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Introduction to B. Physics(1)

BE 1(JP) = 0(07)
I, J, P need confirmation.
Bc SyStem: Quantum numbers shown are quark-model predicitionts.
> Heaviest open flavour mesons Moo 1o 7 (0.453 = 0.081) x 1012 ¢
(tOp quark lifetime is tOO Small) B_ modes are charge conjugates of the modes below.
> Heavy quarks (b and c), precise BY DECAY MODES x BB — B,)  Fraction (1;/T)  Confidnce level (M)
QCD calculations Ib/erfollog\z%ngjua;t;ﬁes are not pure branching ratios; rather the fraction
> Discovered in 1998 (Tevatron), JJ(15) £ vy anything (6234 x 105 _
. o J/(1S) =t <82 x 1073 0% 2372
many properties are still unknown Ji(18)x* wtn Ss7 okt e o
J/¥(1S) a;(1260) <12 x 1073 0% 2171
D*(2010)* DV <62 x 10~3 00% 2468

B Production

> Main Process: gg — Bj + ¢ + b with production fraction ~ 0.1%

of other B mesons (B%,B*,B;’)
> Production in LHC:

o(BE) ~ 0.4ub at 14 TeV pp collision

O'(Bét)LHC/O'(Bét)Teva,tron ~ 0(10)

> B cross section measurement " Production mechanism

understanding (For example, Colour octet, colour singlet )
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Introduction to Bc Physics(2)

B Mass
<« 6360 T TTTTTTTTT T T T T T T T T T T T
(&)
; @ Potential model
§ 6340 — W Potential NRQCD -
~ A Lattice QCD :
Em - % PDG 08 DO -
6320 — % DO =]
¥V CDF
6300 = PDGOS -]
‘Model 1 :
6280 [— l } -
6260 = | Lattice CDF-
6240 :— —:
| [ 1 M T | - 1
6220 == 2 3 4 5 3

B Lifetime and Branching Ratio

> B £lifetime measurement
Dynamics of heavy quark decay

> Bt decay branching ratios m
few decay modes observed
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> B. system mass spectrum "
Quark model and pQCD test

> Only B mass measured,
Compatible with calculation

> Mass measurement errors are of
the Same order than lattice QCD

W+/-
c(
by ——

Sum Rules 7 = 0.48 £ 0.05 ps
DO 7 = 0.44870 058 4 0.032 ps
CDF 7= 0.4631005- +0.036 ps



Bo—J/y(pup)m®
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LHCb Performance

Vertex
|_ocator

;

V4

X

NY

Silicon strip detector: Tracking System (TT,T1-T3): Muon System (M1-MS5):

oxy ~ 10 pm Tracking Efficiency ~95% p identification, p/n
6; ~60pum Ghost ~ 5% separation
cir ~25 pum Ap/p~ 0.5%(long tracks)

"4

*long tracks: tracks passing trough VELO,TT,T1-T3
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Event Selection and Yield

from minimum bia
> Loose cuts on final state tracks 100 o um bias

and J/ : :
v sl Jhy:
" Resolution~11MeV/c?
> Clean J/y reconstruction ==l S/B~4

> Main background: real J/y and ‘“’_
n from primary vertex and other [

B decays

9760 2800 2900 3000 3100 3200 3300
m (L)

> Additional impact parameter
cuts and P; cuts

> Total efficiency ~ 1.0%

> B/S with 90% CL : [1.2]
> Assumptions:

@ Cross section of B&-=0.4 ub
@ Br(B&—J/yn®) = 1.3x1073
> 310 events for 1fb-! data at 14 TeV
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B.f Mass Measurement

Mass measurement sensitivity is estimated by unbinned likelihood fit
with MC sample corresponding to 1fb-! of LHCb data:
> Signal events are obtained from full MC simulation (Gaussian)

> Background generated by toy MC reproducing behaviour from
full MC sample (Linear function)

> J/y mass constraint fit to improve B~ mass resolution
M(B:H) = 6399.6+1.7(stat.) MeV/c? (input: 6400 MeV/c?)

o, = 17.0+ 1.6 MeV/c?
“E *EEntries: 2835 ':Ii: ::;%gjggiw:ae.:gow
3 UEx*/ndf:0.86 f,o= 0.1104% 0.0096
E 70
s 1fb!
c=17MeV/c? & ., } m
5L s
10 {
0G50 5300 BT
Mg, [MeV/c’]
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B.t Lifetime Fit: Combined Fit with Mass

F(t,mass,o) = f x (E(1,7)®0G(1,0,5))* £(f) X M(mass) +(1-f) x Bkg(t,mass)

Events/( 0.05 ps)

> S o —
& T
| —ll
[———

=
[

i

I 2 3 1 5
t(J/pn*) [ps]

Background: From mass sidebands
Signal Shape:E(7,7)®G(?,0,5)% &(1):
> E(¢,7) is an exponential dist.

with lifetime 7
> G(,0,s) is resolution function
with ¢ and scale factor s
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©/ndt 64.52/04
Prob 0.9913

34741 0.1324
3.066 £ 0.2751

0.1473 + 0.001831

il
|

Proper decay time [ps]

Arbitrary Scale

Acceptance function: &(7)

> Not flat over t because of lifetime
cuts to reduce prompt background
> Efficiency from MC

> Modelled by (at)"/(1+(at)")



Robustness Study for Lifetime Fit

> Toy MC with 10* experiments

Pull — Tfit — Tinput
Ofit
> Pull distribution: compatible with
normal distribution
c=1.012+0.007
mean = 0.004+0.010

> Effect from B¢ P distribution

@ Py dist. is unknown and difference
between MC and data could lead to a
bias in lifetime

@ Repeating the measurement using
B* P;spectrum for B.* gives a bias around
0.023 ps because of changes in efficiency
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Number of experiments

pullMean = 0.004 + 0.01
pullSigma = 1.0122 + 0.p072

Pull ofr(B:)
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B.t Lifetime Fit: Simultaneous Fit over P; Bins

> Simultaneous fit over 2 P, bins adopted
@ Minimize effect from Py, bias reduced from 0.023 ps to

0.004 ps
@ Improve significance of signal (Different Background

level over P;)
> Final lifetime value T = 0.438+0.027(stat.) ps (input:0.46 ps)
> Better systematic error control than Tevatron channel

(b)
P (A n*): 5-12 GeV/c
M(JApr*): 6.32-6.48 GeV/c?
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(d)
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Other B: Topics in LHCb

> Differential cross section measurement

> B —J () pvy

@ 10 times more statistic than B&—Jy(n p)n*

@ Candidate for early lifetime measurement at LHCb

@ Pre-look: ~5k events for 1fb-! with B/S~11

> B, excited states

¢ 16 states below BD threshold

@ Radiative decays of excited
states "> QCD sum rules test

> BC:I:_)BSO n:i:

@ Self-tagging channel
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Summary
With 1fb-! data, for channel B&—J/yn* in LHCb
> Around 310 events expected with B/S <2
> Statistical error around 1.7MeV/c? for mass measurement
> Simultaneous fit over P; bins for lifetime

> Statistical error for lifetime measurement around 0.027 ps
with better systematic error control

> Other studies in progress

Thank You for Your Attention
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