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The Electroweak fit

@ Exploit the over-constrained EW sector (dictated by rigid symmetry structure) to perform consistency tests of the SM with
EW precision observables

o (M3)
@ Set of input parameters (a scheme): GF, a, mz, mn, mt, as(mz), Adnhad® Aafl), (M3)
@ Compute EW precision observables as functions of these quantities My
I'w
BRw 5
@ Z-pole observables My
I'z
@ W observables R
A%
P71_)ol
@ Compare computations to experimental data to learn the values of the Ae iLD)
Ap
iInput quantities AR
A%
R
@ Extend relations to include BSM effects and determine bounds on New Physics Ry
sin” 07" (QF')
sin? 5P (HC)
@ Oblique parameters: S, T, U, ... 1;4

@ Effective interactions: SMEFT
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The HEPTit library

@ Open source library to perform combined fits of HEP ' [:Eif't
observables (including EWfit) in various scenarios :

home developers samples documentation

@ Computes EWPO in SM, SMEFT, several kinds of HEPfit: a Code for the Combination of

2HDM, some SUSY (most|y |_F\/), etc. Indirect and Direct Constraints on High
Energy Physics Models.

@ Allows for Bayesian analysis exploiting MCMC via
the Bayesian Analysis Toolkit

] | ] : r ’{‘ e o
@® Why a Bayesian fit if we have several others based on —ey
. . . Higgs Physics Precision Electroweak Flavour Physics BSM Physics
I I ke I I h O O d - rat I OS ? HEPf it: can be uield to study Electrowe|a:< precision ob‘::arvables The FIav\;u:]Physic):/s :nenu in Dynamics beyond%hcla Standard
Higgs couplings and analyze data are included in HEPfit HEPfit includes both quark and Model can be studied by adding
on signal strengths. lepton flavour dynamics. models in HEPfit.

@® Answer 1: Why not?

Eur. Phys. J. C (2020) 80:456 THE EUROPEAN M)
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Special Article - Tools for Experiment and Theory

@ Answer 2: When CO”CIUSlonS depend On the HEPfit: a code for the combination of indirect and direct

constraints on high energy physics models

Stat i St i C a I a p p rO aC h y t h e re a re n O SO I i d CO n C I U S i O n S J. de Blas"?, D. Chowdhury’**, M. Ciuchini’, A. M. Coutinho®, O. Eberhardt’, M. Fedele®, E. Franco’,

G. Grilli di Cortona'”, V. Miralles’, S. Mishima'', A. Paul'?-'34@, A. Pefiuelas’, M. Pierini'*, L. Reina'?,
L. Silvestrini’-'®, M. Valli'’, R. Watanabe’, N. Yokozaki'®

y@ Answer 3: because HEPfit is more than an EWfit tool https://arxiv.org/abs/1910.14013
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Fit result @Fall 2021

0.234 . . . . . |

S 240 [ 68% and 95% prc’:ﬁ)abilhty contours B—r.q:) | 68% and 95% probability contours as (M2) HEP]T
D I Fit without M,,, m|, and m D Fit without M,,,, sin*(6,), m , and T Aa® (Ar2 fit
O i y " N - L 5 4 Opaa (Mz)
=, : Fit without M) and m, S i Fit without M,,, sin“(8,4), and m_ my
& 220 cull it » I Fit without M,, and sin?(0,) m
i Experimental measurements 0.933 Full Fit Mw
B B Experimental measurements T'w
200 — B BRw 5,
I . Mz
i Iy
180 0.932 |— o Ohad
N Ry
: A%
160 L ppo!
rlmflti A, (SLD)
Coo oy | T 0_2312'1""l""l""l""l" AC
803 80 4 805 80.2 8025 80.3 8035 804 A,
AO,c
Mw [GeV] Mw [GeV] o
FB
0
n conclusion, EWPD appear to be tully compatible with the SM, with no more tensions than expected from statis- R;
tical fluctuations. In the standard scenario SM fit, the largest pull neglecting correlations is 2.20 on 24 observables, 1Rf
while taking correlations into account it is 1.80 on 14 observables. In both the full indirect and full prediction deter- sin® g (QpY'
minations, the largest pull neglecting correlations is 2.10 on 24 observables. To quantify further the agreement of the sin? 0.°P* (HC)
SM, we generated 600 toy experiments centered on the full prediction with the current experimental uncertainty and As
computed the fraction of toys in which the largest pull was larger than the largest one observed in real data. This Ry
fraction is an estimate of the global p-value. Neglecting correlations, we obtain p = 0.53, corresponding to 0.60 for a ; ; | ) : 5 ]
Gaussian distribution, while taking into account the correlations (fixed to the values observed in current data) we get ) ) ) .
Pu

p = 0.45, corresponding to 0.80c.
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New precision reached, with some question mark

@ To which extent are these new measurements
compatible to previous measurements?

= Not addressed here

= [his is up to the experimental collaborations
to establish (see talk by S. Amoroso)

Mass of the Top Quark

@ Assuming that they are, can we learn something

about New Physics

= Oblique correction scheme (S, T,U, etc.)

= SMEFT

@)

ATLAS+CMS Preliminary
LHCtopWG

World comb. (Mar 2014) [2]
stat

My SUMMary, Vs = 7-13 TeV  June 2022

total stat

total uncertainty
2 m,, + total (stat = syst) Vs  Ref.
Measurement I\/Itop [GeV/C ] LHC comb. (Sep 2013) LHCtopwG 173p.29 + 0.95 (0.35 = 0.88) 7 TeV [1]
CDF di-l ® 167.4+11.4 World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [2]
R ATLAS, l+jets 172.33 = 1.27 (0.75 = 1.02) 7 TeV [3]
DT di-l @ 168.4 + 12.8 ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30) 7 TeV [3]
_ . ATLAS, all jets 175118 (1.4 1.2) 7 TeV [4]
CDF I+ —-QE— 176.1+ 7.3 ATLAS, single top 172.2 + 2.1 (0.7 = 2.0) 8 TeV [5]
_ ' ATLAS, dilepton 172.99 + 0.85 (0.41 + 0.74) 8 TeV [6]
DO I+ _“' — 180.1+ 5.3 ATLAS, all jets 173.72 + 1.15 (0.55 + 1.01) 8 TeV [7]
r 1 ATLAS, |+jets 172.08 = 0.91 (0.39 = 0.82) 8 TeV [8]
CDF all-j ; ® 186.0£11.5 ATLAS comb. (Oct 2018) 172.69 =+ 0.48 (0.25 = 0.41) 748 TeV [8]
X2 /dof = 2.6/ 4 ATLAS, leptonic invariant mass (*) 174.48 = 0.78 (0.40 = 0.67) 13 TeV [9]
: CMS, l+jets 173.49 + 1.06 (0.43 = 0.97) 7 TeV [10]
TEVATRON Run-l @ 178.0+ 4.3 CMS, dilepton 172.50 + 1.52 (0.43 = 1.46) 7 TeV [11]
' CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7 TeV [12]
f T 1 CMS, |+jets 172.35 + 0.51 (0.16 = 0.48) 8 TeV [13]
150 175 200 CMS, dilepton 172.82 + 1.23 (0.19 + 1.22) 8 TeV [13]
Mo, [GeV/c?] CMS, all jets 172.32 + 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top 172.95 + 1.22 (0.77 = 0.95) 8 TeV [14]
CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [13]
CMS, l+jets 172.25 = 0.63 (0.08 = 0.62) 13 TeV [15]
CMS, dilepton 172.33 + 0.70 (0.14 = 0.69) 13 TeV [16]
CMS, all jets 172.34 + 0.73 (0.20 = 0.70) 13 TeV [17]
CMS, single top 172.13 £ 0.77 (0.32 = 0.70) 13 TeV [18]
CMS, l+jets (%) 171.77 + 0.38 13 TeV [19]
CMS, boosted (*) 172.76 = 0.81 (0.22 = 0.78) 13 TeV [20]
* Preliminary nene
4] EPJC
L | | I I | I I | I I | L |
165 170 175 180 185
My, [GEV]
SM
DO | 80478 = 83 <
CDF | 80432 + 79 23
DELPHI 80336 = 67 -
L3 80270 + 55 ——e— LECH 1.7 05" —H
Electroweak Fit -
OPAL 80415 + 52 — . . 2 . ! . .
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Fit setup adding new measurements

> eory intrinsic uncertainties on input parameters
@ Input parameters % Gr 0(Mz), Mz, My, m,, Aoty Theory in aintes on input parame

- OinMy =4 MeV , Oy,sin%gy =5 X102
fixed

6thrz = 0.4 MeV, SthGOhad =6 pb

@ Observables from LEP, Tevatron, and LHC

5.R0 = 0.006, &, R%. = 0.00005
5.+R% = 0.0001

@ Recent changes

= 2016 Tevatron combination

(on
(>
@ hew top mass = ATLAS Run 1 and Run2 results g >
= CMS Run 1 and Run 2 results -
" Recent CMS |+j measurement [m,=(171.7710.38) GeV]
previous average New average New average l
mt=17258 i04‘5 GeV l mt=173..79 i 03”8 GeV mt=];/71.79 ilOO leev
standard conservative

y Waiting for official Tevatron+LHC averages to be released
W) : HEPYj}



Fit setup adding new measurements

> eory intrinsic uncertainties on input parameters
@ Input parameters % Gr 0(Mz), Mz, My, m,, Aoty Theory in aintes on input parame

Stthz 4 MeV P SthSinzq\N: 5 XlO-S

fixed

@ Observables from LEP, Tevatron, and LHC

6thrz = 0.4 MeV, SthGOhad =6 pb

5.R0 = 0.006, &, R%. = 0.00005
5.+R% = 0.0001

@ Recent changes

= All LEP 2 measurements D¢ w.ousuromment }

@ hew W mass " Previous evatron average

= ATLAS and LHCb measurements | . .
= R CDF M=(80.43354+0.0094) GeV Using the PDG rescaling
ecent measurement [M,,=(80. +0. ) GeV] _ orescription

240J2g

191)e

previous average new average new average l
M,y =80.379 + 0.012 GeV —— M,,=80.4133 + 0.0088 GeV M, =80.4133 + 0.015 GeV
“standard” “conservative”

y Waiting for official Tevatron+LHC averages to be released
W) : HEPYj}



Impact of the new mw and m: measurements

Model |Pred. Mw [GeV]| Pull |Pred. Mw [GeV] Pull
standard average conservative average
SM | 80.3499 £ 0.0056 6.50|80.3505 4+ 0.0077 3.70

% - 68% and 95% probability contj:r:s S’  68% and 95% probability contours
% Fit without M,,, m,, and m,, O Fit without M,,, m,, and m,,
— Fit without M, and m, (,2, Fit without M,, and m,
= Full Fit = Full Fit
Experimental measurements Experimental measiirements
200 —
200

150_ 150

' : : | | | | | | | | | | | | | |
80.3 80.4 80.5 80.3 80.4 80.5

@) e e
> “standard” scenario 38 “conservative” scenario flt



Impact of the new mw and m: measurements

Model |Pred. Mw [GeV]| Pull |Pred. Mw [GeV] Pull
standard average conservative average
SM | 80.3499 £ 0.0056 6.50|80.3505 4+ 0.0077 3.70
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i | N i
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Fitting Oblique Corrections: S, T (with U=0)

A large T value can Model |Pred. My [GeV] Pull |Pred. My [GeV] Pull
t f th W standard average conservative average
compensate 1or tne vv mass, SM_ [80.3499 £ 0.0056  6.5080.3505 £ 0.0077 3.70
reduc|ng the f|t pu" close to 10 ST 80.366 4+ 0.029 1.60| 80.367 £+ 0.029 140
“standard” scenario “conservative” scenario
I_
0.5 Lall 0.5 L_Jal //
- Mw [GeV] - Mw [GeV] / / Result Correlation
- [l asymmetries - [l asymmetries , (ICsT /ICsM = 25.0/80.2)
-rz [GeV -rz [GeV, 510.100 £ 0.073]1.00
T10.202 +£0.056(0.93 1.00
0F 0F e — —

/
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“standard” scenario

—
0.5

-0.5

“conservative” scenario

A large U value can
compensate for the W mass,

Fitting Oblique Corrections: S, T, U

without pulling Sand T

SHEPI

—
0.5

SHEPI
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0.5

-0.5

)

0.5H

-0.5-

Model

Pred. MW [GGV]

Pull

standard average

Pred. MW [GGV]
conservative average

Pull

SM
ST
STU

0.5+

-0.5

80.3499 4= 0.0056
80.366 == 0.029
80.32 == 0.94

6.50
1.00
0.20

80.3505 == 0.0077
80.367 == 0.029
80.32 == 0.94

3.70
140
0.20

Result

Correlation

(ICsTu /ICsMm = 25.3/80.2)

0.005 =
0.040 -

- 0.096
- 0.120

0.134 -

- 0.087

1.00

0.91 1.00

—0.60 —0.88 1.00




Beyond Oblique Corrections: SMEFT analysis

o Model |[Pred. Myw [GeV] Pull |Pred. Mw [GeV| Pull
Of;) = (¢"i D ,0)(Ipy"1L) , standard average conservative average
& I . . .
O((;Z) _ (qSTz'Dqu)(lL oyt | SMEFT| &80.66 £+ 1.68 0.1c| 80.66 £ 1.68 0.10
as Only 8 independent combinations enter EWPO 05
Ope = (811D ,0)(Er""er) | +
= ] Y |
of) = ¢ B ) arra), | WA W =c) - c,p, f=lageud 0 AR A
- e vertex 2 s |
04, = (¢ Z(iMCf?)(qL oiv"qr) corrections éfj? :C;?}) 4 zlcngC‘PD 1 E—ZCQPWB, f= L. |
Opu = (671 D ,¢)(TrY uR) | 1 N ~0.4 -
? (@ Z(_fd))(i”w uR) Cu 25((011)1221 + (Ci)2112) = (Chi)1221,
Oga = (¢'i'D 1¢)(dry*dR) —0.6
_ B Before
Opwp = ($loip) W, B* | W/Z o
Opp = (¢'D*¢)* (¢'Dyug) , | propagators >T Con Coz  Coe Com GCoos  Cou  Cou  Cu
_ _ . 0.10 -
Ou = (ILy"1)(Iy" 1) > G
0.05 -
A unique combination of coefficients enters 0.00 - N ",
¢ e
A £F ~0.05 -
the W mass: (CG} )
¢ 2 ~0.10 -
mmm Before

O
N/ 1 2 Cg)[_l C¢L3 Cwe Cg)Ol C¢O3 Cg)u de CLL CQWB C(pD m flt



Conclusions

@ Since decades, the EW fit has been one of our most effective tools to test the SM and probe the presence of new
physics at higher energy scale

@® The recent update of mMW and mt measurements represent a further step forward in precision
@ But the new mW measurement by CDF challenges the consistency of the fit
@ Certainly, new physics effects can compensate for that

@ Invoking large T (if U=0) or U oblique correction

A

n C
@ Adjusting the value of the C;f} ;ﬂ combination of SMEFT coefficients

@ On the other hand, this doesn't address the issue of compatibility between experimental measurements
@ Something that we tried to mitigate inflating the uncertainty on the average (PDG style)

y @ Something that requires (ongoing) scrutiny by the experiments
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Top Mass combination

@ To combine mt measurements, we need some correlation model

@ We assume a linear correlation between systematic uncertainties from different
measurements p;.y " = min(o;, 6;)/ max(o;, 6;) which results in the “standard average”

m, = 171.79 £ 0.38

@ Doing so, we observe a tension between some set of measurements (ATLAS and CMS |+jets)

@ By applying the PDG procedure, the uncertainty explodes to 1.7 GeV. We don’t think this
reflects what we know about the W mass=, so we discarded this value

@® Instead, we infuriated the error up to 1 GeV (“conservative” scenario) which in any case
has little impact on the fit (parametric uncertainties are subleasing with respect to
experimental errors on EWPO)
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