L.

) . . J':rj‘. -
... to make an end is to make a beginning. €5

The end is where we start from.

T.S. Elhot, Little Gidding




Higgstorical Summary

* Speculation

* Hypothesis
* Theory Time to
e Search repeat?

* Discovery

* Building-block
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Everything about Higgs 1s Puzzling

L = yHiy + /-‘2‘H‘2 — MH|" = Vo|[+ ...

 Pattern of Yukawa couplings y:

— Flavour problem

* Magnitude of mass term p.:
— Naturalness/hierarchy problem

* Magnitude of quartic coupling A.:
— Stability of electroweak vacuum

* Cosmological constant term V.

— Dark energy e
J Higher-dimensional interactions? t
R i R o 3 S)

T Pl | ]
~ - R




Theoretical worries about the Higgs boson

Elementary Higgs or Composite?

* Higgs field:
v =<0[H|0>#0
e Quantum loop problems

 M,, v, other masses have
quadratic divergences

tree loops Cutoff
A=10TeV

lnl—] -
(200 GeV) ~

e Fermion-antifermion
condensate?

e Just like w in QCD, Cooper
pairs in BCS superconductivity

e Need new ‘technicolour’ force
- Heavy scalar resonance?

- Pseudo-Nambu-Goldstone
boson?




Naturalness of hierarchy of mass scales

Loop Corrections to Higgs Mass?

» Consider generic fermion and boson loops:

. S
H / \ // \\
B _J \ - |
N M N
: : : A
» Each is quadratically divergent: |*d*k/k’
Amy, = — l(l/"f' 2_, 2A% + Gm? In(A/mg) +...]
2 /\,S' 2 2 ‘A ..
Ami = —-[A° = 2mgIn(A/mg) + ...

.
(P
YT

» Leading divergence cancelled 1f

As = .l/:“;' X2 Supersymmetry!




What lies beyond the Standard Model?

Supersymmetry

New motivations
Stabilize electroweak vacuum B LIS

Successful prediction for Higgs mass
— Should be <130 GeV in simple models

Successful predictions for couplings
— Should be within few % of SM values

Naturalness, GUTs, string, dark matter, g, — 2, ...




Nothing (yet) at the LHC

No supersymmetry Nothing else, either

= i
R e R BT
: =1 =ADD BHOSSIEV]. - e mm - = —
l' , - BES o o — B e
B ;, ‘. g - s : . — e
=i X\ = .Cl 25.2TeV - mmmn o
= > - D .= [E—
—— - D v v S
L4 -
w 1 —‘-‘j -
y ' “—‘_"J ———
. —m ————
S|

More of same?

Unexplored nooks?
Novel signatures?




Will the Universe Collapse?
Should 1t have Collapsed already? -

ot if

infinite barrier:

Fluctuate over barrier
in the early Universe?

We are here

Supersymmetry?

_Z %
e

Tunnel through

. barrier now?
Quantum fluctuations

The Big Crunch
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Is “Empty Space” Unstable?

® Dependence of instability scale on masses of Higgs
boson and top quark, and strong coupling:

Log e = 10.5 - 1.3 (— ~172. 6) +1.1 (— _ 125. 1)) +0.6 (“S(”’f))o‘og;”g )
Buttazzo et al, arXiv:1307.3536;
‘ NeW CMS Value Of mt. : Franceschini et al, 2203.17197

= 171.77 £0.38 GeV

® Particle Data Group values:
my = 12525 +0.17GeV, a,(m,) = 0.1179 + 0.0009

® [nstability scale:
Log gee = 11.7+0.8

e Dominant uncertainties those in a, and m,

11



Is “Empty Space” Unstable?

180

178

Depends on
masses of Higgs
boson and top
quark

176

174

172

Top pole mass M, in GeV

170

168

Instability /

/

Measured
values

1012 GeV

Stability

120 122 124 126
Higgs pole mass M), in GeV

128 130

132
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Looking Beyond the Standard
I\/Iodel W|th the SIVIEFT

.the d/rect methodmay beused but indirect methods WI//
be needed in order to secure victory....”

B ® “Thedirect and the indirect lead on to each other in turn. It is
like moving in a circle....”




A Note on Units and Dimensional Analysis

Use “natural” units: Planck’s constant, velocity of
light =1
Count mass dimensions: [M] =1 = [E] = [p] = [0]
Consistent with Lorentz invariance: E? = p? + m?
Quantum mechanics: [x] = [t] =-1
Action A = [ Ld*x has[A]=0,s0 [£] =4

L3 0¢pap, Yoy, F,, FH*

So[¢l=1,[Y]=3/2,[4,]=1

14



Effective Field Theories (EFTs)

a long and glorious History

e 1930’s: “Standard Model” of QED had d=4 : :
e Fermi’s four-fermion theory of the weak force
e Dimension-6 operators: form=S, P, V, A, T? X

— Due to exchanges of massive particles?

e \V-A => massive vector bosons => gauge theory

e Yukawa’s meson theory of the strong N-N force

|44
— Due to exchanges of mesons? => pions 2}\

e Chiral dynamics of pions: (0mdrm)mnm clue = QCD

15



Standard Model Effective Field Theory

a more powerful way to analyze the data

e Assume the Standard Model Lagrangian is correct
(quantum numbers of particles) but incomplete

e Look for additional interactions between SM particles due
to exchanges of heavier particles

e Analyze Higgs data together with electroweak precision
data and top data

e Most efficient way to extract largest amount of
information from LHC and other experiments

e Model-independent way to look for physics beyond the
Standard Model (BSM)

16



JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

Summary of Analysis Framework

e |[nclude all leading dimension-6 operators?

2499~
1
LsmerFT = LsMm + E Poi
=]

e Simplify by assuming flavour SU(3)" or
SU(2)? X SU(3)® symmetry for fermions

e Work to linear order in operator
coefficients, i.e. O(1/A%)

e Use G, M, a as input parameters

17



Dimension-6 SMEFT Operators

Including 2- and 4-
fermion operators

Different colours
for different data
sectors

Grey cells violate
SU(3)’ symmetry
Important when

including top
observables

JE, Madigan, Mimasu, Sanz & You,

arXiv:2012.02779

X3 HS and H*D? V2 H3
[(’)G fABCGﬂ"G,l,?”Gg"] Oy (HTH)? (0} (HTH)(l,,erH)
Oz | [AP°GrGEPGSF || Opp (H'H)O(H'H) | Oun (H'H)(gyu,H)
([ Ow eIXWivwiewke) | 0y | (HIDEH)" (H'D,H) )| |IGHE (H'H)(gyd, H)
Ow ks WJ"W,,J”W;(“
X4H? V2H?2D
g =
(0,0 HYHGA G ) (H'iD, H) (pr"1)
~ > _
Oue H'H G;Z,GA‘“’ (HTiDé H)(lpTl’)”‘l,-)
[0 HIHW] wiw (HTizz)u H)(e,7"e,)
Ouw H'H VV;{:/W“W (Hti’Du H) (‘jp’Y#QT)
= H'H B,, B" (YD) H) (@' a:)
Ous H'H B,,B" (H'fi?_# H) (" u,.)
(B Hir!HW! B (H'iD, H)(d,y"d,)
O.szs HirTH WIfUB'“’ i(H"D,,H)(ﬂp'y”d,.)
(EE)(LL) (LL)(RR)
[ Ou (Lpyulr) (Ls71e) J O.. (epyuer)(€sy*er) O.. (Lpvulr)(Esy*er)
0((,:,) (q_p')'u%‘)(QS Y qt) S I (ﬂ_p'Yuur)(qs'Y“ut) O.. p Yl ) (UG
O(") (‘jp’}i;ﬂ']q" IITIQI) Oua (dpyudy)(dsy"dy) O (p'Y;Al )(d s'yﬂdt)
01(:) P Il - )(@sYH gt O ‘p'Y;ter)(“(Y U (4 '}’;ﬂr)(és'}’#e
0(3) ( p i )(q 7“7-1 O.. e '}’ucr)(ds'}’“dt 0(” (q-p'Y;t qr )\ Us 'ut)
Oflld) (ﬂp’}’u p 0(8) ((Ip"/uT (Il)( s7#TA11!)
0-(‘:) (UP'Y/:T Ur )(d '7“TAdf) O(,:i) ( 7)'7;:q')(ds'7“df)
(q,,'y,LTAq, ) ;
(LR)(RL) and LLR)LR)
Oledq l er)(d q] Oduq




Global SMEFT Fit
to Top, Higgs, Diboson, Electroweak Data

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779

e Global fit to dimension-6 operators using precision
electroweak data, W*W- at LEP, top, Higgs and
diboson data from LHC Runs 1.2

e Search for BSM

e Constraints on BSM
e At tree level
e At loop level

341 measurements

included in

global analysis

@HD

Cus

.

top EW
f/ -Diboson- P \
| W _
— O G,
( Cuws Cuu Cu D ’
3 1 CHQ th
CHC Cgl) Cl(~il)
C;:c)) C(B
| C) C8) Cuu Cua |
- " 5%
EWPO J

CG
Ct G

c:, ¢

1,8 3,8 8 8
CQq CQq CQH CQd
- tu
tt

8
Cy,

/

Higgs
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Operators included in Global Fit

e 20 operators in flavour-universal SU(3) fit

(3

HW"BaoHD:Ollao S[)- OHC:Og;aO;};aOHdaoHUJ

Bosonic: | Ogr,

EWPO:

HaaCliw, Ulan

Colours indicate

> Positive
Yukawa: | Org, Oun, Opn OzH]. which sectors

contributions to mw

.

constrain

% which operators

EWPO:  Onws, Omp, Ou, O%), 0%, Oe, O, 09 Opa, Opru,
Bosonic:  Ogno, O, Ogw , Ous, Ow, Og,

Yukawa:  Orm, Oum, O, Otw,

Top 2F: Oy, O%h . O, O, O, O,

Top 4F: O}, 05, Oga > Obu» Oda» Ok, O, Oy . (2.12)

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779




Data included in Global Fit

EW precision observables I e ' ' :
= | LHC Run 2 Higgs revairon & Run 1t [ [Ret |
Precision electroweak measurem — = cvauwron tED ¢ <LOD Tobs el
r, 0';’ 1 RY lfL I A;(SLD). A ATLAS combination ([ Tevatron combination of differential tt forward-backward asymmetry, ‘ 1 ‘ (7] |
Z: Ohad.» 1Y, App; 4
SRR R TRET ;| including ratios of bra| Arp(m.).
Combination .of CDF and DO W P —— A'l‘I,A| Run 2 top ol Ref. |
LHC run 1 W boson mass measi|-—= do T YT I ST P . . —
CMS LHC combinatic %‘[ﬁ CMS tt differential distributions in the dilepton channel. 6 [36.
: . ik | eS| g 9
Diboson LEP & LHC Production: ggF, VB| st | dm,; 231]
ol fmar _["CMS ¢ diff I distril I hannel 37]
»r ’ o | CMS tt differential distributions in the f+jets channel. 10 37
P TR S s + :
W+ W~ angular distribution me Decay: vy, ZZ, WTH| CMs i der )
e do_
W+ W— total cross section meas | CMS stage 1.0 STXS | @m.: "I\"’l“l[tl AS measurement of differential tt charge asy stry, A 5 38
S s & 13 parameter fit | 7. pi cMs 1| ATLAS measuremc nt of differential tt charge asymmetry, Ac(my). 5 [38]
final states for 8 encrgies CMS stage 1.0 STXS dilept«| ATLAS ttW & ttZ cross section measurements. o7y |01z 2 [39]
W W~ total cross section meas| VIO SHEE LU BEAS | ATLA| CMS tW & t1Z cross section measurements. 0w |0tz 11 [40]
qqqq final states for 7 energies CMS stage 1.1 STXS | dileptc CMS ttZ differential distributions. 414 [41]
W+ W- total cross section mea:| CMS differential cross Ail zA }i,—": BT
; i % s Ac(m | _dpz
& gqqq final states for 8 energies t'l::l g t'hedww — cMS | CMS measurement of differential cross sections and charge ratios for t- 515 [42]
(-4
ATLAS W+ W~ differential cr(| dn,. I dpT, dndar| channel single-top quark production.
m ¥ - . o < g
pr > 120 GeV overflow bin ATLAS H — Zy sign| ATLA| z,7- | Re(piie)
TLAS W+ W- fiducial differer] ATLAS H — p*p~ si| d¢cay. FGMS measurement of t-channel single-top and anti-top cross sections. 4 43
ATLAS W fiducial differe; ATLA
;.1(;. for fi o, 0f, 014+ & Ry.
Py - - -TCMS CMS measurement of the t-channel single-top and anti-top cross sections. 111 [44]
ATLAS W# Z fiducial differential cross section in the ¢* fo. fu | GtlGE 00ii| R
d | JO» JL .
ﬁ ATLA| CMS t-channel single-top differential distributions. 414 [45]
CMS W#* Z normalised fiducial differential cross section | CMS 1 "_;":f’_e | d|::’+;;
p—— +
channel, (l’d':% t,l, HA ATLAS tW cross section measurement. / a2 -
W T : - T e | ¥dpy :
ATLAS Zjj fiducial differential cross section in the £7£~ (‘pMS A CMS tZ cross section measurement.
e | CMS tW cross section measurement.
CMS 1 -
LHC Run 1 Higgs ﬁ_ - ATLAS tZ cross section measurement. U U
— : A - - - : : S MStZ(Z — €te- s secti asureme
ATLAS and CMS LHC Run 1 combination of Higgs sigi| CMS1 e e e L e
Production: ggF. VBF, ZH, WH & ttH a,la;lfr,+;| R.. . ! olOobhal 3 -
ek i R N ATLAS s-channel single-top cross section measurement. O
J),(I(_'j‘_ntﬁ/‘/’ﬂ l!._,‘ T & bb CMS tW cross section measurement.
ATLAS inclusive Z~ signal strength measurement ATLAS tW cross section measuremen s ginole |o S
ATLAS tW cross section measuremen JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779




Dimension-6 Constraints
with Flavour-Universal
SU(3)° Symmetry

¢ Individual
operator
coefficients

e Marginalised
over all other
operator
coefficients

No significant deviations from SM

JE, Madigan, Mimasu, Sanz & You,

arXiv:2012.02779

SU(3)°: EWPO + Diboson + Higgs

0.05
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Single-Field Extensions of the Standard Model

SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1

1 0 Ay 5 1 2 —3

1 1 As " 1 2 —3

Spin zero K4 : 2 5 1 3 0

3 0 ¥ 5 1 3 -1

3 1 U > 3 1 :

1 0 D 5 3 1 —3

1 1 Q1 : 3 2 .

3 0 Qs 5 3 2 —2

1 3 1 Q7 : 3 2 I

; 1 1 0 Ty % 3 3 - 3
2 1 1 21 T 2 3 3 :
5 3 1 2 TB | 3 3 2 .

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779




Single-Field Extensions of the Standard Model

Mass limits (in TeV)

N | [l <38x102 | 1.60

Triplet . Llg 2 <86x102 |1 60
scalar - [lys, > <16x102] 1.2¢0
Singlet (sf)? < 0.04
lar kg < L7 (TeV?)|
Scala . IAa,|* < 2.9 x 1072
5

Qs 1 I oy ? < 0.24
7 | Asf? <4.5x 1072 |
Ts | Az, |? < 0.099
E- | AB[? < 2.2 x 1072
U - | | Mol <7.2x 1072 |
R | Zg cos § < 0.995|
Q1 | | Mauoil® <0.88 |
07 E |\, |? < 0.14
D | Ap|* <3.8x102 |
BB1{ ] s, <092 |
B; 195,12 <6.9x 107 [
T,
TR LAz, |2 < 2.7 x 1072
A; | | IAa, |2 < 1.7 x 1072
0 2 4 6 8 10 12

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779




Model-Independent BSM Survey

Switch on random subsets of 2, 3, 4 or 5 operators

10°

107

]
1
1
1
1
1
1
1
1
1
1
|
1
]
1
10 1
I
0
0

# Combinations

10°

2 parameters

™ Only tf ops.
" No tt ops.
M Rest

107 5

10! 4

3 parameters

# Combinations

JE, Madigan, Mimasu, Sanz & You,

arXiv:2012.02779

4 parameters

102 1

10! 3

100 .

3
Pull

5 parameters

No stand-outs
Suggesting
BSM physics
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CDF Measurement of mw

compared with other measurements

s Stat. uncertainty
—— Total uncertainty

LEP2 80376 = 33 ——]
DO Il 80375 =23 i
ATLAS 80370 £ 19 —o— Update of ATLAS result
LHCb 80354 £ 32  jeege my, = 80360 + 16Me)
CDF Il 80434 =9 o=
World Avg. (w/o CDF) 80370 12 ——
| World Avg. (w/ CDF) 80411 +8 -
SM 80361 + 7 - Indirect w/o myy,
SM electroweak fit 80354 +7 oH
SM + ST fit 80378 = 24
80100 80200 80300 80400 80500
my [MeV]

Tension: 7-o0 discrepancy with Standard Model?

26



M,, [GeV]

Biggest uncertainties: lepton energy, pt model,

80.50

80.45

80.40

80.35

171

CDF Measurement of
the Mass of the W Boson

LN B [ L L ainty(MQV)

Source

- Experimental unc. 68% CL 7
- = === LEP2/Tevatron
= This measurement

Light supersymmetry |

A

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

Heinemeyer, Hollik, Weiglein, Zeune '20 ™|
1 1 1 I | I | I L1 1 1 I 1 1 1 [ 1 1 1 | L1 11 ] | I I |
172 173 174 175 176 177 178
m, [GeV] Total

CDF Collaboration, Science 376 (2022) p170
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Theoretical

Interpretations
of W Mass

taking CDF
measurement
at face value

90 papers and counting!

3667 DM

3693 Inert H

3797 EWPO

3996 Relation to g-2
4183 Axion, chameleon
4191 EWPO

4202 SUSY

4204 EWPO

4286 SUSY GMSB
4356 SUSY NMSSM
4514 non-standard H
4559 RH neutrinos
4710 SUSY NMSSM

5031 Seesaw triplet
5085 2HDM

5260 SMEFT

5267 Custodial symm
5269 2HDM

5283 S&T

5284 Higgs physics
5285 FlexibleSUSY
5296 S&T, SMEFT
5302 D3-Brane
5303 2HDM

5728 2HDM

5760 Georgi-Machacek
5942 Leptogquark

5962 VL quarks

5965 Single-field

5975 2HDM + singlet
5992 SMEFT

6327 Non-local SM
6485 2HDM

6505 2HDM

6541 RPV MSSM

7022 Lepton portal DM
7144 Triplet H

Zhu

Fan

Lu
Athron
Yuan
Strumia
Yang

de Blas
Du

Tang
Cacciapaglia
Blennow
Cao

Cheng
Song
Bagnaschi
Paul

Bahl
Asadi

Di Luzio
Athron
Gu
Heckman
Babu

Heo

Du
Cheung
Crivellin
Endo
Biekotter
Balkin

Krasnikov
Ahn

Han
Zheng

kawamura
Fileviez

7970 GUT, finite group Wilson

8067 Extra U(1)
8266 Seesaw
8390 Zee model
8406 2HDM
8440 Beta decay

8546 Oblique
8568 Seesaw
9001 2HDM

9029 Stueckelberg
9031 Leptoguarks

9376 Triplet

9477 vLQ

9487 Extra U(1)
9585 Extra U(1)
9671 DM fermions

10130 SMEFT

10156 Dark photon
10274 Triplet seesaw
10375 FOPT triplet

10338 2HDM

11570 Extra U(1)
11755 2HDM

11871 nu-lepton collider

11945 Scotogenic DM
11991 Atomic PV
12018 2HDM

12453 Colour-octet

12898 Georgi-Machacek

13027 Extra U(1)

13690 RG running

15.00758 Flipped SU(5)

783 DM

Zhang
Borah
Chowdhury
Arcadi
Cirigliano

Carpenter
Popov
Ghorbani
Du
Bhaskar

Batra
Cao
Zeng
Baek
Borah

da Silva
Cheng
Heeck
Addazi

Lee

Cai
Benbrik

Yang
Batra
Tran Tan
Abouabid
Gisbert

Chen
Zhou

Gupta

Basiouris
Wang

1115 2HDM
1437 2HDM

1699 Braneworld
1701 2HDM

1911 Dark photon
2088 Leptoguark+VLQ
2205 bs anomalies
2217 DM + g-2

2788 ResBos2
3877 GUT triplet
3917 vLQ

3942 PDFs

4016 Lepton portal
4473 LLP

4824 SO(10) axion
5022 SU(5)

5041 Triplet

5610 Coloured scalars
8215 SESM

9109 SUSY 331

Botella
Kim

Barman
Kim
Thomas
He

Li

Dcruz

Isaacson
Evans
Chowdhury
Gao

Kim
Giudice
Lazarides
Senjanovic
Ghosh
Miralles

Li

Rodriguez
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SMEFT Operators that can
Contribute to W Mass

® Relevant SMEFT operators
Onwp = HiT' HW},B*, Oyp=(H'D"H)" (H'D,H)

- - AR -
Ou = (Bulr) (Evits), OF) = (H'DIH) By e,)

® Contributions to W mass

omy,  sin26, v (cos 0., sin 6.,

- C
mé, cos 20, 4A2 \ sin 6, HD *+ cos 0,

(4021) — 2011) + 4CHWB)

® Contributions to S and T oblique parameters

2 2

v 192 v
g—gS y PCHD:

_ g192
A2CHWB 167

27 (93 + 93

)T
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SMEFT Fit with the Mass of the W Boson

SU(3)>: EWPO + Diboson + Higgs
0.05

: 2
0.04- ; ‘95%CLimﬁWdua;cﬂ1TeV)’,

/\2

0.031
0.02]
0.011 ‘
0.00 + ' |
|

—0.021

—0.03;

—0.041 [ 2020 fit, No My, W 2022 fit, CDF My, update | |
My EWPO EWPO M 2020 fit

-0.05

Chp
Ci
(3)
HI
(1
HI

3)
q
(1) |
Hq

C
CHe 1

1071

102 i
101 i

9 100,

1071

[TeV]

A

s
I

Non-zero coefficients for any of four operators can fit W mass

Bagnaschi, JE, Madigan, Mimasu, Sanz & You, arXiv:2204.05260




Single-Field Extensions of the Standard Model

SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1)
1 0 Ay 5 1 2 —3
1 1 Ag 5 1 2 —3
Spin zero i 5 2 5 1 3 0
3 0 % 5 1 3 -1
3 1 U : 3 1 :
1 0 D 5 3 1 —3
1 1 Q1 5 3 2 5
3 0 Qs 5 3 2 —3
1 3 1 Q7 5 3 2 I
~ 5 1 1 0 Ty 5 3 3 | —3
E 2 1 1 -1 T, : 3 3 2
T 3 3 1 g TB | 3 3 2 :

JE, Madigan, Mimasu, Sanz & You, arXiv:2012.02779




Single-Field Models that can
Contribute to W Mass

Model m C}}Z CHe | Cuo | Cru | Cim | Con
S1
3 T
z X is T
21 I\ 16 ySL
; e
1 T
E /i =
B L [ ¥ | _w | _w
—Yr —Yt —Yb
= S oy | v | w
1 T
Wi ~8 5| -5 |—-%
W -3 | =¥ | —w | -

Operators
contributing to mw

Bagnaschi, JE, Madigan, Mimasu, Sanz & You, arXiv:2204.05260




Models Fitting the Mass of the W Boson

Spins Mass limits (in TeV)
V Wy e
S = e
\V B °
FON- e
F E - | o
3 3 5 6 7 8 9 10

68 and 95% CL ranges of masses assuming unit couplings,
mass range proportional to coupling

Bagnaschi, JE, Madigan, Mimasu, Sanz & You, arXiv:2204.05260




Searching for Models Fitting the
Mass of the W Boson

® \W: Isotriplet vector boson, mass ~ 3 TeV x coupling, electroweak production,
accessible at LHC?

® B: Singlet vector boson, mass ~ 8 TeV x coupling, phenomenology depends
on fermion couplings, too heavy for LHC?

® = |sotriplet scalar boson, mass ~ 3 TeV x coupling, detectable in LHC
searches for heavy Higgs bosons?

® N: [sosinglet neutral fermion, mass ~ 4 TeV x coupling, similar to (right-
handed) singlet neutrino

® E: Isosinglet charged fermion, mass ~ 6 TeV x coupling, similar to (right-
handed) singlet electron

Bagnaschi, JE, Madigan, Mimasu, Sanz & You, arXiv:2204.05260




LHC Search for Triplet Vector
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Quo Vadis mw?

The jury is still out concerning the experimental measurement

® Tension with SM, previous measurements

“Extraordinary claims require extraordinary evidence”

Nevertheless, much theoretical speculation (> 90 papers!)

4 SMEFT operators can increase mw

3 SMEFT operators generated by single field extensions of the SM at tree

level

® \/ector bosons W or B, scalar boson X, fermions N, E

Prospects for the LHC?

Bagnaschi, JE, Madigan, Mimasu, Sanz & You, arXiv:2204.05260




LHC-TeV M, Working Group

Compatibility and combination of world W-boson mass measurements

LHC-TeV MWWG
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Beyond Dimension-6:

Dimension-8 Operators

® Most analyses focus on dimension-6:
2499

Ci
LsmerT = Lsm + Z A—;Oi
i=1
® Dimension-8 contributions scaled by quartic power of new physics scale:
. C; sign(c.)
_ J _ J
J J J

® Study corrections to dimension-6 analysis
® Or study processes without dimension-6 contributions,
e.g., light-by-light scattering, gg — vy, Zv, ...

Neutral triple-gauge couplings (nNTGCs): Yy Z,yZZ *
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Quo Vadis SMEFT?

Powerful framework for global analyses of LHC and other data
Systematic way to search for BSM physics

Can be used in principle to identify “interesting” BSM scenarios
Dimension-6 operators are a first approximation

Important to check lesser importance of dimension-8, convergence
towards ultraviolet-complete model

Interesting direct windows on dimension-8 operators
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Higgs couplings

Higgs couplings
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Future SMEFT

Prospects
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