Soft-QCD measurements at LHCDb

Andrea Contu
University of Oxford
On behalf of the LHCb collaboration

23 August
%Cl‘i QCD@LHC 2011 (Pxford
St Andrews - UK hySiCSm




(Pxfor
hysics.

e The LHCb experiment

» K. production cross section
« N/ N/K_ production ratios

 p/p production ratio

e Inclusive ® production cross section
e Charged track multiplicity

e Conclusions

rch
ANCY 23 Aug 2011 A Contu - QCD@LHC 2011 2/26




The LHCb Experiment S g

ysics,

Single arm spectrometer (2<n<J) fot\premsmn
measurements of CP violation and rare B decays

Ecar HCAL va M5\ \
SPD/PS M _ L9 !

2009: Calo (7b™) Provides measurements in a region

2010: 1 or more
reconstructed tracks (14nb™) of phase Space Complementary to
GP detectors
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Tracking system

Tracking
stations

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

(VELO)

VELO was partially opened at
© \s=0.9 TeV due to beam size
and extreme crossing angle at
low energy

op/p ~ 0.5% - reconstruction efficiency ~95%
Resolution for primary(secondary) vertices is 0,~50(150) pm
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Unique to the LH
experiments!

|

2 Ring Imaging CHerenkov (RICH) detectors provide charged
particle identification in a momentum range of 2 - 100 GeV
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3 Radiators needed
RICH1 (2<p<60 GeV):

+ Aerogel, n~1.03
+C4F10, n~1.0014
RICHZ2 (p>20 GeV)

? CF4, n~1.0005
LHCDH

N
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LHCb data
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Kaon ring
pion ring

Cherenkov phoTon .

A ALL(x -y)* is constructed to dlscrlmlnate
between p, K and m.

PID efficiencies and misID rates vs ALL cuts
are calculated from data using dedicated
calibration samples
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K. Production Cross Sectiolg (pf

hysics.

 First measurement for LHCb with 2009 pilot run data
- K,—TTTT selection based on tracking and impact parameters

» Two selections with long and downstream tracks

« First test for detector calibration Downstream | ||
i T Stations
Published in: Phys. Lett. B 693 (2010) 69-80 ~ VELO "1 m |
Downstream-tracks Long-tracks
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http://cdsweb.cern.ch/ejournals.py?publication=Phys.+Lett.+B&volume=693&year=2010&page=69

K Production Cross Section (P
S hysics.

xford

Good consistency with PYTHIA expectations
P_ spectra slightly harder
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K. Production Cross Sectielg (Pf
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Comparison with other experiments
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Unique measurement at high rapidity and low P_
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Hadron Production RatioSHm {5
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900 GeV p+p Inelastic, Non-Diffractive

Motivation: _
« Baryon number ? L P
transport plp-09TeV |

« Hadronisation Lo
« MC tuning

_______________________

T

2 analyses:

- V° ratios (tracking & - e

vertexing only)

* p/p (+ RICH PID) IR B SR
Use minimum bias data " plp-7TeV | " NA-TTeV
No need to know absolute L =}~ " == 4 wb e |

P. Skands htto://ho?ne.fnal.gov/~skands/
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\V/° Ratios O
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Analysis outline

« Long tracks

« Purely kinematic PID (Armenteros-Podolanski)
. K, » nmand A - pn selection based

on impact parameters
« Systematics partially cancel

© [ u=111575+003MeV/ic2  LHCb © ool 11=496.92+0.09 MeVic?  LHCb
> 300/ O = 1:23+0.33 MeV/c? \s=0.9 TeV ® [ 6=5.03%1.19 MeV/c? \s=0.9 TeV
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Published in: JHEP08(2011)034
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http://www.springerlink.com/content/p057n1r41804w17k/

V° Ratios - A/A Resulits (Qf

ySICS.,
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Baryon transport higher than predicted by LHCb MC or
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V® Ratios - A/K_ Resuliss -
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Baryon/meson suppression significantly lower than predicted
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V° Ratios - Summair; (P
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Rapidity Loss Ay = y

beam y baryon
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Good consistency with previous measurement
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p/p ratio Q-
« Pure samples of protons, kaons and pions
selected with RICH particle ID

« PID efficiencies and mislID are extracted from

data using calibration samples of A, ®, K
CERN-LHCb-CONF-2010-009

’l:'? 10—————T———— E T HL- - ? 100 TT———(—
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The analysis has been extended to provide further ratios
such as K/K*, t/n*", p/n, K/, p/K and results will be public
soon
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http://cdsweb.cern.ch/record/1287107?ln=en

p/p ratio - Analysis strategym O

ysics.

Contamination correction All corrections are
applied independently
From data for each (P_,n) bin and

Dsel p—op K—op 1Topl| Prue

K |=lp—K K—-K p—-KI|K partiCIe Charge

True

Tl-Sel p—>1T K—)p m=mn Tl-True
-1
Prwe| |p—=p K—op T—=pl | Psa
Kt |=| P2 K KoK p—oK| | Kg,
T e p—mn K_>p =T e

Different interaction cross-sections in the material
between p and p, particularly at low momentum
Therefore limit analysis to tracks with P > 5 GeV
and correct using MC
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p/p Ratio - Results 7 TeV;

P

Ratios become flatter as

predicted by models

Better agreement with MC
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Inclusive ® Cross Seclion (Prex
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Unigue way to study strangeness production
« Discrepancies from MC seen by other major

LHC experiments
« Test QCD fragmentation models in pp
Interactions in LHCb's kinematic region

240
220E
200F
180E
160E
140E
120F
100F
80F
60F
40L
20/

P—-K'K" candidates
selection requires RICH
PID information

candidates / ( 1 MCV/CZ)

- D =
1000 1010 1020 1030 1040

0
arXiv:1107.3935 , submitted to PLB m(KK) (MeV/e)



http://arxiv.org/pdf/arXiv:1107.3935

Inclusive ® Cross Seclien (Prex
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Cross section measurement is performed in bins of P_and Y

N
o= I ]
L-B(®—KK)-€; PID cuts efficiency estimated
I N :
from data using tag&probe
technique
& Major systematics uncertainties (%)
Tracking efficiency 8
Track Multiplicity 4
Reconstruction and PID 3-7
(bin dependent)
Fit systematics 3
Luminosity (Normalisation) 4

0
0 1000 2000 3000 4000 5000
p,in MeV/c
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Inclusive @ Cross Section (Qf
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® production is underestimated in the
measured kinematic range by both tunings
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Charged Track Multiplicita/m 58

ysics,

¢ Sensitive to low-x QCD dynamics and MPI

» Counting reconstructed tracks in VELO
detector, high efficiency in the n ranges
[-2.5<n<-2] and [2<n<4.5]

| RaaiNfplettz_us nER
T E ] R ] a I
o L T | |

« Magnetic field negligible, no momentum
measurement, tracks are straight lines

e The multiplicity distribution is determined
using an unfolding technique

e Systematics (efficiency, ghosts, non-prompt

and pile-up) are in general ~few%.




e LHCD data IR

Event generators ‘

----- Pythia 6 (default)

..... Pythia 6 (Perugia0)
Pythia 6 (NOCR) imi

e Pythin 6 (AMBTY) LHCb preliminary

----- Phojet Vs =7 TeV
---------- Pythia8 (default)

-2 0 2 4

n
Normalised to events with at least one charged

particle in the forward acceptance
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Normalised to
events with at least
one track in the
forward acceptance
having p_ > 1GeV

to enhance hard
interactions

Different n-distributions scaled by factors of

10 to fit in one plot

[[—— LHCb data |

..... Pythia6 (default) I

..... Pythia6 (Perugia0)
Pythia6 (NOCR)

- — - Pythia6 (AMBT1)

----- Phojet

.......... Pythiag (default)

104

5 10 15
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(Pxfor
hysics.
LHCb has explored a unigue kinematic region at

low p_and high rapidity

» Several analyses investigated hadron production and

provide valuable input for QCD models and the LHCb

MC retuning
e Proton analysis has been extended and improved to

provide further ratios (K/K*, /", p/mn, K/m, p/K), results
will be ready soon

Results compared to models indicate:
« Higher baryon transport
- Harder P_spectra

» Underestimated strangeness production
« Underestimated charged particle multiplicity
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Backup - LHCh ME (P
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LHCb MC is based on Pythia v6.418

Non default Pythia parameters Minimum Bias definition
Parameter Value Parameter Value  Processes included
ckin(41) 3.0 parp(86) 0.66
mstp(2) 2 parp(91) 1.0 Process Description
mstp(33) 3 parp(149) 0.02 Number
mstp(128) 2 parp(150) 0.085 11 f+7 -7+ (QCD)
mstp(81) 21 parj(11) 0.5 %g ;"'fbar_’f  or
. + fbar->g+ g
mstp(82) 3 parj(12) 0.4 28 frgof+g
mstp(52) 2 parj(13) 0.79 53 g+ g-f+ fbar
mstp(51) 10042 parj(14) 0.0 68 g+g->g+g
mstp(142) 2 parj(15) 0.018 91 Elastic scattering
parp(67) 1.0 parj(16) 0.054 92 S!ngle d!ffract!ve (AB - XB)
parp(82) 4.28 parj(17) 0.131 o e ) SIS (A8 0 80
. ouble diffractive
parp(89) 14000 mSFJ(26) 0 95 Low-pT scattering
Parp(90) 0.238 parj(33) 0.4 412-439 Prompt charmonium
parp(85) 0.33 461-479 Prompt bottomonium
HCD
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