The MISSM



interactions of particles and sparticles

The field content of the MSSM

bosons fermions | SU3)c SU(2), U(l)y
Qi | (W, dr); (up.dp); | O = L
U; UR; U = u;r% O] 1 —§
d; g}k%z d; = d}L:m- N 1 !
L; (V,€L) (v,er) 1 H —%
€ €R €; = 6TRZ- 1 1 1
| E ) (A 1O :
He | (H).Hy) (H$Hy) | 1 0 1
G Ge. Ge Ad 1 0
W W3 wE W, W 1 Ad 0
B B, B 1 1 0




interactions of particles and sparticles

SM has three generations, ¢ is a generation label

(u,c,t), d; = (d, s, b),

(Veay,LwVT)a €i — (67/1/7 7_)'
Higgs VEV breaks SU(2)r, x U(1)y — U(1)
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T'wo Higgs Doublets

Two Higgs doublets with opposite hypercharges are needed to cancel
the U(1)3- and U(1)y SU(2)7 anomalies from higgsinos
even number of fermion doublets to avoid the Witten anomaly for SU(2) .
The superpotential for the Higgs :

WHiggs — ﬂY.UCQIJU - ngQHd —eYeLHg+ IUHqu .

In the SM we can have Yukawa couplings with H or H* but holomorphy
requires both H, and H; in order to write Yukawa couplings for both u

and d



Yukawa Couplings
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(-term

gives a mass to the higgsinos and a mixing term between a Higgs and
the auxiliary F field of the other Higgs. Integrating out auxiliary fields
yields the Higgs mass terms and the cubic scalar interactions
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Higes mass terms

E,u,quadratic — —M(ﬁ{fﬁd_ — f[gﬁg) + h.c.
—|p[P(1H 2 + [ HF[? + [Hg|” + [Hy |?).

The D-term potential adds quartic terms with positive curvature, so
there is a stable minimum at the origin with (H,) = (H4) = 0.

EWSB requires soft SUSY breaking terms.

without unnatural cancellations we will need pp ~ O(mgosr) ~ O(Mwy)
rather than O(Mp;). This is known as the p-problem. perhaps p is
forbidden at tree-level so p is then determined by the SUSY breaking
mechanism which also determines mgqgt.



cubic scalar

After integrating out auxiliary fields,

Looupic = p* (a;;YuaLHg* +d5Yad, HY + %Y oo, HO
U Yadp Hy + d5Yqur Hi* + EEYJLH,;L*) +hee.

The quartic scalar interactions are obtained in a similar fashion.
other holomorphic renormalizable terms :

Wdisaster — aiijiLjak + 5ijkLiLjEk + f}/zLZHu + 5Z‘7kazajﬂk )

Wdisaster Violates lepton and baryon number!



Rapid Proton Decay
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Super Kamiokande
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Rapid Proton Decay
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Experimentally, 7, > 10°? years &~ 3 x 10°? s

need |ad| < 1072°



R-Parity

invent a new discrete symmetry called R-parity:

(observed particle) —  (observed particle) ,
(superpartner)  —  —(superpartner) .

Imposing this discrete R-parity forbids Wyisaster
R-parity = to imposing a discrete subgroup of B — L
(“matter parity”) Py = (—1)3B~L) since

R = (_1)3(B—L)+F

R-parity is part of the definition of the MSSM



R-Parity

R-parity has important consequences:
e at colliders superpartners are produced in pairs;

e the lightest superpartner (LSP) is stable, and thus (if it is neutral)
can be a dark matter candidate;

e cach sparticle (besides the LSP) eventually decays into an odd
number of LSPs.



R-Parity




Soft SUSY Breaking

Eé\giSM = -1 (Mgéé—l—MQWW—FMlEE)—FhC
(uAuQH _dAqQH,—F A, LHd) ¥ he.
—Q*mQQ I'm2 [ -7 m27 — dmzd—emga

—my HYH, deH*Hd—(bH Hd—l—hc)

to mgort =~ 1 TeV in order to solve the hierarchy problem by canceling
quadratic divergences:

Mi? A'f ~ mSOft 9 mf Y b SOft *

105 more parameters than the SM!



Electroweak symmetry breaking

D-term potentials for the Higgs fields. The SU(2)r and U(1)y D-
terms are (with other scalars set to zero)

D“|Higgs — —g/(H,Z:TaHu + H;7%Hy),
D'biges = —% ([Hy PP+ [H? — [HJ]> — [Hy [?)
g = sineHW — sxezv’ g/ — 00869W — é
V(Hy,Ha) = (|p]> +mg, )(1H,|* + [H[?)

+(|pl? +m3 JJHI? + |H %)
+b(HfH; — HYHY) + h.c. + 3¢?|HF HY* + HYH *|?
+3(9* + g (| HJ? + |HF 12— |HY? — [H; |?)?



Electroweak symmetry breaking

SU(2)r, gauge transformation can set (H.) = 0. If we look for a
stable minimum along the charged directions we find

— 2 *k — *k
—a% =0 = VHy + S H Hy H,

will not vanish for nonzero H; for generic values of the parameters.

V(Hy, Hy) = (IL{\Q + m%ﬁlﬁ)lHS(!Z_'_ (Iuli ;rgn?{d)\ﬂgp — (bHyHy + h.c.)
+5(97 +97) ([ Hul® — [Hgl")".
origin is not a stable minimum requires:
b% > (|pl* + mi )(|ul +mi,).

stabilizing D-flat direction H) = HY where the b term is arbitrarily
negative requires

2b < 2|pl* +my +my .



Electroweak symmetry breaking

tight relation between b and ,u
there is no solution if m? H, = = m? H,- Lypically, choose m%{ and m? T, to
have opposite signs and different magmtudes
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Figure 1: Above the top line the Higgs VEVs go to oo, while below the
bottom line the Higgs VEVs go to zero.



Electroweak symmetry breaking

<H§> - %—;‘5 ,
(Hq) =5 .
VEVs produce masses for the W and Z
M2, = 1g202

where we need to have

v? =02 + 03 ~ (246 GeV)? |

define an angle j3:

sg=sinf="", cg=cosff= "¢,

with 0 < 8 < 7/2. From this definition it follows that

tan S = v, /vg,
2 2

UV,;—0
cos2f = A




Electroweak symmetry breaking

imposing OV/OH? = 0V /OH? = 0 gives

ul>+m3 = beot S+ (M3/2)cos2f .
u|>+my = btanf — (M3/2)cos20

this is another way of seeing the p-problem.

Higgs scalar fields consist of eight real scalar degrees of freedom. three
are eaten by the Z° and W*. This leaves five degrees of freedom: H*,
the hg and H® which are CP even and the A° is CP odd.

shift the fields by their VEVs:

0 Uy 0
H, — J=+H,,

Hy — 24+ Hy |



Higes spectrum

b cot b ImHS
VD (ImHS,ImHC?)( b ’ btan 8 > ( Imei) )

Diagonalizing, we find the two mass eigenstates:

0\ Sg  —cCg ImH)
<A0>_\/§<Cﬂ 59 )<ImH3)'
0

would-be Nambu—Goldstone boson 7 is massless

b
sgeg

2 __
mj =



Higes spectrum

_{ beot B+ Mz, c2
+ wW=p
VD(Hu 7Hd)< b+MI%VCBSB
mass eigenstates
7'('+ . S
H+ o Cs

where 7~ =77 and H— = HT*.

2

b+ MI%VCﬂSB
btan 3 + MVQVS%

—Cﬁ HJ_
Sg Hd_* 7

_ 2 2
meye = my + My, .



Higes spectrum

2.2 _p_ A2 0
Vo (ReHS,Reﬂg)( beot f + Mzs  —b— Mpcpsp) ) ( Hel, )

—b— Mzcgsg) btan 4+ Mzcs ReH)

mass eigenstates
hY cosa —sina\ [ ReH
(H())_ﬂ(sinoz COS ) (ReHg)’

with masses

2 _ 1 2 2 2 22 _ 2,2 2
miy = % (mi+ MEF /(m3 + ME)? — AMEm3, cos? 28)
and the mixing angle « is determined given by
sin 2a _mi—l—'m?z cos2ax __ _m?q—’mZZ
sin28 ~ m7,—m3’ cos28 2 —m?

By convention, h" corresponds to the lighter mass eigenstate
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Carena, Haber, hep-ph /0208209



Higes spectrum

Note that m 4, m}tl, and myg — o0 as b — oo but myp 1s maximized

at m4 = oo so at tree-level there is an upper bound on the Higgs mass
mp < |cos28|My ,

which is ruled out by experiment
There can be large one-loop corrections to the Higgs mass



The sparticle spectrum

~

gluino, GG, which is a color octet fermion with mass |Mj3)|
for squarks and sleptons masses have to diagonalize 6 x6 matrices
neglecting the intergenerational mixing stop mass terms are given by

n% n% ’tv
Lstop = — (17 tR)HLt% (g;)

2 ( Mgsg + M7 + 0w v(Ausz sp — ,uytcB)) |
t v(Aussz S5 — 1ytcp) m%:s?) T m% + 0z
where
0f = —gT7(D%) — g'Yy(D') = (T} — Qysyy) cos 28 M7

Mss and m2q, and Ayss are soft SUSY breaking terms
m? terms come from quartic with two Higgses
0 terms represent the contributions from quartic D-terms
terms o p arise from integrating out the Higgs auxiliary fields



stop mixing
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The sparticle spectrum

for bottom squarks and tau sleptons

2 ( m2Q33 + mg +0q  v(Adgsscs — :“3/656))
/U Y

b (Adss cg — 1YbSa) m%33 +mj + 07

2 _ [ Mizgtmi+de  v(Aesscs — pyr-ss)
m-~ = 2 2
T U(Aesz cp — UYrSp)  Mizg +mi + 0z

large Yukawa couplings or A-terms allow for large mixing and the pos-

sibility that the lower mass squared eigenvalue is driven negative This
would break U(1)en, and/or SU(3)., and must be avoided



The sparticle spectrum

without soft SUSY breaking mass terms, 6 X6 mixing matrices

mZ my my + 6, I A )
u A mymy' + g1 )’

mZ mgimg + 641 Aq )
d AdT mdde -+ (SEI ’

where m,, and mg are the 3 x 3 quark mass matrices, I is the identity
matrix Note that 0, + 0z + 04 + 07 = 0, so at least one 0y < 0 Suppose
0, < 0, let 4 be an eigenvector with the smallest eigenvalue,

mu,? — muif y

squark mass® > 0, upper bound on the smallest squark eigenvalue, m? .

mn u O

m? . < (¥1,0)m2 (7) <m?

So there would be a squark lighter than the u quark



Chargino spectrum

~

In the basis ¢ = (/I/I7+, o, w-, H} '), the chargino mass terms are
£Chargino — —%wTMgw + hc

where

M-~ — o0 M7 M= Mo \/585 My
C M 0 \/icﬁ My L4

mixing comes from the wino—higgsino—Higgs coupling
can be diagonalized by a singular value decomposition:

L*MR~! — (m51 0 )
0 mg ’
2

with mass eigenstates given by

Cy wH\ (Cr W™
(e)=m () (&) = (i)



Chargino spectrum

After diagonalization the elements of L and R appear in the interac-
tion vertices for chargino mass eigenstates

mi o = (M + |l +203)
(Ml + [ + 2MF,)? = 4[uby — MF, sin 28]

In the limit that ||u| £ M| > My, the charginos are approximately a
wino and a higgsino with masses |Ms| and |y



Neutralino spectrum

0 = (B, W3, H9, H), mass terms in the Lagrangian are

Eneutralino — %(wo)TMﬁwo + hc

where
M, 0 —cgsw My sgsw Mgz
M~ — 0 My cgew Mz —sgew Mg
N | —cgswMy cgew My 0 — L
sgsw Mz —sgew My — 0

mixing terms come from the wino—higgsino—Higgs and bino—higgsino—
Higgs couplings

Since M is a symmetric complex matrix it can be diagonalized by
a Takagi factorization using a unitary matrix U

M = UMUL.
N N



Neutralino spectrum

In the region of parameter space where

Mz < |p £ Ml |p £+ Mo

then the neutralino mass eigenstates are very nearly E, Wo) (ﬁg +
H?)/V/2, with masses: (|My], |Ma|, |u|, ).

A “bino-like” LSP can make a good dark matter candidate, N7 is
often arranged to be the LSP



Mass
A
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Spectrum

up, dp CL, SL b,, t,
g ~ ~ ~ ~
dr, Ug SR> Cr ~
b
ty
Ve, €L Vw Uy Ty, Vo
Cr URr T,

Martin, hep-ph/9709356




Dark Matter

astro-ph/0608407



Dark Matter Relic Abundance

Robertson-Walker metric and scale factor R

ds? = —di? + R(1)? (125 + r2d0? + 12 sin? 0do?

Friedman equation
2 2\ _ s k

relates the Hubble parameter H to Newton’s constant, G, times the
energy density, p, the critical density is for £ = 0 is

Pe = % ~ 1072 g/cm® ~ 3 x 10747 GeV* .



Dark Matter Relic Abundance

Energy conservation

B (%) = &R (p+p)]
% = “3%(p+p)

for p =ap

D X R—3(1—|—a)

radiation a=1/3 pox R
matter a=0 pocR3
curvature a=0 pocR?
vacuum energy a = —1 poc RY



Dark Matter Relic Abundance

a stable weakly interacting dark matter particle X is held in equilibrium
by annihilations

eventually the expansion of the Universe dilutes the particles so they are
too sparse to maintain equilibrium
equilibrium number density, n.,, thermal average of the annihilation

cross section times the relative velocity (ov)

. 2
Nannihilations ™ <O'”U> Neg

hexpansion ~ 3I{neq

when Tanninhilations = Mexpansion dark matter ‘freezes out”

after freeze out, number of dark matter particles per comoving volume
N = n /T3 remains constant



Freeze Out

log N

\Nes

Tf decreasing log T "



Quantum Stat. Mech.

Bose-Einstein and Fermi-Dirac

b(E) — e(E—Ml)/T_1
f(E) — E(E_”];/T—Fl

assume chemical potential y = 0 and relativistic

2

Nb — dp ep/T 1

Nf — 27r2 fO dpeP/T—l—l
scalar gs =1

Dirac gs =2x2=4
Majorana gs = 2
photon gs = 2
Z gs =3

%% gs =2x3=26



Quantum Stat. Mech.

fooo dxeayw_ T = a "T'(v)((v)
vr—1
Jo drimm = (1-2""")a " T(v){(v)
Ny = Z((3)T°
Ny = 15CB)T°
— — 98W2T4
Pb 27r2 0 ep/i;) 1 30
Pf = 271'2 fO dpeP/T—i—l — % g?’)g T

where we used ((4) = 7%/90



Quantum Stat. Mech.

assume chemical potential 4 = 0 and non-relativistic m > T

2
~ gs o0 p
Nf,b ~ 272 fO dpem/T+p2/(2mT):|:1
3 2
~ gST oo U
~ 272 fO duem/T+u2T/m:|:1
5T3 —m/T o0 _ 2
g 2?_2 fo duu2€ u"T/m
gST3e—m/T
(27T /m)3/2

Q

2




__1 ° ° °
Equilibrium
equilibrium number of nonrelativistic particles per comoving volume:

Neg = S ()7

above T' ~ 1 eV the universe is radiation-dominated

_ 4

N, =5 (n + {ny)

_ /8 _ 83N, G 2
H = §7TG,0 = 15 T

(ov) = 09 (%)a :

SO

a = 0 for Dirac fermion, a = 1 for a Majorana fermion



Cross Sections

Dirac fermion:

2
(ov) = (2;—71:77@(

Majorana fermions have no vector current couplings
only axial current:

G2
(ov) x FEp?

referred to as p-wave suppression

(p?) = smxT



Freeze Out

Equating the annihilation rate with the expansion rate at T = T’
(ov)nZ, = 3Hne,

0o (E)aﬁ_mX/Tf (mX)S/QTJ? — 3 83N, G T]%

15

—1/2
e—mx/Ty — g, /8 NG 2m)*2 (mx \© /
15 oo Mmx Tf

Numerically mx /Ty ~ 30. So the number per comoving volume at T’ is

1
N, — /8TN.G _ 3 mx )T
f = 15  oomx \ Ty

xT?3 gives the number density, xmyx gives the energy density. weak
annihilation cross section og = NoG4m3% /2n (where N4 counts final
states) with a current temperature of T = 2.7 K = 2 x 107 GeV,
a=1, N, =100, Ny = 20, that

PX — 06 <1OOGeV)2

Pc mx




DENSITY/CRIT. DENSITY

Stable WIMPS
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LLSP Dark Matter

M (GeV)

Bino, Higgsino, Wino
Arkani-Hamed, Delgado, Giudice, hep-ph/0601041



Xenon Detector

PMT Array
(not all tubes shown)

Time
Anode
Liq. Surface
?ﬂm Grid
0-150 ps
depending on
depth
|
?40 ns width
> < Cathode
Light Signal '
UV ~175 nm
photons
EAG > EGC

Interaction (WIMP or Electron)



WIMP-Nucleon Cross Section [em?]
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Dark Matter Searches
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SU(5) GUT
SU(5) — SU(3) x SU(2) x U(1)
5—(3,1)_1/3+(1,2)120 ~dr+ (e, —v°)L
5— (3,1)41/3+ (1,2)_1/0 ~dG + (v,e)1
5x5=10,4+ 155

10 = (3,2)16 + (3,1) 23+ (1, 1)
~ (u,d)r +uf + €°

5 + 10 is anomaly free



SU(5) — SU(3) x SU(2) x U(1)
5—(3,1) 13+ (1,2)12

(17 1)0 T (87 1)0__|_ (17 1)0 + (17 3)0
+(3,2)_5/6 +(3,2)5/6

24— (8,1)p+ (1,3)o + (1, 1)
+(37 2)—5/6 T (37 2)5/6



(—2 0 0 00\

0 -2 0 00

B,<T*=-—-=1 0 0 -2 0 0
2+/15
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SU(5) — SU(3) x SU(2
‘

2424 1
Tr 14T = mTI'

OO OO -
OO O = O
O O = O O
o © O O O

\
v — @ 724 \/§T24
o= () (/) =
g1 = \/gg’

Q1 =T = \/%Y




Gauge coupling unification

for SU(5)GUT

2
\/ggagQ—ga g3 = gc, &izg_;r

The measured values of gauge couplings renormalized at M, are

a1 (Mz) = 0.016830 =+ 0.000007
az(Mz) = 0.03347 +0.00003
az(Mz) = 0.1187 £ 0.002

These couplings run at one-loop according the RG equation:

dga _ 1 3 dog b,
'u du 167T2baga =~ M d,u 27

In the SM and MSSM the 5 function coefficients are

M = (-41/10,19/6,7)
pMSSM - — - (_33/5, -1, 3)




SM [-tunctions

—30% — 3Q% = —5 (5YF + 3Y3)

—2 (£Ngen [3-2- Y3+ 3Y) +3Y7 +2Y7 + V2| + 32Y7)
L (2MVeen [302- ()7 43 (2)7 3 ()" +2(3)" +12] +2(3)7)
5 ONgen [§+ 3+ 5+ +1]+3)

% (N H54252 4 3) = 4 (Moo B+ )

~ 10

BN = 3T(F) = §T() =% ~ §Neen (35 +4) — 5 -}
% = SN = § = F = N = § = 25

19

6

33— 3T(F) =5 = 3Neen (2:2+3) = 5 = 5Ngen
33—12 — 7



MbSM S-functions

OF —3Q% = —Q° = -3V

(Ngen [3-2- Y3 +3Y2 4+ 3Y7 +2Y7 + V2| +2-2Yy)

(Ngen [3-2- (1) +3(2)°+3(3)" +2(3)" + 12| +4(3)°)
Ngen[g+5+3+3+1

Nogon B0 4 1) = — (Nyen 2 + 1)

oyw ofw oyw ofw win

W
SIS

BN —F=3-2—Ngen(3-5+3)—1
6 — 2Ngen — 1

—1

3-3—2Ngen =9—6

3



Gauge coupling unification

3 5 7 9 11 13 15 17 15.5 16 16.5
log log

common threshold Mgygy

3 GeV < Mgygy < 100 TeV.

My ~ 2 x 1016 GeV.



Radiative electroweak symmetry
breaking

RG equations for the soft SUSY breaking masses of the Higgs and
third-generation scalars
gaugino terms additive consider separately
consider only the running induced by y;

16#2%771%% = 0
167~ 2 mg33 = 2|y 2 2 2 mzﬂsza
mMQos3s3 1 1 1 M3



Radiative electroweak symmetry
breaking

transform to an eigenbasis: (1,—1,0), (0,1,—1), and (3,2, 1)
eigenvalues 0, 0 , and 6.
eigenvector (3,2, 1) scaled to zero

my = m%B = m%?) = mj at high scale

decompose initial conditions:

1 1 0 3
_ 1 1 1

1 = —3 —1 -3 1 + 5 2

1 0 —1 1



Radiative electroweak symmetry
breaking

m%{u runs negative. EWSB may or may not follow depending on the

values of ;1 and b. claimed that this “predicted” a large top mass, but it
really only required a large :

_ V2
Yt = vsi?ﬁt




Radiative EWSB

Giudice, Rattazzi, hep-ph/0606105



One-loop Higgs mass

tree-level :

2 /2
mp < |cos2B|Myz = 29— |v% — 2|

Higgs mass is controlled by the quartic Higgs coupling
failure of the top-stop cancellation should give the leading correction
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One-loop Higgs mass

shift in the physical Higgs mass squared

A(m3,) = 20002 = olyfsin’ B In (20pe )
90 GeV)?
~ ( Sin2eﬁ)

assuming 1; does not blowup below the unification scale:

mpo < 130 GeV



NMbSM Higes mass

add a new singlet field N with coupling
WxmMssm = ynNH Hy

so the VEV of N can generate the u-term gives a new contribution,
O(y%), to the Higgs quartic coupling
assuming that yy remains perturbative up to the unification scale :

mpo < 150 GeV



Precision electroweak measurements
Below the EWSB scale terms in the effective Lagrangian like
Leg C —%WEVB“V

Experimentally S must be O(1/10)



Precision electroweak measurements
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Precision electroweak measurements

wH B"

SU(2)r doublet fermion with V. colors that gets a mass from EWSB
contributes to vacuum polarization II37 (p?) for LL gauge vertices

Tr TZ%Y =0
for LR gauge vertices
TtT}Y =TrT7Q = 4

by gauge invariance
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Precision electroweak measurements

For m > M, Taylor series around p? = 0:
o 2 n
T2 (%) = m? S an ()"
contribution to S proportional to
%HSB(p2)‘p2=0 X N¢ 75

S parameter counts the number of fields in the EWSB sector

For a superpartner in the MSSM the masses are of the form mg, (msott, 4, V).
In the limit p, mgory — 0o with v fixed we have mg, — 00, S o (v/mgp)"
superpartners decouple from EWSB if they are sufficiently heavy

R-parity: at low-energy superpartners only contribute at loop-level



Problems with flavor and CP

generically the mass matrices m% and m? are not diagonal in the
same basis as the lepton mass matrix. This leads to the nonobserved
decay pu — ey

3 Y
e
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. 3 7m? Am2 2
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Problems with flavor and CP

3 % 104 (M)‘l( Am? )2 |

2
Msusy MSUSY

F:“ﬁ

Q

FM—)euﬂ

experimentally less than 5 x10~1!



K K mixing:
(a) Lo (b) T .

d S d =71 > >57—>— 8

D D

W W G / f G

%
< d S +><—®—<—-Lé d

u, ¢ § d

for SM in the limit m, — 0, diagram is proportional to CKM elements
after diagonalizing the up-type and down-type quark mass matrices
by unitary matrices U, and Ug the product V = UdTUu appear in the
W couplings
VVT =1, so loop is proportional to
(Vai Vi£) (VEVia) = 6as6sa =0,

sJ



Glashow, Iliopoulos, Maiani

leading contribution comes only at O(m? ) known as the GIM
suppression mechanism



FCNC’s

m .
M?{l\% ~ o3 75D sin” @, cos? 0, |

where V,4 = cosé..

2
MMSSM ~ 4&2 ( Amé ) 1
=t (e 2 2 .
KK 3\ M3yay MSysy

Since the SM amplitude roughly accounts for the observed K-Kg mass

Ly : SM MSSM
splitting, we require M o > M s S0

2 .
MZ2ay 500 GeV

( Am2Q ) <4 %103 Msusy

observed size of CP violation in the K K leads to stringent bounds on
the phases of the squark mixing matrix



EDM'’s

with Higgs VEV, A-terms introduce off-diagonal squark and slepton
mass mixing
gives rise to an electric dipole moment (EDM) the d quark, and neutron.

dimension 5 operator in the low-energy effective theory, dTRJWdLF s

Y
H, X
d |
q . d
7 N
d, S o dg
G

the amplitude must have an inverse mass dimension, and it must be
proportional to the VEV of H,.



EDM'’s

call the overall phase ¢

Ag11 0
Mgpm ~ 28 2228
A Mgygy

The experimentally EDM of the neutron is < 0.97 x 1072° e cm, which
translates into the bound:

9
A (500Ge\/> %« 10~7 .
CaAd11 —MSQUSY <bhH 0

for Ad — Yd

2
MS2 S —2
5 < (500 [(J};V) 10 )



Safe Neighborhoods

e “Soft Breaking Universality” requires the soft SUSY breaking squark
and slepton masses are proportional to the identity in the same ba-
sis where quark and lepton mass matrices are diagonal, the A-term
x Yukawa , and no new nontrivial phases

e The “More Minimal Supersymmetric Model” only require the lead-
ing quadratic divergences in the Higgs mass to cancel. tr, tr, br,
H,, H;, B,)W must have masses below 1 TeV, while first- and
second-generation sparticles can be as heavy as 20 TeV. possible
danger: two-loop running below the heavy squark threshold

dm?2

893 395 , 2 2
t 3 3 —
7" = 16202 | 1622 m~ ~— Mgz,

Y

may drive the top squark mass squared negative, depending on
gluino mass



Safe Neighborhoods

e The “Alignment” scenario requires a particular relation between
squark mass matrices and Yukawa matrices

mg =Y Y, +Y Y],
m2 =YY,
m2 =YYy,

such that FCNC processes are suppressed.



