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PUBLISHED FOR A By £) SPRINGER

sHEp

ED

Study of forward Z4jet
production in pp collisions at
\/g - 7 TeV Observation of associated production of a Z boson

with a D meson in the forward region
JHEPO1 (2014) 033 | arXiv:1310.8197

The LHCb collaboration

arXiv:1401.3245

Study of forward Z + jet production in pp collisions at Observation Of associated
Vs ="TTeV
production of a Zboson with a D
i meson in the forward region

The LHCb collaboration

Both measurements were performed at /s = 7TeV corresponding to 1fb™1.
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LHCb Detector

Single arm spectrometer optimised for the study of B and D decays;
Limited to ~ 4% of the solid angle;

°
@ However, captures 25% of heavy quark pairs produced;
°

Angular acceptance of 2 < 1 < 5.

° %’ = 0.4%05GeV and

0.6%®©100GeV;

e o(IP)=20um;

@ Eack > 96%;

o &pp(u) ~ 97% with
MisID(r — p)~ 1—3%.

e &p;p(K) ~ 95% with
MisID( — K)~ 5%.
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Electroweak Measurements at LHCb

Electroweak measurements in the

forward region
@ probe pQCD and

electroweak theory in a novel

. g
region of (x, Q%) phase space; 8
@ constrain PDFs at low x and o
high @
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Inclusive W/ Z cross sections at
LHCb are complementary to the
GPDs.

Measurements done at 7TeV.

April 29, 2014

4/21



Z+jets Production

Inclusive Z cross section measure-
LHCb preliminary
ments have been performed; e Zom —.—
A measurement of Z+jets in the
K m 7ee —.—
forward region
A 21T ——

@ is particularly sensitive to Ty
the gluon PDF; 5060 70 80 90
@ enables one to test LO and
NLO MC predictions.

1Og(z—> 11 [pb]

Z)y Z)v
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Jet Reconstruction

@ Jets are reconstructed using g O T T T
. . % 0.035F LHCb simulation 4
particle flow with tracks and 2 E P0Gy E
calorimeter deposits as input; £ F 20<n<45 . E
. Z 0.025F i 3
@ Formed using the = E f\, E
. . . 0.020F 'i \ E
anti-kt algorithm with R=0.5; E P E
. 0015 ; 3
@ Jets corrected to particle level; ook Y E
g = A =
reco | .true ; E 7 kY E
o HWHM of pi®/py* is 0.005E- ; . 3
typlca”y 10 — ]5% 0.000Esmat bt 1 1 1 s SO
LHCb simulation 7700 02 04 06 08 10 12 1 ;l[ 1.6 Ie.‘S 20
— P (reco) / p¥(true)
> 0.7 T T
% oo . . . jet
2 e Migrations in pf" are corrected
L . .
i ’ by unfolding using the

D’Agostini method (Nucl. Instrum.
Meth. A 362 (1995) 487);

@ Probability that, given a true p¥t,
the event has reconstructed [/Ter.

40 60 80 100 120 140 0
pf‘(true) [GeV]
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Selection and Backgrounds

Events are preselected using a high pr muon trigger;

Fiducial selection:

> pf >20GeV and 2.0 < nhJet < 4.5;

> P> 10(20) GeV;
» Ar(jet, ) > 0.4.
A purity of (99.6 £0.1)% is achieved;

e is determined from data and €/¢! is taken from simulation.

T T T T T
1 LHCb —*= Inclusive Z events
Vs=7TeV
10" pJT“>10 GeV

Backgrounds are

—== Inclusive Z + jet events

Fraction of Events

@ Combinatoric from SLHF decay,
W boson, decay in flight of K/;

@ Punchthrough;

@ EWK backgrounds
(e.g Z— 17, tt, diboson).
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Systematic Uncertainties

Source Relative uncertainty (%)

Unfolding 1.5
Z detection and reconstruction 3.5
Jet-energy scale, resolution and reconstruction 7.8
Final state radiation 0.2
Total excluding luminosity 8.6
Luminosity 3.5

JES uncertainty: O A LA

. z . F LHCb E

@ Select Z+ 1 jet events w/ < 0UF o Dua E

A(P > 77'5/8; 5 0-065— — Simulation _E

1 S -;

o Compare data to MC. = oo E

Other sources: 0% E

0.02;— —;

@ g- vs g-initiated jets; 001E E

o JES determination method. 002 04 06 08 10 12 T4 16 1I.8 20

PEI vk
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Results JHEPO1 (2014) 033

Oz suu-+jet Cross section and ratio for the ;t > 20GeV threshold,
o (Z+ jet) = 6.3+£0.1(stat.) £0.5(syst.) £ 0.2(lumi.)pb
@ =0.08340.001(stat.) +0.007 (syst.)
For the p/* > 10GeV threshold,
o(Z+ jet) =16.0+£0.2(stat.) £+ 1.2(syst.) £0.6 (lumi.)pb

o(Z+ jet
o(Z4Je) _ 209+ 0.002 (stat.) +0.015 (syst.)
o(2)
@ o corrected to Born level;
’ 01 Lico Do o)
@ LO and NLO PDF sets are 0.13F pi*520Gev A POWHEG +PYTHIA, MSTW08, O(ct)
T ¥ POWHEG + PYTHIA, MSTWO08, O(a?)
contrasted; 0.12 Vs=7TeVData vy POWHEG + PYTHIA, CTEQ10, O(a?)
N o] POWHEG + PYTHIA, Iz\gNPDF 23, O(a?)
. . = ° FEWZ, MSTW08, O(c:2
@ FEWZ neglects hadronisation ~ 2|q o1
FIR
and UE. S[° 010
m 0.09 .
> 20GeV
Pr Ve 0.08
20 <t <45 Jf + +
007

60 < Myy < 120GeV
Ar(jet,n) > 0.4
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Differential Cross Sections
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Differential Cross Sections (cont.)
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Differential Cross Sections (cont.)

g 6 L T T T] o|g 6 L T T ]
SIS MO Luce . ] 3|3 1OF Lnow ]
o 4._p"_:'>20 GeV *YC)_- —Io 14 pj:>10G€V -

1.2F Y5=7TeV Data 1 12F (s =7 TeV Data N
E Data (stat.) E E Data (stat.) * \ ¢E
1.0 Data (tot.) = 1.0 Data (tot.) =
0.8F- POWHEG + PYTHIA: 3 0.gF POWHEG + PYTHIA: =
E . wsrvon oy | L o j
0.6 % MSTWOS, O(c?) E 06F ¢ CTEQI0, O(a2) E
[ v CTEQI0, O(?) ] [ o NNPDF23,0(2) ]
04F o NNPDF23, 0(ad) - E 04F TKYO E
- A - - -
0.2:— evo —: 0.2:— L¥v0 —:
C *VvO A ] C AXYO ]

0.0 Ay 1y et ] 1 0.0 PRSI T S S T | PR 1

0 1 2 3 0 1 2 3
Ad Adp

The measured cross sections show reasonable agreement with expectations
from O(a?) calculations for all PDF parameterisations studied.
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Z+ D Production

@ Z+ D production' in the forward region provides information about

» charm PDFs;
» the charm production mechanism;
» contributions from single- (SPS) and double-parton scattering (DPS).

@ This measurement complements LHCb measurements of double charm
(JHEPO6 (2012) 141), inclusive W/Z (JHEP06 (2012) 058, JHEP02 (2013)
106, JHEPO1 (2013) 111) and Z+jets production (JHEPO1 (2014) 033).

Contributions from virtual and charge conjugated

modes are always implied.
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Event Selection

o Z— up candidates are chosen as before;

JHEP04 (2014) 091

@ Zand D are selected to originate from the same PV;

@ A kinematic selection is applied to the D and its daughters.
e 7Z+D°(— K mt)and 4 Z+ D (— K w" ") candidates were

observed;

e Combined significance of 5.10;

e No A} — pKm or D} — ¢ were observed.

Events / 6 GeV

LHCb
z+D°

Marek Sirendi (Cambridge)

920

100

110 120

Events / 10 MeV

LHCb
z+D°

L]
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1.86 1.88 1.9 1.92
my .. [GeV]
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Backgrounds JHEPO4 (2014) 091

Charmed hadrons from B decay are considered as background;
Feed-down has contributions from both DPS and SPS;

Real Z— ppu and D — Kz from different PVs can fake the signal;
Combinatorial background is estimated from a 2D fit to the mass
distributions;

@ Purity is (95.3+3.8)% for Z+ D° and (95.6 +1.2)% for Z+ D*.

my-.. [GeV]

70 80 90 100 110 120 70 80 90 100 110 120
My [GeV] My [GeV]

Invariant mass of Z (x-axis) and D’ or D* (y-axis) candidates (black dots) with the PDF (z-axis).
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Results

The cross sections, Gz p, in [pb] are

JHEP04 (2014) 091

measured MCFM massless MCFM massive DPS

Z+D° 250+1124£0.22 085705 1017 £0.05 0.64700 1098 +£0.04  3.2870F

Z+D* 044+023+0.03 037790 *007+£0.03 028750}
@ Theory uncertainty: PDF, scales,
c-quark hadronisation;
e O is expected to be the sum of DPS and DPS;

e for Z+ D°, the sum of DPS and SPS
contributions is consistent with the
measured cross section;

o for Z+ DT, the measured cross section
lies below the expectation.

P >20GeV and 2.0 < m* < 4.5
60 < My < 120GeV
2<yP<4and2<p? <12Gev
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Summary

The Z+jets and Z+ D measurements have been presented;

Both made within the unique acceptance of the LHCb detector;

Z+jets is the first LHCb paper to measure jets;

With increased statistics, differential Z+ D measurements
will become possible;

Contributions from SPS and DPS could then be untangled.

To conclude, a successful measurement using jets has been carried out and
the first observation of Z+4 D has been made within the unique acceptance
of LHCb. Many interesting measurements to come!
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Z+jet Selection

e U selection: %’ < 10% and P;Cr?d‘ < 0.1%.

o Jet selection:

> P> 7.5GeV;
> At least one track within the jet with pt > 1.8 GeV;
> No track with 75% of p/¢".
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Differential Cross Sections for Z+jet
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Differential Cross Sections for Z+jet (cont.) fjEiag

; F T T T T
L LHCb Data (stat.)
g 10 Data (tot.) -
= E pl>20Gev
e | F=7TevDua POWHEG + PYTHIA:
<1} F 4 MSTWO08, O(ct,)
~lS 3 *  MSTWO08, O(c2)
alie] F Lo v CTEQIO, O(c?)
wro X0 o NNPDF 23, O(a?)
|*'° Lxv0
102F E
*
1 1 1 1
0 20 40 60 80 100
P%(GeV]
o2 12T T T T SERE T T T T T
25 Fuwa e o3 e e
=10 10 p*>20Gev - —Io 10F . i (10 -
OfF Py POWHEG +PYTHIA: 7] L pp >10GeV WHEG + PYTHIA:
[ Vs=7TeV Data A MSTWOS, O(c,) 1 V5 =7 TeV Data Fo o ’
o ¥ MSTWO08, O(c?) b A MSTWO8, O(ar,)
0.8 v CTEQIO. O(?) 1 0.8 * MSTWO8, O(?) ]
L © NNPDF 23, O(a) ] v CTEQIO, O(ct?)
L . O NNPDF 2.3, O(c?)
0.6 e . 0.6f o 1
E O Ko 3 o KYe
04f 4 0.4F % ]
L ] S0
02f o ] 02F 3
0.0l 1 1 L ] 00 e 1 L 0
-2 -1 0 1 2 -2 -1 0 1 2
Ay Ay
arek Sirendi mbridge) April 29, 2014

20/ 21



Systematics on Z+ D

@ The cross section measurement is dominated by the statistical
uncertainty;
@ The fractional uncertainties (%) are listed below.

Z+D° Z+ DT
Efficiencies 6.8 5.0
Pile-up 0.6 0.6
Feed down 3.9 1.1
Bp 1.3 2.1
Luminosity 3.5 3.5
Total 8.7 6.6

@ The systematic uncertainty is dominated by

» The statistical uncertainty on the Zefficiency determination;
» Differences in track reconstruction efficiency between data and MC;
» PID on D reconstruction.
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