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Iggs Discovery

e Several parameters describe the SM formulation

— At tree level gauge sector described by three free parameters: e.g.

most precisely measured: a, M,, G, ..

e Correspond to Gauge sector parameters (g, g’, vev)

— Additional parameters essential for radiative corrections: M,, M,,,

a, (equivalent to: Yukawa top, Ay,)
— Radiative corrections modify the propagators and vertices

* Modifications to the couplings and M,

e Radiative corrections as a test of the SM and constraints of
new unknown parameters

— Constrains on Higgs mass prior to its discovery
— Super-seeded with the measurement M =125.7+0.4 GeV
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Iggs Discovery

* Theoretical achievements:
— SM observables known to at least two loop calculation

— Higher order calculation available for selected observables

* Experimental achievements:
— Precision measurements available from
LEP/SLC, Tevatron and LHC
— Discovery of the Higgs boson and its mass determination
* SM has no free parameters anymore
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Iggs Discovery

* Many SM observables can be defined and/or measured:
— Total and partial cross sections
— Strong and electromagnetic couplings
— Asymmetries: forward-backward, left-right
— Partial and total width of vector bosons
— Hadronic and leptonic width ratios
— Effective mixing angle
— Masses of the fermions
— Masses of W,Z and Higgs bosons

* In principle, all can be precisely computed using a fixed,
complete, independent and finite set of input parameters
— e.g.:[My, My, m; as(M,), Aa(M,), G¢]
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Higgs discovery &3

* How to precisely test consistency of the SM after
the Higgs discovery?

* No more missing parameters |

— quantify the consistency within the SM observables

— detect the differences among them leading to a hint of new physics ?
* SM s an effective theory !

Professional: run a global fit to all observables and explore the
power of statistical tools to characterize the agreement or presence
of new physics effects

— e.g. M,, uncertainties: 15 MeV experimental and 11 MeV in the global fit!

Amateur but transparent: choose an observable, and calculate it as a
function of the selected best measured six observables;

— analyze limitations of existing calculations, check its sensitivity to other
parameters and new physics effects

— e.g.: M, has 8 MeV uncertainty from 10 exp. uncertainties on M,, oL, 0z,
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Plot inspired by Eberhardt et al. [arXiv:1209.1101]

Iggs Discovery

e Relative Deviations of the EWK (|
Precision Observables

— Experimental values compared with fit
results

— Higgs signal strength as input
— Better than 30 agreement with SM

* Conclusion: Higgs data have
relatively small impact on the
deviations for most of the
precision observables

— Increased deviation of the M,
http://gfitter.desy.de
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for M,,

NN : I | I 1 "l LI | LI I LI LI I I | .L'I ' § LU I LI |. | LI K):
< — [ |smMQitwio M, measurement ______________ : ________ G _f 3 e Approach.
8 E_ SM f wprWand M, measurements ‘ _E ’
= — sMidywith minimal input S — Measurements of M, are
7 g_ - M, w d':!'!‘verage [arXiv:1204.0042] _g excluded from the fits
6 — —
s E ; E - M,, fit w/ and w/o M,
4 i_ ‘ """"""""""""""" —i 2c ¢ SM predict‘ion with
3E E minimal input:
2 —
B e N\ o o =P — My G, My, as(M),04,,4(My)
0 EI 11 1 | L1 1 1 I | I I 1 "h I ".' | l L1 1 1 | L1 11 | L1 1 lE and fermion masses
80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 804 80.41

M,, [GeV]

* Indirect: (with Higgs mass in the fit)
M,,=80,359+11 MeV

 World average (direct):

M,,=80,385+15 MeV Will be discussed later on!
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M,, measurement improved the constraint of m,

Indirect mass (with Higgs)

m=175.8"5" GeV

Tevatron value:
m,=173.2+0.9 GeV

LHC value:
m,=173.29+0.95 GeV

e Consistency of the fit results and direct measurements
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Precision observables sensitive to the &
mixing angle are excluded from the fit s

$in2(0'_) = 0.231520.000 (indirect)
sin2(0' ) = 0.2324+0.0012 (direct)

Consistency of the fit results and direct measurements
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Strong coupling at M,

Green: o (M,) left free in the fit
with o,(had) and R,'"®P used as
inputs

9

- I I ¥ I & ! T

— . 0 %

. DSM fit w/o meas. sensitiveMoisin’@l ) ________________ G Mz 3 365

- | | SMiit w/o meas. sensitivg Yo $in’(6. ) and M_ meas. : =

= — SMfitwith minimal input \\ 3

- LEP/SLD average [arXiv:05 oi_:sl E

e & ey b R EEEEe — 26

e e - —1c

= 1 | 1 1 1 | 1 1 | | > 1 1 l:

0.231 0.2312 0.2314 0.2316 0.2318
=270l

sin“(6,;,)



* Precise theoretical calculations of W mass in the SM:

SM
MW —

I S O X T N

2.1 MeV
2.6

(80.368 GeV) (1 + 1.426My + 0.21 6Gp — 0.43 6
+0.013 5M, — 0.0011 darg — 0.00075 M g

Almeida,Lee,Pokorski,Wells et al. arXiv:1311.6721
A.Ferroglia, G.Ossola, M.Passera and A.Sirlin,
Phys. Rev. D 65, 113002 (2002) [hep-ph/0203224]

Parametric and theory uncertainties of SM predictions of M,

0.9 GeV 1.38*10*
AM,[MeV] 5.4 2.8
my 125.7(4) | pole mass m; 173.5(10)
pole massm,  1.67(7) | pole mass m, 4.78(6)
pole mass My 91.1535(21) G 1.1663787(6) x107
pole mass m, 1.77682(16) |  ag(My) 0.1184(7)
aolMy)  1/1896(2) | Al 0.0275(1)

The definition of 67 is 07 = (7 — Tref)/Tres

Missing HO [MeV]@)

4.0

Total [MeV]

7.6

- Uncertainty on M,, — 7.6 MeV!
- Fit result is 11 MeV — higher than 7.6MeV
since the best measured observables used !

Blois 2014 (@ Awramik et al., Phys.Rev.D69:053006,2004



ent

 Perform careful analysis of relations between
improvements in experimental measurements, their effect
on the parametric uncertainties and the impact of
theoretical uncertainties

 Open question to address: what is easier to improve...
reduce 4 MeV HO correction... or reduce experimental
uncertainties ?
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e Observables transversal to the beam direction
— Lepton P, — dependent on W boson P; —non-pert. QCD effects important

— W boson transverse mass I\/IT — dependent on resolution effects

— Missing E. — strong dependence on resolution effects — recoil

* M,, obtained from the template fit technique
— Different observables

— Templates for each value of M,, based on the theoretical model
* Dependence on NLO EW and QCD corrections, PDF’s

— Minimization of log likelihood ratio as a function of M,
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Mass of the W Boson

Measurement : M,, [MeV] |
CDF 1988-1995 (107 pb™Y) @ 80432 + 79
! °
DO 1992-1995 (95 pb™) 5 @ 80478 + 83
CDF 2002-2007 (2.2 fb™) + 80387 = 19
DO 2002-2009 (5.3 oY) @~ 80376 = 23
Tevatron 2012 -@- 80387 = 16
LEP —— 80376 +33 ©
World average e 80385 = 15
LHC ?
I 1 1 E l 1 1 I .
80200 80400 80600
MW [MeV]

Phys. Rev. D 88, 052018 (2013) (arXiv:1307.7627)
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M; most sensitive variaple
— Also MET and lepton P;

CDF — most precise M,
measurement 19 MeV!

World average W mass is:
M,, = 80385 + 15 MeV

Tevatron Legacy results:

PRD 89, 072003 (2014) CDF
PRD 89, 012005 (2014) DO
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Results F

CDF 2012: Phys. Rev. Lett. 108, 151803 (2012) DO 2012: Phys. Rev. Lett. 108, 151804, (2012) Zﬁ
Phys. Rev. D 89, 072003 (2014) arXiv:1311.0894 Phys. Rev. D 89, 012005 (2014), arXiv:1310.86
Source Uncertainty (MeV)
Electron energy calibration 16
Source Uncertainty (MeV) Electron resolution mo‘del 2
: Electron shower modeling 4
Lepton energy scale and resolution 7
. . Electron energy loss model 4
Recoil energy scale and resolution 6 Recoil energy scale and resolution 5
Lepton removal from recoil 2 Rlectron efficiencies 9
Backgrounds 3 Backeraunds 2
Experimental subtotal 10 Experimental subtotal 18
arton distribution runctions Parton distribution functions 11
QED radiation 4  QED radiation 7
'I)rrv(W\ mqﬂp] 5 pm(W) maodel 9
|Production subtotal 1 Production subtotal 13
Total systematic uncertainty 15 Total systematic uncertainty 22
W-boson_event vield 12 W-boson event yield 13
Total uncertainty 19 Total uncertainty 26
CDF: DO :
M_W=80,387+/-12(stat)+/-15(syst) M_W= 80.375+/-0.011(stat)+/-0.020(syst) GeV
=80,387+/-19 MeV = 80.375+/-0.023 GeV
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Important physics measurement in the LHC program
— Large samples of W, Zin 2011-2012 data sets
Differences between pp (LHC) and pp-bar (Tevatron)
collisions

— Differences in W+ and W- production, PDFs

Challenges for LHC for precision M,,, determination:
— Theoretical understanding of the p(W)

— Improved PDFs (strangeness)

— Pile-up effects on soft recaoil

Discussions at Snowmass’13
A lot of work ahead !

20/5/14 Slawek Tkaczyk Blois 2014
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* TOP QUARK MASS Determination
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dSS

. Important precise parameter of the SM

— Critical input to the EWK global fits to constrain the Higgs
properties, and to assess the internal consistency of the SM

* Experimental methods of measurement of the top mass
— Templates — generated distributions with different M,
— Matric Element — probability based on ME using full kinematics
— ldeogram — event likelihood evaluated from analytical expressions

— Use same systematic categories between experiments

20/5/14 Slawek Tkaczyk Blois 2014 17



asurements

Tevatron+LHC m,,  combination - March 2014, L _=3.5 fb'-8.7 b’
ATLAS + CDF + CMS + DO Preliminary

CDF Runll, ljets o @t et 172.85 + 1.12(0.52 = 0.49 = 0.86)
Cﬁ';fi?”’ driepton ® ! ' 170.28 = 3.69 (1.95 +3.13)
CDF Aunll, all jets e @t -8 172.47 + 2.01(1.43 £ 0.95 = 1.04)
CBF Runll, E™4
. 87:‘ T Hets b ® 4 173.93 + 1.85(1.26 + 1.05 = 0.86)
DO Runll, l+jets b—it@—ti—t  174.94 + 1.50 (0.83 = 0.47 = 1.16)
DO Runll, d-lepton - ° o=t 174.00 + 2.79 (2.36 = 0.55 = 1.38)
ALT"ﬁf’ff‘O”’ +ets NP — 172.31+ 1.55(0.23 £ 0.72 = 1.35)
ATLAS 2011, di-lept 1 B
izt - — 173.09 = 1.63(0.64  =1.50)
CMS 2011, kjets s 84 et 173.49 = 1.06 (0.27 = 0.33  0.97)
CMS 2011, di-lept ¥
Rl ép on ——— 172.50 = 1.52 (0.43 =1.46)  |[0.44%)]
CMS 2011, all jets - 173.49 = 1.41(069  =1.23)
Il World comb. 2014 %, /"4 =421 - = 173.34 + 0.76 (0.27 = 0.24 = 0.67)
"8’ £ Tevatron March 2013 (Run I+1) - ——i 173.20 = 0.87 (0.51+ 0.36 = 0.61)
3 S LHC September 2013 e 173.29 + 0.95 (0.23 = 0.26 = 0.88)
. | | | tota}l (stat. syst.)
arXix: 1403.44276° 170 175 180 Gl
m,, [GeV]
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20/5/14 Slawek Tkaczyk Blois 2014

19



* World’s best M., M,, combinations with the M,

().4':3_I|I|I|I|I|I|||"'|"||IIIIIII|II

bination

measurement included

80.42; — m,(World Average), mt(WorId Average) _E MdirW=80385i15 MeV
- 1 \NAdir —
80.41 3M=173.3420.76 GeV
80.4 3MdIr =125.7+0.4 GeV
80.39 E
80.38  Parametrisation:
- 1 Almeida,Lee,Pokorski,Wells et al.
80'37;_ JarXiv:1311.6721
80.36 E
80.35- = _
= ] Consistent agreement
80.34 — between the world average
80. 33: | | | | | | | .. .4 masses of M, M,,, in the

168 170 172 174 176 178 180 182 184presence of the measured M,
20/5/14 Slawek Tkaczyk Blois 201 [GeV] 20



— Top quark mass determined simultaneously with the
Jet energy Scale Factor constrained by the W mass

5 ool =“> ,.=f seuees . CIMS:  CMS-PAS-TOP-14-001; 26 Mar 2014
v [ twrong :’;::fop 1 (“57 C [ ttwrong :\::;l:stop :
g W00 Crumass o 8 Clrwms o 1 IM,=172.0£0.2 (stat.+JSF) +0.75 (syst.) GeV
g 150007 fa % 8000; ﬁ .
£ ol HL 1& ™% : CMS combination with previous measurements:
oy 1 M_t=172.2#0.1 (stat.) 0.7 (syst.) GeV

s T 2 it 10T
S O 1 Y O OO UL - LR Lt I A1

mige [GeV] mit [GeV]

DO: arXiv:/1405.1756 [hep-ex]
3 (@ooerm . F w0, M, = 174.98+0.58 (stat.+JSF) £0.49 (syst.) GeV
S 400 AT o % M g =174.9810.76 GeV
Ay r Other bgs| £ 300- Other bgs . V.
2 B W+hf ﬁ 5 I W+hf
£ ¢ W S 200" Wlf
E 2007 B Multijet u‘_] 100; [l Multijet
: : More about TOP: - today’s plenary
9 i) : . ‘16

RL | E———— S et Top+Higgs: Tue 20 May; 16:30
R ——— TR 0 Gavy® -Top quark physics at the Tevatron, R. Kehoe

GeV .
"y [GeV] -Top Quark mass measurements at the LHC; B. Stieger
20/5/14 Slawek Tkaczyk Blois 2014 21



e Other EWK observables
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w)

Important input to global tests of the EWK theory
— In hadron collisions A sensitive to the sin?(0,,)

* Recent measurements from Tevatron and LHC

— Systematics dominated by the PDFs

DO with preliminary measurement in electron data set
— More precise energy calibrations and increased data size

DO Conf NOte 6426'C0nf (2014) <— LEP and SLD Average

0.23153 = 0.0001

pa rI 0,1
< | _m coccevents A —o— 0.23099 = 0.00053
06| . A(P) —e— 0.23159 + 0.00041
L —O— CC-EC events
! O | A, (SLD) o 0.23098 = 0.00026
[ 4 EC- A
0.4} * EC-ECevents AP e 0.23221 = 0.00029
- 0,c
- - = A —— 0.23220 = 0.00081
02~ —A— Qf™ — e 0.2324 +0.0012
L S 0 A (CDF), 2.0 fb" e 0.2328 = 0.0011
0 L
- _._:F— — A (CDF),9fb" +—e—— 0.2315 = 0.0010
-—a— = A} (D@), 9.7 b —e— 0.23106 = 0.00053
0.2 —A— 1 preliminary
. ‘ D0 9.7 fb™ preliminar I I I I I I
- —O— p y 0.228 0.23 0.232 0.234 0.236 0.238
| =2 Nl
-0'4 IR T N N WO T M TN WO W T (TN TN M NN NN T TN NN M TN NN UNN AN TN A sin 6eff
60 70 80 90 100 110 120 130

Invariant Mass (GeV/c?) Tevatron precision close to LEP/SLC
20/5/14 Slawek Tkaczyk Blois 2014 23



n CDF

 Method: Forward-Backward asymmetry in DY muon pairﬂ

* sin?(0,,%) from angular coefficient (A,) and ResBos predictions using a template fit
— Polar angle Born level distribution: 1+cos?0 + A,cos0; A;=3/8A,

New SM measurements at the Tevatron, Arie Bodek LEP-1 and SLD: All Z pole &
QCD+HF+EW Session, Wed, 21 May 14:00 0.23152+0.00016
0.5 LEP-1 and SLD: light quarks
Bl - @
: fiDgafaﬂng Phys. Rev D. 89, 072005 (2014) 0.2320+0.0021
0.4— _ oyvrhia p
~ - RESBOS NLO EBA DOee5fb
0.3 First/Last Bin: Underflows/Overflows 0.2309+0.0010
T CMS pu 1.1 fb
- @
0.2 0.2287+0.0032
u ATLAS ee+uu 4.8 fb™
2 0.1- 0.2297+0.0010
< b «— sin2(0,4) 229720,
Or CDF ee 2 fb"! P
- 0.2328=0.0010
-0.1— .
- t CDF uu 9 fb™
0.2 0.2315+0.0010
; | | | | | | | | | | |
i S N 0.226 0.228 0.23 0.232 0.234

95 100

2(§/g/14 Slaweﬁﬁ'kaczyliw ?&e\”cz) Blois 2014 sin2 elept

eff

24



* Multi-boson production at colliders
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L

gauge couplings (TGC, QGC)

— Probe of new physics

Direct — resonances with dibosons final
states

Indirect — deviations from SM expectations

Diboson Cross Section Measurements

Status: March 2014

T T T T T T T T
U'ﬁd()"}’)[ARW > 0_4] 44.0732 pb (data), 2yNNLO (theory)
g-fid (W’}’ - [V’)’) 2.77 £ 0.03 £ 0.36 pb (data), MCFM (theory) —
— [njet o O] 1.76 + 0.03 + 0.22 pb (data), MCFM (theory) —
fid (data), MCFM (
o Zv - bt 1.31 £0.02 + 0.12 pb (data), MCFM (theory) ..
(zy 7) ATLAS Preliminary
— [njet = 0] 1.05 £ 0.02 £ 0.1 pb (data), MCFM (theory) Run 1 \/_ =7,8 TeV
g.tOtal(WW) =51.9 4 2.0 + 4.4 pb (data), MCFM (theory) LHC pp Vs=7TeV
_ (Tﬁd(WW — ee) = 56.4 +6.8  10.0 fb (data), MCFM (theory) - theory
s 30
. stat only
— U'ﬁd(WW — ﬂﬂ) ¢ =73.9+59 7.5 fb (data), MCFM (theory) stat+syst
total 19.0 114 1 1.0 pb (data), MCFM (theory) LHC pp Vs =8TeV
o (Wz) 20.3 10 *1% pb (data), MCFM (theory) theory
fid 38 +6. a
— 0"YWZ — EvElE) | --o02 38 80 (caa). MCFM (iheory) data
( ) oy
. 05 ) theory) stat+sys
=67 £0.7 *07 pb (data), MCFM (theory)
o.total(zz) o
r = 7.1 203 = 0.4 pb (data), MCFM (theory)
. 15 b (data)
_ a.hd(zz N 4[) puwnéanzx‘;‘gagzﬁ (theory)
=207 17 + 1.0 fb (data), MCFM (theory)
- o-ﬁd(zz* - 4[) o =20.8438 21 1o (data),
PowhegBox & gg277Z (theory)
_ o.fid(zz* - [[VV) =127 131 £ 1.81b (data)
Pu\lwvquox&g(12ZZ\WeoryA | 1 1
00 02 04 06 08 10 12 14 16 18 20
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4.6

Provide fundamental tests of the SM
Measurements of self-interactions and

Referenc

JHEP 01, 086 |

PRD 87, 1120(

PRD 87, 1120(

PRD 87, 1120C

PRD 87, 1120C

PRD 87, 1120C

PRD 87, 1120(

PRD 87, 1120(

EPJC 72,2173
ATLAS-CONF-

ATLAS-CONF-

JHEP 03, 128
ATLAS-CONF-
JHEP 03, 128
ATLAS-CONF-

JHEP 03, 128

JHEP 03, 128

Production Cross Section, o [pb]

— — — —
5 o o o o
— N w » [4,]

—
Q

Interesting final states:
Single boson from VV scattering — TGC
Di-bosons from VV scattering —

multiple graphs

— Di-bosons inclusive — also TGC

— Tri-bosons — QGC

Feb 2014 CMS Preliminary
E 7 TeV CMS measurement (L =< 5.0 fb™) E

o § 8 TeV CMS measurement (L < 19.6 fb™)
:Eo_ : _._ — 7 TeV Theory prediction E:
- o — 8 TeV Theory prediction .
E: £ CMS 95%CL limit 5
_E:‘ o o o o o o o : : : : : : : : 'E_
F o L - 3
E B T T T
- o B A -{-'E'_A S .
E = -
- . ms ;]
. : : A : : : =
E : : | : : : a

.w.z wvlzw.ww.wz.zz.w\;.EW.ww nIlmltw.ts,m.uy.nz.ggHigg,f.VH.nH.

aql

Th. Aoy in exp. Ao

alois 2014 Production Consistent with the SM .



le GC

* Analysis of the WWZ and WWy Analysis of the ZZZ and ZZy final
final states Form factors used with various cut-

* Limits obtained from p; scales btained f H
distributions Limits obtained from the ZZ cross sect.

Feb 2013
T

IFebl201l3 —_— ——— Left . | L L L L L A'lI'LAé Lirlnnsl T };{ T
ATLAS Limits — . CMS Limits =
CMSIrHIrtmtS E ZZY CDF Limit =
WWY LEP Limit = 2 . .
— : - - -1 z -0.015-0.016 4.6 fb!
Ax Wy 0.410 - 0.460 4.6 fb Eff I g g y — o
v Wy -0.380 - 0.290 5.0 fb™! ecuve a ra n Ia n h3 H 7y -0.003 - 0.003 5.0 fb™
—_— ww -0.210-0.220 4.9 fb” h d . h —_— 7y -0.022-0.020 5.1 fo"
— wv -0.110-0.140 5.0 fo™ mEt O Wlt 5 pa ram. Z 20.013-0.014 4.6 o'
~——o—— DO Combination -0.158-0.255 8.6 fb" he ! neemmn el
i LEP Combination -0.099 - 0.066 0.7 fb”! 7 H Zy -0.003 - 0.003 5.0 fb
— Wy -0.065 - 0.061 4.6 b . ( ) = ( ) —_— 7y -0.020-0.021 5.1 fb”
A, s Wy -0.050 - 0.037 5.0 b SM: gl ’ KY,Z ’ ;\'Y:Z 1’ 1’0 — z 0.009 - 0.009 4.6 fb”
’ ' P h'x100 Y -0.009 - 0.009 4.6 fb
— ww -g.ggz-g.ggﬁ 49 ;El 4 Zy -0.001 - 0.001 5.0 fb™
. WV -0.038 - 0.030 5.0 fb —
z -0.009 - 0. g
rod DO Combination ~ -0.036 - 0.044 8.6 fo™ . . h4z)(1 00 ZY 0.009-0.009 4.6 fb_1
: o LEP Comblnatllon 0059-0.?17 0.7 fo! R| ght : T IY : -0.001 -o.?o1 5.0 fb
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-0.5 0 0 5 1 1.5 R . . -0.5 0 0.5 1 1.5 x10
feon et it <o dpncint a1 Lt @53 o1, 27 EffECtive lagrangian aTGC Limits @95% CL.
Wi u =
method with 2 parameters ————————————zr——
T " ﬂ" T 'Z' T T T T éL%%.#.'.’g'tsl T i T ZZZ CMS Prel. Limits —
Vv o it o SM (f4Y;Z’ fSYlZ ) = (0’0) -
Ax - W 0.043- 0,043 46 b { — 7z -0.015-0.015 4.6 fb
z — Wy -0.043 - 0.033 5.0 fio' . : 4 — 7z -0.004 - 0.004 19,6 fb”
. (b combinaton 00me- 00 oome | 2Y: Vertex function approach - () 0004-0008 5, 108"
— WwW -0.062 - 0.059 4.6 fb" H — zz -0.013-0.013 46 b
M - ww soss-com ssn |Method with 2 parameters | - z o010 0013 46n
— wz -0.046 - 0.047 4.6 fo™! ' : ‘ a
a w 0038-0.030 5017 | SV (h Y,Z h y,Z) — (0 0) — ZZ(22v)  -0.003-0.003 51,1961
o+ DO Combination  -0.036 - 0.044 8.6 fiy" 3 2774 ’ ! — zz -0.016-0.015 4.6 fb
o LEP Combination -0.059 - 0.017 0.7 fb” 5 — 7z -0.005 - 0.005 19.6 fb”
A — ww -0.039 - 0.052 4.6 fb" . . — zz(212v) -0.004 - 0.004 5.1,19.6 fb!
1 — w;v -8.823-8.832 :’2 ;g: Consistent with SM ¢ — 2z -0.013-0.013 46 fb"
Foni DO Combination  -0.034 - 0.084 8.6 fo' 5 - 2z 0.005-0.005 18.6 15"
o LEP Combination_-0.054 -0.021 0.7 1" expectatlons = ZZ(22v)  -0.004-0.003 5.1,19.6 fo
' T [ [ " B|O|52014 ||||||||||||||||||||||||||:
-0.5 0 0 5 1 1.5 -0.5 0 0.5 1 1.5 x10

aTGC Limits @95% C.L. aTGC Limits @95% C.L.



rtic GC

* Analysis of di-bosons in the final state
— in scattering topologies
— with tri-boson final states

 QGC limits set on dim-6 and dim-8 EFT operators
— dim-6: aWO,C,(WWyy); kWO,C,(WWZy); dim-8: f; o; f,,
* No deviations from the SM expectations

For comparison with earlier results the

EFT formalism without SM Higgs EFT formalism with the SM Higgs

Eapme  — dewen T Observed Limits Expected Limits
wwy [ 1:5000,150001 0.43fb:“ 0.20 TeV 77 (Tev 4) < 0 / /\4 < 8'] (Tev _4) (Tev 4) 0 / /\4< 93 (Tev )
/A2 TeV [ I wwy [-21,20] 19.301" 8.0 TeV '13] (TeV 4) < fM ]/ /\4 < 123 (TeV _4) 143 (TeV 4) < fM 1 /\4 < 131 (TeV )
WoWW [-4,4] 5.05fb:' 7.0 Tev _39 (TeV 4) < fM 2/ /\4 < 40 (-l-ev —4) ('l'ev 4) < fM 2/ /\4< 46( )
e oo s v |00 BV < i/ A< G200V | 71TV < fyaf A< 6 eV
ww T eV KW /AT 10TeV -12TeV < KWy /A 12TeV-
wwy [-25,24] 19.30fb" 8.0 TeV _18Tev_2< kW /A2< 17TeV_2 -19Tev_2< kWC/A2< 18Tev_2

fro/A* TeV™* —_—

10710t 10 -1 1 1010 10 10100 CMS: arXiv:1404.4619 First limit on dim-8 parameter F; ,/A*
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Atlas_Conf_2014_013 (March 2014)

Inclusive m; QCD+EW region
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 LEP and Tevatron results completed!

* New LHC analyses explore the muliti-boson final states at 7,
8 (soon 13 TeV)

— Limits set on possible deviations from the SM
— Vector Boson Scattering process observed by ATLAS

— No evidence of anomalous couplings !

* |s modern approach to anomalous couplings needed?
— C. Degrande et al. Annals of Physics 335 (2013) 21-32 arXiv:1205.4231

Additional talks at QCD+HF+EW session on 21 May, 14:00:
— Electroweak tests at the LHC — Nenad Vranjes
— Diboson Production cross section at the LHC — Hughes Louis Brun
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* Continue the tradition of precision SM
measurements with new data and new
theoretical developments

* Challenging to find Beyond Standard Model
Physics using the precision EWK
measurements

 More attention to searches for exotic physics

effects which may be forbidden or suppressed
in the SM
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ev. D 88, 091102(R) (2013)
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Tevatron results most precise
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— Az induced by the V-A interference
— In pp additional dilution from unknown quark direction — p,(ll)

ATLAS-CONF-2013-043
m1.2r : H
< 1 ATLAS Preliminary ATLAS, € CC | T
oof flot=a7m'@ =7y | ATLASeCF| —o—  ATLASPreliminary

C A - ATLASw | o [Lot=48t " @ys=7TeV
0.4 : - !

02; ; ATLAS combined 2013 —0—- 5

“E fa2 CMS —

0} 5&_ Sin (eeﬁ.‘) _ ......... E .......................................................................
020 o \%)Data DO _ .......................................................................
04f o %/ PYTHIA CDF ;. —O0—

; [

LEP Acg T D
SLD, A o
T e
L L PDG Fit 1 1 1 1 I 1 1 1 Iél 1 1 1 1 I 1 1 1 1 I 1 1 1 1
70 10° 2x10*  3x10° .. [Ge 0.22 0.225 0.23 0.235 0.24 0.245
up
sin?6%)

5in2(0y,)es = 0.2297+0.0004 (stat.) +0.0009 (sys.)
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and M, plané

; I I I I | I I I I I I I I I I I I I I I I I 'J' I I I I I
[ ~ ] 68% and 95% CL fit contours { | mf" Tevatron average & -
9, B w/o M,, and m, measurements A
EB 80.45 —  68% and 95% CL fit contours : . A
| w/o M,,, m and M, measurements -

1 : . -
- M, world average + 1o “
80.4
C 7
80.35 — —]
80.3 — o —]
80.25 — %f‘ < _
. ) A R - —
~ KSS Sl fitter|swf
_‘"; 1 | 1 1 1 | 1 .'1' 1 | 1 J"’ I | ; 1 | I 1 1 1 | I | 1 | | B
140 150 60 170 180 190 200

m, [GeV]

* Consistent agreement between the world average masses of M,, M,,, in the

presence of the measured M,
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Results

 1.7mIn W’s with central electron |eta|<1.05

40000 70000 70000

-(a) DO, 4.3 fb™' —Data (b) DO, 4.3 fb™ —Data (c) DO, 4.3 fb™ —Data
C -Bla\t?l.(rgll\'no%nd 60000 = -Eégggvo%nd 60000 IBIé\g;g':'no%nd
30000 — x?/dof = 37.4/49 50000F x?/dof = 26.7/31 50000 x?/dof = 29.4/31
C > C >
E . & 40000+ & 40000
s 20000 - Iy = )
S C | S 30000 S 30000
C 7] g [7)
% 10000 [ £ 20000 £ 20000
o r o 10000E & 10000
- . I —— . L L )
= 24 R 254 | R 24 f
ot SRR HTANTI Pt g T it i o {..lﬁﬁ Jr”umuﬁu
By *1”* il “”h i Iy ” i 9 g ity SERT i R
50 60 70 80 90 100 2-5 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60
m, (GeV) p; (GeV) E; (GeV)
AMy(MeV)
Source mr Pr Er
Electron energy calibration 16 17 16 M—W_ 80367+/_0013(Stat)+/_0022(5y5t) GeV
Electron resolution model 2 2 3 =80.367+ / -0.026 GeV
Electron shower modeling 4 6 7
Electron energy loss model 4 4 4
Hadronic recoil model 5 6 14 . . . .
Electron efficiencies X 3 s Combined with previous result:
Backerounds 2 2 2 2013 DO combination:
L];;;penmental subtotal 18 20 24
F T T 7 M_W=80.375+/-0.011(stat)+/-0.020(syst) GeV
QED 7 7 9 _
oD , ! ; = 80.375+/-0.023 GeV
| Production subtotal 13 14 17-|
Total 22 24 29
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M,, combinatiort

CDF [8] CDF [9] CDF [10] DO [12-15] DO [16] CDF [17] DO [18]
4.4 pb~1 18.2 pb~! 84 pb~? 95 pb~? 1.0 fb~! 2.2 fb~! 4.3 b1
[MeV] (1988-1989)  (1992-1993) (1994-1995) (1992-1995) (2002-2006) (2002-2007)  (2006-2009)
Mass and width
Mw 79910 80410 80470 80483 80400 80 387 80367
I'w 2100 2064 2096 2062 2099 2094 2100
Myw_uncertainties
PDF 60 50 15 8 10 10 11
Radiative corrections 10 20 5 12 7 4 7
I'w 0.5 1.4 0.3 1.5 0.4 0.2 0.5
Total 390 181 89 84 43 19 26
Mw corrections
Al'w +1.2 —4.2 +0.6 —4.5 +1.1 +0.3 +1.2
PDF +20 —25 0 0 0 0 0
Fit method -3.5 -3.5 —0.1 0 0 0 0
Total +17.7 —-32.7 +0.5 —4.5 +1.1 +0.3 +1.2
My corrected 79927.7 80377.3 80470.5 80478.5 80401.8 80387.3 80 368.6
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In at Teve
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* Improvements in the M, precision below 0.5GeV desirec

4
3.5
3

uncertainty [GeV]
N
o

easurements

— Impact on understanding of SM — reduce the uncertainty on M,

— Decisive tests of vacuum stability in SM

CMS preliminary projection

== Std. meth. == Endpoints

—Jiyp —L,

: Present 301" 300 fb”' 3000 fo! o

B 13 TeV 14 TeV 14TeV 17
b Optimistic assumptions :
2F 4
F Runl Runll T~

CMS: arXiv: 1404.1013
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Conventional algorithms:
— Full reconstruction of top quark; limited by jet energy scale
Alternative: Lyy, J/Psi, Endpoints:
— Reduced systematics by increased statistical uncertainty
— Limited by b-jet Energy Scale and modeling of b fragmentation
— Suitable for HL-LHC

TABLE V
PROJECTION OF THE TOP-QUARK MASS PRECISION (IN GEV) OBTAINED
WITH CURRENT METHODS, FOR VARIOUS INTEGRATED LUMINOSITIES
USING THE ASSUMPTIONS EXPLAINED IN THE TEXT [4].

Current Future

NE) 7 TeV 13 TeV 14 TeV 14 TeV
Einteg'rated 5 fb_l 30 fb_l 300 fb_l 3000 fb_l
J /1 method - 1.8 0.8 0.6
L.y, (8 TeV) 3.4 1.3 0.6 0.4
Endpoints 2.1 1.1 0.6 0.5
Standard method 1.1 0.6 0.4 0.2
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