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LHC outcome so far
* a Higgs boson, highly aligned with the SM hypothesis

* no compelling signs of new states

baryogenesis?

Dark Matter?

... how can this be?

“ (current) model-independent EFT approaches provide little insight here

+ no flavour “ no baryon number violation

+ little CP “ unrealistic sensitivity expectation scaling

« still useful as an approach/tool, and intelligent people can hold two naively
contracting ideas in their mind simultaneously....



‘Strawman’ scenarios

bBaryogenesis!

Exotics + Mixing

+ well-defined decoupling \

concrete and robust predictions,
especially for future lepton machines




2HDM address SFOEWPT

7/

* standard approaches using effective potentials at finite temperature

vp(Tp)
iy D \a)
SEOEWPT for & = 1
Tp
- many publicly
;9'1_ available codes/
-~ approaches [BSMPT]

|[CosmoTransition]

|Ramsay-Musolf etal. ~24]
[Niemi et al. * 24]

electroweak
scale

¢,  Higgsmass Upshot: New states need to be light.



Where are the exotics?

Gaemers, Hoogeveen * 84|

* large accidental destructive interference effects for top-philic BSM [ e

— exp. systematics: conceivable that this is not yet accessible at the LHC

x10° ;
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S P ATLAS Simulation :
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T 4F Parton level; before selection :
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_4 J [ATLAS * 17]
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Higgs precision beyond the LHG?
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Higgs precision beyond the LHG?
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Most likely yes.

-8 | e s :
10 "I FCC-ee sensitivity Vs = 240 GeV
®
300 400 500 600 /00 300
[Anisha etal. " 25] ;) [Gev]

projected CEPC/FCC-ee
sensitivity ~0.3%
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Higgs precision!
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mg [Ge\/] [Anisha etal. * 25]

My eyes are turning to CEPC - a huge opportunity for discovery-led research
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dark sectors?

CuSp-vs.-core
too big to fail
Dark Matter! missing satellites

Why should a hidden sector be trivial?
) \\ // (I)T

e.g. Higgs portals...

et [Kiillén ° 52]
[LLehmann " 54]

direct detection
constraints! (O|T{S(x)S(0)}|0) :z'/o dq? Ps(qz)/(

d4p e—ip-a?
2m)4 p? — g% + i€’




(most complicated) dark sectors?

: [Killén " 52]
> d4 L chmann
(0|T{S()S(0)}[0) = i / de? ps (@) / . o
0

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

poles, branch cuts, LSZ factors,...



(most complicated) dark sectors?

“ extreme case: S arises as an interpolating field in broken CFT with large
anomalous dimension (“unparticles”) [Georgi " 07
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(most complicated) dark sectors?

“ extreme case: S arises as an interpolating field in broken CFT with large

anomalous dimension (“unparticles”) [Georgi " 07

27 0(q°)0(q" 2Y — A 0(a2)0( a0 o2 —4
{4 -5 m0(q°)0(q") ps(q”) = Aa, 0(¢°)0(q") g

. = Adu d4p e—ip-a: Gl d4p e—ip-a:
2 e / 2r)i (—p? —ie) / (27)1 2 + i€

+ non-local theory with propagator scaling ~ x~2% (expected for prim. operators)

# IR CFT breaking scale relatively straightforward: ¢* — ¢ — p? [Foxetal. *07]



(not so complicated) dark sectors!

“ extension to dyy > 2 non-trivial: local subtraction terms to regularise behaviour
|Cacciapagliaetal. *07, " 03]

perturbatively this means a momentum expansion in the S self-energies

* a similar argument carries over to amplitudes

1
‘Q—I—Qdu .

(0|Osm(21)Os(22)O5(23)|0) ~

x93

....regularise divergent behaviour gives local effective theory [Froissart " 61]

EFT s 2 | "IKS
LT = Lom — 010 (252 + 2520,50°5 + .. ).

|
---------------------------------------------

Gt e i o . emerging low-energy effective
' standard portal 5 E interactions

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



(not so complicated) dark sectors!

gt . 44 (%552 - 250,805 + ... ).

AZ
* this Lagrangian is ungiue at dimension-6, tree-level and intact Zs [Songctal.” 23, 23]
“ at a technical level transparant treatment in the HEFT c.g. [Anisha * 24]

* such a theory is immediately constructed by SM + dark QCD SU(3)2/SU(3)

f2
4A2

f2
4N

CEY — Loy — D10 ( Tr[M (€ + €M) A Tr(8,£T0%¢) + .. > .

...big hullabaloo - but does it work?



Kinetically resurrecting the Higgs portal
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* relax Higgs signal strength constraints for ns =~ nxs
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* relax Higgs signal strength constraints for ns =~ nxs
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* relax Higgs signal strength constraints for ns =~ nxs

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

* direct constraints (Higgs to invisible, on/offshell) : universal Higgs coupling mods

+ indirect constraints ---- ) e —iXpu(q®) =il

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

EFT limit
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Kinetically resurrecting the Higgs portal

2 2
AL '

1 Am?2 v? Im2 —m2\°
F(H—?SS)_SQ—W\/l m?ij (773“|‘77KS SAQ H> '

* relax Higgs signal strength constraints for ns =~ nxs

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

* direct constraints (Higgs to invisible, on/offshell) : universal Higgs coupling mods

+ indirect constraints ---- ) e —iXpu(q®) =il

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

EFT limit

» violation of positivity [Adams " 06]

o 2 2
NS e 20 = ks v P
agg (M) = 64772 A2 log ( 2 > + 0 ( 2 ) =4 « UV sensitivity / strong coupling
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Kinetcally resurrecting the Higgs portal: pheno

universal Higgs coupling modifications
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Kinetcally resurrecting the Higgs portal: pheno

Higgs pair production (inc H3 interactions)
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...sensitivity diluted through cancellations of momentum dependencies
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[Anisha etal. " 25]
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Kinetically resurrecting the Higgs portal: astrophysics

* can satisty direct detection and
relic abundance simultaneously

* requires carefully arranging
parameters, especially for light
states

mg = 55 GeV, nxg = —0.3,

ng = 0.003, (BR(inv) = 1.9%)
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Kinetically resurrecting the Higgs portal: astrophysics

“ can satisty direct detecionand @ —/—/————/——m—————————— _-
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... eyes are turning to CEPC - yet another huge opportunity for discovery-led research
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Summary & Conclusions

* We know that new physics is there!

* the weak scale, or even collider-based particle physics, might not reveal it...

[many talks at this workshop! |

“ ...interpretation of reports of the dearth of new physics is greatly exaggerated!

“ there is mounting theoretical evidence that a precision lepton (or high-energy
proton) collider will signpost something more profound

* ...this might still happen towards the HL-LHC phase!



Kinetcally resurrecting the Higgs portal: SFOEWPT
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...difficult with EFT alone, but additional UV degrees of freedom can
drastically change this expectation....



