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Kaon Identification ——  Muon ldentification € ~ 97%,
e ~ 90%, mis-ID< 5% mis-ID~ 0.7% at high pt

Magnet RICH2 g M2

Secondary Vertex Resolution
Oxy = 15 um, 0, =~ 80 um

Acceptance 2 < n <5
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LHCb Experiment

/ \
/ // Ecar HCAL ‘
/ SPD/PS M3

// Magnet RICH2 )

! OPTIMAL u*, p, K=, 7% produced inside the Velo
Jr oK K2, A?, 7, e*, 70
CHALLENGING stable neutral hadrons n, K}
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DAaTA TAKING IN LHCb in 2011

LHCb Average Mu at 3.5 TeV in 2011
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LHC Fill Number

® High pileup p < 2.

® Since 2011 the luminosity is levelled leading to stable conditions
for the full year.
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LHCb SENSITIVITY TO PARTON DENSITY
FUNCTIONS

® unique kinematic acceptance 10° F[aasious| 1yl <25

[ Vs=7Tev
" Q=M X = %eiy o

B combination of KNOWN high-x £
. o -
with UNEXPLORED low-x 5 "
partons
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LHCb SENSITIVITY TO PARTON DENSITY

FUNCTIONS

unique kinematic acceptance

Q2 = M2, X2 = %e:l:y
combination of KNOWN high-x
with UNEXPLORED low-x
partons

For Z0, w*

0 Q2 ~ 10000 GeV?

O x, down to 1.7 - 10~%.
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THEORY CODES AND PARTON DISTRIBUTION
FuNcTIONS

m Fixed order in the pertubation m Before LHC

series in a: o MSTWO08
O(as) MCFM 0 CT10
0(a?) FEWZ

o JRO9

" Leading Logarithm m After the start of LHC

0 PowHEG with parton shower

from PYTHIA i 2'5\3'5[1)5 23
o PYTHIA :
. Those include results from
®m Resum all logarithms
LHCb-PAPER-2012-008
O ResBos

References are links behind the names.
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http://inspirehep.net/record/861954
http://inspirehep.net/record/877524
http://inspirehep.net/record/871058
http://inspirehep.net/record/760769
http://inspirehep.net/record/760769
http://inspirehep.net/record/712925
http://inspirehep.net/record/360438
http://inspirehep.net/record/441946
http://inspirehep.net/record/604413
http://inspirehep.net/record/810127
http://inspirehep.net/record/861245
http://inspirehep.net/record/800431
http://inspirehep.net/record/1121392
http://inspirehep.net/record/1258127
https://cds.cern.ch/record/1439627

INCLUSIVE Z PRODUCTION AT /s =7 TeV

B qq initial state

7000 \
CF

S o0k LHCb preliminary E n 2 < 77:“ < 45
Q F —e—Daa
<5000 1 " pr,u>20GeV
@ 4000 E
Bl 1 ®60<my,, <120GeV
2000 1 ® Measurements with all charged leptons
100 ] in the final state
060 80, . . 100 120 LHCb preliminary
Dimuon invariant mass [GeV/c? o Z_ pu i
m 7. ee —.—

07 s = 7544 0.3+ 1.9+ 2.6pb

~ 53000 events Lz-m i
NNLO(MSTW08)

50 60 70 80 90

100
o(Z- 1) [pb]
/s =7 TeV LHCB PRELIMINARY LHC5-CONF-2013-007
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https://cds.cern.ch/record/1537825

Z: PROBE PQCD WITH Z pr

— T el ——— ———rrg
L B ! ‘Q LHCb preliminary 7
% B i, Data (stat) ]
0 B + XX Data (tot) 1
= L A NNLO-MSTWO08 .
Ko M v ResBos
Z h¢ * Powheg + PS

'_ — —
o 1E 1 ]
Q L m
o) C ¥ ]
© B A ]

10°

1 10 102
Z boson transverse momentum [GeV/c]
/s =7 TeV vucsconr-2013-007
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https://cds.cern.ch/record/1537825

Z: PROBE PQCD WITH Z p' a RrsBos describes the

data
— T —x——— B Parton shower partially
- - v ¥
S LK Fi lculati
S B % ® Fixed order calculations
*
@ - + x are not expected to work
e - 1 here
o) M
Z h¢ * Powheg + PS
'_ — p—
o 1F i ]
XS] C ]
o) C ¥ ]
ke B A ]
b
al Lol L A | L Ll

3

1 10 10° 10
Z boson transverse momentum [GeV/c]
/s =7 TeV vucsconr-2013-007

A. BURSC As IATED BOSON PRODUCTION - MPI@GLHC 2014



https://cds.cern.ch/record/1537825

W+ — 4 v-SELECTION
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W+ — 4 v-SELECTION

m 2011 dataset, 975+ 17 pb~! at 7 TeV
® Isolated muons Y A p_o5PT < 2 GeV
® 20 < pit <70 GeV

m Veto second muon in the event
™ ECan < 4%
Pp

Impact Parameter less than 40 pm

® This leads to a purity of 77%

B Needs to be determined precisely
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S [ LHCb H* i 20<n<45 M

8 - - Data WK/ - gy 4

+ 4 - 20000-_ — Fit [l Electrowesk ]
s/‘/ % /,L VfPURITY g I §|:|W~uv [ Heavy flavour |
%) r i

15 L ]

31 10000 -

Pull
o

F1T IN pf

_55—. N h N N .E. N N N N =
20 30 40 50 60 7020 30 40 50 60 70
P, [GeVic]

Signal Template from Simulation (PYTHIA corrected to RESBOS).

WE — 71 from PyTHIA, normalised to W cross section.
m 7% — 77 from PYTHIA, normalised to Z cross section.
m 7% — yup from PyTHIA corrected to RESBOS and normalised to Z.

m K% 7% decay in flight shape from data and normalisation from fit.
\/g — 7 TeV ARX1v:1408.4354 suBMITTED TO JHEP
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https://cds.cern.ch/record/1750837

ToTAL CROSS SECTION

= — T T T T T T T T T
28001 .
o L LHCb, Vys=7TeV P, > 20 Gevie i
= - Data 20<n<45 -
. T Datasat O syst 4
= L Datg, ) J
e} o MSTWO08 68.3% CL ellipse area
750 B v NNPDF23 n
= CT10 — E
B ABM12 1
B ° HERA15 1
F JR09 B
700 -
6501~ .
PR SR RN T S SR SR NN S S S T |
850 900 950
Oy vy PO
\/g — 7 TeV ARX1v:1408.4354 suBMITTED TO JHEP W" — pv [p ]
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https://cds.cern.ch/record/1750837

DIFFERENTIAL CROSS SECTION

= T T T )
5 800 E’w;é o LHCb, {$=7Tev ]
= - 1l Data, (W*) o MSTWO08 ]
S C 321298 " ]
\5600 - Datgy (W') v NNPDF23—
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— 1] k3 —
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200 s 3
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ED BOSON PRODUCTION - MPIGLHC

A. BURSCHE -
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DIFFERENTIAL CROSS SECTION RATIO
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https://cds.cern.ch/record/1750837

EXTRAPOLATION TO ATLAS

= —r T T T T T T T T T T T T T T T
S - .
— L p_.>20GeV/c |
o W%+ T
=3 60041+ ; M. > 40 GeV/c2
T 0 B >25GeV ]
= -§_1_§_;—§—< .
o) +g g
I = ]
L Vs=7TeV [:Jr:; ]
200}  LHCb (2011 extrapolated) W* - p*v -
I [ ]LHCb (2011 extrapolated) W~ - pv e 4
L o ATLAS(2010) W* — p*v .
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ob—— I T T SN NN TN TN T SN NN SR TR T T N
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\/g — 7 TeV ARX1v:1408.4354 suBMITTED TO JHEP r]
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https://cds.cern.ch/record/1750837

7% — pup pLUS JET EVENT

m P =75 GeV

= p =35 GeV -

" pl =77 GeV : W
" my,- =97.1GeV o j ‘

Tracks

LHCb =
Preliminary m=
{§=7TeV Data

Muon from Z

p_[GeV/c]
2

14 or 24 A. BURSCHE - ASSOCIATED BOSON PROI]



Z PLUS JETS AT /s =7 TeV

p ® Measurements only in Z — uu
final state
o " Jet Algorithm k+ (R=0.5)
et ® Use tracks and neutral clusters
m2<plt <45
" ARjet, > 0.4
g ® Largest uncertainty from JES

\/é =7 TeV uep o1 (2014) 033
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https://cds.cern.ch/record/1622372

Z +JETS: Z pr AND A®

jet jet
€t 20 GeV et 20 GeV
S F T T T
— - 3 L

> T T T T _c‘ 16__ -
8 LHCb Data (stat.) HE p LHCP L]
3 10t o> 20 Gev Data(tot.) - 1.4 plTﬁ > 20 GeV i ¢—_
- F &= 77ev Daa POWHEG + PYTHIA: ] 10 ¥§=7Tev Data =
oy + MSTWO08,0(a) - “F 3
3 [ g ] E Data (stat.) _
‘13 [ x MSTWos, O() ] 1.0p Datatot.) E
o L b v CTEQIO, O(a?) C ]
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- xv0 F' . MsTwos, o(ay ]
102k * ' i 06F % MsTwo8, 02 —_
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This is also measured for the pr > 10 GeV threshold.
\/é =7 TeV uep o1 (2014) 033
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https://cds.cern.ch/record/1622372

Z +JETS: JET pr

T T T T T T T =
Data (tat.) E
LHCb Data (tot.) ]
[ o P>10Gev  POWHEG+PYTHIA ]
ol 107 _f3=7TevDaa Merwos o) 3
E 7 v CTEQIO,0(@) 3
—lb F o NNPDF23,0(a)) ]
I 0 1 ® Compared to POWHEG
107 3
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10°F I
= 1 [ | 1 1 " (-

\/5 =7 TeV uep o1 (2014) 033
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https://cds.cern.ch/record/1622372

Z PLUS b-JETS

ZO
jet

\/g =7 TeV LHCB PRELIMINARY (LHCB-PAPER-2014-055 TO BE SUBMITTED TO JHEP)
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http://cds.cern.ch/record/1957143

Z PLUS b-JETS

Overview
" 7 —utp” as before
B jets as before
o ™ again with two pt thresholds

jet ™ add b-tag from secondary vertex to
leading jet

\/g =7 TeV LHCB PRELIMINARY (LHCB-PAPER-2014-055 TO BE SUBMITTED TO JHEP)
18 or 24
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http://cds.cern.ch/record/1957143

Z PLUS b-JETS

Overview
" 7 —utp” as before
B jets as before
o ™ again with two pt thresholds

jet ™ add b-tag from secondary vertex to
leading jet

BACKGROUND
m |ight jets

B charm jets

\/g =7 TeV LHCB PRELIMINARY (LHCB-PAPER-2014-055 TO BE SUBMITTED TO JHEP)
18 or 24
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http://cds.cern.ch/record/1957143

TAGGING b-JETS

m Use the strategy already in place in the incl. b trigger

® Form secondary vertices from two, three, and four particles
® | ook at corrected mass

Meorr = 1/ m? + Pi +pL

where p, it measured with respect to the geometrical flight direction
of the secondary vertex.

AT
. —
e /

//,,"'/

HE= = == we Eese s - = TF b
|
v P]_

\/g =7 TeV LHCB PRELIMINARY (LHCB-PAPER-2014-055 TO BE SUBMITTED TO JHEP)
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http://cds.cern.ch/record/1957143

PURITY DETERMINATION

Use templates from simulation for light, beauty and charm jets.

< 40 T T T < 25 T T T
g 35 e Data é g e Data 1
Z+-jet E 20 Z+-jet .
§ 30 Z+cjet E é Z+cjet E
= = B z+bjet E % 15 Il z+bjet 3
£ » i ¢ ]
@ 1 LHcb 4 @ w LHCb
10 3
E 5
5 4_ ]
0 2000 4000 6000 0 2000 4000 6000
MCO" [Mev] MCO?T [Mev]

Jets thresholds of pr > 10 GeV and 20 GeV.

\/g =7 TeV LHCB PRELIMINARY (LHCB-PAPER-2014-055 TO BE SUBMITTED TO JHEP)
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http://cds.cern.ch/record/1957143

Z + b-JET CROSS SECTION

o MCEM MSTWO08 massive LO
LHCb, {s=7TeV 5 MCFM MSTW08 masslessLO [)Datay,
= MCFM MSTW08 massessNLO [ Datay,

—t—t—i
—t O+
F =
M PR BRI
100 200 300 400 500
oz+b(pT > 10 GeV) [fb]
—tet———i
—
NP PP B N I IR
50 100 150 200 250 300

0z.(P, > 20 GeV) [fb]

\/é — 7 TeV LHCB PRELIMINARY (LHCB-PAPER-2014-055 TO BE SUBMITTED TO JHEP)
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http://cds.cern.ch/record/1957143

Z pLUS D

ZO

c-jet

\/é =7 TeV uep 04 (2014) 091
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http://cds.cern.ch/record/1642936

Z pLUS D

m 7 from PV with zero lifetime

m D from secondary vertex but
T* associated to the same PV as the Z

K" .
T SVZ Overview
G 2 ® 7 —utp~ as before

2 prp<12GeV
m DO Kot (3.89 + 0.05%)
m DT K ntpt (9.22 £0.21%)

\/5 =7 TeV uep 04 (2014) 091
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http://cds.cern.ch/record/1642936

Z pLUS D

m 7 from PV with zero lifetime

m D from secondary vertex but
associated to the same PV as the Z

Overview
® 7 —utp~ as before
2 prp<12GeV

m DO Kot (3.89 + 0.05%)
m DT K ntpt (9.22 £0.21%)
BACKGROUND

m Feed Down, Pile Up, Combinatorial

m Purity 95%
\/5 =7 TeV uep 04 (2014) 091
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http://cds.cern.ch/record/1642936

RESULTS
g LHCb data \s=7 TeV
% | izzz::zzzs u O-Z*)}L+/—L7,DOBZ—>M+N_ =2504+1.12+0.22pb
BT e " 07 4y p+ Bzt~ = 0.44 £0.23 £ 0.03pb
5 e m Comparison to single parton and double parton
scattering predictions
o .
10765 % ®m The measured cross-section is expected to be
ﬁ%ﬁi ; composed of both.
_—
10 f@# DPS Formula:  opps = 929D
Oeff
L Oeff = 14.5+ 1.7737 mb [CDF]

p° D" D! Al

\/é =7 TeV uep 04 (2014) 091
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http://cds.cern.ch/record/1642936

CONCLUSION

®m Many different QCD results available relevant for
0 QCD Models
0 PDFs

® There are more already published (Z — ee@7 TeV ...)
= Even more in preparation (W* + b/c, Z — ee@8 TeV ...)

24 or 24 A. BURSCHE - ASSOCIATED BOSON PRODUCTION - MPI@LHC 2014



CONCLUSION

®m Many different QCD results available relevant for
0 QCD Models
0 PDFs

® There are more already published (Z — ee@7 TeV ...)
= Even more in preparation (W* + b/c, Z — ee@8 TeV ...)

THANK You!
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