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

Abstract: <span>I'll discuss aclass of supersymmetric modelsin

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 aternative 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>
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IMPLICATIONS OF THIS FELLOW

Combined Likelihoods: ATLAS + CMS + Tevatron

3

mn//
mWwW

n

* SM

O Best i
——= O, 95% CL
w/EWPI

Jfermion coupling

0.0 0.5 1.0 1.5 20

Vector coupling

= “h” 1s more than just a little Higgs-like
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IMPLICATIONS u‘,_;u.l‘l,‘,.iumu'j'.'.

wed L.
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IMMEDIATE IMPLICATION FOR SUSY

125 GeV : *at least™ mildly irritating

‘ 2 SUSY 9 . . vl liae :
’ULi g A],,‘U‘2 L '(]2’(.?2 assuming maximal mlsallgnmcnt 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, ~ \/i'm.z)

...l‘ypica“y this l)rcal(ing 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

‘ aSUSY o ¢ : : i :
’UL}%,’ i A],,‘U‘2 e _(]2’(.?2 assuming maximal mlsallgnmcnt with D-flat

Especially acute in the MSSM:

IAp ~ logm; @ large tan [3

-----

2 grows exponentially

dm2, ~m :
H,, / with O\,
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IMMEDIATE IMPLICATION FOR SUSY

125 GeV : *at least™ mildly irritating

‘ alsY g9 . : . 2 :
’UL}%,’ ~ A],,‘U‘2 — '(]2’02 assuming maximal mlsallgnment with D-flat

even simplest non-decoupling schemes face tension

AWnmssm = ASH Hg 4+ uSS = 0, ~ |/\‘2““12—H

.‘\ o -\‘ [",'-,' ",.' .‘-‘\ ‘gr ‘/,"
and l . f— ‘:_:‘ —|— ‘:q(-.- -ﬁ:‘ —|_ . ..
i pd\
2 'S 2 S
~R(-E ) s 1+ 55
nm< Ly
S
S SR 5 Jess sensitive to O\, than
—>  eeeee — - - - : gr)m.j), ~ |/\|“)mj);,: i . h't.a.
H, Fy, H, heeeenis % eeeeeeneas > MSSM, but not insensitive
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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) ~ +(125)%|H|* + \|H|"

...\\'llil(‘ |~;t‘(‘|)i|1£_[ ||It‘ rest ()lllll(‘ f\‘\\ dS l\)

([ l()\\' Il]ll('ll I).’l!'li.‘ll ('I't‘(lil \\'()lil(l w¢e JlHHiy’ll nature i-()I' lllih' Hi‘.‘__’l] t‘l'l'()l“;))

[ disclaimer: 2=1 in the convention cmp|0ycd 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 : : .
M}, bhys ™~ Mr; ~ independent of quartic

Pirsa: 13110050 Page 15/43



Pirsa: 13110050

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> 75 = SU(?)L X SU(?)H — SU(Q)V

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

mw.z ™~ Qf‘rr/Q ~ H0) MeV } (Quallllall\'c[\-’ correct

Quantitatively dead wrong
- [ ./
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THE NOT-SO-QUICK ANSWER

Saying the same thing in terms of IR dof:

S = explill(z)/fx] — LYR!

AL < Agen) = [t [(D,Z)(DEE]

fzz

TWHET L
4VVW
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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 T N
AL = —(125)“det H — ('_(/,.LIL%(’H_ + ;{/({(]LH(]H + 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
‘ 2 + .
AL = —(125)“det H — (yr.LlL%(’H_ + yqqi?{qn + 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:

Yele [ + 1
AE(AQ('I) < N < ‘IN-;,) ~ ”]’2 (([}1(1;3) ((JIHLI,) + h.c.
'h
. 3
Yeyy A s s s e
Jeds (('ju“lf + h.c.) We Witeg 1672ms
v

= AE(/I < AQ(?[)) ~

2 -
my, 167

TP ]
(%

“o” >~ (107°107%107%) (:(‘V} Qualitatively reminiscent (m, X 9. “v"”)

Quantitatively dead wrong

= 10711 GeV
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AUTIWAIT,
224t ]
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A FAMILIAR IDEA: SIMPLY SCALE UP QCD

3 B A
o y“AQCD /\ATC } AT(? = TeV
167T2mI2:, 167r2m,2b “v7 = A x TeV

AVyv = ’IH.‘}B, |H|2 — ()\H’(;'f"f/’, +h.c.); Y= (D, 2)()-. '(/', - (ﬁ* 1)—]/2

) 2 M
AV(u < TeV) =m% |H|” — ¢y | —= H + h.c.

1672
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A FAMILIAR IDEA: SIMPLY SCALE UP QCD

3 3 __ e
wp o Yuhqop | Mie } Arc = TeV
167r2m,2L 167r2m,2b “y? 3 X X ROV

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

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

1672
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A FAMILIAR IDEA: SIMPLY SCALE UP QCD

3 3 o
L y“AQCD /\ATC } ATC = TeV
167r2m,2?’ 167r2m,2b “97 = X x TeV

AV[IV = '”?-‘}3[ |[_[|.2 — ()\H'(jf”/’, - ll()n "/’ - (l:’-. 2)()! ’(/,, e (ﬁ’ 1)—]/2

i ¢ AAﬁ‘ 1

AV (u < TeV) = m? |H|? — ¢ —I= H +hec.
167
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 quartic < 20%
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INTERACTIONS AND THE EFFECTIVE THEORY
Induced EWSB = Shared EWSB (two bidoublets)

AL = % tr [(D,Z)'(D*T)] + % tr [(D,H)T(D*H)]

2
2 Y 2
= My = Z(J(Tc S|
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INTERACTIONS AND THE EFFECTIVE THEORY
Induced EWSB = Shared EWSB (two bidoublets)

fic o+ [(D,5)(D"D)] + 5 tr (D)1 (D)

AL =

2
2 9, r2 2
= My = Z(J‘TC + vj,)

2
AL = —m% detH — g Cn
n>1

perturbative regime:

AUy,
: 1
A <

€ =

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

fi( A [(Dﬂz)‘r(DﬂE)} ol % tr [(D,,H)‘ln(D”H)]

AL =

2
2 Y 2
= My = Z(J(TC + vy,)

2
AL = —m% detH — E Cn
n>1

perturbative regime:

AUy,
: 1
X <

€ =

[ The strong dynamics is stable against perturbations from # |
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THE EFFECTIVE THEQRY

plets)

- "~ A .'r LT
r ((D,H) (D"H)|
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INTERACTIONS AND THE EFFECTIVE THEORY

2
2 VB 2 : .
= My = Z (fTC e vh) Higgs couplings suppressed to vectors

What do we learn from the LHC?
2 = 1> ono
Combined Likelihoods: ATLAS + CMS + Tevatron a = (jhvv /SRI d 9() A)

Comparc to modcl prcdiction:

~ 110 GeV

| a |:f\sidc: even with o, = 5%, we're
safe with [ ~ 75 GeV.,
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INTERACTIONS AND THE EFFECTIVE THEORY

2
2 g /2 2 : :
o LT Z (fTC " ’Uh) Higgs Coup]lngs suppr‘essed to vectors

What do we learn from the LHC?
# — ) - 0
Combined Likelihoods: ATLAS + CMS + Tevatron a = (jh V V /SRI [ 9() A)

Compare to model prcdiction:

~ 110 GeV

| a |:f\sidc: even with o, = 5%, we're
safe with [ ~ 75 GeV,
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SUPERSYMMETRIC THEORY

The active participants:

—~

SU(2)1c | SU(:

o

)L

SU(2

)R

[] B
)’ [] 1
1 []

with potential AW = \Hn)'’

1
[]
[]

plus two sterile flavors:
b=N

—> |R fixed point
o Strongly coupled
o Self-dual
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SUPERSYMMETRIC THEORY
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MINIMAL PHENO

(H,, Hy, ¥) = 8 physical scalars:

(1,2,3)
Hjt AS \ J B

H(l) : Hi ’ A(l)
h

MSSM {
\ GE.GO )

AL D Moy + H)Yy' = mfr ~ (AgUy + Agug) X A
‘) i
= (e, + €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,, Hy, ¥) = 8 physical scalars:

(1,2,3)
Hjt Al \}WT(}'

H(l) : Hi ’ A(l)
h

MSSM {
\ Gt GO )
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MINIMAL PHENO

(H,, Hy, ¥) = 8 physical scalars:
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RECAP: GENERAL SCHEME

]'(‘(‘lili'.\h‘l‘\' .I[Ililé_:i]l(‘tl ds d Iillt‘ill' Hié_{l]'l{l Hl()(lt‘l

2
A m
(T’I‘(.
Up ~ 5 X ot
T M

[1e. treat A ~ 47 f — my ]

2 92
AUy, v my,
= €= L T

A f?m?2
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A SIMPLIFIED PERTURBATIVE APPROACH
(simplified = focus on just the up-type Higgs)
V =m%|H|? — m&|Z|? — k2(H'S + h.c.) + Az |2

I

‘auxiliary Higgs'| Ay, > Agy

Ims;
Vs
:‘1'2 /

I o .9 2 4
H ‘/:,“(h) = ;7”-7, h..., — h.-‘_/ h- -I= C)(HI) = Up X —;
2 }'”71

L : : 2 2 2
small mixing = (X) = f x mg X An f° > m;
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A SIMPLIFIED PERTURBATIVE APPROACH
(simplified = focus on just the up-type Higgs)

2 2 92 2 2/ rrt .
V =m%|H|? - m&|2|? — k2(H'S + h.c.) + Az |2
‘auxiliary Higgs'| Ay, > Apy
% : . |my] 9 9 9
small mixing = (X) = f x = my X An f° > m;
\‘
. l 2 192 2 p ” 4 ’L"z./‘
—> Vt.“‘(h-) = ;'IN-?,/?.H — HH_//J. + (.)(H- ) = Vp X —
2 mi,
Simplified parameter space: \ ('“UH"I.;“ Al dl il
ghvv Up, Ghitt v s\ \ ! oy
4 - 1 X — \ ‘:.', = tacoupl
51\] v bl\l 1 "Ii In "| (see text)
gavv |
I‘ ==<04 As i
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 =m%|H|? — mé

3|2 - k2(H'S + h.c.) + Ag|Z|4
LY COUPLING [y, = 126 GeV, tan v | IREE-LEVEL TUNING (Simplitied Model)
-’l.‘_ 1 i ’\L 15
C f1GeV) £ 1GeV]
[ . 5 2 )\ m 2 1¥iNno ¢ n‘] Q
= 0m;, X 162 Mo (xXmixing angles)

BUT the RHS mass need not be ]argc 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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A SIMPLIFIED PERTURBATIVE APPROACH

: 2 2 2 v 2 2/ 7t e
V =m?%|H|? — mZ4|Z|2 — k2(H'S + h.c.) + Ag|D[4
H pD b>
Y COUPLING |y, = 126 GeV, tan i3 | IREE-LEVEL TUNING (Simplitied Model)
LA \
,"n “' %‘
.“ '!!‘.I' — .1.“\‘.nhm|m :
,l: | ’\L |
f1GeV] f1GeV]
' \ 2 i A / 2
; = 0Mm) X ——=Mm

—m,, (Xmixing angles)
167r=

BUT the RHS mass need not be ]Lu‘gc 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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A NON-SIMPLIFIED PERTURBATIVE APPROACH

[ how to generate auxiliary quartic |

r
AK =l  exp(gsVT*)Dy,qa; T € SU(2)s

D-Terms
™ | ey U= (T,5)  [SU(@)s broken by (@)

4

(\I}, \IJ, (I), (I)) = 6 flavors RUNNING COUPLINGS [ Extended D-Term Model |

P

running starts at two loops;

- ||
SUR2)g 1 SUEY,

some completion still required

*\r
coupling
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A NON-SIMPLIFIED PERTURBATIVE APPROACH

[ how to generate auxiliary quartic |

.

AK =31 exp(gsV T Sya; T € SU(2)s

¥ e Vs U5 =(T,X) [SU(2)s broken by (®)]
\ /
(U, ¥, &, ) = 6 flavors

P

but the IR "smol(ing gun "

D-Terms {

SU(2)5 COUPLING [tan =5 |

—~—
55 eff

1s unique & significant
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MSSM

INDUCED EWSB IN NATURAL SUSY

\
|

atu I'&ll ness |

+— necessitated by m; = 125 GeV

N
/

b I,/, \ i[— Naturalness D EWSB

¢ y (doublets rather than singlets)

\
9
T

2
..then mj X Ay,
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INDUCED EWSB IN NATURAL SUSY

/ '~\
\

N necessitated by m; = 125 GeV
N y
y \ |[’ Naturalness D EWSB
| (doublets rather than singlets)

2
..then mj X Ay

/

_

(

I\ MSSM ;l—{ SLSY
X

\

Y, /

Implications

o Dramatically reduced quartic/cubic (long term)
o New scalar states < TeV : minimally an isotriplet (H;, A9 )
mz ~ eA* ~ (500 GeV)?
; 0
o Weakly-coupled models with a nonstandard H, state
. | v?
)

o 2 hon2 > (@ 1 \7\2
N0 ~~ (g 600 GeV
HS € f2 n = (6 )

o All with reduced fermionic decays; very different from standard #, A, §
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