Electroweak Physics
at the LHC

Matthias Schott (CERN)On
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Glashow, Weinberg and Salam

@ Unification of electromagnetic
U(1) and weak force SU(2)

@ Triple gauge couplings

@ Five Observables:
mw, mz, aem, G, sin®0yy

@ Higgs mechanism to allow for
heavy gauge boson (W,Z) masses
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@ Loop corrections have to be
considered
@ Modifications to vertices and
propagators by electroweak
form-factors

@ Predictions of observables
depend on further parameters

(e.g. mt, mH)
@ Loop corrections ~1%
@ Precision observables

measured to much better

@ Electroweak Fits
@ Test consistency of SM
@ Need precision
measurements
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Radiative Corrections
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Summary of Results

@ ATLAS and CMS have measured the
production cross-section of Wy, Zy,
WW, WZ and ZZ at Vs= 7/8 TeV

@ All measured results
compatible with SM-
expectations

@ Note: TGC (i.e. s-channel)
contributes only =10% on

inclusive cross-sections

@ Note: Focus in this talk on Vvs=7
TeV results
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; WYy/Zy Production: Selection
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@ Standard W-Boson Selection - &
@ one lepton, pT>25(20)GeV, B s YWaehngetep
ETMiSS>25 GeV’ : l==7TeV (:r-m =1.02
F Exly =60 GeV
mT>40(0)GeV _ ol ——— ,
18- =1
@ Standard Z-Boson: ofS e + 1
b=t L] —
@ two leptons, pT>25 GeV, A §++_+_"+“
mll>40 GeV W ' ' Number of jéts
A e I T T T T I T e T
o Y: eT>15 Geul EH(',V)>U; - |07 I L‘?LIS. .;ﬁ ]lhr'l I+fl} .T | f .]
G Ns=7TeV a E
= 7 Zy ]
. . . = < s 7 et
@ Major backgrounds: W+jets, Z+jets 2 10 - "I*j:{‘t s 3
. . . s - aloCh, =012
@ one jet faking photon signal E: ™
@ data-driven estimates ‘B |
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@ Results from CMS @ Standard Model Expectation

@ oxBR(W Slv) = @ oxBR(W Slv) =
56.3 + 5.0(stat) £ 5.0(syst) £ 2.3(lumi) 49.4 + 3.8 pb
pb @ oxBR(Z >ll) =
@ oxBR(Z >ll) = 9.6+ 0.4 pb
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WW Production: Selection

P [oummene  co
E 20 e
@ leptons: pT > 20 GeV w4 mow
£
@ ETMiss,Rel > 45, 45, 25 GeV 100 :E"-_.x
mll > 15, 15, 10 GeV I
@ |mll-mz| >15,15,0 GeV e,
@ no jets with pT > 25 2 - :“‘ ——
) ¢ | ..-**-*-'-r-'f«-*;-:;mi--;—é---~f»-;$~~---~---~'----§
@ Important for H > WW studies L L P
E 107} ATLAS Preiiminary D
@ Major Backgrounds g wp e e
@ Top 3 ° =
@ W+lets 10 .
@ Drell-Yan 1of

@ Other DiBosons
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@ Drell-Yan Background
@ drastically reduced by pT(ll) cut

@ WH+jets Background
@ Estimated with fake-factor methods

@ Top-Quark Background
@ Reduced by jet-veto requirement
@ significant theo. Unc.!
@ Use b-tagged control region

@ SM-Higgs?
@ accounts only for = 3% of the cross-
section

Results for o(pp —» WW)

o CMS: 52.4 £+ 2.0(stat) + 4.5(syst) £+ 1.2(/lumi)pb
@ ATLAS: 51.9 + 2.0(stat) =+ 3.9(syst) & 0.9(/umi)pb
® Theory: 44.7 £2.0pb
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WZ Production

Signal Selection: ATLAS (CMS)

=
& ATLAS i o
o TOE . Z4i
@ Standard Z-Boson: 2 leptons, ... T uaeasmt \sa7Tev E%}i’e‘s
w - B+ .
@ W-Boson “Tag” B s + &) Top E
. : skal+5ysl
@ 3rd lepton (pT>20), ETMiss Y o { +
>20(30) GeV, mT>20(0)GeV 3“‘:H e E
) zu;d l‘_+,+|
: 41"
o o Pt 4y,
@ Small background contribution 0 20 40 60 80 100 120 140 160 180 200
from Top, ZZ and Z+Jets pr [GeV]
Sbf ATLAS < Monte Carlo (MC@NLO)

0.5 J.Lm=4_ﬁtb'

@ CMS: 17.0+2.4(stat)+1.1(syst)+1.0(lumi)pb
@ ATLAS: 19.0+1.4(stat)+0.9(syst)+0.4(lumi)pb T =
@ Theory: 17.6 £ 1.1pb

i,

L | Ll IlIl|lILJ 1 llILJl.Il

f

@ ATLAS: provide unfolded pT(Z) and
mWZ diStribUtionS 60-90 90120 120-150 150-180 ‘IBD-EDDD.
@ ...other channels will follow Py (GeV]
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/Z Production

. E z:__ ATI‘LI.AS.Prellmmarv,r - E

@ Important for H - 7ZZ* studies R 2 [Lamare'  ERmsmen

. . - Eo- D Total Uncertainty 1

@ Very clean process with little B I 7T Estemated Backoround
backgrounds QD g4 07233 om0 3 oy

12

Signal Selection: ATLAS / CMS o

6
@ 4 leptons: pT > 7GeV 4 :
@ leading-lepton: pT > 25/20GeV for e,u L—,aa L T ! T ;m
@ best-Z cand.: pT >20/10GeV Four-lepton mass [GeV]
@ two-opposite same flavor pairs with
66(60)GeV<mll<116(120)GeV oM ProliminaryNe=7 TeV, 1.1
@ CMS: Z->1t as 2nd candidate allowed }3 il e DATA |
O Wao=
Results .| 5, |
@ CMS: 3.8+1.5(stat)+0.2(syst)+0.2(lumi)pb .
@ ATLAS: 8.5+2.7(stat)+0.4(syst)+0.3(lumi)pb T i
@ Theory: 6.5 +0.3pb

i g el gy
Poo 200 300 400 00 600
M,,, (GeV/c?)
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New Results: ZZ > llvv

Signal Selection: ATLAS § %5 ATLASPreliminary powa Dz
S 30~ |Ldt=47" Qz-x EZZ
@ 2 same flavor leptons: pT >20GeV : ob  \E=TTev E_pﬂ
@ |mll-mZ|<15GeV & |
@ Axial-ETMiss >80GeV - ee-HUL
@ No jets with pT > 25GeV
@ |ETMiss -pZT|/pZT >0.6
300 350 400
@ ATLAS
m,(I+E™*) [GeV]
67Z=5.4+1.3(stat) T
+1.4(sys)pb p— -
o Theory: Expected ZZ 423+08+ 1.8

ﬂ OZZ = 65 * 03pb ﬂ Background estimations:
W=Z (MC) 270835

H H o FE 4 oy = W 3
Preliminary Conclusion W+y (MC) 0.2910.12+0.01

i, We, WW-and Z — o (data-driven)  14.7 £4.1 £ 0.6

No surprises in the DiBoson Production L+jets (data-driven) 7 £03 20.0
| W=+jets (data-driven) 1.3£04+£03
at the LHC! Total Background 40743237

Just a new background: Higgs...
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Precision Measurements at Hadron (
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@ non-SM processes can affect TGCs

in s-channel

@ aTGCs modify total production rate

as well as event kinematics
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CMS Preliminary Vs =7 TeV, L =5.0 fb”

| |
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|
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20 A =inf
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aTGC values outside contour excluded

—

l
-002 -0.01
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@ Possible vertices using an effective
Lagrangian

€ e F o mil r
Lvzz == 35 [ L OV Z,0°Z)+ [ 0°V,)Z7Z, ]
&

@ Suppression factor depending on
scale A ensures unitarity

@ For (ZZZ) and (ZZy) couplings
@ in SM (f4z, fay, f5Z, f5y) =
(0, 0, 0, 0)SM

@ ATLAS: Limits based on total ZZ
cross-section

@ CMS: Limit from ZZ invariant mass
- most power limit to date
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@ Possible vertices using an effective
Lagrangian

-El.llrl-ﬁ

GWwWy

. ; A"L .«
1-,.-: {HII_II_H"-‘" VY= W, WV + K H'IIH', VW 4+ i'.:". e T ‘
gy

=j

@ For (WW2Z) and (WWYy) couplings
@ in SM for WW2Z (glZkzZ\) =
(1,1,0)SM

@ Limits on glzZ,kzZA via pT(2)
distribution

@ Limits on Ay, AxkA via pT(y)
distribution

ATLAS Preliminary — ATUAS, 5= 7 TeV
46/ Amw
i ATLAS, /5 = 7 TeV
——— AER" A=2TeV
"ﬁ'gf g — OF, iz = 1.96 TeV
3 i
— DO, Vs =196 TeV
W@ i
—
A p—— WEZ - T
95% C.L
Ax? ———————————————————— '

-06 04 -02 0 02 04 06 08

95% CL infervals

ATLAS(1.02f  A=2TeV) _|

T

—
]

-

L AR,

L
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 and sin26W e
1803/151803 (2012) | o
~(zo1z) 032002

Referen : .P.R.L
sm26W Referenc*

52598 |
eferenc es : arXiv:1209:2319, arXiv: 1203 57"2

ql“'w



@ AFB=(oF-0B)/(cF+oB) determines
Sin20W

@ In the SM, sin26W is the only free
parameter that fixes the relative
couplings of all fermions to y/Z

@ test universality of
fermion/gauge-boson
interactions

@ Previous Measurements: LEP,
NuTeV, Tevatron

@ @LHC: symmetric pp collision
@ unkown quark direction
@ - deduced only on a statistical
basis using the boost direction

M. Schott (CERN)

@ interference of the axial-vector
and vector couplings

@ — asymmetry in the distribution
of the polar angle of the lepton
with respect to the direction of
the constituent quark

.'"1' f
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@ CMS: multivariate analysis with

unbinned maximum likelihood fit e
based on YII, mll, 6*
o CMS: smeﬂf = 0.2287 +
0.0020(5tar) + 0.0025(sys)

o WA: smeﬂc = 0.23153 £+ 0. 00016 M, (GeV)

source correction uncertainty

@ Outlook PDF - +0.0013

. FSR +=0.0011

@ Expect improvements on PDF LO model (EWK) ] +0.0002

: LO model (QCD) +0.0012 +0.0012

¢ Detector mOdeIIng resolution and alignment +0.0007 =0.0013

efficiency and acceptance - +0.0003

background - +0.0001

total +0.0019 +=0.0025

M. Schott (CERN)
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@ Measurement technique at hadron

colliders
@ Only leptonic decay channel
can be used
@ neutrino leaves detector
unseen

@ Template Fit method with three
observables to assess mW
@ lepton pT, transverse mass mT,

ETmiss
Q- Need excellent

understanding of detector and
MC simulation

i I 3 [ g 4
X e s ..... -I|I s e P .'. .‘

d ' ”/r" b ; i -.D .
Y R /

----------------- R v
| 1" @s measure for th @ i for given M,
| difterence ol assumed and hypothesis |
= pbserved values of m,, {
. .
. L
[ . .
I..—<....||........,||i‘|||...............-—:
7 78 79 80 81 82 83 84
m,, [GeV]
Energy under the electron cone
L—l In-cone FSR
Lpy Underlying event
] -
K .
. i .
1 ] e
1

Soft Recoil

Min Bias
Zero Bias

ll:t-r;i Recoil
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Results from Tevatron (1/2)

= 70000
@ General Approach & o000
@ based on three observables S 50000}
. . . . m

@ combination after fitting 40000}
. . . : -
@ most sensitive variable: mT t30000F
20000
10000

. <
@ DO-Experiment i
@ only using electron channel 2

. -1 Data
:_(b} D0,43 b _EA T MC
: mBackground

¥*/dof = 26.7/31

fH
:'*HFH'_{’.L Py H*ﬂ

25 30 35 40 45 50 55 60
ps (GeV)

ST
:1*’"EHHJ‘H:L ﬁe*ﬁ +

it

|

@ CDF-Experiment  cons [ra-2aw
@ using electron and muon - ®Data
- | = Simulation
channel ;
10000 muon
7 My =(80379 .+ 16,) MeV .
500“1 y¥/dof = 58/ 48 )
gy
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Results from Tevatron (2/2)

@ Best measurement from CDF: AmW D0 | 50465 = B4
=19 CDF | 80433 = 79
DELPHI 80336 + 67
e S
@ World average: AmW = 15 L3 80270 = 55
OPAL 80416 = 53
—_——
@ Dominating Uncertainties ALEPH Jooro =3
° PDF)S DO 1l 80375 = 23
._._'
. CDF Il 80387 = 19
@ Recoil energy scale and -
] World Average (preliminary) 80385 = 15
resolution ooos 80106 80200 0300 " anatd  suson oo
oson mass (MeV/c
@ lepton energy scale and
. Transverse Momentum
reSOIUtlon Systematic (MeV) Electrons Muons Common
Lepton Energy Scale 10 7 5 .
Lepton Energy Resolution 4 1 0
° OUthOk at Tevatron Recoil Energy Scale 6 6 6
. .. . Recoil Energy Resolution 3 5 5
@ Twice statistics available wy eficiency 2 ! 0
. Lepton Removal 0 0 0
° |nCIUde |eptons (r]>1) Backgrounds 3 5 0
pr(W) model (g2, g3. 0.) 9 9 9
Parton Distributions 9 9 9
QED radiation 1 1 4
Total 19 18 16
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mW at the LHC - Challenges

@ Target Precision @LHC: 7 MeV

@ 2011 dataset: Stat. precision of 4 MeV

Detector Effects
@ High Pile-Up
@ - worse ETmiss resolution
@ Energy Scale and Momentum Resolution

Understanding the Proton and QCD

@ Determine PDFs @ LHC

@ n, mll-differential W/Drell-Yan production cross-sections
@ W/Z+c/b quarks
Q..
@ Measurement of W/Z Boson transverse momenta
@ pQCD

@ Resummation, ...

—
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o 160 T T L L=
[=* - ATLAS .
;.Nmo;ﬂ-éru- Z E
Braot T MRAT, ., -
© 100F - .
80‘:— ILdI:EB-aﬁ ok’ Z—=I" _:
E B Data 2010 (2= 7 TeV) E
BOC & marwoe "h':‘&a =
40; 1 ::';M“:F" S =—4— Uncor. uncartainty _E
L~ Total uncertainty ]
20~ © ¢ . . -
5 1.1 T
e i ]
S 0.9 5
E 0 05 1 15 2 25 3 35
(o Iyzl
@ Crucial: Differential
Distributions
@ Significant improvements
expected
@ Might need some

dedicated collider runs!
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Gfitter-Package

) . ] . G_E:..chm:g : n1llm,=15;2 G?V
@ State of the art implementation of SM predictions . por'
. . 0o =
of EW precision observables 5 — 0.02750£0.00033
0 B . . 7 .~ 0.02749+0.00010
ased on huge amount of pioneering work by many people 4 Ly i low O data
@ Radiative corrections are important ] :
@ Logarithmic dependence on MH through virtual N%e 3-
corrections 1
2_
@ In particular: .
i |LEP LHC
@ VW : full two-loop + leading beyond-two-loop  |excluded . A excluded
corrections 40 100 200

[M. Awramik et al., Phys. Rev D69, 053006 (2004) and refs.]
(Theoretical uncertainties: AMW = 4—6 GeV)

@ sin26leff: full two-loop + leading beyond-two-loop

corrections
[M. Awramik et al., JHEP 11, 048 (2006) and refs.]
(Theoretical uncertainties: Asin20 leff=4.7(10-5)

@ Partial and total widths of Z and W: based on

@ Use

(uncorrelated)

weighted average of

parameterized formulae
[Hagiwara et al. (http://arxiv.org/abs/arXiv:1104.1769)] ATLAS and CMS
@ Radiator Functions using 3NLO calc. of massless QCD measurements:

Adler function

[P.A. Baikov et al., Phys. Rev. Lett. 101 (2008) 012022]

@ mH =125.7+ 0.4GeV

Page 25/29
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Fit-Results (1/2)

Paramatar Input value _1~'reF !:'it result T:'iF result Fit result ?nc]. .-"L.-I i
in fit incl, My not incl. My but not exp. input in row
My [GeV]™ 125.7 £ 04 yes 125.7 £ 0.4 94 +22 94+2
My [GeV] 80.385£0.015 -  80.367=0.007  80.380 £0.012 80.359 = 0.011
T'w [GeV) 2,085 = 0,042 - 2,001 £ 0.001 2,002 £ 0.001 2.091 + 0.001
Mz [GeV) 91.1875 £0.0021 yes 911878 £0.0021 91.1874 £ 0.0021 91.1983 +0.0116
T'z [GeV] 24952 +£0.0023 - 24954 +£0.0014  2.4958 £ 0.0015 2.4951 £ 0.0017
ol 4 [nb 41.540 £0.037 -  41.479£0.014  41.478 £0.014 41.470 = 0.015
RY 20.767 £ 0.025 20.740 £ 0.017  20.743 £+ 0.018 20.716 < 0.026
AV, 0.0171 £0.0010 - 0.01627 £0.0002 0.01637 £ 0.0002 0.01624 £ 0.0002
Ay ™ 0.1499 +0.0018 - 0.1473 7 one  0.1477 = 0.0009 0.1468 + 0.0005'"
sin?8%; (Qrn) 0.2324 4 0.0012 025148 100000 023143 10 Tean 0.23150 £ 0.00009
A. 0.670 £ 0.027 —  0.668D D000 () 662 D o004 0.6680 £ 0.00031
Ay 0.923 £ 0.020 0.93464 *)ro0s  0.93468 £+ 0.00008  0.93463 + 0.00006
ApS 0.0707 £ 0.0035 - 0.0739 F00ed 0.0740 £ 0.0005 0.0738 £ 0.0004
Avp 0.0992 + 0.0016 0.1032 "5 tons  0.1036 % 0.0007 0.1034 = 0.0004
Rf’. 0.1721 £ 0.0030 0.17223 = 0.00006 0.17223 £ 0.00006 0.17223 £ 0.00006
R} 0.21629 £ 0.00066 0.21474 £ 0.00003 0.21475 £ 0.00003 0.21473 £ 0.00003
i, [GeV] 1,27 +091 yes 1,27 +0-97 1,27+
iy (GeV] 4.20 1307 yes 4.20 1557 4.20 507
m, GeV] 17318 £094  yes  173.52+0.88 173.14 £0.93 175.8 +2.7
Aoy (M3) (18) 2757 + 10 yes 2756 + 11 2757 £ 11 2716 4%
o [M’i] yes  (.1191 = 0.0028 0.1192 %+ 0.0028 0.1191 = 0.0028
dinMw [MeV] [—4, 4]theo Vs 4 4
Sin sin?fly (1 [~4.7,4.T)thec  yes 1.4 4.7
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Fit-Results (2/2)

@ Assume new particle is

SM-Higgs
@ Fit results are
insensitive to the
combination
procedure for
ATLAS and CMS
results
@ Global minimum value

for the test statistics
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Indirect Determinations
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Summary and Conclusion
Matthias Schott (CERN)

i = ¥
- P i
- i v
= — . R : o
— - —— L ——
"-—-—'—""-—____ — L #
= —I:—_,'_‘-—u—: — —
e E _ﬁ_— =
—— : I ® B | e ——
e —=m i i _—
f.-__": :_..--' :-'-__ i .__‘E'-'_':
= .y — —— =
i e — N e . e I“_‘
i e ey
1 - ] e
= : & &= i =
| = =
mSm—— ——— j —
= 1— _J-'. BT L ee—— —

LHC on? ath towards precision physics WIth W and Z '
High precision measurements of Diboson- prgductlon j:it abcjut for .=
corrﬁl/vlt the 2012 data-set 1

*

Agreem theory across orders of magnitude is |mpreSS|ve )

Tevatron |II be better on mW and mt for a long(?) time

« EW Fitin a fair agreement with a SM-Higgs with mH = 126GeV

Future precision measurements help disentangle new physics ?
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