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B Supersymmetry (SUSY)

A cutoff
@ Maturalness
oy
I. .l
.‘.:: E 1 ..I -I. Lha g
L. = m; T S i
Hipgs=
7 2 3
—  f1te 4 kA — ox £\

Quadratfic divergence cancelled
superpartners: not discovered yet
— soft SUSY breaking ()

superpartner: heawvy

A* cancellation: kept

—— . = 100 Gey — a few TeV

2 3 —
Mgy — MMy + QTN

@ Gauge coupling unification

Mon SUSY SUSY

—1 =1
* %
T ]
LI1] ~.U[1)
- __, - 5U(2)
1 L o il -l i B

mz Q1w Gev Mz @ 1w




i I T ekt CRA FTRACCRA
Minimal supersymmetric sM (MS5M)
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R-parity — Lightest Super Particle (LSP): stable
— DM candidate (x = x)
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B Constrained M55M (CMS5M)

® Soft SUSY parameters at ) = Moot (= 2 % 10 GeV)
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B Calculation of relic density
Eoltzmann eq.
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Accurate calculation
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B Coannihilation
If NLSP {") is nearly degenerate with LSP

(m,+=1.1m,.), then

Griest—5Seckel (1901 )
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Coarnihi|ation MER {002}

CMSSM

m, [GeX]

w7 2h 7

My |G}

[ HLF]

M,y ()

Figiem G Contours of Q.47 in the plann {mg e, ma) or tan & = 10 (opper wiscdew)
and tan 3 = dil [Jower n-i:m]l.rn']. pnd bor Ag =40, 0 = O, m':ﬂ" = ITHGeY and
Mm.ﬁ = 4. HIGeY. The red regiors hands are eocluded by charging searches. at
LEP wmnl cormmponds te the Gghtor staa beisg ctho LSP, The light arasge regione of
ﬂ_,cl'l:i = [Ld are excluded by cosmology whils the npamoe green bands corresposd Lo
Lo et eangre (L1 < 4% < 0.2, Also shown are the semb-oval contours of 0 0¥
in tho sharmes of coannihilatsonm,

|

Raszkowski -~ Ruig — TN.
( THEPGIOF)

tang=10 m, =175 GeV, m, =425 GeV

| 50

=
E.- [k LI
En
ke i
m,
‘ i 1.1] [=1.H 14HI e | 13
E'l-—-,"l my g {GeV)

el

Figure 11 The plane {m s, mg] for tan = 10, Ag = 0, e = 0 ool for my = I'?-l,"'* = 175 Gnl
and o, = gl 5 = 425 Qe Tha lght red hands on the left are sxcluded by chargine
searches al LEP. In the geay wedge in the left-hod cornee aloctroweak symmetry breaking
remditioms are not edtisfied, The dask red mgion denoted Sy NOT L3P corresponds to
the LSP being the lighter stan lepton, The large light ormsge regiones of 8,4 = 03 ae
exchoded by cosmedogy while the narrow preen bande correspond o the expected range
Bl < Lk A* < 0.2, Also shown are tho semi-oval contanr of a5 = a0 (107" favored
by the ancomalous magnetic mament of the muon measurement &l 2r In!','"“ = 11,75] aml
ler {a5®Y = 27 59). The 2o range is shown in dark wellow, The theee lises in the figure
enerespond Tespectively to &7 = 11,27 and 53, whem moving towards the origin. The
liwes of the lightest Higes scalar meas my = 113 Gely and 115 GaV are desated by short and
long-desh lines, respectiee]y.

SO5Y 16
2{' !}r /{"?q {rI”:T
et

-




Foszkowski —Ruje TN,
(THEPOIOE )

Qh<0.3

1A

{cosma, ll!-hn&_]
howks fo A-pole 1

I1HH]

92 s

)JI."I Lt LLLL] 15

[GeV)

=170 GeV, m,=4.256 GeV

-
i

.
T S ———— I

Figure 3= The same a=s m Fig. 2 but for tan 7 = 50. The green band of the expected
range 0.1 < [0 < 0.2 has now changed considerably doe o the appearance of & wide
resonamnee yy —» A = [f. The white areas closer (further away| from the axes correspond

My Melose

to [ A% o« 0L1 (0.2 < AT = 033

Allowed 'rqatmns row

%Eﬂniff{mﬂ}.r as tou(d 50

(_Pu.—pn'le E—Ffeﬂr) i

= I}n_-:_r qu_]u'-‘:

8
L}

Eﬂi;mi!i

Z3

Bs - Olive - s,

B WMAP Ok=0.094-0429 (15)
B Oy =01-032

iy mafim i, g

Mg, (LY}

ﬂmm

L 1.LJ, IThL)

FF
By {GEY) myy (Gt

Figure 1: The (g, rea] plenes for faf an® = 10,p = 0, (b)) tan § = 10,0 < 0, [z
tam ¥ = 36,2 < 0}, =nd &) tan § = S0, = 0. In eash penel, the region alfowed by Ihe ofdar
cosmeadopical conslraind L] < (647 < 0.3 bes medivm absding, and e region ellosed by the
neser coaeolegionl conatraint 0084 < =I_'-I!|'|I < 0,120 Bas very dark aboding. The disellowd
raEen mneEne my, < @y hos dark red)] shadeg. regdong exchoded by b — 2y hove mediem
fprezn) shading, and dbose e parels (fa,d) thad are fooowred bp g, — 2 o the B fevel Boie
medicn (gEnk) shoding, A dol-desbed fine in panel o) delinestes the LEP sonstmint on be
& mass and fhe ecmlonrs mpe = 104 Gl fmy = 114 GV e aboen o8 neerveriiegl Mok
dashed fred dol-desbed) lnea in pared (o) feech panel),

Al G €

_S'F deg

C PLE 2803 3




Ellis - Oft ve - Santoea ~Spasas ' L e
: C 2003 ) . Hh&"‘ﬂhh‘!'-&nlﬂhﬁ‘%_ Ty

{ 2003
: nbes QL < 0139
. TR :". i
"' . - - :
& = | if 00%< Dk
1_; I'. [ ':'ll ;I [
g e B T
& =l
.w B 9-2 japosed Allowed W —
g = Cwithoud §-2) 7
sl S [ECEEI AN eV |
o il HY 8w
: e e —— L =.In1:||?||11."""--—'E'--”J:I"iul'ﬂ’u-'i';
1 o Ly ] -] — e 1 -
mypy (GEV) i i (_with §-2)
WHF am x
f'l.l.'l-l\;l'm= The -!'5"]’-" displap the regions of e (Mg ma) plame el e compatible E ] T _
Eﬂhw and lhr fcborelory cormalrafals for g > 0 and tanf = E f I
5,10, 15, 20, 25, 30, 35,40, 45 50 55, The parts of fhe alrips compabibls wilh g, — 2 of e g - |
£ leoel have derker sheding. - : "5 wﬂ___ Wl;; '5];]&[“"!
L ] £ 0
are considerably narmower than Lho spacisg hotween Lhian, though any Intermediate point iz = ﬁn'r" m’"‘% ,,_,4-5‘ 4 F‘L
the [myq,mgl plang wedld be compatible with some istermediate value of tan 3, The righ o T '* ar
[left) ends f the strips correspond Lo the maximal {minimal) alkewed value af m g and ;i o A & L0
hiexece m_,f'_ The lower bounds on my i3 ame dun Lo the Hige: sapia constralet for lan d < 25 tan ﬁl -E“% ':"l?bn" i‘t

but mre dnlermined by the & =5 #y constraink for higher wnlues of fan /. The upper bound
an g,y for tan A 2 30 i clearly weaker, becoues of Lhe eapid-snnihilelion negees,

Also shovmn in Fig, 2 m darkir alimding are the pesirbetod parts of the strips that ame
arnpalible with the BNL measurement of g, — 2 at the T level, if kow—energy r*e= adnln
are used bo caleulabe the Standard Medel combmbution [I7]. IF this eonsteaint (s isnposed,
the cange of m sy is much pefucmd for any feed value of tan A, and in particolar the npper
bousd an mypy i sigaificantly seduced, particalarly for tan & 2 50, However, there i in

*The droglets In e uppes right I'tlh.ﬂl:l.ll'ﬂl.l'ﬂdl.ll Lo cesanidilabions when T s miking on lhe Higge
pabe. Hers this noaure ad tan 3 = 45.

Fignre & The meuges af my, aflvwcd by essmelagy and alier fonedreinds, for [a] @ = 0 ans
it) ¢ < 0. Cpper fimibs withewd (red solid fine] and with (due doshed dine) the g, — 2

conslroird ore shewen for @ = 0: e fower iméle ame shown as dlock seded dines.  Nale dhe
sharg imerensea in thr wpprr limile for tan § 2 30, 0 = 0 gnd fan f & 35,5 < 0 dur fo Lhe

rapid-ennsdlelian funnels. Alee shown ar dolted Enes are the & and y* masaes af the fips
|:It I'-IE mE"lTl:!nlmn frzls.

MWy = ot (T
v 0 .::'i}_hl{ﬁj




V. Summary

M CDM relic density from WMAP
i +0.016
0, h? = 0.112612018

(% : cold dark matter)

B CMSSM

Constrained M55M (CMS5M) is strongly ¢ =nstrained
by WMAP.

e Allowed "line” in the (rng, 7ys2) plane

e LSF mass upper bound: signihcantly reduced
M =500 GeV
for tan 3545 and u > 0
or tan 35,30 and p < 0

— |.nr:reaﬁir'|g likelihood of finding superparticles
at LHC , LC
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