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Overview

@ LHCb provides a unique
coverage for production

StUdleS ol [ Tevatron
[ HERA
@ Complementary to other 0oL | B fixed target
: O GPD 13 TeV

experiments 10 W LHCD 13 Tev
@ Results cover top, beauty & wf[TILICH 110GV

and charm production ot
@ Only covering analyses of 0

pp datasets 't
@ See Matt’s talk tomorrow T ([ (1

for heavy ion results
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The LHCb Detector JINST 3 (2008) S08005

@ Instrumentation in
the forward region
(2<n<b)

I @ Excellent

; secondary vertex

reconstruction

@ Precise tracking

before and after
magnet
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LHCb pp datasets

Run  Year NG L

Run1 2010 7TeV 0.04fb~" comessmsmomsummon o w0z
2011 7Tev  1A1fo~' Dot
2012 8Tev 2.08fo" | 2L

Run2 2015 13Tev 03316 17 A
2016 13Tev 1.67fo~" <0
2017 13Tev 1.71f0™' 5

2015 5TeV  0.01fb~" i
2017 5TeV  0.10fb~"

oV
Month of vear
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Production in pp @ LHCb

Measurement Vs (TeV)

276 5 7 8 13
D production v v v
DY prod. asym.
DZ prod. asym.
J/ production v
Jip + Jfp prod.

@ Wide range of heavy flavour J -+ D prod,

. Jip in jets v
production results W+ c

o Table not exhaustive W + cc

. . B production
@ Impossible to cover everything B prod. asym.

@ Will focus on some new results BB prod. cor.
T production v

from the last year T polarisation
T + D prod.
W+b
Z+b
W + bb
t production
tt prod.
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Jet flavour tagg”’]g @ LHCDb JINST 10 (2015) P06013

@ BDTs developed to tag
jets in Run 1 data = oy

@ Efficiency determined

candidates

SV features used

in2 BDTs_ |

on flavour-enriched N
samples i I |

o eg.tagged by fully e ,

reconstructed 2 they 5 o

(middle) B or 8 om % g

(bottom) D decays 00 00

on “other” jet 2000 209

o

@ 2D fit to corrected mass T Smeeen T N
and track multiplicity of £ "o St o]

2 2 « data
reconstructed 8 8 oot "
10000~ -udgg I

secondary vertices also =
gives good separation
of Jet flavours SV My [GeV] ® v N(racks
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Jet studies @ LHCb
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PLB 767 (2017) 110  PRD92 (2015) 052001

@ Too many jet production
studies to cover everything

@ Run 1 studies of heavy jet
and dijet production in
association with W/2Z
bosons

e Cross sections in good
agreement with
calculations
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J/’(?Z) in jets PRL 118 (2017) 192001

@ Run 2 study of prompt and o . . :
displaced J/y candidates in jets 8§ | Hpaae HED
e Good mass and oo PYa8  prompt
pseudo-decay-time resolution
e pr fraction carried by the J/i
meson consistent with
expectations for b jets
e pr fraction of prompt J/i "oz "oa 06 08 1
mesons do not agree with 2019)
expectations [ [ Daa(sys) LHCb
o First experimental measurement [ [rythias %Ei @;Hljlzjev
of pr fraction for prompt J/ o2
mesons in jets [ =

0.3

do/o

I — ]
20<p,(jet) <30 GV LHCb LHCb 20<p_(jet) <30 Gev N ]
[ 04<z0/y)<05 E=13Tev ] 10F (5=13Tev 04<201g) <05 1
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bb correlations

JHEP 11 (2017) 030

@ Kinematic correlations between a heavy quark—antiquark pair can
improve understanding of production mechanisms

@ CDF, DO and LHCb studies of cc correlations have identified gluon
splitting, flavour-creation and flavour-excitation contributions

@ bb correlations studied in pp by UA1, DO and CDF and pp by

CMS and Atlas

CMS \s=7TeV,L= 31pl1'
|569Vh| <20 o

) T T

8 [

b::“{, 5 <30
"B

+ Data (o 556 Ge)

o Data (b} 504 Gov) 2

« Data (5 >120 GeV)
PYTHIA

MC/Data  MC*/Data

o Dala  -&MGS aMC+Py8 4fi"_|
Stal.  -5-MG5_aMC+Py8 5"
Stat.+Syst.—— Sherpa 5il"
-5~ Pythiag Opt. 4
- Henwigr+

AR(J/yu)

Plots reproduced from
JHEP 03 (2011) 136 and
JHEP 11 (2017) 062

Nucl. Phys.Proc. Suppl. 170 (2007) 243
DIS (2007) 829

JHEP 06 (2012) 141

Z. Phys. C61 (1994) 41

Phys. Lett. B487 (2000) 264
Phys. Rev. D55 (1997) 2546
Rev. D61 (2000) 032001
Rev. D71 (2005) 092001
Phys. Rev. D77 (2008) 072004
JHEP 03 (2011) 136

JHEP 11 (2017) 062

Phys.
Phys.
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bb correlations JHEP 11 (2017) 030

— I

-- JAb + comb:.

=== comb.
total fit

@ b candidates reconstructed in
Jip (— ptp~)X final state

@ J/iy candidates from both b
candidates required to be associated
with the same primary vertex have
significantly displaced decay vertices

@ 2D fit performed to the two dimuon
‘ : invariant masses

V= 7,8T6Vj§ @ sPlottechnique used to isolate signal
] component

2 @ Normalised differential cross section
3 determined as a function kinematic
E variables using efficiency-corrected
yields
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bb correlations

Cross section as a function of:
i @ relative azimuthal angle and
%ﬁ\“\'\ﬁt ] pseudorapidity of beauty

B T T T T T T T T

a) POWHEG j 24 F b LHCD

* . V5 =T,8TeV
Py THIA - yo et

——— uncorrelated bb ”ﬁ og P’ > 2Gev/e

z_do
T AAGT

15

‘ ] hadrons
e T e pr asymmetry between J/y
N | @ mass, pr and rapidity of J/i
S ] pair

N .. Good agreement with calculations

mo 0 @ NLO effects are small in this
region cf. experimental
precision

@ no significant gluon splitting at
small |A¢*|
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B* production @ 7 and 13 TeV JHEP 12 (2017) 026

3900 I s =TTe I l el c_z . .

zoof R SIS e Previous LHCD studies of B+

S A production at 7 TeV performed in

S50 " Combimtonst 2010 and 2011

2400 —— B* = Jyn* 3 .

300 E @ Recent analysis updates these
B Pl E results and adds measurements

0 5200 =0 TR for 13 TeV

M(J/yK*) [Gev/e?]

@ Based on 1.0fo~" of data at

L Bumons-nmv  3s<pr<soGee 7TeV and 362pb " at 13 TeV
2500F 2 nar - 1.03 23<y<30
3 _t Dua @ BT reconstructed from the
Sanok e el Jhp K* final state
Saoff - @ cross sections measured in

100f P ' range 0 < pr < 40GeV/c and

R o 20<y<45.
M(J/y K*) [Gev/c?]
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B* production @ 7 and 13 TeV JHEP 12 (2017) 026

@ Double differential cross R Srrwarm rom
sections determined as a 2130_”‘\—%,_ oo o

. T =l [os —— 0<y<2. =

function of pr and rapidity at =40+ T —

. 2 g N 25<y<3.0(x10?) ]

both energies SWF S—— 30.y<356109

@ Results are in good agreement ~ o F ™ T assy<aoew0)
with FONLL predictions wuf 05y <45040)

e Integrated cross sections in % 19 2 RN

pr <40GeV/c,20<y <45 = .

= Fiaor sii3mey " dowa

<} 10;__ L FONLL ]

o(pp — BEX) =43.0+0.2(stat) & ... = o3
510 ?—\““ e 25<y<30(x107)

+£2.5(syst) £1.7(BT) pb Q@7 TV S10% b ™™ 25 casians
S 107E —— .

L —-355y<40(x109

4 10° :\M_ﬁ—*— 40<y<45(x109 :

o(pp — B=X) = 86.6 + 0.5 (stat) wotE 3
+5.4 (syst) £ 3.4(B) ub@I3Tev ° I
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B* pI’OdUCtiOI’] @ 7 and 13 TeV JHEP 12 (2017) 026

% 4.5

=

s “F LHob

£ 35F 20<y<45
o

z 3

@ Ratio of differential cross sections
between 13 and 7 TeV also in

° ° * % ooy’ good agreement with FONLL
= 456 : : _ predictions
S A o + Dua 1 e Integrated ratio:
e S 2.02 + 0.02 (stat) - 0.12 (syst)
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T polarisation

1
0.05

dN

N dcosfgy

1

@ Study of T(nS) polarisations in 7 and

8 TeV data

@ Dimuon mass spectrum fitted in bins

of pr,+ -

@ Angular distributions of T candidates
extracted using sPlot technique
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Heavy flavour production @ LHCb
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T polarisation
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5
[Gev/e]

JHEP 12 (2017) 110

@ Angular distributions
extracted as function of pr
in helicity, Collins—Soper
and Gottfried—Jackson
reference frames.

@ All can be converted into
frame-invariant polarisation
)\ to cross-check
systematics

@ No large polarisation is
observed

o Consistent with CMS
results

Phys. Rev. Lett. 110 (2013) 081802
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PRL 118 (2017) 182001

Observation of (2, states

@ Pure sample of = — pK—n+
candidates combined with charged

kaons

@ Five narrow peaks observed 7
e correspond to excited (2, states o

Candidates/ (1 MeV)
<]
o

@ Masses consistent with predicted

masses for 1P and 2S states
@ Further studies required to assign

quantum numbers
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—+(+)

Searches for =,; "’ states PRL 118 (2017) 112001

@ Quark model gives three
weakly-decaying doubly-charmed
JP = {r Baryons: =% (c ¢ d),
EXT (ccu)and 24 (cc s)

@ SELEX reported observations of
the singly-charged =, state in
AfK—nt and DTpK~

o Unexpected short lifetime and
high production rate

SU(4) flavour multiplets of baryons con- o Subsequent searches by
taining d, u, s and ¢ quarks, reproduced

from Chin. Phys. C40 (2016) 100001. FOCUS, BaBar and Belle found
no evidence of doubly-charmed

Phys. Rev. Lett. 89 (2002) 112001

Phys. Lett. B628 (2005) 18 baryons

Nucl. Phys.Proc. Suppl. 115 (2003) 33

S @ Initial search by LHCb set upper

i O L limit on long-lived states but not
inconsistent with SELEX claim
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Observation of =/

PRL 119 (2017) 112001

@ New LHCb search for the Eﬁg: (e 137y o
doubly-charged state in o 10 F000 3
T = ALK mtrt performed g 5%
using data collected at § 8oF
Vs =13TeV © H 5

@ Highly significant state found at 2F L
m = 3621.40 + 0.72 (stat) 350 %030
0.27 (syst) + 0.14(AZ) MeV/c2 Mo =2) [MeV/CH

o Local statistical significancein ~ § ™F LHcosTev | '
excess of 120 z oo +Data
5 gof —To

o Verified in 8 TeV dataset L

@ Large mass difference from g wf
SELEX claim (103 MeV/c?) © 20

@ Inconsistent with being isospin 10;

partners

E PR 1
3500 3600 3700

M52 MeV/c?]
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Summary and outlook

@ LHCb tests cross section calculations in unique kinematic region
@ Many new production results

o but plenty more still to come
@ including results from the new larger 5 TeV dataset

@ Jet tagging efficiency studies underway on 13 TeV dataset

o Unlike in Run 1, these benefit from dedicated calibration samples
o New 13 TeV jet studies to follow
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J/¢) in jets PRL 118 (2017) 192001
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bb correlations JHEP 11 (2017) 030

LHCb

a) p¥¢ > 2GeV/c 100y D) pfr/lb >3GeV/e /5 7.8TeV

Candidates/(10 MeV/c?)2
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bb correlations JHEP 11 (2017) 030

T T T LECH &
a) POWHE B .f o POWHEG ;

) el B
— PYTHIA - + v ‘,’2?\ i s PYTHIA
S = osf P > 2Gev/e E g
f  ——— uncorrclated bb_/"14 x T wncorrelated bb +

LHCb
5 Vs=T.8TeV ]
[ P >3Gev/e 4

0
R (Gev/e Ar mIIGev/e]
.
T o
. o
/ -
N
N P o
ou 17 Tk o
ool .
R o0 o
25 3 35 a a5 o 5 0 = 2
YT P GV

23/19

LHCb



https://doi.org/10.1007/JHEP11(2017)030

bb correlations JHEP 11 (2017) 030
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bb correlations JHEP 11 (2017) 030

pr/? > 2Gev/c pr/¥ > 3Gev/c pr/? > 5Gev/c pr/¥ > 7Gev/c

i PowniG

LHCH
m— PYTHIA

Vs =T7,8TeV.

]
s § +

POWHEG «i
m— PYTHIA

1 5 £ ——— uncorrelated biy
18

——— uncorrelated bb,

[ gt

25

n Craik (MIT) Heavy flavour production @ LHCb 29/01/2018 25/19


https://doi.org/10.1007/JHEP11(2017)030

B* prOdUCtion @ 7 and 13 TeV JHEP 12 (2017) 026

Sources Uncertainty (%) >: Z;w LHCb (/5 = 7TeV + Dua
7TeV 13 TeV  R(13 TeV /7 TeV) 2 s g 0< pr < 40GeVe % FONLL
Luminosity 1.7 3.9 34 r -
Branching fractions 39 3.9 0.0 § wr 40|
Binning 2.6 20 0.0 107 LHCb 5= TTeV :
Mass fits 2.7 1.3 1.5 b 20<y<as 10|
Acceptance 0.2 0.1 0.2 o 10 20 EJ a
Reconstruction 0.1 0.1 0.2 e
Track 1.6 2.6 1.0 5 T
PID 04 0.1 0.4 z 1 TE Uov-uT 4+ pw
Trigger 35 26 44 z ] Tap Ocpresc o
GEC 07 07 LO § o
Selection 1.0 Ll 0.1 Q E EY
Weighting 0.2 0.2 0.3 wib ;‘;i‘”f i —— 2
Total 7.0 7.4 5.9 5 % o~ 2 % = + ;
PriGev/] ¥
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T polarisation JHEP 12 (2017) 110
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T polarisation JHEP 12 (2017) 110
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Observation of (2, states L 1 (7 e

TABLE 1. Results of the fit to m(EFK~) for the mass, width, yield, and significance for each resonance.
The subscript fd indicates the feed-down contributions described in the text. For each fitted parameter, the first
uncertainty is statistical and the second systematic. The asymmetric uncertainty on the Q.(X)? arising from the Z;
mass is given separately. Upper limits are also given for the resonances Q.(3050)° and Q.(3119)° for which the
width is not significant.

Resonance Mass (MeV) ' (MeV) Yield N,

Q.(3000)° 3000.4 £ 0.2 £0.1703 45+06+03 1300 & 100 & 80 204

Q,(3050)° 3050.2 £ 0.1 £0.1503 0.84+02+0.1 970 = 60 £ 20 20.4
<1.2 MeV, 95% C.L.

Q.(3066)° 3065.6 + 0.1 £ 0.3703 35£04£02 1740 4 100 & 50 239

Q.(3090)° 3090.2 £ 0.3 £0.503 87+1.0+08 2000 + 140 £ 130 21.1

Q.(3119)° 3119.1£03£0.9793 1.1+08+04 480 +70+ 30 10.4
<2.6 MeV. 95% C.L.

Q,(3188)° 3188 +5+13 60+ 15411 1670 == 450 + 360

Q,(3066)% 700 = 40 + 140

Q,(3090)9 220 4 60 & 90

Q. (3119)% 190 £ 70 £ 20
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Table 1: Systematic uncertainties on the =1 mass measurement. 210
P
Source Value [MeV/c?] E
Momentum-scale calibration 0.22 o I
Selection bias correction 0.14 M2} [MeV/cT]
Tolbnmer St TiEats © . . —_— - - . .
Unknown =% lifetime 0.06 £ o (reosTer & uof LrchsTer E
Mass fit model 0.07 = a5 2 oob E
] < ; g [ Signal H —DaaRs
Sum of above in quadrature 0.27 8 300F ] sideband g gof FDxaWs
AT mass “ertaintv 4 8
A} mass uncertainty 0.14 5 o)
3w

8
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