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Motivation

Probing Non- Abelian structure of SM:
test of Triple Gauge Couplings

Stringent limits from LEP but Tevatron
IS complementary:
- explores higher centre of mass
and p, values

V(=vyorZ)

Tevatron Run Il pp at ‘s = 1.96 TeV/c?

o | | | | | | | 3
- probes different coupling combinations = oLV 1
than LEP g b 7
- competitive with few fb-! @ 10°) W SM Expectation |
New physics probe (Anomalous Couplings) 5 102[ o — ?
F Ly 3
Background of numerous analyses 10 — N
(H ->WW, SUSY, t thar) —
1 5’. =
At 10-? to 10-# of single production o, -
. . _ M,=160 ]
too low statistics at Run | 10 S ww Wi . eww
=> |low significance of diboson signal .
note: this is o, not o X BR
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Tevatron today

p —pbar collider at vs = 1.96 TeV
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Tevatron has delivered 2.5 fb™!
CDF and D@ each have ~2.0 fb™* on tape “Tevatron is a boson factory”

Results shown here are using up to 1.1 fb™*
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Selection criteria

Working in hadron collider environment => focus on the clean lepton channels.

CDF and DY have excellent lepton ID capabilities
... and hermetic calorimeters to measure missing E_(=> infer presence of neutrino)

* electrons

e F; above =20 GeV

e shower shape criteria

e isolation requirement

e || coverage CDF <1.1 (central), 1.2-2.0 (forward)
D® <1.1 (central), 1.5-2.5 (forward)

* muons

e p; above =20 GeV
e isolation requirement
e || coverage CDF <1.1/1.2 (central)
D® <1 (central), 1-2 (forward)

* neutrinos

e missing F; above ~20 GeV
e CDF: isolation requirement (angular distance)
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WW

g = W 4 W
2y
w
@ < W @ W
Sensitive to WWZ / WWy t channel ~90 % s channel ~10 %

Also an important background for
a possible high- mass Higgs:

g W . CDFuPreliminary (825 pb"
H =d>> : + Data
S 25} ww
g W B DVEIZ+ZZ
£ 20} Wit
. . o : Wy -
Dilepton analysis: ee, uu, ey o 15} JDrell-Yan -
- clean, but low branching fraction 5 Bl Wjets
- two isolated high-p_leptons 10}
of opposite charge 5}
- veto same- flavour combinations 0; e n
consistent with Z mass 0 20 40 60 80 100 120 140 160 180 200
- large missing E_ (2 v) Er [GeV]
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WW cross section results

D@ (224- 252 pb-?) [

@ CDF (825 pb-1)
ee

Process MU el ee MU e
WW signal 12.8 £ 10.7 £ 28.8 = 342+ 0.05(2.10+ 0.05| 11.10+ 0.10
01+11)101+£09(01x24
Total BKG 15.2 7.8+ 04 14.8 * 230+ 021 {195+ 041 | 381+ 0.17
06+ 1.7 + 1.0 06+ 2.3
Observed 29 19 47 6 4 15

o(p pbar -> W'W)
= 13.6
+ 2.3 (stat) £ 1.6 (syst) £ 1.2 (lumi)

preliminary
[see also: PRL 94, 211801 (2005)]

o(p pbar -> WW)

= 146

+5.8 . (Stat) +1.8 a0 (SySt) + 09 (|um|)

PRL 94, 151801 (2005)

- Run Il WW signal clearly established
- Good agreement with NLO SM prediction:

12.44-0.8 pb
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e Sensitive to WWZ vertex o — t-chisinel

— cf. WW production, which I ——pr~ 2 A
depends on WWZ and WWy { {

— Allows study of WWZ coupling g’ oo W 8 b 7
parameters with no

assumptions about WWy s-channel
couplings
— unavailable at LEP

e SM cross section is 3.7 pb
(‘JM Campbe” and RK. E“S) CDF Run Il Preliminary _[Ldt=1.1 fb”

. 100
e WZ - | vI*l modeis clean and
unambiguous

— but has low branching fraction

3

w

q W

l:‘ WZ Monte Carlo Signal
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] . Backgrounds

80-

70

B
Q
<
>
=
2
1.5% T
3
Z selection: S 50
« 2 high P; leptons (ee or pp) § ans
e M., (II)_ consistent with M, E’ 30_: | IﬂvMet
W.selectlon. | @ 20 7 Veoto
- isolated lepton + E; Miss = wla
Main backgrounds: L i >
e ZIy + jet 40 50 60 70 80 90 100 110 120 130 140
e 77 Dilepton Invariant Mass (GeV/cz)
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WZ observation

CDF Run Il Preliminary f Ldt=1.1fb"
8—; |£|\I,)Vazta gi;ets sSource Expectation 4+ Stat + Syst + Lumi
7 Oz Bu Z+jets 1.22 £ 0.27 + 0.28 + -
6 47 0.89 4+ 0.01 £+ 0.09 £ 0.05
= s Z~y 0.48 4+ 0.06 + 0.15 £+ 0.03
1l tt 0.12 + 0.01 £+ 0.01 £ 0.01
] WZzZ 9.79 + 0.03 £+ 0.31 £+ 0.59
% Total Background 2.70 £+ 0.28 + 0.33 &+ 0.09
2§_|—|_ 1 Total Expected 12.50 + 0.28 4+ 0.46 + 0.68
1 [ —%ﬁ Observed 16
05? —

eee eep epp ppp eet ept npt ett ptt
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2 80 ; s 3 ¥ =% @ 5 B
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—_—_—mmm M - se e — - —— = 70— - Sum of Backgrounds | s m m = o o
CDF 5.0 %(stat)40.4(syst) pb 3.740.3 pb 6.0 o = E L lnrEr
D@  4.0719(stat+syst) pb 3.7+0.3 pb 33 ¢ 60" =t
505_ * ',: = *
e e CEam . .
Observed ! 30F- B S
. 20:_ . LAl BB *x .
... and found to be consistent - . | | I | I
: P % — 20 60 80 100 120 140
WI t h 3\/' p r ed I Ct I O n S Dilepton Invariant Mass (GeV)
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Ll

o No self coupling of Z bosons
in the standard model:

]

¢ no ZZy
no ZZZ

q €I+

Low cross section in standard model.
Clean signature: four isolated leptons in the final state !
... but this also means that acceptance and efficiency are absolutely crucial

Our detectors/triggers have good angular coverage and efficiency.
Here is the example of the acceptance/ efficiency for the eeup channel in the D@ analysis:

Selection Exclusive Acceptance Cumulative Acceptance
geometric cuts 0.560 £ 0.006 0.560 £ 0.006
electron and muon separation R > 0.2 0.982 + 0.001 0.550 4 0.006
pr > 15 GeV 0.780 + 0.010 0.429 + 0.007
trigger 0.990 + 0.010 0.425 + 0.008
electron and muon quality cuts 0.514 = 0.046 0.218 £+ 0.030
total 0.218 + 0.030
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/Z cross section limits

Channel Luminosity Acceptance Background Signal N
w o (944 4+ 61)pb~1! 0.27 £ 0.024 0.057 £ 0.017 0.47 £ 0.05 0
EEEE (1070 £ 70)pb~* 0.23 £0.01 0.080 £ 0.017 0.44 £ 0.04 0

[tpiEe (1020 + ﬂﬂ)]}b_l 0.22 +0.019 0.034 £ 0.014 0.81 + 0.09 1

Total 0.17 £0.04 1.71 £0.11 Q)

Source | Expectation &+ Stat -+ Syst + Lumi |
Z+jet 0.007 + 0.007 + 0.004 + - : .
* +jets run20ssss B as1e271 1 NE candidate event from D@:

Zyy 0.002 + 0.001 + 0.000 4 0.000
A 1.884 + 0.015 + 0.061 + 0.113 Triggers: B 2empartice M EM
Total Background 0.009 £ 0.007 &= 0.004 + 0.000 : aupartile L 1GD
Total Expected 1.893 4 0.017 + 0.062 + 0.113 e
Observed (‘1)

We set the following limits:
CDF. 0(ZzZ) < 3.8 pb (95%CL)
DG: o(ZZ)< 4.3 pb (95%CL)

Consistent with standard model value: 1.4 £ 0.1 pb

Bins: 367
Mean: 0.413

. _ . Rms: 2.28 0 T47 mu particle et: 19.02
With 4 - 8 fb*, this could become Vin: 000816 em patile o 66.7
ax: 28.6 mu particle et 25.86

em pariicle et 32.16

another first observation.
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Wy

Sensitive to WWy coupling t and u channels
Couplings at interaction vertices are fixed 4 g
in standard model gauge theory g el S R
- ~ O
Variation in Wy production would be sign 2 i
of new physics RS
. F ek IS el b
e.g. changes in p_(y) spectrum, G B S Z
in particular at high M_(Wy) q 1 q 1
* &_JW Trilinear
N -
Noooue gauge boson
yID is crucial // W h,  vertex
CDF: E > 7 GeV, |n| < 1.1 . e ‘;",
D@: E > 7GeV,|n < 1llorl5<|n <25 e
Both analyses: photon well separated from lepton: deltaR(l,y) > 0.7
Experimental challenges: - background due to “1°- like jets” faking photons

(e.g.:in contrast to electrons, no track- matching)

- no simple standard candle that would provide clean control sample

of isolated high-p_photons (like Z — e e for electrons)
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W, signal

Muon Channe Electron Channel

Yields in the
D@ analysis

933 pb™"
148 + 17 (stat. + sys.)
34 + 4 (stat. + sys.)
1.7 £ 0.2 (stat. + sys.)

878 pb™"

98 £ 12 (stat. + sys.)
6 £ 2 (stat. 4+ svs.)
2.6 £ 0.4 (stat. + svs.)
B4 1 (stat. 4+ svs.)

Luminosity
W + jet Background Events
{eX Background Events
W~ — v~y Background Events
Z~ — [l Background Events

389

Candidate Events 245
Expected Signal 130 £ 9 211 £ 14
Measured Signal 1530 £+ 18 205 4+ 26

theory:

theory:

muon channel:
electron channel:

muon channel:

o(p pbar -1 vyX)= 3.21 £0.08 (PDF) pb

o(p pbar - uvyX)=19.3+1.4 (sys)pb

D@ preliminary (0.9 fb™*): E.(Y) > 7 GeV , deltaR(ly) > 0.7 , M_(Iw) > 90 GeV:

o(p pbar -1 vyX)= 3.21 £0.49 (stat+sys)£0.19 (lum) pb
o(p pbar -1 vyX)= 3.12 £0.49 (stat+sys) £ 0.20 (lum) pb

CDF preliminary (1.1 fb™%): ET(y) > 7 GeV , deltaR(e,y) > 0.7, 30 < I\/IT(pv) < 120 GeV:
o(p pbar - pvyX)=19.11 £1.04 (stat) = 2.40 (sys) £ 1.11 (lum) pb

Measured cross sections and gt ol vt
photon E_spectra are in good = b R s oy

agreement with standard

model predictions.

Example plots from

CDF Runll Preliminary 1/fb

w
w0
-]

CDF Runll Preliminary 1/fb

3
T IIIIII
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3
m

« Data 855 events

200 —

Number of Events/(1 ﬂGeWczl
T

« Data 855 events

the CDF analysis . : D |
0 20 40 60 80 I1IZI¢) 120 I1tll-t\‘.hI I I'Iilit) 0 — IZIDI 40 GIZII I ISUI I1IZIO 12t1!I
Photon E; (GeV) Transverse Mass(u, v) (GeWcz)
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Wy: radiation amplitude zero

Generator- level Monte Carlo

Increased sensitivity to anomalous couplings - J———

. . . . S 0.02
through charge- signed rapidity difference: 20018 | e ArnsisCoprg .11
0016
. DO Preliminary, 900 pb’

Standard model couplings at LO produce an oo - T TSN, TP
. . 0.012
amplitude zero in the centre- of- mass oo
production anale 0008
W 0.006
/ 0.004
q . a 0.002

_
0 0f e L B Tam SEEE L L L !
c (Lepton Charge)*(1-n)

Background- subtracted data

ud— W™y has zero at cos 6 = -V S I 2

M %100: = Standard Model MC | =

du—W vy has zero at cos 6 __ =+ & [ Anamalous Couplng MC (+=+14=0} [ 2

CM 80— o _1 | -

" D@ Preliminary, 900 pb g

Correlations lead to dip in o w 5
v€ charge-sign rapidity difference o~ H — |5
AR AL

D@ data in good agreement with standard model ... ug.:_',,,,,ll,—,I‘E

-3 -2 -1 0 1 2 3 4
... looking forward to even more data! Q"an
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Z'y SM allowed

l ~<f
For examplein 1.1 fb™* of CDF data - Zy
(similar analysis performed at D@): Y i
1A
q q Ty

ReqUi
equire - SM FSR SM ISR
- two high-p_electrons (E_> 20 GeV, |eta| < 2.8)

- ahigh-p_photon (E_ > 7 GeV, |eta| < 1.1) SM forbidden

well separated from the electrons: deltaR(e,y) > 0.7

l
l
q Y

CDF Run Il Preliminary, 1.1fb™

400— o Anomalous Zy production
300L < Anomalous ZZy and Zyy couplings
x (appear in extensions of SM)
200 i can increase rate for high- p_photons.
&)
> .
8 Zgamma events yields
- Luminosity | ! I\1EEY>4JDGeV Meey} 100 GeV (ISR dominate)
2100 .
= 1 signal MC 32384173 117.2463
- Back ground L0+ 157 392+124
50l | total SM+BG 37484234 1564+ 139
1 1 1 1 1 1 | 1 1 Dﬂm 3% 154
40 50 60 7080 100 200 300

M(ee) GeWcz
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Zy: Cross section, event properties

CDF preliminary (1.1 fb™):
E.(y) > 7 GeV , deltaR(e\y) > 0.7 , M(eey) > 40 GeV: 0(Zy) * BR(Z—ll) = 4.9 £0.3 (stat) £ 0.3 (sys) £ 0.3 (lum) pb

theory: o(Zy) * BR(Z—lIl) = 4.7 £ 0.4 (sys) pb
E(yY)> 7 GeV, deltaR(eyy) > 0.7 , M(eey) > 100 GeV: o(Zy) * BR(Z—Il) = 1.4 £0.1 (stat) £ 0.2 (sys) £ 0.1 (lum) pb
theory: o(Zy) * BR(Z—ll) = 1.4 £0.1 (sys) pb

D@ preliminary (1.0 fb™):
E(y)> 7 GeV, deltaR(eyy) > 0.7 , M(ee) > 30 GeV:  o(Zy) * BR(Z—ll) = 4.51 £0.37 (stat+sys) £ 0.27 (lum) pb

theory (NLO, Baur, Han, Ohnemus): o(Zy) * BR(Z—ll) = 4.2 £ 0.2 (sys) pb
CDF Run Il Preliminary, 1.1fb™ a
L B B L I ©L10°F . .
- ] = g DY Run Il Preliminary
102 - _+_ Data - I.I>j 1 03 §_ —e— eey ) ,
g [ |sSM zy ] 102 - Qcpb w
% i .Z+Jet i SM eey + QCD
__E‘E 10 yrlet 3 10 2
§ | E 1
T -
1 -7 S 107'F
- O 102F
10 =1 cle e B BT T 10-3_' -
0 80 100 120 140 100 200 300
Photon Et(GeV) E; (GeV/c)

Measured cross sections and photon E_spectra are in good agreement
with standard model predictions.
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Conclusions

* D@+4CDF data samples increase quickly

* understanding of detector response improving as well

bringing electroweak precision physics to the pe‘ﬁ next-to-next level!

Tevatron Run Il pp at ls = 1.96 TeV/c?
| | | | ]

precision physics playground

B SM Expeéctatibn

=
=
c
<)
=
)
@
@
0
0
o
[
Q

established signals —

more data should help to improve those!

promising searches

[Me-1p0 2

. wy Iy Ww Wi 7 H—~WwW

For more detailed documentation:
@ http:// www- cdf.fnal.gov/ physics/ ewk/
w http:// www-d0.fnal.gov/ Run2Physics/ WWW/ results/ ew.htm
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