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- Precise primary and secondary vertex reconstruction
- Excellent momentum, decay time resolution
- Good particule identification
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LHCb recorded:

pp collisions at

— +s=7 TeV (1fb'%, 2011)

— s=8 TeV (2fb’%, 2012)

— s=2.76 TeV (71nb1,2011)
p-Pb collisions (2nb,2013)
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Heavy flavour production: quarkonium

Quarkonia production provides a powerfull test of our understanding of strong interaction

colour-singlet state -
. ared

Quarkonia (cc, bb) production mechanisms: ‘ - i \»
N A + analogous colour combinations

1- Quarkonia produced directly as
observable colour-neutral QQ-bar pair
(Colour Singlet mechanism)

2-Coloured Q-Qbar are produced which colour-octet state

T Td
then evolve to the observable state through / | ‘J
. green Qs —>Color Octet (CO) processes
soft gluon radiation Q A By

(Colour Octet mechanism)

Transition to the
observable state.

—>CSM (CS processes only) Thanks to Faccioli
—>NRQCD model (CS + CO processes)

= Avalaible models fail to explain all the quarkonia measurements:
production of prompt J/y, y(2S), Y, x and their polarisation
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J/w and Y production

arXiv:1304.6977

Measure prompt J/y and Y production cross section as a function of p; and y at Vs=8TeV

« J/y yields extracted with a 2D fit in each (p+, y) bin
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AV dlfferentlal cross section

J/w and Y production: results
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J/w and Y production: comparison to theory

Prompt J/y cross section
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NEW !

% ;(1P) production

LHCb-PAPER-2013-028

Measurement of the y(1P) relative production rate (J=1,2) as a function of p;
Uses the decay y.—J/v () v Where the photon converts into the detector
— X and x, peaks well separated thanks to the use of y—>ee
« First measurement using converted photons in LHCb
« Converted photon efficiency checked using n%— yy(_,ee)
« Systematic dominated by v .., efficiency and fitting procedure

* Y. Observed with 4.4 statistical significance for 4<p(J/y)<20GeV
Resolution ~ 4 MeV/c2
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NEW |

% (1P) production: results

LHCb-PAPER-2013-028
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« NRQCD prediction from arxiv:1305.2389

1 45 - LHeb, 2<ya.5 « In agreement and more precise than previous
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First observation of y, at hadron collider
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Spectroscopy

Spectroscopy provides a test of QCD models:
different predictions of masses, lifetimes, decay properties

 Many predicted states not yet observed or poorly measured

 Precise knowledge of masses is needed to shed light

on some of the XYZ states:

— loosely bound meson molecules (DD, BB)
mass just below the DD/BB thresholds.

= b- and c- hadrons spectroscopy
— Precise mass measurements
— Determinationof guantum numbers

« LHCb measurements presented here:
— Excited D and B, mesons
— X(3872) quantum numbers
— b-baryons (QQ,,=,,A, )mass measurement
— B, mass measurement
Blois 2013

J=1/2 b Baryons 3b

2.b

1b

0b
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D*,(3.079) F
I——————
D*,(3.074) D,(3.074) D",(3.084) }1

\D*(2760)—Dn
1D D(2750) —~D*x

Well stablished states

Observed in B decays by B-factories

Observed by BaBar in inclusive D*x
production PRD82(2010)111101

O+ .I+ 2+ 3+ 4+
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NEW ! Excited D mesons

LHCb-PAPER-2013-026

« Search for D, states decaying to D%z*, D*n, D™
—> States found in the high mass tail: D,*(2650), D,*(2760)
DJ(2589)0,/DJ(2740)0, D,(3000)° <« new state!

3000~ —
Background subtracted

B A B
: 2000 - l

LHCb preliminary

/:> Confirms the states observed by BaBar

1 Study of the spin-parity:
/ Analysis in bins of cos(0,) (= helicity angle)
1 =Unnatural parity confirmed for
D,(2580)°, D,(2740)°, suggested for D,(3000)°

3000 —> Natural parity confirmed for D,*(2650),D,*(276(
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The X(3872)

« X(3872) discovered by BELLE in 2003 but nature is still unclear:
conventional charmonium ,DD* molecule (@@ tetraquark (@@ ?
o 0 00
« Mass measurement:
— if DD* molecule, it is loosely bound: M(X)-[M(D)+M(D*)]= - 0.16+0.26 MeV/c?

Charmonium spectrum

% 4000 _ Dﬂ
E -
- h(2P) il
3950— Babar {J_."I.l,l' 4] K} -
n Zea(2P) =
3900 - BaBar B" *
C D™D threshold
BaBar B™
3850(— X(3872) D) — T
- w,(1DY5(1D) LHCb
3800/ —
- uB3110) Belle
3750 — CDF
a0t OPEN Charm thresh ™~ 5+ T JPC 2 | PDG2012:3871.68£0.17
M(D")+M{D)

« Quantum numbers:
— JPC=1** or 2-* not excluded by previous measurements X(3872) mass [MeV/c’]
(CDF, Belle, BaBar)
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X(3872) quantum numbers

arXiv:1302.6269

X(3872) reconstructed from B decays
— B*—> X(3872) K*and X—>J/y , '
— The angular correlations in the B* decay chain
carry information on the JP¢ of the X
= 5D angular analysis
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— 1** favoured over 2-*at more than 8o

—> conventionnal n, state ruled out
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Mass measurements at LHCb

Precise mass measurement require good momentum measurement

Precise tracking devices:
— Ap/p=0.5%

Limitations:
— Field map of 4Tm dipole magnet
— Alignment of tracking stations

Momentum scale calibration

— Use J/y — p*u: relative momentum scale (time dependance)
o T T T T

wd

— Use high statistic B*— J/y K*
=momentum calibration as a function of the

Decay ma

K* track angles (using known J/y and B* mass )

Residuals:
— Estimate residuals using known resonances

= Error on momentum scale: o =+0.3x103

Blois 2013 E. Tournefier
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‘ Phys. Rev. Lett.

110, 182001 (2013)

b-baryons: Q,, E,, A, Mass
p

wn

Candidate

Epy—2JvE ,Qy-> v, Ap— Iy A,

« O, 5, selections almost identical

« Selection: take advanage of the decay topology
« Systematic dominated by momentum scale

— World’s most precise measurements
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LHCb-PAPER-2013-010

B. mass

7600 372,758 ‘i 7475 et 7565 ;:zl 7568

B. is largely unexplored D e T mpe

. . . ~, 6800 F 706 S150, 6768
It is a unique meson with 2 open heavy flavours z T
: : : #0025 B_mass spectrum
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Phys. Rev. Lett. 110 (2013) 151803

Excited B5) mesons

Search for B,; mesons in their decay: B,; —» B*K

e Reconstruct B* in a variety of decays: B*— J/yK*, DO(K*m)w*, DO(K*7 )t ?, ...

and combine it with a K-

)
g

m(B?,) = 5839.99 4 0.05 + 0.11 £ 0.17 MeV/c2,

[=a]
[
=

=
[
[

e Partially reconstructed decays:
— B> B*(5B) K
— Mass difference between
B**K- and B*K peaks = m(B*)-m(B)
—> Best measurement of m(B*)-m(B)

]
[ ]
=]

1
Candiflates|/ (1 MeV /2
. o
i
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S

Pull
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— Precise m(B™*) used to understand if the Z,
states reported by Belle could be B™B™molecules?

if so, should be just below B™ B™threshold
- Z,(10610)* is 3.6942.05 MeV/c above BB™ threshold

- Z4(10650)" is 3.68+1.71 MeV/c above B*B" threshold.,

m(B*")— m(BT) =45.01 i{].S{]i[J.QSIa-I&f}’c? 0 20 40 ﬁﬂw

100 120 140 160 180 200
m(B'K) - m(B") - m(K') [MeV/c’]

First observation of
B*52—> B**(—>B*y) K-
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Summary and outlook

LHCb has a rich program in heavy flavour production and spectroscopy

» Quarkonium production cross section measurements

« Precise mass measurements of b- and c- baryons (starting to explore B. meson!)
« Search for new (exotic) states

« Determination quantum numbers of new states

* Not shown here:
— pA run results for J/psi production (LHCb-CONF-2013-008)

— A, * observation (Phys.Rev.Lett.109(2012)172003)
— A, polarisation (arXiv:1302.5578, accepted by Physics Letters B)
— Study of D, spectroscopy (JHEP 10 (2012)151)

 More to come:
— Most results based on only 1/3 of the data (2011)
— Quarkonia polarisation measurements (LHCb-PAPER-2013-008 in preparation)
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J/psi from b production
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X(3872)

Tests:
— Shape
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D, spectroscopy
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Figure 8&: Distributions of (a) D;(2420)° and (b) D3(2460)° candidates as function of the
helicity angle cos @y . The distributions are fitted with Unnatural and Natural Parity functions
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Figure 9: Distributions of (a) D7 (2650)" and (b) Dj{??ﬁ[]]” candidates as function of the helicity
angle cos#y. The distributions are fitted with Natural Parity (black continuous), Unnatural

Parity (red, dashed), JV =0 (blue, dotted).
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Figure 4: Fit to the I*t7~ mass spectrum, Unnatural Parity Sample. The dashed (blue) line B
shows the fitted background, the dotted (red) line shows the [4{2420)" contribution. The inset ~
shows the D*T7~ mass spectrum after :;uhLm:_:Ling the fitted backzround. _'I"hc* full line curves N
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Figure 5: Fit to the Enhanced Natural Parify Sample D*+t 7~ mass spectrum. The dashed (blue)
line shows the fitted backeground, the dotted lines shows the ULL'J-*JE[]JD (red) and IJﬁ[E.iﬂ'Elj."—"
(blue) contributions. The inset shows the D*t7~ mass spectrum after subtracting the fitted
background. The full line curves (red) show the contributions from f.]';uf_'é!}H[]jD. f.]'.,r[?’r’-*l[]ju. and
D;[HG[][]]D. The dotted (blue) lines show the f.}:,[EE?-:'J'Di"_" and f.]'j['é‘“r’ﬂ[]]':' contributions. The top
window shows the Pull distribution where the horizontal lines evidence the £30 limits.
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Excited Bs mesons

Table 2: Results of the fit to the mass difference distributions m(B+T K~ )—m(
The first uncertainties are statistical and the second are systematic.

BY)—m(K~)

Parameter Fit result

Best previous measurement

m(Bs) —m(B™) —m(K™)
m(B*)—
['(B%)
B(B,—B*"K™)
B(B*,—B+K-)

o(pp—=Ba X)B(By—+B*TK~)
a(pp—BL X )B(BL,—BTK )

m(BT)

(03 £13 £1.2)%
(232 +14 £13)%

10.46 £ 0.04 £ 0.04 MeV/ 2
m(B%) — m(B*) —m(K~) 67.06%0.05+0.11 MeV/c?
45.01 £ 0.30 + 0.23 MeV/ 2

1.56 4+ 0.13 +0.47 MeV/ 2

10.73 £ 0.21 £ 0.14 MeV/ 2 9]
66.96 = 0.39 + 0.14 MeV/c2 [9]
45608  MeV/c? [28]

N, Btk 750 + 36
Nps B+ 307 + 46
Npe, B+ K- 3140 + 100
m(B*t) =5324.26 + 0.30 +0.23 4+ 0.17 MeV/c?,
m(Bg) = 5828.40 £ 0.04 £ 0.04 £ 0.41 MeV/e?,
m(B?,) = 5839.99 + 0.05 £ 0.11 + 0.17 MeV/c?,
Blois 2013
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D masses

arXiv:1304.6865

Candidates/ (2 MeV/c?)

Candidates/ (2 MeV/c?)

L1
1280

llg;nn 1 I]m el
ME'K ©° 1) [MeV/c?] ME K~ K) [MeV/]
= = IE E
i = 2o, Tpdi _h I S PR i
3 B S T 1T I Sl ¥F Tig r rpEtiEt i
= 3E £
-6_ =

M(D")
M(D+) — M(D")
M(DF) — M(D~)

1864.75 £ 0.15 (stat) +0.11 (syst) MeV /2,
4.76 £0.12 (stat) £ 0.07 (syst) MeV /2,
08.68 +0.03 (stat) +0.04 (syst) MeV /2,

M(DF) = 1968.19 & 0.20 & 0.14 & 0.08 MeV/?,
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