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® CMS is a general purpose detector at the LHC.

® |nner tracker consists of silicon pixel and silicon
strip layers.

® Muons are measured by drift tubes (DT),
cathode strip chambers (CSC) and resistive plate

chambers (RPC).

® [ he dimuon mass resolution is
less than 1%.

® Powerful tool for B-physics study
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e Dimuon mass distribution collected with various dimuon triggers.
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B-Hadron Production
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Observation of
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Measurement of the A\ lifetime
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Study of b-baryons is an important ingredient in
understanding b-hadron production.

The non-perturbative QCD model of Heavy Quark
Theory provides predictions.

Recent measurements include those from CDF DO
and ATLAS.

Use A = J/QYA® /= up, A° —=pTr.
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® [wo oppositely charged muons.

® Constrain the dimuon invariant mass to the known J/\p mass.

® Select two other oppositely charged tracks as the proton
and pion with the pt(proton) > pt(pion).

® Constrain the proton-pion invariant mass to the AY mass,

® reject events with m(pm) close to Ks mass.
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Likelihood Fit and Efficiency

2-D unbinned maximum likelihood fit;

Signal: Double Gaussian in m, decay in t <——  proper time
Mag(m) - Mag(t) = Gag(m; pim, 01, 02, f) - Dsig(t; T, 01, 02, f)
Prompt background: Linear in m, Double Gaussian in t

Mprompt(m) . Mprompt — (aO + alm) : Gprompt(t; Mty 01,02, f)

_ ] _ different b-hadrons with wrong
Non-prompt background: Linear in m, decay int <€——  assumptions in the mass or

incompletely reconstructed events
Mnon—prompt(m) . Mnon—prompt — (30 + a1 m) . Dnon—prompt(t; T,01,02, f)

® Constant efficiency
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See backup for B fits.
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® Systematic uncertainty sources:

® Efficiency (main source)
® Alignment
® Event selection

® Fit model

® Final results Ny lifetime:

1.503 £ 0.052 (stat.) £ 0.031 (syst.) ps
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A, lifetime
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Measurement of the B lifetime difference
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E} JAy BY _)J/Z.
o (b
Bs . W = /
+\ ) Bo . b0

® [wo flavour eigenstate of Bs oscillate.

* B.-B, mixing gives rise to a CP violation phase:

O, =Dy —20p

® The final state is an admixture of the
CP-even and CP-odd eigenstates.
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op=0

»J [V

® Since Bsis a pseudo-scalar meson, while \ j
BO —@p=0

J/Y and ® are vector mesons, the orbital angular momentum
can have the values L =0, |, 2.

® To measure the lifetime difference (Al) -

for the decay rates of the two Bs mass o p.l+

eigenstates, an analysis is needed to eT”’ y—

e AP

disentangle the two CP eigenstates. ll*'l""Kﬂf’” hT """""""""""""

® Decay topology is described by: | X¢’
"'K y
© = (0r, ¢r, ¢1) \ /J'
T K
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® The differential decay rate: © = (0r,yr,91)

d*T(Bs(t)) LR 6
10 di = f(O,fa) = ;Ol(a,t).gl(é)) I\/J,MK

/ } 4
proper decay time kinematics-independen\ #

| observables angular distributions

physics parameters of interest

(FS/ AI"S/ ‘A()lz/ |AJ_‘2/ (SH)

l l

longitudinal amplitudes ! strong phase

transverse amplitudes
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=oay @ [wo oppositely charged muons.

vertex j/y,

\ e Two oppositely charged tracks.

B, > J/Ud>p KK

K
K

® Build Bs from 4-track vertex fit;

® (Constrain the dimuon invariant mass to the
known J/\P mass.

® Constrain the K*K- to the (p mass.
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The overall efficiency includes: detector
acceptance, the trigger conditions, and the
selection cuts.

No sizable correlation between the proper
time and the angular variables is found.

The correlation amongst the angular
observables is also negligible.

The proper decay length efficiency is
almost flat in the range [0.02-0.3]cm.

Kruger 2012




S Maximum likelihood fit >

® Event likelihood function: signal mass PDF

(sum of two Gaussian)

L = Lsignal + Lbackground / T
Loignal - = (f(®,50) ® G(L,x,q(1))]) - M(m) - €(£)e(©)
Lbackground — b(@, £, m) p l proper decay time uncertainty
l Gaussian resolution function

Legendre polynomials and sinusoidal function

® 5-D fit procedure

® |-D fit of Bs mass to get the mean and the smaller of the
two Gaussian function widths.

® Fit sideband region for the angular background shapes.

® Fit the full mass range.
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Uncertainty source AT, [ps—'] ctlem] [Aol* [|AL]* ) [rad]

Signal PDF modeling
Signal mass model 0.00072  0.00012 0.0022 0.0006  0.039
Proper time resolution 0.00170  0.00006 0.0007 0.0000  0.007
¢s approximation 0.00000  0.00001 0.0000 0.0000  0.002
S-wave assumption 0.00109  0.00001 0.0130 0.0066  0.056
Background PDF modeling
Background mass model 0.00019  0.00000 0.0000 0.0001  0.003
Background lifetime model 0.00040  0.00000 0.0001 0.0002  0.003
Peaking B” background 0.00025  0.00006 0.0002 0.0022  0.050
Background angular model 0.00175  0.00003 0.0001 0.0064 0.161

Limited simulation statistics
Angular efficiency parameters 0.00019  0.00002 0.0057 0.0055 0.037
Temporal efficiency parameters ~ 0.00000  0.00005 0.0000 0.0000  0.000
Temporal efficiency parametrization 0.00181  0.00014 0.0005 0.0007  0.001
Angular efficiency parametrization 0.00063  0.00003 0.0021 0.0086  0.007
Likelihood function bias 0.00000  0.00004 0.0004 0.0000 0.014
Total uncertainty 0.00341  0.00022 0.0146 0.0140 0.187
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& B lifetime result 2
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® CMS is a powerful detector for studying B
physics because of its excellent tracking and
lepton identification.

® New measurement of the A\ lifetime:

1.503 £ 0.052 (stat.) £ 0.031 (syst.) ps

® New measurement of the B lifetime difference:

ATs = 0.048 +0.024 (stat.) & 0.003 (syst.) ps~*

® Stay tuned for more exciting B physics results!

All public results can be found at:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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AN
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2 = 1Ap(0)|2e st [cosh(AT st /2) — cos ¢s sinh (ATt /2)]
(H)]* = |A||(O)\Ze_rst[cosh(Al"st/Z) — cos s sinh (A5t /2)]
2 = 1A, (0)]%e "*'[cosh(ATst/2) + cos ¢s sinh (AT st /2)] (

(
) = ‘A||(O)HAJ_(O)‘8_FSt[_ COS(5J_ — 5“) sin (PS sinh(AFSt/Z)]

g1 = 2cos*(pr)(1 — sin®(07) cos* (7)),
D = sinz(qJT) (1-— sinz(QT) sinz(q)T)),
Q3 = sin? (¥r) sin? (01),

Q = — sinz(tp;r) sin? (207) sin(¢@T),

g5 — % sin(2¢7) sin?(67) sin(2¢7),

Q6 = \% sin(2yr) sin(207) sin(¢@T) .
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