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SUPERGRAVITY AND NO-SCALE

PHENOMENOLOGY FROM SCALAR POTENTIAL
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m f,p Gauge kinetic function

GRAVITINO MASS — SUPERGRAVITY BREAKING

Scalar potential at the minimum put to zero by hand
2
MSUSY

(VP)=0—m3/p = -39V
\/gMPlanck

A NATURALLY VANISHING POTENTIAL

m GD-3In(z+2) [Cremmer Ferrara Kounnas Nanopoulos 1983]
m m3/ not fixed because of the flatness

m Quantum effects deform the potential, fixing radiatively mz/,



THE PROGRAM

m No-scale already studied here and there
B Lack of a complete up-to-date numerical no-scale framework

m Fixing dynamically soft parameters

m Define the correct set of parameters and boundary conditions
all mgort 0c O(1)m3/2

m Define the correct scale-invariant potential

B Be careful with technical and numerical subtleties
(when using a spectrum calculator : SuSpect in our case)

m Reduce the huge supergravity parameter’s space

m Define a natural framework for gravitino LSP



At THE GUT scALE

m3/2 = €3/2 My /2

m c3/ is related to the structure of the underlying theory

m mj/p will be fixed dynamically

MOST GENERAL CASE : SOFT PARAMETERS RELATED TO UNIQUE SCALE

Bo = bgma/2, mg =xpm1/2, Ap = aopma2

m Run from GUT scale to EW scale with RGE
m B as input instead of tan g

m tan B(B) calculated at EW scale



EFFECTIVE POTENTIEL ISSUE

Usually taken as Ve = Viree + Vi-100p
m Sufficient to calculate physical quantities

m Known to be scale-dependant

STABILITY WITH RUNNING SCALE ISSUE — TAKE INTO ACCOUNT VACUUM ENERGY

Vrull = Viree (Q) + Vl—loop(Q) +;\vac(Q)

L ]\vaC(Q) = ﬁ(Q)mf/z
m 77(Q) runs from g at GUT scale to gy at EW scale.

NEW SET OF PARAMETERS

At GUT scale

10, X0, bo, ap, sgnyu

We don't consider any specific underlying theory



COMPARING DIFFERENT CHOICES OF V¢
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B Viree + V1-100p dangerously scale-dependant
B Viree + V1-ioop + Vvac much more stable



BREAKING CONDITIONS

3 MINIMIZATION EQUATIONS
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ABOUT THE MINIMUM

CONTROLLING ALL SOURCES OF RADIATIVE CORRECTIONS

m Obvious example : Yukawa coupling

s’ = Ye(Qve(Q)(L+8E(Q) +++).

Change in 0 = change in Yy = change the runnings

BE CAREFUL WITH PHYSICAL CONSTRAINTS

2 7’
: +
vElmin = & 28 4(1-2s2)2 1.

not the same as

4
EWmi . mz 22
Vfuum'”(mzﬁxed):—m(l—Zsﬁ) +...

valid only at minimum



“VACUUM ENERGY” CONTRIBUTION 1/2

le+10

Se+09

-5e+09

- L N | - Lo .
et
% 250 300 350 200

m Interplay between V) ;¢ term and V1_j0p responsible for the existence
of the minima (as already noticed by Kounnas, Zwirner, Pavel 94 )



“VACUUM ENERGY”’ CONTRIBUTION 2/2

"o AND m1y/2

m Large 71p leads to trivial minima

m Small g gives large my /2 ,,;,, (decoupled susy spectrum)

0 < 10(Qgcut) £15

EXISTENCE OF MINIMA AND HEw BOUNDS

m 7pw(Q) must give a minimum for M, < Q < Qgwsp
-351(Qew) 1.7



PHENOMENOLOGICAL CONSTRAINTS

m Just finished to define a satisfying algorithm

m Extensive phenomenological study in progress

OVERVIEW OF FOLLOWING CONSTRAINTS

Sparticle mass limits

Higgs boson mass

m
n
® muon anomalous moment
mb—sy

m

Dark matter relic density



COLLIDER CONSTRAINTS
« TTLUZOGEV,A():O
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10°

myz (GeV)
m Viable strict no-scale region

m Mostly gravitino LSP, 7 NLSP

10°

My (GeV)
B more general case, either
gravitino or xg LSP

N



GRAVITINO’S RELIC DENSITY

m Non-thermal contribution (decay of NSLP to gravitino)

NTP, 2 _ _M3/2 >
Q35 h® = ——"—0nNLsph
MNLSP

B Thermal contribution (thermal production through process)
TP TP 2
Q3/21" = m3/2Y3/2(T0)5(T0)h /pc

2 TP .2 NTP 2
Q3/2h Q3/2h +Q3/2




COSMOLOGICAL CONS N

my = 0.5myyg, Ag = 0, mgjp = 0.1my g

Bo.= 0.2/

.Q‘\,:-Lgpl!; > Qpuh?

Qg}gth > QDMh2

Ty = 107 g = 109
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m Gravitino LSP good candidate
m High reheating temperature favored
m Departing from strict no-scale more constrained



CONCLUDING REMARKS

THE NO-SCALE PROGRAM

m Dynamical determination of mj/, with no-scale mechanism
m Complete analysis with well-defined quantities, all 1-loop RC ...

m Full numerical analysis done within SuSpect
(no semi-analytical simplifications)

PHENOMENOLOGICAL IMPLICATIONS

m Viable strict no-scale region (for tan g > 20)

B No-scale favored parameters
(mostly xg,ag, bp < O(1), and corresponding tan f)

m Favored gravitino LSP, still possible to have xg LSP
m Though reducing sugra space, still have room to avoid constraints

B Interesting gravitino physics



Backup slides



SOFT BREAKING PARAMETERS

Non-canonical fyp leads to gaugino mass-term

1
my/2 = Z<G§/ Gz30fap02) m3)2

SPECIFIC CASES

m Weakly coupled string

® Moduli (strict no-scale): mg =Ag =Bp =0

m Dilaton: mg = ‘/Lgml/Z ,Ag=—-my/2, Bgp = %ml/Z
m M-theory
m “Large-volume” IIB string




VACUUM ENERGY RUNNING

Vrull = Viree (Q) + Vl—loop(Q) Jr;\vac(Q)
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NO-SCALE MINIMIZATION CONDITION

m scaling hypothesis : mgor oc O(1)my /2

m1/2 Ve (my/2) =0

dmy/2
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PHYSICAL SPECTRUM AND MINIMIZATION

Choose a scale to calculate the spectrum
m the ‘default’ scale,

Qdefault )1/2

(mg, ms,

m the scale ngv)p such that

Vi loop(QE?/vp) -

m the scale Q})7 such that

vac ( Qvac)

NUMERICALLY DIFFERENT — STABLE RESULTS

| ” Qdefault | QIOOP | Qvac |

Qrw (GeV) 610 307 | 500
m1,2(min)(GeV) 335 332 | 334

considering the case where xg = ag =0, bg = 0.2 and 1jg = 10
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