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Understanding a new force

® A new force has been discovered, the first
clementary of Yukawa type ever seen.

e [ts mediator looks a lot like the SM scalar: H-
universality of the couplings

® No sign of.....New Physics (from the LHC)!

® We have no bullet-proof theoretical argument to argue for the existence
of New Physics accessible at 13 TeV and even less so to prefer a NP
model with respect to another.
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Searching for new physics

Model-dependent Model-independent

SUSY, 2HDM, ED.... simplified models, EFT, ...

Search for new

Search for new states | .
INteractions

specific models, simplified models anomalous couplings, EFT...

Exotic signatures Standard signatures

precision measurements rare processes
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What about new physics?

| Archilocus]|
the foxes draw on a variety of the hedgehogs view the world [Erasmo]
experiences and for them the world through the lens of a sing]e defining .
cannot be boiled down to a single idea |Berlin]
idea

HESEP - December 2022 4 Fabio Maltoni



Scalars and vectors

SM Portals

Sterile fermions

5

dim=2

Dark photons



Searching for H to invisible

35.9-138 fb™ (13 TeV)

CMS Preliminary

CMS-PAS-HIG-18-008

Z(IH

EPJC 81, 13 (2021)

gg — Hj + V(jH | Observed
arXiv:2107.13021
Median expected
. 68% expected
VBF-H
CMS-PAS-HIG-20-003 D 95% expected
A A A A 1 1 1 1 1 llllllllllllllllllllllllllllllllllllllll
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95% CL upper limit on B(H— inv.)
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Immediate implications for any model with
particles of mass m<mp/2
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L=Lsy— %aﬂ¢aﬂ¢ —~ %M2¢2 — cg|H|*¢*
Simplest extension of the SM: The Higgs portal
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Searching for H to invisible

ttH (2016)
CMS-PAS-HIG-18-008

EPJC 81, 13 (2021)
gg — Hj + V(jj))H

arXiv:2107.13021

CMS-PAS-HIG-20-003

35.9-138 fb' (13 TeV)

LB ARE RELEE RALEE RALEE RALRE RASLS RAALE BRAAAE RAAAE RAAA

CMS Preliminary

| Observed
E Median expected

-sa%expected
[] 95% expected
N 1 1 1 | sal sl 1 P

0 01 02 03 04 05 06 07 08 09 1
95% CL upper limit on B(H— inv.)

Important Dark Matter implications

50 100 500
Casas et al arXiv:1701.08134 ms (GeV)

1 1
L= Lsm — 50.00"¢ — 5M2¢2 — cg|H|*¢?
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Search for new interactions

e Such a programme 1s based on large set of measurements, both 1n the exploration and
in the precision phases:

« PHASE I (EXPLORATION):
Bound Higgs couplings

« PHASE II (DETERMINATION):
Stress test the SM: Look for deviations wrt dim=4 SM (rescaling factors)

« PHASE III (PRECISION):
Interpret measurements in terms the dim=6 SM parameters (SMEFT)

« Rare SM processes (induced by small interactions, such as those involving the Higgs
with first and second fermion generations or flavour changing neutral interactions) are
still in the exploration phase.

e For interactions with vector boson and third generation fermions we are ready to move
to phase II.
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Phase I (exploration) : examples

COUPLINGS to SM particles

* H self-interactions

» Second generation Yukawas: ccH, puH
- Flavor off-diagonal int.s : tqH, 1I’'H, ...
« HZy

- Top self-interactions : 4top interactions
- Top neutral gauge interactions

« Top FCNC’s

- Top CP violation
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COUPLINGS to non-SM particles

- H portals
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Second generation

Using kinematic distributions 1.e. the Higgs pT

Bishara et al. 1606.09253 Bishara et al. 1606.09253
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Inclusive Higgs decays 1.e VH + flavour tagging (limited by c-tagging)
gives a limit of 5.5 x SM expectation. (VZ has been observed!) ZH(H — cc)
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Baryogenesis

Remember that to generate a matter-antimatter asymmetry in the Universe the
three Sakharov conditions have to be satisfied (B violation, first-order phase
transition (out-of-equilibrium), C and CP violation). The SM potential leads to
2nd order phase transitions.

Continuous Crossover First Order Phase Transition

or

. . . increasing time
INncraacinog fimea
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http://arxiv.org/abs/arXiv:1711.00019

Baryogenesis

Remember that to generate a matter-antimatter asymmetry in the Universe the
three Sakharov conditions have to be satisfied (B violation, first-order phase
transition (out-of-equilibrium), C and CP violation). The SM potential leads to
2nd order phase transitions.
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A trilinear coupling above 1.5"SM value allows a 1st order transition.
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Baryogenesis

Remember that to generate a matter-antimatter asymmetry in the Universe the
three Sakharov conditions have to be satisfied (B violation, first-order phase
transition (out-of-equilibrium), C and CP violation). The SM potential leads to
2nd order phase transitions.
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A trilinear coupling above 1.5"SM value allows a 1st order transition.
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Phase | : Higgs seli-coupling

10* At 14 TeV from gg fusion:
HH productioi at pp colliders at NLO in QCD

My=125 GeV, M4TW2008 NLO pdf (68%cl)
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As in single Higgs many channels contribute in principle.
Cross sections for HH(H) increase by a factor of 20(60) at a FCC.
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Phase | : Higgs seli-coupling

[Frederix et al. “14]
I I

| | | | 4 .
HH production at 14 TelV LHC at (N)LO in QCD Many channels, but small cross sections.

M,;=125 GeV,|MSTW2008 (N)LO pdf (68%cl) |
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Current limits are on osm (gg—~HH) channel in
various H decay channels:

CMS : o/osm<34(2.5)
ATLAS: o/osu <2.4(2.9)

1 oRemarks:

1. Interpretations of these bounds in terms of
BSM always need additional assumptions on
how the SM has been deformed.

| | | | ‘ | | 1 2.The current most common assumption is just
' ' a change of A3 which leads to a change in o
as well as of distributions:

ph5 aM

MadGra

Note: due to shape changes, it is

not straightforward to infer a = O-SM[l -+ (K’)\ — 1)A1 —+ (/ﬁ)%\ — ].)AQ]

bound on As from o(HH), even
when ossmM=0(A3) only is assumed.
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https://arxiv.org/abs/1401.7340
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Phase I : Higgs self-coupling

Now
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Future

[De Blas et al., 20201,

iggs@FC WG September 2019

di-Higgs single-Higgs

HL LHC HL LHC
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CLIC,,,
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All future colliders combined with HL-LHC

Currently limits on k/l from H and HH are comparable and will stay so at the HL-LHC.

Borderline sensitivity to say something about EW baryogenesis...
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https://arxiv.org/abs/1905.03764

Phase Il : couplings

a b c d e
g q q q Wiz t/b b t
t/b/c e - g o
t/b/ch — Heeeeee H  VYeeeee- H N H W "~ H
t/b/c Wiz Y g
g q g q H b 4 q
f g h i
w/z W 4 b/e 4 b/c t/u
H ====== < H --{::EZ H == t/b/t H ====== < H ====-- <
Wiz W IZ Ublz IZ blc "

o - B/
H = e =
(Ti)sm - (B )sm
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Phase Il : Legacy Run Il results

CMS

138 fb' (13 TeV)
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(o)sm - B )sm l

g 1+ 50’)\3 (Z)

f
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This information can be
used by anybody to test
BSM scenarios that lead to
different patterns of Higgs
coupling changes.
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Phase Il : Legacy Run Il results
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o 10 —
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Production process

11=1.05+0.06

ttH
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Ratio to SM
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=1.05+0.03(stat.) £0.03(exp.) £0.04(sig. th.) +0.02(bkg. th.).
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Decay mode
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Phase Il : Prospects

Vs =14 TeV, 3000 fb™' per experiment

I e ] . ] _ | .
Kz o .
. | i .| Total ATLAS and CMS
Kw Lo AR =gy HL-LHC Projection
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https://arxiv.org/abs/1905.03764
https://arxiv.org/abs/1905.03764

Phase Il : Prospects

kappa-0 | HL-LHC |LHeC | HE-LHC ILC CLIC CEPC| FCC-ee |FCC-ee/eh/hh
S2 S2/ {250 500 1000| 380 15000 3000 240 365
Kw [%] 1.7 0.75 |14 098 | 1.8 0.29 0.24|10.86 0.16 0.11| 1.3 | 1.3 043 0.14
Kz [%] 1.5 1.2 [1.3 09 [0.29 0.23 0.22| 0.5 0.26 0.23| 0.14 {0.20 0.17 0.12
Ko [%] 2.3 36 |19 1.2 123 09706625 13 09|15 (1.7 1.0 0.49
Ky [%] 1.9 76 |1.6 1.2 6.7 34 19 |98 50 22| 3.7 [4.7 3.9 0.29
Kzy [%] 10. — |57 3.8 [99% 86% 85x |120x 15 6.9 | 8.2 |[8Ix 75« 0.69
K. [%] — 4.1 |— — |25 13 09143 18 14| 22 |18 1.3 0.95
K [%] 3.3 — 128 1.7 — 69 16| — — 2.7 — - = 1.0
Ky, [%] 3.6 2.1 (32 23 | 1.8 058 048 1.9 046 037 1.2 (1.3 0.67 0.43
Ky [%] 4.6 — 25 17115 94 6.2 |320x 13 5.8 | 8.9 10 8.9 0.41
Kr [%] 1.9 33 (15 1.1 {19 0.70 057(3.0 1.3 0.88| 1.3 (14 0.73 0.44
[De Blas et al.. 2020]
L’ H
At e+e-: o
Z
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https://arxiv.org/abs/1905.03764

Phase 111 : SMEFT

TeV TeV Ay

Simplicity & Naturalness &

Naturalness & Simplicity &

U/QY)L —-m,#0
F}zﬁror > U — ey, Amg, ...
CP’= edm’s

Dipoles = (g —2),

2

m; => A >10" GeV

U(1); x U(1)g

= A~ 10° GeV

= A>10° GeV
GIM

Y,, Y, Y, = Flavor & 2P

U(l)g = p — 7%+ = A > 10" GeV

Rattazzi® adapted

= A>10° GeV
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Phase 11l : SMEFT

The matter content of SM has been experimentally verified and evidence for new light states
has not yet emerged.

SM measurements can always be seen as searches for deviations from the dim=4 SM
Lagrangian predictions. More 1n general one can interpret measurements in terms of an EFT:

£(6) _ 2(4) Z

the BSM ambitions of the LHC Higgs/Top/SM physics programmes can be recast in as
simple as powerful way 1n terms of one statement:

“BSM goal” of the SM LHC Run Il programme:

determination of the couplings of the SM@DIMé6
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Phase 11l : SMEFT

The matter content of SM has been experimentally verified and evidence for new light states
has not yet emerged.

SM measurements can always be seen as searches for deviations from the dim=4 SM
Lagrangian predictions. More 1n general one can interpret measurements in terms of an EFT:

SM EFT Uv
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Theideaof an EFT

SM New Physics
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Theideaof an EFT

g
>’WWZ’
q

SM New Physics
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Theideaof an EFT

SM

New Physics

HESEP - December 2022

27

> Energy

Fabio Maltoni



Theideaof an EFT

New Physics
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Theideaof an EFT

g | t g
g 4 g [
1 _ _

q/ o Mt g

>< New Physics

NA=M
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Theideaof an EFT

2 .
9_ >< New Physics
M2

> Energy

NA=M
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Theideaof an EFT

2 — —_
J_ Lersr = Lgn ]\ZZWW

M? = g°v° = A=
A 1s an upper bound on the scale of new physics
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Theideaof an EFT

h=c=1
dim A" =
dimg¢p =1
dim ) = 3/2
2
g — dim=6
— Leps = Lsm +Z O

Bad News: 59 operators [Buchmuller, Wyler, 1986]
Good News : an handful are unconstrained and can significantly contribute to top phenomenology!
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SMEFT Lagrangian: Dim=6

[Buchmuller and Wyler, 86] [Grzadkowski et al, 10]

X3 <P6 and (P4 D2 ¢2(p3
Qc f ABCGﬁ”Gf"Gf“ Qy (¢TSO)3 Qe (‘PT(P) (l—perSo)

& | FABOGAGEGOr || Qun | (plp)O(ply) Qug (1) (GurP)
Qw | eEWIWIPWSH | Qup | (¢'D ”‘P)* (¢"Dup) | Qup (¢70) (- p)
Qw | VKWW PW Kk

X2 (P2 ¢2 X © ¢2 (P2 D
T GA GAy.u l_ iy I oW1 (1) T'B l_ 1l
Qch Y'Y mny QeW ( pa er)T ¥ ny Q<pl ((P 2 o ()0)( p7 r)
~ — . —
Qs | ¢'eGac™ | Q| (Lo"e)pBu | QN | (¢'iDlo)lr'v4L,)
Qow SOTSO W;{VWIW Quc (QPUWTAur) o Gﬁu Qe (SOTiﬁ I ©) (ép'Yper)
— >
Qv | PloWLW™ | Quw | @o"u)r'dWL, | Q% | (¢'iD.¢)(@7"e)
s ~ = . H —
QB @' By, B" Qus (@0 ur)@ By gq) (¢ D;{ ©) (‘IPTI'Y”Qr)
: g ., pxg —
Q<p B @' B, B" Quc (QPGWTAdr)‘P Gﬁu Qeou | ('iDy @) (uyy uy)
. & —
Qewn o'l W;{VBW Qaw | (gGo wd, )l W,fu Qua | (¢"iDup)(dyy*dy)
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http://www.sciencedirect.com/science/article/pii/0550321386902622
http://arxiv.org/abs/1008.4884

SMEFT Lagrangian: Dim=6

[Buchmuller and Wyler, 86] [Grzadkowski et al, 10]

(LL)(LL) (RR)(RR) (LL)(RR)
Qu Loyl ) (T Le) Qee (Epvuer) (s er) Qre (Lovulr) (s er)

| @) @re) | Qu | @vae)@yw) | Qu | Gyl @ertu)

& | @)@ m'a) | Qua (dpvudr) (dsy*de) Qua (Lpyuls) (dsy*dy)
QL (Lpyulr) (@) Qeu (Epyuer) (Tsy ) Que (@72 ) (Esy7er)
fof) ™ L) (@7 7q) | Qea (Epvuer)(dsy“dy) ) (@ Yuar) (Tsy us)

¥ (Tpyuur) (dsy*dy) W | (@7.T%,) (@ T )
Q% | @ T ) (d T4d:) | Q% | (@vuer)(dir dy)
QY | (@,.T%¢.)(dy*TAd,)
(LR)(RL) and (LR)(LR) B-violating
Qledg (Her)(dsal) Quug e [(d2)TCuf] [(q29)7 Clf]
Qs | @u)en(@d) | Quan £ [(¢29)T Cqf¥] [(u))TCle
Qc(fp)qd (BT u,)ejn(qETdy) ) e*Me ke mn [(g29)TCP¥] [(@™)T O]
Qo | ([Be)em(@dw) . £991(71€) 1o (T1€) mn [(499)TCqP] (™) Cl]
Qz(géu (Bouwer)ein(@o" uy) || Quuu e*® [(d2)TCu?] [(u))TCey)
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http://www.sciencedirect.com/science/article/pii/0550321386902622
http://arxiv.org/abs/1008.4884

T'he way of SMEFT

One can satisfy all the previous requirements, by
building an EFT on top of the SM that respects the

gauge symmetries:

] & ST
— p@) _ (6) _ (
L SMEFT = gSM + e E ci@i + a E cj@j +
I J

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

The theory is renormalizable order by order in 1/A,
perturbative computations can be consistently performed
at any order, and the theory is predictive, 1.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).
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A* > s|c|/6

=

sle|IN? < 8
Vs <A

Energy helps precision

é Rescaling

_ EFT in the tails
[ustrative plot %

pT(t/H)
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http://arxiv.org/abs/arXiv:1607.04251
http://arxiv.org/abs/arXiv:1610.05771
https://arxiv.org/abs/1709.08649

T'he way of SMEFT

A simple approach

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

current measurements
[
o

future measurements

=, increased NP Sensitivity

~» Most precise EFT 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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Energy

EFT picture: Matching
| Lerr(dsm, = A) @ﬁUV(¢SM7 ¢BSM)
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Running

Operators run and mix under RGE

-1.0 -0.5 0.0 0.5 1.0
Ct¢(m1)

Scale corresponds to the change from mt to 2 TeV.
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O =y (416) (Q1) &,
Ogc = vt (60) G, G
O = y19s(Qo* TA4t) G, .

2 16 8
dCz g
) _ vi;Ci(n), ~y=1| 0 =7/21/2
dlogp - m 0 0 1/3

At =1TeV: CiG=1,Cp =0;

At =173 GeV: CtG = 0.98, Cip= 0.45
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Loop elfects

New operators arise at one loop

The SMEFT is as renormalizable as the SM when QCD and EW corrections are calculated.

Top — Higgs at 1-loop

e VBE ZH. WH at LHC ““Qj:

e ZH, WWEF, ZZF at e*e"
e H decay to vy, YZ, ZIl, Wlv, bb, tT1, pp

® ggH is known

Possible deviations using current constraints on the relevant operators
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http://arxiv.org/abs/arXiv:1809.03520
http://arxiv.org/abs/arXiv:1809.03520

Higgs potential modifications

To go Beyond the SM, one can parametrise a generic potential by expanding it in series:

2

VEBSM (@) = — 12 (0T D) + A\ (BT D)2 +Z o (DD — =)
o , | o= u2/x while the Az = RaAz
so that the basic relations remain the same as in the SM: 2 = 20 As and A change: M= )\EM
4

14 (362)2
. AA2 . .
So for example: adding cs only G l.e., in this case A3 and A4 are related. j
kx, = 1+ )\12 = 0K) — D

Adding cs makes A3 and A+ independent (full unlocking). g

This 1s a general feature of dim=6 vs dim=8 in the SMEFT. In the HEFT three and four point (with Higgs
couplings) are disentangled from the start=>more parameters. Equivalence can be established on a process
by process basis between HEFT and dim=n EFT.
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2

EFT analysis of HH

re = 0.05,rg =1 _
riq = 10, 7¢q = 200
Ttd) =1 ]

—15 -10 -5 0 5
c; = 7’2'% [TGV_Q]

—20

The present

10 15 20

Given the current constraints on 6(HH), o(H) and
the fresh ttH measurement, the Higgs self-
coupling can be currently constrained “ignoring”

other couplings
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41

Other couplings enter in the same process: top
Yukawa, ggh(h) coupling, top-gluon interaction,
which can constrained by other processes. 1-1
correspondence between d.o.f and new constraint.

The future

Precise knowledge of other Wilson coefficients
will be needed to bound A as the bound gets
closer to SM. Differential distributions will also

Fabio Maltoni



Unlocking with the EFT

e 2 (7, )
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EFT analysis of HH

Unlocking the SM
1 | o
Ly == 7P Fu+ Dy + Gy +h.c) + DI = Vi)

S'\ 2 (ﬁj
M(VLVL — hh) = V_2 (CZV — CV) 1 E | - CMS 138 b (13 TeV)
T3
F =K =K =1 — Observed === Median expected 1
“— Theory prediction 88 68% expected
----- 95% expected

Seagull vertex of scalar SU(2) or (dpt.¢)2

Excluded Excluded

95% CL limit on o{pp = HH (incl.)) / fb

e kyy =0 excluded with 6.6 assuming otherwise SM couplings

This can be interpreted as a dim=8 operator change in the SMEFT
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SMEFT global fits at dim=6

e Measurements:
e Total as well as differential, unfolded and/or fiducial, including
uncertainties and correlations.
e Reference SMEFT interpretations done by the experimental
collaboration for best sensitivity targets.

e Theoretical predictions:

*SM at the best possible accuracy
eSMEFT at least at NLO in QCD

e Fitting:
e Robust and scalable fitting technology

e Combination with low /energy, flavour and LEP measurements
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A powertul approach

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, wvalidity,
interpretations, matching to the UV).

A LHC EFT WG 1s working hard to move things
forward in a joint TH/EXP effort (thanks to all
contributing!!)
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45

Top-down Bottom-up

EFT

EFT

Observable

DETCWAEWE[S

Exp fit on C; SM Data
Complementary!
Fabio Maltoni


https://lpcc.web.cern.ch/lhc-eft-wg

First explorations: EWPO+H+EW+Top

e Already now and without a dedicated experimental effort
there 1s considerable information that can be used to set

top EW
.. 4 Diboson °p _\
limits: C \
P ttV \
. (Cus Ce
e Fitmaker (1. Ellis. M. Madigan. K. Mimasu, V. Sanz. T. You 2012.02779] Cuwe Cup  Cu o
Cup %, o® oW CHQ Ciw
. CHW He HI Hl C}?();, CtB
e SMEF1T [) Either. G. Magni. EM.. L. Mantani. E. Nocera, J. Rojo. E. Slade. E. . (O O Cu Cna) Co
Vryonidou, C. Zhang, 2105.00006] C”G W\ EWPO “)
® SHitter [Biekstter. Corbett. Plehn. 2018] + [I. Brivio. S. Bruggisser. E. M.. R. Moutafis. T. g"” Co Cgr Co; Cau Ca
Plehn. E. Vryonidou, S. Westhoff, C. Zhang. 1910.03606] (separated) CTH L Cic Cy t%Cfu C D
rH
o HEPfit - o -
el Bl ctal 2019} [Ellis et al. 2012.02779]
e 30+ operators at dim=6, linear and/or quadratic fits,
Higgs/Top/EW at LHC, WW at LEP and EWPO.
HESEP - December 2022 46 Fabio Maltoni


https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2105.00006
https://arxiv.org/abs/2105.00006
https://arxiv.org/abs/2105.00006
https://arxiv.org/abs/1910.03606
https://arxiv.org/abs/1910.03606
https://arxiv.org/abs/1910.03606
https://arxiv.org/abs/1910.14012
https://arxiv.org/abs/2012.02779

First explorations: EWPO+H+EW+Top

Theory

(N)NLO QCD for SM
NLO QCD for SMEFT
State-of-the-art PDFs without top

Qata

Data

317 data points: Top: ttbar, single-top, associated top
production, distributions.
Higgs production and decay, differential distributions,
STXS.
Diboson production, distributions

i

'Global EW/Top/Higgs
SMEFT fit

A

Faithful uncertainty estimate
Avoid under- and over-fitting
Validated on pseudo-data (closure test)

Methodology

HESEP - December 2022
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Fit results can be used to bouna
specific UV complete models
New data can be straightforwardly
added

47

Qutput
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How do all these operators enter?

ZH g ggH
---H
q
g9
6) =
g
q
i 7 7 ‘ +(1) (3 y -
O,-w-. O,—m O,—m Og‘za JLLZa “eQs - -,ac;a O¢da O;wua Te~H
(3) (3) ) )
O(pll ’ O;lgr “ouys “ed,
Oupy O O, 08 0., 0. 0p 0O

ggZH VBF

I/
- - - . 1 (3
A y s O e OF, O, OB O, O
o?, 0¥ o,. 0.

Ow, 0, 0., 0, 0. 0%, o8

wlgs
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Global EW(PO)+H+Top

[Ellis et al. 2012.02779]

[Either et al. (SMEFiT) 2105.00006]

2.5
W SU(3)°: EWPO+Diboson+Higgs o (1TeV)? B Top + Higgs + VV, Quadratic NLO EFT o
2.0/ mm SU(2)? x SU(3)*: EWPO+Diboson-+Higgs-+top 95%CL marginalised; C; *=—G=— & 103} m=m Top+ Higgs + VV, Linear NLO EFT C5 MEF'T
. - ()
15 [ Top operators: EWPO+top (incl ttH) Q ___________________________________________________________
€ 102t
1.0 g
]
0.51 || H g 10
0.0 i H i H IR 1 RN H H H :
=i
100
-0.5] E
1 X
-1.0 2101
o
-1.5] g
E 102
-2.0] E,§,10
25 EWPO Bosonic Yukawa Top 2F Top 4F =
i ® Q S@=S0= YREST 3 © T @ X O I T T THR0G0 £ © T 8 g®g®0, 3 Vol ol ol _3
S ¥ O2FZdy T @Ff2F T I I g ,F., 3 3 S0FIF T 2 SRSl 0d 0o 10
T Q SO SO SS) mU UU [ CEEC IS UUUU OMOHOUUU O ~-V-TCTTTEESS 23 56803V L2C QO FTrANO® Q3 osEsS 8580 @ o [a)
(G o T a9 - OOU DS GE58E 8 8T 323 2888883035508 8288833388833288%
— o o © o o ! | oo 33 CR A ©© ©© © o " ©o o °aqgf g
1 9 22%%2 g3 2 Ltsegsss ’ 5
o = o L B |
—

34 operators, SU(2)* X SU(3)’

EWPO fitted, 341 data points
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36 operators, SU(2)* X SU(3)°

EWPO fixed, 317 data points
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https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2105.00006

Where 1s most information from?

caal |

cQQ8
cQt1
cQt8
ctt1
c81qq
cl1qq
c83qq
c13qq
c8qt
ciqt
c8ut
clut
c8qu
ciqu
c8dt
cidt
c8qd
ciqd
ctp
ctG
cbp
CCPp 1
ctap -
ctW -
ctZ
c3pQ3
cpQM -
cpt
cpG 1
cpB 1
cpW
cpd -
WWW
cpWB
cpD

Either et al. (SMEFiIT) 2105.00006
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t 1

SN

4F mostly top

Tree

Loop

Top Yukawa

Top Chromomagnetic

B

ttV couplings

e
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Tree-loop interface
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(¢fe)Qte
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ctp

Higgs an

Either et al. (SMEFiT) 2105.00006

95% Confidence Level Bounds

ttbar
1 HiggsSS

[ Hdiff

[ Sum

[ All Data (2D)
1 All Data (Marg)

—04  —02 00 0.2 04 0.6
ctG
QT Tat) 3 Gy,

0.8

cpG

0.05

0.00

—0.05

—0.10

—0.15

95% Confidence Level Bounds

T tthar

[ HiggsSS

[ Hdiff

[ Sum

1 All Data (2D)
All Data (Marg)

top interplay

A
Iny

(¢fe)ct G

QT Tat) 3 Giy,

(QTH Ty t) p G4

uv

[Ellis et al. 2012.02779]

10

-0.01 0.00 0.01 0.02

Individual 95% C. L.
ggF+0 jet STXS
I ttH
ggF+ =1 jet STXS
tt
ttv
71 Combined
T3 Marginalised

-0.01 0.00 0.01 0.02

Che
CGrleigery

Top measurements break the degeneracy between Higgs operators
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https://arxiv.org/abs/2012.02779
https://arxiv.org/abs/2105.00006

95 R 7.
007 sgm %95 Y O9FL s
971 ~ 971
i : A
- 8 —
e s e
C ion < 50% Correlation C ion < 50%

EW known at 0.1%
TGC known at 1% As constraints improve for the TGC and Higgs correlations increase.

Higgs known at 10%

[HEPfit, courtesy of De Blas et al.]
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Learning points

1. Current fits are at an exploratory state, yet prove feasibility.

2. Dedicated EFT studies/observables needed to improve sensitivity.
3. Shift towards combinable measurements 1s needed.

4. Major change 1n the way experimental analyses are planned and
published
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Outlook

e The Higgs LHC precision physics programme has set clear and very
challenging goals for the next years.

e A umiversal and very powerful approach to the interpretation of Higgs
(and more) precision measurements 1s that of the SMEFT which
provides many challenges pushing us out of our confort zone, beyond
our current TH/EXP workflows and value system.

e First explorations of the constraining power of present data in a global
EW(PO)+Higgs+Top fit have appeared.

e A wonderful realm of opportunities and large room for improvement =
many ways to contribute and learn about SM(EFT) physics.

HESEP - December 2022 54 Fabio Maltoni



