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Decay Modes show all decays

o Can decay through

T, Mode Fraction (T; /T)
o ¢ — s(d)
_ The following quantities are not pure branching ratios; ratherthe fraction I'; /T"
o b— c(u) x B(b— B,).
= " r, B J/$(18)" 1, anything (5.2 124) x10°9
°ocb—=W r, B — J/6(18)n* seen
. T, B = J/p(1S)r 7 seen
= Many decay modes possible L, Bt - J/9(15)ay(1260) .2 x10°
r; B - D*(2010)' D’ 6.2 %1079
Ts Bf - D*K*° <0.20 x10°°
Iy B - D'E’ <0.16 x10°°
r Bt - DEK X -0
Important probe for QC ¢ e DR <0-28 x10
Ty Bf + D!K <0.4 x107°
Ty Bf - Df¢ <0.32 x10°°

... but few decays observed.
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6.2745 +0.0018 GeV
(0.452 +0.033) x10 2 s

B; modes are charge conjugates of the modes below.
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LHCb Detector [JINST 3 S08005 (2008)]

LHCb: A wonderful detector to study B decays

Acceptance

Discussed in more detail in the LHCb Upgrade talk by Tomasz Szumlak (Tuesday)

Unique geometrical acceptance: 2 < m < 5 coverage

Excellent vertex locator (VELO):  opy,zy ~ 10um, opy,; ~ 60pum

Tracking system: Ap/p:0.35% + 0.55%

Muon system: e(p — p) ~97%, MisID rate(h — p) ~ O(1%)
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Introduction [Ihcb.web.cern

Trigger

Multi-level trigger:

1fb~1(2011) + 2fb~1(2012)

LHCb Integrated Luminosity pp collisions 2010-2012

o LO hardware
o HLT 1 software

o HLT 2 software (event reco)

§ ZZE e v
- = N Delivered in 2012 (4 TeV): 2.209
%' 2 . Recorded in 2012 (4 TeV): 2.082 ifo "JJ ) L. .
2 s . Recorded in 2011 (3.5 TeV): 1.107 fft / Highly efficient J/4 lines
E 18 . ’ .
E F Recorded in 2010 (3.5 TeV): 0.038 /fb )C/ dedicated at each level!
3 1
3 16E
g, 1,4: o :QC/ L T T T
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A long list of LHCb results on the BF

First observation of Bf — Jppntn~nt [PRL 108 (2012) 251802]
Measurement of B:r production and mass with the B:r — JppnT decay [PRL 109 (2012) 232001]
Observation of B} — ¢(2S)n™ [PRD 87 (2013) 071103]
Observation of Bf — JayDF and Bf — JaD:t decays [PRD 87 (2013) 112012]
First observation of the decay B} — JapK™T [JHEP 09 (2013) 075]
Observation of the decay B} — BOn™ [PRL 111 (2013) 181801]
Observation of the decay B:r — JWKTK 7zt [JHEP 1311 (2013) 094]
Measurement of the B;" meson lifetime using Bz’ — J/’l,[l,u,_'—V“X decays [arXiv:1401.6932]
Evidence for the decay B — JAp3nt 27~ [arXiv:1404.0287]

Almost all the studied decays have a Ji) — pt = in the final state J
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A long list of LHCb results on the BF

First observation of Bf — Jppntn~nt [PRL 108 (2012) 251802]
Measurement of B:r production and mass with the B:r — JppnT decay [PRL 109 (2012) 232001]
Observation of B} — ¢(2S)n™ [PRD 87 (2013) 071103]
Observation of Bf — JayDF and Bf — JaD:t decays [PRD 87 (2013) 112012]
First observation of the decay B} — JapK™T [JHEP 09 (2013) 075]
Observation of the decay B} — Bin™ [PRL 111 (2013) 181801]
Observation of the decay B:r — JWKTK 7zt [JHEP 1311 (2013) 094]
Measurement of the B;" meson lifetime using Bz’ — J/’l,[l,u,_'—V“X decays [arXiv:1401.6932]
Evidence for the decay B — Jap3nt 27~ [arXiv:1404.0287]
But there is an exception: B — BOxt
First observation of a BJ™ decay due to ¢ — s transition. J
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Bf — Brt

BY — D «t and BY — J/vo
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x B(BF — BIn™) = (237 £ 0.31(stat) £ 0.11(syst) *3 1] (754) ) x 1073
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A long list of LHCb results on the BF

First observation of Bf — Jppntn~nt
Measurement of B:r production and mass with the B:r — J/7,ZJ7rJr decay
Observation of B} — ¢(2S)n™

Observation of Bf — JayDF and Bf — JaD:t decays

First observation of the decay B} — JapK™T

Observation of the decay B} — BT

Observation of the decay B:r — JWKTK 7zt

Measurement of the B;" meson lifetime using Bz’ — J/’l,[l,u,_'—V“X decays

Evidence for the decay B — Jap3nt 27~

A Low-Q decay: Bf — JDF

[PRL 108 (2012) 251802]
[PRL 109 (2012) 232001]
[PRD 87 (2013) 071103
[PRD 87 (2013) 112012]
[JHEP 09 (2013) 075]
[PRL 111 (2013) 181801]
[JHEP 1311 (2013) 094]
[arXiv:1401.6932]

[arXiv:1404.0287]
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B — J/¢Df and B} — J/¢D:"

Fully reconstructed J/wD;F;
Partially reconstructed J/i/)D;Jr
split for helicity:

o Asy J/¢p: +1; DET: +1;
J/b: 0 DET: 0;
Observed 28.9 + 5.6 DI events
in 3 fb~! (2011+2012);
Significance > 9o.

] v—l(m

N

BY —»J/yDit
NCH# = 2.37 £ 0.56;
BY—J/yDT
A
_EE 0524 0.20;
At + Aoo
B+ ot
% = 2.3740.560.10;
B »J/vDT
B+ +
BBCH& — 2,90+ 0.57 +0.24
BY —J/ypnt
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[PRD 87 (2013) 112012]
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The mass of the Bj meson has been measured

with a very small systematic uncertainty:

6276.26 + 1.44 + 0.28 MeV/c?.

Using LHCb measurement of the Djr mass. [JHEP06 (2013) 065]

PDG 2013: 6274.5 4 1.8 MeV/c?
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A long list of LHCb results on the BF

First observation of Bf — Jppntn~nt

Measurement of B:r production and mass with the B:r — J/7,ZJ7rJr decay
Observation of B} — ¢(2S)n™

Observation of Bf — JayDF and Bf — JaD:t decays

First observation of the decay B} — JapK™T

Observation of the decay B} — BOn™

Observation of the decay B:r — JWKTK 7zt

Measurement of the B;" meson lifetime using Bz’ — J/d),u,"'V“X decays

Evidence for the decay B — Jap3nt 27~

Another LHCb hit: the lifetime measurement

[PRL 108 (2012) 251802]
[PRL 109 (2012) 232001]
[PRD 87 (2013) 071103
[PRD 87 (2013) 112012]
[JHEP 09 (2013) 075]
[PRL 111 (2013) 181801]
[JHEP 1311 (2013) 094]
[arXiv:1401.6932]

[arXiv:1404.0287]
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Physics motivation [arXiv:1401.6932]

Input for theory

The precise measurement of B;" lifetime provides an essential test of the theoretical
models describing its dynamics:

Beneke and Buchalla (PRD 53 4991) [0.4, 0.7] ps

Anisimov et al. (PLB 452 129) (0.59 +0.06) ps

Kiselev et al. (Nucl. PB 585 353) (0.48 +0.05) ps
Experiment TB. Mode
CDF 0.46  T0T% (stat)  +0.03 (syst)  JAbTr  PRL 81 2432
CDF II 0.463 T073 (stat)  +0.036 (syst) Jppetve  PRL 97 012002
DO 0.448  TO0%8 (stat)  +0.032 (syst) JAbutv,  PRL 102 092001
CDF II 0.452  +0.048 (stat) 40.027 (syst) Jjbmt PRD 87 011101
World Average 0.453  +0.033 PDG 2013
CDF Il 0.475 003 (stat)  +0.018 (syst) Jibuv unpublished

Input for experiments

Lifetime uncertainty becomes a dominant systematic uncertainty in several BF analyses.
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Key elements of the analysis [arXiv:1401.693

o Decay BY — Jhpuv with JAp — ptp~ ;
J/psi
daughters

Decay Vertex
o Clear 3u signature allows decay-time unbiased H

selection;

o High-statistics due to the large BF.

o Semileptonic decay means partial reconstruction;
Need simulation to correct for the missing energy
The decay time correction is named k-factor

o Contribution from feed-down decays
eg BT — ¢(2S)uTv, with ¥(2S) — JabX

Using a 2D data-model
My, L pseudo-proper decay time ips

to enhance S/B separation.

tps is the decay time in the frame of the J/ipp combination.
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Data model [arXiv:1401.693

Signal model Background model
Simulated using a few form-factor models; BaCkg round
g LHCb -
gf Simulation a1 Wrong PV
B ]
3 E Misidentification

25 3 35 4 45 5 55 6 65
My, 1GeV/c]

Model corrected for feed-down contributions.

Fake J/y

§ T LHCh Simulation 3
Eo. El
5o
L0 E Combinatorial
0 3 / \
So E Prompt Detached
50 E
2 . E
<0 Pure B; ~ Iy pv E Combinatorial background is simulated.
0.06F —— Feed-down model E
? All other background sources are modeled

445 5 55 6
My, [Gevic? with data-driven methods.
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Data model [arXiv:1401.6932]

g E T T 4 T T 3 &;\ -
£ — B -V x  ] 2 B
q 0 LHCb Combinatorial bkg, 3 3w 3
g — - Misid. bkg. | = ™|
g ~+-- Prompt pesk 3 S
E - Fake J/ i bkg. 1 = 1 N
2 > -~ Wrong PV bkg. El f P - -3
8 bl = E g §
o S B o/ §
W Sy e e P ‘ ‘ ‘ .

0 1 2 3 4 5 8. 1 35 4 15 5 55 6
tos [Ps] My, [GeVic]

The BZ lifetime 7 is determined from a
maximum likelihood unbinned fit to the
(M jp s tps) distribution of the data sample
collected in 2012 (corresponding to 2fb~1).

tps > 150 fs

LHCb

10°

) £ 12 (syst) fs

10

Candidates/ (50 MeV/c?)

Dominant systematic uncertainties:
o Background model (£ 10 fs)

o Signal model, model dependence (+ 5 fs) '\fﬁiw [Ge{s//cz]

o Deviation from time-independent eff. (£ 2 fs)
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Comparison and outlook

LHCb used Bf — Jhpuv,, decays to measure
the BY lifetime: S

CDF
— : : i
T =509 + 8 (stat) £ 12 (syst) fs Jg1ry PRI 812432
gDFU H——t PRL 97 012002
pe v
This is the most precise measurement of the Do et PRL 102 092001
+ . Jy ptv
B{ lifetime to date. coF
. H——H PRD 87 011101
Jy
It is consistent with current w.orld average and (F:ljl?:iggels) PRD 86 010001
has less than half the uncerteinty.
;:‘ch v HeH LHCb-PAPER-2013-063
Further improvements are expected from the
C b b b L b

LHCb experiment using B — Jpprt decays 200 300 400 500 600 700 800 900
where systematic uncertainties are expected e

to be largely uncorrelated with those affecting B lifetime (fs)
the present measurement.
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Conclusion

The excellent performance of the LHC and of the detector has allowed LHCb to reach
several achivements.

World's best measurement of the BJ lifetime

World’'s best measurement of the Bj' mass

First observation of a B meson decaying to another B meson (B — BYn)
First upper limit on a BZ charmless decay (BZr — KgK+) [PLB 726 (2013) 646]

© 06 0 o

First observation, and relative BF measurement of

B = Jppmta—at

B — ¢(28)nt

B — JWDY and Bf — JDit

B — JWKt

Bf - JWKtK— 7t Ren Woods in Hair (1979) ~Aquarits
B — Jip3nt 2n—

©

This is the dawning of the age of the BS
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Spare slides

Lucio Anderlini — Properties and decays of the Bj meson DIS2014, Warsaw 17 /16



Hadronic or Semileptonic channels?

Semileptonic (SL) decay Non-leptonic (NL) decay

BF — Jpputy, B — Jiprmt
o Large statistics, ~ 20 times J/A)m; o Simple background model;
o Rare experimental signature (3 vertex) o Model independent analysis
o Impossible to reconstruct the B mass o Huge background from PV
o Includes c¢ — JAp X decays (feed-down) o Detachment cuts: time-dependent efficiency

Signal
T

Signal Background
[y

Background My

Competitive and complementary analyses
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Muon identification

Signal-background separation relies on 3u: h — p misidentification is dangerous.

B — JppK () is very abundant and detached. J

o Require muon hits in > 4 muon stations;

©

Reject K (and p) using RICH detectors;

©

Reject K decaying to u using track kink;

o Reject combinatorial association of muon hits to hadron tracks by
o Performing a Kalman filter track fit using muon hits

o Rejecting muon candidates with Kalman filter X2/nd0f > 1.5;

o Requiring each hit is used at most once.

LHCb
Average misidentification probability: 0.2%

Single muon identification efficiency: 87%

Misid. prob. [%]

%

—o—.

—e— Kaons

;}H.r++ —=— Protons
—e— Pions
EL . . . \ . . , E
20 40 60 80 100 120 140 160 180 200
Momentum [GeV/c]
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Dominating residual background from J




MuonID Sample Sample

¥~ requirements I+ 1 Jhb+ h
g Background
o+ subtracted
33 model J/)+u
& Event by event reweight Model
for MisID probab. Jp+h
MisID = Z B Mhn Misidentification
h=K,m,p probability h—pu
Probability track
is hadron h
|
Py, = Py(p,n,nTracks) M), = My, (p, n, Impact parameter)
0 <ntacs < 200 L Calibration samples

00 < MIP < 0.05 mm

Bachelor rack &, (k1)

o D*t - D%} — (K nH)prd
Flavour tagged with the slow pion 7.

o A — pm—
Very wrong mass in case of
p—ow & w™—p.

00 50
Comb. DLL as Kaon
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Signal spectra

A bad simulation of the B momentum spectrum can modify
the simulated k-factor distribution, and thus the lifetime.
How much?

Reweighing of the BJ spectra (pr and 7) to assess systematic
uncertainty due to data/simulation disagreement

o using Bf — J/int distribution to compare data and
Simulation

o reweighted signal pdf
(including feed-down decays)

Small effect: 0.8 (pr) @ 0.6(n) =1.0fs J
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Model dependence assessment

We deform the model (true variables):

DeformedDalitz(m?, ¢*) = NominalDalitz(m?, ¢?) elopmtava)

The first step is to reconstruct the ¢2 using the pointing information.
The we check the agreement

With PV and DV perfectly known, one can define the g2 with a twofold ambiguity.

T . rigs 7 kinematic — different ¢2 distributions.
g E 8 MisID background
2 400~ == Fake J/y background
S C ‘—— bb background
C B signal

—e— LHCb Data \5 =8 TeV'

4500 5000 5500 6000
m@ ) (MeVic?)

Fig. 16
T

0 2 4 6 8 Py 2, &2 2 4 6 8 1 2, &2
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oosing agreement: combination

Information from the agreement of the 3 distributions (M j,,,, q%l, and q%) is

combined.
Fig. 1
o 188175 162148 135 121 106 92 77 63 48 33 18 03 1=+ ] 1
% 1183 -16.9 -155 -14.0 -12.6 -11.1 9.7 +1.0 +25] —0.9
(\(‘3 0.8 %7.7 162 147 -13.2 -11.7 -10.1 -8.6 +2.4 +4€ s
S 7.0 -15.4 -13.8 -122 -10.6 -9.0 +3.9 +5.5] .
5> (0.6} 46 -145 128 -112 95 7.8 456 +74] —0.7
S 151 -134 117 -99 -82 472 +8.6
0.4|40 123 -104 86 68 56 +73 +00 +108] |00
128 -109 -90 71 53 +74 +91 +108+124 —0.5
0.2f#5 95 75 56 4 +7.6 +9.3 +11.0 +12.7 +14:3]
F00 7.9 59 759 +77 496 +113+130 +147+163] |04
oFs4 62 a1 . 0 +7.9 +9.8 +11.6 +13.4 +151+16.7 +184] —(0.3
F66 -43 .22 00 +20@4.1 +6.1/48.1 +10.0 +11.0 +13.7 +155 +17.2 +189 +20.5]
L0.2F47 24 02/420 +41 +62 +84 +103 +12.2 +14.2+16.0 +17.7 +19.5 +21.1+22.7] | 02
27 03 +/0 +42 +64 +8.5 /6.4 +12.6 +14.6 +16.4 +18.3 +200 +21.7 +23.4+249] — 0.1
-0.4[85 +19 442 465 +§7 +104 +13.0 +15.0 +17.0 +18.8 +20.7 +22.4 +20.1 +25.7 +2-2] o
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
a, (c?GeVvY
Red curve: 68% C.L. from ¢ Blue curve: 68% C.L. from m(J/¢p)
Full marker: Ebert model Empty marker: ISGW2 model
Model-independent uncertainty on lifetime & 5 fs )

Lucio Anderlini — Properties and decays of the “4‘ meson DIS2014, Warsaw 23 /16



