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= W and Z bosons produced at high rate at the LHC, and are well

known theoretically.

Precision studies of W and Z bosons test Standard Model and

pQCD in a new energy regime.

Large statistics samples allow us to study rarer processes e.g.
diboson production — stepping stones to discovery.

W/Z Measurements

» W// differential cross sections
» Lepton Universality

» T polarisation in W->TV

» Strange quark density

Diboson Measurements

» Wegamma/Zgamma + aTGC
Limits

» WW->[ulu + aTGC Limits

» WZ -> |llu + aTGC Limits

» Z/->1bu

» /7 -> |l + aTGC Limits
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W/Z Differential Cross Sections

= W/Z cross-section measured differentially as a function of |y, | for Z
and |n,| for W using 33 — 36 pb™' of data collected in 2010.

= Combination of electron and muon channels.

= Good agreements with NNLO predictions, though some discrepancies
for some PDF sets.
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= Comparison of ratios of cross
sections In electron and muon
channels provides test of lepton
universality.

= Production cross section independent
of decay lepton flavour, so ratios of
cross-sections give measurement of
ratios of branching fractions.

= Results compatible with world
average and with Standard Model
prediction.

R = Br(W — ev)

= =1.006£0.024
Br(W — uv)

World average: 1.017£0.019
BrZ=e0) 61840031
Br(Z — )

World average: 0.9991+0.0024

Nick Edwards - W,Z and Diboson Physics at ATLAS - ICFP 2012

T T T T | T T T T

| ATLAS

I J L dt = 33-36 pb

- 68.3% CL ellipse area

| B#8 Data 2010 (1s =7 TeV)
= R, PDG world average

- [ R, PDG world average

B O Standard Model

1 1 1 Il l 1 1 | Il | | Il 1 1

0.8 0.9
R, =0, -BR(Z—e€e'e)/0,-

1



W Universit
ﬁ-’ S of Glasgovxyf

nrpr->»

Experimental

Strange Quark Density

= Flavour SU(3) symmetry suggests three light sea quark distributions equal, bu
strange quarks may be supressed due to their high mass.

= Ratio of the W+ and Z cross-sections is sensitive to the strange quark fraction
sensitive it contributes to 0 Z and O WV through non-identical sub-processes
ss — Z and sc — W.

= Measure r.=05(s+35)/d by a NNLO fit ATLAS data together with
constraints from deep inelastic scattering from HERA using HERAFitter
framework.

= Measured value at Q, =1.9 GeV ,x=0.023 s:
Fy = =1.00£0.20 0 O7mod 4—_?)1(5) par tggg asi 0'08th

exp
=  Consistent with prediction that the light quark see at low x is flavour
Symmetrlc' rr+~+—r T T T T T T

Q2 = 1.9 GeV?, x=0.023 epWZirees _ ATLAS
4 ABKMO09 e
https:/ ® NNPDF2.1 —a—
atlas.web.cern.ch/ e MSTWO08 -
Atlas/GROUPS/ v CT10 (NLO)
PHYSICS/PAPERS/ [ total uncertainty
STDM-201 |-43/ expenmental uncertamty
|

02 0 02 04 06 08 1 12 14
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T polarisation in W->TV decays

= W expected to couple exclusively to left handed T %
OrR — 0],

Polarisation defined as: £r = SM predicts P, = -1.
OR +0L

= Experimental observable in one prong tau decays sensitive to tau polarization:

()

T l LI B I | l LI B B | I T T l T L I L T I L B B | I T

o - 0
Pl + P’

. ool - ATLAS
« Fit observed distribution to sl | _ b \s=TTeV
templates for left-handed and [ R J L dt = 24 pb’
right-handed taus. 60|~ | ® Data2010

. —Fit
l Left-handed
- --- Right-handed

T 1]

P.=-1.06%0.04(stat) "0 (syst) 4

wlll|l|||l|||l||||||||||

* First T polarisation 20
measurement at a hadron oL
collider. i 2:5
Y

https:/atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/PAPERS/STDM-201 [-46/
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Diboson Physics

S
-~

= Diboson production is an important test of the SM Bl
electroweak sector — relatively clean, rare signals. |

Co q V>
= Sensitive to new phenomena such as resonant D
production of new massive particles. '
= WW and ZZ production are irreducible T
backgrounds to the corresponding Higgs decay MC -
channels — crucial to understand. Ve
q "
Anomalous Triple Gauge Couplings Coupling _ Parameters _ Channel
R y . WW~y Ay, DKy WW, W~
. Mar'y new physms models Ie'ad to WWZ s kg Ad WW.WZ
addrtional triple gauge couplings. 27 hs, hi Zy
, : : Z hy, h; Z
* aTGCs manifest as increased cross sections, 5y @ @ >
40> 150

especially at high p; and high centre of 297 o2 f30 7

mess ENErey " Forbiddenin SM_
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= Measure cross-sections as a function of photon E; using 1fb™! of 201 | data
= Select events with isolated leptons with p+ > 25 Ge\/ and isolated photon

with E; > |5 GeV, AR(, 7) > 0.7

= W+y: | lepton, E;>25GeV, M:> 40 GeV , Z+y: 2 isolated leptons, p+ > 25

GeV, M, > 40GeV
= Main background is W/Z+|ets.

Té)_ 102 ? —— 'I\Elllectroz ch‘anlngl (Ilncl_usi)ve) E
Cross Section £ ok W+Y == Wi
Measurements g tetwtas TP pmemmlose
. ‘o’ 1E e . [ MCFM (Exclusive) -
* Exclusive: Veto events er: S E
. - - ] IR P - R
containing any jets with L :::;:;:;3
pr > 30 GeV 102l
I R
: B0 et e e
* Inclusive:No JetVeto. “=
(GREEN). o X +
©
e
0.2
>15 > 60 > 100
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-
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1] MCFM (Exclusive)

=Dt g
ATLAS

{5=7TeV f Ldt=1.021"

H\‘ | \HHH‘ | \HHH‘ | HHUJJ LI

0 Y
E! [GeV]

https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/PAPERS/STDM-201 [-26/
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= Set limits using exclusive cross-sections in highest E. bin: E;7>100 GeV forW 7,
E;7>60 GeViforZvy.
. WWy q 22y
N \ -T - f
w W \rk v Z 4 Z\\r" 7
q z 7 ! q
Parameters Ak ,, A Parameters hy 7, h, 7 Parameters h h,?
[ ‘ T T T ‘ T T T ‘ T T T ] _\ TTT TTTT ‘ T \T I \ T ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT 1T \_ B I T A\TL‘A\S T ‘ ‘ I ]
L Ag.’;l%,Ag_ intervals 4 F 95% CL intervals from Zy 1 F 95% CL intervals from Zy -
i — ATLAS(1.02fb7 A=2Tev) | |- hZ —— ATLAS(1.0217%A=1.5TeV) 1 | ATLAS(1.02 fb”, A=1.5 TeV) |
B ) 0= ] B 1 =00 7 B Z — . 1 A= N
T el R e R T
B —— 1A B —— . ,A=1.0 le e — . , A=1.
i }\'Y DO (4.2107, A=2 TeV) 1L —_— CDF(5.1 fb!, A=1.5 TeV) 1 N — CDF(5.1 fb", A=1.5 TeV) |
= e CMS (36 pb, A=) 1 L ] CMS(36 pb™!, A=
[ —t LEP 1L ——  CMS(36pb’, A=) 1 - GoprR A=
71-0|.41 1 1-3.21 11 | Ol2 | Ol4l 11 Ole | Ols 11 17 ; _ ; ; ;
- — n - ,Y —— | : Y — :
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Measure cross section in 4.7tb™! of 201 |
data.

Exactly 2 isolated leptons,
pr>25(leading) GeV, p+>20(trailing)
GeV
/'y * | et rejection:
— M>15GeV, |M-MFPS| >[5 GeV (ee/
Lty
M, > 10 GeV (et)

Er o™ > 55/50/25 GeV(u u /eele i)

Veto events with a jet with p+> 25 ora
b-tagged jet with p> 20 Ge\/

Observe 1524 events with estimated
background of 531.14+13.7+£48.7.

Measured cross section:
— 534 £2.1 (stat) £ 4.5 (syst) £ 2.1 (lumi)
pb

SM NLO prediction: 45.1 + 2.8 pb.

Events / 20GeV

Events / 10GeV
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https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-025/
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Parameters Ak ,, A , AK, A, Dg/”

= Limits set using Ifb-1 of 201 | data.

= Assume anomalous couplings arise from
dimension-6 operators and EVWSB occurs via
a light SM Higgs (“LEP assumption”, coupling
parameterised by:

- ég |;ZZ y /1: 7 Eif’\(:j A;l. 7
=  Use leading lepton pT distribution to set limits
with a binned likelihood fit.

A Ag{ Akz /IZ
3TeV [-0.064, 0.096] [-0.100, 0.067] [-0.090, 0.086]
00 [-0.052, 0.082] [-0.071, 0.071] [-0.079, 0.077]

http://www.sciencedirect.com/science/article/pii/S03702693120050/2
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= Measured using 1.02fb"" of 201 | data. 3
3 isolated leptons, 2
— Z: |Ist and 2nd leptons, p>15GeV | é
M,-M. PG| < 10GeV -
— W:3rd lepton, p>20GeV,
my>20GeV, EMs > 25GeV
=  Major backgrounds: Z+jets/ v, ZZ, Top
= Observe 7| events, expected background >
of 12.1+1.4 (syst) ¥, (stat). O
= Measured cross-section: é
ot e = 102435 (stat.) "] (syst.) T} (lumi.) fb g
oot = 20.573 1 (stat.) 15 (syst.) T0 2 (lumi.) pb.

SM prediction:17.3%}% pb

http://www.sciencedirect.com/science/article/pii/S03702693 12001943
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N TGC limits from WZ->IllV

= Set limits of deviations from SM values using |.02fb"'
cross section measurement.

= Limits set are compatible with SM.

s DO, f Ldt=4.1fb"

T T | T T T T T T T T T T T T | T T T T | T T ‘ q
ATLAS 1 ATLAS, f Ldt=1.01b"
\Ns=7TeV,A=»
—— ATLAS, f Ldt=1.0fb
=
— s = 7TeV, A = 2TeV
by —— q VA

\s=1.96TeV, A =2TeV

B ; N Parameters Ag 2 AK 5, A5

Ak,
: Coupling Observed Observed Expected
— § - (A=2TeV) (A=o0) (A = o0)
W>Z - il | m— Ag# [—0.20,0.30] [-0.16,0.24] [-0.12,0.20]
A% esnc, I Akz [-0.9,1.1]]  [-0.8,1.0]  [-0.6,0.8]
o | o Az [~0.17,0.17]  [-0.14,0.14] [—0.11,0.11]

-1 -0.5 0 0.5 1
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ZZ->lvv

=  Measure in 4./fb-| of 2012 data. Final

. . . > L B N S AN AR @B 240 RN
states involving two isolated electrons — & IGf Amaserlimnary  xow @i, 3§ ooq- ATLAS Prolminary - sone ]
C oo [Ldt=471" .W;/)\(N » D2zz-lvy o 200E [Ldt=47" =W§/)\(N . SEZACE
and muons plus missing transverse g OF e 8o 05 \e-7Tv B .
s 7 Wz 160F —}— =
energy. @ 1 o E
10°F 120=—4 =
= Lepton p; > 20 GeV, |M,-MZ5|<15 gy
pton pr T PDG 107k so0° ; 3
60k —
Ge\/. 1? 40 é
. . 1 205 == E
= No reconstructed jets with pT>25 GeV. s S— e I TR
Axial-E;M'ss > 80GeV (E;™s projection Al B Ge "
> g T T T T T TS
C D (] ]
along Z pT) B L ATLASPreliminary  mhe,
= Fractional difference S son Jiw-arm musy M
: - - =7TeV @mWy/Wy* .
|ETm|ss B pZT|/pZT< 06 g 25F- \'s e R E
, ) u ]
=  Observed /78 events with background o 20F =
estimated to be 40.7+4.3 (syst) & 3.7 g E
(stat) o B ]
= Measured total cross-section: - .
S =
ol = 5.475(stat.)t1o(syst.) + 0.2(lumi.) pb - -
= Consistent with SM prediction of 6.5*5 pb. 150 200 250 300 850 - 400

my(I+E™°) [GeV]

https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/CONENOTES/ATLAS-CONE-2012-027/
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' ' f () I Expected Background in sngnal region: 0.7 " o (stat) 1 (sysl}
= 4.7tb-1 of 2012 data. Final states involving . 180, To e Scgruns 130 0 5900
' @ oo ATLAS Prellmlnary * Data E
four isolated electrons and muons. : :
E 140 —
= FElectron:pT > 7 GeV, |eta] < 247 - Juasars ]
= Muon:pT > 7 GeV, |eta|<2.7 B el -
£ ool o ]
= Both Z bosons 66 <m, < |16 GeV. § i e i
= Very low background: oy Y ]
— Mainly Z+jets, ttbar, other diboson. i T N SR ST I
) ) 20 40 60 80 100 120 140 160 180 200
— Data driven estimate 0.7+ 1.3-0.7 (syst) Subleading lepton pair mass [GeV]
+1.3-0.7 (stat) events. 3 o ATLASProiminary - ow ]
= Observed 62 events. R Jronarw  Dhmemme
' 8 18 (5= 7Tev -
= Measured cross section: 5 16 jj*"r::ed?“kfm")"d:
w 14:_ 7 (stat 07 syst E
oot = 7.2%05 (stat) 703 (syst) + 0.3 (lumi) pb ol E
= Consistent with SM NLO prediction of 6.5503 pb. "} :
6 =
. + E
https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/CONFNOTES/ATLAS- F , + T

CONF-2012-026/
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Z772 122y
q
Zly
q z
Parameters f, 7, f. 7, f,%, {2

= Set using first .02 fb-1 of dataset.

= Limits set using total number of events
only.

=  Limits are comparable to, or tighter than
previous limits from other experiments

and compatible with SM expectation.

http:/prl.aps.org/abstract/PRL/v 108/i4/e04 | 804
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fZ i
50 —
ZZ
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fZ 95% C.I. i s
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-1.5 -1 -0.5 0 0.5 1 1.5
g Z ¥ Z
A fao fao 50 fs0

2 TeV [-0.15,0.15] [—0.12,0.12] [-0.15,0.15] [—0.13,0.13]
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= Wide range of W/Z and diboson
physics measurements performed

by ATLAS giving rigorous tests of
the Standard Model.

» Most W/Z measurements are
based on 2010 data. The 201 |
dataset gives more than 00
times more statistics — expect
even more precise results soon.

= Diboson measurements based on
201 | data, but still much work
ongoing with this dataset.

= 2012 data at 8 TeV accumulating
fast!
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The ATLAS Experiment

= General purpose detector covering nearly entire solid angle around interaction point.

" |nner tracking detector in 2T axial magnet field provides charged particle tracking for | 7 |
< 2.5,

= Electromagnetic and hadronic calorimeter system provide coverage for | n | < 4.9.

= Muon spectrometer provides coverage for | 17| < 2.7 with separate trigger and high-
precision tracking chambers.

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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