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MSSM AND THE LITTLE HIERARCHY

@ The mass parameters in the Higgs potential are determined by
soft SUSY-breaking parameters my

2 2
mZ - Z Of,'msi
i
@ LEP negative search pushes mg up
o A very efficient cancellation ?

MSSM

® M?|tree_level < Mm% = Large radiative corrections

S\ ~(3/41*)m? /v? log (m?/mf) = M2 tree—level + 2V20N
om?,, = — (3y?/8m%)m?In (Az/mﬁ)

o m} > 115 GeV = m, 2 1TeV = A = 91 FT <19
h
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POSSIBLE SOLUTIONS

ompy, = —(3y; /87%)m log (\*/my)

© Lower the Log

1A Lower A (e.g. NMSSM, k =2 = A =20 TeV)
1B Replace A with an effective lower scale f ~ 1 TeV (e.g. Little
Higgs)
© Raise up the tree-level Higgs mass, = m?2(|)
2A From F-terms (e.g NMSSM)
2B From D-terms (i.e. extending the gauge structure)

© 1B+2B= this model: a Super Little Higgs with enhanced quartic
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THE MODEL: PRELIMINARY

Why SUSY-+LH?
o SM — om, ~ N\?
o SUSY — dm?, ~ m?log A
o LH— ém? ~ f?log A

SUSY+LH

The marriage between SUSY and LH enforce a“double protection”
from SUSY and a global symmetry under which the Higgs is a
PseudoGoldstone boson

SUSY + LH — dm?;, ~ 3m? /8% log f

Berezhiani, Chankowky, Falkowski, Pokorski, Wagner '04, '05
Csaki, Strumia, Marandella, Shirman '05

Birkedal, Chacko, Gaillard '04

Roy, Schmaltz '06
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THE MODEL: SU(3)w x U(1)x

The easiest way to embed the LH in a SUSY theory is via the
“simplest little Higgs”

SUR2)w x U(1)y — SUB)w x U(1)x
The Higgs doublets are promoted to triplets
Hud — Huad = (Hud, Sud) = 3,3
and cloned in exact copies ¢, 4 = 3,3
W = Ws + Wy

As far as H and ® don't talk each other the Higgs sector has a
SU3)1 x SU(3). D SU(3)w
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THE MODEL: DOWN TO THE SM

(Duq) = (0,0, F ~ 10 TeV) =SU(3); x SU(3)> — SU(2); x SU(3)»
(|Hual) = fua ~1TeV =5U(2); x SU(3)2 — SU(2); x SU(2)2
16-3-3-5=5=4+1
These 4 degrees form a doublet under SU(2)y, and indeed are the

SM Higgs doublet H
It controls the direction of SU(2), with respect to SU(2)w

Hu:(HT7\/f2_|H|2)Sin6 Hd:(H,Vf2—|H’2)C056
If v =0 there is no EWSB = SU(2)w x U(1)y is unbroken
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Hiccs AS A PSEUDOGOLDSTONE BOSON

H is a pseudoGoldstone: integrating out the heavy modes ® we
generate a potential

2
= VD o Oy (22 5
T

D are the D-terms corresponding to the broken generators
m is the soft breaking parameter for ®.

PHYSICAL HIGGS POTENTIAL
(4] m2/F2 >1= Vy= m8|H|2 a )\0|H|4
o M /F2 < 1= Viy=\o|H|*

SUSY+global symmetry = only a quartic is generated at tree-level
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MATTER CONTENT

The minimal matter content with anomaly cancellation and
generation-universal (Csaki, Marandella, Strumia and Shirman '05)

SU@B)c | SUB)w | U(1)x U(L)em
Q 3 3 0 |(+2/3,-1/3,-1/3)
U 3 1 —2/3 -2/3
2xD| 3 1 +1/3 1/3
Q' 3 3 ~1/3 | (1/3,-2/3,-2/3)
Q 3 3 | +1/3 | (—=1/3,+2/3,+2/3)
2xL| 1 3 ~1/3 (—1,0,0)
E 1 3 +2/3 (0,+1,+1)

@ 2 extra heavy fermionic little-partner of Top (and Bottom)
@ 2 extra heavy leptons and two (almost) sterile neutrinos
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RADIATIVE CORRECTIONS

Wtop = Mgy Q/Q, + n QIHUU + Y2 QHqu + }71 C_\),q)uU + S’/2 Q(bqu .

generates 1-loop correction to the Higgs potential once that
(®) = (0,0, F).

TOP/STOP LOOPS

Vi = om2 |HI? + (Mo + SA)|H|*

. 3y2sin? m%. + m2 m3. + m?
Sy~ ESB Ny (MRS 2, (0T T
8m m2 m5

. 2
5\ N3yf sin 3 | m? 0 mT, o 2m? In m?
- 1672 : m? n m2 + m? m2 m2 + m2
t s T 5 T

Ty
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HicGgs MASS AND TUNING

Finetuning around 5 <+ 7% with mj ~ 115 <+ 120 GeV.
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Bellazzini, Pokorski, Rychkov and Varagnolo '08
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DOPING THE QUARTIC

e “Double protection” works for §m?, but the quartic is still too
small
@ How enhance the quartic and retain the “double protection” 7

The idea is to enlarge the gauge structure and break SUSY in a way
that the low-energy D-terms rensemble the structure of SUSY
D-terms but bigger.

SUBw | UM« | U(M: | o ) =~ 10 Tev
Hua | 3, :_3 +1/3 | %4 @ my/Q2~1and m/F <1
®,q| 3,3 | £1/3| =g o d =g
\Uu,d 1 0 qu
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THE EFFECTIVE D-TERMS

m? A
VD ~ VgU(2)W + (F2) Z D2 + Dg,x,y,z
T#TS

1 2
D.=D,, D,=-—Dg+ =D, =|H,|>—|H?
) y \/§ 8+3 | ’ | d|

D;.,.=aD}+ bD,D, + cD?

8,x,y,z

Vp = (\/gU(2)W + aDy2> + bD, Dy + cD?

Qqg= qﬁb—

=0
mg
Q a= |:1 + a1 Q:| e = m% tree—level = m% cos® 25
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THE EFFECTIVE D-TERMS

e SUSY limit my/Q — 0

2
su 8
= Vp = Diyssm = (VD Ehw 4 %Dﬁ)

a=a""(14+ami /), b=bmi/Q, c=cm/Q
e Hard breaking my /Q — oo

=Y,V =T%V3+2/3q conserved =D}, ,=D2?+D?

87x7}y7z

YHud o YHyg= D} x D = b=c=0

2
Vp = VSU@w 4 (1 + alr;z“;) D?
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THE TREE-LEVEL HIGG MASS

Tree—level Higgs bound, mP/Q 1 Tree—level nggs bound, w/ﬂ 0 5
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Constraints: Z’ and Aj.pg., = 103,100, 10° TeV
re = 48:/8, rq = 4y/3q
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HicGs MASS AND TUNING I

Higgs mass, my/Q=1 Finetuning from A, my/Q=1
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Bellazzini, Csaki, Delgado, Weiler '09
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HicGs MASS AND TUNING 11

Higgs mass, my/Q=1 Finetuning from A, my/Q=1
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HicGgs MASS AND TUNING III

nggs mass, mp/ﬂ l Finetuning from Al, my/ﬂ_l
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CONCLUSIONS

5Tev] ———>———- - ————————+—

ITeV| - - - - - - o0 - - L

SUSY+LH = “double
protection”

@ non decoupling D-terms =
quartic enhancement

@ no tuning

o fermionic "little” partner T;

500 GeV e of top at 700 GeV

0 o /' at 3.5 TeV or more
@ sterile neutrinos at ~ KeV.
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