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ELECTROWEAK PRECISION OBSERVABLES: PRESENT

® Very precise measurements of Z & W boson properties:
Z-pole obs.

Mz, Tz, 00,4, sin® 6k, PP, Ay, ARL, RS  (SLD/LEP)

T

0.002-0(1)%
W obs.

' My, Tw (LEP2/Tevatron)
0.02-0(1)%
® EW precision observables can test the SM to the level of radiative
corrections — Indirect determination of top & Higgs masses ...

® After Higgs discovery — strong (unambiguous) constraints on new
physics modifying the electroweak sector (e.g. solutions to the
hierarchy problem)

® Several groups/codes for the EWV fit: ZFITTER, GAPP, Gfitter, ...

Also part of
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THE cope

® General High Energy Physics fitting tool to combine indirect and
direct searches of new physics (available under GPL on github)

https://github.com/silvest/HEPfit

® Webpage: http://hepfit.romal.infn.it

HEP[i{

home developers samples documentation

HEPfit: a Code for the Combination of Indirect and
Direct Constraints on High Energy Physics Models.

=G
— ———
Higgs Physics Precision Electroweak Flavour Physics BSM Physics
HEP£it can be used to study Electroweak precision observables The Flavour Physics menu in Dynamics beyond the Standard
Higgs couplings and analyze data are included in HEPfit HEP{1it includes both quark and Model can be studied by adding
on signal strengths. leplon flavour dynamics. models in HEP£it.
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THE cope

® General High Energy Physics fitting tool to combine indirect and
direct searches of new physics:

Written in C++. Support for MPI parallelization.

Dependencies: ROOT, GSL, Boost, Bayesian Analysis Toolkit (BAT)

Beaujean, Caldwell, Greenwald, Kollar, Kréninger, Schulz

Bayesian Statistical Analysis

Stand-alone and library modes to compute observables in a given
model

® Add new models and/or observables as external modules

® Preparing for first official release...
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THE cope

Already in the code: Standard Model
Oblique pars: S, T,U
€i parameters
Modified Zbb couplings
Modified Higgs coup: Kv, K
SMEFT dim 6
General THDM

Models

Observables EWPO

Higgs signhal strengths
Flavor: AF=2, UT, B decays
LFV

LEP 2 cross sections EWiP
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THE cope

Already in HEPfit: Standard Model
Oblique pars: S, T,U
€i parameters
Modified Zbb couplings
Modified Higgs coup: Kv, K
SMEFT dim 6
General THDM

Models

In this talk _

“—m» m————— e

Observables , ; EWPO =

EW precision observables: Higgs signai strengths W
® Weritten from scratch Flavor: AF=2, UT, B decays

® SM EWPO validated against v

Akhundov, Arbuzov, Riemann & Riemann
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S
EW PRECISION OBSERVABLES IN THE SM

® Input parameters: {GLs dem} (Fixed)

{mh, my, Mz, as(M?2), Aafi)d M%)} (Floating)

® M mass parametrized in terms of Ar

M% T
= Mz (1 + \/1 s n (1 + Ar)>

® Z-pole observables parametrized in terms of effective Zff couplings

L="2—Z,>f Q‘f/"Yu — 91{1'7#'75} f

2w ew

~——7Z, D f _9{,'7#(1 + v5) + g£7u(1 — 75)} I

\/72 D -f {(If — 2Q ""Z'Sw)'Vu I:{'Yu')’t')} I

2SWCW

f 2 f M2
J ga I‘.',f — 1 (]_ — g_V) 32 S %%
= | =% — — 2

Pz Il Z = 4]Qs|s%, g’ w M3

On-shell ren. scheme
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EW PRECISION OBSERVABLES IN THE SM

® Z-pole observables parametrized in terms of Effective Zff couplings
Left-Right and Forward-Backward Asymmetries

f
2Re{g“f/}
0,f . g
AL,J;% = Ay = ? 2
1+Re{g‘f/}
9A

Effective electroweak mixing angle

ARL =3A.A; (f = £, ¢,b)

-2 pnlept __ ¢ 2
sin® Ogp = Re {k%} s3,

Decay widths (and ratios), hadronic cross section

o )
g

% | RI + R
ga |

'y o ‘P‘§|

0 _ 127w T.Ty 0 _ Ty 0 _ TLe¢p
FZ? o-h_ M% FzZ 9 Rg VR Rc,b_ Ty,
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EW PRECISION OBSERVABLES IN THE SM

® Theory status:

® My :Full EW 2-loop + leading 3-loop & some 4-loop contrib.

M. Awramik, M. Czakon, A. Freitas, G. Weiglein, Phys. Rev D69 (2004) 053006

® sin’ @} : Full EW 2-loop + leading higher order contrib.

M. Awramik, M. Czakon, A. Freitas, JHEP 0611 (2006) 048
M. Awramik, M. Czakon, A. Freitas, B.A. Kniehl, Nucl. Phys. B813 (2009) 174-187

® T :Full fermionic EW 2-loop

A. Freitas, JHEP 1404 (2014) 070

® I'w:Only EW one loo

D.. Bardin, P.K. Khristova, O. Fedorenko, Nucl. Phys B197 (1982) 1-44
D.. Bardin, S. Riemann, T. Riemann, Z. Phys C32 (1986) 121-125

® Experimental vs Theoretical uncertainties: Present

Exp. error 15MeV 23MeV 37pb 6.6x107* 1.6x10~*
Theory error 4MeV 0.5MeV 6pb 15x107* 0.5x10~*

A. Freitas, PoS(LL2014)050 [arXiv: 1406.6980]
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EW PRECISION OBSERVABLES IN THE SM

Data Fit Indirect Pull
as(Mg) 0.1185+0.0005 0.1185+0.0005 0.1184+0.0028 —-0.0
Aa](az)d(Mg) 0.027504+0.00033 0.027411+0.00026 0.027254+0.00042 -0.5
Mz [GeV] 91.18754+0.0021 91.187940.0020 91.199+0.011 +1.0
m[GeV] 173.34+0.76 173.61+0.7 176.9+2.5 +1.3
mp[GeV] 125.09+0.24 125.091+0.24 97.40+25.59 —0.9
My, [GeV] 80.3851+0.015 80.3651+0.006 80.361+0.007 —1.4
I'w [GeV] 2.085+0.042 2.089040.0005 2.08904+0.0005 +0.1
I'z[GeV] 2.495240.0023 2.49454+0.0004 2.49454+0.0004 —-0.3
ag[nb] 41.540+0.037 41.488+0.003 41.488+0.003 —1.4
sin? Hi%)t(Qll;%d 0.23244+0.0012 0.23144+0.00009 0.23144+0.00009 —-0.8
P}_’Ol 0.14654+0.0033 0.14774+0.0007 0.1477+0.0007 +0.4
Ay(SLD) 0.15134+0.0021 0.14774+0.0007 0.14724+0.0008 —-1.9
A, 0.670+0.027 0.6682+0.0003 0.6682+0.0003 —-0.1
Ay 0.923+0.020 0.934660.00006 0.93466+0.00006 +0.6
AOF’é 0.01714+0.0010 0.016440.0002 0.0163+0.0002 —-0.8
AOF’E 0.0707+0.0035 0.0740+0.0004 0.0740+0.0004 +0.9
AOF’]g 0.0992+4+0.0016 0.10354+0.0005 0.1039+0.0005 +2.8
Rg 20.767+£0.025 20.752+0.003 20.75240.003 —0.6
Rg 0.17214+0.0030 0.17224+0.00001 0.17224+0.00001 +0.0
Rg 0.21629+0.00066 0.21578+0.00003 0.21578+0.00003 —0.8
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EW PRECISION OBSERVABLES IN THE S

Data Fit Pull
o, (M?2) 0.1185+0.0005  0.118540.0005 | —0.0
Aot (M32) 0.02750+0.00033 0.02741+0.00026 | —0.5
Mz[GeV] 91.187540.0021  91.1879+£0.0020 | 91.199+0.011 | +1.0
m;[GeV] 173.3440.76 173.6+0.7 176.9+2.5 +1.3
my,[GeV] 125.0940.24 125.0940.24 97.404+2559 | —0.9
My [GeV] 80.385+0.015 80.3651+0.006 80.3611+0.007 | —1.4
I'w[GeV] 2.08540.042 2.089040.0005 | 2.089040.0005 | +0.1
I'z[GeV] 2.49521+0.0023  2.49451+0.0004 | 2.494540.0004 | —0.3
a?[nb] 41.540+0.037 41.488+0.003 41.488+0.003 | —1.4
sin® 9P (Qhad)  0.232440.0012  0.2314440.00009 0.2314440.00009 —0.8
ppro! 0.1465+0.0033  0.1477+0.0007 | 0.147740.0007 | +0.4
Ay (SLD) 0.151340.0021  0.14774+0.0007 | 0.147240.0008 | —1.9
A, 0.67040.027 0.6682+0.0003 | 0.668240.0003 | —0.1
A, 0.9234+0.020  0.9346640.00006 [0.93466+0.00006/ -+0.6
AYE 0.0171+0.0010  0.016440.0002 | 0.016340.0002 | —0.8
AYS 0.0707+0.0035  0.07401+0.0004 | 0.074040.0004 | +0.9
AP 0.0992+0.0016  0.103540.0005 | 0.103940.0005 | +2.8
R? 20.767+0.025 20.7524+0.003 | 20.7524+0.003 | —0.6
R? 0.1721+0.0030  0.1722440.00001 |0.1722440.00001] +0.0
RY 0.21629+0.00066 0.2157840.00003 '0.21578+0.00003] —0.8
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EW PRECISION OBSERVABLES IN THE SM

(Only | significant discrepancy)

Data Fit Indirect

aS(Mg) 0.1185+0.0005 0.1185+0.0005 0.1184+0.0028

Aaf@d Mg) 0.027504+0.00033 0.027411+0.00026 0.0272510.00042

Mz [GeV] 91.18754+0.0021 91.187940.0020 91.199+0.011

m[GeV] 173.34+0.76 173.61+0.7 176.9+2.5

mp[GeV] 125.09+0.24 125.091+0.24 97.401+25.59

My, [GeV] 80.3851+0.015 80.3651+0.006 80.361+0.007

I'w [GeV] 2.085+0.042 2.089040.0005 2.0890+0.0005

I‘Z[GeV] 2.495240.0023 2.49454+0.0004 2.4945+4+0.0004

o, [nb] 41.540+0.037 41.488+0.003 41.488+0.003 .

sin Hlept(Qhad 0.23244+0.0012 0.23144+0.00009 0.23144+0.00009 [—0.8

P}_’Ol 0.14654+0.0033 0.14774+0.0007 0.1477+0.0007 |+0.4

Ay(SLD) 0.15134+0.0021 0.14774+0.0007 0.14724+0.0008 |-1.9

A, 0.670+0.027 0.6682+0.0003 0.6682+0.0003 {—-0.1

Ay 0.923+0.020 0.93466+0.00006 0.93466-+0.00006 |+0.6

AOF’é 0.01714+0.0010 0.016440.0002 0.0163+0.0002 |—-0.8 |
/AO’C 0.07070.0035 0.07401+0.0004 /O 074040.0004 }40.9

0.099240.0016

0.103540.0005

20.767+L0.025
0.1721+0.0030

20.752F£0.003"
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EVW PRECISION OBSERVABLES IN THE SM

® Good agreement between direct and indirect determinations of the
values of the input parameters

= - = I = i
D === Direct D === Direct ‘5 200 === Direct
%) |
c 800 . & 1500 - c .
o - [ Posterior @ ) [ Posterior
g g g
- i [ ] Indirect g g . [ ] Indirect
= 600 = = 150
8 i 2 1000 | 9
st o | S ot
& 400} o o 100r
I 500 - [
200 - 50
I .
A J
0 0 0
0.11 0.115 012  0.125 0.026 0.027 0.028 91.16 91.18 912 91.22 91.24
2 (3) n2
os(M3) Adihag(M?) Mz [GeV]
Indirect: Best-fit value, excluding the direct exp. measurement from the fit
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EVW PRECISION OBSERVABLES IN THE SM

® Good agreement between direct and indirect determinations of the
values of the input parameters

o
o)

= = i
D i === Direct D : === Direct
o ! [ Posterior S 1 5| [_] Posterior
© © '
= ! — " [ Indirect [x10]
= 04 = -
O O I
© - ©
O O 1
S I S i
o ! A I
0.2 - I
i 0.5
o | J - O
170 175 180 185 50 100 150
m; [GeV] mp [GeV]
Indirect: Best-fit value, excluding the direct exp. measurement from the fit
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EW PRECISION OBSERVABLES IN THE SM

(5)

® Parametric uncertainties dominated by Aa,

M%) = 0.02750 £ 0.00033

H. Burkhardt, B. Pietrzyk, Phys. Rev. D84 (201 1) 037502

Prediction as(M32) My my
My [GeV] 80.36140.008 +0.000 | : +0.003 +0.005
I'w|[GeV] 2.0887+40.0007 +0.0002 - £+0.0005 +0.0002 40.0004
PZ (GeV] 2.494340.0005 +0.0002 | 40.0003 +0.0002 $0.0002
o}, [nb] 41.488+0.003 +0.002 +0.000 | =+£0.002 +0.001
sin? 0/P*(Qhad)  0.23149+0.00012 +0.00000 | £0.00012 | £0.00001 =+0.00002
PfOI 0.147340.0009 +0.0000 +0.0009 +0.0001  40.0002
Ay (SLD) 0.147340.0009 +0.0000 +0.0009 +0.0001  40.0002
A, 0.6680+0.0004 +0.0000 +0.0004 | =+£0.0001 =£0.0001
Ay 0.93464+0.00008 =+0.00000 | +0.00007 | +0.00001 =0.00001
A% 0.016340.0002  +0.0000 | 4+0.0002 | 40.0000 +0.0000
A%’E 0.073840.0005 +0.0000 +0.0005 +0.0001 40.0001
A% 0.103340.0007  +0.0000 | 4+0.0006 | +£0.0001 40.0001
Rg 20.7524+0.004 +0.003 +0.002 +0.000 +0.000
Rg 0.172234+0.00001 =+0.00001 | £+0.00001 | 40.00000 =0.00001
Rg 0.21579+0.00003 +0.00001 '\\:l:0.00000 ) £+£0.00000 =+0.00003

® Measured with inclusive processes. Smaller uncertainty if using exclusive

with pQCD, etc.

Assume 5(Aahad(M§))

JORGE DE BLAS
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http://inspirehep.net/author/profile/Pietrzyk%2C%20B.?recid=913711&ln=es

EW PRECISION OBSERVABLES AT THE FCCEE

® Physics at the FCCee: Several projected runs

Z pole | WW threshold | HZ threshold | ¢t threshold | Above tt threshold
/5 [GeV] 90 160 240 350 > 350
L(ab™1 /year) 86 15 3.5 1.0 1.0
Years of run | 0.3 / 2.5 1 3 0.5 3
Events 1012 /1013 6 x 107 2 x 108 2 x 10° 7.5 x 10

® Each run will bring improvements on the precision of different sectors
of Electroweak precision observables
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EW PRECISION OBSERVABLES AT THE FCCEE

® Expected sensitivities to EWPO

Current Before FCCee-Z FCCee-Z FCCee-WW FCCee-HZ FCCee-tt
Data FCC (no pol.)
as(M32) 0.1185-£0.0005 +0.0002
Aa® (M2) 0.02750+0.00033 =£0.00005 (?)
Mz[GeV] 91.187540.0021 4+0.0001
my[GeV] 173.34+0.76 +0.6 4+0.014
mp[GeV] 125.0940.24 +0.05 +0.007
My [GeV] 80.385+0.015 40.011 +0.001
'y [GeV] 2.085+0.042 +0.005
I'z[GeV] 2.495240.0023 4+0.0001
o) [nb] 41.540+0.037 +0.025
sin? 6.5F"* 0.2324+0.0012 +0.0001
ppe! 0.1465+0.0033 4+0.0002
Ay 0.151340.0021 +0.000021
A, 0.670+0.027 +0.01
Ay, 0.92340.020 +0.007
AYVE 0.017140.0010 +0.0001
Ax< 0.0707-+0.0035 +0.0003
AL 0.099240.0016 4+0.0001
RY 20.767+0.025 +0.001
R? 0.1721+0.0030 +0.0003
R? 0.2162940.00066 +0.00006

JORGE DE BLAS

INFN - sezioNE DI RoMA
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EW PRECISION OBSERVABLES AT THE FCCEE

® Expected sensitivities to EWPO and Higgs observables

e e

Current Before FCCee-Z FCCee-Z FCCee-WW LFCCee-HZ) FCCee-tt
Data FCC (no pol.) S

as(M32) 0.1185-£0.0005 4+0.0002
Aa® (M2) 0.02750+0.00033 =£0.00005 (?)
Mz[GeV] 91.187540.0021 4+0.0001
my[GeV] 173.34+0.76 +0.6 4+0.014
mp[GeV] 125.09+0.24 +0.05 +0.007
My [GeV] 80.385+0.015 40.011
'y [GeV] 2.085+0.042
| [GeV] 2.495240.0023 . Before FCCee-H”Z
o) [nb] 41.540+0.037 .02 FCC
sin? .°P* 0.232440.0012 .
prot 0.14650.0033 00| _THZ 0.4%
Ag 0.15130.0021 orrz Br(H — bb) ~ 10% 0.2%
A, 0.670+0.027 orz Br(H — cg) 1.2%
Ap 0.923+0.020 oz Br(H — gg) 1.4%
AYVE 0.0171+0.0010 . ocrzBr(H — WEWF*)  ~ 510% 0.9%
ARG 0.07074-0.0035 . opzBr(H — 7t17) ~ 15% 0.7%
AYD 0.099240.0016 . oz Br(H — ZZ*) ~ 5-15% 3.1%
RY 20.767+0.025 00 opzBr(H — ~7) ~ 5-10% 3.0%
R 0.172140.0030 . opzBr(H — pTp™) ~ 15-20% 13%
R} 0.21629-+0.00066

TLEP WG, arXiv: 1308.6176 [hep-ex]
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EW PRECISION OBSERVABLES IN THE SM: FUTURE

® Experimental vs Theoretical uncertainties:

Quantity Theory error Exp. error
c Myw [MeV] 4 15
5 sin? 0% [1079] 4.5 16
Ry [10_5] 15 060
Quantity ILC FCC-ee CEPC Projected theory error
o Mw [MeV| 3—4 1 3 1
3 sin® 0% [107°] 1 0.6 2.3 1.5
L| Ty [MeV] 0.8 0.1 0.5 0.2
Ry, [107°] 14 6 17 5—-10

A. Freitas, arXiv: 1604.00406

' Theoretical effort necessary to achieve FCCee precision '

JORGE DE BLAS FCC WEEK 2016
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EWPD LIMITS ON PHYSICS BEYOND THE SM:
PRESENT VS. FUTURE

(PRELIMINARY RESULTS)
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EWPD LIMITS ON PHYSICS BEYOND THE SM

® New Physics beyond the Standard Model: Several model-independent
NP scenarios implemented within

Oblique parameters
Non-Standard Zbb couplings
Modified Higgs couplings
Dim 6 SMEFT

® General strategy for the calculation of future sensitivities:

JORGE DE BLAS

Assume theoretical uncertainties will be reduced as needed to
reach FCCee precision

Use SM best-fit results as central values for future data. Limits
provide FCCee sensitivity to New Physics.

FCC WEEK 2016
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S
EW LIMITSON NP: S, T, U

® Oblique Parameters: New Physics contributing to gauge boson self-
energies. EWPD depends only on 3 parameters

M.E. Peskin, T. Takeuchi, Phys. Rev. D46 (1992) 381-409

aS

Le? {HNP (0) — TINP ’(O)}
oT = — [HNP(O) — II}Y (0)]

SWCW

aU = 4e? [HNP’(O) — 1135/ (0)|

® In models where EWSB is realized linearly, U is expected to be << §,T

/ /

dim 8 dim 6

JORGE DE BLAS FCC WEEK 2016
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EW LIMITS ON NP: S, T, U

® Oblique Parameters: Present

— -
0.5 0.5
0 oL
0.5 05+
05 o Tos 05
S

Fit result Correlations
S 0.09=0.10 1.00
T 0.101+0.12 0.86 1.00
U 0.02+0.09 —0.54 —-0.81 1.00

JORGE DE BLAS
INFN - sezioNE DI RoMA
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EW LIMITS ON NP: S, T, U

® Oblique Parameters: Present vs. Future

— : —~ 0. 95% Prob.
0.5+ : [l FCCee (no pol.)
1 [ FCCee (pol.)
1 B [JFCCee-WW
: 0.05 B FCCee-tt
0 : OF e
: -0.05:—
0.5 |- E
o5 o os : Obi 005 0 005 04
S i
Fit result Correlations : Fccee
S 0.09+0.10 1.00 5 6S, 6T ~ 0.006
T 0.1010.12 0.86 1.00 .
U 0.02=0.09 —0.54 —-081 1.00 :
JORGE DE BLAS FCC WEEK 2016

INFN - sezioNE DI ROMA ROME, APRIL 12, 2016



EW LIMITS ON NP: S, T, U

® Oblique Parameters: Present vs. Future

D : o 0 95% Prob.
0.5 1 i [l FCCee (no pol.)
: [ FCCee (pol.)
1 B [[JFCCee-WW
: 0.05— B FCCee-tt
0 : o_— ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
: -0.05:—
osf 5 _
I ! ! ! ! I ! ! ! ! I ] - :
-0.5 0 0.5 E e X 'io.loé - '(I)' - 'o.I05' 04
T :
Fit result Correlations : 55CC§%()5
' Y o
S 0.09=0.10 1.00 :
T 0.10£0.12 0.86 1.00 Major improvement on U
U 0.02=0.09 —-0.54 -0.81 1.00 at FCCee-WW

JORGE DE BLAS FCC WEEK 2016
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EW LIMITS ON NP: S, T (U=0)

® Oblique Parameters: Present

U=+0

— —
05 [l al 05
v 7 |
- 808 asymmetries < / -
- [@r: 7/
: /. N
' U=0
_0.5 051
1 1 1 | 1 1 1 1 | | |
_0.5 0 0.5 05
S
Fit result Correlations

S 0.10x0.08 1.00
T 0.12x0.07 0.85 1.00

JORGE DE BLAS
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EW LIMITS ON NP: S, T (U=0)

® Oblique Parameters: Present vs. Future

- ! ~ 0 95% Prob.
0.5 I all / . =11:ggee Enolp)ol.)
- Mw : ! I CIFCCee-WW
- 10 asymmetries ~ / : 0.05— B FCCee-tt
- [r; / ' i
0 / E o:— ———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
2 / :
// ! _
: -0.05-
-0.5 o E U=0
YA BT : T
-0.5 0 0.5 : -0-h3 “0.05 0 0.05 0.1
s
: FCCee
Fit result Correlations ! 55 ~ 0.006
S 0.10£0.08  1.00 : 5 (U =0)
T 0124007 085 1.00 ° T~ 0.004

INFN - sezioNE DI ROMA ROME, APRIL 12, 2016



EW LIMITS ON NP: S, T (U=0)

® Oblique Parameters: Present vs. Future

' Impact of theory uncertainties '

0.1 s ; _ ;
= 95% Prob. = 0T 95% Prob. = 00 95% Prob.
i B Current Th. Err. - Bl Current Th. Err. - Bl Current Th. Err.
. [[JFuture Th. Err. i [ |Future Th. Err. i [|Future Th. Err.
I i Negl. Th. Err.
0.05 0.05- [ Negl. Th. Err. 0.05- B Neg T
0 I ] ] — g y;
-0.05 _0.05- _0.05
: : U=0 : . U=0
I FCCee (pol.) . FCCee WW - FCCeertt
_O. R R R SNSRI | N Y RTINS R N R i T | T _ [ S R R TR S R | [ SR N R S N
-b 1 -0.05 0 0.05 0.1 0.} 20.05 0 0.05 0.1 b —0.05 0 0.05 0.1
S

Current theoretical calculations insufficient for FCCee -precision physics
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S
EW LIMITS ON NP: NON-STANDARD Zbb coOUPLINGS

® Non-standard Zbb couplings Sm
<
5 0.002

® One significant discrepancy in the
SM fit:

0.001

0.0005

0.096 0.098 0.1 0.102 0.104

0b
Arg

® Requires NP corrections to Zbb couplings:

b _ .bS b
9dL.r — gL,}leI T 59L,R
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EW LIMITS ON NP: NON-STANDARD Zbb coOUPLINGS

® Non-standard Zbb couplings: Present

0.02

-0.02

-0.04 - |

| | | | | | |
-0.04 -0.02 0 0.02 0.04 0.06

Fit result Correlations

dgs  0.01610.006 1.00
dg? 0.0025+0.0014 0.90 1.00

dgy,  0.0184+0.007  1.00
dg% —0.013+£0.005 —0.98 1.00

JORGE DE BLAS
INFN - sezioNE DI RoMA

-0.02

-0.04

Closest solution
to the SM

E
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EW LIMITS ON NP: NON-STANDARD Zbb coOUPLINGS

® Non-standard Zbb couplings: Present vs. Future

o [

D 0.04 -
R
0.02 -
O_
(l) IO.O|05|
SQL
Fit result Correlations
dgs  0.01610.006 1.00
dg? 0.0025+0.0014 0.90 1.00
dgy,  0.0184+0.007  1.00
6g% —0.013+0.005 -0.98 1.00

JORGE DE BLAS
INFN - sezioNE DI RoMA

Y/ W
1/ )
Y, \
/ E I I == == == == == == = =N = = N N N =N N = E . \\
J X

o 20.02
0.0181

0.016/-

0.014-

0.012

[ Assuming NP s,

0.01 . [LJFCCee (no pol.)
I n Z b b . FCCee (pol.)
1 | 1 1 1
0.002

L L
0.008 0.004

6g‘£

| | | | |
0.003

FCCee

dg? ~ 0.0001
dg®, ~ 0.0005
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L
EW LIMITS ON NP: MODIFIED HIGGS COUPLINGS

® Non-standard Higgs couplings

® Effective Lagrangian for a light Higgs+Approximate custodial symmetry

Rescaled h V'V couplings
Leg= 7 Tr [D,X1E] (14 26y 7 + .. )

—m; fi (1+.‘.I;v )fR
Rescaled Aff couplings

® EWPO: One-loop contribution to S & T

_ A2
S = 127_‘_ (1 — K’V) lOg h A — \/‘471"0 ‘
1—k?2
2 \ %4
T—= S (1 K,V) log A |
167 Cv h Cut-off of the Higgs Eff. Lag.
JORGE DE BLAS FCC WEEK 2016
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EW LIMITS ON NP: MODIFIED HIGGS COUPLINGS

® Non-standard Higgs couplings: Present

68% 95% A > 13TeV (ky < 1)
ky 1.02540.021 [0.981, 1.072] A > 85TeV (ky > 1)
= 200 S
2 | =0
s < 4T
= or !
o i I
8 3r
O 10 I
l 2
5- I
; L
0 L L L
0.9 0.9 1 1.1 1.2
Kv Kv

47v

Implications for composite Higgs (Kv<lI):
Extra contrib. to S, T required to agree with
EWPD fit — Constraints in the A-Ky plane

JORGE DE BLAS FCC WEEK 2016
INFN - sezioNE DI RoMmA ROME, APRIL 12, 2016

Allowing for: A <
v
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EW LIMITS ON NP: MODIFIED HIGGS COUPLINGS

® Non-standard Higgs couplings: Present vs. Future

FCCee

68% 95% 5 ory ~ 0.001
ky 1.02540.021 [0.981, 1.072] ' 5.1.08 =Cgréenz ,
1 ¢ - FCCee(no pol.
> 20F : 1.08- 0 FCCee(pol.)
D - I r FCCee-WW
C I : - I FCCee-HZ
3 I v 1.041 B FCCee-tt
> 151 : -
= i v 1.02-
3 : :
Re! I ' N B O O Th.
© 10 , It . -
0 - I B
; ' 0.98F
S : 0.96
' 0.941
0 : N
0.9 0920 o
Kv '
JORGE DE BLAS FCC WEEK 2016
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® The SM as an Effective Theory
Log =0 xaala=Lsm+ +L5+ 5L+ -+ -
Li=)>,Ct0O; O;] =d
® General parametrization compatible with assumptions

® Provides an ordering principle (Power counting)

® Provides (Lorentz & Gauge invariance) correlations between different
types of observables

® Dim5: | operatgr S. Weinberg, Phys. Rev. Lett. 43 (1979) 1566

® Dim 6:59 Operators  W.Buchmiller, D. Wyler, Nucl. Phys. B268 (1986) 621
C. Arzt, M.B. Einhorn, J. Wudka, Nucl. Phys. B433 (1995) 41

B.Grzadkowski, M.Iskrynski, M.Misiak, J.Rosiek, JHEP 1010 (2010) 085

N

We use the GIMR/Warsaw basis
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® EWPO sensitive to:
® Oblique corrections
Onp = |HYD,H|° Opwp = (H'o, H)W? B*

2 2

— 1 (% - 4SWCW (%
| T = —5,Cup32 S= "0 "Cuwpyz

® Corrections to EW Vff couplings
O} = (H'D,H)(F1'f) O} = (H'iDH)(Fy"ou)

w@id(e) _ 1 (1) ~B) ) v? wde _ _14(1) o2
gy, = —3 (Can) + CHq(u)E 09r "~ = —3CHudenz

1 3) 2
oV = CI(LIc)J,lF

N EEEEEEEEEEEE————————————————————————

® Also sensitive to Oy = (Iy,1)(Iv*1) through indirect effects
(It affects the extraction of Gr from u decay)

JORGE DE BLAS FCC WEEK 2016
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present

_ g 95% prob. bound on

& Ci [TeV—2] A [TeV]

0 Operator C;=1 C;,=-1 C;==1

& Ouwp (Hlo,H) WS, B+ —0.009, 0.003] 16(17%)  11(83%) 12

§ Oup H'D,H| —0.027, 0.004] 11(7%)  6.5(93%) 6.6

(4] <> _

o ol (HTLDH,H) (Toy* 1) —0.005, 0.012] 9.7(82%) 13(18%) 9.9

g oF  (H'iD*H) (Ipv*oals) —0.011, 0.005]  14(1%)  10(79%) 10

= One (H'iD,H)(egy"er) [—0.015,0.007] 11(19%) 8.6(81%) 8.6

(qv] >

o O (HTLDHH) (@iy"qr)  [—0.027, 0.043] 5.1(67%) 5.9(33%) 5.3

5 oF) (H'iD*H) (qzy"oaqr) [—0.011, 0.015] 8.9(s6%) 9.6(44%) 9.1
<

g On. (HVD,H) (ugy*ugr) [—0.071, 0.081] 3.7(54%) 3.9(46%) 3.7
<~ -

3 Ona (H'iD,H) (dry"dr) [—0.14, 0.070] 3.7(22%) 2.8(78%) 2.9

- Oy (Iy,l) (1y*#1) [—0.0096, 0.023] 7.0(77%) 9.8(23%) 7.3

JORGE DE BLAS
INFN - sezioNE DI RoMA

(NP scale > 3-16 TeV (Ci~ 1))
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present

95% prob. bound on 95% prob. bound on
o [TeV 2] i [TeV—2]

g Operator
£ = — _ _
o| OW (HND,H) (Iy*iL) —0.013, 0.038] —0.005, 0.012

<> - ] ;
§ o (H'D2H) (Igy*oalL) —0.065,0.010 —0.011, 0.005]
O One (H'iD,H) (egy*er) —0.026, 0.015] —0.015, 0.007]
- <~ ] ]
g O (HTLDNH) (GEY"qr) —0.108, 0.077] —0.027, 0.043
. o) (H'D*H) (qz7"0a4qr) —0.190, 0.005 —0.011, 0.015]

H - -
s On. (HYiD,H) (try*ur) —0.230, 0.440 —0.071, 0.081]

<> -
:’)5_ Onq (HViD,H) (dgy*dg) [—1.2, —0.140] [—0.14, 0.070]
2 Ou (Iyul) (1y*#1) [—0.090, 0.030] [—0.0096, 0.023]
LI
2 ( ) ) ] A ‘ | operator at a time ‘

Only 8 combinations of dimé

operators can be constrained.
Remove OgwB, OHD.

JORGE DE BLAS
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present

95% prob. bound on 95% prob. bound on
. _ 7)) . —
o [TeV 2] 2 i [TeV—2]
Q Operator oS
- | ogl (HY iD WH) (Lpy* L) —0.013,0.038] | “t’ —0.005, 0.012]
\ |
g Lo (HTzDaH) (Ipy*oalr) —0.065,0.010 S —0.011, 0.005]
O | oHe (HTzD H) (ery"er) —0.026,0.015] S —0.015, 0.007]
= S VD A AR WA e ————— . _ _
o O (HTzD H) (gzy"qr) —0.108,0.077] oy —0.027, 0.043
«s . .
. o) (HTzDaH) (TEY" T aqr) —0.190, 0.005 7 —0.011, 0.015]
s o (HTzD H) (Try"uRr) —0.230, 0.440] —0.071, 0.081]
:')5_ Ona (H'iD,H) (dr~y"dp) [—1.2, —0.140] [—0.14, 0.070]
2 Ou (Iyul) (1y*#1) [—0.090, 0.030] [—0.0096, 0.023]
LI
2 ( ) ) ] A ‘ | operator at a time ‘
Only 8 combinations of dimé

operators can be constrained.
Remove OgwB, OHD.
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present

95% prob. bound on 95% prob. bound on
o [TeV 2] i [TeV—2]
g Operator
- *ogl A H‘fiD H) (loy*l)  [=0.013,0.038] | ) —0.005, 0.012
g | Ofm) (HTzDaH) (1" oalz) —0.065,0.010] | S —0.011, 0.005]
0 O (H D, H(er"en) 1=U.020;0.0T5 3 —0.015, 0.007]
H - -
8 o4) (HTiD H) (Gv"qr) —0.108, 0.077] £ —0.027, 0.043]
“’ : i @) : .
. o) (HTzDaH) (TEY" T aqr) —0.190, 0.005 © —0.011, 0.015]
& Ot (HTzD H) (ry"ur) —0.230, 0.440 S —0.071, 0.081]
8| Owna (H'iD,H) (dry"dg)  [-1.2,—0.140] S [—0.14, 0.070]
= / RGMIGE) [—0.090, 0.030] [ ! [—0.0096, 0.023]
2 ( ) ) ] A ‘ | operator at a time ‘
Only 8 combinations of dimé

operators can be constrained.
Remove OgwB, OHD.
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present

95% prob. bound on 95% prob. bound on

o [TeV 2] i [TeV—2]
g Operator
o o) D I+ ~M [ ' ' |
(u o (HWD,H) (Ipy*lL) —0.013, 0.038] —0.005, 0.012]
<> - ] ;
g o (H'D2H) (Igy*oalL) —0.065,0.010 ) —0.011, 0.005]
o Oxe (H'iD,H) (€rV"er) —0.026, 0.015] - —0.015, 0.007]
g %,OHq (H LDNH) (qry"qr) —0.108,0.077] E —0.027, 0.043]
. 0% (H'iD2*H) (qz7*oaqr) —0.190, 0.005 2 —0.011, 0.015]
<_> - -
& | |Ow. (H'D,H) (ugy"ug) —0.230, 0.440 8 —0.071, 0.081]
| <> -
é’_ ‘ (DH) dm“R) - [-1.2,-0.140] § [—0.14, 0.070]
2 Ou (Iy,.0) (IyH1) [—0.090, 0.030] = [—0.0096, 0.023]
LL l
2 ( ) ) ) A ‘ | operator at a time ‘
Only 8 combinations of dimé

operators can be constrained.
Remove OgwB, OHD.

FCC WEEK 2016
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present vs. Future

r— 95% present bound on 95% projected bound on

- Ci [TevV—2] A [TeV] Ci [TeV~2] A [TeV]

g Operator C; = *1 C; = *+1

c . _ _ _

5| Ouws (Hlo H)WZ B —0.009, 0.003 12 —0.0001, 0.0001 93

§ Oup \HTDMH\2 —0.027, 0.004] 6.6 —0.0005, 0.0005] 45

© g _ _ _ _ .

| oy (HTLDMH) (Izy*1z)  [—0.005, 0.012 9.9 —0.0003, 0.0003 56

c| of (HYD2H)(Igy"oaly) [—0.011, 0.005] 10 —0.0002, 0.0002 70

S| on (HHZHH) (erv"er)  [—0.015, 0.007] 8.6 —0.0003, 0.0003] 58

o o) (HZD“H) (@iv"qr)  [—0.027, 0.043 5.3 —0.0018, 0.0018 24

= oF) (H'iD!H) (qt7"oaqr) [—0.011, 0.015] 9.1 —0.0005, 0.0005] 44
<>

8| Ow. (H'D,H)(ugy*ur) [—0.071, 0.081] 3.7 [—0.0035, 0.0035] 17

Q ‘<—> -

. Onws (H iD,H) (dgy"dg)  [—0.14, 0.070] 2.9  [—0.0046, 0.0046] 15

— Ou Iy, ) (1y*#1) [—0.0096, 0.023] 7.3 [—0.0003, 0.0003] 61

' Preliminary ' FCCee: NP scale >15-90 TeV (Ci~ 1)
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EW LIMITS ON NP: DIMENSION 6 SMEFT

® Dimension six SMEFT: Present vs. Future
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' Preliminary '
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' FCCee: NP scale >15-90 TeV (Ci~ 1) '
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CONCLUSIONS

® Current EWPD fit shows good agreement with the SM predictions
= Bounds on the scale of NP ~ 3-15 TeV

® FCCee would strengthen greatly the constraining/discriminating power
of the EWPD fit...

® ... butasignificant improvement in theoretical calculations is
required in order to bring the SM predictions down to the FCCee
precision, and optimize NP searches.

Expected sensitivity Improvement

(7]

c

ko) S, T, U S, 6T ~6-10"2, 86U ~5-.1073 20x

g

'g 097 dgd ~ 1074, g% ~5-1071 10x

o

§ 5ghvv (Ii',v) 5I€V ~ 0.001 20x

9

— L3I0 ot Anp 2 15 — 90 TeV (Ci~1) ~ 10x
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