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e LHCb detector

e Bottomonia studies
e T(nS) production
e xp production

o B studies

e Bl mass and production using B} — J/¢mt
e Observation of Bf — J/¢ymtntr™

Summary
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LHCb Detector

ar HCAL s
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Daria Savrina’s talk this morning: LHCb status and overview.

e Unique rapidity range: 2 < n < 5;
o Precision vertexing and tracking;

o Excellent particle identification;

Smooth running so far:
v 2010: 37 pb~?!
v 2011: 1fb~t

v 2012: 2fbt
delivered by last
Thursday!

e Precise and efficient muon reconstruction: ~ 90% trigger rate for dimuon

channels!

Summary
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Bottomonia Productions

Bottomonia production mechanism is not
yet well understood, several models exist:

- Colour Singlet Model (CSM, NLO
CSM)
- Nonrelativistic QCD expansion

(NRQCD) with contributions from
Colour Octet Mechanism

Mass (GeV/c?)

- Colour Evaporation Model

(0.1.3)

Bottomonium

family

Experimental inputs from LHC are needed.

v T(nS) inclusive production (n=1,2,3)
v T from xp feed-down

188~
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T(nS) Production

e 25 pb~! of 2010 data,
Vs =17TeV

e T(nS) reconstructed from
di-muon final states:

o 1y pr>1.4GeV/c; or
2 p pr(p1) > 0.56 GeV/c,
pr(p2) > 0.48 GeV/c
typical trigger requirement

e M(ptp=)>29GeV/c

e good fit quality of track & vertex

e The fitting is repeated for each pr
and y bin to obtain differential
cross-section.

Eur.Phys.J.C(2012)72:2025
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Fitting functions:

Crystal Ball for T(15), and T(35);
Exponential background.
N(1S) = 26410212
N(2S) = 67264142

N(3S)

3260 £ 112
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Integrated Cross-sections

Summary

o(pp — T(15)X) x B*® = 2.29 £ 0.01 + 0.10"
o(pp — T(25)X) x B* = 0.562 & 0.007 + 0.0237 455
o(pp = T(35)X) x B* = 0.283 4 0.005 £ 0.0127557;

0.19

0.37 nb,
nb,
nb

o Uncertainties: statistical, systematics and from

polarisation.
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the unknown T

«: polarisation parameter
+1 fully transverse

-1 fully longitudinal

0 unpolarised

e A factor of 3 smaller than the ATLAS and CMS results, though different rapidity
ranges are covered (ATLAS: |y| < 2.4; CMS: |y| < 2.0; LHCb: 2.0 < y < 4.5).

ATLAS: Phys.Lett.B 705,9(2011) CMS: Phys.Rev.D 83,112004(2011)
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Determination of Differential Cross-section

dZO_nS y s NnS

dprdy X ><Ay><ApT’n

=1,2,3.

e N™: signal yield from fits
e /: luminosity with uncertainty of 3.5%

° . efficiencies estimated from Monte Carlo

o Ay, Apr: Ay =0.5, Apr =1GeV/c for 2.0 <y < 4.5, pr < 15GeV/c

Summary
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Results - Differential Cross-sections
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— --25<y<30 A E — --25<y<30 A

=7Tev 355535 7 F Vs=7Tev 5557538 1

109 magzﬁgg - 101 =-35<y<40 E

L i Zaoey<as

T
g
T

B? x d?0?S/dp_dy [nb/(GeV/c)]

T

B'S x d?0'S/dp_dy [nb/(GeV/c)]

P, of Y(1S) (GeV/c) P, of Y(2S) (GeVic)
1 T T
E© LHCb ~20<y<25 ]
F Vs=7Tev 333558 7
100 —35<y<io |
E THRYE A
The first measurement of T production Lol £t E{i - ]

in the forward region at /s = 7 TeV!
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Comparison with Theory
T(25)

T T
E (a) —e— LHCD data (20<y<45)

= direct NNLO* CSM (2.0y<4.5)
direct NLO CSM (2.0y<4.5)

T(15)

E (a) —e— LHCbdaa (205y<45)
EEEE direct NNLO* CSM (2.0<y<4.5)

e General agreement

with NNLO CSM,

s
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s

NNLO CSM: Artoisenet et al,
Phys.Rev.Lett.101,152001(2008)

BS x do*/dp_ [nb/(GeV/c)]
—
/
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:
+
;

LHCh 107 NRQCD: Ma et al,
10 5=7Tev 3 - LHCh Phys.Rev.Lett.106,042002(2011)
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T(nS) with 8 TeV Data
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Summary

LHCb-CONF-2012-025

e 57 pb~! of early 2012,
Vs =8 TeV

e Fitted resolution:
43 MeV/c?
(47 MeV/c? in 2011)

on T(nS) polarisation is ongoing with the full 201142012 datasets.
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Xb(1P) Production

Summary

JHEP 11(2012),31

In order to interpretate the cross-section and polarisation of bottomonia data, we need
to better understand the T feed-down from higher states.

* xp(1P) = T(AS)y = puhu~y

e 32pb~! data from 2010, /s = 7 TeV

® 20< y!'® <45, 6< pr<15GeV/c
T(1S) candidates:

I3 LHCb
s=7TeV

8000f~
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L]

Entries / 25 MeV/c2

8
8
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Lox” i1 I
11 12 °
m(i) (Gevic)

Nrp(1s) = 39635 & 252
Mry(1s) = 9449.2 = 0.4 MeV//c?
or(1s) = 51.7 £ 0.4 MeV/c?

Reconstruction of x;, from T(1S):

pr®) > 6Gev/c

9.36 < M(pp) < 9.56 GeV/c?
pY > 0.6 GeV/c?

cos 01‘{ >0, 0_*; is polar angle of « in x} rest
frame
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Reconstructed yx,(1P) Signal

_ (x=Aam)?
202

daN

dx Al Vv 277(7
+A2(X _ Xo)a —(::1><+c2x2+z:3x3),

Gaussian signal + background
N,,ap) =201 £55

04 0.6 08 1 AM =447 + 4 MeV/c2
m(U'Hy) - m(U') (GeVic?)

o =19.0+ 4.2 MeV/c?

e Clear x5(1P) signal
e Yet no hint for higher state (AM(x5(2P)) ~ 800 MeV/c?)

e xbs(J =0,1,2) mass difference is comparible with resolution, so the
observed signal is a mixture (AMa_; ~ 20 MeV/c?,
AM;_g ~ 33 MeV/c?).

Summary
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Determination of x,(1P) Yield
The fraction of T(1S) originating from x,(1P):

Nrec b
beHT = ﬁ(%(r)) . 5cond(Xb)

where econd((Xb) is the reconstruction efficiency after T(1S5) is selected
= Econd(Xb) = (94 + 01)%

fipr = (20.7 + 5.7(stat.) & 2.1(syst.) "5 (pol.)) %

gk LHCb
g sl Vs=7TeV
Comparing with CDF result : F
(Vs =1.8TeV, pr > 8 GeV/c): é
S'_/ 40P~
foyor = (27.1+ 6.9+ 4.4)% 5 el :
2 1w |
CDF, Phys.Rev.Lett.84(2000)2094 ] P S R S S T
g 6 7 8 9 10 11 12 13 14 15

mes) (GeVic)

The ratio shows no dependence on pr.

Summary
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B Studies Summary
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Observation of x(3P)

LHCb-CONF-2012-020

xb(nP) = T(1S)y, 0.9 fb~' of 2011 data; /s = 7 TeV

s00f- LHCb preliminary
E \5=7TeV

0.9fb*

e Signal yield: N, 3py = 196 & 19,
significance > 120
First observed at LHCb!

e Fitted masses:
* Satistical uncertainties only

M, (1py = 9901 + 2 MeV/c?
M, 2py = 10266 £ 6 MeV/c?
M, (3py = 10535 £ 10 MeV /c?

consistent with ATLAS and DO results.

ATLAS,arXiv:1112.5154
DO0,arXiv:1203.6034
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Bt Studies

e B. : unique meson family formed by two different heavy flavoured quarks
e Mass prediction: 6.2 — 6.4 GeV/::2 by potential models and Lattice QCD

e Produced mainly via gluon-gluon fusion at LHC, o ~ 0.4ub, one order of
magnitude higher than Tevatron (1/s = 1.96 TeV)

o Decay modes: b or ¢ decay, annihilation; yet only a few channels observed
experimentally.

7028 7041 T
7036

6750 6768
6700 st
T

v B Production and Mass Measurement
with Bf — J/yr* 6400 by

v Observation of B} — J/yn nn™ decay o000

Mass (MeV)

o338 B, Mass Spectrum

'S, S, *P, P, ’P, °D, D, 'D,F, F, °F

Godfrey,Phys.Rev.D 70,054017(2004)
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Bt Production and Mass Measurement
arXiv:1209.5634

o B — J/ymT,J/1p — puTp~, control channel BT — J/yK™T
e Based on 0.37 fb~! 2011 data (/s = 7 TeV), pt > 4GeV/c, 2.5 < n < 4.5

60F LHCb ~+Daa E 10°F | Heh ~+Dda 3
F — Total 7 — Tota
@ i (b) Signa

Signal
Background

3
e

Background

Candidates/ (10 MeV/c?)
5]
Candidates/ (5 MeV/c?)
=
53

30f i
20E 10? 3 3
10f i
0600 6300 6400 6500 5200 5300 540 5500
M) [Mev/c] M(IWK*) [MeV/c?]
N =162+ 18 N = 56243 + 256

e Signal fitted with double-sided Crystal Ball function
e Cabbibo suppressed background BT — J/un™t for BT — J/4K™ is considered

16 /21
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B. Production Cross-section

o(pp = BIX) - B(BS — J/yr™)
o(pp — BYX) - B(BT — J/¥K™T)
= (0.68 = 0.10(stat.) == 0.03(syst.) = 0.05(lifetime))%

e Efficiencies are calculated in individual (pr,7n) bin to avoid bias

e Systematics uncertainty is dominated by the contribution from B lifetime
(0.453 + 0.041) ps, reducible with a better lifetime measurement

BJ Studies Summa
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B. Mass Measurement

T T T T 3
- Data E

60
—_ TmalaI
- Sign:
50 Background

To measure M(BF) — M(B™), invariant
masses of J/¢rT and J/yKT are fitted
simultaneously

= systematic uncertainty is reduced.

30

20

Candidates/ (10 MeV/c?)
5

10

Sy :
6200 6300 6400 6500
M(JIYTE) [MeV/c?]

M(BZ) = 6273.7 4 1.3(stat.) & 1.6(syst.) MeV/c
M(BY) — M(B") = 994.6 & 1.3(stat.) + 0.6(syst.) MeV/c?

World best measurement!
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Observation of B — J/yrtntn~

Phys.Rev.Lett.108,251802(2012)

59 LHCb
40| Jiyntrnt e

e 0.8fb~! data from 2011
o N(Bf — J/yrtntn~)=135414

V Events /10 MeV
8
1

First observation! =
o N(B} — J/ymt) =414 +£25

5800 6000 6200 6400 6600 6800

MJ/yr*[rn*]) [MeV]

B(Bf — J/pntata)
B(BE — J/imt)

= 2.41 + 0.30(stat.) & 0.33(syst.)

The main systematic uncertainty: model dependence of efficiency
Consistent with theoretical predictions 1.9 — 2.3 Likhoded and Luchinsky, Phys.Rev.D
81,014015(2010)

19/21
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Onging Studies on BF

e Lifetime measurement
o Bf = J/¢Y(up)ptv and BF — J/ymt

e Search for new decay channels:
o Bf — Borrt, J/YK*,p(2S)nt, J/DF, ...

e Search for excited states:
e Bt — By, B(2S) = Bitntm—
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Summary

e LHCb brings great opportunities for bottomonia and B. studies

e Inclusive T(nS) differential cross-section measured, and updated with
Vs = 8 TeV data;
e T(1S) feed-down from x,(1P) measured; New state of x,(3P) observed;

e BZF mass measured to the world best precision using BX — J/vn™, and its
production measured w.r.t BY — J/9pK™;
e BX — J/ipmTwT ™ first observed;

e ... and many more going on!

N
o
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