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Natural SM : A2 < 1TeV
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Focus on composite Higgs

4 Flavor

4 Naturalness and the search for top partners
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A1
TGV: AUV

I
Use AUV > TeV
to filter out unwanted

eftects and produce a
realistic Flavor story

Scale ( conformal ) invariant
theories are thus an essential
ingredient of model building



Composite sector is broadly described by:

Giudice, Grojean, Pomarol, RR, 2007

4 one mass scale M, (of order TeV)

- 4
4 one coupling 9p Jp ~ GKK gy ~
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Three Ways to Flavor

Bilinear: ETC, conformalTC

Dimopoulos, Susskind
Holdom

Luty, Okui

Linear: partial compositeness
D.B. Kaplan

Huber
RS with bulk fermions

Total compositeness

ex: minimal RS
Rattazzi-Zaffaroni
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Three Ways to Flavor

disfavored by CFT ‘theorems’
Rychkov, Rattazzi, Tonni,Vichi 2008
Poland, Simmons-Duffin,Vichi 201 |

Linear: partial compositeness
D.B. Kaplan

Huber
RS with bulk fermions

~ ruled out by LEP bounds
on lepton compositeness




Ly urawa = €4, 0, + €u O, + €,d.Oy

J at least 3 families of composite fermionic operators
with same gauge quantum numbers as elementary ones

D

dim @' ~ —  to ensure couplings slowly run

Hypothesis

Hypothesis seems a bit wishful to me, but I see no other option

ij i
Y,/ ~ €.,9
Yukawas

©J i J
Yg© ~ €€a9p



Flavor transitions controlled by selection rules

( accidental non-compact U(1)” flavor symmetry )

AF=1 €€l Gp X —m,% X 63 q o Gy
g2

i J k£ i JGN (A 7

AF=2 €€ €a€q X mp2 (@'Y ) (G yud”)



Bounds & an intriguing hint

Davidson, Isidori, Uhlig ’o7 Keren-Zur, Lodone, Nardecchia, Pappadopulo, RR, Vecchi ‘12

€k m, 2 10 TeV
e'/e, b— sy m, 2 j—P x (10 — 15) TeV
70
d, m, 2 j—i % (20 — 40) TeV

CP violation in D decays g
I

Aacp = axx — arn = —(0.67 % 0.16)% mp ~ 5 - x 10 TeV

*Not crazy at all to see deviation in D’s first !

ed,, should be next

0.1%( mh, )2<1OTeV>2

econnection with weak scale not perfect 5F oV -
o)



= ey

MEG: Br(u — e y) <24 x 10-12 m, = 150 TeV

Partial compositeness clearly cannot be the full story

Must assume strong sector possesses some flavor symmetry

Uex UM ux (1<

Range of
possibilities

v

SUB) x SUB) x ...



Basically the only case where it makes sense to invoke MFV
Redi, Weiler ’11

CR
€CRYp
qr UR
Yo \

Universal

1
Observed my q €ER = g_ > 0.1

I,

Predict sizeable effects in right handed quarks

all possible resonances (Ex. massive gluon)



| HC bounds:

Di-jet bounds

CMS 7 TeV 22 inv b
(CMS-EXO-11-017)

Di-jet Bump hunt

CMS 8TeV 4 inv b
(CMS PAS EXO-12-016)

de Vries, Redi,Weiler: to appear
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4 Flavor

4 Naturalness and the search for top partners



Higgs’s mass versus top-partners’

tr tR
e O O
T 1
O(\2) O(\%)
ALAR ~ AtgT
AL ~ A
best option tr  is fully composite SO(5) singlet R~ T
4 2
mT >\t
V(h) = =& x — x F(h/f)



Higgs’s mass versus top-partners’

tr, LR
o
V(h) = O + & ) + ...
T 1
O(\7) I(A\R)
ALAR ~ Atgr
AL~ A
best option R is fully composite SO(5) singlet R~ T
4 2
mT >\t

Mrazek et al, ‘1 V(h) — T 9 X 2 X F(h/f)

Pomarol, Riva '12



bA

. a/b < e
_ SAimp 2
V= =75 (ah +OhY P+ ) '
b < b
| VEV v/ f* < e a/b < €
tunmgs 2
ms 272 4

quartic b=0b= ~
2
mi 394 g4

Total tuning ~ area = eb’ = (430 GeV 2 X 4
m—rT a2,



* Partners of light families
3 TeV Flavor & EWPT ®* Bosonic states

1 TeV

W Top partners



The main test of naturalness is the search for fermionic top partners

but how to proceed? given we do not have in our hand
a truly compelling and calculable model

how to help our experimental colleagues to express the
results of their searches in the light of more interesting
scenarios than, say, a fourth family



Simplified Model Ideology
in the end model builders mistrust full fledged models

mass

top partners
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Goldstones ------- <\Ij

dp, Mp

Y gv, My

In formal limit my << M, can consistently take ¥ weakly coupled

describe by eftective lagrangian

already discussed for bosonic resonances in: Contino, Marzocca, Pappadopulo, RR, 2011

Expect results to semi-quantitatively remain the same even in

more realistic case m, —mygy = 0, (m\p)



Focus on SO(5)/SO(4) with totally composite t

Which irrep could ¥ be ?

Ltop — )\LQLOR —+ h.c.

simplest °o=4D1

4 and 1 are interpolated
options Ok
14

904 D1 by (g in both options

M114
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* symmetry ( SO(5)/SO(4) o-model)
* selection rules ( A\; dependence )
® naive power counting

Ly based on

Ex. M4s
Loy =1qPqr+itgDitr +iU (P +i¢)¥ — My U

+ {z c1 (\TJR)i fy“’dz tr + )\Lf(q_%)IU”\I!}:% + AL CQf(q_%)IUIgj tr + h.c.}

y )
~ GMH — h, WL

(1 00 0 0\
010 0 0
in unitary gauge U=|001 0 0
0 0 O C()S% sin%
\0 0 0 —sin% cos%)
4 free parameters (Ar,c1,c0, My, f) — my

expect AL~ A c12 = O(1)



Ex. M1s
Loy =iqrqr +itgPtr + 1V (D +i¢)V — MgyW0¥

+ N (@3) Urs W+ Aseaf (68) Urstr + hic|

3 free parameters  (A;,co, My, f) — my



2 2 B
spectrum Am? ~ \“v
p { 7 9
AmQ N)\2f2<
\ X2/3
e
Am =0 Xiis
t
E_L g —CQ\;\if sin € )\fcoszg )\fsin2§ tr
L 0 —M¢ 0 TR
Xa/3; 0 0 — My, X2/3R

c-model zeroes protect splitting between X,; and X/,



Production

066 > ‘6‘6‘6‘@/ >

Contino, Servant 2008




Ex. M 45 > >

~ Cc1—— > )\
B t =Ty t

pp — W, tr+
l , forward jet
not presently exploited in searches

BT‘(X5/3 — WtR) =1
BT(XQ/g — htR) ~ BT(XQ/g — ZtR) ~ (0.5

Br(B — Wty) ~ 1



Ex. M1s

= =
-
~ A
A I¥ ™~ At
t;, or b;

1
Br(T — Zt,) >~ Br(T — ht,) ~ §BT(T — Wb.) ~0.25

available searches tailored on 4th family double production
not very sensitive to single production in this model



We have employed CMS searches for 4th family quarks
to bound the simplified top models for top partners

Our own estimate of the efficiencie of signal:
including trigger and b-tagging efhiciencies reported by CMS papers

not including showering, hadronization & detector
checking our estimates are at most 30% oft for the 4th family signal

No need of full simulation point by point in parameter space

= - =

o(Wt) = gy, x 7(Vt)

ann VAN

analytic dependence simulated numerically
on parameters once for all




X, and B production constrained by 4th family search b’ — Wt

same sign dileptons (trileptons) + b + 3 (2) jets

112

£ = = 0.2

f2




T production constrained by 4th family search
same sign dileptons (trileptons) + b + 3 (2) jets

' — Wb




2 T .. naynl —F‘ZFFF + ... . .
Ay, H H yig HE L Az, U Flavor remains crucial

to assess
the riddle of the weak scale

tuning

2\

400 GeV \ 2
mT

1II. mn ~ 125 GeV } strong sector is not so strong



