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Neutralino DM in the MSSM
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Neutralino Mass [GeV]
[P Bergeron and S Profumo, 1312.4445]




The Z;-invariant NMSSM

The MSSM superpotential not scale-invariant: “u-problem’

Wiissm = ha Q - H, U§ + hgHy-Q D% + heHy- L ES + pH, - Hy
Add a Higgs singlet superfield S

Wanvssy = MSSM Yukawa terms + )\gﬁu : ﬁd +

EWSB

K

g3
3

1
Vot = m%{u\Hu\z + m%{d!Hd\Q + m%\5]2 + ()\AASHqu + gﬁzAK,S?’ + h.c.)

S new parameters (at low energy): 1, x,4,, A, vg

S neutral Higgs bosons: H, , ;, A, , and a H* pair

Enhancement in the tree-level mass of the SM-like Higgs boson

2 2 2 2 2 i 2 A A ?
My, = My €os” 20 + A"v”sin” 25 — 5 [A—sinZﬁ (/1—|—2—8>]

Hg,, can be the H, or the H, or a superposition of both!
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The NMSSM neutralino sector

Fermion components of gauge and Higgs superfields mix

wo — ( _1W37 gaﬁ[fgvgo)
Linass = §(¢O)TM§50 ¢0 + h.c.
giv Vu,
(M 0 —glﬁd Q;ﬁ 0
92Yd  __ g2Uu
My 7 7 0
Mzo = 0 —per —Avy
0 —)\’Ud

\ 2KS )

S neutralino mass eigenstates upon diagonalisation

10
D = dlag( ~0) = NM~0NT |:> Xz zg¢
R-parity conserved: lightest neutralino a dark matter candidate
XY = Ni1B® + NioWd + NigHY + NigHS + Ny5 S
X1 = N11b" + NigWg + N13 g + N1441,, + IN15
Define singlino fraction: 7, — ‘N 15|2
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NMSSM-specific solutions

Scan the NMSSM parameter space (following [H Silverwood et al., 1210.0844])
for a non-MSSM-like lightest neutralino: Z > 0.05

Constraints from LHC: H ,  mass 122 GeV — 128 GeV;

R

7

o(g9 — H;) x BR(H; — X)
U(gg — hSM) X BR(hSM — X)

Observed R+

range

X X X obs
X | p*(CMS) [40] | p*(ATLAS) | Allowed RS, range Ho —H, | Hy = H
vy 1.13+£0.24 | 1.17 +0.27 [41] 0.89 — 1.37 0.91 - 1.1 | 0.89 — 1.12
77 1.0 4 0.29 14475752 [42)]
0. 0.71 - 1.31 0.95 - 1.05 | 0.88 — 1.
WW | 083+021 | 1.0970% [43] 088 = 105
TT 0.91 +0.28 1.47075 [42] 0.63 — 1.9 0.9 -1.01 | 0.63 —1.06

And from b-physics:

¢ 2.63 x 107* <BR (B — Xsy) <4.23 x 10~*

e 0.71 x 107* < BR (B, — 7v) < 2.57 x 1074,

)

¢ 1.3x107Y <BR(B; — putp™) <45 x 1077,

Require consistency with PLANCK upper limit: Qﬁ h? < 0.131
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Parameter space(s)

Partially GUT-constrained " C’NMSSM

Hops = Ho
NNUHM parameter | Scanned range
mo (GeV) 200 — 2000
m1/2 (GQV) 100 — 1000
Ay (GeV) —3000 - 0
tan 3 1-6
A 0.4 -0.7
K 0.01 — 0.7
e (GeV) 100 — 200
Ay (GeV) —500 — 500
Ay (GeV) —500 — 500
M@ = Q1,2 — Ui, — Mﬁl,Q ’
MZ = 51,2,3 — El,Q 3’7
1
M2 — §M37
Ag= A=Ay = A,
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EW-scale (p)NMSSM
Hobs = H;

NMSSM-14 parameter | Scanned range
M s (GeV) 200 — 10000
Mﬁg (GeV) 200 — 10000
M By (GeV) 200 — 10000
M d (GeV) 200 —10000
M7 (GeV) 200 — 10000
M (GeV) 100 — 10000
My (GeV) 100 — 10000
Ay (GeV) —25000 - 0
ter (GeV) 100 — 2000

tan 8 1-70
A 0.001 — 0.7
K 0.001 — 0.7
Ay (GeV) 0 — 25000
Ay (GeV) —25000 - 0




Singlino LSP and the relic density

Qh?
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Interesting mass regions: < 10 GeV, ~ 60 — 100 GeV and ~ 500 — 1000 GeV
where the relic density is insufficient in the MSSM

x1~ 35 GeV can explain the Fermi-LAT p-ray excess from the galactic centre
[C Cheung et al, 1406.6372, J Cao et al, 1410.3239]
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ICECUBE AND PINGU
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[http://icecube.wisc.edu]

ICECUBE

Soum+ PoLE NELTTRING DESERVATORY
- - @ 5 Jummm——

S I

Amundsen-Scott South
Pole Station, Antarctica

IceCube Laborator 86 strings of DOMs, . .
Y set 125 meters apart A National Science Fouf
managed research facility

Data is collected here and

sent by satellite to the data
warehouse at UW-Madison

60 DOMs
on each
q string
}
DOMs !
are 17 {
meters 1
. apart /=
Digital Optical -
Module (DOM) I
5,160 DOMs R
deployed in the ice ?
Antarctic bedrock l

Precision IceCube Next Generation Upgrade (PINGU)
- Proposed 40-string extension of DeepCore [M Aartsen et al, 1401.2046]
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Solar neutrinos at the IceCube

DM annihilation in the Sun results in a neutrino flux at the Earth

5= u Q) = di df sin 6
" dE,, dAdtda’ © T YT

- u (from v,) vs. ¢, 7: poorer energy resolution but better angular resolution

Effective area/volume: 100% detection efficiency at a detector

¥ wiVid; V(B ) 0un(Ey,) pice Na

phys Z gean Wi = Vegr = = Aiﬂ =

N
Y wy g Ajce

l

V.: cylindrical volume, w;: simulation weight, p, .: 0.92g/cm’, 4, .: 18 g/mole

Total number of neutrino events at a detector

2 Ocut
eff
N,, = /dt/ dE, / d@/ dfsinf A, (Ey,) ®(Ey,,0,¢,t)
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Neutrino spectra
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Background (calculated using NeutrinoFlux) : atmospheric —v,, u (~1:7)
- Use only winter data for IceCube to avoid the 4 background

—y Three detectors: , DeepCore, IceCube
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Statistical analysis (one-year data)
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Significance: S = |2 (Ns+ Np)In |14+ — ) — Ns | =

N, ~ VN,

[G Cowan et al, 1007.1727]
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Years for achieving 26 significance
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More points testable with each year of data!
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14 TEV LHC
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O GeV) DM
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Channels for probing

ted muons

1ma

colli

Proposed

lepton (3¢)

tri

Conventional

[

— ZxY)

0
3

BR(Y

BR(XY — ZxY)
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Constructing the u_, object

* pr(u)>10 GeV
* m,, < 5 GeV

* I .,<3GeV (scalar sum of transverse
momenta of all additional charged tracks, each
with p, > 0.5 GeV, within a cone with AR =04

around x_ )

Backgrounds:

- 3¢ search: di-boson and tri-boson production
(irreducible) and {{ production (reducible)

- Boq Search: W (— (*v)y* and Z(— £H07)y*
ngproductlon

Reduce the background for # ., by requiring
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Benchmark points:

BP1 BP2
Model parameters
My (GeV) 1951.1 | 1826.0
M /5 (GeV) 892.24 | 929.2
Ag (GeV) 2462.2 | 2626.2
Lot (GeV) 191.34 | 164.52
tan 3 14.056 | 19.785
A 0.0814 | 0.3102
K 0.0002 | 0.0008
Ay (GeV) 4080.2 | 3596.7
A, (GeV) —3.6681 | —6.8466
Masses
mzo (GeV) 1.0025 | 1.4081
mszs (GeV) 189.09 | 170.13
mzo (GeV) —201.67 | —182.27
mg+ (GeV) 194.97 | 167.72
my, (GeV) 2.1776 | 2.9856
mp, (GeV) 124.12 | 125.79
Branching Ratios
BR(XS = ZX?) | 0.634 0.603
BR(XS — A1XY) | 0.004 0.089
BR(X3 — ZYY) 0.736 0.704
BR(XY — A1XY)) | 0.004 0.081
BR(Ay — pFp~) | 0.039 0.087
Hy signal rates
R 0.998 0.901
RV 0.996 0.885
RTT 1.003 0.847
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The 3¢ channel

Six regions defined by the ATLAS collaboration

Selection | SRnoZa | SRnoZb SRnoZc SRZa SRZb SRZc
MSFOS < 60 60 —81.2 | < 81.2 or >101.2 | 81.2 —101.2 | 81.2 —101.2 | 81.2 — 101.2
Er > 50 > 75 > 75 75 — 120 75 — 120 > 120
My - — > 110 < 110 > 110 > 110
PT(e5) > 10 > 10 > 30 > 10 > 10 > 10

SR veto | SRnoZc | SRnoZc — — —

- For each region signal and background efficiencies obtained with CheckMATE

Background or signal | SRnoZa | SRnoZb | SRnoZc | SRZa | SRZb | SRZc
Z 7 events 410 59 10 280 39 12
ZW= events 1391 595 71 6850 | 661 | 189
tt events 1715 401 62 272 178 19
All background events 3516 1055 143 7402 878 220
BP1 signal events 12 37 19 191 134 130
BP2 signal events 20 46 18 270 144 96
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The u_, search channel

- Event generation with Pythia 6.4, detector simulation with DELPHES 3

BP1 WAy Zy* W bb
Cross section (fb) 0.178 246.9 10.0 3770.0
Cut efficiency 0.123 | 215 x107% | 6x 107 | 1 x 1076
Effective cross section (fb) | 0.022 0.053 0.0006 0.003
No. of events 6.6 15.9 0.18 0.9
BP2 W~* Zv* W bb
Cross section (fb) 3.93 246.9 10.0 3770.0
Cut efficiency 0.050 |53 x107° |3x107™° |1x107°
Effective cross section (fb) | 0.197 0.013 0.0003 0.003
No. of events 59.1 3.9 0.09 0.9
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Summary of results

Point S/B in analysis Z (0) in analysis
3¢ (SRZc region) | peo || 3¢ (SRZc region) | ficol
BP1 0.591 0.42 2.7 1.2
BP2 0.436 15 2.0 27
S
Z = , € = 0.21
/B + (eB)?

The u ., search channel gives a much larger S/B for BP2!
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CONCLUSIONS

» The singlino-higgsino DM in the NMSSM is consistent with the
PLANCK relic density measurement over some specific mass
ranges where the MSSM DM is not

» The IceCube neutrino telescope has shown sensitivity to such
a DM - can already exclude some points after one year of data-
taking

» The LHC has a very important role to play when such a DM is
O(1 GeV)

> While the trilepton channel can cover large portions of the
NMSSM parameter space, our proposed u_,search channel can
prove crucial for some specific parameter configurations
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THANK YOU!
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BACKUP SLIDES
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Excluded by XENON100 '
Oh? <0.131
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DEFINITIONS

Mr = \/2 Er PT(e5) (1 — cos AQ%,ET)

AR/JIE p— \/An2 -+ A¢2
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