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LHCDb: A forward spectrometer

- Designed to search for new physics in B and D decays at LHC
- bb pairs mainly produced in same forward or backward cone
- Fully instrumented in the forward region (1.9 <n < 4.9)
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Datasets

2010: 37.7 pb-1
2011: 601 pb1 (210 pb-' analysed here)

LHCDb Integrated Lumi over Fill Number at 3.5 TeV | 2011-08-09 06:05:07 |
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Kinematic reach at LHCb

Current inputs to proton PDFs
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Low-x region currently only probed
by HERA
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LHCb will probe 2 distinct regions
Low-X region previously unexplored
W&Z:x1=10"1and xo = 104
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W and Z production at LHCb

- Complimentary range to ATLAS/CMS
- Overlap region for cross-check
- Crossover point of W asymmetry inside acceptance
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8% of Z within LHCb acceptance ~ 16% of W within LHCb acceptance.
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W and Z production at LHCb

OAB—X —/dxadxbfa//l(xaa 2>.fb/B<xbaQ2)6—ab—>X

—

PDFs (from data) Partonic interaction (pQCD)
8 | At LHC using MSTW2007NLO (14 TeV)
Theoretical predictions = From R. Thome
- Factorised calculation (partonic cs & proton pdfs) € [ [— 6(2)
- Partonic cross-sections known to 1% (NNLO) § — U(a’“)
- PDF uncertainties dominate at large rapidities u=_"10 - i
(6-8% at y=5) ot
B .
] m B
Experimental measurements =
- Clean signature E’
- Easily reconstructed final states ©
- Low systematic uncertainties g |
2 4 < -LHCh —;
= 0 1 2 3 4 5

W and Z measurements at LHCb will constrain PDFs Rapidity
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W and Z ratios at LHCDb

Many experimental uncertainties cancel
- Luminosity etc.

Cancel or highlight PDF uncertainties with ratios

- R+ =do(W+)/do(W-)
Tests dv/uy ratio

- A+ = (do(W+)-do(W-))/(do(W+)+dao(W-))
Tests difference between dy and uy

S
-

Almost insensitive to PDFs

Uncertainty due to PDF uncertainties
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At LHC using MSTW2007NLO (14 TeV)
From R. Thorne

' A:= [0(W+) + 6(W-)]

[6(W+) - 6(W-)]
| — R:= o(W+)/o(W-)
F— Rwz = o(W)/o(Z) :
0 1 2 3 4 5
Rapidity



Z—opypyand W - uv (37.1 pb1)
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Z — pp selection |Lﬁ%

Trigger: single muon with pT > 10 GeV/c Backgrounds:

- Heavy flavour: 4.3 + 3.0 (data)

- Hadron mis-id: 0 + 1 (data)

- Tauonic Z decays: 0.6 + 0.2 (MC)

Offline: 2 reconstructed muons with
- Good track quality
-pT > 20 GeV/c
-2<n<4.5 Preliminary Results with 37.1 pb-i:
- 60 GeV/ce <M, <120 GeV/cz

Ncandidates = 1966
Nbackground =4.9x4.2

o 450
L _
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W — u v selection

Trigger: single muon with pT > 10 GeV/c

Offline: 1 reconstructed muon with

I_,L
- Good track quality \V
- pT>20 GeV/c ‘

-2<NnN<4.5

- Impact parameter w.r.t. primary vertex <40 ym

- E/p <0.04

- Sum pT + E in cone around muon < 2 GeV/c (R=0.5) R = [A + Ag’
- No other muon with pT > 5 GeV/c

- Heavy fla\(ogr (data) Ncandidates(+) = 15608

- Hadron mis-id (data)

- Muonic Z decays (MC & data) Neandidates(-) = 12301

- Tauonic W & Z decays (MC & data) Purity ~ 80%

Purities determined by fit to muon pT spectra
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W — u v purity determination

Determination purities
- Fit muon pT spectrum in data to expected shapes for signal and backgrounds
(fit is performed in eta bins to obtain differential results - see next slide)
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W — u v purity versus lepton rapidity

20<n<25
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Efficiency determination for W & Z measurements %

The cross-section can be expressed as:

candidates N
E" f L

Where & is the total efficiency and can be expressed as:

b
O = =

&= A . 81)‘igg81“ . grracking ‘ g,u—lD . gSc’/eCin”

Since we measure inside a limited fiducial volume (pT > 20 GeV/c and 2 <n <4.5),
A =1 by definition.

The trigger, tracking and muon ID efficiencies are determined from data and
cross-checked against Monte-Carlo (see the following slides)
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Trigger efficiency

£ = A . 8trigger K

S

tracking 8‘1,1—1D gselection

Single muon trigger efficiency

- Determine from data using an offline selected
Z sample and tag and probe method
Tag: muon passing single muon line
Probe: Offline identified muon

- Efficiency given by how often the probe
muon passes the single muon line

Flat versus muon ¢, muon pT and number
of primary vertices

No evidence of charge bias

Correction performed bin-wise in muon n
Overall efficiency =78.1 £0.5 %
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Tracking efficiency

&= A . 8trigger . gtracking . g,u.—lD . gselection
— ion T il
point _
Single muon tracking efficiency l : ; ] 18
- Determine from data using an offline selected >/ "1 1
Z sample and tag and probe method T o - -H—
Tag: long track muon passing trigger L T o
Probe: Muon stub with TT hits added M2 M3 g,

Reconstructed M5

- Efficiency given by how often the probe
IS identified as a muon

Flat versus muon ¢, muon pT and number
of primary vertices

No evidence of charge bias

Correction performed bin-wise in muon n
Overall efficiency =90 +3 %
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Muon ID efficiency %

E=A"€

gtracking g,u-lD gselection

\/ Reconstructed m

Muon stub o

trigger

i N

Single muon identification efficiency

/

- Determine from data using an offline selected > — -
Z sample and tag and probe method Mool
Tag: long track muon passing trigger Reconstructed ——" U
Probe: Long track M2 w3 o L

- Efficiency given by how often the probe
IS identified as a muon

Flat versus muon ¢, muon pT and number
of primary vertices

No evidence of charge bias

Correction performed bin-wise in muon n
Overall efficiency =98.9 + 0.7 %
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Systematic uncertainties

Jonathan Anderson

Ao(W+) [%]

Ac(W-) [%]

Ao(Z) [Y]

Background | 1.6 1.6 0.4
Shape (fit) 1.9 1.7 n/a
Efficiency 2.0 1.8 5.1
FSR 0.2 0.2 0.3
correction

Systematic

Luminosity

Statistical
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Results

Jonathan Anderson

LHCD Preliminary, 37.1 pb’ NNLO
Kinematic cuts:
charged leptons p_>20 GeV, 2<<4.5. * MSTWO8
Data: stat. and total error A ABKMO9
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Z differential distributions
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W lepton asymmetry and ratio

W+/W- Charge Asymmetry W Ratio
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W lepton asymmetry - LHCb and CMS

CMS+LHCb \s=7TeV
| | |

|
pTM > 20 GeV MCFM+CT10W —
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o
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Z— TT > uuorpue (247 pb-)

Jonathan Anderson DPF 2011 - Brown University (09/08/11) 22



Z — TT — pe selection

Trigger: single muon with pT > 10 GeV/c

Muon
-pT > 20 GeV/c
-2<nN<4.5
-E/p<0.2
Electron
-pT >5 GeV/c
-2<nN<4.5
- Eecal/p > 0.1, Encal/p < 0.05, Eprs > 0.05 GeV/c

Additional requirements f: §

- Lepton acoplanarity > 2.7 radians 16 F
14 E
12 F

10 F
_ trac 8 E
I = min( Pue Ep k] > (0.8

- Track isolation

pu,e + zptrack
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81 candidates
Backgrounds:
QCD: 95+ 3
EWK: 3+1.2

o N O
TTT[TTT]T

1 I I

LHCb
Preliminary
\s =7 TeV, L = 247 pb’




Z — TT — pu selection %

Trigger: single muon with pT > 10 GeV/c

Offline:
-pT(1) >20 GeV/c and pT(2) >5 GeV/c
-2<nN<4.5
-E/p<0.2
33 candidates
Backgrounds:
Additional requirements (EQ\fvi ;2 + 11:;
- Lepton acoplanarity > 2.7 radians - 99 =
- IP significance > 4 o '_'._-D-t T ]
- Track isolation > 0.8 103 B Z >t (MC) ]
o By /Z->uu -
- Lepton pT balance - - s=== QCD Background .
8 <+ =
- LHCb Prcjliminary i
Pul . PMZ 6: L=246pb
A, = T;u Tuz >0.2 X:
PT + PT E
2
0
20 40 60 80 100

M, [GeV]
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Uncertainties

track track muon electron trlg selection
E=AEg,

T

Same as Z —» pypand W - pv analyses

Jonathan Anderson

Ao(ew) [%]

Ao(uw) [%]

Background +5 + 7
Efficiency + 8 + 9
Acceptance + 5 + 2
Sys. error + 10 + 11
Luminosity + 3.5 + 3.5
Stat. error + 12 + 17
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Uncertainties %

track _track .muon _electron trig selection
e=A¢g €

u e ¢ & € 8\4 From MC, systematics from
— MC/data comparison using
Z—pp
From MC, scaled to £Z'aCk From data, using tag-probe Z — ee
Ao(eun) [%] Ao(un) [%]
Background +5 + 7
Efficiency + 8 + 9
Acceptance + 5 + 2
Sys. error + 10 + 11
Luminosity + 3.5 + 3.5
Stat. error + 12 + 17
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Results

Jonathan Anderson

NNLO NLO
LHCb Preliminary, 37.1 pb™ e MSTW08 © CTEQ
Kinematic cuts:

ABKMO9
charged leptons p_>20 GeV, 2<n<4.5. & NNPDF

Data: stat. and total error RO
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Outlook

Z > ee Z—uu

T I T T T 1 T T T 1 T ~N

% 120:_' LIHCb o ] LHdeata242pb“E §4000§_ _§

5 [ Preliminary [(Jzv »eemc & 2500F- E

1005_ -Background (e¥e%) E 230005_ _g

S0 B 325002— =

60 3 2000 LHCD =

C ] @, 0p Preliminary 3

401~ . E \s=7 TeV, L~327pb” 3

N . 1000F- -

0’ . W hGLp i ] 0- X . ———— =

40 60 80 100 . -120 60 80 100 120

R M(e'e’) /GeV A M(up) [GeV/c?]

Only track properties used Large statistics recorded in 2011
(bremsstralung recovery restricted (expect corresponding reduction in

by calo readout saturation) stat. and syst. uncertainties)
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Conclusions %

W and Z measurements at LHCb complimentary to ATLAS/CMS
- Probe PDFs in previously unexplored region

Z— pypyand W — uv

- Cross-sections and ratios measured with 2010 data (37.1 pb)
- Consistent with NNLO predictions
- Data driven method, precision will improve with 2011 data

> TT

- Cross-section measured in yu and pye channels with 247 pb-
- Consistent with NNLO predictions
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