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The MPiggs-saw piece
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2014:
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Arbitrary nommalisation

Weighted events / GeV
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PieCing it tog ether Spotthec{ifference...

Framework to synthesise Higgs data

CMS 138 fb~1 (13 TeV)

 Compare Higgs couplings to SM hypothesis [CMS; Nature 607 (2022) 791Z, 60-68]

* Uncover hints of new physics — i::i:g Bl +1 50 oyt
= : Stat Syst
Slgnal Strength parameters Ky ) '*‘ 1.02+0.08  +0.05 +0.05
Kz 'i' 1.04 +0.07 +0.05 +0.05

U - OiH X BI{H—»f —
l—)*f SM SM Ky —— 1.10:008  +0.06 +0.05
oisn X BRyS - g
Kq "!" 0.92 +0.08 +0.05 +0.06
K-framework interpretation ) - LT e s
2 2 Kb i —'E'— 0.99*17 012 *012
K, - 0.92:008  *0.06 +0.08
P ROS CONS “u _i_ 1127320 1325 0.9
- Simp/e N Incomplete EZT i _l_$_i -1_55+0.34 +0.31 +0.14
- Intuitive - Theoretically ill-defined s '1[{)--'-1_15--~2_'0- ol

Parameter value
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The rest of the puzzle

Thriving LHC programmes in other sectors (top, EW, ...

LHC explorer
* Discovering new processes

* Exploring uncharted BSM territory

—
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—nergy & precision

do
Paradigm shift at the energy e

frontier for BSM searches } (M B
Direct (bumps) -
Indirect (tails) X

= New physics is heavy Precision /' E E > Ejqe
measurements

Heavy new physics Effective Field

Precision measurements

High energy 2 Theory (EFT)

l

! E E?

Bsm(E, M) ~ E*™ (ao ta—+a o+ ) E<M
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SMEFT: SM v2.0

(15’0'W fo)v (D) ,~(D) (@' @)’
(fr ) EFY'F) L = Lan + Z i (0" D ) (Ff)
m— oM AD—4
(Ffo) o o) i, D (@ p)V*V,,

BSM particle masses M <€=»  Generic new physics scale A

. (D)
Taylor expansion of ¥ gers {:} Tower of operators @i

@(D) D Low energy (SM)
] fields & symmetries

c®)

Model parameters { gk M} <€=» Wilson coefficients AJD_ - (&hsm Mi)

measure c; . coupling strengths
of new BSM interactions

measure g; . new physics
model parameters

“‘Matching”
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Julie Pages’ talk at EFTWG meeting & Mia West's’ talk

SMEFT vs HEFT

Linear § Non-linear
E TMaT
¢= G+ : h,Uzexp(z aa)
v+ h + ZGO E U
a T UU — a h 2 puv E WFWE
F(¢ ¢)F Fyy — F(V T ) r Fyy | f( ) 7%
2 2 2
V h h - h h
o T 07 : — _ 4 ... (027
_aA2 (1+2v+v2)F Fyy E (a0+alv+a2v2+ )F Fyy
_____ Field-space geometry approach
N [Alonso, Jenkins & Manohar;
R PLB 754 (2016) 335 & JHEP 08 (2016) 101]
_ [Falkowski & Ratazzi; JHEP 10 (2019) 255]
Linear = Correlated [Cohen, Craig, Lu & Sutherland: JHEP 23 (2021) 237

Non-Linear = Uncorrelated How can we experimentally
distinguish HEFT from SMEFT?
K. Mimasu - SMEFT & HEFT - 22/11/20283 8 UK HEP Forum 2023



(D) (D)

(SM)EFT L= Lot poos

Model independent

Heavy new physics: A\ > Eexp

AL U L S SM field content & symmetries

Systematically improvable

higher E

_ /
* Double expansion Himensions X & {857 Sw> 8 }

quantum
corrections

Global

* Model iIndepenaence: we don’t know what operators new physics will generate

* Patterns & correlations among observables & operators are key
* Ultimate goal: complete SMEFT likelihood confronted with HEP dataset

L =P gata, Riggs, multiboson, top,

Z(c¢;) = indirectly constrain many UV models

K. Mimasu - SMEFT & HEFT - 22/11/2023 9 UK HEP Forum 2023



EF 1 interpretation

Maximising sensitivity means improving...

Global nature Sensitivity Interpretation

AS many observables Experiment: Accurate knowledge of

as possible Best measurements & the size & correlations
understanding of among a

Identify_patte_rn_s & uncertainties and
correlations in fits correlations Determining ¢; requires

| most precise available
EXploit energy-growtn Theory: SMEFT predictions

Best available SM
predictions for
observables
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Global approach

How much cross-talk?
Where does being global matter?

/. o top EW ﬁ
[Ellis et al.; JHEP 06 (2018) 146] ( o)
0.15F T o T - ya i -
: | . (Cuo |
0.1 - - /_ CHWB CHD
: | y Chus
OHE Cgl)
0.05 | Craw c® oL o C
~ H H Hu H
<] | ; CHG \ ’ ’
LEP I+11 Con | N EWFO
~0.05 Con a Ceo Gz Co G5
_ - Combined Crn O O O OF
o U0 e el B TR
—().2 —().1 (. 0.1 0.2 ().3 CF“H k ot /
Higgs

AS
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[Maltoni, Vryonidou & Zhang;
JHEP 1610 (2016) 123]

lop & FIggs ]

Inextricably linked in the SM :

ol
* Yukawa interaction controls ggr //\\ -
* Strong BSM motivation to study tops

g2 — his well measured at the LHC
* Does not exclude top partners, anomalous Yukawa! %

Cyc Point-like
C.; Yukawa
C.c Dipole

, 10

10 pp—ttH

pp—H

-20 pp—Hj

004 -002 000 002 004

Blind direction in BSM scenarios

Effective coupl?ng degeneracy

Need more data to break degeneracy

- 000 +—»—
« ttH production for direct Yukawa measurement °- zI
« 1t data to constrain dipole QQQ——
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The role of top data

1t cross section measurements constrain C,;

o Indirectly improve bounds on Cys; and C,y

Several other new interactions can affect ¢
 Notably ggtt operators, of which there are many (14) q t

* To what extent do these limit ultimate NP sensitivity in top/Higgs sector?

Can only be addressed in combined fit

e R d t | (at least f = [Degrande et al.; PRD 103 (2021) 9, 096024]
MG Lo vl L Igsa (or e http.//feynrules.irmp.ucl.ac.be/wiki/SMEF IatNLO

* |dentify other cross-talk (non-trivial correlations)

* Crystallisation of knowledge gained after LHC Run 2

* Broaden range of applicability to UV models

K. Mimasu - SMEFT & HEFT - 22/11/2023 13 UK HEP Forum 2023



Marginalised [Ellis et al.;JHEP 04 (2021) 279]

Marginalised 95% C. L.
Higgs data (no ttH)

viggs data ‘Higgs-only’ operator fit
Higgs & Top data
Higgs & Top data (+4F)

. su Cror Cre» Caws Cup Cis Com G G
+ C & Cj

 Strong impact of ttH & tt

Include tt 4F operators

3,8 1,8 8 8 3 8 8
5 O LR e D e

-25”':21‘.:.!”-'15'-”;1&”-5.“IDHHSHHlﬂunlEn

—— * Relatively mild impact

§ | « Preferred tf phase space
S d ! " IS different
___3_ L‘j’ 0 o .
Tg - _mf_ 4F " hlgh mﬁ

—'D.IDill — I—ﬂ,lﬂl‘l — IEL':]DI — ID.:]EI — ID.I;]"‘-I» —ES—EID—]iS—]I.D—:_‘:{'Jél.UlIS —4“ —E-i —:.T'. —I1 l'll III. | ll’ I3 e Able to ConStrain them

CHG CtH .
L iIndependently
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M ar g | Na ‘ | Se d ‘ | M) | tS : U ( 3 )5 fitmaker  hitps.//gitlab.com/kenmimasu/fitrepo

2.5' ; , F
{ 2018 data WM 2020 data . (1TeVv)?
>0llm NoSTXS M No zjj 2018 = 2020: only LHC aata changed| | 9>%tL marginalised; C; —z
1.5° '
1.0-
0.0{ || 1 H I H o] t H et H z |
_05' I [ I 'y "
~1.0:
~1.5-
D LHC driving ‘EWPO’ Power of :
5 & |EWPO operator sensitivity! Bosonic|  MIQgs STXS Yukawa
© 8 & A 8- ¢ @ g @ = x © T =& § o T T T &
E S P T T T J ¢4 Eé S & ¢ © 9 ¢ ¢ ¢ o
- = — - | — — — .
R = v 9 S 2 2 2 3
o
i
102 { X - individual limits Sm— | (W m—— i
: . ; | In R | ¢ = |
|—¢i=001 |

CHq T X
Cors S




SMEFT strategy

(6)
C
Lerr = Lsm + ) A2 0;” + O(A™)

H
. Matching
Uv
A —> ¢(A) .
model | Matching
2. Running
dc 1
L4 _ > =4S
dlogu “'lorx
“Once & for all”
l O(0.1%) — O(1%)
Precision
o ¢, (M) observables
3. Mapping

[Henning, Lu & Murayama; JHEP 01 (2016) 023]
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One parameter models

M(A=1) Mass limits (in TeV) AM = 1TeV)

An 2 < 3.8 x 1072 1.oo
N - | 135, |2 < 8.6 x 1072 1.60
Wl ' | k2 <1.1x107*(TeV?) []1.600
= | | | ys, 2 < 1.6 x 1072 120
S]_ ] (s%)? < 0.04
T - K% < 1.7 (TeV?)
= _ Aa,|? < 2.9 x 1072
As - | Ao, | < 0.24
Qs - | Asl’ <45x107° |
Iy | Ay |2 < 0.099
I2- ‘ | | AE|® <22 x10"
& | Al? < 7.2x 1077
U- | | Zg cos B < 0.995
Q - A@.q-|* < 0.88
Q:10Q7- Ao, <014
Qr- ' Ap|* <3.8x 10"
D - | | 955 < 0.92
BB - . - 5, <69 x10°°
- - - -
T, - | | Az, |2 < 2.7 x 1072
21" | | Aa,[* < 1.7 x107°
A; - ' ' .
0 2 4 . & ‘ r

UK HEP Forum 2023
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HIgh energy & multiplicity

EWPO Bosonic Yuk Top 2F
101 | | ~ m 20Individual |
| B 20 Marginalised
>
IG—) |
. 10%
<|\g . B BN NN NN NN NN NN NN N N N N N NN RN NN AN
07 e o Gaxzy tagar 2 2 5 8 2 2SS 3 F 320G B B8
I O Bﬁuuuuwﬁuﬁuu SOUTOLUOUJ O
* Charged current interactions quite well constrained T ? ? ? ? ?
Top couplings
 Yukawa and neutral current are poorly known P PiNg
t br tr R
Yukawa Charged current Neutral current
h —--- Gluon fusion (indirect) W~ W-helicity fractions 7 tty/ttZ production
ttH production Single-top
L tr, lL.R
K. Mimasu - SMEFT & HEFT - 22/11/20283 18
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Keep calm, carry on”?

)

|

ttX for Yukawa & neutral current operators

* Relatively rare processes, |Just collect more data... ~ A3 Z,H

o EFT effect VZ/AZ, no energy growth (SM-kinematics) ¢ ¢

* Can we look elsewhere, exploiting characteristic energy growth of EFT?

2 0 ‘ ,
A~ A 1+ e 2 |de Y B cr L*|\\ ‘Energy helps accuracy
I
o "AZ| T A2 A?|) [Farinaetal.; PLB 772 (2017) 210-215]

Rate measurements will become systematics dominatead
Increasingly nign-energy measurements scale with lumi.

There will always be some scattering amplitude

that displays maximal (E2) growth w.r.t the SM
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[Dror et al.; JHEP 01 (2016) 071]
[Mantani, Maltoni & KM; JHEP 10 (2019) 004]

FINnding the right process

(Gauge invariance +

Goldstone equivalence theorem: 0/ (; <« Zf )
t

CtH(HTH)(QtFD (H'HYy =v* = - ~VIA

t

Feynman gauge (H'H) =v*+2vh+ h*+ GG~ + Gg

' i , Gt
I &g — e
CHt l(H D”H)(ZLR}/”IR) $ Z ~VIIAZ T TFQIAZ
tR t h &

Unitarity non-cancellations in Non-renormalisable contact c.f. ‘Higgs
scattering amplitudes interactions with Goldstones without Higgs’
o . [Henning et al.; PRL
U
Less vevs, more legs! (AKA multiplicity) 123 (2019) 181801]
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[El Faham al.; JHEP 01 (2022) 100]
[CMS-PAS-TOP-22-008]

Embedding the amplitudes

Collider processes: high multiplicity, EW top production

e.q. tWz:

b t b |14

1% Z[v/h Z[v/h
q Q" g t
(b) tXj (c) tWX
g t g t
9101010
5 W/Z/’Y/h /
7
_
W/Z]v/h W/Z/v/h -
NOOO .
q q’ q t
(d) tEX (e) tEXY (f) VBF

top EW
Couplings { Higgs — Heart of EWSB sector
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lalk by Maeve Madigan @ EFTWG meeting

SMEFT & PDFs

[NNPDF; EPJC 82 (2022) 5, 428] 06(C;, 6;) = f(6;) X f(6;) X 6(c;) [Eliis et al.;JHEP 04 (2021) 279]

NNPDF4.0 NNLO Q= 3.2 GeV

1.0 - 2.5 - -
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1.0 | |
0.6 1. 0.5 | g -
= 0.0 1 ;‘ H | -\ 1 i { H 5 “ \ H H '\ H ‘e .|
—0.5] | | ;
~1.01 | f
—1.5; ! :
_E.EI
—92 5] Ei"-,fEij . - : _ . _ . 3. . | YUl ."'.l'-:.ll . .
x s 2 : @ BEEE
o —
10, ¢c;}
250 - S 2 .
| S oy Can new physics hide
0 | N
15« Smutaneou ror - I bl 4 inside the proton?
‘=== fit H (SM, all top data) (68 c.l.+1a) ..’\
1.0 - = y
. [Carazza et al.;
* =
~ S .95 PRL123 (2019) 13, 132001
> 0.0 - =
' Z
=]
— 0.90 -
o - [Hammou et al.;
-1.0 ; I .
=15 -1.0 ~0.5 0.0 0.5 0 200 oo JHEP 11 (2023) 090]
W_J’lﬂ-d is . ———— 1152 . — 1{,}3
my (GeV)

[Iranipour & Ubiali; JHEP 05 (2022) 032] [Kassabov et al.: JHEP 05 (2023) 205]
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Talk by Anke Biekétter @ EFTWG meeting

Precision SMEFT: why”

In general: iImprove precision/accuracy of predictions

* Correct normalisations & shapes, better scale & PDF uncertainties

* QCD corrections: control hadron collider uncertainties
SM reasons: | | - |
» E\VW corrections: extra accuracy/in specific phase space regions

[ orenzo Mais talk

SMEFT reasons: — nning & mixing of coefficients

* loop-induced sensitivity
gg — VV/I/Vh/hh

(Marion Thomas’ talk)

Deviation X v
Reflection of new  Pinpointing of new
Better: . . . .

physics reach physics origin

[Degrande et al.; PRD 103 (2021) 9, 096024]
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNL O

SMEFT@NLO
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SMEFiT collab. [Ethier et al.; JHEP 11 (2021) 089]

NLO vs LO

- Top + Higgs + VV, Quadratic NLO EFT | - Top + Higgs + VV, Quadratic LO EFT

cQQl cQQ8

cQt8 " cttl cBlqqg cllqqg

-1 0 -0.25 0.00 0.25

-J‘.]Z 0.00 —0.2 0.0 02 =025 0.00 025 —-0.25 0.00 0.25
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CQQT —

cQQ8 -
cQit1 |
cQ1t8

ctt1 -
c81qqQ

c11qq
c83Qqq

ci3gqg{ =8 ©

caqt
cliqt
c38ut
clut
c8qu
clqu
c8dt
cldt
c8qd
ciqd

ctp
ctG
cbp
CCPp -

ctap -
ctW
ctZ
c3pQ3
cpQM
cpt
cpG -
cpB -
cpW -
cpd 1
cWWW -
cpWB -

cpD

79

o0

an[eA IQMSI] POZI[BULION]
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Constraining power
[Ethier et al.; JHEP 11 (2021) 089]

Fisher Information:
Hessian of Log-likelihood

at the best-fit point

4F operators:
mostly top data

Yukawa &
Chromo-dipole

ttV couplings

o |
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lalk by Marc Riembau @ EFTWG meeting
[Pham & Troung; PRD 31 (1985 3027)]

PO S |'I:|V |'|: [Anathanarayan et al.; PRD 51 (1995) 1093-1100]
[Adams et al.; JHEP 10 (2006) 014]
Can we bound EFT coefficients for theory alone?

* Yes, e.g., partial wave unitarity in the eF1

2
5 STS =1 T =T)=T'T = Im(a) < |4
Ci——> )
A2 M(s, 0) = 167:2 (2¢ + 1) a,(s) P,(cos 6) g < 167
4

We can do more with some reasonable assumptions

* Causal, unitarity & local (yet unknown) UV

« Analytic properties of scattering amplitudes in complex s-plane

1 d*M(0)

EFT(IR) 2 ds? L2 2mip’

Im (M) >0 UV = ) bC®>0

‘theory prior” on EFT space OR testing QFT axioms of UV
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Vector boson scattermg

35 be [13TE‘H"} 35911.1 {13 TEV]

[Bi, Zhang, Zhou; JHEP 06 (2019) 137] E‘zo- | ;EZE%%%%EE _
5 | Il
Os,0 = [(D,®) D, ®] x [(D*®)! D" ®] =
Os1 = [(D,®)'D+®] x [(D,®)" D" ®]
Ogo = _(D#‘I)) D,®| x (DY ®)" D+ ®]
Orso =T [Wu ] x [(Ds9) DPe
Onmi = WWW“ x [(Dp®)!D+®

[Chen et al.; 2309.15922]

10!
10°
101 | | P . t. - t
- This ‘W-Drl{ OSI IVI y
____________________________________________ & e
o _____________________________ _ LHC 3000 b1 EFT ur“tarlty
i w/ unitarity |

A [TeV]
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Conclusion

EFT Is a fantastic framework to search for new physics

* Moadel independent, precision calculations, global interpretations

* Crystallise our understanding of (B)SM interactions: LHC legacy

Provides pieces that could solve the Higgs-saw puzzle

Highly active field, both in exp. and th.

- ; - https://locc.web.cern.ch/lhc-eft-w
Many things | couldn’t mention ps://ip / g

* Automated matching tools * Beyond dimension-6
 EW corrections * Distinguishing SMEFT & HEFT
* Connection with amplitudes * Models that must lead to HEFT
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Operator glossary

currents  i(p' D p)(Fr*f) Yukawa (Gt@)@'e)
f f B fr fr oh
SN 7 I S V)
f f 1% fr fr S h
. Shift SM ffV couplings » Decouple m, &y,
+ ffVh contact interactions « tthh(h) contact interactions
dipole (G0,,tP)V** 4 fermion  (gr,9)(Qr*Q)
fr fr oh f t t t
poo o | XX G
fL fr 1% f t t t
 Chirality flipping ffV couplings * Contact interactions
. ffV(V)h contact interactions ' « 2-heavy-2-light or 4-heavy
« W, B & G fields l * Numerous (~O(20) w/ top)
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T h .|: . .I: fitmaker  https://gitlab.com/kenmimasu/fitrepo
e | public-friendly version w/ example notebooks in progress

Top, Higgs, Diboson and Electroweak Fit to the
Standard Model Effective Field Theory

John Ellis,*"¢ Maeve Madigan,? Ken Mimasu,® Veronica Sanz®/ and Tevong You”®9 ['JHEP 04 (202 1) 279]

Global SMEFT interpretation of 4 categories of data o

14 < Electroweak Precision Observables (EWPO): Z-pole & W-mass  [Ellis et al.; JHEP 06

(2018) 146]
118 « LEP2 & LHC diboson production: differential WW, WZ, Zj

[2 o nggS measurements: Signal Strengths & STXS Big thanks to authors of
. . SMEFiT lysi

137 « Top data: single-top, ttbar & asymmetries, ttV, tZ, tW LJHEP 04 (2019) 100]

for sharing some of their

341 measurements across categories lop predictions

* Chosen to be statistically independent & maximise reach

* Correlations included when publicly available (mostly are)

A4
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Linear EFT approximation: Hx E 1 + Z aX— + O (—)



Degrees of freedom

EWPO: OHWB: OHD: Ollj Ogl)a Ogl)a OHE: ng)}: OJ(HI’;: OHd: OHu

Bosonic:  Opo, Ong, Ouw, Ous, Ow, Og,
Yukawa: O;pg, Oy, O, O,

Yukawa
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INndividual limits: U(3)5 2018 data: [Ellis et al.; JHEP 06 (2018) 146]

SU(3)?: EWPO + Diboson + Higgs

0.05; | ,
| |#m 2018 data M 2020 data o i . (1TeV)? ||
0.04{ mm No STXS = No Zj 95%CL individual; C; Y: _
0.03:
0.02-
| S&T - -
0.01__ | N
000- P RN ‘X ... *++ RN [T " *++ .l. +++ .++ - [ . ¢
~0.01- 5 ' !
—0.02-
—0.03-
—Ras Dominated by Z-pole ,
0.05 { EWPO EBDSOHIC EYukawa
' @ Q = & S v a5 SO S E X O > o > O E T e, E
¢ 7T ¢ T 90U U dg g £33 99 YU d Y
T T . P
g =2 8 L S =
—
i 5_1_1-1'1 I“F_“l iR e i e | i“ "“i 7171 rﬂui "E_T_i r_“ Cj: (41’?}2 | ~
' | A B 5 R e - C =
| |—ci=001 |

(3)

CHws
CHBDX



Individual 95% C. L.

ggF+0 jet STXS
ttH
ggF+ =1 jet STXS
tt
ttv

1 Combined

.+ Marginalised

{]1(_}{]..‘ -

CHG CtH

Point-like % Yukawa }--
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34

lop-niggs Interplay

2D Individual constraints

e All others setto O

« ggF/ttH complementarity for (Cyg, C,p)

« H+jets STXS & #1V not yet competitive

« Strong impact of ¢t evident for (C,;, C)

« Tension with SM ~ 2o

» Significant correlations remain

* Large marginalisation effects

S s /

What Is the concrete
impact of 4F7

UK HEP Forum 2023
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See also: [Dawson et al.; PRD 102 (2020) 5, 055012]

One parameter models

Model || Cyp | Cy Gt Che | CH Cra | Cia | Cyy ‘
; -
S 1
2 16 i6 T
> 5 ;
v 411
; T ;
A 2 i
¥ SN
B | 1 A
= -2 5 | Y | w | W
Wi -2 —s | -5 | -5 | -%
¥ —Yr —Yt | —Yb
{B, B:} _% —Yr | — Yt | — Y
{Q1,Q7} Yt
Model C?Iq C}fq (C%Iq)gg (C}Iq)as Ctu | Cha | Cig | Cyy
U | -3 | 35 | -3 i b
N :
Qs 3 2
Q7 ; )
- P 4
T i | §F s
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[Dror et al.; JHEP 01 (2016) 071]
[Mantani, Maltoni & KM; JHEP 10 (2019) 004]

=W top scattering

B B’ Single-top Two-top (tt)
w/o Higgs |bW — t(Z/v) |[tW —tW
= t(Z/7) = t(Z/)
w/ Higgs |[bW — th t(Z/v) —>th
f f' th —th

2 — 2 top EW scattering amplitudes in high energy limit:
study of unitarity violating behaviour & helicity structure in dimension-6 SMEFT

h W+ h W+ t
A(bLa WL) tR
—tH(2mugin[~ gwaime)
t b t
€.J. bW — th SMEFT $ Aoy Aws Ae OLPW O O(FQ
— 0, = g sV s(s+1)

Where is max-growth? =0+ - Y —tm
Behaviour of interference’? +,0, - = — -
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See also. [Degrande, Maltoni, KM, Vryonidou & Zhang; JHEP 10 (2018) 005]

1/ radar plot

mterference/SM (A"Z) square/SM (A‘4)
pp->tZ] o091 e Toglra

e IOQ(I"HE)
* max lim

FUCJCD = -
Oew = 621.3fb
One = 794.8 ab

Ot f e A Ot

/ Total rate Impact

tions

Inclusive
o7 (Z)> 500 GeV
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Expected growth from 2—2 absent!



See [H. El Faham, F. Maltoni, KM, M. Zaro; JHEP 01 (2022) 100]

1/ W radar plot

interference/SM square/SM
pp->tZW /0917, ) ~® log(rie)

¢ Jlog(rye)
* max lim

raﬂﬁ[} — -
Oew = 114.6 fb
One = 85.3 ab

L ] * i‘* * gmtb

f Bigger impact

' @tptb

Ors Interesting process that

—xpected growth Is there!  should be accessible at Inclusive
the LHC ot (W,Z)> 500 GeV
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Recent Snowmass review: [de Rham et al.; arXiv:2203.06805]
Positivity for dim-8

Set of theoretical constraints on scattering amplitudes

» Apply to a subset of D > 8 Wilson coefficients

Result from basic assumptions about UV QFT/S-matrix

* Lorentz invariance, unitarity, causality & locality

[Pham & Troung; PRD 31 (1985 3027)]
[Anathanarayan et al.; PRD 51 (1995) 1093-1100] + many more in recent years...
[Adams et al.; JHEP 10 (2006) 014]

A. Generalised optical theorem for scattering amplitude ./ ;;_,,

B. Twice subtracted, forward dispersion relation by analytic continuation in

it — (low energy poles)

complex §: M;,(s,t = 0) M, = M
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Positivity for dim-8

2 — n amplitudes m;;

. Encode masses of new states at & above A“

Flastic (ij = kl): ldz ’“(O) _2[ J o = ((1my+ 1my1) 2 0
A2 4T

Need at least Mij,d(s,t = () ~ s* = dimension-8

are unknown complex functions of u

Independent & complimentary to unitarity bounds
« Can be combined with experimental data to improve sensitivity

* Or can be tested by data to probe underlying assumptions about QFT
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