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Why measure Y(1S) at DO ?

®* Measuring the Y(1S) production cross-section provides an
1deal testing ground for our understanding of the production
mechanisms of heavy quarks.

* The Y(1S) cross-section had been measured at the Tevatron
(Run I measurement by CDF) up to a rapidity of 0.4.
D@ aims to measure this cross-section up to a rapidity of 1.8.

* The color octet model predicts an increase in transverse
polarization with increasing p .

Measurements so far have been inconclusive.



Where do the Y(1S) come from ?

* All Bottomonium States
are produced directly.

*~50% of Y(15) are
produced directly.

* The rest are the result
of higher mass states
decaying.

115F T —
_ data (solid lines) bB i
. theory (dashed lines) i
i T(6S ]
e (65) -
- T(5S) i
;. _._._-.:T'I_I'.?_g.i_l-réz.-:.:.-_'._._._._.__.:P[ﬂ.__(.%__sg_.:.___.::_._._._._._._._._._._._._._._._._._._._._._._.E‘.MH_._._._._ _:.
105 — —
[ m3S).. = 18— Xy(2P) ]
) p) T
] 1(2S) |
10— 23) = _
- L ho(1P) 1P) .
9.5 —
- mlIS) -

1= 0 1 1" (01,2)"

Bottomonium States



The upgraded DO Detector
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The DO trigger system

Detector ::> L1 Trigger SVXII chip

Digitization

‘ T @4 Rate

7.5MHz -
(132ns/decision) L2 Triggen

S0Hz
@ 250kB/ev
Calorimeter ——

Digitization % Reconstruction
Rate L3 Trlggeli Farm




450

400 -

350 -

300

M
n
o

200

Luminosity (pb"')

150

100

50

0 4
19-Apr-2002 19-Jul-2002 19-Oct-2002 19-Jan-2003 19-Apr-2003

D@ luminosity

Run Il Integrated Luminosity

19 April 2002 - 18 April 2004

400
Data sample used in Y analysis

l I : 312

~ 159 pb! £

a /
il d _,//
e V=R
e ,/
el
/_/// — Delivered
— Recorded
éﬁj/

19-Jul-2003 19-Oct-2003

19-Jan-2004 19-Apr-2004




The Analysis

Goal:
Measuring the Y(1S) cross-section in the channel

Y(1S) — p*p- as a function of p, in three rapidity ranges:
0<|y'l<0.6, 0.6<]|y'I<1.2and 1.2<]|y'<1.8

Sample selection:

* Opposite sign muons
* Muon have hits 1n all three layers of the muon system
* Muons are matched to a track in the central tracking system

ep (W) >3 GeVand n (W <2.2

* At least one 1solated muon
* Track from central tracking system must have at least one hit
in the Silicon Tracker



The si1gnal
. ' Fitting a single Gaussian
Signal: 3 Gaussians: Y(15), Y(25), Y(3S5) tecovers ~95 % of the

Background: 3rd order polynomial signal.
m(Y(2/35)) = m(Y(LS)) + Am__ (Y(2/35)-Y(LS))

o(Y(2/35)) = o(Y(1S5)) + mY(2/38)/m(Y(1S)) * o(Y(LS))
— 5 free parameters 1n signal fit: m(Y(1S)), o(Y(15)), c(Y(1S)), c(Y(2S5)), c(Y(3S))

All plots: 3 GeV <p(Y) <4 GeV PDG: m(Y(15)) =9.46 GeV
m(Y) = 9.423 + 0.008 GeV m(Y) =9.415+ 0.009 GeV m(Y)=9.403 £ 0.013 GeV
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Width from fit for Y(1S) with [y!] < 0.6
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Y(1S) Cross-section
d’c(Y(1S)) N(Y)

Xg Xg Xg Xg Xg XE
acc trig muid trk fit

kinem iIso-smt

dp, x dy LxAp xAyxe

luminosity L
rapidity y = %2 In [(E+p )/(E-p )]

€ __ Muons that will not reach the muon system are removed
after the generator stage (p (1) > 1.8 GeV and |y(p)]| <2.2).

Determined from Monte Carlo without trigger condition.

€ _  Fraction of Y that pass the kinematic cuts and are reconstructed.
Determined from Monte Carlo.

£ Trigger efficiency (Levell and Level2).

trig
From data and Monte Carlo.



Upsilon cross-section continued

d“o(Y(1S)) N(Y)
dpt " dy L X Apt X Ay X gkinemx E:accx E:trigx Emuidx gtrkx E:fitx E:iso-smt
€ Correction to account for differences between data and MC

in the local (1.e. muon system only) muon reconstruction.

€ Correction to account for differences between data and MC
in the efficiency to match local tracks in the muon system
to tracks 1n the central tracking system. This includes the
tracking efficiency for muons in the central tracking system.

€ Correction to account for differences between data and MC

iso-smt

regarding track 1solation and Silicon hit requirement.

€&  To account for losses due to a single Gaussian fit to model
the Y(1.5) mass resolution.



Efticiencies from Monte Carlo
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Trigger

Level 1: di-muon trigger, scintillator only
Level 2: one medium muon (early runs)
two muons, at least one medium, separated in eta and phi (later runs)

Both triggers at Level 2 are ~ 97 % efficient wrt Level 1 condition.

Trigger efficiency for fully reconstructed di-muon events:
central region: 65 %
forward region: 80 %

Trigger efficiency |[y(Y)| <0.6
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Corrections: Tracking efficiency

Method:

Reconstruct J/y using global (1.e. muons matched to a track
in the central tracking system) and /ocal (1.e. muons that are
only reconstructed 1n the muon system and not matched to
a central track) muons.

global-local* global-local* global-local*
(signal events only) (all events) (local mu only)

4000 5000+ 3507

-

12 3 4 5 6 12 3456 123 45 6
GeV GeV GeV

* 1.e. the local momentum of the test muon 1s used, whether 1s was matched or not.



Corrections: Tracking Efficiency

NJ/w(global & global)

Efficiency =
* N, (global & local) + N, (global & global)
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Corrections: Local muon reconstruction efficiency

* reconstruct J/yv: muon & muon and muon & track
* ¢ = muon & muon / muon & track
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Corrections: Isolation and Silicon Hit Requirement
From data — Monte Carlo predicts 1solation requirement to be 100% efficient.

Isolation efficiency for signal

1.6

AL | (Y)| < 1.8

1.2

| — r r 1

T LI + ' L ' ' ' ' '

1 1 1 1 1 1 1 1 1

u 8 __________________________________ N A S PPN S TR

- l v 1 ' v ] 1 l v

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

...........................................................................................

0.6

-------------------------------------------------------------------------------------------

0.4

0.2

-------------------------------------------------------------------------------------------




TOT
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Normalized Cross-section for Y(1.5)
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Systematic Errors — very preliminary

local muon ID 6-10 %
trigger <10 %
MC modeling of kinematics 2-4 %
fitting procedure 3-5%
central track matching 2 %
primary vertex requirement 1 %
momentum resolution 1 %
isolation and Silicon hit requirement 1-3 %
Luminosity 6.5 %
Polarization ~20 %

Total (not including polarization): 14-16 %



Conclusions

* Y(1S8) Cross-section measurement extended to y = 1.8

* Normalized cross-sections show very little
dependence on rapidity.

* Normalized cross-section 1s 1n good agreement
with published results.

* Absolute cross-section measurement 1s nearly ready.

* Next step: Polarization measurement.



