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= |nput for the gobal electroweak fit
mostly from
= | EP: Z boson observables
" Tevatron: W boson, top quark
mass
= | HC: Higgs Boson, top quark
mass (see dedicated top-session)

= Note: improvement on my precision
leaves fit unchanged

" Improvement on my,, will be limited by
theoretical uncertainty on pole-mass
definition

= Largest discrepancy between A(SLD)
and Agg?P, both sensitive to sin?g,,
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Theory Predictions

= |Loop corrections to EW precision observables are known with significantly
higher precision than current measurements

Known corrections References Dominant missing Theo. unc. Exp. unc.
orders due to missing orders
mw full loop corrections: | nn "0(a%a,),0(a”) Camev 15 MeV
Oa),0{a,),Olaa,),0(a?)
partial loop corrections:
Olaa?), O(a’alm?})
Ola’m?), Olaa)m;)
Py full loop corrections: | (22, 38-41] | O(aa,), O(a?), O(a?) 42 MeV
Ola,), Ola), Olaw,) i
Iz, full loop corrections: [42-46] | O(ai.,), O(a®), 0.5 MeV 23 MeV
Uit Na), ()(ﬂ.).()(a})flc'm loops)s ()(nzn.)\()(on':) 0.012-0,014 MeV
| Olan,) 0.09-0.21 MeV
Ry, partial corrections: 5-107° 25-107°
R., O(0?) (s0s.t0cpa)s 5-10°° 3-107°
Ry, Olaal), 1.5-10°% 6.6-104
oRes | Ofa’ay), Olaad)
sin®@.,,, | full loops corrections: [13, 28, 47] | O(a’a,),0(a”),O(aa?) | 44— 4.7 x 10-° 35-10*
Ay, Oa),0la,),Olaa,),0(a?) 3x10°" 1.8-107°%
A%, partial loop corrections: 3x10°° 1.0-10°%
Olaa?), Ola’a’m})
Oa’m$), O(aam]i)
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What we need:

N2
My, Migps SIN Ow

= “Simple” thing: Test consistency of the :

Standard Model Mon g ——

= Before the discovery of the Higgs- e
Boson: p-value = 0.22 3

= Electroweak precision measurements
are sensitive to several new physics
scenarios, €.g. SUSY

M, [GeV]

80.60 T T T | T T T T T T T T T T T T T T T
"~ experimental errors 68% CL:
LEP2/Tevatron: today

= Radiative correction depends on » _
. 0.50 — M, = 1256+ 3.1 GeV, |
mass splitting (Am?) between sosor wiSew

squarks in SU(2) doublet g |
C 80.40+—
= Precision on m, could _
significantly limit the allowed oS0l SMIMG, = 1E6H 0.7 GV —
MSSM space
168 170 172".'1 [(3197\4/] 176 178

[S. Heinemeyer et. al. arXiv:1311.1663]
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Impact on m,

and m,, Predictions
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= The discovery of the Higgs boson

fixed the last free SM parameter

= Note: Precision on my is not crucial
for the electroweak fit due to
logarithmic dependency

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

8, 10F T N S S
2 9 [ 'Efltter sm|H 30

g EsMmtwolk i [Preliminary 3

3 SM fit w/o N, and M, measurements -

7 E._ -8~ M, world a ". [arXiv:1204.0042) —-—;_

6 - @ M, ATLAS| ~

sE =
af- =20

I =

2f =
1 > 10

0 E 1o g g L 2 L en oy IS

80.32 80.34 80.36 80.38 80.4
M,, [GeV]

= The SM prediction on my, changed
from 80359+1° ,, MeV to

80357+8 MeV

= Dominant uncertainty due to
uncertainty of m,;: 5.5 MeV
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Impact on my,,

and sin“B,, Predictions

Nx 10 rrojrrrjrirorrrrprrerrern 9 L | B (& 10 = T T T T T T l'= T T T T T '[ + 9 ’4| I:
y = < = 3 3 / 3

s 9—. fltter SM| e :" ~~~~~~ —:3() 9:—' DSMMWIOM sensitiv ”*’(el.n)"”'””””'""..‘"" ‘7“ """ —':3(1
s E-Prelimina [ SM fit wio m, measurement - 8 ; SM fit w/o meas. sensitive oh(o'.,,) andM meas. : [/ _f
- . SM fit w/o m, and M, measurements  « 3 - \ ~®- LEP/SLD [Phys.Rept.427, )1 E
TE L e Tenen E TE N @ Tovatron [FERMILAB-CON 17-301 -E (2017)] E
6 E ; “® m LHC = 6 1 -
- - m, Tevatron 3 - 3
5 : — 51 =

4 E— —E 20 4 ;- %20
af- = 3f ) =
2f 3 2f w E

5 : ‘e fitter o), el 1,
— — — " 2 - e

I: 10 - Preliminary——— %] g0
0 Ea b o oo b e s bo ool aa s T A (i TR P v e i WU B e 0 — | L ! I | B PE Ll ! | ! ! ! =

166 168 170 172 174 176 178 180 182 184 0.231 0.2312 0.2314 0.2316 0.2318
m, [GeV] sin?(6.,)

= The SM prediction on my,, = The SM prediction on sin?B,

changed from 178.2+98 , , GeV in changed from 0.23143+0.00010 in

2008 to 176.35+2.1GeV in 2017 2008 t0 0.23151+0.00006 in 2017

= Dominant uncertainty due to
uncertainty of my,,: 0.00003
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Impact of new measurements

= New round of precision
measurements moves everything
more to the Standard Model

= my (ATLAS) in perfect agreement
with SM
" sin?6,, from Tevatron also in perfec
agreement
= Maybe LEP/SLD discrepancy just a
statistical effect
Gl . 2&. Uncertainty
— Full Uncertainty
LEP Comb. Py 80376+33 MeV
Tevatron Comb. @ 5038716 MeV
LEP+Tevatron o 80385+15 MeV
ATLAS 1 @-50370=19 MeV
Electroweak Fit 80356+8 MeV
80320 80:1340 80é60 80:!380 80300 80420
my, [MeV]

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

from the LHC

243
LEP A, 139 %,
— |8
olb 0564
Aee | i 148050
149
TEVaI @) | T 105
ATLAS M, .- 98 '
LEP+TEVM, | . 7458
. — o
SM f“ W/O MH . fltter SM . : —— 95 -*20
LHC average | Preliminary 1 |125.1 £ 0.2
6 10 20 10? 2x10? 10°
M, [GeV]
s Eor bl el U B TR R LI B
() - 68% and 95% CL contours : :m:ﬂﬁ;:s:;eoev ]
I Y Fit wio M,, and m measurements { - 0=080Gev -
; C * FitwioM,, m and M, measurements -0 =080@050,, GoV E
—— o * Direct M, and m measurements { _:
804 [~ T
E—— A
80.35 '_“&-noam.omasov = g e
: / i :
803 [~ : i , =
:  [EHiitter].
80.25 [~ 2 il L ]
0 0 Preliminary -
140 150 160 170 180 190
m, [GeV]
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Summary on the Consistency

Tests of the Standard Mdel

mm Giobal EW fit

= Before the discovery S S = indirect determinat
of the Higgs, we had o ! " wl | | e m— | |
w -1.
an overall ry P . o s
“consistency” of the %, i' > M, om
SM of p=0.22 & — Z S| .-
RL, = 0.9 { omgm
Ay = 0.8 A 3
= As of 2017: x° value A(LEP) b 0.2 A(LEP) & !
A(SLD) 2 e -1.9 A(SLD)| —e— W
of 17.6 for 15 degrees ie™(@ ) - PR v .
of freedom, sin6'*%(TEV) p 00  sine™(TEV) | -

. 0,c = . A, ——d
corresponding to a p- - e | | i3 s y
value of 0.28 A, L ] Ll
= Mainly due to new my, 5 - <s el i 2

and m,,, measure- R - 08 R o
m, o 05 m, | N
ments aa® ) : 83 (M) s
%(Mz) === 17 Aag (M) Lol 1—1,- Lol
R e P . .
(O, ~ Omess)/ Trmees (O nrect “ @)/ Oucx
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Measurements at LEP

and SLD (1/3)

Lingshape Meagurament (LEP+SLC)
= All measurements related to 2 DA i
the Z boson already more 40~ sz==vo Do s
® LEP Comb. (ALEPH, DO, L3, OP,
than 20 years old 7 e
o u  OPAL 1990 :
= Based on a 9-parameter fit e nesml G\
of a Breit-Wigner to the :
combined measurement of 40 b
o(ee->ff) for different /s :
= mZ; |_Z’ OO EE < P T B P 2 oy o 2 e e S S o Y Ry TPz
- B 5
Re» RU’ R, I ! ++ 3 # iR 4 J ?‘1' 3
" Arg(e), Ars(H), Arg(T) 87 095l s
86 88 90 92 94
Vs [GeVI

= Observables that enter the
electroweak fit typically
assume lepton universality

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 11



Measurements at LEP

and SLD (2/3)

= |ndividual measurements of m, o —— |
and [, are statistically limited and e -
compatible to each other |

= Combined value have significant K i
systematic uncertainties due to o |
beam energy calibration and inter- Imw e M e e
calibration Ll ISR )

m, [MeV] Rel. Unc. [%)

lineshape performed at SLAC

DELPHI e

ALEPH = e s

® Measurement
: [ stat. unc.
Y wvens [l Total Unc.
Worid Average

= No serious measurements of the |°"‘ = |

[ Retative Unc.
1 1 1 1 I

2480 2490 2500 251 0.1 0.2

r,[MeV]  Rel Unc.[%)
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Measurements at LEP

and SLD (3/3)

= |_eptonic ratios measured at LEP to LS— - I
high precision -
0 R -
RY = pod _ _had
O1+1- Lp+g- 1
= gstatistically limited (sys. cancel) I" ;:
= Competative measurement of Ry — T e—
and R, at SLD I" b M
= Good compatibility to SM pred. Hom | —— e |
= Used to derive as(ms) in the global T TR e Aol une 4
electroweak fit e S e b
= Asymmetry (SLD) and Forward- |§f: _, |
Backward Asymmetry (LEP) i -1 l
- = n
N R L O I I
PREPI ¥/ Sl i |
L+(g /g2 )2 1-41Qylsin0lg +8]Qs2sint0ly |- ey IS
= statistically limited (similar to R)) T G meuera

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 13



Fermi and Fine-Structure

Constants
= Fine-Structure constant precisely swonete [ e— | ‘
measured via quantum Hall effect i | T |
and anomalous magnetic moment Sehim i ——— |
of electron e - |
= 1/137.035999139(31) i I B |
= Fermi-Constant cet e . Mo :
" Gp=1.1663787(6)x10-5GeV-? IS 4 e =
= Measurement of muon-lifetime T adioh gostPi ik e F10%
= [imited for long by the missing L SN N AR R —
knowledge on the 2-loop QED D L our Work Average
corrections to the muon decay rate © ioss ity
= Once corrections were known, -
experiments started to catch up . i
= Basic idea for ultimate precision: 11680
dedicated pulsed beam £ bioois
= 2.70 to result from FAST 2 oos |
collaboration A T ™

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 14
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Measurement of the

W Boson Mass (1/4)

= World Average

= Last round of measurements of my,

already published in 2012

= CDF+DO: Amy,=15 MeV

= | atest update by ATLAS in 2016:
Am,=19 MeV

m,, [MeV]

= Basic measurement approach:
Template fit method

0.15}-

0.1 [
0.05 :

Rel. Unc. [%)

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
Year

= Requires perfect modelling of e Rr——
detector response and physics { E:x:’::
modelling
" pr(W)

= Angular coefficients
= EWK corrections
= PDFs

30 35 40 45 50 55
Decay Lepton pr[GeV]
Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 16



Measurement of the

W Boson Mass (2/4)

% oome Experiment | DZero | CDF ATLAS
P o g Observable | #7(MeV] | mr (MeV] | pi*[MeV] | my [MeV] | " [MeV] | my [MeV)
2 mw l 80367 | 80390 80366 | 80376 80370
Stat. Unc. ‘ 13 14 12 14 10 7
_ Sys. Un. 18 20 12 11 20 11
: :;Ez _J[Jr++ﬂ++++ﬂ+ﬂ+,,ﬁf+ +;+++++{' ‘Model Unc. 13 14 11 13 14 13
E'% o woo w @ Toallne. ] 2. 38 . 2 = 19
Lepton Calib. Unc. 17 18 7 7 10 9
Had. Calib. Unc. 5 6 9 S 15 3
8 __OtherBxp.Une. | 1 2.3 38 . S
s B Becigroun | PDF 11 1 10 9 10 8
§  QED Effets | 7 7 A 4 3 6
o pr(W) modelling 2 5 3 9 10 9
% Reference | (41) (40) (42)
§ 33’3 S————  Final Result of Collaboration | 80375 + 23 80387 + 19 80370 + 19
[ S | (Stat., Exp. Sys,, Model Unc.) | 80375+ 11+15+13  80387+12+10+12 80370+ 7+ 11+ 14

Pl [GeV]

= Most sensitive measurement from the my distributions at Tevatron, but

from the p; distribution at ATLAS (pile-up!)
= Much larger dependence on p+(W) modelling for ATLAS

= [argest uncertainties due to PDFs but different origin
® acceptance effects for Tevatron, but polarization effects at LHC

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 17



Measurement of the

W Boson Mass (3/4) — p(W)

= Uncertainties from exp. py(Z) unc. S b ATLAS Simulaton
. 02 Vs= _pp— WE+X, pp—> Z+
and theory unc. on the W/Z p; ratio 1021 5=7 TeV, pp—- WX, pp-> Z+X

= Heavy-flavour-initiated (HFI)

production introduce decorrelation
" bb/cc—Z accounts for 3-6%

0.98 — Pythia8 AZ — Light quarks—W,Z — cT—Z

= cs—HWis ~20% of W production b b=z medesmW o ol
[ ] i 0 5 10 15 20 25 30 35 40
t'Fék?Sr(:rzeriSaig VW;trTations Pr [GeV
= decorrelating the PS between £ amas | wewm
light and HFI processes g B[ STV AT o -
o

—— Powheg+Pythia 8 AZNLOA

= Central prediction and uncertainty
validated with the recoil distribution
= end up with compatible central

value and similar uncertainties

compared to “model approach” 30 20 10 0 10 20 30
u"I [GeV]
Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 18




Measurement of the

W Boson Mass (4/4) — p(W)

= Theoretically more advanced calculations were also attempted

= DYRES (and other resummation codes : ResBos, CuTe)
= Powheg MINLO + Pythia8

= All predict a harder p{(W) spectrum for given p(Z) distribution
= Behaviour is disfavoured by data (comparison of u, distribution)

-—
—

N ] o I L O L R L LI L
£ ATLAS Simulation © " ATLAS W* = .
S 115 : SEp 4 —+—Dam -
Vs=7 TeV, pp—> W +X, pp—> Z+X S 108 Vs=7TeV, 411" piiagaz ,
1.1 o T — — DYRES ]
o 1.06H | — Powheg MiNLO + Pythia 8
1.05 C — i
1.04H -
1 - .
0.95 1.02F -
== Pythia 8 AZ
0.9 — DyRes 1.0 = 1
0.85 —— Resbos
— CuTe 0.98— 7
08 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20 25 30 35 40 -30 -20 -10 0 10 20 30
P [GeV] ul [Gev]
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Overview of W Boson

Mass Measurements

o ) ) Overview of m,, Measurements I
= No official combination of see = e = |
ATLAS and Tevatron results Ovel .. |
. — S

= Preliminary (and inofficial) s, - |
combination Combination — |
= Assuming that experimental 0O (Run 1) o |
uncertainties are fully GoF () g |
uncorrelated 00 (2 i |, —_ |
3 Assumnjg.that model —— I8 E:-L::. |
uncertainties (8 MeV for Amm _ Woris Average |

Tevatron, 14 MeV for ATLAS) | e i | W 2 Wnweeus [m |

80200 80300 80400 B80S00 80600 0.1 0.2

are 50% correlated (p(W)
small correlation, PDFs some
correlation)

= “New World Average” as input
for the fits:
my, = 80379 + 13 MeV

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

m,, [MeV] Rel. Unc. [%]
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Future W Boson Mass

Measurements at the LHC

" Low pile-up run at 5/13 TeV allows 5 ool krins smamior ey
for precise p(W) measurement S potel @0 staisicalsensivyonly E
" | oW p”e_up leads to improves % 0_0142_ —=— @ 300 pb”' statistical sensitivity + Recoil Calib sys _i
resolution of ETMiss, i.e. one might = 0012 E
even get mW measurement based 5 OO % -
on the transverse mass 006k E
0.004- =
= Advertise the LPPC Working Group 0002
Meetings as a joint effort of DT es e es 48 5o
theorists and all LHC experiments
= Dedicated subgroup on EW mi i R i | |
Precision observables Dl e precibi edramenteattie: e
» Dedicated subgroups on SMEFT

Tasks:

« gaage bason production cross sections and distributions
« assoclated production of gauge basons and jets

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 21



Measurement of the

Electroweak Mixing Angle (1/5)

= Discrepancy of LEP and SLD Fomf | e
measurement on sinZB,, triggered | 5
quite some interest in recent years

= Problem at Hadron colliders: Do not |
know incoming fermion direction on 02000

an event-by-event basis o.zi'

= Problem reduced at Tevatron, very y -

. 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
prominent at LHC Year

= Significant p(Z) due to ISR

= Need reference frame to define 4 /‘
forward- and background angle 6

= Colins Soper frame

= Use (variation) of template fit >
approach to extract sin?6,,

Particle Rest Frame

Vil I POs |

Rel. Unc. [%]

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 22



Measurement of the

Electroweak Mixing Angle (2/5)

Furamd Saimant Apyeemary by Shrend guars iy s

= Forward backward & ... seessercsa

asymmetry also
induced by Z/y
interference

= Need to integrate
over all initial state
quarks

= Knowledge on
PDFs is essentiall

= Tevatron stat.
limited

= |LHC limited by
PDFs

Faran wm ) Aryrerrary ke Oarerd Qs el siates (+ O]

B ; 06| Prhat (NOFI0)
* qq e « Dition eftects
—ulect ...0"‘ . a3
04 ddskbb " 04 —ua
- oo -
02 02 ——c& sk DS /’:;::..
0 0 .o-o";‘ -
Wesssssasnese
02 02—
04 04
08/ 08}
“ as....TAo-n-.rns...b..n-é....ﬁ.\..i....‘M“;“..i1o...l
____________ m, GeV
sin’Of__}”[ Value | Stat. Unc. | Exp. Unc.:| PDF Unc. iModel Unc. | Total Unc.
DO 0.23137 | 0.00043 0.00004 :| 0.00017 ' 0.00008 0.00047
CDF 0.23221 | 0.00043 0.00003 !| 0.00016 0.00006 0.00046
Tevatron (Comb.) | 0.23179 | 0.00030 0.00003 :| 0.00017 ' 0.00006 0.00035
ATLAS 0.23080 | 0.00050 0.00060 !| 0.00090 0.00020 0.00121
CMS 0.23101 | 0.00036 0.00018 :| 0.00030 ' 0.00016 0.00053
LHCb 0.23142 | 0.00073 0.00052 !| 0.00043" 0.00036" 0.00106
AL (LEP) 0.23240 | 0.00070 | 0.00100 5 0.00120
A (LEP) 0.23099 | 0.00042* | 0.00032" 0.00053
A: + A, (LEP) 0.23159 | 0.00037" | 0.00018" . 0.00041
A?r'?; (LEP) 0.23221 | 0.00023" | 0.00017" : 0.00029
A; (SLD) 0.23098 | 0.00026° | 0.00000" . . - 0.00026

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)
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Measurement of the

Electroweak Mixing Angle (3/5)

= |atest (and last) Tevatron

results [1605.02719, 1408.5016] EN
: oo COF i
already close to individual Y
LEP measurements R |
* between SLD and A% CMS
. LHCE e
= Can LHC improve? g s e

= Most recent CMS K uEp)

measurement EMS-PAS- NI

SMP-16-007 reaches a A LALEP

precision of 0.00030 for 2SS
PDF systematics

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

___Overview of sin’d;_ Measurements

.......................................

sin‘e.,

'Y N :
® Measurement
.o [ Stat. Unc.
Il Total Unc.
e
. World Average :
. ; [ Relative L[lnc. l
0.23 0.232 0.234 0.5 1

Rel. Unc. [%]
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Measurement of the

Electroweak Mixing Angle (4/5)

Channel | without constraining PDFs | with constraining PDFs
Muon 0.23125 £ 0.00054 0.23125 =+ 0.00032
Electron 0.23054 + 0.00064 0.23056 £ 0.00045
Combined 0.23102 + 0.00057 0.23101 + 0.00030

18.8 o' (8 TeV) CMS Preliminary

18.8 fb" (8 TeV)

CcT10
NNPDF(1000)
MMHT

CT14

NNNNN (100)

i

I |
TO 90 110/ 70 90 110/70 90 110/70 S0 1W0I0 S0 110,70 0 W

M, (GeV)

ozt 0232 0229

023 0231 022

- 5 ept
sin0

" Sin%6 4 via x2-minimizing between data and MC Agg distributions
= templates by POWHEG (NLO in ag, NNPDF3.0); Pythia8 for additional PS

= Reweighting technigque, where PDF variations that describe distributions of

Arg better receive a larger weight
= reduction of PDF unc. by 50%.

= Carefully handle EWK corrections to sin°6 definition used in generators

= Enhanced Born Approximation

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)
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Measurement of the

Electroweak Mixing Angle (5/5)

= PDF Uncertainties have been
thought for long to be the
limiting factor to be

dominating at the LHC

= CMS has proven that they can
be drastically improved

= ATLAS has the potential to

llllll =T T Y T T =3

+ smva Data

L ATLAS 7] a0 Precicson comr(sd 721 0f ]
of. =8TeV,2020" 27 10 Predcson cost'1s0 4-207] 7
F 91em<102GeV [T a0 Predcson comrs0 0-+204]

L seevanD Data -

:ATLAS [ 40 Preciction conirfe0.7-+21.01 ]
L (B=8ToV,20210" [Z27) a0 Preciction cosijs0.4-+:0.7]
[ 80em <8 GoV [0 doPrecicsion cosirfs0 0-10.4)

W—,g’ft—o;wcm
Wﬁ&?ﬂtwmw

use forward electrons, i.e. : : fimnisnais pamnien g
reduce the dilution effect i | e

= New triple-differential meas- § ;F?Tﬁlio‘ff:{*""""'-% ? e
urement of Zfy’ § ;:;T’Z‘.'ZT”?T‘T’:’ PSS § o":if"".'l".’f'f‘f“f“.’f. tsctecaat]

= my, |y,|, cosB* in the Collins— IR s B I L s
Soper frame ; o — ; S :

= Can be usedto B o . T X

tr)

simultaneously fit PDFs and
the electroweak mixing angle

= |EP precision in reach!
Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 26



Measurement of the Top

Quark Mass (1/3)

= World Average

= Several approaches to measure | . =
the kinematic top-quark mass 5 | —
(template-method, matrix-element
method, ideogram method, ...)

m, [GeV]

= World average dominated until
2011 by Tevatron, then LHC
started to play crucial role

Rel. Unc. [%)]

Year

= |mportant: EW-fit needs pole mass Joosf B e e e oo
of top-quark as input, but WE M Temiat (=178 GoY
measured m,,, at Tevatron and |
LHC is a MC parameter

= Assume additional uncertainty of
500 MeV (not known if this is
conservative)

mfe GeV
Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 27



Measurement of the Top

Quark Mass (2/3)

Efg%?lgm;?mjmégﬁ‘; (“w:’:; Experiment = Channel | Method | Value | Star. | Sys. | Total = Jet | Exp. éMod;-l | UE+ | Had. i
E}fm . unmatched == 5dB munjer 4 [GeV] Unc. Unc. Unc. Unc. Unc. i Unc. Color | Unc. | !
£ looo0t B  E— || 1GeV] | [GeV] | [GeV] | [GeV] | [GeV] |! [GeV] | [GeV] | [GeV] | !
€ S0 /’ CDF I+jets | Template | 172.85 | 0.71 | 085 | 111 | 055 | 060 [ 01 | 022 | 057 |
; 3?:-35" - CDF vijets | Template | 173.93 | 1.64 | 087 | 186 | 048 | 056 [ 032 | 033 | 036 |
e e Dzero 1+ jets ME. | 17498 | 058 | 049 | 076 | 029 | 032 |1 019 | 012 | 026 ||
a %55 200 300 400 P | |

i B CMS l+jets | AMWM | 17282 | 019 | 122 | 1.23 | 034 | 081 |1 084 | 0.11 | 079 |
= 1onioSHD._Lasonim 19782 T CMS I+jets | ldeogram | 172.35 | 016 | 048 | 051 | 012 | 043 |} 015 | 008 | 033 !
S 10000t BT B EE g ATLAS I+jets | Template | 172.33 | 0.75 | 1.03 | 127 | 0.64 | 062 |: 048 | 0.19 | 018 |!
g | Dzero semi-lep. | Matrix | 17393 | 161 | 088 | 1.83 | 067 | 042 |! 036 | 015 | 031 |
’é ATLAS semi-lep. | Template | 17299 @ 0.41 0.74 0.85 0.62 0.30 E 025 | 0.11 0.22 | E
& CDF fullhad. | Template | 17507 | 1.19 | 1.55 | 195 | 112 | 098 | 028 | 032 | 029 |
= ‘ ATLAS fullhad. | Template | 173.72 | 055 | 1.01 | 115 | 069 | 068 || 02 | 02 | 064 |!
e CMS fullhad. | Ideogram | 172.32 | 0.25 | 059 | 064 | 028 | 041 |i 024 | 021 | 03 ||

m{* [GeV]

= Most precise measurements performed in the lepton+jets channel
= Significant differences in assigned model uncertainties of different experiments;
maybe some space for unification
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Measurement of the Top

Quark Mass (3/3)

= ATLAS (ATLAS-CONF-2017-071)

= mMC=172.08 + 0.39 (stat) + 0.82
(syst) GeV

= Significant gain by using ,cleverly®
correlation during the combination to
previous ATLAS measurements

= mMC=17251 + 0.27 (stat) + 0.42
(syst) GeV

= Most precise value from CMS (arXiv:

1509.04044)

= mMC=172.35+0.51 GeV

= The top quark mass is measured
using the lepton + jets, all-jets and
dilepton decay channels at 8 TeV

= Already on assumed 500 MeV theory
uncertainty level
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Successive combination

mg, (8 TeV)
+m*" (8 TeV)

+ m (7 Tev)*

ATLAS Preliminary

m,, + stal = sysl
17299 + 0.41+ 0.74

172.56 + 0.28 = 0.48

17251+ 0.27 = 0.42

+m (7 TeV) 172.50 = 0.27 = 0.42
*ATLAS Combination :
B stat. uncertainty — stat. uncertainty
1otal uncertainty - total uncertainty
A 1 | l A A A 1 A l 'l A 2 ] ' . -
168 170 172 174 176 178
m,, [GeV]
CMS
I
2010 dilepton <0.05%
2011 dilepton ] 1.1%
2011 alljets 0.2%
2011 lepton+jets l 6.6 %
2012 dilepton I 31%
2012 all-jets . 16.6 %
2012 leptonjets _ 72.5%
| | |
-100 0 100

BLUE Combination Coefficient [%]
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Overview of Top-Quark

Mass Measurements

Overview of m, Measurements

= No official combination of COF (iepiontiets) - =
latest ATLAS and Tevatron cwdmelie | LG e—
Soreworm- | 4 rEEe—
reSUH:S aneﬁ $l?gi‘gn+jets) : e e
| Dzorodiiopon) | T
= Preliminary combination i =
. w1600 0404 -.-
= Correlations are taken from oMS (oplonsiets) | -
experiments M Comtwaationy . | .
' ' ATLAS Qeptonsiew) J—— ;
= for unpublished .Correlanons, e : R
assume correlations of last pregresic i g o Efmlntm L
. - SONINABAR. - o iooocfocdaas . otal Unc. _J.. ..
published results ng%ggg-swim) e {1011 Average F
» Observe tension between TeV B AIASeossecton) | | ot % [t ||
170 172 174 176 178 1 2
and LHC by 2.50 m, [GeV] Rel. Unc. [%)]
= driven by DO lepton + jets
measurement = Employ PDG prescription to force x4/

experiments yields to p-value = | eads to increased systematics
of 0.02. = maverage = 173.06 + 0.80 GeV
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Pole-Mass Measurements

= Apsolute and normalised differential
Cross-section measurements, in the
di-leptonic eu pair channel with one

or two b-tagged jets at 8 TeV
Constrain gluon PDFs

= normalised lepton p, and dilepton p,
M, P.+P, and E+E, distributions are
sensitive to pole-mass of the top-quark

= Compare with fixed order prediction
at NLO (MCFM) and extract
" My, =173.2+ 0.9 (stat) + 0.8 (sys) =
1.2 (model) GeV
= much higher statistics for full run-2 and

comparison to NNLO predictions
might lead to uncertainty below 1 GeV
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xg(x,CF)g(x Q%)
o

1.2

L QP=n? © O atlas ‘SE "'5:_,,;2 " ATLAS
L HERA I+l X | S=HERA 4l
| HERA I+, t g 1.4~ HERA LI ff
“| #=CT14nlo | #= NNPDF3.0
| % CT14nlo profiled % | #=NNPDF3.0 profiled
k-3
>

Al A hedddoddal
10° 10"

adaal A A
107 10"

x x
¥ ¥ 02F At
£ ATLAS Simulation = 020 ATLAS simulation
¥ 02[ e ref. fit Powheg+PY6 m=172.5 GeV ¥0.15F * ref. fit Powheg+PY6 m=172.5 GeV
g alt. fit Powheg+PY6 m, =165 GeV : alt. it Powheg+PY6 m|=!65 GeV
5 01 expected stat. error =0 " expected stat. error S
E B 0.05 ;
E e Ofee e e e s
=z i B 4 005
0 0.1 =l
.1
i 3 0.15
. 02 g
50 100 150 200 250 300 0 S0 100 150 200 250 300
Lepton p_[GeV] Dilepton p_” [GeV]
(@) (b)
2 015 ATLAS Simulation 2 02| ATLAS Simulation i
¥ o ref. fit Powheg+PY6 CT10 ¥ sl rel. fit PowhegsPYB CT10 3
g oa alt. fit Powheg+PY6 HERAPDF1.5 s alt. fit Powheg+PY6 HERAPDF1.5 |
- expected stal. error bl 1 expected stat. error
g 0.05 E 005 .
5 0 g E 0 . :
e 005 L-
-0.1 o
0 0.15 ]
-0.15} 0.2
0 05 1 15 2 25 0 05 1 15 2 25
Lepton il Dilepton Iy
1709.09407 @
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Constraints of new
physics

Gfitter Group (R._Kogler, J. Haller, T. Pfeiffer,

A. Hoecker, K. Monig, J. Stelzer, M.S.)



Oblique Corrections

= Obligue corrections from New - Zjé'f'i't'té'r;“}"”'m"””"”"””"”"”'E
Physics described through STU o5 EPreliminary 3
parameters [Phys. Rev. D46, 1 (1991)] 0.2 £ 120 o m 2173 o U0 E

= Oblique corrections reabsorbed into 3 E
electroweak parameters o1 meptor

.. Ormeas = OSI\/I(mH,mt) + CgS + Gl +cyU zzf_ —E
‘= S-Parameter: New Physics O4F wememnea
contributions to neutral currents R

= T-Parameter: Difference between D 08 T T T T
neutral and charged current 0-4;— —
processes 0af E

= U-Parameter: (+S) New Physics 2F E
contributions to charged currents ik *

0 =]

= Higgs discovery fixed reference :;‘ E
point of SM skt o I veverse I
05 -04 -03 -02 -01 0 01 02 03 04 05
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Constraining EFT Parameters with

EWK Precision Measurements

= STU is ill-defined in an EFT approach
= How can electroweak precision measurements T
be used in a global EFT fit? ey .

i - : - : : W _ A |4Caws + 2C +4ﬁc<3>—2ﬁcui
= Following a private discussion with Mike Trott | ™ s o 0T Teg HET T

= Electroweak form-factors that modify the

relations between the EWK parameters, will = for =56, [0 +208)] ~vasce -5 T
also be affected by EFT |
= One has to check for measurement bias first  sap = STt

before interpreting a measurement in terms of 26} A?

SMEFT. E.g. Coemy__w [,

= |EPII TGC analyses should not be used g T g g

" m,, measurement at hadron colliders can be | 57;% -

used, but e.g. not the LEP measurements I

(https://arxiv.org/pdf/1606.06502.pdf) N

= Further details can be found in
= https://arxiv.org/pdf/1701.06424.pdf
m hitps://arxiv.org/pdf/1705.05652.pdf
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Summary

= Measurements of Electroweak precision
observables at the LHC made huge
progress in recent years
Precision of several Tevatron and LEP
measurements surpassed
= Expect large reduction of measurement
uncertainties in coming years
= Theory/Model uncertainties have to be
reduced with new approaches and ideas
= Re-Interpretation of EWK observables in

terms of EFT will be the future direction
m  Personal Question: Does it make sense to

look also at other LEP observables at the
| g [




Oblique Corrections (2/2)

= The following is from a private discussion with Mike Trott

= STU approach as theoretical assumptions attached:
= no gauge field coupling to fermion vertex corrections due to new physics, or
at least such effects are negligible compared to 2 point effects
= This assumptions are ill defined in an EFT sense as a field redefinition can
move a correction from the gauge field 2 point function to the corresponding
vertex and back.

= One Model in which the STU approach makes sense

= SM with an undiscovered Higgs, since direct vertex corrections are indeed
small at tree and loop level for a gauge field coupling to 2 light fermions due
to corrections from an undiscovered Higgs (The higgs-yukawa couplings to
light fermions are small)

= however, now the Higgs is discovered: Assuming there are no vertex
corrections in the EFT is ill defined as it means that the results for an STU fit
are basis dependent and unphysical, results depend on the coordinate

choice in wilson coefficient space in other words.
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