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Standard Model Higgs Limits

—1 * New from ICHEP 2006:
—gg%i}ggggfz ] —M=171.4+2.1 GeV
vee incl, low O data (¢ — o Mh:85+39-28 GeV

] — Mp < 166 GeV (one-sided
- 95% cl)
- — Mp < 199 GeV (Precision

measurements plus direct
search limit)

" |Excluded N\, /A
30 100 300
m,, [GeV]

These limits ASSUME the Standard Model




Higgs can be heavy with new physics

» Specific examples of heavy Higgs bosons in
Little Higgs and Triplet Models

 Mu~=450-500 GeV allowed with large 1sospin
violation (aAT=p)

m—AT limits

excluded by
direct search
0.6 — -

0.4

0.2

0.0

AT

-02

—0.4

—0.6 e i i i i i i d
0 100 200 300 400 500 600
m,, [GeV]

Chivukula, Holbling, hep-ph/0110214



Fermilab looks for the Higgs in Many

Discovery
possible in
theories with
enhanced
production

Channels
= 40p Tevatron Run [T Preliminary]
E e D@ Expected f Ldt=0.3-1.0 fb-1.:
= sof B CDF Expected
g - g © 1 Tevatron Expected
o 25/ _I% mm Tevatron Observed
- T %

il
foo 110 120

1 1 ‘ 1 1 1 1 | 11 1 1 | 11 1 | 11 11 1 1 11 | 111 1 | 111 1
130 140 150 160 170 180 190 200
my, (GeV/c?)

« 2006: DO, CDF combined results,
New from ICHEP 2006



Many Possibilities for BSM Higgs

» Perturbative and weakly coupled
— Two Higgs doublets
— MSSM, NMSSM
— Higgs triplets (gives H™" and H"W-Z couplings)
— Lattle Higgs models....
» Strongly coupled
— Technicolor
— Top-color assisted technicolor

Aside: Can we tell them apart?




Standard Model i1sn’t Completely
Satisfactory

\
Ly
\
5M1%1 z]\4131

Tevatron/LHC Energies

——t——++

Weak GUT Planck
103 GeV 1016 101° GeV



Quantum Corrections and Supersymmetry

- N
— AR
SM?: ~-M?, N M2 aM?

Tevatron/LHC Energies

—

Weak GUT Planck

103 GeV 1016 10%° GeV




Supersymmetry (MSSM version

Many positive aspects

Gauge coupling unification
Dark Matter candidate (LSP)
Predicts light Higgs boson

e Miy< 140 GeV

Agrees with precision EW

measurements

LI R P S S SR PR DR S e S I I B HO S

I Y T T T T N N T
10% 108 102 106 1020
Q (GeV)

[ |l |lill|rl||]|[;|
80.70 | experimental errors 68% CL: N

LEP2/Tevatron (today)

A

E Tevatron/LHC l-a!..m.'g’:'___ h\“é\.sé\{ 2
80.60_—_ LC+GigaZ P\ =

80.50 =

M,, [GeV]

80.40 i Lsy=2 TeV

8030

80201 _
I Heinemeyer, Weiglein '04 |

1 | 1 1 L1 | 1 1 L1
180 185 190

1 | 1 L L
175
m, [GeV]

P B
170

160 165

Heinemeyer, Hollik, Weiglein, hep-ph/0412214



Two Higgs Doublets and the MSSM: Our
Favorite Beyond the SM Examples

Begin with 2 Higgs doublet models (@1, ;) with CP
conservation (real VEVs)

5 physical Higgs particles: h, H, A, H*

Models classified by how ®;, @, couple to fermions
VEVS described by tan =va/vi

— My gives vsm?=V|>+vy?

Higgs sector described by o, tan 3, Higgs potential
parameters

h= \/E(— [ReCD? —vl]sina+ [ReCDg —vz]cosa)
H = \/5( [ReCD? —vl]cosa+[ReCDg —v2]sina)




Constrained Potential iIn MSSM

— Tree level potential has 2 free parameters

2

+ o° 2
V=mH, H'+m>H,H ' —m’ (e ,H' H® + hc) ] £ 8g j(HIHj—HZH;)z HIHS‘

Gauge Couplings
— Typically pick Ma, tan 3 as parameters

— Predict My, My, Myu+, all couplings
— Large corrections O(Gym¢?) to predictions

1 ) ) ) 3sin® BY*m (. | M2 | X? X?
M =—|M>+M,?-\M>+M,*] +4M>*M _*sin> 2 )+ ¢ T | | 5S|4 2
h 2( A 7 \/( A Z)2 A 7 ﬁ 87[2 m2 MS2 12M§

t

10




m, [GeV]

140

130 &

120

100

90

80

70

Upper bound on My,

ST T V[T 11

no mixing

m,=178.0 £ 4.3 GeV

M, = 1000 GeV

u=M, =200 GeV
FeynHiggs2.1

IIJIIIIIIIIIIlIIIIlII

10
tan
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Higgs Masses in MSSM

M. =Mi+M,

abn I — I 50 I I I
J\f i [I:._::"-\'.Illul | J;l'lfll.l [G'F'."I-I]
X =0 X; = V6Mg
300 - — 3~ / —
lam f§ = 3 e— tan § =3 =——
tan 1 = 3 «-auan tan 4 =30 ---
200 [ - 200 :
1540 140

wo wo - -

50 1 ' L | ' an L
50 100 150 200 300 500 a0 100 150 200 300 500

M, [GeV] M, [GeV]




MSSM Couplings

O gduu | Eddd | EoVV | EDZA
cosa sin o - T ~
h sin f§ - cos f3 Sm(ﬁ a) > cos(s 0!)
T R PR
A iyscot | —iyscotff () 0

» Couplings given in
terms of a, B

» Can be very different

from SM

13



Higgs Couplings different in MSSM

Lightest Neutral Higgs
50 T T T TTT

Heavier Neutral Higgs

I L] LI | 50 rrnri I
(Y =? k 1 I ’_---__'__=_3 _____
20 [EP=30 l-1 1 20 | ' tgh =30
] I
0 ' hdd: —sino/cosp | | 2 : Hdd: cosot/cosf
E ; ' I d
s *. b » Couplings to d,
- A =
\\
I
2

- ) s, b enhanced at
‘ ’ 2r / p=15 -
AN ,', | /"“g M, [GeV] 1arge tan B
1 L1 11 1 1 L1 11 L L 1 1 L1 11
S M < 50 100 200 500 1000

50 100 200 500 1000
I LI L L I 1T r
tgfp=1.5 u \
05 | ] 0.5 \ ef=1.5
1 -
I ! .
| : 1| »Couplings to u,
02 F I huu: cosousinf 02 k \ Huu: —sino/sinf |
3 '
: ~‘ c, t suppressed at
01 = - 0.1 | v —
- L . " o \ -
-/ : S 1 | large tan 3
/ L ©ef=30 %
005 | . 1eB=30 - 005 F . i
[/ M, [GeV] | e “se oM, [GeV]
0.03 Lol L 003 Lorasl PR st
50 100 200 500 1000

50 100 200

Decoupling limit
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Gauge Coupling Constants

* ghvvAtgnvvi=gnvvi(SM)
* Vector boson fusion and Wh production always
suppressed in MSSM

| | | | | | | |

! | = i
2 7

1 Ghvv Javy
0.1k 4 01k .
0.01 E 4 001k -
E tanf =23 ------ 3 F tan =3 -----0 3

tan 3 = ) —— ] [ tan 3 = 30 ——
0,001 ' ' ' ' 0.001 ' - '
500 0 150 200 300 500 50 1 0103 150 200 300 500
ﬁlrfi [G("‘i'- _"Iff_.;

15



Higgs Decays affected at large tan S

*MSSM: At large tan [3, rates

« SM: Higgs branching rates to
to bb and 1t stay large

bb and t*t" turn off as rate to

10
bb 2 ] T T T ILAAAS Lkl ikt
E bb tan =30
Q e L ]
g 10" i . O
g g o F -
@ % < E
£ E=
G 1 PRTERS =
| =4 &0
@ £
= =
m 5]
2] g
=]
o 10° @ 1073 7 =
T
[y S hh
SeRLWW 88 "~
: et P PR | 3 | Liak
300
my (GeV)
g A° MSSM BR
S S
SM g
e 4
EJ I I AN RALLY RAALI Wl -
£ tan =30 ]
G 1 ]
= 1
o
@ g 0t 3
& 2 ]
=y E ]
= w0 = Tt =
= 1
= 3
o 4
=1 4
E f——
@ 1073 & [ =
; _____ w
P R I PR DU FOOR TN e 16
oooooo 500 700 1000




LHC can find h or H in weak boson fusion

no mixing maximal mixing
tan[i tanf
L1 e ! T 7 0 | | J .
TKHHK R KA
Nelesesee ; 9020 lelele% ;
DA : K] A
, 000 . A
25 S 25 A A A
Peleleded : K\ Petete%e%e :
Q0%0%0%¢ f/% N NageTeleled f/f
2 08954 / 20 R LHCE0R™): \\KXKXRXX gz W, 2
(XXX Vo=t ] 7 Dyl NNEEKESSIVV oo B h
15 & ielel 4 15§ 2etele%e% z
\ﬁﬁﬁ : Pelelede% :
X e X
0 b '\\\;%?p, 4 10} KKK ;
¥ 00
e
s BLEP:e€ —Zh ////////' 5 FNLEP2 e —Zh ‘:?t‘-':
R L N RN N ST, g :
&0 100 120 140 160 B0 100 120 140 160

M, [GeV] M, [GeV]

Decays to 171" needed
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LEP MSSM Higgs Bound

LEP 88-209 GeV Prelimina

tan3

1
......
I

10

Excluded
by LEP

1 Theoretically
Inaccessible

0 20 40 60 80

100 ]
m, . (GeV/c") 1

120 140

Theoretically
Inaccessible

0 20 40 60 80

I

M=169.3,174.3,
179.3, 183 GeV

100 120 214
m, (GeV/c")
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Bound on Charged Higgs

» Fairly model independent

|-1

: | ALEPH /*’f
e A7
3 %
as L 1.
4 : 7
i ._'
N - li IL\I

- L
-| Excluded st95% CL | |III

1 1 L 1 |.|II.'|'~||.| L
T 75 0

2

S
M+ (GeVET)



Can We find the H* at the LHC?

* Concentrate on M+ < M,- 'fcjzz N .
m,, region " oo — -

— Charged Higgs in this Zz |. ;u:“‘ij::““* e
region would imply a ol | it 3
light h “f cMS, 30 fb! :

* Look for H™—>tv zz F
10§ il

O%50 200 250 300 350 400 450500 5%0

m, .. (GeV/c?)

20



1000

100

10

0.1

0.01

SM Production Mechanisms at LHC

LHC, /5 = 14TeV, My/2 < p < 2M,

i I NLO1 qGI—>Zh, ]

1 I 1 |

Bands show scale dependence

All important channels
calculated to NLO or NNLO

e NLO, gg,qg — tth o(pp = h+ X) [pb] -
i NNLO, gg — h E
i NLO, qq — qqh i
Ry ~--....NLQ, g7 — Wh -
-i_:;;::::::::::::::::::::::_—_~_-_=_£E-=£§§_=—-=========:
NLO T — bgh ---------"':::::::::

i :::::::::::::::::,::g:?”--??._A............. 2b tag .
I 1 1 | 1 | ||

120 130 140 150 160 170 180 190 200

Mh [GGV]

Production with b’s
very small in SM
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Production of SUSY Higgs Bosons

» For large tan B, dominant production mechanism is with b’s

» bbh can be 10x’s SM Higgs rate in SUSY for large tan 3

Cross-section (pb)

LHC

."'-‘___.: Rb-a_

tan =3

Maximal mixing

Cross-section (pb)
Cross-section (pb)

gg—H (SM)

- gg—H

SlvlHiE-.Heg

AR

tan p =30

Maximal mixing

Cross-section (pb)

gg—H (SM)

. (GeV)

SUSY Higgs are produced with b’s!
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SUSY Rates at the

evatron

Tevatron, Vs = 1.96 TeV
m,", tanp =40

=

#

< 99%
Sy

® production cross section [fb]

- et
Ll bunin

> T

| I IIIIIll

10° 3 5
i .
1 7 :' l
oL 4 E
W/ Zd .7 N ]
ol ANy i
b’ '3 3
10 7 . T E
qodP TR | S 3
r ﬂcb LY \\‘._ =
! f Ty iy _
10-1 1 1 L P T R & 1 1 | L 1 1 I
100 150 200
M, [GeV]

250
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Large tan £ Changes Relative Importance
of Production Modes

b, t
g GOGGOG0T f > y
-—- h > ————— il
b
g 99999999
- 4 2
2 m, m, 2 m 2
o, =c¢ccot” p+c,—+c;,—tan o, =—2tan
1 2 3
88 M2 4 bb 2
h h h
o(pp = A + X) [pb] \5 = 14 TeV ,G(pp = A +X) [ph]_ \s = 14 TeV o(pp = A +X) [pb] _Ns=14Tev
102 ! ! ) ! e AaEDy T 10°F : I :  theAMNLO) o 102' ) ' ' ' T b A (NNLO)
s A NLoR) — s AONLOFul) — gg—» A (NLOFull
10 L — EDAGLobe 10 BN s 10 b Yy
1k 1 b
-1 -1
10 | 10
-2 -2
10 F 10 F
3 3
10 10 F
L ! - L ! . L t 10 E I I I 1 ' L L I 10 '4I'_ I
100 200 300 400°300°600 700 500 900 1000 100 200 300 400 500 600 700 800 900 1000
tanp = 1.0 A [GeV] tanf = 7.0 M, [GeV] o(pp = A + X) [pb] Vs=14TeV

Kilgore

24



Counting Rules with b PDFs:

Reordering of perturbation expansion

b
> ----- h (o In(M, ?/m,?))*~.4
b
b —>—---- h b o h
,’, 2 2 2 ~
| _. }_\ o 2In(M, 2/m, 2)~.06

g o500 —— } g b

g ooooy—— b q b

______ hoooH >&mv~< b a~.01
g TOTO——p q b

25



New Modes important
* New channels can play a role: Higgs plus jet

* Large tan 3, b quarks dominate b —
pp —> h + jet T
1000 LHC. \"s=14TeIV . b, t
——- bloop only
100 T Total /’fﬁﬁ’/,.f“_
) /,/ IMA:wcGe\:
: " 7 sl Note huge enhancement at
E -._I_;:;, nl<2.5
1Y ; large tan [
0}
0 0 10 20 ‘ 3ID 40 50
tan B

26



pp > bbH
Enhancement in MSSM

0 '\f I T Vl
2 s=14 Te
Note log scale! " | p,’>20 GeV
' - 2.5
10" ¢ .. S Inl<2.
10° | “ p=m,+M,/2
210"
21072
@ -3
107 1 o —esm
10* [ e-eMSSMtanp=10
. [ ®-—eMSSM,tanp=20
107 £ o —-eMSSM,tanp=40
10° L—— : - : : . .
0 200 400 600 800
M,° (GeV)

Can observe heavy MSSM scalar Higgs boson



Large BRs to 7’s for SUSY Higgs

2T
= F m, = 300 GeV/c? o
o 35 A
S B ;
e = o(gg—bbH)xBR(H1)
I
- « o(gg—bbA)xBR(A— 1)
2.5
- A, = 2450 GeVi/c?
2 ﬂj
- M, =200 GeV/c?
1'5:_ = 300 GeV/c?
1
n -
0.5
E p-LLsls 'T l I I I I I
150 11 11 11 11 L1 1 L1 11
uﬂ 5 10 15 20 25 30 35 40 45
tanp

Can we use this to measure tan [3?
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bh production at NLO

Larger rate than 2-b tag process

Extra b tag and Higgs transverse momentum improve
detection efficiency-from 0-b tag process (bb—h)

Require at least 3 b-tagged jets
Look for excess in di-jet mass

D@ Run Il Preliminary

Data

_— Bkgd.
------- m, = 120 GeV

[=-]
o
T

Events/ 10 GeV
)
2
——
N

Look for signal in invariant
mass spectrum from two
leading b-jets

Main background 1s QCD
b-jets

Signal acceptance 0.2-1.5%

29



New bh, h—>bb limit

DO search: tag 3 b’s

103: DO
f.; - 260 pb!
- i - Expected
5 B Sttt — Measured
g leF
O B
(/7] R —_
2 | s
o =
fra 5
O 10 §
2= P T T TR %
80 100 120 140 160 :
m, (GeV) S

ICHEP, 2006

D@ Run II Preliminary

— Observed

-1
9 1 — Expected

IIIII[I

|

10

T T N TSN T N T T AT T AN T T A T T T Y N W O
100 110 120 130 140 150 160 170
mH (GeYV)
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Limit on MSSM from bh, h—bb

MSSM Higgs bosons
bbd(— bb), ¢ = h, H, A
100 R _
80 -] No mr_'xr:ng
] Max. mixing
%Bﬂ : . 1 b~
(1] D3 Tanﬁ% A0 ~ Mhop/ M SACH
el 40 - ,#{ op/ g -4 .[.b—‘i
T8
20 CDF
[ &
L .l Df
Each,
m, (GeV) Combined
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bh Production: h—>7 7

* Smaller branching ratio than h—bb, but clean
signal

DO Run Il Preliminary

g @ -=--®-- Expected (but channel, 286 pb™)
= 120 )
E ——&—— Observed (but channel, 286 pb™)
I
5 100/ S .| -~®-- Expected (bbb channel, 260 pb"
8 [ ©. . .. |~ Observed (bbb channel, 260 pb’)
O B0 B — : : ——
(/] -
e L
U -
_j 60
o [
L F
& or

20|

o

|90| Ll |100| (- |110| [ |120| [ |130| [ |140| 1l |150| 1



MSSM limits from bh, h—>7t 7

DO, 340 pb!, ICHEP 2006

en 120
L
s |
100
80—
= DO Run Il Preliminary
60— - o= = = Expected 286 pb” (4<0)
: ---------------- ——— Expected 286 pb ' (u>0)
L , I observed (bus 286 pb ) (n<0
40— / B observed (ous 286 pb) (10
[ LEP 2 \ = = =+ Observed (bbb 260 pb ) (<0
i ol -
20 -
L ka S —_—_— ]
10 g 1 1 W g o 0 i S L

0 %0 100 110 120

130 140 150
M, [GeV]

DO Run Il Preliminary

—— = Expected 286 pb” (1<0)

——— Expected 285 pb ' (1>0)
I observed (ous 286 pb ) (u<0
BB observed (ous 286 pb) (>0

2N .| === Observed (bbb 260 pb ) <0
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b Higgs expectations at the LHC
from bbh, h—>7"r

At least 1 b jet tagged

tan(p)

30}

20

10}

| I rd-r-
Discovery area LA
for 30 fh" ey
H;:;,f’;- ]
A A
. ) ﬁaxnﬂ
ey Mgysy = 1000 GeVic”
el X" = 2449 GeVic?
no =200 GeVic?
M, =200 GeVic?
[ I [0

200 250 300 350 400 450 500 530

600
m, [GeVic’]

CMS Physics TDR, 2006
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tang

bb— h in MSSM
Can you use decay h—>u" 1r?

5o discovery region

MSSM, Mgysy = 1 TeV

(a) L =30 ! (b) L = 300 fb!
IIIIIIIlII[IIIlII;IlIIII_ _|[III|IIII|I!'II]IIII|IIII_
50 ¢'0—)bbp#‘p‘ !f' - Eb?&u"bbppf'f —]
/ / 1k : ]
. { !
40 E 2 -
il 0 g
e / @ ups
" 5 7 -1
30 fi- —

IIIIIIIIIII!IIIIIIIIlIIII_

100 200 300 400 500 100 200 300 400 500 600
m, (GeV) m, (GeV)

Dawson, Dicus, Kao, Malhotra, hep-ph/0402172
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Need to see Multiple Higgs

S0 i n
H40 00 i | ATLAS - 300 fb
> j maximal mixing
30 .
20
10 F
9
8
ri
' 0
° h only
s ™
4
3
LEPF excluded
2

1 > : =
50 100 150 200 250 300 350 400 450 S00
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Reconstructing the Higgs potential

§ RARRRARARY 4o H g

* A3 requires 2 Higgs production

* Depressing story unless you are in resonance regime:
H—hh

6 F T | IEP— — | IR Lo BR
- G(pp—shh—>bbyy) (1] BR(h—bb) ]
| tanp=3 i 1
= 10
-1
L = 10
BR(h—vy) |
I R e I
10 =10
m,=117.5 GeV=m,/2 ]
L I H R R SRR B

150 200 250 300 350 400 450 500
m, [GeV]

Baur, Plehn, Rainwater, hep—ph/3073 10056



Modifying the MSSM: NMSSM

Simplest modification of MSSM: add Higgs singlet S
Superpotential w = 1H H,S +§S3

— A<S>HH; naturally generates uH;H; term
At tree level, lightest Higgs mass bound becomes:

Assume couplings perturbative to Mgur
— My <150 GeV with singlet Higgs
Phenomenology very different from MSSM
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NMSSM Higgs Mass Spectrum
Z7H couplings suppressed

Typical Scenario:
2000

0] Sl o (Evade LEP bounds on Mpy)
-\1600 ;__ -- CPodd £ < % T T T T ¥ T g T LE—
%l 400 F Charged 1 :____________, \-
21200 f " wrsp o
£1000 £ € 0.5 f=ry i T il
» 800 F a 025F %

o0 i L o N "
20 600 F = N OF' ™ 7
I ; &) E N
40E--f - ----f------]----- = -025F |\ B
200 F T & £ :
0 :/,/ ! | ! ; il I i ] -0.5 a 77H
0 500 1000 1500 2000 2500 3000 0.75 F S TG
M, (GeV) 1t — 77ZH? ]

» Spectrum of light Higgs: 2
light scalars, 1 light pseudoscalar

»Heavy, roughly degenerate
Hs, Ay, H*

0 500 1000 1500

2000 2500 3000

M, (GeV)

Very different from MSSM!
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Significance

NMSSM Discovery

Discovery of lightest H; straightforward; heavier
H, difficult

Higgs couplings can be very different than SM

-1
NMSSM at CMS, 30 fb NMSSM
| T [ T I T ° HI T [ LI T T T LI B B ) II T T T T rrr II T T T i
o H, - —r ]
]U_’_ = - o b -
Y = i
L & i 2o 100 bt x v E
g B w > ]
oo 4 g o . 7 .
| ' 5 [ - :
= o E | ¢
o @ ) §

1= Y i g 10F : -

B : ) - v

% 9 0p 88 m E N i

i 8 = . g

= 3]
o B : . = -
o o o o m
= nnn‘; 1:_ ]
0.1 | . q , mngem oo a8 g Eelfi| L el L .....].|
0 100 200 300 400 500 1 Dot 110 \\\\\\ 00
Higgs Mass (GeV) Paiticie Mass (GeV)

Barger, Langacker, Shaughnessy, hep-ph/0611239 40



A More Complicated Higgs Sector

* The Higgs boson properties are sensitive to
additional scalar particles

* Add a single real scalar S to the standard model

 § carries no charges and couples to nothing except
the Higgs, through the potential

V(H,S)=—p|HP> + N\ H|* + nS?H? + m25* + xS*

41



If <S> =0, the H decay could be invisible

V(H,S)=—p?|H* + \|H|* + nS?H? + m?5% + rk5*
Suppose <H>=v /2, <S§>=0),

S°H? — (v+h)°S? = v25? + 2vhSS + hhSS
h — SS (if m, > 2 m) with a width ~ h%?/ m,.

This can be larger than decays to bottom quarks.

S is stable (| SNo thsyrdntesrid bS8 M ipggible

42




If <S> not 0, Physical Higgs is Mixture of H, S
V(H,S)=—p*|HP? + N H|* + nS?H? + m25? + xS*
®1 = hcosy 4+ ssiny :¢pg = scosy — hsin~y

* (1, @2 decay to usual Higgs final states, via their /4
component

* Production rates/branching ratios suppressed from SM

If m; > 2 m,, new decay channel:
01 = §2 ¢ = (bb)(bb), (bb)(t*17), (t*17)(T*1")
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Another Possibility: Little Higgs

* Global Symmetry, G (SU(5))
*Broken to subgroup H (SO(5)) at scale 4rnf
* Higgs 1s Goldstone Boson of broken symmetry
Effective theory below symmetry breaking scale
* Gauged subgroups of G ([SU(2)xU(1)]?) contain SM
« Higgs gets mass at 2 loops (naturally light)

*Freedom to arrange couplings of 15t 2 generations of fermions
(their quadratic divergences small)
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Solving the Little Hierarchy Problem with
Little Higgs Models

«Weak Coupling | Strong Coupling—
2
_ g8/
Aweak o 41 gf — 1 —_ 3 TeV A — 47#
Weak Quadratic divergences
cancelled by new states
103 GeV 10 TeV
Higgs gets mass at 2-loops Higgs is pseudo Goldstone boson

from global symmetry breaking at A
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Littlest Higgs Model

Quadratic contributions to Higgs mass cancelled at one-loop by
new states

- W,Z,B & Wy, Zy, Ay
et T
*Ho o
Cancellation between states with same spin statistics
— Naturalness requires f ~ few TeV
Symmetries only allow Higgs mass at 2-loops
— dMpy*~(g?/16m?)*A?
— Allows scale to be raised to A ~10 TeV
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Little Higgs Models and Precision EW

Measurements

« Mixing of SM gauge bosons with heavy gauge bosons of little
Higgs models gives strong constraints on scale, > 1-4 TeV

@ @ @ @ ) d
% A ¥4 w A f\/\/\;\‘ﬁ?:nnnnnn
Zy
WHh §

e Introduce symmetry (T parity) so new particles must be
produced 1n pairs

— Eliminates tree level constraints

— Scale can be lower, f ~ 500 GeV

— Lightest neutral gauge boson, Ay, could be dark matter
candidate

H.Cheng and I. Low, hep-ph/0409025, J. Hubisz and P. Meade, hep-ph/0411264 47



New Phenomenology with T parity

*Lightest T-odd particle is
dark matter candidate

600

*Heavy Higgs allowed

1000 ¢

800 500

200 |

200

100
500 1000 1500 2000 2500 1600 1800 000 2200 2400

f (GeV) £ (GeV)
Excluded at 95%, 99%, 99.9% CL

Relic density of lightest T-

odd particle 1s within 26 of
WMAP central value

Hubisz, Meade, Noble, Perelstein, hep-ph/0506042
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Higgs production & decay 1n Little Higgs Models
» Higgs rate could be reduced by =25%

gg—>h—yy
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Conclusions

« MANY POSSIBILITIES!
* Don’t let common lore deceive us
— Must measure Higgs production and decay rates

— There may be surprises
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