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Introduction

» CMS has access to a rich spectrum of B-physics
measurements via muon triggers and a superb tracker
» I'm going to show:
» Examples of what we achieved.
» This includes some new results, presented for the first time.
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B hadron spectroscopy: =}’
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B hadron spectroscopy: A lifetime
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B hadron spectroscopy: A lifetime

$

+¢@

¢

‘0 C
2
<& 16— <}>
g —
1.4
12—
1o PDG 2012 average
B ¢ Notused in PDG 2012 average
0.8/— ¢ Used in PDG 2012 average
B §  CMS - this measurement
06—

1.1

1.0

0.9

0.8

0.7

0.6

0.5

\lHH‘HH‘HH‘\H\‘HH‘H\?‘HH'H

0.4

e b b b b b b b b b b )
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

2014

Year of publication

T/\,/TBO,PDG2012

Shows the tendency towards longer observed /\8 lifetimes over time.
of 0.9...1.0.

Note: First theories favoured a lifetime ratio

7(A9)
7(B)

Nebiaska

Lincoln
E /9K



B hadron spectroscopy: A lifetime
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ratios: B, — J/¢¥7n™ and B, — J/yntntw

New result, presented here for the first time.

Later today the public result should appear here:
https://twiki.cern.ch/twiki/bin/view/CMS/
PhysicsResultsBPH12011

We report on two branching ratios:

o(Bc) x Br(Be — J/r™)
o(B) x Br(BY = J/pK+)

Br(B. — J/yrntata—)
Br(B. — J/ymT)

Phase space covered: pr(B.) > 15GeV/c and |y(B.)| < 1.6.
NB: Charge conjugate modes included throughout this talk.
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B. BR ratios: The particle

A few facts:
> mass: 6.2745 + 0.0018 GeV/c?
lifetime: 0.452 + 0.033 ps

» quark content: bc

v

v

only observable at hadron machines (so far)

v

observed in a broad list of decays (first observation):
Be — J/ypuv (CDF), B — J/4m (CDF),

B. — J/ymrm (LHCb/CMS), B, — (2S5)7 (LHCb),
B — /1Dy (LHCb), Be — J/1:D; (LHCb),

B — Byrr (LHCb), and B — J/1yKK= (LHCb)
Note: The last three lines were added just recently.

Values mentioned were taken from the PDG tables
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B. BR ratios: Selection
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B. BR ratios: Selection

Similar strategies for the other decay channels:
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B. BR ratios: Efficiencies

Accurate knowledge of efficiencies paramount for measuring a
branching ratio. Two approaches were used:

» 1m channel: Efficiency determined in bins of pr
» 37 channel: 5-body final state phase space sampling (see

following slide)

Efficiencies determined using simulated events and applied to data
on a per-event basis.
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B. BR ratios: Efficiencies

In the 37 channel, a fit function was used to describe the
efficiency.

» A non-resonant simulation sample has been used to study the
efficiency as a function of a complete set of parameters for a
5-body final state.

» Fit function:

e=|po+pr-x+p2-y+p3-z+ps-wtps-r+ps-t+py-s|

» Parameters p; determined using an unbinned maximum
likelihood fit

» Components mean:
Xx=m* () ow  y=m (7T Yhigh 2z =m*(utn)
w=m?(rTrt) r=m?(u 7 )ow t=m*
and s = m?(u~77)
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B. BR ratios: B — J/¢Yntntn~ peculiarities

The decay B, — J/@Zm 77~ can go through

for af (1260) and p°(770) are indeed visible:
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» The efficiency evaluated in this way is independent of the

decay dynamics
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B. BR ratios: Systematic uncertainties

Source Values in %
(Be)xBr(Be—J /) Br(Bc—J/yrntntn—)
o(BT)xBr(BT 51/pKT) Br(Bc—1/pmT)

Split sample 0 7.4

Fit variant 5.6 10.7

MC finite size 2.2 4.1

Efficiency binning 4.1 1.6

Efficiency fit function N/A 8.6

Tracking efficiency N/A 7.8

Dimuon significance cut N/A +5

Total 7.3 Y

Lifetime B, ey N/A
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B. BR ratios: Results
» B.— J/yrt:
o(Bc) x Br(B. — J/ur™) B
o(BY) x Br(BT — J/yK+)
(0.48 £ 0.05(stat.) & 0.04(syst.) *393 (75,)) x 1072

This result is complementary to LHCb:
(0.68 4 0.10(stat.) + 0.03(syst.) £ 0.05(lifetime)) x 1072 T
» B. — J/yrtata:

Br(B. — J/yrntatn—)
Br(B. — J/yrt)

In good agreement to LHCb (2.41 4-0.30 £ 0.33 )

= 2.43 + 0.76(stat.) 7030 (syst.)

» CMS covers pr(B:) > 15GeV/c and |y(B:)| < 1.6, LHCb
pr(Bc) > 4GeV/c and 2.5 < |n(B:)| < 5
fLHCb-PAPER-2012-028 Nebiaska
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Conclusions

v

Despite not having been explicitly built for B physics, CMS
has nice results. Just highlighted some.

Discovered a new baryon: =, + 7.

v

v

A? lifetime, lifetime puzzle seems to be settled.

And we have a nice new result on B, branching ratios.

v

Thank you for your attention
and thanks to all who contributed: LHC, CMS, B physics group

NB: Website featuring public CMS B-physics results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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Backup slides

This is CMS. You already know it, | guess.

Nebiask

Lincoln
12 /98



Backup slides

And this is LHCb, superimposed approximately to scale.

ECAL
SPD/PS
RICH2
T

The two experiments coverage in pseudorapidity adds up.
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Evolution of 7(A)) measurements
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The first measurements were low, but the error bars were large.

Nebiaska

Lincoln
20 /98



Evolution of 7(A)) measurements
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More measurements appeared and PDG started to calculate a best
value. It seemed that theory was wrong. ..
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Evolution of 7(A)) measurements
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... which was supported by more measurements. Theorists started
to investigate and added higher order corrections. Not much
success, i.e. the predicted ratio 7(A2)/7(BP) stayed in a range
[0.9,1.0]. (There were few aggressive exceptions, though.)
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Evolution of 7(A)) measurements
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More recent measurements changed the picture.
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Evolution of 7(A)) measurements
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Evolution of 7(A)) measurements
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This measurement fits in the picture.
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