Buried Higgs

Brando Bellazzini
(Cornell)

ArXiv:0906.3026, 0910.3210
with C.Csaki, A.Weiler and A.FalkowskKi

Cornell, May 14, 2010

Friday, May 14, 2010



Preview

A model of EWSB where




Preview

A model of EWSB where

@ Weird Higgs decay automatic

Friday, May 14, 2010



Preview

A model of EWSB where

@ Weird Higgs decay automatic

@ Higgs can evade the LEP bound

Friday, May 14, 2010



Preview

A model of EWSB where

@ Weird Higgs decay automatic
@ Higgs can evade the LEP bound

@ No little hierarchy

Friday, May 14, 2010



Preview

A model of EWSB where

@ Weird Higgs decay automatic
@ Higgs can evade the LEP bound
@ No little hierarchy

@ Lots of new particles at LHC (also a "fake”
Higgs)

Friday, May 14, 2010



Preview

A model of EWSB where

@ Weird Higgs decay automatic
@ Higgs can evade the LEP bound
@ No little hierarchy

@ Lots of new particles at LHC (also a "fake”
Higgs)

@ Higgs deeply buried under QCD background
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Outline

@ Higgs decays and LEP bound

@ Little Hierarchy

@ The simplest SUSY pGB Higgs: SU(3)/SU(2)
@ goldstone counting: 8 —3=4+1=h+7

@ Higgs cascade decays: h — nn — 2cc, 4g

@ A “fake” Higgs could be discovered

® Conclusions
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Higgs small Width
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LEP Bound

LEP
Vs = 91-209 GeV
SM branching ratios

(a)

e g:;:z:::forbackground o New decays Weaken
the bound

® SM BRs at 20%

40 60 80 100 120
m,, (GeV/c*)
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LEP Bound

Decay Channel

h— bbor 7 115 GeV
h— j 113 GeV
h— WW~* or ZZ" 110 GeV
h — v~y 117 GeV

h — E 114 GeV
h— AA — 4b 110 GeV
h— AA— 41,4c,4g | 86 GeV
h — anything 82 GeV
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LEP Bound

expected limit for ma =4 GeV expected limit for ma = 10 GeV

¢2 _ 9BR(h — aa) BR(a — v’

Limit
115 GeV

113 GeV
110 GeV

= | 1) 117 GeV
o s W ey g eow o s w114 GeV
h— AA— 4b 110 GeV

h— AA —3< 4c,4g | 86 GeV

h — anything 82 GeV

New ALEPH result!

arXiv:1003.0705 P AR @

\‘\ mp > 105 + 110 GeV,

Friday, May 14, 2010



Little hierarchy in SUSY
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Little hierarchy in SUSY
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Little hierarchy in SUSY

M4
MSSM: M2 < M2 cos?28 + 3—22 log

Mg > 115 GeV — — T eV




Little hierarchy in SUSY

M4

, 2 27 S | top
MSSM: Mz < M7 cos® 203 302472 log .
Mg > 115 GeV — ZlTeV

log /} (M7 ~ —2My, )

. . e \

MSSM cut-off
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Now what?

3y?

/ﬂ2 log A\

MSSM cut-off

SMi =

® Raise tree-level Higgs mass (M_stop reduced)
8F-Term (NMSSM)
8D-term (extended gauge structure)

® Remove 1-loop divergences
A — [~ few TeV
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SUSY+Little Higgs

s °
LH recipe
Add global symmeftries

Break them collectively
g J

Birkedal, Csacko , Gaillard;
Chankowski, Falkowski, Pokorski,
Wagner;

Roy, Schmal’rz Csaki, Marandella

LH: om3, ~

‘Reduce 1-loop\
_ divergences

Y

SM: 6m3, ~

A2
f%log A?

Soft log A?

SUSY: dmy ~
SUSY Higgs as a pGB: <mH

soft 1Og f>
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SU(3)/sU(2) in SUSY

Higgs sector

Extend SUQ@)w x U(1)y—> GU $4 g (”X)
gauge symmetry

No mixing terms &% CSU(Q’))@ X SU(3)H)
—>
W = Was + Wi global symmetry
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Symmetry breaking: step I

® sector takes a VEV (®u,q) = (0,0, F ~ 10 TeV)

4 N

Gauge symmetry

SU(S)W X U(l)X e SU(Q)W X U(l)y

\_ J

~N

Global symmeitry

SU(?))@ X SU(3>H g SU(Q)@ X SU(S)H

\_ J

5 eaten GBs Y= /J3+ X




Step II: pGBs

@ Below 10 TeV M SSM + SU(3)y Global symmetry

@ Global symmetry breaking SU(3)r — SUx(2)

@ Goldstones: 8—-3=44+1=(3)+1+
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Step II: pGBs

@ Below 10 TeV M SSM + SU(3)y Global symmetry

@ Global symmetry breaking SU(3)r — SUx(2)

@ Goldstones: 8—-3=44+1=(3)+1+

0 0
Hua = €70 G sin(h/v2f)
fu,d eXi1/V2f cos(h/v/2f)
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Step III: EWSB

0 0
Mg = aorEee ( 0 ) = Jfu,d ( sin(h/v2f) )
fud eXi1/V2f cos(h/v/2f)

VEV=Misalignment between SU(2)w and SU(2)x




Step III: EWSB

0 0
Mg = aorEee ( 0 ) = Jfu,d ( sin(h/v2f) )
fud eXi1/V2f cos(h/v/2f)

VEV=Misalignment between SU(2)w and SU(2)x

SU(Q)W X U(l)y e U(l)EM




Higgs and efa

R
n/ cos(v/f),

0 o
Hu,d = fu,d ( Siﬂ(il/\/?f) ) }j
eHUNP L cos(h/ /2R Ji |1

Suppressed coupling to Z and W

ghvv = ghVV\/l UEW/f2

Suppressed coupling to SM fermions

S M
Ynff = yhff\/l — v/ f?
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Higgs decays
Ch — . V8. h — bl;) ??

PGB interactions

2 1 V2 ms v2
ytan(v/f) 1 s L Uew
LK S _h(aﬂn) \/if R 47’('( f2 ) f4




Higgs decays
[h — . VS. h — bl;) ??

80 85 90 95 100 105 110
my, [GeV]
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@ Found SUSY pGB Higgs model: no little hierarchy
problem
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The story so far...

@ Found SUSY pGB Higgs model: no little hierarchy
problem

@ Higgs + 1 singlet

i
@ Higgs decays into 1) et <
n
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The story so far...

@ Found SUSY pGB Higgs model: no little hierarchy
problem

@ Higgs + 1 singlet

@ Higgs decays info 1)

U 'c.g 7

m“¢- (((v(\% \ /

Matter content
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Matter content I: Buried

STI(3) > SU (38 e il (6

+2
B.B., Csaki, Falkowski, Weiler

SUB)e | SUB)w | U(1)x
Q= (9,050 3 3 0
b 3 | —2/3

3 | 1/3

L1 = (1, V1'9,P1'9) : 3 —1/3
Ec:(VcEvTcE7AcE) 3 2/3
ik 1 0




Matter content I: Buried

STI(3) > SU (38 e il (6

+2
B.B., Csaki, Falkowski, Weiler

SUB)c | SUB)w | U()x
Q= ({20557 3 3 0
B 3 1 —2/3

3 | 1/3

V =08 P 3 3 .
%= | ,t}f,t}j) 3 3 —1/3
L :(7_127V127V1LQ) : § _1/3
Ec:( 7TCE77/:CE') 3 2/3
p23 1 0
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Buried Yukawas

Collective breaking

[Wtcgggl i yltcvq)u i y2HchQ 5 ILLVVCVJ+ gltcT‘»/Hu - QQCI)JJ;[CQ

l

[mtop X Y1 ?J2MVJ

Higgs exact GB if either
y1 =0, yo=0, py=0
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Matter content II: Charming

SU(N) U(l)x

Flipped” SU(6) v-1 O -(v-2
B.B., Csaki, Falkowski, Weiler (N-4)(N-3) 1 N

2




Matter content II: Charming

SU(N) UQ1l)x
Flipped” SU(6) (N-4) O -(N-2
B.B., Csaki, Falkowski, Weiler (N-4)(N-3) 1 N
SUB)c | SUB)w | U(l)x
Q = (tQa 7tQ) 3 3 1/3
1,2 3 1 —2/3
3 1 1/3
Ll,g — (T1,27 V1,27’71,2) : g’ _2/3
Lc:(yfvTchﬁf 3 1/3
L1203 1 1

no bottom partner, no bottom mass
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Matter content II: Charming

SU(N) U(l)x

Flipped” SU(6) (N-4) O -(v-2)
B.B., Csaki, Falkowski, Weiler W 1 N
SUB)c | SUB)w | U(l)x
Q = (tQ, 7tQ) 3 3 1/3
1,2 3 1 —2/3
3 1 1/3
V = ( 7tv7 ) 3 3 0
V. = (b2 638 3 3 ;
L1,2 — (T1,27 V1,27’f1,2) — § _2/3
LC:(VCLaTcLaﬁg) 3 1/3
i ) c 1 1
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Charming Yukawas

Ly = y1t.®,Q + Y2t Ho Q - /i/b beQPiHa+ . ..
\t % o/

Collective breaking: Higgs exact GB if either
y2=0 or 91=0

SpY1y2 L
V(W1 F)? + 2(spy2 f)?

g VEW  myp = yp cos Bupw F/ py

bottom mass from non-renorm. operator




Higgs potential I

Radial potential: f is generated at one loop

2 3y§ sin? 6 M2

m ~ g o log(A/MT)
3 32 sin425 b S m72“ & 45)\f2
oA~ H2r Plogl(MZ ., + M2)/M2]

g Radial mode

Small f needs mild tuning:

2
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Higgs potential 11

Higgs potential: also v is generated at one loop

Finite Logs! No FT

mp,
= Am? > 20%

Mixi ith singlet
ixing with single B4
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Masses

Higgs mass

f =350 GeV

80 90 100 110 120 130 140
my, [GeV]

Perturbativity:

y2 = 1.8 > A =10%TeV Excluded by LEP
yo =2.1— A=103TeV h — bb
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Eta couplings: Tree
i (fr° f)n

Eta is SM singlet — coupling ~ mixing

non-flipped flipped

Charming

Chal‘m ;/C g L
Vv f
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Eta couplings: loop

00000 %
00000 e
K9(0%n) GG i (by°b)n

1 “ m2 ; = Yt M Mp

o7 o Jautin) By ST e log (3. /m?)
12:/2 647" s I T Vgw

2 K92 ~ l — -
F”’7—>99 B (Nc Mg 1) i m, Ye > 0(10 ) 2 yb‘tree
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Eta decays




Eta decays

"Buried” -non flipped
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Eta decays

"Buried” -non flipped “Charming” -Flipped

t,=10, f=350 TeV, F=10 TeV, uy=2 TeV

h — 2n — 2cc
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OPAL limit on 4}

s=relative production cross section

022 = 07z1(1 — Vpw/f°) — 5 s=06 —
BR = 80% -
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The “fake” Higgs

0
Hy = (f +1/V2) ( sin((0 + h/f)) )
cos((v + h/f))

m2 ~ 4y f* ~ 350 GeV

It Couples like the Higgs but suppressed

1
grvy = gi?\]yv X (vEw /[ f) = 5 X gi?yv

easily visible @ LHC: g9 =1 — 22 — 4l




EWPTs (S & T)

like in tThe SM




Spectrum overview

F SUB)w xU(1)x = SUQ2)w x U(1)y
heavy gauge B

Moost, T SHSY SU(3) - SU(2) o

Radial Higgs
\'4 SU(Q)W X U(l)y — U(l)Q

pGB Higgs

pGB singlet
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Conclusions

@ Higgs and Eta pGBs of SU(3)/SU(2)

@ Higgs — 2 Eta — 4] cascade h — nn — 2cc, 4g
@ Higgs below LEP bound, my ~ 90 GeV

@ No little Hierarchy

@ Light SUSY and LH spectrum at LHC

@ Fake Higgs readily available

@ Higgs deeply buried under QCD background
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