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BSM and the origin of conformal bootstrap

A bit of history..

Nice example of how "wild" model building triggered the development of a new research line.

2004: Conformal Technicolor Luty,Okui

SM Technicolor

I Flavor X X
I Higgs field H is elementary [H] ∼ 1
I Yukawa couplings are the only marginal operators
I all 4 fermion interactions are suppressed by the cut-off scale
I Technicolor Higgs is a fermion condensate [H2] ∼ 6
I Yukawa couplings are as irrelevant as the Higgs mass term

I Hierarchy problem: X X
I SM Higgs mass term is strongly relevant [H2] ∼ 2
I Naturally of cut-off scale

Question: Can one build a CFT where [H] ∼ 1 and [H2] ≥ 4?
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BSM and the origin of conformal bootstrap

A bit of history..

2008: Conformal bootstrap is possible E.Tonni,R.Rattazzi,S.Rychkov,AV

2009: ... formal developments...

2010: ... formal developments...

2011: Answer: generically NO D.Poland,D.Simmons-Duffin,AV
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Figure 5: Viable regions for conformal technicolor models in the flavor-generic (red) and flavor-
optimistic (cross-hatched green) cases are shown superimposed with our bound (blue, excluding the
gray-shaded region). Regions for c(ΛUV) = 1, 0.1, and 0.01 are shown in successively lighter shades
of each color, with the largest region corresponding to c(ΛUV) = 0.01 in each case. Flavor-generic
models are ruled out.

does not apply in a simple way to operators in theories with SU(2) symmetries, because
there is no coincidence between SU(N) and SO(2N) bounds for non-singlets.

3.4 Superconformal Theories

Now let us turn to bounding operator dimensions in superconformal theories, using the sum
rule Eq. (2.31). A bound on dim(Φ†Φ) in terms of dim(Φ) was first obtained in [52] using
only the middle row of Eq. (2.31). In [55], it was shown that the bound could be improved by
incorporating the other rows, and linear programming calculations were given up to k = 4.
In figure 7, we present a new version of these bounds for k up to 11, corresponding to a
198-dimensional search space.

Several interesting new features emerge at large k. Most strikingly, the bound appears to
be tangent to the factorization line ∆0 = 2d near d = 1. Figure 8 shows a higher-resolution
plot for small values of d, which displays this behavior more clearly. An approximate fit to

25

Today conformal bootstrap is an established research line, as presented yesterday
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DM@colliders

MET searches

I Indirect evidence of DM: worth exploring at colliders
I Stable particles are a common feature of many BSM scenarios
I Common approach until recently: let’s be agnostic
I Parametrize our ignorance with an EFT description of SM-DM interactions
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I Dress EFT interaction with SM gauge bosons
I Look for mono-jet, mono-photon, mono-W/Z
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DM@colliders

EFT not valid @ LHC: finally understood

I Expansion in Q2
T/Λ

2

I Q2 distribution at LHC8:
I EFT exclusion limit:
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Figure 9: The 90% CL lower limits on M∗ for different masses of χ. Observed and expected limits includ-
ing all but the theoretical signal uncertainties are shown as dashed black and red solid lines, respectively.
The grey and blue bands around the expected limit are the ±1 and 2σ variation expected from statistical
fluctuations and experimental systematic uncertainties on SM and signal processes. The impact of the
theoretical uncertainties is shown by the thin red dotted ±1σ limit lines around the observed limit. The
M∗ values at which WIMPs of a given mass would result in the required relic abundance are shown as
rising green lines (taken from [22]), assuming annihilation in the early universe proceeded exclusively
via the given operator. The shaded light-grey regions in the bottom right corners indicate where the ef-
fective field theory approach breaks down [22]. The plots are based on the best expected limits, which
correspond to SR3.
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Figure 2: The momentum transfer in the s-channel in Eq. (3.4), weighted with PDFs, as a function of mDM,
for di↵erent choices of pT, ⌘ of the radiated jet. We considered

p
s = 8TeV.

To assess the validity of the EFT, we first adopt a procedure which, albeit not rigorous, gives an
idea of the error one might make in adopting the EFT. The advantage of this procedure is that it is
model-independent in the sense that it does not depend on the particular UV completion of the EFT
theory. A simple inspection of the expansion (2.5) tells us that the EFT is trustable only if Q2

tr ⌧ M2

and we take for the typical value of Qtr the square root of the averaged squared momentum transfer
in the s-channel, where the average is computed properly weighting with PDFs [32]

hQ2
tri =

P
q

R
dx1dx2 [fq(x1)fq̄(x2) + fq(x2)fq̄(x1)] ✓(Qtr � 2mDM)Q2

trP
q

R
dx1dx2 [fq(x1)fq̄(x2) + fq(x2)fq̄(x1)] ✓(Qtr � 2mDM)

. (3.5)

The integration in x1, x2 is performed over the kinematically allowed region Qtr � 2mDM and we
have set the renormalization and factorization scales to pT +2[m2

DM +p2
T/4]1/2, as often done by the

LHC collaborations (see e.g. Ref. [6]). The results are plotted in Fig. 2 as a function of the DM mass
mDM and for di↵erent choices of pT and ⌘ of the radiated jet. From Fig. 2 we see that the lower the
jet pT, the lower the momentum transfer is, and therefore the better the EFT will work. The same
is true for smaller DM masses. These behaviors, which are due to the fact we have restricted the
average of the mometum transfer to the kinematically allowed domain, will be confirmed by a more
rigorous approach in the next section. Notice that hQ2

tri1/2 is always larger than about 500 GeV,
which poses a strong bound on the cuto↵ scale ⇤: when the coupling constants gq and g� are close
to their perturbative regime, from the condition (2.7) we get ⇤ & 50 GeV, but when the couplings
are of order unity, one gets a much stronger bound ⇤ & 500 GeV.

5

I At LHC, corrections to EFT are ∼ O(1).
I Need to go beyond...

Alessandro Vichi (CERN) 7 / 10



DM@colliders

Simplified models: t-channel example

I Consider simplified models: stable particle(s) + mediator(s)
I EX: squarks + a fermion

L = LSM + gM
X

i=1,2

“eQi
LQ̄i

L + ũi
Rūi

R + d̃i
Rd̄i

R

”
χ+ mass terms + c.c.

Why consider only monojet searches? List all possible allowed final states:

I Monojet, monophoton,....
I jets+ missing energy
I Dijets ( in the case of a Z’ or a higgs like mediator)
I .....
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DM@colliders

Searches comparison
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M.Papucci, AV, K.Zurek

Dijets+met:
I ATLAS-CONF-2013-047
I ATLAS-CONF-2012-109
I CMS-PAS-SUS-13-012
I CMS-PAS-SUS-12-028
I ATLAS-CONF-2012-033
I CMS-PAS-SUS-11-022
I CMS-PAS-SUS-12-011

Monojet:

I ATLAS-CONF-2013-068
I CMS-PAS-SUS-12-048
I ATLAS-CONF-2012-147
I ATLAS-CONF-2011-096
I CMS-PAS-SUS-11-059
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DM@colliders

Ongoing projects (on the BSM side)

I A roadmap for simplified models with missing energy at LHC@14Tev w/ M.Papucci, K.Zurek, S.P. Liew

I Minimal dark matter @100Tev (beyond Higgsino, Wino)
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