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Experiment and detector

»

Parton lb Parton 2

Dedicated to B-physics

High precision study of CP violation and - 2 N
rare decays =)

But also Charm, EW, Spectroscopy, ...

Single arm forward spectrometer (15
mrad < 0 < 300 (250) mrad)

Unique coverage in 2<n<5 for high
energy pp collisions

Deteclor acceptance




Comparison with “high-p,” Detectors

ATLAS/CMS: |n| <2.5

LHCD is the only experiment fully instrumented in the forward direction



RICH Detectors
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Cross-section predictions

(PYTHIA)

Ys= 7, 10, 14 TeV

6o~ (0.89, 0.95, 1) x 80 mb

Oy ~ (0.44, 0.67, 1) x~500 pb
~ 250 ub

B*,BY,B,,B_, A,...
(40%, 40%, 10%, 10% from LEP)

Design Z ~ 2-10%2 cm2 s}
(tuned)

~ 10!2 bb events / year (2 fb!)
10 kHz bb-events in LHCDb

B physics
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Maximizes fraction of single
interaction per bunch
crossing



Some LHCDb key measurements

CP Violation
Mixing phase o,
CKM angle y from loops
CKM angle y from trees
Rare decays
Angular analysis
Observation or BR limits
Radiative penguins in
b— sy transitions

B.>]/yd + CPV in Charm

B%—nm, B.—>KK
B, >D K, B >DUK*, B+ >DOK*

BO_>K*OH+H—
Bowrp™
B, —¢y, BO>K"%

For more details see the LHCb Roadmap document
http://arxiv.org/ftp/arxiv/papers/0912/0912.4179.pdf

&

Themis Bowcock talk on Monday afternoon

“B physics with LHCb”



Experimental requirements

@ Flexible and efficient trigger for both hadronic and leptonic final states
® Good Particle identification (PID)
@ Excellent tracking and vertexing

© Secondary vertex identification

- Good momentum, mass and proper time resolutions

Example: B, — D K

Mass resolution

Good n/K
separation

Good primary/secondary vertex Flavour tagging
reconstruction for proper time
measurement



LHCD trigger

Hardware
Triggerx

High-Level
Trigger

40 MHz (12 MHz visible interactions)

Q
€ Lo LO LO
il) e,y had u
1 MHz
HLT1 Lines
2 kHz

Storage: Event size ~40kB

Trigger is crucial as 6,,/c;,,, <1%
B decays of interest typically have BR < 10-5

high-p; u, e, y, hadron candidates

Farm of O(2000) multi-core processors

HLT1: Finds vertex in VELO, tracks with high IP
and pq

HLTZ2: Global event reconstruction +
inclusive/exclusive selections.



6.8 ub! at Vs= 0.9 TeV in 2009
0.31 nb'! at Vs= 0.9 TeV in 2010
37.1 pb! at Vs= 7 TeV in 2010
(~90% of delivered lumi)

From 30th March to 29th October
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Last month
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Status of the detector

Efficiency (channels) November 2010
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The detector worked extremely well over the entire year!
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Average number of
visible
interactions/crossing in
LHCDb acceptance
(what we call p)

Peak Mu over LHC FillNumber 2010-11-11 18:09:22
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LHCbiDesign Specs

1350 1400 1450
LHC Fill Number

August September October

Peak Instantaneous Lumi over Fill Number at 3.5 TeV
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Instantaneous luminosity
1.6-10% cm2s!

80% of design luminosity reached
with 344 colliding bunches instead
of 2622

1450
LHC Fill Number
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Nominal

V14 TeV
L=2102cm?s!
Defocus the beams
2622 colliding bunches
B*=10m
Average 0.4 visible
interactions/ bunch crossing
Minimize the pile-up

End of 2010

\7 TeV
1.6-10%2 cm™ s'l has been
reached
Small number of bunches
(344 max)
B*~3.5 m
~ 2 visible
interactions/bunch crossing

Trigger conditions rapidly
evolving to accomodate
increasing L
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Despite running beyond design
conditions, no problem of data
quality in 2010

Number of Interactions/Crossing
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31.10. 2010 7:09:58
Run 81811 Event 161252639 bld 1845




Performance-VELO

Vertex measurement

6(2)~ 75 [150] um for the Primary [Secondary]
vertices

c(IP) ~ 13 + 26/p; (GeV) um

(7))~ 60 fs on b-hadrons decay times

Silicon-strip

detector .E_E
21 stations Nominal position of sensor: 8 mm to beam axis
Both Velo halves .I. Fill-to-fill variations < 5 um

move at every fill

Hit resolution 4 pm

o, (IP) vs 1/pq

—=— 2010 Data,\s = 7 TeV

For 25 tracks:
o,~11 pm

LHCb VELO Preliminary
\s =7 TeV Data

For 25 tracks:
c,~13 pm
c,~13 pm

Resolution (mm)

LHCb VELO Preliminary
s =7 TeV Data

LHCb VELO Preliminary
6=12.9+257/p_um

2

1. (c/GeV)



Tracking
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E 1 ——
E TT + IT (Silicon detectors)
4 Tm dipole magnet
— Data € =95% for p> 5 GeV
—— Monte Carlo Ap/p ~ 0.45%

c(b-hadron mass)~11-25 MeV/c?
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IMass resolutions

K, —nn

LHCb
Preliminary
Vs =7 TeV Data

LI
m, = 497.23 + 0.01 MeV
o, =2.956 + 0.040 MeV

6,1 6, =2.24 +0.02
f = 0.58 + 0.01

Gauss_0

- LHCb
£ Preliminary
E \s=7TeV Data

IHI

n, = 5.2754=0.0012 GeV/c?
u, = 5.3554 = 0.0053 GeV/c’
o= 0.0232 = 0.0010 GeV/c?
vy = 524225

AP _ naa.naz
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Nyignai = 99596 + 348

c = 23 MeV/c?

e
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AL g =-01212 016

R, = 0.107 = 0.020

[1L=6 ub-! - [L=35 pb-!

Events / (1 MeV/c?)
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LHCb
Preliminary
Vs =7 TeV Data

LHCb
Preliminary
s =7 TeV Data L =33 pb™
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Ngigna = 10049 + 106.7

t >0.3 ps G =10.7 £ 0.1 MeV/c?
Ngigna = 226 = 18

g = 9.1+ 0.8 MeV/c?

c =9 MeV/c?
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RICHes

2 Ring Imaging CHerenkov detectors with 3 radiators AN
Momentum range of 2-100 GeV
Vital for good K/n/p discrimination N

LHCb
Preliminary
\'s =7 TeV Data

>
7)
£
2
S
=
w

LHCb data RICH 1
(preliminary)
. ,. 4 " Kaon ring
60 80 ' pion T‘iﬂg ..#"“H»"-,: 3 .
Momentum (MeV/c) & { a2 i
L] _)__ﬁﬁ' e 5
£(K)~95% at 5% of 1/K mis-id \
& e Cherenkov ‘photon
Voo % : 19



Events / ( 0.04 GeV/c?)

PID allows separation of topologically identical final states

e.g- B—>hh

)

g

HCh
Preliminary
s =17 TeV Data

0.025 GeV/c?
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No RICH - plot with
it mass hypothesis.
Width ~ 40 MeV

L~ 35pb™

5.2 5.3 5.4 5.5 9.6

Ly 5.8

Invariant mass (GeV/c?)

1, = 56183 = 0.0054 GeVic®

LHCb o= 0.0266 = 0.0042 GeVic?
Preliminary Vo= 352267

20[ s =7 TeV Data
| AT s tag =-0.010= 015

cP
A= 0.16=019

Invariant mass (GeV/c?)
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Deploy RICH
to isolate
each mode

u, = 5.2762 = 0.0010 GoV/c?
u = 5.3612 = 0.0020 GeV/c®
o= 0.02300 = 0.00090 GeV/c?

BO—Kmt

56 57 58
Invariant mass (GeV/c?®)

Events/ ( 0.025 GeV/c?)
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o= 0.02300 = 0.00090 GeV/c®
Vo= 22023
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u_ = 5.3612 + 0.0020 GeV/c®
o = 0.02300 = 0.00090 GeV/c?
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Preliminary
s =7 TeV Data

5.5 5.6 5.7 5.8
Invarlant mass (GeV/c?)



Calorimeters

Pre-Shower, ECAL and HCAL

Essential role at LO trigger n0—>yy 2009

e/y, h LHCD data
and PID of e, y, nt° | 1=6 pb!

o/E ~9%/\E @ 0.8% (ECAL)
o/E ~69%/\E @ 9% (HCAL)

LHCb Preliminary

v5=7 TeV Dala DO—)K+TE'TEO
Mg = 180 119

[L=3.4 nb’! m, = 18673 _ 2.7 MeVic!

gy = 235+ 25 MaVic"

sz 105.0 = B.1 MeV/c?
= 3073.6 = 7.8 MeV/c?

'J.'G"BLI
M ™
Ny, = 1192 = 87

Events / (25 MeV/ic?)
Events/(60MeV/c?)

L=317 pb'l
+++ + N,,... = (198.6 + 35.9)

‘Gau

Ffre?:n ‘:r;ary = Ho,.., = (52725 + 23.8) MeV/c?
vemrevbe L - 150 nb '1 Gganes = (128.8 £ 20.2) MeV/c*

2500 .I I. 3500+ ) 4000 " 0 5500 6000
M(e*e) [MeV/c?] . M(K*ry) (MeV/c?)




Tracking

- - %

5 muon stations (MWPC)

e()>90% at <2% of n,K/p mis-id
for p>10 GeV/c

-2 ~105

: 2

9 Prelimina

% 0.05 vy gm I .

w s o genfuliz B0 [ 3 EEE

L £ [ o
T— mis-id ” +
LHCE
from K.—onn Preliminary
. ' Va=7Tav

(K—p mis-id from ¢)

10000 20000 30000 40000 50000
Momentum (MeV/c)




Candidates/(25 MeV/c?)

LHCb Njgal = 156046 + 714
Preliminary

Vs =7 TeV Data

| L=700 nb-!

B/S = 2.296 £ 0.011
m, = 3094.87 + 0.06 MeV/c’

Gcg = 13.33 £ 0.06 MeV/c?

Number of candidates

»

00 2950 3000 ) 3050 3100 3150 3200 3250 3300
u*u” invariant mass [MeV/c?]

O (1 GeV/c?)

LHCb
Preliminary
Ns=7TeV

mean (1S)= 9455.9+ 1.2 MeV/c?
o (1S) = (46.8 +1.2) MeV/c?
Nyigna (1S) = 3159 £ 78

Nyigna (25) = 789+ 48

(38) = 405+ 39

LHCb
Preliminary

| 1.=16 pb-!

Nsignal

8500 9000 9500 10000 10500 11000 11500 12000

M(uu*) (MeVic?)

80 a0 100 110 120

Di-muon invariant mass [GeV/c?]

O (10 GeV/c?) ¢ (100 GeV/c?)
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Trigger

Delivered Lumi: 42.15
Recorded Lumi: 37.66

Integrated Luminosity (1/pb)

1300 1350 1400 1450
LHC Fill Number

Trigger efficiencies LOxHLT1 determined on data
using the tag-and-probe methods:

-+ data

-MC

Muon trigger (J/y) Hadron trigger (D)

94.910.2% 6014 %
93.3+0.2% 66%

LHCb
Preliminary
\s = 7 TeV Data

5000 10000 15000 20000
Pr (u) + P_(u)/MeV




First B*—]/y K* candidate

(5 April2010, 01:30:09

YZ Projection | | L -__f E

Tracks from primary vertex




First results

Physics reaches at LHCDb with
collected data include so far:
Inclusive distributions

LHCb
Preliminary
Ns=7TeV
L=14.2 nb™

[nb/(GeV/c)]

—_——

do (Jy)
de

Strangeness production

) =‘=_‘_—o—
First Charm results s commtr s aromy 4=
Onmia (J/U, Y, X ---)
W, Z production

Jet studies
PiISt b .'fe SL'I.ltS @ Theory | Nason, Dawson & Ellis

A Theory Il Nason, Frixione,
Mangano & Ridolfi

Themis Bowcock talk
“B physics with LHCDb”
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LHCDb physics results

Final results:
“Prompt K% production in pp collisions at \s=0.9 TeV”, PLB 693 (2010) 69
“Measurement of o(pp—b anti-b X) at Vs=7 TeV in the forward region”, PLB 694 (2010) 209

Preliminary results:

“Prompt charm production in pp collisions in Vs=7 TeV*, LHCb-CONF-2010-013

“Measurements of B mesons production cross-section in pp collisions
at\s =7 TeV using B’ »D* pn*vX decays”, LHCb-CONF-2010-012

“Measurement of prompt A-bar/A and A-bar/K°% production ratios
in inelastic non-diffractive pp collisions at Vs = 0.9 and 7 TeV”’, LHCb-CONF-2010-011

“Measurement of the J/¥ production cross section at Vs = 7 TeV in LHCb”,
LHCb-CONF-2010-010

“Measurement of the p-bar/p ratio in LHCb at Vs=900 GeV and 7 TeV”,
LHCb-CONF-2010-009

More coming soon!
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2011 and beyond - expectations

@ 2011

Ready to have detector, trigger and readout operating at 2-2.5
interations/bunch crossing at a maximum instantaneous luminosity around
3-10%2 cm2sl.

Expect to collect an integrated luminosity > 1 fb-! and perform full physics

programme.
® ‘“‘lstrun” Observable Sensitivity
Expect to collect up to 6 fb! CPV(B,—00) 0.024
CPV(B,—¢K,) 0.027-0.064
® Upgrade CPV(B.—J/vd) (@B, 0.004
Expect to collect 50 fb! (5 years at 10fb! /year) = =
Increase nominal luminosity to L=103%° cm“s™! CEVEI/WE) (4R) 0.004-0.014
Detector read-out at 40 MHz. CPV(B-DK) () <1.4°
- Allows fully software based trigger. CPV(E,~DK) () 1.4-2.8°
- Keep 20 kHz HLT output rate. BR(B,—>uu) ~15% of SM

Phase-I (2016) Az (BoK*utu) Zero to +0.1GeV?
* New FE-elecjtromcs for 40 MHz readout o(sin2y) (B,—>47) 0.03

* Novel Velo pixel detector
- RICH photon detectors replacement Charm mixing x'? 3x107°

* New TT, IT tracking system Charm mixing y’' 4x10+4
Charm CP y¢; 2x10*




Summary and Outlook

® Performance of detector and quality of data collected
in 2010 are excellent.
About 38 pb-! of useful data with an efficiency above 90%.
Performance close to expectation.
First important physics results emerging.

® Looking forward to a successful proton physics run in
2011, with an integrated luminosity >1 fb-!.

Withl-2 fb-! of data we can make precise measurements in
areas with great discovery potential.

Possible even though we run beyond our design conditions.

® Preparation for LHCb upgrade to collect data at 5-10
times higher luminosity is underway.
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Backup

32



Day of the 1st Collisions in 2010

LEESS I 11 UL L I

_ LHCb control room

151 participants
54 institutes
15 countries
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Operation consecuence of high-u

O]

Running with multiple interactions has implications on
trigger, computing, reconstruction and analysis.

Increases readout rate per bunch crossing.

This year only 344 crossings to look at, 3.5 MHz rate, “easy” to use L0 trigger to get to 1 MHz.

Increases event size and storage rate.
@ p~2.5 = 60 kB
Number of tracks and event complexity.
High particle flux. Ageing and detector stability.

Adapted trigger settings to cope with increasing luminosity.

High priority to muon triggers

Reduction of hadron lines when needed

Rejection of very high multiplicity events (Global Event Cuts)
Despite running beyond design conditions, no problem of data quality in
2010.

Many physics channels do not gain significantly at high p.
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\"‘:{C‘{) Agreement on the instantaneous

luminosity the LHCb detector can
handle

e L ovem-2s)

Vertex Locator >3 5

Silicon Tracker 2.6 4.2-8.4(HV?)
Outer Tracker 2-2.3 5 ok, but aging
RICHes 2.3-2.5 (CO,) No maximum

Calorimeter 2.5 5

Muon system 2.6 3 (7Tev)




Grid Usage

Reconstruction, Stripping
and User analysis

115 sites used CERN as Tier-0
21 countries 6 Tier-1’s

>100 Tier-2’s MC production

CPU used by JobType

Jobs by JobType
25 Weeks from Week 22 of 2010 to Week 47 of 2010

25 Weeks from Week 22 of 2010 to Week 47 of 2010

~500 user jobs completing/hour 2000 CPU years in 6 months
Peakiness due to simulation ' = 4000 concurrent jobs on average

* Plenty of capacity on Tier2 . Roughly equal share for useaapi*=Sand
Reconstruction peaks when reprg reconstruction

-
2
=]
=
-
)
-1
=X

1]
0 jun 2010 Jul 2010 Aug 2010 Sep 2010 Oct 2010 Nov 2010
Jun 2010 Jul 2010 Aug 2010 Sep 2010 Oct 2010 Nov 2010 Max: 2,219, Min: 31.62, Average: 1,180, Current: 2,219
Max: 2,626, Min: 156.60, Average: 938.61, Current: 838.05
B MCSimulation 10731 @ Merge 44 W DataStripping 01
| user 665.7 W =M 29 @ unknown 0.0 4

35% W Hospital 0.0%
B DataReconstruction 4731 @ Hospital 04

0.6% @ DataStripping 0.0%
Generated on 2010-11-29 09:20:08 UTC

Wusey 51.6% M DataReconstruction 81% [ s=m

B MCSimulation 31.3% @ Merge 5.0% @ unknown
Generated on 2010-11-29 10:27.4% UTC




26 Weeks frnm Week 22 nf 2010 to Week 48 of 2010

0
Jun 2010 Jul 2010

G.CERNM.ch
G.IN2P3.fr
G.GRIDEA.de

G.Manchester.uk

G.IN2P3.T2 fr
= UEL-LT2-IC-HEP Uk

L
LC
L
LC
LCG.CMAFIt
LC
L
LC
Lz

EEEEEOEBRQO

Aug 2010

Max: 2,231, Min: 31.62, Average: 1,191,

G.PIC es
G.RAL-HEP uk
G.NIKHEF.nl
G.CNAF-T2.it
G.LPC fr
G.DESY.de
G_JINR_ru
G.Liverpoal.uk
G.Krakow.pl

ENCOENCOEEE
ARRARRKRABR

Sep 2010

48 6
471.3
421
39.0
36.1
2.3
1.8
3l.4
28.6

> 100 T2 sifes supporting simulation
= Several T2 contributing as much as smaller T1

Roughly equal shares on T1

m Except CERN
m Greater availability

Oct 2010
Current: 2,231

B LCG LAPPfr

B LCG.CBPF.br

B LOG.GLASGOW. uk

B LCG.CS5CS5.ch

O LCG USC . es

B LCG.Pisa.it

B LCG.NIPNE-O7.ro

B LCG MILANO-ATLASC it
... plus 88 more

Generated on 2010-11-30 07:08:36 UTC

Mowv 2010

28.2
27.4
27.3
23.9
225
22.4
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Flavour tagging

Flavour tagging is the procedure which determines the flavour at
production of the reconstructed B meson.

Taggers calibration on-going. e  =41.8+0.3%
Opposite-Side (u, e, K, Q,,.): Q;a:g 39.8 + 0.6%

From the other B in the event Eop= 1.710.2% = Stag-DZ

=
B

LHCb Praliminary
Ns=7TeV

Still lower than the MC
expectations (¢4 = 2.5% )

=
["}

Asyrmmetry in tag
L]

= o
i

B'— D* uv

Same-Side tagger (hadron from
fragmentation) should nearly
double the tagging efficiency

&
—

& 8 10

mreusar Hime (ng)
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Cross sections normalized using
Luminosity L
L determined from:
Van der Meer scan
© based on beam separation scans
Beam-gas imaging method (only
possible @LHCD)

can run parasitically during physics
running

* non disruptive
—> potentially smaller systematic

Luminosity: £ = #, *n, *f /. At

n: protons/bunch
collision frequency

J:
uﬂeﬁ-: effective area calculated from
_ beam size and position

Luminosity

E tmmi

—->From LHC measurements

- From VELO measurement of beam
sizes, position and angles in beam-gas
interactions
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CPV and rare decays

Soft QCD

ixing,

First results

Exclusive ]J/¥ production

Charm m

Jet studies

Lo}
9
i
S <
S ey
= 1
o= M
HS
m

X(3872)

B,—up

Onia

B semi-leptonics
W/Z production




Jhy=>uu production

—r———
'ﬁH?-h , Scale and shapes not well
reliimina . .
V5= 7 TeV " : described by colour singlet
L=14.2nb - nor by octet models—=> new
—— studies are coming.
=
—r— ——

—=_

[nb/(GeV/c)]

B LHCb data

4 LHCb simulation {(PYTHIA 6.3 Color Singlet) —P—l

® LHCE simulation (+ PYTHIA 6.4 Color Octet)
M B EEPEEE SR B

2 4 6 8 10
P, [GeV/c]

= Inclusive J/y production:
0(2.5<y<4,p;<10 GeV/c)=7.65£0.19£1.10087 . - ub

- J/llj production from b: polarization uncertainty
c(2.5<y<4,p;<10 GeV/c)= 0.81+0.06+£0.13 ub
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Preliminary

\s=7TeV
L=14.2 nb*

No significant
polarisation observed
at LHCb with current
data
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Measurement of prompt J/1p and
J/y from b Cross-Sections

underlying production mechanism Is not yet
understood.

Measure double-differential cross-section d?c/(dydp;) of:
— prompt J/y (=direct and feed-down from 7.),
— J/4p from b-hadron decays.

LHCb Preliminary
Background

B Prompt J/y
wes J/p from b
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LHCb Preliminary

: e prompt J/y
Py e 1 E+p,
® 35<y<40 3 = — lIl
® 40<y<45 ; 2 E — Pz

Prompt J/y

[nb/(GeV/c)]

dPo(J/ P)
dp, dy

o (prompt J/ip, pr < 14 GeV/c, 2 < y < 4.5) = 10.8£0.05+ 151752 yuk
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@ 20<y<25
@ 25<y<3.0
30<y<35
® 35<y<4d
40<y<4.5

d2o(Jiy)
dp_dy

Jhp from b

P, [GeV/c]

o(J/y fromb, pr <14 GeV/c,2 <y <45) = 1.16 £0.01 £ 0.17 b



Beauty cross-section with B->D%uX

X Microbias
eriggered

+ Average — CNEMR Shapes and scales agree
well with expectation.
Validates QCD predictions
at LHC energies

=== MCFM

o (pp—HyX ) =75.3+5.4+13.0 ub for 2<n<6, any p; Vs=7 TeV

Extrapolating to 4n with PYTHIA 6.4: U(pp—>b6)() =284+20+49 ub  71heory
MCFM 332 ub,

Averaging with prel. result from b—>J/y: o(pp>bbX) =292 + 15 + 43 ub NFMR 254 ub




b-hadron fractions

f/(f,+fy = 0.130 = 0.004(stat.) = 0.013(sys.) [preliminary]

LEP: 0.129 + 0.012
Tevatron: 0.18 = 0.03

B, — DoK+Xu-v

8.3 o significance for
N(D (2536)")= 155 = 15

5 _' —_
N(D 1(2573)*)= 82 =16 Bs Dszl-l VvV mode.
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. 0 m,(D_(2573)") = 2569.6 = 1.5 MeV Discovery!
D (2536) — D*(2007) K+2 y

r(Dﬂ(zsnr) = 14.0 = 4.0 MeV

missed 1% or vy
LHCh

Preliminary
\/s =7 TeV Data
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T e A A AN

0
2300 2400 2500 2600 2700 2800
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Open charm cross-sections (D*, D° D*, D.) @ Vs =7 TeV

D.+c.c. cross-section

LHCb,Vs=7 TeV

o8 G Combining DYD*/D**/Ds*

—a— LHCh Preliminary
Pythia(LHCE tune)

e o(pp—ccX) = 1234 + 189 pb (pT< 8 GeV/c, 2<y<4.5)

o(pp—ccX) = 6100 = 934 pb (full accept.)

LHCb,\'s=7 TaV
2 0=y<4.5

iy LHCb Preliminary
Pythia{LHCb tune}
=== EAK ot al

—MCetal

i 7 &
p. [GeVic]




Particle production
multiplicities at LHCb

. K, production cross section
. NI\, NK_ production ratios

p/p production ratio
Inclusive ® cross section

Preliminary results compared to models indicate:

» Higher baryon transport
- Harder P_spectra

» Underestimated strangeness production
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K, production cross section

35<y<40 LHCb

[mb/iGevic]

d'a(pp = K %
dp_ dy

== LHCb 209 data

w = Perugia 0

= LHCb MC + PYTHIA & diff,
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—4— LHChb pp 900GeV 25<y<40
o] UA1 pp 630GeV —25<n<25
CDF pp 630GeV —1.0<y<10
ry CDF pP 1800GeY —1.0< ¥y<1.0

UAS pp 540GeV —35< y<3s5




Events/(0.35MeV/c?)

N/, N/K_  production ratios
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*  LHCb data

—— PYTHIA - LHCb tune

———— PYTHIA - Perugia0 tune

LHCb

Preliminary
Vs=0.9 TeV

* LHCb data
— LHCb MC
— Perugla 0 MC

LHCb

Preliminary
Vs=0.9 TeV

LHCb data

—— PYTHIA - LHCb tune

——— PYTHIA - Perugia 0 tune

LHCb

Preliminary
Vs=7 TeV

* LHCb data
— LHCb MC
— Perugia0 MC

LHCb

Preliminary
Vs=7 TeV

Baryon/Meson suppression lower than predicted
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p/p production ratio

B4k LHCD ] ~LHCbMC = 214f LHCL ~LHCbMC =

2., of Preliminary — Perugia0 - @, ,f Preliminary — Perugia0
I /5 =900 GeV Data -# Data E ““I' /s =900 GeV Data -# Data E
1 = - ,
R e : jBaryon transport higher
0.6F | E than predictions and
0.4F —&— 3 3 consistent with A/A
ﬂ'zg_ﬂ.sng‘tLZGeWc ' E 02F b >1.2 GeVic _
Y Y S -
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1 - 1' -
= o4
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0.8 - G.BE
0.6 — 0.6f Jpredicted by models
0.4 ; 0.4; -
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CERN-LHCb-CONF-2010-009 CERN-LHCb-CONF-2010-011

1.2~ LHCb Preliminary

n(A)n(A)

P/p Ratio

+ﬂ+‘ LHCb data
'?‘ O ys=0.9TeV
[ W \5=7.0 TeV
I 'l' — p_<0.8 GeVlc
— 0.8=p_<1.2 GaV/c
—p>1 Gevic

Other measurements
@ ALICE, 0,45<pT<1.05 GeVic

/. BRAHMS, 0.5<p_<1.5 GeVic ) _
. PHOBOS, u_sﬁp:(.l_o GeVic +  LHCb datz - 7 TeV LHC.b ]
«  STAR,p >0.2 GeVic 25+ LHCb data - 0.8 Tev Preliminary

LT

=
i

ISR, p_r=l:I.E Gelfe

- NA49, pT=u.g GeVic STAR data - 0.2 TeV

. . 6 8 10;5.}!
Indications of P_ dependence




Summary

» prompt K°, absolute production cross section at Vs = 0.9TeV presented:
- prspectra tend to be "harder” than PYTHIA predictions
- extended measurement range to lower p; and new y range

« prompt A/ Aratio at Vs = 0.9TeV
- tends to be lower than PYTHIA PerugiaO0 and LHCb tune,
lower at larger y

« prompt A/ Aratio at \s = 7TeV
- in fair agreement with PYTHIA LHCb tune,
quite flat vs. y

- prompt/ p ratios at Vs = 0.9TeV and \s = 7TeV
- show similar energy dependence as A/ A

« prompt A/ KO ratio at Vs = 0.9TeV and Vs = 7TeV

- baryon suppression in hadronization is lower than predicted




Inclusive @ cross section
Test QCD fragmentation models

LHGb preliminary 2.44 <y < 4.06
Vs=TTeV and L=56nb’

~——— LHCb Data
------ Perugia0 MC

— LHCb MC

do/dp_ [phiMeWic)]

T
11 IIIIII|

—— LHCb Data

Perugiao M -HCP preliminary 0.8 <p, <5 GeVic

w5=7TeV and L =5.6nk"

[II]I]][[[I[I I]]]IIlf[[II]]
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1][!1 []1 [II[]'ITE][

P, (MeVic)

the measured kinematic range
o(pp — ¢X) = (1493 + 12(stat) £ 12(syst) = 209(syst) ) ub
c [2.44, 4.06 8 pT < [0.8,5.0] GeV /c




W analysis

%1 ndf 31.04 724
Prob 0.1526
b0 1784287 % Z (fixed with sim)
p 80.53 = 0.14 g 1000
p2 3.502 = 0.127 = QCD: fit fraction. (shape from data)
i irainid = W+/-: fit fraction (shape from data)
pd 1262 0.0215 5}
Lk}
°
T
E=}
£
3
=

I|III|III|IIIIIII|IIlIlIIlIIIIIIIlIIIIIII

60 20 30 40 50 60
Lepton transverse momentum (GeV)

bhg NG~ ot (= and all found from data.
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W, Z cross-sections 2<n<4.5

Generator

PDF Set

Wr+w)jZ

FEWZ

MSTWOBNLO
CTEQ66MNLO
NNPDF2.0

MSTWOSNLO
CTEQ66NLO
NNPDF2.0

656 £ 39

23.1+0.1

1.30 = 0.05

MSTWOSNNLO

1007 £ 48 £ 101

682 £ 40 £ 68

23.1£15

148 £ 10011

All observations consistent with NLO

theory
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