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Supersymmetry & MSSM

But light scalars brings along. ..

- Hierarchy problem J X Potentially > 100 parameters
X Quite light Higgs boson mass (tension
Licht o with LEP searches)
i Tmioni
ight IErMIONIC partners X New sources of FCNC and CP violation
v Gauge coupling unification X New contributions to SM precision
v A candidate for cold dark observables
matter X Fast proton decay from dimension-five

operators
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Scalar superpartners are needed to be light only to avoid fine tuning.

If we accept them to be heavy, we can retain the advantages of weak-scale SUSY and get rid of
all its disadvantages. hep-th/0405159 Arkani-Hamed & Dimopoulos hep-ph/0406088 Giudice
& Romanino hep-ph/0409232
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Supersymmetry & MSSM

But light scalars brings along. ..

=» Hierarchy problem J X Potentially > 100 parameters
X Quite light Higgs boson mass (tension
S— s with LEP searches)
ight fermionic t]
= B X New sources of FCNC and CP violation
v Gauge coupling unification X New contributions to SM precision
v A candidate for cold dark observables
matter X Fast proton decay from dimension-five

operators

If we allow scalars to be heavy

v Gauge coupling unification

v A candidate for cold dark matter
v 5 parameters

v Higgs boson mass larger

x Fine-tuning more important ]
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The MSSM with heavy scalars

There is no compelling criterion to define the maximal acceptable amount of fine tuning and
the choice of the upper bound on the scalar mass scale is somewhat subjective.

Spectrum

» Scalars
Squarks

Sleptons }at Mg = 10* GeV

Higgs bosons but lighter one
» SM-like Higgs boson H at EW scale  « fine-tuning
» Fermionic superpartners
Charginos y*
Neutralinos g } at EW scale (protected by symmetries)
Gluino g
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Effective Lagrangian

L1
L > mHH- E(H*H) [hquju,eH + WadiH + W TeiH

M3gAgA o222 M2 Wt = BB+;1HTst

g T
+H—(g oW +g,B )H +HT2€( gdo'“W“+g:11§)I:1d+h.c.

V2

Conclusions
o

Standard Model like-Higgs boson
H = —cospeH; +sinBH,

2 v12 vev for the Higgs fields above M

=4
tang { Higgs mixing angle below Mg

8ud> g;y , Higgs-higgsino-gaugino effective couplings
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Effective Lagrangian

" Ao \2 -
L > wtHH- S (H'H) —[h;;.qju,-eH*+hgq,-d,-H+hfjeje,-H
M My oo Myae  ar -
+73gAgA+72W“W“+TIBB+,uHMTeHd

¥ - - Hle - 5\ 3
+— (8,0°W* + g/ B)H, + — (-840°W* + g/,B)H; + h.c.
\E( ! B) A \/5( )

Conclusions
o

Matching conditions at the scale Mg

AMs) = § [g%(Ms) + "2 (Ms)| cos? 28
hiy(Ms) = /lg-*(Ms) sin 3, h;’lj*"’(MS) = A:;’E*(Ms) cos B

8u(Ms) = g(Ms) sinf, 8a(Ms) = g(Ms) cos B

g.(Ms) = g'(Ms) sin, g, (Ms) = g’ (Ms) cos B
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Spectrum determination

SuSpect subroutine (J.L. Kneur et al.) hep-ph/0211331 )

Mg Soft SUSY-breaking sfermion mass parameter
My, M, M3 (Mgyr) Gaugino mass parameters
@ Inputsq u(Mz) Higgs-higgsino mass parameter
A; (M) Trilinear coupling H — 7 — 7
tan 8 (Ms) & SM inputs

@ Evolution:

M , M
Z gEnga Split-SUSY z Sgd MSSM Mcur
1, ) us
o 1-loo ~> S S v~ 1-loop ~»
WL, BT RO B iy My, M, Ms
M > At

@ Compute physical masses and couplings at the EW scale.

If the scalars are heavy, they will lead to significant quantum corrections, enhanced by large
log(MEwsp/Ms). So, one has to properly decouple the heavy states from the low-energy theory
and resum the large logarithmic corrections by means of RGEs.
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SuSpect subroutine (J.L. Kneur et al.) hep-ph/0211331
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@ Inputs

Mgw

81, 82, 83
W, b, bt
M

Mg Soft SUSY-breaking sfermion mass parameter

My, M, M3 (Mgyr) Gaugino mass parameters

u(Mz) Higgs-higgsino mass parameter
A, (Ms) Trilinear coupling H — 7 — 7
tan 8 (Ms) & SM inputs

@ Evolution:

‘ M
Split-SUSY =
o 1-loop > S &a o

8u 84
RGE LA

MSSM
1-loop
RGE

@ Compute physical masses and couplings at the EW scale.

Mgur

My, M, M3

+ adapt this scenario :
Hdecay: Higgs boson decay H — ¥ —  coupling
Sdecay: x° and y* decays

g decays:

H — xy

P. Gambino, G.F. Giudice, P. Slavich, Nucl.Phys.B726:35-52,2005

subroutine ‘omega’ (M. Drees & al.) with H— WW* = Wff
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Higgs mass

My = 42 [1+5%0) + 50|

The radiative corrections to the Higgs mass are enhanced by a large logarithm

M, (GeV)
o
3
T

120 —

—- tree level

<.+ 1-doop (m, pole)
100 — 1doop (m, running)

| | | | | | |
0 200 400 600 800 1000 1200 1400 1600
Qy (GeV)

u=myp=500GeV A;=0 M, =170.9 GeV
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1500

1000 2
0.089< Qh” <0.128

00 Scenario 1

I (GeV)
&

200

100
100 200 400 700 1000 2000 3000
M, (GeV)

Universal gaugino masses A;=0,tan 8 = 30
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Dark Matter: non-universal gaugino masses

Fo M, M, Ms

1 1(~ 1.0) 1(~ 2.0) 1(~7.8)
24 1(~ 1.0) 3(~63) | —2(~15.2)
75 5(~10) | 3(~-12) | -1(~-15)
200 10(~24) | 2(~1.0) 1(~ 1.9)

| O [[53/5(~14)[ 5(~13) | 1(~10) |

Relative gaugino masses at Mgyt (Myz) for differents non-universal gaugino masses cases,

with Mg = 10* GeV.
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Dark Matter: non-universal gaugino masses

W iGeV)

H(GeV)

1200

1000

0.089< Qh” <0.128
Mg=10" Gev
Scenario 24

100 200 400 700 1000 2000
0.089< Qn° <0.128
Mg=10* GeV E
Scenario 200
1000 1500 2000 2500
M, (Gev)

3000

W iGeV)

W iGeV)

1400 1
1200
1000
800
0.089< Qh? <0.128
600 Mg=10* Gev 1
Seenario 75
400 1
200 1
500 1000 1500 2000 2500 3000
M, (Gev)

— gluino LSP

1200
1000
800
0.089< Oh” <0.128
600 Mg=10* Gev 1
Scenario OTL
400 1
200 1
500 1000 1500 2000 2500 3000

M, (Gev)



Higgs decays

This Higgs boson will decay For <130GeV ~  ~90%bb & 17, gg, €
mostly like the SM Higgs H > 140 GeV ~ > 80% WW and ZZ

Scenario 1 Scenario 24
500 B T 550 T
450 500
0_0 450 4
400
BR(>H s_;exi) 400 BR(H - 2°%") |
350 > 1% ] >10% =—
Z % 850 > 5% e
g 300 15} > 1%
g = 300
250
250
200 200
150 150
100 100
100 120 140 180 180 200 100 200 300 400 500 800
M, (GeV) M; (GeV)
M2 ~2-M1 M2 ~6-M1
Mg =10*GeV & tanB =30
my ~ 130 GeV

Mesurable at the ILC!
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I (GaV)
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H — vy, Zy very rare but theoretically interesting!

450 ' ‘ ' ‘ ' ‘

400 |

350 AC(H > yy) /T (%) ] AU _ Tus—Tsy
300 i ?Z//Z F - FSM
s Ms = 10* GeV

200 -

” my ~ 130 GeV

100

100 150 200 250 300

M, (GeV)

350 400 450

x*x™h coupling not proportionally to m, = amplitudes are damped by inverse power of m,.
Potentially observable at the yy option of the ILC!
~» Contributions to H — Zy in general smaller.
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Chargino & Neutralino decays: Higgs production

Xi = xV* = xiff

Yi = fff - ffxi strongly suppressed by heavy scalars

Xi = xiH

X? - )(J(.)y < 1%

Scenario 1 Scenario 24
1 ‘ ‘ ‘ ‘ 1 : : ‘ : ‘
BR(X - X H) BR(X - X H)
Mg = 10* Gev .. Mg = 10* Gev
t2 =% H

0.1
LB
B oaeH
001 s : ; ;
200 250 300 350 400 450
1 (GeV)

.
PR

600

My ~ 60 GeV, M> ~ 130 GeV

0.1

0.01

T 1A H
*z A H ==
Ya A2 H
28— H
200 250 300 350 400 450 500 550 600
1 (GeV)

My ~ 30 GeV, M ~ 390 GeV

Conclusions
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Conclusions & Prospects

@ The MSSM, in the case where the scalars are heavy, is a more predictive scenario.

v/ gauge coupling unification,

SRE { v a good candidate for dark matter.

But we require a large fine-tuning for the Higgs boson.

@ We have studied this model with heavy scalars

v/ RGE for all couplings,
v/ RC for Higgs, neutralino, chargino and gluino masses,
v/ universal and non-universal gaugino masses at Mgyr

@ scenario implemented in SuSpect,

collider searches and high-precision measurements
@ Constraints { WMAP — DM relique density
gluino lifetime

@ Phenomenology: Higgs & sparticles (charginos, neutralinos, gluinos)
SM and Heavy scalars

Differences between . . .
Universal and non-universal scenarios
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