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Outline and references

J//p prompt and non-prompt cross sections in pp
collisions at Vs = 7TeV (CMS PAS BPH-10-002)

Upsilon production cross section in pp collisions at
Vs = 7TeV (CMS PAS BPH-10-003)

Open beauty production cross section with muons
in pp collisions at Vs = 7TeV (CMS PAS BPH-10-
007)

Inclusive b-jet production in pp collisions at V' s =
/TeV (CMS PAS BPH-10-009)
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The CMS detector

= CMS very well suited for b-physics due to excellent tracking and muon
detectors

o Pixel detector for precise reconstruction for secondary vertexes
o Excellent tracking efficiency and resolution
o Muon system with ability to trigger on low p; muons
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J/¥ and Y cross sections

Theoretical models do not simultaneously describe the cross-section
and polarization measurements at Tevatron. New results from LHC at

higher energies and wider rapidity ranges can help clarifying the
guarkonium production mechanism

Non-prompt charmonium production leads to a direct measurement of
bb cross section. Measurements at LHC allow testing current

theoretical models at high energy and help to validate QCD and PDFs
J/y and Y measurements are starting point for dimuon analysis in CMS
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‘ Inclusive J /¢ production cross section

15 : _ N
"~ (pp = QQX) x B(QQ — pu*u”) = QQ

dprdy a f Ldt- A- €trigger * €reco AprAy
= Selection:
= Opposzite sign muons constrained to vertex (x2 cut) with 2.6<M(u*p)<3.5
GeV/c

o Quality cuts: # hits, x?
o Muon kinematic cuts
l7*| < 1.3 ph > 3.3 GeV/c

13 < |p¥]| <22 p¢ > 29 GeV/c
22 < |y¥| < 2.4 ph > 0.8 GeV/c m

Is the muon
i entified?

_ _ o be track
=  Muon reconstruction and trigger efficiency

computed from data using tag+probe method
(plus MC correction)
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‘ Inclusive J /¢ production cross section

d?c
dpr

Acceptance from MC simulation.
Dependent on assumed

polarization

o Various polarization scenarios
for prompt component

o Non-prompt component
modeled from b-factory
experimental results.

Yield: Cristal Ball plus exponential
in p; bins, in two rapidity ranges.
o Central region better resolution

and low background

o End-cap region down to p;~0
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Inclusive | /¢ production cross section

Results for 100 nb!

= pm
. . - {1 CMS Preliminary, V=7 TeV,L=100nb'
Differential vs p(J/y)<30 Fa A . ,;{'1_4 A
GeV/c in two rapidity 107 w o _1.4dyl<24 E
regions - j}; ]
[ = ]

10

Main source of systematic
uncertainty from muon
efficiency. Will be reduced
with additional data
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Total cross section for inclusive J/y production 4< p(J/y)< 30 GeV/c,
ly(J/p)|<2.4

BR(J/¢ — utu™)-o(pp — J/p + X) = (289.1 £ 16.7(stat) £ 60.1(syst)) nb
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J/{ prompt vs non-prompt

For each candidate estimate

Displaced
%/ "Tracks

Signed decay length
of secondary .

B-hadron decay length =1, =
Lyy - my/ pr vertexes _ _ veriex

Jet

parameter of

Fraction of J/y’s from B-hadron decays tracks in the jet

obtained by ML fit to F(l;,,M(u*w)) in p; bins
Sig - FSJ'S{{'IMSJE;UHIMIH}

- —
Fsig(Lsp) @ T— f5)-Fullyp

Main source of systematic uncertainty from primary vertex estimation and
resolution model for prompt component

L.xy// '/:
VX/I\“L\ Signed impact
Jet

F{{.Ifﬂh ”fylu} -

8/10/2010 LHC Days, Split Silvia Goy Lopez (CIEMAT) 8



J/{ prompt vs non-prompt

2< pr(J/w)<4 GeV/c, 1.4<|y|<2.4
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Upsilon production cross section

Theoretical predictions for Y more %

=4000

robust than for charmonium due to §35m,

heavier b quark g0
Selection similar to J/y 2500

. . 2000
Kinematic cuts oo
pk > 3.5 GeV/c if |y¥| < 1.6 1000
ph =25 GeV/e if 1.6 < |y < 2.4 500

0

Efficiencies computed using T&P
technique on J/p sample,
reweighing for different p;
distribution

Acceptance and efficiencies in

p+(n), n (1) bins applied event by

event.
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distribution in p(Y) bins to 3Crystal
ball +linear function for background

Common resolution for 3 peaks
Y(1S) mass free parameter, AM of

the others fixed by PDG
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Upsilon production cross section

Results for 280 nb-1 of data, assuming zero polarization

o(pp — Y(19)X) - B(Y(1S) — ptpu ) = (83 05+ 09+ 1.0)[y| <20
= [o(pp = Y(25)X) +o(pp — Y(35)X)

Main source of systematic
uncertainty in Y(1S)
production cross section is
determination of muon
identification efficiency (will
be reduced with additional
data) and luminosity.
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b-production

Recent progress in theoretical understanding of b-production
b-quark production (in particular fragmentation) but at LHC
theoretical uncertainties still sizeable Flavor Creation

Big interest in verifying the results at LHC energies, high -
cross section for bb production, accessing new regions

In phase space. RTTTITT
b

In addition events containing b-quarks are important . ~15Ef6 ot
background for many searches. avor excitation

SRR ey

Two methods for measuring inclusive >
b-production cross section, with different kinematic o j..-.r-----_
reaches and systematic uncertainties: e

o Muon tagging Gluon Splitting

o Jet tagging ._uﬂm_u?g_ﬁ.ﬂ-ﬁ.a

.

0000000 Ten T

~35% b
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b-production with muons

In semileptonic decay of b-quarks into muons and jets, the
transverse momentum of the muon wrt closest track jet
discriminates b events from background

o Tracks clustered in jets with anti-kT with R=0.5

3 CMS Prelimina
Binned log-likelihood fit of the - <10 -
observed p;® to obtain f, from S 351 *_ cms data =
data = Si LI EEETEY b template e
. P - - cudsg template i
o Signal and c-template from S 5o N E
simulation F L8.1 o -
o udsg background dominated 2:__ _____ i E
by hadrons misidentified as 1.5 = =
muons, determined from 1E L E
data o 53 (b) 7
- ! Ll T._.T..__]p"."'rl;—r I_._E

Y123 4 576
pre! [GeV]
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b-production with muons

Trigger efficiency (single muon trigger) from data with minimum bias events.
Muon reconstruction efficiency, b-jet finding efficiency, fake rate from simulation.

Systematic uncertainties dominated by description of the udsg background and
of the underlying event and by luminosity
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‘ b-production with jet b-tagging

= Reconstruct PF jets in 18<p;<300 GeV with anti-kT in R=0.5, with |y|<2.0
=  Db-jets identified with secondary vertex tagger

. CMS Preliminary 2010, ~S=7TeV. L=15nh"!
= Secondary vertices (SV) from b- and SRR AR AR AR

c/light-quark decays can be » ;gﬁ"gm) ]
distinguished by their relative distance [sim.(charm)

from the primary vertex using a 3D

[l sim. {bottom)
decay length significance
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b-production with jet b-tagging

2 :
d Ub—jets _ Ntaggedfbcsmear 18<pT<300 GeV, |y|<2.0
dprdy €jet€p APTAY L

Niaggeq= Measured number of tagged Jets per (p+,n) bin.
f, = fraction of tagged jets containing a b-hadron (purity)
g,= efficiency of tagging b-jets

€ o= Jet reconstruction efficiency

C.near—uUnfolding correction from measured p; back to particle
level

fy, €5 € ¢ Calculated from MC in (py,n) bins, in agreement with
data estimations.
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b-tagoing efficiency

- 1 CMS simulation | Ns =7 Tev

S T
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‘ b-tagging purity

= Data estimate: Compute invariant mass
of tracks associated to SV computed
after selection. Fit performed, taking
shapes for light, ¢, b from simulation.

= Good data/MC agreement
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‘ Inclusive b production with b-tagging

= Leading uncertainties: jet energy scale, luminosity, b-tag efficiency and

mistag rates.
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Ratio b-jet to inclusive jet production

Luminosity and jet energy scale uncertainties cancel out in the ratio

Leading uncertainties from b-tag efficiency and charm mistag rates. These
are statistical uncertainties from data-driven methods.
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Uncertainty on b-jet ratio (%)

CMS preliminary, 60 nb’ s =17 TeV
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Conclusions

Very good tracking and muon detector performance allow rich
guarkonia and B-Physics program at CMS.

o First measurements of J/y and Y cross sections at 7 TeV
available.

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

And much more to come!
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Main references

CMS PAS BPH-10-002. J//yp prompt and non-prompt cross
sections in pp collisions at Vs = 7TeV

CMS PAS BPH-10-003. Upsilon production cross section in pp
collisions at Vs = 7TeV

CMS PAS BPH-10-007. Open beauty production cross section
with muons in pp collisions at Vs = 7TeV

CMS PAS BPH-10-009. Inclusive b-jet production in pp collisions
atVs=7TeV

CMS PAS BTV-10-001. Commissioning of b-jet identification with
pp collisions at V' s = 7TeV

CMS PAS MUO-10-002. Performance of muon identification in
pp collisions at V' s = 7TeV

CMS PAS TRK-10-002 Measurement of tracking efficiency.
CMS PAS JME-10-001. Jets in 0.9 and 2.36 TeV collisions
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Back Up
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Events / ( 0.035 GeV/c*)

First exclusive B channels

CMS Preliminary

]
Ws=7 Tav.f Ldt = 280 nb™"

N
=

ameen Bg2l/V 0 candidate eve

S

I
=

L
o

()
=

10
U_Illlllllllllllllllll|III|III'I-}I‘II|I|||||_ I Tfaiectories before vertex
4.9 5 51 52 53 54 55 luJe:_.tur|e5ﬂl.r.lef:)re vertex
J/ s K mass {GEV."[ CE) with p; > 0.3 GeV/c in the

vicinity of the PV

8/10/2010 LHC Days, Split Silvia Goy Lopez (CIEMAT) 24



b-tageing input variables Data/MC
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‘ b-tagoing
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Figure 7: Secondary vertex properties: (left) number of tracks; (middle) average number of
tracks vs pr; (right) flight distance significance.
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‘ b-tagoing
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‘ Negative tags

CMS PreliminaryNs =7 TeV, L= 12 nb’
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Figure 17: Negative and positive b tag discriminators in data (dots) and MC for LF jets with
KE and A reweighting (blue area), ¢ jets (green area) and b jets (red area). The simulated distri-
butions for negative and positive taggers are indicated by light and dark shading, respectively.
Overflows are displayed in the upper bin.



‘ Templates for b-tagging etficiency
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Figure 15: (Left) Comparison of muon p¥' templates for LF jets, obtained from data and from
simulation with light jet flavour identification; (right) ratio of the templates shown on the left.
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‘ b-tagoing, production mechanism
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Figure 5: The b-tagging efficiency variation versus AR between b-hadrons (left). Distribution
of AR between b-hadrons for £50% variations of GS and FC+FEX (right).
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‘ KKs mass
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‘]/Psi mass

CMS Preliminary (7 TeV, ~40 nk")
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‘]/Psi mass
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Figure 15: (Left) | /¢ mass distribution as measured with ~ 40 nb~! of integrated luminosity.
(Right) Same distribution after the correction of the momentum scale using the functions and
parameters listed in Table 2. The fits are done with sum of an exponential for the background

with a Crystal Ball function for the signal, taking into account also the tail due to the Final State
Radiation
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Figure 1: Dimuon invariant mass distributions for all categories (top) and for only Global
Muon pairs (bottom), in the rapidity windows |y| < 1.4 (left) and 1.4 < |y| < 2.4 (right). Also
shown are the invariant mass widths from a fit of a Crystal Ball function plus an exponential.

—  The worse mass resolution for large rapidities is caused by the smaller lever arm of the tracks. —
The non-peaking red distributions show the same sign dimuon combinations.



‘] /Psi: muon momentum resolution

CMS Preliminary (7 TeV, ~ 40 nb"]
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Figure 17: Resolution on transverse momentum as measured with ~ 40 nb~! of integrated
luminosity (black line) compared to the Monte Carlo resolution computed from Monte Carlo
truth (red points) and from the fit as described in Section 4.2 (black squares). The gray band
in data represents the error on the fitted function for data computed from the errors on the
parameters.
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‘ Upsilon

Upsilon Rapidity
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Figure 2: Unpolarized Y(15) acceptance as a function of pr and y.
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‘ Muon ID
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‘ Single muon trigger eff
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Figure 4: Single muon trigger efficiency, as a function of _u'_T., evaluated with T&T
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‘ Muon ID and trigger etficiencies

Table 2: Muon identification efficiencies from Té&I’; the uncertainties are statistical only.

ph(GeV/c)\g* (0.0,12)  (12,16)  (1.624)
(2.5,3.5) - - 0.866+0 0
(3.5,4.5) 0.884+£5929  0.960£0040 091040052
(4.5, 5.5) 0.944 40033 09165037  0.8914+007
(5.5,7.5) 0.919£592%  0.807 50082 0.86440073
(7.5, 20.0) 0.882+0057  0.908+5032  0.888+0112

Table 3: Muon trigger efficiencies from T&P; the uncertainties are statistical only.

8/10/2010 LHC Days, Split

ph(GeV/e) \y*  (0.0,1.2) (1.2, 1.6) (1.6, 2.4)
(2.5,3.0) i : 0.884+( 013
(3.0, 3.5) . - 0.885+0 012
(3.5, 4.0) 0.781£50%  0.9734+000%  0.894+0017
(4.0,4.5) 0.8004+001 09815519 0.88540020
(4.5, 5.5) 0.944 4008 09555012 0.8614+002
(5.5,7.5) 0.948£500%  0.954+50012  0.84640023
(7.5, 20.0) 0.966+007  1.000+£55%0  0.88040028
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‘ Systematics | /psi yield

Table 2: Relative uncertainties (in percent) on the corrected yield, in each py bin: statistical , fin:
state radiation (FSR), pr calibration, B-fraction, Non-prompt polanzannn muon efficiency, p-factor, F

functions
F;: v Statistics FSR T B-frac. non-prompt Muon p Fit
(GeV/ie) calibration polar. effic. function
| < 1.4
4—6 7.2 2.0 3.1 0.1 0.0 11.1 4.6 6.1
6—8 5.2 2.0 24 0.2 0.1 7.0 7.0 0.2
8—10 5.3 1.6 14 0.3 0.1 9.9 7.1 0.6
10 — 30 v 0.9 0.7 0.4 0.2 10.8 1.2 1.0
1.4 < |y| < 24
0—1 6.4 0.8 0.3 0.1 0.0 105 126 6.5
1-15 9.5 0.7 0.3 0.0 0.0 114 28.2 8.3
1.5-2 6.1 0.4 0.5 0.0 0.0 11.2 227 6.1
2-3 4.3 0.2 0.9 0.0 0.0 10.0 5.6 2.4
3—4 3.9 0.6 0.7 0.1 0.0 9.7 2.9 6.8
4—6 5.6 0.8 0.5 0.1 0.0 10,6 9.3 5.7
6—8 4.3 0.6 0.4 0.1 0.0 9.4 6.8 8.3
8—10 5.8 0.5 0.2 0.2 0.1 13.1 4.2 1.0
10 — 30 7.8 0.2 0.2 0.2 0.1 11.8 0.6 2.1
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‘ Systematics non-prompt | /psi yield

Table 5 Summary of relative systematic uncertainties in the b-fraction yield, in percent.

Fg:w,a- Misalign-  B-lifetime Vertex Background Resolution Efficiency

(GeV/c) ment model estimation fit model
¥y < 14
4—6 1.3 0.8 2.1 44 19.8 1.6
6—10 27 1.7 2.3 0.3 1.6 0.4
10 — 30 24 0.7 2.1 1.4 0.7 1.1
14 < |y| < 24
0—2 1.1 9.4 22.8 1.9 22.3 16.4
2—4 0.4 0.1 6.3 2.8 4.3 5.4
4—6 2.2 0.8 2.1 44 21 1.5
6—10 3.3 1.7 2.3 0.3 1.0 1.6
10 — 30 3.2 0.7 2.1 1.4 3.0 2.1

8/10/2010 LHC Days, Split Silvia Goy Lopez (CIEMAT)



‘ Systematics upsilon yield

Table 5: Relative values of the systematic uncertainties on the Y(1S) integrated and differential
production cross section times the dimuon branching fraction, assuming null production po-
larization, in units of percent. The momentum intervals are in units of GeV/c. The following
abbreviations are used: Spr, T, T [ /¢ and L, for the systematic uncertainties arising from im-
perfect knowledge of the momentum scale and resolution, T&P bias, residual bias from using
the | /¢ resonance as a proxy for the Y, and the sum in quadrature of systematic uncertainties.
The uncertainty arising from imperfect knowledge of the production pr spectrum is combined

with Spr.

Apr | AY | emuid | ewig | ek | FSR [ Spr | T | TJ/¢ | PDF| X

02 |05 95 | 34 [06[35] 02 [21] 20 | 04 [111
23 | 05] 100 | 35 | 06 | 41 | 06 21| 14 | 04 | 117
35 | 06| 100 | 05 |06 |37 | 05 |20 1.3 | 04 | 110
58 | 06| 110 | 62 | 06 | 32| 06 [18| 20 | 04 |133
812 | 0.6 | 103 | 65 | 0.6 | 26 | 0.8 [22] 29 | 04 |[131
12220 | 0.4 | 133 | 140 | 0.7 | 23 | 1.6 [22]| 43 | 04 |[201
020 [ 06 | 104 [ 51 |06 | 34 | 05 [20] 20 | 04 |125
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‘ Systematics open beauty

Table 3: Summary of systematic uncertainties. The systematic errors can vary depending on
the muon transverse momentum and pseudorapidity as indicated by the range.

source uncertainty
Trigger 3-5%
Muen reconstruction 3 %
Tracking efficiency 2%
Background template shape uncertainty 1-10%
Background composition 3—6 %
Production mechanism 2-5%
Fragmentation 14 %
Decay 3 %
MC statistics 14 %
Underlying Event 10 %
Luminosity 11%
total 16-20 %

8/10/2010 LHC Days, Split Silvia Goy Lopez (CIEMAT)
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Figure 7: Measured resolution of the track transverse (a) and longitudinal (b) impact parameter
as a function of the track » for transverse momenta in 1.0 + 0.1 GeV/c (circles), in 3.0 £ 0.2 GeV/'c
(squares) and in 8.0 & 1.0 GeV/ ¢ (triangles). Filled and open symbols correspond to results from
data and simulation, respectively.
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‘ Material budget

CMS Praliminary 2010,vs=7TeV
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Figure 16: Material distribution versus the radius estimated from reconstructed photon conver-
sions (a) and nuclear interactions (b). The radius is calculated with respect to the Pixel barrel
detector centre. As a comparison, the histogram in the bottom panel represents the material
distribution in the simulation in average X ! per bin (a), and in average ,’lf‘l per bin (b). In
both plots the radius bin width is 0.5 cm.
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‘ Muon: fakes and efficiencies

Inclusive muons
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‘ Muons 1n jets
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Figure 12: Distributions for muons associated with jets in data compared with MC in (left) pr
and (right) . MC and data are normalized to unit area.
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Figure 13: Distributions for muon jets in (left) pr, (center)  and (right) number of tracks. MC
and data spectra are normalized to unit area.
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Figure 1: Absolute jet energy correction factors Cap; derived from simulation for calorimeter,
IPT, and PFlow jets at /5 = 7 TéV as a function of corrected jet transverse momentum.
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