Top partner-resonance interplay in a Composite
Higgs framework

Juan Yepes

UNIVERSIDAD TECNICA
FEDERICO SANTA MARIA

UTFSM - 2018

J. Yepes and A. Zerwekh, arXiv:1711.10523.
J. Yepes and A. Zerwekh, in progress

S. Norero, J. Yepes and A. Zerwekh, in progress

/25



ATLAS Preliminary
my = 125.36 GeV

Total uncertainty
+1lconpn

Frye v © 90, 112015 (2019)

H— vy
W=1178%

H—> ZZ* — 41
W= 1.44°25

H—> WW* — Ivlv
n=1.09795%

W,Z H—> bb
n=0.59%

ATLAS GONF2014661

H— 1t

n=1.4373

\s =7 TeV [Ldt = 4.5-4.7 b’
\s =8 TeV [Ldt = 20.3 b

19.7 fb' (8 TeV) + 5.1 fio' (7 TeV)

1
0.5 1

1
1.5 2
Signal strength (u)

released 12.01.2015

Combined
K=1.00%0.13

H — bb tagged
n=0.9310.49

H > << tagged
n=091+£0.27

H— v tagged
n=1.1310.24

H — WW tagged
h=o0s3+0.21

H— ZZ tagged
u=1.00+£0.29

CMS

Preliminary

— =
—_—
—-
—

m,, = 125 GeV

—

o

0.5

1.5 2
Best fit o/o,,

SCALAR RESONANCE FOUND !

Higgs particle @ LHC

U
Hierarchy problem

4

2. &
h — 1672

dm A2 < NP @ TeV

U
* Perturbative regimes

» MSSM
» SUSY particles
» Heavy fermion resonances



ATLAS Preliminary

my, = 125.36 GeV

Total uncertainty
+iconpn

Frye Fev 590, 112015 2014

H— vy

w=1.17:8%

SXVTA08 51T

H—> ZZ* - 41

W= 1.44:93

H— WWwW* — viv

W= 1.09°923

W,Z H— bb

n=0.59%

ATLAS GONF-2014061

Ho- 1t

n=1.479%

\s=7TeV [Ldt = 4.5-4.7 b
\s =8 TeV [Ldt = 20.3 b

Combined
w=1.00+0.13

H — bb tagged
n=0.931L0.49

H > =z tagged
u=0.91+0.27

H— yv tagged
w=1.131L0.24

H— WW tagged
H=0.83% 021

H — ZZ tagged
u=1.00%0.29

L |
0.5 1 1.5 2
Signal strength (u)

released 12.01.2015

19.7 ' (8 TeV) + 5.1 5" (7 TeV)

cMS m, = 125 GeV

Preliminary

[o]

0.5 1.5 2
Best fit o/c,,

4

SCALAR RESONANCE FOUND !

Hierarchy problem

4

4

Sm? = £5 A2 5 NP @ TeV

* Non-perturbative regime
strong dynamics @ A ~ TeV

» Technicolor = 3 GB encoded
but no light Higgs h

» Composite Higgs = SM light
Higgs as a composite PGB.

2N
omy, o~

32 2

1672 "

Georgi & Kaplan
3/25



*

*

*

*

Composite Higgs'

Minimal SSB SO(5) — SO(4) at scale f

4 massless PNGBs = SU(2), Higgs doublet

PNGBs:
I3
U =-exp [lf nT' = cos h+f<h> sin fElh)
—sin h+f<h> cos h+f<h>
T': coset SO(5)/SO(4)-generators N: PNGB fields.

Explicit SO{57 via couplings to: SM fermions + gauge bosons.

: 2 :
Tunning level = £ = & controls low energies SM departures

EPWTs — & = {0.1, 0.2, 0.25} > f ~ {800, 550, 490}GeV



Composite Higgs'

A mass

[composite resonances my = gof + ~3TeV ]
[Iight fermionic resonances My = {TG\D ]
[Higgs - pNG boson mp 126 GeV]
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Matter sectors'

* Massless elementary fields: SM field sector g & no Higgs
* 'Massive composite fields: Higgs + composite resonances

* Partial compositeness = elementary-composite mixings

5 5
. qu UR
uv _ =
Loix =2.qy¥G0q Og shapes embeddings ¢ |,
a; , Ug
massless SM fields massive composites

mass generation:

tr = tr
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Top partners'

%
T X513 _
(5), (2), 4

* Myyq = {Mags, Myj14, Migs, Myaa} q shaped by O,

* M4(1) >~ g4(1)f & M4(1) ~05—-15TeV & 1 S g4(1) S 3

Vector resonances I

* Spin-1pf' = (3,1) + pl=(1,3) of SU(2). x SU(2)r

*

m,~g,f & 1<g,<4r
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Fermion—vector interplay'

* 'Fermion currents coupled to spin-1 resonances
DMy py ~ QO .7 Y Pux + h.c.

* 'Fermionic 2nd rank tensors coupled to resonance strength
ma
«iﬂprX *ﬁxj pury + h.c

i={q, ¢, q, up} aX-BX weighting coeffs.
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Fermion—vector interplay
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My 14
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Low energy efFectsI

*EK m,, < A=-integ. out p E:OM> pﬁ ~ Z, af%&jﬂ

P EOM § X X p X X X X
$M+px Oé X O OIJZ‘Z \7]

ij?
PX

. . EOM .
* Maay < m, = integrating out ¥ EOM, o elementary fields

mag P EOM Z 1 Z mag mag
IMtpe T Ly, ot ¢ O; 2D oy,
14

Ouu = (@ yu ) Oud = (A vur) (v d) Oda, = (dudh)’

mag __ - _puv
O7% =uoc" uA,
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Flavour & AF =2 operators'

FCNC processes mostly constrained by the down quark sector

2
kS L - - U@B)ic» Kkj=0
R t 2.2 W i
cd; dp Ody d (Vikmiz Verms))” wi; €dy dy [divpdilldiy® dj] {
2 L9 L9l 2 CKMi3 ) Ijoapdp 2] J 2 2
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Compositeness constraints'

Light quark compositeness related to the one of the top quark

1) _ ~ 1
0% = @y"a)@uar) ~ {Oup u; Ou dy» Odyay } = Cuyu =2Cyd =Cdd = <)

(’)gl) => jet's angular distributions departures

cuu & cdpdp S {1:2,0.6, 0.5} x 1078
=

q

Wilson coefficient bounded as (5.0 Te:V)72 = Caq

cu aq; S {0.6,03, 025} x 1078
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Some 7 ~ y /gy - ranges

For £ =0.1:

H n-small H
Model ] a; = +1 [[ @i=aj==%1, o == F1 [[ Other combinations
Mas

& n o~ —0.25 nL ~ 0.25 -
My 14
H nL-large H
P —— |
Model a; = *+1 Other combinations
oam = ap = F1
Myys 0.94 < my < 1.06 0.94 < my < 1.06
o ~1.06 < 1, < —0.94
(0.84 <y < 1.19) (0.84 <y $1.18)
Y (-1.10 < n, < —0.84)
nL ~ 0.41 nL ~ 0.41
Myys
2 Ine| 2 26.01 Ine| 2 26.01 Ine| 2 26.01
(In| 2 8.21) (Inc] 2 8.21) (Inc] 2 8.21)
Mij14
Expected: 0.3 < ni(ry; firry S 1
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g Fermionic EDMSI
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Comments on p and \If—productionl

Spin-0 & spin-1 resonances impact on PNGBs scattering: Contino
2011 et al.....

Heavy triplet resonances impact@ LHC in:{/T/=, lv;, 77—, jj, tt}
& {Wz, WW, WH, ZH}: Cércamo 2017 et al., Shu 2015-2016...

Vector resonance mass ~ 2.1 — 3 TeV.

Stringent experimental constraints on W4 and W; from direct
searches: S. Chatrchyan et al. 2014.

Pair production mechanism driven mostly by QCD interactions —
My 3~ 800 GeV & My 3 ~ 700 GeV.

Experimental searches: for singly produced partners & searches for
pair production = Bounds on singly produced partners: De Simone
et al., Azatov 2013, Matsedonskyi 2015.... 9-plet case analysed

mg 2 1 TeV: Matsedonskyi 2014.

Interplay p-W impact underway: J. Yepes and A. Zerwekh, ongoing.
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SUMMARY

Interplay among three matter sectors:
SM elementary fields + top partners
W,-V; permitted by SO(4) + vector
resonances p of SU(2), x SU(2)g in
a SO(5) CHM.

p coupled to: SO(5)-invariant
fermionic currents + 2nd rank tensors

My < m, = low energy effects:
4-fermion ops. bounded via
flavour-dijet processes + EDM
bounds.

Parametric spaces from current &
tensors ~ O(1073-107%)-O(10~%)
respectively.

* Opposite interfering currents &
tensors: mostly favoured at My, s
and My 14. Parametric freedom not
enough in M1+5—M1+14.

* m, ~ 213 TeV + my ~ 0.8-1 TeV.
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SUMMARY

Interplay among three matter sectors: * Opposite interfering currents &

SM elementary fields + top partners tensors: mostly favoured at My, s
W,-W; permitted by SO(4) + vector and My 14. Parametric freedom not
resonances p of SU(2), x SU(2)g in enough in My, 5-Mj14.

a SO(5) CHM.

* m,~21-3TeV + my ~ 0.8-1 TeV.
p coupled to: SO(5)-invariant
fermionic currents + 2nd rank tensors

PERSPECTIVES
My < m, = low energy effects:
4-fermion ops. bounded via * Production channels for the p-W
flavour-dijet processes + EDM interplay soon: J. Yepes and
bounds. A. Zerwekh, underway.

Parametric spaces from current & Scalar resonance in a top partner
tensors ~ (9(10—3_10—4)_0(10—4) model: S. Norero, J. Yepes and
respectively. A. Zerwekh, in progress.
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Matter sectors'

* Massless elementary fields: SM field sector g & no Higgs
* Massive composite fields: Higgs + composite resonances

* Partial compositeness = elementary-composite mixings

Eg\,f( = Zy GOq Ogshapes elementary embeddings
9 )
5-plet 14-plet
idy 0 0 0 O 0
1 d 0 . 1 0 0 O 0
X 5 4
— | juL | up = 0 g =—110 0 0 0
V2 |y 0 V2lo 0o o0 o
0 ur Id/_ d[_ iuL —ur

id;

dr

iUL
—u
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Top partners'

4-plet Wy + singlet Wy of SO(4)

iB—iXss3
1 | B+Xp =
V= —"—1. : Vi =
4 \/5 IT+ IX2/3 ’ 1 T
=T + X3

* Myiq = {Myys, Mgy14, M1y5, M4} g shaped by Oy

*

Vector resonances I

Spin-1 o = (3,1) + plt=(1,3) of SU(2), x SU(2)r

Parametrized by a mass m, ~ g,f & 1< g, <4n

20 /25



Fermion—vector interplay'

* Fermion currents coupled to spin-1 resonances

1
Mt py N i Th (pux — €uy) + hec.

* Fermionic 2nd rank tensors coupled to resonance strength field
ma 17
$M+gp _*5X~7# puvx + h.c.,

i={q, ¢, q, up} «af and BX weighting coefficients.
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Dim-6 operators'
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Wilson coefficients'

My

Miis

o = §& 1 [amcdody + (o) + o (sniaf, +of) |

1 L L L)? R R R
Cddp = 3 {—477Laqaqw — (aq) —aq (477Laq¢, + O‘q)]

2
Cupdp = —%(5 —-2) |:1277L04 aqw +3( ) — af (47]La§w +a§):|

= bEe-1[(ah)+ (af)’]
Cdpdp = -3 {(‘4)2 + (0‘5)2}

-2 {3 (at)’ - (“5)2]

Cupdy =

Ms 14

Mi 14

Cupu = %(55 —-1) [477La D‘qd) + ( 5) +ay (4nLa p T o )}

Cdyd; = %(25 —1) [47)Laéa51/) + (aé) + g (47;Laqw + « )}

L L L\2 R R R
Cupd; = —%(75 —-2) [12nLaqaw} +3 (aq) — oy (4"IL0‘q1p + aq)}

Cupu, = (56— 1) [(O‘é)z + (ag)z]
Cddi :é%*l)[( L) +( ) ]

Cupdp = 575_2)[ ( ) - (aqR)z:

Before fermion mass diagonalization & up to O(n) and O(¢)
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Top partners EOM: My, 5 + M1+5I

LH components

§ = 3 i
JL—>—* tr, X3L—>0 77_-) = t;
4+ 1 5/3, 2 (R +1) /@ +1
E mL
B, —0 X - 2 ——
L 2/3L 7 77%+1L

RH components

3 nR
Tr =1/ 2 — tr, Xs3,r — 0,
2+ 1) Vig+1
Br — —ijr br , Xo/3,R = — \[
vV ﬂR
with - .
}/L(R)f _ YR ~ }’L(R)f _ YR
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My 8a ’ LR) M N 81
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Top partners EOM: My, 14 + M1+14I

LH components

56 = Ve (. o, M
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