Whither SUSY?

G. Ross, Bethe Forum, Bonn, November 2011

whither Archaic or poetic

adv

1. to what place?

2. to what end or purpose?

conj

to whatever place, purpose, etfc.

[Old English hwider, hwaeder:; related to Gothic hvadre; modern English
form influenced by HITHER]



Little hierarchy problem = definite SUSY structure

Fine Tuning measure:
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—> Correlations between SUSY breaking parameters
and/or additional low-scale states
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® The CMSSM
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Focus Point
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Dark Matter structure

Relic density restricted

1000 7 0 o
so0 B I A" resonant annihilation
2 h t-channel exchange
200 3 % co-annihilation
A 100 4 ; co-annihilation
50 e5 A’/ H° resonant annihilation
20 Within 3c WMAP:
10 A, =15, m, =1147+2GeV
8 9 100 110 120 <36 WMAP:

A, =18, m, =1159+2GeV
Cassel, Ghilencea, GGR

Higgs Mass /GeV



1000 ——
500f -

200}
100

mis / GeV

50

201
10

80

1000 ;
700 -
500 -

200 -
150

I90A - 11001 - 1110‘ - [120I -
Higgs Mass /GeV

ke -+

LHC Jan 20

100 -

N [1] cnim
100 200 500 1000 2000 5000
my /GeV

Relic density restricted

resonant annihilation
t-channel exchange

co-annihilation

Nzﬂl}‘li

1
2
3
4 co-annihilation

e5 A°/H°resonant annihilation

Within 3c WMAP:
A, =15, m, =1147+2GeV

<30 WMAP:
A, =18, m, =1159+2GeV

Cassel, Ghilencea, GGR



Direct dark matter searches: (spin independent)
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DM - Scaled spin independent cross section for LSP-proton scattering:
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Reduced fine tuning

* New degrees of freedom e.g. singlet extensions

* New focus points?
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Reduced fine tuning : singlet extensions A .
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Reduced fine tuning : singlet extensions

W = Wyukawa
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Fine tuning in the GNMSSM
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GENERAL-NMSSM PHENOMENOLOGY

W = Wyukawa + (1 + AS)H Ha+ £252 4 253 y ¢ GNMSSM

2 3
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* Higgs structure (h,,h,,s)
u, > U MSSM SUSY structure
U,m_ b ~ U h=H +eS, h,=S—¢eH, M, <M,, e<l
BR[ hl%SS_}>>1
h — yy.bb

Invisible Higgs decay 45 GeV < mg <70 GeV

(applies for a wide range of parameters)



Reduced fine tuning : nonuniversal gaugino masses
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Natural ratios? e.g.:

GUT: SUS): @Y c(24x24), =1+24+75+200; SO(10): (45%x45)  =1+54+210+770
n,:L:n, 2.7m,:1:0.5n,
Representation | M3 : My : My at Mayr M;: M, : M, at Mpwsp
1 1:1:1 6:2:1
24 2:(-3):(-1) 12:(-6):(-1)
75 1:3:(-5) 6:6:(-5)
200 1:2:10 6:4:10

String: (3+5GS)3(—1+5GS)1(—?“365) (OII, also mixed moduli anomaly)
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Phenomenology

e (augino mass ratios
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. gauginos can be very heavy

e Light neutralino and 2 charginos nearly degenerate
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Figure 5: Contour plots of the branching ratio Br(ﬁ — Xs7) in the mo—M, /5 plane. This is for
the hypersurface in parameter space with tan 8 = 10, Ag = 0 and g > 0. Solid (black) contours
are shown for Br(B — X,7) x 10* = 3.52 + no, where n € Z and the error ¢ = 0.34 combines
all experimental and theoretical errors in quadrature. The (red) dashed and (red) dot-dashed
contours indicate where the Higgs mass, mo, is 111 GeV and 114 GeV, respectively, whilst the
dotted contours correspond to the |A| =5 and |A| = 10 contours from Fig 2.
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Figure 7: Contour plots of da,, in the mo—M, /2 plane. This is for the hypersurface in parameter
space with tan 8 = 10, Ap = 0 and g > 0. Dashed (black, with alternating long and short dashing)
= 27.5 + no’, where n € Z and the error ¢/ = 8.1 combines
all experimental and theoretical errors in quadrature. The (red) dashed and (red) dot-dashed
contours indicate where the Higgs mass, myo, is 111 GeV and 114 GeV, respectively, whilst the

contours are shown for da, x 1010
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dotted contours correspond to the |A| =5 and |A| = 10 contours from Fig 2.

—> split squarks and Higgs from sleptons 2?2?



Dark Matter

A<5,5<A% <15
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Figure 9: Contour plots of Qxh2 in the 54 and 210 models. These are for the hypersurface in
parameter space with tan 8 = 10 and Ay = 0. The narrow, yellow region, which lies between the
regions of over- and under- abundance, has a dark matter abundance that satisfies, within 3o,
the constraint given in Eq (47). The (red) dashed and (red) dot-dashed contours indicate where
the Higgs mass, myo, is 111 GeV and 114 GeV, respectively.



Summary
® Hierarchy problem = SUSY breaking structure and/or further states

® CMSSM m =M, Max|A,, . A,|=15(29), m, =114(116)+2GeV

Complementary DM & LHC searches
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Summary
® Hierarchy problem = SUSY breaking structure and/or further states

® CMSSM m =M, Max|A,, . A,|=15(29), m, =114(116)+2GeV

Complementary DM & LHC searches
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® NMSSM Reduced A = GNMSSM = Z,;,”Z¢;
Tinvisible Higgs a distinct possibility

® Gaugino focus point

..Light Higgs search mayTprovide the first crucial test!
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Figure 1: A contour plot of the gaugino focus point scale QM (GeV), as a function of the gaugino
mass ratios 7; and 73. The light grey (dark grey, hatched) region indicates the ratios that will
permit Ay < 10 for Mg = 600 GeV (Mg = 1 TeV). The filled circles, squares and triangles
indicate the mass ratios predicted by the SU(5), SO(10) and Eg GUT models, respectively, that
are discussed in Section 3. The stars give the prediction of a string model with moduli-dominated
SUSY breaking (the O-II model [29]), for various integer values of the parameter dgg. The ratios
that are permitted within models with mixed Moduli-Anomaly breaking lie upon the dashed line.



LHC - Regions of low fine tuning A <100:

SUGO SUG1 SUG2 SUG3 SUG5
mo 1455 1508 2270 113 725
mi o 160 135 329 383 535
A 238 1492 30 -220 1138
tan 3 225 225 35 15 50
T 191 433 187 529 581
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Effect of focus point limited by h; :
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A(p)™" is probability p lies in range P> p+0p

For measured parameter, probability p lies in range,
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® (General) Gauge mediation in the MSSM
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Fine tuning in General Gauge Mediation
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