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e discovery of Higgs boson [ATLAS, CMS: 4" July 2012]
e my, = 126 GeV: light SUSY (MSSM) Higgs

Stability of the electroweak vacuum

@ ground state of the theory (global minimum)

e unbounded from below (UFB) limits

o further minima < vacuum decay or stable vacuum
This talk

o UFB directions and multiple minima

@ access to charge and colour breaking minima

@ new class of constraints from vacuum stability on SUSY
(Higgs) parameters using 1-loop effective potential
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Higgs potential of 2HDM type Il
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In the MSSM: tree potential calculated from D-terms and Lgof
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Higgs potential of 2HDM type |l

V =m} HiHg+m3 HiH, + (m3, H, - Hy+h.c.)

+ 2L (HHD)? + 22 (H

+ s (HIH,) (HIHg) + M (HYHg) (HUHL) + {5, A6, A7}

Unbounded from below requirements

>\1>0, )\2>0, )\3>—\/>\1)\2
and others. .. [Gunion, Haber 2003]
@ always fulfilled in the MSSM @ tree

Extending the tree

@ loop corrections? [Gorbahn, Jager, Nierste, Trine 2011]
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e quadrilinear couplings (~ |Y;|?)
e trilinear coupling to a linear combination (,u*Ythjj — A:h?)
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@ 1-loop effective potential [Coleman, Weinberg 1973]
‘M%m%wMﬁﬁMu%mﬂmc_ar__ﬂ

o field dependent mass M(h.,, hq)
e STr accounts for spin degrees of freedom

@ same result can be obtained by the tadpole method

9
T D) o WWN/Mﬂm

[Lee, Sciaccaluga 1975]

@ functional methods: effective potential for arbitrary number of
scalars: Vi (o1, d2, ... ¢dn) [Jackiw 1973]
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branch cut at  — y = 1: take real part (analytic continuation)

always bounded from below

minimum independent of Higgs parameters from tree potential

minimum determined by SUSY scale parameters

W.

G.

v, e —



Mgsysy = 1TeV, Ay = 1.5TeV, p=3TeV, tan 3 = 10.
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e my = 800GeV o i =2.55TeV
o M =1TeV
o A, ~1.5TeV




Vg / GeV*
6 x 108 -
4 % 108 A
2 x 108 -
0 W . ./ h® / GeV
—2 % 10® 0 %

o tan 8 = 40

e my = 800GeV o u=251TeV
o M =1TeV

o A, ~1.5TeV




Minimum at the electroweak scale v = 246 GeV

2
2 tree 2 tree v tree ]. 6
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o
\

my, = 126 GeV

@ using FeynHiggs 2.10.0 to determine light Higgs mass by
adjusting A;

@ connection to potential: m 4
@ pseudoscalar mass m 4 less dependent on higher loops

e decoupling limit: ma, mg+, mg > my,

@ include sbottom (drives minimum), take A, = 0
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o formation of new minima at the 1-loop level
@ stability of the electroweak vacuum: bounds on p-tan 3

@ instability of electroweak vacuum by second minimum in
“standard model direction” ~ v,: global CCB minimum

@ squark contribution to the effective potential:

e only third generation squarks light

o A, fixed by my, Ay = 0 (for simplicity)

o free parameters: Msysy = m; = mg, tan 3, p

@ no new insights if Mi, b, 7 My i

e gluino and electroweak gauginos heavy

Greetings from Sefior Higgs
(courtesy of Jens Hoff)
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@ most dominant contribution from top Yukawa y; and A
@ can be easily summed for m;, =m; =M

@ 1-PI potential as generating function for 1-PI Green's functions

Vipt(6) = Tap1(6) = 3+ Gl = 0)6"

n

@ “classical” field value ¢ — (0]¢|0)

° %((f) = 0 determines ground state of the theory
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Field dependent stop mass

AR 10y = M P Adiy = il
F\"ous o Arhg* _ My;f*hg m2 + |Y;gh2|2

tr

o trilinear ~ h(hY,hS), quadrilinear ~ |R{|? ’

@ diagrams with mixed contributions



Field dependent stop mass
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Field dependent stop mass

md [V AU — ViR

20 10 i
Mz (hy, hy) = L
£ \"us tld *1 0% *7,0 2 02
At hu MY; hd mfR + |Y;5hu|
o 0 0 o 012 KO- 2@\ ,4//h
o trilinear ~ h(hy, hy,), quadrilinear ~ |hy| T
K Yins
e diagrams with mixed contributions N4
RS fir R
AN “ 1 y -
PR A RNPE IR 4 P
« b ¥ X . N
’ \ 4 A | ’ \

- - F-»-- --»- F-»-- --» -4 F-»--
\ / N ! [ 4
A N P /9\<,A\\V\

Y o AN



Field dependent stop mass

md [V AU — ViR
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Field dependent stop mass
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Field dependent stop mass
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, Trine 2011]

@ integrating out heavy SUSY particles

@ requirement of large SUSY scale Mgusy > M ~ Vew

o effective theory: generic 2HDM, \; calculated from SUSY
loops
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Nierste, Trine 2011]

@ integrating out heavy SUSY particles
@ requirement of large SUSY scale Mgusy > M ~ Vew
o effective theory: generic 2HDM, \; calculated from SUSY

loops
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collecting all SUSY contributions:
i = Ni(tan B, p, My, Mo, M3, M3, M3, M3, MZ, Ay, Ag, Ac).
woen



simple check:

)\1>O, )\2>0, >\3>—\/)\1)\2,

where now ) ]
1no sterm
AP0+ N

A=A 2

Severe UFB limits
Bounds on Ay 2 3 transfer into bounds on mg, Ay, 1, ...




