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A Survey:

impressive results from the D@ and CDF experiments
from Run II.

- Analyses use from 0.2-1.9 fb™".
- Charge

A Symm etry ﬁ TEGM - vém.‘r,‘ e > dG / dy ‘‘‘‘‘‘‘‘‘ \m:

> Mass/Width

- Diboson: o
- WW/WZ-slvjj
> WZ S
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The Tevatron:

Chicago | - Vector boson
factory

- L~30pb™'/ week:
- ~700,000 W
- ~150,000 Z

- ~400 WW,
~120 WZ,
~90 Z7Z

Main Injecfd}: ' _
: & Recycler < P :D % <: P

Vs =1.96 TeV
At = 396 ns

Run | 1992-96
Run 11 2001-09
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The Detectors:

- No talk is complete without at least the
pictures of our beloved detectors.
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A Word about...

- Due to large backgrounds from hadronic jets,
W and Z events are typically reconstructed in

leptonic decays (e, U, and sometimes 7).
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W Charge Asymmetry:

- u-quark typically
carries more of the
proton momentum

than d-quark.

- Asymmetry
sensitive to the
momentum

distribution within

proton.
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Two Ditferent Approaches:

> One can make
assumptionsonv_p.,,

and solve for the W 1.0
. . 0.8 W
rapidity. 0.6
+ - > 0.4
A= ;ZG(W+)/dy—dG(W_)/dy g 04 \
(W) dy+do(W™)/ dy E 0.0
- >.0.2 \—:/
- Or one can simply B \
form the lepton padlf |
) 3 Lepton |
asymimetry. M3 2 4 0 1 2 3
do(I*)/dn-do(")/d y
Ay = 4o dn=do()dn

do(l*)/dn+do(™)/dn
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Two Different Results:

- CDF does the former,
forming the W rapidity
in electron channel.

o
[

[T T 1T | 1T T | T T | T T | T 1T 17T | LI :
- CDF Run Il Preliminary [L =1fb"

o
N

TTT
|

+ 1o’ data(stat + syst.) I N
_NNLO. Predjcnon(MRSTz_ooz)_i ______________________ r = i
C CTEQ6M PDF Uncertainty Band

o
m

W Charge Asymmetry

B 0.4f_ ........................................ —
- DG, L=03f5’ ;
0.15_ 0.3:_ ......................... 4 —]
E } """"""" 0.2?— _________________________ ; NNLO Prediction:
> 0.1 - C. Anastasiou et al., Phys.
5 - 0.4 “Rev. D69, 094008 (2004)
E0.0S:— Accepted by PRD i T T B D B
£ I arXiv 0709.4254 05 1 15 2 25 3
5 of \ W rapidity
- CTEQS6.1M uncertainty band
-0.05 — CTEQ6.1M central value ' >
. MRSTOANLO D@ does the latter,
'0-1__| el P by b b by By 1 1 1
0 02 04 06 08 1 12 14 16 18 2 lepton rapld]‘ty 111 “
Muon pseudorapidity Channel
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W Mass and Width:

- Sketch of method: Baen o M, 81 GeY

- Build a parametrized fuomo -
simulation of the s
detector that -
incorporates all :
knowledge of both
energy/ momentum scale

-1 M,,: sensitive to the edge of

coaa v b b b by v by b by 0 0 T8
050 55 60 65 70 75 80 85 90 95 100

CDF II (350 pb™)

and resolution. 3 B e
- Generate distributions g A
with different M, T s
> Form W transverse mass it
distribution from the wohe ol
data. Compare. M, = \/ZpTlpTV (1-cosq,) irw: e thef??:i;:% |
5;' 'i |‘160' BT E— i;oo

Andrew Askew, La Thuile 2008 M; (GeV)



Mass and Width Result

CDF _[L dt ~ 200 pb”

events / 0.5 GeV

1000

Transverse mass, | channel

500 M,, = (80349 + 54__) MeV

x*Idof = 59 / 48 = - = Twe =((:151uszb¢;)) MeV
:,D-,. 10* ¥2Idof [fit range] = 19/21
%o — L e E = 2idof [full range] = 32/29
m.(uv) (GeV) § 10 . Data
LLl wW MC + Beckgd
M,, = 80413:48 MeV = °
Single most precise measurement to datel
PRL 99, 151801
(2007)
Transverse mass, € channel>

50 200

M; (ev)(GeV)
I, =2032 £ 73 (stat. + syst.) MeV

Most precise single direct measurement!

PRL 100, 071801
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Perspective:

W-Boson Mass [GeV]

TEVATRON T 80.429 £ 0.039
LEP2 —= 80.376 £ 0.033
Average 4 80.398 £ 0.025
¥DeF: 1141
NuTeV ——A— 80.136 £ 0.084
LEP1/SLD —AS 80.363 £ 0.032
LEP1/SLD/m, -As 80.360 + 0.020
80 80.2 80.4 80.6
m,, [GeV]

[MeV]

2231+ 172 n DZ (RUN-1)
2052 + 128 = CDF (RUN-1)
2011+ 142 - DZ (RUN-2)*
2032+73 —m—t CDF (RUN-2)
2037 + 65 _— CDF (RUN-1,2)
2050 + 59 — TEVATRON*
2196 + 84 — LEP-2*
2097 + 48 SM World Av
1 idf =3.3/5 * : Preliminary

18 19 2 21 22 23 24 25

T, [GeV]

- The current state of the art.
- Improvement in world average M, by 15%.

- Improvement in world average I',, by 22%.

- And Run II isn't over yet...
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DO Z->tt

- Inclusive cross section

measurement.
- Require Z->TT->Ut, .. 3 D@ 116" = OS Data
a 8102_ ‘93 Preliminary — Z—w
tt
- Important: > =
£
) . g
Verifies T energy Z ., =
scale/efficiencies.
» Provides sample of T for
triggering and systematic
studies. : ﬂam
- Important verification 10'F )
0 50 100 150 200 250
for, say, H->1r. Visible Mass [GeV]
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DO Z->11 (2)

- 1527 candidates, 20% background (1 fb™).
- o(pp->Z->tt) = 247+ 8 (stat.)+ 13 (syst.)+ 15 (lumi) pb.
- SM:251.9"_ .pb.

CDF and DG Runll Preliminary

350
s — NNLO MRST2004

3000 PP — Z+X — ll+X {

mDO(e) e DO(w)
- ADGE) O CDF(u)
150 OCDF(e) A CDF(1)
i Runl MDG(e) ® DA(u)
OCDF(e) © CDF(u)

—||||||||||||||||||||||||||||||||||
1 0?.7 1.7 18 185 1.9 1.95 2 2.05

Center of Mass Energy (TeV)
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P » N
l'._.l{x 1 I
YriL
Qexi) 1~
P >

- Through differential cross section measurements,
one may probe different parts of the underlying
production processes:

- 7. Rapidity: Parton distribution functions, and NLO
calculations.

- Z p,: Theoretical prediction over the full range of p..

- Also: With high statistics of Z events, one can gain a
better understanding of efficiencies and energy
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CDF Z rapidity:

-

Parton momentum fraction(x)

3 2

-1
¥ (£ boson rapidity)

- Atleading order, sensitive to PDFs:
- Partons carry different momentum fractions, which
then affect the rapidity of the produced y*/Z.

- At next-to-leading order, one starts including
gluons in the initial state, which also alter the

rapidity of the produced y*/Z, and thus this
measurement gives a test of these calculations.
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CDF Z Rapidity (2)

- ~91K¥y*/Z candidates
(66 <M __<116), with

small backgrounds.

- Coverage extending
to2.8iny,.

(y /Z)/0.1(Pb)

meas red-:s{ri lum. ril:erta ty]
NLD CTEQE 1. predlctlnn scaled
E to m redc{Z] '

0_....I.. M N B
0 05 1 1..5 2 25

- Most consistent with
the NLO prediction
(using CTEQ6.1
PDFs).

Data/Theory
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Boson Rapidity
[ Thedatafth ory(nlo cteq) of do/dy |
1 15_X2 .......... 299;30 ............... ..................... .........................................
g [ | SERE R S R - || .........................
ms;”.;. .......................................... l.....l ...... , ............. '|]||| ......................
1;1'7é§;+ sio  Viteite :ﬁrl ry
u_gs:_ .................................................................................. ................... | ......................
0.9 ; __________________________________________
D85 m oo g e [
- CDF Runll Prellmlnary W|th 1 1"
IJ’au""l:l.'s"''1"'"1.'5"'':."""2.'5""3
Boson Rapidity
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D@ Z p, measurement

- Setting aside the
rapldltY’ focuSIIl.g generat?r ZpT distribution |
only on the p,, gives g

different
information: ol |
- High p, region is
dominated by
perturbation theory. =

. Low p, regionisthe

realm of
resummation.
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D@ Z p, measurement (low p,): 4%

- All rapidity,
comparison of data
and ResBos NLO

MC.

e
—
I

1/6 x do/dq_(GeV/c)"
o o
o (@]
» oo

o
o
Y

0.02F

D@, 0.98 o™ ly[>2

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

Ziy* qa, (GeV/c)

5 D@, 0.98 fb”
 0.081
ORE — ResBos
-Sb * DO data
T 0.06
2 Accepted by PRL.
b hep-ex/0712.0803
~ 0.04

0.02

PR T TN T [N T N N N T S T T A S S B |

comparison of
ResBos, and
optional low x-
broadening.
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D@ Z p, measurement (high p,) 4%

- Highest center of mass energy measurement of
this cross section over this large phase space.

- Data agrees in shape with NNLO prediction.

107 D@08’ .. ResBos 5%; - D@ 0.98 fo!
> -
S 102 — — ResBos+KF £ 1f ° ResBos )
‘;_ 3 —— NNLO > [ ° ResBos+KF ‘{‘ {_
B (@] B
S 10°F -+=+-- Rescaled NNLO 2os5p ° NNLO ¢ f
° - - D@ data ' [ ° Rescaled NNLO % § H !
o 10°F S ofpeee T ++H +- -
~ ~ ~ L &
5 C
1078 05F
e T :
(a) 1T (b)
10-7E|||||||||||||||||||||||||| 1 Ll L R
0 50 100 150 200 250 1 10 1 0°
v q (GeV/c) Z/y qT (GeV/c)
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Diboson Production:

o e

Required. Forbidden.

- Search for pairs of bosons:

- Trilinear boson vertices (like Wy, WZ) are a feature of the
Standard Model (required!).

- There are also instances where these are forbidden (ZZ, Zy).
- Any deviation is new physics.
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CDF WZ/WW->lvijj

- Good: High branching fraction.
- Bad: HIGH backgrounds from W+jets.

I Ldt=12fb" CDF RUN I Preliminary

—— Data

Il Signal

I Background
%% MC Statistical Error

2500

2000

1500

# evetns / 4 GeV

1000

500

40 60 80 100 120 140 160
Dijet Invariant Mass (GeV)
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Dig into the background:

- Appeal to NN to extract
as much as possible from
data.

- Fit NN output to
determine signal
fraction.

- Ny = 410 2 212(stat) +

107(sys) signal events

» Cross section limit
c BR < 2.88 pb.

WzZ/ WWX

1000
- |[] BoRr (wHjets Ewk.acD)

800

# events / bin
N
(=]
o

B
o
=)

200

J.Ldt= 1.2fb"

SIG

CDF RUN Il Preliminary

# Events | 16GeV

. a background subtracted
— Signal shape for fraction fg

i1 1 statistical error

________ ———
=50 — l
00 e e e e e e e
60 80 100 120 140 160
Dijet Invariant Mass (GeV)
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WZ->1llv

- WZ probes the WWZ coupling.

- Very clean analysis, low backgrounds via leptonic
Z peak.

- Analysis is VERY dependent on lepton etficiency
(Z.Z. will be as well).
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DO WZ Results

- 13 candidate | B
events (1.0 fb™). - —

3 180 DD Run Il
G L . _
— +1.7 S r 1 | * WZ Candidates
> O-(WZ) - 2.7_1 3 pb I-:-,1&‘-0— 1 fb
. =L .
E C . I:l WZ Monte Carlo
= 140~
= -Backgrcund
120:— . i} :
100;— *:
oE D IK
cof- o m -
Final Number of Expected — Estimated Overall C . ) - my mk o= = k-
State  Candidate Signal Background  Efficiency o - - mamm EE N = -
Events Events Events - = m B =y, = -
20— *
eee 2 23+0.2 1.24+101 0.16 4+ 0.02 C
eel 1 22+0.2 .46 = 0.03 0.17 = 0.02 ol b Lo b v b b b b L
pipee o 22403 20404 0.17 + 0.03 40 S0 €0 ¥O 80 90 "f" 110 120 130 ;“0
JfLfe 2 25404 0.86+0.06  0.21 +0.03 Invariant Mass (GeV/c)
Total 13 024140 4.5 +0.6

PRD 76, 111104(R) (2007)
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CDF WZ results

CDF Run Il Preliminary J' Ldt=1.9fb"
N§ Region: Signal . Data |:|Z+jets
o 12 Owz [@Dzz
- 25 candidate |8 m
-1 %g
events (1.91b™). o oS
+1.3 . .
= . + +
o 4.3_1. O(stat) + 0.4(syst. + lumi.)pb )
1 g Wl o
%0 50 60 70 80 90 100 110 120 130 140
M., [GeV/c?]
2_CDF.Run I.I Preliminary J Ldt=1.91b"
Source Expected £ Stat 4+ Syst + Lumi E " {fagion- Siona -Data  [MZ+jets
Z+jets 245 + 048 £ 048 £ 0.00 | % o B
YA 1.53 + 0.01 += 0.16 = 0.09 £ 10
Z 1.03 4 0.06 4 0.35 £+ 0.06 i
tt 0.17 = 0.01 £ 0.03 £ 0.01 n U
Wz 16.45 + 0.03 += 1.74 + 0.99
Total 2163 £ 048 £ 225 + 1.15 B ki
Observed 25 H

0 10 20 30 40 50 60 70 80 90
ET [GeV]
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WZ AC Limits:

- Both eXpeI‘imentS use the Z o spectrum to
set limits on anomalous couplings.

Events / 10 GeV

1 1 1 1 1 1 I
0 50 100 150 200 250 300 350 400

CDF Run Il Preliminary [Lat=191" o 16
o S —— WZ Candidates D@, 1 fb"
—— SM WWZ Coupling o 14 Standard Model MC
Summed Backgrounds (5 """"""" ACMC: A Ly =A § =-0.25, 7\.2 =-0.25
Ak =20 © 12 s ACMC:Ax,=Ag" =0.50,4,=0.25
—— Ag =040 L S z 1 }»Z
=023 ~ 10
¢
e L
: 8_7- -------------
(]
> . c
TS g
L [ H 3
a0 - R
2:_ ................. E’
C o
__:‘____T_—F_— -IIIIIII|III|III|IIIIIIIIIIIIIIII:III
% 20 a0 60 80 100 120 140 160 180 200

ZP,/GeVic
CDF A=2.0TeVv
-0.13<),<0.14

-0.15<Ag,2<0.24
-0.82<AK,<1.27

Andrew Askew,

V4 P; (GeV/e)
DO A=2.0TeV
-0.17<)A,<0.21
-0.14<Ag,?<0.34
-0.12<AK,=Ag,?<0.29
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Turning to ZZ->l1lll:

=]

q /'t
- Conceptually simple, take WZ analysis, remove
missing E , and require an additional lepton.

- 7.7 should have no trilinear term (whereas WZ
does).
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D@ 7Z->111

- D@ experiment observes

one 4 lepton event after full
Wzenpuics M on selection cuts.

c,,<4.4 pb.

First ZZ. AC bounds from
Tevatrory

-
- b0, 1] b 00,11
< 0.4F 0.4 E
I ” 4
360 o0zf ozf ]
N® o w8 of _f
02F -0.2r _:
-0.4f -0.4f ]
o4 D2 u [ERY 0 020 oz 04
T
Bins: 367 fio
Mean: 0.413 o 7 -
Rms: 2.28 4.7 mu particle et: 19.02 ] (ARRREARS E)
Min: 0.00916 em particle et: 66.7 oab "D0, 1 fh oaf Do, 1 ﬂ:|
Max: 28.6 mu particle et: 25.86 ’ ’
em particle et: 32.16 ozb o2k 3
g8 8 E
hep-ex/0712.0599 o = :
Dz -0.2F 3
0.4F 0.4F ]
Y u [FRF Y n (PR
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CDF ZZ results

2 : 2 [ Central
i 'Muon

1 E 1 :_Chamber | ;
0 0f ]
-1t At :
2} 2] :
-3 _— SR : . -3 -_ el e —
-3 0 * 1 -3 - ' 3
N l
Forward Electron Central Electron Track in Crack Forward MIP Central MIP Track in Crack

- Build a more uniform lepton acceptance by
forming leptons from all the available
information.
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CDF ZZ->l11l1

- 3 candidates, on less
than 0.1 background.

- 4.2 ¢ significance!

- o0,,=14""__pb.

l:| | lepton4
L Central p* n=-13

e =1

hep-ex/0801.4806

Candidates without Candidates with
Category a trackless electron a trackless electron
47 1.990 £ 0.013 = 0.210 0.278 £+ 0.005 £ 0.029
7 +jets 0.01473519 +0.003 0.08270055 4 0.016
Total 2.00470018 4+ 0.210 0.3607 5 f5a +0.033
Observed 2 1
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Conclusions:

> EXCltlng times: Tevatron Run Il pp at \[s = 1.96 TeV/c?
- High statistics 2 [« = | =
analyses = z
making Sel'iOU_S f?"‘ 103L Bl SM E xpectation 4
statements S 102l - :
about theory. °~ "} R
- Low cross 10¢ ww E
section L wz @ i
observations. ' L
101 | | | | | I | M=1P0 ]
> And the data W  Z Wy Zy WW wz/zz H— WW
keeps Coming! You are here.
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