Kathy Turner, BNL presented at the Riken-BNL spin meeting 1/12/99

W Charge Asymmetry at the Fermilab

Tevatron

• Publication List • Introduction to Measurement • Detector • Event Selection • Data Sample • Corrections, Biases, Backgrounds • Results - Run 1a (history) • Results - Run 1a & 1b

Publication/Reference List

• Publications:

Ű CDF (Run 1a, 1992-1993)

PRL 74, 850 (1995); Fnal-Pub-94/313-E Ű CDF (Run 1a + 1b, 1992-1995)

PRL 81, 5754 (1998) ; Fnal-Pub-98/256-E • Conf. Proceedings:

Ű W. Sakumoto (CDF), proc. of ICHEP’98 (7/98) Fnal-Conf-98/298-E Ű G.Guglielmo (D0), proc. of PIC’97 (6/97) Fnal-Conf-97/235-E • Transparencies:

on WWW: Fnal - D0 - results - Electroweak - QCD with W/Z Ű G. Guglielmo - presented at PIC’97 Ű D0 W asymmetry plot shown at DPF’96

January 20, 1999 1 Kathy Turner

Introduction to Measurement

p(900 GeV) −→ ←− p̄(900 GeV)

Primary W production at Tevatron: W^+ : ud̄ → W^+ → l^+ν W^− : dū → W^− → l^−ν with l = e, μ. Of course, contribution from sea too.

Since u quark carries larger fraction of p momentum than d Then on average:

W^+ boosted (i.e. preferentially produced) in p direction W^− boosted in p̄ direction

Therefore, W production charge asymmetry as function of rapidity, y, is related to difference in u and d quark momentum distribution.

A_W (y) = dσ(W^+)/dy − dσ(W^−)/dy dσ(W^+)/dy + dσ(W^−)/dy

January 20, 1999 2 Kathy Turner

Introduction to Measurement - cont.

A_W (y) ∝ d/u(x_1) − d/u(x_2) d/u(x_1) + d/u(x_2) where x_1 is fraction of momentum carried by the q in the p and x_2 is fraction of momentum carried by the q in the p̄

This asymmetry provides sensitive measure of relative shape of u and d quark momentum distribution.

W asymmetry data provides stronger constraints on d/u ratio than F^{μn}/F^{μp} which is limited by uncertainties in corrections. F^{μn}/F^{μp} is sensitive to the magnitude of d/u and to ū − d̄.

January 20, 1999 3 Kathy Turner

Figure 1

January 20, 1999 4 Kathy Turner

Introduction to Measurement - cont.

However...

W → eν, μν - can’t measure p_z(ν) and therefore can’t measure y_W

Therefore, you ^rst determine it’s a W and then measure the decay-lepton charge asymmetry instead.

A_l(y) = dσ(l^+)/dy − dσ(l^−)/dy dσ(l^+)/dy + dσ(l^−)/dy • A_l(y) is a convolution of W production charge asymmetry & V-A asymmetry from the W decay • The V-A asym. is well-measured by μ−decay experiments and is already in PDFs • The V-A interaction causes the e^−(e^+) from the decay

of the W^−(W^+) to be emitted preferentially along the incoming q(q̄) direction • This is opposite the direction of the W production and

therefore this washes out the asymmetry somewhat.

If acceptance, ef^ciency and luminosity for l^+, l^− are equal, then:

A_l(y) = N^+/dy_l − N^−/dy_l N^+/dy_l − N^−/dy_l From CP invariance, we have: A(+y) = −A(−y) January 20, 1999 5 Kathy Turner

Figure 2 - lepton vs W asymmetry

January 20, 1999 6 Kathy Turner

Figure 3 - Table I, from Fnal-Pub-98/256-E

January 20, 1999 7 Kathy Turner

Figure 4 - CDF detector, Run 1

January 20, 1999 8 Kathy Turner

CDF Detectors

These detectors used in Run 1a & 1b measurements:

• central calorimeter, |y| < 1.1

- used to measure electron energy & mip (μ) • plug calorimeter, 1.1 < |y| < 2.4

- used to measure electron energy & mip (μ) • VTX: vertex time projection chamber

- used to get z of primary vertex • CTC: central tracking chamber, |y| < 1.8

- used to measure curvature of e & μ • SVX: silicon vertex detector, used at 1.2 < |y| < 2.3

- used to complement CTC measurement at high y • CMU,CMX: central μ chambers, |y| < 1.0

• FMU: forward μ detector, 1.9 < |y| < 3.5

- two toriods between 3 drift chambers

January 20, 1999 9 Kathy Turner

Event Selection

To measure the lepton asymmetry from W production, the events are ^rst identi^ed as being from W → lν.

Ş Reliable charge determination and good energy measurement of the lepton is essential for this analysisŤ.

Trigger & Event selection requirements:

1. charged track pointing at either calorimeter EM energy deposition or hits in μ-chambers Ű accompanied by large missing-E_T

2. e → ^ducial volume of calorimeter plus shower pro^le req.

μ → track in μ-chamber and mip signal in calorimeters

3. E_T (l) > 25 GeV

4. missing-E_T > 25 GeV

5. remove events containing a jet with E_T (jet) > 30 GeV to remove background

January 20, 1999 10 Kathy Turner

Data Sample

Run 1a + 1b analysis used 5 data samples:

central e’s with CTC track - |y| < 1.1 central μ’s with CTC track - |y| < 1.0 plug e’s within SVX with SVX track - 1.1 < |y| < 2.4^{∗,†} plug e’s outside SVX & have CTC track - 1.1 < |y| < 1.8 forward μ’s - 1.9 < |y| < 2.5^†

TOTAL # events = 88047 ∗ New charge determination technique used in 1a+1b analysis † Not used in 1a-only analysis

January 20, 1999 11 Kathy Turner

Corrections

=⇒ Trigger Effects The charge or E_T dependence of each trigger was measured using independent triggers.

• ^nd no charge dependence in electron and central μ

data

• forward μ data taken with toroid polarity set for μ^+

and μ^− are averaged to cancel effects of charge bias in trig.

• plug electron ef^ciency not dependent on charge but

falls to 78% at E_T = 25 GeV → apply correction determined using MC calc. and measured ef^ciency as function of E_T and y_l → The overall correction to A_l(y) is < .005, compared to stat. error of .015

January 20, 1999 12 Kathy Turner

Biases

=⇒ Biases in Event Selection To look for charge bias, select high-E_T leptons from W or Z events with tight kinematic constraints.

• No charge dependent bias in acceptance or ef^ciencies

found

• central μ’s charge mis-ID negligible

• forward μ’s charge mis-ID < 1%

• electron charge mis-ID determined (central) from rate

of same-sign Z electrons - rate is 0.2% (central) and 10% (forward - in largest y bin)

Effects of charge mis-ID dilutes asymmetry and are corrected for on bin-by-bin basis.

January 20, 1999 13 Kathy Turner

Backgrounds

=⇒ Backgrounds due to misidenti^ed dijets or Z’s, etc.

• average W → τν = 2.0 ± 0.2%

• cosmic-ray bkgnd in μ sample is < 0.2%

• Z → ττ negligible

• Z → ee negligible

• plug (forward) electron sample:

- bkgnd from mis-ID dijets is largest - charge symmet- ric • central electron sample:

- mis-ID W → τν → eννν largest central μ sample:

- mis-ID Z → μμ largest, where one μ outside acceptance ⇒ these are not charge symmetric ... corrections are made using asymmetry estimates from MC

• forward μ sample:

- bkgnd from → μμ = 6.5% - charge symm. bkgnd is 8% due to dijets and misreconstructed lower-p_T muons

A_l(y) values are corrected for backgrounds bin-by-bin

January 20, 1999 14 Kathy Turner

Figure 5 - Table II, from Fnal-Pub-98/256-E

January 20, 1999 15 Kathy Turner

Results - CDF Run 1a (publ. 1995)

• data taken 1992-1993 • luminosity 20 pb^{−1} • |y_l| < 1.8 → .007 < x < .24 at Q^2 ≈ M^2_W • data sample: central and forward e’s and central μ’s

→ Figures show comparisons to NLO theory prediction:

- DYRAD (Giele et al., Nucl Phys. B 403 (633) 1993.) → The asymmetry measurements are not included in PDFs shown → MRS & CTEQ both used the same data from NMC to ^t PDFs → MRS distributions are favored over CTEQ2

January 20, 1999 16 Kathy Turner

Figure 6 - from Fnal-Pub-94/313-E

January 20, 1999 17 Kathy Turner

Figure 7 - from Fnal-Pub-94/313-E

January 20, 1999 18 Kathy Turner

Figure 8 - from Fnal-Pub-94/313-E

January 20, 1999 19 Kathy Turner

After Run 1a Results:

New PDF distributions calculated using W production charge asymmetry measurements: CTEQ3M, MRSA, MRS-R2

January 20, 1999 20 Kathy Turner

Figure 9 - DØ W Asymmetry

January 20, 1999 21 Kathy Turner

Results - CDF Run 1a+1b (submitted to PRL, 10/98)

• data taken 1992-1995 (supersedes previous result) • luminosity 110 ± 7 pb^{−1} • |y_l| < 2.4 → .006 < x < .34 at Q^2 ≈ M^2_W • data sample: central and forward e’s and μ’s

Preliminary Results (7/97 ^gures):

→ show comparisons to NLO theory prediction - DYRAD → CTEQ3M, MRSA, MRS-R2 include the previous measurements and agree with new results out to |y_l| < 1

January 20, 1999 22 Kathy Turner

Figure 10a - page 2, from Fnal-Conf-97/235-E

January 20, 1999 23 Kathy Turner

Figure 10b - page 3, from Fnal-Conf-97/235-E

January 20, 1999 24 Kathy Turner

Results - CDF Run 1a+1b (submitted to PRL, 10/98)

Final Results:

→ MRS-R2 - corrected for re-analysis of NMC data

→ MRST - incorporated new CDF measurement

Note: W asymmetry mostly sensitive to d/u ratio. However, at large y, also affected by W production p_T spectrum.

Comparisons to Theory:

• DYRAD - NLO calculation

- doesn’t reproduce p_T (W ) distribution at low p_T

• REBOS - NLO calculation plus resummation of soft

gluon emission to all orders - Balazs et al., Phys. Lett. B355, 548 (1995) - reproduces p_T (Z) spectrum at p_T < 30 GeV

Both DYRAD & REBOS yield identical results of y(W ) but different for p_T (W )

January 20, 1999 25 Kathy Turner

Figure 11 - from Fnal-Pub-98/256-E

January 20, 1999 26 Kathy Turner

Figure 12 - Table III, from Fnal-Pub-98/256-E

January 20, 1999 27 Kathy Turner

Conclusions

Further modi^cations needed in d/u ratio of PDFs constrained by this data.

PDFs used as input to hadronic cross-sections, top quark cross-sections, W mass measurements, etc. From CDF W asymmetry measurements:

• W mass error due to PDF uncertainty reduced from 75

to 50 MeV • expect these data to take this error down to 20 MeV

→ provide tighter constraints on Higgs mass

January 20, 1999 28 Kathy Turner