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QOutline

+ LHCb detector
» Quarkonia Production

» Strangeness Production
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Acceptance of LHC Expts
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Quarkonia Production
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Motivation

+ Heavy gq simple applicaton of QCD(!)

» Experimentally clean

- Radial & orbital excitations
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Motivation
» Quarkonia usually described in framework of
NRQCD

» Other models:

* heavy quark pair in pQCD not in colour-singlet state

» Colour & spin of state is "randomized” by soft interactions
after production

» Production of 3S, state is now possible via a single gluon
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a) leading-order colour-singlet: g + g — 7S] + ¢
CSM vs COM

+ CSM can be thought of as
approx NRQCD () colour-singlet fragmentation: g+ g _,.,-._w;"l + gg] 4

CSM & COM both also %@;‘% o

have "fragmentation

i
A
£

M. Kramer, Prog.Part.Nucl.Phys. 47(2001)
contributions 141-201

\ . . YL
¢) colour-octet fragmentation: g + g —» "’l 9 ] vy

In fact "fragmentation” is
expected to dominate M | il
production
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d) colomr-octet t-channel gluon exchange: ¢+ g > oS, 7P + g




Heavy Onia

* Measurements also important tests of CS & CO
production mechanism

* Needed for polarisation measurements
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L HCb measurements

* Analysis rapidity range: 2 <y < 4.5
- Low p+Triggers

LHCb
o {s=8 TeV
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Quarkonia - prompt charmonia

J.M. Campbell et al. PRL 98 (2007) 252002 Y.-Q. Ma et al. PRD 84 (2011) 114001

J.-P. Lansberg, EPJ C61 (2009) 693.
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* Large p+ tails well reproduced especially in CO

models
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Quarkonia

* Prom
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o(prompt J/v¢, pr < 14 GeV/c, 2.0 <y < 4.5,y/s = 8 TeV)

o(prompt J/v, pr < 12 GeV/c, 2.0 < y < 4.5,y/s = 2.76 TeV)
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Quarkonia - Prompt

bottomonium

* Discrimination of theoretical
models not yet feasible with

differential distbn

J.M. Campbell et al PRL 98 (2007) 252002
P. Artoisenet et al PRL 101 (2008) 152001
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uarkonia @ 8TeV

Ratio of Upsilon production flat IE e . Y@S)T(IS)
as a function of y & increases e

. Ge
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Higher Excited Onia  Xcs(nP) — J/ ¥~

- Photons can be identified Phys.Lett. B714 (2012) 215
Phys.Lett.B718 (2012) 431

arXiv:1307.4285

First evidence of x . ata
hadron collider

g,: ML B L DL AL IR B BN g,: L rrr 1T rrr I
> LVs=7Tev @) Y ®  [Vs=7TeV © y |
S i 4<pT‘"<5GeV/c - - 11<pT"'< 13 GeV/c -
< - _ < 200} —
g;1°°°_ . ] N I XCO
@ arXiv: e [
S [ 1307.4285 g [ el
O i . O
'g 500 'g 100 X ) -
© - @© - C
o O i
= i
) | pt . Voo
) R i . A
T ienoe s e e e Lo L AT P g P TRTIE: TN S NN
‘POO 200 300 400 ) 500 _600 700 ‘?00 200 300 400 ) 500 _600 700
M(py)-M(pw) [MeV/c?] M(prwy)-Muy) [MeV/c?]

rHCD U ,
. SQM'13 Birmingham - July’ 13 15
Biatees . gnem =y




Heavy Onia: X, Xcg(nP) — J/ U~
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Hi her Excited Onia Xcs(nP) — J/ ¥y

3 F15- —4— LHCb, 2<y<4.5
%s \ LHCb 190 . -
- TR \s =7 TeV,2<y<4.5 - - N\ NLO NRQCD
AN - R "\% -

° [ \ <t " LONRQCD
%5 0.8p SRR o 1:%_ N\

5 ) \ N N i

: arXiv:
0.2 1307.4285
[ X, unpolarised
0"11‘1.1..11...1“111“1.‘,1.,,1,“ 0.1...|...|...|...|...|...|...|...
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
p:Jr/ V[GeV/c] pi’ V[GeV/c]

NLO NRQCD: Y.-Q. Ma et al. PRD 83 (2011) 111503

Good agreement with NLO NRQCD
prediction
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Multiple Quarkonia Production
& associated open charm

r.HCD

NS SQM'13 Birmingham - July’ 13 18




Double J/W production

* Production of multiple heavy flavour states tests

99 fusion
LHCb: 2 < y;,,<4.5 py3,< 10 GeV/c

UJ/¢J/¢:5.Z + 1.01 = 1.1nb (2012) 52

Phys.Lett. B707

T/
oI /P

= (5.1 & 1.0(stat) £ 0.6(syst) T 5 (pol)) x 10~*
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J/W production & associated charm

LHCb: 2 <y, < 4 prg/¢ 12 GeV/c Jp B wma
2 < YCharm<4 3 < PT charm < 12 GeV/c §X ‘
it
199

THEP 06 (2012) 141
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g fusion . jﬁg_ j//ztg* —*~ DPS predictions
L 4
- JWDF JWD; using cross-section

e I AF JWAY by CDF for multi-jets.
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J-.P. Landsberg EPJ C61 (2009) 693

* Measured X-sections suggest DPS needed
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Strange Particle Production
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Eur.Phys.J. C72 (2012)
2168

Charged kaon production
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K/m ratio best described

In general well

described by MC
models.
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A(Abar)/K.° production ratios
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Ratio rises at p; raises as expected

Rise in forward region greater than MC predictions

THEP 08 (2011) 034
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/A production ratios JHEP 08 (2011) 034

0.15 <p<2.5 GeV/c *
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Rapidity
AntiParticle/particle ratio flat (~1) in central region

Ratio falls of f go to forward region

MC predictions remain essentially flat
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PRL 110 (2013) 182001
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Summary & Prospects

* LHCb has very many important production results

* Polarisation measurements on the way

*+ More detailed studies of kinematic distribution
of double J/y production

* Unique measurements on the forward rapidity
region
* Much data still to analyse
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