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What's the good, the bad ... and who's the Ugly?

— The good
observations: Lluminous vs. darke matter

— The bad (or Ls 1£?)
conjectures: super matter as dark matter

— The (not-even-so-) u@%
speculations: dark watter § antbmatter

C. Balazs, M.Carenn, C.EM.\Wagwer hep-ph/0403244

H.Baer, C.Balldzs JCAPO305:006

http://www.hep.anl.gov/balazs/Physics/TalRs/2004/05-Argonne
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what's darlke meatter?

Luminous matter (ME1 § €2) Dark matter
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what's darlke meatter?

old maotter New matter
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Do we neeo mew matter?

— Presence of CDM Ln en rtg universe Ls essential for structure formation

® CDM collapses flrst, attracting matter Later  cofep.uchicago.edu/lss/filaments it
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Mass/tumﬁwosltg pmbLem at all scales
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— Con this gravitational anomaly be solved by modifying gravity?

® 1o solution consistent with all data and R (but see MOND Bekenstein astro-
Ph/0402694, OV Moffat astro-ph/0402266, gr-qe/0404076, €XC.)

® plteynative: davlke miatter
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How mauceh new maatter Ls therve L the Unlverse?

food pyramdid

C. Balazs, Argonne National Laboratory Baryogenesis and dark matter in the MSSM Argonne Theory Institute, May 24 2004, 7/23



How mauceh new maatter Ls therve L the Unlverse?

— E balawnce a 'la FRW: % =0, + O\ + Q/e Pc=32H5/SrGy, Hy=F0km/s/Mpc

® SuUpLrnovae, WMAP, SBSS = V2032, QANX0F, Qpx0=> Ny ~1
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How mueh darke muatter Ls Lin the Uunilverse?

— energy balance of the FRW universe: % = QO+ Qp + QO

® SuUpLrnovae, WMAP, SBSS = V2032, QANX0F, Qpx0=> Ny ~1

O RBREBN § CMB ("cosmic concordance') = (e = 0.04 — Q0 ~0.25
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Can CDM be neutrallines?

— Z, excellent DM candidate: neutval, stable, has rtght mass § xsections!
— Thermal hlstorgz 7 < T LSP owtg (co-) annthilates tntp SM particles
oLSP dews’utg describeo bg Boltzmann eq.
R— 2
n==3Hun—(0w V) —nq
® Contribution to ) in terms of thermally averaged effective xsection

Quep ~2/ [Howydx (ke =mz | T5)
® (0.gr V) gets contribution from Z a0 W, , g (co-)annihilation
f K, (ax) Z 9 9O (@ Ma,by b)) da

# (I K (b ) 2 900 x
(b=, Ki()~e™)

(0-5H V) -

® about 10.000 (co-)annihilation diagrams can be evaluated with
COMPHEP = ISARLD or MicrOmegas Reduce = DARSUSY
® SUSY model generated with ISASUGRA

® pood agreement between these codes § Ellis et al, Drees et al., Nawopoulos et al.
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TABLE I. A tabulation of Feynman diagrams contributing to our neutralino annihilation cross
section calculation.

Particles exchanged

Process s channel t channel % channel
%17, = 2°2° h,H Z1 2,54 Z12,3.:4
2%, - WYw- h,H,Z° Wi Wi,
1%, = Z°h Z° A Z12.54 2’1,2.3,4
717, = Z°H AN §1,z,3,4 | 51.2.3.4
5151 — Z%a h H . 51,2,3,4 : | E‘l,?,:-t,-i
57, ->w-H* h H,A W, Wi,
717, > WYH™ h,H, A W W,
.:Ztlgl — hh hyH _ 51,:1,3,4 51,2,3,4
€1§1 — HH h,H §l,2,3,d 51,2,3.4
%%_:1 — hH h, H %,3.3,4 %,2.3.4
217, — AA h, H Z3,2,8,4 21,2,3,4
2,12 — hA 7% A ' 21,2, ?_1,2,3.4
272, = HA h H Z1,2,34 Z1,2,3,4
ZZ - HYHT . h,H,2Z° wa, WE,
77 - ff : | Z%h,H, A | .ﬁl,:n -*ffz

Baer, Balazs, Belyaev JHEPO203,042(" 02)
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SUSY breaking?

— Z, CDM became an lmportant constralnt in SUSY wmodel building
® tight exp't limits on CDM relie density translate tnto constraints on SSB

® cosvwologieal properties are determined by spectrum

MSUGRA IMOMSE AMSE

LSP 21 21 21

(fix no fix neededo Me>Meyr o NUGM  D-terms)
NLSP W, Ty, & 7, 7,
typieal Z mix B B- A/ %
annihilation  Lneffective effective very effective
CPM density  high about right or Low very low
CO-AN. Z. W, Z, 7?1 Z. L, Z W Z., W,
CDM strongly constr. constrained unconstr.

® CDM constralnts are even mportant for MSSM

Arnowitt et al.; Baer et al.; Belanger et al.; Djouadt et al.; Ellis et al., Nanopoulos et al., ...
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How much dark matter Ls L MSUGRA?
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How muueh antlmatter Ls Lin the MSSM?

— Observation: Nz >> Nz (antlmatter omtg Seen Ln CoSMLE mgs)
— Conditlons (Sakharov): discreet sy mmetries have to be brolkeen
1. B to allow asymumetry): efficlent in the early Universe

2. €& § &P to generate asymimetry

2. F to presenve asymmetry: Universe falls out of thermal equilibrivum, when ®
switehes from being violated to belng conserved

— EWEBG (Shaposhnikov): SM can satlsf@ Sakharov conditions, if
1. B (satisfied at quantum level: tin SM anomalies owtg conserve B—L)
2. there's enough €8 tn CKM (not satisfied tn SM, but possible in MSSM)

2. BW phase transition strongly first order (n SM € m,, < 40 GeV)
— BW baryogenesis in the MSSM: possible if

ol is light, & is light, &, is heavy, X, small(ish),
p (and/or M;) has a complex phase

C. Balazs, Argonne National Laboratory
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— BW baryogenesis constraints
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Ccarenn, Ruiros, Wagner
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BAVUO00LNLSLS § DM L the MSSM
Yoy

— Can the conditions for BW baryogenesis § right amount of neutraline ™M be
sbmultaneously satisfied in the MSSM?
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Balazs,Carena, Waowner 2004
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BAVUO00LNLSLS § DM L the MSSM
Yoy

— Effect of annihilations via heavy Higgs resonances
® m, = 300 GeV: the cosmologically preferved veglon shifts to lower mz

® Lt = 200 GEV: NEW (lflea\/g) Higos-resonance corvidor opens up

— Neutralino-nucleon elastic xsection Ls promising for near future exp.s
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cawn the Tevatron veach this?
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Complementa YL‘CM with direct CDM detectlon exper’umewts

MSSM

. — Future WIMP  nucleon
R R
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(s ittablrd? st a plane? No, lt's SUPEr...

— Phases astde, can the necessary low-energy spectruum be generated tn
MSUGRA, GMSB, AMSE or L LLOMSR?

— Simultaneous EWS®R § CPM constratnts are strong on MSSM
® assuming gaugino mass unification, some (1-loop) RGEs can be 'lnverted':
i, Maur) ~ G — 5 M0 — 10+
mz, (Meur) ~  mg, +347 + 154 M — 20M7 +
m3, (Maur) ~ Smz +2A7 + 114 My — 53M7 + ...
%, (Maur) — Zmz, + AZ + 54 M — 4 +
A (Meyr) ~ 24 + Z M+
o ng, A, My strongly constrained by BWBG = o scalar unification

® EWBRG § NCDM doesn't work L mMSUGRA, MINOMSE o MAMSE
(+phases)
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sSummary: The good, the bad and the ugly

— Good: CDM seems to be out there and it might be maode of neutralinos
® MSUGRA Ls very tightly constrained by CPM
— Bad: EWBG Ls already a highly constrained possibility tn the MSsSM
® it just survives the lightest Higgs mass LEP Limit
— Ugly? Maybe not: simultaneous EWBGECDM Ls still viable in the MSSM

o further study needed to examine the role of phases tn CBM (inprogress)
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sSummary: The good, the bad and the ugly

— Good: CDM seems to be out there and it might be maodle of neutralinos
® MSUGRA Ls very tightly constrained by CPM
— Bad: EWBG Ls already a highly constrained possibility tn the MSsSM
® it just survives the lightest Higgs mass LEP Limit
— Ugly? Maybe not: simultaneous EWBGECPM Ls still viable in the MSSM
o further study needed to examine the role of phases tn CBM (in progress)
— Do baryogenesis § dark matter originate from the MSSM?
o it would be good if Tevatrow found the low mass stop,
o wouldw't be bad if divect dark watter searches found a Llight WIMP, either

o it might get ugly at the LHC (e.g. If it finds a heavy #°), but at the end one
of these three experiments might just hold the ...
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sSummary: The good, the bad and the ugly

— Good: CDM seevms to be out there and it might be maodle of neutralinos
® MSUGRA Ls very tightly constrained by CPM
— Bad: EWBG Ls alveady a highly constrained posstbility in the MsSsM
® it just survives the Lightest Higgs mass LEP Limit
— Ugly? Maybe not: simultaneous EWBGECPM Ls still viable in the MSSM
o further study needed to examine the role of phases it CBM (in progress)
— Do baryogenesis § dark matter originate from the MSSM?
® it would be good if Tevatrow found the low mass stop,
o wouldw't be bao i divect davike wntter searches found a Llight WIMP, either

o it might get ugly at the LHC (e.g. If it finds a heavy #°), but at the end one
of these three experiments might just hold the ...

... smoking gun!
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