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outline

e the CMS detector:

* tracker performance

e inclusive B cross-sections:

* inclusive B production with muons  (L=85nb"')
* inclusive B -jet production with secondary vertices (L=60nb"')

o exclusive B cross-sections:
*B* > J/P(pru) K (L=5.8pb™")
*BY=> J/P(ptp) Ky(TTPTT7)  (L=40pb™)
*Be> JIPp(uti) O(K*K)  (L=40pb)
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CMS tracker performance

pixel barrel detector radiography
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from conversions tracking efficiency from tag+probe method with di-muons fromIJ/L|)
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b quark production at the LHC
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b quark production at the LHC

test of perturbative QCD:
->measurements at LHC beyond theory uncertainties

good understanding of B production is mandatory for

searches for new physics
->B is background in many searches
->dynamics and topology is relevant (see A. Rizzi’s talk on bb correlations)

new physics may also show up in B decays!

—>examples: CP violation in Bs=> |/ &
branching fraction of Bs=> p*u-
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Inclusive B production with muons

JHEP 1103:090,201 |
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muon p¢™

B mesons are heavy (m=5GeV/c?)
->decay products have large relative momenta

s
Jet axis : O 14 e CMS data s
e (C\Dl » Fit ’
o 12 | 1B e b ]
D B O c + light 2
S 10¢ \Vs=7 TeV B
q>) 8:—- L=85 nb ]
IP, ar -
" & prim. vertex 21 E
- . : rel O;': o e Ly | :11‘.-;1 ----- : ]
characteristic p™® spectrum for 1 2 3 4 5 8
muons from B decays muon pf' [GeV]

=extract B fraction with template fit
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inclusive cross-section: c=o(pp —b+X — u+X') =

results

~ Le

with Np=observed events; £L=int. luminosity; €=reco+trigger eff.
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Inclusive B production using b-tagging
with secondary vertices

CMS PAS BPH-10-009
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secondary vertex
b-tagging:

* define region around display
jet direction dR=0.5

e use tracks in this I
cone as input to ~1 mm
vertex search !

* separation between
primary and . Primary "-.f"erte:-.:‘
secondary vertex is

discriminator

CMS Experiment at LHC, CERN

Data recorded: Mon Jul 12 05:15:38 2010 CE

) . . ] Run/Event: 139971 / 9796851
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b-jet tagging

b-tag efficiency determined
from simulation, validation
with data-driven methods

CMS simulation \Ns=7TeV
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- uncertainty only 20%'
(right from the start)
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b-tagged sample purity
obtained from vertex mass fit

CMS preliminary, 60 nb \s =7 TeV
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results

measured events fitted purity unfolding

dza | \7\7 l correction
b—jets tagged f b“smear«—

differential cross-section: y
ifferential cross-section dprdy ejetibAPTAyL «

s CMS preliminary, 60 nb’ Ns=7TeV jetreco.eff.  b-tag eff.

luminosity

—_— 10 E [ | I E

D Tk . IyI<05(><125) E
C\DmG% o 0.5<lyl <1 (x25) 3 tio to inclusi ats:
; 10° ;5 15<Iyl <2 . _ CMS preliminary, 60 nII)'1 - Vs =7TeV
© E 5 @ [ —— MC@NLO _ ]
Q_,_.I 04 = - q>) o J o NS Pythia Anti-k; R=0.5 PF__
O 3L N 7 QR S = L ;
© = - = C @
o S = 3) - g
O 10°F E = :
T 10F 8 :
) - ] ! i
1= — MC@NLO - = :

10" " []exp. uncertainty _

= Anti-k. R=0.5 PF -

1 0-2 §_ | T | | | | [ | | | | | | _E

20 3040 100 200 -
b-jet p_ (GeV) N il

L 20 30 40 50 100 200
p_ (GeV)

Alexander Schmidt, Universitat Zurich DIS



exclusive decay B* = J/Y(p*u’) K*

PRL 106, 112001 (201 1)
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event reconstruction

* di-muon trigger (efficiency from tag + probe method)

®* two opposite-sign muons within |/\D mass window |50 MeV
®* muon acceptance cuts:

nl<1.3 pT > 3.3 GeV
1.3 < |n| <22 p >2.9 GeV
22<|n| <24 pr > 0.8 GeV

e p(K*) > 0.9 GeV

¢ kinematic constrained
vertex fit with p*u- and K*

(the J/P mass is constrained
to the PDG value)

e three track vertex fit
probability > 0.1%

Alexander Schmidt, Universitat Zurich
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fit procedure

2D unbinned maximum likelihood fit to inv. mass (u*u- K*) and ¢T

=eaxtract number of S S S
signal events in p¢ signal CMS \s =7 TeV
and |n| bins prompt Jip  L=58pb’

b background

-
Q
'S

=obtain background
PDF parameters from
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PDF uncertainties and fit bias:

=fitted signal events: 912 + 47 2% - 5% systematic error
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diff. cross-sections:
fitted yields

results
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for p>5GeV and |yB|<2.4:
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exclusive decay B = |/\Pp(utp-) Ks(TTH 1T )
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event reconstruction

® two opposite-sigh muon mass window |50 MeV
®* Muon acceptance ¢ %(
ni<i3 7 pigel utyu Ks invariant mass

13 < |M 'B»ip/ns GeV |00
2.2{@3@}/ o1 > 0.8 GeV
N\

* additional difficulty:
Ks reconstruction: find vtx.+
resonance using all displaced

LI L LR B
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* fit probability > 1%
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fit procedure

2D unbinned maximum likelihood fit to inv. mass (u*u™ Ks) and ¢T

=extract number of c T cMSNs=7TeV -

signal events in px § ol L=dopb’ -

and |N| bins S =

o N —s— CMS data d

. ~ 102E Prompt J/V _

=PDF functions: @ - -~~~ +non-peaking B 3

mass: two gaussians for signal Q i + peaking B .

polynomial for non-peaking background § 4| —— +signal _

lifetime: exponential decay convolved T =

with resolution function (two gaussians) & ' M ]
for signal @) ISR

double exponential for B background,
pure resolution for prompt backgr.

=background PDF
parameters obtained from sidebands
(except for peaking background)
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=|ifetime measured:
=fitted signal events: 809 £ 39 cT = 479+ 22um (stat.)

cT(PDG)= 453 +3um
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do/dp_(pp — BX; ly®1<2.2) (ub/GeV)

ults

—e— CMS data (b)
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exclusive decay B = |/P(p*p) O(K* K)
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B/ ¢
oscillation between s u,ct b F =

> > > A\/ > C
article and anti- \/M<

particle states: _ >
b
interference between both decays |, ¢ S
involves CP violating weak phase S i s _
®; which is predicted to be small =
in the SM M
new physics (e.g. SUSY) can b — ) e
significantly enhance & !
N
e . - roadmap:
N\ l\(/) . | ~100pb': CP even (odd) components
P a5 (angular analysis)
o e ﬁ'k; — ~Ifb': CP violation: time
/E\/\/’// 5o | dependent angular analysis
_ ol =ik with flavor tagging
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event reconstruction

® two opposite-sigh muon mass window |50 MeV
®* Muon acceptance ¢ %(
ni<13 _{~ Pw’\}w u - K™ K- invariant mass

13< =72 'B»ip/ns GeV

220
ﬁ? CMS Preliminar
22{@6 / PT > (0.8 GeV 200 ﬂ’ \{§=7 Tev, L=40pyb'1
Nt ct>0.01 cm
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e p(K*, K) > 0.7 GeV

Events /(0.018 GeV/c?)
(o]
o

signal
non-prompt background
prompt background

¢ kinematic constrained 100
vertex fit with p*u-and K* K- #

. : 60
(the y*p~mass is constrained

40

to the PDG value) b Tt 20,
S0l i RTT
° ﬁt PrObab”'t)' > O I A . . . . . - J/yd in.variani mass (.G.eV/cz.)
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fit procedure

2D unbinned maximum likelihood fit to inv. mass (™~ K* K) and cT

~10%E
=extract number of E - E
signal events in p: s F A CMS Preliminary
and ‘r” bins 510 = [ \s=7 TeV, L=40pb
E O Fi % non-prompt background
=PDF functions: L 10 = ;i' ;\‘ | prompt background
mass: two gaussians for signal, o i "-__"\; 3239 signal
polynomial for background 10fi ! T S
lifetime: exponential decay convolved  Ef! 7 “'~,\
with resolution function (two gaussians) i T
for signal NI o | 3Ll
double exponential for B background, Fr : T
pure resolution for prompt backgr. G RS
107 ‘ | s

IIlIII-:EIIlIIIlIIIIII W\III

Ei .. S
-'background PDF parameters.cos o 005 o1 0.15 02 025 03 035
obtained from sidebands ctau (cm)

= |ifetime measured:

=fitted signal events: 549 + 32 cT = 478+ 26pm (stat.)
cT(PDG)= 441 pum

Alexander Schmidt, Universitat Zurich DIS 201 | Apr [12th, 201 | 24



resu
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conclusions

* CMS did precision measurements of b-production cross-
sections right from the start

e demonstrates excellent

CMS Preliminary,N's=7 TeV Spring 2011
d eteCtO r Pe rfo rma‘n Ce value = stat. = syst. = lum. error
an d M C Sim u Iation (integrated luminosity)
. . op— B' X - 283224220 =1.1ub
*in agreement with Pr>5 GeV, yl<24 (6p0)
MC@NLO within
uncertainties: op— B X - 332:25+31+13ub

* all results more precise than theory | pr>5Gev,lyi<22

(40 pb”)
predictions: NLO errors dominated ’
by scale uncertainties
e MC@NLO tends to underestimate oo B, X = Jp X I 6.9+ 06205 503 nb
at low-p; and overestimate at 8<P- <50 GeV, lyl<2.4 (x1000) -
high-p: and high-|y|
* PYTHIA overestimates B x-section
(both D6T and Z2 tunes)
| |
* more results to come 0 50

B-Meson Production Cross Section [ub]

soon: \g, B, ...
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BACKUP SLIDES
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ratio to theory

Inclusive B production with muons:
ratio to MC@NLO
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Data / NLO theory

ratio to theory

CMS preliminary, 60 nb’ \s=7TeV
5[ = MC@NLO . 1yl <05 ;
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Inclusive B production using
b-tagging with secondary
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