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The LHCb Detector

RICH detector
p/K/m PID

Magnet
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trigger
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peak field 117

periodic swap of the field polarity
to check/cancel systematics

—5m —

calorimeter

L h/e/y separation i

tracking system
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multi-stage trigger first hardware, subsequent two levels are software

o proper time resolution 30-50 fs

Q Ap/p =0.35-0.55% o(mass) =10 - 25 MeV/c?

Q KaonID g(K->K) = 95% misID rate (m->K) = 5%

@  ECAL o(E)/E=10%/VE ®1.% HCAL o(E)/E = 69%/VE® 9%
Q Muon!D g(u—>p) =97% mislD rate (m>p)=1-3%
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Heavy Flavour Physics at LHCb

@ quarkonia and heavy hadrons production processes are valuable tests of
perturbative and non-perturbative QCD models

@ furthermore different QCD models predict different masses, BR, lifetime, etc.,

c and b hadron spectroscopy provides excellent test

@ due to the unique coverage of LHCb,
the results are complementary to the

GPDs, and essential to obtain a

complete picture ( underlying event

modeling )

Detector Acceptance

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

......

nnnnnnnnnnnnnnnnnn

@ large production cross sections at Vs =7 TeV in acceptance

o(cT) = 17422 267ub
o(bb)=753=54x13ub

4 5
pseudorapidity T\

data samples
2010 (7 TeV)
Int. Lumi. 37 pb?

2011 (2.8 TeV) 2011 (7 TeV)

71 nb-1!

1fb?

2012 (8 TeV)
0.73 fbt

expected end 2012 (8 TeV)
2.2 fb?

@ uncertainty on integrated luminosity for all analyses is 3.5% WFRLSTAVAPINVIN0xI0)k{0)
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9 Quarkonia

BEACH 2012, Wichita P. de Simone, LNF-INFN 5



Charmonia and Bottomonium at Vs =7 TeV

@ LHCb has published the production rates of prompt and non-prompt quarkonia at 7 TeV

EPJC 71 (2011) 1645 data sample of 5.2 pb!

O prompe (S 1) =10.52 £0.04(star) =1 40(syst)*2 % (pol)ub use J/y -> uru

20 cross sections integrated over the ranges
Ub(J/Q/}) =1141001(Stat)1016(syst),ub p, < 14. GEV/C and 2.0 < y <4.5

arXiv: 1204.1258

data sample of 36. pb?
T o (W(28)) = 1.44 £0.01(stat) = 0.12(syst) 2 (pol yub use P(2S) -> urw and

o, ((25)) = 0.25=0.01(stat) £0.02(syst)ub P(2S) > I/ (W)t

5 | cross sections integrated over the ranges
BR(b— y9(25)X)=(2.73+0.06 = +0.1 +0.24(BR))x 10~
(b= y25HX)=( 6 (stat)£0.16(syst) £ 0.24(BR)) x p-< 16. GeV/c and 2.0 <y <4.5

EPJC 72 (2012) 2025 data sample of 25. pb?
T o Y1) x Br(Y(1S) = " ™) = 2.29 £ 0.01(star) £ 0.10(syst )22 (pol ynb use Y(iS) ->p'u (i=1,2,3)
' cross sections integrated
O o (Y(28)) x Br(Y(28) = u"1”) = 0.562 £ 0.007 (star) + 0.023(syst) g o0, (po)nb | over the ranges
T o (Y (38)) x Br(Y(38) = ') = 0.283+0.005(star) = 0.012(syst) ) oo (pol )b pr<15.GeV/c and
2.0<y<45
@ the largest error on the prompt cross sections is due to the unknown quarkonia states polarizations
@ differential cross sections have been measured as a function of p;and y of the quarkonia states
o

the inclusive BR(b ->(2S)X) has been obtained combining o, ((2S)) and o,(J/w), and the last error is
due to the uncertainty on BR(b -> J/yX) [PDG]

BEACH 2012, Wichita P. de Simone, LNF-INFN



Comparison with theory

Qo
Qo

as already seen by Tevatron production ¢’s are larger than NRQCD calculations based on LO CSM
recent QCD calculations are found to be in good agreement with all our measurements

@ prompt Y(2S) production measurement is directly compared with theory prediction because has no
appreciable feed-down from higher mass states

g 103L_- ' " mwe ' ‘!
3 :,_++++ _ ks ;
g 10°F 2 [JaL E
:’ - " -e- Prompt y(2S) 3
MWC [arXiv:hep-ph/1012.1030] and 't‘:‘l% 10F q
[PRL 106(2011)022003] are NLO calculations i ]
in NRQCD including CS and CO 'F
AL [PRL 101(2008)152001, EPJ C61(2009)693] is a 101 LHCb
CS model including the dominant NNLO terms F s = 7Tev L o
10 15
@ QCD predictions for charmonia production from b-hadron decays are based P, (GeVic)
on the Fixed-Order-Next-to-Leading-Log (FONLL) approximation
%10“5"-‘ L L [ T L
5 ;,//ff- LHCb, J hy from b (20 <y <4.5) ] % 102 P FONLL 2
g 102;/,/ % [//777) FONLL (20<y <4.5) g 7. -o-__._*
g H = 10k R ——(2S) from b
g = \"“ .8|0-'_ F *—-o-
‘E% 10F \%\ E © 1 ;_ *»—9—- -
N E — Ty
1 %2, 4 4o LHCb N
F\5=7Tev 2, \'s=7TeV E
10»10 PR—— ‘51 nllo el Allsn PR— ‘210 10—20 " " " " é " " " " 110 " " " " 115
p [GeVic] p, (GeVic)
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Charmonia and Bottomonium at 8 Vs = TeV (Preliminary)

@ LHCb is performing extremely well at 8 TeV

o(m,,,) = 14.5 MeV/c?
o(my) = 43 MeV/c?
o(proper time) = 61 fs

@ fraction of J/y and y(2S) from b extracted
from fit to the mass and pseudo proper time 7,

b fraction

LHCb-CONF-2012-25

_ (2 = 2py )X M,

@ cross section expected to increase by ~ 15% P
0.4 = 4 —
- LHCb Preliminary I § F J
035 {s=8TeV,L=18.4pb’ - % ossf- LHCb Preliminary
03:_ —a— 2.0<y<2.5 . l — = L Vs=8TeV,L=18.4pb! + +
- —=— 2.5<y<30 g : —~- ] B F 25<y<30 :
0.25— —o— 3.0<y<35 e =T T ozskE =}
a 4+ : —i—
- ——35qy<d0 i T . : ——
- —o— 4.0<y<4.5 q_.'_'_’_‘ % i ] ——
- . ::,::1_. ’ —— ] : e
0.151— Ay . ] —— UL o gt - 8 TeV
- — T ] - .
01 A=t 7 O . 7 TeV
:—35:_‘—'—1—: :—:_"‘:_‘ E-.—
0.05 ::*»—« o 005 E— o/
- - ~ 3.4% increase at 8 TeV
0_ P I ST N (T T RN T N TN W W (T T AN AN N RN YUY WA NN NN SN RN N n"A. L. P P | e BT Ly |
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4020 6000 8000 10000 12000 00
P, (MeV) p, (NeoV,
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Double charm production

@ Dbesides the quarkonia differential cross sections other observables will be necessary to
discriminate amongst the various models

Color Singlet vs Color Octect, NLO vs NNLO terms, ...
@ quarkonia polarization measurements analysis ongoing
@ double J/y, J/1Y open charm and double open charm production

production of multiple heavy
flavour states tests =

— if DPS picture dominates
1. Leading Order calculations for the

o we would expect
gg ->J/1 cC process in perturbative -

Qe Lo@x0C) o
2. the Double Parton Scattering 01 (C.C,) = eff

approach, DPS G(Cl)zg(CZ) ,for C, #C,
3. sea charm quarks from the e

interacting protons where o_(DPS) = 15 mb has been measured with

multi-jet events at the Tevatron
may not be mutually exclusive

BEACH 2012, Wichita P. de Simone, LNF-INFN 9



Double J/\ production

data sample of 37.5 pb!
truct t Jyp - y
o7V =5 1+1.0(stat) £ 1.1(syst)nb | SNt Prompt I 7> L

cross sections integrated over the ranges
p;< 10. GeV/c and 2.0<y<4.5

@ differential production cross section as a function of the invariant mass of J/{ pairs
compared with LO calculations for the gg->J/1 J/ process in perturbative QCD
o'W =41+1.2nb [arXiv:1101.5881]

3 T T T T T T T | T T T T

-

2

@ LHCb results might indicate a

g ; 2.5 LHCb — contribution from the Double Parton
e : Vs =7TeV : Scattering (DPS) production
— 2r E mechanism
SESNS . o E 2.+ 1. nb [arXiv:1106.2184]
35 1 result to be updated with full statistics
+ __+_+ 1 at 7Tev
().5:— _+__+_ —:
6 8 10 12 14
103 Ap JAD GeV/c*

BEACH 2012, Wichita P. de Simone, LNF-INFN 10



J/WC and CC production
@ data sample 355 pb-!

@ signals with a statistical significance in excess of 50 have been observed for
v J[WC > J/YDS, JApDY, YD, JPALT
v CC - DO®DO, D°D*, D°D*, D*D*, D*D*, DOA*
v ¢cC > DO® DD, D°Dg, D*Dr, D*Ds’, D°A., D*A.  (Control Sample)

in the acceptance region > p;(J/y) <12. GeV/c, 3. <p{(C) < 12. GeV/c,and 2<y,,,Y <4

DPS prediction PRD 56(1997) 3811
. 1D W4
. JAD JApD* | S
- JA D JApD/ —el
oo JAPA, JAWA; i .
covnd vl sl ol L 1 Lol | L L L 111 |

10" l 10 10° 10° 10* I o
o(C)xo(C,)

7 b iy

gg fusion predictions ors (C,C,

mb

DPS prediction works well for J/1pC modes
EPJC 61 (2009) 693

significantly lower than the measurements

many more channels to explore with the increasing statistics, also at new Vs

BEACH 2012, Wichita P. de Simone, LNF-INFN 11



Heavy Onia: o(,)/0(x )
accepted by PLB

P-wave charmonia x(1P), withJ=0,1,2

1) give substantial feed-down contributions to the J/y, ;.. Production through .->J/ y
2) can have impact on the measurement of the J/y polarization
3) o(Xc,)/0(xc,) is sensitive to the CS and CO production mechanisms

@ data sample 36 pb-!
@ prompt ¥ reconstructed through x.->J/y v, and J/4p —> u'w
0(xc,)/0(x%c,) as a function of p; (J/1) in the acceptance region 2 < p;(J/ap) < 15 GeV/c and 2 < y(J/p) < 4.5

©

LHCb converted y’s after p.l_(y) > 650 IVIeV/C

Vs =7 TeV the magnet

p(y) >5 GeV/c
likelihood CLy,, >0.5

Events /[ 9.2 MeV/E? |

Yo Peak is barely
visible, its BR is ~ 30
times smaller than

0 \ those of ¥, and %,

00 200 300 400 500 600 700 800 _ 900 _ 1000
M(u* wy) - M(u* w) [MeV/c?

BEACH 2012, Wichita P. de Simone, LNF-INFN 12
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Heavy Onia: O(Xcz)/O(Xm) arXiv:1202.1080

accepted by PLB
0(t2) _Nyw € BRGL =T 1yy) 1o D
G(Xcl) NXcl EXCQ BR(XcZ g J/w)/) > 14:_ b‘ “®- LHCb 36 pb’'
8 C OcoF1a”
g: 1.2

from an unbinned maximum likelihood fit
to the (M(ufwy) — M(u*w)) distribution

N.,=26110 620 0.8[
N,, =38630 +550 065 X L,
N RS s
g . . . 0.4F KRR
_ obtained from simulation -
c2 =
2 0.2
V4 :llllllllllllllllllllllllllllll
BR’s from PDG 0™%"%4 "% 8 10 12 14 16

pf’” [GeV/c]
internal error bars = statistical errors, external error bars = systematic uncertainties (apart of polarization)
lines surrounding the data points show the maximum effect due to the unknown . polarization
CDF data points atVs=1.96TeV, PRL 98 (2007) 232001
red hatched band: NLO NRQCD calculation in agreement for p;(J/y) > 8 GeV/c [arXiv:1002.3987]
blue hatched band: ChiGen Monte Carlo which uses LO CS model describes the shape reasonably well,

but consistently below the data
BEACH 2012, Wichita P. de Simone, LNF-INFN 13



9 c-hadrons
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. A - .
D.*- D" production asymmetry

@ CPviolation asymmetries can be determined at LHCb if production and detection asymmetries are known

@ while production diagrams are flavour symmetric the hadronization process may not be
@ D¢*prompt production cross section asymmetry using D¢* -> ¢mt*, and ¢ ->K*K

_a(D})-o(D;)
o(Dg)+0o(Dy)

@ since D* -> ¢mt* is Cabibbo favoured, no significant CP asymmetry is expected and A, is determined after
correcting for the relative Ds* and D¢ detection efficiencies

A

P

@ since final states are symmetric in K production, we have to determine only &(x*)/g(m)

use the decay sequence from PV

—— L] ! L | L ] ! L L
E 1.2 (a) 2<p<20 GeV LHCb -
*+_S +N0 w —— .
D*>mn D0 X [ v , i
DY -> Kt't' o 10 - - - - - - —
= [ ———— ]
—— ———— ——

the ratio of fully to partially
reconstructed decays provides =»

0.8 —e— Magnet up -
i —=- Magnet down i

110

-@- Average D™ and D™ decays examined

[ ; ; i separately

104 ———4— 4 —4—" "] magnet UP data separately from
[ . . . ¢y . . . 1 . . . 1] magnet DOWN data

0 2 4

¢(rad)
BEACH 2012, Wichita P. de Simone, LNF-INFN 15



. Q- .
D.*- D" production asymmetry

@ data sample 1.fb!
@ 3 candidates tracks, identified by the RICH, with p; > 2 GeV/c, must form a vertex detached from PV

@ the momentum of the reconstructed Ds* must point to the PV which reduces contamination from b
decays to few percent

Candidates / 2 MeV
Candidates / 2 MeV

L
......
-y

102 102

[ K7t candidates
L L L L l L L L L l L L L
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000

m(K*K =) (MeV) m(K*K'7") (MeV)
A,(%) as a function of y and p;
pr (GeV) Y

20-3.0 3.0-3.5 3.5—4.5
20- 65 02x05 -07x05 -09=%0.4
6.5— 85 —-03x04 0105 -12=+0.5
85—-250 02x03 -03x05 -10+0.8

consistent with theoretical expectations [PLB 298(1993)218], [EPJC 17(2000)137] provide
constraints on D.* production models, and can be used as input for CP violation measurements

|, overall production asymmetry

A, = (=0.33+0.22(stat) = 0.10(syst))%

BEACH 2012, Wichita P. de Simone, LNF-INFN 16



% b-hadrons
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B* production

@ measurements of o(pp -> bEX) provide powerful test of pQCD ( NLO and FONLL approximations )
@ data sample 35 pb?

@ B*prompt production cross section using ~9K B* -> J/y(utu’)K* candidates selected in the acceptance

region 2<y<4.5 and p;< 40 GeV/c comparison of do/dp; to FONLL prediction

[JHEP 05(1998)007], uncertainties due to b mass,

M(J/yK*) of selected candidates in one p; bin renormalizations, scales, and CTEQ 6.6 PDF

—~ T Tt = ) ) ) T T T T T T T T
CP: — LHCb data . § I i
S 250F = > A0 e —- LHCb (2<y<4.5) 5
() B — Total ] 0] - ",0 - &= ~_.¢.’. ;
— S S Signal ] 2 [ 4 TeT= e FONLL (2<y<4.5) ]
S 200 Background . - [ '(?' """""""""""""" _¢__¢_ 1
- - ] Q - o 4
< o B Jipm 1 = LYy Tl - 1

o 150 - -

e f \s=7TeV ] 5 ; RS
® r 1 x TE e
w 100f 50<p_<55GeV/c] O C LHCb R
C Pr ] i Vs =7 TeV Data : 7
50 s . i ]
- L . ; . ] [assume f, ;.= 40.1+1.3% [PDG] l

0 lllllllll (27T MR T SRR OF Y] JURe Wy SN W 1 PR S N 1 ) ) ) l— l l l l l

5200 525 5300 5350 5400 5450 107, 5 -

M(J/yK*) (MeV/c?) p. (GeV/c)

o(pp — B*X)=41.4+1.5(stat) = 3.1(syst)ub

@ systematics mainly due to &, (4%) and wiD (2.5%)

first measurement of B production in the forward region, will be updated with more luminosity + B and B°
BEACH 2012, Wichita P. de Simone, LNF-INFN 18




first observation of B_.*->J/\m*

@ BR expected to be 1.5- 2.3 times higher than for B.* -> J/4pst* [PRD 81(2010)014015] accepted by PRL
@ larger number of w's =» smaller e;,; due to the limited detector acceptance
@ measure of the BR(B.*->J/ym*mm?) relative to that for B.*->J/m* with a of data sample 0.8 fb!

arXiv:1204.0079

model BLL [PRD 81(2010)014015] to simulate B.*->J/jpm*m

3 60 T ' ' ' ] =>» resonant structure dominated by
= 50~ LHCb 7 Bc ->J/ya,*(1260), a,*->p°%(770)r*
S a0 Jprtaat — BLL
~ ..l ] BT T T T - = == phase space
w 30 . Sasp LHCb 3 P P .
"qc'; 20 N=135+14 ] S aof ' B.—> Jym'w'm E = = = phase space with pol
4 . EY: E [PRD 42(1990)3732]
w 10 = P 00—
: } 5 g 90f . LL"Cb . 3
% - & 25¢ o gok B~ Jyn'wnt
s 120 ] 20¢ _F E
o100 - 15 S + E
Z 80 Jhpr* - 10 5 %% + E
7} , 1 : = 50F . E
E !'. n B N —-: EI L bk o §40§_ | _i
9 40 N =414 £25 -] 1000 1500 2000 2500 3000 E30F E
w ol 0 THingr : M(n*nn*) [MeV] 8 20;_ + + _
c 1 1 1 L :_ j
5500 5000 6200 6400 6600 5800 t(])c te;](plore the modzel iependence 1°§ T 5
M/ pr*[x'z*]) [MeV] OTtNE E1or we‘use P asg space %S00 1000 1500 2000
models =» main systematic 9% M(x*7) [MeV]

BR(B, —= J /yn'n x")
BR(B. — J | yr")

=2.41+0.30(stat) £0.33(syst)

BEACH 2012, Wichita P. de Simone, LNF-INFN 19



Observation of excited B, (Preliminary)

©

properties of excited B, (L=1) are predicted by Heavy Quark Effective Theory [PRD 64(2001)114004]
B,(5721)°, B,"(5830)°, B.,(5830)°, B,,(5840)° observed by CDF and DO

[PRL 102(2009)102003, 99(2007)172001, 100(2008)082001/082002]

B mesons reconstructed in J/yK* Dit and Dottt modes

search for B,," states in the invariant mass distributions of B*K’, B*w and Br*

B**-> Bh and B"*-> B*(By)h, the invariant masses of the 2 decays are shifted because we do not
reconstruct the soft y (Mg.- My~ 46 MeV/c?)

study the spectrum Q= m(Bh) — m(B) — m(h)

data sample 336 pb!

first observation of B,* and 37*+ good agreement with the earlier results
B B from CDF and DO

- 200 ) -
" LHD B*m w140 e Bon-
U 1m0 Prelimisary v W= ana sna Prelimisary
-
:i Le0 336 pb' (2= 7 TeV Data » 120 36 pb’ f2= T TeV Dt
L 40 * + + . 10
- 120 -
~ 100 hy, 0
" "
g © g ®
0
E E 40
40
a0 20
0 d 0 b
= 400 500 100 400 %00

- - ife?
n, - 0, - u, [MeV/c?] n,. - n, - =, [MeV/c

0,, << natural width = Breit-Wigner for signal
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Observation of excited B, (Preliminary)

— the measured Q values are translated into masses
Mpgo = (5828.99 % 0.08,, & 0.13, £ 0.4555°) MeV/c?,
MB = (5839.67 % 0.13y, % 0.17,y £ 0.2955°%) MeV/c?,
Mg = (5724.1% 1.7gar & 204 £ 0.555™) MeV/c?,
Mg: = (5726.3 % 1.9 £ .05 & 0.554™) MeV/c?,
Mpo = (5738.6 % 1240 £ 1.2, £ 0.355™°) MeV/c?,
Mg+ = (5739.0 £ 3.3 £ L6y £ 0.355™) MeV/c?,

@ all masses are in good agreement with HQET predictions [PRD 64(2001)114004]
@ B,*and B,"* masses are consistent with those of the isospin partners
@ the measurement is being updated with 1 fb!

BEACH 2012, Wichita P. de Simone, LNF-INFN 21



First observation of excited A,° baryons

©

arXiv:1205.3452

the quark model predicts two orbitally excited A,° states (A,°°) with JP =1/2-and 3/2
they should decay to A °mt*m and/or A%y
properties of A% are described by many theoretical models

[PRD 34(1986)2809, NPA 696(2001)638, PLB 659(2008)612, JPG 34(2007)961, AP 324(2009)2, IMP A23(2008) SO8005]
predict A,°" mass above A, %ttt (5900 MeV/c?) but below Z,xt threshold (5950 MeV/c?)
data sample 1. fb!
search for A,>" starting from our large sample of A.%-> A (A -> pKY)

2 18000F

S
16000

S 14000
© 12000
10000
8000
6000
4000
2000

eV/

Candidates / (

BEACH 2012, Wichita

0 _
1 A8—>A§n ]
1 A —AK
(IO Part-rec. bkg.
2] Random bkg.

L e,
Rt D
SRR RIS 00000000000000

5400 5500 5600 5700 5800 5900
M(A}) (MeV/c2)

N(A,°) =70540 330
s/B =11

background composition =»

1) misreconstructed A °->A_K
2) partially reconstructed decays
3) combinatorial background

perfect sample for spectroscopy studies

P. de Simone, LNF-INFN 22



First observation of excited A,° baryons

arXiv:1205.3452

@ A% candidates are combined with two charged rt from PV

@ A% mass constrained to 5619.37 MeV/c? =» combination of the world average [PDG] and
LHCb measurement [PLB 708(2012)241]

@ same sign candidates (A% m*n*) are used to model the background shape

30
25
20
15
10

5

Candidates / (0.5 MeV/c?)

5900

5910

pdde

30
25
20
15
10

Candidates / (0.5 MeV/c?)

5920

LHCb

n
1
| I
L}
i
i |.|_ i ::,1:""
II (M4 07 Il

¢l
. |
~I I I:i,-l I

T L o
1o [ololel Jossel 1T 11 [
99 nodin'h AN 1 — 1 —— 1

5930 5940 5950 5900 5910 . 5920 5930 5940 5950

M(AMTT) (MeV/c?)

M(Apesm®) (MeV/c?)

two narrow peaks observed slight above the A %' threshold N(A,°"(5912)) =16.4+4.7, 4.6 o significance

N(A,°“(5920)) = 45.5 £ 7.9, 10.1 o significance

M
M

AV (5912)

AY(5920)

=5911.95x0.12(stat) = 0.03(syst) = 0.66(A, mass)MeV | ¢*
=5919.76 £ 0.07(stat) = 0.02(syst) £ 0.66(A mass)MeV / c’

@ main systematics due to signal/background modeling, momentum scale
@ limit on natural width (95% CL) T <082MeV and 'y g, <0.71MeV (o= 0.2 - 0.3 MeV/c?)

BEACH 2012, Wichita

AV (5912)
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Events /(15 MeV/c?)

AL, E.-> DK (Preliminary)
LHCh-CONF-2011-036

first observation of the Cabibbo-suppressed decay A, °-> DpK-

since the D%pK- final state has non-zero strangeness, it may be populated by the Cabibbo-favoured
decay of the E,° recently observed by CDF [PRL 107(2011)102001]

kinematically similar Cabibbo-favoured A,°-> D% and well established channel A °->A_*rt used
as normalization and control samples, D mesons reconstructed in the channel K'ot*
data sample 330 pb!

_ BR(A, = D’pn")xBR(D" = K 7")
D' BR(A) — A )x BR(A" — pK™ )

=0.119+0.006(stat)=0.013(syst)

L'HC.I; . B '@ Ag—> DlopKt sig'nal' N(Abo) - 921 114.7
80F Preliminary ¢ g f_ p'pcsignal 3§ 6.3 significance
70 \/s =7 TeV Data ' = Ag_) Dopn' bkg.
i f| [ Low-mass A, bkg. 0 0 -
60 K Random bkg. N(Ebo) =26.9+10.0 R R BR(Ab —> D pK ) _ 0.1 12 + O.Olg(stat).i_ggg}i (syst)
:ili Ly = 333 pb’” 2.6 o significance PPk BR(A, = D’ pm™) -
N\

f_):'o EO 0 -
=z BRE, 2D PR _ 6 99.0.12(star) +0.08(syst)
%7 BRA = D'pr)

5400 5600 5800 600
M(D°pK’) (MeV/c?)

M(Eg) =5802.0 =5.5(stat) =1.7(syst)MeV / ¢

in good agreement with the CDF result
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Measurement of =, and Q- masses (Preliminary)

o

© © © ¢

e ©

. LHCb-CONF-2011-060
search of the strange b-baryon states, =, -(bsd) and €2,(bss), in the

decay modes E, ->J/YE and Q,->J/YQ  (Jy->utw, E->Ar, ->A%K and A%->pr)
masses of &, and €2, already measured by CDF [PRD 80(2009)072003] and DO [PRL 101(2008)232002]
€2, mass measurements by CDF and DO have a discrepancy greater than 60

=
(4}

rich topology, 5 charged tracks and 3 displaced vertices

§ LHCb
data sample 576 pb! 2 40 Preliminary
P :z 5 > JAy
g
M(Z;) =5796.5+1.2(stat) =1 .2(syst)MeV / ¢’ -

M (L) =6050.3+4.5(stat) = 2.2(syst)MeV / c’ >

0
5600 5700 5800 5900 ) 6000 6100
g, = Jhy E (MeV/c?)

LU L N B S S B B S N R B R

systematics dominated by the momentum scale calibration

e
N

best mass measurements up to date, M(€2,") measurement favours CDF LHCb ]

Preliminary 1
Q, = Jhy Q@ p

e
o

Events / ( 20 MeV/c?)

M(Z)) M(£2))

8 ]
DO b774 £ 19 | 6165 £ 16 : ]
CDF | 57909 £+ 2.7 | 6054.4 &+ 6.9

6f

af
PDG | 5790.5 £ 2.7 | 6071 = 40 G ‘ l {
LHCDb | 5796.5 & 1.7 | 6050.3 = 5.0 \M WMD) 'Tﬁﬂ ”Al.ﬁu

c .

5600 5800 6000 6200 ) 6400 6600
Q, — Jy Q (MeV/c?)
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because of time constraints | did not touch ..

heavy onia  Preliminary

@ v, reconstructed via the radiative decays ,(nP) -> Y(1S)y

1) measured the fraction of Y(1S) from ¥, (1P) decays QNle LN lekp ok
2) measured the masses Wi Xeao)2lk b2

exotic onia

@ study of X(3827), measured production cross section and mass
@ search for X(4140) in B* ->X(4140)K*, X(4140) -> J/y

D., spectroscopy Preliminary WiHe N YIa-SLyrXels

@ the study of D*K and D°K* invariant mass spectra confirms the existence of D*_(2860)* and
D*.,(2700)* observed at B-factories

world best measurement of B*, B, B, and A, masses WIE:FLeuiv)r %

measurement of B, mass Preliminary Rigle-Reel\=r ¥l
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Conclusions

LHCb produced many interesting results with 2010 and 2011 data and will continue

©

© 0 ¢ O

to provide precise and competitive measurements in the heavy flavour sector

several measurements are currently being updated with the full 2011 luminosity
production measurements will be re-performed at Vs = 8 TeV (expected 2.2 fb™1)
polarization measurements for J/y and other other heavy quarkonia states are in
progress

explore other promising channels for double onia production studies:

/W p(2S), J/pY(nS), Y(nS)Y(nS)

exotic spectroscopy
B, studies

A%, =~ and Q," lifetimes measurements
2, baryon studies

LHCb has a world class heavy flavour production and spectroscopy program
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Comparison with theory

@ as already seen by Tevatron production ¢’s are larger than NRQCD calculations based on LO CSM
@ recent QCD calculations are found to be in good agreement with all our measurements

LHCb data vs. CS+CO

= 10° T T T T
S F V=TTV Licvo<y <48) ]
G 10'F B Prompt NLONRQCD (20 <y <45) Y
< [ o= -
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5@ 0 !’
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I()g‘ '!
r 1
l()"""'l""l""l""l-
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10 E 10, | 10
—_ ¢ (b) —*  LHCbdata(2.0<y<4.5) 3 —_ - (a) —*  LHCbdata (2.0<y<4.5) ; — | (a) - LHCbdata (20<y<45)
S f B direct NNLO* CSM (2.0<y<4.5)" ° i B direct NNLO* CSM (2.0<y<4.5) ° i B direct NNLO* CSM (2.0<y<4.5)
> 1l direct NLO CSM (2.0<y<4.5) 3 k- direct NLO CSM (2.0<y<4.5) _ 3 k- direct NLO CSM (2.0<y<4.5) _
S : [ : e
1 E 3 [ e 0ig. 3
E ‘ & ' )
- 107! 1 - 107 ¢ -
o £ g a s =3
g [ et ' & 2
‘% 102:4- 3 | 10% ‘ 'E
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@ LHCb is performing extremely well at 8 TeV

ps

-

Candidates per 0

Charmonia and Bottomonium at 8 Vs = TeV (Preliminary)

LHCb-CONF-2012-25

10

10

o(m,,,) = 14.5 MeV/c?
o(my) = 43 MeV/c?
o(proper time) = 61 fs

LHCb Preliminary

—*— Data Point /s = 8 TeV, L =18.4 pb’
— Tolal Fl[ 3 9 §<),<3
—— J/y Fromb 8 3<p, <4 GeV
Prompt J/y ’i
[ Tail Distribution |3 Jhp
Background 18.4 pb'l
- :' ‘.l\' ) T
/5, Vol 7
il ﬂ N
%;II'I 1 VAT N ‘ AN O\ l } AN l 1 AN 1 i 1 I ' ENTWON Y I A 1 I PN RN 1
0 -8 % -4 2 0 4 6 8 10
1z [ps]
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Candidates / (25 MeV/c?)
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90000 T

LHCb Preliminary
\Ns=8TeV.L=184pb' ..
Jhy
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o = 14.6 MeV/c®

Signal
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J/YC and CC production: cross sections

JHEP 06 (2012) 141

00 o 00 o 1
LHCh 3:: . * . :;.:; 3 —
DD, - - DUDF
DYA, .- ot DOA-
DD s e D+*D- %
D*D, - e D*D;
D*A, .- e DFAC
D'nY . D°DP x % o
D'D? - DD+ .
DD Y D°D? .
I)'l;' " D*D* ){'_) .
DD} -e D*D?
DYA; e D*AZ
hpD? N, oo DPS prediction PRD 56(1997) 3811
. JAD o
- JApD* JApD* |
- JApD? JAp D A |
fre JApA! JWA;
o 1 uuuﬂl 1 1111111110 1 11111;131 1 111111(1)3 umlu(l)4 111 Lol 1 Lol 1
10 10°
a b 0c,0cC, fmb)
gg fusion predictions 0C,C,

DPS prediction works well for J/4pC modes,

EPJC 61 (2009) 693 while CC modes are higher by a factor 2 to 3

significantly lower than the measurements
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J/YC and CC production: kinematics

S harder than
= o those observed
2 10 ot
-5 10 L.I = 3;;:‘” , In prompt J/y
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for CC events significant rapidity and azimuthal correlations
are observed = suggest a sizeable contribution from the
gluon splitting process to charm quark production
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Polarization

@ polarization measurements are important to improve the accuracy on production
measurements, but also represent an important test for production models

@ polarization described by three parameters Ay, A, and Ag,
0 = polar angle between u* in the J/4 rest-frame and the J/Y momentum direction
¢ = azimuthal angle between J/1 production plane and u* plane

quarkonium
rest frame

dN . : g
< l+ A, coszﬁ+)t¢ smzﬁcos2¢+lﬁ¢ sin” % cos ¢ e

dcosd¢ o

@ extract Ay, A, and Ay, using an unbinned maximum likelihood fit to the u* angular
distribution

@ result will be given in bins of pyandy
@ J/y polarization result expected soon
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Heavy Onia

fraction of J/y from y_ states

g E = ChiGen
D 06F “2NLO NRQCD
o N LHCb LHCb 36 pb"’
=~ 0 5'_{ \s =7 TeV
> [
=
= 04
Lu : Y ///f Maximum effect due
=03 Z W/ to polarization of
T o\ aai Rt °
02f X W‘”’M and JAy
01 DN\ . &+ LO CS model
: L. Harland-Lang & W.J.Stirling
SPETEEE DR B R T SRR T A BT A
"4 6 8 10 12 14
pj"" [GeV/d

results in remarkable agreement with NLO NRQCD calculation [PRD 83(2011)111503]
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B.*to B* production rate (Preliminary)

measurements of B.* production, mass and lifetime constrain QCD calculation
first B.* observation by CDF [PRL 81(1998)2432]
data sample 32.5 pb!

© © © ¢

B absolute BR not measured yet -> the strategy of this analysis is to measure
_ 0(BX)xBR(B; = J | yr*)
< o(B)xBR(B® —J/yK")

@ B ->J/ipmt and B* -> J/apK* are selected with identical requirements in the range 2.5 <y <4.5 and p,> 4GeV/c

.,
‘o LIHCb ' Ng 1200 LHCDb _}

> 50 Preliminary S Preliminary .

2 Ve TRV < 1000f 7™ Cabibbo-suppressed B*->J/\m*
Q W e 600 decays are considered,

@ 20 E contamination estimated ~ 19
E § 600

(TP w

t

N(B.") =43 + 13

6300 6400 6500 5200 5300 5400 5500
M(J/yn*) (MeVic?) M(J/yK*) (MeV/c?) L
* 0

R. = 2.2+0.8(stat) =0.2(syst))%

o
S

-y
(=]

N(B*) = 3476 + 62

8

6100

6200

e
W i
@ main systematics (6%) due to B.* lifetime known with a large uncertainty \M
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Observation of excited B ;)" (Preliminary)

<

Events/(1.25 MeV/c?)

LHCb-CONF-2011-053

properties of excited B, (L=1) are predicted by Heavy Quark Effective Theory [PRD 64(2001)114004]
B,(5721)°, B,"(5830)°, B.,(5830)°, B,,(5840)° observed by CDF and DO
[PRL 102(2009)102003, 99(2007)172001, 100(2008)082001/082002]
B mesons reconstructed in J/yK* Dit and Drttr modes
search for B,,"" states in the invariant mass distribution of B*K’, B*m and Bt
B**-> Bh and B**-> B*(By)h, the invariant masses of the 2 decays are shifted because we do not
reconstruct the soft y (Mg« - Mg~ 46 MeV/c?)
study the spectrum first observation of B,* and B,™*
Q= m(Bh) — m(B) — m(h) Y s e ma e L e BT
4 § O o mm mma s eI 4 0y, << natural width
data sample 336 pb T 1z0f O 2ma roeme ¢ i f =» Breit-Wigner for
:3 o signal
POF Lhes ”"”l”"”'l':'l”'B+K' E:
200 Preliminary Na.‘= 166+ 19 Ns;=_ 705+ 45 20
i Dottt B T — BB
20 " ) ' -:=B,"->B'n
w140 s BOJ'I:- *
150 s 120 :::I:'.:?-rmm . BZ ->Bn
P |
- . | Good agreement
1 1 1 1 1 1 1 E « with the earlier

760 T80 200
m(B*K’)-m(B*)-m,_ MeVic?]

Natural width >> o,,~ 1 MeV/c?
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results from CDF
and DO

N
400 500
o, -n, - a2, [MV/ic?
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Quarkonia
because of time constraints | did not touch ..
— heavy onia Preliminary

@ v, reconstructed via the radiative decays ,(nP) -> Y(1S)y LHCb-PAPER-2012-015
@ measured the fraction of Y(1S) from y,(1P) decays| f, ., =(20.7+5.7(star) = 2.1(syst)3;(pol))%
@ measured the masses

LHCD preliminary
\Ns=7TeV

0.9t N(x,(3P)) = 196 + 19

/K 12.1 o significance

w
8
T

M(x,(1P))=(9.901+0.002)GeV / ¢*
M(x,(2P))=(10.266+0.006)GeV / ¢’
M(x,(3P))=(10.535+0.010)GeV / ¢ sof-

Candidates / 20 MeV/c?
N
S
T

M(x,(3P) consistent with
ATLAS/DO

— exotic onia
@ study of X(3827), measured the

1) production cross section in the ranges 5 < p; < 20 GeV/cand 2.5<y<4.5
0(X(3872))x BR(X(3872) = J /ya*mw™)=5.4+1.3(stat) = 0.8(syst)nb

2) MX(3872) =(3871.95+0.48(stat) +0.12(syst))MeV / ¢’ | still unclear if above DD* threshold or not

M(D°)+M(D*0) = 3871.79 + 0.29 MeV,/c?

@ search for X(4140) in B* ->X(4140)K*, X(4140) -> J/y¢

don’t find evidence for this state in 2.40 disagreement with CDF PRD 85(2012)091103

@ work in progress search for Z(4430)* ->(2S)nt* claimed by Belle but not confirmed by BaBar
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Heavy hadrons

because of time constraints | did not touch ..
— D, spectroscopy Preliminary —

@ the study of D*K,and D°K* invariant mass spectra confirms the existence of D*_(2860)* and
D*.,(2700)* observed at B-factories

background

LHCb-PAPER-2012-016 % o subtracted
M (D, (2700)") = (2709.4 =1 .9(stat) = 4.5(syst))MeV | ¢* _ g 200l
[(D (2700)") = (121.7 = 7 3(stat) = 12 1(syst)) MeV Hh! E
M (D;,(2860)) = (2866.7+1.0(stat) =6.3(syst))MeV /> | 5
I‘(D; (2860)") = (64.5+3.2(stat) = 6.6(syst))MeV 5 o |
* D°K* invariant maass [GeVic?
— world best measurement of B*, B, _
Quantit LHCb Be i PDG fit
Bs and /\b masses PLB 708(2012)241 e measurement mes.:sl:lrrz‘:;lrl\s[
M(Bt) 5279.38+£0.35 5279.10+0.55 [4] 5279.17+0.25%
M(89) 5279.58 £0.32 52795.63+0.62 [4] 5279.50=0.30
M(8Y) 5366.90+0.36 5366.01£0.80 [4] 5366.3=06
M(AD) 5619.19£0.76 5619.7 +1.7 [4] -
M(B8%) — M(B) 0.20+0.20 0.334+0.06 [15] 0.33+0.06
[4] CDF PRL 96(2006)202001 M(BY) - M(B%) 87524032 - _
[15] BaBar PRD 78(2008)011103  m(a% - m(8*)  33981+072 - -
 measurement of B, mass . , Preliminary
M(B])=6268.0+4.0(stat) = 6.0(syst)MeV / ¢
LHCb-CONF-2012-016
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