Naturalness of MSSM Dark Matter

Maria Eugenia Cabrera Catalan.
Instituto de Fisica
[ | A: ) | Universidade de S3o Paulo

arXiv:1604.02102

SIL# FAE

X SIMPOSIO LATINOAMERICANO
DE FISICA DE ALTAS ENERGIAS

14-18 November 2016



Supersymmetry searches in the LHC

ATLAS SUSV Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: August 20; Vio7.813TeV
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Natural Supersymmetry = small EW fine-tuning
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The Hierarchy problem

» Supersymmetry as as solution to the hierarchy problem.

» The standard measurement of fine-tuning.
AEW) _ dlogv? AEW) — maX{A(EW)}
! dlogt; ' - !
» The MSSM

EW fine-tuning = light gluinos, stops, higgsinos

» AEW) dominated by the gluino-mass.

mg 2 O(100) — fine-tuning at the level of < 1%.

v

What about the fine-tuning related to the generation of the
right amount of dark matter?



Fine tuning
The standard fine-tuning criterion
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Expanding v around 6, v2(0o + 66) ~ v2(6o) + (Ov?(6)/8)4, 66

’UZ

6{/:@

(U(‘,Xp) 2

N

9 0

The probabilistic interpretation of A:  p-value ~ ‘2—9’ =A"1
0



Dark Matter

Fine tuning associated to get the correct relic density
Standard parameter VRS p-value

Underestimation and overestimation of the fine-tuning:

Fobs / Fobs

F < pobs F < Fobs

The correct definition of the fine-tuning = the p-value.




Well tempered neutralino
2006 Arkani-Hamed et. al.
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Well-tempered bino-higgsino

tan 8 = 20, y1 = 500 GeV
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The standard criteria fails
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Well tempered bino-higgsino

Severely constrained by Direct Detection

SI\A‘\’L" =0.119£0.012, u >0 I)wlr’ =0.119+0.012, p <0
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Blind spots for small tan but huge EW fine-tuning



A-funnel

< ov > may increase due to resonance annihilations.

X1X1 — A— bl_)

Requires B/I:I composition.

108 . .

m4 = 800 GeV, tan § = 20

10%

10

oh?

== 10°

0

QUIR2 = 0.119 + 0.012

T T

\

m =800 GeV, tan = 20 10¢ . . i i i i i
! ! std. criterion
= (p—value)™! .
E i
109, : E
s
§
s 12k . ]
.,
.
10 F < 101 == e
B ]
.« p=2TeV ol 1
p=4Tev
103 | | | | | | | | | | |
200 250 300 B0 500 530 370 375 380 385 390 395 400 405 410

1 |
350 400
mg(GeV)

mys(GeV)

Small fine-tuning for My < ma/2 but s >~ mpu



Higgs and Z funnel

The standard criteria overestimate and underestimate the

fine-tuning dramatically.
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Blind spots in direct detection
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computed by adding Amz/2 and Amy/2.



Co-annihilation

Particles with masses close to the LSP annihilate efficiently
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Connection to the EW fine-tuning

» The DM fine-tuning must be combined with the EW one

» Typically, EW fine-tuning is O(10) more severe than the DM
one, though the DM one can be extremely larger at special
places.

» Statistical interpretation of p-value: both fine-tunings should
be multiplicatively combined

» Pure Higgsino, pure Wino: no DM fine-tuning
But to heavy SUSY spectrum and large EW fine-tuning
Therefore Difficult to see at the LHC
Notice that My, ~ pu~1 TeV — AW ~ 0(200).

» DM fine-tuning is mild in several cases: funnels (not close to
the twice the resonance), co-annihilation, Bino-higgsino.
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