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The Standard Model ()

The electroweak theory is
tested to O(10*)

Result of 30 years of

experimental and theoretical

progress

Demonstrate the need for 1
loop corrections to describe

adequately the precision
experimental results
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The Standard Model (ll)

The electroweak theory is

: meas ~fit;, _meas

tested to 0(10-4) Measurement Fit (|)O 1—0 |£Ic 3
m, [GeV] 91.1875+0.0021 91.1874
Resu"_: of 30 years of _ FZZ[GeV] 24952 +0.0023  2.4959
experimental and theoretical o) [nb]  41540+0.037  41.479
prog ress R 20.767 £ 0.025 20.742
A 0.01714 £0.00095 0.01645
"6‘5”3;} 0.1465 + 0.0032 0.1481
Demonstrate the need for 1 R, 0.21629 £ 0.00066 0.21579
loop corrections to describe - ST S
adeauatelv the precision A 0.0992 +0.0016  0.1038
q u y P ACF 0.0707 +0.0035  0.0742
experimental results A, 0923+0020  0.935
A, 0.670 + 0.027 0.668
Some tension in the overall fit, A s s
but so far no real discrepancy my [GeV] 8039940023  80.379
observed Ty [GeV] 2.085 + 0.042 2.092
m, [GeV] 1788441 1734

July 2010

Rencontres de Blois 2011 M. Verzocchi Electroweak physics 4



The Standard Model (Ill)

Can describe all measurements with a

limited set of parameters

Use radiative corrections to constrain yet

unobserved particles

Sensitivity to m  only through log terms

Reason for continued precision

improvements in

I M i = 158 GeV
m,m andaoa (M) 67 7
t w em z : g
. 3 aa =
measurements 51 \i! —oozsaocooss fi ]
1 % % - 0.02749+0.00012 I}
4 . .'-.. +s+ incl. low Q data ] —
. ]
& o ]
2_ —]
1 - : -
0 | Excluded .;'\, 4 Preliminary-
30 100 300
my, [GeV]
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From2to 7 TeV: W and Z
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From 2 to 7 TeV: t decays (l)

CMS CMS
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From 2 to 7 TeV: t decays (ll)

E CMS Preliminary
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Diboson Production at LHC ()

> 4B ey o 800 [ e T
Q C = B - - . . . .
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Diboson Production at LHC (Il)

< ' ' A L b CMSNs=7TeV.L =36pb' ]
S 2l <+ Data . > Or i > 0P
< 10°E ATLAS 3 o [ o dat
o CWW | O | -WW ]
S [ Ja-sp CIDrell-Yan 1 e e ]
2 o @ Diboson = 2 | — A _
- 4 Bl W+jets ] 5 [ Wjets
1 __r___'_____r_.__r | BJtop = [5 3:_ ;
& Dcstat+syst 3 -
N ] 7= ]
10" ﬁ E ;
C ] 1:_ N
10°E E §
E | | ol | = 7
0 1 2 3 4 5 0 50 100 150 200
AH(IT) m, [GeV/c?]

WW production measured in both experiments - O(10) events
Basis for HHWW search

Start investigating kinematic distributions, jets multiplicities
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Diboson Production at LHC (lll)

WZ->evpup Candidate

2010 luminosity
insufficient for WZ/Z22Z
observation

Few candidates

Already 10*times the |
data in 2011 y

CMS: ZZ- 4 leptons
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Diboson Production at Tevatron (l)

o - >25"'|"'|"'|"'|"'|"'| ]
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Diboson Production at Tevatron (il)
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Diboson Production at Tevatron (lil)

% D@, 1.1 fb! —+- Data - Background
o 300 - Il Diboson Signal
E 200f — *1 s.d. on Background
5 100}
84 r
0 L

P IR R T N

T -
g ‘% ol |J_|_| |—|_x2 Prob = 0.45
A (@ 03 | L __ul—'_l [
I e e s

«n A i v b oo by oy b e by o by
= 0 50 100 150 200 250 300

Dijet Mass (GeV)

At Tevatron WW/WZ production also

observed in final state with 1 leptonic and

1 hadronic weak boson

decay

Test of techniques used in Higgs boson
searches in WH/ZH channels

Next: WZ with Z— bb
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Giovanni will discuss
the bump ....
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Cross Sections Summaries

Tevatron Run Il pp at \/s = 1.96 TeV

- April 2011
: —=— DO Run Il
—l
- CDF Run lI
al-
10°F = Theory
_— 3
@10 :
c
2 * u
8102
w =
o
n
S |
G 10F L
i (BN
1 +
10™ ' ' ' — ‘l'
W Z Wy Zy WW &t WZ t ZZH-WwWwW
m, = 165 GeV

CMS preliminary
|

36 pb” at Vs =7 TeV
|

lumi. uncertainty: +49%]
oxB(W) R/ 0.988 + 0.009 gyp * 0.050 theo
oxB(W") /4 1/ 0.982 + 0.017 gyp + 0.049 theo
oxB(W ) 0.993 + 0.019 gyp + 0.054 theo
oxB(Z) lj: 1.003 £ 0.010 gy + 0.047 theo
oxB(Z = 11) /i (/- 1.029 £ 0.097 gy + 0.043 theo
oxB(Wy) " . 1.121£0.177 exp + 0.077 theo
oxB(Zy) —ayl 0.969 + 0.121gyp * 0.042 theo
oxB(WW) | 0.956 + 0.381gyp * 0.007 theo
Rwiz 1ol 0.981+ 0.018 gypp = 0.015 e
R 0.994 £ 0.013 exp * 0.035 theo
Wiet > ev o ._.J 0.894 + 0.097 exp + 0.017 theo
Wiet — v o —— 0.833 £ 0.088 gy + 0.017 theo
Zigt > eeo I < 0.992 + 0.199 gxp + 0.020 theo
Ziet = up o ° 1.208 £ 0.280 gxp + 0.0211heo
Zp.jet/Zjet(— ee) [ 1.059+ 0.281¢xp £ 0.167 treo
Zp jet/Ziet(— L1) —yp 1.000+ 0.272 gy + 0.185 theo
sin®8yy | - - | 0.989 £ 0.037 gy * 0.(|)o1 theo
0.5 1 1.5 2

Ratio (CMS/Theory)

Impressive progress of LHC experiments in measurement of weak
bosons production cross sections

At Tevatron: measured cross sections O(1 fb)
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Differential Cross Sections (LHC)

Start to investigate

details of production

and tuning of event
generators: do/dp_

and do/dy for Z
bosons
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Differential Cross Sections (Tevatron)

At large p_(Z) NLO calculations ‘3
give adequate description of data

At low p_(Z) detector effects can

E e Dp, L=0971"
F=NLOPpQCD + corr.
E = -PYTHIA Perugia 6
o[ 65<M,,<115GeV
E muon || < 1.7, muon p_> 15 GeV
I 1 1

be dominant, use different -
variables with minimal sensitivity
to detector effects (DO)

Resummed calculations fail to
describe data

L & D@, L=0.97 fb’!

==RESBOS

— NLO pQCD - -LOpQCD

— Scale & PDF unc. - - Scale & PDF unc.
PYTHIA scale unc.

115 @lyl<1 “i |
F . l ;
0 Rt “
O 1 o ‘ ¢‘ & N + [
Q C 2 - E ) _
Soof e, =252 2,22
] ; !
o [ D@ 7.3fb"
S () lyl>2 A
4 1k R = ..|ifi o ;i:l;:)as
. — { {{ H I_ ------------ ResBos (tuned g,)
: ResBos (small-x)
0.8[ % 3 PDF © scale uncertainty
10° 107 T T TR i

On
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(lepton1)

Py

Ratio to PYTHIA Perugia 6

Ratio to PYTHIA Perugia 6

2+

0.5t

0.7p

® DZ, L=0.97 b
PYTHIA scale unc.

=« HERWIG+JIMMY -
PYTHIA Tune D6

i i
== ALP+HERWIG
ALP+PY Tune D6

1
| ® D@, L=0.97 b’
= SHERPA

PYTHIA scale unc. = = ALP+PY Perugia 6

(lepton2)

Pr
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W polarization @ CMS

At LHC, W polarized if produced in
association with jets:

s u+g-> W* +q-jet
s d+g—> W +q-jet

Select high p_ W to enhance qg vs qa9,99

contributions to cross section
Standard method to analyze polarization:
fit different components to angular
distribution of lepton in W rest frame
% o (1 +cos-8*) + %A;;(I — 3cos 8%) + Aq5in 28° cos¢”
+ ll.-ﬂ.g sin” 8 cos 2¢* + Azsin®* cosg¢* + Ay cosd®,
Instead measure variable built of p_(l) and
pT(W): ~_ Prlf) - pr(W)
T pPrwW)R
High p. W produced predominantly in left
handed polarization state
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o
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Z polarization @ CDF

ob Measure angular distributions of Z decay
: products as a function of pT

[---#«-- ResBos
0.5F—+— FEWZ(NNLD)

o g4 ¥ Powheg

f—&— Data

Decompose angular distrubution according to
terms with different sensitivities to qq and qg
production mechanism

| Angular distribution use also for determination
of sin’0

.| sin%0_= (0.2329+0.0008(meas.)+ 0.0009(QCD))
| 10°

—— Data
—— CDF Tuned PYTHIA
—— QCD Background
—— EWK Background

=

2

Events / 0.5 GeV/c
=

vﬂ.15 1
< 0. i
0.05§ 10" E
of d
- 10-20| L1 |1|0| oy |2|0| L1 |3|0| i | |4|0| L |5|0| L |6|0| L |70
-U.G.'h- 1Il:| 2ID J,J 4IQ H'b EID 7ID d.'l 90 =
Di-electron P; (GeVic) Di-electron P; (GeV/c)
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sin“9, at D@ (1)

Measure uu,dd—>Z—ee, T reversal of reaction studied at LEP
Study forward-backward asymmetry vs s

Sensitivity to Weinberg angle near Z pole

DG 5.0 b’} ‘

A S
0.5

— PYTHIA
--- ZGRAD2

Statistical uncertainty
Total uncertainty

1 1 1 1 I 1 1 1 1 1 1 1 1
50 70 100 300 500 1000
M., (GeV)

LHC experiments also considering this: first results from CMS
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sin“9, at D@ (ll)

Most precise determination of light quark

. = [
couplings of the Z boson _ (a)
0.6F AR
] n - 2 B ¢
Surpassed LEP precision for sin“6 '
- - - L) - 0'4_ .’
determination from inclusive jets K
® SM
0.2 - coF
Contribute to resolve discrepancies with e
4 - = mmamn H1 (2-D)
full dataset O gmmea? s 66% C.L.
vl by by b by 1y
«— Average 0.23153+0.00016 02 0 02 04 06 08g
A —e— 0.23099 + 0.00053 o> :
o | ) e sm (b)
A(P) e 0.23159 + 0.00041 -0 = coF
- . — LEP
A, (SLD) @ 0.23098 + 0.00026 i 7 H1 (4-D)
L4 H1 (2-D)
-0.27 : D@ (2-D), 5.0 6" -
A%P o~ 0.23221+ 0.00029 - ¢
A%° —e—  0.23220 + 0.00081 0.4F o
Qp ——e——  0.2324+0.0012 i o
A,, (DD), 5.0 fb' —e—— 0.2309 £ 0.0010 06~
| | ] | ] J L 68% C.L.
0.228 023 0232 0.234 0236 0238 gl
8708 -06 -04 02 -0 0.2,
Sin2 Oﬁff gA
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W Charge Asymmetry at LHC (1)

CMS 36 pb’ at Vs=7TeV

a) pTe'“ > 25 GeV/c

errors: stat ® syst

— MCFM + CT10W
=== MCFM + MSTW2008NLO

210_35_ T T T T | T T T T | T T T T ‘ T T T T | T T T ]
> [ —+— Data 2010 /s=7 TeV) ]
1S [ %45 MC@NLO, CTEQ 6.6 1 1
§, 0.3/~ % MC@NLO, HERA 1.0 o 035
2 [ 4HiH MC@NLO, MSTW 2008 dm ~L
0.25- N -
i ] 0.2
u N > :
i | 8
i : E _
0.15 . =, 0.1
i _ 47 -
- ATLAS Preliminary ILdt =31pb 1 < 5
1 | 1 | | | 1 | 1 | 1 1 1 1 ‘ 1 1 1 | | 1 | 1 m
0 0.5 1 1.5 @ !
mul S 0.3 ~
o —4— LHCb data c i
O L=16.5pb-1, Vs =7 TeV I QCD bkgs (data) S i
5 Tau bk — 0.2
3 au bkgs (MC) -
3 B0o Bl ZzZ—pu(MC) i
: -
i -
S 0.1
E K
E [
=]
= |
0

20 30 40 50 20 30
Muon transverse momentum [GeV/c]
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W Charge Asymmetry at LHC (i)

Forward-backward asymmetry for Z
and W charge asymmetry are two

areas with large interest at LHC

First combination of results from

different experiments

LHCb complementary coverage
relative to Atlas/CMS: will definitely

contribute in this area

Lepton Charge Asymmetry

o
I

CMS+LHCb

Ns=7TeV
\

41 pTpl > 20 GeV

o
T

<
N
T

,_§_<

| CMS, prelim. 36 pb'1
e W—puv

o
(o)}
T

LHCDb, prelim. 16.5 pb" |

g W—-puv

MCFM+MSTW2008NLO

|
4

3

Lepton Pseudorapidity |

Actively pursued also at Tevatron, both CDF and DO committed to
continue these measurements with full dataset

Crucial for reducing uncertainty on u/d ratio, improve W mass

determination
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W Mass Measurement (l)

Question from the organizer: “When are you guys going to
come out with the new W mass measurement ?”

Answer from the experiment: “We are trying very hard to get
the result for the Summer....”

e ——
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W Mass Measurement (l)

Question from the organizer: “When are you guys going to
come out with the new W mass measurement ?”

Answer from the experiment: “We are trying very hard to get
the result for the Summer....”

12 months later

Question from the organizer: “When are you guys going to
come out with the new W mass measurement ?”

Answer from the experiment: “We are trying very hard to get
the result for the Summer....”

(to our excuse, we learned not to specify the year.....)

e ——
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W Mass Measurement (l)

Question from the organizer: “When are you guys going to
come out with the new W mass measurement ?”

Answer from the experiment: “We are trying very hard to get
the result for the Summer....”

12 months later

Question from the organizer: “When are you guys going to
come out with the new W mass measurement ?”

Answer from the experiment: “We are trying very hard to get
the result for the Summer....”

(to our excuse, we learned not to specify the year.....)

Need Amw< 10 MeV to match contribution to uncertainties
from m, determination

Need also improvements on determination of (M)
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W Mass Measurement (il)

source of uncertainties | 1fb-1 |6 fb-1 |10 fb-1
CDF Run 0/ —— 80.436 + 0.081 Statistics 23 10 8
DO Run | —ag— B0.478+0.0B3 = T T ===
CDF Run I —e— 80.413 + 0.048 Systematics
Electron energy scale 34 14 11
Tevatron 2007 —— 80.432 + 0.039 Electron resolution 2 2 2
Electron energy offset 4 3 2
Recoil model 6 3 2
Tevatron 2009 —o— 80.420 + 0.031 Electron efficiencies 5 3 3
Backgrounds 2 2 2
Total Exp. systematics 35 16 13
World average i o 80.399 + 0.023 Theory
I | | July 09 PDF 9 6 4
80 80.2 80.4 80.6 QED (I1SR-FSR) 7 a 3
Boson Pt 2 2 2
m,, (GeV)
Total Theory 12 8 5
. H Total syst+theory 37 18 14
D_ﬂ. reach uncertainty of 16 MeV (if theory unchanged) % | 17
with full dataset e e
Grand total 44 21 16 |(20)
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W Mass Measurement (iil)

True distribution

dN/dp(e)

- " Including p_(W) effects

g e '-'ﬁ;um

T30 35 40 45 50 Including detector effects
pr(e) (GeV)

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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W Mass Measurement (1V)

Both Tevatron and LHC experiments taking data with large
number of collisions per bunch crossing

Need detailed understanding of contributions from multiple
interactions to missing E_

3D

S]] L I/

| o CMS Expenmem&gt uzac cerN™~.| I/ ;
C Data recorded: Mgty Mar 14 06:44: 112041 CEST -y ;

I\ Run/Event: 1604 2-\1 12419 s J.f‘ 4

Lumi section: 4 | |
“Qrbit/Crossing: 7 sz‘@s /1886

1
o

There : a 9;

-

o

e ;Wasfstaken ai: a < 10’*&53
_2 _1 ; / / /o /,r ,/; A ,:__/ \Q.\ \\‘ A
c S ’//.':"-") / /9§,; /' 7 .-': \){_/ \ }\l \.l\}'\ .::ll.
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Future trends

At Tevatron: W mass analyses, constraints on PDFs from W
charge asymmetry, sin2€)W 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, sin2€)W
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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