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4th of July: Discovery Day

A new boson with m = 126 GeV
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@ Is this a Higgs?
@ ...a SUSY Higgs?
@ ...an MSSM Higgs?
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Beyond the Standard Model: The MSSM
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@ minimal SUSY extension of Standard Model

@ new states: superpartners, one more Higgs doublet

® (Ho) =vy, (Hi)=vy, VZ+Vvi=v2=(174GeV)? tanB=v,/vy

@ physical Higgs bosons: 1 charged H*, 1 pseudoscalar A%, 2 scalar H°, A°
@ for large range of parameters h° is SM-like. ..

@ ...but its quartic coupling is not a free parameter
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MSSM Higgs @ 126 GeV needs large loop corrections

fn%o —  2ftree + Am21 -loop
— 2
3 m M2 X2 X?
2 2 t -t t
= Mz 008 25+E—2('°9 T (1 ‘m»
(126 GeV)? = (91 GeV)? + (86 GeV)?
Here v
Ms = my My, Xi = Ar — pcot g, tanﬂ=v—u
d

with A-term coupling top squarks to Higgs: £ D —A; y: Hﬂﬁg
Want

o tang =5
@ large m (naturalness problem!)
@ large | Xi| (naturalness problem!)
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In a little more detail

Stop/top loops give largest contribution to 1-loop eff. potential since y; large

Stop mass matrix:

X; = A — pcot 8 = stop mass mixing parameter

3 mf M2 X? X?
4 h°=mv—z’<'9—+w<1‘12/’wg>)

Maximal stop mixing:

X: such that radiative contribution to Higgs mass maximal
see e.g. — Carena/Haber/Heinemeyer/Hollik/Wagner/Weiglein *00
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arXiv picture gallery on stop mixing
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Why maximal mixing?

From the bottom-up perspective, 1.5 < |X;|/Ms < 2.5 just a parameter choice

But: SUSY breaking soft terms generated at high scale in realistic models,
e.g9. Maur

Questions:
@ Can get maximal stop mixing from “reasonable” high-scale soft terms?
@ What constraints does this pose on the underlying model?
@ Are there classes of models which are thus preferred/disfavoured?
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RG evolution of A-terms

MSSM renormalization group equations:

d

_ 3 A B2
dlog Q" = g2V At 520 Mt

For Mgyt =2-10'® GeV, Mg = 1 TeV, tan 3 = 20:

(94M§‘/2—75At M3, + 22 A7 M2, — 0.3 A M1/2) +..
GUT
Mg = m%lsm%}3|Ms
:(8.7M;*,2+25M1/2mus+17M12/2mo3+12A,M1/2) ¥

Maurt

Want 5 < M“T < 40: need A, . large and negative

or mU3 <0, m03 < 0 at Mgyt — Dermisek/Kim '06
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Disfavoured scenarios

@ Minimal gauge mediation: predicts A; = 0 at messenger scale
Messenger scale generally < MgyT, but this doesn’t help
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Disfavoured scenarios

@ Minimal gauge mediation: predicts A; = 0 at messenger scale

@ “Radion mediation”/Scherk-Schwarz SUSY in extra dimensions:
in some simple models A; = —M,; /» at mediation scale
(see e.g. — FB/Fichet/Hebecker/Kraml '09)
A; negative, but not large enough
ir Wmm

These models are not “ruled out”, but become significantly more ugly if they
are to accommodate a 126 GeV Higgs.



Preferred scenarios

@ Claim: Kahler moduli-dominated SUSY in type [IB/F-theory models
= maximal mixing — Aparicio/Cerdefio/lbanez ‘12
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Preferred scenarios

@ Claim: Kahler moduli-dominated SUSY in type 1IB/F-theory models
= maximal mixing — Aparicio/Cerdefo/lbanez '12

@ Extreme hierarchies between soft terms can give maximal mixing

E.g. 1st/2nd gen. squarks 2> 10 TeV (see also — Badziak/Dudas/Olechowski/Pokorski '12)
@ Any SUSY breaking model where A; is a free parameter

E.g. gaugino-Higgs mediation:

‘ Ay Hy, Hg ‘

| |
MSSM matter SUSY
Q, Ug, Dg, L, Eg X=F 2

Free parameters: gaugino masses, Higgs soft masses, ., B, A-terms



Example: Gaugino mediation and maximal mixing
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Gaugino Mediation

Gaugino Mediation

T T T T T 127 T T T T T
XM <1.0 X¢M < 1.0
1.0< XM <1.5 1.0<[X/MJ <15
1.5 < XMl <1.8 126 15<|X¢/M<18 .
18.< XM <22 18<|X/MJ <22
XM <25 22< XM <25
M =25 125 XMyl > 2.5
> 124
g
£ 123
122
121
120
200 2000
g, [GeV] My, [GeV]
Gaugino Mediation Gaugino Mediation
T T T T T 14 r T T T T T
allpoints.
Mo<15TeV X p
X |
=
N
% + p
gg i
E ’
07 x XM <10 i
1.0 <[X(M <15
06} 15 < XMy <18 J
18<XMJ <22 o
05 22<X/Mj <25 a -
XM >25 =
0.4 . I
120 121 122 123 124 125 126 127
my, [GeV]

11/13



Fine-tuning

Attang =20, Mg =1 TeV:
m2 =0.2A2+0.7 Ao M; o+29M?,,—2.1 |aP—1.3m2 +0.7 Mm%, +0.8 115, +. ..
Z 0 / 1/2 Hy Qs Us

(Ao, My 2, i, my = GUT-scale parameters)

1 dlogmyz
- = h =
fine-tuning Mmaxa Ca  where Cq dloga
m? AoM A2 AoM
Cw,, =292 0352222 Cp =0278 — 035272
/ mz myz mz mz

@ For |Ag| < 3 My 2: worst source of fine-tuning is gaugino mass
@ Applies in particular to maximal mixing scenario
@ Typical points in our scan have FT ~ few permille



Conclusions

@ The Higgs is uncomfortably heavy for the MSSM
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@ Less easy to get maximal stop mixing :

e Mixing parameter X; and soft scale Ms affected by large radiative corrections
@ Need large negative GUT-scale trilinears

Points with positive X; extremely unnatural
o Few models known to predict maximal mixing

Several models known to predict small mixing: disfavoured



Conclusions

@ The Higgs is uncomfortably heavy for the MSSM
@ Easy to get m, = 125 GeV from maximal stop mixing
@ Less easy to get maximal stop mixing :

e Mixing parameter X; and soft scale Ms affected by large radiative corrections
@ Need large negative GUT-scale trilinears

Points with positive X; extremely unnatural
o Few models known to predict maximal mixing

Several models known to predict small mixing: disfavoured

@ In models allowing for maximal mixing: Fine-tuning still high



