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— LHCb Experiment

— Results
— QCD
— energy flow
— bb asymmetry and cross section
- EW
— Z production
— Central Exclusive Production
— Searches
— SM/MSSM Higgs decaying to taus
— Long-lived particles

— Summary
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The detector is a single arm spectrometer fully instrumented in the
forward region (2.0 <n < 5.0) —» Unique coverage at LHC

Excellent Vertex Resolution and Tracking
— Vertex Locator (also for n< -1.5)

— Tracking Stations e

Neutral Energy Measurements \\

— EM and Hadronic Calorimeter ../~ wor v e\

RICH2 M1

Particle Identification L0 | | | \
— Rich detectors wriiiamiy 1 - |
— Muon Stations

Trigger
— Ability to go low in muon p_
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40 MHz bunch crossing rate

L0 Hardware Trigger : 1 MHZ

readout, high Er/Pr signatures
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[ software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to
trigger time constraints
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LHCDb Integrated Luminosity pp collisions 2010-2012

2.2
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Integrated Luminosity {1/fb)
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Delivered in 2012 {4 TeV): 2.209 /fb
Recorded in 2012 (4 TeV): 2.082 /fb
Recorded in 2011 (3.5 TeV): 1.107 /fb
Recorded in 2010 (3.5 TeV): 0.038 /fb
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Date

>90% d

ata taking efficiency

>99% DQ efficiency
2010 — 37/pb at vs =7 TeV

2011 —

1.0/fb atat vs =7 TeV

2012 — 2/fb at at Vs = 8 TeV
Thanks to LHC team!
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arXiv:1212.4755

Motivation
Sensitive to parton radiation and multiple-parton interaction
Tests of event generators — collider and cosmic ray models

Integrated Luminosity 0.1/nb — low pile-up data (2010)

Trigger
At least one track reconstructed

Selections
Inclusive minimum bias
Hard-scattering (p.>3 GeV)

Diffractive enriched (no tracks n<0)
Non-diffractive enriched (1 or more tracks n<0)

AnaIySiS Npart,n
Measurement with tracks 2 GeV<p<1 TeV 1 dBiotm _ 1 ( 1 3 Ei,n)
Corrected to particle level Nint  dn An

Main uncertainties
model uncertainty, selection cuts

LISHEP 2013 LQpe

M. Rangel ,;--/



PYTHIA PREDICTIONS

arXiv:1212.4755

COSMIC RAY PREDICTIONS

5 LR L AL L B L B R LR W LI LI LI N L B I N B e FTrrrrprrrrprrerrrrrprrrorrrry 3 [Trrrr[ortrprrrrrerrrprrrrprrr]
o T40F g [iata = :4; I_.,_ I'.'llnln. | ! ' ! . E [t [Diata ] %' [t Dlafa ]
2 | ——- PyTHMG LHCE - — - FYTHIAS LHCD 4 B 780 — —. Epgs .80 3 Saoof —- EPOs 189 -
5 1z0f -~ PY¥THIAS P-un.lg!a.'i] 15 25 - PYTHLAS Ponuga 7 _g ranf ~ QGSIET0N o _5— N e GESJETH =3
i - PHYTHLAS Parugia ROCR +: Tl PYTHIAS Pensgia NOCR l. ] i E QGESJETI03 I i g EEJETI-0E pa— *_-
= ook PYTHUA 8138 dedault —d T om PYTHLA 135 detaull + L EEL =T SYBILL 21 J— 1 = 3 SYBLL 21 |—— ]
2.': I inclusive minbias evenls ¥ | SN zg F hard scalisring evenis |- 1 2—': E inclusive minbias avents | r zf " hard scatbering events === ¢ ]
€ b I__| 1= | Pl 1 < 100F- | q s J+ E
E [ 4 | 1 — 150 r— ] E :_ B ] _: E N r ]
> sof- MB N 1% ¢ hard Lt 1 & a0y ! | 2% hard . i E
=t P 1 2 too- = | - & a0 I 1= F W s ]
0 b I 16 L T 1 o 5 100 f 7
; — L O e LHCy ] aE e LHCh : P LHCb ]
= P {5=7 TV Fat E=7 TaV ] aof pegri—a G=7Tev J  SOEr¥ {5=7 TeV
ﬂI""I""Ill”l""l""l"'- -|_|j|,|_|j|_|_|j|,||]|_||JI_|JJ|_|]|,: I::I""IIIIIIII”I""I""I"I: :|||||||||||||||||||||||||||||:
ﬁ T Syssamatic Uncarizinty | ﬁ . 1 Sy=iemase Uncananty _ ﬁ 14 ] Sysmamatic I.Ir.:fnanh: _ ?& 14 [ Systeman ¢ Uncartainty
e 1 o T 1 =] T T M B rareres s " e 1 2 A
o 1 o i ] Qo1g ] oo ; ]
= _ 1 = b X = L P Lt I - e S s el
E ___MHL_-‘"__‘_L#_-'__ 1 Rt r - 7
= a6 = LY .
|-|||||||i|.||-|||-|||||||i|||- L n TR FENTE ERTTI PN AT FRETE IR ¢.6 ]
Z 3 3.5 o 4.5 N 2 25 3 3.8 d 4.5 " 2 28 3 a5 d 4.5 " 2 28 3 3.8 4 4.5 n
5 i) | LB 'l TIT 7T I TTT1 1T I LELELEL 'I TTT7T | L S | LI '| UL r UL | TTr 1 '| UL I LI 5 _| Tr 1T '| LI I TTT1T | Tr 1T '| LI | TT1T1] 5 f | LELEL 'l UL r UL | TrrI 1 '| LU I LLEL
@ | —a— Dala ] o MOF —s— Data = o | —%— Dala 1= f&'ﬂE —s— Data E
S 50F ——. PyTHIAB LHSL 42 F——- ey nce ] S sof ——- ePos1ae 4 G180 . Erosiss ]
N 1 & 1z0f - PYTHLAG Parugia 0 +_ 5 el # 5 = = [1]] 1 & saf QESIETH -
0 ek FY¥THIA 3130 ditfractiva A& F FYTHIAE Parugia NOOR ] O ok DGEIETI-3 T CGSIETI-b I
5 S0 PYTHIA 8,135 detault 1 = ok PYTHA 8. 135 dedaut = © 50 SYRILL 2.1 ] © b S¥RILL 21 _—_
zt-d:l: diftractive enslched avents * ] zf [ non-diffractive anrlched avents + J 7 ztdﬂ: diffractive enriched avants i i— = zf E non-iffractive anriched avants i J| ]
= a0 4 = _F F=4 = A0 = = 1o0f ]
- - 4 = &0 H — - - 1 = L .l— -
o r—1 L *J ] 5 1 E | ¥ ]
B _F I 18 ¢ H —= ] B _F fool 1B gob E
ek i 1 1% o non-diff == ] e giff ~- 1 &= non-diff ..+ 1
£ F I | 12 F M ] = F | | i £ & i_'_ 3
&z {_ FE 1 C awf o 3 e 19 F |—-— ]
: r—- LHCb ] : o LHCE i pE tHee 1 F e LHCb
1o $ L7 Gawev {0 ap ead™ {5=7Tev - ToE 4 fs=7TeV 1  aof pogds= 5=TTeV
I j_:——' ] k- ] [ j..'l 1 ety 1
Ei.—...1'....|....|....|....|...- AP P P T PR T g = I POV PR IO Y PRV PP FPEEE PENT
ﬁ 1.5 T Syotamanc Uncerlaimty | o ﬁ id ] Sywembc Uncoanty ) 2 a5 L Syetmmatic Unceriainty. o 8, [ Systamatic Uncartmnty
' 1____'__"—'"-—------'lu_.l-----ﬁ__- j S—— i .
P i
I";l"‘i-ri_;_ll IIIIIIlIIIlIIIIIIIIIIIIl- 0.5 IlIIIlIIlIIIIIIIlIIIIIIlIIIl_ aﬁ-‘""I'""I""I""I""I"'.'-
2 25 3 3.5 d 4.5 n 2 3 3.4 o da.s | 2 2.5 3 3.5 4 4.5 ]
1 dE 1 ] ey
total E
LISHEP 2013 - ]
Nint d?? &Ti Nint i—1

M. Rangel



LHCB-CONF-2013-002

Integrated Luminosity: 18/pb (2010)

Trigger
B-hadron candidate using high p_hadrons/electrons or muons

from secondary vertex — efficiency = (10.2 £ 0.2)%

Selection Two B-hadron candidates from b-seed algorithm
— secondary vertex reconstructed from two or three tracks
— efficiency ~ 80%
— energy calibration derived from simulation
-n=[2.5-4.0]and p_> 5 GeV

Analysis B B
Decomposition of cc and bb using fit template of a BDT
using 4 variables: seed p, seed mass, sum of IP significances and
scalar sum of track p. wrt seed direction

Main uncertainties Luminosity, simulation dependence (~10%)
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LHCB-CONF-2013-002
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o - e DATA LHCb Preliminary + ingy -
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BDTG response

o = 7.7+0.12 (stat) £ 0.84 (syst) ub  NLO PowHeg — ¢ =5.3+2.1 ub *
o =104.6 £ 2.7 (stat) = 11.4 (syst) ub. FONLL — ¢ =[170,300] pb *
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LHCB-CONF-2013-001
Motivation i
CDF/DO measures larger tt A__ than SM prediction

Atlas/CMS measurements are in agreement with SM
bb A__ can constrain models (SM A__<1%)

N{(Ay = 0)— N(Ay < 0) -
N(Ay = 0)+ N(Ay < 0) Ay — Y — Yo

,"1?}';{_' -
Integrated Luminosity 1.0/fb (2011)

Trigger B-hadron candidates — BDT discrimination at HLT

Selection
2jets (n =[2.-4.2] and p_> 15 GeV) back-to-back

Flavor tagging with muon (purity ~ 70%)
Jet to quark correction derived in simulation

Main uncertainties
flavor tagging, detector asymmetry
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LHCB-CONF-2013-001

25000 LHCb Preliminary E
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LHCb Preliminary
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Events/0.2
Events/(.2

EDB-DI: . soof MhE > 100 GeV __
G- .J—lJ’. . i ] i .—l_|1. ’ n‘ ; ] i i i ] i i . [ — -
-2 0 2 -2 0 2
Ay Ay
A%, = (—=0.5=+ 0.5 (stat) + 0.5 (syst))%.
| preliminary

A® (M; > 100 GeV) = (—4.3+ 1.7 (stat) + 2.4 (syst))%.

So far, measurement agrees with SM
NB, di-jet mass not unfolded (resolution ~20%)
Next, unfolding mass and study 2012 data
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J.P.G40 (2013) 045001

Motivation

p p N3 p
Testing ground for QCD % ) % % ) % ,
(a) : (b) ) (c) ) (d)

Integrated Luminosity 36/pb (2010)

Selection
Two muons and nothing else in the forward region (n =[2.0, 4.5])

No backward tracks (n =[-3.5, -1.5])

Analysis L wET
Signal shape from SuperChic O
Background shape from data S .
Template fit to Dimuon p_ ?é’ i’
i e
Main uncertainties .
Trigger efficiency .
Luminosity
Signal/background shapes % 1 2 Y imuon . [Gevid]
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Integrated Luminosity 1.0/fb (2011) e 1 '
Trigger W< W< M
Single electron/muon trigger *

e u+

Selection JHEP 1206 (2012) 058
Z—e'e
Two electrons - p_> 20 GeV and 2.0 <n <4.5

40 GeV <M_, <120 GeV
Z— 1T
Channels -up, pe, he, hu
One lepton with p_ > 20 GeV, second particle with p_> 5 GeV

Isolated particles, back-to-back, displaced from primary vertex
p. asymmetry > 0.3 for pp channel

QCD / EW backgrounds estimated from data

LISHEP 2013
M. Rangel isolated back-to-back lifetime pr asymmetry
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Motivation
limits to neutral Higgs — SM and MSSM

Integrated Luminosity 1.0/fb (2011)

Selection
same as Z — Tt 1t measurement

Backgrounds
QCD, W/Z, top/diboson

Signals
SM - dFG
MSSM — HIGLU, GGH@NNLO, BBH@NNLO

LISHEP 2013 LQpe
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LHCb-CONF-2012-014

Motivation
SUSY with R-parity violation — Lightest Superpartner is unstable
Hidden Valley

Integrated Luminosity 35.8/pb (2010)

Loose Selection ho .z
One LLP candidate

- # of tracks > 4

- mass > 3 GeV

- radial distance from beam line > 0.4 mm

Backgrounds E
Interaction with matterand QCD =

Final Selection
Require 2 LLPs back-to-back
- # of tracks > 6
- mass > 6 GeV

100 | 120 140 160 180 200 220

Pale 2 (tun)
e lape .



LHCb-CONF-2012-014

e B " | LHCb Preliminary
g B . Data
5 0l o
rg 10 IE --------- Mg Eb\flo
2 S HE Rkt M (R MC: BV48
2 f -
< 102 E =
(0] = .
N - .
£ 10° E H/ =
S F il E
2 1 z
107 =i | , EEH L il L *
0 20 40 60 80 100 120
Mass (GeV/c?)
merp S0 35 40 48 55 mprp o0 35 40 48 55
1 g0 TLLP
100 101 58 44 58 3 210 156 136 168 410
105 100 75 44 39 5 145 101 68 58 137
110 132 75 56 34 10 120 91 47 32 46
114 128 91 47 32 46 15 155 90 49 31 33
120 148 93 58 34 31 20 131 93 63 32 31
125 179 90 61 41 29 25 142 100 61 34 25
Table 5: 95 % CL upper limits on the cross-section for the production of a Higgs boson

in the BV model, as a function of the LLP and Higgs masses for a LLP lifetime of 10 ps
(left), and as a function of the LLP mass and lifetime for a Higgs mass of 114 GeV/¢?
(right). Cross-sections, masses and lifetimes are given in pb, GeV/e? and ps, respectively.



— LHCb probes a unique coverage in n and low p. reach at LHC

— Measurements are in agreement with theoretical predictions and few of
them already have precision comparable with theoretical uncertainties

— New limits of direct searches in the forward region

— Many other results not covered in this talk are available here
LHCb Results

— Update with 2012 data and new studies undergoing!

LISHEP 2013
M. Rangel
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http://lhcb.web.cern.ch/lhcb/lhcb_page/physics_results/recent_lhcb_results/Default.html

VELO acceptance

LISHEP 2013
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60 mrad

Cross section
at x=0:
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