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Criteria for UV completion
how can we build a BSM model given the lack of experimental evidence?

(1) Higgs boson is a pNGB
(2) top quark mass due to mixing with a composite state
global symmetry: Gp — Hr, Hp D Geus O Gsm

chs = SU(3)C X SU(Q)L X SU(Q)R X U(l)X
Gr/HF > (1,2,2)o

asymptotic freedom + unitary gauge group + several irreps (LH Weyl)

fermions € mR; + 3Ry + 3R;3
Gr = SU(m) x SU(3) x SU(3)" x U(1) x U(1)

[Ferretti &Karateev 13]
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https://arxiv.org/abs/1312.5330

Ferretti's model - UV description

GHC GF
—— -~ " Y

| su() | sues) | su) | suEy | v)x | vay

v| 6 5 1 1 0 -1
x| 4 1 3 1 ~1/3 | 5/3
v| 4 1 1 3 1/3 | 5/3

[Ferretti 14]
strong dynamics induces SSB of the global symmetry

SU(5) —s SO(5)
SU(3) x SU(3) — SU(3),

’ compute the spectrum

[plenary talk by Claudio]
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https://arxiv.org/abs/1404.7137
https://conference.ippp.dur.ac.uk/event/470/session/1/contribution/338

Ferretti’'s model - composite Higgs model
SU(5) — SO(5) D SO(4) ~ SU(2);, x SU(2)r
SM group: T¢ € SU(2);,, T3 € U(1)

14 NGB : 10+2i1/2+30+3ﬂ:1
n H & o

11

M=H+H +&+ &, + &, zzexp@)

U=xx", Uw gUg"
using the notation ¢} -, exotic Higgses with Q = m, + mpg:
o O (¢g - ¢0, 90)
q)-‘r 2 (¢—T—7 (J]ra(bi)

[Georgi & Machacek 85]
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https://inspirehep.net/record/214561

Gauging the EW - pNGB potential

L th D,U) D,U
effDT(jr(u) u

DU = 0,U —igW [T}, U] —ig' B, [T}, U]

Coleman-Weinberg potential due to the gauge bosons:
V, = —Bftr {gQTEUTEUT + gPT3UTiUt ]}

Bis a LEC, V, provides a mass for the extra pNGBs in the spectrum

[Ferretti 16]

Bf*=CpLp x / dq* ¢ T p(q%)
0

(6, — 4u0) TLr(c?) = / dhz 9 (JE(2)JR(0))

[Golterman & Shamir 15]
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https://arxiv.org/abs/1604.06467
https://arxiv.org/abs/1502.00390

Partial compositeness

generates top quark mass, and EW symmetry breaking [Kaplan 85]

A AR
Lyv D 573 55 QQLOL + 71&303 + h.c.
AdL—5/ A4r—5/2
uv uv
[Panico & Wulzer 15]

in the UV complete model:

A AR
Lov D —5750Br + — e trBL + hie.
AUV AUV

q1,tr spurion fields, By, g hyperbaryon fields (x¥x), in the (5,3) of Hp

[Golterman & Shamir 15]
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https://inspirehep.net/record/314641
https://arxiv.org/abs/1506.01961
https://arxiv.org/abs/1502.00390

Fermionic mass term

M - _
Lo D E\P\Ij + )\quYLE\I/R + )\tftRE*\I/L + ...

A YL A YR
A= AL () V75, M=Ar () N

Auv Avy

iB—iX
L | B+X
U= |iT+iY
V2 ~T+Y
V2iR

(T7 B) = (372)1/67 R e (37 1)2/37 (X7 Y) S (372)7/6
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Fermionic mass term

X exotic state, with charge 5/3

top quark mass:

tRr
I Tr
Log D (tL,TL,YL,RL) - M- Y + ..
Rgr
/
mt/v \f
M 2 2
\/1+A3](}2\/1+A§AQ2
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Higgs potential

V(h) = —af?sin® ; + Bf2 sin4;L

[Panico & Wulzer 15]
where

o= CLR(392 + 9/2) + 2y2Ct0p <0
ﬁ = *2y2ctop

d'p dq puav ,
Ctop X / )T (2 p%qj (Bri(p)vuPrBRi(p)BLi(9) v PrBu(p))

[Golterman & Shamir 15]

¢ =v2/f2 = a/(28)
_imy €

402 1-¢
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https://arxiv.org/abs/1506.01961
https://arxiv.org/abs/1502.00390

Phenomenology | - modified coupling

Ferretti's model similar to generic MCHM5, k ~ /1 — £

- LHC (7TeV+B8TeV)

13 +# Standard Model S _ATLAS
. % Bestfit - N

kg

\g<0.15, € — 0+« SM
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http://arxiv.org/abs/hep-ph/0612048
https://arxiv.org/abs/1506.01961

Phenomenology Il - exotica
M/TeV € [1.5,3.5], At € [0,47], using Feynrules, MadEvent

Higgs decay to WW

14 14
1.2 12
1.0 1.0
ww
HWW) o HOVW) g
06 06 —_
0.4 0.4
000 001 002 003 004 005 006 1000 2000 3000 4000 5000
£ f[GeV]

data from [Atlas & CMS 16]
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http://arxiv.org/pdf/1606.02266v1.pdf

Phenomenology Il - exotica

loop-induced Higgs decay to vy

[ 1
1.2 12
1.0 1.0
um g T ———— M) g, [—
06 08
0.4 04
000 001 002 003 004 005 006 1000 2000 3000 4000 5000
13 f[GeV]
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Phenomenology IV - exotica

Higgs decay to ZZ

14 14
12 12
10 1.0

uzz) o HZ2) o g
0.6 0.6 e —]
0.4 04

1000 2000 3000 4000 5000
f[GeV]

0.00 0.01 002 003 004 005 006

some tension in this channel

L Del Debbio UV complete pheno Soton, Jul 2016 14/16



Scope for lattice simulations

Ferretti's model is not ruled out by LHC Run1 data

Strong constraints from a lattice computation of « and 5

Estimate the precision required in order to have an impact on pheno

The lattice simulation is a difficult computation... [Svetitsky, Jay later today]
... and needs to be extrapolated to the chiral limit

Ferretti? or someone else? ... theoretical tools, new observables
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https://conference.ippp.dur.ac.uk/event/470/session/11/contribution/126

38th INTERNATIONAL CONFERENCE
" g ON HIGH ENERGY PHYSICS
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ICHEP2016CHICAGO CHICAGO
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= Pi PDF Full screen r

09:00 Search for a high mass diphoton resonance using the ATLAS detector (15' + 5 Bruno Lenzi
Chicago 7 08:00 - 09:20

Searches for BSM physics in diphoton final state at CMS (15' + 5 Chiara llaria Rovelli

Chicago 7 09:20 - 09:40

“The Diphoton Excess in a Relaxion Framework (12' + 3 Michael Fedderke et al.

Chicago 7 00:40 - 09:55

oo Darksestor shining through 750 GeV dark Higgs boson at the LHC (12 +3) pyungwon ko ot al.
Chicago 7 00:55 - 10:10

“The NMSSM lives - with the 750 GeV diphoton excess (12' + 3 Kizysztof Rolbiecki et al

Chicago 7 10:10 - 10:25

Measuring the diphoton coupling of a 750 GeV resonance at the LHC (12 +3) Christophe Royon et al.

Chicago 7 10:25 - 10:40
Supersymmetric Models and the 750 GV diphoton resonance (12" +3) qaisar shafi

Chicago 7 10:40 - 1055

Liop  Hiags-radion Interpretation of the 750 GeV di-photon excess at the LHC (12" +3) Jack Gunion
Chicago 7 1055 - 11:10
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