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OUTLINE

e Minimal Effective description of Goldstone boson Higgs

* Higgs and fermion masses in Composite Higgs
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COMPOS‘TE H‘GGS Georgi, Kaplan ‘80s

Higgs doublet could be a light remnant of strong dynamics.
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COMPOS‘TE H‘GGS Georgi, Kaplan ‘80s

Higgs doublet could be a light remnant of strong dynamics.
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Strong sector:

resonances + —> spin /2
Higgs bound state
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Particularly compelling it Higgs i1s a Goldstone Boson.
Massless at leading order.
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Relieves hierarchy problem:

e 1
mp_TeV
mp:gpf
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Increasing T CH approximates SM.

U2

DEVIATIONS ~ F
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Increasing T CH approximates SM.

U2

DEVIATIONS ~ F

Spectrum:

m, ~ 3'TeV

myp = 125 GeV
mwyw — 80 GeV

0

Reasonable phenomenology can be obtained for m, ~3Tev
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B Eleleriorredlize it In Randall-Sundrum seceraries:

UV IR

(Randall-Sundrum '99)

ds? = e 2FY(—dt? + dx?) + dy?
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:Higgs

»

lakelen- €5/ CRI correspondence dual tor 4 CRlks:
Relevant physics dominated by the lowest modes.
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MINIMAL 4D COMPOSITE HIGGS

- One resonance for each SM field

Related work:
Contino, Kramer, Son, Sundrum ’06
Panico,Wulzer | |

Michele Redi, ICHEP 201 2, Melbourne

Saturday, July 7, 2012



General picture:

Elementary:

Strong sector: SM Fermions

+ Gauge Fields

Higgs + (top)

Michele Redi, ICHEP 201 2, Melbourne

Saturday, July 7, 2012



General picture:

AL g g Elementary:

Strong sector: SM Fermions

Higgs + (top)

+ Gauge Fields

Gauging SU(3)xSU(2)xU(1)
mixing to fermionic operators

They talk through linear couplings:

£gauge =g A,UJ‘]M

£miazing s )\LfLOR il )\Rf_ROR > Ysm = €L - s €R

Higes potential generated at |-loop:

Wigis A
V(h) Y ]_G?EL,RmPV (?) _|_...

Michele Redi, ICHEP 201 2, Melbourne

Saturday, July 7, 2012



e SO(5)/SO(4)

Explicit breaking Composite sector

of global symmetry SO(5)/S0O(4)
Composite spin-1 lagrangian:
ft f3 s
Lnepof + £ 0,97 (079) - e
o 590)L x SOB)r )
SO(5)L+r — SO(4)
03,80 = @Sl = AT D,®=0,®—ip,®

SO4) and SO(5)/5O(4) spin-| resonances.
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Fach SM fermion couples to Dirac fermion in a rep of SO(5).

Clrid e}

Explicit breaking Composite sector

of global symmetry SO(5)/S0(4)
Third generation:
CHM5 CHeh el
L PN £fe7“mz'ons

+ Ay, GF U7 + A T80 s + hec. >  Explicit SO(5) breaking

- \IJT(’i ﬂ)p — mT)\I!T + \If,f(z J)p — mj:)\IJT
e = ki Composite physics

i YT\IJT,L(DQ q)gi[jj—??R — My, \IjTaL\ij,R =F h.c. > SO(S)/SO(4)

+ (I' — B)
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Coleman-VWeinberg effective potential:

dp
V(h)fe'l“mions = —2NC/ (27‘(‘)4 [ln HbL =k In (pQHtLHtR

Form factors are simple functions:

Ry m2_|_m2_p2
H[m17m27m3] e ( : : ) D)

p* — p?(m? + m3 + m3) + mim;

e mimaomms
M[mla ma, m3] T _p4

= p*(mi +mj +mg) + mim;

e HthR)]

Contino, da Rold, Pomarol,’06

Potential Is finite with a single SO(5) multiplet per SM field!
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What is the Higgs mass!
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MDD ESTIMATE
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CHMS ESTIMATES

SpC
Sk = Yol hhh (QLH tr+ hec) o V(h)yuk ~ Ne 12;2 m3 f*shc,
D 1 D I 25%_6% 4 2
LkinZEL ShtL @tL—i—QGRShtR l)tR —> V(h)kanNC 327‘(‘2 mf Sp,
Potential:
W
V(h) ~ as;: — Bsic ShESInF:?

Quartic Is determined by top Yukawa,
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X It

Saturday, July 7, 2012



SI@ 515

General scan: f =500GeV
2500,
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SI@ 515

General scan:

2500
2000
~ 1500i
S f
1000

SOqu‘

f =500 GeV
L ow mass:
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EeEminl=t2 5 GeV, lermionic partners VERY close.

Should be visible at LHC/!
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f = 800 GeV
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L ow mass:
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Partners above experimental bound ~ TeV
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Tuning;

800 GeV

f=

150 200 250 300

100

80 -

DNIN/L

my,(GeV)

B~ &0

Michele Redi, ICHEP 201 2, Melbourne

Saturday, July 7, 2012



S O <6>/SO (5) : Gripaios, Pomarol, Riva, Serra 09

5 GBs:

5=(2,2)+1

Fermions can be coupled to the 6=(2,2)+2 x |

b (R0
/_Z.gL\ : |
1
QL%E Zttllj; tR% 0
0 1cosOtp
\ 0 ) \sin@tR)

7

For ¢=7 singlet becomes exact GB.
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120

iggs-fermions.

Same correlation

Singlet typically heavier than Higgs unless ¢~ 5
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*" stops < ITeV

S\)g‘( gaug.l Ij(i)S -<- -3"I:eV :
--------- G
%‘ e
spln 1/2 <TeV

*s spln | < 3TeV o
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CONCLUSIONS

* All relevant features of CHM can be reproduced from a 4D
point view. First resonance sufficient for theory & LHC.

* |25 GeV Higgs requires light fermionic partners that may
EeRcclin 2012 or early LHC | 4.

* Not all models have been fully explored.
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ES TIMATES

(1 -+ 6% ZIZ(LZ) (Sh)> qr.0qr, + (1 4= €2R ZII(;;) (Sh)> I?R@tR

+yi f M (sp)trtr + h.c.,

e

Loops of SM fields generate:

Nc ) 0
Vieading e Wm:lb Z [6% Ié)(sh) G 6?% I](%)(Sh)}

N, 2

Vawb-teading ~ Te5 Mg f* [y M*(sn) + .. (y ~ ELER_fw)
E e
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A

Iwo different trigonometric structures needed to tune.
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* [uning at leading order

3 2 2
WO ytmw 2 . ogy
h 92 f3 m}QZ 02

* [uning with sub-leading terms (CHMS, CHMIO...)
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