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High SUSY masses are assumed to be bad...

Why?



High SUSY masses are assumed to be bad...

Why?

The fine-tuning problem



What do we measure?
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Usual story:

| e 125 GeV




Usual story:
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Only if the ingredients of

are observable, you could have fine-tuning



Only if the ingredients of

are observable, you could have fine-tuning

e.g. new physics at Planck scale...



Only if the ingredients of

are observable, you could have fine-tuning
e.g. new physics at Planck scale...

...or new SUSY particles



Fine-tuning is...

...when one observable changes a lot as a
consequence of a tiny change in other observables



Fine-tuning is...

..when one observable changes a lot as a
consequence of a tiny change in other observables

The Higgs boson ‘teels’
the presence of a new scale
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Fine-tuning is...

...when one observable changes a lot as a
consequence of a tiny change in other observables

The Higgs boson ‘teels’
the presence of a new scale

Either in the form of:
1. A high scale model (GUT)
2. An eftective theory (EFT)



We want to know:

1. Is SUSY fine-tuned?

Should we be worried about the LHC limits?

2. Where and how should we look next”
Fine-tuning aside, are there holes in the experimental coverage?



We want to know:

1. Is SUSY fine-tuned?

Should we be worried about the LHC limits?

2. Where and how should we look next?
Fine-tuning aside, are there holes in the experimental coverage”

How do we do it?

1. Consider SUSY GUTs and EFTs
2. Combine the data

3. Minimize the possible amount of fine-tuning



Combine data!
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Relic density vs fine-tuning

EFT SUSY
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Relic density vs fine-tuning

EFT SUSY
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Relic density vs fine-tuning

EFT SUSY
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Relic density vs fine-tuning

EFT SUSY

Excluded by: Allowed & probed by: |
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Relic density vs fine-tuning

EFT SUSY
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Relic density vs fine-tuning

EFT fine-tuning
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Relic density vs fine-tuning

EFT SUSY
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Relic density vs fine-tuning

GUT SUSY
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Relic density vs fine-tuning

GUT SUSY EFT SUSY
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Conclusions

The increased ATLAS/CMS limits on SUSY are no
reason to worry

Light SUSY is alive and we should not give up the
chase for SUSY

We need dedicated searches to increase coverage

Combining data is crucial
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Which future experiment to build?
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I'he RHierarchy problem

Proton mass Planck scale
1 GeV 1019 GeV
100 GeV

W,Z, higgs mass

ﬁ

Why this huge energy gap”




Beta functions

e Standard model;
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* No issue! The beta function is proportional with the

bare higgs mass!
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-Ine-tuning, the real story

* Pick scalar coupled to fermion

L=~ d(0+m?)6+ Aov + (i § — M)

(2




Regulating the Integral

* Cut off regulator:

3N M2 — p22(]1 —
— / dx ([M2 — p*z(1 — z)]log ( £ :12:( :1:)) + A2> +finite
~ 4r 0 A

* Dim reg:

3\2 [ 2M?  p? ! M? — p*z(1 — x)
=— |- F—+ [ dx ([M?—pPz(1—
yo ( T3 /O z ([ p“z(1 — z)|log ( Im e T )))



EW fine-tuning
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BG fine-tuning

M2 my, +X§— (my, + X)) tan* B,

2 tan2 8 — 1 -

ABG — max|Ap|

A, = ﬁlnM%

0 In p;

p; is one of the independent input parameters of the SUSY model



Requirements

LEP limits on the masses of the chargino (m)at > 103.5 GeV) and light sleptons

(m; > 90 GeV) [127]. For the staus we use a limit of mz > 85 GeV. We do not
save any spectra that have sparticle masses below these limits.

Constraints on the invisible and total width of the Z-boson (I'z jny, = 499.0 £ 1.5 MeV
and 'y = 2.4952 £ 0.0023 GeV) [128].

The lightest Higgs boson is required to be in the mass range of 122 GeV < mp, < 128
GeV.

Taking into account the fact that the SM prediction lies well outside the experimen-
tally obtained value with a discrepancy of A(g —2), = (24.9 £6.3) x 10719 [129], we
allow for spectra that predict A(g —2),, < 40 x 10719,

Measurements of the B/D-meson branching fractions Br(B? — putp™) [130],
Br(B — X, ) [131, 132], Br(BT — 7t v;) [133], Br(D} — upt v,) [134] and
Br(Df — 7t v;) [135].



Future collider experiments

Particle Mass cut (HL-LHC) | Mass cut (HE-LHC) | Mass cut (CLIC)
g 3.2 TeV 5.7 TeV
t1 1.7 TeV 3.6 TeV -
X7 (higgsino) 350 GeV 550 GeV 1.5 TeV
T1 730 GeV 1.15 TeV




Masses of SUSY particles

Probed by:
PICO-500
o LZ
® Darwin/Darkside50k
® Notinreach of DMDD

van Beekveld et al. (2019)
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Spin-(in-)dependent cross sections
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-1 measure comparisons

1000 1000 = van B:aekveld etal. (2019)
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With DM requirement

van Beekveld et al. (2019)
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Fine-tuning in %
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Without DM requirement

van Beekveld et al. (2019)

—_— MSUGRA

MSUGRA-var

— NU

HGM

* Arw

HS
ABG

—— pMSSM-GUT

e




