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W/Z production at the Tevatron

o(pp—W=—lv) ~ 2700 pb o(pp—Z° —I*I") ~ 250 pb

» Use electron and muon decay channels to measure W/Z properties, due to their
clean experimental signature.
» The large W/Z masses give their decay products large ps.
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W/Z detection at DG/CDF

Z events:
« 2 high p; charged leptons (u*u or e*e’).
» Both charged leptons are detected

and their momenta measured.
* Muons: central tracker, muon detectors
» Electrons: central tracker, calorimeter

T e - 1 high p; charged lepton, 1 high p;
ﬂ b= neutrino (uv or ev).
AR » Charged lepton is detected and

L ——— /r. ﬂ\ o

D @ o W events:

momentum measured.
H | || H * Neutrino cannot be detected! p;V is inferred
ol

| - IR by the “missing E; (E;™5%)” in the detector.

Mool <3-2, M, |<2
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W/Z analyses

W/Z events can be used to:
a) Constrain the QCD part of the production mechanism:
e PDF constraints
» Forward cross-sections
» W charge asymmetry
> Zrapidity
e Higher order QCD constraints
» Zprand W p;
» [Z+jets and WH+jets (see talk by Chris Neu)
b) Make precision measurements of EWK parameters:
» Z FB asymmetry (Sin?0,, 2

» W width
> W mass (see talk by llija Bizjak)

Note: All results are fully corrected for
detector acceptance and smearing effects.
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(1) PDF constraints with W/Z events

Parton Distribution Functions (PDFs) describe the momentum distribution of partons
in the (anti-)proton. They are obtained from parameterized fits to data (fits performed
by CTEQ and MRST groups).

Well constrained PDFs are essential for many measurements and searches at
hadron colliders.

-
Leading Order : 1

dapﬁ—>W/Z—>lf - fEi,j=u,d,s,(c,b)[ﬁq (xp)qu(xﬁ) +fi67(xp )qu (xﬁ)] X daq67—>W/2—>ll_ dxl’dxﬁ
\

I
probability of quark i to carry proton momentum fraction x

PDF constraints from W/Z data:
1) Z rapidity
2) W charge asymmetry
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Z rapidity
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y (Z boson rapidity)

dity = _]Z E+pL
rapidity =y =3 g,

L

* Zrapidity (y,) is dependant on x, ,
* A measurement of do/dy constrains PDFs

New 2.1 fb-' CDF measurement (~170,000 Z—ee events with |n|<2.8 )
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Z rapidity
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W charge asymmetry: introduction

ud—W+ du—W-

~~
AN
q 1_: - http://durpdg.dur.ac.uk/hepdata/pdf3.html A W— W+
2 .\ Q?=6400GeV?
X .\ MRST2004NLO
A Fraction of proton
ot momentum carried
,_ by quark . >
] / <«—antiproton protoA——»
104 X

A(yy) =

do,/dy, —do_/dy,
do,/dy, +do_/dy,

helps constrain f,(x)/f4(x)
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W Charge asymmetry: from lepton charge asymmetry

* Since p, " is not known the W= rapidity cannot be reconstructed .. do.,/dn - do/dn
traditionally the /epton charge asymmetry is measured: SAM) = 55 ¥ dTIl TdcJ d’ﬂl
 But the V-A structure of the W*() decay favors a backward (forward) I*(), 1 1
O <= @<= <=0
—= Boost Boost ——— — i
We oy W- e ‘= = spin
J% J%/ 0.3 fb"' D@ measurement
________ 2 2 (~190,000 W—uv events with |nM|<2 ):
/%atWrest frame %atWrest frame 015 E_ DO,L=0.3 fb' PRD 77, 011106(R) (2008)
e+ v F P i
— —&—— W production charge asymmetry : > 0_1:— o
Y S O et AR WP £ L
042_‘ ‘..‘ ................ ............. ................ ..'-. ......... ..... E 0.05 :—
0.2 __ ......... S ............. ......... i"'! ...................... ..... % C \
E i R : RN : < 0F v
0:_ ................. ,.““ =“.!‘ ............. P R = r CTEQ 6_1 M uncertainty band %
02 :_ ..................... ..'. ........ ..................... R ..... -0.05 :_ —— CTEQ6.1M central value
I TN CIul S S S IV U . MRSTO04NLO
oa:—'. ................. ............. .................................. : . ..... R | T I D B T P
L I T 0 02 04 06 08 1 12 1.4 16 1.8 2
3 2 4 o0 1 2z 3 Muon pseudorapidity

generated rapidity[y,, & n,]
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W charge asymmetry: direct measurement

It is also possible to extract A(y,,) directly:

* p.¥ determined by constraining M, = 80.4 GeV— two possible y,, solutions.

« Each solution receives a weight probability according to:

— V-A decay structure
— W cross-section: o(yy)
* Process iterated since o(y,,) depends on asymmetry

1 fb-! CDF measurement

with [n[<2.8 ):

Analysis method: arXiv:hep-ph/0711.2859
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(2) QCD constraints with Z events

S
c
Ol e gl

I I

Measuring the Z p; distribution tests QCD predictions for initial state gluon
radiation — tune and validate calculations and Monte Carlo generators.

High Z p; dominated by single (or double) hard gluon emission (pQCD reliable).
Low Z p;dominated by multiple soft emissions (resummation techniques/parton
shower Monte Carlos with non-perturbative models required).
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£ Py

5 D@, 0.98 fb’!
New 0.98 fb-' D@ measurement g 008 —— ResBos
(~64,000 Z—ee events with |1 |<3.2) T oo D@ data
S ),
®
Zp; <30 GeV region agrees well with o0
ResBos (NLO QCD + CSS resummation with 0.02
BNLY non-perturbative form factor). T
« The Z p; distribution is predicted to e T T R - 11
broaden at small-x (large |y, |) - important ZIv" a, (GeVie)

for the LHC!

* Broadening modeled with an additional
“small-x”" form factor.

- Data with |y,| > 2 prefers ResBos with-out
“small-x” form factor (NOTE: non-

perturbative parameters have not been retuned
with additional form factor!).

D@, 0.98 fb™! ly|>2

--------- ResBos with small-x effect
ResBos without small-x effect
D@ data

e
—
I

o.oe_:_:" ......... w2/dof=32/11

— */dof=11/11

1/o X do‘/qu (GeV/c)
o
o
@©
[

0.04f

0.02f

B 1 1 n
0 5 10 15 20 25 30
Ziy* q, (GeV/c)
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:L_ - —— NNLO > [ ° ResBos+KF %‘++
X S [ i
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10-6 :E ~~~~~ E
E (a) -1 (b)
10-7 EI ! N " I . ' ' ' I ' ' ! L I L L L L I ' ' L L I . 1 1 1 1 11 11 I 1 1 1 1 11 11 I 1
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* InZp;> 30 GeV region a NNLO k-factor is required.
* Even then the theory is too low.
« The NNLO shape agrees if normalized at Z p; = 30 GeV.
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(3) Precision measurements

1) Extract sin?0,°"from Z/y" forward-backward asymmetry
2) Direct measurement of W width
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Z/y* forward-backward asymmetry

FORWARD (o) : BACKWARD (op) :
| e | e’
| - I —
p * p p * p
| |
et | o- |

|
cosO” : in Collins-Soper frame (W rest frame)

Z and Z/y* couplings to fermions have vector : do/dcos6* ~ 1 + cos?6* and
axial-vector . do/dcos6* ~ cosf™ components.

Arg = (Of - 0g) / (0 * Og)

Arg depends on I\_/IZ,Y*
A sensitive to sin?0, o
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Z/y* forward-backward asymmetry

New 1.1 fb-' D& measurement (~36,000 Z—ee events with |n|<2.5)

10*
DO 1.1 fb-l — data 45 DO 1.1 tb!
\ o - 80951 I Signal [ x¥dof.=10.6/14 |
10 x7e-0.1. = 85 Il Multijet Bkg o5 - I
KS Prob = 0.19 - EW Bkg i
102 .
10| - — PYTHIA
o- J ZGRAD2
1 ‘ Statistical uncertainty
‘ B Total uncertainty
10! -0.5
— 1 L O e o I e | T 1 1 1 1 I 1
400 500 50 70 100 300 500
M.. (GeV)

M.,.(GeV)

« Measurement consistent with the SM prediction (note: large MZ,Y* region
sensitive to a new Z' boson).
sin?0, 2™ extracted from fit to Agg:

— 0.2327 +0.0019 (D@ 1.1 fb")

— 0.23152 + 0.00014 (current world average)

arXiv:hep-ph/0804.3220
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W width

* Measuring I', tests the very precise Standard Model prediction:

M =2091 £ 2 MeV [PDG: J. Phys. G 33, 1]

» lIdeally I'y, would be extracted from the > . Data
decay products invariant mass. B 10 MG tempatei T =51
y o 10
. . . , i — MC template: ', = 1.6
« Since the neutrino isn’t detected we g | Bokgd
10%E
construct the transverse mass: w o E
; 102;
% “normalisation
m —_— ‘\/2 1 - COS . region
T pT pT ( ¢lv) 10£ 9 |
. . . . - fit region
 Fit for I}, in the high m; tail. T e Ty
« Require a very accurate, fast parameterized *° 100 150 200
’ M; (GeV)

detector simulation, tuned to Z and W data.
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W width

350 pb-' CDF measurement (~109,000 W—uv and ~127,000 W —ev events)

CDF Run I (350 pb™')

10*

10°

#Events/5 GeV

10

10

CDF Run 11 (350 pb”')

[y =(1948+ 67) MeV
+?Idof [fit range] =17/21
v*Idof [full range] = 21/29

104

#Events/5 GeV

« W v data 10°
— W — pv MC + bckgd c
bckgd B
107

10

PRL 100, 071801

Iy = (2118 + 60) MeV
+?Idof [fit range] = 19/21
v*Idof [full range] = 32/29

« W evdata
— W — ev MC + bckgd
bckgd

—— -

100 150 200 50

My (1v)(GeV)

Iy = 2032 = 73 (stat + syst) MeV

! 1 | 1 i
100 150 200

M, (ev)(GeV)
(C,ySM = 2091 MeV)

World’'s most precise measurement! (reduces average uncertainty by 20%)

Emily Nurse
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W Width: Indirect measurement

G - BR (W—lv)

exp

0 - BR (Z—1l) Precision LEP Measurements

NNLO Calculation SM Calculation /

. @

X X
(W) T(Z—ll)
CDF Run Il INDIRECT width : CDF Run Il DIRECT width :
2092 = 42 MeV 72 pb! 2032 £ 73 MeV 350 pb-!
J. Phys. G 34 2457-2544, PRL 94, 091803 PRL 100, 071801
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Summary

Lots of interesting W/Z results from the Tevatron.

New measurements providing constraints for PDF fits:
— Z rapidity [CDF]

— W charge asymmetry [CDF]

New Z pr measurement, testing inclusive and “small x”
region [DJ].

New sin20,s"measurement from Az [DY].

W width measurement (world’s most precise measurement!) -
consistent with SM and indirect measurement [CDF].

Emily Nurse WI/Z properties at the Tevatron
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Back-up slides
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Backup : W/Z detection at D@/CDF Y

« Silicon detectors (|n|< ~2.8)

» Central drift chambers (|n|< ~1.5)

 Tracking resolution : o(p;)/pr ~ 0.05%xp-

» Segmented sampling calorimeters (|n|< ~3.6)
EM: o(E)/E ~ 13.5% / VE; ® 1.5%

« Muon detectors (|n|< ~1.0)

« Silicon detectors (|n|< ~3.2)

» Central fiber tracker (|n|< ~2)

 Tracking resolution : o(p;)/pr ~ 0.2%xp+

» Segmented sampling calorimeters (|n|< ~4.2)
EM: 6(E)/E ~ 15% / VE ® 4%

« Muon detectors (|n|< ~2.0)
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Backup: Z rapidity U

0.6
‘CDF Hun | Pnellmlnan.r with 2 11b"  z(CO)
1.4 > 05 .__.. ................. — — — —— :...Z{.C.F!.)...
" | NLO with NLO MHST PDF S B 5 - Z(PP)
' ‘g 04— S S S S combined .
1.3 —(A D Martin et al. hep- ph!EIEEITEE?.} : E : : g :
Ll =98/30 A g 03
E‘ s Scale Factor = 1.07 L l E
ﬂ.l B H i i o n.z
£ 11p bk 3
& “F A o
2 - 5 & il < 0i
T | - 505582255798 |
> TV g 0000 =) : - .
0.9 :— . Boson Rapidity
0 BE CDF Run Il Prellmlnary Wlth 21 fb o z 14 Combined systematic uncertainty
0 05 1 15 2 25 3 § sl | |
Boson Rapidity : B
5 1.2 SRR WA S NN M N
L -
T B
E L My
A 1:1II]I?III]1%1111{[}}11.[]]1[[l]
s F T
.% 0.9 E_. ......................................................................................
£ - CDF Hun I Prellmlnary with 2.1 fb

PDF constraint: ~0.75 <y < ~2 B "5 1 15 2 25 3
Boson Rapidity

I
Emily Nurse WI/Z properties at the Tevatron 22



Backup: Z rapidity U
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Backup: W charge asymmetry

J

9 0.25 1 I Total Uncertainties on W Charge Asymmetry
m : : 4 T T T T T v T | T | T ] T e
& b cormmurmtmny [LentC T e
o : _'_ Z— e; e DATA@ ] PSRN S D..TQIQI..SYSI..Q[[Q[ .................... ]
t 0B i — ] = g B : ]
o [ | g TN E
= . E o E
m - : ; : ; . - ]
: 0.1__ ..................................... .‘ .......................... . .......................... , ............... __ g - E
o - . o F E
- + ] < b N
005__ .......................... .......................... .......................... ............... — < - : ; 3 ]
C z : : : : ] 3 -
_ : ; : ; : ] - ' CDF Run Il Prel L=’ 2 ]
- l 'I_i_: I E E . E 7 -4: e unl I Ire, |r|n|naryf SR
0 > Fg—o—mqﬂmi.dﬁ_m.&u*m‘du_zl_‘_‘_‘; '3 ) 1 0 1 2 v 3
w
e 0.8
' W Asym= iy for empecies 1.0°%
PDF  Et Recoil CFR BKG Trig  ID [ Syst. [ Stat. 06| g oo o
0< |lyw| <0.2 ]0.00027 0.00014 0.0011 0.00017 0.00043 0.00029 0.00016{0.0013|0.0031 o CTECM POFE uncertanty
0.2< |yw| <0.4[0.00077 0.00038 0.0022 0.00011 0.00091 0.0008 0.00067|0.0027|0.0032 = 041y
0.4< |yw| <0.6| 0.0015 0.00055 0.0022 0.00018 0.0011 0.0013 0.0017 [0.0037]0.0033 E ag
0.6< |yw| <0.8| 0.0022 0.00071 0.0034 0.00025 0.0015 0.0014 0.003 |0.0055|0.0032 £& * L o iy
0.8< |lyw| <1 | 0.0024 0.00071 0.0042 0.00031 0.002 0.0011 0.0047 [0.0072|0.0034 E’ 0 + ._*‘ h
1< |yw| <1.2 | 0.0027 0.00079 0.0033 0.0004 0.0018 0.00089 0.0069 |0.00840.0038 < . \
1.2< |yw| <1.4| 0.0028 0.0015 0.0067 0.00047 0.0018 0.00059 0.0078 | 0.011 |0.0043 H-ﬂ.!' X
1.4< |yw| <1.6| 0.0028 0.0014 0.011 0.00035 0.0014 0.0004 0.0085 | 0.014 | 0.005 = LY
1.6< |yw| <1.8] 0.0029 0.0026 0.0092 0.00077 0.0012 0.00028 0.0089 | 0.013 |0.0055 ﬁ 0.4
1.8< |lyw| <2 | 0.0034 0.0031 0.0082 0.0022 0.0013 0.00056 0.008 | 0.013 |0.0062
2< lyw| <2.3 | 0.0042 0.0053 0.0059 0.0044 0.0021 0.0017 0.0085 | 0.013 [0.0083 -0.6
2.3< lyw]| <2.6| 0.005 0.0062 0.004 0.0045 0.0019 0.0027 0.0086 | 0.014 | 0.011
2.6< lyw| <3 |0.0053 0.006 0.0043 0.0014 0.001 0.0028 0.0065 | 0.012 | 0.023 -@3 -2 -1 0 1 2 3
rapidty
Emily Nurse WI/Z properties at the Tevatron 24



Backup: Z p- J|

Collins-Soper-Sterman resummation formalism: Sums LL terms (In"(p/Q)) + sub-logs

Non-perturbative form factor: Brock-Landry-Nadolsky-Yuan (BLNY):
exp [-g; - 2,In(Q/2Q,) - g,2,In(100%,x,)]b?

From fits to R209, E288, E605 fixed target Drell-Yan data (5< shat <18 GeV) + CDF Run |

DO result: g,=0.77+0.06

Small-x: Expect enhancements In(1/x) in matrix elements above order a..

Modified form-factor agrees with p;in DIS : e + p — y" — e + hadron(s)
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Backup: z/y* forward-backward asymmetry )

Z >e'e A__ 364 pb | |

CDF Run Il Preliminary 364 pb”

p I
€ 0.8 i
(1 S
0.4F i i 'ﬂﬁ
0.20
0‘_ - _____
0.28 1 Jf |
_0-4_""=""E_Ir= : — IO__caIr‘.llnﬁnn:________ :
-0.6—-- =1 Jnfolde;d.(tota...err;____________
) Y S O T = Unfolded (statierr). |
Lo 100 200 300 600
M., (GeV/c?)

CDF (resonance search):
m.. > 966 GeV (SM couplings)
m > 850 GeV(k/Mg, = 0.1)

graviton

Primarily PDFs, and EM

DO : sin?%0,,°" = 0.2327 +0.0018 (stat.) = 0.0006 (syst.) energy scale/resolution

NuTeV: sin20,, = 0.2277 + 0.0013 (stat.) + 0.0009 (syst.)

Emily Nurse
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Backup: W width

AL, [MeV]
[MeV]
Electrons Muons Common
Lenton Scal » .7 " 2231+ 172 u DZ (RUN-1)
Leptﬂn Rca el ; " ! 2052 + 128 n CDF (RUN-1)
epton Resoltition ) 2011+ 142 = DZ (RUN-2)*
Simulation 13 - -
Recoil >4 49 - 2032:73 —m—F CDF (RUN-2)
Lepton ID 10 Fi -
2037 + 65 ——t CDF (RUN-1,2)
Backgrounds 32 33 -
W 7 7 7
ﬁT::F ) 20 20 20 2050 = 59 —a— TEVATRON*
2196 = 84 — LEP-2*
QED 10 6 6
W mass 9 9 9 2097 = 48 SM World Av
Total systematic 79 71 27 ¥2/df =|3.3/5 | . | . | . *: IPreliminary
Statistical 60 67 - 18 19 2 21 22 23 24 25
Total 99 98 27 I'y [GeV]
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