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e Open heavy flavour in p+p

— Test of QCD 9 b
FCR
— b-quark production important background for g b
new physics searches
— Reference for heavy ions J E
FEX b
e Open heavy flavour in heavy ions .

— Hard probe of the medium
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— Sensitive to same Initial state conditions as closed GSP
heavy flavour g
— Interesting results (disagreements) seen at RHIC: arXiv:0705.1937 [hep-ph
e Charm suppressed at high pr as light quarks e GSP
FEX
e Charm flows ] P ——
| 100 1000
e Role of bottom still unclear (as suppressed as b-jet pt [GeV]

charm?)



The Compact Muon Solenoid
C MS Detector - ...

Microstrips (80-180um)
Pﬁb}{@g ~200m? ~9.6M channels
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Magnetic field :3.8T



The Compact Muon Solenoid
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CMS Phase Space Coverage

e CMS: full ' and almost full " acceptance at the LHC

e Charged tracks and muons: |"| < 2.4

e Electrons and photons: |"| < 3

o Jets: |'| <6.7
(plus |"| > 8.3 for neutrals, with the ZDC)
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ldentifying B mesons with CMS

e Heavier and longer life time than light mesons (B* c# =491.1 + 3.2 $m, Bc# =457.2 +
2.7 $m)

e Semi-leptonic and hadronic decays
e CMS is very well suited for b physics due to excellent tracking and muon detectors:
— reconstruct secondary vertex with inner tracker

— trigger and reconstruct muons with muon detectors down to low pr
e Three results:

— CMS BPH-10-002 PAS: OJhky prompt and non-prompt cross sections in pp collisions at
Is=7 TeVO
the reconstructed dimuon vertex is used to identify non-prompt J/yp from B decays

— CMS PAS BPH-10-007: OOpen beauty production cross section with muons in pp collisions
at!s=7TeVO
uses the relative muon pr with respect to the jet direction

— CMS PAS BPH-10-009: OMeasurement of the inclusive b-jet production in pp collisions at
Is=7 TeVO
tags jets with secondary vertex
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e Separate prompt and non-prompt
contributions with a 2d unbinned
max. likelihood fit to invariant
mass and pseudo proper decay
length:
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total fit
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Crrw = Lay pr 10 -
e Prompt contribution:
pure resolution function (triple-
Gaussian)
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e Non-prompt contribution: 1, (mm)

exponential convolved with
resolution function
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Good agreement with other LHC experiments and CDF
There seems to be no strong " or 's dependence

(ATLAS points were converted from OB/promptO to
OB/inclusiveO)



Semi-leptoni® decays

e Trigger on single pu (pt > 3 GeV/c)

e Require offline reconstructed p with
pr>6 GeV/cand |"| <2.1

o Cluster all tracks into jets using anti-
kT algorithm (R=0.5)

prim. vertex

— Jet finding efficiency from 74% to 1103 CMS Preliminary

almost 100% depending on L pr é 6— R —ooers 1

— Very good angular resolution (2D8%) E, st e s |-

@) - ]

 Due to large B mass, muons from B a- iy N

decays have larger p'® (pT of u 3k 1MC=0.1 pb?

relative to jet axis) than muons from

c or light jets (udsg) 2h E

. 1 -

o Measurement of total cross section : :
and differential cross section as a Y153 45 6

function of p-p r and " with pre! [GeV]

Lint =81 nb&l



Inclusiveb cross section at/s = 7 TeV

Binned maximum likelihood fit

of pr'e distribution 110° CMS Preliminary
S ael b [ owsam |
MC templates for b and c B 3o — i

(signal template validated by b s 3 T cuden mplae |
enriched data) ® 25| A
Data driven template for udsg 2__ ] E
contribution (mostly from in-flight 1o+ L E
decays) o E
. 0.5k .
Combined template for ¢ and udsg ST :

contribution 727374 5 6
p*' [GeV]

Templates for each p-pr and " bin

Inclusive b cross section in kinematic range:

o(pp = bb+ X — p+ X', p% > 6 GeV,|n!| < 2.13“

=1.48=x O.Q4(stat.) + 0.22(syst) -

- 0.16(lumi.) g

onvcanto = 0.84,7006 (scale) = 0.08(myp) = 0.04(pdf)ub
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Differentialb cross sections

e Measurement in agreement with MC@NLO for pt > 12 GeV/c
Integrated over "

e Above MC@NLO at mid-rapidity at low p 1
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Events collected with minimum bias
and jet trigger

e Jets with 18 < pr < 300 GeV/c and

Inclusiveb-jet production

Double b-jet candidate
(CMS DPS-2010/015)

. rd rd
,|CMS Experiment at LHC,|CERN / V4
V4 4
4
Y 4 &
4
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V4 7
/ 4
/ ,;;// S
V4
/S

CMS

|| Lumi section: 795

| Run / Event : 133874/ 6

\/Data Recorded: Sat Apr 24 08:31:20 2010 CEST
064942

ly| < 2 reconstructed with anti-k T
algorithm (R=0.5) using calorimeter
and tracker information (Particle Flow)

b-tagging based on secondary vertex
reconstruction

— Require secondary vertex with at least3 — /-
tracks

— b-tagging efficiency from MC, verified in
subsample by measurement of scale
factor using pt'®

ep?@ /eMC — (.98 +0.08 +0.18

— Mistag rate from MC, constrained by

data-driven negative tag discriminator 1
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& Inclusiveb-jet production aty/'s = 7 TeV
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Open heavy [3avour in heavy ion collisi

e High-mass p*u® continuum dominated by correlated semi-leptonic
b decays

e Non-prompt J/% are very sensitive to b-quark energy loss
e Db-tagged jets may provide another observable

o Challenge for the latter two lies in the secondary vertex
reconstruction in the high multiplicity environment

NQ E X Pb-Pb 5.5 TeV - 0.5 nb™*
E 2 pl>5GeVic 2 . DY
<10°E Ml <2, ) :
:10 = n’| <2.4 bb 3 B! J/.. (, lfu')
Z b, m, K = — B = R 1o i LA B B T T
[ CMS PTDR Addendum B = b— K& r Pbe noenergyloss ]
4 cc 3 SR e > PbPb, PYQUEN energy loss
10°F ok . S
i 10 Q%
10°E =
= ke
102 = @ 10_35 103 -
= * : ST
i +¢+ | CMS PTDR Addendum 1 SR
B ' NI RN RPN EPEEE R B
10E e | 10 12" 14 16 18 20 22 24
: T vf fT 0 20 40 60 BO 100 120 140 160 IZE:#riUD pT’ GeV/C
1 [ 11 1 l | S| I |t T I 11 1 ' | | | 11 1 l 1 -1 | l 1

20 40 60 80 100 120 140 160
M,... [GeV/c?]
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Very good tracking and muon detector performance allow rich quarkonia and B-Physics program
at CMS.

Very good b-tagging performance from early stage already! Measurement of inclusive b-
production cross section has been possible with this method

First measurements of the b cross section in p+p collisions at's =7 TeV
— with non-prompt J/%:

e good agreement with other LHC experiments and CDF: no strong 's and " dependence of non-
prompt J/% fraction

— from p ¢ measurement with muons:

e Measurement for muon pt = 6D30 GeV/c, |'| < 2.1 with stat. error of 520% and syst. uncertainty of 16D020%

e Good agreement with MC@NLO at muon pr > 12 GeV/c, while data are above the prediction in the central
rapidity at low p 1

— Db-tagging of jets:
e Measurement for jet pt = 18D300 GeV/c, |y| < 2
e Overall good agreement with PYTHIA within ~2% stat. and 21% syst. uncertainty
e Reasonable agreement with MC@NLO for overall cross section, but shape differences in pand y

Looking forward to the heavy ion run
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LHC & CMS Performance
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Date

e« March 30, 2010: First p+p collisions at 's =7 TeV
e Since then:
— LHC delivered integrated luminosity of L int = 22.7 pb%!
— CMS recorded Lint = 20.83 pb&!
— Maximum instantaneous luminosity:
Linst = 144 $b*1 s¥1 = 1.4 162 cm&? %1 (— goal for 2010 achieved)
e Results shown today were approved for ICHEP 2010:
Lint ~ 10 B 300 nb*!
e Current plan foresees:
— p+p: deliver integrated luminosity of L int = 1 fb*tat's = 7 TeV with
Linst Up to few 10P2 cm&? sx1
— Pb+Pb: 4 weeks in November/December at 's ny = 2.8 TeV( 2013

— pt+p at's = 14 TeV: only after longer shutdown (( 2013?) 19



Estimating thé-tagging purity

Data driven MC based
Fit to secondary vertex mass Fit of the flavour fractions
¢ Foep
b —
Frep + Feee + Fig
CMS preliminary, 60 nb™ \s=7TeV CMS preliminary, 60 nb" \s=7TeV CMS simulation \s =7 TeV
>160_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ b 1_I T T T T T T T | I_ > 1_I T T T T T T T | I_
) - lyl <2.0 | —e— Data 1 = - —— Data lyl<2.01 E 8
O 140F Bl btemplate - 3 0.9F @MC - 2 0.9F -
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o x?/NDF=18.9/17 ] 5 0.7¢ } 1 5 077 T ‘
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S 60 4 8 18 ——Iyl<05
g 40:_ ] < 0.5 . = 0.5F ——0.5=|y|<1.0
Z B - - - - 10=<ly|<15
o0l - 0.4 Data / MC = 0.976 + 0.022-] 0.4 L5 < vl <20 R
: : : 12/NDF =1.2/3 : —15sly<2 :
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0 05115 2 25 3 35 4 45 5 20 30 40 50 100 200 20 30 40 50 100 200
Secondary vertex mass (GeV) p. (GeV) p_ (GeV)

e Good agreement between data and MC: data/MC = 0.976 = 0.022

o Central values taken from MC to properly take into account pt and
y dependence



b-tagging efbciency

CMS simulation

\s=7TeV
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Muon momentum resolution

Excellent momentum resolution )1% for |*|)0.7; )3% for ["|)2.5
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