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+ The LHCb detector

+ Heavy Meson spectroscopy
+ D_, spectroscopy (LHCb-PAPER-2012-016)

+ B** spectroscopy (LHCb-CONF-2011-053)

- Heavy Baryon spectroscopy
« Charged b-baryons (LHCbh-CONF-2011-060)
* Neutral b-baryons (LHCb-CONF-2011-036,
arXiv:1205.3452)
« Excited b-baryons (arXiv:1205.3452)




s+ | LHCb detector and dataset [}

v Optimized for the strongly

.". i
v r

forward peaked heavy quark 2011 — L ~1.0/fb, Vs = 7TeV
production at LHC 2012 — L ~ 0.6/fb so far, \'s = 8TeV
“Covers ~4% of the solid angle,

but captures ~40% of heavy
flavour production cross-section

gear, Ak M4 M5
SPIVPS a3 =

RICH2Z w1

v Single-arm forward /]
spectrometer, covers a uniqug dss.
rapidity range: 2<n<5 ottor’

» Great tracking, vertexing y
and PID performance

v Excellent machine for B
and charm physics

More info have a look at M.Britsch's talk on Monday
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The experimental study of the D_,

3000 | ™| spectrum has prompted a quite
i - large controversy:
D, (2710)
-% oo B +D_*(2317)" and D_,(2460)" were
S o, 2¢o0 | ¥ ] discovered by the B-factories
B 20 o 5 (2003) with masses smaller than
= ‘ S — expected from HQET

2200 -( D'r I .
| v kb D I

v A set of higher mass states

mor . observed by the B-factories
1800 - [Image: Xiang Liu, Charm2010] (2006-2009), DS1*(27OO),
o T o 1 1 2 D. *(2860) and D_ (3040), in DK

NEW and D*K final states

LHCD studied the D*K_ and D°K* < Although JP=3" spin assignment

- : suggested for D_*(2860), BR
invariant mass spectra, and 99 € )

confirm the existence of the measurements are not
compatible with BR predictions.

D_*(2700)" and D_*(2860)" states. 4



»~~ | D*K and D°K* mass spectra §iss

LHCb-PAPER-2012-016 @ NEW

PRELIMINARY
10
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= = 600
. L=1/fb of 2011 data | L M
- - Z 400~ .
v Inclusive reconstruction 1 ¢
of D*K, and D°K*final ER -y ]
1.684 1.86 1.68 1.9 1.84 1.86 1.88 1.9
K n*n* invariant mass [GeV/c7] K'z* invariant mass [GeV/c?]
v Purity of prompt meson
candidates >95% ﬂgzuuuuf—l A '(f;c'é’ '_: o | N
E 150005_ KS TUTUC _ E zuum]:— i
v We select only 0 Insidé VELO 1 < idel VELO
candidates inside D and mmm:- cRNE T '- 1
signal regions g sonof- I8
NS . SUNUUNE RN SO S, . M.
0.48 0.5 0.52 0. 4E II] L] 0.52
71 invariant mass [GeV/c?] n*n invariant mass [GeV/c?]
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,,;,:,? LHCb-PAPER-2012-016 %
i K | Very large PRELIMINARY NEW
combinatorial
» DK rejection by
selecting cos6>0
«D_*(2573)" clear
— — peak, D_*(2700)" and
N - LHCb . LHCb * N
S 6000 @ - S . (k) 1 DsJ (2860)
% B %40000_ DOK+ —_
g | 1 g | » The states are
S wod | 1 i desc_rlpe_d using
S SEE relativistic BW
Y Y s lineshapes and the
DK} invariant mass [GeV/c] DK” invariant mass [GeV/c?] baCkground as a
o e ) e 1 linear combination of
§ 400_— (c) —_ § 2000 (d) 7 Orthogonal
z | - Bkg subtracted = polynomials
P 200 }:_ i | Emuu_
S om g » Simultaneous fit
S DH-""" E 1]_' ...................

D*Kq invariant mass [GeV/c?]

DK* invariant mass [GeV/c?]



n&::? LHCb-PAPER-2012-016
C s, PRELIMINARY

) NEW
Decay mode *(2700)T ¥ 1(2860)7

Yields < DTKY 7897 & 637 4456 £ 332
DK+ 49871 £ 2659 | 29172 £ 1306

2709.4 £ 1.
1217 x7.:
2866.7 £ 1.

64.5 £ 3.

v Results are compatible with previous results from the B-factories
» First time D_*(2700)* and D_*(2860)" are observed in hadronic

collisions, and confirm the existence of these states
v Uncertainty dominated by systematic effects. Most contributing
effect from background description

v Further analysis of the D*K final states is heeded to complete the
picture around the D_*(2860)" state

7



)
Clie B, spectroscopy e

LHCb-CONF-2011-053

PRELIMINARY
i 2500 T T T 336/pb,2011data

: PR AR i A" VAR
A . 3 S, 773 v B-mesons properties are predicted
: . B*—=JIPK* 3 ‘B —Jipk+] from HQET in the limit of infinite b-
5 ER . 1 quark mass
L1 R e . :
S mmmanme e Cm T aw mwam s © REcCONstruction of Bnh and B*(By)h
o TR T ™ decay modes. Soft photon is not
PO . 5 o M #=w..1 reconstructed
;o BoDmy R R S
: Lo E I e o ~ DP—KTT
FE L S A < D*>KTT
B e, B el ¥ K*(892) - KT
S T mss 0 _ worrmeen v Particle ID and track quality
e O S e constraints applied to all tracks.
c t ] £
. B DO T : $°—+;+D+T['T[+T[' _
{o E 7 v Fits to Q=M(Bh)-M(B)-M(h) are
o Y E I 1 performed
Joo M " ronspgams ™ it Ty

B D'mmm mass (MeW) B,— D'R''n” mass (MeV) 8
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INEN LHCb-CONF-2011-053
Coommn B*0 _, B PRELIMINARY
2 B,** — B*'mr*
B, — B*1r
1 B, — B*1T B*— B*m| B,* — B'm
- L I
1 1 T L =~ 200FT T T | T
e LHCb LHCb
o 140 - 214 203 Preliminary U 1gof- N 5255 £414 v Preliminary
& Q™ 3199 +3.31 MeVic 336 pb”' 5= 7 TeV Data 5 Q% 319.9 +1.47 Mevic’ a
8 120F 1= 268 +400mevic Poies ? & 180E= 1= 2058 :1.99 Mevic? ‘ Repo" (s TRV Daa
N 4425 +742 N°= 438.1 +65.4 +
j 100 0% 2614 +1.92 MeVic? ) } o 10 Q™= 258.5 +1.68 MeVic? I & * n. : E
o 8OF [T 2412 409 Mevic? T L 8 1.9y (8 = 120F 1 4550 +1.99 Mevic? e el T4
T ~ 100 L1 n 1 {
3 60 5 80 . N mn
: g M(B*1T)-M(B*)-M(TT)
e 40 5 60
K . (4
20 CSLAR® T . od
% 20 gl
0 M " T - 1 0 N L | L
100 200 300 400 500 100 400 500
Mg, - Mg - M [MeV/c?] Mg, - My - [He".?,-"cz]
o — B_° — B*K 0 +
Mg = (5828.99 £ 0.0, £ 013, £ 0.4507=) MeV]<, , B —B K Know StateS
; — - ,..'1:3350:—"""" L ! ! ! I
Mgo = (5839.67 + 0.135, £ 0.17,, £ 0. 29"3 3 ) Me /e, : Fle N, = 166+ 19 N, = 70545 =
52 = 300 — [Freliminary = B —
[ - = E8% ri 2 ™ - 45 =7 TeV Data = 0. ! eWVic’ = evic® J
_-'Ujj'-'gi' = (5 794 1 4 1.5 war T I--[:Ib:nﬂ +(.! ff:‘ltn ,| MeV/c? 3 = pepbNs =7 Tev Dat Qg,= 10362 008 Mevic® @ = 66.82:- 0.13 Mevic® 3
| g y E 250 — oy = 0.65+0.07 MeVict o, = 185+ 013 MeVic® —
] __ fETOR 0 -fH HED i - ) -
Mg = (5738.6+ 1.2, £ 1.2, £0. 3{551““ MeV/c? 50—
Mg+ = (5739.0+ 3.3, + 1.6, +0.355%) MeV/c’, ool 8| a8 =
M(B*K) M(B*) M(K) 3
* - - :
B.* and B_** first observation.
1 2 0 20 40 &0 &0 1l.'lll] 120 1”.-“[5 K} &) 13(]['“ anim

Compatible with their isospin
partners
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Heavy baryon spectroscopy (sS4

> System of heavy quark and
light diquark. Different QCD
models predict different masses,
lifetimes, branching ratios, spin-
parity, etc... for many c- and b-

hadrons

> Several charmed baryonic
states studied at the B-factories

> b-baryon states are less well
studied
> 16 predicted ground states.
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Ot Charged b-baryons KES
» Reconstructed modes LHCb-CONF-2011-060
PRELIMINARY
v =7 = JP(p)="(A(pm)1T)
e Q.7 — JIP(EH)Q(A(PT)K) 576/pb, 2011, data

Events / { 10 MeV/c?)

~ Momentum scale calibration using B*, B® and A_ decays
largest systematic effect

P L Heb 2 12} LHCb
40F Preliminary S [ Preliminary
35F =, > Jly = 3 100 o s dva
30 : 8F
25 i
20 o '
15 af ]
10 2 1
5 lll
1 . lﬂl]lllﬂillljjllﬂ =
5000 5700 5800 5000 6000 6100 5%00 5800 6000 6200 6400 6600
., = Jy 27 (MeV/c) 0 — Jhy Q° (MeV/c?) o g
e b
Decay mode Yield

5; — JWpE- | 722+94
27 — Jpp2- | 13.9H43 1
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C oo ass =y,
— CDF [2009]
Best = "mass
b DO [2007]

measurement
up to date

LHCDb Preliminary [2011]

New average 5794.8 £ 1.4

Mass Qg :

PDG average 5790.5t 2.7

: 5796.5 £ 1.2 &+ 1.2 MeV/c? %

LHCb-CONF-2011-060

PRELIMINARY

5750 5?60 5?70 5?80 5?90 5800 5810
=, Mass [MeVr’c ]

CDF [2009]

LHCb Preliminary [2011]

New average 6051.7 = 4.0

6030 6035 6040 6045 6050 6055 6060 6065 6070

O, Mass [MeV/c?]

6050.3 = 4.5 & 2.2 MeV /c?

6.70 discrepancy
from CDF+LHCDb
with D@ result,
616516

[DO, PRL101,232002(2008)]
[CDF, PRD80,072003(2009)]
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mew Neutral b-baryons e

LHCb-CONF-2011-036
arXiv:1205.3452 PRELIMINARY

1/fb, 2011 data 330/pb, 2011 data
T 1 T 1 LI I B | T T 1 I I 1 T I T

S, 18000F IF* TS b oF LHch £ 42+ D'pK signal

— 16000 — | LHCh - '_:.:- Pmllmlnﬂrﬁf B = - DDJ}H.- gignal

:? = | | : 3 @ Ji=T7 TeV Data E3 al— D'pxr backgr.

il | E 70 kB -

= 14000 I E [ Low-mass A% backgr.

= 12000E 1L | E W g Random backgr.

Z 10000E T E

> - | O Apsam ] =

= 6000F | + MM Part-rec. bkg. = T

8= : Random bkg. 3

E -*-1-'[]'[}1] I| F Random bke = “'\:‘

~ 2000 = N A
I ] t%‘ %11 5
iy VN VT B I ot e b o b Lx\‘mm

5400 5500 5600 5700 5800 5900

2800 e000
M{AIm) (MeV/c2) M(DpK) (MeV/c?)
A" — A(pKTT)TT
* 70540+330 signal events « =0 — DpK-
A large and clean peak of the * 27110 signal events, 2.60
A.°, b-baryon ground state. « M(=,°)=5802.0 £ 5.5 £ 1.7MeV
Perfect for spectroscopy » Consistent with recent CDF .

studies (following slides) measurement



Orbitally excited b-baryons {3

- Excited A ° states: J°=1/2" and 3/2

- Foreseen decays to A °rr'rand Ay

- No experimental evidence before LHCb
- Many theoretical predictions

E—— A, (3/2) :
- —t— Ay (1/2)) 3

=0 =1

== 1" (312")-
Ly (172" 3

Reference MIA(1/27)]  MIA(3/27)]

Capstick, Isgur 5012 5020
[PRD 34 2809 (1986)]

Baccouche, et al. 5920 (spin-averaged)
[hep-ph/0105148]

Garcilazo, et al. K800 5800
[hep-ph /0703257]

Ebert, et al. 5930 5047
[arXiv:0705.2957]

Karliner, et al. 5029 4 2 5040 £+ 2
[arXiv:0804.1575]

Roberts, Pervin 5939 5041

|arXiv:0711.2402]
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« Prompt A _** — A _°Tt'TT reconstruction
» Vertex and mass constraint to /\b0 and A,

» States observed slightly above the A °

threshold. Q~12, 20MeV
v Remarkably good mass resolution ~0.2,

Candidates / (0.5 MeV/c¢?)

= 5911.95 £
= 5919.76 =

0.3 MeV
M A39(5912)
- - r T '] /
30 ;— 10.1C "1[;13'](5920]
55k LHCb |
20F ‘ |
15E 4.90 } [
- !
C L
10 [ |I I I
: , [ AL { 1| T4 |III 17 94 -
SE | I i B ||l } =
= I ? 11 II 'i'“ ) -
llllllllllllllllllllll w. M | - L e —
5900 5910 5920 5930 5940

M(A,T'T) (MeV/c?)

5950

arXiv:1205.3452
1/fb, 2011 data

0.12£0.03 &
0.07 £0.02 &

Ab0 mass

[ (A,*(5912)) < 0.82 MeV
(A, *(5920)) < 0.71 MeV

First observation of
orbitally excited b
baryons
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Conclusions

» We present some of the LHCb results on heavy
flavors spectroscopy

v The collaboration is actively working in order to
perform new measurements and update previous
with the full 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
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