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Z Boson Production at the LHC

@ Large Hadron Collider //
@ Proton Proton Collisions i '

L Ty (%) J| H"'
@ Vs = 14 TeV N i
70
@ Low Luminosity Phase: P
L = 1033 cm=2s! B . %P N
@ Z boson production via Drell-Yan ﬁf"z} /
process \\
@ Theoretical cross-section calculation
available for NNLO /
o(pp—=Z1y — uu)=1972+0.019nb = N
. I\j_ j&d} xi B q
@ Initial Phase of LHC: P, //
JLdt=100pb (= 100.000 Z—py) \q// —
. ¥ 7 “'w:::
@ 200.000 Z—ppu events are expected £ i-ﬁq (x| - aiTe

per day during low luminosity - \
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ATLAS and CMS Detector

@ ATLAS Detector @ CMS Detector

@ Tracker In|<2.5 coverage In/<2.6 coverage
o/p; = 5-10‘5pT ®0.01[GeV] o/p,; = 1.5-10‘5pT @ 0.005

@ EM Calorimeter In/<4.9 coverage In/<4.9 coverage
o /E =10% /E [GeV] o/E~2-5%/E
@ HAD Calorimeter In/<4.9 coverage In/<4.9 coverage

0/E=50%/VE ®0.03[GeV] o/E=~100%/E ®0.05

@ Muon Spectrometer In|<2.7 coverage, 1TeV muons: [n/<2.6 coverage, 1TeV muon:
o/p; =0.07 (standalone) o/p; =0.10 (standalone)
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Z Boson Production at the LHC

Physics Measurements Detector Calibration

@ Cross-Sections @ Detector Efficiencies
@ PDF Constraints @ Reconstruction
@ Forward Backward Asymmetries @ Trigger
@ Sensitivity to exotic physics @ Resolution
processes ) @ Alignment J
@ In this talk:

@ Cross Section Measurement in the muon decay channel for the initial phase

NCandidates ( 1 - fB ackground )

€ o | Lt

o(pp=>ZI1y +X — uu) =

@ Forward Backward Asymmetries in the electron decay channel

Signal Selection Total Cross Section  Asymmetries Conclusion (Backup) Slide 4



Signal Selection

3 10k ATLAS
@ Background Processes E—- (Preliminary)
@ QCD Processes bbb — pu+X *10° sy o
@ W+ jets = uv+ jets L
@ Z 10— Uv+uv 2l Rl
@ 1t >Wb+Wb — uv+ jet+ uv+ jet 0
10, . . .
@ Background Uncertainty < 0.02 40 60 80 100 120
M,, [GeV]
@ Two reconstructed muon tracks @ One reconstructed muon track in
. the muon system + one opposite
@ Opposite Charge charged inner track
@ [91.2 GeV-M,, |<30 GeV @ [91.2 GeV-M, |<7.5 GeV
@ p;'>15 GeV, p2>25 GeV @ p,2>20 GeV
@ Muon isolation requirements @ Muon isolation requirements
@ |n|<2.5 ) @ |n|<2.0
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In Situ Determination of Detector Response

@ Efficiency determination in data
@ ‘Tag and Probe’ method

@ Limitations: tag’ and ‘probe’
correlations, background processes,
®-symmetric inefficiencies

@ Determination of detector resolutions

@ Folding the Monte Carlo predicted
resolution by a smearing function to
reproduce the measured Z boson
resonance curve

Expected precision

o AsTraCking = 0.2'0.50/0

~ o)
° AgTrlgger ~ 0.2 /O
@ momentum scale to few per mille
o .. ]
Introduction Signal Selection Asymmetries

Entries/0.5 GeV

O Inner Tracker

Probe Muon , O Muon Spectrometer

The invariant mass
___ ofthe two tracks

should be near the

Z-Boson mass.

Test if there is
I l-- correspondmg track

in the MS.

I' 7

Tag Muon

Constant 1.9892e+04 + 686
| Mean 3117+ 0.01
Sigma 1.865 +0.008

| | | | | | | H_Iﬁ_f:

) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 In

B4 a6 g8 a0 g2 94 g6 a8
Reconstruced Mass (GeV)
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Further Systematic Uncertainties

@ Further Experimental Systematic

S .14 .
Uncertainties % orp
@ misalignment g o

Wwooef —mm—o0—«—— L :

@ magnetic field knowledge o cMs | E
@ collision point uncertainty o0s—|[— CTEQSL =
@ pile-up effects g gLl :

. l:}DI | ICi.|2I | ID.l-’-lI | IE}.liSI | ID.|BI - |1 - |1.|2| | I1.|-4I | I1.|E-I | I1.|BI | I2

@ underlying events ",
> B N S R R R

@ An overall systematic uncertainty g 0.06 || | —— NLOHERWIG (MC@NLOJ ]
of less than 0.35% for both © .- ' LOSHERWIG &
detectors 5 :

0:04F CMS E

@ Theoretical Systematic Uncertainties 003 -
@ PDF choice: = 0.9% 002F i -
@ Initial state radiation: = 0.2% 001F E
AR S R B B e o S SRS =
o pT effects (LO to NLO): =1.8% N %0 Re4coonstra?:ted gfofthgomuoﬁo(ee\f%o

Introduction Signal Selection Asymmetries Conclusion (Backup) Slide 7



Summary of Uncertainties

° A“:F{econstruction = 0.6%
(Uncertainty of muon rec. eff.) ® A‘Trackinq ~1.0%
(Uncertainty due to muon
° A£Kinemati_c =~ 0'3%’ . tracking)
(Uncertainty of kinematic cuts)
Q AsTrigger = 0.2% ° Af:'!'rigger ~ 0'20/‘_’
(Trigger uncertainty ) (Trigger uncertainty)
Q@ A& ation = 0.2% ° A“:Isolation_ =0.2% | |
(Uncertainty of muon isolation) (Uncertainty of muon isolation)
r r

@ CMS: Expected Precision for |Ldt=100pb-!

Ao (pp = Z1y +X — uu) =0.004 (stat) £0.011 (ex.sys)£0.02 (th.sys) = 0.1 (lumi)
o

@ ATLAS: Expected Precision for [Ldt=100pb-1 (preliminary)
Ao

O
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Forward and Backward Asymmetries at the Z Pole

_ o 12000——————1 All events
@ O©-dependence of cross-section 2 F
| d 5 A (5 10000 Events with quark direction

als z{ o = ';—-'\’Tc-[l n § App cos 6 + cos? 6] F correctly estimated
g dcos & . W B
e->\ 6000(— | =
i ‘\_.“ : i .
" 4000 = i ]
@ Assumption for pp-collisions: the quark 2000;— i —
direction is the same as the boost of the Z n ; " L L L

=1

Dilepton rapidity

@ Correct for large di-lepton rapidities

PP aaatienssinsatsssenet ent sans snne-
@ Only EM calorimenters provide the = 4f =
required large n-coverage < ssE : =
3f- =
@ Determination of Az is a ‘simple’ counting 25E- E
problem 2f- ___ | ony
@ A statistical precision of the Weinberg E : Eggfggs
angle of 10 4 at [Ldt=100fb 'reachable. E . N
0.5
@ Dominating systematic: PDF Uncertainties ] Svwwn v ROV SOUOEIUNN TOW Events
— Use Agg to constrain PDFs > 2 R

(e’e)
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Conclusion and Outlook

@ The Z boson will be produced with extremely high statistics

@ Excellent (online) calibration channel for the muon systems and the
electromagnetic calorimeters

@ The p; and rapidity distribution of the Z boson will open new possibilities to
constrain the PDF functions

@ Measurement of the forward backward asymmetry possible

@ Initial Phase of LHC

@ Cross section measurement is expected to be already dominated by
theoretical uncertainties

@ Independent CMS and ATLAS studies give similar expected precision

@ Possible cross-check of measured integrated luminosity

@ 2008: Let's hope to publish first results with real data to demonstrate the power
of the ATLAS and CMS detectors
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Differential Cross Section

@ The PDF acceptance uncertainties on £ 01— ATLAS || Sereeelconmbuen
the total cross section measurement are gg 08:_ (Preliminary) | |~ Systematic Contributon
an artefact of measuring the cross- & ——L—L

: . : B _ -1 | |
section inclusively S .06 Ldt=S0pb™ | e L
@ Study also the differential cross section " N pow:
with [Ldt=100pb- R e
@ Acceptance  uncertainties  are 0 20 40 60 80 100 120 140
expected to be very small pl [GeV]
@ Statistical uncertainties are
expected to dominate during initial i 2 8 W B & | NepphiOsoezis
phase 25 F op— Z°X :
2k 3
@ Possibility to study dynamics of i f :
QCD and PDFs 1 plx) =10 __:
_ _ 05 B eeemplx) 20, cy=0.013, x,=0.005 3
Q Eg A pOSSIble first 0 |5||||||||
. . 0 2 5 T3 10 125 1% 175 20 225 25
observation of x-broadening o 0 Pl ’
. _ q, |GeV
effect in hadron collisions '
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Background Estimation from Data

@ Estimation of W background § —— ATLAS
. e = | (Preliminary) ]
@ Assumption % 1PE
Pau(Z—pp)= P, (W—pv) 5 |
@ P, (Z—py): Probability for 3 S 10g
candidate muons passing the < &
selection cuts in Z—pl.
@ Estimation of QCD background
50 60 70 80 90 100 110
@ Select sub-sample in data which M, for 2 non isolated muons [GeV]
is dominated by QCD-events,
e.g. 2 non-isolated muons Background contribution (ATLAS)
@ Use this sub-sample to es_timate @ f_=0.002 + 0.002 (sys)
the QCD background with full
selection cuts @ f,, = 0.002 + 0.001 (sys)
@ Other background processes are @ f;~0.0043 + 0.001 (sys)
well understood and can be @ Similar results for CMS
estimated with Monte Carlo.

’
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ATLAS

(Preliminary)

ATLAS

(Preliminary) i ww

# Entries

|IIII|IIIIJIIIIlIIIIIIIIIlIIII[I
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|I.—IIIII|IIII

1 [ |_| L 11 1 L1 1 | I T | | L1 1 o | | |
50 60 70 80 9 100 110 40 50 60 70 80 90 100 110 120
M, for 2 non isolated muons [GeV] M, [GeV]
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L1\

T
L
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o
T
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] ||||J||I
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: i
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