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Motivation
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@ production mechanism of bb states (T (nS))
9 at \/s=7TeV
9 at large pr

@ understand CMS detector using
T(nS) — ptu~ decay channel

o @ tracking reconstruction
@ measure polarization @ muon identification
9 lack of theories that successfully explain @ p calibration
polarization and differential cross-section 9 trigger

simultaneously
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CMS Detector "

Microstips (80-180um)
Pixels

2 ~0 BM channels
Tracker
ECAL
HCAL

CRYSTAL ELECTROMAGNETIC
CALORIMETER
~76k scintillating PWO, crystals

Solenoid

PRESHOWER
Steel Yoke Silicon strips
Muons ~16Mm?  ~137k channels

~13000 tonnes

SOLENOID
Niobium-fitanium coil
carrying ~18000 A

Steel + quartz fibres

. HADRON CALORIMETER (ECAL) gl

Total weight : 14000 tonnes Brass + plastic scintillator ¢ . MUON CHAMBERS

Overall diameter :15.0 m ~7K channels Barel. 250 Drifi Tube & 480 Resistive Plale Chambers
Overall length :287 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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Muon Reconstruction

Muons in CMS:
track reconstructed in silicon tracker, associated with compatible signal in muon detectors

I T T T T 1 T T
am n m "
Key:
Muon O\
Electron ALY
Charged Hadron (e.g. Pion) < B\
— — — - Neutral Hadron (e.g. Neutron) / N\
== === Pphoton ¢
jl" Galrimeter S ‘/, :
Calorimeter Solenoid =
e renenyohe nespesed i
Transverse slice ‘with Muon chambers {lil 3
hiough Cos i
@ Global: track segment in muon chamber @ Coverage:
matched with track in silicon tracker @ Tracking System |n| < 2.5
@ Tracker: track in silicon tracker matched @ Muon Detectors || < 2.4
to at least one muon station signal 9 B:38T
@ Stand Alone: track only in muon @ Tracking System Resolution:
chambers opr/PT = 0.015%pT & 0.5%
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CMS Geometry
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@ single muon cuts are applied in bins of pseudorapidity
(closer to the detector geometry)

@ Upsilon pr differential cross sections are measured in bins of rapidity
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P (pp = T(1)X) po r(ns) oyt um) = T (A
“BR (T(nS) — p'p~) =
dprdy JL -Apr Dy
"] NT(HS)(.A, €) - corrected signal yield for acceptance A and efficiency e
@ [ L - integrated luminosity
@ Ap7 - T transverse momentum bin width
@ Ay - T rapidity bin width
@ BR (T(nS) — ptu~) - branching ratio
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Welcome to diudorado !

Events/GeV
—
S

102

CMS Preliminary
10

\s=7TeV, L_ =40pb”

1 10 L 102 )
wp- mass (GeV/c®)

@ how are T(nS) — putp~ selected? J
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Event Selection

@ High Level Trigger:

.. . v £ CMS Prelimi =7TeV
@ coincidence of two muon signals 5 45000 * |m|Ir-|ari,;/0§ ;1 °
@ later restricted also to g‘“"“"? thI <24p
. 2 = E :

M+, ~ € [1.5;14.5) GeV/c g::::L = 100 MeVic?
@ Muon Acceptance Cuts: .%'zsmé
pru > 3.5 GeV/c [7u] < 1.6 20000
pry >25GeV/c 1.6 <|n.l <24 3
@ Vertex Quality: mnoo;
s P(x?) >0.1% 5000

o

9 best di-muon candidate
(if more than one di-muon pair)

@ Track Quality Cuts:

oo CMS Preliminary, \'s =7 TeV
@ > 12 hits in Tracker detector

10000|

% 100001
D 8 [ L, = 40 pb™
@ > 1 hit in Pixel layer 5 r <1
2/ndf < 5 S 8000
@ x /nd < 3 o = 67 MeVic?
@ cylinder of € 6000
r<0.2cmand/<25cm YL
around primary vertex and 4000
parallel to beam line r
2000—
® |yr| <20 amans
@ Yield: "Crystal Ball” ansatz with L T T s 1‘
relative T (nS) mass differences fixed Wi mass (Gevic’)
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Efficiencies

o

]

€ = Etrigger X € ID X Etrack J

Etrigger - an identified muon is matched to a muon trigger object (Tag & Probe)
see slide 11

€y Ip - reconstructed Tracker track of a muon is identified as a muon in offline
selection (Tag & Probe)
see slide 12

Etrack - @ Tracker track of a muon in CMS acceptance is found in a pp collision
event (Track Embedding)

° sfrfcie"d""g: (99.64 + 0.05)%, flat as a function of pr and 7

o efficiency of track quality criteria (Tag & Probe): (98.66 %+ 0.05)%

Adrian Perieanu

QWG11 - Production — Darmstadt 47" October '11

10 of 28



Efficiencies: c/jgger

CMS, /s =7TeV, L=3pb!
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Efficiencies:

Efficiency
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@ evaluated using Monte Carlo simulations

@ probability that both muons from the upsilon decay leave a
detectable track limited by the geometrical and kinematical

acceptance
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T(1S) Unpolarized production

4

Unpolarized production
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Acceptance
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@ polarization influences muon angular distributions

@ evaluated also for transverse (T) and longitudinal (L) polarization
scenarios in the helicity (HX) and Collins-Soper (CS) frames
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Systematics

|y| | A | Etrigger,p ID | Sp | APT | Avix | Arsr | T&P | EJ/¥,T | BG | add. |
00-20 | 05| 75(46) | 03(03)] 06 | 07 | 07 | 00 09 | 05 30
00-04 | 06| 6.8(49) | 04(04)| 07 | 03 | 07 | 06 15 | 01| 30
0.4-08 | 0.6 6.8(4.7) 0.4(0.4) | 0.6 0.3 0.7 0.3 1.1 54 3.0
08-12| 05| 75(49) |0303)]| 06 | 1.0 | 07 | 01 07 | 29| 30
1.2-16 | 05 7.7(4.0) 0.2(0.2) | 0.6 1.2 0.6 0.2 0.5 4.0 3.0
1.6-20 | 0.6 9.3(4.0) 0.0(0.1) | 0.6 0.9 0.6 0.9 0.6 50 | 3.0

L - luminosity estimation 11% (4% for 2011 data)
A - estimation of the acceptance
Etrigger,u ID - trigger and muon efficiencies

Sp - imperfect knowledge of the momentum scale

o
o
o
o
@ Ap; - production pr spectrum
@ Ay - efficiencies of the vertex-quality criterion
@ Afrsg - modeling of FSR

o

€4 w,7 - bias from using J/W to determine single-muon efficiencies
instead of T (used for the first 3 pb™1)

@ BG - background PDF

@ add. - signal PDF, fit, tracking efficiency and effects arising from
the efficiency binning
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T(nS) Cross-Sections
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results for
JL£=3pb71
update of published
results for

JL£=39 pb—!

to be approved soon
comparison with
new calculations
(e.g. NRQCD) will
also be shown
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T(nS) Cross-Sections

Comparison with Pythia

T 1 T T T 1 T T T T T

—{— CMS data
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T(nS) Cross-Sections
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T(nS) Cross-Sections

Integrated production cross sections for |y| < 2 range

measurements assume unpolarized T(nS) production:

@ o(pp — T(18)X) - BR(T(1S) — ptp~) =
7.37 £ 0.13 (stat.)"$5) (syst.)£0.81 (lumi.) nb

@ o(pp — T(25)X) - BR(T(25) — ptp~) =
1.90 + 0.08 (stat.)*%20 (syst.)£0.24 (lumi.) nb

@ a(pp — T(35)X) - BR(T(3S) — plpu~) =
1.02 £ 0.07 (stat.) T 4% (syst.)£0.11 (lumi.) nb

fully-transverse or fully-longitudinal polarization:
+20% change in cross-section

results published in Phys. Rev. D 83, 112004 (2011)

results from Pb-Pb collisions in CMS will be presented by Camelia Mironov on 6t of October

Adrian Perieanu QWG11 - Production — Darmstadt 47" October '11 19 of 28



Outlook 2011:

is CMS standing now?

2011 Run, L= 1.1 fo'!
CMS \s=7TeV

Events per 10 MeV
g

trigger paths
|y

oy
B, — u'yw
Y

]
W low P double muon
high . double muon

‘ @ clever dedicated triggers with cuts

that evolve with the increase in
luminosity

T T
1 1n

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Sep 26 10:49 UTC)

)
— Delivered 3.7 fb™! ‘
orded 3.40 fb"

Lfb!

15

Y
/
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05

—

31105

0.0
14103 10007 18108

Date

2104 26109

@ already at 3.4 fb—! and still more
luminosity to come for this year
QWGL1 - Production — Darmstadt 47

Adrian Perieanu

10°
fimuon mass [GeV]

@ differential cross-sections measured

@ it's time to measure the polarization

production plane

| / \
| /
J’ =./4=.
I b, i b,
/
[ collision
/ 0 centze /
| 1 of mass /
| / frame /

quarkonium |

rest |
frame |
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Back-Up Slides
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Quarkonium Polarization

@ alignment of the decaying particle spin with its direction of motion
= two muons get emitted in different angular configurations:

W (cosb, ¢) 3+/\0 (1 + Xocos?0 + A, sin*0cos2p + Agy,sin20cosp)

production plane

! -
/ I e
/ /
" | § /
b.
0 collision by / ?

< centre / quarkonium
/ of mass / rest
/ frame / frame

different reference frames:
@ Helicity frame (HX): own flight/momentum direction of the quarkonium
@ Collins-Soper frame (CS): bisecting angle between one beam and the opposite of the other beam
@ Gottfried-Jackson frame (GJ): direction of the momentum of one of the two colliding beams
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Acceptance: Helicity Frame

T(1S): fully longitudinal polarization T(1S): fully transverse polarization

25

Y rapidity

N
o

Y rapidity

(UL LA o

Yp, (GeV)

Yp, (GeV)
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Acceptance: Collins-Soper Frame

T(1S): fully longitudinal polarization T(1S): fully transverse polarization

25

Y rapidity
Y rapidity

L B

0.0 ——— 0.0 0.0
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Crystal Ball function (PDF)

_x=%? X=X o _
0, o) = - exp(— 52 _), for = > —a
A-(B—>%)7", for =X < —«

o n=(5) o ()
o] 2 )
° B=1h— e,

@ N is a normalization factor

@ «, n parameters fitted from MC simulation

@ N, x and o are parameters which are fitted with the data

<
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DO & CDF vs. Theory

. D@, Run 2 Preliminary, 1.3 fb™" . D@, Run 2 Preliminary, 1.3 fb™"

08 |

L L L L B L L L L s L L
0 125 15 175 20 o 25 5 75 10 125 15 175
prof (1) p(THGeVI Pr of T(25) AGevt

CDF: green triangles
DO0: black circles
NRQCD predictions: yellow band

kt-factorization limit cases: magenta curves
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B50/

e e ¢ ¢ ¢
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LHCb & CMS

CRUS T Guoptana) s —e— LG @@t <T5 Gevi
> E ——e—— LHCb Data (2.0<y<4.5) -~ C —t— CMS3pb” (p,<30 GeVicy
$ ¢ + ! 2100
S r - N
$ ¢ F i £
S | {» -+ E| LHCb
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@ CMS: green triangles
@ LHCb: black circles

@ complementarity in rapidity
@ http://cdsweb.cern.ch/record/1333963 LHCb-CONF-2011-016
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