Title: Induced Electroweak Symmetry Breaking and Supersymmetry
Date: Nov 05, 2013 01:00 PM
URL: http://pirsa.org/13110050

Abstract: <span>I'll discuss a class of supersymmetric models in

which the physical Higgs mass is freed from the quartic coupling, thereby
allowing for a 125 GeV Higgs state whose self-interaction can be much smaller
than in the SM via a mechanism of 'induced EWSB'.&nbsp; This class of models
provides a unique alternative to other realizations of natural SUSY, and the
simplest realizations necessitate additional characteristic scalars below the

TeV scale, thus altering phenomenological predictions for additional Higgses at
the LHC.</span>

Pirsa: 13110050 Page 1/43



Pirsa: 13110050

INDUCED EWSB

[ and Supersymmetric Naturalness ]

Jamison Galloway

Perimeter Institute HEP Seminar
November 5, 2013

(Ongoing) work in collaboration with:
A. Azatoy, S. Chang, N. Craig, M. Luty, Y. Tsal, Y. Zhao

— \ i
-
CCPP
CEMTEM FOR COs LOgY o
AN PERTICLE YRICES

ﬂ NEW YORK UNIVERSITY

Page 2/43



Pirsa: 13110050

™
Ny
&
@
=)
@
o




[ AKA ]

ELEMENTARY SCALARS
IN/AND/OR
THE NATURALNESS DOCTRINE




IMPLICATIONS OF THIS FELLOW

Combined Likelihoods: ATLAS + CMS + Tevatron
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= "“h” 1s more than just a little Higgs-like
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IMMEDIATE IMPLICATION FOR SUSY

125 GeV : *at least™ mildly irritating

‘ 2 SUSY 9 : . o e .
’II'Li ~ A],,'U2 —_— (]2’(12 assuming maximal misalignment with D-flat

A Higgs obeying this mass relation must obtain
a substantial fraction of its mass from SUSY breaking:

The physical quartic we've inferred from observation requires an
order one correction to the SUS'ic value (m, ~ \/E'mz)

...typically this breaking feeds into the Higgs soft mass
and can jeopardize stability of the weak scale
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IMMEDIATE IMPLICATION FOR SUSY

125 GeV : *at least™ mildly irritating

2 SUSY

’II'Li ~ ApU° — ¢°v~ assuming maximal misalignment with D-flat

Especially acute in the MSSM:

-----

IAp ~ logm; @ large tan 3

-----

2 grows exponentially
t

- B
OM3r ~Mm :
H with 5/\:‘.1,-
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IMMEDIATE IMPLICATION FOR SUSY

125 GeV : *at least™ mildly irritating

- 2 SUSY : . R "
’II'L}% ~ ApU° —= ¢°v~ assuming maximal misalignment with D-flat

even simplest non-decoupling schemes face tension

A”\ MSSM = )\S[[H ][“r_ -+ /lSS = (5/\1; e I/\“g“]“zzlf

.‘\ "‘; -“‘ ['1"." "," '\\s‘ ‘S‘T “/.'
and ] — | — ~+ —e + ...
1Ty AR
D) ' D) al
~ AP 1-=+... = A4 (14 ==
m= mgy .
S
; Ce 2 N2 2 less sensitive to 0\, than
e e e ; omy, ~ || mg | . i i
H, Fy, H, Wikwand - AP > MSSM, but not tnsensitive
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OUTLINE

1. Induced EWSB (m} o \v?)
2. Perturbative model

3. Conclusions
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0. QUESTION




THE QUESTION: HIGGS MASS PARAMETER

V(H) ~ —(125)2 |H|> + A H|* = v #0; m3 ~ W
what if...
V(H) ~ 4+ (125)° |H\ —l-)\\H\

...while ]vaing the rest of the SM as 1s”

([ IH\\' I]]ll('l] l).’ll‘lli.'ll ('I'(‘tlil \\’()lll(l we Jli‘i.‘\'i“?"'ﬂ nature ‘lﬂl' llliH Hi.:ll t‘l'i‘()l'l.))

[ disclaimer: 2=1 in the convention employed here |
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THE (QUICK) ANSWER

EW remains intact.

SM gauge and fermion fields are massless.

Qualitatively that world looks nothing like ours.
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THE (QUICK) ANSWER

EW remains intact.

SM gauge and fermion fields are massless.

hate

Qualitatively that world looks nothing like ours.

but Of course...

2 2 \ . .
Mp, phys ~ M ~ independent of quartic
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THE NOT-SO-QUICK ANSWER

The story we already knew:

Massless QCD (7' = 2) breaks EW in the same way as the SM Higgs
<(EL(1R> #0 = SU(2) xSU2)g— SU(2)y

Three composite Goldstones are eaten by the otherwise massless W] Z

Wz ~ (])(W/Q ~ 50 MeV } Qualitatively correct

Quantitatively dead wrong
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THE NOT-SO-QUICK ANSWER

Saying the same thing in terms of IR dof:

¥ = exp[ill(z)/ fx] = LZR'
AL(p < Aqep) = fr tr [(D;,,E)T(D“’E)}

)‘ -+ ;z—
1 WW
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BUT WAIT, THERE'S MORE

The story we *didn’t* account for:

There’s a custodial-singlet scalar in the UV and it couples to fermions
‘ 2 - .
AL = —(125)*det H — (’!/nL,t,%(’H. + yqqk?{qn + h.c.)

where H = (eH* H) — LHR' and leptons couple to the EWSB vacuum

...these fermions should obtain a mass accordingly
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BUT WAIT, THERE'S MORE

The story we *didn’t* account for:

There’s a custodial-singlet scalar in the UV and it couples to fermions
AL = —(125)* det H — (;(/(,L'rJ’H(’H + '_{/,},qi?{q” + h.c.)

where H = (eH* H) — LHR'"and leptons couple to the EWSB vacuum

...these fermions should obtain a mass accordingly

Again going to the IR theory:
Yqle T
AL(Aqgep < < my) ~ /’i (q}‘qn) ((",;Ll,) + h.c.

IH-h_ A'{

oy 3 Ya A
YelYg N, . Tia oy X —d—t
= AL(p < Aqep) ~ —5 = (f‘if"h’ + h.c.) e ™ 5 1672m?
m3 1672 h

»i,“‘"

“0" >~ (107°107%107") GeV Qualitatively reminiscent (m, x y, “v”)
=107 GeV

Quantitatively dead wrong
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A FAMILIAR IDEA: SIMPLY SCALE UP QCD

3 :
gy~ y"fAQCD )\Agrc } Arc = TeV
167r2m,2L 167r2m'i “7 =5\ x TeV

AVuy = m% |H| — AHYY' +he); = (02)0, ¢ = ([0,1)_1/

5 2 by,
AV(u<TeV) =my |H| — 1 | —= H + h.c.

1672
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A FAMILIAR IDEA: SIMPLY SCALE UP OQCD

6,0

U

yuA:éngD )\A%C } AT('I = TeV
167r2m,2L 167r2m'i “v1 = A x TeV
AV[IV = ‘H?-?; |[‘[|.2 — ()\H’(,f’Jl"l,/r’, -+ ll.(f.); '(f" = (D, 2){), ’(f", = (ﬁ, 1)_|/3
; o XA2. A
AV (p < TeV) = m%, |H|* — ¢ (4 H + h.('.)

1672
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A FAMILIAR IDEA: SIMPLY SCALE UP QCD

)

3 -
yuAQCD )\A%C } Arc = TeV
16m2m2 I6m2ms “v7 = A x TeV

AVuy = m% |H|? — AHYY' +he); = (0,2)0, ¥ = ([0, 1)_1/

P 2 AA;i1 1

AV(p < TeV) =m% |H|" — ¢y | === H + h.c.
167r=
Upshot:

o Confining dynamics induces (H) # 0

o Elementary Higgs VEV naturally right size.

o Elementary Higgs mass iandcpcndcnt of quartic)'

o New isotriplet (minimally) of scalars exists below ~TeV.

“ Corrections from qu;u'lic < 20%
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INTERACTIONS AND THE EFFECTIVE THEORY
Induced EWSB = Shared EWSB (two bidoublets)

ff)(‘ i [(D’”Z‘)T(D“Z)} + é tr [(D;;H)T(DHH)]

4 9

AL =

2
2 g, e2 2
= My = Z(ch g ]
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INTERACTIONS AND THE EFFECTIVE THEORY
Induced EWSB = Shared EWSB (two bidoublets)

2
f*[*(t
4

AL = tr [(D,Z)1(D*T)] + é tr [(D,H)T(D*H)]

oy = L (B 4 oD

2 TC
AL = —m% detH — E Cp——=

perturbative regime:

AUy,
: 1
X <

C =

[ The strong dynamics is stable against perturbations from # |
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INTERACTIONS AND THE EFFECTIVE THEORY
Induced EWSB = Shared EWSB (two bidoublets)

AL = f'; tr [(D,2)(D*E)] + %tr [(DuH)! (D))

oy = L (o 4 o)

|) m 1
AL = —miydetH — E Cn—

perturbative regime:

AUy,
: 1
A <

G =

[ The strong dynamics is stable against perturbations from # |
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INTERACTIONS AND THE EFFECTIVE THEORY

2
2 g 2 2 a :
= My, = Z (fTC i /Uh,) Higgs Coup]lngs suppr‘essed to vectors

What do we learn from the LHC?
) (| = _(j;,}vv/SI\"I Z 90%

Compare to modcl prcdiction:

Combined Likelihoods: ATLAS + CMS + Tevatron

~ 110 GeV

| : [Aside: even with o, = 5%, we're
safe with [ ~ 75 GeV.,
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SUPERSYMMETRIC THEORY

The active participants: plus two sterile flavors:

b'(f'r(Z)'[‘(‘ b'l'[(z)h ‘S'[’r(:z)” b — N

— IR fixed point
(0] Strongly Coupled
o Self-dual

] [] 1
)’ [] 1 []
1 [] []

with potential AW = \Hyn)'’
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SUPERSYMMETRIC THEORY

The active participants: plus two sterile flavors:

SU@2)rc|SU@2)L  SU2)r b=N

— IR fixed point
o Strongly coupled

o Self-dual

] [] 1
) [] 1 []
1 [] []

with potential AW = \Hyn)'’
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MINIMAL PHENO
(Hy,, Hy, ¥) = 8 physical scalars:
1,2,3
Hy, AQ \}W'(r(: :
0 7E£ A0
HY, Hi", A’
h
\ ax o )

MSSM {

el )\('”h. T H)f(/”/’, = 7”‘:721- e (/\-u,'“u, + )\r{/”rl) X A
9 9
= (€y + €4) X A* = (500 GeV)~
Heavy Higgses (pions) produced by, decay to, SM weak gauge bosons

UNIQUE signals: compare with MSSM (/ couples to /),

NMSSM (“S” inherits *all* quantum numbers from mixing),

[ WORK IN PROGRESS w/ Chang, Craig, Luty]
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MINIMAL PHENO
(H,, H;, ¥) = 8 physical scalars:
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TN
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RECAP: GENERAL SCHEME

]'K'L‘lilk'.\‘h‘l‘\' i[ll{lgi]](‘ll dS d |i|]t‘£ll' Higl]l(l II]U(lt‘l

A 'm*
aT(
Up ™~ —5— X Jorpe
T m;

[ 1.e. treat A~ fl’fo — My |

c) I)
AU}, vy mj,
= e= —— 3| 0D

A 4 m=
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A SIMPLIFIED PERTURBATIVE APPROACH
(simplified = focus on just the up-type Higgs)
V =m%|H|? — m4|Z|? — k2(H'S + h.c.) + Mg |24

‘auxiliary Higgs'(| Ay, > Agy

|1Il)3

VAn

I 2] ) D p "
— Ve () = gmph® — k" fh + O(k*) = v x —3

i = . ; 0 )
small mixing = (X) = f x , ma o Anf* > mé
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A SIMPLIFIED PERTURBATIVE APPROACH
(simplified = focus on just the up-type Higgs)

2 2 92 2 2/ 77t y
V =m%|H|? — m&|2|? — k2(H'E + h.c.) + Ag|Z|*
‘auxiliary Higgs'| Ay, > Agy
. " . |ms] 9 D o
small mixing = (X) = f x = ms o Az f“ > my
-
L 5 5 2 ¢ ¢4 K*f
;} “.“(h) — _f““'h — K fh + ()(f‘l ) = Up X )
2 ' miy
Simplified parameter space: 3 SORPENG Ly = 18 BV ARP = =

Ghvv _ Up, Ghtt " v

SM v SM v
gHVYV _ | < g4 -
SM v~ "‘

*additional scalar couples
~ only to vectors*
Signals primarily in VBF/VH -> WV

[ work in progress | - —
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A SIMPLIFIED PERTURBATIVE APPROACH
V = mf,\]!\"’ - 'm'_\'):

12 27t s 14

Y2 - k2(H'S + h.c) + Ag|T

SYCOUPLING | iy, = 126 GeV, tan f=oo| IREE-LEVEL TUNING (Simplified Model)
.". “n I!' Cenmtonrs
Y '.\ 'L —e Y |

smem Wi/ SM

— T

(see text)

— decoupling

-----

-' - D A T o
| ,= = 0m;j, X Teaz Mo (xmixing angles)
e

BUT the RHS mass need not be largc in the interest

of maximizing quartic.

SUSY Higgs mass here doesn'’t require ]arge quartic,

Sigma can remain safely sub-TeV.
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A SIMPLIFIED PERTURBATIVE APPROACH

V = mf,\]!\"’ - 'm'_\'):

V(2 2017t % 114

Y2 — k2(H'E + h.c.) + Asg|T

Y COUPLING [ my, = 126 GeV, tan f§ = oo | IREE-LEVEL TUNING (Simplified Model)

\ ' A - o
.l‘ ‘. ‘i Clemtonry
W \ s G0 SM
"._ \ 2‘.‘ vase Rin{SM

[} \ " — ecoupling

oA il

‘.‘ Y A

¢e 1ext)

— decoupling

f'lgl‘lc\/\ |
'- . A T e
4 ] =5 0y (X Teaz e (xmixing angles)
-‘.-‘~ --"" )ﬂ-._« -

BUT the RHS mass need not be largc in the interest
of maximizing quartic.
SUSY Higgs mass here doesn’t require ]argc quartic,

Sigma can remain safely sub-TeV.
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