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Motivation

* Z boson production: QCD qg — 7/

* Pr of Z boson : initial state gluon radiation of the colliding partons
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Motivation

e (CSS(Collins,Soper, Sterman) formalism:

d’o. 0 R

Sm [ dThe W (5,0)+ Y (5.0)
dprdy

*  W(b,Q) resumming the perturbative series p.°> x[lorIn(Q*/ p;)]to
all orders in a,

*  Y(b,Q) diff between the fix order perturbative result and the
singular part

 To extend to pT->0 region, where non-perturbative QCD
dominate the production s¥ - DO 19941996

W(b,0) — W (b.,0)e " b =b/1+(b/b,, ) <b,,
Syp: NOn-perturbative Sudakov form factor
Lindasky-Yuan form: )

Sﬁ,{ (b,07%) = gle + g2b2 1n(2Q )+ £,2:6In(100x,x ) e TIT ,I;f.,:(;if..-,"”."""-”’ -
« Provide sensitive test of the weak boson production formalism

* Help to reduce theory uncertainty of the precision W mass
measurement
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Motivation
’ * Hep-ph/0401128: Berge, Nadolsky, Olness, Yuan

Problem: resummation can not describe P; in semi-inclusive DIS

Solution? Two large logs. Normal resummation handles

2 2 2
id—f . %[Alas 1n(Q—2) + A0’ In’ (Q—z) +otAa In? (Q—z) .
odp;  Dp; Dr D7 i

Normal resumation does not handle ¢’ In"(1/x) terms. Mock this in
nonpert part
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D0 detector
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+ New Electronics, Trig, DAQ

* Tracking system:

» Silicon microstrip tracker

» Scintillating fiber tracker

» Super conducting solenoid

* Uranium/liquid argon
calorimeter

coverage:

Central: n|<1.1
Endcaps: 1.5<|n|<4.2

Muon detector with toroid
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Data Sample and Event Selection

* Data collected in DO Run II between Oct 2002 and Jan
2006, bad runs removed. I Ldt ~965+58pb™

Two high p; electrons each satisfying:
pr>25 GeV
isolated
in good region of calorimeter
matches typical electron shower shape
e have a track match
e [nvariant mass between [70,110] GeV
o At least one electron fires a single electron trigger

CCCC|CCEC|ECEC] All

23057 1 30116 | YU5E3 63656

TABLE I: Results of event selection
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Single Electron Efficiencies

« Tag and probe method

Z/y*

Tag electron:

CC

EC

Passes all single Electron
electron

(99.5 £0.1)%

(99.1 £0.1)%

(98.5 £0.1)%

(97.9 £0.1)%

. identification
requirements
Trigger
Probe electron: Shower shape

(97.1 £0.1)%

(96.9 £0.1)%

Passes loose electron

: Track match
equirements and

(90.5 £0.1)%

(61.7 £0.1)%

check for each
selection requlremen’t

+

N probe
. pass . .
£ = W Their dependence on electron location and P
All are modeled in Monte carlo
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Monte Carlo simulation

* Event generator: Resbos(Ladinsky+Yuan)+PHOTOS

* Resbos(hep-ph/9704258):initial state gluon resummation;gl,g2,23;
«  PHOTOS(hep-ph/0506026):final state QED radiation.

P, of Zboson

— pythia CTEQ6.1m
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Detector response- Parameterized Monte
w Carlo Simulation

Parameterized Monte Carlo simulation(PMCS):
smear electron energy, n and ¢ position;

Merge nearby photons to electrons;

Apply single electron efficiencies and acceptance
cuts.

Energy smearing:

E':a*Egen+,B

2 2
GE=\/C2-I-S +N2
E E E
Esmear:E'+x*GE

Parameters(a,p,C) are determined from Z data by
comparing invariant mass distribution.
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Backgrounds

* QCD backgrounds:

 Main source of backgrounds is
QCD background with jets
faking electrons. (Di-jet,

|2 GeV

2500

o

>
2000

mber of Event

1500

N

-~ EM+jet
A, dijet

.
e

1000 DORun Il preliminary ~ “w
EM+jet) . ' T
* Selection: inverse shower shape o ﬂw I "
cut on the electrons. Hase [GeV)
e Non-QCD backgrounds:
PYTHIA as generator, PMCS as
detector smearing
g% A 6*Br(pb) N(0.968fb™")
/ —>T1T—>ee 0.0025 7 16.7
\VAYY 0.059 0.1 6.2
WZ 0.17 0.009 15.5
Wy 0.005 12.2 61

the non-QCD backgrounds are negligible
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Background fraction and p-shape

e Minimum y? fit: invariant mass of the Z candidates as linear

sum of those of signal(MC) and background to get the
background fraction

[ invariant mass - Z candidaies{CCCC) | Region| y°/ndf | background fraction
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Data/MC Comparisons

Put measured efficiency and tuned parameters
in the PMCS

[ Invariant mass - Z candidates(CCCC) | [ Invariant mass - Z candidates(CCEC) |
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Efficiency*Acceptance Z p, dependence

w [ZCandPt_vs_slectroniso_profile |
q =

Data selection affect Z pT spectrum; 'Eeo.ucz;—
Jet activity affect the isolation of the electrons "o BORunlipreliminary {
Dependence studied from Monte Carlo Y ——— ' .
p G.Dl;_ W#t# w %ﬁﬁ
- I v '15|¢Jz'p't [GE%?E
Efficiency Z pT dependence: full Monte
Carlo(GEANT-based); s
Signal overlaid on underlying events T o076k | | ‘ ‘ ‘
smeared Z p,(accep cuts,eff cuts) F onf \, /4'
Lk [ -
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Efficiency*Acceptance Z p, dependence

E ! %Acceptance (electron pT, position and invariant mass) Z pT
dependence: PMCS
smeared Z p, distribution with accep cut(s)

smeared Z p, distribution with no cuts

[overall acceptance as a function of Z pT|
1

0.9

DO Run Il preliminary

Acceptance

Ll

Qs F\\..."....o 6« o ° ) | efficiency*acceptance |
, .: R
| Too———13 — ‘] ? ) E 3 DO Run Il preliminary
Efficiency*Acceptance p; dependence : & Co
: vl "‘u”.u{HH t

Measured Z p, spectrum needto @ "

. 0.1
correct for this dependence | | | |
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Unfolding of Detector Smearing

e RUN(Regularized Unfolding)ep-
ex/0208022) by V.Blobel

» Maximum likelihood fit(data and trial result with
parameters) with regularization term to smooth
oscillations due to large correlations between
adjacent bins.

> Input, I Zboson p_after unfolding
EU'DQ :_ B oacured data
/ Ntuples Of Z pT data gg_{)g ;_:?:_5_ b unfoldsd data
v . ;30.07:— -
Ntuples Of Z pT MC. generator, g—iu 06 ~ DO Run 1T Preliminary

= F e
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Systematic Uncertainty

Energy resolution parameters:constant term and
sampling term;Energy scale parameter;PDFs,

background, unfolding method(input,parameters),
data/tull MC discrepancy of efficiency pT dependence

| Fractional uncertainties |
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Preliminary result, conclusions and further

DO studies

| Z boson P, after unfolding

 Preliminary result for 0.965 fb!  %o.f E—————————
Fs_ooa i_ Resbos +PHOTOS CTECS. 1m, wit small-x corm
data in'_oo?i_ @ Do Run |1 data

. A!l y region result C(.)nsmtent £ Y2 ndf=16.8/13
with CSS resummation on .
. . DO Run II Preliminary
calculation 003
* Next to perform tuning of Resbos oo

g2 % 10 20 30 40 pro[Gev]

 Small x broadening test in
progress for |y[>2
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Tevatron for Run 11

New 120 GeV Main Injector Collider Run Il Peak Luminosity
CM increased form 1.8 TeV to 1.96 TeV Colider Run il Poak Luminosity
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DO calorimeter

 Compensating sampling calorimeter:uranium/liquid
argon

Eta coverage:

END CALORIMETER
Outer Hadronic
(Coarse)

Middle Hadronic
(Fine & Coarse)

Central: n|<1.1
Endcaps: 1.5<|n|<4.2

H"""'--:__“-..._.;‘

2

CENTRAL
CALORIMETER

Electromagnetic (6/E)* = C?*+ SYE + NYE?
Fine Hadronic

// = .'n‘ i
A

Vo

Inner Hadronic

(Fine & Coarse) Interpretation:

Coarse Hadronic
C = contant term (due to non-uniformities in the response;

Elesciromegnetic. “intercalibration errors™)
S ls(y G V1/2 S = sampling term (due to sampling fluctuations:;
— o Ue “intrinsic performance of the CAL")
C 1 O(y N = noise term (due to “noise”, e.g. from Uranium, the
— 1. 0 readout electronics, and, in collision data, the

D0 Run I
CC: N =0.38GeV

“underlying event™)

S

3 %

5. b

4 '
.g Fﬁ-\-
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Typical parameterization
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Tracking matching efficiency for EC electrons
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CC Energy resolutions

WCalorimeter suffers from the materials added in DO Run II. Sampling is no
longer constant, but depend on position.

Constant Term tuned from Z(2.8%)

z z
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3 04 /RN, 3 04 A
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3 = s
5 o0.08} 5 oos
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i i
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Correct Z pT spectrum

[Transverse Momentum of Z candidate (All}|
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