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EW/Top/Higgs

Thanks to all the speakers in the Top/EW and Higgs sessions!

Production of heavy particle pairs via photon-photon processes at the LHC in proton-proton Marta Luszczak [4
scattering

KKMC-hh for Precision EW Phenomenology at the LHC Scott Alan Yost [

virtual conference 19:05 - 19:30

The electro-weak couplings of the top quark: current constraints, prospects and impact in a Matrtin Perell6 Rosellé @
combined top-Higgs EFT fit

New results from TopFitter Dr Peter Galler [

virtual conference 10:15 - 10:40

NLO QCD corrections to the electroweak top-pair production beyond the Standard Model Mohammad Mahdi AlTakach @

virtual conference 10:40 - 11:05

Enhancing fits of SMEFT Wilson coefficients in the top-quark sector Cornelius Grunwald [

virtual conference 19:55 - 20:20

Two-loop corrections to the Higgs trilinear coupling in models with extended scalar sectors

virtual conference

Higgs boson pair production at N3LO QCD

virtual conference

Searching for Light Boson via the Yukawa Process at Lepton Colliders

virtual conference

Johannes Braathen

12:24 - 12:42

A new way of understanding the role of each measurement at future Higgs factories in SMEFT

virtual conference
Expectations for Precision Tests of the Standard Model at the ILC"

virtual conference

08:00 - 08:18

$lgamma \gamma \to \gamma \gamma$ in heavy ion collisions -- new results and Mariola Kiusek-Gawenda et al. [
prospects

Constraining resonances by using the EW effective theory

virtual conference

Top and quark contributions to electroweak-boson elastic-scattering at the LHC

virtual conference

JHU generator framework: new features for Higgs boson studies

virtual conference

Flavor Changing Neutral Higgs Boson Meets the Top and the Tau at Hadron Colliders

virtual conference

Suppression of fermionic operators in the HEFT

virtual conference

Ignasi Rosell
12:42 - 13:00
Mr Carlos Quezada Calonge @
11:12 - 11:30
Meng Xiao
11:30 - 11:48
Prof. Chung Kao
17:00 - 17:18
Juan José Sanz-Cillero

17:18 -17:36

Higgs decay into a lepton pair and a photon revisited Mr Aliaksei Kachanovich et al.

virtual conference

36 talks, 6 theory >50% theory talks on EFT’s

17:36 - 17:54

45 talks, 11 theory
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SM 101

Mass generation with gauge invariance

[ATLAS 2020]
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Unigue mass generation mechanism
for fermions and vectors.
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SM 101

Mass generation with gauge invariance

[ATL.AS 2020] [ATT.AS 2020]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/ATLAS-CONF-2020-027.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/ATLAS-CONF-2020-027.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/ATLAS-CONF-2020-027.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/ATLAS-CONF-2020-027.pdf
https://arxiv.org/abs/2007.07830
http://cds.cern.ch/record/2725423
https://arxiv.org/abs/2007.07830
http://cds.cern.ch/record/2725423

SM 101

Mass generation with gauge invariance

[ATLAS 2020]
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SM 101

Mass generation with gauge invariance

[ATLAS 2020]
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Mass generation with gauge invariance

[ATLAS 2020]
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Mass generation with gauge invariance

[ATLAS 2020]
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Mass generation with gauge invariance

[ATLAS 2020]
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Mass generation with gauge invariance

[ATLAS 2020]
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SM 101
Unitarity

W We
\ S S mi
Unitarity dictates that amplitudes cannot grow o e T e Y T e
with energy.
gy 2. Z,
Enerqgy violating behaviours signal the 2
=19y J I . Vemy  \fsmy my
existence of a scale A > v where new —— 2, Y ag ~ > o~ o
phenomena occur. B /J ) >‘ T
‘E -

Arbitrary modifications of couplings respecting Lorentz, U(1)em and SU(3)
symmetries generally lead to unitarity violations at low scales.

Imposing full SU(3) x SU(2) x U(1) in the deformations moves unitarity violations at higher scales.
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SM 101

Perturbativity/Loops

Being renormalisable the SM allows to consistently perform loop computations and to test the theory

at a high degree of precision.
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[Andreassen et al. 1707.08124]
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Measurement Posterior Prediction Pull
as(Mz) 0.117740.0010 0.117940.0009 0.119740.0028 -0.7
Aaflsa)d(Mz) 0.02761140.000111 0.02757240.000106 0.02716840.000355 1.2
Mz [GeV] 91.187540.0021 91.188040.0020 91.20384-0.0087 -1.8
my [GeV] 172.5940.45 172.764+0.44 175.974+1.98 -1.7
mpyg [GeV] 125.304+0.13 125.304+0.13 112.68+12.89 0.98
My [GeV] 80.37940.012 80.36040.005 80.3554-0.006 1.8
I'w [GeV] 2.08540.042 2.088340.0006 2.088340.0006 -0.08
BRw _had 0.674140.0027 0.6748640.00007 0.674864-0.00007 -0.28
BRw _,¢ 0.10864-0.0009 0.10838+0.00002 0.10838+40.00002 0.24
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R(c) 0.172140.0030 0.1722140.00005 0.1722140.00005 -0.04
A%’lg 0.09924-0.0016 0.103240.0003 0.1032740.00033105 -2.5
ApE 0.070740.0035 0.0738+0.0002 0.07384-0.0002 -0.88
Ay 0.9234-0.020 0.9347540.00004 0.934754-0.00004 -0.59
A, 0.67040.027 0.66794+0.0002 0.66794+0.0002 0.08
sin? OL?t (Tev/LHC) 0.231374-0.00022 0.2314940.00006 0.2315040.00006 -0.57
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[Courtesy of De Blas et al., work in progress]

ICHEP 2020 - Prague - On line

B UCLouvain Fabio Maltoni

ALMA MATERSTUDIORUM
UNIVLESITA DI BOLOGNA


https://arxiv.org/abs/1707.08124
https://arxiv.org/abs/1707.08124

SM 101

Going beyond

Three key properties of the SM:

 Mass generation with gauge invariance

o Unitarity (up to a predefined A)

* Perturbativity/renormalizability

ICHEP 2020 - Prague - On line 7 B UCLouvain Fabio Maltoni s



SM 101

Going beyond

Three key properties of the SM:

 Mass generation with gauge invariance

o Unitarity (up to a predefined A)

* Perturbativity/renormalizability

Is it possible to "minimally” deform the SM without losing any of the above?

ICHEP 2020 - Prague - On line 7 B UCLouvain Fabio Maltoni ) ALs MATERSTUDIORUM



A powerful approach

Searching for new interactions with an EFT

A% > s|c|/8
One can satisfy all the previous requirements, by building an EFT
on top of the SM that respects the gauge symmetries: /
sle;|IN> < 8 Ji<h
6) (4) -
=+ 35

With the “only” assumption that all new states are heavier than
energy probed by the experiment \/E < A.

Energy helps precision

The theory is renormalizable order by order in 1/A, perturbative
computations can be consistently performed at any order, and
the theory is predictive, i.e., well defined patterns of deviations
are allowed, that can be further limited by adding assumptions
from the UV. Operators can lead to larger effects at high energy
(for different reasons).

EFT in the tails
[llustrative plot

lllllllllllll

pT(t,H) |

* Sufficiently weakly interacting states may also exist without spoiling the EFT.
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A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

1
AQObs, = Obs,l,lEXP — Obs;l'Q'M 2 (6)(/4) 6(6)(/4) + 0 (F)
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A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

, Most precise/accurate experimental measurements
with uncertainties and correlations

ICHEP 2020 - Prague - On line : B UCLouvain Fabio Maltoni s



A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

AObs, = S Z a®)(u) cO(u) + O (-)

- Most precise SM predictions for
* observables: NLO, NNLO, N3LO...

, Most precise/accurate experimental measurements
with uncertainties and correlations

ICHEP 2020 - Prague - On line 9
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A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

AQObs, =!

~» Most precise EFT predictions

- Most precise SM predictions for
* observables: NLO, NNLO, N3LO...

, Most precise/accurate experimental measurements
with uncertainties and correlations
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A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

AQObs, =!

~» Most precise EFT predictions

- Most precise SM predictions for
* observables: NLO, NNLO, N3LO...

, Most precise/accurate experimental measurements
with uncertainties and correlations

current measurements

— increased NP Sensitivity

future measurements
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A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

AQObs, =!

~» Most precise EFT predictions

- Most precise SM predictions for
* observables: NLO, NNLO, N3LO...

, Most precise/accurate experimental measurements
with uncertainties and correlations
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current measurements
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— increased NP Sensitivity

future measurements
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A powerful approach

Searching for new interactions with an EFT

The master equation of an EFT approach has three key elements:

iy O
A

”

5

P,

\

Y
4
P
a

AQObs, =!

future measurements

current measurements

' T
ey -
0 Ll

— increased NP Sensitivity

~» Most precise EF1 predictions — increased UV identification power

- Most precise SM predictions for
* observables: NLO, NNLO, N3LO...

. Most precise/accurate experimental measurements
with uncertainties and correlations \
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A powerful approach
Progress in SMEFT at 1-loop level

1-loop accuracy allows:
* Unveil the SMEFT structure (mixing)
» K-factors (accuracy)
» Scale uncertainties (precision)
* Exploit loop sensitivity:

L t
/ QIS —>—§ Z T
jjSmw :\f"“ H T 1 <\t
/ —
m L95L Z 2

Many results available. Automation of 1-loop computations in the
SMEFT available for QCD corrections, SMEFT@NLO .

/N
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A powerful approach
Progress in SMEFT at 1-loop level

1-loop accuracy allows:
Unveil the SMEFT structure (mixing)
» K-factors (accuracy)
Scale uncertainties (precision)

* Exploit loop sensitivity:

/ QI —>—@ 2 R
s 2 N

Many results available. Automation of 1-loop computations in the
SMEFT available for QCD corrections, SMEFT@NLO .

~

/N

RGE
- Anomalous dimension matrix [Jenkins, Manohar and Trott, 2013,2014,2014]

Production
- pp—jj (4F) [Gao, Li, Wang, Zhu, Yuan, 2011]
- pp—tt (4F) [Shao, Li, Wang, Gao, Zhang, Zhu, 2011]
- pp = VV [Dixon, Kunszt, Signer ,1999] [Melia, Nason, Réntsch, Zanderighi ,2011]
[Baglio, Dawson, Lewis ,2017,2018,2019][Chiesa et al., 2018]
- top FCNCs [Degrande, FM, Wang, Zhang ,2014] [Durieux, FM, Zhang ,2014]
- pp —tt (chromo) [Franzosi, Zhang ,2015]
- pp —tj [Zhang ,2016] [de Beurs, Laenen, Vreeswijk, Vryonidou ,2018]
- pp — ttZ [Rontsch and Schulze,2015] [Bylund, FM, Tsinikos, Vryonidou, Zhang ,2016]
- pp = ttH [EM, Vryonidou, Zhang ,2016]
-pp —HV,Hjj [Greljo, Isidori, Lindert, Marzocca, 2015][Degrande, Fuks, Mawatari, Mimasu,
Sanz ,2016], [Alioli, Dekens, Girard, Mereghetti ,2018]
pp—H [Grazzini, lInicka, Spira, Wiesemann ,2016] [Deutschmann, Duhr, FM, Vryonidou ,2017]
- pp — tZj,tHj [Degrande, FM, Mimasu, Vryonidou, Zhang ,2018]
- pp — jets [Hirschi, FM, Tsinikos, Vryonidou ,2018]
- pp — VVV [Degrande, Durieux, FM, Mimasu, Vryonidou, Zhang, 20xx]
- gg — ZH,Hj,HH [Bylund, FM, Tsinikos, Vryonidou, Zhang ,2016]
- Higgs self-couplings [McCullough, 2014][Degrassi, Giardino, FM, Pagani, Shivaji, Zhao,
2016-2018][Borowka et al. 2019][EM,Pagani, Zhao, 2019]
- EW loops in tt [Kuhn et al.,1305.5773], [Martini 1911.11244]
- EW top loops in Higgs & EW [Vryonidou, Zhang ,2018][Durieux, Gu, Vryonidou, Zhang ,2018]
[Boselli et al. 2019]

Decay

- Top [Zhang ,2014] [Boughezal, Chen, Petriello, Wiegand ,2019]

- h = VV [Hartmann, Trott ,2015] [Ghezzi, Gomez-Ambrosio, Passarino, Uccirati ,2015, 2015]
[Dawson, Giardino ,2018,2018][Dedes, et al. ,2018] [Dedes, Suxho, Trifyllis ,2019]

- h — ff [Gauld, Pecjak, Scott ,2016] [Cullen, Pecjak, Scott ,2019][Cullen, Pecjak, ,2020]
- Z,W [Hartmann, Shepherd, Trott ,2016] [Dawson, Ismail, Giardino ,2018,2018,2019]

EWPO
+ EWPO [Zhang, Greiner, Willenbrock "12] [Dawson, Giardino ,2020]
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A powerful approach

Is this easy?

It's as exciting as challenging. Pattern of deformations
enter many observables in a correlated way.

Needs to manage complexity, uncertainties and
correlations.

Needs coordinated work among analysis groups in
collaborations traditionally working separately (top,
Higgs, EW,...)

Needs coordinated work between theorists and
experimentalists (model dependence, validity,
interpretations, matching to the UV).

A New LHC EFT WG has just been set up.

Tremendous community progress...

[Galler, ICHEP2020]

Top EFT: a global picture

(1)1331
% 9%
i33i

qu ’

< E
3 2
_’A_’_ —.—L._

05611)1133 Oél ,8) 0(1,8),

O(l 8) Oy,

N J

1

SN == = = = 4 —
|
|
|
\ 4

A

o

» this is a LO picture

» NLO has more connections directly and through
operator mixing
» arrows show contributions at O(A~2) and O(A~*)

P.Galler(University of Glasgow) TopFitter

ICHEP2020, 31.07.2020 9
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A powerful approach

What are we going to learn?

IR Simplicity:

My, > m,, ., Nnew physics effects decouple
(B&L, m, < v, GIM, no FCNC,..)

Naturalness:

Myy ~ my,

In the SM: simplicity = not natural

In BSM : natural = not simple

Fine tuning
) 2
€ = my /Amy

Direct searches

Higgs couplings

EWPT

e =(10741073,1072) Ogy/gu" ~ce

AN

A

S~ (auy /470)(m2 oy /112)
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https://arxiv.org/abs/1905.03764
https://arxiv.org/abs/1905.03764

A powerful approach

What are we going to learn?

2—-0 exclusion
@» HL+FCC

@» HL+CLIC
@» HL+ILC
O HL+CL|C1500

- HL+|LC500
D HL-LHC

-~ HL+CLIC3gg
=" HL+ILC250
HL+CEPC
- HL+FCC,,

HEPT
Higgs@FFC WG
September 2019

|
n
o

Coupling deviations from SM [%]
o

model predictions
1 1 ] ] 1 ]

-§' 20 i T T
2 —

) n

£ 10

o -
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)

c

'g 0 bt s s a R R R R .- m..‘w.m
- -

B !

> .

Q

©

o -10 ILC 250 GeV, 2 ab™' + 500 GeV, 4 ab™"': pMSSM example
[ - -

ﬁ . |:| ILC precisions from full EFT fit

=2

O

&)

bb ¢ g9 wWw W ZZ YY

N
o
L]

-
o
T

Composite Higgs

. ILC 250 GeV, 2 ab"’ + 500 GeV, 4 ab': Composite example

[ [ ] coprecisions from full EFT fit

———e——— model predictions

|
Y
o
™

Coupling deviations from SM [%)]
o

|
N
o

Coupling deviations from SM [%]
o

2 Higgs doublet

n
o
T

-
o
T T T

ILC 250 GeV, 2 ab" + 500 GeV, 4 ab™': 2HDM-Il example

i : ILC precisions from full EFT fit

model predictions

|
-
o
T 1T

|

g9 ww T

Higgs-Radion mixing

Ui

N
o
T

-
o
T T

ILC 250 GeV, 2 ab ™' + 500 GeV, 4 ab™': Radion example

- : ILC precisions from full EFT fit

|

-

o
T T

0 10 20 30 40 50 60 70 _20 T S S S S 20 model predictions .
bb CC gg WW ™ ZZ 13 gg Ww Tt T
m, [TeV]
[De Blas et al., 2020] [Peskin, ICHEP2020]
Full mapping at tree level to SMEFT :_[de Blas et al. 2018]
ICHEP 2020 - Prague - On line I! UCLouvain Fabio Maltoni ,x" ALMA MATER STUDIORUM
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https://arxiv.org/pdf/1711.10391
https://arxiv.org/pdf/1711.10391
https://indico.cern.ch/event/868940/contributions/3813537/attachments/2083210/3499299/SMatILC-ICHEP.pdf
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https://arxiv.org/abs/1905.03764
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 SILH basis, HEL implementation. Warsaw mapping.

- 8 operators, 7 d.o.f (1 fixed by EWPO).

 Production gg, VBF, VH, ttH.

- Decay to yy,ZZ,WW,t7, uu, bb.

» Single operators and marginalised fit.

Fit at the quadratic level in the SMEFT. No corrections
for EFT acceptance. Very close to k—framework.

Experimental fits
CMS Higgs combination fit

(C

WW

C,y X 10

- ¢,) x 10

Cdx10

c,x10

c, x 10*

c. x10°

c, X 10

(CMS 20201 35.9-137 b (13 TeV)

CMS ® Observed O Observed (other cj:O)
— 1o +1o (other Cj =0)
Prellmlnafy —_— +20 4.-20(Otheer=O)
DSM=89°/0
+
_E*_
——— +
e — —*i-—
+
+—
||||||i||||||||

A R B .
20 -15 -10 -5 0 5 10

Parameter value
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Experimental fits
CMS top fit

— 127
—
Main top quark production channels are top pair and single top " e
production. | 9a” Par (Oud)
D O | [ 0% Ow Ou| | Ou 0, OU
G (RALAL
T /4%
8’ WN\ + L /7/\ L O¢W ODW ODB OW ‘
. 830pb 250 pb
Selecting multi-lepton final state starting from 2ssl, 3lept, 4lept and focusing
on operators that can be especially bounded through these channels:
4 i ) - x ,
%m/{: 7 \ £ 0(}/ (R R LR ' 1 \/ 1 \/?
* /X/% _ /\JULQ,Q/ - - W YI% > H
g e ] w 5 e 3 TS LT S,
. 810 b (tt2) 580 fb 500 fb 840 fb (tZj) 76 fb

Built-in assumption: operators entering in tt and tj are considered to be bound.
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Experimental fits
CMS top fit

» 35 signal regions, 16 operators, including ttll ones.

 Limits for operators only appearing here comparable with global
TH fits, see, e.q., top fitter:

95% CL

>
21 » constraints: individual (27), marginalized (20)
» including dim-6 contrib. to O(A™%)
» all (heavy-light) 4-quark operators are constrained |C;| < 1
» top-lepton operators constrained individually:
=(3)ii33, | =(3)ii33 ~(1)ii33, | =33ii
k- Il 1, 1€)™3| < 1 and €)™, (€337 2
m;rl“
SRS R SRR § A R | | REE [Galler, ICHEP2020]
S
_1 —
2 -
|||||||||||||||||||||||||||
00 Y B0 D D00 .5 & * P o ;
Y U \ \ (/\\\, (OX o C © K\ Qe \:\ \\\: & \‘i"\ D g.\x:\ © C @ \/\\\ (& C
GGy 00> 0 G G808 G OO OV oW

- Great example of top-down EFT analysis.

. [CMS 2020]
—— Ohers Profiled (20) 415" (13 TeV)
---------- Others Fixed to SM (20) _ : ;

= Others Profiled (10) - 5 5 CMS

---------- Others Fixed to SM (1o) : : Pre/[mjnary

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

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

S L LTI I

------------------------------------------------------------------------------------------------------------------------------

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

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

.
44444444444444444444444444

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

[ . ]
..............................................................................................................................

~EEREE==,
..............................................................................................................................
.
--------------
.

————

. . . . .
. . . . .
L} ] L} L} L} L} L}
| | | ] |-'.'.‘-- | | |

-20 -15 10 -5 0 5 10 15 20

Wilson coefficient Cl / A? [TeV'z]
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CMS 137 b (13 TeV)
i i e BDT total stat
VVV measurement ombines | | e+ s, 55 5
the 1000th CMS paper WWwW | e RERFEE
wwz | e 085 4% 4%
wzz | ! ———————————— 004 R
 VVV observed by CMS in the multi-lepton final 227 | | Allowed S|
state by combining various channels. TIPUNEPAPIS U SOLF S SO LS SN S
[CMS., 2020] S
ignal strength u
e VVV known at NLO in QCD in the SM. o NS __ 157 10" (13 TeV) __
C1oo— Same-sign/3 leptons 3534/5/6 leptons Data and prediction

+ Now prediction at NLO QCD in the SMEFT for VWV © 82
production at the LHC are available. '

\

xg Ag umop
pajess uig

e K-factors show a non-trivial behaviour.

* An interesting outcome is the large K-factor of Ow

¢ Data + stat. uncertainty
s Background + systematics

Triboson signals
BWWW @, =1.157%)
BWWZ —08683?)
BwWzz uwzz—224 f129)
WZZZ (=005

11 BKg. in same-sign / 3 leptons

| JLost / three leptons
B Charge mismeasurement

) N . ) . ) 1| @wwWsjj 7w
of by using differential distributions in WW. R T T T T 9| Wy - lepton
eeeuppecepppeeep il 2 1. 0 A B 1 2 3 4 5 o o Backgrounds in 4/5/6 leptons
1J m;-out m-in  #3FOS BD%-J'tI)I,nS Z+ep BDT bins 'c!g, _c!; [0Zz [OQtwz [JOther
Same-sign dilepton 3 leptons 4 leptons > o Btz Owz
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https://arxiv.org/abs/2006.11191
https://arxiv.org/abs/2006.11191

VVV measurement
the 1 OOOth C M S pa per [Courtesy of Degrande et al.. work in progress]

2'5} +10 O (A—Q)
2. iﬁ::::::::f:::ﬁ:::::Zg:::’.:ZZIZZIZ_':ZZZ:ZZIZ:ZZ:::Z:’.::::::.’Z:ZZ::Z::Z::Z:ZZZ’.::ZZZ::
* VVV observed by CMS in the multi-lepton final 1-5-:::::ﬂ::::::::::?:::::::::f;:::-.:::::?:;::::;.—,: """"" ED """"" g """"""""""""""""
state by combining various channels. o S TR S
U] N
: 2
 VVV known at NLO in QCD in the SM. 0.5- o
0.0° °
* Now prediction at NLO QCD in the SMEFT for VVV Multi-boson K-factors, LHC 13 TeV
production at the LHC are available. 2.5
2.0 | O (A7)
° K'faCtorS ShOW 2] non_trivial behaViOur. ' E:ZZIZZZZfIZZIZZZZZZ:ZIZIZZZ:ﬁZZZZZ:ZZ:_':Ziii__ZZZZ:ZIZIZ:ZZ’.ZZZZ:ZZ:ZZ.'ZZZ:ZZ:Z:Z::Z:Z::Z’.::::ZZZZ
1°5'ﬁIIIIIIIIIIIfIIIIIIIIIIIIIIII?IIII".IIIIIIIIIIIfIIII%IIIIZIIIIIIIII‘_III e e e

* An interesting outcome is the large K-factor of Ow 10l ® ¥
opening the possibility of bounding it here, instead | (o Www = Zzw o WW 22— SM

of by using differential distributions in WW. | v WWZ % Z7Z & WZ K <0

0.0-

Ogr Ous Ogws Ow Oy Oy O;;@-) 05;)@ Qs Oy
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Marginalised

0.1~ — ool
- Ay
SMEFT E
0.05 - 1>
- : oo | N
Global fits: EW+H+WW | | &
ottt |l {{f -'} e
_ .. |5
il = : 1 ? - | | QL
—
_ | L =
. . . —0.05 — 2
* Already now and without a dedicated experimental effort there e LHC Run 2 only 1"
Is considerable information that can be used to set limits: ol Al data =
* Ellis et al. [Ellis. Murphy. Sanz. You 2018] SO S SSSSSTETHS S 80830
PR T =! S T L L
* Almeida et al. [Almeida, Alves, Rosa-Agostinho, Eboli, Gonzalez-Garcia, 2018] ) B
. 2 LHCRunl+Il+ EWPD —
» SFitter [Bickstter, Corbett. Plehn, 2018] vl T N
0 = 8 p
e HEPTfit [de Blas, et al. 20XX] f)
o | 05
- 18 operators, linear and quadratic fits, Higgs at LHC, WW at 0 { " 1 fj } I ]{ [ F- 3
LEP (and LHC), EWPO (8 constraints/10 ops) " [ - 0s 5
5t . '
» Top not included. Not special in this scenario. 10| .::‘?itter : . =
6@ f% % % & % /é’%{ ¢ 7 {5@ &‘%&6,3'(@?%‘2’56;@%;% %\6% ) %
(% o e (( d
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SMEFT

Global fits: Top

* Already now and without a dedicated experimental effort
there is considerable information that can be used to set
limits. Fits dedicated to the top sector:

e TopFitter (Global, LHC+Tevatron, LO)Buckley etal.
« SMEFIT (Global, LHC,NLO) [Hartland et al.. 1901.05965]
o EFTfitter (Partial, LHC+Flavor, LO) [Bissmannetal..1909.13632]
o SFitter (Global, LHC,NLO)

1506.08845]

[Brivio et al., 1910.03606]

« Several flat directions can be lifted with specific
observables, also exploiting NLO effects.

» Combination with EW and Higgs data is needed to
constrain all operators entering all processes.

95% Confidence Level Bounds (1/TeV?)

102 4
| mmm SMEFIT global (marginalised)
| WM SMEFIT individual

{ Il |LHCtopWG EFT note

=
o
=

=
o
o

=
o
s

10—2 .

sl | Global fit  [Brivio etal., 1910.03606] 22 operators
| CGlobal fit Oth /2
2_
1 ,
g i I — | I
Z 0 e RininT i1 1
& A TN IR IRLRIELN i
|
~—
QO
—9f
4 'S-“'?itter
O O O OOy Oy O O O Op OO O O, 00 O O O O O O O
PPTTYYIYLLTYLVLR LSS

SMEFIT analysis of LHC top quark data

[Hartland et al., 1901.059635]

34 operators
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https://arxiv.org/abs/1506.08845
https://arxiv.org/abs/1901.05965
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SMEFT

Global fits: Top + Higgs

[Courtesy of Ethier et al., work in progress]

103 5
| = Top (NLO, A—%) " 1Imi
The top sector is connected to both I e SMEFIT Preliminary
the EW and Higgs sectors and 7z
therefore a really global approach is = i,
needed. A total of 24 additional — :
operators are needed in addition to ERRUE
the top ones. Robustness and %
convergence of the fitting procedure 1
is being explored (starting with a &
smaller number of operators, i.e. no T 107
4Q ops). :
1073 -
S PP FIZiiFZECEEE03 0833555587885 8585880
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SMEFT

Global fit Top + Higgs: application

Double Higgs production is sensitive to 5 top-Higgs
operators at 1-loop level.

O,., ctp (¢f¢—‘7)Qt¢+hc
o\ 3 O, ctG 1gs (QT’“’ / P t) @Gﬁu + h.c
O ol — &
e P (”” o2 ) i 1‘
Opa cdp  Oule'p)0H ()
O,c cpG (¢*¢ - 7) Gy G,
ol

Determination of self-coupling will depend SM Theory 9s™
uncertainties (see [shao. ICHEP2020]) but also how well the other

i i i - — O, i =10
EFT couplings will be constrained. - Ou g =1
- Qe Fap =1 [Courtesy of Mimasu and Vryvonidou]
Currently no limitation, as bounds on c, are very weak. We |~ Osa: roa =100 ° : . ]
oL . 100 b
also see that most of contributions are far from the the linear 20 -15 -10 -5 0 5 10 15
EFT regime. Ci=ri> [TeV™?]
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Future improvements
EW+Higgs+EWPO

Now Future

[De Blas et al., 2020]

[Courtesy of De Blas et al., work in progress]

1 mf't 1 p- - | |mm| B HL+HELHC B HL+lHeC HL+ILC259 HL+CLICagp HL+FCCee240
| I . . - .
B Global fit (BW-+Higgs+WW) wercws T Sngeoperor H HLelCon M HLACLICI m HLercc,
L — i 1000 3000 ee/eh/hh
10 e L — ~—H0.32
| N E’ - 1 Op. at a time (EW.+Higgs+WW) ] e B e B B e e B i . |
— '> N —
Q el
0.5 S S v —0.5
| 3 S - g _
N'_' & . H R by & I
> S < o N s > R
'> — S S 9 N S _ gk " —
) ~ S S 'D ¥ S 4 S
- o] D H = > ] © o O —
> O s N I . ; 0 R =
S # N S N S N o N [S ® —]
c - Of== <S8 s ‘g 2 2 N B s SB = —0 32 £
= N 3 S S S B3 - S
— (=] ) ™ ™~
) 52 B S = N R y | <
| - O\o ' 3 S Q
=
o @ - I N —
)
05— ' N —-0.5 |
| < _ L Alat |
e\ S
~. = — &
O | — | .
1 [x10] [x10] [x10] [x10] [x10] [x10] Y (RO (1 11 1 1 R 1 1 1

0O 0 00 OO0 0uwp®0 OWO®O O
o o e oy t0 O Oy e OO S G % 02,0500, 9, Oy Or Ow Og Opy Ogs O, O, O, O, O,, Oz5 Oow Osw O

New Physics assumptions: CP-even, U(3)5

Expected more than 1 order of magnitude improvements
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Future improvements

Higgs self couplings : tree-level and loops
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0.8

Now

[ATLAS. 2020]

ATLAS-CONF-2019-049

- ATLAS Preliminary
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Future

[De Blas et al., 2020]

Higgs@FC WG September 2019

HL-LHC

HE-LHC

FCC-eel/eh/hh

FCC-ee

ILC

CEPC

CLIC

0 10 20 30 40 50
68% CL bounds on x, [%]

Currently limits on k, from H and HH are comparable and will stay so at the HL-LHC.
At high-energy pp and ee, HH will be more sensitive.

di-Higgs single-Higgs
HL-LHC HL-LHC
...... 20%. ceeieeeeieeen . 207 (47%).....
HE-LHC HE-LHC
...... [10-20)%......... 521207 (40%)......
FCC-ee/eh/hh FCC-ee/eh/hh
5% 25% (18%)
LE-FCC LE-FCC
15% n.a.
FCC-eh,, FCC-eh,,
...... A7424% =g
FCC-eej,
! 24% (14%)
FCC-ee,
33% (19%)
FCC-ee,,,
............................... 49% (19%)......
ILC, 00 ILC, 00
10% 36% (25%)
ILC,,, ]'Cur0
27% ~J 38% (27%)
ILC,,
............................... 497% (29%).....
CEPC
............................... 49% (17%).....
CLIC,,, CLIC,,,
7%+11 49% (35%)
cLiC, cLIC,,
36% 49% (41%)
CLIC,,,

50% (46%)

All future colliders combined with HL-LHC
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Future improvements
Top+Higgs

Now Future

[Courtesy of Ethier et al., work in progress] [Durieux et al., 2018]

108 -

| mmm Top (NLO, A—4) SMEFIT

| mmm Top + Higgs (NLO, A—4)

= CC 240GeV circular collider with unpolarized beams =
- [} CC 240GeV + HL-LHC 240GeV (5/ab) + 350GeV (0.2/ab) + 365GeV (1.5/ab);

_ . CC 240/350/365GeV light shade: marginalized over top parameters
. CC 240/350/365GeV + HL-LF H H solid shade: all top parameters set to zero
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Multiple energy runs below the tt threshold can give competitive determination of the yukawa of the top.
In the future the uncertainties on the top couplings could become a limitation for Higgs and EW measurements.
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Future improvements
Theory

Many directions of development and improvements are being pursued in TH:

* Evaluation of the theory uncertainties and their correlations in the SMEFT still at
its infancy. [Lot to learn here from PDF fits]. These come from missing higher

orders (in gauge couplings and 1/A expansion).

 Currently, K-factors included in some fits, but theory uncertainties not
accounted for.

 Development of restricted UV-inspired benchmarks to set limits in specific
scenarios (including flavor data).

* Optimal observables for maximal sensitivity.

 Constraints from general QFT arguments: basis independent formulations (e.g.
amplitudes), positivity, convexity,...
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EW/Top/Higgs

Conclusions

TOP

* Tremendous improvements in the accuracy/precision of SM predictions have
been achieved, opening a new realm of opportunities.

« The LHC campaign of precision measurements is entering a new phase
measuring at unprecedented precision a large number of channels and
accessing for the first time rare final states.

* A far reaching approach to interpreting SM measurements is to constrain the
top/Higgs/EW interactions by employing the SMEFT, maximising sensitivity to
heavy new physics.

* Considerable theory effort going on, being matched by the experimental work.
 EFT’s are also being used to gauge sensitivity to NP at future colliders.

* Busy future ahead with even more integrated TH/EXP activities.
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SMEFT

Adding flavour constraints

[Aoude et al,; arXiv:2003.05432]
Hurth et al,; JHEP 06 (2019) 029]
[Bissmann at al. , 2020]

LsmerT (@sm, b = A) Luv(Psm, PBsMm)
 Imposing flavor symmetry in SMEFT avoids tree-FCNC
RGE
Flavor violation induced by SM interactions at loop level 5 r (6 )
: ET =
: “ | LsmerT(Psm, 1 2 v) BN W SUE)xU)H
‘Down type FCNC processes at low energy: B-decay/
mixing and some Kaon CE
SMEFT (A) = WET (v) = Flavour experiments
. . . L ~ m
‘Translate existing constraints on WET coefficients to WET(PsU3)xU(1)s 1 b)
SMEFT
B including flavour data
. . . . . 25 - not lnclugdlng flavour data
-Combined with fit to EWPO/diboson/Higgs
~ 20 -
-Constrain new directions i 15 -
)
*See also [Grunwald, ICHEP2020]. 3 10-
UNNNNRNRS
. llllLLLLllFLk-F,
25
B UCLouvain Fabio Maltoni B a1 omoeet

ICHEP 2020 - Prague - On line 29

A e S S


https://indico.cern.ch/event/868940/contributions/3816400/attachments/2081825/3496843/ICHEP2020_CorneliusGrunwald.pdf
https://indico.cern.ch/event/868940/contributions/3816400/attachments/2081825/3496843/ICHEP2020_CorneliusGrunwald.pdf
https://inspirehep.net/literature/1756797
https://inspirehep.net/literature/1756797

SMEFT

High energy & mUItipliCity [Mantani, Mimasu, FM, 2019]

 Due to unitarity violating behaviours amplitudes

can be enhanced by s/A* terms even if the
operators themselves don’t grow with energy.

* The final scaling of the interference terms can be
enhanced or not depending on the SM
amplitude behaviour.

 Non-trivial patterns can be arise. Amplitudes
2 — n can lead to maximal growth.

[Henning et al. 2019]

[Mantani, Mimasu, FM, 2019]

[Costantini et al. 2020]
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One = 794.8 ab " — ¢ log(rie)

) T Ot T Ot = Ina
o/ p o3 / - .
90/ . \2 0/ 5 \2
' 1 / * 1
| g 0 \ | \ { A . 0 \
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High energy & multiplicity

(‘)zw"‘u_..h f Cahce U{-itio NS O\ , f Energy @ royth

bW-tZ N " Ot O

* Due to unitarity violating behaviours amplitudes P o

o1
can be enhanced by s/A* terms even if the

o1 (2)> 500 GeV

operators themselves don’t grow with energy.

* The final scaling of the interference terms can be
enhanced or not depending on the SM
amplitude behaviour.

 Non-trivial patterns can be arise. Amplitudes
2 — n can lead to maximal growth.

Henning et al. 2019]

[Mantani, Mimasu, FM, 2019]

[Costantini et al. 2020]
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SMEFT

High energy & multiplicity

 Due to unitarity violating behaviours amplitudes

can be enhanced by s/A* terms even if the
operators themselves don’t grow with energy.

* The final scaling of the interference terms can be
enhanced or not depending on the SM
amplitude behaviour.

 Non-trivial patterns can be arise. Amplitudes
2 — n can lead to maximal growth.

Henning et al. 2019]

[Mantani, Mimasu, FM, 2019]

[Costantini et al. 2020]

(Oocp =- ’ log(ri
Orw = 114.6 fb (9;,10’
' One=85.3 ab _—

O\,

[Mantani, Mimasu, FM, 2019]

log(ri ;)
- (1) I ® Jlog(rio)
p p tZ W (%O_ — ¢ Jlog(ryg)
Ogpt Ot * max lim
(3) /
2 0"0 ) ¢ 2
1 / . 1
0 0
1 / ~ s - 1
‘ | ' -4 2 ‘ \
~(9<ptb ’ n -Othb
f . N . ~ oy A 4 . . /
~gonel/ S~ f Energy growth
_.--"// (‘)[¢ \\‘\\_\_\ -..—_____.--'//f 0[¢
. . %) I -
Very interesting process ¢ Ci=1

that should be
measured at the LHC

or (W,Z)> 500 GeV
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SMEFT

tret : the power of 4 o |
p p — ttti, future proj. (=2¢)

Op = L (H1 D"

M2 H)2 Oaw = _%(Dpwﬁuy

1 ¢ =(4m)* — naive perturbativity 11

OWB — —ggl\f[‘g/B HTO'GHB”VWZV OQB — —462732(6[)3“,/)2

Op = 1% |0H Qo = — 2% ( DPGZV)Q L cg=4n — perturbative unitarity

e 10.100
Op = 5+ (HU}D\_H)(S”’BW :

19 C a<—),u VX a
Ow = 4% (H'o*D H)D W2,

10.010

A m2 A v ]
S=d(wp+ae) iy T oo

MA/ = Cow TXQ/IMQ/ YA — C2B 7;42“2/

Z = coc 7% H = cops

1 2 3 4 5 6 7

[Englert et al., 1903.077235]
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SMEFT
Top-philic scenario

» Same flavour symmetries as baseline scenario

* Assumes new physics couples more strongly to 3rd-

generation LH doublet and RH up-type singlet (+ bosons)

[1] _ [1] 1] [1]

ctcp 9 CQPQ ’ ciQ 9 csota ctW ’ CtZ ) ctG )
c([PIgb and CE,IV]V appear proportional to
C%QQ ) C%Q ) C%Qt ) C?Qt ) C%t )
_ 3,1 _ 3(%)
CQDW = €Qq = CqQi >
3 1(£ ¢
CODB = 6022’; = §cbu = —3de = —3cbb = —QCQ(I) = —c&,i,
3 ¢ ¢
C:DB = 60t1q = §c§u = —3ct1d = —3ct1b — —20,(:,) = —cﬁe),

_ 18 __ 8 _ 8 _ 8
CQDG—CQq—CQu—CQd—CQb,

8 8 _ 8 B
CtDG = Ciq = Cpyy = Ctq = Cyp-

* 34 parameter basis reduced to 19 free parameters
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] mm NS O(A2)
1 ™ NS TopPhilic O(A~2)

95% Confidence Level Bounds (1/TeV?)
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Reducing the number of dofs leads to an improvement of the
bounds as could be expected. The pattern, however 1s not

always trivial.
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