~ Physics with first fb

at Large Hadron Collider

Today:

0 Precision
measurements in
Standard Model

0 Physics with
dibosons
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News from CERN

Seminar on the Higgs searches from
each experiment, given by
spokespersons

0 13.12.2011, at 14pm, video

2 Analysis with up to 5.6fbl/experiment
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The Standard Model

SM measurements are the foundations of all
searches (33 papers on measurements to date)
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\The Standard Model

The electroweak theory is

maas_ ~fi sas
tested to 0(104) Measurement Fit 60. ! Dgﬁm <
Ge¥] 91.187510.0021 91.1874 |
Resu"_: Of 30 years Of 2 EZ[[G:"H"]] 24952 = 0.0023 248959 m
experimental and theoretical ol [nb] 4154040037  41.470 me—
progress A 20.767 £ 0.025 20.742 w——
Al 0.01714 £ 0.00095 0.01645 M
AP ) 0.1485 = 0,0032 0.1481 m=m
Demonstrate the need for 1 - 0.21629 £ 0.00066 021579 mmmm
loop corrections to describe R g T
== A 00952 t0.0016 01038 N — —
adequ_ately the precision A e et b b
experimental results A, 09230020  0.935 mm
A 0.670 = 0.027 0.668 1
Some tension in the overall fit, O it e o
but so far no real discrepancy m,(GeV] 8039910023  80.379 mmmm
observed [y [GeV) 2.085 + 0.042 2092 ®
m, [GeV] 1733211 1734 1
July 200 0 1 2 | 3

Discussed today
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\W boson mass

W mass is a key parameter in the Standard Model. This model does not predict the value of the
W mass, but it predicts this relation between the W mass and other experimental observables:

[ TQ 1
Mw =
W =\ 2Gy simby I = AF

Radiative corrections (A r) depend on M as ~Mf and on M as ~log M, . They include diagrams

like these:
Precise measurements of M, and M,
constrain SM Higgs mass.
W W

For equal contribution to the Higgs mass uncertainty need: The limiting factor here
AM_~ 0006 AM,. willbe A M_,notA M !

Additional contributions to Ar arise in various
extensions to the Standard Model,
e.g. in SUSY:
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\Impact of the new limits on
the green band
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\W Mass measurement

Isolated, high p, leptons,
missing transverse momentum in W's

Electron

control sample

{ A\~ Neutrino

-~
-

-

Uncderlying cvent Sy

Hadronic recoil

In a nutshell, measure two objects in the detector: coil

- Lepton (in principle e or u; e in our analysis),
need energy measurement with 0.2 per-mil precision (!!) |
- Hadronic recoil, need ~ 1% precision

Z events provide critical
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\W Mass measurement

dN/dp.(e)

p(e) (GeV)

Zero [

I:—‘ni'[ep.,
(10 [ T S I ) Y (O 0 A O o e M [ o O G o O 1

55 60 65 70 75 B) 85 90 95
m, (GeV)

dN/dm,;

__ True distribution

Including pT{W) effects

Including detector effects

p,(e) not sensitive to

detector effects, requires
p,(W) knowledge

Transverse mass less
sensitive to p_(W), requires

good modeling of missing E_
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Template fitting

Custom fast Monte Carlo makes smooth high-statistics
templates. Perform binned maximum likelihood fits to the data

0 And provides analysis control over key ingredient of the simulation

3
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\W Mass measurement

20000 :
E ~(b) DO, 1 fb i EmaT - CDF Run 0/ —e——  80.436 + 0.081
3 15000 :_ -zfda; g;gg:ld DO Runl ——&—— B0.478 + 0.083
*E i CDF Run I - 80.413 + 0.048
v L
& 000 : Tevatron 2007 —o— 80.432 £ 0.039
5000 @ B “@
Tevatron 2009 8 80.420 £ 0.031
e | llllll LEP2 average @ =+~ 9 80.376 = 0.033
oE! =g +++ ﬁ+ ) ++ + !
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\W Mass measurement

With 1 fb! uncertainties are mainly statistical (including 'systematics' from limited data
control samples). Let's extrapolate: . .
D@ projection

source of uncertaintdes | 1fb-1 (6fb-1 |10fb-1

At end of Run Il, expect total uncertainty

==============o=====F====F====f on W mass of 16 MeV from D@ alone.
Statistics 23 | 10 8 Expect similar performance from CDF,

v s s ! o— -eeemeeet-ee @Nd combined error of 12 MeV.
Systematics This legacy measurement will be in the
Electron energy scale 1 textbooks for decades to come.

Electron energy loss
Recoil model
Electron efficiencies
Backgrounds

Could be an important contribution to getting
the standard model into trouble
In the near future:

with ém, = 15 MeV, 6m1t =1 GeV

34
2
Electron energy offset 4
4
6
5
2

Total Exp. systematics 35 16 13

PDF 9 6 4

T (IS . . - and m = 80.400 GeV :

R = | = | m, =713 GeV <117GeV @ 95% cl
Total Theory 12 8 5

(P. Renton, ICHEP 2008)

Total syst+theory 37 18 14

(if theory unchanged) 20 17
Grand total 44 21 16 |“
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\pTW distribution measurement

First direct measurement of the W boson transverse momentum spectrum by ATLAS.

W boson transverse momentum (pTW) is inferred from the energy deposition in the calorimeter
from the recoil to the W.

Detector and FSR effects removed by “unfolding” N
(invert a response matrix that parameterises the probabilistic mapping from recoil pTR to W boson pT'*'”}.
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‘Z/y* forward-backward asymmetry

e *® _I_ S
* In the process: qq = Z/y" —e’e

® fermion-y* coupling contains only vector component
® fermion-Z coupling contains both vector and axial-vector components

. f_ 1f effective weak
Vector coupling: 9v = 13 — QQJ” mixing angle

Axial-vector coupling: ¢/ = Ig{

Ls2

® Give rise to non-zero Forward-Backward Asymmetry (Arp) in the final states

( i ) . Forward _. ;.
do(qqg — eTe™ P . Glproton &
= A(1 — cos“ 8 Bcosd _
dcos 0* ( ) + ,\ ./:xa ~o 4/antiproton
e

functions of vector and axial-vector couplings.

Arp is related to :

O — OB 3 B :
App = ==.= = flq/, ¢/ 0. ...
FB G_F_I_O_B ] A f( v1Y9q, SN y )

Forward: cos @ > (0  Backward: cos 8™ < 0

Elzbieta Richter-Was LHC physics with first fb-1 13



Z/y" forward-backward asymmetry

* At Tevatron, Z/y* is mostly produced by light valence quark pair, u-ubar or d-dbar

* From the observable Args, we can:

® Precisely measure sin’6. based on Z to light quark couplings
* Directly probe the coupling of Z/y* to light quarks

* Investigate possible new phenomena,
e.g. new neutral gauge boson 7’
* Around Z-pole, Arg is dominated by

interference of vector and axial-vector
couplings of Z to quarks

* Far away above Z-pole, Arg is dominated by
Z/y* interference, which is sensitive to new
physics.
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‘Z/y* forward-backward asymmetry

®* Unfolded AFB agrees well with
theoretical prediction

* No evidence for new physics at high mass
* Extracted sin?0’.+
=0.2309 + 0.0008 (stat.) + 0.0006 (syst.)

«~— Average 0.23153+ 0.00016

A —— 0.23099 + 0.00053
A(P) —.— 0.23159 + 0.00041
A, (SLD) - 0.23098 + 0.00026
ALP . 0.23221+ 0.00029
ApC e 0.23220 = 0.00081
QP ——e——  0.2324 + 0.0012

A, (DD),5.0 ' —e— 0.2309 + 0.0010

| 1 | | | J
0.228 0.23 0.232 0.234 0.236 0.238

s 2 oA
sin Qeﬁ

0.5

— PYTHIA
--- ZGRAD2

Statistical uncertainty
Total uncertainty

-05

L L o | L ! L N M PR
70 100 300 500 1000
M, (GeV)

& T

* Statistical uncertainty is still dominant
®* PDF uncertainty (0.00048) is dominant in
systematic uncertainty

®* Most precise measurement based on Z to
light quark couplings

Published: Phys. Rev. D 84, 012007 (2011)
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‘Z/y* forward-backward asymmetry

¥ [(@ LT e e (b)
i -0~ \* — LEP
5 - " H1 prel. (4-D}
0.6 o B L 3 H1 prel. (2-D}
i . % i ! Il 00 (2.D), 5.0 7'
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- ‘ ‘q
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i g o 0.6F
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I M(‘q'n:-s\-u“f‘ | | Isa%. CI'L' : 68% C.L.
02 0 02 04 06 08_ 0858 06 04 03 0 0.2
gﬁu
Z-u quark couplings Z.-d quark couplings

Most precise direct measurement of couplings
of Z to light quarks u and d.

Published: Phys. Rev. D 84, 012007 (2011)
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‘Z/y* forward-backward asymmetry

A first measurement of the effective weak mixing angle at the LHC is available from CMS.

CMS Preliminary 2011 1.07 ib” at\/s = 7 TeV CMS Preliminary 2011  1.07 fb" at\s =7 TeV
F L L L R T T T
8000— = .
C ] 6000 —
T 6000— — S i 1
[ L H o L m
S,
a - . ~ 4000 -
c i i L - 1
@ 4000— 7 = i ]
o - ® CMSdata ) 2 ® CMS data
L ] b i _
- N 2000 _
2000 L — fit projection i i — fit projection 7
T S SR E S R S L 1 | | .t

0
Y

The effective weak mixing angle is extracted from
the di-muon data using an unbinned extended maximum-likelihood fit.

In this fit, each event is characterised by three observables:
di-lepton rapidity, di-lepton invariant mass squared, cos G‘CS

Result: sin® By = 0.2287 & 0.0020(stat.) = 0.0025(syst.)

opt

05

cosb* 1
source correction uncertainty
PDF - +0.0013
FSR - +0.0011
LO model (EWK) - +0.0002
LO model (QCD) +0.0012 +0.0012
resolution and alignment  +0.0007 +0.0013
efficiency and acceptance - 1+0.0003
background - +0.0001
total +0.0019 +0.0025
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Gauge couplings

In Standard Model (SM) non-abelian nature of SU(2), x

U(1), allow gauge bosons to interact with one another

9 Coupling between 3 gauge bosons=> triple Gauge-Boson
Coupling (TGC)

SM only allows charged coupling (WWZ, WWYy), does not
allow pure neutral coupling (ZZZ,ZZy,Zyy,yyy) since Z/y
has no charge nor weak isospin.

Physics beyond SM can introduce anomalous TGCs
which may allow neutral couplings or increase the
charged TGCs couplings strenght.
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\Dibosons

o W/z/y Lwwy [ VW Wiy — W, Wiy

IWWV "
q W/z v

W/Z/‘f I{ 111 N"’,(Hf T’”Ir“ﬂ

m“ Tt

- {ﬁ’f:dﬁ. V) Za(6%Z5) + 5 (67Vo) 27 Z
W/z/y T '

EM gauge invariance and C and P conservation

— b5 independent TGCs for WW {g,7, x>, K, Az, )K,I_,}

Wy sensitive to K, ﬂ
WZ sensitive to Q'1 , Kz, Az

Standard Model: g4 = sz = k, = 1 s0 consider Agy%, Axy
rz=2,=0

.. 5) = — —
ZyZ vertex: Zy sensitive to h3% hy' hs% hy (1+s/Agp)”
ZZy vertex: ZZ sensitive to f4z,f4"a",f52,f5"r' all zero in SM
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Characteristic of the triple
gauge-boson couplings

Sensitivity to TGCs comes from four different types of
information

9 Cross section: parabolic increase of cross-section with TGC
due to the linear Lagrangian: c~(TGC)?

9 Energy behaviour: TGC lead to a broad increase in the
differential cross-section at large invariant mass M, .,

(V=2,y) and transverse momentum P_(V) (V=W,Z,y)

9 Production angle: angular information of the bosons

9 Polarisation: different TGCs contribute to different boson
helicity states. Decay angular information enhance
sensitivity to individual TGCs.
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Effect of anomalous coupling

Any non-zero coupling result in crease of the cross-
section and harder p, spectrum of the outgoing

boson.

2 Can be simulated by a number of generators, such as
Sherpa, MCFM, Baur, etc.

g 010 Standard model

Events/10 GeV
[=7]
|
y
NG
"T._-‘__
-
A O O O | |_

0.08[ Standard model

D0.06[

Anomalous TGC

0.04[

| | |
-0.1 0.0 0.1

Anomalous coupling
Boson py
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WW/WZ — tvij

Events/d Gev/c

CDOF Run Il Preliminary J-f_ dt =430 ! COF Run [l Preliminary IL df=4.30f" NU
— ==
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e
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CDF Run Il Preliminary IL dt=4.301"
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—— Data CEM

—— Fit Result

[ wiz+jet + Top

“[Maco

J2indf = 192.30/98
QCD frac = 10.66 %

Met (GeV)

W I
v

j

w/z /!

q W I

Similar final state v

to low-mass Higgs: , b

q b

e Sample Electrons Muons
100 " NICW tjets | 18010 £ 531 | 16673 + 182

MC Z+jets 303 + 42 966 + 115

diboson 7ol + 68 651 +59

top 1324 = 1M [ 149+ 115

QCD (from data) | 2314 £ 162 639 £ 159

Total MC + {2(1[) 22751 2007s

data 22201 = 119 19738 £ 141
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Cross-sections

E._ws:__  ATLASPrelminary
o(W)BR(W-ev) ~ 10nb Oﬁ : | \ J’Ldt=fo.035-1.o4fb"
c(WW)BR(W-ev)? ~ 100fb| 10 | | T

| [
o(Z) BR(Z»ee) ~1nb | "t o o
o(ZZ) BR(Z-I2 ~10fb | L T o
= 3 i : —— 11
L : : : 8 1fb
10 | 1 | 3

Eg with fb
~ 10°W and ~10° Zevents per experiment and lepton channel

~ 100 WW and ~10 ZZ per experiment including all lepton
channels

Elzbieta Richter-Was LHC physics with first fb-1 24



\Wy and Zy production

q g ) < (l) q
q
H (Z) HJ“JQ
! TGC vertex
WE—ZE { y
¢ u-channel #(]) ¢/ t-channel channel

* Measurement of Wy and Zy production provides a direct test of the
Triple Gauge Boson Coupling (TGC) of the Electroweak theory

*Measure the WWy vertex 1n the s-channel

*Probing the existence of the ZZy and Zyy TGC (forbidden in SM at the
tree level)

Elzbieta Richter-Was LHC physics with first fb-1 25



Definition of the signal

* Wy :/Ivy+X [e.un

*Measurement of W, Zv in the final state :
s Zy: "Iy +X v : 1s 1solated

*Final state can include contributions from :

*Final State Radiation (FSR) v from inclusive W(Z) production

Photon from fragmentation of jets produced in association with W or Z boson

v
q
w(2) !
_ = v from
q FSR (1) fragmentation
*Phase space of production measurement :
*Epr =15 GeV * M(777") = 40 GeV (for Zv)
*dR(7,v) = 0.7 » particle level 1solation : E E?““’ <05 x EY
(to reduce FSR AR<0.4
contribution)

Elzbieta Richter-Was LHC physics with first fb-1
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\Photon Identification

* v identified in ATLAS LAr calorimeter

Ao ANy = (U024 50005

"'\,1 R
| \ II"'.I II'- II|I I|
\,\ \ I\. II". Vo

|
v\
ARTRREES 'H-"-I 1wy '-I i II| X

b
R

W

'l\"," '|%||]|-I it I|l|-| il

ATLAS Pr
V5 =7 TeV,
[1|<0.6

iminary
Ldt= 15.8 nb’'

Entries/0.025

® Data 2010
[ simulation (all ¥ candidates)
v Reconstruction :

CJsimuilation (prompt )

*Narrow energy cluster, require no/small
energy leakage into hadronic calorimeter

* Cut on shower shape variables to

01 02 03 04 05 06 0.7 08 09
discriminate vy from jets and w°, n

Fraction of energy outside
shower core in layer S1
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Photon isolation efficiency

*Isolation energy is another important
quanfity to discriminate y from jet

*Isolation : sum of transverse energy in
AR=0.4 cone around vy

*Exclude energy from central core

* Correction :

*Remove energy leakage from photon
energy into isolation cone

*Remove energy deposition from pile-up
and underlying event by using
“jet area/median” method (Cacciari,
Salam and Sapeta, JHEP 04 (2010) 065)
to measure the ambient energy density

* Photon 1solation energy different
between direct photon and photon
from fragmentation

*Isolation not well modeled by
simulation

Entries/1 GeV

107
10°
10°
10*
10°

107

Lo

ATLAS
Vs = ?Tev.fLm -878nb"

¢ Data 2010
@ Simulation (fake y)
I Simulation (isolated prompt v
[ Simulation (non-iso prompt )

Isolation [GeV]
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Event selection

*Perform measurement on data set collected in 2010 (L~35 pb!) (arXiv:1106.1592)

Wy

¥

ZT

* One lepton. p(e.n)>20 GeV
* M[=2.47. n, /<24

* E uss=25 GeV

s M (1.v)=40 GeV

* 2 opposite charged leptons (e*e-, u ")
* pr(e.n)=20 GeV

* M J=2.47. n /<24

* M(I"")=40 GeV

Photon Selection

* 1 photon. E.*>15 GeV
* n,[=2.37
. dR(e;‘flu_ ‘-].r)::}[}_ 7

» Isolation : E;#° < 5 GeV

Identification Efficiencv:

* e . ~73% (tight), ~90% (medium)
*u:~88%

.y 1 ~70%

Elzbieta Richter-Was
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e L
Wy 95 97
Zy 25 23
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\Background estimation

*Main sources of background:
Wy : » WHets *
* W—1tv
» Z—II
» ttbar

* negligible contribution from
QCD multi-jet. WW. single-top

*For Wy, estimate W+jets background
from data control regions

* Assume photon identification (ID) cuts
not strongly correlated to photon isolation

for Wjets

NL.VJFJ{JH _ NB .

A

NU‘

(Contributions from non-W+jets
backgrounds and signal leakage in control
regions B.C and D are removed)

Zy : * Z+jets * *: most dominating
o« 7 =TT source, jet fakes
e tthar as photon.
(Isolated) (Non—isolated)
=
s
£=
N
35| C D
- {Control Reglon) {Control Region)
=
S=
g a B
g-a (Slgnal Region) (Control Region)
3
§;‘*

Isolation Energy [GeV)
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Background estimation

120
100

80

Events /2.5 GeV

60
40

20

Wy Ly
[ rfrrrrrryr7rJrrrrrr R T YT ] :‘-\&; F rrrrJrrrrrrrrrrrrorr e e e ey ¥ -
—ATLAS Ns = 7TeV, f Ldt=35pb" O 35CATLAS \s = 7TeV, f Ldt=35pb" =
3 “ E S g0t “ E
C : —e— data ] 42 o5 E_ 1 —— data _E
o , COWivi+y 27 : CIZ(n+ ]
- : E :’:::’j; et 20 ! [ Z(+jets =
- | ] ttbar ] 155 ! [Jttbar E
— = 5 i— _—
pavt E b iy 3 00 GHEYS 08 GRRNE
-5 0 5 10 15 20 25 30 -5 0 5 10 15 20 25 30

v isolation [GeV] v isolation [GeV]

* W+jets background (green) isolation shape is taken from data’s
“low-quality” ID control region

» Since low statistics in Zy events, estimate Z+jets background based
on simulation (assign large systematic uncertainty)
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\Kinematic distributions

= I L I IR LRI DN RN SRR BRI RN B % 45— T 7T T
e -
S 10° - ATLAS \s = 7TeV, f Ldt=35pb 3 O 40FATLAS s = 7TeV, f Ldt = 35pb’’
5 102 —=—data mwe) | S 35F = data
E L IW(h)+y [Ittbar 3 £ 30F I W) +y
Z COWik)+jet [ Z(I) . & osE O Wikv)+et
10 E g Bl W(ev)
3 20 [ ttbar
= mm Z
1 - ?E 155 )
I }
107 ., = i
1 1 1 1 1 1 T T |: E -;-
20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300
El [GeV] my (lv.y) [GeV]
- e e S N B B R B R B ;-300_ T T T T n
L onE . R (] - .. . : g
o CATLAS \s = 7TeV, | Ldt = 35pb = 0] C - . 3
S 18k = = 250 C el ] .
s 160 edata o g | SRR :
5 1ac [z 3 e -
= CIZ()+jets 3 - N SR .
10E- [ttbar = e E
8F 3 100 i@' - Ns=7TeV, f Ldt = 35pb ™" -
6= = - =il 1
4F 3 50 - = Data =
22— —i - ATLAS L_IMC Z(I)+y ]
= 1 | 1
0 50 100 150 200 250 300 % 50 100 150 200 250 300
my,, [GeV] m;, [GeV]
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\Signal yield

Process Observed EW+tt W +jets Extracted
events background background signal
Nops(Wry — etvy) 95 10.3+09+0.7 | 169+53+73 | 678+9.2+7.3
Nops(Wy — pu*vy) 97 11.94+08+08 | 169+53+74 ([ 68.24+93+74
Process Observed EW+itt Extracted
events background signal
Nops(Zy — eTe 7y) 25 3.7T+3.7 213458 +3.T
Nops(Zy — ptp—y) 23 3.3+3.3 19.7 + 4.8 + 3.3

Systematic Uncertainties on Extracted Signal:

»Stability of control regions using shower shape : ~9%

»Stability of control regions using isolation : ~4%

*Modeling of signal leakage : ~3%

*Background correlation in control regions : ~3%

Elzbieta Richter-Was
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\Uncertainties

Muon Channel

Electron Channel
Parameter Sgb::f ng;f
Channel eTvy | ete y
Trigger efficiency 1% | 0.02%
Electron efficiency 4.5% | 4.5%
Photon efficiency 10.1% | 10.1%
EM scale and resolution 3% 4.5%
EMss gcale and resolution 2% -
Inoperative readout modeling | 1.4% | 2.1%
Photon simulation modeling | 0.3% | 0.3%
Photon isolation efficiency 3.3% | 3.3%
Total uncertainty 12.1% | 12.5%

Dominant Uncertainties :

* Photon reconstruction/ID efficiency : ~10% (uncertainty in upstream material and

contribution from fragmentation photon)

* Electron reconstruction/ID : ~4.5%

Parameter agﬁ;,f: aé';_:
Channel pEvy | ptuy
Trigger efficiency 0.6% 0.2%
Muon efficiency 0.5% 1%
Muon isolation efficiency 1% 2%
Momentum scale and resolution | 0.3% 0.5%
Photon efficiency 10.1% | 101%
EM scale and resolution 4% 3%
E™iss scale and resolution 2% -
Inoperative readout modeling | 0.7% | 0.7%
Photon simulation modeling 0.3% 0.3%
Photon isolation efficiency 3.3% 3.3%
Total uncertainty 11.6% | 11.2%

* Electromagnetic energy scale and resolution : ~3 - 4.5%

Elzbieta Richter-Was
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\Cross-section

(W) o(Z)
T T T T | T T T T I : T T T I T T T I T T T T I T T T T I T T T T T T T | T T T I T L T I T : T I T T T I T T T I T T T T T T I T T I T T T
olpp —=1vy) | 4 ATLAS alpp — ' I y) : ATLAS
-~ Theory (NLO)| i J‘Lm=35 o -~ Theory (NLO) | dei= 35 pb’
i Data 2010 N5 = 7 TeV) E Data 2010 §s = 7 TeV)
:: s + 4 Electron channel : ke 4 Electron channel
'_'_'_E"'_' ¥ Muon channel ¥ ? ¥ Muon channel
: ® Combined H H ® Combined
. . .|E. ol , A TR B po e by by I e e L
20 SID 40 5I0 EIID ?ID BICI a0 Q 2 4 5] a8 10 12 14 16 18 20
Oy, [Pb] oy, [Pb]
G(""" "[: ) -"If o (Z q'[’ )
Iatlppl _L II_\II IY}I | T T T E T T I T T T I ATILA.SII ] T T T
olpp — I'l y) : .
- - Theory (NLO) : fLat=aspo |
g Data 2010 §s = 7 TeV) . F'Lll measurements are consistent
: within their uncertainties with the SM
e - 4 Electron channel EprEfCtEltiOIl
: ¥ ¥ Muon channel
I—l—r:—'—' = Combined
PR | E i T P | i | I T N
0 2 4 6 8 10 12 14
GWT!GZ',P 17
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‘Zy

= Look for non-CP violating couplings h;, h,

\ \\H
-
.

LI]LIIl L L Ll !I |

1 _ t
0
ég CMS, 36 pb! {i;{ﬁ%; :
o 5 Wi R

1 L 1 - - . 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
%y jgl,x”'n} 80 90 100 110 I 107720740 60 80 100 120 140 160 180 200
M, [GeV] E} [GeV]

= NP enhances high pt photons, high M,, E,,
— 20— T TS R e i e
> B = : } :.-I I [ I_1 [ I I 1 =
- x :[*] CMS, 36 pb
o] 180 N ® P > = S 10E \S=?Te"§ —*—Data
—?* - ® Zy—eeydata Qn ' - 2 ?... _ — 7y , 5
2= 150:— o Zy— upy data o il 10% ¥ 4% 1+jets ; |
(AL . £y o 8 -== aTGC hy=0.12 3
].20_— ?‘ e © =
3 2 E

Phys. Lett. B701 (2011) 535
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\Heavy boson production

* Use leptonic decays:
— Small Branching Ratios
— Low background

* Tau decays contribute to
e/u channels

— Accounted for in cross
section extraction.

* Clean but small signal.

/

leptonic
10.5% 1.2%

Ww

qqvv

qqll
6.9%

leptonic
3.7%

W<

leptonic
3.2%

Z7

Elzbieta Richter-Was LHC physics with first fb-1
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\Backgrounds

Multi-lepton finals
states from top-quark
decays.

Use data driven
techniques.

Fake leptons from jets
associated with Z/W.
Use data driven
techniques.

Di-Boson is signal and
background for other
VV channels.

JHMET | | 3HMAMET | | 2M,
top 35% 12% incl. DD
W+jets 30% 0% incl. DD
Z+jets 32% 52% incl. DD
vV 4% 28% incl. DD
Z+gamma incl. in VV 8% incl. DD
s/B 1.4 4 30
S/sqrt(B) 18 12 17

Elzbieta Richter-Was
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WW-> |vlv

t-channel

ATLAS-CONF-2011-110

* Signature two leptons and MET.
* Small contribution (3%) from gg:

* Important background to H->WW
studies!

Elzbieta Richter-Was
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Selection
q [ — Exactly 2 leptons opposite signs, p; > 20GeV
— Leading electron p; > 25 GeV
— my>15GeV, m,, >10GeV
— Zveto (| my-m,| < 15GeV
— MET (rel) > (45,40,25) GeV, (un,ee,eu)
’ — Jet veto (pT>30GeV, |eta|<4.5,anti-kt,DR=0.4)

t-channel

* MET:
. E — Use MET relative to nearest lepton:
MET, =sin(A¢)*MET for ¢ < 90°
— Reduces DY contribution for miss-measured
Y jets/leptons and Z->Tt.
* Backgrounds:
— Use DD backgrounds for W+jets and ttbar.

— Use MC for DY and Di-Boson.

s-channel

Elzbieta Richter-Was LHC physics with first fb-1



WW->

lvIv

|=1.0 fb?
:: [ T 1T T | T T | T 1T T | T T T | T T T | T T T | T T T | LI ]
O 160" ATLAS Preliminary oo
2 5 1 [ Orell-Yan .
T o Lat=102m"  Ne=tTeV B top =
2 - =] Dibeson ]
% 120 - Bl +jets/Dijet ]
:" [ siatésys] —
L I~ + ]
100— % —
- G ]
80— % -
&0 :_ 1Al _:
40— L —
20 —
{é 1 gg T T T T T I E
S | AT W L -
- E i i i i i E

O 20 30 60 80 100 120 140 160

Elzbieta Richter-Was

P(leading lepton)[GeV]

Events / 20GeV

data/MC

Kinematic Distribution after all selection cuts

N(cand) =414, N(bckgnd) = 170+28

140 5 ATLAS Preliminary
[ Ldt=1.021"  Ne=7Tev
120
100 Hw,+
80 :I,_r; /

40

60—

—— Data

C wWw-=["vlv
1 Drell-Yan
= top

[ Diboson
Bl WV +jets/Dijet

statesys|

0% 180 150 200

LHC physics with first fb-1

250 300
M{ITET™*)[GeV]
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WW-> Ivlv

1=1.0 fb?

q !

Total production cross section result

Gt{E|=48.2i 4.0(stat)x 6.4(sys) * 1.8(lumi) pb

t-channel

] Fiducial production cross section result

Channels | expected o/% (fb) measured 6/9(fh) AG,(fH) AGgyq(fb)  AGymi(fb)
evev 66.8 90.1 + 189 +11.3 3.3

q ! LVRY 63.8 62.0 +12.1 + 10.7 +23
eviv 245.1 2520 24,6 +294 9.3

; ; Phase space mimics selection cuts, different for ee,ep,upu.

* NLO SM expectation:
O =26%3 pb

* Limited by systematic

s-channel

’ | — Dominated by Data Driven background
estimation.
22/7/11 Alexander Oh_ University of Manchester o
Elzbieta Richter-Was
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g y * Signature:
Three leptons and MET.

t-channel

* Presence of Z allows effective
f suppression of ttbar backgrounds.

— Dominant background source 7
ff | Hets.

7 ) * (Cross section and anomalous
triple gauge couplings

/ determined.

s-channel

fi I

Elzbieta Richter-Was LHC physics with first fb-1



WZ-> lllv

1=1.0 fb?

t-channel

—

W+

s-channel
wt
zZ0 l

klzbleta Richter-was

Selection

— Z |my-m,| <10 GeV

— 3 leptons, p; > 15 GeV

— MET > 25GeV

— W MT > 20 GeV

— Trigger Match with p;(e,u) > (25,20) GeV

>

@

O]

™

2

c

o

=

|

Q 12 s ;

S e s

1] E I =

T 09 E
60 70 80 90 100 110 120

My, [GEV] =
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WZ-> lllv

Total cross section:

1=1.0fb" t 3.1 +12 +0.9
of _ +3. . . .
i , oy = 2117 o (stat) * 5 (syst) T e (lumi) pb.
W ! SM NLO expectation 17.211pb
t-channel q
™ ! Good agreement with the Standard Model.

Fiducial Cross section:
7 v * p,l) >15GeV, |n| < 2.5, pT(v)> 25 GeV
¢ M(Il)-M,< 10 GeV
« M (W)>20GeV

|

s-channel

E O_fid

Wz toil = IISf{E(stat) ig(syst) ’_“g (lumi) fb

Elzbieta Richter-Was LHC physics with first fb-1



WZ-> lllv

L=1.0 fb?

ATLAS Preliminary

mmms.fu:t =10f"

B VE=TTaV, A=3TaV
) ) i ch,ij= 19t
Extraction of anomalous triple gauge Al Thmmeew NB1 S6TaY, AZTEV
boson couplings Good agreement J- )
* Use total cross section to fit TGC. || with SM and DL =4t
N5=1.96TeV, A=CTeV
* NLO MC with reweighting Tevatron results
technique. A2
* Use cut-off of A=3TeV
* Profile likelihood ratio, including B B
systematics as nuisance parameters.
* Confidence Intervals obtained by AR W'z - il
i 1| 95%C.L
Neyman construction based on
crosssemon' II|IIII|IIIIiIIIIlIIIIlII
-1 -0.5 0 0.5 1
Anomalous Coupling Limits of the 68% C.IL. Limits of the 95% C.I.
Ag? [-0.17,-0.05]1,[0.13,0.26] [-0.21,0.30]
Ax” [-0.8,-0.2],[0.5, 1.0] [-0.9,1.2]
A [-0.15,-0.06],[0.06,0.15] [-0.18, 0.18]




Z7-> I

]|
—

L

t-channel

s-channel

Elzbieta Richter-Was

d

ATLAS-CONF-2011-107

Signature:
Four leptons.

Presence of two Z make this channel
effectively background free.

— Enhanced acceptance by loosened
object definitions.

Cross section and anomalous triple
gauge couplings determined.

LHC physics with first fb-1
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ZZ'> ”” = Anomalous coupling vertex in s-channel
pliing
(forbidden in SM).
» Selection:

— 4leptons, pT>15GeV, |n|<2.5,
leading u(e) pT>20 (25) GeV

j — 2 Z candidates with |M-M, | < 25GeV.
» Background estimate from Data driven methods.

t-channel

IF F Eml T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T |_—|‘
| > 200 T ]
S, r ATLAS Préliminary e Data 2011 .

® 180— —

ju] — -

4 [ = 160 — ZZ _]
M~ o 9 1 N

> det=1.ﬂ21b Ns=7TeV 1

g 140 =

e ® Predicted BG in signal region ]

— 120 403 04 —

= 0.373 (stat) ' (syst) .

- o m

1Dﬂ:— .. ® —:

= ... > ]

80—o * —

60— ® Signal Region -

4{]:'— | 11 | 11 1 | | I | | | 11 | 11 | | | 11 | | 11 | 11 | |__I

40 80 100 120 140 160 180 200

Subleading Z Mass [GeV]



Z7-> Il

|=1.0 fb?

fr

t-channel

s-channel

Elzbieta Richter-wWas

* Found 10 candidate events.

“m: GeVl

[

LHC physics with first fb-1

gﬂ 40 60 80 100 120 140 160 180 200

I Final State eteete” ura ete Ty AR AR AL A
Observed 1 7 2 10
] Signal 1.3£0.04+£0.1 2.5+0.1£0.2 3.6+0.1+0.2 7.4+0.1+0.3
Bkg(data-driven)  0.01*003+005 9 3+09403  <0.02£0.03 0310304
[
:51""'I"'I"'I'"_I"'I"'I"'I"'""; = W g
g of ATLAS Pminlnaw .zz ; 8 9 ATLAS Preliminary .ZZ 3
r 2 g [ro-ree E e s J'Ldi:imm“ E
E Vo7 Tev —— Data 2011 > Vo7 TeV ——Data 2011 3
7 1 E7 =
) E Predicted Background: J - 7
Ii [ 0.35; (stat) = 0.4 {s'_.rst]— I% & E:ﬂl}ﬂﬂ:ﬁﬂ:;:ﬁé
3 — M E 5 —- -—| _E
I 4 E 1 —E
2 + + E 2 =
! 1 s = =
= 1 B =
'l I Ll 1 11l 17 :
5]' 40 o0 HI]"lﬂ'ﬂ'lm'l-lﬂ'llﬁﬂl_'llJﬂ'ﬂzlﬂl ol L ey 1
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Z7-> I

Total cross section:

1=1.0 fb?
7 : oy = 87755 (stat) *03 (syst) +0.4 (lumi) pb
i SM NLO expectation 6.510.3pb
t-channel
; Good agreement with the Standard Model.

_ Fiducial Cross section:
* pl)>15GeV, In| <25
« |M(l1}-M,] <25 GeV

il

s-channel

0 prpre = 5.0718 (stat) 03 (syst) +0.2 (lumi) b

Elzbieta Richter-Was LHC physics with first fb-1



I L L BN L R BN
ATLAS Prelimina ATLAS, fLat= 1021
ZZ_> I I | | 1=1.0 fb? B ry-l- W\Eﬂ:?ﬁi A=
f; i ATLAS, f Ldt = 1.02 o™
Extraction of anomalous triple gauge VE=7 TeV, A=2TeV
boson couplings Good agreement _h = 1eP, [Lat=700 po”
» Use total cross section to fit TGC. f; | with SM and —_ V5= 130~200 GeV
* LO reweighting technique with NLO LEP/Tevatron -0, fLdt=11"
correction | results V= 1.96 TeV, A= 12 TeV|
(Baur-Rainwater + Sherpa) fZ N
= Use cut-off of A=2TeV, oo i
= Profile likelihood ratio, including .74 :
systematics as nuisance parameters. 95% C.1. e
* 95% Confidence Intervals obtained |.l..I.|..|....i....||..|||..||
by AL=1.92 -1.5 -1 -0.5 0 05 1 1.5
Coupling 95% CI 1l ff 17 fZ
A=2TeV [-0.15,0.15] [-0.12,0.12] [-0.15,0.15] [-0.13,0.13]
A = oo [-0.08,0.08] [-0.07,0.07] [-0.08,0.08] [-0.07,0.07]
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Maximum deviation from SM allowed by LEP bounds:

Agl = 0027, « AN = AN =- 0044, . Ax) = —0.112

€5 TGCs

DO WZ 4.1/fb (A=2TeV)

All 95% CL

DO Wy 4.2/fb —0.400 < Ak < 0.675 DO 1/fb Combination
—0.4 < ‘ﬂ‘xﬂ,' <0.4 _O'O?? < 2 Z,: 0 &}93 —0.29 < Ak, < 0.38
. L, < 0.
—0.08 < 4,<0.07 —0.056 < Ag,? < 0.154 —0.08 < A; <0.08
—0.07 < Ag,?<0.16
DO WW 1/fb (A=2TeV) DO WW/WZ — {vjj 1/fb (A=2TeV)
—0.54 < Ak, < 0.83 —0.44 < Ak, < 0.555
—0.14< A, = },<0.18 ~0.10 < Jz=A,<0.11
—0.14 < Ag,% < 0.30 —0.12 < Ag,2< 0.20
CDF Zy 5.1/fb (A=1.5TeV) DO ZZ->4L 1/fb (A=1.2TeV)
—0.020 < h,2< 0.021 —0.28 < f,7< 0.28
—0.0009 < h,Z < 0.0009 —0.26 < f,Y < 0.26
—0.022 < h,¥ < 0.020 —0.31<f*<0.29

—0.0008 < h,' < 0.0008 —-0.30< f.¥<0.28



\Future trends

At Tevatron: W mass analyses, constraints on PDFs from W
charge asymmetry, Sinzﬁw determination, final constraints on

TGCs, WZ with Z— bb

At LHC: observe all diboson final states, improve constraints on
TGCs, detailed studies of differential cross sections,W mass

analyses, constraints on PDFs from W charge asymmetry, Sinzﬁw
determination

New and unique at LHC: vector boson fusion, quartic gauge
couplings

Progress in many of these areas requires continued effort from
theoretical community in improving the calculations and the
tools used in the analyses

Final goal: check consistency of electroweak fits after

observation of Higgs boson or observation of physics beyond
the SM (GFitter)
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Plan

Amazing how much could have been done with only
36pb?t data accumulated in 2010: numbers of results
are still in the pile-line but already theory is being

tested quantitatively.... and is holding its own
(unfortunately)

Higgs boson... where we stand?
What's new from New Physics searches?
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W polarisation

= pp: initial state not C invariant
« Polarization driven by gq process

i w+
i W
<

8 d g J

Polarization sensitive to gluon spin

e M
A e}ﬂ_v_,;v
Left handed gluon lg W \g w
=> lefthandedW 1= >« 7 ;£ '« <,
+ N
Phys. Rev. D84, 034008 (2011) d

Elzbieta Richter-Was

Right handed gluon

=> No polarization
Right handed at
High pt

LHC physics with first fb-1

55



W polarisation

« W decay self analyzing via decay asymmetry
« LOOK at 0058* distribution

100

— 450+ C :
o - CMS pr&lumlnary L aﬁpb @ 7 Te‘uf J
"3" 400r . f,-f,=0.277+0.060(stat.)-0.050(syst.) ]
5 350k fu=n.240:tﬂ.1Sﬂ(stat.]:tﬂ.ﬂﬁﬂ(syst_.) E
o 300F _ prf) - pr(W) RIE
- |Pr(W) 2 e
250 [cvs, +
200077 44 4 1
150} T+ e

= COS3S* not measurable: use Lp(~
= Template fit to extract polarization

1.2
Lo(e’)

IIIIIII|IIIIIII|III|IIIIIII|IIIIIIIIII
ll:'-1 -0.8 -06 04 0.2 0 02 04 06 08

PRL 107, 021802 (2011)

K
fL'f;

0.5c0s9* +0.5)
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V+jets: past, present and future

3 years = time

for a PhD ;
3 years

NLO
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TGCs and new physics

Numerous possible extensions of the Standard
Model result in anomalous couplings

2 Example: neutral TGCs: ZZy and Zyy

Compositeness ’ New particles .
5 - X ‘\\\\‘.-’:." ____________________

Y Y

Something else? Follow effective Lagrangian

approach

09 Parametrize the ZZy/Zyy vertex in the
most general way

9 One coupling is usually described in
terms of many parameters
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\ATLAS Detector

THE ATLAS DETECTOR IS
REALLY BIG!

~ 46 m
@ Radius: ~ 12 m
@ Weight : ~ 7000 tons

@ Length :

@ ~ 103 electronic
channels

@ 3000 km of cables

P

A

s
(Jura)
Transverse momentum "
(in the plane perpendicular to the beam) Rapidity:
pr = p sin® 0 = 90°
0 =10°

17=-log (tg 9)

— NnN=0
— N=24

06=170° - n=-2.4

Elzbieta Richter-Was LHC physics with first fb-1
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ATLAS Inner Detector

The mner detector

7| < 2.5 consists of

G2am i .
gt P < o Pixel detectors, semi-conductor
- | tracker (SCT), transition radiation
tracker

o ~ 87 mullion readout channels
o Immersed in 27T solenoidal
magnetic field

\ o o Resolution of
|I "'T.l%dupﬁmlcondmrmckat (]'/]}T — 5 X 10_4 EB 0'015
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\ATLAS Calorimeters

Electromagnetic
Calorimeters:

Tike bamel Tile extended barmrel

e Fine granularity

e N -V ke 0.025 x 0.025 in
it == - central region
end-cap (EMEC)

e Energy resolution
10%/vVE

Hadronic Calorimeters:

barrel

e Granularity
An x A¢g=0.1 x0.1
in central region. less
segmented in forward
region

Electromagnetic and hadronic calorimeters
@ Subsystem technology and granularity <

shower characteristics

@ Transverse and longitudinal sampling ~ e Energy resolution
200000 readout cells up to |n| < 4.9 50% /v E & 0.03

Elzbieta Richter-Was LHC physics with first fb-1 61
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