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DiBoson Production
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http://www.springerlink.com/content/a3043310758535t2/�

Liguid Argon Calorimeter

Muon Detectors Tile Calorimeter

3-level trigger
— reducing the rate

from 40 MHz to
~200 Hz

= Inner Detector (|n[<2.5, B=2T):
| Si Pixels, Si strips, Transition

% Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:
o/pr ~ 3.8x104 pr(GeV) ® 0.015

Length: 150 ft \\
Diam. : 82 ft I’
Weight:7000 + "
~108 channels

~2000 mi cables

Toroid Magnets Solenoid Magnet SCT Tracker\Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion HAD calorimetry (|n|<5): segmentation, hermeticity
e/y trigger, ID and measurement Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
E-resolution: 6/E ~ 10%/~E Trigger and measurement of jets and missing E;
E-resolution: 6/E ~ 50%/~E @ 0.03

Marc-André Pleier 4/35 Brookhaven National Laboratory



LHC Run | as seen by ATLAS

PDG 2010: So to achieve high luminosity, all one has to do is make high population bunches
of low emittance to collide at high frequency at locations where the beam optics provides as
low values of the amplitude functions as possible.

=0T T T — B e e e R
£,107E-ATLAS Online Luminosity o 30 ATLAS Online Luminosity ~\s=8Tev =
2 2010ppVE=7TeV = PbPb\S =276 TeV > " [ LHC Delivered 3
é — = PbPb \[s, = 2.76 TeV = - ]
é 103 - F;f,\é: By Vo =210 8 251 []ATLAS Recorded E
10 € B : . - .

0 — % [ Recorded: 21.7 fb ]
g, 25 @ \s=1TeV g f ecorded b E
[o] 2 - .
0,3 2 - ]
10 % 100 =
10° s - 1
107 °F E
107 N R R R 1 0: — s oo 4

yan A 3ol oct 26/03 31/05 06/08 11/10 17/12

Month in Year Day in 2012

Total pp integrated luminosity in Run I: 29 fb-1,
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LHC Run | as seen by ATLAS

ATLAS luminosity in 2012

Peak Stable Luminosity Delivered: 7.73x10% cm?st
Max average interactions per bunch crossing: 37
Max Luminosity in fill/day/week: 237 pb~' /286 pb~! /1350 pb™!
2011 Luminosity uncertainty: 1.8% [EPIC73(2013) 2518]
2012 Luminosity uncertainty: 2.8% (prelim.)
=TT T T — B e e e R
£,107E-ATLAS Online Luminosity o 30 ATLAS Online Luminosity ~\s=8Tev =
z 20f0ppNE=TToV  — PUPD 5, =276 eV > " [ LHC Delivered .
_é 103 : ggl;iﬁ\é;;{:& Vw270 § 25 :_ |:| ATLAS Recorded _:
10 = - : _ ] i
= 23 b @ \s=8 TeV § o Delivered: 23.3 fb E
- - i
[0 — go = - -1 -
o : ~7 TeV 5 - Recorded: 21.7 fb -
Q,q3 g ]
10 = - B
5 o 10: ]
10 o - .
107 oC E
107 N R R R 1 N | | | 4
0 I T T T T [T R N N N N YT YT Y YT NN Y
\e) A ol ot 26/03 31/05 06/08 11/10 17/12
Month in Year Day in 2012

Total pp integrated luminosity in Run I: 29 fb-1,
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http://dx.doi.org/10.1140/epjc/s10052-013-2518-3�

ATLAS Detector Performance

ATLAS p-p run: April-December 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT  LAr Tile MDT RPC CSC TGC Solenoid Toroid

888 1994 0998 0991 89.6 99.6 99.8 100. ©99.6 89.8 89.5

All good for physics: 95.8%

Luminosity weighted relative detector uptime and good gquality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4" and December 6 (in %) — corresponding to 21.6 fb! of recorded data.

Data-taking efficiency for 2012: 93.5%

Of 2012 recorded data: 95.8% good for physics analysis
- High DQ partly due recovery from large data reprocessing
« DQ losses at 1% level or less for each individual system

Given the high DQ efficiency, use a common set of

“good quality data” across (almost) all analyses

90% of delivered luminosity is used for physics analysis

6/35 Brookhaven National Laboratory
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DiBoson Analyses Overview

»Leptonic W/Z decay channels allow signal extraction from large BG (/=¢e or p)

»SM BR(W— /v) = 0.108, BR(Z— ¢/) = 0.03366

»Experimental signature isolated high p+ leptons/photons (plus MET if v present)
»Common backgrounds: Top, V+jets/y, other diboson processes
» Data driven methods used where possible

WIZy — evylel y, vy 4.6 fbt 7 PRD 87, 112003 (2013)
WW — fv/v 4.6 fbt 7 PRD 87, 112001 (2013)
4.6 fbt 7 EPJ C (2012) 72:2173
WZ — ¢ver
13 fbl 8 ATLAS-CONF-2013-021
WV — /vij 4.6 fbt 7 ATLAS-CONF-2012-157
ZZ — 10wy 4.6 fbt 7
JHEP03(2013)128
4.6 fbt 7
77 — (000
20 fbl 8 ATLAS-CONF-2013-020

Marc-André Pleier
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http://prd.aps.org/abstract/PRD/v87/i11/e112003�
http://prd.aps.org/abstract/PRD/v87/i11/e112001�
http://www.springerlink.com/content/tt3644v1100r5j04/�
https://cds.cern.ch/record/1525557/files/ATLAS-CONF-2013-021.pdf�
https://cds.cern.ch/record/1493586/files/ATLAS-CONF-2012-157.pdf�
http://link.springer.com/article/10.1007/JHEP03(2013)128�
https://cds.cern.ch/record/1525555/files/ATLAS-CONF-2013-020.pdf�

Cross Section Measurements

Fiducial cross section:

O_VV L Ndata _Nbg
fid Cvv L
Cyv = correction factor in fiducial volume (N ected! Niruth in fiducial)
mainly experimental uncertainties.
Fiducial cuts mirror analysis cuts, e.g. with MET = p+(v,V)

Total cross section: Njoso—Ny g}/.‘g
ata g 7
olpp = VV) = 5 G iE = AvvEB

A = acceptance factor (Nyi in figucial/Ngeneratea) TOF €Xtrapolation to full phase space,
mainly theoretical uncertainties.

Nyaia = NUMber of observed data events

N,, = estimated background events

L = integrated luminosity of the data sample
B =leptonic branching ratio of V

Marc-André Pleier 9/35
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Wy — /vy

Preselection:

v: Ex>15GeV, AR(/, y) > 0.7

* 1/, pr>25GeV, |mg,-my| > 15 GeV

MET > 35 GeV, m; > 40 GeV
Jet counting: E;>30 GeV, |n| < 4.4

Major backgrounds: W+j, Z(44), y+]

> 10° - | T —
O ATLAS —e— Data 2011
9 o J L dted6 i’ fEe? TeV ] Wilv}+1 (ALPGEN 1.5)
0 N 0. E'o15 GeV W(lv)+jets
-E- 10° et = U By € - Y+ets
0>3 102 [ Other Backgrounds
LL

10

1

107

Jo° .

[s) 1.2 —
E E 1*7-.-:-_-.--_ ------ s il —
Ol O B PY ]
0 gipﬁ-— . . o . . . e

> 20 30 40 100 200 300 1000

L i

E! [GeV]

Marc-André Pleier

Measured fiducial cross sections:
* Inclusive (#jets > 0) & exclusive (#jets=0)

Good shape modelling by ALPGEN,
SHERPA

MCFM prediction @ high E+ (y): poor
Inclusive modelling , better exclusive

= RO V) s I I I I g
3 10 _E ol v E
O - L s
0 - 'y ]
= 10 _ ATLAS --O-‘-A:E:I];: -
= = J.Ldt=4.6fb'1 "":A“[i]'“ 3
T 1 ts=rmev T -
a © = [ Data 2011 (Inclusive) [ Data 2011 (Exclusive) 3
.8 1 " —e&— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive) 7
10 E —A— ALPGEN x 1.5 (Inclusive) —a&— ALPGEN x 1.5 (Exclusive) . '[i]"'g
E —&— MCFM (Inclusive) —&— MCFM (Exclusive) ’”’”“"’
10-2 ] ] I ]

© > 2 - T T m T T T T [.] -
T 3 - b I ]
=P e S T S S
0 E I I ] 1 ] -

© > 2 T T T T T
‘5“§ T ¢ L Bt .+..1._L
0 C 1 | 1 1 1 -

15 20 30 40 60 100 1000

E} [GeV]
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Preselection:

e v: E;>15GeV, AR(/,y) > 0.7 .
e 2/,pr>25GeV, m,>40 GeV
e Jet counting: E;+>30 GeV, n| <4.4

Major backgrounds: Z+j

Zy — (ly

Measured fiducial cross sections:
Inclusive (#jets > 0) & exclusive (#jets=0)

Fair shape modelling by SHERPA,
MCFM

10° ATLAS

% T .; 102 --.&.E==I T T T T
0] J’ 1 —e— Data 2011 8 P
4 Ldt=46fb",ys=7 TeV =
> 10 ) Z(I'T)+y (SHERPA x 1.0) & 10F anas s T
_E 103 Njel = 0, ET>15 GEV ;‘ 1 J‘Ldt - 46 fbw _____ @:iij--
P - t [)
G>.) 102 Z(I'T)+jets, tt 1 \s=7TeV pp —s Iy
L 10 ::.: © 10-1 :I Data 2011 (Inclusive) |:| Data 2011 (Exclusive)
'8 10_2 —&— SHERPA x 1.0 (Inclusive) —@— SHERPA x 1.0 (Exclusive)""'@'i'lﬂ"
1 —8— MCFM (Inclusive) —m— MCFM (Exclusive) I
10" * 10°
> 2 - T T T T T -
102 — —————— S5 = i1 3
C14F — . ] gg 1—o-0--- @-m---- oM. o.M ¢l 1)£I3{
QA 1 = c -
=12 ———— E = =
(0 E 1:;'_---.--'_'.'_ """"""" '+ 0
— | 4— = - )
G| O0.8— — - b T T T T T
I~ 7 —| O + *
| 80-6_ L . — ] 1 " . ME—— ‘O"g 1F-e--B--eee-- o”-|------ B [ 5N FRRR S P . —]
g 20 30 40 100 200 300 1000 = - ¥
LIJ 0 1 1 1 1 |
Effl_ [GeV] 15 20 30 40 60 100 ) 1000
E; [GeV]
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Udld

Zy — vvy and Vy summary

Preselection: Vy measured fiducial cross sections summary:
* v E;>100GeV, AR(/, v) > 0.7  Inclusive (#jets > 0) & exclusive (#jets=0)

« MET> 90 GeV . 7 oo :
«  A®(MET, y/j) > 2.6/0.4,0 ¢ v- good agreemen

e Jetcounting: E;>30 GeV, |n| <44 ° Wry: pooragreerr_lentforinclusive,
Major backgrounds: W(ev), Z(vv)+j, y+] better for exclusive

Events / GeV

; T T T T T T T '
— 10 3
102 ATLAS ® 3(?3)3_21(1SH ERPA X 1.0) i = I o [;ata 2011 electron channel
J Ldt=46 fb_1, {s=7 TeV -I:] Y+jets O : O Data 2011 combined :
N_ >0, E" 5100 GeV Z(v)+jets, multi-jet L & Data20tt muonchamel ]
10 et = U5 B Wiev) o 1 |A:| MCFM
B .7y 1= —
1 C ATLAS ]
- [La-asn'  INClUSive ]
107 [ — o
p \s=7TeV i
107 N_>0 =
:1 0* T T T T T T C J I I 1
ol.2— —
= :_!_ _ a 1.8 T T
S S 1 g2
S + ] R JE | OSSR ©. WA =
0.8 +.+. — Al . i
Q_ ! 1 " 1 " 1 " 1 ! |— L
% 100 200 300 400 500 ” 600 0.oC ' L
L ET [GeV] vy [Ty vy
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Udld

Zy — vvy and Vy summary

Preselection: Vy measured fiducial cross sections summary:
* v E;>100GeV, AR(/, v) > 0.7  Inclusive (#jets > 0) & exclusive (#jets=0)

« MET > 90 GeV . 7 oo :
e AD(MET, y/j) > 2.6/0.4,0 ¢ Y- good agreemen

e Jetcounting: E;>30 GeV, |n|<4.4 ° Wy: poor agreement for inclusive,

Events / GeV

: _ . better for exclusive
Major backgrounds: W(ev), Z(vv)+j, y+]
T T T T T T T T T 10
) ATLAS E] g(at?r)201(1SH CRPA X 1.0 E ; I o [;ata 2011 electron channel ;
V) +Y x 1. — C ) ]
10 J Ldt=46 fb_1, {s=7 TeV yjets O L O Data 2011 combined |
- - A Data 2011 muon channel ]
1 Z(VV)4j Iti-j
10 Nt >0, EL >100 GeV w(r?ev))JrJets' multi-jet S [ vcem -
B .7y 1 = DA 3
1 C ATLAS ]
- J-Ldt=4.61b’1 exclusive i
-1 - -
10 1 \s=7fev P
1 O- E_ Njetzo _E
:1 0-2 T T T T T T = I I -
2 1.2 ;_ ~ > , ,
T Ao —+— """"""""""" + """"""""""" ] o F b ¢ 4
O..r Ol o | S ¥ R 3
80'8 B \ +'+'| \ 1 \ 1 \ 1 \ 1 a |£ r
% 100 200 300 400 500 600 0.2t . '
L E¥ [GeV] vy My VU y
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WW — /viv

Preselection: Measured total cross section:

* pr(f) > 25/20 GeV (ele, e/p, wp) o g, = 51.942.0(stat)+3.9(syst) +2.0(lumi)pb
 m,,>15/15/10 GeV (ee, uu, ep), e SM: 6,y (NLO) = 44.7F%2} pb

* |m,-mz| >15GeV (ee, up) « xsecs in fid. volume provided as well

o Erw.>45/45/25 GeV (ee, up, ep)

No jets with pr > 25 GeV, |n| < 4.5
* p;(¢/)>30GeV

Major bacquounds V+ JetS Top vv normalized dlfferentlal f|du0|al XSec:
(o] T T T " T T T T T
= 250_— ATLAS El Data —: 3 0.03; g'{:_;ﬁ( i : I'[\:Ilt  Carlo (MC@NLO) _;
"2 200 :_ JLdt =461 |:| \[/)Vrgl__;l;’:’ _: !?;0 0253 j Ldt=461fb" N il?:‘uf.:z::::y f
Q B \s=7TeV [ top-quark 5 2-8 = ]
w - B \V-jets ] x 0.02F .
150 [ non-WW diboson 22 .
B ee+eu+uu I:I Gstat+5y5t ] - 0-015:_ —:
1001 +J+'+_+' 1y — 001 E
B 4 _+_5’+=|+ _-FI—L- i 0.0055— —f
50 +'+T}_‘_+_+_I Sy 7 l = - e Lo .
= - Q 1.5F [ 1 . ) E
o RAYE % e oo ++ . P
0 0.5 1 1.5 2 2.5 3 B T B R T R T TR PO 350

Leading lepton p_ [GeV]
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WZ — (vil

Preselection: Measured total cross section:
o Z: 20,pr>15GeV, . 0, =19.077% (stat) +0.9(syst) + 0.4(lumi) pb
Im,, —m| <10 GeV « SM: 6, (NLO) = 17.61}-} pb
« W:3, pr>20GeV, « xsec in common fid. vol. provided as well
MET > 25 GeV,
my > 20 GeV
Major backgrounds: Z+jly, ZZ, Top normalized differential fiducial xsec:
? 200 aepne o b -%:? - ATLAS — Monte Carlo (MC@NLO) 7
- ATLAS . ~ B ata ]
(3 180 g’ -»-Data ] Et? 0'6:_ Data 2011 (\s = 7 TeV) * ?otal Uncertainty =
~ - [ Ldt=46f" \s=7TeV Owz E E ot | ) E
% 160E + C)Z+jets E . - Ldt=461fb -
> 140F mzz e 0.4F =
120 -_IZ_+’Y — Osj 3
- O Top = = ]
100 - ¢
803— —E C,'2: I _;
60F + E 0.1~ — s
405_ _g g 1.53i —*— :
3 + - N e
[4140 60 80 100 120 140 Q 0 30 60 a0 120 150 1882 [GeQ\HOO

Z Candidate m, [GeV]
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WZ — (vil, 8 TeV

v

Events /2 Ge

Preselection (same as 7 TeV): Measured total cross section:
e Z: 20,py>15GeV, o 0,,, =20.3'33(stat) 7 (syst) sy (lumi) pb
Im,, —m| <10 GeV « SM: 6, (NLO) = 20.3+ 0.8 pb
« W:3, pr>20GeV, « xsecs in common fid. vol. provided as well
MET > 25 GeV,
my > 20 GeV
Major backgrounds: Z+jly, ZZ, Top WZ xsec vs. center-of-mass energy :
30 yata 03 T [ amaseelmnay e ]
- Owz . E‘—r; s i
300 mzz - oy e i
C @W/Z+y 7 © NLO QCD (MCFM, CT10)
250 E@W+ijet - 10 <= WZ (pP)(66<m <116 GeV) —|
E DZ.H'et E E — WZ (pp)(66<m <116 GeV) E
2001 B1OP . [ ]
- ATLAS Preliminary . I 1
150~ B i LHC Data 2012 (ys=8 TeV) . ‘_ ]
100 E 1 g S
] B Tevatron (\s=1.96 TeV) i
50 E i T Doz Gamz) eV s 1
- Ly o L0 _uuu||..r|I...I...I...I...I._
0 70 80 90 100 110 120 0 2 4 6 8 10 12 14
M, [GeV] \s [TeV]
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Preselection:
e 1/,p:>25GeV,

WW/WZ — /vij

Measured total cross section:

« MET > 30 GeV, m;>40 GeV,

o 2 jetswith p;>30/25 GeV, n| <2

A®(MET,j,)>0.8, AR(j;,j,)>0.7,

ANn(1.J)<L.5
Major backgrounds: VV+j, multijets, Top
~ 8000
8 FlLdt=4710" —e— Data
0 70005 =7 TeV Multijet
> - ATLAS Preliminary ffasingle-t
o 6000 2% W/Z + jets
s i b WWWZ
D 5000 jul -
- - 9 W—ev+ 2jets
4000 . ¥2/ndf = 31.3/ 44
C 3 v‘
so00f- o* .
F e ..
2000|-» S .
C ..
1000/ .°'...
“““"-‘.“.”
0 50 100 150 200 250

1]
& 01

(Data - MC)/MC
-+
:
%
%

4
=
%,
=
-~
_'_L!—o—
e
.
e

Marc-André Pleier

150 200 250

Dijet Mass [GeV]

* Swwiwz =
72 + 9 (stat.) £ 15 (syst.) = 13 (MC stat.) pb

« 3.3 o signal significance (3.0 expected)
*SM: oz (NLO) = 63.4 + 2.6 pb

BG subtracted m;; distribution after fit:

01 000

]

200

-200L—

16/35

© 600}-

400

[ [Ldt=4.71fb"
\s=7TeV

-ATLAS Preliminary

W= (e, u)v + 2 jets

L1

+||
150 200 250

100

Dijet Mass [GeV/c?]
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LL — LIV

Preselection: Measured fiducial cross section:
«2 same flavour leptons of p;> 20 GeV o oy =12.73% (stat) £1.7(syst) + 0.5(lumi) fo
*76 GeV <m,, <106 GeV e SM: o, (NLO) =12.5+0.1(stat) "2 (theory) fb

*Axial- E;"> 75 GeV (projection along B, ) « total xsec: combine with ZZ —4/
B e <04

*No jets with p; > 25 GeV, |n| <4.5
Major backgrounds: WZ, WW, Top,

Z(t1), Z+ normalized dlfferentlal fIdUCIa| XSEC:
2 Fara T 3 o2t ATLAS | — POWHEGBOX 3
8 60 —ATLAS <4-Data [CJwWw — © “YE Ns=7TeV ® Data E
C j Ldt = 4.6 fb"’ C1Z+X BB zz-IMTT | = 0.018 4 + Stat. Uncen‘_a!my =
N C WX I:IZZ vy . 8 0016 J Ldt=46M == Total Uncertainty -
o 90 Ys=7Tev  EBWy/Wy* E@Total Uncertainty 3 s 7Z > I'vv -
c C = Top | =) 0.014F =
© 40F COwz ZZ-I'Tvv e S 0.012F =
S . F 001 E
30 = ~ 0.008 E
- . 0.006 = =
201 g 0.004F- E
. . 0.002E- =
10E E Q 15k B
s e Ha 051: ________________________________________ —=
T T e ' =
80 85 90 95 100 Q 60 80 100 120 140 160 180 200

m, [GeV] pf [GeV]
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77C) — 000y

Preselection: | Measured total cross section (combi w/ Z/vv):
«four leptons with p;> 7 GeV, e 0,, =6.7+0.7(stat) 05 (syst) + 0.3(lumi) pb
*trigger matched /-pr > 25/20 GeV (e/n), «SM: 5,, (NLO) = 5.9+ 0.2 pb

*66 GeV <m,, < 116 GeV (both Z’s in mass window)

oIf 24 Z outside above: m,, > 20 GeV  exsecs in common fid. vol. provided as well

Major backgrounds: V+jly, top, VV normalized differential fiducial xsec:
3 e B E % o0ot ATLAS ' — POWHEGBOX -
@ L | @ - Al - T
O C ATLAS —+— Data - S 0'025 Ns=7 TeV e Data =
Q 25 1 ] — 0.018 4 + Stat. Uncertainty —
N S | Ldt=4641b Clzz-rm - Bootef J Ld=46M0 == Total Uncertainty 3
2 a E 27— T E
o L [2 7] Total Uncertainty - © 0.012F E
- . o N C -
n 27+ s TP : T 0.01E + =
hs - : = 0.008F =
- - 0.0061— -
10~ . 0.004 =
] . 0.002E- —— =
50— _ = Lot b N "
- - | T B e il s i =
e - = 8 05F | 5

100 200 300 400 500 600 700 - 0 50 100 150 200 500 550 600

m?Z [GeV] pZ [GeV]
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L — 00, 8 TeV

Preselection:

four leptons with p> 7 GeV,
etrigger matched /-p; > 25 GeV,

*66 GeV <m,, < 116 GeV (each pair)

Major backgrounds: V+jlvy, top, VV

N
N
o

;l _I TT i1|||:| T IIIIJ T T I:l T 17T I T 17T | TTT [ L | T I_
& 200 ATLAS:Preliminary -
= : ! .
: Data .

é 180 + -
= 160__ ZZ- E
= = \s= 8 TeV ]
120 . . s
-l - . ]
D100, 50 . ., |50 L ’ —
£ MR ré-n:.-,-.:;‘*f»-. SRR ]
® 80+ il T -
K B Skl IR R :
60':-—':.-_-_ g LI -
40'{'-‘;-.' -

k O .

e "'| I T N R R .

20540 60 80 100 120 140 160 180 200 220
Subleading Lepton-Pair Mass [GeV]
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Measured total cross section:
e 0, =1.173° (stat) +0.3(syst) + 0.2(lumi) pb
*SM: 65, (NLO) = 7.2°7° pb
(both Z’s in mass window)
exsecs in common fid. vol. provided as well

ZZ Xsec vs. center-of-mass enerqy :

_ U A
_8- ATLAS Preliminary NLO QCD (MCFM, CT10.0) _|
o T e, ZZ (pp) (66<m <116 GeV) _|
.F_E N — 77 (pp) (66<m <116 GeV)

S i I —
— N -----

b s

-
.e®
-®
.
-
-
-
.
*
.*
.

LHC Data 2012 ({s=8 TeV)
o ATLAS ZZ- 1l (66<m <116 GeV) L=20 fb”
V. CMS ZZ— il (50<m <120 GeV) L=5.3 b
LHC Data 2011 (\s=7 TeV)
e ATLAS ZZ— li(llivv) (66<m <116 GeV) L=4.6 b
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SM total production cross section

10°

Gtotal [pb]

10%

Marc-André Pleier

measurements @ ATLAS..

- ATLAS Prel|m|nary
= 35pb" g
= I LHC pp\S 7TeV
n 35 pb” : = Theory
= - O Data(L=0.035-4.6 ")
B LHC pp Vs = 8 TeV
— 5 Theory
- 5.8 fb‘1§ . e Data(L=58-201")
— '. o : 5.8 ﬂ:ﬂ.
— o’ i3 —F
= | Hof! R gt
- ; i 46f" -—
: _ 2 ; 20 fb™!

| 46! o
= P21 LE =
- ' 4.6 fb!

w oz g Tt Tww Twz Towe Tz
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Anomalous triple gauge
boson couplings (aTGCs)

» TGCs occur in s-channel production of VV events: ' ”
WWry, WWZ, ZZy, Zyy & ZZZ couplings possible. ~~&TGC vertex
Only WWy, WWZ allowed in SM at tree level, :
neutral couplings ~10-4 through loops. a é

sEffective Lagrangian used to describe effects of non-SM processes on TGCs
(new physics scale A out of experimental reach; no direct observation)

oFor WWV (V=y,Z2) vertex, assuming C & P conservation:

S =gy (W, WHVY = WV, W) 4 iy WIW, VR 4
gwwv |

iy
T2
M2,

Wi WhveA

. SM couplings: g\ = ky = L, Ay = 0. Set AgY = ¢V —1,Aky = ky — 1
| fixed to SM value by EM gauge invariance => 5 pars left.

* magnetic dipole moment of W: pw = QM -(1 4+ Ky +Ay)
electric quadrupole moment of W: Q5 = ML;V (Fry — A5)
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Anomalous triple gauge
boson couplings (aTGCs)

* Overview of studied aTGCs:

Coupling Parameters VV channel

WW~ Ak, A, WW, Wr
WWZ  Ag?, Akg ) g, WW,WZ _

Ty hl, bl 7~ SM expectation for all these
g7 L2 7 P parameters = 0.

Z 7~ f4r,fg 77 4 ViOlale CF.

727 117 Z27

 experimental access: aTGCs modify total production rate as well as event kinematics
= Use cross-section measurement or kinematics to constrain aTGCs

A suppression factor depending on a scale A ensures conservation of unitarity
(divergent cross sections at high v/s ):

A\ A
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WW — /viv

eading lepton o sensitive to aTGCs:

S 600F prtpe e TR

0] - ATLAS [Ldt=46M" \s=7Tev N

O - ]

N 500 —4— —4- Data e

% - Rl ittty D SMWW 7

g 400__ ----- ﬂKz=D.1 1

5 s Ay=h.=0.15 ]

coud | AgZ=0.2 |

300 :— ) Background ]

- .Gstal-o-syst 7

200 SRR
100— LELTLTLY

160 180 200

20 40 60 80 100 12Q 140

uuuuuuuu

Leading lepton P, [GeV]

* pr > 180 GeV: max sensitivity

Anomalous parameters:

Ag?, Ak g, Ak~, Az and A,

 LEP scenario (3 free pars):
Ak, = cot? Oy (Ag? — Akz), Az = A,
*HISZ scenario (2 free pars) = LEP +

Ag{ = Ak /(2 cos? Oy )
*Equal coupllngs scenario (2 free pars):

Aﬁz—AHﬂ} )\Z_)\A Ag1 =0

» Low p; excess: negligible impact on aTGC limits
1D limits assuming no relationships between the five couplings also available

2D limits also available
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WW — /viv

eading lepton o sensitive to aTGCs:

S 600F prype ¢ T
0] - ATLAS [Ldt=46M" \s=7Tev N
O - ]
N 500 —4— —4- Data e
% - Rl ittty D SMWW 7
g 400__ ----- ﬂlcz=0.1 1
L - lz=7\.,r,=0 15 -
300- _____ AgZ=0.2 |

: [ Background 7

- . .Gstal-w-syst 7

200 SRR
100 =

14

20 100 12

180 200

Leading lepton P, [GeV]

* pr > 180 GeV: max sensitivity

» Low p; excess: negligible impact on aTGC limits
1D limits assuming no relationships between the five couplings also available

2D limits also available
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—— ATLAS (4.6 fb!, A=6 TeV)
[T ATLAS (4.6 fb'!, A=co)
Jooes 1:| CMS (36 pb'1. A=ce)
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e RamabEE I CDF (3.6 fh", A=2 TeV)
; 1 DO (1" A=2 TeV)
besresl
K I......“..........Il....“............l
zZ Bo-id
L R RRE 1
—
—_—
bob-d
Z o
ZS§J1 [
L DL EEEEE PP EEEE 1
TR TR R | [ o001y |
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WZ — (vil

Z boson P; sensitive to aTGCs:

| | L | [ | L | I I | I I
ATLAS — ATLAS, Vs = 7 TeV
c 160 . B 461", A=c |
0
= _  ATLAS ] —— ATLAS, Vs = 7 TeV
o 140 <+ Data . — 46", A=2TeV
5 - [Ldt=46f" \s=7TeV [JsMwz . Z F—— ’
D 120 [ Bkg — Ag1 "l'_":'_'"i === CDF, \s=1.96 TeV
D Octat + syst ] 71t A=2TeVv
100 iz = 0327 = ~— DO, Vs =1.96 TeV
-=AK, = N — B —
41", A=2TeV
80 Agg =010 ©
. —
60 o . VN Y S
. Az — W'Z = IvIT
40 N 95% C.L.
20 - B n
0 — —
0 30 60 90 120 150 180 2000 AKZ T — -u
. o e e o e e e e e e e e =
pZ [GeV]
11 1 | L1 1 | | - i L1 | L1 1 | | - | 11 1 I L1

- 4 -0.2 2 04 06 O.
* pr > 180 GeV: max sensitivity 06 -04 02 0 02 04 06 08

2D limits also available
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LL — Ovv/LLLE

Z boson P; sensitive to aTGCs:

> e T R
@ 1. ATLAS —+— Data _
@ L . 3 zz - 11T N
‘g - ILdt=4-64 fb1 Background (dd.)
g 1= Total Uncertainty |
i - \s=7 TeV z ]
08 zz 1T 01 R
- - f?}=0.1 -
e =01 .
o~ . ] z
0.4 T f5
0.2 |
| | 1 L : fY
0 250 300 350 400 450 5
pZ [GeV]
2 | —+Daa  amas |
(O] 2 5F 0 zzorive — fz
; r Background _[Ldt—46fb" b 4
= r Total Uncertainty o 1
© 2 - 1212201 o
it E - f3=15=0.1 ts=7 Té\’_ ]
1.5:_ ZZ = 'Tvw _: f:
1 . .
0.5 ' -
Z‘ R T - ) ) ) i
00 50 100 150 200 250 300 350 400 450
p7 [GeV]
2D limits also available
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ATLAS

w— CMS, \5 = 7TV
50f", A=ce

w— ATLAS, Is = 7TeV
46f07, A=co

m— ATLAS, Is = 7TeV
46f7, A=3TeV

=== LEP \s = 130-209 GeV
071" A==

— = 00, {5 = 1.96TeV
1.0fb" A=12TeV
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Wy — (vy

aTGC extraction based on observed photon E; yield in data > 100 GeV
(exclusive zero-jet selection, single bin).

ATLAS ----- ATLAS, \s =7 TeV === DO (Wy), Vs =1.96 TeV
PP — vy 46", A=e 421", A=2TeV
95% CL ATLAS, \s =7 TeV === DO (WW,WZ Wy), \'s = 1.96 TeV
461", A=6TeV 86fb " A=2TeV
= LEP
- 104 E T T T L = | 1 T 1 [T 1T T 17 [ T
> r —#— Data 2011 (Exclusive) 3
& .3l [ MCFM SM (Exclusive) Jeendunat
2 10°F DN MCFMAK=04,A= (Exclusive) 1 o
= ek 1 "o
o &
oo - el ]
% 10 S — B 7
ko] =
1 ;_ ATLAS @ = = O A
’ E \s=7TeV J‘ Ldt=4.6 Tb_1 mrmmmmm——— ; _'_'_'_'____'_'_'_ '_:_'_'_'_. """" -
10 E g
10‘2_ L ' ' ' ' PRI AN N SO SN SN N TSN M NN NS N NN SO N
15 20 30 40 60 100 1000 -0.6 -04 -0.2 0 0.2 0.4 0.6

2D limits also available
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Ly — L0y vvy

aTGC extraction based on observed photon E; yield in data > 100 GeV
(exclusive zero-jet selection , single bin).

ATLAS «eex ATLAS,Vs=7TeV ===CDF,\Vs=1.96TeV ATLAS «eex ATLAS,Vs=7TeV ===CDF,\Vs=1.96TeV
pp— Ty, pp— Wy 46t A= 51fb’, A=15TeV pp— Iy, pp— VWY 46t A= 51fb’, A=15TeV
95% CL ATLAS, \s=7TeV == DO0,\s=1.96TeV 95% CL ATLAS, \s=7TeV == DO0,\s=1.96TeV
46", A=3TeV 72f", A=15TeV 46", A=3TeV 72f", A=15TeV
-= LEP
| | | | I | I I I I I | | | | I I I t I I I I | | | I I I I | I
Jeaman F
lomel
Fom——— "
2 < 21 meeeeesssssssmesssssssaseas
B | fmrrrmisimrrimirmm s st e - h, S, A o
TITTIT T
EEY:
¥ i VI eeeeeeeeeemecsaesaaaa-
h3 I‘""‘-l '''' . . h4 i - "" =imie -' - [
| I | [ | | | I I | | I | [ L1 1 1 I 1 1 1 1 I | 1 1 | | | |
-0.2 -0.15 -0.1 -0.05 0 0.05 -0.001 0 0.001
Coupling Strength Coupling Strength

«Zy — vvy contributes significantly to sensitivity!
2D limits also available
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Binning effects

> cMs'Preliminary =~ " " e pata
(0] 10 . - Total uncertainty on BKg
-~ Ldt=5.0fb", Vs =7 TeV [ Zy— vwy (NLO)
§2] W— ey
S 1 I MisiD-y (QCD)
> THjets, Wy - [ s B I L I T T L ——— T T T i |
w Beam Halo 'E 0.016 . i
1078 e— e aTGC h} = 0.0025 i 6 VIO '\ ]
- = i i 3 ‘é 0_0145_ \\ Toy MC study based on MCFM predictions _E
% _'""'"'""'"'"""""""""""'? ?g 0 0122_ \ ys=7 TeV, j Ldt=4.6" e
10° 8 = S F . ]
45 : E 0.01E- \_\ pp > VVvYy -
107 g 3 - \ A= TeV -
E. . 2 0.008F- . © =
200 300 400 500 600 700 n - \\\ .
El [GeV] 0.006— e —
Feb 2013 0.004 - . _
T T ‘ T T T T T T T T T | T A_ll_LAéLirlnits‘ T 1 }_I| 1 E .—H _. E
ghDﬂFsbmltts m Ooozﬁ e by e b Py e by by Iy 7
100 150 200 250 300 350 400
¥ Zy -0.015-0.016 4.6 fb™ ¥ '
h3 = zZy 10,003 - 0.003 5.0 b P threshold of the overflow bin
—_ Zy -0.022-0.020 5.1 o™ .- . .
z — 2y 0.013-0014 461" Raising threshold of overflow bin from
3 }—| 2y -0.003 - 0.003 5.0 fb™' -
oz 0.020-0.021 5.1 " 100GeV to 400GeV: improve by factor 5!
¥ — Zy -0.009 - 0.009 4.6 - i : 2
hx100 o ppstbesbii But: bin population/BG control®
— Zy -0.009 - 0.009 4.6 fb”' " i imi
hx100 o 00000009 4617 Also: Improvement mainly on limit
1 ‘ 1 1 1 | 1 1 1 L | L 1 1 1 | 1 1 1 1 ‘ 1 L 1 L
=5 L o 1 a—T without form factor.

aTGC Limits @95% C.L.
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Future Plans

Establish vector boson fusion signal for single V production:

* VBF W,Z signals not yet established
e Complementary access to aTGCs
* VBF kinematics important for H measurements
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Future Plans Il

*\/ector boson scattering (VBS): VV —VV provides insight into EWSB mechanism
*Divergence of the scattering amplitude for longitudinally polarized heavy bosons:

—_
O
=, ' og(VV — VV), no Higgs
~— 2 |
- b
>_1 :' [JHEP 0811:010,2008 ]
>
>T 1 ' ! ﬁ;/__,,/
S Y .~~~ | Unitarity violation > ~ 1 TeV!
&~ ! Wtw- — ZZ .1,,?":/
O o514 | \wrwr - wrws : 7
- o
0.2 : T ) W — W
: | |
0 1000 2000 3000
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http://iopscience.iop.org/1126-6708/2008/11/010/�

Future Plans Il

*\/ector boson scattering (VBS): VV —VV provides insight into EWSB mechanism
*Divergence of the scattering amplitude for longitudinally polarized heavy bosons:

q Qtag

: Higgs

A

:i;’} S, 1o

*SM *“cure” is Higgs boson. Still need to confirm SM nature of EWSB & check for NP!
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VBS Signature

General: gq—4f + dijet

WW decay example:

e 4 =
/ | 3

1,2 = Central, high-p charged leptons from V decays
*3,4 = Forward/backward tagging Jets (large m;; and well separated in 1)
Utilisation of a “central jet veto” difficult in high-pileup environment
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VBS sensitivity studies

* Generator: MadGraph5 with EFT operators (checked with VBF@NLO)

« Signal Processes: VBS Same-Sign WWjj, VBS WZjj and VBS ZZjj,
fully leptonic VV-decay modes.

« Background Processes: VVjj QCD/EW, charge flips, mis-ID
» Analysis cuts: (same cuts for sswWWjj, WZjj and ZZjj)
— Lepton: pT>25GeV,
— Electron: n|<2.47 (excluding crack region), Muon: |n|<2.4
— Jets: pT>50GeV, <5
— M(])) > 1TeV (optimized for VVjj)
— M(VV) cutoff at UV boundaries
e Sensitivities are studied for:

— 300, 3000 fb't @ 14 TeV using ATLAS Upgrade Parametrized
Simulations: ATLAS-PHYS-PUB-2013-006

— 3000 fb! @ 14 TeV(140Pileup) and 100 TeV(225Pileup) using
SnowMass Delphes Parametrized FastSim (Work in progress...)
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VBS Results

Z7Zjj:
*Major background from ZZ QCD process

Same-sign WWjj.

*Major background from WZ process

*\WWZ scaled up for charge flip, mis-id, and Wy BG
«f¢, can be translated to o, in EW Chiral Lagrangian

§ 3500F ATLAS Simulation'P_:eliminary P ves v sw E ATLAS Simulation Preliminary .vés 77 (lsm) E
= E L = 3000 ib SM VBS ssWW + AT J- L = 3000 f&' ]
L 3000F — - 10TVt 7 % SMVBS 2Z + 3
F . % Cow = 15/TeV2
2500__ SM ssWW QCD 3 ]
- SMWZ + mis-ID ] SMZZQCD A
2000/ — e
15002— —i 3
1000; _i E
500 E .
1 5 3 1 T 0.2 03 04 05 060708
my [TeV] m, [TeV]
: * 300 b~ 3000 fb~!

Parameter | dimension | channel | Ayy [TeV] 5 05% CL 5, 05, CL

cow/N° 6 77 1.9 34TeV=2 | 20TeV 2 | 16 TeV 2 | 9.3 TeV =

fso/ A? 8 WEWH= 2.0 10TeV™ | 6.8 TeV™* | 45TeV~™ | 0.8 TeV~

fri/ A 8 Wz 3.7 1.3TeV™ | 0.7 TeV™ | 0.6 TeV™* | 0.3 TeV™
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Summary

500

a
"_‘.450:—
= -
= 400
o =
£ 350
E E
] ] 3300 r ‘
V'V cross sections: = 2500 3
«Compatible with SM expectations € 200" E
*Differential xsecs probe MC modelling 2 "¢ 3
100 - 2
aTlGCs: soEs=7-8TeVi £
it 1mi I E.“T..tt;wf‘?’]"f‘ﬁ.|‘..|‘..|...|'.‘.|.
.Competltlve IImItS Obtalned ' 2010 2012 2014 2016 2018 2020 2022 2024

Plans: year
8 TeV results are coming

*Analyses for VBF/VBS/VVV are ramping up

*\Working towards combination across channels (& experiments?)

*Need for coherent NLO+PS MC for all analyses; NNLO QCD, NLO EW?
«13/14 TeV data will allow measurements of new rare processes, probe NP.
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