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Outline

Describe the compostite top scemario tn the framework of
modern strongly-interacting theories of EWS®E and
give the main constraints and experimental signatures.

X Way the top ?
X Framewor§
X Feasi6ility
X JImplications

X Conclusgions



Way the top?
LEP == most fermions = point-Like particles / not for the top
why?
BSM sector responsible for EWSB + masses:  (SM = without the Higgs)

X weak coupling: fundamental Higgs + SUSY (waturalness),

top LS not speaial,

X Strong coupling: Technicolor or Composite Higgs,

g BSM phgsics (opemtors) oouqsLes to A
fermaions proportionalty to mass

. J

x Top quark the most sensttive fermion to the BSM sector.

x Top quark has properties of composite state.



Frame 1: BSM gector

proto-Yukawa Lnteractlons

J
T ,
L.R restdual
) Lobal symmetr g —
<=> T ’ H global sywmetry
gsm ¢
eLemewtara gauge couplings composi’ce 2 Nambu-Goldstone bosons >,

Model tndependent analysis: strong sector characterized by

x m, = wmass of lightest bosonic resonances

47Tf X Mg+

< f

mass of lightest fermionic resonances

global symwmeetry breaking scale (decay constant)

mp — gpf mp ,
also, g, = 7 = coupling between resonances, g, S 4m
Mg <€ inspired by holography - warped Extra-» basie!
v < f Higgsless: v = = 246 GeV sSM: f>w



Frame 2: Partial Compositeness

SM fermions get thelr masses by mixiing with resonances

X P&V’C%Ybﬂti\/& pioture: @ <Z>

1 Yt
el ! el
by —— X g. X — 1R

™Mmirimnper
90 Mo My

X wow-—pertwbative p’wtwe:

L=mrqy QR +mrtRT} + MoQrQgr + MrTrTy, + g,Q1XTk +

Q, T'= BSM resonances ¢ diagonalization

m
massless states:  qr = cosOp ¢S +sinf; Q% taﬂ@L:ﬁL,
Q

el . t meg

tr = cosOptp+sinlgTy,, tanfp =—.

M~

top Yukawa: y; = sinfl;g,sinbg



Frame 3: Composite Limit

extremwa of partial compositeness

cOMPOSLEe gr: { sinfp, — 1 } <> { R }

mr — m, Mg < my,

fxf QL Ln higher represewtatiow (of global symwmetry of strong sector) :

[QL c QL= (tr,q;) l
’cop partwcrs

before ewWws®B: my; =0 and Mg # 0 (but smaller than M, )

{ Siﬂ@R%yt/gp } { tRﬁt% }

3 scales: My, f, T g

cOMPOSLEE [r: equivalent Lmit



FeagiGility 1: €ffective Lagrangian

How does the composite nature of the top modify the Low energy theory?
m, > (f,mg) > E > my

“Chiral”-lagrangian for the top (Low energy lagrangian)

2 rules:  x extra composite state, , : — x extra derivative, —
Jmy / mp
1 ,
—2—opemtors (Leading):
COMPO gL
ic(Ll) @'Cf)
[z —=H'D,Hgy"qr - 2/ H'o'D,Haqy"o'qp + h.c. + F(C]LW qr)(qrYuqr) -
compo (R
’LCR
[Ci — 0(1)] 7 —H'D,Higy"tg 4+ 72 (tRWMtR)(tR%tR)
compo H

T \H'D,H]? + S HW,, B"H + -

2f? m%



FeagiGility 2: EWPT and symmetries
1

from F — operators:
~ 92 1}2
X T =— IIy+(0) — s (0)] = CTF < 107° =3 strong bound on f
My

T = O at tree—Level

2
X 097b1y ~ (C(Ll) + Cf)> ?J_2 < 107° = strong bound on f
9Zbrby, f
PLR (Lwterchawges L€<>R) = CE;?)) — —C(Ll) = C[,

bL = elgenstate

5gaLbL — () at tree-Llevel

Luolreg we have these (accidental ?) sy mmetries |



FeagiGiCity 3: EWPT and 6ounds

AN

v
X 5= QQHW?,B(O) = 2g°cs

~)

2
p

5 1073 - bound on M,

x if caleulable, M, 2 2.3 TeV == f > 500 GeV
(Ads/CFT)
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At the 0.1% Level !

SM(120)

SM(1000)

gp ~ 4.0 Reference
99%
AT ~3x 1073

T sitzable at one—Loop?

Higgsless

0.0030.0040.0050.0060.0070.008

o,
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Feagibility 4: Custodiansg
mintmal global symmetries of BSM: SU(2), ® SU(2)r ® U(1)x
Q=T +Ty+ X
assignments for Q, T':

X by =ceigenstate of PLr T =Tr=1/2, T} =Tp=-1/2

X gpQLZTR = (2, R o(1, Ry)x, invariant

t ’
CUS oozlwms g qL ) custodians of 7 _
_ N = 1
q7 7/6 3 15/3,1_1/3,32/3 = +3’ 3

Q T
Case (a) | (2,2)2/3 (1,1)2/3
Case (b) | (2,2)2/3 | (1,3)2/3 + (3,1)2/3

Note.- If Larger lLow-energ Y symmetry, we embed (a) or (b) tn some of Lts representations.



FeagiGility 6: 1-Coop estimates

Have we finished with EWPT?

NO. Low energy (E < A) one-loop (leading) estimates:

<Z> LRy qL <Z> <Z> qr
@ > br
we, we, Z,
& @ b
®) e () x) @ '
~ N, , v*A? 5 N, viA?
BT Gabrbe ™ 2 L g

2 ML R ! e (@)6
L.R m, LC4q m,
x generically: A~ m, == cp,CR,Ciq 7 1 =—p 1o large compositeness
allowed

X composite Limait: A ~ My ey large compositeness allowed

mg — 0 == custodial symwetry recovereo



FeagiGility b6a: eomposcte Gi

case (a): | f =500 GeV
2000
* m, = 2.3 TeV
T contour plot 1500
M :
1000 from WED:

C
Myx ~ M 1] — —
q p o

X large compositeness <= Light custodians
X softer bounds for my ~ (500, 1000) GeV

X bounds from Zbrbr can be hara (caq depenoence)

case (b): allowed composite g1 parameter space very small



FeagiGility 66: Composite tr

case (a): no sertous bounds on oomposite IR paravneter space

case (0); ~ £ =500 GeV
2000 m, = 2.3 TeV
T contour plot o0l
mg: 7
1000

X softer bounds for negative cr and mg- ~ (500, 1500) GeV
X regions with positive T

X wo strong bounds from Zbrbr (wo quadvratic dependence on my)



Pheno 1: Effective Llagrangian

Model independent analysis of composite top consequences

1
—5 —operators (Leading):

COWAPO (L
;D) :(3) P
—L H'D, Hq,y"qp + ==

2 22 5 H'o' D, HGy"o'qr, + h.c. + 2l 72 (qLW qr.)(qrY.4qL) -

compo IR

[Cz’ _ 0(1)] f2 Rt D JHtpyH g + F(thutR)(tR%tR)

(3) (1)

in owr framework: ¢;’ =~ —c;’ and cgr ~ 0

Ir = elgenstate of parity
sywm. protecting ZIrIR



Pheno 2: Anomalous couplings

Modification of couplings top - SM gauge bosons

2 2

2
5thLbL o v 5thLtL ~ 2C (% 5thRtR L SCR (%
~ L=

2 <2 2
GWwirby, f thLtL f2 thRtR 4 sin HW f

f =500 GeV == o strong enough present (direct) contraints
LHC, 7% Le, 1%
U d e’ t
Wi

b / €

LHC: tops maing pair produced and BR(I—>WD) ~ 1



Pheno 3: Four-top production

genuine effect!

2

, _ - C
Cag> Cat === ctrong I, q scattering |A[tt — t£(bb)]|* o f—ju2
grows with energy
enhancement at the LHC! 2
9/67\/ t
80
j C4q, C4t
60 g t
2 40 to
b L
0 Ospn = 46 fb
| Opcter =~ 1.8 tb
00 02 04 06 08 10 Osinglet = 16 tb



2 tops (1) very energetic (pr(t1) > pr(t2) )

Pheno 4: Four-top production

distributions:
0.0020 [ 0004
S — SM - — SM
~ 00015 | L — 4t L 0003 M — 4t
X Iﬂz ! | ﬁ Cor
B lg 0.0010 ~ 0.002
s 8|3
— 15 00005 < 0.001
[ — | b
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m(ty, L) pr(ty) [GeV]

cuts (reduce backgrounds) === 4t contribution dominates

detector awaLgsLs ?

X possible signal: lilijj Lillie, Shu, Tait ——3 04 > 45 b

X top reconstruction



Conclugions

The top quark s the most sensitive fermion to the strong
sector responsible for EWSE ano SM masses.

X caw one of the chiralities of the top be fuLLg COMPOSLEE?

Present experimental bounds do not rule out this possibility.

Even we can get positive T contributions (maing for c negative), needed in
these models for agreement with EWPT.

X cawn one test this possibLLLtg at the LHC?

x four-top production enhancement = genuine (difficult but viable)

X anomalous ooupLiwgs

Also direct searches of top partners (Contino, servant) and flavour transitions



extra



T and 266 regults

. 1
Cowmpostte ¢1, Case (a): |  E=¢&p= n
2000 - |
* 'm, =23 TeV
T cont Lot | j
ontour plo 1500 + CCyy = —CL/3
" My | j
* ] :
ﬁ L Mg My [ 1 — —
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EFT results: m, > mg > ny

2
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~ me. ms;
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Ty m q*

i)+ (5 e it )|

m2. m m2

m;
09zbrbr, = —0Gs M304q§ [CL& ( mq2 log m2 m2. ) + 2 log m? ]
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Four-top production

can we distinguish between compo gL or compo IR tn 4-top production?

10 *

do
o dCOS[@ﬁ (11)]
-
~
|
|
L ...
::l_ _

studying angular distributions of decay products (I7)



Flavour congtraintg

Contraints on top compositeness from flavour physies?
t

b > > > S d, S > > > b
Wirhr coupling: - ) §W ?
b -
t

\ contraints at 15‘{0

A

A
\.Qq
Va)

21t couplings: =3 mild constraints

flavour contraints = indirect (more model depenoent)

generically = some extra flavor structure Ls needed



