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INTRODUCTION

® Electroweak Precision Data:

® Very precise measurements of the W & Z boson properties taken at
e’ e colliders

Z-pole obs.
Mz, Tz, 00,4, sin®Ogh, PP, A, ARL, R}  (SLD/LEP)

T

0.002-0(1)%

' My, T'w W obs. (LEP2)
0.02-0(1)%

® From Hadron colliders (Tevatron & LHC):

' MW? I'w l my l MH

0.02-0(1)% 0.4% 0.2%

Precision in many cases of the order of | %o

JORGE DE BLAS | HiGGs HUNTING 2016
INFN - sezioNE DI RoMA PARIS, SEPTEMBER 2, 2016




INTRODUCTION

® Precision is such that can test the SM predictions to the level of
radiative corrections:

® Tested validity of the SM description of EVV interactions

® Sensitive to all SM particle masses via loop corrections:

Before Higgs discovery: 6 T
: : : : ‘ Ag®) — '
- Indirect evidence of a light Higgs  5- _ . -
1 : 0.02749i0:00012
- Interplay SM-NP in EWPO 4 i
o °...
5 3 20 I O 7
2 -
1- . -
0 | Excluded w . Preliminaryq
30 100 300
m [GeV]
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INTRODUCTION

® Precision is such that can test the SM predictions to the level of
radiative corrections:

® Tested validity of the SM description of EVV interactions

® Sensitive to all SM particle masses via loop corrections:

After Higgs discovery:
- All inputs of the SM are known

- Observables can be fully predicted in the SM

- Strong (unambiguous) constraints on NP modifying the EW
sector (e.g. solutions to the hierarchy problem)
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ELECTROWEAK PRECISION OBSERVABLES:
EXPERIMENTAL AND THEORY STATUS
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EW PRECISION OBSERVABLES IN THE SM

® Input parameters: {GLs dem} (Fixed)

{mh, my, Mz, as(M?2), Aafil)d Mé)} (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 9{/’7’“ — 91{1'7#'75} f

2w ew

~——7Z, D ]E _g{ﬁ’u(l + v5) + g£7u(1 — ’)’5)} I

\/72 D f {(If — 2Q K’Z'Sw)')’u Ig')’u')%} I

ZSWcW

f 2 I M2
Pz = \ 77 Z " 4|Qs|s} 4 v Mz
On-shell ren. scheme
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EW PRECISION OBSERVABLES IN THE SM

® Z-pole observables parametrized in terms of Effective Zff couplings
(plus additional QED/QCD corrections [radiators, FSI])

Left-Right and Forward-Backward Asymmetries

E4
2Re —}/
Oaf - S 9a
AL,R — Af — £ )2
1+Re{g‘ff}
9gA

Effective electroweak mixing angle

. 2 nlept V4 2
sin® Ogp = Re {k%} s%,

APL =3A.A; (f = £, ¢,b)

Decay widths (and ratios), hadronic cross section

£ 12
z—j{ R{/ + R;’; + Aewiocnp

L'y o ‘P§|

0 _ 127w T.Ty 0 _ Ty 0 _ TLe¢p
FZa O'h— M% Fzz 9 Rg VR Rc,b_ Ty,
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EW PRECISION OBSERVABLES: EXP. INPUTS

® Strong coupling constant:

as(Mz) = 0.1179 4 0.0012

New PDG world average
(Excl. EWV fit results)

( as(Mz)|y94 = 0.1185 4= 0.0005 )
Previous PDG average

® Result dominated by Lattice results:

® PDG (unweighted) average:
as(Mz)|TPS = 0.1187 £ 0.0012

Lattice

® Consistent with FLAG average:

ag(Mz)|[FEAE = 0.1182 + 0.0012

Lattice
S. Aoki et al., arXiv: 1607.00299 [hep-lat]
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S. Bethke, G. Dissertori, G.P. Salam,
PDG Review QCD 2015

Baikov I—;—O—I 'T'
Davier o Q.
pich o R
Boito —c— | \2
SM review )

HPQCD (wilson loops) |-q.|
HPQCD (c-c correlators) g
Maltmann (wilson loops) |—.—| Q.
JLQCD (Adler functions) @] :I-l-
(_\.
™

PACS-CS (vac. pol. fctns.) b:
ETM (ghost-gluon vertex)
BBGPSV (static energy) @

- |
—_— -

ABM o | )
BBG |—0—|| ) 'C‘
JR . —i a2 a
NNPDF lI—O-i-I o c
MMHT F—e— )
ALEPH (jets&shapes) ; | @ | $
OPAL(jas) i ' M
JADE(j&s) | .- Q')
Dissertori (3j) —e— >
JADE Gj) | o i 3.
DW M |—0|—| =
Abbate (1) —o—| || Qo
Gehrm. —e@ h =
Hoang —e— | g
Q 4y T s S
GFitter [ ' elect'rc’)weak
........ ', . . . ., brecisionfits
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EW PRECISION OBSERVABLES: EXP. INPUTS

® Top quark mass:
b ' 172.44 + 0.13 £ 0.47 GeV

2016 CMS comb. ——
(PRD 93(2016)2004)

my = 173.34 4 0.27 (stat.) £ 0.71 (sys.) GeV

Current world average (2014)

172.84 4+ 0.34 £ 0.61 GeV
2016 ATLAS comb. B
(arXiv: 1606.02179)

® New individual combinations from .
CDF, DO, ATLAS and CMS: 2016 Tevatron comb. —

(arXiv: 1608.01881 )

® All more precise than current
world average

173.34 £ 0.27 £ 0.71 GeV
2014 World Average B
(arXiv: 1403.4427)

168 169 170 171 172 173 174 175 176
m; [GeV]
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EW PRECISION OBSERVABLES: EXP. INPUTS

® EWPO at Hadron colliders: Effective weak mixing angle (and Mw)

FERMILAB-CONF-16-295-E

o . . 2 plept
Tevatron and LI.-IC.meas of Sin” Ogg [ Eon oy SLD- Zooe  m
from asymmetries in the dilepton EP1 and SLD: A% 0-23145:0.00016
channel o FB 0.23221:0.00029
- A @~
N | CMS 1 1 1" 0.23098:0.00026
® Precision still below the one of the . 0.2287+0.0032
ATLAS 5 fb
LEP/SLD result eeruu * 1 0.2308:0.0012
LHCb pu 3 fb” ® 0.23142:0.00107
® Tevatron indirect Mwdetermination COF w9 b R
0.2315+0.0010
Mw (ind.) = 80.351 = 0.018 GeV -1 ——
w ( ) CDF ee 9 1b 0.23248+0.00053
CDF ee+uu 9 fb™ o
0.23221+0.00046
e DO ee 10 fb™ ——
® W’aiting for Tevatron updates on the R o D 16: preliminary $T0.2313720.00047
I TeV combined: CDF+DO
direct My measurements... At 2015 el -(T2317910|_00035

® Also ongoing effort at the LHC to 0.226 0.228 0.23 0.232 0.234

obtain direct M measurement sin® Gﬁfpt

See also R. Hirosky talk on Aug 31
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EW PRECISION OBSERVABLES IN THE SM

® Theory status:
® I'w :Only EW one loo

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

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

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

® sin” 9 g (light ferm): Full EW 2-loop + leading higher order
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

2014 ® T :Full fermionic EW 2-loop

A. Freitas, JHEP 1404 (2014) 070

2016 ® sin? 9Eﬂ~ : First calculation of 2- Ioop bosonic corrections NEW

I Dubovyk A. Freltas j Gluza T Rlemann j Usowtsch arX|v I607 08375

® Experimental vs Theoretical uncertainties:

Exp. error 15MeV 23MeV 37pb 6.6x107% 1.6x10~*
Theory error 4MeV 05MeV 6pb 1.5x107* 0.5x107%

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

® Several groups/codes for the EVPD fit:

LEP EWWG USING ZFITTER

(5
s 1 Aah)‘i o
: w—0,0275010.00033
s 3 0.027461+0.00010

v6.42: A.Arbuzov et al., Comput. Phys. Commun. 174 (2006)
A.Akhundov et al. (arXiv: 1302.1395 [hep-ph])

® On-shell ren.

lLeP & *  LHC

® Frequentist stat. analysis o

40 200

PDG USING GAPP ——

Z pole asymmetries (10)
———- M, (o)
...... direct m, (10)

Global Analysis of Particle Properties arecm, T
J. Erler’ (arXiv: heP_Ph/0005084) I precision data (90%) - g

® MS ren.
® Frequentist stat. analysis

1 1 1 1 I 1 1 1A
155 160 165 170

m, [GeV]
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EW PRECISION OBSERVABLES IN THE SM

® Several groups/codes for the EVPD fit:

GFITTER

/'

M. Baak et al., Eur. Rhys. ]. C 74,3046 (2014)

® On-shell ren.
® Frequentist stat. analysis

In this talk | will focus mostl

T 45

£ I SM™ it with M, measurement
=

— ,
4 = SM fit wi'o M, measurement

3.5 [HEH ATLAS measurement [arXiv:1406.3327)

—

- CMS measurement [arXiv:1407.0558)

PR il

-
-
o
O
-
-

100

with the code

® On-shell ren.
® Bayesian stat. analysis

MAINLY FROM:

110 120 130

M, [GeV)

on the results obtained

M. CIUCHINI, E. FRANCO, S. MISHIMA, M. PIERINI, L. REINA & L. SILVESTRINI
ARXIV: 1608.01509 [HEP-PH]
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THE CODE

® 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

o
mflt home developers samples documentation

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

\D

N

=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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https://github.com/silvest/HEPfit
http://hepfit.roma1.infn.it

ELECTROWEAK PRECISION OBSERVABLES:
THE STANDARD MODEL FIT
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THE SM FIT TO EWPD

Measurement Posterior Prediction 1D Pull nD Pull

o (My) 0.11794-0.0012 0.118040.0011 0.1185+0.0028 -0.2

Aal® (My) 0.0275040.00033  0.0274740.00025  0.0274340.00038 0.04

My [GeV] 91.187540.0021  91.187940.0020 91.199+0.011 -1.0

m; [GeV] 173.3440.76 173.6140.73 176.6+£2.5 -1.3

mp [GeV] 125.0940.24 125.0940.24 102.8+26.3 0.8

My, [GeV] 80.385+0.015 80.3644+0.0061 80.3604+0.0066 1.5

T'w [GeV] 2.08510.042 2.0887240.00064  2.08873+0.00064 -0.2

sin® 0°P* (Qhad)  0.232440.0012  0.231464+0.000087 0.23143540.000090 0.8

prol= A4, 0.1465+0.0033  0.14748+0.00068  0.14752+0.00069 -0.4

I'z [GeV] 2.4952+0.0023  2.49420+0.00063  2.49405:0.00068 0.5

a9 [nb] 41.540+0.037 41.4903+0.0058 41.4912+0.0062 1.3 0.7
R? 20.767+0.025 20.7485+0.0070 20.747240.0076 0.8

A 0.0171£0.0010  0.01631+0.00015  0.01628=+0.00015 0.8

A, (SLD) 0.1513+0.0021  0.147484+0.00068  0.14765+0.00076 1.7

A, 0.670+0.027 0.66810+0.00030  0.66817+0.00033 0.02

Ay, 0.9234+0.020  0.93465040.000058 0.9346631-0.000064  -0.6

ADS 0.0707£0.0035  0.07390+0.00037  0.07399+0.00042 -0.9 1.5
Apd 0.0992+0.0016  0.10338+0.00048  0.10350=%0.00054 -2.6

R? 0.172140.0030  0.17222840.000023 0.17222940.000023 -0.05

R? 0.21629+0.00066 0.215790+0.000028 0.215788+0.000028 0.7

sin® 6% (CDF) 0.23248+0.00052 2.1

sin? "%  (CDF) 0.231540.0010 0.07

.2

sin®0%.  (D0) 0.23146+0.00047 0.1

¢ :2314644-0. 2314 .

sin? 0°CHH(ATLAS) 0.2308-0 0012 0.2314644-0.000087 0.2314351+0.000090 "

sin® @%%  (CMS) 0.228740.0032 -0.8

sin? Y% (LHCb) 0.231440.0011 -0.1

HIGGs HUNTING 2016

JORGE DE BLAS
I 2 PARIS, SEPTEMBER 2, 2016
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THE SM FIT TO EWPD

Measurement Posterior Prediction 1D Pull nD Pull

Lo (Mg) 0.117940.0012) |New: 2016 world average po2s 0.2
Aal® (Mz)  0.027504+0.00033 UUZ747EUUO0Z5 —UUZ7A3E0U00038  0.04
My [GeV] 91.1875+0.0021  91.1879+0.0020 91.199+0.011 1.0
m; [GeV] 173.344+0.76 173.614+0.73 176.64+2.5 1.3
mp [GeV] 125.09+0.24 125.0940.24 102.84+26.3 0.8
My [GeV] 80.385+0.015 80.3644+0.0061 80.36044-0.0066 1.5
Ty [GeV] 2.085-40.042 2.088724+0.00064  2.08873+0.00064 0.2
sin? 6P (Qhad)  0.232440.0012  0.23146410.000087 0.23143540.000090 0.8
Prol= A, 0.1465+0.0033  0.14748-+0.00068  0.1475240.00069 0.4
Tz [GeV] 2.4952+0.0023  2.49420+0.00063  2.49405-40.00068 0.5
o0 [nb] 41.54040.037 41.4903+0.0058 41.4912+0.0062 1.3 0.7
R? 20.767-+0.025 20.748540.0070 20.7472+0.0076 0.8
AYE 0.0171+0.0010  0.016314+0.00015  0.01628-+0.00015 0.8
A, (SLD) 0.1513+0.0021  0.14748-+0.00068  0.1476540.00076 1.7
A, 0.670-40.027 0.66810+0.00030  0.66817-0.00033 0.02
A, 0.923+0.020  0.9346504+0.000058 0.934663-+0.000064 -0.6
A% 0.0707-+0.0035  0.07390-+0.00037  0.0739940.00042 0.9 1.5
AL 0.0992+0.0016  0.10338-+0.00048  0.10350-+0.00054 2.6
R? 0.172140.0030 0.172228-+0.000023 0.1722294+0.000023 -0.05
RO 0.216294+0.00066 0.2157904+0.000028 0.215788-+0.000028 0.7

(CDF) 0.23248+0.00052) 2.1
' sin”? 6%, (CDF) 0.2315+0.0010 } a7

D0) 0.231464+0.00047f | LHC & Tevatron measurements of |1

| q
2 nee,pp ‘
| sin” 6_z"*(ATLAS) 0.2308+0.0012 | th e .5
e e eff. weak mixing angle
sin? @Y (CMS) 0.2287+0.0032 | g ahg 8
(LHCb) 0.231440.0011 ) -0.1

JORGE DE BLAS I 2 HIcGs HUNTING 2016
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THE SM FIT TO EWPD

Measurement Posterior Prediction 1D Pull nD Pull

as(Mz) 0.117940.0012 0.1180+0.0011 0.1185+0.0028 -0.2
Ao (Mz)  0.02750+0.00033  0.0274740.00025 | 0.02743+0.00038 | 0.04
My [GeV] 91.187540.0021  91.1879+0.0020 91.19940.011 | -1.0
m; [GeV] 173.3440.76 173.61+£0.73 |  176.6+2.5 -1.3
mp [GeV] 125.094-0.24 125.0940.24 102.84:26.3 0.8
My, [GeV] 80.385+0.015 80.3644-:0.0061 | 80.360440.0066 1.5
Ty [GeV] 2.085-+0.042 2.08872-+0.00064 | 2.0887340.00064 | -0.2
4
sin? 0P (Qh1)  0.232440.0012  0.231464:0.000087 |0.231435:£0.000090| 0.8
Prol= 4, 0.14654+0.0033  0.1474840.00068 | 0.1475240.00069 | -0.4
Ty [GeV] 2.495240.0023  2.4942040.00063 | 2.494054-0.00068 p 0.5
o9 [nb] 41.5404-0.037 41.49034-0.0058 41.49124-0.0062 1.3 0.7
RY? 20.76740.025 20.74854-0.0070 20.74724-0.0076 H 0.8
A% 0.017140.0010  0.0163140.00015 | 0.0162840.00015 | 0.8
Ay (SLD) 0.151340.0021  0.1474840.00068 | 0.14765+0.00076 | 1.7
A, 0.67040.027 0.66810+0.00030 | 0.6681740.00033 | 0.02
Ay 0.923+£0.020  0.934650+0.000058 |0.934663-+0.000064 | -0.6
Al 0.07074+0.0035  0.0739040.00037 | 0.07399+0.00042 | -0.9 1.5
A% 0.09924+0.0016  0.1033840.00048 | 0.1035040.00054 | -2.6
R? 0.172140.0030  0.1722284-0.000023 | 0.172229+0.000023 | -0.05
RY 0.21629-0.00066 0.215790-£0.000028 |0.215788+0.000028 | 0.7
sin? @  (CDF) 0.2324840.00052 | | 21

sin? "%  (CDF) 0.231540.0010 | o.07

sin? 0%¢.  (D0) 0.23146:0.00047 "] { 0.1

o2 BZE’““( ATLAS) 0.230810.0012 0.231464:0.000087 | 0.231435:£0.000090 | -

sin® @%%  (CMS) 0.228740.0032 | -0.8

sin? 0*% (LHCb) 0.2314+0.0011 | ] -0.1
.IlﬁII;IC\EIE DE BLAS I 2 HIGGS HUNTING 2016
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THE SM FIT TO EWPD

Measurement Posterior f/ Predlctlon | 1D Pull nD Pull

o, (Myz) 0.117940.0012 0.1180-+0.0011 0.118540.0028 | -0.2

Aal®) (M) 0.0275040.00033  0.02747+0.00025 | 0.0274340.00038 | 0.04

M [GeV] 01.1875+0.0021  91.1879+0.0020 | 91.199+0.011 | -1.0

m, [GeV] 173.3440.76 173.61+0.73 | 176.64+2.5 | -1.3

myg [GeV] 125.0940.24 125.09+0.24 |  102. 8:I:26 3 0.8

My [GeV] 80.385f£0.015 ) 80.3644-£0.0061 80.36044£0.0066 1 1.5

Ty [GeV] 2.0850.042 | 2.0887240.00064 2.08873410.00064 w‘lf 0.2

, ‘: | :

sin” 07" (Qpa!)  0.232430.0012 | 0.23146440.000087 |0.231435 0.00009 0.8
Prol=A, 0.1465 [‘ 0.0033 § 0.14748+0.00068 | 0.14752 ’0.00069 il -0.4

Tz [GeV] 2.495240.0023 [: 2.4942040.00063 | 2.49405-£0.00068 II 0.5

o0 [nb] 41. 540 0.037 | 41.490340.0058 41.49123£0.0062 §i 1.3 0.7
R? 20. 767 0.025 || 20.748540.0070 20.74724-0.0076 || 0.8

A%L 0.01713-0.0010 ’L 0.01631+0.00015 | 0.0162830.00015 §| 0.8

A, (SLD) 0.151340.0021 § 0.147484-0.00068 | 0.147654-0.00076 ‘} 1.7

A, 0.67030.027 | 0.66810+0.00030 | 0.66817-40.00033 {f 0.02

Ay 0.92340.020 |} 0.93465040.000058 | 0.93466340. 00006 | -0.6

A% 0.070740.0035 | 0.07390-+0.00037 | 0.07399-40.00042 {| -0.9 1.5
A% 0.09924-0.0016 | 0.1033840.00048 | 0.1035040.00054 [| -2.6

R? 0.1721%0.0030 | 0.172228:0.000023 |0.1722290.000023} -0.05

R? 0.2162930.00066 | 0.21579040.000028 |0.215788£0.000028{| 0.7

sin? 655 (CDF) 0.232483:0.00052 | | E 2.1

sin? @YY  (CDF) 0.2315% ’ -0.0010 ‘ ,, 0.07

LI

sin@°.  (D0) 0.231464-0.00047 ) 0.1

e 23146440. 10.2314 . ]

in? OELHHATLAS) 0.2308.1£0.0012 | 0.23146440.000087 | 0.231435 90 00009 | 0

sin® @"%  (CMS) 0.2287- ,0.0032 J -0.8

sin? 6“4 (LHCb) 0.231440.0011 j -0.1
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THE SM FIT TO EWPD

Measurement Posterior Prediction 1D Pulj} nD Pull

o (My) 0.1179+0.0012 0.118040.0011 0.1185+0.0028 -0.2

Aal®) (M) 0.027504-0.00033  0.0274740.00025  0.0274340.00038 0.04

My [GeV] 91.187540.0021  91.1879+40.0020 91.199+0.011 -1.0

m; [GeV] 173.3440.76 173.61+0.73 176.6+2.5 -1.3

mpy [GeV] 125.094-0.24 125.094-0.24 102.8426.3 0.8

My, [GeV] 80.385+0.015 80.364440.0061 80.360440.0066 | 1.5

'y [GeV] 2.0854-0.042 2.08872+0.00064  2.08873+0.00064 | -0.2

sin® 0°P* (Qhad)  0.232440.0012  0.231464+0.000087 0.23143540.000090 { 0.8

prol= A4, 0.1465+0.0033  0.14748+0.00068  0.14752+0.00069 -0.4 u

'z [GeV] 2.4952+0.0023  2.4942040.00063  2.49405+0.00068 0.5 | —
a9 [nb] 41.540+0.037 41.490340.0058 41.491240.0062 1.3 0.7 >\

‘1

R? 20.767+0.025 20.748540.0070 20.747240.0076 0.8 =
AL 0.0171+£0.0010  0.01631+0.00015  0.01628=0.00015 0.8 o
A, (SLD) 0.1513£0.0021  0.14748+0.00068  0.14765+0.00076 1.7 '
A, 0.67040.027 0.6681040.00030  0.6681740.00033 | 0.02 g
Ay, 0.92340.020  0.9346504-0.000058 0.934663+0.000064 | -0.6 o
‘T_ il —D0Z0ZL 0 0035 0..07390-0.00037Z e 007200000042 3 __ 00 L 1.5 "E
AP 0.0992+0.0016 ~ 0.1033840.00048  0.10350-0.00054 ’ S
RY 0.1721L£0.0030 0.172228F0.000023  0.172229=L0.000023 | -0.05 [ =
R? 0.216294-0.00066 0.2157904-0.000028 0.2157884-0.000028 | 0.7 c
sin® %2 (CDF) 0.23248+0.00052 | 2.1 7
sin? "%  (CDF) 0.231540.0010 0.07 -

.2

sin?@%c  (D0) 0.23146+0.00047 0.1 2

e 23146440. 7 0.23143540.000090 |

sin? 05 "*(ATLAS) 0.2308+0.0012 0.2314640.00008 + N -0.5 CC)
sin? %Y  (CMS) 0.2287+0.0032 - -0.8

sin? Y% (LHCb) 0.231440.0011 -0.1 J

JORGE DE BLAS
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as(Mz)
Aoy, (M)
MZ [GeV]
my [GeV]
mpyg [GeV]

« 2 plept had
sin” 6 g ( FB

Pfol — AE

FZ [GGV]

Ry

sin® 6% (CDF)
sin’? @4t (CDF)
sin® 0%¢.  (DO)
sin? 5" (ATLAS
sin®? 845 (CMS) ‘
sin? X%  (LHCb)|

JORGE DE BLAS
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THE SM FIT TO EWPD

as (Mz)
2o, (112)
my [GeV]

mpy [GeV]
My [GeV]
I'vw [GeV]

Mz [GeV]
I'z [GeV]

Ry
. 2 np had
sin® 0.4 (QF5
.2
(CDF) S1n 0:&
(CDF) sin? OZ#
@0y  sin? 0%
. 2 pee,up
(ATLAS) sin” 0 _g
(CMS) sin? 0(’;{;
(LHCb) sin® 64F

1D Pull nD Pull
D8 -0.2
b3s | 0.04
1 -1.0

-1.3

3 0.8
)66 1.5
P64 -0.2
090 i 0.8
D69 -0.4 ﬂ
\68 0.5 |
62 1.3 | 0.7
76 0.8
P15 0.8
D76 1.7
33 0.02
po64 | -0.6
“25 )__ 3 00O 1, 1.5
54 -2.6 ]
D02 ~0.05 |
bo2s | 0.7
1‘ | 2.1
| 0.07
| 0.1
) !
} 090 0.5
\\ - -0.8

=01 J

HiIGGs HUNTING 2016
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THE SM FIT TO EWPD

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

> - > > -
n - --- Measurement 5 i ---Measurement % 200 _— --- Measurement
S 15[ Posterior S : [ Posterior S - [ Posterior
© L I © I © i I
> [ | Prediction [x10] > -  Prediction > 150l . Prediction
A 5 = |
s 4L © © [
o i o o I
= ! O S 100f
o _ o o :
0.5 L
o 50 —
'_u/\m I
O ol L | 1 1 L ] 1 n L. g ) » 0
50 100 150 200 170 175 180 185 9116 9118 912 9122 91.24
m, [GeV] m, [GeV] M, [GeV]
= i > B
D - === Measurement ‘D 800 _ . "==Measurement
o 19500 [ Posterior 5 I i [ Posterior
2 - . Prediction -: i % [ Prediction
= [ £ 600 ¥
Q I Q i
@ 1000 — © L
@) L @) L
B ' S 00
o - (a -
500 -
L 200
L N, Lo |
0.026 0.027 0.028 (%.)029 0.11 0.115 0.12 0.125 0.13
Aahad(Mz) G‘S(MZ)
JORGE DE BLAS | 4 HIGGS HUNTING 2016
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THE SM FIT TO EWPD

® Good agreement between direct and indirect determinations of the

EWPO, e.g.
; - 68% aqd 9§°/o probability contours g-% : 68% and 95% probability contours
8 250 | Fit without M,,, m|, and m|, o= i Fit without M, sin*(6,,), m , and I';
= i Fit without M,, and m, (% 0.234 - Fit without M,,, sin*(6,), and|m_
= i Full Fit - Fit without M, and sin®(6 |.)
] Experimental measurements i Full Fit
_ Experimental measurements
i 0.233 —
200 — | | _
i 2 !
= 0.232 —
150 _— L Y N
HEPT: g HEPIT:
B | | | | | | | | | | | | | 0-231 —I_ | | | | | | | | | | | | | | | 1 | | 1 |
80.3 80.4 80.2 80.25 80.3 80.35 80.4
Mw [GeV] Mw [GeV]
10 GeV < My < 1000 GeV
JORGE DE BLAS I 5 HIGGS HUNTING 2016
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ELECTROWEAK PRECISION CONSTRAINTS
ON NEW PHYSICS

J.B., M. ClUCHlNI, E. FRANCO, S. MlSHlMA, M. PIERINI, L. REINA & L. SILVESTRINI
ARXIV: 1608.01509 [HEP-PH]
+ IN PREPARATION

JORGE DE BLAS HiIGGS HUNTING 2016
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EWPD LIMITS ON 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

Ae? {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 I 6 HIcGs HUNTING 2016
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EWPD LIMITS ON NP: S, T (U=0)

® Oblique Parameters(.S, 7 [U=0] ):

I_
0.5 L_Jall
- Bl Mw EWPO depend on STU via
- [l asymmetries
i A=S - 263, T — =ty
0 B=S —4c},s5, T
C=-10(3 — 8s3,) S + (63 — 12653, — 40s5;,) T
-0.5
-0.5 R 0 III 0.5
S
Fit result Correlations
S 0.10+0.08 1.00
T 0.12=10.07 0.86 1.00
JORGE DE BLAS I 7 HIcGs HUNTING 2016
INFN - sezioNE DI ROMA PARIS, SEPTEMBER 2, 2016



EWPD LIMITS ON NP: S, T, U

® Oblique Parameters (S, 7, U):

= g HEP[T I 682% Probability - QHEP[T I 689% Probability
I [ ]95% Probability i [ ]95% Probability
] [ ]199% Probability 0.5 [ ]99% Probability
0.5
0 i 0
R S R S R S S S N N R R R R L ! ! I | | |
_0.2 0 0.2 0.4 0 0.5
S T
Fit result Correlations
S 0.09+0.10 1.00
T 0.10=0.12 0.86 1.00
U 0.01x0.09 —0.54 —-081 1.00

HiIGGs HUNTING 2016
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EWPD LIMITS ON NP: MODIFIED HIGGS COUPLINGS

® Modified Higgs couplings

® Effective Lagrangian for a light Higgs+Approximate custodial symmetry

Rescaled 2V} couplings
Leg= 7 Tr [D,ETE] (14 26y +...)

—mzf_i (1—|—2_§L% +...) fh
Rescaled Aff couplings

® EWPO: One-loop contribution to S & T

_ A2
S—= 1% (1 — K,V) log —~ m2 \ \/‘471"0 ‘
1—k?
2 \ %4
T'—= S (1 K,V) log —~ A |
167cyy, h Cut-off of the Higgs Eff. Lag.

JORGE DE BLAS I 9 HIcGs HUNTING 2016
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EWPD LIMITS ON NP: MODIFIED HIGGS COUPLINGS

® Modified Higgs couplings (xy1):

Fit result 95% Prob. 13 TeV (ky < 1) )
ky 1.0240.02 [0.98, 1.07] A > 8.7TeV (kv > 1)

- V] 1.4 |
= BHEP[R [ 68% Probability - [ Ew-Higgs HEP[T
S i 95% Probability - Ew
:; 20 _ 1.2 - Higgs
E -
S !
Q s
O - !
D_ 10 -

_ 08

e e ) 0.6l Ll
0.95 1 1.05 1.1 0.8 0.9 1 1.1 1.2
Ky Kv
Implications for composite Higgs (k1<1): EWPD bounds (Kv)
Extra contrib. to S, T required to agree with stronger than Higgs limits (LHC run |)
EWPD fit
.IINOII-Z;\;IE DE BLAS 20 HIGGS HUNTING 2016
- SEZIONE DI ROMA PARIS, SEPTEMBER 2, 2016



EWPD LIMITS ON NP: DIM 6 SMEFT

® The SM Effective Theory:
Log =30, xa3la=Lsm+ +L5+ 5L+ - - -
Lq=)>,Ct0O; O;] =d
® General parametrization compatible with assumptions

® Provides ordering principle (power counting)

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

® SMEFT basis:

® Dimension 5: | operator S.Weinberg, Phys. Rev. Lett. 43 (1979) 1566

® Dimension 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

We use the GIMR/Warsaw basis/

JORGE DE BLAS 2 I HIcGs HUNTING 2016
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EWPD LIMITS ON NP: DIM 6 SMEFT

® EWPO sensitive to:

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

_ 1 v ___ 4dswew v
| T = —5,Cup32 S= "0 "Cuwpyz

® Corrections to EW Vff couplings
O} = (HYD,H)(Fy*f) O = (H'D:H)(Fy*0uf)

u(v),d(e) __ 1 1) ——~ ~(3) v?2 u,d,e 1 ~(1) v2

o9y, - 2 (CHq(l) LB C’Hq(l)) A2 Ogr =~ = _ECHu,d,eF
’ 3 ’U2
SV = Cy) %

® Also sensitive to Oy = (Iv,1)(Iy*l) through indirect effects:
the extraction of Gr from u decay is corrected by

0c, = ((C’ﬁé)u + (Cg’z)zz — %((022)1221 + (022)2112)) X—zz

JORGE DE BLAS 22 HiGGs HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

) 95% prob. bound on
— % [TeV 2] A [TeV]
g Operator C; =1 C,=-1 (C;==1
Z| Ouws (H'ooH)W2B*  [-0.010, 0.004] 14(224%) 10 (77.6%) 11
- Oup H'D,H|® —0.032, 0.006] 9.4(7.3%) 5.9 (92.7%) 5.9
O < -
i% ol (H'iD,H) (ly#lr)  [~0.006, 0.011] 9.8 (7s6%) 12 (24.4%) 10
g o (H'iD®H) (Igy*oq.ly) [—0.013, 0.006] 12 (215%) 9.3 (78.5%) 9.4
g OHe (HTiZ“H) (ery*er) [—0.017,0.006] 11 (16.8%) 8.2 (83.2%) 8.2
- O (HTLD“H) (Giv"qr)  [—0.025, 0.046] 4.9 (70.9%) 5.9(201%) 5.0
)
“ OF) (H'D®H) (qz7"0aqr) [—0.011, 0.016] 8.3(63.4%) 9.4(36.6%) 8.6
<
g» OHu (HTiDHMH) (@Y uRr) [—0.069, 0.088] 3.4(59.0%) 3.8 (41.0%) 3.5
q:)_ Oma (H'iD,H) (dgy*dr) [—0.159, 0.058] 3.7(176%) 2.6 (82.4%) 2.7
< Ou (Iv,0) (Ty#1) —0.010, 0.023] 7.0(79.1%) 9.1 (20.9%) 7.1
N

( Assuming Ci~ 1=EWPD bounds on NP scale > 3-12 TeV )

JORGE DE BLAS
INFN - sezioNE DI RoMA
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EWPD LIMITS ON DIM 6 INTERACTIONS

Comparison EWPD and Higgs bounds

EWPD

. Higgs
|l EWPD+Higgs |

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

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

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

III[IIIIIII|III|III|III[III

| operator at a time. Flavor universal.

E

O (1)) (- 1) O3 O O
HG OH W OHB OH WBOHD OHQ OHJJ) OH13) OH@ S g) OHg) OHu Hy OGH OUH dr OU

JORGE DE BLAS 24 ICHEP 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

Comparison EWPD and Higgs bounds

III[IIIIIII|III|III|III[III

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

| operator at a time. Flavor universal.

EWPD

Higgs

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

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

JORGE DE BLAS
INFN - sezioNE DI RoMA

O

GOHWO OWBO 0| ()

OB O

Hy

Hy

e Hy

9 lI

-EWPD+Higgs |

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

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

0(1)0(3)0 Of O O Of Of

ey uy d 1]

EWPD bounds stronger than Higgs limits (LHC run |)
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EWPD LIMITS ON DIM 6 INTERACTIONS

95% prob. bound on 95% prob. bound on
Ci [TeV—2] S [TeV 2]
Operator
GE)
5 ol (H'iD,H) (Iy"1z) —0.012, 0.036 —0.006, 0.011]
e o (H'iD*H) (Igv"oals) —0.064, 0.009)] —0.013, 0.006
% One (H'iD,H) (ery"er) —0.026, 0.014] —0.017, 0.006
<
_&: OSZI (H'iD,H) (gz7"qr) —0.106, 0.070 —0.025, 0.046]
<>
= 0}331 (H'iD2H) (qrv"0aqL) [—0.189, —0.001] —0.011, 0.016]
| <>
9 Ox. (HYiD,H) (ury"ur) [—0.220, 0.420] —0.069, 0.088]
< > _ ] i
qz_ Ona (H'iD,H) (dry"dR) [—1.18, —0.150] —0.159, 0.058]
g Ou (Iyul) (IyH1) [—0.084, 0.030] —0.010, 0.023
L . . . ) ‘ | operator at a time |
e Only 8 combinations of dimé

operators can be constrained.
“Remove” OHWB? OHD.

JORGE DE BLAS 25 HIcGs HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

95% prob. bound on

g;’ [TeV 2]
Operator
oY (HYiD,H) (I;y*)  [—0.012,0.036] |

Oy (HYDSH) (Ipy*oalr) —0.064, 0.009]

Ore (H'iD,H) (ery"er) ___[0.026,0.014

~30-50% correlations

o) (H'iD,H) (qzv*qr)  [—0.106,0.070]
o) (HHB;H) (@i oaqr)  [—0.189, —0.001]
OHu (HTiBHH) (WrY*uR) [—0.220, 0.420]
Ond (HTiBMH) (dry*dR) [—1.18, —0.150]
Ou (Iyul) (IyH1) [—0.084, 0.030]
A

()
=
=
)
=
(qe)
(7))
()
v
)
.
(qv)
-
O
)
(q°)
.
()
Q.
O
2
<

Only 8 combinations of dimé
operators can be constrained.
“Remove” OHWB? OHD.

JORGE DE BLAS 25
INFN - sezioNE DI RoMA

95% prob. bound on

S [TeV 2]

—0.006, 0.011]

—0.013, 0.006]
—0.017, 0.006]

—0.025, 0.046]
—0.011, 0.016]

—0.069, 0.088]
—0.159, 0.058]

—0.010, 0.023]

‘ | operator at a time ‘

HIGGS HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

95% prob. bound on 95% prob. bound on
ot [Tev—2] G [TeV—2]
= Operator
= ——— N ——————— . .
5| ol” (HTzD H) (iz7"5)  [=0.012,0.036] | ) —0.006, 0.011
el | ogg (HTzDaH) (l1r"oalr) [—0.064, 0.009] | 5 —0.013, 0.006
- Otie (HtD,H)(er7"€r) _ |—0.020,0.014] E —0.017, 0.006]
£ o4) (HTzD H) (Gi~"qr) [—0.106, 0.070] o 0.025, 0.046
@) _ .

s o) (HTzDaH) @y'oaqr)  [-0.189,-0.001] O —0.011, 0.016
| -
S Onu (H’sz H) (v ur) [—0.220, 0.420] S —0.069, 0.088
g| _Ona (HTzD H) (dRyudR) 18, —0. 150] g 0.159, 0.058
0 [ ! 0.010, 0.023]
L . . . ) ‘ | operator at a time |
e Only 8 combinations of dimé

operators can be constrained.
“Remove” OHWB? OHD.

JORGE DE BLAS 25 HIcGs HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

95% prob. bound on 95% prob. bound on
ot [Tev—2] G [TeV—2]
= Operator
£ R — - . . .
5 o) (H'D,H) (Ipy"iyL) —0.012, 0.036 —0.006, 0.011]
H ea— - - - -
e o (H'iD*H) (Igv"oals) —0.064, 0.009)] ) —0.013, 0.006
3 One (H'iD,H) (ery"er) [-0.026,0.014] S —0.017, 0.006
_&: 0%, (HWD,H) (qgzv*qr) —0.106,0.070] | ¥ —0.025, 0.046]
\ <> o ] .
g |o%) (H'iD?H) (@Tv"0aqr)  [—0.189,—0.001] | £ —0.011, 0.016
- R 0 _ :
9 [—0.220,0.420] | O —0.069, 0.088
S o2 . .
L —1.18,—0.150] | :% —0.159, 0.058]
g Ou (I, 1) (IyH1) [—0.084, 0.030] o —0.010, 0.023]
z
L . . . ) ‘ | operator at a time |
e Only 8 combinations of dimé

operators can be constrained.
“Remove” OHWB? OHD.

JORGE DE BLAS 25 HIcGs HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

® Many other ops. can contribute at the loop level... The high precision of
EWPD can compensate the loop suppression and set significant
constraints.

® We use the full set of RGE for the dim 6 Eff. Lagrangian to classify those

interactions that can have large (log-enhanced) contributions to EWPD
E. Jenkins, A. Manohar, M. Trott, JHEP 1310 (2013) 087; JHEP 1401 (2014) 035
R. Alonso, E. Jenkins, A. Manohar, M. Trott, JHEP 1404 (2014) 159

® Llarge effects ~Y¢ = Top quark interactions, e.g.

. - -
Oy = = (¢'D, ) (udyhud,) O =5 (a3v.a}) (air"a})

Ol(;) — (lL7HlL) (Q%'Yqu) Oup= (Eauuu?{)éBuy

® Work in the leading log approximation for the RGE

dC; _ . — Oy
dlog - 16772 ,Yz C : C (l’l’) ( —I_ 167 277, (A) log ) C (A) (C’l — A2)
: ; M
. EWPD bounds will depend on % log =%
J. B., M. Chala, J. Santiago, JHEP 1509 (2015) 189 (arXiv: 1507.00757 [hep-ph])
JORGE DE BLAS 26 HIGGS HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

® EWPD constraints on electron-top contact interactions

95% prob. interval

95% prob. lower bound

% log % Qo A [TeV]
Operator ' TeV ™2 (A =1TeV) (a; = 4+1) (o = —1)
(O eers  Ubvull)(@3v™ad) —0.15,0.38] [—0.16, 0.06] 4.4 3.2
((’)(3))eett (17,0alt) (@31 0aq3)  [—0.26,0.36] [—0.15,0.11] 3.7 3.3
(Ocu)eett  (€pTuer) (Y us,) (—0.21,0.44] [—0.18,0.09] 3.8 2.9
(O1) cett (ILvuly) (ugpyHuy,) (—0.40,0.16] [—0.07,0.17 3.1 4.3
(Oge)ttee (@3v,.q3)(egrY"eR) (—0.42,0.20] [—0.08,0.18] 3 3.9

® Only three approximate combinations can be constrained

d(C5H)i;
dlog — 871-2 {(YTY ) (C(l))z’jkl o (YUYJ)lk (Clu)ijkl} +

d(c(l))zg Ne T T
dlog 2 { (Yu Yu)lk (qu)klij o (YuYu )lk (Ceu)ijkl} T
C; =
(Ci = 33)
J. B., M. Chala, J. Santiago, JHEP 1509 (2015) 189 (arXiv: 1507.00757 [hep-ph])
JORGE DE BLAS 27 HIGGS HUNTING 2016
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EWPD LIMITS ON DIM 6 INTERACTIONS

® EWPD constraints on Top & Top-Bottom contact interactions

95% prob. interval 95% prob. lower bound
2% log % o A [TeV]
Operator ' TeV ™2 (A =1TeV) (a; = 4+1) (o = —1)
(O 2(a37.43) (a37q3) [—0.55,1.38] [—0.58,0.23] 2.1 1.5
(Ouljl))ttbb (udvud) (diydy) (0.25,10.9] [—4.6, —0.10] 0.89 0.37
(OMiire  (@3v,.03) (U ud) [—1.47,0.59] [—0.25,0.62] 1.4 2
(O ews a27.03) (d%y"d3,) [—9.7,—0.07]  [0.03, 4.06] 0.41 0.95

® Very difficult to constrain at the LHC (current LHC bound ~ 390 GeV)

ATLAS, arXiv: 1505.04306 [hep-ex]

® Only two independent combinations
f T (1) (1) — T (1)
(YY), ((qu )ijm + (Cg )km) 2 (YY), (C& )z-jm} +...

d(C(l))i' N, (1) (1)
el = Ne (YY), (qu)kuj_( ud)kuj ...

J. B., M. Chala, J. Santiago, JHEP 1509 (2015) 189 (arXiv: 1507.00757 [hep-ph])

1 3
d(ngq)—l_Cq(ﬁq))zJ — Ne¢
dlog u 1672

/\\
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EWPD LIMITS ON DIM 6 INTERACTIONS

® EWPD constraints on Top dipole interactions

95% prob. interval 95% prob. lower bound
s log % Q; A [TeV]
Operator 'TeV 2] (A =1TeV) (a; = 4+1) (o = —1)
(OuB)re (30" u}) B, [—0.35,0.10] [—0.04,0.15] 3.4 5.1
(Ouw)se  (qio* o,ud)gW?e — [—0.39,0.11] [—0.05,0.17] 3.2 4.7

® Both come from the contribution in the running to the “S” operator:

dCwp —éj:z {g2Re {(CuB)ij(Yu)ji} +291(yq + yu)Re {(Cuw)ij(Yu)ji}} + - -

dlog 1

J. B., M. Chala, J. Santiago, JHEP 1509 (2015) 189 (arXiv: 1507.00757 [hep-ph])
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EWPD LIMITS ON DIM 6 INTERACTIONS

® EWPD constraints on electroweak Top couplings

t 1 (1) (3) v2 (1) v2 t 1 (1) v
09y = —3 (V (%q - %q) VT)tt AT = TQqxs 99 = T3 (%u)tt AZ

9L € [-0.048,0.089], 2% € [—0.102,0.044]
T IR (A =1 TeV)

€ [-0.52,0.28],  (ab))u € [~0.50,0.21])

<

0.1 A= 1TeV mm T 691/9;™ |
= e ] t t SM
A =10 TeV _ 09r/9R

- 0.05 + §

w5 =

2 0 20}

w5 =)

) o

©-0.05 | D
-0.1 + 95% prob. m 95% prob.

0.1 -005 0 005 01 > 4 6 8 10 12 14
691/91°" A[TeV]
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ELECTROWEAK PRECISION OBSERVABLES AT
FUTURE COLLIDERS

J.B., M. ClUCHlNI, E. FRANCO, S. MlSHlMA, M. PIERINI, L. REINA & L. SILVESTRINI
ARXIV: 1608.01509 [HEP-PH]
+ IN PREPARATION
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EWPO AT FUTURE COLLIDERS

® Several projects for future e* e colliders: ILC, FCC, CEPC...

® Physics at the FCCee:

Z pole | WW threshold | HZ threshold | ¢t threshold | Above ¢t 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 102 /103 6 x 107 2 x 106 2 x 10° 7.5 x 10*

Each run improves the precision of different sectors of
EWPO and/or Higgs observables

® Physics at the ILC: Optimized for a precise determination of Higgs
properties. Operation at 250, 350, 500 (and 1000?) GeV

® Physics at the CEPC: designed as a Z and H factory (Z-pole and HZ runs)
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EWPO AT FUTURE COLLIDERS

® Expected sensitivities to EWPO

Current HL-LHC ILC FCCee CEPC
Data (Run)
as(M32) 0.117940.0012
Aat® (MZ) 0.0275040.,0003 -

 10.0001

Mz[GeV] 91.18754-0. } (FCCee-Z) 40.0005
m¢[GeV] 173.34+0.76 | +0.6 +0.017 | =+0.014 (FCCee-tE)
mg [GeV] 125.0940.24 +0.05 4+0.015 4+0.007 (FCCee-H Z) +0.0059
My [GeV] 80.385% +0.011 40.0024 | +0.001 | roceeww) 4+0.003
'y [GeV] 2.0854 +0.005 | Ecceeww)
I'z[GeV] 2.495240.0023 | | 4+0.0001 (FOCee-Z) 4+0.0005
ah[nb] 41.5401 | | 40.025 (FCCee-2) +0.037
sin? §'°P* 0.232440.0012 | >0(1()) |mprov. +0.0001 (FCCee-z)  30.000023
ppo! 0.146540.0033 e > +0.0002 | (FCCee-2)
Ay 0.151340.0021 7 140.000021 | (rccee-z [pon)
A, 0.6704:0.027 | 4001 | Foceez [poi)
Ap 0.92340.020 +0.007 | (FcCee-z [pol)
AL 0.017140.0010 4+0.0001 (FCCee-Z) 4+0.0010
ADS 0.070740.0035 ' 40.0003 (FCCee-Z)
AL 0.0992+40.0016 | ' +0.0001 (FCCee-Z) +0.00014
R? 20.76710.025 | +£0.001 | (Foceez) 40.007
R? 0.172140.0030 | £0.0003 (FCCee-2)
R 0.216294:0.00066 ; _£0.00006 )  (rCCee-2) 4+0.00018
.Ilﬁll-zl(\;IE DE BLAS 32 HIGGS HUNTING 2016
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EWPO AT FUTURE COLLIDERS

® Experimental vs Theoretical uncertainties:

Quantity Theory error Exp. error
c Myw [MeV] 4 15
5 sin® 0% [107°] 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
JORGE DE BLAS 33 HIGGS HUNTING 2016
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EWPO AT FUTURE COLLIDERS

® Experimental vs Theoretical uncertainties:

Quantity Exp. error

c Myw [MeV] 15

5 sin® 0% [107°] 16

Q. ['; [MeV] 2.3

Ry [10_5] 060
Quantity ILC / "CC-ec] Cted
o My MeV] 34 3 E
§ sin? 0% [107°] 1 6 | 23 1.5
| Iy [MeV] 081 01 | 05 0.2 |
Ry [1077) 14! 6 | 17 510 |
A. Freitas, arXiv: 1604.00406 L —

r )
Theoretical effort necessary to achieve future
experimental precision
ToRGE DE BLAS 33 Fecs FUNTING 2076
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® General strategy for the calculation of future sensitivities:

® Assume theoretical uncertainties will be reduced as needed to
reach future experimental precision

(Also use the future expected uncertainties 0 (Aai? (M2)) = 0.00005 )
das(M2) =~ 0.0002

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

® Will use the FCCee as a reference to illustrate the sensitivity to NP at
future colliders
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® Oblique Parameters (S, 7, U): Present vs. Future

: = o1 4 Prob.
= g HEP[H I 68% Probability ' Sl B e (0 pol)
i [ 95% Probability P = e
] [ ]199% Probability ' 0 05-_ B FCCee-tt
0.5 : i
o i - '*
i . —0.05_—
| | Lo | a4l T R B
_02 0 0.2 0.4 : -0.1 -0.05 0 0.05 0.1
S E
Fit result Correlations E Ccee
S 0.0940.10 1.00 E AS, AT, AU ~ 0.01
T 0.10+0.12 0.86 1.00 E
U 0.01x0.09 —-0.54 -0.81 1.00

HiGGs HUNTING 2016
PARIS, SEPTEMBER 2, 2016
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® Oblique Parameters (S, 7, U): Present vs. Future

- I mfit [ 68% Probability E ’ i 011__ 9.5(7F0Cl)(r322.(n0 pol.)
i []95% Probability ’ Elljggzz(\%lv)
0.5 [ 199% Probability E 0.05:_ B FCCee-tt
| . N
0 :
I : -0.05:—
' | ~0.1 | o | 1
0 0.5 : 01  -0.05 0 0.05 0.1
T ! T
Fit result Correlations E Fccee
S 0.0940.10 1.00 : AS, AT, AU ~ 0.01
T 0.1040.12 0.86 1.00 Major improvement on U
U 0.01+0.09 —0.54 —-0.81 1.00 at FCCee-WW

HiGGs HUNTING 2016
PARIS, SEPTEMBER 2, 2016
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® Modified Higgs couplings (ky): Present vs. Future

Fit result 95% Prob.
ky 1.024£0.02 [0.98, 1.07]

:
1
1
1
1
1
1
1
1
: §>1 .08 I Current
1 Y B Il FCCee(no pol.)
..Z‘ B ' C 1 FCCee(pol.)
& [ it [ 68% Probability : 1.061 FCCoo WW
- - .
95% Probabilit ' - B FCCee-HZ
8 20 roPanily : 1.04~ B FCCee-tt
> i I B
= : 1.02-
O ' -
: I PR O
O 5 : B
S I -
0 10 . 0.98-
1 L
i : 0.96
1 L
: 0.94]
1
i ' B
L - : 092 | | | oy o g
0.95 1 1.05 1.1 :
1
Ky 1
Implications for composite Higgs (r1<1): Fccee
Extra contrib. to S, 7T required to agree with Ary ~ 0.002
EWPD fit
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® NP sensitivity at future colliders: Comparison

Current HL-LHC ILC FCCee CEPC
Z (no pol) Z (pol) WWwW tt
AS [x1073] 100 99 99 99 12 7.8 1 64 11 64 11 63 21 19
AT [x1073] 120 120 120 120 13 8.1 13 79 13 79 12 58 28 26
AU [x1073] 95 87 83 82 32 31 32 31 98 54 96 52 21 20
AS [x1073] 91 81 79 79 12 7.8 11 64 | 95 6.1 95 6 14 12
AT [x1073] 72 63 52 52 13 8.1 13 79 10 74 6.8 36 16 15
(U =0)
AelF[x1077] 96 96 96 95 @ 11 7.3 1 72 11 72 95 47 25 23
AelF[x1077] 86 81 77T 76 29 28 28 28 86 48 85 47 21 19
AelF [x107°] 91 87 88 87 99 6.6 93 55 92 55 93 55 20 18
Aep? [x1075] 130 130 130 130 15 12 15 12 15 12 14 11 41 37
Adg? [x1074] 14 14 14 14 |15 1.3 1.2 11 12 11 12 11 24 22
Adgh [x1074] 72 70 70 70 71 6.6 583 53 53 53 53 53 89 86
Aky [X1073] 22 14 45 44 46 39 44 37 41 37 18 13 5 4.7

t 1+ |ncluding future theory errors

+ 1+ Assuming subdominant theory errors

J.B., M. Ciuchini, E. Franco, S. Mishima, M. Pierini, L. Reina & L. Silvestrini, arXiv: 1608.01509 [hep-ph]
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® NP sensitivity at future colliders: Comparison

Current HL-LHC ILC CEPC
Z (no pol) Z (pol) WW tt
AS [x1073] 100 99 99 99 | 12 7.8 11 64 11 64 [11 63| 21 19
AT [x1073] 120 120 120 120 13 8.1 13 79 13 79 12 58| 28 26
AU [x1073] 95 87 83 82| 32 31 32 31 98 54 96 52| 21 20
AS [x1073] 91 81 79 79| 12 7.8 11 64 95 61 95 6 | 14 12
AT [x1073] 72 63 52 52 | 13 8.1 13 79 10 74 68 36| 16 15
(U =0)
AelF[x1077] 96 96 96 95| 11 7.3 1 72 11 72 95 47| 25 23
AelF[x1077] 86 81 77T 76| 29 28 28 28 86 48 85 47| 21 19
AelF [x107°] 91 87 88 87| 99 6.6 93 55 92 55 93 55| 20 18
Aep? [x1075] 130 130 130 130) 15 12 15 12 15 12 14 11 | 41 37
Adg? [x1074] 14 14 14 14 ] 15 13 1.2 11 12 11 12 1.1 } 24 22
Adgh [x1074] 72 70 70 70| 71 6.6 583 53 53 53 53 53| 89 86
I

Aky [X1073] 22 14 45 44 46 39 44 37 41 37 18 13) 5 47

Sizable impact of future theory uncertainties at FCCee
Including future theory errors (up to a factor ~2)

+ 1+ Assuming subdominant theory errors

J.B., M. Ciuchini, E. Franco, S. Mishima, M. Pierini, L. Reina & L. Silvestrini, arXiv: 1608.01509 [hep-ph]
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EWPO AT FUTURE COLLIDERS: SENSITIVITY TO NP

® Dimension six SMEFT: Present vs. Future

JORGE DE BLAS
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| operator at a time. Flavor universal.
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( EWPO at future colliders: NP scale >5-40 TeV (Ci~ 1) '
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CONCLUSIONS

® Current EWPD fit shows good agreement with the SM predictions at

the 2-loop level
= Strong constraints on NP at the TeV scale
(Guide and complement the information from LHC direct searches)

® Future e’e colliders would strengthen the constraining/discriminating
power of the EWPD fit. Significant improvement in theoretical
calculations is required to match future exp. precision of EVWPO.

® Projected sensitivities to NP (EWPO at FCCee):

Expected sensitivity Improvement
S, T, U AS, AT, AU ~ 5-10-1073 10-20x
Kv Ary ~ 0.001-0.002 10-20x
L0 ANp| g, =1 2 5-40 TeV ~ 4x
INFN - sezione 40 PARIS, SEPTEMBER 2, 2016
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BACKUP
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® Parametric uncertainties

THE SM FIT TO EWPD

Aa'®) (MZ) = 0.02750 £ 0.00033

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

Prediction Og M my

My, [GeV] 80.3618+0.0080 +0.0008 | 1+0.0026 +0.0046

I'w [GeV] 2.08849+0.00079 +0.00048 | | +0.00021 +0.00036
'z [GeV] 2.4940340.00073 4+0.00059 |4+0.00031 | +0.00021 +0.00017
0'2 [nb] 41.4910+0.0062 +0.0059 14+0.0005 | +0.0020 +0.0005

sin? HEffpt 0.231484+0.00012 +0.00000 |+0.00012 | +0.00002 +0.00002
P}_’Ol = A, 0.14731£0.00093 +0.00003 |£0.00091 | £0.00012 40.00019
A, 0.66802+0.00041 +0.00001 |£0.00040 | £0.00005 =0.00008
A 0.934643+0.000076 40.000003 |+£0.000075| 40.000010 =£0.000005
AOF’é 0.01627+0.00021 +0.00001 |£0.00020 | £0.00003 +0.00004
A%’é 0.073811+0.00052 4+0.00002 }£0.00050 | £+£0.00007 =+£0.00010
AOF’]g 0.10326+0.00067 +£0.00002 [£0.00065 | +0.00008 +0.00013
Rg 20.747840.0077 +0.0074 +0.0020 | +0.0003 +0.0003

Rg 0.1722224+0.000026 +0.000023 [£0.000007{ +£0.000001 =+0.000009
Rg 0.215800+0.000030 40.000013 .\:I:O.OOOOOAJ; +0.000000 40.000026

0 Aa(5) M?2)) =~ 0.00005 in near future experiments
had Z >
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http://inspirehep.net/author/profile/Pietrzyk%2C%20B.?recid=913711&ln=es

THE SM FIT TO EWPD

® Parametric uncertainties as(M2) = 0.1179 + 0.0012

PDG average (Excluding EW fit determination)

Prediction

Aty

Mz my

Mw [GeV] 80.3618+0.0080 1+0.0060 1+0.0026 1+0.0046
I'w [GeV] 2.08849+0.00079 +0.00047 1+0.00021 1+0.00036
', [GeV] 2.49403+0.00073 +0.00031 +0.00021 +0.00017
0'2 [nb] 41.4910+0.0062 | +0.0059 | +£0.0005 +0.0020 +0.0005
sin? 05}“ 0.2314840.00012 +0.00000 | +0.00012 +0.00002 +0.00002
P}_’Ol = A, 0.1473140.00093 +0.00003 | 40.00091 +0.00012 +0.00019
A, 0.6680240.00041 +0.00001 H +0.00040 +0.00005 +0.00008
A 0.934643+0.000076 | :I:0.00000Sr +0.000075 4£0.000010 =£0.000005
AOF’é 0.01627+0.00021 +0.00001 | 40.00020 +0.00003 +0.00004
A%’E 0.0738110.00052 +0.00002 +0.00050 +0.00007 +0.00010
AOF’]g 0.103261+0.00067 | £0.00002 +0.00065 +0.00008 +0.00013
Rg 20.7478+0.0077 | £0.0074 +0.0020 +0.0003 +0.0003
Rg 0.172222+40.000026 | +0.000023] 4+0.000007 =40.000001 =0.000009
Rg 0.21580040.000030 f\:l:0.0000l% +0.000004 40.000000 40.000026

( das(M2) = 0.0002 future lattice projection)
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