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I . Motivati
ntroduction & Motivation \“

Karlsruhe Institute of Technology

m Additional strong sector — Higgs as resonance
m Why is the Higgs boson lighter than the other resonances?
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I Introduction & Motivation ﬂ("'

of Technoloay

m Additional strong sector — Higgs as resonance
m Why is the Higgs boson lighter than the other resonances?
Higgs is a PGB from a global symmetry G with

G 2201, 115 sU(2). x SU2)R
Minimal models:

[Agashe, Contino, Pomarol;

SO(5) x U(1)x — SO(4) x U(1)x

Contino, Da Rold, Pomarol]
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I Introduction & Motivation

Karlsruhe Institute of Technology

m Additional strong sector — Higgs as resonance
m Why is the Higgs boson lighter than the other resonances?
Higgs is a PGB from a global symmetry G with

G 2201, 115 sU(2). x SU2)R
Minimal models:

[Agashe, Contino, Pomarol;

SO(5) x U(1)x — SO(4) x U(1)x

Contino, Da Rold, Pomarol]

m Higgs mass: Generated at loop level by explicit breaking of G through interactions
of SM states with strong sector = Higgs mass is related to masses of other
resonances )

[Matsedonskyi, Panico, Wulzer;

Light Higgs < Light fermionic resonances Redi, Tesi; Marzocca, Serone,
Shu; Pomarol, Riva]
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I Introduction & Motivation

m Additional strong sector — Higgs as resonance
m Why is the Higgs boson lighter than the other resonances?
Higgs is a PGB from a global symmetry G with

G 2201, 115 sU(2). x SU2)R

Minimal models:

[Agashe, Contino, Pomarol;

SO(5) x U(1)x — SO(4) x U(1)x

Contino, Da Rold, Pomarol]

m Higgs mass: Generated at loop level by explicit breaking of G through interactions
of SM states with strong sector = Higgs mass is related to masses of other
resonances )

[Matsedonskyi, Panico, Wulzer;

Light Higgs < Light fermionic resonances Redi, Tesi; Marzocca, Serone,
Shu; Pomarol, Riva]

a Partial compositeness:
SM fermion masses are generated through linear mixing with partners of strong
sector, e.g.: B
AL=Xq Q.+ AgTgrtr
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Motivation— Top Partners

EWPT:

Karlsruhe Institute of Technology

Models with new vector-like fermions in full representations (fundamental) of SO(5)

can be Compatible with EWPT (Gillioz: Anastasiou, Furlan, Santiago; Lodone; ...]

nggs prOdUCtiOn: [Gillioz, RG, Grojean, Mihlleitner, Salvioni]
036 — S
Effects of top-partners can be described by PP £=025  eder Loy
low-energy theorem 0.3 « allowed
2
o w h 034
Chgg :761 GW,7>< =
19272 v Zox LET
o logdet M2 (H) : ‘
YT t
o |Og H Ny, 0.32
top mass
031
matrix
2
s pv ﬁ 1-2¢ 0307500 1000 1500 2000 2500 3000

19272 v T—¢ Mighiest [GeV]

= Depends only on & = v?/f2! Not on details of spectrum! [Fakowski; Low, Vichi; Azatov,

Galloway; Gillioz, RG, Grojean, Muhlleitner, Salvioni]
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What effects do bottom partners have
on electroweak precision tests and
Higgs results?

coll. wthMGII z, A. Kapuvari and M. Mhlleitne:

n
b q arks. mposi site e Higgs m dI 30.08.2013

5/16



I A “simple” model — New fermions ﬂ(l

Antisymmetric representation ((10) under SO(5)):
Simplest single representation, which can give a mass to both top and bottom quark.

Decomposition under SU(2), x SU(2)g

(10) =(3,1)+(1,3) + (2,2)

X
a31)=]| u
d
a (1,3) = ( x{1 U d ) dy / uy mixes with bg / tg
T.
w22)= | (T4, dg) mixes with (., by)
ty ds

x; has charge 5/3
u, uq, t4, T4 have charge 2/3
d, dy, d4 has charge -1/3

tivatiot
Mgn%ana %robsr in coll. with M. Gillioz, A. Kapuvari and M. Miihlleitner —
Vector-like bottom quarks in Composite Higgs models 30.08.2013 6/16



I A “simple” model - Lagrangian ﬂ("'

Lagrangian:
ALt =i TH(QrPOR) + i TI(QLPQ,) + i, Pq, + ibrDbg
+ itaBta — MioTH(QaQL) — y f (£1QRQLT)
— AttrUsL — ApbrdiL — Ag(Tar, dag)aL + h.c.
O=ten-plet of new vector-like fermions
Goldstone field (in unitary gauge):

> =(0,0,0,sin(H/f),cos(H/f))

Parameters:
€= Vv2/f2, y, Mjg and sin ¢, (with tan ¢, = \q/(Myo + f y/2))

At/ Ap fixed by requirement that an entry after diagonalization of the mass matrices is
Migp/ Mpot
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Electroweak precision tests

LEP: Measurement of resonant production of Z boson with high precision
— New physics models have to fulfill constraints

Parametrisation with €1, €2, €3 and e: [Altarelli,  Barbieri,
(or equivalently S, T, U ipeskin. Takeuch) and 6g_, p, 5, ) Caravaglios, Jadach]
m e (orT):
Divergent contribution due to modified Higgs couplings to vector
bosons: 5 m2 [Barbieri, Bellazzini,
AEIH _ _ 30‘(”72) 5 Iog P . Rychkov, Varagnolo]
! 167 sin? Oy 2

Cut-off by mass of first vector resonance m,,.

[Lavoura, Silva;

_— ) . Anastasiou, Furlan,

Contributions from new fermions in loop. nastasio, - Furan
Santiago;  Agashe,

Contino; Gillioz]

m €3 (or S):

Divergent contribution due to modified Higgs couplings:

[Barbieri, Bellazzini,

2
AR — a(mz) ¢ log ﬁ Rychkov, Varagnolo]
8 7 48nsin? 6y
Mixing with vector resonance p or axial vector resonance a:
v ,-nZW rnfJ [Contino]
Aeg' = — | 1+—5 ] -
m2 m2
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The constraint on ¢,

Karlsruhe Institute of Technology

Previous works: No mixing of bottom quark [e.g.: Anastasiou, Furlan, Santiago]

NEW: Full mixing of bottom quark with partners!
New counterterms for the renormalization necessary.
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The constraint on ¢, ﬂ

IT

e -
B . UQL(T _ 282 o) WOLTR0 Zi .
Swew L,i Ve Y 3,L w i Ik L,k

LZELbL =

a Renormalization of bare field:
b — (5,-,- + %52,7) by
a Renormalization of mixing matrix:
U — (8ik + dui) Uy

The counterterm is defined anti-hermitian to ensure unitarity [Denner, Sack; Yamada; Gambino,

Grassi, Madricardo; ...]

]
L L L
S0bory = 5 (925 9 7).

w+/zZ G*/G0

b, £,/ by b, b; t/bi b;

Elemroweglggreqision testﬁ1 - . o
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Results on EWPTs

® 0gpsy — 0gsw finite if mixing matrix renormalization included e i
= Our results can easily be applied to other models
m Scan over
0<e<t, 0<sing, <1, ly| < 4w, 0< Mjp<10TeV.
a
= > (=)o (=) X2 — X% < 13.28
i,j=1,2,3,b

a Additional constraint: | V| > 0.92 [cus collaboration]

0.6

V!
3

500 1000 1500 2000 2500 3000
Myightest

= Bottom partner can contribute up to ~ 55% to Ax?
m Higgs contributions are small: < 3%
lectrowe; k tesmn test;
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Higgs results

Karlsruhe Institute of Technology

The gluon fusion cxn cannot be described by LET anymore, because my, < mp:

__Gs va B 9 Yii
Lhog = 7922 Cur | 5100y oo Iogdet/vl (H) - > m
mi<mp,

~+ dependence on spectrum [azatov, Galloway]

iggs res|
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I Higgs results \“(IT

Karlsruhe Institute of Technology

The gluon fusion cxn cannot be described by LET anymore, because my, < mp:

gz va B 9 2 Yii
Lhgg = wﬁGu Guv alogHlogdet/\/l (H - >

m;<mp, M;

~+ dependence on spectrum [azatov, Galloway]

Procedure:
m Heavy quark loops for gg — h implemented in HIGLU (at NLO QCD) (spiral
m Total production cross section
Oprod = Ogg—sH + Thg (1 — &) + U‘EVA://ZH (1-&+o3y (thz/gh,, )

a Higgs decays including loops of vector-like fermions implemented in HDECAY (spiral
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I Higgs results \“(IT

Karlsruhe Institute of Technology

m Scan over parameter space
0<e<, 0<sing, <1, ly| < 4r |, 0< My <10TeV.

m Point rejected if excluded by direct searches for new fermions anaiogously to: [Gillioz, RG,

Grojean, Muhlleitner, Salvioni]

a Global x?:

X2 _ Z (#?xp _ 'LLI(heO)Z N X2 N (‘ VIZXD _ |VtZ16'O|)2
(A“?xp)z + (Aptheo)2 EWPT (AVip)?

i i

and B
Tprod BR(h — i)

H T o SM BRSM(h — i)

I |
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Higgs Results: ATLAS - Moriond 2013

Karlsruhe Institute of Technology
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Higgs Results: CMS — Moriond 2013

Ky
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I Conclusion Q(IT

Karlsruhe Institute of Technology

We investigated the effects of new vector-like fermionic bottom partners in the
framework of partial compositeness

Mixing of bottom quark makes mixing matrix renormalization for EWPTs
necessary

Bottom partners can directly influence EWPTSs through loop contributions
Bottom partners lead to a dependence of Higgs cross sections on spectrum

Simple model can pass EWPTSs, direct searches of new fermions, constraint on
Vi, and current Higgs results

Thanks for your attention!
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I Mass matrices

t 0
up 0
—ﬁm[ = Uy At
ty 0
Tar 0
b
d
— Ly =
b diL
da
with
o1,
Mg = nysH+ Mio

Ramona Gréber in coll. with M. Gillioz, A. Kapuvari ?nd M. Miihlleitner —

Vector-like bottom quarks in Composite Higgs models

0 0 0 Aq
i, —1fysf,  —1fyewsy  —1fycusu
—1ysg, i 11YCH Sk 11YCHSH
—Yyeusy  fycusw Iy —1ysh,
—3fycnsn  fycusn —1ysg iy
0 0 Ag br
0 v v || g
Ao —3iysg Mia —fy CZH;E' dig
0 fyHH  _py CZng i din
~ 1 15 -
mp = Efy(1 — Es,.,)+M10 and Mg =

30.08.2013

IT

tr
up
UiR +h.c.

lur

+ h.c.

1
Efycf/ + Mio
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I Approximative formulae for masses

ROtation for Y= O: Karlsruhe Institute of Technology.
qL cos¢,  singg a
- tan ¢; = Mg/(Mygo + fy/2) ,

<OL) <— sing, cos¢L> <QL> L = Aq/(Mio + fy/2)
f cos i ¢

( R > - ( . Phe S|n¢m> ( ] ) tan e = Ao/ Mg
uiR —singg  COS Pt R
b cos sin b

( F.'> 5 ( . brp  Si ¢Rb> ( H) o s = Ao/ Mg
dir —singry, COS¢py/) \dig

with Qi = (Tar, Oar)-
Masses of the new fermions:
Mg fy Mo+% Mg Mo+ %

fy
M . . Mo, . . Mio, Myg, Mig+ = .
10 o COS(DL » V0, COS(.&/:Lb' COS(DL > V10, 10 10 2

M10,' ; ’
cos ép¢

tops bottoms X's

At LO in v/f top and bottom quark are mass

YV YV o
Miop = T sin ¢ sin ¢pt , Mpot = —=SIN @ SINPRp -

2v2
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More results on EWPT

Karlsruhe Institute of Technology

95% C.L.

L 68%CL.
0 0.1 0.2 0.3 0.4 0.5 0.6
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Experimental Higgs Results

T T T T T
ATLAS Preliminary

H~>rt
Vo= 7TeV: [Lat - 45"
\s=8TeV: le mb'

H— ww 5 iy
\s=7TeV: JLat=46"

Vs =8TeV: [Lat=207m"
H—

\s=7Tev: [Lat-48m"
Vs=8TeV: hm 2078
Ho 27" > al
\s=7TeV: JLot=46m"

Vs - 8TeV: Lot =207 "

my=125.5 GeV

\s=7TeV: [Lat=46-481
Vs =8Tev: [Lat = 13-207 "

Combined ,h=130+020

-1

Signal strength (u)
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0

+1

H— bb
pL=1.15+£0862

H— 1t
w=110+£0.41

H—yy
p=0.77+0.27

H—-Ww
1L=0.68+0.20

H-Z72Z
w=092+0.28

Karlsruhe Institute of Technology

s=7TeV,L<5.1 1" Vs=8TeV, L<19.6 "

CMS Preliminary m, = 125.7 GeV
Pgy =065

0

0.5 15 2 25
Best fit o/oy,
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I Comparison with SM

Karlsruhe Institute of Technology
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ATLAS data CMS data
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I Light Higgs — Light Resonance AAT

For a light Higgs boson light top partners are needed.

Approximative formula:

Best fit points

[Pomarol, Riva]

muymv

< 7
M0 S /Nov/E

Best fit points using approximative

Experiment

ATLAS

CMS

formula
13 x? Experiment 13 X2
0.096 | 8.83 —> ATLAS 0.067 | 10.07
0.073 | 4.55 CMS 0.066 5.30
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