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Outline

e Motivation
e CMS Detector
e Muon Reconstruction

e Early heavy-flavor physics measurements at 7
TeV

—The J/w — u *u-cross-section

—The Y (nS) — 1 * U -cross-section
e First data: J/W peaksand T->u u event!
* Summary
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Prompt production:

— Direct

— Indirect: feed-down from y_, v’ = J/y and y,, —>Y

Several theoretical mechanisms contributing:

— Color Singlet (calculation now available at NNLO)

— Color Octet in the NRQCD formalism

No model predicting successfully both cross-section

and polarization at TeVatron
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e Theoretical Motivation - R

— Quarkonia production mechanism
at hadron colliders not yet
understood i ol

e LHC provides:

— New energy scale! % o

— Large p,reach % -

— Early measurements L

— Detector Calibration - ’

1 pb | !
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Compact Muon Solenoid

CALORIMETERS
ECAL HCAL
76k scintillating Plastic scintillator/brass
PbWQO, crystals  sandwich

Superconducting
Coil, 3.8 Tesla _z7~—

IRON YOKE

38 Nations,
182 Institutions,
2900 scientists

TRACKER

Pixels

Silicon Microstrips

210 m? of silicon sensors
9.6M channels

Total weight 12500 t MUON
Overall diameter 15 m | MUON BARR_E_L ENDCAPS
Overall length 21.6m Drift Tube Resistive Plate Cathode S?rip Chambers (CSC)

Chamb DT
ambers (D) Chambers (RPC) Resistive Plate Chambers (RPC)
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Muon Reconstruction

Key:

Muon

Electron

Hadron (e.g. Pion)
----- Photon

Silicon
Tracker

5 Electromagnetic
};1 ] 'l Calorimeter
Hadron Superconducting _ _
Calorimeter Solenoid ]
Iron return yoke interspersed __ _
Transverse slice with Muon chambers by /
through CMS ~ A
Standalone Muon

Global Muon
Low p; muons might not traverse more than one instrumented muon layer because of the B-
field (mid-rapidity) or material thickness (forward).

Tracker muon reconstruction starts from a silicon track and search for a compatible muon
signal (even in one instrumented layer.) Tight quality cuts are applied on the track-segment

match.
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CMS Quarkonia Program

e Two analyses targeting early data

— Inclusive total and differential production cross section of J/y
in the di-muon channel

e O(0.1 pb™): Total cross section (prompt J/y + b-hadron not
distinguishable), possibly differential in coarse p; binning

o O(1 pb™): Differential cross section in finer p; / rapidity binning,
separation of prompt J/y + b-hadron, [measurement of o(y’)/c(J/y)]
— Measurement of the inclusive Upsilon production cross
section in the di-muon channel

e O(0.1-1 pb™): Differential cross section in py,
measurement of [6( T (2S)) + o( T (3S))]/ o( T (1S))

e Other important analyses which need more statistics:

— Quarkonium polarization
— Y, production using y., = Jlw 7 ...
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d’c — = o NQG
.BR —
dp.dy (QQ)-BR(QQ — x" 1) det-A-gt

'ApT gAV

rigger ) greco

o Nog =the number of reconstructed QQbar in a given p; bin
obtained from a fit to the mass spectrum

. det = integrated luminosity

e A =signal acceptance and efficiency (from MC modeling)

* Eyigger " Ereco = trigger/reconstruction efficiency M(/data
correction (to be determined with “tag-and-probe” method)

e Ap;-Ay =p;/ybinsize
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CMS-PAS-BPH-07-002
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Acceptance s a
strong function of
the unknown
production
polarization
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will be measured via a data-driven

~ technique- "Tag and Probe"

CMS simulation
CMS—PAS—_BPH—O?—OOZ
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J/W Differential Cross Section

% b Inclusive Jy ; Na=14TeV, nj<2.4 ]
S | O 2l CMS-PAS-BPH-07-002
‘ I na : = F *. *  Fit result
g E
— direct production (prompt) 2E e  onte o
— from X¢,¥ decays (prompt) e 1L + -
©  CMS simulation
— from b hadron decays (non-prompt) S S
.. ppati4TeV
F 3pb1=~75000Jhy ———
510 15 20 25 30 35 40
p, (GeVic)
e measure inclusive, prompt, non-prompt production cross

sections
e dominant systematics: Luminosity, Polarization, Fit
e competitive with Tevatron from first pb"

e probe cross section beyond 20 GeV/c after 3 pb-1 for the first
time
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[

Xy

M,/

@ Based on pseudo-proper decay length [, =

in each p; bin

70

e yield determined from simultaneous likelihood fit to M and Ixy

— signal PDF from MC convoluted with a double Gaussian resolution

v

— background PDF fixed from MC sidebands y | K
. L] L] °
Depending crucially on: | %y {\" _______ ’
— Pixel alignment 3w
— Beam-spot stability or PV resolution
g_ - ; I'.':t'.trrrll-.lninva-.'l:l l:lla;a. B ED'B : '_ ' : Fl
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2010-5-20

Y(ns) Cross Section

e The expected yield of
reconstructed Y(ns)-> n+u-
in CMS is a few thousand per
pb-

e The Planis to have a result
with o(1/pb)

— first extension to 20-30 GeVin

P, also |y|>1.8 -> add a new bin

to the D@ results

- Y(2S5)+Y(3S) cross-section can be <

measured relative to Y(1S)

e not affected by various systematic

uncertainties
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Light Mesons in Early 900GeV Collision

Real Data!!

Phi Candidates passing dE/dx cut Entries 1185567
B [ LT 1 [ndf 715455
> 18001 po 685.9+ 6.2
g - pt 80.92+5.74
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J/W Eventsin 2.36 TeV Collision

*2.36 TeV Collisions N o
s CMS Preliminary 2009 MinBias
* MinBias trigger é : Vs=23606eV [ pATA triggers
e One J/Psi Candidate (0.2 expected) * i
. P solid: opposite-sign pairs
e Very forward, yu in endcap , opon - same-sign pairs

2 3 4 5 6 7 8 9 10 11
M [GeV]

- QXF\

Mass = 3.04 GeV/c?

pr=5.38 GeV/c
=  Dimuon vertex x? prob. = 57%

ct=-17+81 um

Expectation: 0.2 events
Observed: 1 candidate
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GLOBAL-GLOBAL + GLOBAL-TRACKER DI-MUONS

GLOBAL-GLOBAL DI-MUONS

:6‘3“:“"'\""|""|"' | PTTIITT T LT T erol SN RN R AR SRR DS R AR BRI AR
> f CMS Prel Ns=7TeV S 160 CMS Preliminary \'s =7 TeV -
o_L 5 L N
§25:_ - t5?14} =
I?-;155— _ 510;_ E
] ha B E
10 - 6 =
C }L ] 4 -
a - ]
+| |+| | |+| |++|++ Z;HI ----------------- %’ L
D657 8 1 55 8 a2 25 H S s 5 58 5
ut u mass (Gev/é) u* 1 mass (GeV/¢)
Category | Mass (MeV/c?) | RMS (MeV/c?) | Signal
GG + GT 3095+ 7 42.5+6.3 76+ 12
GG 3094+ 9 35.5£6.8 244+ 5

Integrated luminosity: 0.985/nb
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s o A mass = 9.35 GeV
\ pt = 8.41 GeV
\ o’ AP y = -0.225

| & | - vtxProb = 0.464
\ o _ mul pt = 5.97 GeV

mul eta = 0.462
mu2 pt = 2.61 GeV
mu2 eta = -1.53
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Summary

J/W and Y(nS) cross-section measurements are the

main targets for the CMS Quarkonium Program in

early data.

e Feasibility:

— Feasible with O(0.1 pb™): Measurement of the (not so)
differential Y and J/W cross-section in p; only. p+-

integrated prompt-non prompt J/ W separation may be
possible

— Feasible with O( 1 pb™): Measurement of prompt-non
prompt J/W and Y cross-sections differential in py,
possibly in rapidity

e Stay tuned.....
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Back up
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Early B Physics Program

@ Inclusive S/ differential cross section

_ 1
~ 0.1pb (~100nb)
e b-hadron production cross section

1ph—! @ T(n%) differential cross section (~10nh)

L,

10pb

~ 100ph~—! @ bb correlations

@ CJuarkonia polarization

All early analyses use muons in the final state
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* goal of study: test of NLO QCD, production topology, Elavor Creation (S0ub)
tune Monte Carlo generators for more realistic ) b
estimations of bb background for NP searches

e AtTeVatron good theory-data agreement:
— FONLL approach g b
— Improved b- fragmentation function (LEP Zo — bb data)
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bb correlations

QRO
— G; + 8 100 CMS simulation =fa"f‘;’/’;1" e
— w rea + TaKe
e Use bb— J/W(—} [T )X + 7 X 1600 — P
Il Flavor Creation
. . . . . [ Flavor Excitation
o Adp=¢y,— 9, isahighly discriminating IR Giuon Spiiting

quantity between production mechanisms CMS-PAS-BPH-08-004

e signal yield measuredin A @ bins, via a
simultaneous Likelihood fit to J/ ¥ mass, L,,,

IP - Ao Jdhy -
u

A ¢, distribution obtained via unfolding o | |
2 140 e =
e dominant systematics to cross section: g, CMS simulation [Lat=sop _| -
. . . . . . T F ]
— luminosity, tracking and trigger efficiency g ,oogf::,’;:t:d | E
< L ]
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% o5 T s S
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