross
sections and polarization

@ For open heavy flavours only recently calculations found an agreement

@ LHC measurements will be crucial for the comprehension of open issues

@ LHCb presents an ur’ Detector Accepiance ir to the other LHC experiments
vt _—
COF —
ALICE | —

ATLAS
CuS |
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J/WV production

prompe sy Nee1 ey LHCb Prompt J/yp, Ns=7TeV  LHCb ]

o (prompt J/y, pr < 14 GeV/c,2.0 < y < 4.5) = 10. 52:&:004j:1 40*2,,0 ub

dominant systematlcs (excludmg polarlzanon) tracking efficiency and luminosity

$ ptomb i1y LHCb | § T LHCb ]
& T, {3
i oy s
2. —t F
SPEh = =
Els —
: $
¥ .
t .
I
P, (GeVie]

o (J/w from b, pr < 14 GeV/c,2.0 <y < 4.5) = 1.14+0.01 +0.16 ub

E. Polycarpo (LAPE/IF-UFRJ) LHCb experiment Leon, 20-26 October 2011
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Prompt J/V: comparison with theory

direct contribution only

P. Artoisenet 8w [ v o MvacD 20 <5 <457
[PoSICHEP 2010 % f Dies LOKRQCD 20 <5 <43 ]
(2010) 192] .-

3ok 1
M. Butenschén °F 1
and i E
B. Kniehl 0] . L - n

0 T T T T
i=7 TeV
W s cn B

[Phys. Rev. Lett. 106 (2011)

20
P, 1GeVic]

022301, arXiv:1009.5662 [hep-ph]]
=10

[abAGeVic)]
5

dot) A
r'n

\\' T T
S Y s i

Dt NLOCSM 20 <y <451

~e [ Do NNLO CSM @D <y <48

5 10 15 A
P, [GeVic]

J.-P. Lansberg
[Eur. Phys.

1. C61(2009) 693,

arXiv:0811.4005
[hep-ph]]

= \f"',.k‘.l_‘._|n.\.;u“.ul ' ‘-‘x-.'(\.‘—-—-lklth-:w\..(An
a w' B Prompe NLO NRQED (20 <5 <45) Y e Prompt NLOCEM (20 <y <45 Y
:_‘5 wp 1 - 1
35
Bl 1 1
o 1 0p = 1
3 ‘! E’ -
o - - - w
0 5 10 15 20 o 5 10 15 20
P 1GeVic] P, 1GeVic]
KPlhT. (I:Ehao etlat:-ﬁ 2011) 042002, iv:1009.3655 1h h R. VoEt
[Phys. Rev. Lett. ( ) , arXiv: . [hep-ph]] [Phys. Rep. 462 (2008) 125,
arXiv:0806.1013 [nucl-ex]]
LHCb experiment Leon, 20-26 October 2011
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J/V from b: comparison with theory

WeE———T 7

_ —
> 7 @— LHCb, J /iy from b (20 <y <45) -
(7] 1 =
g W< FONLL (20 <y <4.5)

5 107 B,
A 7N

= <,

Z| - e

S|a e

5= 10 <, 3

= 2

2
2,
LE \‘\\\“\\\\
Ns=7TeV Ly,
107" L 1 1
0 5 10 15

@ o(J/Vfromb, 2 < y < 4.5) = 1.1420.01£0.16 ub (Eur. Phys.J. C71 (2011)

1645.)

@ when extrapolated to the full solid angle ™ o(pp — bbX) = 288 + 4 + 48.b

Cacciari et al., JHEP. 9805 (1998) 007
JHEP. 0103 (2001) 006

@ In excellent agreement with another independent measurement using
b — D°uv,X: o(pp — bbX) = 284 + 20 + 49ub (PLB 694 (2010) 209.)

E. Polycarpo (LAPE/IF-UFRJ)

LHCb experiment
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Bottomonium (bb) states (T)

8000

7000 LHCb
Preliminary
6000~ \s=7TeV

fL =32.4 b
,

mass (15)=9449.2+ 0.4 MeV/c?
o(1S)= 524: 0.4 MeVic?
Nyoa (15) = 34429 = 261

Nygna (25) = 8800= 181

Nygoa (35) = 4419 147

Y production

LHCb-CONF-2011-016

5000

LHCb preliminary:

o(Y(1S), P, < 15 GeV, 2<y<4.5) =
=108.3+0.7 £ %%, nb

Candidates/(25 MeV/c?)
H]

8000 3500 9000 9500 WDDD 10500 I‘IDDD 11500 12000
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Comparison with CMS Comnarlson with theorv
3.1 23: —=— LGS daa (15 GeVIc :E - LHCb data (2.0<y<4.5)
£ r =LA L = rompt NLO NRQCD (2<y<4.5)
100 o prompt vy
] ao: | [ LHCb s f
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o :l l \s 7 Tev %'_1of+++++
= 60 L 324pb" = E
= =
T oF ) ++
T aof “l‘ = | =
g t = 4L IEHCI_b . +—<}—+
~— C E reliminai
_g 20:- é F Ns= 7‘|'<avry +
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