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new strong dynamics BSM?

e no evidence for new states at the TeV scale so far

e exploit the large amounts of data from the LHC

e EFT approach to quantify the deviations from SM

e lower bounds on the scale of NP, structure of LECs
e LECs are NOT independent parameters - e.g. ChPT

e strongly-interacting dynamics and lattice gauge theories
[Pica 16, Svetitsky 17]
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https://arxiv.org/abs/1701.07782
https://arxiv.org/abs/1708.04840

UV completions on the lattice

e choice of a UV-complete theory

e separation between the Higgs mass and the “hadronic” scale:

technicolor (walking, conformal, dilaton, miracle...)
composite Higgs: Higgs as PNGB

e numerical simulations — spectrum/LECs/anomalous dimensions
e computationally expensive, difficult to explore the “space of theories”
o identify paradigms/try to understand what makes an impact

e beat down systematic errors for precise predictions
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conformal window

For a light scalar — suppose APPROXIMATE SCALE INVARIANCE

In the Conformal Window: Below the sill:
Ny > Ny Ny slightly < N}
(“WALKING technicolor”)
,,,,, T &
IRFP &, _7_7_7_7_7_:7_7_:
XSB
IR fixed point = scale invariance approximate scale invariance

e Guess: Light scalar emerges as pseudo-Goldstone boson of approximate
dilatation symmetry.
= my is protected from UV, like any PGB (and Yukawa couplings « m,)

[Svetitsky 17]
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https://arxiv.org/abs/1708.04840

current lattice studies

ij: Fund //

[Pica & Sannino 10]
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https://arxiv.org/abs/1011.5917

IR fixed point

scaling relations [LDD & Zwicky 10]

Mg om0 p(a) ~ AB=/(157)

SU(2) LGT with 2 adjoint fermions — small m, large V', mostly theoretical
— expensive!l
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https://arxiv.org/abs/1005.2371

walking example - 1

SU(3) ny = 8 fund — theory in the chirally broken phase
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[Appelquist et al 16]
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https://arxiv.org/abs/1601.04027

walking example

SU(3) ny = 8 fund
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[Aoki et al 16]
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https://arxiv.org/pdf/1610.07011.pdf

comparison

consistent results between different computations
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https://arxiv.org/pdf/1708.04840.pdf

walking example - 2

SU(3) ny = 2 sextet — also walking...
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https://arxiv.org/pdf/1605.08750.pdf

EFT analysis

EFT for dilaton + NGB [Golterman & Shamir 16, Appelquist et al 17]
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https://arxiv.org/abs/1610.01752
https://arxiv.org/abs/1711.00067

results

SU(3),n; =8 fund, y=2.1+0.1,p=43+0.2, jﬁé = 0.08 + 0.04
d

SU(3),ny = 2,sextet, y=19%01,p=44%03, % =0.09+0.06
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[Appelquist et al 17]
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https://arxiv.org/abs/1711.00067

composite Higgs

Aoy Composite Sector Line Elementary Sector
m. ?Xict; Wy, B, G,
7 , fr, (tR?
He g g fr, fr, (tr?)

Figure 1.3: The basic structure of the composite Higgs scenario.

[Panico & Wulzer 15]

e NP dynamics is encoded in LEC describing the strong sector
e given one specific UV completion, LECs can be computed
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https://arxiv.org/abs/1506.01961

Ferretti’'s model

Guc Gr
— % ~

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

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, 16a,16b]
massless fermions, SSB of the global symmetry

() - SU(5) —» SO(5)
(xX) : SU(3) x SU(3)' —> SU(3).

[Georgi & Kaplan 84]
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https://arxiv.org/abs/1404.7137
http://arxiv.org/pdf/1604.06467.pdf
http://arxiv.org/pdf/1610.06591.pdf
http://dx.doi.org/10.1016/0370-2693(84)90341-1

pNGB potential

2H 2H
V(h) = acos — — Bsin® —
(h) 7 7
[Ferretti 14]
where
1 - N
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[Golterman & Shamir 15]
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https://arxiv.org/abs/1404.7137
https://arxiv.org/abs/1502.00390

fermionic mass term

quadratic term involving the SM & BSM fermion fields

tr
Leg D (tr, 1L, YL, Rr) - Mr - ve | T

Rpr

top quark mass given by the lowest eigenvalue:
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TACO collaboration

@ TACO (peGrand et a1.): SU(4) gauge with {N; = 2 x 6 and 2 x 4}
— on the way to The Real Thing: {5 x 6 (Majorana) and 3 x 4}
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challenges for lattice simulations

e simulations with multiple representations/Majorana
e extrapolation to the chiral limit
e computation of the baryonic spectrum [Degrand et al 16b]

L] Compu’[ation of CLR, Ctop (20°/o error) [Degrand et al 16a]
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https://arxiv.org/abs/1610.06465
https://arxiv.org/abs/1606.02695

top partner mass

(B(H)B(0)) x Zge M

Baryon operators

B oc Yxx; {pbpid, xxxx} -

- Chimera Baryons, 3=10.2, ,=0.1265, (=0.1265
o Baryon masses versus ; at fixed r; =0.1265
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opportunities for lattice computations

a+28>0

E=v/f*=—a/(28)
mi Jv* =8 (28 — a)
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[ldd, Englert & Zwicky 17]
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https://arxiv.org/pdf/1703.06064.pdf

parameter scan

e £€[0,0.1]
e exotic Higgs masses: free parameters

m > 200 GeV > mpy

e exotic top partners: M > 1.5 TeV
our scan: M/TeV € [1.5,3.5]

[Aad et al 12, CMS Collaboration 16, Matsedonskyi 15]

o )\ € [O,47T]
Aq fixed by top mass

e pair produced color octet states: no evidence from Run-1, or first 13
TeV searches

SU(3) x SU(3) — SU(3) breaking scale > 6.5 TeV

[CMS]
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https://arxiv.org/abs/1209.4186
https://arxiv.org/abs/1612.05336
https://arxiv.org/abs/1512.04356
https://arxiv.org/abs/1512.01224

higgs signal strength
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outlook

work in progress/need to work with pheno

theoretically interesting, but...

computationally expensive

need to identify the right questions!!
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lattice constrained scan

mefv =2 pv = f/M =0.2+0.04
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