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8 e The LHCb experiment

§ o [atest results on Heavy Flavor spectroscopy:
— Y production in pp collisions at 2.76 TeV/

s — W(2S) polarisation in pp collisions at 7 TeV/ 2~
— Exclusive J/p and y(2S) cross-sections ’//;'///g)‘d . < 41" =# "

— Associative Z+D production . B e
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The LHCb experiment D NS

e heavy quark pair production at the LHC:
~ 8 ; ;

ATLAS/
CMS

| |

LHCb MC
Vs = 8 TeV

e L HCb uniqueness:

— tracking, RICH and calorimeters cover

the full detector acceptance (2.0<n<5.0),
tracking coverage also in the backward

region (-4.0<n<-1.5) —s fraction of bb pairs in the acceptance:
— covers just ~4% of the solid angle but captures c.o.menergy  ATLAS/CMS LHCb

~25% of heavy quark pairs produced at the LHC 8 TeV 44% 25%
— ability to study low-pt processes at large n 14 TeV 41% 24%

JINST 3 (2008) SO8005
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The LHCDb experiment
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e Excellent tracking performance: op/p~ 0.4—0.6% for tracks traversing full tracking setup
e High quality particle identification: robust hadron ID + y/lepton/hadron separation

e Selective and flexible trigger system JINST 3 (2008) S08005
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The LHCb experiment S \Qi“ HEIDELBERG
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:ﬁ, 2012: 4+ 4 TeV 2012,
5 Ll |—— Pkt A e In the years 2010-2012.
@ 2011: 3.5 + 3.5 TeV
> e Delivered Luminosity 1.21 fb™
3 Soo s v aatey 10T ' 1 . .
S| N Deliversd Lurninosity 0.04 f" 1| — 2 X 107 visible pp interactions
:'ﬁ Recorded Luminosity 0.04 fb _mf,:"'“' 2011
- R . — 6 x 10% visible ¢ ¢ quark pairs
N | S S Al _ -
e — 3 x 10" visible b b quark pairs
@ 05} i
o | e ,
> _ 2010l| were produced in the LHCb acceptance
E 0 Apr Jl.m lAug . Oct Dec .

Date

~93 % data taking efficiency

e ~99% r/o channels operational

e ~99% of accumulated data are useful for physics analyses

e Luminosity leveling: constant and moderate interaction rate throughout the data taking periods
e Smooth data taking in 2011-2012 regardless high luminosity running

Ability to perform different measurements with pp collisions at 2.76 TeV, 7 TeV and 8 TeV
and with pPb collisions at 5 TeV
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Latest LHCD results on Heavy Flavors ¥

e Measurement of Y production in pp collisions at 2.76 TeV

— arxXiv:1402.2539 [hep-ex]; CERN-PH-EP-2014-016;
submitted to EPJ C

e Measurement of Y(2S) polarisation in pp collisions at 7 TeV
— LHCb-PAPER-2013-067 (to be submitted to EPJ C)

e Updated measurements of exclusive J/( and y(2S) production cross-sections in pp
collisions at 7 TeV
— arXiv:1401.3288 [hep-ex]; CERN-PH-EP-2013-233;
submitted to Journal of Physics G

e Observation of associated production of a Z boson with a D meson in the forward region
— arXiv:1401.3245 [hep-ex]; CERN-PH-EP-2013-235;
submitted to JHEP

Further exploration of heavy quarkonia properties and studies of associated particle
production to probe double-parton scattering at the LHC
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e Complementary analysis to those performed at 7 and 8 TeV: arxiv:1402.2539 [hep-ex]
— Eur. Phys. J. C72 (2012) 2025 , JHEPO6 (2013) 064

Y production at 2.76 TeV

— allows studies of bottomonium hadroproduction as

a function of collision energy in the forward region:
unique input to theory

10°

5:_,“ E' N L L DL L L L L B 'E
;J . LHCb ]
e Performed with 3.3 pb™* of 2013 2.76 TeV pp data: 5 | Vs =276TeV ]
— measurement of single differential production :f ) + _ B
cross-sections as functions of pt and y for = 10 ]
Y(1S), Y(2S) and Y(3S) 3 ]
— total uncertainties dominated by statistical effects LG ]
— Y(2S)/Y(1S) and Y(3S)/Y(1S) are measured too 10§ 20D TTepm i : il } J-E
i liioliipsnis
— kinematic range: pt < 15 GeV and 2.0<y<4.5 I | “ I || _

(the same as in the previous studies) | C 3 | | | I
1 1 1 | | 1 1 1= 1 1 1l Ll I 1 - y

9 10 11 12 13

Myt - [GeV/c?
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Y production at 2.76 TeV NS

e Measurements are well described by the NLO $ N f Lo ]
NRQCD predictions ( ) at large pr, SR T (O T B T(18) = uhp
. . elE 10E = [J.E'_’_+—' .
while these underestimate the data at low pt 85 N\ i =} {
x 1 il .
— Phys. Rev. Lett. 112, 032001 (2014) N 1 & | — ;
LoWtE —3 = T4 —_
1 ] = - —_—
| 0.2 -
= : ]
e Total cross-sections for pt < 15 GeV and 2.0<y<4.5: = wy————f———mmm— g,
pr [GeV/¢] y
o(pp = T(1S)X) x B(T(1S)—» u*p~) = 1.111+0.04340.044nb. | — w0’ . . IS aannnnnnas T
- al= T LHCb — _F LHCh
o (pp — T(25)X) x B(T(2S)— wru) = 0.264+0.023+0.011nb. £ +_1_+—1— G L T
o(pp — T(39)X) x B(T(3S)—» u'p) = 0.159 % 0.020 = 0.007 nb. 95T g u.sz'— |
x 1ok —t e 'iu.:s;— [ R
e Total cross-sections for pt <15 GeV and 2.5<y<4.0: 1 ] & . : ;
= | 5
o (pp — T(18)X) x B(YL(18) = p*u) = 0.670£0.025£0.026nb | = s 0 T T S TR
o (pp — T(28)X) x B (T(2S) = u*u~) = 0.159+0.013 +0.007nb pr [GeV/e! y
— ' — 71 r T 1 T T T T = 03 T T T 7 T
o(pp = T(39)X) x B(Y(38)— utu~) = 0.089+0.010 & 0.004nb QF, : LHCH Ew;_ LHCb ]
= T(ES) > win ] S} T(38)—» uip ]
s | TH- | %ot :
— reduced kinematic range: reference measurement x w 1 i ; 'iu_-_sg
for the analysis with pPb data at 5 TeV y | | 2o [ ——
% ] a oosf —t— B
5 . . g . . . rever B S
arX|V1402 2539 [hep_ex] 1 0 5 1o 15 tJ?, 25 3 35 4 4.3
: : Pr [GeV/c] v
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Y production at 2.76 TeV

e Ratios of Y(2S)/Y(1S) and Y(3S)/Y(1S) as functions of pt and y:
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arXiv:1402.2539 [hep-ex]
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— consistency with the corresponding results obtained at higher collision energies
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W(2S) polarisation at 7 TeV NS

e Performed with 1 fb™ of 7 TeV pp collision data: L HCb-PAPER-2013-067

— angular analysis of Y(2S) — u’u~ decay

x10°
~ [ -~ r r r T r T 1 ]
— angular observables measured as functions o | preliminary |
of pr and y in the helicity and Collins-Soper frames %, LHCb Vs =7 TeV )
by studying the angular distributions of muons = | ” .
o * data
. . — — signal+bk I
— kinematic range: 3.5 <pt <15 GeVand 2.0<y<4.5 — | :i na]+ . i
22 - bke -
— data disagrees with NLO CSM, while NLO non- E
relativistic QCD models provide good description
at low pt I . ! ! Ix10°
Pl T 3.6 3.65 3.7 3.75 ,
i Eﬁﬂbcm) preliminary M@ ) [MeV/cT]
- CINRQCD(2) -
0.5 N -
- I [y 3
ol ———+ - L .
- R . - e (J(2S) meson exhibits neither large transverse
F25<y<40 1 i nor longitudinal polarisation
05 —
LHCb (s = 7 TeV
o s 10 15
P (W(28)) [GeV/c]
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e Pomeron/photon exchange diffractive processes calculable with pQCD: arXiv:1401.3288 [hep-ex]

P P P

Y Y ¥ Y
JA JAy J/Ap JAy

P(2S) W(2S) W(2S) W(2S)

g g9 g g g9 g g

P P P
exclusive inelastic with proton dissociation |  proton dissociation Il

gluon radiation

e Sensitivity to saturation effects: probing Bjorken-x down to ~5 x 10°

e Possibility to constrain gluon PDF: theoretical predictions depend on it
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Exclusive J/y and (2S) at 7 TeV

e Performed with 0.93 fb™ of 7 TeV pp collision data:
— supersedes previous study: J. Phys. G40 (2013) 045001

— J/ / Y(2S)— u* - decay modes

. . % 10° - | J/Y
— kinematic range: 2.0 < n(u) < 4.5 K - LHCb 56k
o -
e Clean experimental signature: empty E |
event except for two muon tracks o 10
2 F Y(2S)
— large rapidity gap over the backward region L%’ -
102
— feed-down contributions estimated from R e
simulation and normalised using the data -
— inelastic background determined from o a0 mo 4000

p°T distributions
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arXiv:1401.3288 [hep-ex]
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e Single differential cross-sections as a function of rapidity: arXiv:1401.3288 [hep-ex]

()]

—
~

LHCb

do/dy [nb]
#)

do/dy [nb]
(]

R .
IIII

z yia f 4
3 N

n 0.6
2f -

- ——— Data with uncorrelated uncertainty 0'4:_ —&—— Data with uncorrelated uncertainty
1E [ Data total uncertainty - [ Data total uncertainty

- [ LO prediction (JMRT) 0.2 W LO prediction (JMRT)

- [———1 NLO prediction (JMRT) 'J/"U (a) - [ 1 NLO prediction (JMRT) LAU(ZS) (b)
0 P N N TP I o S A I S B
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— NLO describes data better than LO based predictions
— better description for J/( than for @ (2S)
— uncertainties are highly correlated between the bins
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e Total cross-sections: data vs theory arXiv:1401.3288 [hep-ex]
— scaled with the dimuon branching fractions

— kinematic range: 2.0 < n(u) <4.5

| ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! T T T T I ! ! ! ! | ! ! ! ! |
J/ g Goncalves and Machado l’U(ZS)‘J N o
rti in,
m Jones, Martin, Ryskin, Teubner ones, iartin, Ryskin, fetbnet "
Motyka and Watt g m STARLIGHT
Schaefer and Szczurek g
. (Klein,Nystrand)
SUPERCHIC H
(Harland-Lang, Khoze, Ryskin, Stirling) o — LHCb
o . LHCb
A B E T B B B A T R R
260 280 300 320 340 5 6 7 8 9
pb pb
Phys. Rev. C84 (2011) 011902
— good agreement with theoretical predictions JHEP 1311 (2013) 085

Phys. Rev. D78 (2008) 014023
Phys. Rev. D76 (2007) 094014
Phys. Rev. Lett. 92 (2004) 142003
Eur. Phys. J. C65 (2010) 433
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e Associated production of Z+D mesons - unique insight into: arXiv:1401.3245 [hep-ex]
— double parton scattering (DPS)

— charm production mechanism and charm parton distribution inside the proton
e Performed with 1 fb™ of 7 TeV pp data:
— kinematic range: 60<M(u” 1)<120 GeV; pT(u)>20 GeV; 2.0<n(u)<4.5; 2<p1(D)<12 GeV; 2.0<y(D)<4.0
— Z—utu ; D°-1m K D*— K decay modes
— Z+D°: 7 reconstructed candidates ; Z+D" : 4 reconstructed candidates
— 5.10 combined significance: first observation
— background contamination mainly due to Z+b(D) feed down contribution - included in the systematics

; ppe S e == T -3 ; e e a

8 1 o N, = ” " 10 8 1 9*- S, 10
. 1.89 10% 7 1.89F 0 e 10
e 1.88 sl e 10:5 EJi 1.88F 10°
1.87¢ = 108 1.87 =

1.86F 5 o7 1.0o[ b
1.85 - 1.85F L 107
1.84 . 1.845 (A 108
1.83 | B 1.63 SRR i i

Ssissas —_— : 10—10 e i = 10

60 70 80 90 100 120 60 70 80 9 100 110 120
m,.,- [GeV] m,.,- [GeV]

— color scale shows the PDF value at any given point
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e Cross-section (in pb): data vs theory arxiv:1401.3245 [hep-ex]
— contribution from SPS and DPS production mechanisms

— SPS: NLO parton-level integrator, MCFM

L o Gy O
— DPS: factorisation approximation 075 D = —H; c;

Z+D observation at 7 TeV

Nucl. Phys.Proc. Suppl. 205-206 (2010) 10
measured MCFM massless MCFM massive DPS

Z+D° 2504+1.12+022| 0857021011 + 005 064700 1008 + 0.04 3.281098
7Z+Dt 04440.23+0.03| 037720 1905 +0.03 0.28700 +09%2 4+ 0.02 1.297921

— MCFM underestimates Z(u*1)+D° and provides good description for Z (u* )+D*

— DPS provides reasonable description for Z(u*u )+D° and overestimates Z(u* " )+D* production
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Summary

e L HCD provides a great possibility to study different aspects of heavy flavor
spectroscopy at different collision energies in a unique, previously unexplored
kinematic range - important input to theory !

e First 2014 LHCDb results on heavy flavor spectroscopy are highly exciting:

— Y production at 2.76 TeV is measured for the first time

— (P(2S) polarisation at 7 TeV is studied for the first time at forward rapidities
— associative Z+D production is measured for the first time

— exclusive J/Y and (2S) cross-section measurements are updated

e EXxisting theoretical models cannot describe all aspects of heavy flavor
spectroscopy: LHCb data are helpful to improve things :-)

Stay tuned for further results !
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e Photoproduction cross-section as a function of the c.0.m. photon-proton system
— H1 power law fit results are superimposed

3
§ 10 S ' T I E
s F LHCDb
102 = -
N e  LHCDb (W+ solutions) i
- u LHCb (W- solutions) -
A H1 _
\ ZEUS
10 Fixed target experiments —
- Power law fit to H1 data -
B [ i i 1 i i i l i L [ L I L1 I N
10° 10°

W (GeV)

arXiv:1401.3288 [hep-€eX]
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