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» LHCb detector and dataset

v Heavy flavor production. Cross section measurements
v Prompt charm: 2/nb (2010 data) LHCb-CONF-2010-013
» D° production asymmetry: 37/pb (2010 data) LHCb-CONF-2011-023

v J/:5.2/pb (2010 data) Eur.Phys.J.C71:1645,2011

v Double J/Y:37.5/pb (2010 data) arXiv:1109.0963v1. Submitted to Phys.Lett.B
v P(2S): 35/pb (2010 data) LHCb-CONF-2011-026

v X ratios: 35.6/pb (2010 data) LHCb-CONF-2011-020

v Charged B: 34.6/pb (2010 data) LHCb-CONF-2011-033

v Y (1S): 32.4/pb (2010 data) LHCb-CONF-2011-016
v Heavy flavor spectroscopy

« D, Spectroscopy: 320/pb (2011 data) Preliminary
- B, spectroscopy: 326/pb (2011 data) LHCb-CONF-2011-053
v X(3872) mass: 35/pb (2010) LHCb-CONF-2011-021

v Qband Eb Mass: 576/pb (2011 data) LHCb-CONF-2011-060 (to appear)
~Conclusions
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~_|LHCb detector and dataset E%

v Optimized for the strongly
forward peaked heavy quark
production at LHC

vCovers ~4% of the solid angle
but captures ~40% of heavy
quark production cross-section

» Single-arm forward -/ /

spectrometer, covers a unique
rapidity range: 1.9<n<4.9 :

v Great tracking, vertexing
and PID performance

v Excellent machine for B
and charm physics

LHCb Integrated Luminosity at 3.5 TeV in 2011
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More info have a look at M.John's talk on Monday
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Heavy flavor production at LHCb

Measurement of heavy
quark production cross
sections in LHC, probes the
spectrum and dynamics of
partons of the colliding
hadrons.

Heavy quarkonium remains
as a challenging problem
for the understanding of
QCD.

pp — qg LO gluon-gluon
interactions (pQCD).

Quarkonium formation
through NLO NRQCD: CS
(Color Singlet) + CO (Color
Octet) evolving via exchange
of soft gluons.

Fixed-order next to leading
log (FONLL) for b-quark
fragmentation and
hadronization
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37.5/pb, 2010 data
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Double J/Y production [@liish

arXiv:1109.0963v1. Submitted to Phys.Lett.B

v Quarkonia production in NRQCD depends on
the CS and CO (for high p,) matrix elements.

v Theoretical calculations of LO production of
CS-states predicts a(pp—J/WJ/P)=4nb at
Vs=7TeV (J.Phys.G37 075019(2010), arXiv:1101.5881),
in the LHCb rapidity range. Accounts for {(2S)
feed-down and prompt J/y.

< JIP—p e, po(1)>0.65GeV, all tracks consistent

with the same PV and muon ID applied.
v Signal described with a double-sided Crystall
Ball.
v Efficiency corrected: particle ID, trigger and
reconstruction.
v Systematic effects

v Polarization, trigger efficiency

s — 514+ 1.04+1.1nb
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wew | X, cross-section ratio
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LHCB-CONF-2011-020
Lth.PreI;min;ry .

£4500 EHED preiim » P-wave x_, important since it contributes to
=4000 J/Y production via radiative decays. x_,—
=000 Iy

£ 2500 » Measurement of a(x_,)/o(x_,) as a function of
wfggg 35.6/pb, 2010 data | the p_(J/Y)

v Photons identified using a CL likelihood with
information from the calorimeter and tracking

500

0 - _ 3 (converted and not converted)
M(u* 1y) - M w) (Mevich)  ~ p,>650MeV, p>5GeV.

1.4 =2

R v J/Y pseudo-proper time strategy to
o ss 0 remove X_, from B decays

» Unknown x_and J/ polarization accounted
for in the efficiency.
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dcn’de (wb/ (GeV/c))

v Reconstruction of B*—J/P (U )K=,

v

10

107

p-(1)>0.7GeV, p_(K)>0.5GeV. Good vertex

quality
~8800 signal events with a ~10MeV mass
resolution

I
emmene -~ LHCb (2<y<4.5)
o .¢.¢-¢_ - FONLL (2<y<4.5)

%{‘K LHCb

Preliminary
Vs =7 TeV Data

- | 34.6/pb, 2010 data

0 B
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B* production

LHCB-CONF-2011-033

— ] T T T T
NE 2000 FLHCb —&- Data E
% C Preliminary — Total ]
E 4Dﬂﬂ :.'E=TTE\|-|[1DE‘3 ...... Signal _-
o - Lini=35pb ----- Background .
- -ee BT Jiyn’”

— 3000

o0

=]

& -

> 2000

T L

1000}
1 | i ] 1

lﬁd-ﬂﬂl .55012!. .
M(JIwK?) (MeVic?)

5200 5300

v Trigger and tracking the largest
contribution to systematics, enclosed
on the efficiency term.

v FONLL uncertainty includes
uncertainty on the b-quark mass,
renormalization/factorization scales
and PDF uncertainty

o(B*,ye [2,4.5]) = 37.1+1.9(stat.) = 5.3 (syst.) ub|
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e.|  Y(1S) production

LHCB-CONF-2011-016

Sl

v Y(1S) production at LHCb
v Prompt production

» Feed-down from heavier bottomonium X, ., X, X,, and excited Y.

v Y(1S)— p*u reconstruction T )
» Track quality, p.>1GeV, Y(1S) vertex. aN__ 1tacos’d

Y /3
» Fits to the M( p'u ) repeated for 15x5 bins in p_andn. dcosd 2+
v Efficiency variation only in the helicity frame ignoring the azymuthal component
a(pp — TSX: pr(T(1S)) < 15 GeV/c; 2 < y(T(15)) < 4.5) = 108.3 + 0.7 327 nbl

—25.8
BDDD;— = F —e— LHCD data (2.0<y<4.5)
a C  LHCb ﬁ mass (15)=9449.2+ 0.4 MeV/c’ = B
O 7000 0 _ . 2 ) t NLO CEM (1.5<y<5)
5 C  Preliminary ;{15}{155"5:2::4:4:; M:::c o 102 = promp <y
O - == : signal = x = C - .
s 0 YSTTTV N g(2s) = 8800+ 181 £ Good des¢ription
1 5000F- J o [ Neigna (38) = 44192 147 o +ﬂ 3 as well for NLO
o] | L=324pb ] S 10 + NRQCD :
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Heavy flavor spectroscopy at LHCDb
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A large variety of high mass charmed and bottom states
are awaiting to be found and many others with their
properties still to be determined.

Spectra for high mass mesons predicted using QCD
potentials and chiral model. Experimental approach
often difficult since background levels are very high in
inclusive production.
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o D, spectroscopy

- 320/pb, 2011 data 2011
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Clis D_ spectroscopy
sJ
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B(S) , spectroscopy

LHCB-CONF-2011-053
data

(S

2011
data

336/pb, 2011
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E :ﬁ ﬂ'h'*l"'r = E F ¥‘+ T’:?h'rl'-v .
oo T i S ""1 « B-mesons properties are predicted
: + B'—JIPK3 ;- ‘B'Jipk= from HQET in the limit of infinite b-
: o E & oot - 1 quark mass
N i S : x
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B~ J/y E+ mass [MeV B,— J/y E* mass (MeV) .
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B P mass pHem _ B D mass () v Particle ID and track quality
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ﬂ E t - £ i ] ** T
. looo ] 0 ] >
] TN gbDrrm] B, required pT. 5GeV and
o : ! ; good vertex quality
ok R E : ; 1
By e gy a4 ] e i " . .
S I e vaees e v Fits to Q=M(Bh)-M(B)-M(h) are

performed
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Events/2 MeV/c?

X(3872) mass

LHCB-CONF-2011-021
» Exotic meson, with JP¢ =2-* or 1**. First of a large list of exotic structures, up to 4.7GeV

»~ Charmonium state, n_,(1D) but mass inconsistency.
v Near the thresohlod D*D, may it be a loosely bound molecule
v Tetraquark state
v Reconstruction of X(3872)—J/Y(p )t final state

v Momentum scale calibrated using J/p—pu*u.
v X(3872) described using a BW function with fixed width.
v Background from wrong-sign pions combination

O

M x(3g72) = 3871.96 = 0.46 == 0.10 MeV, c?

1800 Heh

14005 o7 ToV e | *rX(3872)

1200
- P(29)

1000 '

annf—

snnf—

2002 35/pb, 2010 data
3.:}(:‘:!?!'!3I — I3?!"|l£H‘.lI — I:‘.’;-Blt.'ll‘.lI — I.‘3!J|(Il(.’lI

M(J/y ©* ©) [MeV/c?]
585174 X(3872) events

CDF
BaBar B™

BaBar B’
DO

Belle
PDG Average 3871562022

LHCb preliminary
MNew average 387163 £ 0.20
M(D")+M(D)
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mew Q and =, mass @ik

. Reconstructed modes LHCB-CONF-2011-060 (to appear) 576/pb, 2011 data
v =7 = JP(p)="(A(pm)1T) W
< Q7 = JP(EP)Q(A(P)KY)

v Decay time cuts useful given the particular topology of the

decays

~ Momentum scale calibration using B*, B® and A_decays z/k-

largest systematic effect

T

N T | I B IR N < F L I R L L BN 2011
s 45 S
2 LHCb 2 12 LHCb
S 40F Preliminary = [ Preliminary data
=35 =, s Jly E 3 O o, —Jly @ —_
Z 2 i oo :
25 i ]
20 °F :
: ] l ” |
10 :
5 2 -
1 L WU R Er i T
5600 5700 5800 5900 6000 6100 5600 5800 6000 6200 6400 6600 Sp 142
z, — Jly = (MeV/c?) Q, — Jhy Q (MeVic?
Decay mode Yield Mass (MeV /c?) | Mass resolution (MeV /c?)
=, —~J/=" | 722194 5796.5 £ 1.2 9.1(fixed)
Q. — J/vQ~ | 13.97%7 6050.3 £ 4.5 9.5(fixed)

D. Milanés, HCP2011, Paris, France 15



Mass = : 5796.5 + 1.2 + 1.2 MeV/c?

Sk

Best = -mass
measubrement CDF [2009] ﬁg:;
up to date DO [2007] | .

LHCDb Preliminary [2011]
PDG average 5790.5+ 2.7

New average 5794.8 - 1.4

5750 5760 5770 5780 5790 5800 5810
=, Mass [MeV/c”]

Mass Qp : 6050.3 + 4.5 + 2.2 MeV /c?

CDF [2009]

LHCb Preliminary [2011]

New average 6051.7 = 4.0

6030 6035 6040 6045 6050 6055 6060 6065 6070
Q; Mass [MeV/c?]
D. Milanés, HCP2011, Paris, France

6.70 discrepancy
from CDF+LHCDb
with D@ result (far to
the right of the plot)
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Conclusions

v We present some of the LHCDb results on heavy
flavors production and spectroscopy

v The collaboration is actively working in order to
supersede the results with low statistics (2010
data), with measurements using the full 2011
data sample

« LHCDb is in a great position to perform precise
and competitive measurements, and ready to
explore the nature of the production and the
spectra of states, in the heavy flavors sector

D. Milanés, HCP2011, Paris, France 17
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Prompt charm productlon Eﬁ'ﬁ@

LHCB-CONF 2010 013

entries/2 (MeV/c

v Open charm cross section is a key input _
for estimate sensitivity for CPV, mixing and ® “¢
rare decays of charmed mesons

v Prompt: Direct production and feed-

down

600 |- LHCb prellmlnary 2010 4
E \5=7 TeV

Nops= 4569 + 83

E =T Tev
++ o, =839+ []15Me\-"fc E

M(K‘Ttt}

entries.-ﬂ.l {Mev,-'cﬁ‘ i
‘s

|
L
o

v Secondary: from B-hadron decays

L I Lo Pl
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wf- LHCD prenmmary 201 D

Nj== 1172+ 44 ]
0,,=078003 MeWcL

[r] . .o o‘ I L
mE T+ c.c) MeVich 40 42 144

o~ 1600 T
. _ + _ :-’ N I o J’.?ﬂ_l
v CO”Sldered DO_)K T['-, D _)K WW, §j400:::2bTZtllmlnaw2010 N,.= 4757+ 79 ;: mi LHCbpreIlmmaryE[HD
s LY =785:0.13Mevic 3 T F
+ *+ 0 + ool O S kb J5=7 TeV
D*—ort", D**—D°mt, D_*—a@rt". 7
S g 1000 £ 1f Ny=218118
LV

Integrated cross section in LHCb acceptance
o(D%) = 1488 £ 41 + 34 + 174 ub = 1488 £ 182 ub|

L L
46 148 150

nJ(DO(KT 7 )-mDE 1) + c.c. MeVic)

(K'TT'Tr)

C 5, =580+ 0.44 MeVic?

Ny= 331221 3
Gy =589+ 0.35 MeVic? ]

200 “E J,fll f * E
U{D-"_Fj] - GTG - G_]: :I: 21 :I: 119 Iﬁib - GTG - 13? !'J’b" FS;GI Il.fS?Efl I Iiml I IIé‘lc'Cfl I I!SSGI I INl{JGI I Ilﬂl‘frl I IJ'G|4'Ef‘ )Z W?+W' 'lﬁfiﬁf L |
o(DY) =717+ 39 + 26 + 98 ub = 717 + 109 ub, sEE MV R e T
g SpTTTTTTTTTTTTTTTTTTT
o(D;) = 194+ 23 +(16 Y06p — 104 + 38 b, £ F lics pretiminary 2010 | 2/nb, 2010 data
Uncorrelated syStematics: Selection, data MC ot Dt 1 D oross section ratio 2
comparison... 5 20<y<45 E
Correlated systematics: Lumi, tracking T ' D
s i SR E
Integrated extrapolated cross section = R E
) L . 1 E
o(pp — ccX) =6.10 4 0.93mb o ©(0) Polynomial 7 fi E
All results in agreement with LHCb tune to PYTHIA -1563,.;;;’ o ar s se s £
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»~_| D° production asymmetry (@}

LHCB-CONF-2011-023

A (/) = N(D° — f) — N(D° - f) e () = N(D** — D'(f)n*) — N(D*~ — D°(f)7")
TTENDO S )+ NDY = f) VY T N(D S D)) + N(D— — DO(f)m-)
CP asymmetry (external inputs), 0 B
Production asymmetry D° — K" untagged
Production asymmetry is a key input in D**— DK, K-K*, U 1t) 11

CPV measurements and QCD models.

Apaw (K™7%) — Agaw (K777)" 4+ Agaw (K~ K™)" 5/Ap (D, 5
Apaw (K777) — Apaw (K™ 77)* + Apaw (7 77) =\Mp (DY)

AT 0y _ ar.(no
(%) = D) = NelDOE 140y — 21,08 + 0.32(stat.) + 0.12(sys.)] %
Np(DP) + Np(DY) -
ol — S
= Z;"E"lf?ef reliminary S oE LHCb Preliminary
= 4C ~= ¢k Ye=7TeVData
o T e+
oF o= 1
2F 2F
1 e LT +
‘5': 37/pb, 2010 data ::%:First measurement of A (D)
A RS S-S Sy S-S R B S R VR RN R

1
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Ce J/y production

Eur.Phys.J.C71:1645,2011 5.2/pb, 2010 data

O

v J/Y reconstructed into pu-

- Prompt production ‘%jﬁ:wfh 25<y<30 3
+ From heavier prompt charmonium. Direct prompt = .t ISPy GeViey
JIY 2
v From B decays. Separation using pseudo-proper g
time. E
. =
» Pseudo-proper time o (zgpy —2ov) X Mypy S soof
+ Prompt: delta fgnctlon N Pz 73000 3100 3200 3300
v From B: decaying exponential M, [MeV/c2]
v Tail from J/ with wrong PV association il U
;E:; —#— LHCh, J/wfrom b (2.0 <v< 45
. _ . = %, V7777] FONLL(20<y <4.5) |
» Differential cross section g e %, E
. . - = - R
v Effects of the J/P polarization on the efficiency g 5L {f;%%
. =) E . =
studied from MC. =k ey,
v Most important systematics effects: Tracking L “, i
. . . 3 G, 3
efficiency and luminosity. o7 eV Ly, :
T s T 0 s 20
v Prompt J/U in very good agreement with NLO NRQCD p. [GeV/c]

v JIY from B,_good agreement with EONI |
o (prompt J/y, pr < 14 GeV/e,2.0 <y < 4.5) = 10.5240.04 £ 1.40735 ub

o (J/y from b, pt < 14 GeV/c,2.0 <y <4.5) = 1.144+0.01 £0.16 ub
D. Milanés, HCP2011, Paris, France 21




) i
e P(2S) production @lic
LHCb-CONF-2011-026 v F
» No appreciable feed-down from higher charmonium ;:: e
states I [P~
v Direct production and from b-hadron decay '%mé
v P(2S) reconstructed in uu and J/Q(Ufp) T .
v Particle ID, and vertex and track quality constraints oo
» Unknown polarization accounted fofI in thg efficiency st 35/pb, 2010 dataJ

by using the helicity distribution. (largest systematic)

10

[nbiGeVic] = E[Lpzs — )
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< -
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