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Diboson Physics at the Tevatron I]é

#* Measure production cross sections

_ _ Tevatron Run Il pp at \ls = 1.96 TeV/c®
#* Probe gauge boson self-interactions :

Q
¢ Consequence of non-Abelian nature of %‘ 104F i
SU(2), ® U(L)y g b7
¢ One of the least tested areas of the SM  § 103;_ M SM Expectation ]
. 3
. . . - g 2 T
* Sensitive to new physics in trilinear o 10°¢ Wi E
gauge couplings (TGC) E
¢ Tevatron complementary to LEP 10;‘ ww . E
¢ Explores higher center-of-mass energy : WZ i 1
than LEP i3 2z 3
¢ Different combinations of couplings 10_1: My=160 1
W Z Wy Zy Ww wzZ 77 H— WW
¥ Backgrounds to numerous channels: note: this is o, not o x BR

¢ Higgs; SUSY; tt
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Y

D> Anomalous Couplings

_ q W.Zy
#* Excursions from the SM can W.Zy
be described via effective |
Lagrangian: o i
9 9 ' qq SWO — Wy : WWy only

I-\/\l\/\/\//gV\/\/\N g\]} (\N+W VV _W+VW 1/) fffi' ' 1"‘ ) _*H"Z - “-‘ “‘Z Dnl}’
)% 7] % .
g4 —eryi P WW WW y.WWZ

gqg —=ZIy" »Zy [ZZy.Zyy
gg —ZIy" -7z |ZZy.ZZZ

In SM: gy =x, =1, A, =0 / Absent in SM
(Ak=x-1) (Ag'=g'-1)

#* Cross section increases especially for

+ KV}N;WVV g I\jvz W, WV VA
where V=27, » "

Two types of effective Lagrangians with:

High E bosons (W/Z/%). on-s?ell %y on-st:ell Z*Z
* Unitarity Violation avoided by (ZVVZ ’ZVW) - (222 :/ZZV)
introducing a form-factor scale A, hp,hy  (CPviolating) Ty

modifying the anomalous coupling at hy, h, (CPconserving) fJ
high energy:

A(8) =

(Not an issue at LEP) SM predicts all to be 0

(1+8/ A"
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¢ electrons < 3.2
¢ muons<2.0
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w Wy Production

Y

% Deviation from the SM prediction would
be sign of new physics

¢ Particularly high p; photons
#* Measure Wy—lvy with E;7 > 7 GeV,
ARW > 0.7, M{(Ivy) > 90 GeV (reduce FSR)
(I is electron or muon)

* Preliminary measured cross sections:
¢ Electron: oxBRWy —evy)=3.12+0.42pb
¢ Muon: o xBRWy — uvy) =3.21+0.52 pb
¢ Theory: oxBRWy —lvy)=3.21+0.08pb

* Sensitive to WWy coupling

q Initial State Radiation WWy Vertex

Combined Channel
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w Wy Radiation Amplitude Zero

* Radiation amplitude zero: caused by

the interference among the tree- ) I ——
level diagrams at cos(¢) = +1/3 i e

D@ Preliminary, 900 pb'1

¢ ¢ is the angle between the W and

the direction of the incoming quark o

#* Can’'t measure & directly because of oo
vin final state

2 3 ] 5
(Lepton Charge)"(n-n)

#* Can measure charge-sign photon-
lepton rapidity difference

{gombined Channel I y?/dof=16/12
Q X [n(Y) ) n(l)] E1 N * Candidate Events =
#* Anomalous coupling may fill dip E"“;— B 549 G - Background % =
E‘mz_ Background L .%i
#* Use of Dip Test of Unimodality gives % 80" Do Prefiminary, s00p5’ | g
the probability of the dip in the 80- w-  EE . z
90% range e _;_1 = 7 |z
* Measurement constitutes first 2af- T -
indication for radiation-amplitude n_{"s'z'1"]""% 5

1 2 3 4
(Lepton Charge)*(r-n)

zero in Wy
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w Zy Production

#* Measure Zy—lly with E;7" > 7 GeV,
AR, > 0.7, M(ll) > 30 GeV >
(I'is electron or muon) %
#* Observe 968 candidates (combined) with =
116 £ 13 background
#* Cross section: 107
¢ Measured oxBR(Zy —lly)=4.96+0.42pb -
¢ Theory o xBR(Zy —> lly) =474+ 0.22 pb

27 e ~zmowdaa DB £ [ DD 107 . 24, i data 102 L [GeV
d>’ [ 8 Z+jet background q>’ L Z+jet background 1l [ e ]
L 10%E . L 10°E
F | -y ESMMC + (Z+jel) ! 22 SM MC + (Z+jet) PLB 653, 378 (2007)
105_ 10§ I . .
o f ! Most precise cross section
U3 U S measurement of this
: ey T channel at a hadron collider
107F 107
109200 400 600 1% 200 400 600

M, [GeV] M,, [GeV]
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w Limits on anomalous Z)yZ" and Zyy couplings -[é

¥* Z vy sensitive to two couplings ~ 9

¢ Various SM extensions predict large values of the 0.2
trilinear couplings of ZZy and Zyy

* Use photon E; spectrum to probe anomalous

(@) Zyy DJ 1fb’

couplings for A = 1.2 TeV. 95% C.L. limits: o001
—0.085< h, <0.084, —0.0053< hj, <0.0054 :
—0.083< h% <0.082, —0.0053< hZ, <0.0054 0021 2D 95% C.L. limit
* New limits represent a significant improvement 55—
over previous results. The limits on h}, are the h!,
most stringent to date
0 E o — liy data - Ng
E . D17 = 1 (b)Zzy DG 1t
I.ﬁ 10°F == 2(3) - Ily SMMC(H] =0.n!=0) + (Z+jet) 0.02_—

..... Z(y) - Iy MC(, =-0.18,h; =0.016) + (Z+jet)

1023 ___________________________
105 = 1 """"""" PLB 653, 378 (2007) o0.00-

F .. | L

1 R

w0 0.02/1D 95% C.L. limit

i e ‘Other coupling set to SM value

- 1 1 1 1 | 1 1 1 L I I It Il il 1 1 | L 1 1 | 1 1 L I 1 L
10” 100 200 300 02 0.0 0.2
E, [GeV] h%

Michael Strang Lake Louise Winter Institute 18/Feb/08 8



WZ Production I]é

| WZ Invariant Mass vs. Missing E_ |

3180:_ DG Run i
:lq(;o:_ 1 fb_1_ % Data
q WS o E DWZ Monte Carlo | %
P ’ P S 1a0f-
#* Analysis performed in four channels: s - [l oo
¢ eee/eeuluue ! yuu plus missing energy OOE
. . .. 100—
¢ Cross section is calculated by combining . o fay
likelihoods from each channel with candidates B : *
determined by: o
« Z—ee mass in range 71-111 GeV 405_ " L - -k
e Z—up mass range 50-130 GeV C " * o
- Missing Et > 20 GeV 05 . :*:f L
* Results: : T e 0
. P 2
¢ Observe 13 candidate events Invariant Mass (GeVic’)

« Expected background of 4.5 + 0.6 PRD 76, 111104(R) (2007)

 SM predicts 9.2+ 1.0

¢ Probability of expected background to fluctuate to 13 events is 1.2 x 10-3
 significance of 3.00

¢ Measured cross section of o(WZ) =277 pb
* Theory predicts o(WZ)=3.68+0.35pb
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EJ Limits on anomalous WWZ couplings Y3

- 1: D@, 1 fb!
e
0.2 7
#* Use the measured cross section and 02 & \d >
Z py distribution to probe anomalous el
couplings for A =2 TeV. 95% C.L. limits 06T
are: ) S A B P
-0.17< 4, <0.21 (Ax, =0) 1 06 02 02 06 Z1
_ , PRD 76, 111104(R) (2007) Axz = Ag]
¢ Assuming Ag, =Ax,: 16
§ —«— WZ Candidates D@, 1 fb"
— — Standard Model MC
0.12< AKZ <0.29 (/12 o O) 8 N At)arl]\llgtmc: =eAgZ=-o.25,xZ=-o.25
Q 12| o AG MC: A Kz = A g% =0.50,), = 0.25
#* These are most restrictive limits to date rhh e
|-I>J Sl : = B
I I S S———— 2
- QU
F | T
2:— | 5

_IIIIIII|III|III|III 111 IIIW_FFF
00 20 40 60 80 100 120 140 160 180 200

y4 P; (GeV/c)
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ZZ Production

Y

%* No self coupling of Z bosons in SM
* t-channel production:

SM: 6=1.6+0.1pb

+

»* /ZZ - electons and muohs
¢ Cross section drops to 7.2 fb

#* Observe one eeuy candidate in 1 fb-1 of

Run 208854 Evt 35162371

Triggers:

Moem particle HEm

data
¢ Expected background of 0.13 £ 0.03
events Mean: 0.413
- Nins 0.00816 om bartidle ot 667
¢ SM predicts 1.71 £ 0.15 events Max: 28.6 mu partcls ef. 2586
em particle et: 32.16
#* Set upper limit of o(ZZ/Zy) < 4.4 pb at Submitted to PRL arXiv: 0712.0599
95% CL
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w Limits on anomalous ZZZ"* and ZZy couplings -[é

#¥* ZZ channel sensitive to two
couplings

#¥* 959% CL limits on anomalous
couplings for A =1.2 TeV

-0.28< ff <0.28
-0.31< f£ <0.29
-0.26< f; <0.26
-0.30< fg, <0.28

#* First bounds on these limits from
Tevatron

* fo, fo, 2 are most restrictive to
date

Michael Strang
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Submitted to PRL arXiv: 0712.0599
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D& Summary G5

Wy
Preliminary cross o g Tevatron Run Il pp at\l_ 1 95 TeV
sec_tior! o % i 1 ' OCDF Prellmlnary
Indication of radiation %10 - =CDF Pgbn_sh_ed Wy
amplitude zero 5 | POY T el . .
P \% ;?S Published First observation
(o] 3 : eory: : . . .
S L ne. BN ¥ Limits on WWZ couplings
Zy 102;
Cross section measured / 27
10_: - - -
L|m|ts_ on ZZy and Zyy ; Cross section limit
couplings 3 Limits on ZZZ and ZZy*
' couplings
Ww 4 i : : i . ; .
Cross section measured T

PRL 94, 151801 (2005)

#* |nitial results with Tevatron Run Il data

#* Newer results with up to 3 times the data and refined analyses
coming soon
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