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» Cross sections from:

» Correlated bb with dimuons
» Single muons
> Inclusive b-jet

» BB angular correlations
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Correlated bb cross section with dimuons

>

Cross section for bb production from
both b quarks decaying into muons

>» L=28pb 1@ s=7TeV

» Flavor composition of the dimuon

sample in data — fit to the muon
transverse impact parameters with
respect to primary vertex (dy,)

Both muons need to satisfy:
pt >4 GeV and || < 2.1 and from
same PV

Cuts on M,,,, remove backgrounds from
Z (M, >70 GeV), T

(8.9 < M,,, <10.6 GeV), charmonium
resonances and sequential decays

(M,,, <5 GeV)
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Correlated bb cross section with dimuons

» Single muon events in MC are classified as:

» B:b—p » P: prompt tracks or fakes

» Cc—p » D: meson decay in flight

» Impact parameter distribution for B, C and D from simulation.
Distribution for P extracted from data: T(1s) decays

» Dimuon templates (BB,CC,PP,DD) and combinations (BD, BC,
CD..)

CMS Simulation, BB template

€ 1e T T
- CMS Simulation
g w —cc 3
) . N g B
» Binned maximum % ' 30l 0 i oat
likelihood fit g 10
. 2 10 103E
using the 2D g o
. . . 2 10° e =
distributions > 005 10
é‘; 02 02 U\E‘\\ 105 008 o1 oas o2
o d, lom]

Gemma Tinti (KU)

Inclusive b-quark production at /s =7 TeV

August 12, 2011

3/26



Correlated bb cross section with dimuons: results
» CMS-PAS-BPH-10-015

o(pp — bbX — pupY) = 26.18 +0.14(stat.) +2.82(syst.) £ 1.05(lumi.) nb
OPYTHIA — 48.2 nb
oMcaeNLo = 19.95 + 0.46(stat. ) fi:gg(scale—kpdf—kmb) nb

g,

CMS Preliminary
Lin =28 pb™*

N,/0.004 [cm]

» Fraction of BB from fit: 65%

» BP, CP and PD can be
neglected

» Constraints: BC/BB, BD/BB
and CD/CC from MC

> Largest systematic uncertainty
from trigger efficiency (=~ 8.3%)
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Open beauty production with muons

>

>

L=8nb1@,5=7TeV

Signal events discriminated using muon
transverse momentum relative to the jet

direction pF:

rel _ |I_5H X ﬁjet|

T =
|pjet|

10° CMS Preliminary
plis harder in b-events than in S 6 Tbevems
background due to larger mass of s 2 e
b_quark 4" Ns=7TeV

3

Binned maximum likelihood fit to 2ff 1
measure p¢! distribution based on ki 1

e
N
IS
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templates
Fe' [GeV]
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Open Beauty production with muons
> plr > 6 GeV and [n#] < 2.1
» 1 IP requirement: |do| <2 mm, |d;| <1 cm
> Track Jets:
> Determine Biet/|Bjet|
> Tracks with pr > 300 MeV, anti-k7 with R = 0.5, EX** > 1 GeV
(without muon)

» Shape of the light quark/gluon
component is evaluated from
minimum bias data —
misidentification probability for
hadrons to be selected as muons

14f

* CMSdata
— Fit

12

c +light

10F [

events/0.2 GeV

\s=7 Tev
L=85nb*

» Templates for ¢ and light
quark/gluon events are
combined

» b fraction from the fit= 46%
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Open Beauty production with muons: results

» JHEP 03 (2011) 090
o = 1.32 £ 0.01(stat.) £ 0.30(syst.) £ 0.15(lumi.) pb

oMcaNLo = 0.957

and luminosity (11%)
» Data and MC@NLO compatible within uncertainties

0.41
0.21

opyTHIA = 1.9 b

(scale) &+ 0.09(mp) £ 0.05(pdf) ub
» Major systematic uncertainties are b p' shape uncertainty (21%)
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Inclusive b-jet production

v

L=60nb"1@s=7TeV
» Minimum bias and jet triggers

» Particle flow jets. Jet reconstruction
using anti-kt algorithm, with R = 0.5
> Jet required to have:
18 < pJ-fft < 300 GeV and rapidity
lyl <2
» b jets identified using a secondary
vertex tagger:

» Secondary vertex fitted with at least 3
charged particle tracks

» 3D decay length significance cut is
applied
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Inclusive b-jet production

» b-tagging efficiency as a function of pj-ﬁt and yi¢t is from MC —

>

verified in a subsample using data/MC scale factors based on p¥f

rel

b-content (purity) in selected jets is estimated in data by fitting the
secondary vertex mass distribution after the selection

Number of jets / 0.25 GeV
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Inclusive b-jet production: results
» CMS-PAS-BPH-10-009
» MCG@NLO describes well the overall fraction of b-jets, but shape
differences in pJT and yiet
» Main systematic uncertainties from b-tag efficiency (20%), jet energy
scale (5%) and luminosity (11%)
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BB angular correlations

>

>

L=31pblats=7TeV

Use single jet triggers: jet only used to
set the energy scale

Measure A¢ and AR = \/An? + A¢?
between flight directions of the two
B-hadrons

Secondary vertices (SV) reconstructed
using an inclusive vertex finder (jet
independent): SV reconstructed even if
the two B-hadrons are in the same jet
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BB angular correlations: results
» JHEPO3 (2011) 136
» Differential production cross section in bins of opening angle of BB
pairs
» MCGONLO does not describe the data well, particularly at low AR,
where large gluon splitting contribution is dominant
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Conclusions

» Inclusive b-quark production at /s = 7 TeV has been measured:

» Correlated bb production with dimuons
» Open Beauty production with muons
> Inclusive b-jet production

» Inclusive measurements are in overall agreement with MC@NLO

» MCGONLO does not describe data well at low BB opening angles
(gluon splitting)
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Correlated bb cross section with dimuons

» 2D symmetrized distributions populated according to:

StitS2j+ 51752
2

T =

> Real data events fill the T j; distribution by assigning the muon inn
random order
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Correlated bb cross section with dimuons

> Efficiencies: €; = &j MuSel * €i ,EvSel * €i,Trg

ei=44.3 + 0.1%

€i Musel = 64.8 £0.1%

€iEvsel = 78.0+£0.1%

€iTg = 87.7+0.1%

» Scaling factors obtained by Tag-and-Probe (J/v)
> SFeghsl,, = 1.082+0.082

> e =cemc- SFEREl, =47.9+0.1%

v

v vy
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Correlated bb cross section with dimuons

» MCONLO+Herwig
» CTEQ6.6 PDF, mp = 4.75 GeV
» PYTHIA 6.4
» Z2 tune, CTEQG6L1 structure function
» Systematic error on MCONLO: mj, = [4.5,5] GeV, PDF —
MSTW?2008, renormalization:
» Small error on the scale+pdf seems to come from requiring both the
2 muons with low pt
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Correlated bb cross section with dimuons

» Systematic errors:

Template shapes 5.1%

Fit Method 4.7%

Efficiencies and normalization 8.3%
L 4%

Total 11.4%

v

v vy vYy
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Open Beauty production with muons: efficiency

measurement ¢
€ = Etrigger * €pu,reco * Ep,jet

> Eirigger = (88 = 5) % from data
> €pu,reco = (94 + 3) % from MC
> epjet = (77 £8) % from MC
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Open Beauty production with muons: efficiency
measurement ¢

» PYTHIA

» CTEQ6L1 PDF

> mp = 4.8 GeV

» Peterson et al fragmentation function (e, = 0.05 and ¢, = 0.005)
D6T tune (underlying events)
» MCGNLO +HERWIG

> mp=4.75 GeV
» CTEQ6M PDF

v
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Open Beauty production with muons: comparison wicn trie
theory
» Comparison with MC@NLO

g 4T q 4p ; ;
b4 [| e ] cvsdata ] b4 [| [ ] cmsdata ]
9 35 } ——4+—— PYTHIA (MSEL 1, CTEQ6L1) { g) 35 } ——4—— PYTHIA (MSEL 1, CTEQ6L1) {
/—\E [ | wowemaren FONLL (CTEQE.6, m =4.75 GeV) 1 /\E | wdmimanen FONLL (CTEQ6.6, m =4.75 GeV)
=] D.'_ 3 [ | == == CASCADE (CCFM set A0) i _gl_g 3 [ | == == CASCADE (CCFM set A0) 1
Olo u ] < . u
~—~—— r \s=7TeV muon|n|<21 - r \5=7TeV muonp >6
=, 25F L=85 nb™ E 8|5 2.5 L=85 nb™ E
bl o F ] oo 5 ]
Clo C ] o ]
2F B 2 ;__,_I_"_’_&_\_ﬁ_\_a_ﬁ;
1.5F E 1.5 —. -
o - E e —a—
E ]
0 55’ 1 1 P L | 0 5 1 1 1 I !
100 15 20 25 30 - -1 0 1 2
muon p_ [GeV] muonn

Gemma Tinti (KU) Inclusive b-quark production at /s =7 TeV August 12, 2011 21 /26



Inclusive b-jet production

Unfolding

+ Ansatz method to correct jet p; back to particle level

- Phenomenological power law motivated by parton model (Feynman,
Field, Fox), extended at the Tevatron and updated at CMS for low p;

and b-jets a
- 2 h 'min
f(pr) = Nopr (1 - S )) exp(—/pr)

NG
low pr and b—jets
high pr new

- CMS preliminary, 60 nb! \Ns=7TeV
s
f(pr) :Ansatz function to 8099 ]
parametrize true jet pr § o9 3
spectrum Doss 1
it / A § 08 < Iyl<05 1
Fpr) = | SORGE—prokirh Sorf SIS
: ; 2 15lyl<2.0

R(p% — pr;0): smearing function 07f T 2oimiszs
cesk L 25<lyl<30 ]

Cres = f(pr)/E(pT) 51, Anticky R=0.5 PF
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p, (GeV)
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Inclusive b-jet production

» MCONLO

» CTEQ6M PDF
> mp =475 GeV

> HF = UR = PT
» PYTHIA
» D6T
» Systematics:
> UR — [0.5,2] : +40%,-25%
» CTEQ PDF: +10%, -6%
> mp — [4.5,5] GeV: +17%,-14%
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Inclusive b-jet production

» Systematics

Gemma Tinti (KU)

Uncertainty on b-jet production (%)

CMS preliminary, 60
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Inclusive b-jet production

» Ratio to inclusive jets

CMS preliminary, 60 nb" \s=7TeV
@ [=—mceno =~ T ]
o 0.1j ..... Pythia Anti-k; R=0.5 PFi
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Heavy Quark Production

+ 1O
- Flavor creation (FCR): gg fusion (dominant) 91200004 b
and qq annihilation [FCR]
« Large NLO contributions 9\QQQQ0A—b
- Flavor excitation (FEX): bb from the sea, only
one b participates in hard scattering 9\Q0009p—b
- Gluon splitting (GSP): g = bb in initial or =

b
final state i é
+ Production mechanism not separated g

in analyses presented here

arXiv.0705.1937 [hepph] 9 b
(GsP b
0.5
[¢]
0

1000
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