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LHCb

e The LHCb experiment

e LHCb EW and QCD published results

e Recent EW measurements:
— Limits on Higgs production at large n
— W and Z boson productlon

 Recent QCé measurements:
— Forward energy flow
— Exclusive J/Y and'@(2S) production

e Summary
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The LHCDb experiment
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e Forward spectrometer with planar detectors
e Excellent tracking performance
e High quality particle identification

e Selective and flexible trigger system JINST 3 (2008) S08005
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LHCDb reach
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e Ability to study low-pr region (<0.5 GeV/c) at large n (>4)
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e L HCb explores particle production in a
unigue kinematic range:

— probes of PDFs at low and at high Bjorken x

and low Q° (NNLO calculations are available)

— PDF uncertainty increases towards large n

— low-mass Drell-Yan & W/Z cross-section
measurements: x values down to ~8x10°& 10™

— the only LHC experiment that can investigate this region of the phase space

— great potential to study soft QCD processes
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MAX-PLANCK-INSTITUT
. \\\ FUR KERNPHYSIK

QCD and EW published results N

e Underlying Event and Diffractive Physics in pp collisions:

& Measurement of the forward energy flow at 7 TeV > Eur. Phys. J. C 73 (2013) 2421

& Measurement of charged particle multiplicities at 7 TeV . Eur. Phys. J. C 72 (2012) 1947

& Measurement of prompt hadron production ratios at 0.9 and 7 TeV: Eur. Phys. J. C 72 (2012) 2168

& Exclusive J/Y and @(2S) production at 7 TeV . J. Phys. G: Nucl. Part. Phys. 40 045001
e Strangeness production in pp collisions:

& Measurement of the inclusive ¢ cross-section at 7 TeV : Phys. Lett. B 703 (2011) 267-273

& Measurement of VO production ratios at 0.9 and 7 TeV - JHEP 08 (2011) 034

& Prompt Ks production at 0.9 TeV . Phys. Lett. B 693 (2010) 69-80
e Heavy flavor production in pp collisions:

& Prompt charm production at 7 TeV > Nucl. Phys. B871 (2013) 1-20

& Measurement of the Bx production cross-section 7 TeV : JHEP 04 (2012) 093

& Measurement of a(pp— bbX) at 7 TeV in the forward region . Phys. Lett. B 694 (2010) 209-216
e Electroweak boson production in pp collisions:

& Measurement cross-section for Z— ee production at 7 TeV ' JHEPOZ2 (2013) 106

& Z production cross-section at 7 TeV using tau final states : JHEP 01 (2013) 111

o _Inclusive W and Z production in the forward region at 7 TeV : JHEP 06 (2012) 058

e Exotica searches in pp collisions: :
+ Limits on neutral Higgs production in the forward region at 7 TeV s arXiv:1304.2591 (submitted to JHEP)

— underlined results are briefly presented in this talk along with some preliminary measurements
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e Model independent search for the general Higgs decay: 10
O’ >t (tolvy,2.0<n,<4.5)

upper limit@95% CL vs mass
~4 pb at 125 GeV

— performed with 1 fo™* at 7 TeV

— extension to Z — T T analysis (arXiv:1210.6289),
treated as one of the background sources here

— no signal excess, no events with M>120 GeV

G g0 X B q,ﬂ_m(z.o <M < 4.5) [pb]
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Electroweak Boson Production (I)

e Z production studied with 3 decay modes: _m | e
" .. " m
* 7 Z — pu candidate: ¢-z view

/- 17T

— Z selection: high pr final state particles

o ek run: 71883 [EIEE
T'ﬂ(;p Evt: 121202289
| Print |

- W candidate: ¢-z view .

e W*— u*v selection: high pt and isolated muons

e W,Z selection efficiencies derived from data;
dominant systematic uncertainty besides luminosity

e All results corrected for final state radiation
e [ epton charge asymmetries are investigated

JHEP 06 (2012) 058
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Electroweak Boson Production (II)

e results for muonic final states with 37 pb™ 7 TeV data

LHCb, Vs =7 TeV o MSTWO8 ¥ NNPDF21 ptf* > 20 GeV/c
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JHEP 06 (2012) 058

e general agreement with
theory predictions, though some
PDFs overestimate the ratios of
the cross-sections

e theory errors include PDF and
scale uncertainties

e for W'/ W™ systematic cancels:

results are more accurate than
predictions

e accuracy of the results will be
Improved with more data

MSTWO08 arXiv:0901.0002
ABKMO09 arXiv:0908.2766
JRO9 arXiv:0810.4274
NNPDF arXiv:1002.4407
HERA15 arXiv:0911.0884
CTEQ6M arXiv:0802.0007
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Electroweak Boson Production (llI) 5

e L epton charge asymmetry vs muon pseudorapidity:

A,u = (JW'*—H,-,JF:J - gW‘—m‘D)/(UW'*—uﬁu T Ow- —u.-,_:?)
— Studied for different pt thresholds
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MSTWO08 arXiv:0901.0002
ABKMO09 arXiv:0908.2766
JRO9 arXiv:0810.4274
NNPDF arXiv:1002.4407
HERA15 arXiv:0911.0884
CTEQ6M arXiv:0802.0007
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Lepton charge asymmetry

Lepton charge asymmetry
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LHCbh-CONF-2013-005
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e good agreement with theory predictions & CMS (and ATLAS for
pt>20 GeV not shown here)

29.05.2013, 25th Rencontres de Blois

QCD and EW physics with LHCb by D. Volyanskyy



MAX-PLANCK-INSTITUT
\\\\ FUR KERNPHYSIK
€ M HEIDELBERG

AN

.. . -1
e Recent preliminary results for Z— uu with 1 fb™ of 7 TeV data L HCBb-CONE-2013-007
— efficiencies are estimated from data using tag and probe methods
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e excellent agreement with NNLO pQCD calculations and dielectron & ditau channels Z boson rapidity
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e Z— wyu production as a function of: L HCb-CONF-2013-007

Electroweak Boson Production (V) ¥
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— LHCDb results are extrapolated as a function of (pseudo)rapidity to account for different acceptances
of the experiments

e Comparison of W & Z measurements with ATLAS:

— extrapolation uncertainty is dominated by PDF uncertainty at high n and scale variation at low n

g 700 8 140F
= = —— —i— — -
£ 600" analiie 2 e
3 - = 120 —
© s00f | ° = Z{Eii]:b:
400 :_ —:—-—:::—-,_:,_,'_L_. 80 :— ——
300 g sob- —%-
, - e LHCb 2010, W' uv extrapolated j; - =
00E . LHco 2010, W-s uv extrapolated 40~ ¢  LHCb2010, Z— pp extrapolated
100 - ATLAS 2010. W* 0 - o LHCb 2011, Z— ee extrapolated B
. R ' 20w ATLAS 2010, Z— py, Z— ee ——
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e excellent agreement with ATLAS results extending the measurements into previously unexplored
kinematic region: great input for PDF constraining

LHCb-CONF-2013-005

29.05.2013, 25th Rencontres de Blois QCD and EW physics with LHCb by D. Volyanskyy



® Energy Flow (EF) :
— average energy created in a particular n interval per inelastic pp interaction

1 dEtot . 1 1 Niﬁm E
Nint d?] A?] Nint i—1 ol

e £F is sensitive to the amount of parton radiation and
multi-parton interactions (MPI)
— strongly needed for a precise description of the UE
— possibility to discriminate between MPI models
— great input for MC tuning

e improve the existing constraints on ultra high energy
cosmic-ray interaction models:

— LHC provides first possibility to compare cosmic-
ray showering models at Elab of up to ~10'’eV
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e EF is measured for the following event classes:
— inclusive MB: at least 1 track in
1.9<n<4.9 with p > 2 GeV

— hard scattering: at least 1 track in
1.9<n<4.9 with pt> 3 GeV

—s diffractive enriched: inclusive MB with no
backward tracks in —3.5<n<-1.5

— non-diffractive enriched: inclusive MB with
at least 1 backward track in —3.5<n<-1.5

e Charged EF: tracks traversing the full setup
Neutral EF: data-constrained MC estimate

e Data corrected for detector effects & compared
to PYTHIA-based+cosmic-ray models

Eur. Phys. J. C 73 (2013) 2421
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Forward Energy Flow (Il
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Exclusive Production (1)

e Exclusive J/, Y(2S) production with 36 pb™ 7 TeV data: J. Phys. G: Nucl. Part. Phys. 40 045001
pp—ppJip(y(2S)) >p >p
— occurring via photoproduction y p—V p Y y
cross-sections are calculable within pQCD with large
uncertainties,; possibility to constrain gluon PDF
Jhy Jhp

— experimental signature: completely empty event
except for two muons in the final state (protons g g g
escape through the beam pipe)

P P
— selection: no backward tracks, no photons, exactly o T T
2 tracks with 2.0<n<4.5 and pr(uu )< 0.9 GeV E ::z LHCb
o . . . 8 Signal
— contamination from inelastic events, exclusive 100 (estimated using Superchic)
feed-down y.— J Iy, p(2S)—J/p X £ a0
E Inelastic background
— largest systematic from the fitted signal & background 80 (taken from data)
pr(uu ) shape 40

— J/Y photoproduction cross-section is also measured as a o W
function of the c.0.m. energy of the photon-proton system: 0 1 2
good agreement with HERA results

3 4 5
Dimuon P, [GeV/c]

29.05.2013, 25th Rencontres de Blois QCD and EW physics with LHCb by D. Volyanskyy



MAX-PLANCK-INSTITUT
\\\\ FUR KERNPHYSIK
€ M HEIDELBERG

AN

J. Phys. G: Nucl. Part. Phys. 40 045001

‘:_h:_ 250 f_g -
Q L)
E 200 E
e o
2 @
150
g §
i 5
100 w
50
0 0 N ,
2.9 3 3.1 3.2 3.3 4 3.6 3.8 4
Dimuon mass [GeV/c2] Dimuon mass [GeV/c?]
Predictions Opp—Jfip (—ptp—) Opp—1(28) (—ptp~)
Phys. Rev. C84 (2011) 011902 Goncalves and Machado 275
Phys. Rev. Lett. 92 (2004) 142003 STARLIGHT 292 6.1
Phys. Rev. D78 (2008) 014023 Motyka and Watt 334
Eur. Phys. J. C65 (2010) 433 SUPERCHIC 396
Phys. Rev. D76 (2007) 094014 Schafer and Szczurek 710 17
LHCDb measured value 307 £ 21 + 36 78+ 1.3+1.0
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e | HCb instrumentation permits high-precision studies of QCD and EW processes
In a unique, previously unexplored kinematic range:

LHC

— Ssmooth running of the detector over 2009-2013
— 3 fb™ of high quality data is accumulated

— possibility to perform analyses using pp collisions at 0.9, 2.76, 7.0, 8.0 TeV
and in pPb and Pbp interactions at 5.02 TeV

unprecedented and unique input to theory !

e Great harvest is performed at 7 TeV — analyses at other collision energies are
currently ongoing

e Different QCD and EW measurements are performed:
— Electroweak boson production: results are in reasonable agreement with theoretical
predictions and ATLAS/CMS measurements providing good input for PDF constraining

— Soft QCD: none of the models used are able to describe fully our results
— First Higgs search is performed: upper limit imposes constraints on MSSM models

Stay tuned for further results !

29.05.2013, 25th Rencontres de Blois QCD and EW physics with LHCb by D. Volyanskyy
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Backup: Data taking

year luminosity energy (TeV) |"a 0 T maratey | | 2012)

2009 6.8 pb™ 0.9 PR Recorgod Limnosty 206 b o

2010 0.3 nb™ 0.9 - R I 2D[gi1:e?e.g tuariﬁng\i';y 1.21 !

2000 37pb* R . A

2011 01 pb_1 276 '§ ) Recorded Luminosity 0.04 fb™ f” llllllllllllllllllllllllllll 2 011

2011 1.0 o 7 Y .

2012 2.0 fb™ 8 3

2013 3.7 pb™ 2.76 B os} ok -

2013 2.0 nb™ 5.02(pPb/Pbp) % 2010

E 0 Apr Jim .Aug . Oct Dec .

Date

LHCDb Efficiency breakdown pp collisions 2010-2012 ) o
e ~93 % data taking efficiency

|:| FULLY ON: 93.05 (%)
[ ] HV: 0.54 (%)

[ | VELO Safety: 0.85 (%)
I DAQ: 2.85 (%)
I DeadTime: 2.88 (%)

e ~99% r/o channels operational
e ~99% of accumulated data are useful for physics analyses

e L uminosity leveling to moderate interaction rate

e In 2011&2012, high luminosity (up to 4.0x 10* cm? s™*) running
e | HCb design luminosity: 2.0 x 10% cm? s™

e Smooth data taking by LHCb despite strong challenge for
the trigger and offline data processing

29.05.2013, 25th Rencontres de Blois QCD and EW physics with LHCb by D. Volyanskyy Backup/1
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