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The Puzzle of the Matter-Antimatter asymmetry

« Anti-matter is governed by the same interactions as
matter.

* Observable Universe is composed of matter.

* Anti-matter is only seen in cosmic rays and particle
physics accelerators

 The rate observed in cosmic rays consistent with
secondary emission of antiprotons
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Theory vs. Observation

€ Baryons annihilate with antibaryons via strong interactions mediated by
mesons

@ This is a very efficient annihilation channel and the equilibrium density is
"B — "B ~ 1020

T~ T~

Q€ How does this compare to experiment ? First of all, we have the problem
of the unobserved antimatter. Secondly, from the analysis of BBN and
CMBR, one obtains, consistently

7B 6107

1,

Q€ How to explain the absence of antimatter and the appearence of such a
small asymmetry ?
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Small Asymmetry may be generated
primordially : Baryogenesis

1,000,000,001 1,000,000,000

Murayama

Assuming the existence of a small primordial asymmetry solves the puzzle.
Indeed, matter-antimatter annihilation can now occur efficiently and finally
the small asymmetry will lead to observable matter in the Universe
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Baryogenesis at the weak scale

= Under natural assumptions, there are three conditions,
enunciated by Sakharov, that need to be fulfilled for
baryogenesis. The SM fulfills them :

m Baryon number violation: Anomalous Processes
m C and CP violation: Quark CKM mixing

m Non-equilibrium: Possible at the electroweak phase
transition.

Thursday, August 19, 2010




= Anomalous processes violate both baryon and lepton number, but
preserve B — L. Relevant for the explanation of the Universe
baryon asymmetry.

o 2
st o FAB;&O & eXp(_Sinst 2)

w

= At zero T baryon number violating processes highly suppressed

= At finite T, only Boltzman suppression

E_, Y
F(AB;éO)OCATGXp(— ;3 ) Egn

Klinkhamer and Manton ‘85, Arnold and Mc Lerran ‘88
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Baryon Number Violation at finite T

= Anomalous processes violate both baryon and lepton number, but
preserve B — L. Relevant for the explanation of the Universe
baryon asymmetry.

o 2
st o FAB;&O & eXp(_SinSZ 2)

w

= At zero T baryon number violating processes highly suppressed

= At finite T, only Boltzman suppression

E
['(AB=0)oc AT exp(— ;’h ) Egn

Klinkhamer and Manton ‘85, Arnold and Mc Lerran ‘88
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Baryon Asymmetry Preservation

If Baryon number generated at the electroweak phase

transition,

ny _ ny(T) exp( 10 Xp(_ B (T, )))

- e
S S T (GeV) T

C

Kuzmin, Rubakov and Shaposhnikov, '‘85—'87

Baryon number erased unless the baryon number violating

processes are out of equilibrium in the broken phase.
Therefore, to preserve the baryon asymmetry, a strongly first order

phase transition is necessary:
v(T,)
T

C

> ]

Thursday, August 19, 2010




Electroweak Phase Transition

Higgs Potential Evolution in the case of a first order

Phase Transition

V(o)
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Finite Temperature Higgs Potential

\(T)
.

V(T) = D(T?-T&)¢* — EgT¢’ +

¢

D receives contributions at one-loop proportional to the
sum of the couplings of all bosons and fermions squared, and is
responsible for the phenomenon of symmetry restoration

E receives contributions proportional to the sum of the cube
of all light boson particle couplings

Since in the SM the only bosons are the gauge bosons, and the
quartic coupling is proportional to the square of the Higgs mass,

v(Z,)
T

c

> 1 mmplies m, <40 GeV.
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If the Higgs Boson is created , it will decay rapidly
into other particles

€

At LEP energies mainly into
pairs of b quarks

One detects the decay products
of the Higgs and the Z bosons

Electroweak Baryogenesis in the SM is ruled out
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If the Higgs Boson is created , it will decay rapidly
into other particles

€

At LEP energies mainly into
pairs of b quarks

One detects the decay products
of the Higgs and the Z bosons

et

LEP Run is over

* No Higgs seen with a mass below 114 GeV

° But, tantalizing hint of a Higgs with mass about
115 -- 116 GeV (just at the edge of LEP reach)

Electroweak Baryogenesis in the SM is ruled out
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CP-Violation sources

@ Another problem for the realization of the SM electroweak
baryogenesis scenario:

@ Absence of sufficiently strong CP-violating sources

@ Even assuming preservation of baryon asymmetry, baryon number
generation several order of magnitues lower than required

3
3_71’ Q/WT
V 2 32,/

(mi —me)(mi —my)(mg —my) (my —mg)(mg — mg)(my —mg)

2
My, (27)°
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mar __
AC’P -

J = ﬂ:[m[KliK;;Kl/jK;;i] = ClCQCgS%SQS:;S(S
~v : Quark Damping rate

Gavela, Hernandez, Orloff, Pene and Quimbay’94
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Electroweak Baryogenesis

and

New Physics at the Weak Scale
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Preservation of the Baryon Asymmetry

EW Baryogenesis would be possible in the presence of new boson
degrees of freedom with strong couplings to the Higgs.

Supersymmetry provides a natural framework for
this scenario. Huet, Nelson '91; Giudice 91, Espinosa, Quiros,Zwirner 93.

Relevant SUSY particle: Superpartner of the top

Each stop has six degrees of freedom (3 of color, two of charge)
and coupling of order one to the Higgs

g3 h3
ESUSY == zSESM
4t 271 M. Carena, M. Quiros, C.W. 96, ‘98
2
v(T E . my
Since ( C)’“'_ , with A oc—3
T A \%

C

Higgs masses up to 120 GeV may be accomodated
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Mass of the SM-like Higgs h

Most important corrections come from the stop sector,

2

m,

2
+mt+DL m, Xt

M% - 2 2
m, X, my; +m, +D,
where the off-diagonal term depends on the stop-Higgs trilinear

couplings, X, =A, — u /tanp

For large CP-odd Higgs boson masses, and with Mg =m, =m
dominant one-loop corrections are given by,

3m; M; X; X;
m’ ~ M2 c0s22/3+—t(10g( mf ) : (1 ‘ ) )

+ —_—
47V’ ; M 12 M
After two-loop corrections: M.Carena, J.R. Espinosa, M. Quiros, C.W.‘95
M. Carena, M. Quiros, C.W.95
e upper limit on Higgs mass: Mg=1—=2TeV= Amp ~2-5 GeV
mp, 5 135 GeV Ami=1GeV = Amp ~1 GeV

) MO & . 2 fa M\
o' bal'YOECIICSIS ’//LU < U, 'HLQ P 6 1CV
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MSSM Higgs Boson Spectrum

¢ Two Higgs doublets: Two CP-even,a CP-odd and a charged
Higgs. The CP-even Higgs bosons close to the decoupling

limit
h ~ cos 3 Re(HY) + sin 8 Re(HY?)
H+ 1A ~sinj H? — cos 3 Hg
v
where tan 8 = U—Q < HY >= v,
1 ’ '

¢ Similarly, the charged CP-odd and charged Higgs bosons

H* =sin BH{" — cos BHS

2 2 2 2 2
My >~ My M+ =My + My
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Upper Bound on the Higgs Mass. Largest values of At

M. Carena, G. Nardini, M. Quiros, C.WV. ‘08

|
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m [TeV]

Computation using renormalization

| group improved Higgs and stops

effective potentials

Both the Higgs and the lightest

stop must be lighter than about

125 GeV for the mechanism to work.
Values of the Higgs mass above

120 GeV may only be obtained for
very large values of m.
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Allowed parameter space for Electroweak Baryogenesis
M. Carena, G. Nardini, M. Quiros, C.W.’08

Q@ Values of tan(3 > 5 preferred to keep the Higgs mass large

€ Values of At cannot be too large to keep the phase transition
strongly first order

€ Higgs remains light, with values below 125 GeV.
mqg = mg=mag =mj;=m
=900 TeV m = 8000 TeV

m

T T T T T l_ 120_' T T T T III T T

tanfg =15 -

(solid lines)

tanﬁ — 15 — 1155
(solid lines, includes i
uncertainties)

myg [GeV] mpy  [GeV]
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Experimental Tests of Electroweak Baryogenesis
in the MSSM
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Experimental Tests of
Electroweak Baryogenesis and Dark Matter

* Higgs searches beyond LEP:

1. Tevatron collider may test this possibility: If Higgs mass is below 120
GeV, 3 sigma evidence with about 10 /b~ may be possible.

Detecting a Higgs signature will mean that the Higgs has relevant strong (SM-

like) couplings to W and Z, and will require increase in efﬁmency or hlgher
luminosities
2. A definitive test of this scenario will
come at the LHC with the first

30 b~ of data =

qq—> qqV V' > qgh ?
withh—>t™”
3. h =~y and h — WTW ™ proceeding

from gluon fusion also relevant.
Light stop enhancement of gluon fusion

W e UeONReo

nN
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M, (GeV)
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il o
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Higgs Boson Production via gg — h°
o 5(g9 — hP) o F (R — gg).

e Stop loops interfere constructively with tops.

M ¢
Mg/ Tge™, M=10TeV, tang =5 Menon and Morrissey ‘09
160 I I I I — 4
150 .
- 35
140 .
3 130 1Fd 3
)
E:‘IZO - 25
110 4
2
100 .
90 : ~ 15
110 115 120 125 130 135
mpo (GeV)

e MSSM EWBG Region: mg,; M0 < 125 GeV.

[Carena,Nardini,Quirds,Wagner '08]
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Tevatron Search Prospects

e Light Higgs search dominated by h° W/Z with h® — bb.

io00 pb7¢r——-+—7T—-—"""—T-—r—"—"—"T"—"—"—"T—"T—"T7 3
- All Channels (SM) -------- :
h->WW channel only (SM) ———
h->WW channel only (modified SM) ------- ]
100 E
8
o
10 F
TE E
T T T T :
100 120 140 160 180 200'0

¢ 0 BR(h® - WW)/o BRgy; < 8 for m,o < 125 GeV.
MSSM EWBG = enhancement by 2—4.

e Tevatron could be sensitive with 10 fo—1.
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Prospects for Higgs Searches at the Tevatron

P. Draper, T. Liu and C.Wagner’09

100 ¢ : . | | _
; Comb. from CDF and DO ------- ]
Naive Combined Limit
Comb. with 10fb™ -+ j
Comb. with 10fb" + 1.25x effc -~ ]
Comb. with 1Ofb'1 + 1.5x effc -
10 k 90% C.L comb. limit, 10fb" " + 1.5x effc |
: R=1 (Standard Model) ------ - 7

R95

01 | | | |
100 120 140 160 180 200

my, (GeV)

Running until the end of 2011 the Tevatron should collect more than 10 fb—*
With expected detector/analysis performance, my < 185 GeV may be probed.
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Tevatron Run Il Preliminary, <L> =59 fb’'

L T 2

S LEP Exclusion - Tevatron
290 mm ~ Exclusion

i ..... 3 B8 xpecte .......
g B === Obsérved Iﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁ/
— oo R £1s Expected : .......
d EAPN !ZSExpected I S
o [ R
n
(o))

r. ........................ b ' . .........
EAZEN: 6——-—TQV8U’OH Exclusion
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mH(GeV/c)
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Minimal Mixing Scenario

P. Draper, T. Liu and C.W.09

80 T T
allowed |
excl 90% CL, 10.00 fb , 1.50x effc
70 F excl 95% CL 10.00 fb™", 1.50x effc -

|
excl 95% CL. 10.00 fb 11 25xeffc =
excl 95% CL 10.00 fb 1 .00x effc L]

P *

Tan

100 150 200 250 300
my (GeV)

Higgs mass small, mp < 120 GeV. Easily probed at the Tevatron. More
than 2.5 ¢ evidence in most of parameter space (WW enhancement
will further improve reach).

Thursday, August 19, 2010




Combination with Non-Standard Higgs channels

a,=0GeV, u=200GeV, Ms=2TeV
SM-like + Nonstandard Higgs Searches, 10fb™", 1.5x imprv

100 150 200 250 30(
M/\ (GCV)

100

a,=0GeV, u=200GeV, Ms=2TeV
SM-like + Nonstandard Higgs Searches, 16fb™", 1.5x imprv

150

200 250 300
MA (GCV)

Combination enlarges the region where evidence may be

achieved in a considerable way
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Universe density
Dark energy density
Total matter density

Baryon matter density

6000

Angular Scale
20

Dark Matter
Results from WMAP

(); : Fraction of critical density

Q,=1.02 = 0.02

Q,=0.73 =+ 0.04

Q2= 0.27 + 0.05 ———p Dark matter is non-baryonic
Q, = 0.044 = 0.004

Our Universe:

5000 F

4000 E

Ki+1)Cyf2m (uK2)

2000 F

1000 |

us
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Evolution of Dark Matter Density

dn
2 2
e -3Hn -<o4v>(n"-n_ ), n, =exp(-m/T)
< Oeff V> Thermal average of (co-)annihilation cross section
n B T 11 ||r| 1 I | Illk 1 I LI IIII_
L increasing {e.Jv|) .
5 : ~— L] i o
T g ] 210 10GeV 2
E —~10 |— R SRS g Q~
v-1 =3 C i Teft U
. = . Y ! i
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x=m,/T
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Stop-Neutralino Mass Difference:
Information from the Cosmos

M. Carena, C. Balazs, C.W., PRD70:015007, 2004
M. Carena, C. Balazs, A. Menon, D. Morrissey, C.W., Phys. Rev. D71:075002, 2005.

= If the neutralino provides the observed dark matter relic
density, then it must be stable and lighter than the light stop.

= Relic density is inversely proportional to the neutralino annihilation cross

section.

If only stops, charginos and neutralinos are light, there are three
main annihilation channels:

1. Coannihilation of neutralino with light stop or charginos: Small mass

differences.

2. s-channel annihilation via Z or light CP-even Higgs boson
3. s-channel annihilation via heavy CP-even Higgs boson and
CP-odd Higgs boson
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Light Stop and Relic Density Constrain

In the presence of a light stop, the most relevant annihilation
channel is the coannihilation between the stop and the neutralino
at small mass differences. Relic density may be naturally of the
observed size in this region of parameters.

tanf3 =7

w\\‘iﬁ‘uﬁ-“‘,_‘ _

e

s
f//' iz L
e A s
100 150 200 250 360 350 400 450 150 200 250 300 350 400 450 500
Il (GeV) Ipl (GeV)
my = 120 100  80GeV B or'>0129 B m; <myy my = 120 100 80GeV
o, =300 30 3xi0"b [ 0W<0095 My, <103.5GeV o, = 300 30 3x10"°pb
d, =7 10 IEI:I'_IJZYBCM I 0.095< Ok’ <0129 d, =1 12 1.4 x10%ecm

C.Balazs, M. Carena, A. Menon, D. Morrissey, C.W. 05
Ciriglliano, Profumo, Ramsey-Musolf 07, Martin’06--"07
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Tevatron Stop Reach when two body decay channel
IS dominant

?l—>c+i‘l’orf1—>bwi‘f

Main signature:

2 or more jets plus
missing energy

2 or more Jets with E.. >15 GeV
Missing E. >35GeV

LEP %] limit

Demina, Lykken, Matchev,Nomerotsky ‘99
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Neutralino Mass [GeV/c?]

Stop searches at CDF

CDF Run Il Preliminary

I Ldt=26f

- QObserved Limit (95% CL)
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Tevatron stop searches and dark matter constraints

Carena, Balazs and C.W. ‘04

MSSM Green: Relic density consistent
' : - with WMAP measurements.

~—v

|
:

140 f Coannihilation
!

Searches for light stops
| difficult in stop-neutralino
| coannihilarion region.

LHC will have equal difficulties

" in this particular channel.
But, LHC can search for stops in
alternative channels.

g

60 80 100 120 140 160 180 200 220
m, (GeV)
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LHC - B CERN
2y 0L TS ATLAS
' Point 1
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Stops from Gluino Decays
Kraml, Raklev ‘06,

. . Martin 08
Take advantage of Majorana character of gluino:

g — tit, tit. Production of equal sign tops
® Two same-sign leptons with pr > 20 GeV.

® Two b-tagged jets with  pr > 50 Ge\{b-tag eff. 43%)

® . > 100 GeV. Invariant mass  my < 160 GeV

- — - = 30fb!
srN = 100 fb~! | 10% syst. error-
______ —1 .
300 £ Efficient stop search
N 300 ' no syst. error channel up to gluino

masses of about | TeV

Carena, Freitas, C.W.09
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Alternative Channels at the LHC

€ When the stops and neutralino mass difference is small, the jets will be soft.

€ One can look for the production of stops in association with jets or photons.
Signature: Jets or photons plus missing energy

M. Carena, A. Freitas, C.W.'09

€ Photon plus missing energy searches have the advantage of being cleaner, but
they suffer from low statistics and large systematics

@ Jet plus missing energy searches have larger backgrounds but have the
advantage of having much larger production cross section compared to the
photon case

€ Hard photons and jets recoiling against missing energy have been simulated at
the LHC experiments in the search for large extra dimensions, and we will make
use of the backgrounds computed for that purpose.
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Photons plus missing energy at the LHC

M. Carena, A. Freitas, C.W., arXiv:0808.2298
pp—titiy
1. Require one hard photon with pt > 400 GeV and pseudo-rapidity |n| < 2.4.

2. Missing energy requirement: Fr > 400 GeV.
3. Veto against tracks with pr > 40 GeV.

4. Require back-to-back topology for photon and missing momentum: A¢(pr,p,) > 2.5.

200 200¢
— 150 — 150
> >
v ®
< <
<100 2T = 100} sozzii
g T 2 VQTevatron 8fht | £ ez 2 \\Tevatron 8 th~1
) Tevatron 2 fb~! et Tevatron 2 fb!
50 50
0 ok
100 120 140 160 180 200 220 240 100 120 140 160 180 200 220 240
m;, [GeV] mz, [GeV]

5-sigma discovery reach for the case in which systematic uncertainties
associated with photon and missing energy determination are ignored
(left) and taken into account (right). Total syst. uncertainty 6.5 %.
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Alternative Channel at the LHC

€ When the stops and neutralino mass difference is small, the jets
will be soft.

€ One can look for the production of stops in association with jets
or photons. Signature: Jets plus missing energy

M. Carena, A. Freitas, C.W. ‘08

200¢

150+

m(neu)

100+ .
Excellent reach until masses of the

order of 220 GeV and larger.
> Full region consistent with EWBG
will be probed by combining the
LHC with the Tevatron searches.

0,
100 120 140 160 180 200 220
m(stop)
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Stop Identification

= Can we detect the relatively soft jets coming from stop decay ?

= QOne can try to identify the charm-jets by the invariant mass and the
track multiplicity

= Below we compare their invariant mass to the one of light jets
coming from initial state radiation

= Cutting above 4.5 GeV leaves 60 % signal and only 25 % bkgd.

L | L L L L | L L L L | L L L L | L L L L | L
0.0H —— Am =10 GeV -
. | ———= Am=20GeV |
:‘> 0008; ---- Am =30 GeV i
8 N Am = 40 GeV
— 1N Am =50 GeV |
g 0.006- light jets L
= ] L
)
r-d i
x  0.004- L
o ]
~
‘—' 7 (
0.002- 7 -
——— e —
20 25
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Improvement in Stop Searches by
using charm identification in photon channel

M. Carena, A. Freitas, C.W., arXiv:0808.2298

We now demand one additional jet
with pT > 20 GeV and with positive
charm identification.

2007

150+
The charm identification

an additional improvement

m ~(1) [GeV]

100/ BT VQTevatron 8 fh~1 |
2237 Tevatron 2 fb~!

ez2”
.z2”
e

.z2°

Just like in the jet channel,
after charm i.d. one can
probe the whole region consistent
o | | | | | | | with electroweak baryogenesis
100 120 140 160 180 200 220 240

mz, [GeV]

Photons plus missing ET
with charm tagging

50
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Baryon Number Generation

= Baryon number violating processes out of equilibrium in the broken phase if
phase transition is sufficiently strongly first order.

Cohen, Kaplan and Nelson, hep-ph/9302210; A. Riotto, M. Trodden, hep-ph/9901362;
Carena, Quiros, Riotto, Moreno, Vilja, Seco, C.W."97--"03,

Konstantin, Huber, Schmidt, Prokopec’00--"06
Cirigliano, Profumo, Ramsey-Musolf'05--06

Baryon number is generated by reactions in and around

the bubble walls.
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The diffusion equations for the evaluation of the baryon
density takes into account the interaction rates and sources

+ PNy ng nr
n =D.nl, —T nQ _Nr _ T PN -1, |2 T
volle =Hdlle = 1Y [kQ o ot ko kr
ng nr ng +nT] .
—6l,, |2 — —+9 -
[ ko kr kp e
+ PNy ng nr
w/:D I r n—Q—n—T_nH 1—\m 7 T
vty =By T 1y [kQ e n ko Fr
No Baryon number
ol [2 k—Q - Z—T Y anj ”T] ~a violatioz'
Q hr B :
Chiral charges generated
no nr ng+pn ng . from CP-violating sources
vy =Dpn't + Ty [_Q__T_H—ph] —Fh—H—l—’Yg ’ g
kg  kr kn kn + (gamma’s)
n n ng+n n -
vsny, =Dpny, + pLy [k—Q - k—T - Hk—h/p] — (Th+4T,) k—h + 78
Q T H H

Here the ki’s are statistical factors relating the densities to chemical
potentials and the Gammas are rates per unit volume. In particular,

8
['ys = GRwSanT, .o = 6Ke—a’T FX:6TL;(

S

Thursday, August 19, 2010




Once the chiral charge is obtained, we can compute
the baryon number generation via sphaleron effects

von'p(2) = —0(—2) [nplysnr(z) + Rnp(z)]

Here R is the relaxation coefficient Symmetric
- Phase
R = Z ng Fws

The solution to this equation gives the final baryon
number density in the broken phase, namely

F’LUS 0
ng = — e / dznp(z) eR/v

Uw

— OO

Z

Broken
Phase
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Computation of sources

The sources can be computed from the corresponding currents

in the varying Higgs background. They take the form
Carena, Moreno, Quiros, Seco, C.W.’01--02

Yo 22 = vy by Ty Im(Ayue) H*(2) 3'(2) {Fp(2) + Gn(2)}
Vi, = — 200 g Dgm(Mope) {H(2) 5'(2) [Fr(2) + Gr(2)]
+ 9" H*(2) cos 20(2) [H(2)H'(2) sin 28(2) + H*(2) cos 28(2) ()] Hr(2) }
Vi~ 20,9 Ty Im(Mop.) [H(2)H'(2) sin208(z) + H?(z) cos 26(2) ()]
[Kp(=) +2 (A + A) He(2)) .

Observe the dependence on the CP violating parameters in the gaugino and
stop sectors. Relevant bino contribution also exists

The dependence on the Higgs background reveals a dependence on

the variation of the parameter beta, which vanishes at large values of the
CP-odd mass, plus contribution that survives at large values of the non-
standard masses

Thursday, August 19, 2010



Generation of Baryon Asymmetry

= Here the Wino mass has been fixed to 200 GeV, while
the phase of the parameter (4 has been set to its maximal
value. Necessary phase given by the inverse of the displayed
ratio. Baryon asymmetry linearly decreases for large tan 3

Carena,Quiros,Seco,C.W."02

0
100 150 200 250 300 350 400 450 500

lu| (GeV) M. Carena, M. Quiros, M. Seco, C.W. ‘02
Balazs, Carena, Menon, Morrissey, C.W.05
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Electron electric dipole moment

= Asssuming that sfermions are sufficiently heavy, dominant contribution
comes from two-loop effects, which depend on the same phases
necessary to generate the baryon asymmetry. (Low energy spectrum

is like a Stop plus Split Supersymmetry ).

= Chargino mass parameters scanned over their allowed values. The
electric dipole moment is constrained to be smaller than

d, <1610 ecm

Balazs, Carena, Menon, Morrissey, C.W.05
1.6 T T T T T

“%00 300 400  s00 60 700 80 90 1000 Chang, Keung, Pilaftsis ‘99, Pilaftsis ‘99

Chang, Chang, Keung ‘00, Pilaftsis ‘02

M, (GeV)
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Comparing bino- and wino-driven EWB

- Electron EDM:

0.01

1 C T T T T

d‘3=10'23 ecm |

d°=3x10'29 e cm

de=10_29 ecm
d=3x10"" ¢ cm
| | | | | | | | | | | | | |
00 150 200 250 300
M, [GeV]

R

d=1.6x1 07ecm

de=3xl{)'23 e cm

00

| |
150

| 1
250

| 200 1| |
M, [GeV]

300

Ref. point: M, =95GeV, M, =190GeV,| 1 |= 200GeV, tanf =10, m 0 =300GeV
Cirigliano, Profumo, Ramsey-Musolf'06
YL, S. Profumo, M. Ramsey-Musolf, arXiv:0811.1987

350

Thursday, August 19, 2010




Direct Dark Matter Detection

= Neutralino DM is searched for in neutralino-nucleon scattering

exp. detecting elastic recoil off nuclei

» Hatched region: Excluded by LEP2 chargino searches.
Coannihilation region (larger Higgsino mass) difficult to probe

Argin) =0

CDMS 2004

my, (GeV)

SO 9% 100 110 120 130

Balazs, Carena, Menon, Morrissey, C.W."05
Arg(n) = =2

10

-6

CDMS 2004

g O

CDMS projected

30 60 70 8O 90 100 110 120 130

m,, (GeV)
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Baryogenesis in Supersymmetric Models :
Beyond the MSSM
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Electroweak Baryogenesis in extensions
of the MSSM with additional Singlets

A. Menon, D. Morrissey and C.W., PRD70:035005, 2004
C. Balazs, M. Carena, A. Freitas, C.W., JHEP 0706:066 (2007)

Kang, Langacker, Li and Liu, hep-ph/0402086.
Barger et al ‘07

Early work in this direction:

M. Pietroni ‘93
Davies et al. ‘96
Huber and Schmidt ‘00

Thursday, August 19, 2010



Electroweak Symmetry Breaking and the u Problem

@ Negative values of the soft supersymmetry breaking mass parameter induce
electroweak symmetry breaking. The total Higgs masses receive a SUSY
contribution

pu* +mi,

@ Electroweak symmetry breaking therefore demands a relation between these
two contributions

e+ M _ i, — tan” f mi, tan § =
2 tan? 3 — 1 ’ V4

Q@ Therefore, [1 must be of the order of the SUSY breaking parameters

Q Also, the mixing term (B, H,, Hy + h.c.) appearing in the potential
ZBM

2|p]? + m%{u + m%{d

must be of the same order. Is there a natural framework to solve the flavor

sin 23 =

problem, inducing weak scale values for 4+ and B, ?
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Singlet Mechanism for the generation of u

@ A natural solution would be possible by introducing a singlet

W = ASH,Hy + hyQUH, + ...

@ This alllows to replace the ji-term by the vacuum expectation value
of the singlet field S,

p= Avg

@ This model, however, preserves a Peccei Quinn symmetry

A~ A~

@:—1, ﬁC:O, EC:O, Z:—l, EC:O, H,:1, H;:1, §:—2,

@ Therefore, once the Higgs acquire v.e.v’s there is an unacceptable
massless Goldstone in the spectrum. The Peccei Quinn symmetry
must be then broken
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Singlet Mechanism for the generation of p in the NMSSM

@ One could break the symmetry by self interactions of the singlet
K
W =\SH,H,; — 553 + hy,QUH, + ...

@ No dimensionful parameter is included. The superpotential is
protected by a Z3 symmetry, ¢ — exp(i27/3)¢

Q@ This discrete symmetry would be broken by the singlet v.e.v. Discrete
symmetries are dangerous since they could lead to the formation of
domain walls: Different volumes of the Universe with different v.e.v’s
separated by massive walls. These are ruled out by cosmology
observations.

@ One could assume a small explicit breakdown of the Z3 symmetry, by
higher order operators, which would lead to the preference of one of
the three vacuum states. That would solve the problem without
changing the phenomenology of the model.
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Tadpoles in the NMSSM

€ The NMSSM construction then, assumes the existence of small Z3 breaking
terms that solve the domain wall problem.

€ One possible construction in supergravity theories is to break the Z3
symmetry by the same sector that breaks supersymmetry.

€ However, in general this also Ileads to the generation of tadpole terms for
the singlet, Lot D tsS ~ a0 Mp MZ;sy S, where n is the number of
loops at which it is generated.

@ If a large tadpole is generated, it would shift the v.e.v. of S to large values,

reintroducing the mu problem. Therefore, in this case n should be larger
than 5.

€ One could imagine that the operators present do not lead to large
tadpoles. More reassuring would be to find a way of eliminating them.

€@ Three natural solutions: Gauge the PQ symmetry (UMSSM) or find
alternative symmetries that ensure large n (MNSSM or nMSSM) or break
SUSY at lower energies.
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Minimal Extension of the MSSM

Dedes et al. , Panagiotakopoulos, Pilaftsis’'01
= Superpotential restricted by z® or z} symmetries

2

n,112
W= ASH, H, + 3 S+y,QH,U

= No cubic term. Tadpole of order cube of the weak scale, instead

m  Discrete symmetries broken by tadpole term, induced at the
sixth loop level. Scale stability preserved

= Similar superpotential appears in Fat-Higgs models at low energies
Harnik et al. ‘03

V,,=m;H; +m;H} +m S’ +( t. S+h.c. )

+( a, SH, H, +h.c. )
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Electroweak Phase Transition
A\
Defining ¢°=H] +H;, tanp = V—l
2
e In the nMSSM, the potential has the approximate form:
(i.e. tree-level + dominant one-loop high-T terms)

£ ;4

Ve =~ (—m*+AT*)¢* + A9
+ 2tsps + 28 Pt + NP°P5

) 2 & P ~2 -
with a = % a) sin28 , A% = ’\1 sin? 23 + 51,2—‘ cos? 2/3.

e Along the trajectory = (), the potential reduces to

oV
0.

¢ ’ « tS a' ¢2 -4 y £
2 TZ 2 | | 2,4
Vess =(-m”" + AT")¢ ('m% + )\2052) e

Non-renormalizable potential controlled by 711 5. Strong first
order phase transition induced for small values of . Contrary
to the MSSM case, this is induced at tree level.
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Parameters with strongly first order transition

= All dimensionful parameters
varied up to 1 TeV

= Small values of the singlet
mass parameter selected

. 1 ||A° ¢ B sind
== — n
X m?| m, mg a, cosp si

Menon,Morrissey,C.W.04

> 1

= Values constrained by perturbativity
up to the GUT scale.

k| T T T
' Maximum value of
z o singlet mass

0 50 100 150 200 %0
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Neutralino Mass Matrix

( M, 0 —cgswMy  sgswMyz

0 M, cgew My —sgew My
Mgo = | —cgswMy  cgew My 0 AU
spswlMyz  —sgew My AUq 0
\ 0 0 AUy A1

In the nMSSM, x = 0.

0
)\Ug
)\Ul
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Upper bound on Neutralino Masses

2Avsinf x . \
m, = 5 5 with x=—
(1+tan"P +x°) Vv,

Values of neutralino masses below dotted line consistent with
perturbativity constraints.

120 T T T T T T 1

R Maximum value of

100 |- Lightest neut. mass -
m 90 - ///-/
N &
80 A
70 | o~

Perturbative limit

o0

50 | //'

40 //'

e ,/ 1 1 I 1 1
0.3 0.4 0.5 0.6 0.7 0.8

s Menlon,M(l)'lrrissey,C.W.’04
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Relic Density and Electroweak Baryogenesis

Region of neutralino masses selected when perturbativity

constraints are impossed.
Z-boson and Higgs boson contributions shown to guide

the eye.
Neutralino masses between 35 GeV and 45 GeV.

Higgs decays affected by presence of light
neutralinos. Large invisible decay rate.

10 T 7 T T I T T T

Proper relic density

1F

Qh :
0.1

/m:
Z-width | "™'f
constraint | oo

le-05 f l 1 1 1

10 20 70 80 Q0

m N
Menon,Morrissey,C.W."04
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Higgs Spectrum

= New CP-odd and CP-even Higgs fields induced by singlet field
(mass controled by m: )

= They mix with standard CP-even and CP-odd states in a way
proportional to A and a,

= Valuesof ) restricted to be lower than 0.8 in order to avoid
Landau-pole at energies below the GUT scale.

= As in the MSSM, upper bound on Higgs that couples to weak bosons
= Extra tree-level term helps in avoiding LEP bounds.

m’ < M, cos’p + A’ v’sin’2p + loop corrections
Espinosa,Quiros 98; Kane et al. ;98
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Light Higgs boson masses

= Even in the case in which the model remains perturbative
up to the GUT scale, lightest CP-even Higgs masses up to 130 GeV are
consistent with electroweak Baryogenesis.

200 :

180 3_———-‘____\_ S . -
M, =900GeV v, = - 300GeV o T
a, =350GeV 0 =150Gev L e P
A=07 b S| -

100 +

80 I

60

= 1 l-..‘ : * 4

Menon,Morrissey,C.W."04
lan (3
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Higgs Searches

= Invisibly decaying Higgs may be searched for at the LHC in the Weak Boson Fusion
production channel.

= Defining
o (WBF)

o (WBF),,

nN= BR(H —inv.)

=  The value of 1] varies between 0.5 and 0.9 for the lightest CP-even Higgs boson.

= Minimal luminosity required to exclude (discover) such a Higgs boson, with mass
lower than 130 GeV:

121! 8 fb~!

95% 2 > LSO 2

M M

Weak Boson Fusion:  Eboli and Zeppenfeld ‘00, Higgs Working Group, Les Houches'01
Associated Production : Davoudiasl, Han, Logan, hep-ph/0412269 Tevatron ?

= Lightest CP-odd and heavier CP-even has much larger singlet component. More
difficult to detect.
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Direct Dark Matter Detection

€ Since dark matter is mainly a mixing betwen singlinos (dominant)
and Higgsinos, neutralino nucleon cross section is governed by
the new, A -induced interactions, which are well defined in the
relevant regime of parameters ;¢ __

i _CDMS I 2005
-7 . o 2 o N o jo e ) o 0 e S RN
L S i CL A T Tl R P b
y :_ — io.X_EONQN_i.O_ e .._;7.o - .C]oiMS_Irzg.b 077:_9- — —oo_:
¢ Next generation of direct S g, T PR
. S0 ke L T Xenon J00kg "~ - -
dark matter detection S| L Ee e T 1
will probe this model R SRS SuperCDMS 25kg
10 Foosn, bt L T -
""""""""""""""""""""""""" Xeﬂ@!l.jﬂ,@mgg’”
, 1 e S SuperCDMS 100kg 1
Balazs,Carena, Freitas, C.W.‘07 O g
See al 30 31 32 33 34 35 36 37 38 39 40
ee also | 5, (GeV)
Barger,Langacker,Le\:ws,McCas key, Input model
ShaughneSS)’,YenChO 07 LHC scan, excluded - LHC scan, allowed
B //Cscan, =10 B /LC scan, +2 o
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* Not yet probed by current experiments

10—39

I\II| I I IIIIII| I I T T T T
'

e DAMA

TTTT

Cross Section [cm?]
—_ —_
) )
= S
L j _I _I_I_I I_II_I|_ A
O O
@)
(@)
Z
-

L 111l

[ llllll|

[ TTTTT
l lllllll|

DAMA

-------- - (with channeling)

1 0-42 = \ Trotta et al. CMSSM 95% c.l. =
= Trotta et al. CMSSM 68% c.l. =

0% NS e, E

10% e E

10—45 i Lo | |

10 100 1000
Mass [GeV/c?]
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CP-Violating Phases

The conformal (mass independent) sector of the theory is
invariant under an R-symmetry and a PQ-symmetry, with

ﬁl I:IQ S’ Q i UC DC EC B W g WnMSSM
U(D)r 0 0 2 1 1 1 1 1 0 0 O 2
Uljpg| 1 1 2 -1 -1 0 0 0 0 0 0| 0

These symmetries allow to absorve phases into redefinition
of fields. The remaining phases may be absorved into the
mass parameters. Only physical phases remain, given by

arg(mistsan),< Higgs Sector

arg(myytsM;), i=1,2,3, < Chargino-Neutralino Sector
arg(miytsAy), (3 generations), S-up sector
(

arg(mistsAq), (3 generations), «—— S-down sector
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Choice of CP-violating Phases

€ We will assume phases in the (universal) gaugino mass
parameters

@ This choice leads to signatures in electric dipole moments
similar to those ones present in the MSSM

€ Choosing the phase in the Higgs sector, however, may lead to a
realistic scenario. It is an open question if this can be tested.

Huber, Konstantin, Prokopec, Schmidt'06

@ Hard to realize this scenario with only phases in the squark
sector.
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Electric Dipole Moments. Heavy Sleptons

Low values of tan 3 and heavy CP-odd scalars

suppress the electric dipole moments. Here we
assume similar chargino phases as in the MSSM
Balazs, Carena, Freitas, C.W. ‘07

25
0 E
26|
10 | E
5 e
& N
<"
1000 | | | |
0 0.5 1 1.5 2 2.5 3
¢,, (rad)

Input model
LHC scan, allowed

ILC scan, =2 o

——  Experimental lower limit
LHC scan, excluded
ILC scan, = 1 ©
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Gauge Extensions of the MSSM
Baryogenesis from an early phase transition
(if time allows)

Based on following works :
D.E. Morrissey, T. M.P.Tait and C.E.M.Wagner, Phys. Rev. D72:095003 (2005)
J. Shu, T.M.P. Tait and C.E.M.Wagner, Phys. Rev. D75 :063510 (2007)

A. Medina, N.R. Shah and C.E.M.Wagner, Phys.Rev. D80 015001 (2009)
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Solution to the SUSY (little) Hierarchy Problem
An SU(2) Gauge Extension

P Batra, A. Delgado, D.E. Kaplan, T Tait, JHEP 0402,043 (2004) 3rd Family 1st + 2nd Families

One solution to this problem is to
increase the Higgs mass by having it
participate in new strong gauge
Interactions.

We invoke a new SU(2) interaction I
under which the Higgses and third family I4 k
are charged. / 1

SuUi2), x SU2),x U(1)y H H

Z. Sullivan, hep-ph/0306266

Because SU(2), is asymptotically free, it T F pertwbative limit ___——3
has no problems with strong coupling at - B
high energies. - orbifolded L-R

The extra W’s are a hallmark of the = 1L A !
model, and can be observed in single &~ ltop-flavor o top-flavor see-saw 3
top at the LHC. = F sl 10 fb~!
i = B
q ) et T IO T
—_ -7 .-,/ perturp. limit 100 tb™" ------
W 0.1 =/// 300 fb! === E
005 :/I/'I/I 1 | L1l | L1 1 | L1l | L1l | L1 1 | L1 1 | L1l | 111
_ 1 2 3 4 5 6 7 8 9 10
T b My (TeV)
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How does this work in practice !

If SUSY breaking scale is smaller than gauge symmetry breaking scale, decoupling
occurs. Low energy D-terms are just the standard ones.

Therefore, supersymmetry breaking terms larger than the vev that breaks the gauge
symmetry should be present. Calling < > >= ul, to this vev

A2 B
V =miS'S+ LSEP — o (ST + he) + .. u? = (B—mi)/ N

2 2 2
AV = & (Te[2fr ] + HirH, + HPHe + UL+ QIQ) + 2 (B(E'rs] +..)°

Integrating out the sigma field, we obtain a modification of the low energy D-term

2 2
AV= LA (HirH + Hyr Hy+ L Ly + Q4" Qs

D
]+ 2ms As mentioned before, if the supersymmetry
A = gf:; : breaking scale is small, A — 1.
L+ e Observe that for g7 > g5 and large

values of mx, A > 1.
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Tree-level Higgs Mass modification and Sparticle Spectrum

A.Medina, N. Shah, C.W.09
The low energy D-terms control the tree-level Higgs mass

1

mi = (92 A+ g%/) v? cos® 23 + loop corrections

So, large values of the Higgs mass may be obtained.

Same D-terms, however, modify the rest of the third generation spectrum:

2 2
m%L - m,;T — AD A 92U2A| 2/8|
2 2 L 2 D = —A4A]|COoS
mEL —mgL = AD—mt 2
As well as the non-standard Higgs mass splittings
ZA
m%{i — mi = gT’U2.

Large values of /A  can induce large values of the Higgs mass, up to 250
GeV, but also produce large modifications of the spectrum.

Thursday, August 19, 2010




Modified spectrum and precision measurements

Large values of the Higgs mass tend to induce large corrections to the T and S

parameters 3 m
AT = — 5 In h
87TCW mhref
1
AS = In % :
o mhref

It is known, however, that if an extra positive contribution to the T parameter is
present, agreement may be restored. The split sparticle spectrum provides such
a contribution in a natural way. Calling Am,,; the mass differrence between

the upper and lower doublet component, each doublet contributes by

N
AT = c Amyy)?
1273%[,771%/( Mua)

N, (Amid)2

127s2,mz, (my, +mg)?’
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Sparticle Spectrum Consistent with Precision Measurements

A. Medina, N. Shah, C.W.09

I I
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L ° ° - = A .

A
200 [~ o* o . 200 [~ s N =
B ° b - N R |

- - = A .
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A
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Sleptons acquire values that are of the order of the weak scale.

Particle physics phenomenology depends on characteristics of SUSY spectrum.
Different possibilities were studied in above reference.

Observe that when the Higgs is at the current reach of the Tevatron, sneutrinos
may be light.
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Light sneutrinos and Higgs searches

Presence of light sneutrinos may affect Higgs searches, in particular due to their
enhanced couplings to Higgs bosons:

2 A\ 2\2 ,,2 Am2 \ /2
D(h— 5,) 0 D+ GV) Y (1— m)

128 ™ my, m?

This should be compared with the width into gauge bosons

G +1) m? Am2  12m? Am2\ 2
T(h—VV)~ F(‘%‘lﬁﬂ) M, (1— m2V+ ”;fv> (1— m2v>

my, my, my,

For instance, for a light sneutrino of order 70 GeV, and a Higgs mass
of about 170 GeV, the gauge boson width is reduced by half.

The Tevatron bounds can be therefore avoided.
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Baryon Number Violation

€ In the SM, baryon and lepton number violation processes are present, induced by
the anomalous currents.

¢ However, they don’t induce proton decay. This is due in great part to the
weakness of the gauge couplings.

2T
Sinst — &— FAB#O X eXp(_ZSinst)
cw
¢ On the other hand, lepton and baryon number change in three units, one per

generation.

¢ For strong gauge couplings, the situation may be different. Also, in the model at
hand, we have strong “weak-like” interactions coupled strongly to only one
generation. Baryon and lepton number are violated by only one unit in instanton
processes

@ This is precisely what is needed for proton decay. However, the relevant
generation is the third generation. Does this protect the proton from decaying ?
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Proton Decay
D. Morrissey, T. Tait and C.WV.‘05

@ Actually, the proton will decay due to the standard mixing between generations

€ One can follow the usual instanton computation developed by t’Hooft, to
estimate the rate of proton decay under these considerations

¢ A typical diagram associatec{) with this instanton inducped process is:
1

P, Py
247 g\’
Oet = — ( W ) Vilp Lpe™ [(ug-sh)(dg-v]) + (uf-dy)(s5-v])] . Vi = (ﬁ) VisViayVia
B g _sn2/g2 (K b0 a\1—bo/20b0/2 i
= e (V) (4%) PO (L4 00/2) 355 1) ~ \/2u
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Computation of Proton Lifetime

le+70 g <€
le+60 | ¢
i h

le+50 - & B
Tp i < 1

le+40 |- ]
I S Current bound on proton lifetime

1e+30

0 |-

—
<
<

1

1.0 S 2.0 2.5 3.0 3.5

For large values of the gauge coupling, sizeable effects on proton lifetime
Bound on the value of the gauge coupling may be obtained.

First low energy bound of this kind | know of.

Higgs mass bound is only slightly affected. Values close to 250 GeV can still
be obtained for the largest values of ¢j.

Thursday, August 19, 2010




Baryogenesis from an

Earlier Phase Transition Shu. Tat, Wegner

Qs Q1,Q2 Li,Lo

B Baryogenesis from a phase transition
requires the phase transition be strongly
first order. A major obstacle to EW
baryogenesis is the fact thatintheSM {77\ "
the EW phase transition is predicted to

be second order. I H,ggs

B We explore an SU(2) gauge extension of
the SM, and use the strongly coupled
instantons of the extended interactions to
distribute lepton number unevenly
through the three families at the time the
theory transitions to the SM gauge
symmetry.

B We find parameters of the extension
leading to a first order phase transition

V (TeV%)

Reason: Large gauge couplings :0:55._'
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Baryogenesis from an
Earlier Phase Transition

B We solve the coupled differential equations
describing the particle number densities near
the surface of the bubble.

B An uneven distribution of lepton number is
produced in each of the three families,
because the SU(2)1 sphalerons only couple
to the third family.

0.0012
We proceeded in a similar way as the 0.0010]

computations at the weak phase transition, but g ggosf

at the one leading to

“ 0.0004]

SU(2)1 x SU(2)e — SU(2),, oozl

, 0.0000

Diffusion equations were solved. Main O

difference: Sphaleron rate large, and these
transitions were incorporated into equations.

0.0014}

» 0.0006]
\ —

-0.0004 |

t;,  tp
Morrissey, Tait, Wagner, bL
PRD72, 095003 (2005 ) /

h
Qs
bg
Ls
ta
Lo [ [ |
-10 5 0 5 10
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Diffusion Equations
Following Nelson and Huet,

Qi = Qo = —2Up = —2Dp = =28 = —2Cg = —2b.

QEtL+b[
Q h t Q t b
O —DpQ" = —TI, |- _2_ 1| _¢r o _ L _g2
vu@ = Dol y[kQ ke Ky R N
Q L
6l |3-2 4 =2
1[kQ+kL 3
0 h ot O t b
At —Dot" = —T, |- 4+ 24| 43T 0t _ 1 9|,
Y Q o B L e
.
wl_D /! — —F v o o 7
Voo b nh y_ kQ+/€h+kt_+%
o t b
bV — Db = 3T 9% _~ _92|,
? Q QCD[kQ ™
L
vl — DL = —2I, [3Q+—3],
ko | kp

]{,‘Q=6; ]CLZQ; kt:kb:3; /fh:8

Thursday, August 19, 2010




Sources

The sources here come from CP-Violating couplings in the Higgs sector.

The phase of the Higgs vev carries a phase and the fermion number induced
is proportional to variations of such a phase. For that purpose, a more general
potential than the one introduced before was considered.

1 ~
Ve = m?Z]? + M(ESD)]? + V|3t + (=5 D(E%) + AED) ) + hee. ),

u2 _ De2’i90 + D*€—2’i90 - m2
0 \ + )\ + )\621'90 + )\*6—21'90
1 —2D* + A2
0o = —-acosRe i — 40
4 —2D + M

— A(9 / /
Vhy, = (L—vw) u2($) {UCWF — |eapt \2} IHdH; + UA2\2 - ’Aﬂz} IHdH;}

A6 is the variation of the phase from inside
the bubble of true vacuum to the unbroken phase
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Example before consider a fast sphaleron transition rate.
s this consistent with the proton lifetime constraints ?

Y —
—

Proton Stability

Shu, Tait, C.W.07

104
(/)]
~N
=

10°F

- 1 Ll 1 Ll 1 Ll 1 Ll -IIII|
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Baryogenesis

@ At the phase transition, a baryon and lepton number of the third
generation is obtained

@ For large gauge couplings, this amount can be large. However, it is diluted
by low energy weak sphalerons, that tend to dilute the obtained baryon
number. But they preserve an asymmetry in the three generation lepton

numbers :
A(B/3—L;) =0

@ Final baryon number is obtained by effects of this asymmetry during the
second order electroweak phase transition. This was studied by Dreiner
and Ross. They showed that the tau mass effects are enough to induce a
final asymmetry in the baryon number. Assuming the sphalerons are in
equilibrium during the phase transition,

1
—(B-1L) B—L#0 |

B=4q 13 ) A =T —_B
— 1557 2o D B—L=0. 3

Thursday, August 19, 2010




Baryogenesis from an early Phase Transition

® At the early phase transition, an asymmetry of order 10~ %may
be obtained

® This early result is, however, diluted by standard sphaleron effects

® For a standard transition temperature of order of 100 GeV, the
tau mass effects are approximately equal to 1079 leading to a
final result for the baryon asymmetry

1~ 1)

® Consistency with observatioins therefore may be obtained
within this framework
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Conclusions

= Electroweak Baryogenesis in the MSSM demands a light Higgs and a
light stop, with masses lower than about 125 GeV.

= Dark Matter : Even lighter neutralinos. If coannihilation channel
relevant, searches for stops at hadron colliders difficult. Alternative
promising search channels exist and should be explored.

= To be tested by electron e.d.m. experiments, Tevatron, LHC and direct
dark matter detection experiments.

= nMSSM provides an attractive alternative scenario.

= QOrigin of Dark Matter and Baryogenesis may explained in a natural
way in this model, provided singlet mass is small.

= Tnvisible decaying Higgs signature of this model, as well as an
extended and light neutralino sector. Direct dark matter detection rate
well predicted, and about to be tested in the near future.
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Conclusions (addendum)

@ Electroweak Baryogenesis provides a very attractive framework for the
obtention of the observed baryon asymmetry

@ Supersymmetry provides a natural realization of this scenario, for either
light stops or light singlets, discussed before

€ We explored the alternative possibility of generating the baryon number
from an early phase transition, associated with strong interactions in the
weak sector.

@ This scenario is motivated by a solution to the hierarchy problem and/or
to explain the large differences in quark masses of different generations.
Splitting between sparticles can compensate the precision electroweak
corrections associated with a heavy Higgs.

€ Proton decay may be induced in this models, for sufficiently large values
of the strong gauge couplings.

¢ Baryogenesis may occur, in spite of standard sphaleron dilutioin, and for
values of the gauge couplings consistent with proton stability.
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