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Introduction
. oOutline

« B} meson is the ground state of the (bc)  The LHCb detector

Int. J. Mod. Phys. A30 (2015) 1530022
bound states.

Production in pp collisions at /s = 8 TeV 2012 data, 2 fb!
* It is a unique state in the Standard Model, PRL 114 (2015) 132001
being composed of a heavy quark- Lifetime measurement
antiquark pair of different flavours. with Bf - J/yu*vX  EPC74 (2014) 5,2839 2012 data, 2 fb?
with Bf — J/ym™ PLB 742 (2014) 29 Run-1 data, 3 fb!

e Discovered at CDF in 1995
Mass measurement

° . . o + —_ o o .
Production disfavored in e e~ collisions with B} — J/¥m*  pri 109 (2012) 232001 2011 data, 370 pb?

(and forbidden at b-factories) with BY — J/yYDS  pRD 87(2013) 112012 Run-1 data, 3 fb!
with Bf - J/y pprt  PRL(2014) 152003 Run-1 data, 3 fb-!

+ + :
Study of B — Y(28)m W ArXiv:1507.03516 Run-1 data, 3 fb!

* Great potential for the LHC, and especially
the LHCb experiment.
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http://cds.cern.ch/record/1978280
http://cds.cern.ch/record/1968989?ln=en
http://arxiv.org/abs/arXiv:1401.6932
http://arxiv.org/abs/arXiv:1411.6899
http://arxiv.org/abs/1507.03516

LHCb: A wonderful detector to study B decays

Acceptance

Unique geometrical acceptance

Excellent Vertex Locator (VELO)

Tracking system
Muon system

Lucio Anderlini (INFN) — Bphysics at LHCb

Int. J. Mod. Phys. A30 (2015) 1530022
2 <n<5; ~40% of b quarks in acceptance

OPV yy ™ 10 ym, opy, ~ 60 um
Ap/p ~ 0.5 — 1%
e(u > 1)~97%, MisID rate(h - u) ~ 1%
DPF2015, Ann Arbor— MI, August 4-8th, 2015
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PRL 114 (2015) 132001

Production measurement

* Proton-Proton collisions at 8 TeV in the
center of mass.

« 2.0 fb1 of data collected in 2012
* Decay mode: BY — J/ym™
* Control channel: B¥ — J/YK™

* First double-differential measurement of
B production cross-section

* Range:
0<pr<20GeV/cand 2<y<45
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PRL 114 (2015) 132001

Production measurement

Excellent agreement observed with the full a§ 0.06
calculation implemented in the Event generator 0.04
BcVegPy [Comp. Phys. Commun. 159 (2003) 192] 0.02F

Ratio

Rip,) (%)

0.8

0.6

0.2F

LHCDb published the same ratio for pp collisions at 7 TeV:
(0.68 + 0.10 (stat) + 0.03 (syst) + 0.16(1))%

1.2
1

:

Normalized yields
=

o(pp—B& X)xBr (B —»] /Yyr™)

o(pp—>B*T*X)XBr(Bt->J/YKt)’

R = (0.638 + 0.018 (stat) + 0.09 (syst))%

T
LHCb
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where the last uncertainty is inherited from the B/ lifetime.
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PRD 90 (2014) 032009

Production and semileptonic decay

The production measurements can be combined to the
measurement of

p _ BrB —j/ym?)
T Br(BY - J/putv)

The computation of Br(BF — J/yu*v) is theoretically cleaner,
opening to absolute branching fraction measurements.

R, = 0.0469 + 0.0028 £ 0.0046

} 3000 B L] L] L] I ¥ ¥ L] L] - I L] L] L] L] i
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The measurement is performed using the data with

My pu € [Mpu, 7

GeV /c?]

with much smaller background from B decays.



http://cds.cern.ch/record/1741900

. . Lifetime can be directly related to
LIfGtI me measureme ﬂt the sum of all the decay widths, it
represents a «checksum» of the

theoretical models describing
LHCb has performed B; lifetime measurements B} decays.

using the decay modes

« B} — J/putvX, partially reconstructed, high EICIo LD Lifetime prediction (ps)
statistics, lifetime unbiased selection

. BC+ - ]/1/)7-[+, fully reconstructed, Lusignoli, Masetti (1990) Pontential Models(PM): 0.5
suppressed decay width, and thus smaller Rome preprint 774
statistics. Eichten, Quigg (1994) PM with ¢ = s suppression: 1.3
Selection based on Neural Network. FERMILAB-CONF-94-117-1
Bigi (1995) Heavy Quark Expansion: 0.4
) hep-ph/9508408
The two measurements (described below) are ' '

uncorrelated statistical and systematic Nucl.PB 585 (2000) 353-382 QCD sum rules: 0.48 + 0.05

uncertainties Changet al. (2000) Fit of b and ¢ hadron lifetimes:
PRD64 (2001) 014003 0.37-0.47
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http://arxiv.org/abs/hep-ph/9508408

EPIC74 (2014) 5, 2839

Lifetime measurement with B — [ /yuvX

& —— BTyt v, X
Dataset: g 1o* LHCb Eﬁn}é:i];a_mrial bkg.
Excellent experimental signature: 3 muons 2012 pp data 5 FIN Prompt psk
w10 -~ Fake J/ybkg.
Good statistics (wrt. BY — J/ym™) (2 fb) 2 | WronePVibig
Z 10 va . — Da
Allows lifetime unbiased selection strategy S o
Time dependence of the efficiency is often an important
source of systematic uncertainty!
Result obtained from 2D maximum likelihood unbinned fit. ;E
Fit variables are: >
* Pseudo-proper decay time (t,) defined in the J /ipu* 5
rest frame 3
* Invariant mass of the J/pu* combination. Because of %
partial reconstruction m(J /yYu*) € [3.5,6.3]GeV/c"2 O

ST TS5
M.Hw [GeV/c

Ly =
l:_.||1I|
e
I
n
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EPIC74 (2014) 5, 2839

The correction k between the pseudo-proper and proper decay time

Lifetime measurement with B — [ /yuvX

The k factor is a statistical correction whose

relies on theoretical decay models for:

=
Decay form factor (accounting for v missing energy) S
Feed down modes (missing energy from other particles) E
o
I3
+ + &
Bc _)-]/lpl- 'E‘ D N N e e . 1—kld
BC+ - l/)(ZS)'Ll-I-V E - LHCb - —— Kiselev :
= i N
B = xcutv = Simulation 7 N\ - ~
g [ 1 £
7| q =
A 1 B
=18 1 £
Ay B i q%
- 1 =
Lifetime: - S
25 3 35 45 5 55 6 65 7

(509 +8+12)fs
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distribution depends on the mass m(J /yu*)

LHCb Simulation

--------- Pure B, — Jiyutv
—— Feed-down model
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PLB 742 (2014) 29 e

Lifetime measurement
with B — J /™

600F
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400F

300F

Candidates/(5 MeV/c?)

200F

100

Same quantity, completely uncorrelated measurement. A SR SN . TSR S
6.2 6.3 6.4
Hadronic channel ?”OW.S gt?od .slgnaI/background separation myprt  [GEV/e?)
based on the peaking distribution m(J /ym™) 30000
The large number of m* from primary vertex forces lifetime 250005_ ) LHCb E
- B* — JApK' ]

biased selection strategy. -
20000

The latter relies on a Neural Network classifier introducing a

non-flat efficiency as a function of the decay times. =i

Candidates/ (2 MeV/c?)

10000F

Normalization channel, BT — J /WK™ used to «measure» the 5000E
efficiency function directly from data. g . .

Mypp K+ [GeV/c?]

Lucio Anderlini (INFN) — Bphysics at LHCb DPF2015, Ann Arbor— MI, August 4-8th, 2015 10




PLB 742 (2014) 29

Lifetime measurement with B — J /W™

t 110° & -

Npy (t) o €5, (1) X exp (— T—) il MIRE | | |

fu — i 08 " a) LHCb ]

Ng.(t) < €g.(t) X exp (— —) S F

TBC I—-llo4 :EW _:

NBc(t) e-Bc(t) 1 1 E §

R(t) = x X exp| —t - A, f i 4]

N, (t) EBu(t) Tpc TBu %l"o 10°E [0 BT — J/'LI)K E

() 02 T ——— ® B = JA 7t+_:
EL@ is very close to unity (in range [0.8,1.1]) : et
Bu ; s 7
(Ti — Ti) got from fit to «ratio histogram» 10 — =
Bc Bu = 5
Tpy is taken from PDG 1: o - 1 =
0.2 04 0.6 0.8 1

imm/c]

Measured Lifetime: 513 + 11.0 + 5.7 fs
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E CDF
e e I 5 I PRL 81 2432
 Jgl'v 1 .
Lifetime measurements
g . U & 1 PRL 97 012002
= J/l.IJ etV IT !
Great improvement in the World Average for :_D]"/W+v T N —
the B} lifetime during the Run-1 of the LHC. -
o EDE I PRL 87011101
. . . AR t——H
This heavily reduces the systematic -
tainty on most of the other izl PRD 86 010001
=y Y | (all channels) F——
measurements of B . i
- LEICD This work, EPJC 74 2839
— J/puty HeH
[ Jy
B} = J/Pputv 509 + 8 + 12 - LHCb
B — J 513.4 + 11.0 + 5.7 " Combination X
NeWWorIdAverage 507+9 :Lllllllllilllllll|llll||lll|lll]lllll|ll
[HEAG Fall2014, arXiv:1412.7515] — 200 300 400 500 600 700 800 900

B. lifetime [fs]
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http://arxiv.org/abs/1412.7515

YQS) iy | LHCb

PLB 708 (2012) 241-248

Mass measurement Y(1S) e

, _ W(2S) e
Mass is an important test for non- :
perturbative QCD predictions. Iy g ‘

. . e D’ e
A dominant systematic uncertainty in :
mass measurements is due to D’ ; e
momentum scale calibration. K. 5 +

Calibration and systematic : -
assessmentare performed using 0.5 0 .[]_?1 (per mille]

O —_
K, D", cc,and bb 2-body decays. a is the correction to the momentum

Reconstructed and world-average needed to obtain the PDG mass.
masses are compared to measure Error bars: statistical error

the momentum bias «. o _
Yellow band: statistical @ systematic err.

To reduce impact of calibration on mass measurement, one uses low-Q decay modes.
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http://arxiv.org/abs/1112.4896

PRD 87(2013) 112012
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Mass measurement
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PRL 109 (2012) 232001
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Dataset: Early 2011 (v/s = 7 TeV, Luminosity 370 pb™)
Measured mass:
6273 + 1.3 (stat) + 1.6 (syst) MeV/c?

Dataset: Full Runl (v/s =7 + 8 TeV, 1 + 2 fb1)
Measured mass:
6276.28 + 1.44 (stat) + 0.36 (syst) MeV/c?
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PRL 113 (2014) 152003

Mass measurement with BX — J/yppr™

. . . — - I I T I 1
First observation of baryonic B decays ST
- 15F —
% ~ LHCb _4 Data
= [ — Tiatal
o L - Signal i
Dataset: Full Run-1 (/s = 7+8 TeV, 1+2 fb?) — 10k Background -
Measured mass: N i .
6274.0 + 1.8 (stat) + 0.4 (syst) MeV/c? E I
St
The B} - J/ym™ channel was used as normalization E 3 _-
Br(BS - ]J/yppr™)
= 0.143%3832 £ 0.013
Br(B; - J/ym™) v
100

0 6’%00 — I6400
MJ/yppr*) [MeV/c’]

G‘\
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http://cds.cern.ch/record/1747894?ln=en

Mass measurements

CDF B;—J/yr*
JHEP 01 (2015) 63

LHCb B, = J/yr*

PRL 109 ( 2012) 232001
LHCb B, —J/yD*

S

PRD 87 (2013) 112012

LHCb B, —J/yppr*
PRL 113 (2014) 152003

LHCb average: 6274.

PRL 113 (2014) 152003

Jal.2

Correlations are properly taken into account

6268 6270 6272 6274 6276 6278 6280
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B! mass [MeV/c’]
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arXiv:1507.03516

Br(B = yY(2S)n™)
Br(B: - ]/¢ymt)

Decay discovered by LHCb with 2011 data

%

PRD87 (2012) 071103]

Update of the relative branching fraction using full Run-1 statistics (3 fb™
based on 2 independently trained Boosted Decision Trees (BDT), applied to
statistically independent halves of the sample.

2011 (1 fbl) 2012 (2 fb)
BDT1 BDT2 BDT1 BDT2
Signal yield 437 + 24 475 + 26 883 + 34 950 + 36
BDT efficiency (62.99 + 0.007)%  (62.29 +0.06)% (62.33+0.6)%  (68.50 + 0.06)%
Product of all other efficiencies (1.392 + 0.003)% (1.339 + 0.003)%

Lucio Anderlini (INFN) — Bphysics at LHCb
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arXiv:1507.03516
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arXiv:1507.03516
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R*1% = 0.250 £+ 0.068 + 0.014 + 0.006 (Br)
PRD87 (2012) 071103
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LHCb Papers on the B meson

Con Cl usion PRD 87 (2013) 071103  Observation of B — w(2S)m*
PRD 87 (2013) 112012  Observation of Bf — J /D& and B — JyD:*
LHCb is today leading the field with PRL (2012) 251802 First observation of BY — J/yn*n—n*

the world-best measurements of PRL 109 (2012) 232001 B/ production and mass with Bf — J/yn™
* Mass(6274.7 + 1.2) MeV/c?, | jHEp 09 (2013) 075 First observation of By — J /K™

’ LifEtime_(506 +9) fS., and PRL 111 (2013) 181801 First observation of Bf —» B2n*

* production cross-section. JHEP 1311 (2013) 094  Observation of decay B - JYK*K n™

The second run of the LHC, at EPJC 74 (2014) 2839 Lifetime measurement with B - J/yu*vX
higher luminosity and with JHEP 05 (2014) 148 Evidence of B} — J/Y3n*2m~
enhanced cross-section, is expected PRD 90 (2014) 032009 Br(BF — J/yutv)/Br(BF - J/yn*t)
to be the door to precision PRL 113 (2014) 152003 Observation of B} — J /yppr*

+
measurements of the B meson, PRL 114 (2015) 132001 B production at s = 8 TeV
yielding to new exciting results, for 5 7/5 (551 29 B lifetime with By — J /™
example concerning excited states. _ N N

arXiv:1507.03516 Update B — Y (25)n
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EPIC74 (2014) 5, 2839 500 LHCb 3
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To assess in a data-driven way the effect of theoretical inputs to the signal model,
we deform the simulated Dalitz plane with two deformation parameters «,,
and a,, and perform the full 2D fit.

ﬂWi
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The goodness of each fit is measured with a binned method comparing the
distributions of m(J/¥u*) and of the two solutions of g2 got from partial
reconstruction.
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5 fs is thus taken as systematic uncertainty on
theoretical inputs.
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