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We use the phenomenological MSSM (pMSSM) with 11
parameters:

tanﬁ, M17 M27 M37 MA;,LLv m@l? mZR7 m51,27 mg; , 40 -

Assumption:
» LSP as neutralino:
XN = Ni1 B + Ny WO + /V13ft/2 + NygHO.
B bino; wo wino; Flg down-tye higgsino; FIS up-type higgsino.

The neutralino mass matrix:

My 0 —Mzsg, 5 Mzsg,ss
0 M2 M2C9WC3 —M2C9W55
—Mzsg,,c5 Mzcy, cs 0 —H
M259W55 —M2C9W$3 — K 0

sp,, = sinfw, sg = sin 3, ¢y, = cosy,,, C3 = COs 3.



» Scan range of parameters:
M, € [10,200] GeV, M, € [100,2000] GeV, M5 € [100,4000] GeV,
mp € [90,4000] GeV, 4. €[90,2000] GeV, ap € [—4.0,4.0],

m51,2 €
7, € [100,4000] GeV, m

my

[400,4000] GeV, mg, € [200,4000] GeV, tan 3 € [2,65],

;€ [60,4000] GeV.
R

» Experimental constraints used in the analysis:
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Qh? €[0.089, 0.136]

mp € (121.0,129.0) GeV

mg, , > 1000 GeV my > 800 GeV.
Br(b — 57) € [2.89,4.21] x 104
Br(Bs — putpu~) <4.5x107°
0.52 < Rg;, < 2.61

0.985 < Rjp3 < 1.013 (K — /UJ)

((g—2), €[0.34,4.81] x 10~°]

M(Z = X1x1) < 3 MeV; o(e”e" — X1, X2,3) < 100 fb;
Ap < 0.002
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» Scan range of parameters:

M, € [10,200] GeV, M, € [100,2000] GeV, M5 € [100,4000] GeV,
mga € [90,4000] GeV, 4. € [90,2000] GeV, ap € [—4.0,4.0],
myg, , € [400,4000] GeV, mg, € [200,4000] GeV, tanp € [2,65],

m; € [100,4000] GeV, m; € [60,4000] GeV.

‘
» Experimental constraints used in the analysis:

> (A [0.089,0.136] | - New Data

> [mh € (121.0,129.0) GeV] — Measured

[mam > 1000 Gevj (mg > 800 GeV | — New Data
Br(b — sy) € [2.89,4.21] x 10~*

Br(Bs —» ptp~) <45x107°

0.52 < Rg,, < 2.61
0.985 < Rpp3 < 1.013 (K — ul/)

e

((g—2), €[0.34,4.81] x 109

I'(Z — 5(11%1) < 3 MeV; U(e_e+ — %17552,3) < 100 fb;
Ap < 0.002
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Fine-tuning definition [Barbieri, Giudice ('88)]

Ap=| P OMZ(pi)| _|0In M3(pi)
"TIM2 Op; Oln p;

parameters p; determine the Z-mass; 1, the two Higgs masses

m,21,le mﬁd and the bilinear coupling b.

_ 2
Aoy = \/Z p,-:m,b,mf_,u,mi,d {Api}



Computing Method:

1. SUSY parameters are randomly chosen.

2. SUSY spectra calculations by SuSpect, check consistency. If
not go to 1.

3. Low energy observables by SuperIso.

4. Relic density, Spin Independent cross sections by micrOMEGAs.
5. save data, go to 1.
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The relic density and the different (co)annihilation mechanisms.
All experimental constraints are applied. Qh? € [0.089,0.136].
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XENON 100 (2012) data
[E. April et al.[XENON100 Collaboration], arXiv:1207.5988]
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Dominant contribution to the neutralino annihilation in the
my, — o5 plane (> 0).
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stau mass vs neutralino mass, and their level of fine-tuning:
Left: p > 0 and Right: u < 0.
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Fine-tuning and spin indep. cross section [pb — 10 3% cm?].
p > 0 with (g — 2),, constraint.
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ENON100 (2011)
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Fine-tuning and spin indep. cross section [pb — 10 3% cm?].
p < 0 with (g — 2),, constraint.
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Why is 0! smaller for a negative u-term?

oS! {Fh/h + FHIH}
m;, my,

where [, y are functions of matrix elements and

Fn = (—NijisinOy + NipcosBy) (Nizsina + Nig cos a)
Fy = (—=Niyisinfyw + NipcosBOy) (N3 cosa — Nigsin a)

If we use approximation (M + |u|)? >> M2 and [a ~ 8 + 7/2]

Ny = \/1 — N2, + N4 + N2,

My + psin 23
(My = M2)(MZ — i2)
M cos B+ psin B

M2 — 2
My sin 3 + pcos 8

M2 — 2

Nip ~ —M% cos By sin Oy

N13 ~ —MZ sin GW

N14 ~ MZ sin HW
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How to fulfill (g —2), with a negative p-term?

2 mM 2 2
— ~ . gZmiMpyutanj Mz
wW=Hn) = g F 2 e
14 14
m2 2
~ g m Mlutanﬂ m=
au(B, AL —AR) = o M3 Fo ,\;25 ,\,75
22 2 2
~ o~ g2 m;Myptan 8 M:
aM(B_HmuR) = 7@ £ me Fb m217m2
Br BrR UEHR

Fa and Fp, are positive functions. To get positive pull for u <0,
Bino-higgsino-loop (a//(B H.Jir)) must be dominant.



The green area satisfies (g — 2),,.
necessary.
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and |p| < 1.5 TeV is
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Fine-tuning and spin indep. cross section [pb — 10 3% cm?].
p < 0 with (g — 2),, constraint.
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Conclusions

>

We studied the pMSSM and its compatibility with cosmology,
XENON 100 (2011), and (new) LHC results plus flavour
physics.

New limits on squarks and gluinos don’t increase the tension
on the Dark Matter sector of the pMSSM.

Light sleptons may play a crucial role during Dark Matter
freeze-out.

A negative u-term is favoured from a Fine-Tuning perspective
and the supression of 5.

There is no problem to get a positive shift in a, with a
negative u-term.
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Fine-tuning:
A2
Ab

2
AmHu

2
Ade

4 2 m2 m2
%(1 + #tan2 26) ,
mz My
2
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(1 + —g‘) tan228
mz

2
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8G2 Foly,  Fuylyl?
USI FMZ ged |: h2h + H2H:| )
v mh mH

GFr is Fermi constant, my.q is neutralino-nucleon reduced mass.
The functions Fp, 4 and I, y are

Fn = (—NiisinOw + Nipcosfy) (Ni3sina + Nig cos )
Fy = (—NiisinOy + NipcosByy) (Ni3 cosa — Nigsin o)
bt = 3 K mg (N[gglN)
q

« is the mixing angle of the mass eigenstates (h and H).



The coefficients kg’H:

h
ku type

kH

u-type =

=cosa/sinf kc’}type——sinoz/cos,é’ :
—sina/sinf kgftype = —cosa/cosf3
M1 + psin2p3

—M% cos By sin Oy

My cos B+ psin B

—Mzsind
zsintvw M12—
) My sin 8 + pcos B
/\/Izsln9W
M2 — 2

Using unitary condition we get

g

SI

8G2

™

mredwlzz)z( g he0s28+

X (/V11 sin 0W — /V12 Ccos ew)

h

(My — M2)(MZ — p?)

2
(M1 + psin 26))
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The positive defined functions F,(x,y) and Fp(x,y):

GO -Gl gy G0 = G)

Fa(Xay)E_ x—y X—y

which are symmetric under exchange of the two arguments.

1

2(x —1)3 [
1

2(x —1)3 [

Gi(x) = (x —1)(x —3)+ 2Inx]

Ga(x) = (x = 1)(x+1) —2x1Inx]
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