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What s our jab?

Models can be ruled out, but cannock
be proven right!

X g Ruled out!

Even “dislilked”
possibilities
need to be tested
and ruled ouk!




What s our jab?

The nature of the 125 GeV Higqs is
not yek §uttj established!

We have a pretty
good idea of

the mechanism

Bubk, we donlt kihow how to protect it.

The Possib&tiﬁv Ehak
Lt may be composite
needs to be fu.uv exptor&ci!




The hot potato: fLavour!

Scale of
100000 TeV §  Afavour fermion mass

generation

How can Ehis
hierarchy be
generated?

10 TeV A~ Arf Vector resonances,
3
~ ond . 47Tf .
1 TeV f Comn enso\h:cm scale Miop ~ ( . ) sin 0
(extra va\s) Ag
- Too small!
100 GreV vsm ~ fsin@ EWSB




The hot potato: fLavour!

Scale C}Af
160,000 TeV } Aﬂavour {ermi,om QA SS (@W) — OH
‘ generation
dim[Oy] = dy
Intermediate *
conformal
reqgion @f{ec&ave Yulkawa:
1
Ad 71 OH QEQR
fl.
16 TeV A~ Arf Vector resonances, R
Miop ~ (L) 47 f sin 6
Condensation scale Aq,
1 TeV f .
(extra pions) *
100 CGreV vsm ~ fsin6 E WS dg ~ 1

degpg ~ 777



The hot potato: fLavour!

100,000 Tev }  Aftavour Light fermions Mulki-scale
model
dpr—1
4
Conformal Me ~ (AL]L) A f sin 0
region f

|

~ 0.0l =dyg ~1.5

10 TeV A~ Arf Vector resonances,
Still, for the top, one
~ : would need:
1 TeV f L.camdemso\h:cm scale
(extra va\s)
Atop ~ 47Tf
100 GreV vsm ~ fsin@ EWSB




The par&at &omposiﬁemess
paradigm

Kaplan Nucl.Phys, B365 (1991) 259

1 4 dygg—4
N O q14r Am3; ~ (ALf) (47 f)° Bobh irrelevant if
. fl.
We ASsume; dy > 1 dyg > 4

Let’s postulate the existence of fermionic operators:

1 This dimension

Adp—5/2 (?]L 41/ + Yr QR‘FR) s not relaked
fl

' ; to the Higgs!

A7 f

dp—5/2
f(yL 9L +Yr QRQR) wikh f YL/R ™ (E) 4 f




Caveak: iks a wishful thinking
scenario’

Is it there an underlying
Eheor:j Ehalb can aaEuaLtj

do ik?

. . Dicx’s qoing oN A STRAW-RIDE, \
NQN LM{O‘”MQ&‘«OM MQU} JusT AS THE GROYYN FOLKS DO; .
. f ZAND IF HIS HORSE 1S LITTLE,
ﬂ(’ me “FT'OM &he UV! IT's STRONG AND YYILLING ToO !

Image from Wikipedia



Towards a UV theory

g1c : rep 4
(0

SM : EW

global (Wib) # 0

<

PNGB Higqs
DM?

Excep&ww l50&6,008623

p G Ferretti, DKarateev
rep K 33
1312.5330, 160406467

X

colour + hypercharge

a) (xx)#0

coloured pNG«Bs
di-boson

b) (xx) =10

unlikely
(t Hooft anomaly makching)



Predicting di-boson
resonances

More precisely, the global symmetries are:

SU(Ny) x SUNy) x U(1)y x U(1),

WZW bterw:

LD 32;2 7. a "G, Gus,

Coefficients depend
on the underlying dynamics!

G=zAWZ g

Cali, Flacke, Lespimasse 1612 0480%

Anomalous U(1) -> heavv n

Orthogonal U(1) -> pPNGB  d

Decays and pradu&mm
ombj via WZW owmma&v‘



Predicting di-boson
resonances

Betjaev, &.C,, Cal, Ferretti, Flacke,

The Ewo SEJV\SLEES mix Parolini, Serodio 1610,06591

/

7
1 1 1 —
=L oo = m2 a + —m? aw + =M3(cosCa, — sin Cay)? Ma _  [l=cosC _ an ¢
2 2 2 My | ax 1 4 cos(
fermion masses anomaly Minimum mass splitting’

Couplings to tops are inevitable!

5 fa, fao \ 2\ -
((n¢Q¢+nqu)a+(HXQw 7 f" i) ty°t,
\/q?p 2 +q2 2 ax ay



Model .2.001.093

Guc ) X Restrictions | —¢y/qy | Yy Non Conformal Model Name

Real Real SU(5)/S0(5) x SU(6)/SO(6)

SO(Nuc) 5% 8, 6xF Nyc > 55 |2Muct2)| 43 /

SO(Nuc)| 5xAd 6x F Nuc >15 |HMue=2| 43 /

SO(Nuc) 5xF 6 x Spin Nuc=79| 3, % | 1/3 | Nyc=17,9 | M1, M2

SO(Nyuc) 5 x Spin 6xF Nuc=79| 2,3 | 2/3 | Nyc=19 M3, M4
Real Pseudo-Real  SU(5)/SO(5) x SU(6)/Sp(6)

Sp(2Nuc)| 5x Ad 6xF 2Npc > 12 | MMt | 43 /

Sp(2Nuc)|  5x Ag 6x F 2Npe >4 |MMue=| 173 | 2Ny =4 M5

SO(Nuc) 5xF 6 xSpin  |Nuc=11,13 &, % | 1/3 /
Real Complex  SU(5)/SO(5) x SU(3)?/SU(3)

SU(Nuc) 5x Ay 3 x (F,F) Nyc =4 2 1/3 Nyc =4 M6

SO(Nuc) 5xF 3 x (Spin,Spin) [Nuc =10,14| 5, % | 1/3 | Nuc=10 M7

Pseudo-Real Real SU(4)/Sp(4) x SU(6)/SO(6)
Sp(2Nuc) 4xF 6x Ay 2Nuc <36 |55 | 2/3 | 2Nuc =4 M8
SO(Nuc)| 4 x Spin 6xF Nuc=11,13| 5, % | 2/3 | Nyc=1 M9
Complex Real SU(4)?/SU(4) x SU(6)/SO(6)
SO(Nyc) 4 x (Spin, Spin) 6x F Nyc = 10 g 2/3 | Nyc=10 M10
SU(Nuc) 4 x(F,F) 6 x Az Nuc = 4 2 2/3 Nuc =4 M1l
Complex Complex  SU(4)?/SU(4) x SU(3)?/SU(3)

SU(Nuc)| 4 x(F,F) 3x (A2,A2) | Nuc25 |ymi—y| 2/3 Nyc =5 Mi2

SU(Nuc)| 4 x (F,F) 3x(82,82) | Nuc25 |ympces| 2/3 /

SU(Nuc)| 4x(Az,Ay) 3 x (F,F) Nuyc =5 4 2/3 /

Ferrebti
1604 06487



Model z.o»oi.ogv

Guc Y X Restrictions | —gy/qy | Yy |Non Conformal| Model Name
Pseudo-Real Real SU(4)/Sp(4) x SU(6)/SO(6)
Sp(2Nuc) 4xF 6 x Ay 2Nuc <36 |gvoo—qy| 2/3 | 2Nuc =4 M8
SO(Nuc) 4 x Spin 6 x F Nuc = 11,13 ,, 151 2/3 Nuc = 11 M9

Defines tan ¢ Theory confines!

Q = by

ALl couplings can be predicted!




Mad@imd@.w_v\d@y\% resulks

Pseudo-Real Real SU(4)/Sp(4) x SU(6)/SO(6)
Sp(2Nxuc) 4xF 6 x Ay 2Nuc <36 |gvacory| 2/3 2Nuc = 4 M8
SO(Nuc) 4 x Spin 6 x F Nuc =11,13| §,2%8 | 2/3 Nyc = 11 M9
The £FT is the same!
Numerical value of couplings:
Model Kg . o % (2,0) % (0,2) tan
M8 |a |—0.77(—0.39) —1.2(—2.5) 1.5(0.17)| —1.2(—2.5) 0.40(0.40)
| 1.9(2.0)  0.20(0.096) 2.9(2.8) | 0.20(0.0.96) 0.40(0.40)| —0.41
g 7.1 0 1.3 0 0.40
M9 |a| —4.3(-2.7) —0.55(—2.4) 2.1(0.26)|—0.068(—0.30) 0.18(0.18)
7| 1.3(3.6) 5.8(1.3) 8.5(4.0)| 0.73(0.16) 0.18(0.18)| —3.26
g 16. 0 1.3 0 0.18

Assuming f, = fy = fy



fu [GeV]
- 8 8 fé °8°
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Model M¥

“a” koo light for the LHC!

ﬂ Jfy constraint (singlet)
Model 8, (ny 1,)=(2,0)

AAAAAAAAAAAAAAAAAAA

EWPT |

my[GeV]

For Light masses:
bounds compe&i&&ve
with EW prec:i,sion!

Ju [GeV]

Batjaev, &.C,, Cal, Ferretti, Flacke,
Paroling, Serodio 1610,065891

Mq

= 0.20

max

zey

600_A

400;
300§-
200!
100

ql

500 ,M

f constraint (smglet)

Model 8, (ny.1,)=(0.2)

o

500 1000 1500 2000 2500 3000 3500 4000

my[GeV]

Larger top couplings:

reduced di-boson rakes

due ko kt BR.



Model M9

Betjaev, &L, Cal, Ferretti, Flaciee,
Parolini, Serodio 1610,06891

Inaccessible
600 800 1000 1200 1400
mg [GeV]

"y

Above red line, bound driven by “a”

Bounds stronger than EW precision
in most of the parameter space!



How Light can “a” be?

Work in progress with
TFlacke, G.Ferretti & H.Serddio

1 1~ 1 Mass driven bv {ermaom
£+ 2 2, 1 2 2 N1, — Si 2 b i
Lo e+ el Yy Mileoscon —sinCa)  prasses: it may be as Light

as massless!

‘Di—-pho&on very suppressed!

BR

Main decay into b’s & jets.

Tawus?




How Light can “a” be?

Work i progress with

'[chjd =0, =2] T.Flacke, G.Ferretti & H.Serddio
Example of bounds from
1702 02182
Bk a(uy)
| Y-yaeBabar
g LHC exclusions: NO LE? bc} UJ'\CiS y)
< pp-shaa as aou!zei.ihgs ko
e G+Bs are suppressed
B pp-a-u upp )
B po-aorr
pp—*a-inv | |
el Also: h => aa does
Pp-20-277+ MET not a[aptv to our
models!

Mass range with no bounds!



How Light can “a” be?

Worlk i progress wikh
T.Flacke, G.Ferretti & HSerddio

How can the wmass range few to 100 GeV
tested ob Ehe LHC?

Can the di-tau searches extend below
the Z pote?



