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TJevatron

e Most recent Diboson measurements from the CDF and DO
experiments

s Wy — lvy

o Ly —lly

s WZ — bl

« ZZ — i, llvy

s WZ+ZZ — vbb/vvbb

e Tevatron is a vector boson factory
+ Delivering ~50 pb'/week
- ~600 W, ~200 WZ, ~100 ZZ

» Access to charged final states
(not possible at LEP)

- Wy—lvy, WZ— DI, lvqq
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Motivation for Diboson Physics
e Higgs and BSM motivations

3 -1 ® Data
- c) D@ 5.4 fb DBI::gd. syst.

— Signal

L [1Z+jets
10°F
£ W+je
. - ] Multijet
> Must understand diboson backgrounds g Ot
10%E

+ Same or similar final states

Events /0.1

~ High mass Higgs exclusion dominated by H—WW

~ Searches for Beyond the SM resonance 10-

| T — |

+ Common analysis techniques 0 0z 04 06 08 1
NN Output

= Diboson measurements provide proving ground
for techniques used in searches RS Graviton, SSM W
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DJ, 5.4 fb ] Wajets

Ll
C CJwwawz

— SSM W’(600)
. == RS G(600)

10— | alge= -

="

|
300 400 500 600 700 800
WW or WZ Transverse Mass [GeV]

DIS 2011 — Newport News, VA 3 Joseph Haley - Northeastern U.

102§—

Events / 50 GeV




Motivation for Diboson Physics

e Probe of new physics above some higher energy scale Ayxp

+ For example, a new heavy gauge boson predicted by many extension to the
SM

» SUSY, technicolor, ...

+ Would appear as anomalous trilinear gauge-boson couplings (TGCs)
~ Affects cross sections and event kinematics

> Anomalous TGCs could give clues to the mechanism for electroweak symmetry
breaking
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Motivation for Diboson Physics

e Probe of new physics above some higher energy scale Ayxp

* SM i1s the low energy limit of a more general theory

> yWW and ZWW TGCs
General Lagrangian has 14 TGC parameters

Assume EM gauge invariance and C and P conservation
=g’ K, K = | in the SM
1 y VA

= A, 4 = 0 in the SM
y VA4

~y/7/ and yyZ TGCs

General Lagrangian has 8 TGC parameters

Assume CP conservation

= h’, h?, h’, h” =0inthe SM
30 T30 Tyg0 Ty
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Wy Production

'
q,. Final State Radiation
W vooh ’
W q
) A ?

(_42 ¥

§ “3; —  BAUR-PYTHIA i ﬁ
e ono=16.0% 0.4 pb 2 E
NLO p £ FSR

> pr(y) > 8 GeV, AR(y,]) > 0.7 i N/
+ Use 3-body mass M,,, to distinguish D;: v

Final State Radiation 0.6]-

0.4
o yWW vertex = k, and A, 0.2f- ] L
Oy 2540 B B0~ 100 T30 740 T80 180300
M, (GeV)
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Wy Cross Section

Preliminary

e Unique test of the SM: Radiation amplitude zero

+ Destructive interference between
tree-level diagrams

+ = Dip mn sign(/) X [n(y) —n()) |

> In agreement with SM

e Cross section measurement
+ 4.2 fb! of data

« High py i, high p; , and ET
~ 492 Wy candidates
~ Expected signal: 376 + 42

~ Expected background: 134 £9
> ~100 from W+jets

200

7

D@ Preliminary, 4.2 fb'
e data - background
— SM Wy MC
AC (Ak,=-2,A,=0) Wy MC

Events/0

150

100

50

o (pp — Wy) =15.2 + 1.6 (stat+syst) pb  Onio= 16.0+04pb
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w ‘T/W T g C S Preliminary

e Photon E; spectrum sensitive to anomalous TGCs

0
§ [ D@ Preliminary, 4.2 fb'
aett * data
[l background
10? — background + SM
----background + AC (Ax, = -0.4,A, = -0.08)
10 i ... background + AC (A, = -0.2,1, = -0.04)
1
107

-2
10 50 100 150 200 250 300 350 400 450 500
E; (GeV)
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Wy IGCs

Preliminary

e Photon E; spectrum sensitive to anomalous TGCs

+ Set 95% CL limits on
anomalous TGCs (Ayp =2 TeV)

+ 2D limits:

0.05

— 1D limits @ 95% C.L.
0.04 -

D@ Preliminary, 4.2 fb'

0.03 —— 2D limits @ 95% C.L.

0.02
0.01

o

< 0

-0.01

-0.02
-0.03
-0.04

0.03

w IIFIIIIHIiIIIIIIII[IIII|IIIIIIPIIIIFIIIIIIIIIIIE
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2]
§ [ D@ Preliminary, 4.2 fb'
w10 e data
[l background
10? — background + SM

bt - background + AC (Ak, = -0.4,\, = -0.08)
i .. background + AC (Ak, = -0.2,A, = -0.04)

10"

-2
10 50 100 150 200 250 300 350 400 450 500
E; (GeV)

+ 1D limits: Vary one coupling at a time
-0.14 <Ax, <0.15
-0.02 <A, <0.03
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Zy ‘Production

.'-__,.f"
h"‘a,ﬁ_ T -
i 7.y ra
q
q° L4

+ No s-channel in the SM

« Zyy and ZZy vertices = hy’, hy*, h,", h,*

Final State Radiation

q &
.,

.

.
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Zy TQC‘S arXiv:1103.2990 [hep-ex]
> .

o et T T ]

e Photon ET spectra sensitive to TGCs % TE™ *}t """"""""" o] H=TIT 8 WA
. . . E E N‘\.‘j—i E

+ Combination of two selections - "f' ........................... ;

- Zy—lly 1 5.1 b, E(y) > 50 GeV A

10_2 5 LY E
- Zy—wvy 1 4.9 b, E(y) > 100 GeV : 5 ]
. 3 = Zy—vvVy Data ' 1
+ Observe 176 candidate events 107 b Standard Model Prediction] ™7 E
[| anmranam = 0.0213 Prediction ] T R
~ Expected signal: 140 £9 jo L= - 0.0008 Prediction L
- Small back d 1 : 107 Photon E; (GeV) 10°
mall background (mostly cosmic u) > = ! — T
O A
S 1E B A R T
£ F CDF Run I, 5.1ifb" | i3
10" e g
el
- i, .
1 = Zy— "Iy Data 1
_3 H
107 F Standard Model Prediction [} E
| anmmmnaes h§ = 0.0266 Prediction .
10 | == hy = 0.0011 Prediction . : ]

2

10° Photon E; (GeV)
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Zy TQC‘S arXiv:1103.2990 [hep-ex]
g

e Photon Er spectra sensitive to TGCs 2 1g— *:Ff_ihcmﬂun,.mfb
+ Combination of two selections D _"f"' ___________________________
~ Zy—lly : 5.1 fb"', E(y) > 50 GeV :
102 [ B
- Zy—vvy 1 4.9 b, E(y) > 100 GeV : 5
. 3 = Zy—>vvyData |
+ Observe 176 candidate events N Saahaar Mode Pridicion :
~ Expected signal: 140 =9 1o Iz = 0.0008 Prediction L]
> Small background (mostly cosmic u) " Photon By (GeV) N
Y A > LT — 1 T T
P ET 5% Fin
+ Set 95% CL limits (Ayp = 1.5 TeV) : FE Oy
107 [ttt i
-0.017 <h;*<0.016 X
-0.017 <h3"<0.016 CETTTTTTT TR
T & Zy—>ily D
-0.0006 < h4Z < -0.0005 10° Sgeunt:i{arfr.i}rrmogf:l1 Prediction [}
T B Goott predigion |
-0.0006 < h," <-0.0006 104 h4102- iR

Photon E; (GeV)
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Zy TQC‘S arXiv:1103.2990 [hep-ex]
= !

.. M ; IR RREE
» Photon E; spectra sensitive to TGCs 2 1 g cormmii a7
+ Combination of two selections “ o _+ ...........................
~ Zy—lly : 5.1 fb"', E(y) > 50 GeV :
102 [ B
- Zy—vvy 1 4.9 b, E(y) > 100 GeV : 5
. 3 = Zy—>vvyData |
+ Observe 176 candidate events N Standard Model Predicion :
~ Expected signal: 140 + 9 jo L= - 0.0008 Prediction R
: 107 Photon E; (GeV) 10°
~ Small background (mostly cosmic u) > BT ! ——
S [ ]
o g TETTTED CDFRuAIL5AfT |
+ Set 95% CL limits (Ayp = 1.5 TeV) g T BN S
1071 et o e e
-0.017 <h;* < 0.016 %o |1
-0.017 <h;"<0.016 E Tightest limits on yZZ/yyZ couplings! Jh
0.0006 < h.Z < -0.0005 10° § Standard Model Prediction [
' 4 '  — hf = 0.0266 Prediction 5
Y (Ll hi = 0.0011 Prediction e

-0.0006 < h4y <-0.0006 107 Photon E; (GeV)
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2.7 Production

Run 244006 v 777 eeuu candidate

ET scale: 48 Ge

q - q

ISR

ISR s-channel -

S

+ Most recently observed diboson process at the Tevatron
* GNLO — 14 + 01 pb

+ Very clean four lepton final state

DIS 2011 — Newport News, VA 14 Joseph Haley - Northeastern U.



DiJ 27 Cross Section Preliminary

e 6.4 b of data
+ Four high p; charged leptons (eeee, eeuu, )

= Dilepton masses > 70 GeV and 50 GeV preliminary
S -
= Very clean 812" D@, 6.4 b’ ~+ Data
_ : s [ [ ] Signal
10 ZZ candidates g10- I Background
» Expected signal: 8.7 + 1.2 = s:— 1

~ Expected background: 0.4 + 0.1 (Z+jets)

i
T

Oop .22 =1.3370 30 (stat) £0.15 (syst +lumi) pb 4f_

= 6-c significance! Ono=14%01pb|  2¢ jﬁ |
T el BN L‘!—a—i ]

% 50 100 150 200

Dilepton invariant mass (GeV)
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22 Cross Section

Preliminary

* 6 fb' of data
+ Four high p; lepton

~ 4 ZZ candidates
~ Expected background: <0.01 !

L 4

OPP — 22) _ 15 3+18 (stat) + 0.3 (syst)] x10”
o(pp - Z)

)

e 5.9 fb! of data

Two high pr leptons + F;
> Background dominated: Z+jets
~ 1162 ZZ candicates
~ Expected signal: 50 + 6
- Expected background: 1113 & 158

Opp .2z = 17755 (stat) £0.2(syst) pb

[72] E ;
"q:'; 4.5E CDF Run i F’re"mi"arvj- Ldt=6fb CDF Run Il Preliminary Ldt=59fb"
P ) (Y2 —
> E -~ Data S 220 DY
o ,F S FIT RESULT L]
4t [lzz £ 200 CIW-+jets
3.5 2 180 B W+y
E w - -
= 160F- Ett
3E = mww
2.5F 1405— oWz
= 120
2 100
1.5 80F
1E 60
= T
0.5 401
IIIIIIIII 1 1.l 20:_ ____i -t
°o 26 40 66 80 106 120 140 166 180 200 = T e ———
m_, 1 08 06 -04 -02 0 02 04 06 08 1
NN Output
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22 Cross Section

Preliminary

* 6 fb' of data
+ Four high p; lepton

~ 4 ZZ candidates
~ Expected background: <0.01 !

L 4

+0.45

Opp-zz) = 14920 42

sta] 4 syst]

‘ ONLO — 1.4+0.1 pb ‘

e 5.9 fb! of data

Two high pr leptons + F;

> Background dominated: Z+jets
» 1162 ZZ candicates

~ Expected signal: 50 + 6

- Expected background: 1113 & 158

ol +1.2 ( ) ( )
Opp-zz) =1.7557 |stat) £ 0.2{syst| pb
[22] =
"q:'; a5 COF Run Il Prefiminary [ L dt = 6 " CDF Run Il Preliminary Ldt=59fb"
P ) (Y2 —
> E -~ Data S 220 DY
T s F FIT RESULT -
4t (zz £ 2001 [ W-jets
3.5 2 180 B W~y
= w = -
= 160 Bt t
3E = mwWw
2_5f— 140;— owz
= 120 |y
2t 10075
1.5 80F
1 60
0.55— 40?
0 :I L1 l 111 I 111 I Ll | l 111 I 1 1.l I 111 20 ;_ ____i — ju— ot - _-.-
0O 20 40 60 80 100 120 140 160 180 _200 o P P Ul T B O e e e e e e = o
m 1 0.8 -06 -04 -0.2 0 0.2 0.4 0.6 0.8 1
Z NN Output
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22 Kinematics

* 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)

025 _|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||l
E Heavy scalar E
'\-u.b
=
@ L
= 0.10 — —
F 5 i
L __ ¢, m, =200GeV ]
0.05 — < h _
S ]
0_0{]_IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IT

=

1 2 3 4 5 6

¢

decay plane
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w Z Z Kine matic 5 Preliminary

* Azimuthal angle between Z decay planes can distinguish different
Scalar models

* nggs—hke, CP VlOlatlng/ CoONServing scalar Q-H. Cao, C.B. Jackson, W-Y. Keung, I. Low, J. Shu,
PRD 81, 015010 (2010)

. . 025 TTTTT I T I T I T I T I T I T I T I T I T I T I T T T T T T [T T T T T T T T T T T 1T
Preliminary - | | "]
7)) C L _
T 6 . B ]
s °f D@, 6.4 fb1 4+ Data - Heavy scalar i
g 5:_ [ ]Signal 0.20 — _rl_l----"|.|_I ‘JJ.J‘“HL;IJI_E

(2] - L
2% Il Background i_l'l-._ 1 L
2 SN P
N = B _

N 2

3 B L
i = 0.10 — —]
of - = 5 §
N - __ ¢, m,=200GelV -
- 0.05 - h —
= = 4 || B c, ]
:. M R L | T | OOH _IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IT
% 1 2 3 5 6 o 1 2 3 4 5 6

q)decay (radians) ¢,

decay plane
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WZ Production

s ONo=3.5+03pb

+ Not directly accessible at LEP

+ No SM backgrounds with three leptons and E;
= Small background from ZZ—llll, Z+jets, tt

o« WWZvertex = Kz, Ay, 8,°
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WZ Cross Section

Preliminary

e 6 fb! of data

+ Three high p; lepton + large E;

> 50 WZ candidates
~ Expected background: 11 £ 1

o F
e12— CDF Run Il Preliminary f Ldt=6fb"
a8 L
s | —&— data
S Clwz
10
@ 10r
- ——

8 —&

6 L

4

= g ] RIS
O R e %ng Y P P B B I

Delati S 1904 1% %% 4
00 20 40 60 80 100 120 140 160 180 200
W m;

(pp—oWZ)
o(pp—Z)

o

=[5.5+0.9]x10"*

o(pp—WZ)=4.1+0.6(stat)+0.4(syst) pb

Ono=3.5+0.4pb |

o F
w12— CDF Run Il Preliminary j Ldt=6fb"
& |
= [ —&— data
;’10_ L 1wz
e ] [ Z— pp + jets
B | Z—> ee +jets
8 ¥ ClZ-pp+y
i [ ]Z—>ee+y
- 1 Ezz
6_
- E L 3
-
2_

RN RN NN="= RO B s = e W WV W ST et
00 50 100 150 200 250 300 350 400 450

WZ m,

DIS 2011 — Newport News, VA

21 Joseph Haley - Northeastern U.




NZ, Cross Section PLB 695, 67 (2011)

e 4.1 fb! of data
+ Three high p; leptons + large ET
» 34 W/ candidate events

~ Predicted signal: 23.3 £ 1.5
~ Predicted background: 6.03 = 0.57

Events/10 GeV

. 20 40 60 80 100 120 140 N +1.09
MTy, (GeV) g ( WZ>_ 3'90—0.90 pb

TT T I T ‘GNLO:35iO4pb‘

DD, 41"

Events/10 GeV

o0 N A O
IIIII|
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w WZ CTOSS SBCtiOTL PLB 695, 67 (2011)

S RS BN AN LAY L ERE R .41fb_10fdata

>
g ackground ] + Three hlgh Pt leptons + large ET
<2 C M WZ + Background E
g§ [ ---- A=-01,4k=02 prasssmm ~ 34 W/ candidate events
[5 15 A=-0.1,Ax =-0.2 — . .
i . ~ Predicted signal: 23.3 £ 1.5
1of —r = ~ Predicted background: 6.03 £ 0.57

o (WZ)=3.90"1% pb J

‘ ONLO — 35+£04 pb ‘

ZpT (GeV)
« Boson p; sensitive to anomalous TGCs | -0-075 < 4, ) <0.093
+ Set 95% CL limits on -0.053 < Ag,/” <0.156
anomalous TGCs (Ayp =2 TeV) -0.376 < Ak, < 0.686/

Tightest limits on WWZ couplings from direct measurement! }
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YV with Hadronic Decays

¢ GNLO(WZ+ZD — 49 + 03 pb
» Larger hadronic branching ratios

» Much larger background contamination
- W/Z+jets: same final states, orders of magnitude larger cross sections
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‘V‘V ’Zl}ltﬁ 6 'Taﬂﬂmﬂ PRL 103, 091803 (2009)

e 2009: observed V'V — F. + jets final states
~ WW—lvgqq, WZ—Ivqq/qqvv, ZZ—vvqgq/qqvv

x10

% T T

S6 ]
s »  Data (3.5fb7) |
@ > EWK Uncertainty

= — 1 Background

o B —| Diboson Signal i
f= S,

40 60 80 100 120 140 160
Dijet mass (GeV/c?)
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YV with b-Tagging Preliminary

e 2009: observed V'V — F. + jets final states

~ WW—lvgqq, WZ—Ivqq/qqvv, ZZ—vvqgq/qqvv

e Now apply b-tagging (5.5 fb™)
+ Try to separate out WZ—Ivbb, ZZ—vvbb

~ Same analysis tools as low mass Higgs searches
~ Fit WZ+ZZ cross section

~ WW is constrained to prediction

«10°_No-tag Channel / CDF Run Il Preliminary, <L>=5.5 fb”

CIwz+zz
aco
Eww
[]Ssingle Top
[l

Eewk

60 80 100
~ W/Z+jet normalization free to fit M, [GeV]
S 2-tag Channel / CDF Run Il Preliminary, <L>=5.5 fb™!
Cwz+zz
CDF Run IT Preliminary, [ L = 5.5 fb~! §180 1ach
Process(es) | Fit # events (no-tag) | Fit # events (2-tag) | 3140 =§1:\;|3T0p
T EWK 153300 £ 3000 694 + 18 5120 m
TOP 1700 =+ 140 313 21 G199
QCD 72300 + 2800 54.6 £ 7.3
WW 2720 + 190 8.3 715
| WZ/ZZ 1160 £ 620 39.9 £+ 20
Data: 231232 1108 M, [GeV]
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YV with b-Tagging Preliminary

e 2009: observed V'V — F. + jets final states

> WW—>Zqu, WZ_)]qu/quv, ZZ—H/VQQ/QQVV > s00F No-tag Channel / CDF Run Ii Prel-li:mli:::;u:s.sﬂf‘
e Now apply b-tagging (5.5 fb™) =0t | iy - -~ Standara Mode
+ Try to separate out WZ—Ivbb, ZZ—vvbb Efzz =
= Same analysis tools as low mass Higgs searches 0
~ Fit WZ+ZZ cross section ;Eg
~ WW is constrained to prediction 00
~ W/Z+jet normalization free to fit R 1'?"[:1 Gev]
2-tag Channel / CDF Run Il Preliminary, <L>=5.5 fb’

| [ Jwz+zz

- — - Standard Model

G (pp—WZ+ZZ) = 5.035 pb

| —8— Data - BGs

Events /8 GeV

s (pp—WZ+ZZ) < 13 pb @ 95% CL

Ono = 4.9+ 0.4 pb

M M M P T NN TR T R R S T
40 60 80 100 120 140 160
M, [GeV]
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Conclusions

w
T 6 _
s 6 D@, 6.4 fb' + pata -
g 53_ []signal 8
g r Il Background ©
- ~
e P
@ aE £
: &
3
2f
1:_4'—‘__‘———':._
: L L |
‘% 1 2 3 4 5 6
¢decay (radians)
200 ;
% [ D@ Preliminary, 4.2 fb
§ e data - background
w

— SM Wy MC
AC (Ak,=-2,,=0) Wy MC

1
2

1 1
[} 1

1
3, 4
Q, *(m,-n)

= ]
2-tag Channel / CDF Run Il Preliminary, <L>=5.5 fb" & E** 1
£ | [ Jwzszz 2 1 ¥ CDF Runll, 4910
- @® - S ]
- —@- |-~ - Standard Model | = § —f—‘_-t: ) ]
| | -8 Data- BGs 10 + E
—-@- | o "“_! ]
_ = o | 102 = E
= | = :
= | - - Zy —-vvy Data
= —e- 10 Standard Model Prediction E
--------- = 0.0213 Prediction =
o | ----- ;; = 0.0008 Prediction 1
= 1 10%
inn 107 10°
Photon E; (GeV)
» i 3 Sz}
= E CDF Run Il Preliminary | Ldt=6fb"’ o 1 [7} L
S 455 oF (b) DJ,4.1f6" : 5 [
o E ~Da ‘ 2 10
= E L
E Ozz [ L
3.5 I af
3 F L
2.5F = e
2 1~ §
1.5 ac
= 2 &
E 2
0.5 C :
= Lo v b by b ww s b b b b w0
ia oo g laaal L PN TR BRI AR %
O 20 40 66 80 100 120 140 160 180 200 6'2 015 01 005 0 005 01 0I5 0 9%
4 7

4 — 6 b of Runll Tevatron data analyzed by each experiment
Measuring very small cross sections
Setting some of the tightest limits on anomalous TGCs
Most results statistics limited
Expect ~2 x more data before the Tevatron shuts off

0.05F
0.04F

0.03
0.02
0.01
<0
-0.01
-0.02
-0.03

D@ Preliminary, 4.2 tb'

—— 1D limits @ 95% C.L.,

—— 2D limits @ 95% C.L.|

-0.04

-0.0_%__""““""“""“""

T[T [T [T [T [T [T T[T

&
I
o

[OZ— pp + jet:
Bl Z— ee + jets
[(Z-spup+y
[J]Z—>ee+y
Edzz

1

S L 7 S

: 5o

«40.

S ati e e e e —— P S
60 80 100 120 140 160 180 200

m+
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thank you
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IE W2+ 22— qqll

e 4.8 fb! of data

» Two high pT leptons, two high pT jets, and low ET
- 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

Dilepton Mass oo -1
pt CDF Run Il Preliminary (4.8 b™) CDF Run Il Preliminary (4.8 fb!)

o i L w UBLALEEIR LR L BLELLL AL PR LR R I =TT T

— =

~ g w 1 Signal

8 H [0 Fakes

R [ 2 ] EWK Background

2 = 10° ----- Signal x 100

] E
10%

10

110 120 | - = _ .
M, (GeV/c?) NN Output

-0.4 0.3 =0.2
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C Q)ﬂj Q)ij et MLZSS f;@egg arXiv:1104.0699 [hep-ex]

Cross sections measurement
o, CDF Run Il Preliminary L, = 4.30 fb™ -
= L —— Data (4.3 b’
§4OOUZ -WWI\.E‘.I'Z )
FE Wets
“E Z QCB
2 55 Top
3000 [ Z+jets @ Use a fit to dijet mass to extrapolate the
@) WW/WZ contribution
2000 @ We estimate 1582 + 275(stat.) + 107 (syst.)
; events for a significance of 5.20.
1000 / @ The resulting cross section is
[T //// s
ﬂllﬂﬂlllllﬂ\w\\\“' : \\“ o(WW /W Z) = 18.143.3(stat.)=2.5(syst.) pH
300 (b)
200E that is in agreement with SM expectation
: 15.9 4= 0.9 pb).
100; St . ( pb)
OF + +5
50 100 150 200
M, (GeV/c?)
V. Cavaliere (University of lllinois at Urbana-Champaign) Seminar 04/06/2011 9 /38
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C Q)ﬂj Q)ij et MLZS5 f)@g&g arXiv:1104.0699 [hep-ex]

Movuing 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.
©@ Modeling in this region is expected to be more accurate
© 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”
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C Q)ﬂj Q)ij et MLLS’S Z:?CC@SS arXiv:1104.0699 [hep-ex]
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C Q)ﬂj Q)ij et MLZSS f;@egg arXiv:1104.0699 [hep-ex]

Fitting procedure

@ Combined x? fit to the dijet mass distribution in electron and muon l
@ 5 templates:
@ W + jets (uncostrained, normalization determined from the fit)
©@ QCD (normalization constrained to its fraction with 25 % error)
© ~Z + jets (normalization constrained to the measured cross section)
@ top & single top (normalization constrained to the theoretical cross section)
@ W W /W Z (normalization constrained to the theoretical cross section)

o - ' 1 © - o ]
= 700F —— CDF data (4.3 fb™) — > 1501 — - Bkg Sub Data (4.3 fb™) | |
(05) C - WW+WZ 4.5% 7 8 - 1
o 600k [ W+dets 80.2% = P i 7
= E [] Top 6.5% . % 100
-.GC_J. 500F Bl Zists 2.8% — -'CIC_.; B i
= C ] QCD 5.3% ] = - (b) ]
LLl E 1 LU L ]

400 — 50— _
- (a) 1 C ]
300 ] L i
] f
200 = 0 ]
100 — i ]
¥R, . | -50+ 1
0 o I T E 1 1 1 | 1 I I I | 1 T
100 200 100 200

M. [GeV/c?] M, [GeV/c?]
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CDF Dijet Mass Excess

arXiv:1104.0699 [hep-ex]
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DZero lvgq Measurement — rruiooisor co

E 3000;_ D@, 1.1 b -4+ Data E - D@, 1.1 b —+- Data - Background
o B Il Diboson Signal = 300;_ B Diboson Signal
~ 25001 I Wjets ~ 200F — =1 s.d. on Background
% E [1Z+jets =
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Anomalous Couplings

o ZWW and yWW couplings

+ General Lorentz invariant Lagrangian has 14 couplings
}'V
M;,
g ww,(0mvY +avE)+ glet VAWLa,w, -0, mw, )V,

Lowv — ig! (W W' =W VW™ ) +ic, W WV" +i

Swwv

W):;PI/V”VVZ

A~

+ile WoW, 7 V+in WiV
MW
> 1 ° 7 Z
C and P conserving: 88 K, K, ly, lZ
~ C and P violating, but CP conserving: g *

~ CP violating: g4Z,g4Z, k.k,i,2,

SM: g =g *= K=K~

and all others are zero
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A

Any new physics that causes anomalous
TGCs must respect unitarity. However,
anomalous TGCs in the SM violate unitarity
at high energies. Thus, a dipole form factor:

a)=
(1- %)

1s used to regulate this behavior. A can be

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