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QOutline

+ LHCb detector
» Quarkonia Production

* Open Charm & Beauty
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Production of B-hadrons at LHC

» >100k bb/sec are expected
and all B-Hadron species are
produced:

. B, B+, B, B, b-baryons

* B-hadrons are produced in LHCb MC
the forward (beam) region: s=TTeV

e LHCb - single arm
forward spectrometer
has been chosen which
covers 12 mrad« 0 <

300mrad
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Acceptance of LHC Expts
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Quarkonia Production
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Motivation

+ Heavy gq simple applicaton of QCD(!)

» Experimentally clean

- Radial & orbital excitations
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Motivation
» Quarkonia usually described in framework of
NRQCD

» Other models:

* heavy quark pair in pQCD not in colour-singlet state

» Colour & spin of state is "randomized” by soft interactions
after production

» Production of 3S, state is now possible via a single gluon
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Heavy Onia

Measurements also important tests of CS & CO
production mechanism

* Needed for polarisation measurements
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L HCb measurements

* Analysis rapidity range: 2 <y < 4.5
* Low prtriggers

» 1p: pr> 1.8 GeV/c
+ 2y: pt>0.56 GeV/c; pr>0.48 GeV/c

» All measurements presented are at /s=7
TeV
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Quarkonia @ 7TeV

. Y.-Q. Ma et al. PRD 84 (2011) 114001
* Prompt charmonia

Y.-Q. Ma et al. PRL 106 (2011) 042002
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» All consistent with predictions

* Large pt tails well reproduced especially in CO
models
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LHCb
s=7TeV

Quarkonia @ 7TeV

* Prompt bottomonium

* Good agreement of theory with

measured X-section .

« Discrimination of theoretical
M@ 1+ (MeV/c?

models not yet feasible with EPJ €72 (2012) 2025
differential disttn

Y(25)
Y(3S)

Candidates / (25 MeV/c?)

NRQCD: A.D. Frawley et al. Phys.Rep. 462 (208) 125

—e— LHCb data (2.0<y<4.5)
NLO CEM (1.5<y<5.0)
[ NLO NRQCD (2.0<y<4.5)

o(pp — Y(15)) x BS

— (2.29 + 0.01(stat) £ 0.10(syst)T222(pol)) nb
o(pp — Y(25)) x B2°

= (0.562 & 0.007(stat) 4 0.023(syst) 5095 (pol)) nb
ag(pp — T(39)) x B35

= (0.283 £ 0.005(stat) & 0.012(syst) To07a(pol)) nb EEE m
P, of T(1S) (GeV/c)

B'S x do’ s/de [nb/(GeV/c)]
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Heavy Onia: X,

. : ¥y Phys.Lett. B714 (2012) 215
Photons identified - B714 (2012) 2

LHCb-CONF-2011-062

pr. > 650 MeV/c; p">5GeV/c
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Heavy Onia: X, Xcs(nP) — J/ Wy

U(Xc — J/ LD’V)
(25) = J/UX)+ o(xe(— J/¥v)
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L. Harland-Lang & W.J.Stirling
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M&b Xb(JP) — T(]S)’y — /L_i_,u_’}/
2<yy<45 6<p<156eV/c
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m(u*uy) — m(utp) (GeV/c?)

fo(1P)=1(15) = (20.7 £ 5.7 (stat) & 2.1 (syst)” §4(p01))(7
Consistent with CDF (PRL 84 (2000) 2094): ( 27.1+ 6.9+4.4)%
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(BP) = Y(1S)y — pu"p

Heavy Onia: x, X?

LHCDb preliminary
\s=7TeV

0.9 fb™ Yield  Mass (MeV/c?) Width (MeV/c?)
652 £50 9901 L2 5512
N(x,(3P)) =196 £ 19 , 39332 10266 = 6 5746

\ 196 £+ 19 10535 = 10 8010

Candidates / 20 MeV/¢2

m(u*uy) - mutp’) (GeV/c?)

m(xp(3P)) = 10.535 + 0.010GeV /c?

Mass consistent with ATLAS (PRL 108 (2012) 152001)
& DO (PRD 86(2012) 031103)
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Multiple Quarkonia Production
& associated open charm
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Double J/W production

* Production of multiple heavy flavour states tests

99 fusion
LHCb: 2 < y;,,<4.5 py3,< 10 GeV/c

UJ/¢J/¢:5.Z + 1.01 = 1.1nb (2012) 52

Phys.Lett. B707

T/

— (5.1 + 1.0(stat) £ 0.6(syst) 1% (pol)) x 104
1.0
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J/W production & associated charm

LHCb: 2 <y, < 4 prg/¢ 12 GeV/c Jp B wma
2 < YCharm<4 3 < PT charm < 12 GeV/c §X ‘
it
199

THEP 06 (2012) 141

, , .
g fusion . jﬁg_ j//ztg* —*~ DPS predictions
L 4
- JWDF JWD; using cross-section

e I AF JWAY by CDF for multi-jets.

| lllllll] | llllllll | llllllll | llllllll | llllllll | | | I .| lII | | | L1 1 lll |
10* 10 102 i
0¢,0c, [Oc, [mb_

J-.P. Landsberg EPJ C61 (2009) 693

* Measured X-sections suggest DPS needed
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Open charm and bottom production
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Production Asymmetries

* Production diagrams
asymmetric
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Produc’non Asymmetries

-

(a) LHCb
s=7TeV

-

_ 1} (b) LHCb
i \s=7TeV

® Magnet up

i* k

® Magnet up
® Magnet down

Production asymmetry

o
TTTTTT

Production asymmetry
5 . 5

o ¢

S 2 3

2<y<475 20<«p<18 GeV/c .
(excluding 2.20 <y < 2.80 2.0 < p< 3.2 GeV/c) arXiv:1210.4112

r.HCD

Phys.Lett. B713
(2012) 186

AP(DS) =

1 (-0.33:0.22:0.10)%

M2 <y<45 pp 26eV

Il No obvious prory

(-0.96+0.26+0.18)%

No obvious ptor 7
dependence
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Double Charm Production

* Handle on DPS and sea charm quarks
[ub]  Opps
2.0 0.5
1.7 +0.4
predictions 0.65 £ 0.15
1.5 +0.5
0.34 % 0.09
0.27 % 0.07
0.64 % 0.23

DPS: sea:

C. Kom et al. PRL 107 (2011) 082002 S. Brodsky et al. PLB 93 (1980) 451.
S. Baranov et al. PLB 705 (2011) 116

A. Novoselov arXiv:1106.2184

M. Luszczak PRD 85 (2012) 094034
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Double Charm Production

Candidates
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Candidates

Candidates
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THEP 06 (2012) 141

Double Charm Produc‘non

Opposite sign:

A$—0 peak indicates
g->ccbar splitting
contribution and/or non-
collinear contribution

Same sign:
A¢ flat indicates no
production correlation

0.2 04 0.6

|Ag| /m
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Summary & Prospects

* LHCb has very many important production results

* Polarisation measurements on the way
* Analysis of 8 TeV data under way

* More detailed studies of kinematic distribution
of double charm production

* Production measurements planned from pA runs
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Onia x-sections @ 7 TeV

Charmonia and Bottomonium atvs =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!

(J 1) =10.52+0.04(stat) =1.40(syst)".% (polyub | Use I/ ->ww
‘ cross sections integrated over the ranges
o,(J /9)=1.14+0.01(stat) £0.16(syst)ub o< 14, GeV/c and 2.0<y <4.5

aprompt

arXiv: 1204.1258 data sample of 36. pb!
o, (W2S))=1.44+0.01(stat)+0.12(syst) o2 (pol)ub use (2S) -> u*u and

prompt

0, (Y(25)) = 0.25+ 0.01(star) = 0.02(syst)ub Y(2S) > I/ (up )

. _ . . . . _, | cross sections integrated over the ranges
BR(b—y(285)X)=(2.73+0.06 = (stat) +0.16(syst) + 0.24(BR))x 10 o, < 16. GeV/c and 2.0 <y<4.5

EPJC 72 (2012) 2025 data sample of 25. pb

Y(18)) x Br(Y(1S) = ' ") = 2.29 0.01(star) = 0.10(syst) > (polynb use Y(iS) > (i=1,2,3)
(YAS)x Br(Y(AS) = u"u’) £0.01(star)+ (syst)o3,(pobn cross sections integrated

O promp (Y (28)) x Br(Y(28) — p'u™) = 0.562 £ 0.007(stat) = 0.023(syst) 500 (PODNb | over the ran ges

(Y(3S))x Br(Y(3S) — u*u") = 0.283 £0.005(stat) = 0.012(syst) "0 %% (pol)nb pr< 15. GeV/c and
2.0<y<45

Gprompt

Uprompt

@ 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

@ the inclusive BR(b -> y)(2S)X) has been obtained combining o,(y(2S)) and o,(J/4), and the last error is
due to the uncertainty on BR(b -> J/X) [PDG]
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Onia from B-decays
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Bottomonium
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Ns =7 TeV

€(Xb)tot
13 14 15 €cond (Xb) = (™)
pTI‘(1S) (GEV/C) tot
prY (5 (GeV/e) 6-7 7—8 8 —10 10 — 15 6—15
Nrec(Xp) 41 £+ 39 35 + 22 91+30 82+ 29 201 =55
Niec(T) 2730 £64 21934157 2866+64 2627159 | 10345+ 123
€cond (Xp) in % 6.7+£0.2 8.3+0.2 10.0£0.2 12.8+0.2 9.4+0.1
Fraction in % 23 + 22 20+ 12 32+10 206+ 9 21+6
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Charmonium & associated charm

o [nb] occ/oqe (%] 0c,0¢,/0c,c, [mb]

690 + 40 +70 2 x (424 3 +4)
10.9+0.8

6230 + 120 £ 630 2x(474+£0.1+£04)

520 + 80 < 70 AT+ 7 +4
0 12.84+2.1

3990 + 90 + 500 6.0+0.24+0.5

270+ 50 +40 36+ 8 +4
15.7+3.4

1680 4 110 + 240 5.6+0.5+0.6
2010 £ 280 £+ 600 9+ 2 +1

80+ 10 £ 10 2 x (66+ 11 £7)
9.6+1.6

780 £+ 40 +130 2x(64+041+0.7)

70+ 15 £10 599+ 15 +6
121+3.3

550 £ 60 £90 7+ 1 +1

60+ 30 £20 1404+ 70 4+ 20
10.7+5.9

530+ 130+ 170 15+ 4 +£2
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—4— Data
— Total

B*. production
* Unique in SM

P | rf I
| Lal 'Y a2 aTa ' & ™™ rernenT
! | ! [
ST CUITIQIT I I. Y o U ' :

Signal
~---- Background

Candidates / (10 MeV/c?)

6200 6300 6400 6500
M(J/yn*) [MeV/c?]

_ o(BHB(BY — J/¢)
o(BT)B(BT™ — J/¢YKT)

- 0.10(stat) £ 0.03(syst) &= 0.05(lifetime) )%

- 1.3(stat) &+ 1.6(syst)MeV /c?

m(B}) — m(B1) = 994.6 + 1.3(stat) £+ 0.6 (syst)MeV /c*

World's most precise measurement
in agreement with CDF & DO (& lattice QCD)
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PRL 109 (2012) 172003

1 I Ll
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b-baryon production

1st observation of
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Candidates / (0.5 MeV/c?)

M - 3
290 oo #5010 - 5920 5930 5940 5950
M(n*n) (MeV/c2) M (A ) (MeV/c2)

M ps0(5012) = 5911.97 + 0.12 + 0.02 = 0.66 MeV/c?,
M je0 5990y = 5919.77 £ 0.08 =+ 0.02 % 0.66 MeV/c?,
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LHCb-CONF-2012-031

b-baryon production

* A, production X-section

22<y<45
pr< 13.0 GeV/c?

o(pp — AX)B(A) — J/WA) = 4.08 + 0.591ar + 0.364ys nb,
o(pp — A X)B(A) — J/WA) = 2.60 + 0.4651a¢ + 0.265yst nb.

LHCD Preliminary LHCbD Preliminary

Upstream track

Candidates / 13.3 MeV/c?

T rrack

Candidates / 13.3 MeV/c®
.—+—.

Long track

BT || 127 vagne

J/y A mass (MeV/c?)

Velo track

T LHCD Preliminary -+

Downstream track

12 713
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Quarkonia @ 8 TeV

LHCb is performing extremely well at 8 TeV ™ F [\ o ptimimary A x>

N
o = 14.6 MeV/c?

=2.75e+06

Signal

800005 = 8 TeV, L =184 pb' §..

Mass resolutions : 70000

Iy 14.5 Mev/c? LHCb-CONF-2012-025
.5 MeV/c

Y 43 MeV/c? (was 47 MeV/c?in 2011 i

30000

Proper time resolution : 61 fs

20000

Cross-sections expected to increase by ~“15% "™
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- Prompt J/y T > : | o08)= 43.0mevie? ;
10’ D Tail Distribution J/ 1P uE, 12000; Y ::::: gg - ?;g;g: :1322 —E
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Quarkonia @ 8 TeV

Fraction of J/ip from b extracted from fit to mass and pseudo proper time
_ (zw — 2zpv) X My

tz LHCb-CONF-2012-025
Pz
S 0'4: . c 04r
sk LHCDb Preliminary S -
OB {5=8TeV, L=184pb’ l :t § 03E LHCb Preliminary -
0.3k —a— 2.0<y<2.5 i o F Vs=8TeV, L=18.4pb’ _.]._
- —a— 2.5<y<3.0 =4 ® F 2.5<y<3.0
025 —o— 3.0<y<3.5 "’ﬁ L+ 1 £ oasf 3.4% increase +++
02; —— 3.5<y<4.0 ._‘_:_'_‘_!_‘ : [ E ’ 0 ——
2 —o— 4.0<y<4.5 i 1 0.2~
: St | - @8TeV =
0A8E- = aaeSDELED U 015 e =8TeV
- a:’_._"_'_'»—-“—:ﬁ;_‘ e - —r—
0.1 S:EE:::_'_‘»—C—:—;H ) 0.1 '—I—'+ 7 TeV
= _'_:_1—()—:_"”"_‘ \JM-—Z —_*_‘
05— E Eur.Phys.J.C71(2011) 1645
= NEW
0_1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1; 1 1 1 I 1 1 1 I 1 1 1 I 1 Il Il I 1 1 1 I 1 1 1 I 1 1 1 | 1 1
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
p, (MeV) p, (MeV)

Expect more results at 8 (and 2.76) TeV very soon |
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B production asymmetry
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[E—
@]
~

Candidates / (1 MeV/c?)
=

[E—
e}
N

1800 1850 1900 1950 2000
K(S’n”’ mass [MeV/c?]

5th Int'w/s on heavy quark production in heavy ion collisions- November’ 12 B12




