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Tevatron o
_B_

. Z o2

Most recent Diboson measurements from the S

CDF and DO experiments

- Wy—lvy T
- Zy—lly _ _Ns=196TeV
- WZ — Il RO ey pg -
-ZZ — I, llvv £ e e
- WZ+ZZ — Ivbb/vvbb ‘ > *
Tevatron is a vector boson factory [ Main Injector

: ‘{‘:‘ & Recycler >
- Delivering ~50 pb-'/week B St

~600 WW, ~200 WZ, ~100 Z2Z

- Access to charged final states (not posible at LEP)
Wy—lvy, WZ—Ivll, lvqq
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Motivations for Diboson Physics g
o
Test of Standard Model EE

- SM provides precise predictions of Diboson
production cross sections

New physics can enhance Diboson production
- Enhancement of triple gauge couplings (TGCs)

- Resonances decaying to pairs of bosons
Measurement of SM Diboson

Production is important step in hunt for Higgs
boson
-H—->WW/H — ZZ: Higgs can decay to Dibosons

- Associated WH / ZH production: also same final
states
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Wy Production

UNI
FREIBURG

q, \pr A ) Final State Radiation
q

q,|
| " j _LL
i, Ty, "

onLo=16.0 £ 0.4pb P u———
- pT(y) > 8 GeV, AR(y,)>0.7 & =
Use 3-body mass My to “E
distinguish Final State o
Radiation o4f

(=]
(=)

YWW vertex = Ky and Ay oy T o
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Wy Cross Section (DQ)

UNI
FREIBURG

Unique test of the SM: Radiation amplitude zero
- Destructive interference between tree-level diagrams

- Dip in sign(l) % | n(y) —n(l) |

In agreement with SM 5™ b reliminary, 4.2 5
] s I e data - background
Cross section measurement  “isf- — SMWy MC
L eeee AC (Ak,=-2,1,=0) Wy MC

- 4.2 fb1 of data
- High pry, high pty, and MET g e +ﬂ1¢

492 Wy candidates = e \

Expected signal: 376 £ 42 oﬁwwmq

Expected background: 134 + 9 oo T ke

- ~100 from WH+jets
o(pp — W) = (15.2 4+ 1.6(stat 4+ syst)) pb
onro = (16.0£0.4) pb
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Wy TGCs (DQ)

EIBURG

Photon ET spectrum sensitive to anomalous TGCs §E
- Set 95% CL limits on anomalous TGCs (Anp = 2 TeV)

. . [
1D Limits:  0.14 < Aky<0.15 § [ D@ Preliminary, 4.2 b’
-0.02 < )y < 0.02 wio * data
B background
10? — background + SM
L o- ----background + AC (Ax, = -0.4,1., = -0.08)
2D Limats: 10 .. background + AC (Ax, = -0.2,A, = -0.04)
0.05¢
0_045_ DO Preliminary, 4.2 fb' —— 1D limits @ 95% C.L. ;
0‘032_ 2D limits @ 95% C.L.
0.02F- 10
0.01F
< oi— 10° 50 100 150 200 250 300 350 400 450 500
0.01F- o i E; (GeV)
: 68% Limits
-0.02F
3 ALEPH -0.1 < Ak, < 0.029 |-0.043 < A < 0.014
003 L3 -0.049 < Ak, < 0.095[-0.062 < X, < 0.019
'°'°45_ OPAL -0.1 < Ak~ < 0.018 [-0.097 < A, < -0.024
’0~°.".b.—3l l l.ol.zl — l.ol.1l (l) — loj1 — lo_lzl l 10‘3 LEP2 combined |[-0.072 < AK», < 0.017]-0.049 < /\7 < 0.008
Aky DO 4.2 fb‘1 -0.07 < Ak~ < 0.07 |-0.012 < A < 0.011
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Zy Production

o/
s'” ;
. rJ"r'r N
. PO - -
' ~ /
-"-[IJ o Z ’ 7
T T,
o "I'LL
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q b4

No s-channel at the tree-level

O
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Final State Radiation

q . /
'..'WWWN_{ -
p Z.y ™ ,,,-z"r
/ >
i 7

Zyy and ZZy vertices = h3Y, h3Z, haY, h4?
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Zy Production (CDF) =
-
-
Photon ET spectra sensitive to TGCs §E
- Combination of two selections Sl eans — T
Zy—lly : 5.1 fb-1, ET(y) > 50 GeV TN | cormmiEigT]
Zy—vvy : 4.9 fb! ET(y) > 100 GeV ¢ T 3
- Observe176 candidate events
] . Zy - ["l'y Data o _;
- Expected signal: 140 £ 9 R 2 = 00266 Predicton
. === h% = 0.0011 Prediction | ]
- Small background (mostly cosmic p)>1° | ' proone,@ov_ 0
Set 95% CL I|m|tS % ‘?**}t\ N COFRun Il 491"
IO . o S ]
Parameter (A =1.2TeV) (A= 1.5 TeV) ° e,
hZ —0.018, 0.020 —0.017, 0.016 00 [ N
hZ  —0.0009, 0.0009 —0.0006, 0.0005 | :
h3 —0.021, 0.021  —0.017, 0.016 s b
h]  —0.0009, 0.0010 —0.0006, 0.0006 o Lz = 00008 Predicton J

Tightest limits on yZZ/yyZ couplings
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WZ Production

W=

ono= 3.9+ 0.3 pb
Not directly accessible at LEP

No SM backgrounds with three leptons and MET
- Small background from ZZ—llll, Z+jets, tt

WWZ vertex = Kz ,Az ,g1%
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WZ — 1vll (CDF)

UNI
FREIBURG

Signature: three isolated, high-pT leptons with MET

Build Z from two opposite-sign, same-flavor leptons,
reqmre invariant mass to be close to Z mass

<)
°12~ CDF Run Il Prelimin ry_[Lm 6’ g12~ CDF Run Il Prelimin wJLdt 6’
¥ | - B
c —®- data c | ~®-data
$10 L Jwz 210 1 L lwz
L [ 1Zopup+jets ! | |Z>uu+jets
i [T]Z- ee + jets | 181 I Z- ee +jets
8 - [ JZopup+y 8 . L JZopu+y
i [ 1Zoee+y I [1Zsee+y
I Ehzz I T |l Efzz
6 6/
X
4 4 W *
OJ - .
21 T - 2 1 [’
| . L i*
41' ,,,IM»"'VV s ':L: Ll Lo S L |

%20 40 60 80 100 120 140 160 180 2oo °o 50100 150 200 250 300 350 400 450
WZ m,

In 6 fb-1, ~50 signal and ~11 BG events

"gzg;wz? = (5.5+£0.9) x 1074 o(pp — WZ) = (4.1£0.7) pb
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WZ — 1vll (DO)

In 4.1 fb-1, expect ~23 signal and ~6 BG events,
observe 34, o(WZ) =3.90" g0 pb

Use pT of Z boson to set limit on aTGCs: best
limit from direct measurement of WW/Z vertex

|

- - .
> 25 N L) Ll L} l L] L) Ll ] T L} L] l L} T L) ] T L} L} ‘I T T T I' L] L] L] l T | 6 18 ;__—.— Data Dg, 4. I m_ I _,;
% - —— Data . % 16/-5== Background =
S ol ——— Background - § 14— SM WZ —t— =
3 - — SM WZ + Background - o 12E =
5§ [ oo A=-01,Ak= 02 preveem—— ; 10F- s
2 15k o A=-0.1,Ak =-0.2 | - 8- E

- l . 65 _i

N 4 -
10 - E -

; * o -I- o e T l ............ _ 2:_— ; . i ] ?

E___J____g s = %0 70 80 90 100 1o 120
5k T - M, (GeV)

~ m_—_—:l N

T T B q Coupling relation 95% C.L. Limit

b A A S AN L AR AR T A DY R AR et ket rootd % nex SEd AT i08) b8 b Y,

Zp. (GeV) Az =AKkz =0 —0.053 < Aglz < 0.156
-

In the SM: Az =Ag? =0 —0.376 < Akz < 0.686
_ _ Akz =0 (HISZ) —0.075 < Az < 0.093
912, Ky, Kz=1and Ay, Az= 0 Az =0 (HISZ) —0.027 < Akz < 0.080
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http://arxiv.org/abs/1104.3078v1
http://arxiv.org/abs/1104.3078v1

77 — 1111 (DY)

Two pairs of opposite-sign, same fla
very clean signature

First observation of ZZ in 2008 with three four-lepton

events
Now in 6.4 fb1

- Expect ~9 signal events, ~0.4 BG events

- Observe 10 events

%’200%E

 |D@, 6.4 11"
| ¥ 4e Data
» 4u Data

M, (G

1000~ e aoa@annioo i

50"

} SRS W W SN SN SN S— S_— ——

100

= 1.2670 50

0.37(stat) 3

31/05/2011

S
vor leptons — 312 pg 64" 4 paa
e [ " Signal
310 I Background
c |
w 8:‘ -
6 ||
4
2:-_ L. ‘
[ +F
| PE— Cf_o_‘ . ‘ }_"_}—‘——1_ "
% 50 100 150 200
Dilepton invariant mass (GeV)
® 5- 1
o > DO,6.4fb ~+ Data
§ [ Signal
€ a- Il Background
g b
w |
3>_
2F _‘1 .
1_ _]—'—l . .
_ 1
%, PR P Y | h s
| 100 200 300 400 500
— 014(SYSt) pb Four-lepton invariant mass (GeV)
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http://arxiv.org/abs/1104.3078v1
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77 — 111l (CDF)

UNI
FREIBURG

In 6.1 fb-1, expect ~10 signal events ~0.26 BG events

Observe 14 events
o(pp — Z7) = 2+ 29%(stat) + 16%(syst) + 6% (lumi) pb

CDF Run Il Preliminary I Ldt=6.11b" CDF Run Il Preliminary I Ldt=6.1fb"
P o | L S L L - Y PPTTY TETTE PTTTY PTTYTY FTTY FYTTE PPy P wy Fveey e
3 . ¥ Data 7))
= 140} "= N
% i | [:] 77 530 « data DZY
© 7 Signal : : : ] Zz 0zz
N 1 20l Region [ )z/zy+jets -
o i \ . . . . . i 25
g) i .
5 100} . . <Ll ¥ . . -
g i 20
S sof- © Ny .
. 151
= | © %
60} ¥ -
[~ N . . . . . . 7 10"
40| . -
i 5.
- ¥
20 —1 [ 12 1 l L2 1 l T l [ l [ l 1- 0 -
20 40 60 80 100 120 1402 40 50 60 70 80 90 100 110 120 130
. ) . 2
M, leading P; Z (GeVi/c) M, with 2 entries per event (GeV/c")
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/.7, Kinematics
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Azimuthal angle between Z decay planes can
distinguish different Scalar models

- Higgs-like, CP violating/conserving scalar

Q-H. Cao, C.B. Jackson, W-Y. Keung, I. Low, J. Shu,
PRD 81, 015010 (2010)

IR AR R AL R R R AR AR AR AN
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"‘1]7‘”1117 TIYT‘ITlTI LA
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Higgs-like scalar J
Heavy scalar

-
-
-
- -4
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© 0.15
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t |
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- — ¢c. m,_ =200 Gel -
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- -
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O OO lllllllllllll'l'llllllllllllllllll'l'llllllllllllllllllll L
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/.7, Kinematics

Azimuthal angle between Z decay planes can
distinguish different Scalar models

- Higgs-like, CP violating/conserving scalar

T 6 1
=T DO,6.4fb" -+ pata
B f Signal
I 5: Bl Background
§ :
w "::— —_—
3
2- —t—
= —— I |
:-—n-—n . e L
Y 1 2 3 a4 5 i
¢decay (radians)

0.25

0.20

0.15

do/dd/oc

0.10

0.05

0.00
0
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Q-H. Cao, C.B. Jackson, W-Y. Keung, I. Low, J. Shu,
PRD 81, 015010 (2010)

L [ L I I

owi "‘1]7711117 UALRLRLAIL

Higgs-like scalar
Heavy scalar

— C m, = 200 Gel

llll'l'llllllllllllllllll'l'llllllllllllllllllll L
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] )

S
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4

decay plane
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/7 — llvv (CDF) g
(a0]

Z — |+I- plus high MET l ;.gg'
- Not as clean as Z — llll: background |

from Drell-Yan production
To reduce D-Y background, require .-~
MET to be back-to-back with Z
boson in transverse plane LT [oosew
5.9 fb- e S,
- Expect ~50 signal events ol + _gvvziv
- Expect ~1100 BG events mfl o
- Observe 1162 events :E} +++$+
U_se neural network to separate 235_ Sy
signal and background Tas as T ad ez o ez oa og 08

olpp — Z27) = 1. 45+8 jg(stat) 0. go(syst) pb
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VV with Hadronic Decays

ono(WZ+ZZ7) =49+ 0.3 pb
Larger hadronic branching ratios

Much larger background contamination

- W/Z+jets: same final states, orders of magnitude
larger cross sections

31/05/2011 Ralf Bernhard - Diboson Production cross sections at the Tevatron
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PRL 103, 091803 (2009)

VV with Hadronic Decays

2009: observed VV — MET + jets final states
- WW—lvqq, WZ—Ivga/qqvyv, ZZ—vvqq/qqvv

(<2}

Events/8GeV/c?

N

0.2
0.0/ =r=1 - =]
0.2 . . . . .
40 60 80 100 120 140 160
Dijet mass (GeV/c?)
31/05/2011

10°

X

Data (3.5 fb™)

EWK Uncertainty
Background
——] Diboson Signal
--------- Signal Uncertainty

i

.

|
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WW+WZ — lvj;

One trigger lepton, two jets and MET — large W+jets background
Challenge is to separate signal and BG; model BG well

—
o
'

CDF Run Il Preliminary, L=4.6 fb"

. WW+WZ

200} |,

150

100 —
50

: || W+ets
] .Non-W
] .Z+jets

8 . . .Top
o 103 .7 075 08 085 09 0.95 = Data
S~
a
&
S 2
5 10
10
0 0.2 0.4 0.6 0.8 1
Event Probability Discriminant
= D@, 1.1 b + Data
= 2500 B Diboson Signal
= I W+jets
v .
2 2000 [ |Z+jets
B Top
1500 [ |Multijet
1000
500
%01 02 03 04 05 06 07 08 09 1
RF Output
31/05/2011

CDF matrix element:

o(WW+W2Z) = 17.4 + 3.3 pb
PRD 82, 112001 (2010)

DO random forest:

o(WW+WZ) = 20.2 = 4.5 pb
PRL 102, 161801 (2009)

Events/8 GeV/c?

BN
o
o
o

w
o
o
o

2000

1000~

preliminary

300f
200}
100F

(a4
(a0
z L
(274
=) Li.
'—— Data (4.3 b’
B WW/WZ
71 W+jets
[ QCD
= Top
(7] Z+jets
(a)
e
(b)
| —+— v
x ¥
{»ﬂh_ SR .
| 150 200

M, (GeVic?)

CDF dijet mass: o(WW+WZ) =18.1 +4.1 pb
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VV with b-Tagging 8.32
Now apply b-tagging (5.5 fb1) gg_

- Try to separate out WZ—lvbb, ZZ—vvbb

«10°_No-tag Channel / CDF Run Il Preliminary, <L> =55 fb”

Same analysis tools as low mass Higgs % =
QCD
searches s B ww
0 []Single Top

>
Q
(o]
~
o 3
.

S 25
>

W 2

- Fit WZ+ZZ cross section
WW is constrained to prediction
W/Z+jet normalization free to fit

M, [GeV]

2-tag Channel / COF Run Il Preliminary, <L>=5.5 fb"

%180 [ Iwz+22

0] Emoco

@ & vv

o 140 PP T Single Top

§120 . Bt

23100 = Bl ewk
-8-Data

onLo =4.9+0.3 pb
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VV with b-Tagging

UNI
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Now apply b-tagging (5.5 fb1)
- Try to separate out WZ—lvbb, ZZ—vvbb
Same analysis tools as low mass Higgs . s—eteachannel/COF Run i relimnany. <255

3 | [ Jwzszz
searches o 4% | - - -~ Standard odel
. . .?é.’ 300 —e- ¢ | | -e- Data - BGs
- Fit WZ+ZZ cross section &
WW is constrained to prediction -
W/Z+jet normalization free to fit o
. 40 60 80 100 120 140 160
M, [GeV]
2-tag Channel / CDF Run Il Preliminary, <L>=5.5 fb’
_ —|—3 ) ? - WZ+2Z
O-(pp % WZ _I_ ZZ) — 5 O 2.5 pb g 20:_ _+_ - - - Standard Model
2 - Data - BGs

olpp > WZ+ ZZ) < 13 pb at 95% CL

onLo =4.9+0.3 pb
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WW — lvlv 2
-
_e—
Signature: two opposite-sign, isolated, high-pT leptons and gE
arge MET Major BGs from Drell-Yan, Wy, W+jets
D0: count eventS, combine ee, CDF: matrix element prObabiIitieS to
ey and yp channels separate signal and BG
- ~65 signal, ~40 BG events in 1 fb"' - ~300 signal, ~300 BG events (3.6 fb")
- o(WW)= 11.5£2.2 pb - o(WW)=12.1+1.8 pb
_CDF Run Il Preliminary IL =36Mm"
an.(a) ee+ep+uu DG, 1 fb' E (b) eel+eu+uu DO, 116" & 1201 Fitted Templates ] Weets
- 40f Multijet, = ’
;-. * Data 5 : DW/Z’fVY %100 %gzz
~20" DWW 330': | .WZ,ZZ o 80 gﬁy
£ | Hzie—i S0 ' i o Dat
g — e w t ® Ngtt:inal MC
m10: 10 T|T ' 40
h : e s 4
20
&adingioepton1gg(6e\1l?0 $railingﬁ?eptor;| 3?(6&?0 . —
’ oo 0'3Mat(:.i: Ele‘::nsent :.iielihoch R:tsio (Lol.:WW) 1
PRL 103, 191801 (2009) PRL 104, 201801 (2010)
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210

Entrie:

6

Conclusions

4 — 6 fb! of Runll Tevatron data analyzed by each

experiment

Measuring very small cross sections

Setting some of the tightest limits on anomalous TGCs
Most results are still statistics limited

Expect ~2 x more data before the Tevatron shuts off

200/ - =
. . 1 = .
% | DO Preliminary, 42 16 3 " T
£ & SRt pame g2 f .3\ CODFRunll, 5.1’ E - . gn e
“150f — SM Wy MC B et ' g Scground
! i . & St S SM WZ + Bachground
F AC (Ax. =2, ) =0) Wy MC 10" b “, E Eg: w01 Axw 0.2
! v LT Aw-01,4k=-02
100} -
I3
B 10* .
I - "l, - r_._’ .
. Zy —+{!"(y Daa b ) ! . 1 “
10 Standard Mode! Prodicton 5 ' 3
1 = 0.0266 Prediction 3
4 |3
it e— hy = 00011 Prediction P P EPRURY EPIIRT NP W P W R |
10 e et 0 % ) & w0 w120 180
10 Photon E, (GeV 0 Zp, (GeV)
- |
&' DO, 6.4 15" e ; .
y O ¢ Data 00. 6416 * Data 3 t DA 11 +Da 2-tag Channed / COF fiun il Prefisinary, < >uf § &
b4 Signal ® Sigral < ! ' - . 3 L Jwzezz
B Bockoround FE I Background = 2500 B Diboson Signal e
- .§_ orou 2 B Wiets ® ®- | - = - Standard Modet
w4 j 2000 Zajets g B ‘ @~ Data - BOs
W Top z ’
N 1500 Meltiget “ ;
2 1009
S0 E
L 1 1 -20¢ : M
1 ! & 0 [ 120 120 140 160
: % D 01 02 03 04 0S5 06 07 0% 09 | M, [GeV)
1 2 J 1 5 6 - "
@0 100 1% 200 o-.' (radians) RF Ostput
Dilepton invariant mass (GeV)
31/05/2011
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Events /1 0.04

FREIBURG

— __—
_\'|; .......................
18— Data D& 4.1 M
164 Background
14} SM WZ t
12}
[1_IE
8 .
é
4 - =3
2 L L .
N o S SR TS SN
i(l 20 80 %0 10 1o 120
M, (GeV)
COF Run B Pralirsnary Juus
o Fitted Templates T Wejets
- -w.
9 o wz
g] z
r/
= =
ww
@

% o1 02 93 04 05 08 07 08 89 1
Matrix Eloment Likelihcod Ratio (LRWW)
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Tevatron Run Il pp at\/s = 1.96 TeV

==~ CDF Runll

: : ~#— DO Runll
N
: j ~di—= Tevatron Run || Combined

10

Cross Section (picobarn)
=

TTTI' I llllllll | llllllll | lllllﬂl | Illlﬂll I llllml U TTTT

L
A SN S NN NN TT

w2 W Wy 2 Hag By
V) ey
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Backup starts
right here....

Ralf Bernhard - Diboson Production cross sections at the Tevatron

UNI

FREIBURG



Motivation for Diboson Physics &
_3_

Probe of new physics at some higher energy §§

scale Anp

- SM is the low energy limit of a more general theory
YyWW and ZWW TGCs . /
General Lagrangian has 14 TGC parameters A W ;<
Assume EM gauge invariance and C and P wwwdf v
conservation "oy
= g2, Ky, Kz= 1 in the SM 9 y
= AN, Az =0inthe SM
vZZ and yyZ TGCs ™

General Lagrangian has 8 TGC parameters

Assume CP conservation
— h3Y, h3%, hsY, h42 =0 in the SM

O
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Dibosons and the Higgs &
-
_E_
. . T
Sensitive Higgs search channels at the Tevatron: S&
Prediction for Tevatron Run Il at \/s = 1.96 TeV
E 102 = Wij 23 vjj
S F Zjj - wii
- - zu llu
2 0= wwaz) S wjj A
o — =
= -
g 4Lt a bl A WW - Wiy
o — ¢ o
m -
x L Z(W+2Z) — Ilj
S 10 ]
© = . :
8 P ZHowbb HoWW-
A ey | e ' =150 GeV
o 107 E | Mi=120GeV  ZH 5 lIbb
O E : .M,,=120 GeV
‘103 i i i
vjj VVjj jj viv

31/05/2011
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Diboson production cross sections

Tevatron Run Il pp at\/s = 1.96 TeV

—

Ny
e

10°
E ~={~= CDF Runll
——-
10° & : ~@— DO Run II

— = :
- — e
:a — g ~di== Tevatron Run || Combined
-g : - . . . .
o WE
a p—
: 2 s e
o) 10 E : :
s F &
& 10 = 8=
" = '
o -
o
2 =
O =

E_

NN ‘”-1-_1_

w2 W % wy o Wy U 22 Mg M,

Gey,” Gey,
Process | DO Measurement [pb] | CDF Measurement [pb] | NLO Prediction [pb]
WW 11.5 +2.2 12.1112 11.7+£0.8
WZ 3.907 505 4.140.7 3.5+0.3
77 1.3570%3 1.5670 %% 1.440.1

Different measurements use different integrated luminosities, between 1 and 6 fb-"
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WZ+77 —qqll

4.8 fb-1 of data

- Two high pT leptons, two high pT jets, and low MET
Expected signal ~202 events
Expected background ~13000 events: Dominated by Z+jets

Use an artificial Neural Network to identify signal like events

Includes variables to separate quark and gluon jets
— Significance ~1 standard deviation above background
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FREIBURG

Dilepton Mass : 1
P CDF Run Il Preliminary (4.8 fb™) CDF Run Il Preliminary (4.8 fb?)
N‘\, v LA E=E W22 g 10‘ T v T 1 Fl' R'wn,
3 g [ ] Signal
o~ [ Fakes
-~ 10°k - [] EWK Background
o - -~
§ g e Data
- e
107 |- =

10

100 110 120
M, (GeV/c?) NN Output

-1 0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 5 -0.2
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WW — lvlv
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[

CDF Run | 14.6 %)
184 pb' -

o
DO Run || 13.8 7,
224-252 pb' :

0
CDF Run | 13.6 7
825 pb’ :

o
DO Run i 11.5 27
1000 pb' '
o
CDF Run | 121 %17
3600 pb' ‘
lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14 16 18 20 22

WW Cross Section (pb)
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CDF Dret Mass Excess

Moving to different kinematical region

@ Using exactly the same kinematical cuts as the diboson analysis
but:

@ We require both jets to have Er > 30 GeV

@ Energetic jets are measured with better accuracy.

O Modeling in this region is expected to be more accurate

O A possible heavier particle would be characterized by more
energetic jets

@ Sample modeling using same processes with different relative
contribution

@ All cuts chosen “a priori”

V. Cavaliere (University of lllinois at Urbana-Champaign) Seminar 04/06/2011 12
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CDF Dijet Mass Excess >
_B_
- L

Fitting procedure &

@ Combined x” fit to the dijet mass distribution in electron and muon samples.
@ 5 templates:
@ " | jets (uncostrained, normalization determined from the fit)
©Q QCD (normalization constrained to its fraction with 25 % error)
© ~ | jets (normalization constrained to the measured cross section)
O top & single top (normalization constrained to the theoretical cross section)
@ 11/ Z (normalization constrained to the theoretical cross section)

S 700- —— CDF data (4.3 fo™) | ] = 150~ e BKkg Sub Data (Nm.)f
S : - wwewzasn | B ! )
w 600F B W.Jets 80.2% - P 3 i
ﬁ E I | Top 6.5% E %’ 100 |- WW+WZ (all bkg syst.)|_|
T 500° Bl Zjets 2.8% = = ] ﬂ] )
L% = 53 @CD 5.3% 1 L% ! ‘ } (b) .
Ps et g ~
300 i (@) 3 : | ' 3
: Al B g
200 - 0':1 | ' VR Eo ]
100 B 3 )
0 ROV IR IR TNRN SRR RN E -50_ A A A | A A A A | A A A B

100 200
Mii [GeV/c?) M; [GeV/c?)
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Events/(8 GeV/c?)

CDF Dret Mass Excess
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4

I I I ' 1 |

} WW+WZ (all bkg syst.)

—e— Bkg Sub Data (4.3 fb™)

Gaussian

(d)

1 mlllllllllillllllllllllllllllllllll
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—
d——
—_——-
—
—
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—
e
’—
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DZero lvqqg Measurement 2
qq &
-
=8 _
Z o
= Ll
g - - D@, 1.1 B + Data E, - D@, 1.1 b ~+- Data - Background
o= - B Diboson Signal ot 300? Bl Diboson Signal
S 2500 I W+jets < 200F — #+1 s.d. on Background
e = Z+jets Z :
S : S 100
2 2000£ B Top Z ;
1500E- Multijet 0 |
b o] : cu o
: 8 % 5 %~ Prob = 0.45
S00F sz © o =
- 3 ™ L
0: . yeetyeryety —= Sg-zll NS PSS PSSR S TR S SR U SR
0 50 100 150 200 25 300 0 50 100 150 200 250 300
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PRL 102, 161801 (2009)
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Anomalous Couplings

q

q
Z/y

SM: g '=g *= K= K,=1

and all others are zero

31/05/2011

o ZWW and yWW couplings -
» General Lorentz invariant Lagrangian has 14 couplings

Lywy _ @ W, WV -W,VW* )+ @ WWYV" +i ;;2 W, W v*

— W
WM + a7V E)+lgl et Y AW, W, - 0, W, |V,
ik WIW, TV iEZLW,{ a2
My,
> 1 * 7 z
C and P conserving: 8/8 K, K, ).?, }.Z |
» C and P violating, but CP conserving: g5‘

~ CP violating: gf,gf, k?, k, ).y, 2,
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AN
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Any new physics that causes anomalous
TGCs must respect unitarity. However,

anomalous TGCs 1n the SM violate unitarity
at high energies. Thus, a dipole form factor:

dy
a(s) = U
(1-27)
1s used to regulate this behavior. A can be

interpreted as the energy at which the new
physics turns on.




Fermilab

Tevatron Facts:

 Runll since 2002
e 36 X 36 bunches

* Average initial luminosity:

>350 x 1030 cm-2 s-1
e >50 pb-! per week
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=
Tevatron '

p source —
. Main In]ector

\ & Recycler .

ti!?l’trmilab PP Tevatron C
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