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Bottomonium Production

Stages in the hadroproduction of T(nS) resonances.

1st step 2nd step 3rd step production type
B bb — T(nS) - prompt, direct
pp— bb+X | bb— xp Xp — T(nS) +~ prompt, indirect
bb — T(n'S) | T(n'S) = T(nS) + X | prompt, indirect
x5(3P)
ThaEs T || T
hadrons
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Previous Measurements
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No theoretical model has simultaneously explained experimental
measurements of both production cross section and polarization.
The polarization measurements from DO and CDF do not agree with

each other.
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Study Upsilons at the Large Hadron Collider (LHC)

LHC provides:

New energy scale—Large o,
Large pr reach can help
discriminate between theoretical
models

CMS provides:

excellent dimuon mass resolution
to separate the T(nS) states
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The first collisions at an energy of 3.5 TeV per beam took place on 30th March 2010.

- " - pp, B-Physics, —

LHC CP Violation

# General Purpose,
pp, heavy ions
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The C Detect
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Muon Reconstruction

I 1 T T T 1 1 1
Oom m 2m 3m am Sm 6m m
Key:
Muon
Electron
Hadron (e.g.Pion)
""" Photon
® 2
- & |
SN 1
(] il
\ E 1
Silicon il
Tracker it
:1|" & e
Hadron Superconducting
Calorimeter noid
*;;*\,V/ _ e icon 131
Tracker Muon Station

Yu Zheng (Purdue University) Fermilab RA Seminar December 17, 2012 7/75



Muon Reconstruction
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Low pr muons might not transverse more than one instrumented muon layer because of the
B-field (mid-rapidity) or material thickness (forward).

Tracker muons were developed to reconstruct muons down to very low momenta, where for
identification purposes it is enough to traverse only 1 instrumented muon layer.
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Evolution of the Analysis

Monte Carlo Feasibility Study in 2008. First analysis note came out in
2009, CMS AN-2009/118

Early 2010, the first T candidate was detected and was shown for the
first time to the public by Yu in the International Workshop on Heavy
Quarkonium 2010.

-
N T
Y I S = S, o [
e o . | < .7,1.. !
IT 133877 : 88975262

4 mass = 9.35 GeV
\ / pt = 8.41 GeV.
\ ; y = -0.225
! vtxProb = 0.464
mul pt = 5.97 GeV
\ mul eta = 0.462

mu2 pt = 2.61 GeV
mu2 eta = -1.53
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Evolution of the Analysis

July 2010, the first T cross section measurement result was shown to
public at ICHEP. (280 nb~!)
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Yu's contribution: data skimming; event selection cuts; efficiency measurements in data and MC
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Evolution of the Analysis

Analysis using 3 pb~! data collected in 2010 was published in PRD
The first CMS result published in PRD
The first T(nS) measurement at the LHC

Yu's contributions for the first publication were similar to the 280/nb analysis
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Since 2011, we started to extend this measurement with a larger
(x10) dataset.

Yu is in charge of the full analysis.
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Outline

Datasets and Selection
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data collected in 2010, the first 3 pb~! was not included:
/MuOnia/Run2010B-Nov4ReReco_v1/RECO 36/pb
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Trigger (Online Selection)

The CMS trigger system performs the online event selection in two steps:

L1:
hardware-based, fast and automatic, look for simple signs of interesting
physics
uses only coarsely segmented data from all the three muon systems
HLT:
software-based, is capable of complex calculations
two levels:

L2: takes L1 candidates as seeds to perform a stand alone
reconstruction
L3: takes L2 candidates as seeds and adds information from tracker

Trigger used in this analysis:

HLT _DoubleMu0 . requires the detection of
two muons without an explicit p4 requirement.
HLT _DoubleMu0_Quarkonium_v1 - HLT _DoubleMu0

+ dimuon with opposite charge, 1.5 < M, < 14.5

Yu Zheng (Purdue University) Fermilab RA Seminar December 17, 2012 14 /75



L, =16 nb'\s = 7TeV
B MC Y (nS)->uu
—=— Data sideband

2 i,
tracker track
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p:(GeV/c)

6 nb'\s = 7TeV

Ly, =16 nb™\5 = 7TeV

MC Y (nS)->u]
Data sideban

102

35 0 2 4 6

A 8 10
number of valid hits number of valid pixel hits

Choice of criteria: Signal MC, background from data sidebands, Maximizing S/+/(S + B)
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Offline Selection

Di-Muon:
opposite charge
vertex chi2 probability > 0.001

Etp,
y| < 2.4 (y = §In(£2E5))

dz < 2.0 (The longitudinal separation between the two muons along the beam axis)
Each Muon:
Fiducial Cuts: pr > 3.75GeV/c when |5| < 0.8, pr > 3.5GeV /c when
0.8 < |n| < 1.6, pr > 3.0GeV/c when 1.6 < |n| < 2.4 (n = 7In[tan(g)])
is tracker muon
track quality cuts:
innerTrack.numberOfValidHits >11
innerTrack.hitPattern.pixelLayersWithMeasurement > 0
innerTrack.normalizedChi2 < 5
impact parameter cuts:
innerTrack.|dz| < 25 (longitudinal)
dB < 0.2 (transverse)

If multiple candidates are found, choose the one with largest vertex chi2 probability.
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Outline

Measurement Methodology
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Cross Section Measurement

The T(nS) cross sections are measured and will be presented in the
following ways:
Fiducial cross section

defined within the fiducial region
not corrected for acceptance, thus not affected by polarization

Cross section

acceptance corrected
polarization effect not included in systematics, but quote different cross
sections for discrete polarization values

Cross section utilizing polarization values measured with CMS

polarization treated as systematic
limited to the polarization measurement fiducial region
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The Ingredients to Determine the Cross Section

N’t;i‘t(ns)(pT; »'47 €track; €id, 6trig)
L -Apr-Ay ’

do (pp — T(nS)X)

) —
dprdy B(TmS) = prp™) =

(1)

B(T(nS) — u*u™): Branching fraction of T(nS) — ptp™
A: Geometric acceptance, obtained in Monte Carlo (NOT USED IN
PRODUCING FIDUCIAL CROSS SECTION RESULTS)
€ = €track * €id * €trig
€srack: Tracking efficiency, determined with a track-embedding
technique

€id, €trig: Muon identification and trigger efficiency, determined with
the tag-and-probe technique

Ny (nsy: The T(nS) yields, extracted via an extended unbinned maximum
likelihood fit

L: The integrated luminosity of the dataset, 35.8 = 1.4 pb~!
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Outline

Analysis Ingredients
Acceptance
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Acceptance (\A)

Nreco (p'}‘,y'r‘ SiTRK track pair satisfies fiducial cuts)
NJgen (p/'_T,‘_7 yIT) ’
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A(/J}r,y ) =

Geometric and kinematic
High-Statistics MC T(nS) Gun samples, generated flat in Tpt
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Acceptance vs. Polarization

Acceptance is a strong function of production polarization

Acceptance is not used in fiducial cross section results

Following the 3 pb~! analysis, for the acceptance-corrected
production cross section results, quote different cross sections for

discrete polarization values

8
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HX: the helicity frame, where the polar axis
coincides with the direction of the T
momentum;

CS: the Collins-Soper frame whose axis is
the average of the two beam directions in
the T rest frame

T : fully transversely polarized

L : fully longitudinally polarized
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Outline

Analysis Ingredients

Efficiencies
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Tag and Probe Methodology for Efficiencies (¢)

Data driven technique, efficiencies measured with data

Use J/W resonance given the higher statistics

Tag: Well-identified, good track quality, passes muon leg of
Mu+track J/WV trigger

Probe:

ID: Tracks with good quality
Trigger: Tracker muon

Passing Probes: \
ID: is Tracker muon "Probe muon"
Trigger: pass desired trigger \
Tag-Probe pair:

2.6 < mass < 3.5
AR >0.6: remove close-by muons

"Tag muon"

TRACKS??
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Tag and Probe Example

Example in one pr and |5| bin: Muon ID, p4(3.5,3.75), n*(0.8,1.2)
There are 72 for each efficiency in the analysis.

Passing Probes Failing Probes
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Y
8
8

E efficiency = 0.89 = 0.02
1f =-0.419+ 0.04
Ip=-159202

mean = 3.0933 = 0.0007

Events.4( 0.02GeV/c? )
[
8
8

000 numBackgroundFail = 19933 = 155
numBackgroundPass = 592 = 30

800 numSignalAll = 3056 = 86
sigma = 0.0320 + 0.0006
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| | L
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MuonlD Efficiencies (e

measured in 8 n* bins and 9 p’ bins
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Trigger Efficiencies (€trig)

black: DoubleMu0, Data;
blue: DoubleMu0_Quarkonium_v1, Data;
red: DoubleMu0, MC
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n Dependence of Efficiencies

Both trigger and ID efficiencies show |n|
dependence, especially in low pr region

The inefficiencies at |n| = 0.2,1.1,1.7 are

due to the detector geometry

The MC truth efficiencies are measured in
rough (same as for data) and finer n
binnings. Apply the efficiencies to the
cross section measurement, we observe

negligible differences.
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mOshift = 7.017 +/- 0.031
mass_mean = 9.45427 +/-
nbkgd = 2116826 +/- 4015
nsig1 = 340700 +/- 1928
nsig2 = 99015 +/- 1192
nsig3 = 52138 +/- 1004
par3 = 6.254 +/- 0.081
sigma1l = 0.1361 +/- 0.0015|
sigma2 = 0.06645 +/- 0.000!

width = 3.085 +/- 0.051
e

sigmaFraction = 0.590 +/- 0.
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Monte Carlo Closure Test

Divide Fall10 MC sample into 120 1pb—! samples and perform a full analysis on each

sample.

Add offline selections one by one. At each step we quantify the agreement between
measurements and MC truth using the pull distribution

Acceptance, Tracking, Track Quality,
MC truth Dimuon(T) efficiencies

pull1S
Entries 120
40 Mean -0.2028
35 RMS 1.085
72/ ndf 2.599/5

3

8

Constant 34.33=4.34
Mean -0.188 = 0.104
Sigma  1.095 = 0.098

w
&

El

8

@

3

o)

Need a carrectidn factor

PRI | | P | | I A
-15 10

5 0 5 70
(N, "WeirNyg ) (wei\ Ny, *(1-1.we))

SrrrrT

Acceptance, Tracking, Track Quality,
Single Muon TnP Efficiencies Product (use MC
J/V sample)

pull1S
SOIT"Entries 120
Mean 5.091
RMS 1.085
40
%2/ ndf 4578/5

Constant  32.86 = 4.01
a0/l Mean  5.089-0.108
Sigma  1.126+ 0.093

20—

;10;7

% 15 ET) 5 ) < = X
(N, "wei-Ny )/(wei\ N, *(1-1./wei)

A pull less than 2 sigma away from unity A biased pull, with a shifted mean at 5.1

All the ingredient inputs are correct

The single muon TnP efficiencies product
measured with MC J/W sample show a bias
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Correction Factor (p)

The p factor is defined as:
e(T) = e(plw) - (ki pw) - p (3)

€(T): Monte Carlo Truth Matching Dimuon (T) Efficiency
e(,ug/w): Monte Carlo Tag and Probe Single Muon Efficiency measured with J/W

A correction to the factorization hypothesis

Accounts for the bias introduced by the Tag and Probe efficiency measurement with J/W

pull1S
Entries 120
Mean -0.08367
RMS 0.9562
721 ndf 0.7528/5
Constant 37.85: 434
250 Mean  -0.08645 = 0.09302
E sigma 1.007 = 0.070
20—
15
10
5
E L L L I L L L
20 -15 10 -5 0 5

45 50
p¥(GeVic)

10 15 20
it i
(N -Ng_,,)/errwel
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Outline

Analysis Ingredients

Yield
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Mass Fits(Nr(,s))

Events /( 0.05 GeV/c® )

CMS preliminary {s=7TeV L=36pb"

18000 E
16000
14000
12000
10000
8000
6000
4000

2000

mOshift = 7.313 +/- 0.085
mass_mean = 9.45508 +/- 0.00054

nsig2 = 24671 +/- 291

nsig3 = 13328 +/- 258

par3 = 6.40 +-0.21

sigmat = 0.1363 +/- 0.0037
sigma2 = 0.0694 +/- 0.0026
sigmaFraction = 0.608 +/- 0.039

13 14
W mass (GeV/c?)

Signal Pdf: Double Crystal Ball (Gaussian core portion and a power-law low-end tail) for
high statistics pr bins and Single Crystal Ball for rather low statistics pr bins (typically
with 1S yield fewer than 1000)

Background Pdf: error function times exponential; error function not used when

exponential is enough

Mass differences fixed to precise PDG values

Common width parameters scaled by the mass

Crystal Ball radiative tail parameter fixed from high stats MC
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Mass Fits (low pr bins)
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(g) 4.0 < pp < 5.0
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Mass Fits (high pr bins
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(j) 22.0 < pr < 25.0 (k) 25.0 < pr < 30.0 1) 30.0 < pr < 50.0
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Candidate Weighting

pr and n of each muon determines the reconstructability of a T
incorporate acceptance and efficiency for each muon in yield extraction

Via: per candidate weighting

W = Wacc * Werack * Wid * Wirig * Wisc * W (4)

Wace = 1/AT(pr,y) (5)

Wirack = 1/ 6%rack (6)

wi = 1/[ei(pF . n™) - ei(pF, ")) (7)

w, = 1/p%(pr.y) (8)
for i = id, trig

Additional selection criteria, Wiisc, including the efficiency of the vertex
selection criteria.

Fit the mass spectrum after weighting in each pr or |y| interval to extract
the weighted yield.
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Candidate Weighting (Examples

Raw Yield Weighted Yield

CMS preliminary {s=7TeV L=36ph"

CMS preliminary Vs=7TeV L=36pb’
3 mOshift = 7.313 +/- 0.085 N E mOshift = 7.153 +/- 0.038
H m::s;menn:‘sfti::‘ﬂ- 0.00054 H mass_mean = 9.45458 +/- 0.00027
g nbkgd = 456514 +/- 2
3 E 188150 +/- 3630
5 nsigl = 78899 +/- 459 < 310294 +/- 1806
H nsig2 = 24671 +- 291 H 91174 +/- 1077
H nsiga = 13028 41 258 H 48159 4931
pard = 6.40 +-021 par3 = 6.093 +- 0.087
s!smz; = Z;::: :: g-:z: sigma1 = 0.1389 +/- 0.0015
sigma2 = 0. - 0 N
sigma2 = 0.06671 +- 0.00090
sigmaFraction = 0.608 +/-0.039 sigmaFraction = 0.589 +/- 0.013
1187 +/- 0.054
|
ERS z
] k]
i i
& % ]
&
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Outline

Results, fiducial and acceptance-corrected cross section
Fiducial Cross Section
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Evaluation of Systematic Uncertainties for the Fiducial Results

Efficiencies

Vary weights coherently by + 1o for each efficiency and sum in quadrature
(id: 2-4%, trig: 1-6%) (dominant uncertainty)

p factor

Repeat the measurements with unit p factors. (2-9%) (dominant)

Mscale

The mismeasurement of the track momentum shifts and broadens the
reconstructed peaks of dimuon resonances. Varying the correction
parameters by +1o(stat.) (0.1-1%)

PDF

Signal: Vary one of the CB tail parameters and redo the fits. (1-2%)
Background: Vary the background PDF with polynomial in a restricted
mass region (8,12). (1-4%)

Luminosity (4%)
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Evaluation of Systematic Uncertainties for the Fiducial Results

Bin choice of efficiencies
Fit the 1D efficiency as a function of py using a hyperbolic tangent function
(1-3%)

I,

(©) 04 < [y < 0.6

H12< |y <16

oouef Blose ool
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Results: Differential Fiducial X-section vs. pr and |y|

~ T O = e e L e e B L
S CMS, Vs=7TeV ] c T P St B b
% ; L =36 pb", lyl<2.4 = r 1
107k p! >3.75 GeV/c, n"1<0.8; — 3 L 4 Y(1S] 4
g, £ p! > 3.5 GeV/c, 0.8<h"I<1.6; E| = | %_Y:zsi CMS, Vs=7TeV P
"> 3.0 GeV/c, 1.6<h"l<2.4 ] aa] = ¥
g P> eV/c <h'l<: i < | Y(SS) L=36pb", p1<50 GeV/c |
02k _ > Y S A
310 ; E % |y —8 . ]
r ] gl
CQ [ +Y(1S) 1 m . oW o
310° orn +Yes) 107 % —
© E o 3 r 1]
Q_'_ ; o +Y(3S) ; r ; ]
'\g [ R [ P}>3.75GeVic, h'I<0.8; ]
%10»4; - ma-lu"c.. except —l:— 4 L p‘i>3.5GeV/c,0.8<In‘l“I<1.6; ) }
E luminosity (4%) 3 P} >3.0 GeV/c, 1.6<h'l<2.4 = stat. unc.
= B B syst. unc. except 7
I | | | | | | | Lo | | '"minwos"y “e |
0 5 10 15 20 25 30 35 40 45 50 0 0.5 1 15 2
py (GeV/c) ly¥l

The T(1S), T(2S) and T(3S) pr differential x-sections are measured
in twenty-five, sixteen and nine bins respectively.

The T(nS) |y| differential x-sections drop significantly at high |y|
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Results: Differential Fiducial X-section vs pt, in different

|ly| regions

The p7 differential x-sections

of T(nS) are measured in
different |y| bins: (0,0.4),
(0.4,0.8), (0.8,1.2),
(1.2,1.6), (1.6,2.0), (2.0,2.4)

Similar trends in all |y| bins

Yu Zheng (Purdue University)
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Ratios of Fiducial Cross Sections

o 1.2
5 L CMS, Vs=7TeV i
= r L =36 pb”, lyl<2.4 = stat. unc.
= 1 [ p;>3.75GeV/c, In"I<0.8; syst. unc.
= F Py >3.5 GeV/c, 0.8<h'I<1.6;
=
L p;'l‘, > 3.0 GeV/c, 1 6<In"l<2 4

ﬁg 0.87 :
e i HHE

0.6 i 1

02 e 4 Y(3SYY(1S)
e 4 Y(2S)/Y(1S)
oL | | | | 1‘” Y(3‘S)/Y (2§)

.
I
L]

0 5 10 15 20

All the ratios in the plot ascend when p1 goes up.
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Results of the Fiducial Cross Section

do (pp — T(nS)X) _ Nﬂ?t(ns)(Pﬂ €tracks €id; €trig)
B(T(@nS) — ut = , (9

Integrated over |y| < 2.4, the total T(nS) fiducial cross-section within the cuts
pit > 3.75 GeV /c for |n|* < 0.8, pf. > 3.5 GeV /c for 0.8 < |n|* < 1.6 and
pi > 3.0 GeV/c for 1.6 < |n|* < 2.4 on both muons are:

a(pp — T(18)X) - B(T(1S) — ptp~) = (3.06 £0.027927 +0.12) nb,
a(pp — T(28)X) - B(T(2S) — pTp™) = (0.91 + 0.017%% +0.04) nb,

a(pp — T(38)X) - B(T(3S) — ™) = (0.49 £ 0.0179%% +£0.02) nb,

mean =+ statistical 4= systematic £+ Lumi
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Outline

Results, fiducial and acceptance-corrected cross section

Acceptance-corrected Cross Section
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Evaluation of Systematic Uncertainties for the

Acceptance-corrected Cross Section

The difference between the fiducial and the acceptance-corrected cross
section are the acceptance corrections.
Besides those that have been already explained in the previous slides, the
following acceptance related systematics are also included here:
Acceptance
Vary weights coherently by &+ 1o for acceptance (0.3-1%)
FSR
Remove events with photons from T and recompute the acceptance.
(0.1-0.8%)
Momentum Scale
Acceptance is based on reconstructed pp. Vary the pr resolution by
+10% and recompute the acceptance maps. (0.1-0.2%)
pr spectrum
Acceptance is measured with T Gun sample with a flat pr spectrum.
Reweight it with the pp spectrum from PYTHIA. (0.1-0.7%)

Yu Zheng (Purdue University) Fermilab RA Seminar December 17, 2012 45 / 75




Systematic Uncertainties

Relative values of systematic uncertainties on the T(nS) production
integrated over the rapidity range |y | < 2.4, times the dimuon branching

fraction, in units of percent.

pr (GeV/c) €T&P PDF  other
T(1S) | 0.0-50.0 | 1.0 (1 0) 4.6(4.0) 1.8 0.4(0.3)
T(28) | 0.0—42.0 | 1.1(11) 5.0(4.3) 2.6  0.4(0.4)
T(3S) | 0.0-38.0 |1.2(1.1) 4.7(3.9) 3.8 0.6(0.5)
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Results: Differential T(nS) Production X-section vs. pr

and |y|

5 [T o e
2 [, cMS, Vs =7TeV S RN g ey, |
O la % L =36 pb", lyl<2.4 1 = -
Qo E EE: &
g gt +yv(1s) 1 P 4L cms,is=7Tev 4 Y(18) _
= bk p +Y@s) | ; [ L=36pb", p! <50 GeV/c 4+ Y(28) ]
= L +Y(3S) T ]
310°F E 5 | —+Y(39) ]
m £ 7 © i
ol ] R i I
z | : e
Q103 E [ i
=l E g % g —
Q‘g F S total unc. except % 1 [ )
[ Iuminosily (A.%’) —_———— ) =] stat. unc.
1 0_4 L and polarization >—077 syst. unc. except
N AN 10" L, Mpesy @ andpetrERton
5 10 15 20 25 30 35Y4O 45 50 0 0.5 1 1.5 2
P (GeVic) Iyl

The T(nS) |y| differential x-sections decreases at large |y|, but not as
significantly as in the fiducial cross section.
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Results: Differential X-section vs. pr in different |y| region

The pr differential Siof owm g+ ]
x-sections of T(nS) are T S
measured in different |y| 3 o
bins: (0,0.4), (0.4,0.8), ’%};’Zf

(0.8,1.2), (1.2,1.6), Emi’» — ]
(1.6,2.0), (2.0,2.4) ok =

| I
5 10 15 20 25 30 35 40 45 50
p} (GeVic)

Similar trends in all |y| @ Tas)
bins

= LARMA A

9 - —— <o @3 © _ —— W<t @iz

Sig'f CMS.\5=7Tev stcieos ez ﬁ‘m' CMS, \[§ =7 Tev ieyi<os 529 7
[0}

L=36pb"

dy B

T
I 1L Y

dp,

dold

I NIRRT
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, NIRRT
5 10 15 20 25 30 35
p} (GeV/c) p; (GeVrc)

(0} Y(25) (© 1(39)
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Results: Total Production Cross Section

do (pp — T(nS)X) _ N'{ri%ns)(PT? A, €racks €ids €trig)
B(T(nS) —» ut =
dprdy (T@S) = u*u”) L -Dprby
(10)

The T(nS) integrated production cross sections (sum of differential x-sections)
for |y| < 2.4

)

a(pp — T(18)X) - B(T(1S) — ™) = (8.55 + 0.057%7% +0.34) nb,

a(pp — T(28)X) - B(T(2S) — ptp~) = (2.21 £0.03792% + 0.09) nb,

a(pp — T(38)X) - B(T(3S) — ptp~) = (1.11 £0.027%12 £ 0.04) nb,

mean =+ statistical 4+ systematic + Lumi

quote different cross sections for discrete polarization values:
pr(GeV/c) [HXT HXL CST CSL | HXZT HX{L CSIT CS{L [ HXZT HXJIL CSIT CS{L
T(S) | 0.0-500 | +19 -24 +16 —19 | +10 —11 +8 -9 +5 -5 +4 -5
T(28) | 00-420 | +14  —24  +13  -20 +5 ~12 +6 -10 +3 -7 +2 -6
T(3S) | 00-380 | +16 21  +14 -17 +9 -9 +8 -7 +5 -4 +5 -3
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Outline

Results, fiducial and acceptance-corrected cross section

Results utilizing CMS polarization measurement
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Results utilizing the polarization results from CMS

The polarization measurement
from CMS became public
recently (arXiv:1209.2922)

Measured for 10 < pJ < 50 and
lyT|<1.2

Acceptances are calculated
using the polarization results

o stat. stst. pol. Ao

610"?”\ N A R R L R AR R
S f CMS, (s=7TeV ]
8 L e L=36pb", lyl<t.2 |
102 —— —
507 N +vas) 7
=~ F e +Y(@2S) 7
s r e +Y(3S) 7
=3 :
o107 IR E
X £ — 1
> F —_— B
S r 4
810 N
R E E
NO £ —
o} r o total unc. except R T
5’ luminosity (4%) T
107 3
S T B B FETRR FEI FUT PR P

0 5 10 15 20 25 30 35 40 45 50
p¥ (GeV/c)

T(1S) | 056 13 9(8) 4(2) 11(9)
T(25) | 021 24 7(8) 7(3) 11(9)
T(39) | 013 32 9(8) 7(3) 12(9)
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Outline

Discussions and Comparisons
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Discussion of the Results

= LR L R A A I B o A A M I A
S &%, CMS, {s=7TeV 3 £ ﬁ@%@ |
8 ’.: Y YQs) 1 = - stat. unc. =
Sl % - 2 o T T
€ * +3pb? 7 /] S
= [ ; 4 1 X e .l 4
L 4 ] n i . -
g: B +36 pb %‘ [ H;F‘{:} 1
Ri10%E E 5 R pi WS I |
X E 3 © ﬁ}F% &
= f ] 0 Y(18) I R
Sl . ] 10'F o Y(28) e 4
%'TO' E 3 F2Y(@39) + 9
N\b E o total unc. except P — 1 L —}— CMS 36 pb™ (p,<50 GeV/c) 1
© ; 0_4; luminosity (4%) : [ --i-- LHC 25 pb" (p <15 GeV/c) ]
bbb Lo X 5,203 T T T T R T
0 5 10 15 20 25 30 35 40 45 50 0 05 1 15 2 25 3 35 4 45
p¥ (GeVlc) Iyl
Recompute the production Compare rapidity-differential
x-section results for |y| < 2.0 in acceptance-corrected cross section
order to compare with previous with LHCb results
-1
3 pb™" results Show good agreement
Show good agreement Cross section decreases for high |y]|

values
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Theory Comparison, pr differential fiducial cross sections

AR RAAA AR 3 = F7 T T T T 7 =107 T T T
—— CMS Data ] § [ ——CMSData ] § E —— CMS Data
— PYTHIA (normalized) 1 o, PYTHIA (normalized) 1 [ — PYTHIA (normalized) ]
CASCADE 3 91 0 E CASCADE 3 91 02 CASCADE
i 3 E p)>375GeVic, hI<0.8; | O E
_ £ s P} >3.5 GeV/c, 0.8<h'1<1.6; _| £ E ]
Y(S! T =" F ERPS
M R e
VISt ] Eeel 483 f
E R 3 ox L
p' >3.75 GeV/c, In'1<0.8; ] %:_ [ Y@s) ] %;10 4 .F: >3.75 GeV/e, In'1<0.8;
1 oT0*F |yVI<2.4 = o [ pl>35GeV, 08<iI<15;
Pl >3.0 GeVic, 1.6<iI<2.4 ] E y " 1 T [ p;>3.0GeV/c, 1.6<h'I<2.4
[ 1 0B [ 1 0 r .
10° ;CMS T 7 TeV L_ 36 pb" i N'Umrs L CMS @_7 TeV L_ 36 pb‘ 3 %61g® L CMS,\s=7 TeV, L= 36 pb' 4
E 3 E 3 B | | | I | I
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
p (GeV/c) pT (GeVrc) p¥ (GeV/c)

PYTHIA describes T(1S) and T(3S) shapes reasonably well.
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Theory Comparison, pr differential acceptance-corrected

Cross sections

=~ 10 E T T T = 3 T T T T 3 = T T T T
§ F : e o § 4L o Cedne § e i CHs e E
o 1E NLO CSM 4 o E tho- CMSM ] E R th- g‘sm
S IR NNLO*CSM ERN ) — PYTHIA (normalized) S0tk —— PYTHIA (normalized) |
= I —— PYTHIA (normalized) e CEM <V E CEM 3
-E 10" uCADE 3 @ CASCADE = £ CASCADE
r —qn2 ] ,-J 0%
=102 E =10°E -
= E = 2 8
a .t =, ] =0
x107 X 3 x E
5 3 SN A
oT0*E o't0 ER- - cMs
o 2 12 105k
2105k 2 1 219 F {s=7TeV, L=36 pb”
o107 F_7Tev L=36pb" © fs=7 Tev, L= 36 pb" o F ’ P W
" . 6L e e e
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 10 0 5 10 15 20 25 30 35
(GeV/c) p (GeVrc) p¥ (GeV/c)

NRQCD describes well the T(1S) measurement in higher pr region.
CASCADE describes well the T(1S) measurement in the whole region
but not the T(2S) or T(3S).

PYTHIA has been normalized, it overestimates the total cross section
by a factor of 2; it can describe T(1S) and T(3S) shape but not the
T(29).

Yu Zheng (Purdue University) Fermilab RA Seminar December 17, 2012 55/ 75



Theory Comparison, |y| differential cross sections

) S F T ]
c b+ vas) pi>375Gevic, If'i<0.8; | & [ - statunc Y(s) 1
= I ves v 1 = syst unc except —4— Y(25) g
—— — inosity (4
= —— Y(35) P >3.5 GeV/c, 0.8<'l<1.6; = r luminosity (4%) Y(38) 1
= L ™ 5 and polarization CASCADE
= CASCADE = T — PYTHIA (normalized) |
m ——— PYTHIA (normalized) p) > 3.0 GeV/c, 1.6<h'I<2.4 m
X qL - X B N 4
> B L S 1 > e
T 1 B ‘”‘}“\g
_8 L 4 _8 CMS, \s =7 TeV
r 1 1F L=36pb", p} <50 GeV/c 3
— — = | [ ]
\ Fi— ; _ 7]
10— - [ — ]
E - statune. oM B2 — g 5
NS =7TeV ) * —
E syst. unc. except 4 L \xt}—,
E luminosity (4%) L =36 pb™, p! <50 GeV/c
T R AU RN R PSR SR AR
0 0.5 15 0 0.5 1.5
Y Y
Al ly*l

PYTHIA (normalized) describes the T(nS) shapes very well.

CASCADE agrees with the T(1S) but predicts larger total cross
sections for the 25 and 3S.
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Theory Comparison, cross section ratios

© 0.8 T @ 2.2 .

o T T T T T = 1 = _F _ 3
b= CASCADE ER CASCADE oms,\s=7Tev | O 25 Y(3S)Y(29) - E
= 0. ) MS, Vs=7TeV —~05F — PYTHIA (normalized) L =36 pb™, Iyl <2 4; —_ E = stat.unc.
= PYTHIA (normalized) | _ a6 py',lyl<24 § S [ —— CMS Data =36pL <28 F1BE oys,vs=7Tev e syst.unc. 1
= S Data = [ 1 Z16FL=3spb"lyi<24 E
) 4 Toaf 32 / ]
1 x04r W 1 x4 / E

5 3 [ Y@Syy(1s) 1 o F / CASCADE 3
T 1 F W = % 1.2 / —— PYTHIA (normalized)

1= /  —— cmsData B

= stat.unc. = stat.unc.

E sysl une. syst.unc. | E

| Hm: ok L L L L L L | ot L L L

0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
pY (GeV/c) p: (GeVic) p (GeVrc)

PYTHIA (normalized) cannot account for the T(2S)/T(1S) and
T(3S)/T(2S) ratio due to its inability to describe the T(2S) cross
section.

The CASCADE prediction is consistent with the T(2S)/7(1S) and
T(3S)/T(2S) ratios while it does not describe the T(3S)/T(1S)
ratio at low pr.
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The T(nS) cross sections with and without acceptance corrections
have been measured.

A Monte Carlo closure test has been performed to validate the
analysis strategy.

The pr and |y| differential cross sections and the ratios of cross
sections have been shown.

The systematic uncertainties and effects from polarization have been
estimated. The dominant systematic is from the uncertainty in the
efficiencies.

The results have been compared to the results from other experiments
and various theoretical models.
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A List of Analyses Contributed

T Cross Section Measurement in pp collisions at /s=7 TeV
(36 pb~1) BPH-11-001, under collaboration review

T Cross Section Measurement in pp collisions at \/s=7 TeV (3
pb~1) Phys.Rev.D83:112004,2011

Search in leptonic channels for heavy resonances decaying to
long-lived neutral particles submitted to JHEP

Observation of sequential Upsilon suppression in PbPb collisions
Accepted by PRL

Suppression of T excited states in PbPb collisions
PhysRevLett.107.052302

Feasibility Study of Searching for Long-Lived Parents of the Z°
Boson at the CMS winning poster in the 1st USLUO meeting

Feasibility Study of Prompt J/V Cross Section Measurement at
the CMS APS talk 2009
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Service Work

B-PAG trigger release validation contact

Service v

Offline: HLT .

“Workspace » v

Contributed
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Service Work Contributed

CMS Data Analysis School, facilitator, 2010-2012

o e .-L r
Jake Anderson Yu Zheng Zhen Hu Nuno Leonardo lan Shipsey
Fermilab Purdue University Purdue University | Purdue University

Description: On December 26 2010 CMS posted to arXiv, and submitted to PRD, the first
t of the Upsik nS) diffe ial production cross section at sart{(sy= 7 TeV. based on

The Pre-CMSDAS Exercises and CMSDAS Exercises have been tested

Fan Yang
Purdue University | Purdue University Fermilab Yanderbilt University
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Back Up
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Polarization Frames

Yes B ch’) z
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Polarization Variables

Z <—— Quantization axis z

Quarkonium
rest frame e
i [ + Most general observable
production angular decay distribution:
plane e | -

— o« 1 +A4, cos’d
X Q

+ A, sin’6 cos2p

+ ﬂﬂw sin 26 cos @

t

Ag = +1 2 I J,=%1 —> A, =+1: “transverse” polarization
= 0

!

=1 J,=0 —> A, =-1:“longitudinal” pol.
Ay =Agp=0 -
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Trigger Efficiencies Bias

A small bias on the probe sample may arise due to presence of second
leg of Mu-plus-Track trigger.

To estimate the bias: we made comparisons of the L3/L2 efficiency
using different Tag requirements

Tag: ebias(L3/L2) - 6unbias(L?’/L2)

[ CMS Preliminary,\'s=7 TeV

match to the Mu-plus-Track
trigger object: bias L3/L2 eff
match to the MubL2Mu0 g8 o owm ome  oom s
trigger object: unbias L3/L2 eff

0002 0010 0008 0012 0.004
20009 =001 =0010 0006 20008

0.02

Probe

0.015

0.01
1.5

sws om o oo
Probe: Tracker muons that matched S - - 000
to L2DoubleMu0 trigger object 1% 1'3'3'-.3'3'-'3" 1"’“-30':- RES 0
Passing Probe: Probes that matched s e O W U TRy ZZ?
to HLT _DoubleMu0 trigger object o . . '
. I,n.asa Tn.w:slga.m umﬂ‘ ‘ ,::.octs . in.lnos‘ L -0.01¢
3 4 5 6

7 8
Probe p_.
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Monte Carlo Closure Test

Acceptance, Tracking, Track Quality, Acceptance, Tracking, Track Quality,
MC truth Single Muon Efficiencies Product MC truth Single Muon Efficiencies Product
(T sample) (J/V sample)
pulliS
pull1S 50{| Entries 120
505 Entries 120 Mean 7.738
[ | Mean 2.025 40| RMS 1.037
AO; RMS 1.108 %2/ ndf 2712/5
[ | %/ ndf 4.937/6 Constant  35.49 = 4.30
[ | Constant 31.45 + 3.90 301 Mean 7.749 = 0.099
30[—| Mean 2.056+0.110 Sigma 1.057 = 0.085
I~ | Sigma 1.17 £ 0.10 C
|- 20?
20:— r
L wo}
wo} L
C _ L L L L N L
|- -20 15 -10 -5 0 5 0
L I L | I L (N, Wei-Nyq.)/(wei\ Ny, *(1-1.Awei))
20 -15 10 -5

o 5 10 0
N, e e\ (1T T

A biased pull, with a shifted mean at 2.06

A biased pull, with a shifted mean at 7.75

Bias from applying J/W muon efficiencies to T
Factorization Hypothesis

We need to introduce a correction factor.
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Other Efficiencies

Vertex Probability > 0.001: 0.9916+/-0.0009

When multiple candidates are found, choose the one with highest
vertex probability: 0.9991+/-0.0009

Track Quality Cuts: 0.9866 + /- 0.0005

ST

0.9999
0.9998

Efficiency
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Break down the p facto
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Break down the p facto

rhol = e_(Y)/ e_mu+(Y) * e_mu-(Y) (all efficiencies from MC truth matching)
rhol reflects the effect coming from the factorization hypethesis

rhot tho1 (muon-id only component) thod (trigger only companent)
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Break down the p factor

rho2 = [e_mu+(Y) * e_mu-(Y)] / [e_mu+(3/Psi) * e_mu-(3/Psi) ] (e_mu(Y)efficiencies from MC truth matching, e_mu(3/Psi)
from MC TnP)

rho2 reflects the effect coming from wsing JPsi samples to measure muon efficiencies for Y and the intrinsic difference between tag and probe efficiencies and mc truth efficiencies (*could
separate more)
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p' factor vs. Muon Arbitration Type

e(T) = e(py) - e(py) - o/ (11)

€(T): Monte Carlo Truth Dimuon (T) Efficiency
€(pi): Monte Carlo truth Single Muon Efficiency
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p factor vs. Polarization
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Systematics

T(18) |y¥| < 2.4

P Sy Ay, Emuid Errig Ep rk PDFep | PDFy | Moeae
0.0 - 50.0 [[) &) [0.3(0.3) | 0.1 3.1(2.0) [ 3.4(34) 68| 1.8 | 0.4(0.3) 17 0.6 0.0(0.0)
0.0 =05 T(0.8) | 0.0(0.1) | 0.2 | 0.8 | 4.2(3.2) | 5.6(4.9) | 74| 0.4 | 0.4(0.3) 2.0 0.7 0.1(0.1)
0.5~ 1.0 .8(0.8) | 0.1(0.1) | 0.2 | 0.8 | 3. 2|"} 2) | 5.3(4.6) | 83| 0.7 | 0.3(0.4) 1.8 13 0.0{0.4)
L0-1.5 8(0.8) | 0.3(0.2)| 0.2 | 0.5 |2 E )73 37 | 0.4(04) 2.1 0.5 0.0(0.0)
15-2.0 9(0.8) | 0.3(0.3) | 0.2 | 04 )| 7.8 | 3.3 | 0.3(0.3) 1.2 2.7 0.1(0.0)
2.0-3.0 T00.7) | 0.7(0.7) | 0.2 | 0.7 )| 72| 26 | 0.4(0.3) 17 2.5 0.0(0.0)
3.0 —4.0 B(0.8) | 0.5(0.6) | 0.1 | 0.6 )| 71| 19 | 0.3(04) 2.0 1.2 0.1(0.1)
4.0 - 5.0 9(0.7) | 0.1(1.1) | 0.0 | 0.8 )| 7.5 2.6 | 0.4(0.6) 1.5 0.4 0.0(0.2)
5.0 - 6.0 0(0.8) | 0.3(0.2)| 0.0 | 0.3 | 3.0(0L.7) | 3.8(7.3) | 67| 2.2 | 0.3(04) 13 18 0.2(0.2)
6.0 ~7.0 .9(0.9) | 0.2(0.2) | 0.2 | 04 | 2.9(1.8) | 3.6(3.1) | 6.8 | 1.9 | 0.4{0.2) 1.3 0.6 0.3(0.3)
7.0-8.0 8(0.8) | 0.1(0.1) | 0.2 | 0.3 | 2.9(1.8) | 3.2(2.8) | 5.3 | 1.4 | 0.4{0.4) 1.5 0.9 0.2(0.2)
8.0—-9.0 T(L7) | 00000y 0.2 | 0.3 | 29(1.8) | 29(2.6) | 44| 1.2 | 0.4(04) 14 1.0 0.0(0.0)
9.0~10.0 | 0.7(L.0) | 0.0(0.1) | 0.1 | 0.2 | 2.8(2.0) | 2.8(2.5) | 3.9 | 0.1 | 0.4(0.4) 1.3 13 0.2(0.1)
10.0 — 110 | 0.7(0.6) | 0.1(0.1) | 0.2 | 0.2 | 2.8(1.9) | 2.6(2.3) | 5.0 | 0.5 | 0.4(0.4) 12 12 0.2(0.0)
110 =120 | 0.7(0.7) |0.1(0.1) | 0.1 | 0.1 | 29(2.0) | 2.4(2.1) | 1.8 | 0.5 | 0.4(0.4) 0.7 24 0.2(0.2)
12.0 = 13.0 | 0.6 (0. h\ 0.1(0.1) | 01 | 0.0 |29(2.1) | 24(2.1) | 5.1 | 0.4 | 0.4(0.4) 1.2 11 0.6 (0.6)
13.0 — 14.0 | 0.6 (0.6) | 0.7(0.7) | 0.1 | 0.0 | 24(2.6) | 1.7(2.5) | 5.2 | 0.2 | 0.3(0.3) 1.2 01 0.1(1.0)
140 =150 | 0.6 (0.6) | 0.2(0.1) | 0.1 | 0.1 | 29(2.2) | 2.3(2.1) | 6.4 | 0.7 | 0.4(0.3) 1.3 0.1 1.2(0.4)
15.0 — 16.0 D 5(0.5) | 0.2(0.3) | 0.1 | 0.0 | 3.0(2.3) | 21{1.9) | 5.8 | 1.3 | 0.4({0.3) 1.2 0.1 0.8(0.1)
16.0 —18.0 | 0.5(0.4) | 0.2(0.1) | 0.1 | 0.1 | 29(2.2) | 1.9(L.7) | 6.1 | 1.5 | 0.3(0.3) 11 0.7 0.1(0.4)
18.0 = 20,0 | 0.5(0.3) | 0.2(0.2) | 0.1 | 0.1 | 29(2.2) | 1.B(1.6) | 56 | 1.4 | 0.4(0.3) 14 0.2 0.2(0.2)
20.0 —22.0 [ 0.4(0.4) [ 0.2(0.2) | 0.1 | 0.0 | 3.0(2.4) | 1.8(1.6) | 3.0 | 2.2 | 0.3({0.3) 0.9 0.6 0.0(0.0)
22.0—25.0 [ 0.4(0.5) [ 0.2(0.2) | 0.0 | 0.0 | 3.1(2.5) | 1.6(L.5) | 27| 2.1 | 0.4(0.3) 15 13 0.4(0.4)
25.0 - 30.0 [ 0.5(0.5) [ 0.2(0.2) | 0.0 | 0.7 | 3.1(2.7) | 1.7(L.5) | 1.1 | 2.3 | 0.4({0.4) 1.3 0.5 0.3(0.2)
30.0 —50.0 | 0.3(0.3) [0.2(0.2) | 0.0 | 0.3 | 2.7(2.2) | 1.8(1.6) [ 45| 2.1 | 0.3(0.3) 1.2 3.8 0.1(1.0)
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Tag and Probe utilizing Z resonance

HLT_L2DiMu30NoVix

Passing Probes.

CMS Preliminary,\'s=7 TeV
.

Data
Pt>33:0.811+/-0.008

Probe nl

g Prove Hass (Govie)

2

Evoge (38001}
H

]

FE

05

Yu Zheng (Purdue University) Fermilab RA Seminar

December 17, 2012

75 /75



