Effects of Strong Moduli
Stabilization on Low Energy
Phenomenology




Which Supersymmetric Model?

= MSSM with R-Parity (still more than 100 parameters)




SUSY Superpotential + Soft terms
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Which Supersymmetric Model?

. MSSM with R-Parity (still more than 100 parameters)

= (Gaugino mass Unification
= A-term Unification

x  Scalar mass unification

CMSSM or mSUGRA




The CMSSM

Parameters: mis, Mo, Ao, tan B, sgn{y) {Ma/o}
Electroweak Symmetry Breaking conditions.

A iy — s tans B 5 Mz (1= tan® B) + AS)
fans 3 AELZ)

I .
B = —§(m% Lms +2u7)sin28 + Ap
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M2 - Mo planes
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The Higgs mass in the CM SSM
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MSUGRA models

G=go*+zZ* +|n|W|2; W =1(2) + g(p)
Scalar Potential (N=1):

P |
V =l prl)|5+z(f(z)+g(gp))

j—g+cp*(f(z>+g<cp))

+

In the low energy limit (Mp — ),

2

2

-3 (D +9(g)

+ (Aog(g) + Bog® + h-C-) T m§/2€bi¢f
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of*
82*)

— 39(3)> msg/o + 2" (2f" A

For <f>=mq, <df/dz>=amqg, and<z>=Db with (a+b)2 =3

Ap=(ab+b2mg; B g=Ag-mp

For example,
Polonyi: f(z) =mg (z + B) ;

With<z>=b=+v3-1 forp =2-+3 (a=1)
and m3/2 = mq

mo=mg;2;A 0=@B-¥3)mgB  g=Ag-mgp
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MSUGRA

Parameters: mi/z2, ms/z, Ao, Sgn(y)
Electroweak Symmetry Breaking conditions used to solve for tanfi:

A iy — s tans B 5 Mz (1= tan® B) + AS)
a2 @1 4 Ay

I .
B = —§(m% Lms +2u7)sin 28 + Ap
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Relating the CM SSM to mSUGRA through
Giudici-Masiero

add non-minimal Kahler correction
AK = CHH1H2 —+ h.c.

produces snifts

H = o + Cgmo,
B() = AO —m0—|—2CH’ITL(2)/,u0.
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Ay?2 map of mp - my2 plane
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Effect of Results from LHC
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Back to the Higgs Search
The LHC @ ~5/1b
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CMS

The Higgs Search
The LHC @ ~5/fb
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Y2 map of Mo - M2 plane

Limits at ~5 fb’ masérencoge
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COMPARISON OF BEST FIT
POINTS PRE AND POST LHC

Model Data set Minimum | Prob- mo mi /o A tan (8
x?/d.of. | ability | (GeV) | (GeV) | (GeV)

CMSSM pre-LHC 21.5/20 S\ laro 90 360 -400 15

LHC, /s, 3150/23 12% 1120 1870 1220 46
ATLAS;5 /¢, (low) 32.8/23 8.5% 300 910 1320 16
ATLAS5 /41, (high) 33.0/23 8.0% 1070 1890 1020 45

NUHM1 pre-LHC VPR I B DG e (s eE w5 ) 13

LHC, /g, DRIGI2DF | B e e R 0D e & 4 R TS e
AEEIAS . e (lown || o 31 /9205 R0 196 = 940 Jesaqigae- e p U S seut
ATLAS; g, (high) || 31.8/22 | 81% | 1010 | 2810 | 2080 | 39

p-value of SM = 9% (32.7/23) - but note: does not include dark matter

Buchmueller, Cavanaugh, Citron, De Roeck, Dolan, Ellis,
Flacher, Heinemeyer, Isidori, Marrouche, Martinez Santos,
Nakach, Olive, Rogerson, Ronga, de Vries, Weiglein
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Elastic cross sections

maSC'EHcone

] 3
Mo (Gev/éf®

Buchmueller, Cavanaugh, Citron, De Roeck, Dolan, Ellis, Flacher,
Heinemeyer, Isidori, Marrouche, Martinez Santos, Nakach, Olive,
Rogerson, Ronga, de Vries, Weiglein
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Ag=25my, stau-co\_|
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May require more general models
which are concordant with LHGC MET;
Higgs; and Bs = ufus; and Dark -Matter

Other Possibilities

x NUHMT,2: mi2 = ma= # Mo?%, Mi2 £ Ma% % Mo?
® | and/or ma free
. subGUT models: Min < MguT

n with or without mSUGRA
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models with p free
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NUHMZ2 models with g and ma free
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subGUT model with Min = 1011 GeV.

Ellis, lLuo, Olive, Sandick
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subGUT mMSUGRA models

Aolmo 3-v3, 1>0, M,n—loloGeV

Ellis, lLuo, Olive, Sandick
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L ots of possibilities still exist!




Moduli

»  Usually ignored in phenomenological studies of the
MSSM

» |n general, many moduli
= \/olume Modulus: destabilization

= Polonyi-like fields; cosmological entropy production;
gravitino production; LSP production....
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Veltme Mmoc

blli"‘gllb) 2t @
K = —3log(p+p
WILHY

W =W(p)+ Wsm(y)

zifie]

Wi = Wy + Ae™ F
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VOIUME Moe

NRNISICONSIIUCLION, there
dP=00 ; WItn

2a0
W(O-O) - 3 OAe—CLO'
ziple]
Vaas = V(00) = —
| . W,
cjejtalr ms/o = (200)03/2
dNna
o — @Wp,p = 2a009 M3 /2

3

=\D
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VOICRE MOE
Requires uplifting
AV%|VAdS|Z—0:

A
2% — (aop) 2 < 1.
o)

NEIGIAVILNONNAass essentially

3v/2

DpW — (DpW)gAO' e Wp,pAO' — a,\/EO m3/2
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veltime modulus - KKLIT

All quantities (W, W
are determined by

Leads to the destabilizatic
the compactification if Hi >

<allosh-Linde



VEIUME MocC
MRNEIE CONSITUCTIO C
Hinimumat P=0og ; Vv

Wxr = Wo
NG NOWIRRTAIN With DpW
Ma/2 = 0

2
9

2
m, =

2
2 -
W? 00 = §a,AbB (a—0) (
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Veltme moadulus - KL

NEXtaddaconstant A to VW which will break susy
dREISHIEeTninimum down slightly which requires
JPIMUNGEESIOEIOrE.

~ 2
SUNIOW] Hosye

ziplel M32 < Mg

D,W = (D,W)sAc ~ W, ,Ac = 6/20¢ —

o

Thus, W = A and DoW « A, mae



IPact @R Phenomenoloc

o
SQIESCalarimasses
ASLENTIS AoWsy = (yWy — 3
A o
= —
V20 i
V2
[2ALICNFIC) [fl=tsisies) mi/2 = TUD;)W(
3v/2
D W (p) = K
P (IO) a}\/go m3/2
ms/o
D, W (p) = 6+/20% m/ ms;n KL

Friday, January 25, 13



IMIPaCE @R PRAEnOMENOIOC

SSGdIdrITasses require --1e ¢
OrPUre anemaly meaiatic

SEIEEUIEIEOIoNYI=IIKe TIEIC
K = —3log(p+p)+h.(p, p)d'¢;

W =W(p) +Wr(S") + g(¢",

Wg(S
constant alreac
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e Polonyi Se

SOMAR S S Will also be

IpRIITHNG G IVIinKowski

M?* =3A% =2
ziplel \/_ )
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BECKIO PRENOMENOIOC

SQIISCalarMasses

1
M3y = 878,\W(ﬂ) + Wr(S

ANIENTIS (Ay)ije = e’ [KpﬁDpW(Kp -
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BECKI@ ERENOMENOIOC

JiEna s enms
K= m3/2G12 N

— (.

JaligiNGITIasses M2 = ¢

do DEIOIC

Massive scalar sector
susy, with anomaly
A-terms and gaugino
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Problems constructing a

phenomenologically viable theory

1.No gua
tanp, w
exist In

rantee that there are solutions for
nile requinng: Bo = Ao - Mo. Solutions

Imited domains of mi/2, Mo, Ao.

2.No guarantee that solutions exist with p? > 0
when Mo IS very: large (past the focus point)
- particularly when Ao Is small.




Possible resolutions

1.Add GM term AK = cyHiHs + h.c.
Now boundary
condition on o Bo + cppmyg
becomes,
don’t care

More importantly, :
boundary condition on toBo + 2cgmy
UB lbecomes
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Possible resolutions

2. a) Take Min > Maut

Extra running between Min and Maut allows
EWSB solutions with very large mo

b) Add source of non-universality to Higgs masses
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Clolnls N

W5 — ,LLET’I“EAJ2

+(h10)ijit);

1
AK =cgH{Ho + 562 Tr

SEUNREAICENAItIeNSs Now set at v
ANGMA0ENGITI{/2 SEL Y anomalle
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ganonical example,

mo = mg/o = 32 TeV

tan 3 = 25

M;, =5 x 10'7 GeV
A=1.35

N =0.1 almost arbitrary
cy, = —.85 set to get

CH:O

hea

THY g =

mp ~ 31
Ty, =
myp ~ 125 Ge
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Light masses and Higgs

A =135 M;,=5x1017GeV,tan B =25, u>0

masses (GeV)
=
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IMass

M,,=5e17GeV, A=1.35, tanp=25
M. =5el17GeV, A=1.0, tanf=25 ]
M,,=5e17GeV, A=1.35, tanp=10 -
M,,=5e17GeV, A=1.35, tanp=45 _]
M,,=1e17GeV, A=1.35, tanp=25 1
M;,=2.4e18GeV, A=1.35, tanp=25]

2 3
10 10
m,, (TeV)

my+ > 104 GeV — my3/9 > 31 TeV — my, > 125.3 GeV
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Other Phenomenological Aspects

1. Gluinos Mg < Mg

g — qq forbidden
3body G — 4 q— qgx

or 2 body through loops ¢ — qX

2. Charginos e Ty

Slow decay




@tNer PRenomenologice
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More on Dark Matter

e Dark matter is something else {axion)

o| SPs from gravitino or moduli (S) decay”
oMz ~ 650 TeV and @h< = 0.1

T
O Kl n gd X i
& m3/2 i (TGV )( 1010G6V)

*Strong moduli stabilization is expected
to limit the role of moduli in this context
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Summary

»x | HC susy and Higgs searchs have pushed CMSSM-like
models to “corners”

= [hough many phenomenological solutions are viable, they
typically ignore the role of moduli

= Models with strong moduli stabilization:
x easier for inflation,
x NO cosmological problems
= nteresting phenomenology

= Heavy scalar spectrum with - anomaly mediated gaugino
Masses

» Challenge lies in detection strategies
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