Resummation Effects from W/Z P_TDistributions

Hadron Collider Physics XII Stony Brook, NY June 7, 1997

Harry Melanson Fermilab, DO

(melanson@fnal.gov)

Representing CDF/DO Collaborations

Outline:

� Motivation � Experimental details � P_T^W � P_T^Z � g_2 � W asymmetry � Conclusions

Motivation:

� W,Z:

� Distinctive event signatures

� Low backgrounds

� Large Q_2

� Well understood EW vertex

� Large P^T: Test pQCD

� Small P^T:

� Test resummation techniques

� Extract non-perturbative parameters

� Predict d_2σ /dP^Tdy

� Needed for M^W measurement

� Knowledge of W/Z production is foundation for

many searches for new physics

Introduction to theory:

� Large P_T region (P_T≥ ∼ 50 GeV)

Use pQCD O(α_s^2) calculations exist

� Small P_T region

Resum large logs: ln(Q^2/P_T^2)

Ellis, Martinelli, Petronzio (83); Arnold & Reno (89) Arnold, Ellis, Reno (89); Gonsalves, Pawlowski, Wai (89)

Altarelli, Ellis, Greco, Martinelli (84); Collins, Soper, Sterman (85)

� Match two regions and include non-perturbative parameters

Davies, Webber, Stirling (85) AK: Arnold & Kauffman (91) - resum + O(α_s^2) LY: Ladinsky & Yuan (94) - resum + O(α_s)

d dp dy db e W b e T ib q S b T σ_{2 2}

~ ( )_*^{( )} r r • − ∫

AK: S b g b g b b Q

( ) ln( / )_{max}

= +_1^2_2^2 2

LY: Sb g b g b b Q g g b x x_{a b}

( ) ln( / ) ln( ) max = + + 1 2 2 2 1 3 2 100

Non-perturbative parameters:

Old CDF measurements:

� Above based on 4 pb_{-1} of luminosity

� Current data sets: ~ 100 pb_{-1}

F. Abe, et al, PRL 66, 2951 (1991); PRL 67, 2937 (1991).

Ladinsky & Yuan, PRD 50, R4239 (1994).

Cross Section Measurement: d dp d b a L p T i i i i i T i σ ε = − × × × Δ � d_i = # candidate events � b_i = Background � a_i = Acceptance � e_i = Efficiency � L = Luminosity � ΔP_T^i = bin width

For current analyses, P_T is measured. Will compare to smeared theory. Focus on shape comparisons.

For ith bin in P_T:

Event Selection:

� W - High P^T, isolated electron; large E^T

� Z - Two high P^T, isolated electrons; M^{ee}

Electron id:

� LOOSE electron:

� EM object

� Match long./trans. shower profile

� Isolated

� Within good fiducial region of detector

� TIGHT electron:

� LOOSE electron

� Track pointing to cluster

DO

W sample:

� One tight electron

� | η | < 1.1, E_e^T > 25 GeV

� No other loose electron (E_e^T > 20 GeV)

� E^T > 25 GeV

Z sample:

� One tight + one loose electron

� | η | < 1.0 or 1.5 < | η | < 2.5

� E_e^T > 25 GeV

� 76 < M^{ee} < 106 GeV

Event Samples:^{DO}

200

400

50 60 70 80 90 100 110 120 130

Events 4006

M_{ee} GeV

Events/GeV

10_{-2}

10_{-1}

1

10

10_2

0 10 20 30 40 50

p^T(GeV/c)

Events/(GeV/c)

0

0.05

0.1

0.15

0.2

0.25

0 10 20 30 40 50

p^T(GeV/c)

Background Fraction

0.4

0.52

0.64

0.76

0.88

1

0 20 40 60 80 100

21.20 / 22

A0 0.8751 0.6995E-02

A1 -0.6004E-02 0.1390E-02

A2 0.9295E-04 0.6048E-04

A3 -0.4164E-06 0.6549E-06

p^T(GeV/c) ε(id)

10^{-3}

10^{-2}

0 10 20 30 40 50

Data Arnold-Kaufman (MRSA)

p_T(GeV/c) nb

Ladinsky-Yuan (MRSA)

-0.5 -0.3 -0.1 0.1 0.3 0.5

0 10 20 30 40 50 Arnold-Kaufman

p^T(GeV/c)

(Data-Theory)/Theory

-0.5 -0.3 -0.1 0.1 0.3 0.5

0 10 20 30 40 50 Ladinsky-Yuan

p^T(GeV/c)

(Data-Theory)/Theory

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

MRSD-p

MRS-R1

CTEQ4M

CTEQ2M

CDF (1A+1B) Preliminary lepton rapidity

Asymmetry